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Overview

Climate is the long-term average weather. The typical weather (e.g. temperature, rain and snowfall,
wind) on any given day tends to be most controlled by the cycle of the seasons from spring through
summer, autumn and winter. Other factors, with longer time scales, can cause systematic changes to
the climate.

Climate Change has undoubtedly emerged as an issue of global concern. Climate Change has a
potential to completely and adversely affect the way of human life. The terms 'global warming’ and
‘climate change’ are often used interchangeably, but there is a difference. 'Global warming' is the
gradual increase of the earth's average surface temperature due to greenhouse gases in the
atmosphere, whereas the ‘climate change' is abroader term. It refers to long-term changes in climate,
including changes in average temperature and rainfall due to global warming. Climate change
phenomenon which is much more complex is the result of activities that alters the composition of
atmosphere, due to undesirable and unwanted over exploitation of our natural resources.

Climate change refers to a statistically significantvariation in either the mean state ofthe climate or in
its variability, which is attributed directly or indirectly to anthropogenic activities that alter the
composition of global atmosphere and which are in addition to natural climatic variability observed
over comparable time periods.

Panoramic View of West Rongbuk Glacier during an analysis of Everest between 1921 and
2009 taken in 1921 (top) by Major E.O. Wheeler and in 2009 (bottom) by David Breashears.

Climate change is the result of changes in our weather patterns because of an increase in the earth's
average temperature. This is caused by increases in greenhouse gases in the earth's atmosphere.
These gases soak up the heat from the sun but instead of the heat leaving the earth's atmosphere,
some ofitistrapped, making the earth warmer.

Greenhouse gases have always been a natural part ofthe atmosphere. They absorb and re-radiate the
sun's warmth and maintain the earth's temperature at a level necessary to support life. The problem
we now face is that the human actions are increasing the amount of the gases that trap heat. This is an
enhanced greenhouse effect, which is contributing to the warming of earth's surface.
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Climate change emerged on the political agenda in the mid-1980s with the increasing scientific
evidence of human interference in the global climate system and with growing public concern about
the environment. The United Nations Environment Programme (UNEP) and the World
Meteorological Organizations (WMO) established the Intergovernmental Panel on Climate Change
(IPCC) in 1988 to provide policy makers with authoritative scientific information. In its first reportin
1990, the IPCC concluded that the growing accumulation of human made green house gases in the
atmosphere would "enhance the green-house effect, resulting in an additional warming ofthe earth's
surface" by the next century, unless measures were adopted to limit emissions.

Climate change is a global problem that requires an internationally co-ordinated solution. 189
countries are Party to the United Nations Framework Convention on Climate Change (UNFCCC).
Although the Kyoto Protocol (1997) to the UNFCCC was signed by over 170 countries requiring
developed countries to reduce their emissions by 5.2% below 1990 levels in the period 2008-2012 as
an essential first step towards stabilizing atmospheric concentrations of greenhouse gases, but the
consensus is still eluding the international fraternity.

There will always be some uncertainty surrounding the prediction of changes in such a complex
system as the world's climate. Nevertheless, the IPCC's conclusion that it is at least 90% certain that
temperatures will continue to rise, with average global surface temperature projected to increase by
between 1.4 and 5.8°C above 1990 levels by 2100 is a matter of concern. This increase will be
accompanied by rising sea levels, more intense precipitation events in some countries, increased risk
ofdroughtin others, and adverse effects on agriculture, health and water resources.

Our country is faced with the challenge of maintaining its rapid economic growth while dealing with
the associated environmental issues besides the global threat of climate change. This threat emanates
from accumulated greenhouse gas emissions in the atmosphere anthropogenically generated
through intensive industrial growth and high consumption lifestyles in developed countries. While
engaged with the international community to collectively and cooperatively deal with this threat, our
country is carving out strategies and making efforts to adapt to climate change and further enhance
the ecological sustainability of country's development. Himachal Pradesh too is following the same
approach to combat the looming threat of climate change which is very significant in the context of
fragile Himalayan eco-systems. Itis imperative that the relative position of our State warrants thatwe
play a proactive role in the national framework. The State Government is very much conscious of
importance ofits strategic location in the Himalayan Region. Its ecological fragility and sensitivity and
has ushered realization towards its immense responsibility for downstream populace besides for its
own future generations. The State has repeatedly through actions has expressed its resolve to protect
and enhance its natural resources and to follow the path ofsustainable developmentin all sectors.

Climate change may alter the distribution and quality of natural resources of Himachal Pradesh and
adversely affect the livelihoods of its people. With its economy closely tied to its natural resource base
and climate-sensitive sectors such as Agriculture, Horticulture, Irrigation & Public Health, Power and
Forestry etc; the State may face a major threat on account ofthe projected changes in climate.

The state's development path is based on its unique resource endowments, the overriding priority of

economic and social development and poverty eradication, and its adherence to its legacy that places
ahighvalue on the environmentand the maintenance of ecological balance.
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In charting out a developmental pathway which is ecologically sustainable, Himachal Pradesh has
wider spectrum of choices because it is at an early stage of development. The vision is to create a
prosperous, but not wasteful society; an economy that is self- sustaining in terms of its ability to
unleash the creative energies of its people and is mindful of its responsibilities to both present and
future generations. The state's approach is based on a global vision of Mahatama Gandhi, 'the earth
hasenough resources to meetpeople's needs, butwill never have enough tosatisfy people’'sgreed-'.

Maintaining a high growth rate is essential for enhancing the living standards ofvast majority of our
people and reducing their vulnerability to the impacts of climate change. In order to achieve a
sustainable development path that simultaneously advances economic, social and environmental
objectives, the National Action Plan on Climate Change (NAPCC) has been prepared guided by
following principles:

- Protecting the poor and vulnerable sections of society through an inclusive and sustainable
development strategy, sensitive to climate change.

- Achieving national growth objectives through a qualitative change in direction that enhances
ecological sustainability, leading to further mitigation ofgreenhouse gas emissions.

- Devising efficient and cost-effective strategies for end-use Demand Side Management.

- Deploying appropriate technologies for both adaptation and mitigation of greenhouse gases
emissions extensively as well as atan accelerated pace.

- Engineering new and innovative forms of market, regulatory and voluntary mechanisms to
promote sustainable development.

- Effecting implementation of programmes through unique linkages, including with civil society
and local governmentinstitutions and through public-private-partnership.

- Welcoming international cooperation for research, development, sharing and transfer of
technologies enabled by additional funding and a global IPR regime that facilitates technology
transfer to developing countries under the UNFCCC.

National Action Plan on Climate Change (NAPCC) is a consolidated account of the country's position
on climate change mitigation and adaptation efforts. In line with the government's adopted policy of
shared but differentiated responsibility, the plan focuses of efficiency targets through well prioritized
and established eight national missions which forms the core of the plan and dictate the direction of
further action.

The National Action Plan on Climate Change (NAPCC) identifies measures that promote our
development objectives while also yielding co-benefits for addressing climate change effectively. It
outlines a number of steps to simultaneously advance India's development and climate change
related objectives on adaptation and mitigation.

Eight National Missions under the National Action Plan on Climate Change (NAPCC) are as follows:

* National Solar Mission.
« National Mission for Enhanced Energy Efficiency.

e Mission on Sustainable Habitat.
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e National Water Mission.

e National Mission for Sustaining the Himalayan Ecosystem.
e National Mission for a"Green India".

« National Mission for Sustainable Agriculture.

* National Mission on Strategic Knowledge for Climate Change.

In dealing with the challenges of climate change, there is a need to simultaneously act on several
fronts in a focused manner. The National Action Plan hinges on the development and use of new
technologies. The implementation of the Plan would be through appropriate institutional
mechanisms suited for effective delivery of each Mission's objectives and include public private
partnerships and civil society action. The focus is on promoting understanding of climate science,
adaptation, mitigation, energy efficiency and natural resource conservation.

1.1 National Missions

The Eight National Missions which form the core of the National Action Plan represents multi-
pronged, long term and integrated strategies for achieving key goals in the context of climate change.

1.1.1 National Solar Mission

National Solar Mission is aimed to significantly increase the share of solar energy in the total
energy mix while recognizing the need to expand the scope of other renewable and non-fossil
options such as nuclear energy, wind energy and biomass.

1.1.2 National Mission on Enhanced Energy Efficiency

The Energy Conservation Act, 2001 provides a legal mandate for the implementation of energy
efficiency measures through the institutional mechanism of the Bureau of Energy Efficiency
(BEE) in the Central Government and designated agencies in each State.

1.1.3 National Mission on Sustainable Habitats

The National Mission on Sustainable Habitats is aimed to make habitat sustainable through
improvements in energy efficiency in buildings, management of solid waste and modal shift to
public transport.

In addition, the Mission will address the need to adapt to future climate change by improving the
resilience ofinfrastructure, community based disaster management, and measures for improving
the warning system for extreme weather events. Capacity building is going to be an important
component ofthis Mission.

1.1.4 National Water Mission

The National Water Mission would ensure integrated water resource management helping to
conserve water, minimize wastage and ensure more equitable distribution within States. The
Mission will take into account the provisions of the National Water Policy and develop a

framework to optimize water use by increasing water use efficiency by 20% through regulatory

STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012 4



mechanisms with differential entitlements and pricing. It will also seek to ensure that a
considerable share of the water needs of urban areas is met through recycling of waste water and
rain water harvesting systems.

The National Water Policy would be revisited in consultation with States to ensure preparation of
basin level management strategies to deal with variability in rainfall and river flows due to climate
change. This will include enhanced storage both above and below ground, rainwater harvesting,
coupled with equitable and efficient management structures.

The mission will seek to develop new regulatory structures, combined with appropriate
entitlements and pricing. It will seek to optimize the efficiency of existing irrigation systems,
including rehabilitation of systems that have been run down and also expand irrigation, where
feasible, with a special effortto increase storage capacity. Incentive structures will be designed to
promote water-neutral of water-positive technologies, reaching of underground water sources
and adoption of large scale irrigation programmes which rely on sprinklers, drip irrigation and
ridge and furrow irrigation.

1.1.5 National Mission on Sustaining the Himalayan Ecosystem

The mission for sustaining the Himalayan Ecosystem is aimed to evolve management measures
for sustaining and safeguarding the Himalayan glaciers and mountain eco-systems. Himalayas,
being the source of key perennial rivers, the Mission would, inter-alia, seek to understand,
weather and the extent to which, the Himalayan glaciers are in recession and how the problem
could be addressed.

An observational and monitoring network for the Himalayan environmentwill also be established
to assess freshwater resources and health of the ecosystems. Cooperation with neighbouring
countries will be sought to make the network comprehensive in its coverage.

The Himalayan ecosystem has 51 million people who practice hill agriculture and whose
vulnerability is expected to increase on account of climate change. The community based
management of these ecosystems will be promoted with incentives to community organizations
and panchayats for protection and enhancement of forested lands. In mountainous regions, the
aim will be to maintain two-thirds ofthe areas under forest cover in order to prevent erosion and
land degradation and ensure the stability ofthe fragile eco-system.

1.1.6 National Mission for a Green India

The National Mission is aimed to enhance eco-system services including carbon sink is called
Green India. Forests play and indispensable role in the preservation of ecological balance and
maintenance ofbiodiversity. Forests also constitute one ofthe most effective carbon sinks.

The Mission on Green India is being taken up on degraded forest land through direct action by

communities, organized through Joint Forest Management Committees and guided by the State
Department of Forests.
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1.1.7 National Mission for Sustainable Agriculture

The Mission would devise strategies to make Indian agriculture more resilient to climate change.
It would identify and develop new varieties of crops and especially thermal resistant crops and
alternative cropping patterns, capable of withstanding extremes of weather, long dry spells,
flooding, and variable moisture availability.

Agriculture will need to be progressively adapted to projected climate change and our agricultural
research systems must be oriented to monitor and evaluate climate change and recommend
changes in agricultural practices accordingly.

1.1.8 National Mission on Strategic Knowledge for Climate Change

To enlist the global community in research and technology development and collaboration
through mechanisms including open source platforms, a Strategic Knowledge Mission would help

to identify the challenges of, and the responses to, climate change. Itwould ensure funding of high
quality and focused research into various aspects ofclimate change.

1.2 Linkages
The interlinkages amongst different missions are described below:
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The Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC AR4)
concluded from direct observations of changes in temperature, sea level rise, and snow cover in the
northern hemisphere during 1850 to the present, that the warming of the earth's climate system is
unequivocal. The global atmospheric concentration of carbon dioxide has increased from a pre-
industrial value of about 280 ppm to 379 ppm in 2005. Multi model averages show that the
temperature increases during 2090-2099 relative to 1980-1999 may range from 1.1 to 6.4°C and sea
level rise from 0.18 to 0.59 meters. These could lead to impacts on freshwater availability, oceanic
acidification, food production, flooding of coastal areas and increased burden of vector borne and
water borne diseases associated with extreme weather events.

India’'s development agenda focuses on the need for rapid economic growth as an essential
precondition to poverty eradication and improved standards of living. Meeting this agenda, which
will also reduce climate related vulnerability, requires large scale investment of resources in
infrastructure, technology and access to energy. Developing countries may lack the necessary
financial and technological resources needed for this and thus have very low coping capacity to meet
threats from climate change. Only rapid and sustained development can generate the required
financial, technological and human resources. In view of the large uncertainties concerning the
spatial and temporal magnitude of climate change impacts, it is not desirable to design strategies
exclusively for responding to climate change. Rather, the need is to identify and prioritize strategies
that promote development goals while also serving specific climate change objectives.

Itis imperative to identify measures that promote our development objectives, while also yielding co-
benefits for addressing climate change effects. Cost effective energy efficiency and energy
conservation measures are of particular importance in this connection. Similarly, development of
clean energy technologies, through primarily designed to promote energy security, can also generate
large benefits in terms of reducing carbon emissions. Different health related local pollution controls
measures can also generate significant co-benefits in terms ofreduced greenhouse gas emissions.

It also describes India's willingness and desire, as a responsible member of the global community, to
do all that is possible for pragmatic and practical solutions for all, in accordance with the principle of
common but differentiated responsibilities and respective capabilities. The purpose ofthis document
is also to create awareness among representatives of the public at large, different agencies of the
government, scientists, industry-in short, and the community as a whole - on the threat posed by
climate change and the proposed steps to counter it.

1.3 Five Year Plans

The Eleventh Five Year Plan (2007-08 to 2011-12) had aimed at achieving faster and more inclusive
growth. Rapid GDP growth, targeted at 9.0 percent per annum, was regarded necessary for two
reasons: first, to generate the income and employment opportunities that were needed for improving
living standards for the bulk of the population; and second, to generate the resources need for
financing social sector programmes, aimed at reducing poverty at enabling inclusiveness. During the
Eleventh Five Year Plan the country perused its development agenda considering environmental
protection at the core of all policy formulation. The Eleventh Five Year Plan laid emphasis on
environmental sustainability while pursuing development planning at all levels. A number of
schemes on pollution abatement, conservation of biodiversity and habitat management were
implemented. However, in the Twelfth Five Year Plan (2012-17) it has been feltthat the country needs
more focussed efforts not only to preserve and maintain natural resources but also to provide
equitable access to those who are denied ofthis currently.

STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012 7



The Twelfth Five Year Plan (2012-17) lays adequate emphasis on environment, forestry & wildlife.
Twelve monitorable targets have set for Twelfth Plan, these include three targets in the areas of
Environment & Climate Change, four targets in Forestry and three targets under Wildlife, Eco-
tourism & Animal Husbandry, and two under Eco-systems and Biodiversity for ushering in
inclusiveness and growth.

1.4 Issues & Problems

Deforestation, landslides, land degradation,

desertification and Glacier Lake Outbursts Floods

(GLOF) are some of the common but critical

environmental issues in the Himalayan regions. The

major challenges currently faced by the Himalayan

environment are the escalation of such issues through

atmospheric as well as man-induced interferences.

Himalayan ecosystems sustain a wide range of

significant natural resources that play a critical role in

the ecological and economic processes ofthe earth, thus Chirgaon after cloud burst on 11 August 1997,
it is very important that these systems are properly total causalities 124
analyzed and taken care.

Himalayan eco-systems are predominantly sensitive to climate changes. Himachal Pradesh although
a small Himalayan State, is nevertheless playing a very crucial role in sustaining the livelihoods of
downstream areas. The conservation, sustenance of these ecologically fragile regions is a biggest
challenge faced being faced at the moment which can get further aggravated due to financial
constraints and limited resources.
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Himalayan eco-systems are predominantly sensitive to climate changes. Himachal Pradesh although
a small Himalayan State, is nevertheless playing a very crucial role in sustaining the livelihoods of
downstream areas. The conservation, sustenance of these ecologically fragile regions is a biggest
challenge faced being faced at the moment which can get further aggravated due to financial
constraints and limited resources. Therefore, it can be safely stated that climate change will manifest
mostin Himachal Pradesh. The commonly observed events and likely ones in the State are as follows:

- State s likely to face warming, erratic rainfall and rainfall changes, floods.
- Change in precipitation pattern.

- There is likely to be a shift in snow line, agriculture /horticulture line; certain areas may open
up with some good livelihood openings.

- Significantimpacts on agriculture production, water resources, forests, natural wetlands.

- Health risks are likely to increase in the State. Instances as malaria, water borne disease,
jaundice etc. may break along river bed predominantly.

Impacts likely to adversely affect large percentage of population depending on natural
resources.

The predicted potential impacts of climate change on Himachal Pradesh are both positive and
negative. While many ofthe impacts would be disruptive and potentially very costly, none are likely to
be on at par with the worst impacts elsewhere in the Country. Examples of the projected impacts
based on scenarios generally within the range predicted in the IPCC Assessment Reports and other
research findings broadly include:

e Changes in precipitation (rain and snow fall) with the average water levels in rivers, lakes less
than normal with serious drought like conditions, and in rainy seasons flooding being more
frequent, areas currently subject to flooding would suffer flooding of greater severity and for
more duration; areas currently flood-free would suffer from occasional floods and flash floods.
Lesser spring, summer rainfall causing regular water shortages, especially in the mid hills
would be affecting both people and the ecosystems. There would be less recharge ofreservoirs
during the summer; water shortages would occur regularly and would be longer than at
present. The change in rainfall patterns may further cause regular water deficits, leading to
accelerated soil erosion and loss offertility and biodiversity.

Rising river water levels due to rapid glacier melt and more storm events and storm surge,
particularly on the Satluj, Beas and Ravi rivers and their tributaries with storms of a greater
severity are at risk from rising water levels, including related landslides, erosion, flooding and
environmental changes with severe threat to infrastructures.

* Riverbed areas subject to human industrial development would be at risk, and could suffer
loss of infrastructure. Human use of the river bed is quite intensive, and low lying areas of all
valleys are highly developed with different key industries (mainly energy), and tourism,
residential developmentalong the river are under potential threat. Protective options include
abandonment of land, stronger planning controls, and fiscal disincentives for river side
development.

e Short-term increased agricultural production with new crops becoming viable in certain
regions and agricultural production costs reduced if prolonged summer droughts do not
become a problem. Grass growth could enjoy beneficial effects with a good increase with
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higher temperatures and changes in rainfall patterns. Increase in man-animal conflicts in the
eventofdecreasing quality offorest cover/area.

 New grassland and livestock management systems would be possible, with a longer grazing
season and the prospect of growing additional forage crops (e.g. maize, fodder beet). There
would be little or no increase in cereal yields, but increases in other crops are possible, and the
area for growth of many arable crops would migrate northwards. A number of new crops (e.g.
sunflower best option) may become viable in our area as well.

* Some existing forestry species may suffer badly (e.g. where availability of water and nitrogen
are limiting factors), with others becoming more productive (higher temperatures and
increased CO2concentrations in the atmosphere supporting higher rates of photosynthesis
and hence higher growth rates).

* Issues associated to Glaciers and Snow fields over Himachal Himalayas: Five major perennial
rivers of Northern India passes through Himachal Himalayas, which have their origin in the
glaciated terrains either in the State or outside. These are Beas, Satluj, Yamuna, Ravi, and
Chenab rivers. The rivers like Chenab, Ravi and Beas originate from Himachal Pradesh,
whereas, the other two have their origin outside the State. In order to understand the
dynamics ofthe glaciers, which are considered to be the direct indicators of climate change, it
is important to have the systematic study of these Himalayan glaciers. Since the glaciers are
located in the higher regions, where it is not possible to map them by any conventional
method; therefore, the space technology has proved to be very useful for mapping these
Himalayan glaciers and estimating its potential for water as well as hydro power projects
developmentinthe State.

-
=

J An over view w.r.t. damages due to Droughts, Flash Floods, and widespread Rains in Himachal Pradesh: J

Due to climatic extreme events Himachal Pradesh economy has faced many losses from time to time,
both interms oflives and infrastructural damages such as:

Year 2005-06 (Rabi Season): The damage due to drought conditions in Himachal Pradesh has been
assessed to the tune of Rs. 366 crore which include loss of agri-horti crops, IPH infrastructure, and
animal husbandry.

J Year 2002-03 (Kharif Season): The estimated damage due to drought conditions in Himachal J
Pradesh was Rs. 707.21 crore. J

Year 2000-01 (Rabi Season): The estimated damage was Rs. 360.85 crore.

Year 1999 The damage due to widespread rains, flash floods and droughtwere beyond imaginations
about 2.423 lac ha area under agriculture and 0.447 lac ha area under horticulture (total monetary
loss estimated to Rs. 23,487.00 crore)was affected due to extreme events besides physical losses J
estimated to Rs. 19,151.67 lacs were observed J

[,

Year 1998: The total loss (physical and crops) was assessed for an amount ofRs. 33,226.79
Year 1997: The estimated damage was Rs. 79, 865.19 lacs.

Year 1996: The estimated damage was Rs. 47,677.28 lacs

Year 1995: The estimated loss was about Rs. 50,599.82 lacs.
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Climate Change - Issues of Concern

The economy of the State is dependent on sectors like the hydel power generation, horticulture,

agriculture, forestry and tourism etc. and these sectors are
assumed to be under threat in the present scenario of
changing climate. Any change in these sectors due to
climate change, in every likelihood, will not only going to
affect the livelihood prospects in the agrarian economies
of mountain regions, but also everyone living below in the
plains. The major issues of concern due to the emerging

threat of climate change in Himachal Pradesh are:

Agrarian economy of 90% rural population and
their livelihood.

Dependence on rains for agrarian activities.
Sustainability of hydro economy as dependency on
snow and glaciers.

Water sources for drinking and irrigation.

\ 1 s
JLv , vi-, )

Rural livelihood dependency on forest for fuel wood, fodder and non wood products etc.

The role ofmedicinal herbs in economy.

Climate induced and other natural hazards threatin the state.

Indicators of Climate Change in Himachal Pradesh

Rise in temperature in the NW Himalayan Region by
about 1.6°C in the last century.

Warming rate of Shimla was higher during the period
1991-2002 as compared to earlier decades.

About 17% decrease in rainfall in Shimla was
observed from 1996 onwards.

The decreasing trend in seasonal snowfall in Shimla is
very conspicuous since 1990 and it was lowest in
2009.

Monsoon discharge in Beas River has shown a
significant decrease.

Winter discharge in River Chenab has shown a
significantincrease.

Satluj showing an increasing trend in winter and
spring discharge.

Quality of apple has been affected and the apple line
has shifted upwards.

Area under apple is being diverted to vegetable due to
rising temperature.

Incidence of pestand disease are more severe.

Pine forestinvading heights.

Kikar, Tali (Shisham), Deodar, Ban trees are on decline.
Water fowls, Ducks, Birds, House sparrows, Vultures

STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012

11



Agro-Horticulture Sector

Erratic and changing weather pattern has affected on the sustainability of marginal agriculture and
horticulture in the State where average holding size is 1.07 ha

and about 70% of the population depends upon these two

sectors for their livelihood. Over 92% ofthe holdings in the State

are classified as small or marginal and dependence on rain in

some areas is very high. Thus, when viewed along with other

specificities such as infrastructure, rugged topography, limited

land for cultivation, limited livelihood choices, low productivity

of land, and vulnerability to natural disaster renders the state to

be highly vulnerable to the phenomena of climate change.

Rabi crops more affected due to erratic rainfall.

Diversion from apple to vegetables especially in the Lower Kullu valley.

Increase in annual production of vegetables from 25,000 tonne in 3,000 ha area in 1951-52 to
1,269 thousands tonne in 65,000 ha area in 2010-11.

The rise in temp has affected the apple production especially located on the lower altitude.
Apple production in cold desert areas has suddenly improved.

Change in average winter temperature has led to early flowering in Rhododendron.

Glacier Status in Himachal Pradesh

An overall reduction in glacier area from 2,077 sq. km. to 1,628 sqg. km. from 1962-2001 in Chenab,
Parbati & Baspa Basins, H.P.

An overall deglaciation of 21% of total area in these basins.

About 10% deglaciation is observed in Spiti Basin during 2001-2007.

Prominent glaciers as studied by GSI in Himachal Pradesh shows:

Chota Sigri 6.81 m/y retreat during 1962-95.

Bara Sigri 29.78 m/y during 1906-1957.

Trilokinath as 17.86 m/y 2001 2007
during 1968-1996.

Beas Kund as 18.8 m/y

during 1963-2003.

Manimahesh as 29.1

during 1968-2005.

Temporal Monitoring of Glaciers
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According to experts, glaciers in the Himalaya
have been reported to be in the retreating phase
and in future, this can result in water scarcity for
the people living in the mountain region and in
downstream area who depend on glaciers and
snow as a source of fresh water. Retreating
glaciers, depleting snow cover and Glacial Lake
Outburst Floods (GLOFs) are of immediate
concern in the mountain environment as GLOFs
can have a devastating impact on the hydro
power, water sources, people, livestock, forests,
farms and infrastructure. Decreases in snow
accumulation and glacial retreat might lead to
acute water shortages in the future.

Forests

Forests in Himachal Pradesh are an important ecological and natural resource and have been aptly
termed as "Green Pearl" in the Himalaya. About 26% ofthe State's geographical area is the repository
of 3,295 species out ofwhich 95% are endemic to the

state and 5% (150) species are exotic, most of the

people in rural areas in the State depend directly or

indirectly on forests for their livelihood and use

significant quantity of forest goods and services like

non-wood forest products, ecotourism, fodder,

timber etc.

The immediate repercussions of climate change on

the forests are visible in the form of shifting of tree

line to higher altitudes and movement of pine

species to higher altitudes. Available data on

climate suggested that by 2100, under the most

probable scenario, temperature ofthe state is likely to increase by 3@C and precipitation will decrease
by 20% and in that situation the effects will be more visible and alarming also.
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Effects of Climate Change

No. offire Areas Affected

Year
Incidences  (In Hectares)
1995 1669 57143
2000 1900 36887
2001-02 301 5719
2002-03 282 4204 Invasion of pine into oak/deodar due to climate change
affecting fodder availability for livestock & people’s
2003-04 550 9896 A .
livelihood
2007-08 550 8393
Biodiversity

e Himachal Pradesh being a mountain State is rich in floral and faunal biodiversity. The tribal and
remote areas of the state have good medicinal and aromatic floral resources which plays a
mayjor in their livelihoods.

e With the changing climate, many species are either facing the problem of extinction or
declining because of rising temperature affecting health, well being and livelihood of the
people who rely on such resources.

e We are committed to preserve this Himalayan reserve as it provides us with biological
resources and basic goods like food, fibre, medicine, timber, fuel wood etc.

Romulus sp. in upper Himachal
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Brahm Kamal Flower (Flower of High Alpine Zone)
Water Resources

Climate Change induced weather extremes such as unprecedented drought, frequent floods, cloud
bursts, erratic and changing pattern of rain
and snowfall, higher temperature and milder
and late winters have affected the availability
ofnatural resources in general and the water in
particular. Over the years, the water
availability in all towns of the State has
declined and majority of them are facing
scarcity situation. The traditional water
sources are either on the verge of extinction or
have dried. Any change in the behaviour of
water resources will have adverse impact on
the overall economy ofthe State.

River System Area of Catchment Areain %
Satluj 20,398 30.69
Beas 13,663 2450
Chenab 7,850 14.20
Ravi 5528 9.90
Yamuna 5872 10.60
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Effects of Climate Change on the Water Resources

e Khatris are no more functional. e Dried traditional sources of water.
e Micro - hydel are under threat. e Decreasing snowfall patterns.
e Decreasing river discharge. e Perennial streams have become seasonal.

e Affects the riverine ecology.
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Changes in Climate and Weather Events in India

Certain observations in climate parameters have been observed as far as climate change from the
Indian perspective is concerned. There are some changes observed in climate parameters in India as
well. According to India's initial National Communication, 2004 (NATCOM 1) to UNFCCC some ofthe
observed changes are as under:

2.1 Surface Temperature

At the national level, increase of ~ 0.4°C has been observed in surface air temperatures over the past
century. A warming trend has been observed along the west coast, in Central India, the interior
peninsula, and north-eastern India. However, cooling trends have been observed in north-west India
and parts ofsouth India.

2.2 Rainfall

While the observed monsoon rainfall at the All-India level does not show any significant trend,
regional monsoon variations have been recorded. A trend ofincreasing monsoon seasonal rainfall has
been found along the west coast, northern Andhra Pradesh, and north-western India (+10% to +12%
ofthe normal over the last 100 years) while atrend of decreasing monsoon seasonal rainfall has been
observed over eastern Madhya Pradesh, north-eastern India, and some parts of Gujarat and Kerala (-
6% to - 8% ofthe normal over the last 100 years).

2.3 Extreme Weather Events

Instrument records over the past 130 years do not indicate any marked long-term trend in the
frequencies of large-scale droughts and floods. Trends are, however, observed in multi-decadal
periods of more frequent droughts, followed by less severe droughts. There has been an overall
increasing trend in severe storm incidence along the coast at the rate of 0.011 events per year. While
the States of West Bengal and Gujarat have reported increasing trends, a decline has been observed in
Orissa. Goswami et al, while analyzing daily rainfall data sets, have shown (i) a rising trend in the
frequency of heavy rain events, and (ii) a significant decrease in the frequency of moderate events
over Central India from 1951 to 2000.

2.4 Risein Sea Levels

Using the records of coastal tide gauges in the northern part of Indian Ocean for more than 40 years,
Unnikrishnan and Shankar have estimated, that sea level rise was between 1.06-1.75 mm per year.
These rates are consistentwith 1-2 mm per year global sea level rise estimates of IPCC.

2.5 Impacts on Himalayan Glaciers

The Himalaya possess one ofthe largest reserve ofsnow and ice and form a major source of water for
the perennial rivers such as the Indus, the Ganga, and the Brahmaputra. Glacial melt may impact their
long-term lean-season flows, with adverse impacts on the economy in terms of water availability and
hydropower generation.
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The available monitoring data on Himalayan glaciers indicates that while recession of some glaciers
has occurred in some Himalayan regions in recent years, the trend is not consistent across the entire
mountain chain. It is accordingly, too early to establish long-term trends, or their causation, in respect
ofwhich there are several hypotheses.

LOSS IN GLACIER AREA: 1962 - 2001
|1» >0 i

y>li« M>e » T

Glaciers are well distributed by size, type, altitude and debris cover. Area in 1962 and 2001 (LISS-
1) observed as 173 and 140 sq. km., respectively. Overall 19 % loss inglacier area.

2.6 Climate Change Projections for 214Century (India)

Based on modeling and other studies the following changes due to increase in atmospheric GHG
concentrations arising from increased global anthropogenic emissions have been projected:

 Annual mean surface temperature rise by the end of century, ranging from 3to 5°C under A2
scenario and 2.5 to 4°C under B2 scenario of IPCC with warming more pronounced in the
Northern Parts of India, from simulations done by Indian Institute of Tropical Meteorology
(TM), Pune.

e Indian Summer Monsoon (ISM) is a manifestation of complex interactions between land,
ocean and atmosphere. The simulation of ISM's mean pattern as well as variability on inter-
annual and intra-seasonal scales has been a challenging ongoing problem. The simulations by
IITM, Pune, have indicated that summer monsoon intensity may increase beginning from
2040 and by 10% by 2100 under A2 scenario of IPCC.

e Changes in frequency and/or magnitude of extreme temperature and precipitation events.
Some results show that fine-scale snow albedo influence the response of both hot and cold
events and that peak increase in extreme hot events are amplified by surface moisture
feedbacks.

2.6.1 Impacts on Water Resources

A decline in run-offby more than two-thirds is also anticipated for the Sabarmati and Luni basins.
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2.6.2 Impacts on Agriculture & Food Production

Food production in India is sensitive to climate changes such as variability in monsoon rainfall and
temperature changes within a season. Studies by Indian Agricultural Research Institute (IARI) and
others indicate greater expected loss in the Rabi crop. Every 1°C rise in temperature reduces wheat
production by 4-5 Million Tonnes. Small changes in temperature and rainfall have significant effects
on the quality of fruits, vegetables, tea, coffee, aromatic and medicinal plants, and basmati rice.
Pathogens and insect populations are strongly dependent upon temperature and humidity, and
changes in these parameters may change their population dynamics. Other impacts on agricultural
and related sectors include lower yields from dairy cattle and decline in fish breeding, migration, and
harvests. Global reports indicate aloss 0f10-40% in crop production by 2100.

2.6.3 Impacts on Health

Changes in climate may alter the distribution ofimportantvector species (for example, malarial mos-
quitoes) and may increase the spread of such diseases to new areas. Ifthere is an increase of 3.8°C in
temperature and a 7% increase in relative humidity the transmission windows i.e., months during
which mosquitoes are active, will be open for all 12 months in 9 states in India. The transmission
windows in Jammu and Kashmir and in Rajasthan may increase by 3-5 months. However, in Orissa
and some southern states, a further increase in temperature is likely to shorten the transmission
window by 2-3 months.

2.6.4 Impacts on Forests

Based on future climate projections of Regional Climate Model ofthe Hadley Centre (HadRM3) using
A2 and B2 scenarios and the BIOME4 vegetation response model, Ravindranath et. al. It show that
77% and 68% of the forest areas in the country are likely to experience shift in forest types,
respectively under the two scenarios, by the end of the century, with consequent changes in forests
produce, and, in turn, livelihoods based on those products. Correspondingly, the associated
biodiversity is likely to be adversely impacted. India's NATCOM | projects an increase in the area
under xeric scrublands and xeric woodlands in central India at the cost of dry savannah in these
regions.

2.6.5 Vulnerability to Extreme Events

Heavily populated regions such as coastal areas are exposed to climatic events, such as cyclones,
floods, and droughtand large declines in sown areas in arid and semi-arid zones occur during climate
extremes. Large areas in Rajasthan, Andhra Pradesh, Gujarat, and Maharashtra and comparatively
small areas in Karnataka, Orissa, Madhya Pradesh, Tamil Nadu, Bihar, West Bengal, and Uttar Pradesh
are frequented by drought. About 40 million hectares of land is flood-prone, including most of the
river basins in the north and the north-eastern belt, affecting about 30 million people on an average
each year. Such vulnerable regions may be particularly impacted by climate change

2.6.6 Impacts on Costal Areas

A mean Sea Level Rise (SLR) of15-38 cm is projected along India’s coast by the mid 214¢century and of
46-59 cm by 2100. India's NATCOM | assessed the vulnerability of coastal districts based on physical
exposure to SLR, social exposure based on population affected, and economic impacts. In addition, a
projected increase in the intensity oftropical cyclones poses athreat to the heavily populated coastal
zones in the country (NATCOM, 2004).
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Climate Change in State's Context

Climate change is any long term significant change in the ‘'average weather' temperature,
precipitation and wind patterns that a given region experiences, which includes processes such as
solar radiation, green house gas concentration and the effects of human activity. Recent climate
change attributed to human activity, and the debate has shifted to how to reduce impact of human
activity (Mitigation), and adaptto change thatis already in the system (Adaptation).

Conceptually, Adaptation, in context of climate change is defined as the measures taken to minimize
the adverse impacts of climate change, e.g. switching to crops that can withstand higher temperatures
is adaptation, relocating the communities from sea shore to some other places to cope with the rising
sea level.

And, Mitigation in context of climate change is defined as measures to reduce the emissions of green
house gases that cause climate change in the first place, e.g. by switching to renewable sources of
energy such as solar energy or wind energy, or nuclear energy instead ofburning fossil fuel in thermal
power stations.

For drawing adaptation and mitigation options for State of Himachal Pradesh it is very important to
first understand the following critical and core concepts:

State’s Profile
Past & Current Climate Change Trends in Himachal Pradesh

e Climatic Patterns of Himachal Pradesh
e CurrentClimate Trends in Himachal Pradesh
- Climate Statistics for Himachal Pradesh- Current Scenario & Projections
e Precipitation (Rain & Snow Fall)
e Temperature
- Climate Scenarios
e Precipitation (Rain & Snow Fall)
e Temperature
e Extreme Precipitation (Rain & Snow Fall)
e Extreme Temperature
- Impacts on Key Sectors in Himachal Pradesh & Projections
- Issues and Problems: Climate Change
- Assessment of Climate Change Vulnerability of Himachal Pradesh
- Past, Currentand Projections: Exposure Level, Sensitivity and Adaptive Capacity
e Description of Vulnerability Index and Projected Trends
e Sectoral Analysis with respectto Climate Change Vulnerability
- Status of Green House Gas Emissions Inventory at Sectoral Level & Future Energy Need Projections
- GapAnalysis

And after observing above exercise one can safely look into the main entry points leading to

description of main priority adaptation and mitigation measures reducing Sectoral and Regional
Vulnerability.
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3.1 State's Profile

Himachal is situated in the western Himalayas. Covering an
area of 55,673 kilometers (34,594 miles), Himachal Pradesh
isamountainous state with elevation ranging from about 350
meters (1,148 ft.) to 6,000 meters (19,685 ft.) above the Mean
Sea Level. Area-wise, Hamirpur is the smallest district of the
Pradesh which covers anarea of1,118 sq. kilometers (2.01%)
and Lahaul & Spiti has the largest area of 13,835 sq.
kilometres (24.85%).

The population of Himachal Pradesh is 68,56,509 as per the
Census of India, 2011 (Table-1). In terms of population it
accounts for only 0.57% of total country's population. The
population of the State increased by 17.53% between the
years 1991-2001 and further decreased by 12.81 % in 2011.

Table-1: Distribution of Population, Decadal Growth Rate, Sex-Ratio and Population Density

State/District Population Percentage Decadal Growth Sex- Ratio Population
2011 Rate of Population Density per sq.
(Number of Females km.
per 1000 Males)

Persons 1991-2001 2001-2011 2001 2011 2001 2011

Himachal 68,56,509 17.54 12.81 968 974 109 123
Pradesh

Chamba 5,18,844 17.19 1258 959 989 71 80
Kangra 15,07,223 14.05 12.56 1025 1013 233 263
Lahul & Spiti 31,528 6.17 -51 802 916 2 2
Kullu 437474 26.17 14.65 927 950 69 79
Mandi 9,99,518 16.1 10.89 1013 1012 228 253
Hamirpur 454,293 118 10.08 1099 1096 369 406
Una 5,21,057 1851 16.24 997 977 291 338
Bilaspur 3,82,056 154 12.08 990 981 292 327
Solan 5,76,670 30.94 15.21 852 884 259 298
Sirmaur 5,30,164 20.78 15.61 901 915 162 188
Shimla 8,13,384 17.02 12.58 896 916 141 159
Kinnaur 84,298 991 7.61 857 818 12 13

Note:For calculation ofsex ratio total ofmales and others as males used

Source: Series-3 Provisional Population Totals Paper-1 of Census 2011

Urban & Rural Population ofHimachal Pradesh in 2011 with Percentage Growth

Population of Himachal Pradesh has experienced a gradual increase from one Census year to the next
one with the exception of 1901 to 1911 where it declined slightly. Total population of this State has
increased from 19,20,294 in 1901 Census to 68,56,509 in 2011 Census.
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Table-2: Growth in Urban & Rural Population in Himachal Pradesh

State/District Population 2011 Percentage Decadal Growth (Persons) 2001-2011
Total Rural Urban Total Rural Urban
Himachal Pradesh 6856509 |61,67,805 6,88,704 12.81 12.50 15.64
Chamba 518,844 4,82,653 36,191 12.58 1321 4.77
Kangra 15,07,223 14,20,864 86,359 12.56 12.17 19.47
Lahul & Spiti 31,528 31,528 0 -5.10 -5.10 -
Kullu 437474 3,96,216 41,258 14.65 12.87 35.47
Mandi 9,99,518 9,36,894 62,624 10.89 11.49 2.69
Hamirpur 454,293 4,22,880 31,413 10.08 10.56 4.00
Una 5,21,057 4,76,140 44917 16.24 16.46 13.93
Bilaspur 3,82,056 3,56,930 25126 12.08 1191 14.46
Solan 576,670 4,74,592 1,02,078 1521 1593 11.93
Sirmaur 5,30,164 472,926 57,238 1561 15.09 20.07
Shimla 8,13,384 6,11,884 2,01,500 12.58 10.20 20.49
Kinnaur 84,298 84,298 0 761 7.61 -

The sex ratio (i.e. the number of females per thousand males) of population was recorded as 968 to
974. The urban population has increased @ 10.04% in 2011 in comparison of 2001 when itwas @
9.80%; however the rural population has declined in the State by 0.30% and number of towns has
also increased in the State (Table-2). It is noted from the census data that although the urban
population is increasing at a faster pace in the State but yet the majority of population lives in rural
areas ofthe State and is dependent on agriculture- horticulture and state's natural resources. Most of
the agri-horti practices are of subsistence type and dependent on prevailing climatic conditions for
yield.

The literacy of the State has increased to 83.78 % in 2011 in comparison to 76.50% in 2001 and
63.94% in 1991 (Table-3).

Table-3: Literacy Status in Himachal Pradesh

State/ District Literacy Rate (Persons) 2001 Literacy Rate (Persons) 2011
Total Rural Urban Total Rural Urban

Himachal Pradesh 76.48 75.08 88.95 83.78 82.91 91.39
Chamba 62.91 60.63 89.50 73.19 71.63 92.90
Kangra 80.08 79.70 86.62 86.49 86.54 85.67
Lahul & Spiti 73.10 73.10 - 77.24 7724 -

Kullu 72.90 7155 87.99 80.14 79.12 89.75
Mandi 75.24 74.08 90.51 82.81 82.14 92.62
Hamirpur 82.46 81.90 89.34 89.01 88.67 93.48
Una 80.37 80.19 82.14 87.23 87.24 87.19
Bilaspur 77.76 76.97 89.08 85.67 85.21 92.06
Solan 76.57 73.94 87.97 85.02 83.53 91.86
Sirmaur 70.39 68.29 87.80 79.98 78.54 9151
Shimla 79.12 75.19 91.75 8455 81.45 93.76
Kinnaur 75.20 75.20 - 80.77 80.77 -
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Literacy rates of males in the state
remained highest as compared to total
literacy rates and female literacy rates
since 1971 to the present Census year
of 2011 (Fig. 1). While literacy rates of
females remained lower to both male
and total literacy rates during this
period the matter of a satisfaction is
that the male-female gap in literacy
rates is decreasing 1981 onwards,
though it has increased during 1971-
1981.

Himachal Pradesh has a Total Fertility
Rate (TFR) of 1.9 which is one of the
lowest in India, and below the TFR of
2.1 required to maintain a stable
population. Overall sex ratio in
Himachal Pradesh from 1981 Census to
the present Census year has been eratic
as it increased a little from 1981 to
1991 but decreased slightly in 2001. It
increased once again in 2011. The child
sex ratio remained a matter of concern
from 1981 to 2001, as it nose dived
from 971 in 1981 to 896 in 2001,
though in the current of Census, 2011 it
has shown a marignal increase as it
stands at 906. (Fig. 2)

The drainage system in the State is well
developed and forms the part of the
Indus and the Ganges River Basins of
India. The major rivers which either
originate or pass through Himachal are
the Satluj, Ravi, Beas, Chenab and
Yamuna. Besides these, there are
number of small rivers like Baspa,
Parvati, and Spiti etc. which contributes
to the major river systems of Himachal
Pradesh (Fig. 3). These rivers are
perennial and are fed by snow and
rainfall. They are protected by an
extensive cover ofnatural vegetation.

STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012

Fig. 1: Literacy Rates by Gender & Male- female Gap in Literacy Rates
since 1971

Fig. 2: Changing Trends in Sex Ratio in Himachal Pradesh

Fig. 3: Drainage Network of Himachal Pradesh
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The State comprises of four different Agro-climatic Zones (Fig. 4).

1. SHIVALIK HILL ZONE: Climate Sub Tropical, consists of
foothills and valley areafrom 350 to 650 meters above mean sea
level, It occupies about35% ofthe geographical area and about
40% ofthe cultivated area ofthe State. The majorcropsgrown in
this Zone are Wheat, Maize, Paddy, Gram, Sugarcane, Mustard,
Potato, Vegetables etc.

2. MID HILL ZONE: This zone extendsfrom 651 meters to 1,800
meters above mean sea level. Having mild temperate climate. It
occupies about 32% of the total geographical area and about
37% of the cultivated area of the State, the major crops are
Wheat, Maize, Barley, Black Gram, Beans, Paddy etc. This zone
has verygood potentialfor the cultivation ofcash crops like Off-
Season Vegetables, Ginger and production of quality seeds of
temperate vegetables like Cauliflowerandrootcrops.

3. HIGHHILL ZONE: It liesfrom 1,801 to 2,200 meters above sea
level with humid temperate climate and alpine pastures. This
zone covers about35% ofthegeographical areas and about21%
ofthe cultivated area ofthe State. The commonlygrown crops are
Wheat, Barley, Lesser Millets, Pseudo-cereals (Buckwheat and
Amaranthus), Maize and Potato etc. The area isideally suitedfor
the production ofquality seed Potato and temperate Vegetables.
This zone possessesgood pastures and meadows.

4. COLD DRY ZONE: It Comprises of Lahaul-Spiti and Kinnaur
Districts and Pangi Tehsil of Chamba District lying about 2,200
meters above mean sea level. It occupies about 8% of the
geographicaland2% ofthe total cultivated area ofthe State. The
major cropsgrown are Wheat, Barley, Pseudo-cereals like Buck
wheat and Amaranthus. It is ideally suitedfor the production of
quality Seed Potato, temperate and European type ofVegetables
and theirSeeds, Seed Potato, Peas asgreen and seed purposes.

Fig. 4: Agro-climatic Zones of Himachal Pradesh

Rising into the hills, we find a mosaic of Western Himalayan broadleaf forests and Himalayan
subtropical pine forests. Various deciduous and evergreen oaks are found in these broadleaf forests,
while Chir pine isa dominant species in the pine forests. Western Himalayan subalpine conifer forests
grow near tree line, with species that include East Himalayan Fir, West Himalayan Spruce, Deodar

Fig. 5: Biological Richness in Himachal Pradesh

(State tree), and Blue pine (Fig. 5). The state has about
26.37% forest cover of total area which has great bearing
on presentand future climate scenario.

In the uppermost elevations, we find western Himalayan
alpine shrub and meadows in the northeast and
northwestern Himalayan alpine shrub and meadows in
the northwest. Trees are sturdy with a vast network of
roots. Alders, birches, rhododendrons and moist alpine
shrubs are there as the regional vegetation. The
rhododendrons can be seen along the hillsides around
Shimla from March to May. The shrublands and meadows
give way to rock and ice around the highest peaks
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Himachal Pradesh is a well known habitat to a variety of wild life. There are around 1,200 bird and
359 animal species in the state. This includes the Leopard, Snow Leopard (State Animal), Ghoral,
Musk Deer and Western

Tragopan. It has 2 National

Parks and 33 Wildlife

Sanctuaries - the largest

number in the Himalayan

region. The Great Himalayan

National Park (GHNP) in

Kullu district was

established to conserve the

flora and fauna of the main

Himalayan range, while the

Pin Valley National Park was

established to conserve the

flora and fauna of the cold

desert.

Fig. 6 depicts the land use/
land cover pattern available
in Himachal Pradesh. Based
upon the satellite data
analysis, the predominant
land use/land cover
categories available in the
State are mainly the forest
which is ever green or semi Degraded ForesUScrub Land .
green in nature, forest Double Lrep (K*R) gﬂaﬂm

plantation, agriculture, land Sandy Area Constal & Osieme
with/withoutscrub etc. Grass Land/GraziiM Land Sno* CO'arartr Gl*ti»l Aw

| V\Ale? Logoed Lard

LandUse Kegif

Barren Rocky/ Sjony waste'lSheet Land wilh Dr wrlhoul Scrub

Urr*hir rSwsmpf Land

EvergreerUSeffiiOieen F&resl

Guwm Of Ravinous Land

The soils of Himachal

Pradesh can be divided into

nine groups on the basis oftheir development and physio-chemical properties (Fig. 7). These groups
are alluvial soils, brown hill soils, brown earths, brown porous soils, grey wooded or podozolic soils,
grey brown podzolic soils, plansolic soils, humus and iron podzols and alpine humus mountain
skeletal soils. The soils of Himachal Pradesh can be divided into nine groups on the basis of their
development and physio-chemical properties. These groups are alluvial soils, brown hill soils, brown
earths, brown porous soils, Grey wooded or podozolic soils, grey brown podzolic soils, plansolic soils,
humus and iron podzols and alpine humus mountain skeletal soils.

Fig. 6: Land Use/ Land Cover in Himachal Pradesh

As far as lithological variations in the State are concerned, it is characterized by highly diversified
geological formations ranging from Pre Cambrians to Holocene or Recent (Fig. 8). The low lying areas
ofthe State comprising mainly of Kangra, Hamirpur, Una, Sirmour, parts of Mandi are characterized of
Shivalik and the Tertiary group of rocks where as the Northern and North western and North eastern
parts ofthe State are comprised ofmeta sediments.
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Fig. 7: Soil Classification Map of Himachal Pradesh
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3.2 Past& CurrentClimate Change Trends in Himachal Pradesh

3.2.1 Climatic Patterns

The term climate is mainly determined by two variables viz. temperature and precipitation. The
climate of the state varies from place to place depending on the altitude. It varies from hot and sub-
humid tropical (450-900 m) in the southern low tracts, warm and temperate (900-1,800 m), cool and
temperate (1,900-2,400 m) and cold alpine and

glacial (2,400-4,800 m) in the northern and

eastern high mountain ranges.

The state is broadly divided into three physio-

geographical regions, viz. Outer Himalaya, the

Lesser Himalaya and the Greater Himalaya or the

Alpines. The Outer Himalaya includes the districts

of Bilaspur, Hamirpur, Kangra, Una and the lower

parts of Mandi, Sirmour and Solan. The Lesser

Himalaya includes the parts of Mandi, Sirmaur

and parts of Chamba, Kangra and Shimla districts.

The Alpine zone is at an altitude of 4500 m and

beyond, includes Kinnaur and parts of Lahaul and

Spiti, Chamba districts. The areas of the state

increase in elevation from west to east and from

south to north. Therefore, geo-climatically

Himachal Pradesh has three zones (i) The Outer

Himalaya, (ii) The Inner Himalaya and (iii) Alpine

zone. The first zone receives annual rainfall

between 150 cms and 175 cms. In second zone, it  Fig. 9: Vegetation Density Map

varies between 75 cms to 100 cms and the Alpine

zone receives solid precipitation during winters only and remains under the impact of snow for about
five to six months in a year. The average annual rainfall in the State is about 160 cms. The climate
varies between hotand humid in the valley areas to freezing cold in the areas of perpetual snow.

The areas in the state under each climatic pattern based on Koppen's Classification are shown in
following Fig. 10 & Table-4. This broad classification is based on the variation of temperature and
precipitation. The state as awhole mainly comes under the climatic type as stated below.

As per the study carried out by IMD Pune, the districts Bilaspur, Kangra, Mandi, Sirmour Una,
Hamirpur, Solan and Chamba falls under the climatic type Cwa with Sub-tropical monsoon, mild and
dry winters and hot summers. Shimla district and some parts of Chamba has been classified as
climatic type Cwb with Sub-tropical monsoon, mild and dry winters and short warm summers.
Chamba, major parts of Kullu and Mandi districts has been classified as a climatic type Cfa with humid
subtropical mild winter, moist all seasons, long hot summer. Kullu district has a climatic type varying
between Cfa and Cfb; Humid sub tropical, mild winter, moist all seasons, long hot summer and marine.
As the sufficienttemperature data for the districts Lahaul & Spiti and Kinnaur is notavailable, climatic
type of these districts is not mentioned though District Kinnaur classified as type Dwb and Dfb for
Lahul and Spiti.
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Therefore, based on the rainfall and temperature variability criteria the climate pattern observed in

the State are as follows:

Table-4: Classification based on Climate Pattern

Climate Pattern Classification Type

Sub Tropical monsoon  Mild and dry winter,
Hot summer

Sub Tropical Monsoon  Mild and dry winter,
Moderate hot summer

Sub Tropical Monsoon  Without dry winter,
With hot summer

Sub Tropical monsoon  Without dry winter
with moderate hot summer

Humid continental Severe and dry winter,
warm summer

Humid continental Severe winter, moist all
seasons, short warm summer

Cwa

Cfa

Cfb

Dwb

Dfb

Area/ Districts
Bilaspur, Kangra, Mandi,

Sirmour, Una, Hamirpur, Solan,
Chamba

Shimla, parts of Chamba

Chamba, Major parts ofKullu
and Mandi

Minors parts o fKullu

Kinnaur

Lahul & Spiti

Source: IMD Pune

Fig. 10: District Wise Classification based on Climate Pattern
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Throughoutthe year the State experiences four seasons (Table-5). The winter season from December
to February is followed by the pre-monsoon or hot weather season from March to May. The period
from June to September constitutes the southwest monsoon season and the period from October to
December is the post monsoon season. During the period from January to February, generally low
temperature prevails over the entire state and is generally notvery pleasant due to biting cold. In this
season, a series of western disturbances affect the climate of the state. Heavy snowfall occurs during
this season. In the summer months from March to May, weather isvery dry. In the hilly regions, due to
lower temperature, the climate of the state is comfortable. Weather tends to be humid during July to
September due to rise in moisture content of the atmosphere. These monsoon months are fairly
comfortable due to reduced day temperature, although humidity continues to be high in comparison
with the other months.

Table-5: Prevalent Seasons in Himachal Pradesh
Seasons Pattern/ Duration/ Period

Winter Low temperature, biting cold, snow
December- February

Pre-monsoon/ Hot weather- Extreme dry in lower elevation/ Mild in hills and valleys
Summer March-May

South West Monsoon/Rainy Heavy rains, humid, hot in lower elevations
June- September

Post Monsoon/Autumn Moderate temperature
October- November

Source: IMD Pune
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3.2.2 Current Climate Trends in Himachal Pradesh

In the context of understanding the climate trends in Himachal Pradesh, both precipitation (Rainfall
& Snowfall) and temperature are considered significant indicators. Based on comprehensive studies
carried over NW Himalayas on long term trends in maximum, minimum and mean annual air
temperate by Bhutiyani, et. al. 2007, included observation from Shimla, HP for a period 1901-2002, at
95 % confidence level indicates that there is a significant increase in air temperature in the NW
Himalayan region by about 1.6@ with winter warming at a faster pace.

The rates of increase of winter, monsoon and annual air temperatures in @C in last century, computed
by liner regression slope is given in the Table-6.

Table- 6 Winter Monsoon & Annual Air Temperature in Himachal Pradesh

Observation Season Winter Monsoon Annual
Location bx100 bx100 bx100
Shimla Mean Maximum 26 2.8 2.4
Mean minimum 10 () .01 0.5
Average annual 18 15 2.0
North West Mean Maximum 1.7 13 1.6
Himalayas Mean minimum 17 0.4 11
Average annual 1.7 0.9 1.6

Source: Bhutiyani et.al. 2007(95% confidence level)

As per analysis it is observed that the temperature rose at a lower rate till 1930, thereafter grew at a
modest rate during the decade of 1961-1970. Warming rate was higher during the period from 1991-
2002 as compared to the earlier periods and the gross rise in mean temperature during 1980-2002
was about 2.20C. According to Bhutiyani et. al. 2007 based on short term analysis observed that in
different altitudinal zones in Himachal Pradesh, the rate of increase in maximum temperature at
higher altitudes was more than that at the lower altitudes and in last century north western
Himalayan region warmed significantly higher than the global average.

The gross increase in winter mean air temperature in lasttwo decades in Himachal Pradesh is given in
the Table-7.

Table- 7: Increase inWinter Mean Air Temperature in Himachal Pradesh

Observation Stn (Alt) Mean Max Mean Min Average Winter
0 Q) )
Bahang(2192) 4.0 1.8 3.8
Solang (2480) 4.4 - 20 3.8
Dhundi (3050) 5.6 1.0 3.2
Patseo (3800) 3.0 - 3.0 0.0
Shimla (2200) 2.8 2.2 2.4
Average 32 08 22

Source: Bhutiyani et.al. 2007(95% confidence level)
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There is clear increase observed in winter temperature in Himachal and across North West
Himalayan region (Table-8).

Table-8: Observed Increase in Winter Air Temperature

Observation Stn. (Period) Mean Max Mean Min Average Winter
0 @) @)

Shimla

(1901-2002) 2.6 1.00 1.800

(1991-2000) 1.83 0.14 0.898

(2001-2007) 342 0.74 2.800

Solang

(1991-2000) 0.99 -0.08 045

(2001-2007) 2.84 -1.12 1.98

North west Himalaya (1901-2002) 17 17 17

As per analysis carried on different altitudes in Himachal Pradesh decreasing trend of snow fall is
observed (Table-9).

Table- 9: Altitudinal Variation in Snow Fall Trends.
Observatory Stn Time Period Time Period

Observations based on depth of snowfall

Bhang | () 1974-2005 | () 1991-2005*
Solang () 1982-2005 () 1991-2005*
Dhundi | () 1989-2005 | ) 1991-2005
Patseo () 1983-2005 () 1991-2005

(+)Increasing, (-) Decreasing trend

Source: Bhutiyani et.al. 2007 (95% confidence level)

Through an analysis of data base from 1866-2006 w.r.t. climate change and precipitation, variation in
the north western Himalayas (Bhutiyani et. al. 2009) it has been observed that the change in winter
precipitation is minimum butthere is significant decrease in monsoon precipitation.
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Results of trend analysis of annual, winter and monsoon precipitation in Shimla & North Western
Himalaya are as under in (Table-10).

Table-10: Trend Analysis of Annual, Winter & Monsoon Precipitation

Observatory Stn. Data Period Trend Analysis
Mann-Kendall’'s Non Linear Regression
Parametric T ext Coefficient (b)

Annual Precipitation

Shimla 1866-2006 -)* -)*

North West Himalaya 1866-2006 (-)* (-)*

Winter Precipitation

Shimla 1866-2006 -)* -)*

North West Himalaya 1866-2006 -)* -)*

Monsoon Precipitation

Shimla 1866-2006 -)* -)*

North West Himalaya 1866-2006 (-)* (-)*

(+)Increasing, (-) Decreasing trend

Source: Bhutiyani etal. 2007 (95% confidence level)

Trend analysis of annual rainfall data (Ranbir, 2010) of last 25 years in different districts in Himachal
Pradesh revels that increasing trend ofabout 33.5%, 54.3% and 51.5% has been observed in the State
in district Kinnaur, Chamba and Lahul & Spiti respectively on one hand and decrease of about 8.7%,
13.3% and 26.6% in District Solan, Shimla and Sirmour respectively. About 0.5 rise in maximum
temperature is observed for Palampur, in District Kangra.

The Annual Rainfall Variation Trend in different districts of HP. is given in (Table-11).

Table-11: District Wise Variation in Annual Rain Fall Trends

Districts Rainfall Variation
25 years
Kinnaur 33.5% (+)
Chamba 54.3% (+)
Lahual & Spiti 51.5% (+)
Solan 8.7% (-)
Shimla 13.3% (-)
Sirmour 26.6% (-)

Source: Ranbir, 2010
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The variation observed in Mean Temperature (Max & Min) in District Kangra, H.P. is given in (Table-
12).

Table-12: Observed Mean Temperature (Max. & Min.) in District Kangra

Observatory Stn. Temperature (Max) Temperature (Min)
1985 2009 1986 2009
Palampur 3150 321 @ 4.40C 5.20C
Kangra
Net Change 0.50C 0.80C

Source: Ranbir, 2010

It has also been observed thatthere has been about 40% reduction in rainfall over the last 25 years as
itwas 948 mm in 1987 which is reduced to about 470 mm during 2009. Another analysis with respect
to climate of Shimla reveals that total precipitation and snowfall for all the season has a decreasing
trend. The analysis of twenty years data by (Bhan & Manmohan, 2011, IMD) reveals that the season
tends to end by about 10-12 days earlier per decade leaving long term impacts on agriculture-
horticulture production ofthe State.

Table-13: Observed Decreasing Trend in Rain Fall & Snow Fall at Shimla

Month Trend in Total Precipitation, No of Days with Snowfall
Rainfall and Snowfall
Trend (mm per decade) Avg. no of days with Max. no of days with
snowfall snowfall (year)
Rainfall Snowfall
December -38 -84 0.8 3 (1995)
January -46.0 29.6 31 8 (1995)
February -20.9 14.5 39 12 (2000)
March -19.2 -43 04 2 (1993, 2007)
Season -89.9 -56.9 82 20 (1994-95)

STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012 34



Analysis of Trends of Rainfall & Snowfall of Shimla Himachal Pradesh

Fig. 11 (i): Total Seasonal Precipitation over Fig. 11 (ii): Total Seasonal Snowfall (Equivalent to
Shimla mm or water) over Shimla

Fig. 11 (ii): Beginning and End of Snowfall Season at Shimla

Source: Bhan, Manmohan, 2011, IMD

110 years annual rainfall trend of Shimla, Himachal shows a decreasing trend which is similar for
about 50 KM aerial distance around (Fig. 12).

Fig. 12: 110 Years Annual Rainfall in Shimla Source: IMD, Pune

STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012 35



Extreme Temperature Variations Ever Recorded ()

Fig. 13(i): Area Affected by Drought (1951-2000) Fig. 13(ii): Highest Temperature Ever Recorded (@)

Fig. 13(iii);: Lowest Minimum Temperature Ever Recorded (CC)
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The trend analysis of climate variables (temperature and precipitation) at various altitudes in
Himachal Pradesh over more than two decades is as follows in Table-14.

Table-14: Altitude Wise Climate Variables in Himachal Pradesh

Altitude Obs. Stn. Annual Mean Annual Mean Data base

(amsl) Temp. Rainfall

1,500-2,400 Theog (Shimla) (+) 18 (-) 127 mm 20 years
High Hill Temperate (+) in Kharifseason)
wet

1,200-1,800  Kullu (+) 28 (-) 20.1 mm 34 years
High Hill Temperate () inKharifseason
wet

700-1,500 Palmpur (Kangra) + 10@ (-) 1,000 mm 35years
Mid Hill sub Humid exceptional decrease

(+) inKharifseason

<700 Fatehpur 6 (-) 29.4mm 23years

(Sirmour)

Low Hill sub Humid

3.2.3 Glaciers & Snow Fields in Himachal Himalaya

As per the investigations carried out in the Himachal Himalayas, there are about total of 334 glaciers
in the entire Satluj basin which includes the glaciers in Beas, Sainj, Spiti, Baspa basins and 457 glaciers
in the Chenab basin in Himachal Himalaya. Out of 334 glaciers in the entire Satluj basin, 202 glaciers
are located in Himachal Pradesh (Kulkarni et. al). The total area covered by these glaciers in Satluj
and Chenab basins is around 2,175 sq. km. Besides, the glaciers there are about 1,826 permanent
snow fields in these basins having atotal area 0f1,101.737 sqg. km. (Table-15).

Table-15: Basin Wise Distribution of Glaciers and Snow Fields in Himachal Himalayas

Basin Name Numberof Aerial No.ofPermanent Aerial
Glaciers Extent Snowfields Extent
(sq. km.) (sq.km.)
Beas 06 15.843 47 72442
Parvati 36 450.627 131 188.188
Sainj 09 37.255 59 51.934
Spiti 71 258.237 597 368.366
Baspa 25 203.300 66 64.964
Satluj 55 154.762 194 110.843
Chenab 457 1055.27 732 245.000
Total 659 2175.294 1826 1101.737

In the case of Himachal Pradesh rivers flow, the major contribution is from the snow and glacier melt
which affects the discharge of the streams considerably. To understand the effect of global warming
on the hydrological balance, the snow ablation studies in the Himalayas have been carried out.
Initially the investigations were carried out in the Beas and Baspa basins in Himachal Pradesh.
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To understand these changes snow cover an evaluation has been carried out in the Beas and Baspa
basins using IRS WIFS satellite data from October to June for the period 1997 to 2001. On the basis of
the study carried out by Space Application Center in the Beas basin pertaining to the period from
October to June 1997-98 and 2001-2002, that snow accumulation has been observed in early winter
i.e. from November to January for 1998-99 and 1999-00, in 2000 it was substantially lower than in
1997-98 and 2000-2001, which may be attributed due to low snowfall in the early winter and
abnormally high temperature as the average maximum temperature in the month of November and
December was higher in the year 1998 and 1999 as compared to 1997. On the other hand, the snow
accumulation pattern in the year 2000-2001 was entirely different. Overall snow cover was very high
in the month of Nov-December, but right from the beginning of December snow cover started
retreating and this trend continued up to the middle of February. The data suggest that the snow
accumulation was above normal for 1997-98 and very low for 1998-99 affecting snow ablation
patterns. In May 1998, snow cover was almost 70% compared to 30% in 1999. Altitude wise
monitoring of snow has also been done in the Beas basin between 1800 m to 5400 m at an interval of
600m. It has been observed that there was a substantial retreat of snow in the month of December up
to 5400 m altitude in this basin. In January retreating snow was observed up to 4200 m in the Beas
Basin. The melting of snow cover in high altitude region in the month of December and January is an
unusual observation. Similarly, on the basis of the studies so far done on Chotta Sigri glacier in the
Chandra basin, it has been observed that snout of Chotta Sigri glacier has receded by about 8m/year
during 1963 to 1984 and about 23 m/year during 1984 to 1986. It has further receded by about 15 to
20 m during September 1986 to August 1987. Average melting rate calculated was 6.5 cms/day, 4.1
cms/day and 3.0 cms/ day in snout, ablation and accumulation zone. The results have proved that the
rate of melting was maximum in the snoutzone and minimum in the accumulation zone.

The glaciers are receding, precipitation is becoming erratic, the protection of glacier fields is
emerging as an importantissue and associated livelihood issue does require attention atthe moment.

The analysis of data whatever available, therefore, presents that effects of climate change are likely to
be become more intense by next 2-3 decades when time temperature may rise by 2-4 (C. There would
be clear change in monsoon precipitation pattern which may increase by 20-25 %. Frequency of
extreme events may double. Resultantly there will be snow and glacier field loss, which will affect the
flow in river system, the flow in lower elevation would reduce maximum. The glacier fields may
reduce by more than 50% due to rise in temperature, increased melting rate, monsoon, extreme
events may further increase the issues of sedimentation, intense erosion, destabilization of slopes
and the increase in events of GOLF's etc. (Kulkarni et. al).
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Climate Change Impact on the Himalayan Glaciers

Impact of Climate Change on the Seasonal Snow Cover Patterns
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Long Term Monitoring of Himalayan Glaciers

Nardu Glacier: Baspa Basin
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3.2.4 Conclusions

From above discussions it is observed that in Himachal Pradesh the climate change variations are set
to arrive in following manner:

3.2.4.1 Temperature

- Theannual temperatures are setto rise.
- Therise intemperature with respectto 1970s shows arange between 1.5 @ to 2.8 C.
- Temperatures are also showing arising trend in all seasons.

3.2.4.2 Precipitation

- The mean annual rainfall likely to vary between 1250+225.2 and 1550+175.2 mm in
Himachal Pradesh.

- The rate ofincrease is more in North-western parts of the State i.e. areas of district Kangra,
Chamba, Kullu, Una are likely to receive rainfall with increased intensity.

- The High Hill areas like Kinnaur, Lahul & Spiti and some parts of Chamba and Kullu districts
may also experience rainfall in place of snowfall with increased temperature.

- There may be staggering decrease in snowfall patterns in mid-hills temperate wet agro
climatic zone.

- The number of rainy days may increase in Himachal Pradesh with decrease in average
intensity.

- An increase in rainfall in the pre-monsoon and post-monsoon months with increasing
incidence ofstorms in Himachal Pradesh.

3.2.4.3 Extreme Events

- Change in rainfall patterns with increased variability in future some regions (South-
eastern parts) may be experiencing less rainfall. Drought like conditions may prevail in
given projections.

- Projected increase in temperature, rainfall, rainfall variations and intensities in the State
may lead to accelerated summer flows leading to situations like floods/flash floods in
North-western parts ofthe State.

- Health risks are also associated indirectly with extreme events in sub montane, low hills,
and sub humid agro climatic zones ofthe State.
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3.3 Climate Statistics for Himachal Pradesh- Current & Projections

Long term trends in observed seasonal rainfall and temperature over State using IMD gridded rainfall
and temperature at daily time scales has been performed to arrive atthe currentbaseline climatology.

3.3.1 Rainfall

Rainfall in the state of Himachal Pradesh varies considerably both in space and time from year to year
asin Table-16.

Table-16: Variation in Rainfall in Himachal Pradesh

Season Statistics Value Contribution in
Annual Rainfall (%)

Annual Average (mm) 1490
Range-average (mm) 606.8-3722.5

Winter Average (mm) 1341 9%
Range-average (mm) 17.4-310.1

Pre-monsoon Average (mm) 163.9 11%
Range-average (mm) 28.4-268.9

Monsoon Average (mm) 1087.7 73%
Range-average (mm) 19.9-1275.2

Post Monsoon Average (mm) 89.40 6%
Range-average (mm) 4.4-96.6

Annual Range-Inter-annual variation 0.93-1.25

Winter Range-Inter-annual variation 0.6-0.8

Pre-monsoon Range-Inter-annual variation 0.4-0.6

Monsoon Range-Inter-annual variation 0.86-0.90

Post Monsoon Range-Inter-annual variation 0.3-05

Source: IMD Gridded Rainfall Data (1971-2005)

Fig. 14: Annual Normal Rainfall (cm)

STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012 42



The total annual rainfall in the state is the maximum over the region of Kangra district and
neighbourhood areas (Fig. 14). The total annual rainfall for the state is 149 cm with total annual
number of rainy days as 65. Kangra district receives the maximum amount of rainfall (185 cm) in a
year, whereas Una receives the minimum amount of rainfall (121 cm) in ayear. The figures have been
plotted which show rainfall pattern during winter season (December to February) and pre-monsoon
season (March to May). The rainfall over the state increases towards northeast region during winter
and pre monsoon. The pattern of spatial distribution of the rainfall over the state during the
southwest monsoon season generally resembles to that of the spatial distribution of the annual
rainfall. In both cases, the rainfall is maximum in northwestern region which is further corroborated
by fact that the isopleths are concentrated more in this region. It is observed that during the post-
monsoon season, the rainfall pattern over the north and eastern parts is uniform and rainfall
decreases towards west/southwest region (Fig. 15 (i-iv).

Fig. 15(i): Seasonal Rainfall(cm)- Cold Weather Season- Fig. 15(ii): Post Monsoon Season- October to December
January to February
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Fig. 15(iii): Pre-monsoon Season- March to May Fig. 15(iv): Monsoon Season- June to September

The southwest monsoon season is the predominant rainy season in the state. Of the total annual
rainfall, about 73% is received during the southwest monsoon season (June to September), about 9%
is received in the winter season (December, January and February), about 11% is received in the pre-
monsoon season (March to May) and about 6% is received in the post-monsoon season (October to
November). The percentage ofthe seasonal number of rainy days with respect to the annual number
of rainy days is 63% for the southwest monsoon season, 16% for the pre-monsoon season, 7% for the
post monsoon season and 13% for the winter season. During the southwest monsoon season, the
state receives rainfall mainly due to low pressure areas and monsoon depressions originating from
the Bay of Bengal.

Fig. 16: Are Affected by Excessive Rainfall
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The southwest monsoon extends over the entire state by the lastweek ofJune. July and August are the
wettest months accounting individually to about 27% ofthe annual rainfall. The number ofrainy days
ranges from 6 to 14 during southwest monsoon season, the number being maximum (14) for the
month ofJuly and August. The most common rain-giving systems over the state during post-monsoon
season are the depressions and cyclonic storms originating from the Bay of Bengal. During winter, the
state receives about 14 cm ofrainfall. This rainfall, though small in amount, is of utmost significant for
agriculture. This rainfall generally occurs in association with induced low pressure areas over the
surface due to western disturbances moving from west to east, across the northern parts of the
country.

Rainfall, sufficiently in excess of the normal, is a predominant factor for the occurrence of floods,
particularly in high rainfall regions. For the purpose of present description, annual rainfall of 125 %
or more ofthe normal is considered as excessive rainfall.

The Fig. 16 shows the percentage frequency of excessive rainfall and successive years of excessive
rainfall during the period 1951 to 1999. It is seen from this figure that the frequency of excessive
rainfall for Chamba district in northwest region of the state is highest and the number of successive
years of excessive rainfall are more.

The annual rainfall in different river catchments is as follows. Itis seen from Table-17 and Fig. 17 that

the river Beas has a catchment (No. 203) in the state, which receives the maximum amount of annual
rainfall (182.2 cm) as well as the maximum rainfall (130 cm) during the southwest monsoon season.

Table-17: Catchment Area Wise Mean & Maximum Rainfall

River Catchment Catchment Area Mean Annual Max. Rainfall
No Districts Rainfall (mm) mm(month)
Sutlej 201 Shimla, Kinnaur, 1191.9 256.6 (July)
(Upto Bhkara Dam) Solan, Mandi,
Bilaspur
Sutlej 202 Solan, Sirmour, Una 1573.8 444.9 (July)

(Between Bhakra Dam
and Beas excluding

Beas)
Beas 203 Kangra, Hamirpur, 1821.9 497.9 (July)
Kullu, Lahul & Spiti,
Mandi, Chamba
Ravi 204 Chamba 1190.3 169.2 (July)
Chenab 205 Lahul & Spiti 1004.4 155.5 (Mar)
Yamuna 403 Shimla, Sirmour 1355.1 354.6 (July)
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The spatial distribution of the coefficient of variation of annual rainfall over Himachal Pradesh is
depicted as shown in Fig. 18 Coefficient of Variation (CV) which is expressed as percentage is defined

as:
CV =Standard Deviation (ct) X 100 Normal (N)

It is observed that the values of CV of annual
rainfall range between 30% and 50% over the
entire state of Himachal Pradesh. The values of
CV over northwestern and southern parts are
less than 30%, while those over some parts ofthe
northern and eastern Himachal Pradesh the
values are higher than 50%.

The regions of extreme southern parts of the
State exhibit the highest variability, with values
of CV exceeding 70%. During the southwest
monsoon season, the rainfall variability is low
with the values of CV ranging between 20% and
50% (Fig. 19). Itis observed thatthe values of CV
of the rainfall during the post-monsoon season
range between 80% and 120% (Fig. 20). During
the winter season also, the variability of rainfall

Fig. 17: Catchment Area with Annual

isvery high. The values of CV range between 40% and 120% (Fig. 21). Thus, the variability of annual
rainfall and rainfall during the southwest monsoon season, over Himachal Pradesh is relatively lower.
On the other hand, the variability of seasonal rainfall for the other three seasons is very high. The
contribution of southwest monsoon rainfall to the annual rainfall is the highest.

Fig. 18: Coefficient of Rainfall Variation- Annual
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Fig. 20: Coefficient of Rainfall Variation- Post Monsoon Fig. 21: Coefficient of Rainfall Variation- Winter

Fig. 22: Coefficient of Rainfall Variation- Premonsoon
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3.3.2 Temperature

Table-18 gives the mean daily maximum and mean daily minimum temperature. The spatial
distribution ofthe mean daily maximum temperature for the representative months of four seasons

of a year is depicted (Fig. 23). It is observed that the
temperatures of hilly districts with deep valleys vary
considerably from place to place depending on
elevation. June is the hottest month with the mean daily
maximum temperature of35.5@ in the plains and 28.7CC
in hilly places. During June, the mean daily maximum
temperature ranges from 24 to 38.4(C over the state,
the values increases towards southwest. The highest
values are observed over the extreme south western
region. With the onset of monsoon season the day
temperatures falls significantly. During August, an
appreciable drop in the mean daily maximum
temperature is observed with the values ranging
between 20.4@ and 32.6(C. The values of mean daily
maximum temperature in October range between
18.8CC to 30.6@C with the values generally increasing
towards southwest. It is observed that the mean daily
maximum temperature ofJanuary ranges between 9.3CC
and 20.3°C. The temperature pattern of January is quite
similar to that of October.

Fig. 23 Annual Normal Temperature (cC)

Table-18: Seasonal Variation Max. & Min. Temperature

Season Statistics Max. Temperature
O
Annual Average 2231
Range-average 17.3-29.7
Winter Average 14.6
Range-average 9.3-22.6
Pre-monsoon Average 239
Range-average 14.6-36.2
Monsoon Average 27.02
Range-average 20.3-384
Post Monsoon Average 22.05
Range-average 15.1-30.6
Annual Range-Inter-annual variation 0.04-0.06
Winter | Range-Inter-annual variation 0.07-0.09
Pre-monsoon Range-Inter-annual variation 0.02-0.03
Monsoon | Range-Inter-annual variation 0.01-0.03
Post Monsoon Range-Inter-annual variation 0.06-0.08

Min. Temperature

(O

10.6
6.2-16.2
31
-1.7-8.9
1091
2.6-20.8
17.01
11.1-24.5
8.58
14-175
0.02-0.03
0.16-0.18
0.04-0.04
0.03-0.05
0.04-0.06

Source: IMD GriddedRainfall Data (1971-2005)
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The spatial distribution of the mean daily minimum temperature for the representative months of
four seasons ofayear is also depicted. Inthe month ofJanuary, the minima ofthe mean daily minimum

temperature are observed over the northeast region of the state. The values range between -1.7@C to

7.3 @ (Fig.24). Over the southern region ofthe state, temperature higher than 50C is observed. During
the winter months, cold waves associated with western disturbances may bring down night

temperatures appreciably, even 5-10QC below the freezing point of water. In the month of April, the

values range between 6.2@C to 18.4(C (Fig.25). The temperature is more than 18QC over the extreme

southern region of the state. The lowest value of the mean daily minimum temperature is observed

over the northern region ofthe state. In the month of July the values of minimum temperature range

between 14.7@C to 24.5(C (Fig. 26). The values of mean daily minimum temperature over the hilly

region ofthe state are generally lower than 20(C.

During the month of October, the values of mean daily minimum temperature range between 5.3 to
17.5Q (Fig. 27). The temperature over the hilly region is observed to be lower than 110 except at
Dharamsala observatory.

Fig. 24 Mean Minimum Temperature (<) - January Fig. 25 Mean Minimum Temperature (cC) - April
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Fig. 26 Mean Minimum Temperature (°C] - July Fig. 27 Mean Minimum Temperature (°CJ - October

The highest maximum temperature and the lowest minimum temperature ever recorded are
depicted. The highest maximum temperature ever recorded in the State is 49.9QC on 8thMay, 1958 at
Gondla observatory and the lowest minimum temperature ever recorded in the state is -25.9(C at
Keylong observatory on 214February, 1978 in Lahaul and Spiti district. Thus, day temperatures in the
state increase uniformly from April to October. In general, the night temperatures are lower in the
higher latitude districts. Both day and nighttemperatures are lower over the hilly stations than those
over the plains. Maximum temperatures rise rapidly from February onwards till June and ranges from
about 10@C to 16QC at plains and about 14(C to 16@ over the hilly regions, whereas minimum
temperatures rise rapidly during the period from February to July and it ranges from 130C to 18 at
plains and 120C-16QC at hill stations. In the state, from the beginning of June to the end of July, the
maximum temperature falls by about 20C to 6@ whereas the minimum temperature falls by about 2@
to 3 from July to September. Both day and night temperatures start falling rapidly after October
onwards and attain the lowest value by January. August has the lowest diurnal range oftemperature,
about 9 in plains and about 8 in hilly regions. The diurnal range increases rapidly after the retreat
of southwest monsoons. During the period from November to June, the diurnal range is ofthe order of
14 tol7C atplains and 110 to 14 in hilly regions Fig. 28 (i-iv).
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Fig. 28(i) Mean Max. Temperature (°C] - August Fig. 28(ii) Mean Max. Temperature (cC) - June

Fig. 28(iii) Mean Max. Temperature (cC) - October Fig. 28(iv) Mean Max. Temperature (<€) - January
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3.3.3 Climate Scenarios

Third major publication of INCCA assessment is an attempt to use PRECIS (Providing Climate
Investigation Studies) based on HadRM (Hadley Regional Climate Model) to generate climate change
scenario for 2030s. This report provides an assessment of impact of climate change in 2030s on four
key sectors of the Indian economy, viz. Agriculture, Water, Natural Ecosystems & Biodiversity and
Health in four climate sensitive regions of India, viz. the Himalayan region, the Western Ghats, the
Coastal Area and the North-East Region. At State level there are hardly any studies that have done a
thorough analysis ofthe trends of climate change in Himachal Pradesh from where set conclusion can
be drawn.

The climate change scenarios have been derived from a Regional climate change model PRECIS (a
version ofHadRM3 developed by the Hadley Centre, UK) with aresolution of 50km x 50km and forced
by a Green House Gas (GHG) emission scenario emanating from A1B IPCC SRES (Special Report on
Emission Scenario, IPCC, 2000). The year 2030 is the average ofthe period between 2021 to 2050. All
the changes in this period are with respect to the average ofthe period 1961 to 1990, also referred to
1970s or the baseline.

3.3.3.1 Temperature

PRECIS simulations for the 2030s indicate an all-round warming over the Indian Subcontinent
associated with increasing GHG concentrations. The annual mean surface air temperature is
projected to rise by 1.7°C to 2.0°C in 2030s. Seasons may be warmer by around 2.0°C towards the end
of 2030s. The variability of seasonal mean

temperature may be more in winter months.

On a regional scale, the variations in

temperatures are described below [Figure:

ES3 (a) for the observed mean temperatures in

the 1970s and simulated by PRECIS for the

same period]. Figure: ES3 (b) depicts changes

intemperature inthe 2030s.

As per PRECIS simulation the mean annual
temperature of Himachal Pradesh is projected
to increase from 0.9+0.6°C to 2.6+0.7°C in the
2030s. The netincrease in temperature ranges
from 1.7°C to 2.2°C with respect to the 1970s.
Temperatures also show arise in all seasons.

3.3.3.2 Precipitation

All the regions of Indian Subcontinent under
consideration show a small increase in annual
precipitation in 2030s with respect to the
baseline, that is 1970s. Figure: ES4 (a) shows Fig. ES3: (@ Mean Annual Surface Air Temperature Climatology
the summer monsoon rainfall climatology simulated by three PRECIS runs compared with the observed
simulated by the three PRECIS simulations climatology [upper left panel] for baseline period (1961-1990). (b)

compared with the observed climatology \Ijvr?{eig;joghanges in the Annual Surface Air Temperature in the 2030s
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(upper left panel) for the baseline period. Figure: ES4 (b) shows projected changes in summer
monsoon precipitation in the 2030s with respect to the 1970s.

As per PRECIS simulation the annual rainfall in the Himachal region is likely to vary between
1268+225.2 and 1604£175.2 mm in 2030s. The projected precipitation is likely to increase by 5% to
13% in 2030s with respectto 1970s.

3.3.3.3 Extreme Temperatures

Further, analysis of the model indicates that both the daily extremes in surface air temperature, that
is, daily maximum and daily minimum may intensify in 2030s. The spatial pattern ofthe change in the
lowest daily minimum and highest maximum temperature suggests a warming of 1°C to 4°C towards
the 2030s. The warming in night temperatures is more over the southern peninsular region and the
Central and Northern India, whereas daytime warming is more in Central and Northern India.

As per PRECIS simulation in our region,
minimum temperatures are projected to
increase by 1°C to 4.5°C, and the maximum
temperatures may increase by 0.5°C to
2.5°C.

3.3.3.4 Extreme Precipitation

Extreme precipitation can be defined in
terms of number of rainy days if it exceeds
the currently observed average number of
rainy days in a year (exceeding 2.5mm) as
well as the volume of rainfall in a day if it
exceeds a particular threshold. Currently,
the frequency of rainy days is more in East
and North-Eastern India and less over
Western India. Projections for the 2030s,
however, indicate that the frequency of
rainy days is likely to decrease in most parts
of the country. Presently, the intensity of a
rainy day is more along the western coast,
especially in the Western Ghats, and North-
East India. The intensity of rainy days
increases inamore warming scenario.

As per PRECIS simulation the number of

rainy days in our region may increase by

5-10 days on an average in the 2030s. The Fig. ES4: () Summer Monsoon Rainfall Climatology simulated by the
three PRECIS simulations compared with the observed climatology

rainy days will increase by more than 15 [upper left panel] for the baseline period [1961-1990]. (b) Projected
days in the north-western part of the State.  changes in summer monsoon precipitation inthe 2030s w.r.t 1970s.

The intensity of rainfall is likely to increase
by 1-2mm/day.
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3.4 Conclusions

Therefore, it is clear from PRECIS simulations that Himachal Pradesh is likely to experience the

climate variations in following manner:

3.4.1 Temperature Variations
- Theannualtemperatures are setto rise.

- Theriseintemperature with respecttol1970s shows arange between 1.7°C to 2.2°C.

- Temperatures also show an increase in all seasons.

3.4.2 Rainfall Variations

- The mean annual rainfall likely to vary between 1268+225.2 and 1604+175.2 mm in
Himachal Pradesh.

- The rate of increase is more in north western parts of the State i.e. areas of district

Kangra, Chamba, Kullu, Una are likely to receive rainfall with increased intensity.
- Thenumber ofrainy days is projected to increase in Himachal Pradesh with decrease in
average intensity.An increase in rainfall in the pre-monsoon and post monsoon months
with increase in number ofstormsin Himachal Pradesh.

3.4.3 Extreme Events

- Change in rainfall patterns with increased variability in future will have some regions
(south eastern parts) experiencing less rainfall. Drought like conditions may prevail in
given projections.

- Projected increase in temperature, rainfall, rainfall variations, and intensities in the
State may lead to accelerated summer flows leading to situations like floods/ flash
floods in North-Western parts.

The changes in extreme events of rainfall and temperature will have direct or indirect bearings on
different sectors of economy with changes in hydrological response of the basins including impacts

on glaciers. The land use changes are expected with impacton developmenttrends.

The following sectors will primarily be affected adversely in projected scenarios:

Directly- Agriculture, Water Resources, Biodiversity, Forests.
Indirectly- Livelihoods, Tourism, Hydropower, Health.
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The IPCC scenarios provide a mechanism to assess the potential impacts on climate change. Global emission scenarios were
first developed by the IPCC in 1992 and were used inglobal general circulation models to provide estimatesfor thefull suite of
greenhouse gases and the potential impacts on climate change. Since then, there has been greater understanding ofpossible
future greenhouse gas emissions and climate change as well as considerable improvements in thegeneral circulation models.
The IPCC, therefore, developed a new set of emissions scenarios, published in the IPCC Special Report on Emission Scenarios
(IPCC SRES November 2000). These scenarios provided input into the Third and Fourth Assessment Reports and were the
basisfor evaluating climatic and environmental consequences ofdifferent levels offuture greenhouse gas emissions andfor
assessing alternative mitigation and adaptation strategies. These scenarios refer to the predictions made for future
conditions mainly related to precipitation, sea level rise and temperature changes based on 'story lines' of the alternate
greenhouse gas emissions. There arefour storylines (A1, A2, B1 and B2) identifying alternate states offuture economic and
technological development that takesplace over the nextfew decades assummarized infollowing Table:

IPCC SRES Scenarios

Al A2

World: Market Oriented World: Divided World

Economy: Rapid economic growth. Economy: Regionally oriented, lowest per capita income.
Population: Peaks in 2050 and then gradually declines Population: Continuously increasing population.

Governance: A Convergent world-income and way of life Governance: independently operating, self-reliant nations.
coverage between regions Extensive social and cultural Technology: Slower and more fragmented.

interactions worldwide.

Technology: There are three subsets to the A1 Family

A1lF1-fossil-fules intensive.

A1B: balanced on all energy sources

A1T: non-fossil energy sources.

B1 B2

World: Convergent World: Local Solutions

Economy: Service and Information based, lower growth then Economy: Intermediate levels of economic development.

Al. Population: Continuously increasing population, but at
Population: Same as Al. slower rate than in A2.

Governance: Global solutions to economic, social and Governance: Local solutions to economic, social and
environmental stability. environmental stability.

Technology: Clean and resource efficient technologies. Technology: More rapid A2, less rapid more diverse A1/B1.

Source: IPCC 4th Assessment Report (2007)

Climate models are mathematic models used to simulate the behaviour of climate system. They incorporate information
regarding climate processes, current climate variability and the response ofthe climate to the human-induced drivers. These
models rangefrom simple one dimensional models to complex three dimensional coupled models. The latter, known as Global
Circulation Models (GCM), incorporate oceanic and atmospheric physics and dynamics and represent the general circulation
ofthe planetary atmosphere or ocean. The GCMs are usually run at very course grid (about 30x 3Q resolution whereas the
processes that are of interestfor studies such as this one, such as precipitation, are highly influenced by the local features
namely orography and land use. These local characteristics are not properly represented at the coarse scale of GCM and
contribute to prediction errors on the impact ofclimate change at the sub-grid scale. Therefore, these GCMs are strengthened
with the incorporation of local factors and downscaled, in general with a grid resolution of about 0.50x 0.5®r less. The
downscaling can be of dynamic or statistical type. These models are referred to as Regional Climate Models (RCM) and
improve the quality ofclimatic predictionfor specific local areas.

A RCM is a model ofthe atmosphere and land surface which has high horizontal resolution and consequently covers a limited
area of the earth'ssurface. A RCM cannot existwithout a ‘parent' GCM to provide the necessary inputs. The RCMs provide an
opportunity to dynamically downscale global model simulations to superimpose the regional detail ofspecified region. RCM
provide climate information with useful local detail including realistic extreme events and also theysimulate currentclimate
more realistically.

A Regional Climate Model:
e Iscomprehensive physical high resolution (~50km) climate model.
e Coversalimited area oftheglobe
e Includes the atmosphere and land surface components ofthe climate system
e Contains representations of the key processes within the climate system (e.g., cloud, radiation, rainfall, soil
hydrology)
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Advantages ofRegional Climate Models include
1 highly resolved information
1 physically based character
1 manyvariables
1 better representation ofthe mesocale and weather extremes than in GCMs.
Disadvantages ofRegional Climate Models include
1 computational expensiveness, particularlyfor long runs
1 lack oftwo way nesting (feedback with theforcing GCM input)
1 dependence on usually biased inputsfrom theforcing GCM
1 errorsin the GCMfields thatcould resultin errorsin the regional climate scenarios
1 availability offewerscenarios.

Providing Regional Climatesfor Impact Studies (PRECIS) is an atmospheric and land surface model oflimited area and high
resolution which is locatable over any part of the globe. Dynamical flow, the atmospheric sulphur cycle, clouds and
precipitation, radiative processes, the land surface and the deep soil are all described and lateral boundary conditions (LBCs)
are required at the limits of the model's domain. Information from every aspect may be diagnosed from within the model
(Noguer et al., 1998). PRECIS can be applied easily to any area of the globe togenerate detailed climate change predictions
and is usedfor vulnerability and adaptation studies and climate research.

Regional Climate Scenarios for IndiaUsing PRECIS

PRECIS is the Hadley Centre portable regional climate model, developed to run on a PC with agrid resolution 0f0.44°x 0.44°.
High-resolution limited area model is driven at its lateral and sea-surface boundaries by outputfrom global coupled
atmosphere-ocean (HadCM3) and global atmospheric (HadAM3) general circulation models. PRECIS captures important
regional information on summer monsoon rainfall missing in itsparent GCM simulations.

Noguer M,Jones R, MurphyJ (1998) Sources ofsystematic errors in the climatology ofa regional climate model over Europe.
ClimDyn 14:691-712

PRECISA1B, which isamid path scenario, afuture world ofvery rapid economicgrowth, global population thatpeaks in mid-
century and declines thereafter, and rapid introduction of new and more efficient technologies, with the development
balanced across energy sources

Indian RCM PRECIS has been configuredfor adomain extendingfrom about 1.5°N to 38°N and 56°E to 103°E. IPCCSRESA1B
Scenariol0- Q14 Qump (Quantifying Uncertainty in Model Predictions) for the time slices of present (1961-1990), mid
century (2021-2050) and end century (2071-2100) has been made available by [ITM Pune.

Simulationsfrom a seventeen-member perturbed physics ensemble (PPE) produced using HadCM3 under the Quantifying
Uncertainty in Model Predictions (QUMP) project of Hadley Centre Met Office, UK have been used as LBCsfor 138 year
simulations o fthe regional climate model PRECIS. The QUMP simulations comprise 17 versions ofthefully coupled version of
HadCM3, one with the standard parametersetting and 16 versions in which 29 ofthe atmosphere componentparameters are
simultaneouslyperturbed (Collins etal., 2006).
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3.5 Impacts on Key Sectors in Himachal Pradesh & Projections

As explained above in detail on the basis of the analysis of available data base it is quite clear that in
the State climate variables are showing changes in trends:

e Change in trend of rainfall.
e Change in trend of snowfall.
e Change (shift) in cropping pattern and vegetation species.

e Change (shift) in apple contour.

These trends which have been established on scientific data base are also supported by concerns
expressed by local stakeholders such as:

e Some of common birds, butterflies and insects have disappeared.
e Vegetation species and crops have changed and become extinct.
e Decline in normal winter precipitation.

e Natural water sources have started drying up.

e Increase in incidences of diseases, pests etc.

e Change in setting of seasons.

As per the projections explained above Himachal Pradesh is highly vulnerable to climate change.
Himachal Pradesh has a high reliance on agriculture which has a direct bearing from climate
variations. Climate change also poses additional challenges as higher temperatures increase the need
for water, irrigation and the risk of warm stress on crops. Changing weather patterns and rising
temperatures will leave the farmers of the State vulnerable to crop losses on one hand and excessive
precipitation also destroy the crops on other hand. Climate change will also negatively affect the
water resources with increased water scarcity in hill stations. The increase in water demands will
increase the vulnerability in the State. The sector wise analysis of projections is as under:

3.5.1 Agriculture: With increasing temperatures, it is anticipated that there may be an all-round
decrease in horticultural- agricultural
production in the region in long-term, and the
line of production may shift to higher altitudes.
Apple production in the Himachal Pradesh
region has decreased between 1982 and 2005 as
the increase in maximum temperature has led to
areduction in total chilling hours in the region-a
decline of more than 9.1 units per year in last 23
years has taken place (Fig. 29). Temperature
Humidity Index (THI) is projected to rise in
many parts of State during March-September
with a maximum rise during April-July in 2030s
with respect to 1970s will lead to discomfort of
the livestock productivity and therefore will

have negative impact on livestock productivity. Fig. 29: Trend of Apple Production in Himachal Pradesh

between 1980 and 2005.
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3.5.2 Forests, Natural Eco-systems & Biodiversity: It has been projected that the forest vegetation
type of the four eco-sensitive regions are vulnerable to projected climate change in the short term,
that is, in 2030s, even under a

moderate climate change scenario

(A1B). The impacts vary from

region to region. For Himachal

Pradesh, of the 98 IBIS grids

covering this region, 56% of the

grids are projected to undergo

change in 2030s shows a high

degree of vulnerability of forests

in the State. The dense forest line

is expected to undergo more

changes. The Net Primary

Productivity (NPP) is projected to

increase in the region by about

57% on an average by 2030s.

3.5.3 Water: The water resources

in this analysis have been assessed

in terms of water yield in the

various river basins that are part of our region. The water yield is the total surface runoff, which is
usually a function of precipitation, its distribution, evapo-transpiration (ET) and soil characteristics.
As per PRICIS region-specific projections for 2030s, the water yield in Himachal Pradesh, mainly
covered by major rivers, is likely to increase by 5%-20% in most of the areas, with some areas
showing an increase ofup to 50% with respectto 1970s. The impact ofincrease in precipitation in this
region has been reflected in an almost similar pattern ofincrease in the ET. Increase in the water yield
ismore for those areas that have experienced alow increase in ET.

3.5.4 Health: A qualitative assessment of PRESIS indicates that morbidity and mortality of the
population in the regions under focus are likely to increase with warming temperatures and variable
precipitation as they have direct as well as indirect effects. Direct effects can manifest as heat stress
and indirect effects can be in terms ofvector borne diseases, water borne diseases and malnutrition
etc. A quantitative assessment has been carried out for determining the transmission of malaria in
2030s. The transmission windows have been determined in terms of (a) temperature as well as (b)
temperature and relative humidity requirements for transmission. It has been concluded that the
projections based on Temperature (T) and Relative Humidity (RH) do not match with the
observations made in the Himalayan region, and other regions, thereby indicating that even if the
required humidity is not existing in the atmosphere, the mosquito vectors seek micro niche for their
resting to getthe required RH for survival. In Himachal Pradesh which is nestled in the North-Western
Himalayas, projections of malaria transmission windows for 2030s, based on temperature, reveal
introduction of new foci and an increase in opening of more transmission months in different districts
ofthe State.

3.5.5 Frequency of Droughts: The percentage change in the spatial distribution of Soil Moisture
Deficit Index (SMDI) between 1970s and 2030s has been used for defining the Drought Index. The
weeks when the soil moisture deficit may start, drought development (Drought Index value between
0 and -1) as well as the areas which may fall under moderate to extreme drought conditions (Drought
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Index value between -1 and -4) has been assessed. There is an increase in the drought like situations
for those areas of various regions that have either projected decrease in precipitation or have
enhanced level of evapo-transpiration in the 2030s. Similarly, the weeks belonging to moderate soil
moisture stress, show an increase in severity of drought from baseline to the mid-century scenario,
which is self-evident. It is very evident from the depiction that the moderate to extreme drought
severity has been pronounced for the State, where the increase is more than 20% in many areas
despite the overall increase in precipitation.

3.5.6 Floods: Possible floods have been projected using the daily out flow discharge in each sub-basin
as generated by the SWAT model, ascertaining the change in magnitude of flood peaks above 99t
percentile flow in 1970s and in 2030s. The change in peak discharge equal to or exceeding at 1%
frequency in 1970s and 2030s for various regions indicates that the flooding would vary from 10% to
over 30% of the existing magnitudes in most of the regions. This has a very severe implication for
existing infrastructure such as dams, bridges, roads, etc., in the areas and will require appropriate
adaptation measures to be taken up.

From the analysis one can say thatimpact on agriculture-horticulture production will be visible in the
form of change in cropping pattern and the crop productivity can be projected to decrease even at 1-
2 rise intemperature. Whereas Himachal Pradesh is likely to experience 1.7°C to 2.2°C warming:

- Northern parts ofthe State at higher altitudes can witness most shifts.

- Agriculture may benefit from the increase length of growing period initially but would
getadversely affected later on.

- Apple production may be affected with shiftin the long term.

- Some regions may experience large reduction inyields (up to 50% by 2020).

Impact of climate change on water resources will definitely be manifested in the State, further; water
stress will increase with changes in rainfall patterns and the fast melting of Himalayan glaciers.

The rainfall is projected to increase during June to September.

Increased occurrence of floods and increased flow in rivers and dams, increased
instances ofsoil erosion and silt load.

Increase in water stress for rain-fed crops due to warming (1.7°C to 2.2°C)

Glaciers retreat may affect the discharge dependability ofall rivers.

Impacts of Climate Change on the forests of State are highly uneven due to climate variance:

- The forests ofthe State are highlyvulnerable especially the high altitude dense forests.

- Foresttypes shifts may occur in >80% offorested grids (2080 scenarios).

- The occurrence offorest fire may increase.

- The forest productivity may increase initially but there would certainly be long term
adverse impacts.

Therefore, the water crisis, droughts and floods, agriculture-horticulture security issues, agriculture,
land fertility, health impacts especially vector borne diseases, vulnerable forests, deforestation and
loss ofbiodiversity, pollution ofair, water and soil will have the mostimpact on the State and so on the
poor and vulnerable groups and sections of the society. There is a need for further analysis, capacity
enhancement to cope up with the likely climate change impacts in Himachal Pradesh and need for
adaptation and mitigation measures. The assessment of vulnerable groups can only be seen as
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composite of the regional and local vulnerability w.r.t. climatic variables. Through this report the
vulnerability assessment has been carried out at Block level so as to ascertain the exposure,

sensitivity ofthe regions.

Forests in Himachal Pradesh are an important ecological and natural resource and have been aptly
termed as "Green Pearl" in the Himalaya. About 26% ofthe State's geographical area is the repository
of 3,295 species out of which 95% are endemic to the state and 5% (150) species are exotic, most of
the people in rural areas in the State depend directly or indirectly on forests for their livelihood and
use significant quantity of forest goods and services like non-wood forest products, eco-tourism,

fodder, timber etc.
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Assessment of Climate Change Vulnerability: Himachal Pradesh

Himachal Pradesh has a large repository of natural resources. Itis the mostimportant source of clean
water for the people of Northern India. Snow and glacier melt during the summer season provide
large inflows to five major river basins and their tributaries the crucial source ofwater supply for the
people inhabiting in these basins. The availability of abundant water resources, fertile soil and
suitable climate has led to the development of a highly agricultural based society in this region. In
view of significance of agricultural sector and water resources for the State, its sensitivity to the
vagaries climate change makes it imperative for the planners and scientists to strategize as in case of
any changes in the pattern of climate in the form of shift in the time period, frequency or magnitude,
there can be substantial impacts on the overall economy ofthe State.

Himachal Pradesh faces a number of non-climatic and climatic stressors due to several reasons
including the rapid growth in industrialization, hydro-power development, increasing tourism based
activities etc. There has been substantial deforestation and change in the land use. The increasing
population of various towns has put a stress on water resources besides on its quality. Inadequate
infrastructure such as sewage treatment plants, municipal solid waste management sites is adding to
the stress in many ways. Impounding and diversion ofwater systems for development of hydropower
is resulting in long term impacts on the ecosystems.

The widespread range of climatological and geographical features makes the State more unique.
Therefore, any small alteration in the natural resources ofthe State has its implication on the society
and the ecosystem as awhole.

Climate change projection scenarios suggest an increase in temperature, changing precipitation
trends resulting in increased river water flows in the short term due to fast melting of snow and
glaciers followed by substantial decrease in river flows in the long run.

From the above discussions, it is imperative to understand the current levels of risks from climate
variability and changes, sensitiveness of resources and existing capacity so as to ensure compatible
solutions for mitigating the likely impacts. Frameworks containing various indicators have been used
to measure the vulnerability broadly based on its definition which takes itas a function ofthree broad
factors viz. exposure, sensitivity and adaptive capacity. The current assessment at the Block* level is
mainly on the secondary information in the form of reliable database gathered from different
Government departments/sources.

*The selection ofBlock as unitfor micro level assessmenthas been drivenfrom the availability ofrequired data base at different levels.
Otherwise also the geographical distribution facilitated the selection ofthe Block as a unitfor assessment.
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4.1 Climate Change Vulnerability- Literature Review

Various factors show that Himachal Pradesh possesses a high degree of vulnerability to climatic
variations, which will affect millions of poor rural people. The majority of the estimated 69% poor
rural people in region are subsistence farmers tilling mainly the rain-fed lands. Impacts of such
disasters range from hunger and susceptibility to disease, to loss of income and human livelihoods.
Climate change in fact is emerging as the pre-eminent development issue in the entire Indian

Himalayan region. Some of the identified
key aspects of Himachal Pradesh have
been elaborated using parameters such
as adaptive capacity, exposure and
sensitivity that contribute to its net
vulnerability to climate change in the
State.

From global level assessments of
vulnerability on the basis of database for
the period 1960-1990 carried out by K
O'Brien et al. / Global Environmental
Change 14 (2004) 303-313 following
spatial representations of adaptive
capacity, sensitivity and exposure have
been observed.

District-level mapping of adaptive

capacity of Himachal Pradesh at global Fig. 30: District-level Mapping of Adaptive Capacity at Global
level measured as a composite of Level in Himachal Pradesh

biophysical, social, and technological

indicators (1960-1990) shows lowest

adaptive capacity for Chamba and Kullu

whereas higher adaptive capacity of

Kangra, Hamirpur, Una, Solan and

Sirmour districts(Fig.30).

District-level mapping of Climate
Sensitivity Index (CSI) for India based on
observed climate data (1961-1990) and
based on results from the HadRM2 model
is shown in the Fig. 32 and as per
estimate, sensitivity is lowest for Lahaul
& Spiti and low in Chamba, Shimla, Kullu
and Kinnaur regions(Fig.31).

Districts in the country that rank highest
under climate change vulnerability and
globalization vulnerability are
considered to be double exposed

Fig. 31: District-level Mapping of Climate Sensitivity Index
(Csn
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(depicted with hatching). Itis clarified that doubly exposed districts as shown in the map depicts that
districts with high Climate Change Vulnerability may not necessarily be highly vulnerable to
globalization.

The districts Una, Hamirpur, Solan,
Bilaspur, Sirmour have been categorized as
highly exposed and vulnerable towards
climate change, whereas, Kullu and Shimla
have medium level of vulnerability (based
on 1960-1990 data base at Global level)
(Fig. 33).

The Climate Change Vulnerability has been
measured as a composite of adaptive
capacity and climate sensitivity under
exposure to climate change. District-level
mapping of globalization vulnerability is
measured as a composite of adaptive
capacity and trade sensitivity (for a
representative basket of import-sensitive
crops). Hamirpur district has been
categorized as highly vulnerable with
Kangra and Kullu districts at high and
Solan, Mandi and Shimla districts with

. o i . L medium level ofvulnerability (Fig. 34).
Fig. 32: District-level Mapping of Climate Sensitivity Index

(CSI) for India

Fig. 33: District-level Mapping of Climate Change Fig. 34: District-level Mapping of Globalization
Vulnerability (Exposure) Vulnerability
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The results presented in this document demonstrate a method for mapping vulnerability that can be
used to assess climate impacts in the context ofa range ofsocietal changes. As such, it is important to
look into and recognize both the limitations and strengths of the analytical method. As far as the
limitation of this method is concerned, one limitation of the macro-profiles is that mapping
vulnerability at the district level may lead to a false sense of precision. Abrupt differences in
vulnerability across district boundaries might be more realistically represented as fuzzy transitions.
Similarly, differences between farmers and between villages within districts are not captured in the
vulnerability maps, although these differences have been tried to be looked at during the assessment
of data base. The second limitation of this approach is that the uncertainties associated with
regionally downscaled climate scenarios (or scenarios of trade liberalization) are not explicitly
represented in the maps. Incorporation of the uncertainties associated with different climate
scenarios might be addressed through application of a range of different regionally downscaled
models. The third limitation ofthe approach concerns the time scale of the analysis, and especially the
fact that our assessment does not capture changes in adaptive capacity over time, but instead holds
the adaptive capacity constant to levels in a particular year. To capture potential changes over time,
the adaptive capacity indicators can further be analyzed using alternative scenarios of future social
and economic conditions.
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4.2 Climate Change Vulnerability- Current & Future Projections

The State with its economy closely tied to its natural-resource-base and climate-sensitive sectors
such as agriculture, water, and forests, today faces a major threat because ofthe projected changes in
climate. Crucial sectors in Himachal Pradesh like agriculture-horticulture, water resources, forests,
hydro power generation, health, urban waste management & sanitation, and rural development are
likely to be affected by climate change. Further, a large population of the State mainly depends on
climate-sensitive sectors like agriculture-horticulture and forests for their livelihood needs. Any
change in these sectors due to climate change will not only going to affect the livelihood prospects in
the agrarian economy ofthe mountain region, but also impact people living in the plains.

Itisvery importantto understand as how and which region is exposed towards climate change, what
is the level of sensitivity of these region, and what is the level of adaptive capacity to absorb the
projected and existing climate change trends. Undoubtedly, the data base is a big constraint to carry
out such an assessment comprehensively at micro level but still whatever and wherever possible the
data has been gathered and collated to demonstrate the current levels of climate change vulnerability
of different districts at the Block level.

Vulnerability Assessment (VA) provides two important contributions:

e ldentify which system/region/sector/indicators are currently getting affected or are
likely to get affected in the future.

e Understanding why/how various sectors are likely to be vulnerable- whether directly or
indirectly, when interaction between shifts/change and existing stressors is projected.

The idea of this assessment is to prepare an indicative index to map the vulnerability among the
various areas, blocks and districts ofthe State and rank these districts in terms ofvulnerability so as to
facilitate the process for actions; such as identifying and fixing priority for the vulnerable areas,
components, identification of adaptation interventions and mainstreaming adaptation in policy and
planning processes. Thus, Vulnerability Assessment (VA) is a key tool for informing adaptation
planning and enabling resource managers to make such decisions. A framework has been developed
for undertaking exercise to estimate the extent ofvulnerability through the index based approach.

4.2.1 MethodologyAdopted for Vulnerability Assessment

According to IPCC 'Vulnerability' is a function of character, magnitude and rate ofvariation of system,
climate to which a system is exposed, its sensitivity, and it's adaptive capacity. It has also been
indicated that the assessment of vulnerability could also be drawn on a wide range of physical,
biological and social science disciplines, and consequently employed variety of methods and tools
(Sumana Bhattacharya et. al., 2003).

Itiswidely acceptable interms of climate change that:

Sensitivity- refers to innate characteristics of a system, sector and considers tolerance to changes
which temperature, rain fall, fires etc. alters.

Exposure- refers to extrinsic factors, focusing on the character, magnitude, and rate of change the
system, sector likely to experience.
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Adaptive Capacity- addresses the ability of a system, sector to accommodate with impacts with
minimum disturbance.

In other terms we can say that:

Exposure
e Historicv/s future projected estimated changes.
e Basic climate, draught, hydrologic changes, changes in fire regimes, changes in CO2
concentrations, changes in vegetation, changes in storm/event frequency and intensity.

Sensitivity

e Hydrology related, fire hazard related, wind.

e Physiological factors, dependence on sensitive habitats, ecological linkages, phenological
changes, population growth rates.

 Degree of specialization, reproductive strategy, interaction with other stressors,
sensitivity of componentspecies, community structure.

e Sensitivity of component species, sensitivity of ecosystem processes to temperature or
precipitation.

Adaptive Capacity
e Ability for a sector to attend change or behavior to synchronize with changing
environmental conditions.
e Dispersal abilities, evolutionary potential, permeability ofland use, landscape,
 Redundancy and response diversity within functional groups.

IPCC Indicators for Assessment of Vulnerability Sensitivity or Adaptive Capacity Category

Proxy Variables:

Sensitivity or Adaptive Proxy Variables
Capacity Category

Settlement/ Infrastructure Population at flood risk from SLR, Population without access to clean
Sensitivity water and sanitation

Food Security Cereals production/area, Animal protein consumption per capita
Ecosystem Sensitivity % Land Managed, Fertilizer use

Human Health Sensitivity Completed fertility, Life expectancy

W ater Resource Sensitivity Renewable supply and inflow, W ater use

Economic Capacity GDP (market)/ capita, Gini Index

Human and Civic Resources Dependency Ratio, Literacy

Environmental Capacity Population Density, SO Area and % Land Managed

Source:IPCC, 2001
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In the current analysis, the proxy variables used to determine exposure, sensitivity and adaptive
capacity for the State in different districts at Block level is as per Table-19.

Table-19: Proxy Variables used at Block Level

Component Indicator Proxy Variable Source
Exposure Temperature Annual Mean Max. Temperature(°C)
Annual Mean Min. Temperature (°C) IMD Pune
Rainfall Annual Mean Rainfall (mm)
Sensitivity Agriculture Agriculture Population (%)
Rainfed Farming (%) Government ofHP,
Agro-climate Zone Altitude (Mean) (mts). Deptts. ofEconomics &
Water Resources Irrigated Area (%) Statistics, Agriculture,
Health Birth rate, Family Size (%) Public Works, Forests,
Forests Forest Cover (%) | P&H, and Census.
Biodiversity richness (%)
Adaptive Economic Capacity Poverty Rate (%)
Capacity Education Literacy Rate (%)
Environmental Capacity Population Density (persons/ sq. km.)
Physical Capacity Road Network (%)

Therefore, the basic approach for the micro level vulnerability assessment is broadly based on three
components such as exposure, sensitivity and adaptive capacity with 1-2 proxy variable/indicators
covering diverse dimensions of climate, population, ecosystem and socio economic conditions. The
method for assessing vulnerability has been opted after reviewing varied methodologies.

Broadly, the process adopted has three major steps moving from variables to indicators and then to
components and finally to the Vulnerability Index.

» Selection ofpossible scale, variables, indicators and components for the analysis.

e Grouping ofvariables interms ofindicators and components for calculations

 Normalization ofdata by equal weightage system.

e Combining ofvalues under each component.

e Identifyvariables as how systems are already impacted.

e DerivingVulnerability Index (Exposure- Adaptive Capacity) x Sensitivity.

e Scalingthevalues from Oto 1to indicate low to highvulnerability.

The steps can be broadly summarized as follows:

Step | Variables- Indicators

- Proxyvariables/indicators are selected and quantified.

- Standardization ofvalues; the variables value for an indicator are standardized so that the
mean=0 and range=1. The proxy variable Vn have been estimated using the following
equation

Vn: (V'Vmﬁ/ Vna('Vnﬁ

Where, Vn is the actual value of n*variable, within an indicator each variable will have
equal weightage between 0-1.
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Vulnerability Assessment

Step Il Indicator- Components

- The indicators for a component are normalized so that the mean=0 and range=1. The
indicator Inhave been estimated using the following equation

In (I In/ 1 na Inin)

The indicator value for each component Cbis taken by taking the average of all the
indicators Average (In.

Step Il Component- Vulnerability

- The climate related vulnerability index VI has been calculated as:

VI (Chigarg)  ChiipheGrat) X Chgrstuy)

- Vlis thereafter again normalized so thatthe mean=0 and range=1.

The Vulnerability Index for a particular indicator is typically based on anumber ofvariables which are
likely to determine the relative vulnerability ofthat indicator towards climate change scenarios.

4.2.2 Spatial Patterns ofVulnerability

The output of Vulnerability Assessment along with census data has been integrated on a Geographic
Information System (GIS) platform using open source GIS software's (Quantum GIS and Map
Window) for integration ofthe various layers on a GIS platform.
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As has been explained above that the State has been distributed in four different agro climatic zones
viz sub mountain, low hill, sub tropical, mid hill sub humid, high hill temperate wet and high hill
temperate dry. For better comprehension it is essential to understand the distribution district wise.
Following table gives an understanding to various areas falling under different zones, which are
explained ahead with climate variables in terms of exposure, sensitivity and adaptive capacity:

Agro Climate Zone wise description of Different Districts

Agro Climatic Zone Elevation Districts/ area
(mtrs.msl)

Sub mountain, Low Hill, 350 to 650 meters Hamirpur, Una, Bilaspur,
Sub Tropical
35% of the geographical area and Parts of Sirmour, Kangra, Solan and Chamba
about 40% of the cultivated area
Mid Hill Sub Humid 651 meters to 1,800 meters Parts of Mandi, Solan, Kullu, Chamba, Bilaspur,
Sirmour
32% of the total geographical area
and about 37% of the cultivated Palampur & Kangra tehsils of Kangra Rampur
area tehsil of Shimla
High Hill Temperate 1,801 to 2,200 meters Shimla, Kullu, Chamba
Wet
about 35% of the geographical areas Parts of Mandi, Kangra, Chamba
and about 21% of the cultivated
area
High Hill Temperate Above 2,200 meters Kinnaur, Lahul & Spiti
Dry

8% ofthe geographical and 2% of Parts of Chamba District
the total cultivated area
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4.2.2.1 Exposure

The long term meteorological data base on various parameters is available from IMD. The exposure is
determined in terms of climatic variables such as annual mean temperatures, annual mean rainfall
pattern and no of extreme events, rainy days etc. Himachal Pradesh is exposed to a range of climate
conditions and extreme events. In particular, some of the key features of the region’s climate are the
influences of monsoons, the El Nino-Southern Oscillation, and cyclones on the rainfall in the State.
Most part of the State is adapted to, and thus reliant upon, the annual monsoon occurrence, which
makes it vulnerable if the monsoon fails and rainfall is significantly limited/less. Meanwhile,
variability associated with the El Nino-Southern Oscillation, and particularly El Nino events,
contributes to cyclic droughts. Besides, much of area gets affected by tropical disturbances and their
associated high winds, snow, hail storms, and extreme rainfall. These climate challenges are the
permanent features of the Himachal Himalayan region, but that may be significantly altered by
anthropogenic climate change in the decades ahead as well.

Fig.35(i): Annual Mean Min. Temperature at Block Level  Fig. 35(ii): Annual Mean Max. Temperature at Block Level

STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012 70



Fig.36: Annual Mean Rainfall at Block Level Fig. 37: Climate Change Exposure at Block Level

Temperature is a critical parameter of climate which strongly influences people, biodiversity and
ecosystems, important driver ofnatural and man managed systems. As per the analysis, in the last few
decades, the average temperatures have been found to vary from normal ranges for Himachal
Pradesh and yearly variations in average temperature are indicative ofthis trend. Variability, leading
to higher temperatures shows higher exposure level of the different Blocks in different districts Fig.
35(i-ii).

Precipitation is an important component of the water balance and ecosystem. Normally, rainfall
patterns are dependent on a range of factors such as topography, local climate and wind patterns. In
Himachal Pradesh, as per analysis of the long term database it is observed that during the past
century, some areas have experienced an average rainfall, some areas have experienced increase in
the rainfall and few areas have faced reduction with variation in frequency and intensity Fig. 36. A
change in the timing of run-off impacts the water availability, which will resultantly impact progress
in developing areas, crops, agriculture, livelihoods and eventually the entire economy. Average
rainfall and change in pattern in differentregion shows higher level of exposure to climate change.

The analysis of results reveals that the low lying areas of Himachal Pradesh are highly exposed to
climate change. The areas falling in Hamirpur, Sirmour, Solan and Una districts are highly exposed
whereas, Kangra, Chamba and Mandi districts are also exposed but comparatively less than the above
districts. Likewise areas falling in and Shimla and Kullu districts are also moderately exposed to
climate change Fig. 37.
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4.2.2.2 Sensitivity

Ecosystem balance profile leads to overall measurement of sensitivity of the region. The sensitivity
componenthere includes four indictors such as Agriculture-livelihoods, Water resources, Forests and
Health with 1-2 proxy variables of each indicator. Besides being exposed to a variety of climate
hazards, the vulnerability of Himachal Pradesh in the Himalayan region also gets affected by the
sensitivity of different neighboring States and sectors to these hazards when they occur. For example,
with much of their subsistence and economic growth dependent upon agriculture, the potential for
widespread adverse impacts is enhanced in these areas. Likewise, the existing water resources are
limited in many areas under development, as is subsequently, access to safe drinking water,
sanitation, and irrigation. In case of drought or flood, the ability to safely and efficiently manage water
storage, diversion, and delivery would be easily compromised. Settlements and infrastructure in
Himachal Pradesh tend to be more susceptible to the effects of climate extremes and are more likely to
be damaged. The analysis shows that low-lying river bed areas, including hydro power projects, are
more sensitive to the effects of water level rise and flood like situations and thus have potentially
more to lose from climate change than the other regions. Statistics indicate that extreme events in the
region are associated with significant financial losses as well as the loss of lives, and as explained
above such disasters in the region has increased in recent decades/years.

There are few regions where forest cover has decreased and less forest cover would thus be more
sensitive and vulnerable to climate change if the same trend continues. Land use change has a direct
linkage with climate change. The deforestation, habitat fragmentation, urban expansion and other
developmental modifications have significantly changed the land use patterns. Extensive land use
changes have an impact on livelihoods of people and ecosystems. The areas where agriculture
workers are more would be more sensitive to climate change. Clearing of vegetation leads to
degradation of area and enhances the sensitivity towards climate variability; resultantly the
biodiversity gets impacted adversely. Further, an increase in gross sown area will raise the sensitivity
levels ofthe different areas ofvarious districts. Higher family size or the birth rate would increase the
sensitivity since there will be competition for scarce resources. The analysis depicts different levels of
sensitivity with differenttrends ofindicators.

/Vjnculhsre Popurpilion (%i
ju m J-

Fig. 38(i): Percentage Agriculture Population at Block Level Fig. 38(ii): Percentage Rain-fed Agriculture at Block Level
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Fig. 38(iii): Percentage Irrigated Area at Block Level Fig. 38(iv): Altitude Distribution at Block Level

Fig. 38(v): Forest Cover at Block level (Percentage of District) Fig. 38(vi): Family Size at Block Level
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Fig. 38(vii): Percentage Biological Diversity Richness at Block Fig. 38(viii): Climate Change Sensitivity at Block Level
level

The results depicts that District Chamba, Lahul & Spiti, Kinnaur, Kullu and some areas of Shimla,
Sirmour are highly sensitive towards climate change and Hamirpur, Mandi, Solan Una, and Kangra
districts are moderately sensitive to climate change Fig. 38(i-viii).
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4.2.2.3 Adaptive Capacity

The socio economic conditions
give measures on adaptive
capacity which contain economic
capacity, poverty rate and, roads
connectivity, literacy rate,
environment management
infrastructure with population
density, as proxy variables Fig.
39(i-iv). Adaptive capacity is the
ability or potential of a system to
respond successfully to climate
variability and change, and
includes adjustments in both
behaviour and in resources and
technologies. The presence of
adaptive capacity has been shown
to be a necessary condition for the
design and implementation of
effective adaptation strategies so
as to reduce the likelihood and the
magnitude of harmful outcomes
resulting from climate change
(Brooks and Adger, 2005). Adaptive
capacity also enables sectors and
institutions to take advantage of
opportunities or benefits from
climate change, such as a longer
growing season.

Economic Capacity (%]

Fig. 39(i): Economic Capacity at Block Level

From analysis of database it is
evident that the areas which have
high percentage of poverty are
more exposed shows low
economic capacity and, therefore,
has less adaptive capacity and
more vulnerability. Higher literacy
rate, road network shows higher
adaptive capacity. More is the
population, lesser the adaptive
capacity in the region.

Fig. 39(ii): Environmental Capacity at Block Level
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Fig.39 (Hi): Physical Capacity at Block Level Fig. 39(iv): Human Capacity at Block Level

The analysis of the index of vulnerability at the Block level ofall districts of State has been calculated
using index based approach which primarily is an outcome-based vulnerability measurement.

Fig.40: Adaptive Capacity at Block Level Fig.41: Climate Change Vulnerability at Block level
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From the analysis it is observed that the adaptive capacity of Lahaul & Spiti, Kinnaur, some areas of
Kangra, Shimla and Mandi districts is better. The adaptive capacity of District Chamba, Hamirpur, Una,
Solan and Sirmour is poor to cope with the impacts ofclimate change.

When combined together all the three components i.e. Exposure, Sensitivity and Adaptive Capacity,
the results indicates that Hamirpur, Kangra, Una, Solan, Bilaspur, Sirmour districts are highly
vulnerable to climate change whereas, the districts Mandi, Shimla, Kullu, Chamba are moderately
vulnerable.

The Vulnerability Index, measured here, tries to capture a more comprehensive scale ofvulnerability
to give composite Vulnerability Index (Table-20). It has been calculated by including many indicators
that serve as proxies to look at different aspects of vulnerability. In other words, we assume that
vulnerability can arise out of a variety of factors. In particular, we look at different sources of
vulnerability; broadly this includes the climatic factors, demographic factors, agricultural factors and
occupational factors etc.

4.2.2.4 Economic Impacts

In Himachal Pradesh climate change is projected to have likely negative effects on its sustainable
development, as it compounds the pressures on natural resources and the environment associated
with rapid urbanization, industrialization and economic growth. The net effect of climate change on
local and regional economies is projected to be largely negative. Loss of agricultural-horticultural
revenue and additional costs for managing water resources, energy, and disease and other health
risks will be a drag on economic activity. Given long term, sustainable economic development and
growth in per capita wealth, such economic impacts may comprise a declining portion of total
economic welfare, and State's capacity to effectively manage climate risk is likely to rise more in
future.

Table-20: Vulnerability Index of Himachal Pradesh (Districts at Block Level)

Sr. No. Districts Blocks Components Vulnerability
Exposure Sensitivity Adaptive Index
Capacity
1 Bilaspur Bilaspur Sadar 0.68 0.26 0.68 0.56
2 Ghumarwin 0.66 0.24 0.71 0.49
3 Jandhutta 0.67 0.24 0.65 0.61
4 Chamba Pangi 0.37 0.38 0.51 0.18
5 Chamba 0.65 0.25 0.60 0.65
6 Salooni 0.60 0.26 0.65 0.48
7 Bharmour 0.41 0.32 0.45 0.48
8 Tissa 0.60 0.26 0.51 0.73
9 Bhatiyat 0.64 0.31 0.59 0.69
10 Mehla 0.64 0.27 0.50 0.86
11 Hamirpur Bhoranj 0.81 0.22 0.76 0.64
12 Bijhri 0.76 0.20 0.61 0.78
13 Hamirpur 0.83 0.19 0.72 0.72
14 Nadaun 0.82 0.19 0.70 0.73
15 Taunidevi 0.73 0.20 0.65 0.69
16 Sujanpur 0.73 0.20 0.61 0.75
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17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
a1
42
43
a4
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59

STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012

Kangra

Kinnaur

Kullu

Lahul Spiti

Mandi

Shimla

Dharamsala
Kangra
Bhawarna
Panchrukh
Nurpur
Nagrota Bagwan
Rait
Fatehpur
Indora
Pragpur
Lambagaon
Behdu Mahadev
Dehra
Nagrota Surian
Baijnath
Pooh

Kalpa
Nichar
Nagar
Banjar
Nirmand
Kullu

Ani

Lahul

Spiti
Dharampur
Sundernagar
Sadar

Balh
Chauntra
Darang
Karsog
Chachiyot
Seraj
Gopalpur
Chopal
Basantpur
Rohroo
Nankhari
Chirgaon
Rampur
Theog

Mashobra

0.81

0.69

0.73

0.69

0.68

0.69

0.68

0.70

0.69

0.69

0.68

0.68

0.69

0.71

0.36

0.40

0.40

0.54

0.51

0.50

0.58

0.57

0.57

0.55

0.63

0.60

0.65

0.61

0.54

0.49

0.61

0.55

0.56

0.29

0.28

0.28

0.28

0.20

0.30

0.25

0.19

0.21

0.20

0.19

0.27

0.19

0.18

0.19

0.39

0.42

0.32

0.29

0.31

0.26

0.27

0.28

0.50

0.45

0.26

0.26

0.27

0.28

0.27

0.24

0.26

0.25

0.23

0.24

0.28

0.22

0.24

0.26

0.67

0.77

0.70

0.61

0.65

0.74

0.58

0.61

0.62

0.61

0.58

0.61

0.63

0.66

0.44

0.45

0.43

0.51

0.47

0.49

0.49

0.49

0.49

0.52

0.65

0.48

0.66

0.52

0.60

0.56

0.51

0.61

0.67

0.88

0.43

0.62

0.67

0.69

0.63

0.48

0.70

0.70

0.67

0.68

0.76

0.67

0.65

0.64

0.34

0.41

0.51

0.64

0.67

0.60

0.75

0.70

0.00

0.07

0.54

0.53

0.61

0.57

0.67

0.79

0.55

0.53

0.63

0.55

0.79

0.55

0.71

0.48

0.43

0.74

0.47

0.37
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62 Sirmour Nahan 0.72 0.23 0.56 0.83

63 Pachad 0.69 0.27 051 091
64 Rajgarh 0.70 0.27 053 0.89
65 Sangrah 0.68 0.29 0.48 0.99
66 Paonta Sahib 0.78 0.25 0.58 094
67 Shilai 0.67 0.25 0.54 0.80
68 Solan Solan 0.69 0.28 0.68 0.60
69 Dharampur 0.72 0.26 0.68 0.63
70 Kandaghat 0.71 0.26 0.61 0.76
71 Nalagarh 0.73 0.22 0.64 071
72 Kunihar 0.67 024 0.59 0.71
73 Una Una 0.70 0.26 0.69 0.59
74 Haroli 0.69 0.26 0.63 0.67
75 Gagret 0.73 0.23 0.58 0.81
76 Amb 071 0.21 0.63 0.70
77 Bangana 0.67 0.20 0.57 0.72

Hig her thevalue, high is the vulnerability

4.3 Analysis of Results

The vulnerability assessment for this report has been carried out for atotal of 77 blocks of 12 districts
of the State (Table-20) The analysis of large data sets for the variables of different indicators for all
these blocks is as under:

4.3.1 Sectoral Analysis w.r.t. Climate Change Vulnerability

The climate change has direct bearing mainly on agriculture-horticulture, water resources, forests &
biodiversity. Like the rest of the northwest region of India and other Himalayan regions, Himachal
Pradesh is extremely vulnerable to climate change. Himachal Pradesh has a high reliance on
agriculture and horticulture. Climate change poses ahuge challenge as rising temperatures, raises the
need for irrigation and the risk of heat stress or crop failure. Shift in weather patterns, erratic rainfall,
risingtemperatures leave farmers vulnerable to crop losses.

The sectoral analysis ofvulnerability amongst these sectors is as follows:

4.3.1.1 Agriculture- Horticulture

In Himachal Pradesh, agriculture and horticulture activities have high dependency on precipitation
and temperature. It has direct impact on crop production and food security. From the above analysis,
it is observed that with the rise in temperature, crop productivity will slightly increase in tropical
regions but will decrease in sub tropical areas. The agricultural families are highly exposed in
changing climate scenarios since rainfed dependency is high. In the State, there will be an impact on
crop performance in sub tropical region. Based on ICAR recent findings, the apple belt is shifting
upwards due to rise in temperature and decrease in chilling period. Due to this reason, the apple area
between 1500-1800 msl is decreasing and increasing between 2200-3000 msl.
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As per study carried out by Verma et. al. (2009), in higher altitudes of Shimla Districts, the farmers
have already started shifting from high chilling requirement crops to less chilling requirement crops
such as kiwi, pomegranate and vegetables etc.

Another study carried out by IHBT observed that the quality oftea has been adversely affected due to
less rainfall in Palampur area as it has affected the accumulation ofa compound responsible for giving
colour and briskness to the tea. Over all one can say that the agriculture-horticulture sector is
vulnerable and require adaptive and mitigative steps.

4.3.1.2 Water Resources

The snow depository and glaciers support water supply to the major rivers and their tributaries. The
analysis shows change in patterns of rain fall in different areas differently. There is drought like
conditions in almost every or alternate years. The areas located in Kangra, Bilaspur, Hamirpur
districts have received rainfall below the normal though Kangra receives maximum rainfall in the
State. The change in rainfall will impact most the natural springs of rural and semi urban habitations
where there is no glaciated or wetlands in uplands. Water conservation, distribution, recharging and
storage are required to be developed in such areas.

Over the period, the water requirement has gone up where as water availability has declined. The
situation in summer months is even worse. The irrigated area is very less in comparison to the
potential available. The major source ofwater supply in the State is surface water, which is augmented
by rainfall, snow and glaciers and in case ofany change in the pattern of temperature and rainfall; the
water supply system will get badly affected.

The Asian Development Bank (ADB, 2010) has carried out a detailed analysis of impacts of climate
change on water eco-system and has suggested a strategic framework for the State.

4.3.1.3 Forest & Biodiversity

About 26.37% area of the State's geographical area having spread of 14,679 sq. kms. is covered with
forests. The State is having unique forest and diverse habitat with large altitudinal variations. The
State is a repository of about 3,295 species of plants (7.32% oftotal of Country) and 5,721 species of
animals (7.4 % of Country total). Three altitudinal strata of the State i.e. Shiwalik, Middle and
Himdaris support about 35 types of forests which vary from dry scrubs forest to alpine pastures. Any
change in temperature or rainfall pattern will adversely impact the entire ecosystem. The
consequences of change in climate will cause change in distribution of floral species, forest areas,
forest productivity, shift in tree line, mortality during transient, threatened species will be highly
exposed.

From the analysis, it is observed that the forests of High Hill Temperate Wet zone will be highly
vulnerable. Species compaosition may change. With higher temperatures, the production of species
such as deodar and oak may decline. Decline in snow fall may result in greater mortality of species.
Change in climate conditions in sub tropical regions will favour expansion of certain species upwards.

As per study carried out by Rana et. al. (2009), states that many temperate species such as Lilium

polyphyclum, Sorbus, Lanata, Swertia chirayita, Androsco, Aconitum heterophyllum which were
frequently found in Shimla (Collet, 1902) are no longer observed in the localities as mentioned by
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him. As per data Pinus longifolia which was 100 years ago was recorded at 1800 mtrs. but is now itis
recorded above 2200 mtrs altitude. Similarly, Woodfordia fructifose earlier located at 1500 mtrs has
now shifted to 2000 mtrs altitude. Over all the tree line is highly vulnerable which will resultantly
affects the habitat of many other species from Mid Hill Sub Humid to High Hill Temperate Wet and to
Temperate Dry zones subsequently. Interventions are required to be taken well in time to sustain
these unique ecosystems ofthe Himalayan region.

To counter the severe impacts of climate change, varied developmental interventions are required at
different levels, since significant variations are observed among various Blocks within the district
itself. Interventions are required in agriculture, water resources, forests & biodiversity energy,
health, tourism and urban planning as to minimize the exposure and improve the adaptive capacity.

4.3.2 Climate Change Vulnerability under differentAgro Climatic Zones

The climate change vulnerability of different districts and blocks under different agro climatic zones
is described as follows Fig. 42(i-xv):

4.3.2.1 Exposure

The temperature and rainfall depicts moderate variations over small distances. The north (some
parts), west, south and partially central parts of the State which has low elevation and is a drought
prone area is observed to be highly exposed. The local community perception and the trends of
climate change are also corroborating the current analysis e.g. shift in cropping pattern and shift in
floral and faunal species etc. Based on the trends, the same are the concerns which are invariably
expressed by the local communities such as change in setting of season, extinction of birds,
butterflies, vegetation species, decline in snow fall, and drying up of natural water sources etc.

Some of the regions of districts Kangra, Una, Hamirpur, Solan, Sirmour, which are falling in sub-
mountain low hills, sub tropical region and mid hill sub humid regions are having higher exposure
conditions w.r.t. Climate Change variations as depicted in Fig. 42 (i). Areas of districts Chamba, Kullu,
Shimla, Sirmour, Palampur falling under high hill temperate wet zone are also more exposed in
comparison ofdistricts Lahul & Spiti & Kinnaur, Chamba falling in high hill temperate dry zone.

4.3.2.2 Sensitivity

The Sensitivity Index evaluated on the basis of different indicators indicate that High Hill Temperate
Wet and High Hill Temperate Dry zones of the State are highly sensitive to any kind of variation in
climate and they also represents the biodiversity richness ofthe State. Itis observed that even asmall
variation in temperature or timing of precipitation has significant impacts. The rising temperatures
will affectthe cropping patterns in High Hill Temperate Wet Zone.

The regions of Districts Lahul & Spiti, Kinnaur, Kullu, Chamba, Kangra which is biodiversity rich zone
are highly sensitive towards Climate Change, the majority of area of this region falls within the high
hill temperate dry & high hills temperate wet zones, besides some adjoining parts of District Mandi
and Shimla, which falls within the mid hill sub humid zone and also has rich biodiversity is expected to
face changing patterns due to Climate Change variations. However, the sub mountain low hill sub
tropical region is not that sensitive in view of its lesser biodiversity and growing pattern as depicted
in Fig. 42 (ii).
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4.3.2.3 Adaptive Capacity

The High Hill Temperate Wet and Dry zones have high adaptive capacity in comparison to Sub
montane, Low Hill, Sub Tropical Mid Hill Sub Humid, which are found to be having moderate-low
adaptive capacities in view of the better physical connectivity and infrastructure. Certain areas with
high literacy and poverty rate but with poor connectivity displayed low adaptive capacity. The Block
with urban centres having better infrastructural facilities depicts high adaptive capacity.

The adaptive capacities of majority ofareas of districts Chamba, Lahual & Spiti, Kinnaur, Kullu, Manali,
Shimla, Una, Sirmour, Solan are better in comparison to other areas as shown in Fig. 42(iii). The
adaptive capacity is better in high hill temperate dry, partially in high hill temperate wet due to less
exposure, however, in sub mountain low hills sub tropical zone it is better due to better infrastructure,
or for the one or the other reasons despite higher exposure.

Over all the vulnerability ofthe 77 Blocks of the State as a combination of exposure, sensitivity and
adaptive capacity observed to be high in Sub montane, Low Hill areas and Sub Tropical regions ofthe
State and in case of Mid Hill Sub Humid, it ranges from moderate to high, As far as High Hill Temperate
Wet regions ofthe State are concerned, the vulnerability varies from low to high where as in case ofin
case of in High Hill Temperate Dry regions it is reasonably low due to better adaptive capacity as
shown in Fig. 42(iv). The areas where the climate sensitive livelihoods are practices have least
adaptive capacities and at the same time have high exposure resulting into higher vulnerability. The
trends of climate change depicts that the vulnerability of all the zones are likely to show an increase
and therefore there is a need to strengthen the adaptive capacity of such areas so as to offset the
exposure and sensitivity. There is need for adaptation and mitigation measures in Sub montane, Low
Hill, Sub Tropical, Mid Hill Sub Humid and High Hill Temperate Wet zones of Himachal Pradesh.

4.3.3 Projection ofScenarios 2020 & 2030

The HADCM3 simulations downscaled with PRECIS indicate an all around warming over the Indian
sub continent associated with increasing GHG concentrations. Itis observed that both maximum and
minimum temperatures are projected to rise under the PRECIS A1B scenario. Increase in the
monsoon season would be lower than in the dry season.

Himachal Pradesh receives most of its rain during the monsoon season, which starts in the late June.
The mean seasonal precipitation simulated by PRECIS shows variations for Indian sub continent.
Under A1B scenario, mean annual rainfall is projected to increase marginally for the State by about
(5% to 13%) i.e. 70-200 mm by 2030. Increase in monsoon season, and marginal increase in other
seasons with increase in rainy days.

Besides, on the basis ofavailable data base w.r.t. temperature (max & min) and precipitation form IMD
Pune and after working out the decadal variation on average basis, decadal scenarios for climate
variations i.e. variations in rain fall and temperature for 2020 and 2030 have been projected (No
specific PRECIS or HADCM simulations have been worked out for Himachal Pradesh separately) and
have been further analyzed for deriving Vulnerability Index while assuming that the sensitivity and

adaptive capacity would continue to show the same pattern*(The adaptive capacity & sensitivity could notbe
analyzed for decadal scenarios in view of lack of data base for specific variables and also that the adaptive capacity or

sensitivity will not show any change in its pattern in case projected on simple average methods).

* (Even ifthe increase in biodiversity or growth in infrastructural facilities is observed)
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Therefore, the projections only w.r.t exposure based on decadal variations have been plotted on
spatial maps to see the likely/ possible changes in 2020 & 2030.

The exposure scenario for 2020 is depicted in Fig. 42 (v) and further overlaid with agro climate zone
layers, Fig. 42 (vi), reveals that the different regions of district Sirmour, Solan, Una, Shimla, Bilaspur,
Hamirpur, Kangra, Mandi, Kullu which are falling under sub mountain low hill sub tropical region and
mid hill sub humid zones are likely to have greater exposure in comparison to high hill temperate dry
& high hill temperate wet agro climatic zones.

Further, when the same exposure scenario is applied to derive projections with respect to
Vulnerability Index for 2020, we observed variations in current levels. By examining Fig. 42 (vii) one
can see that the Vulnerability Index spatial distribution projected for 2020 in various blocks. While
overlaid by agro climatic zone wise layers to observe the different zone wise variations, it is observed
that the Climate Change vulnerability in 2020 scenario the areas of districts Sirmour, Solan, Bilaspur,
Una, Kangra, Mandi, Kullu, Chamba will be at risk, that means the regions falling under sub mountain
zone will be at risk while other will have lower risk, Fig. 42 (viii).

Similarly, the decadal scenarios projections have been worked outfor 2030 as well and the Fig. 42 (ix),
42 (x), 42 (xi) & 42(xii) shows the spatial distributions of scenario projections of Exposure
Projections 2030, Agro Climate Zone Wise Exposure Projections 2030, Climate Change Vulnerability
Projections 2030, Agro Climate Zone Wise Climate Change Vulnerability Projections 2030
respectively, with the indication that the vulnerability of low lying areas i.e. sub mountain low hills
sub tropical region, mid hills sub humid will be at higher risk and high hill temperate wet will be under
moderate risk while dry region will be continue to have lower risk even in 2030.

Furthermore, while drawing spatial maps the Climate Change vulnerability maps have also been
overlaid through climate classification layers to observe that how the current Climate Change
vulnerability in different regions emerges, Fig. 42 (xiii), similarly the layer have been overlaid on
2020, 2030 as well, Fig. 42 (xiv) & 42 (xv) respectively.

It is observed that currently, the region classified as sub tropical monsoon with mild and dry winter,
hot summer (CWa) is highly vulnerable with some adjoining regions sub tropical monsoon without
dry winter, with hot summer (CFa), while plotting the spatial distribution projection scenarios, it is
observed that vulnerability of these area will continue to increase further in 2020 & 2030 see Fig. 42
(xiii), Fig. 42 (xiv) & 42 (xv) and thus the adaptive capacities of the area needs to be enhanced to
counter the impact of exposure besides sensitiveness of the region falling in sub tropical monsoon
with mild and dry winter, hot summer (CWa).

In view of climate classification, the regions having sub tropical monsoon with mild dry winter,
moderate and hot summer are highly exposed and are highly vulnerable to climate change. This
region ofthe State is quite significant from economic point ofview as it represents about 86% area of
total cultivated area and 67% oftotal geographical area.

The results have been summarized in Table-21 along with projected trends.
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Fig. 42 (i): Climate Change Exposure as per Agro-climatic
Zones at Block Level

Fig. 42 (iii): Adaptive Capacity as per Agro-climatic Zones
at Block Level

Fig. 42 (ii): Climate Change Sensitivity as per Agro-
climatic Zones at Block Level

Fig. 42 (iv): Vulnerability Variation as per Agro-climatic
Zones at Block Level
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Fig. 42 (v): Climate Change Exposure at Block Level Fig. 42 (vi): Climate Change Exposure as per Agro-climatic

(2020) at Block Level (2020)
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Fig. 42 (vii): Climate Change Vulnerability at Block Level Fig. 42 (viii): Vulnerability Variation as per Agro-climatic
(2020) Zones(2020)
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Fig. 42 (ix): Climate Change Exposure at Block Level Fig. 42(x): Climate Change Exposure as per Agro-climatic
(2030) Zones(2030)
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Fig. 42 (xi): Climate Change Vulnerability at Block Level Fig. 42 (xii): Vulnerability Variation as per Agro-climatic
(2030) Zones(2030)
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Fig. 42 (xiii): Vulnerability Variation as per Climate Fig. 42 (xiv): Vulnerability Variation as per Climate
Classification Classification (2020)

Fig. 42 (xv): Vulnerability Variation as per Climate
Classification (2030)

STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012

87



Table-21: Agro Climate Zone Wise Description of Vulnerability Index & Projected Trends

Agro
Climatic
Zone

Sub
mountain,
Low Hill,
Sub
Tropical

Mid Hill
Sub Humid

High Hill
Temperate
Wet

High Hill
Temperate
Dry

Elevation
(mtrs.msl)

350 to 650
meters

35% ofthe
geographical
area and
about 40%
ofthe
cultivated
area

651 meters
to 1,800
meters

32% ofthe
total
geographical
area and
about 37%
ofthe
cultivated
area

1,801 to
2,200
meters

about 35%
ofthe
geographical
areas and
about 21%
ofthe
cultivated
area

Above 2,200
meters

8% of the
geographical
and 2% of
the total
cultivated
area

Districts/
area

Hamirpur,
Una,
Bilaspur,

Parts of
Sirmour,
Kangra,
Solan and
Chamba

Parts of
Mandi,
Solan,
Kullu,
Chamba,
Bilaspur,
Sirmour

Palampur
& Kangra
tehsils of
Kangra
Rampur
tehsil of
Shimla

Shimla,
Kullu,
Chamba

Parts of
Mandi,

Kangra,
Chamba

Kinnaur,
Lahul&
Spiti

Parts of
Chamba
District
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Climate Change Impact
Component

Exposure Sensitivity Adaptive
Capacity

High Moderate High
High Moderate Moderate
Moderate High Moderate

Low High High

Vulnerability
Index

High

Moderate to
High

Low to High

Low

Trend

as per
projections
ofclimate
change

Q)

Q)

Q)

Q)
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Adaptation & Mitigation

Climate change is any long term significant change in the ‘'average weather' (temperature,
precipitation and wind patterns) that a given region experiences, which includes processes such as
solar radiation, green house gas concentration and the effects of human activity. The recent climate
change manifestations are attributed to human activity, and the debate has now shifted to reduce
impact of human activity (Mitigation), and adapt to change that is already in the system
(Adaptation).

Vulnerability can be reduced either by mitigation and/or adaptation. Mitigation basically involves
reducing the causes of damage - in particular the GHG emissions and concentration in the
atmosphere - with the aim to reduce the probability of occurrence of adverse conditions for socio-
economic and environmental systems. The adaptation, however, reduces the severity of many
impacts when/ifadverse conditions prevail.

In its broader sense, adaptation to climate change can be defined as any adjustment in ecological,
socio-economic system in response to actual or expected climatic stimuli, impacts or effects. The
adjustment depends partially on climate change per se, but mostly on the vulnerability of the
impacted system. As per IPCC 2001 report, "vulnerability is the degree to which a system is susceptible
to, or unable to cope with, adverse effect ofclimate change including climate variability and extremes.
[It] is a function of the character, magnitude and rate of climate change and variation to which a
system is exposed, its sensitivity and its adaptive capacity".

Adaptation is a process taking place through space and time that can take the most diverse forms. Its
characterization depends on different factors. The most important are: the subject of adaptation
(who or what adapts), the object of adaptation (what they adapt to), the way in which adaptation
takes place (how they adapt). The last aspect includes e.g. what resources are used, when and how
they are used and with what results.

Adaptation to climate change has the potential to substantively reduce many ofthe adverse impacts of
climate change and enhance beneficial impacts - though neither without cost nor without leaving
residual damages...nevertheless..current knowledge of adaptation and adaptive capacity is not
sufficient for reliable predictions of adaptations; it also is not sufficient for rigorous evaluation of
planned adaptation options, measures and policies ofgovernments.

Presently, the research on adaptation tries to reduce the veil of ignorance surrounding this strategy.
The research should focus on the following:

- How effective the adaptation is in reducing climate-change damages?

- How much will itcost (in absolute terms as compared with other strategies)?

- When - where and what adaptation strategies should be adopted (should damage be
anticipated?

Or simply awaited and then accommodated? Should resources for adaptation be addressed where
they can be more effective or where they are more needed?

- Who should adapt and bear the costs (private agents or public agencies)?

- How can adaptation be harmonized with other strategies, firstin line, mitigation? In particular
is mitigation and adaptation complement or substitute? What is the optimal balance between
them? What determines this balance?
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The different objectives of planned adaptation can be summarized by the following:

- increasingthe robustness of infrastructural design and long term investments,
- increasing the flexibility ofvulnerable managed systems,

- enhancing the adaptability ofvulnerable natural systems,

- reversingthe trends thatincrease vulnerability (‘mal adaptation’),

- improvingsocietal awareness and preparedness.

Adaptation: Possible Criteria for Classification

Concept or Attribute

Purposefulness Autonomous - Planned

Timing Anticipatory - Responsive

Temporal Scope Short term - Long term

Spatial Scope Localised - Widespread

Function/Effects Retreat - accommodate - protect - prevent
Form Structural - legal - institutional

Valuation of Performance Effectiveness - efficiency - equity - feasibility

Source: Smit et. al., 1999

The objective of adaptation is to reduce vulnerability to climate change, thereby, reducing its negative
impacts. It should also enhance the capability to capture any benefits of climate change. Hence,
adaptation, together with mitigation, is an important response strategy. The mitigation of
greenhouse gas emissions in order to prevent dangerous interference with the climate system is one
plan. Some climate change is, however, inevitable due to historic and current emissions ofgreenhouse
gases, and for this reason, adaptation can no longer act as a policy option - it has to be a fundamental
element ofthe global response to climate change.

The issue ofglobal warming is much influenced by the greenhouse gas emissions, and is considered to
be the primary source of climate change. As a result, the policies are necessary to slow down the
climate problem and to limit global warming. Therefore, it is very essential to understand clearly the
potential of Green House Gas Emissions from the State form various sectors so as to draw
options/measures for mitigation of climate change impacts besides assessing the energy needs
inventory for the State.

A detailed Green House Gas Emissions Inventory has been worked out for the State of Himachal
Pradesh using the standard norms adopted at National level. The details ofwhich are as follows:

5.1 Green House Gas Emissions- India

The Indian Network for Climate Change Assessment (INCCA), a nation-wide network comprising 127
research institutions working on science and impacts of climate change for the Ministry of
Environment & Forests, Union of India, filed areport on India’s Greenhouse Gas Emissions, 2007 in May,
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2010. The said report was released by Deputy Chairman, Planning Commission, Mr. Montek Singh
Ahluwalia at an INCCA meeting, which made India the first "non-Annex I" (developing) country to
publish such updated numbers on global warming and climate change.

According to the latest report, India's ranking in 2007 w.r.t. aggregate GHG emissions in the world is
5thbehind USA, China, European Union and Russia. The reportalso points outthat the 2007 emissions
of USA and China are almost 4 times that of India. What is also highlighted in the report is that the
emissions intensity of India's GDP declined by more than 30% during the period 1994-2007, which is
largely attributed to the proactive efforts and policies being put in place by the Ministry of
Environment & Forests, Union of India from time to time. The report mainly focuses on emissions
from different sectors such as Energy, Industry, Land-use, Land-use Change and Forestry (LULUF)
and Waste.

As per INCCA report, the net Greenhouse Gas (GHG) emissions from India, that is emissions with
LULUCF, are reported to be 1727.71 million tons of CO2equivalent (eq) in 2007. Out of this, CO2
emissions were 1221.76 million tons; CH4emissions were 20.56 million tons; and N2 emissions were
0.24 million tons. The largest percentage of GHG emissions (58%) is from the Energy sector followed
by Industry, Agriculture and Waste sectors in that order. Within the Energy sector, 65.4% oftotal CO2
eq were emitted from electricity generation while the transport sector contributed to 12.9 % of the
total CO2eq. The report also points out that for the estimation year 2007, LULUCF sector was a net
sink. It sequestered 177.03 million tons of CO2

The report calculates India's per capita COZ2q emissions including LULUCF for the assessment year
2007 at 15 tons/ capita. The report is also a step further towards incorporating the 3 M's" -
Measurement, Modeling and Monitoring in the essence of formulating policies on climate change. By
releasing such updated figures well before the COP at Cancun in Mexico, the Union of India has
indicated its seriousness on the issue of climate change and its willingness to take on global
leadership.

Existing GHG Emissions by Sector (Transport, Buildings, Industry, Waste, Agriculture & Forests) and
Sub-sectors.

Annual CO2 emissions (eq) Percentage of Global total
(Inthousands of metric tonnes) Giga Gram
India 17,27,706.10 <5% of global

Carbon dioxide Emissions (COP, metric tons of CO? per capita (CDIAC)

Rank Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

145. India 0.8 0.8 0.9 0.9 0.9 1 1 1.1 11 11 11 11 1.1 12 12 12 13 14

Rankoflndia (outoftotal215 countries) the data presented above corresponds to emissions in 2007. The data was collected in 2008 by
the CDIAC for the United Nations. The data only considers carbon dioxide emissions from the burning offossil fuels and cement

manufacture, butnotemissionsfrom land usesuch as deforestation.

(By Sources & Removal by Sinks during 2007 (In thousand tons)
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GRAND TOTAL
ENERGY

Electricity gereration
Other energy industries
Trangport

Residential

Comrercial / Institutioral
Agriculture/ Fisheries
Fugitive emissions

INDUSTRY

Mirerals

Cerrent production

(lass &ceramic production
Other uses of soch agh
Chemicals

Anmronia production
Nitric acid production
Carbide production
Titaniumdiaxide production
Methanol production
Ethylene production

EDC &VCM production
Ethylene Oxide production
Acrylonitrile production
Carbon Black production
Caprolactam

Cther cheical

Metals

Iron & Steel production
Ferroalloys production
Aluminumproduction
Lead production

Zinc production

Copper

Other Industries

Pulpand paper

Food processing
Textileand leather

Road transport
Railways
Aviation

Navigation

CO2emissions CO2
removal

1497029.20 275358.00

992836.30
715832080
3378750
13885800
121211.00
6109.00
10122.00
1416.00

405862.90
130783%
12992000
g
58612
2788886
1005643

11958
804
26618
707252
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CH4

20564.20

4266.05
814
172
2347
23.00
0.34
0.10
0.13

2712194
018

1.20

150040

14.77
032

032
1114

091
943

019
0.01
03

056
0%
08
008
0.01
0.00
0.00

0.01
237

(0103)
1.12

006

N20

239.31

56.88
10.66
007

20.56
046

046
1733
1606

108
0.20
1.1
10

0.00
0.01
0.01
0.00
16
008
0.22

co2
equivalent

1727706.10

1100056.89
71930634
33BAER
14203857
12355400
6844.64
10210.90
1431.13

41254653
13093327
12952000
42714
58612
3349642
1006643
497550
11958
804
28537
7271064
19891
9r.71
3798
115607
362
887397
12273691
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AGRICULTURE 275358.00 13767.80 146.07 334405.50
Enteric fermentation 67800.00 10099.80 212095.80
Livestock Manure management 207520.00 115.00 0.07 2436.70
Rice cultivation 3327.00 69867.00
Burningofcrop residue 275358.00 226.00 6.00 6606.00
LULUCF 67800.00 -177028.00
Forestland 207520.00 -67800.00
Cropland 98330.00 -207520.00
Grassland 38.00 10490.00
Settlement 275358.00 -38.00
Wetland NE

Other land 10490.00 NO

Fuel wood use in forests 87840.00
W aste NE 57725.18
Municipal Solid waste NO 12694.71
Domestic waste water 87840.00 2515.58 15.80 22980.47
Industrial wastewater 60451 22050.00
Bunkers* 861.07 15.80 3484.45
Aviation Bunkers 1050.00 3355.31
Marine bunkers 0.03 0.10 129.14

Source: INCCA Report-2007

Note: LULUCF: Land Use Land Use Change & Forestry, * Not included in the National totals, NE: Not estimated; NO: Not Occurring.

TiopicdW st EueqyeervNMth Easl-DF
Ttopical Wet Evergwen-Norih Eesl-OF
TiopicdWet EvergreenVestern Ghats-DF
Tropical Wet Evergieen-Weststn GhitS'GE
Ttopical Sein EvetgreeriN «th East-DF
Ttopical Setni£vegreen-N oiih EasFQF
TrOfUtal Senm£ vergrMfi-E OsteinOttctn-0 F
Ttopical Setni EYergreen-E ostein Oeccan-O F
Ttopital Setn Evergreen-Wesiein G hafc-DF
Tropical Serr* EveigreMt-Westam GhalfOF
Ttopical Moist Deciduous FaestsOF
Ttopital Mast Deciduous Foaests-OF

Litoral t Swamp ForestsOF

Ulgtol & Swamp FgrestsQF

Ttopital Dtj; Deciduous Fotests-DF

Ttopical Diy Deciduous Fotesls-OF

Tropical Than FaeU-DF

Ttopical Thorn Foierf-OF

Ttopical Subtropical Diy Evergreen Fotefte'DF
Tropicalt Sritnoptcol Dry Eventseon Fosesis-OF
Subtropical Pine FoesisOF

Sibtropftal Pine Focests-CF

Montane Moisi Tefliperaie Foiest-OF
Mortane Moisl Te.rperale Faed-OF

S it Aistnet Tempei-ste ForestD F

SUb L Tempeiate Forest 0 F

Alpine Scrub -DF

Alpine Scrub-OF

Ptantalion/TOFDF

Pfantaiion/TOFOF

Non Fores!

Distribution 30 Forest Strata Across India
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5.2 Green House Gases (GHGs) Emissions Inventory- Himachal Pradesh

The existing GHG emissions have been worked out for sector and sub-sectors viz. Transport,
Buildings, Industry, Waste, Agriculture and Forests. The assessment provides an in site on the
predominant emissions of Green House Gases (Carbon Dioxide (CO2, Methane (CH4 and Nitrous
Oxide (N20) emitted as a result of anthropogenic activities at the State level from sectors like Energy,

Industry, Agriculture, Waste,
and Land Use Land Use Change

Percentage of
Global total

Annual CO2emissions (eq)
(in thousands of metric tonnes) Giga Gram

& Forestry (LULUCF). India 17,27,706.10 <5% of global
. Himachal 10082.87* ~0.67% of India*
The source of the activity data pradesh+ ~0.00147 per capita 000'tones*

taken for deriving calculations
is primarily from the published
documents of different
organizations in the State and

* Without taking into consideration emission/ removals due to hydro power
generation 6,419 MW contributed togrid asclean energy. ~ (-) 15,397.191 000'tons
CO2eq @ ~50% operational capacity.

the studies carried out by HPSCST&E, HPSPCB, Departments of
Transport, Economic and Statistics, HPSEB, Forests and
Agriculture etc. The methodology, emission factors used in
calculations has been drawn from the INCCA country specific
references available in IPCC publications. The methodology tier
level presented is also a 'mix type'.

Methodology Tiers

Tier 1 approach employs activity
data that are relatively coarse, such
as nationally or globally available
estimates of deforestation rates,
agricultural production statistics,

d global land .
5.2.1 Methodology Adopted for Estimation of GHGs Emissions andglobatiand covermaps

Tier 2 use the same methodological
approach as Tier 1 but applies
emission factors and activity data
which are defined by the country.

In Himachal Pradesh the estimated volume of the Greenhouse Gas
emissions have been worked out as per the standard
methodologies contained in IPCC Guidelines (IPCC 1997, 2000 and
2003):

Emissions gs=£ aamyA x Emission Factor (EF)

Tier 3 approach uses higher order
methods are used including models
and inventory measurement
systems tailored to address national
circumstances, repeated over time,
and driven by disaggregated
levels.

Where; Emission gsis the emissions of a given gas from all
source categories.

A is amount of individual source category utilized that
generate emissions.

EF isthe emission factor ofagiven gas as per type ofsource category.
Following sectors have been considered in the State contributing for GHGs emissions:
Energy, Industry, Agriculture, Land Use, Land Use Change * Forest (LULUCF) and Waste.

The emission reductions by the project activity (ERy) during agiven period ofyeary are the product of
the baseline emissions factor (EFy, in tCOZ/MW) times the electricity supplied by the project to the
grid atthe same period ofyeary (EGy, in MW), as follows: *(ref. Cachoeira Encoberta).

ERy=EFy.EGy

As in all scientific endeavors; any estimate provided is necessarily contingent upon the
availability of data and information. Over time the coefficients will be refined, methodologies
and data sources improved therefore, it is anticipated that there will be adjustments infuture
iteration, tokeep pace with scientificconvention andgood practice.
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Green House Gas Emissions by Sources & Removal by Sink (with LULUCF) from Himachal
Pradesh in 2007-08- 09 (000'tons) Giga Grams (Table-22)

(Following IPCC convention in calculating GHGs footprintat source of production and not consumption)

Table 22: GHGs Emissions from different sources in Himachal Pradesh

Sr.
No.

A

o

QOO0 oo

oo To

Total
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Type

Electricity/ Energy

Captive Generation
Consumption

Transport

Road
Railways
Aviation
Others
Residential
Industrial/

Institutional/ Bulk mics.
Agriculture

A

Industry

Mineral

Cement Production
Glass Production
Chemical

Carbide Production
Methanol

Metal

Ferroalloys
Aluminum

Lead (Secondary Production)
Zinc production
Other Industries
Pulp & Paper
Textile & Leather
Food Processing
Mining and Quarrying
B

Commercial/

CO2

358.056

655.14
00012

00011

911525
318327

1566

5123.6533

5170.39
0971713

26488
4775

82170
170399
28192
0.0191

002312
0.042
0012
00022

5483.484

GHG
(000'tones) Ggrams
CHa4 N20

0.01823 0.000742
0012 0.0032
3555 04765
0.346 0.0768
0.00056 0.000555
3.93179 0.557797
0.0012 0.00161
000163903  0.007906
0.00396 -
0.000624 -
0.00000022  0.000000354
0.00000049  0.000000096
0.00000068  0.000000451
0.007424 0.009517

CO2eq

358.670

667.28
00014

00012

1809.72
3213.984

15840

6065.497

5170.39
1.49397

26488
511925

822231
170464
28946
0.0191

002323
0.01204
0042154
000221

5485.223
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A. Agriculture

1 Enteric fermentation - 01134 - 2.3814

2 Manure management - 0.00129 0.00000076  0.02733

3 Rice cultivation - 7.0445 - 147.9936

4. Crop residue - 0478 0.0399 13972

5. Soils - - 0.00152 0475

Total C 7.63719 0.04142 164.84933
D Land Use, Land Use Change & Forestry

1 Forestland (-) 2917.70 (-)2917.70

2 Cropland (-)69.68 - - (-)69.68

3 Grassland (+)36.27 - - (+)3627

4. CO2 loss due to fuel wood use (+) 1318.41 (+) 131841

Total D (-)1632.70 (-)1632.70

E  Waste

1 MSW - 0.0271471 - -

2 Industrial Waste Water - 0.0001366 - 0.006129

Total E 0.0272837 0.006129

Grand Total 8974.437 11.60369 0.608734 10082.87

A+B+C+D+E

5.2.2 KeyResults

e The net Green House Gas (GHG) emissions from Himachal Pradesh that is emissions with LULUCF,

for activity data base for year 2009 were 10.083 million tons of CO2equivalent (eq) ofwhich
- CO2emissions were 8.97 million tons;
- CH4emissions were 0.116 million tons; and
- N2 emissions were 0.0061 million tons.

e GHG emissions from Energy, Industry, and Agriculture sectors constituted 51.77% (6065.497 Gg),
46.82% (5485.223 Gg), 1.41% (164.85 Gg)) of the net CO2eq emissions respectively. The
contribution of Waste sector is quite marginal.

e Energy sector emitted 6.07 million tons of CO2eq, of which 3.21 million tons of CO2eqwere
emitted from electrcity consumption in Industrial, Commercial and Institutional sectors and 1.81
million tons of CO2eq were emitted from energy consumption in Residential sector.

e Industry sector emitted 5.49 million tons of CO2eq.

e LULUCF sector was anetsink. Itseqgestrated 1.63 million tons of CO2eq.

* Himachal Pradesh per capita CO2q emissions including LULUCF were 1.47 tons/ capita in 2009.

From the analysis itis concluded that in Himachal Pradesh, the majority of emissions are from energy
consumption by industry, commercial, tourism, institutions etc. besides the emissions from cement
manufacturing industry. The sector wise description is as under:

1. Energy: The Energy sector emitted 6.066 million tons of CO2eq due to fossil fuel combustion in
electricity generation in captive plants, transport, commercial/institutional establishments,
agriculture, and energy intensive industries such as cement, steel and secondary metallurgical

STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012 96



processing plants, including energy demand from Residential sector. Fugitive emissions from
vehicles also accounted for in the Energy sector.

a.

Energy consumption for Industry, Tourism, Commercial, Institutional etc.: The energy
demand/ consumption in industry, tourism, commercial, institutional etc. activities emitted
3.214 million tons of CO2eq. which is about 52.99 % ofthe total CO2eq. emissions from Energy
sector.

Residential: The Residential sector in Himachal Pradesh is one of the major consumers of
electricity, fuel, LPG etc. outside the energy industries. Total green house gas emissions from
this sector were 1.81 million tons of CO2eq. about 29.84 % of the total CO2egemissionsfor
Energy sector.

Transport: The Transport sector emissions are reported from road transport, aviation,
railways. In Himachal Pradesh, the Transport sector emitted 0.667 million tons of CO2eq. Road
transport being the dominant mode of transport in the State, emitted 99.99% of the total CO2
equivalent emissions from the Transport sector. The railway and aviation in comparison only
emitted 0.01%% ofthe total CO2eq emissions.

Captive Power Generation and Consumption: The total greenhouse gas emissions from
captive power generation and consumption by industries were 0.358 million tons CO2eq. The
CO2eqg emissions from electricity generation were 5.91% ofthe total CO2eq emitted from the
Energy sector. It has been assumed that coal use constituted about 55% of the total fuel mix
used.

Agriculture: The energy demand/ consumption in agriculture activities emitted 0.0158
million tons of CO2eq. which isabout 0.26 % ofthe total CO2eq. emissions from Energy sector.

2. Industry: In Himachal Pradesh of 11.707 million tons of CO2eq Industrial activities together
emitted 5.486 million tons of CO2eq of GHG. Industry sector emissions have been estimated from data
base for production process manufacturing of cement, glass, metals, chemicals, other specific
industries. The emissions covered in the Industry sector include the process based emissions.

a.

Cementand Glass Production: The cement industry emitted 5.17 million tons of CO2 which
is 94.26% of the total CO2eq emissions from the Industry sector. The emissions cover all the
large, medium and mini cement plants, grinding plants. The other ones like glass production
emit 1.494 000'tons ofCO2eq.

Metals: The metal industry viz. aluminium, ferroalloys, lead, zinc and copper production lead
to an emission 0f 0.282 million tons of CO2eq. about 5.14% ofthe total of CO2egemissions.
Chemicals: The chemical industries together emitted 0.0316 million tons of CO2eq. about
0.57% ofthe total of CO2eq emissions.

Other Industries: Other industries comprising of pulp/paper, leather, textiles, food
processing , mining and quarrying, and non specific industries comprising of rubber, plastic,
watches, clocks, transport equipment, furniture etc., together emitted 0.0796 000’ tons of CO2
eq. which constitute very little about 0.002% oftotal emissions from this sector.

3. Agriculture: The Agriculture sector estimated to be emitting 0.165 million tons of CO2 eq.
Estimates of GHG emissions from the Agriculture sector arise from enteric fermentation in livestock,
manure management, rice cultivation, on field burning of crop residue and agricultural soils.

a.

Livestock: Enteric fermentation in livestock released 2.3814 000’ tons of CO2eq (0.1134 000
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tons of CH4. This constituted 1.45% of the total GHG emissions (CO2eq) from Agriculture
sector in the State. The estimates cover all livestock, namely, cattle, buffalo, sheep, goats,
donkeys, horses and others. Manure management emitted 0.02733 000’ tons of CO2eq.

b. Rice Cultivation: Rice cultivation emitted 0.148 million tons of CO2eq or 7.0445 000’ tons of
CH4 The emissions cover both type of rice cultivation, namely, irrigated, rainfed and upland
rice cultivation. The upland rice is zero emitters and irrigated fields are only emitter of
methane per unitarea.

c. Agricultural Soils and Field Burning of Crop Residue: The total CO2eq emitted from these
two sources were 14.45 000" tons about 8.77% of total CO2eq emissions. Agricultural soils are
asource of NO, mainly due to application of nitrogenous fertilizers in the soils. Burning of crop
residue leads to the emission of a number of gases and pollutants. Amongst them, CO2is
considered to be Cratrd and therefore not included in the estimations. Only CH4and N2 are
considered in this report.

4. Land Use Land Use Change and Forest: The LULUCF sector in Himachal Pradesh was a net sink.
It sequestered 1632.70 000" tons of CO2 The estimates from LULUCF sector include emission by
sources and or removal by sinks from forest land, crop land, and grassland. Wet lands have not been
considered due to lack ofdatabase.

a. Forest Land: Analysis indicate that forest land sequestered 2917.17 000' tons of CO2in
Himachal Pradesh. However, deforestation due to developmental activities, fuel wood
extraction in non-sustainable manner from forests led to an emission of 1318.41 000’ tons of
CO2in the State. This includes estimates of emissions and removal from biomass in very dense,
moderately dense, open forests, and scrub lands.

b. Crop Lands: The crop land sequestered 69.68 000' tons of CO2in Himachal Pradesh. The
emission estimates have been made from netsown area as well as fallow land.

c. Grassland: Pasture, grassland resulted in the emission of 36.27 000" tons of CO2due to
changes in grass land area over a period oftime.

5. Waste: The Waste sector emissions were 0.2728 000' tons of CH4from municipal solid waste
managementand industrial waste water management.

a. Municipal Solid Waste (MSW): It has been estimated that the MSW generation and disposal
resulted in the emissions 0f0.02715 000’ tons of CH4in Himachal Pradesh. Systematic disposal
of solid waste is carried out only in the major towns resulting in CH4emissions due to aerobic
conditions generated due to accumulation of waste over the periods. It is observed that the
municipal solid waste is the major nuisance in emission of GHGs in the State.

b. Waste Water: The waste water generation emissions are estimated only for waste water
disposal from industries. Waste water management from industries emitted about 0.006129
000'tons of CO2eq.
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5.2.3 Sector Wise Description ofGreen House Gas Emissions

5.2.3.1 Energy

In Himachal Pradesh the Energy sector emitted 6.0655 million tons of CO2equivalent. Out of this,
5.124 million tons were emitted as CO2 0.00393 million tons as CH4and 0.0006 million tons as N2.
This does not include emission/ removals from electricity generation from hydro projects for
distribution through grids. Ofabove, about 52.99% (3213.98 Gg) ofthe total CO2equivalent emissions
from the Energy sector were due to electricity consumption

by Industry, Commercial, Institutions and Tourism. The

Residential sector has a rural and urban spread, and

therefore it combusts both fossil fuel as well as biomass

which together emitted 29.84% (1809.72 Gg) of the total

GHG emitted from the Energy sector. The Transport sector

emitted 11% (667.2826 Gg) of the total CO2 equivalent

emissions. Emissions due to captive power generation by

various industries contributed about 591% (358.67 Gg).

Rest of the 0.26% (15.84 Gg) GHG emissions were from

energy consumption for agriculture.

Following the procedures laid in estimation of emissions by

IPCC, in Himachal Pradesh the key constituent of GHGs

emissions from energy sector are the electricity generation,

combustion of fossil fuels, transportation, energy

consumption by commercial, tourism, institutional, residential and agriculture sectors. The emission
factor of the fossil fuels such as coal, oil and natural gas are the most important considerations in the
country butin case ofHimachal Pradesh itisvery minute contributor.

Based on above activity data the GHGs emission 000" tones (or Giga Gram) from Energy sector in
Himachal Pradesh is as under:

Sr.No. Type GHG emission
000" tones (or Giga Gram)

c02 CH4 N20 CO2eq
1 Electricity
Captive Generation and 358.056 0.01823 0.000742  358.670
Consumption

2 Transport

65514 0012 0.0032 667.28
Road
Railways 0.0012 - - 0.0014
Aviation 0.0011 - - 0.0012
3. Others
Residential 911525 3555 0.4765 1809.72
Industrial/ 3183.27 0.346 0.0768 3213.984
Commercial/
Institutional/ Bulk
Mics./Tourism
Agriculture 15.66 0.00056 0.000555  15.840
Total: 5123.6533 3.93179 0.557797 6065.497
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5.2.3.2 Emissions/ Removals from Hydro Power Generation

The equivalent GHGs emission form hydro power generation to the State assuming that the
operational capacity is only @50% oftotal capacity annually:

Sr.No. Type GHG emission
000" tones (or Giga Gram)
CO2 CH4 N20 CO2eq
Hydro Power Generation
1 Power Generation (Hydro Power only) (-) 15322.795 (-)15397.191

Estimated CO2 removals are equivalent to
kwh power to be replaced by hydro power
contributed to the grid.

Himachal Pradesh has been blessed with vast hydroelectric potential in its five river basins, namely
Yamuna, Satluj, Beas, Ravi and Chenab. Through preliminary hydrological, topographical and
geological investigations, it has been estimated that about 23,194.95 MW of hydel potential can be
exploited in the state by constructing various major, medium, small and mini/micro hydel projects on
these five river basins. Out ofthis hydel potential so far only 6,419 MW has been harnessed by various
agencies. Although the requirement of energy in the State is not so huge but in the national interest
the State is committed to contribute the clean energy to the national grid. The Government of
Himachal Pradesh is promoting run-of-river projects which are environmentally benign.

A paper reports on the findings of a recent IAEA (International Atomic Energy Agency) expert
meeting on the assessment ofgreenhouse gas (GHG) emissions from the full 'lifecycle' of hydropower.
It discusses the different categories of hydropower plants in view of the two main sources of GHG
emissions: first, directand indirect emissions associated with the construction of the plants; second,
emissions from decaying biomass from land flooded by hydro reservoirs.

In terms of GHG emissions, this report shows that, in most cases, hydropower is a good alternative to
fossil fuelled power generation. For hydropower plants in cold climate, a typical GHG emission factor
is 15 g CO2equivalent/kWh, which is 30-60 times less than the factors ofusual fossil fuel generation.
For some hydropower plants in tropical climates, theoretical calculations have shown that reservoir
emissions could be very high. However, no measurements of emissions were taken from tropical
reservoirs and the current level of research does not allow for a reliable evaluation. Research is
urgently needed in humid tropical climates.
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Hydropower's contribution to GHG emission control is related to avoided emissions (i.e., emissions
that would occur if hydroelectricity had to be replaced by another fossil-fuelled energy source). The
estimation ofan appropriate value for avoided emissions is complicated, because there is notasingle
equation to calculate the emissions that are not produced at hydropower projects. The characteristics
of avoided emissions depend on the type of power that is displaced by hydropower generation. If a
kilowatt-hour (kwh) were not generated at the hydro plant, what plant would have generated it? The
answer depends on a range of factors: the time of day, the plants already on the system, the plants
available, their variable costs, the type of fuel they use, their efficiencies, even the transmission losses
and constraints. The production of hydroelectricity is associated with significant reductions in the
nation's GHG emissions, although the specificamount ofthis benefitis difficultto measure directly.

In a specialized documentation it is stated that impoundment of hydroelectric reservoirs induces
decomposition ofasmallfraction oftheflooded biomass (forests, peat lands and other soil types) and an
increase in the aquatic wildlife and vegetation in the reservoir. The result is higher greenhouse gas
(GHG) emissions after impoundment, mainly CO2(carbon dioxide) and asmall amount o fCH4(methane).
However, these emissions are temporary and peak two tofouryears after the reservoir isfilled. During
the ensuing decade, CO2emissions gradually diminish and return to the levelsgiven offby neighboring
lakes and rivers. Hydropower generation, on average, emits one-thirty-fifth ofthe GHGs that a natural
gasgenerating station does and about one-seventieth the GHGs thata coal-firedgenerating station does.
(Ref. Hydro-Quebec's- Sustainable Developmentaspecialized documentation).

The details of Generation, Consumption of Energy in the State of Himachal Pradesh is as follows:

Sr. No. Type Quantity

1 Total Generation (2008-09) (Hydro Power only) 6419 MW

2 Captive Generation and Consumption ~ 100 MW

3 Electricity purchased from BBMB & other States 6047.497MU

4. Energy Consumed by the State: 6958.716MU
(a) Domestic 1089.118
(b) Non Domestic &Non-Commercial 80.585
(c) Commercial 274.663
(d) Public lighting 13.013
(e) Agriculture 28.738
(M Industries 3385.303
(9) Govt. Irrigation & Water Supply Scheme 389.331
(h) Temporary Supply 22.705
(1) Bulk & Misc.-Tourism 1675.26

5. Fuel Consumption
(a) Diesel * ~530400 KL
(b) Petrol* ~244800 KL
(c) Kerosene* ~86000KL

*As per total sale/ consumption in Himachal Pradesh
6. Transport (Vehicles registered) + Tourist Taxis. ~5,38,341Nos.

7. LPG (including DBG) Approx.
Indian Oil Corpn. ~76800MT/annum
Hindustan Petroleum ~56100MT/annum

Source: HP Statistics Department, Indian Oil Corpn, HP Qil Corpn, and Transport. Department
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5.2.3.3 Industry

GHG emissions from the Industry sector in brief are as the total CO2equivalent emission from this
sector was 5.485 million tons. Ofwhich 5.484 million tons were 0of CO20.007424 000'tons of CH4and
0.00952 000'tons of N2. It is indeed a matter of concern that 94.29% of the total CO2equivalent
emissions from Industry sector were from Cement production under Mineral industries categories,
whereas, Glass production industries under this category emitted only 0.02%. 5.12% ofthe total GHG
emissions were from Metal industries and about 0.57% of the total GHG emissions were from
chemical industries. The Other industries consisting of pulp and paper, food & beverage, non-specific
industries, textile & leather, and mining/ quarrying together emitted 0.0015% of the total GHG
emission from the energy sector. The Industry sector includes emissions due to various processes
involved and burning of fossil fuels. Broad categories which have been covered are Mineral, Chemical,
Metal, Other including viz. Textile, Pulp and Paper, Food processing units.

Category

Cement

Glass
Production
Carbide
Production
Methanol

Ferroalloys

Aluminum

Lead
(Secondary
Production)
zZinc

Emission Factor

0.537 tCO2/t Clinker produced

Gas

CO2

021 tCO2/ tglass (Container Glass); 0.22tC0O2/t glass (Fiber Glass); 0.03tCO2/t CO2

glass (Specialty Glass)
1.1tCO2/tCaC2produced

0.67 tonsCO2/tons TiO2produced

2.3 kg CH4/tons Methanol produced

4.8 tonsCO2/ton Ferrosilicon produced;

1.5 ton CO2/ton Ferromanganese produced;
1.1 kg CH4/Ferrosilicon produced

1.65 ton CO2/ton Aluminum produced

0.58 ton CO2/ton Lead produced (Imperial Smelting Furnace);
025 ton CO2/ton Lead produced (Direct Smelting);
02 ton CO2/ton Lead produced (Secondary Production);

0.53 ton CO2/ton Zinc produced (Pyro-metallurgical Mrocess)

production
Type
CO:2
Mineral
Cement Production 5170.39
Glass Production 0.971713
Chemical
Carbide Production 26.488
Methanol 4.775
Metal
Ferroalloys 82.170
Aluminum 170.399
Lead (secondary production) 28.192
Zinc production 0.0191
Other Industries
Pulp & Paper 0.02312
Textile & Leather 0.042
Food Processing 0.012
Mining and Quarrying 0.0022
Total 5483.484

CO2

CO2

CO2

CO2

CO2

CO2

CHa4

CHa

Source

CMA 2010

IPCC, 2006

IPCC 2006

IPCC 2006

IPCC 2006

IPCC

IPCC 2006
(Avg. EF)

IPCC 2006

Source: IPCC& NICCA Report2007

GHG emission
000' tones (or Giga Gram)

CHa4

0.0012

0.00163903

0.00396
0.000624

0.00000022
0.00000049
0.00000068

0.007424

N20

0.00161

0.0079 06

0.000000354
0.0000 00096
0.0000 00451

0.009517

CO:zeq

5170.39
1.49397

26.488
5.11925

82.2231
170.464
28.946
0.0191

0.02323

0.01204
0.042154

0.00221

5485.223

Activity database Source: HPSPCB & Industries Department
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CO2Emissions from Industrial activities other than
Cement in Himachal Pradesh

CH4Emissions from Industrial production in Himachal
Pradesh
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5.2.3.4 Agriculture

Agriculture sector emitted 0.164 million tons of COZquivalent, ofwhich 0.0076 million tons were CH4
and 0.414 thousand tons were N2. The majority of emissions i.e. about 89.78% were from rice
cultivation. Burning of Crop residue emitted 8.48% of the total

CO2equivalent emissions from this sector; where as 1.45% of

the emissions were due to enteric fermentation. However, Crop

soils emitted 0.29% of the total CO2equivalent emission from

Agriculture and 0.017% of the emissions were from Livestock

manure management.

The emissions from Agriculture sector are mainly in the form of
CH4 from rice paddy cultivation and enteric fermentation.
However, the N2 emissions are due to use of fertilizers in the
agricultural fields. The sources included for calculations in
Himachal Pradesh are Livestock; Enteric fermentation, Animal
manure, Rice cultivation; Irrigated & Rainfed, Agriculture soils;
direct emissions & indirect emissions, and Field burning of
agriculture crop residue etc.

5.2.3.4.1 Enteric Fermentation

In Himachal Pradesh the livestock nurture is an integral part of hill culture and is also an important
component of the agricultural activities. Live
stock which includes cattle, buffaloes, sheep,
goat, horses, ponies, mules, donkeys, pigs,
dogs, yaks, and other live stock are the major
source of methane emissions (CH4. Cattle
and buffalo are the main milk producing
animals in the State and constitute about 56
% of the total live stock population. In order
to estimate the CH4emission from livestock,
the cattle population has been divided into
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dairy and nondairy categories. The emission factors provided in the report (NATCOM, 2004) have
been used to calculate the emissions.

5.2.3.4.2 Animal Waste/Dung

In Himachal Pradesh the waste
-dung is mainly converted into
manure, little percentage in to
dung cake for energy purposes in
the rural areas. The dung
management practices vary in
different districts depending
upon the need of the fuel and
manure. Due to availability of fuel
wood, the dung cake practice is
less practiced in the State. The
manure is major way of use of
dung. To convert the cattle and
buffalo dung into manure, the
dung is collected on the heap
nearby to the animal shed. The residual feed and ash (available from kitchen etc.) are also put on the
heap.

The dung, thus collected is exposed to the weather conditions and methane emission is expected from

the inner core of the heap due to the anaerobic fermentation of organic matter. IPCC (1997) also
attributed this fact. The manure
thus prepared is generally taken
to the fields, orchards at the time
of soil preparations after the
monsoon season or at the time of
need.

Part of the dung of cattle and
buffaloes goes directly to the soil
and deposited on the soil during
the course of grazing. In
Himachal Pradesh, large forest
areas and natural pastures are
available for grazing and animals
not only survive on grazing in
such areas but also are allowed
to graze on road side, canal bunds, fellow lands and harvested fields. The excreta of grazing animals
dry up quickly due to the mixing with soil during the trampling by the animals and do not produce
methane as suggested by IPCC (1997).
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Type GHG emission 000'tones (or Giga Gram)

Methane (CH4) N20
Enteric fermentation 0.1134 -
Manure: 0.00129 0.00000076

Animal Waste/ dung

The dung of goat and sheep goes directly to the soil and farmer's value for this source of Nitrogen (N),
Phosphorous (P), and Potassium (K) for their soil. Normally in winters (from Nov- Feb) in most ofthe
areas, farmers invite the nomadic shepherds along with their flock after the harvesting is over so that
the flock can sit on the harvested field and consume the stubble and provide the nutrients from their
dung and urine to the field. Traditionally shepherds are obliged with food and shelter till their flock
sits on the field. The dung of other species such as donkey, horses directly goes to the soil deposition
due to their daily mobility.

5.2.3.4.3 Rice Cultivation

In our country, rice is cultivated under various water management options, depending on the
availability of water across the country. In the mountainous regions, rice is grown in terraces created
along the side of the mountains. In most ofthe northern plains and some parts of the eastern region,
rice is cultivated by irrigating the fields intermittently or continuously, for a considerable period of
time. In other parts of the country, however, rain-fed rice cultivation is predominant where water is
only available in the fields during rains. Deep-water rice cultivation, with a water depth ranging from
50-100 cm. is also practiced in the coastal regions of West Bengal and Orissa. In coastal areas two or
three crops are taken annually.

The rice cultivation is under taken in about 79,000 hectare area. The State is primarily dependent on
rains and river water and takes single crop. The rain fed area is around 45% and irrigated area is 55%
ofthe total cropped area. The emissions from the sector are as follows:

Eco system Rice cultivation area ha Methane (CH4) (000'tons)
Rain fed (upland only) 35,550 -
Irrigated 43,450 7.0445

Source: HP Agriculture Department
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The CH4emissions from rice cultivation have been estimated by multiplying the seasonal emission
factors by the annual harvested areas. The annual amount of CH4emitted from a given area ofrice is a
function of the crop duration, water regimes and organic soil amendments. The total annual
emissions are equal to the sum of emissions from each sub-unit of harvested area using the following
equation.

Ch4dRice =£ (EFihkxAij kx 100
i),k

Where,

CH4Rice =Annual methane emissions from rice cultivation, Gg CH4/yr;

EFijk =A seasonal integrated emission factor for i, j, and k conditions, kg CH4/ha;

Aijk =Annual harvested area ofrice for i, j, and k conditions, ha /yr;

i, j, and k = Represent different ecosystems, water regimes, type and amount of organic

amendments, under which CH4emissions from rice may vary.

Separate calculations were undertaken for each rice ecosystems (i.e., irrigated, rainfed upland

rice production).
The upland rice area is 35,550 ha and is a net sink of CH4 as no anaerobic conditions are generated at
these heights.

5.2.3.4.4 Agriculture Soils

N2 emissions are estimated using details ofhuman-induced net N additions to soils (e.g., synthetic or
organic fertilizers, deposited manure, crop residues, sewage sludge), or of mineralization of N in soil
organic matter following drainage/ management of organic soils, or cultivation/land-use change on
mineral soils (e.g., Forest Land/Grassland/Settlements converted to Cropland). Nitrous oxide is
produced naturally in soils through the processes of nitrification and denitrification. Nitrification is
the aerobic microbial oxidation of ammonium to nitrate, and denitrification is the anaerobic
microbial reduction of nitrate to nitrogen gas (N2. Nitrous oxide is a gaseous intermediate in the
reaction sequence of denitrification and a by-product of nitrification that leaks from microbial cells
into the soil and ultimately into the atmosphere. One ofthe main controlling factors in this reaction is
the availability ofinorganic Nitrogen (N) in the soil.

In Himachal Pradesh the distribution offertilizers (in nutrients) N,P & K:

Nitrogen (N) 31042 MT

Source: HP Economics & Statistics Department
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The emissions of N2 that result from anthropogenic N inputs or N mineralization occur through both
a direct pathway and through two indirect pathways: (i) following volatilization of NH3and NOxfrom
managed soils and from fossil fuel combustion and biomass burning, and the subsequent re-
deposition of these gases and their products NH4+and NO3-to soils and waters; and (ii) after leaching
and runoff of N, mainly as NO3-from managed soils. Therefore, total N2 emitted from soils can be
represented as:

NZ0-N 1om =NZ0-N prr+ N2O-N NoFeT

Using the above methodology, the total N2 emissions from Himachal Pradesh are estimated to be
0.00152 (000’ tons). The emission factors used for rice-wheat systems are 0.76 for rice and 0.66 kg
ha-IN2 -N for wheat for urea application.

5.2.3.4.5 BurningofCrop Residues

Crop residue is burnt in the fields in many districts of the State such as Kangra, Mandi, Una, Kullu,
Shimla, Hamirpur, Bilaspur, Solan producing CO, CH4 N2, NOx SO2and many other gases. We have
calculated only the CH4and N2 emissions by using the equation given below.

EBCR=1crops (AXBxCxDxEXF)

Where, EBCR= Emissions from Residue burning
A =Crop production
B =Residue to crop ratio
C =Dry matter fraction
D =Fraction burnt
E = Fraction actually oxidized
F =Emission factor

The estimation of emission of targeted species was arrived at by first estimating the amount of
biomass actually burnt in the field using the IPCC Revised Inventory Preparation Guidelines (IPCC,
1996). Currently, wastes from three crops viz., rice, wheat, maize are subjected to burning. The state's
crop production figures for 2007 have been used as the basic activity data.

The dry matterfraction ofcrop residue is taken as 0.8 (Bhattacharya and Mitra, 1998), 0.25 asfraction
burned (IPCC, 1997) infield and 0.9 as thefraction actually oxidized (IPCC, 1997). Crop specific values of
carbonfraction were as per IPCC default values. The default N/C ratios were takenfrom IPCC (2006).
Further, the emission ratio was calculated using emissionfactors given by Andreae and Merlet (2001)
which are the defaultfactors mentioned in IPCC (2006) National Inventory Preparation Guidelines.
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Using this methodology, it is assumed that in Himachal Pradesh 0.478 (000’ tons) of CH4and 0.0399

(000’ tons) of ND was emitted from burning of crop residue in the fields.

The GHG emission (000'tons) from the sector is as under:

Sr. Type COo2 CHa N20
No.
1 Enteric fermentation - 0.1134 -
2 Manure management - 0.00129 0.00000076
3 Rice cultivation - 7.0445 -
4 Crop residue - 0478 0.0399
5 Soils - - 0.00152
Total - 7.63719 0.04142

5.2.3.5 Land Use, Land Use Change & Forest (LULUCF)

Land Use, Land Use Change & Forest (LULUCF) are one of the key
components of the Greenhouse Gas Emission summary. It involves
estimation of carbon stock changes, CO2emissions and removals and
non-CO2GHG emissions. For estimating GHG emissions from this sector,
the GHG inventory guidelines followed at National level i.e. IPCC - 2003
GPG approach due to advantages of reporting tables, the Himachal
Pradesh has followed the same procedure.

Methodology: IPCC GPG 2003 adopted six land categories to ensure
consistent and complete representation of all land categories, covering
the total geographic area ofa country or a State.

The GPG 2003 adopted three major advances over IPCC 1996
guidelines, such as:

e Introduction of three hierarchical tiers of method that range from
default data and simple equations to use country specific data.

e Land use category based approach for organising the
methodologies.

e Provides guidelines for all the 5 carbon pools.

Methods adopted in Good Practice Guidelines (GPG 2003) are as under:

COz eq

23814
0.02733
147.9936
13.972
0475

164.84933

1. Land category based approach covering forest land, cropland, grassland, wetland, settlement

and others.

2. These land categories are further sub divided into; - land remaining in the same use category

differently - other land converted to this land category.

3. Methods given for all carbon pools; AGB, BGB, dead organic matter and soil carbon and all

non-COZ2gases.

4. Key source/sink category analysis provided for selecting significant land categories; - sub-

land categories- C-pools - CO2and non-CO2gases.

o
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5.2.3.5.1 Carbon Stock Changes

Carbon stock change is the sum of changes in stocks of all the carbon pools in a given area over a
period of time, which could be averaged to annual stock changes. A generic equation for estimating
the changes in carbon stock for agiven land use category is as follows:

ACL= A Cabt ACbbt ACDWHACLI+ACE

ACLliisthe carbon stock change for aland use category,

AB is above ground bio mass, BB is below ground bio mass, DW is dead wood, Li is litter

and SC is the soil carbon.

For the purpose ofthis equation the stock change has been estimated for each pool by using following
method- Carbon 'stock-change’ or stock difference’

AC = (CCt)/ (t2t])

Where: ACistheannual carbon stock change in the pool, Ctlis at time tland Ci2is at
time t2in the same pool.

In Himachal Pradesh GHG inventory has been prepared by taking the activity data available at
National and State level. Land use change matrix has been prepared using land use data for 2005 and
2007. The area under forest has been obtained from Forest Survey of India Report, 2009 and area
under other land categories has been sourced from Directorate of Land Record reports for the years
2005 and 2007.

Land Use Pattern of Himachal Pradesh (source fsi, 2009)

Land Use Sub Category Area ha
Forest Very dense 3,22,400
Moderately dense 6,38,300
Open 5,06,100
Total 14,66,800
Crop Land Net sown area 54,300
Fallow 7,400
Total 61,700
Grass land Grazing land and pastures 1,50,100
Scrubs 33,100
Total 1,83,200
Other land Other land 38,45,600 ha

Himachal Pradesh, Predominantly a mountainous State in the Western Himalayas, has a geographical
area of 55,673 km2 The altitude of the State varies from 350 m to 6,975m above the mean sea level. It
is located between latitude 30®2' to 33012' N and longitude75045' to79004' E. The State has three
distinct regions viz the Shiwaliks with altitudes up to 1,500 m, Middle Himalayan region between
1,500 m to 3,000 m and the Himadris higher than 3,000m.
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About one third ofthe State is permanently under snow glaciers and cold deserts where tree growth is
minimal due to harsh conditions. The overage annual rainfall is about 1,800 mm. The temperature
varies from sub-zero to 35dC. The major rivers are Satluj, Beas, Ravi, Chenab and Yamuna. The land

use pattern of the State is given in Table. As
per Census 2011, the total population of the
State is 6.85 million of which the rural
population constituted 89.96%. The
population density is about 120 persons per
km2 The Scheduled Tribes constituting
around 4.02% of the population ore mainly
distributed in three districts. The livestock
population as per Livestock Census 2003 is
5.12 million, which has increased marginally
since the previous Census (1992).

5.2.3.5.2 Land Use Change Matrix

The recorded forest area of the State is
37,033 km2 Reserved Forests constitute
5.13%, Protected Forests 89.27% and Un-
classed Forests 5.60% of the total forest
area. About two third of the State's
geographical area is under recorded forests.
But a substantial part ofthis is not conducive
for tree growth, being under permanent
snow, glaciers and cold deserts. The forest
cover in the State, based on interpretation of

JAMMU

fht

14

HN AG

HARYANA

wIan

Furesl cover of Himathid Pusdosti

satellite data ofOct 2006 -Jan 2007, is 14,668 km2which is 26.35% ofthe State’s geographical area. In
terms of forest canopy density classes, the State has 3,224 km2very dense forest, 6,383 km2
moderately dense forest, and 5,061 km2open forest. As per data there has been a decrease of 3km2in
the moderately dense forestand an increase of 5kma2n open forest.

Land Use Change Matrix of Himachal Pradesh

Land Use Sub Category Area ha 2005-06 Area ha 2007

Forest Very dense 3,22,400 3,22,400
Moderately dense 6,38,600 6,38,300
Open 5,05,600 5,06,100

Crop Land Net sown area 54,140 54,300
Fallow 7,520 7,360

Grass land Grazing land and pastures  1,50,100 1,50,100
Scrubs 33,100 32,700

Other land Other land 38,45,600 38,45,800

Change in area ha

(-)300
(+)500
(+) 160
(-) 160

(-)400
(+) 200

(Source FSI, 2009 and Agriculture, Land Records Reports)
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5.2.3.5.3 Assessment of Carbon Stock from Forests

An assessment of Growing stock, Biomass and Carbon stock of Indian forests strata wise have been
made by FSI based on SFR, 1997 data base, as per the 2002 report the Forests carbon stocks are as

under:
Particulars

Forest Cover (KM2
Growing Stock (000, m3
Bio Mass (000, tons)
Carbon (000 tons)

India (1997)

6,33,357

43,40,027.96
23,95,373.45
10,83,809.74

HP (1997)

12521
2,47,483.99
1,06,442.18
48,909.11

Similarly, the estimates for year 2005 and 2007 for Carbon stock under Forest sector are as under:

Particulars

India

2005
Forest Cover (KM2 6,90,200
Growing Stock (000, m3) 47,29,540.05
Bio Mass (000, tons) 26,10,357.11
Carbon (000 tons) 11,81,080.31

2007

6,91,600

47,39,133.67
26,15,651.95
11,83,479.75

5.2.3.5.4 Soil Carbon Stock

HP

E 83 5 2007
14,353 14,668
2,83,694.41 2,89,920.50
1,22,016.18 1,24,694.03
56,065.21 57,295.65

Source:FSI Report

As per Forest Survey of India, 2005 the forest cover in the State was spread over 14,35,300 ha which
was 14,66,800 ha in 2009 and the agriculture-crop areawas 61,660 ha in 2005 and 61,700ha in 2009.
Based on an assessment w.r.t. carbon store in Giri catchment of the State conducted by Forest
Research Institute, Dehradun, it has been inferred that on an average HP Forests have 61.68 t/ha soil
carbon store and 53.74 t/ha average soil carbon store in agriculture sector. Therefore, applying these
averages the soil carbon stock has been estimated for H.P. as follows:

Particulars HP
in hectare
2005 2007
(B 2GEsmna)
Forest Cover (ha) 14,35,300 14,66,800
Crop Land (ha) 61,660 61,700
Total estimated area 14,96,960 15,28,500

The carbon stock estimates combined in terms of
- Above ground biomass
- Belo ground bio mass and
- Soil Carbon.
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C stock
in million tons/ ha
2005 2007
88.52 90.47
3314 3.316
91.834 93.786
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Himachal Pradesh estimated emissions from Forest sector during 2007, based on 2003 and 2007
stock changes is given as below:

Carbon Pools Cstock in milliontons  Cstockin Change in C stock in CO2removalin
2005 million tons million tons (2003-2007)  million tons during
(Based on 2003 2007 2007
assessment)
A B C=A-B D= Cx 44/ 12
Above ground 56.065 57.296 -0.3078* -2.1284
biomass

Below ground

biomass
Soil Carbon 91.834 93.786 -0.488 -1.7893
Total 147.899 151.082 - 0.7958 -2.9177

The emissions and removals for biomass and soil carbon for land categories with land remaining in
the same categories based on National Mean Annual Increments are detailed as follows:

Land Use MALin MAL in MALI in total MALI in soil MAL in total NetDC (Mt NetChange in
categories perennial perennial perennial carbon Carbon C) CO02 (Mt)

above below ground biomass (t/ha’y) (t/haly)

ground biomass (t/haly)

biomass (t/haly)

(t/haly) F= Ex 3.6666

(+ is Emission, -

A B A+B C D=(A+B)/2 +C E= DxArea is Removal
Crop Land 0.130 0.046 0.176 0.220 0.308 0.019004 -0.0696801
Grass Land 0.003 0.001 0.004 -0.056 -0.054 0.009893 +0.036273

The net CO2emission/ removal for LULUCF sector is given below. This includes CO2net emissions and
removals from land categories. The net CO2emissions include gain and loss of CO2ThelossofCO 2is

largely due to extraction and use of fuel wood from felling of trees which is not very large amount.
Over all, the net CO2emissions / removal estimate shows that the sector is anetsink 0f1,632.70 (000’

tons) CO2The sector isanetsink due to uptake of CO2by the cropland followed by forestland. This isa
preliminary estimate and may change with improved activity data and emission factor estimates.

Emissions in 000'tons

Land use categories CO2 emissions/ removals CO:2 loss due to fuel wood Net CO:

use emissions/removal
Forestland () 29177
Cropland (-)69.68 (+) 131841 () 1,632.70
Grassland (+)36.27
Total () 295111 (+) 1,31841 (-) 1,632.70

Removal (-) Emission (+)

Green Felling oftree etc. is completely banned in Himachal Pradesh; therefore the use offuel wood in
the State is much lower than the assumed National level %age. Source of fuel wood is also not known,
so assumed to come from all land categories. About 2-3% ofthe fuel wood consumption is estimated
to come from felling oftrees leading to net CO2emission.
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5.2.3.6 Solid Waste & Waste Water (Industrial)

The total GHG released from waste sector in Himachal Pradesh 6.129 tons of CO2equivalent, of which,
27.284 tons were emitted as Methane (CH4. Municipal Solid Waste is the dominant source of Methane
(CH4 emission in Himachal Pradesh it emits almost 99.50% oftotal emissions from this sector. About
0.50% ofthe total CO2equivalent emissions from the waste sector were from disposal and treatment
of Industrial waste water.

We know that the methane (CH4 Gas is the main gas which produced and released into the

atmosphere as a by-product of the anaerobic decomposition of solid waste, in fact methanogenic
bacteria break down organic matter in the waste. Similarly, wastewater is also a source of Methane
(CH9 when treated or disposed anaerobically. It also releases Nitrous oxide (N2)) emissions due to

protein contentin waste water generated from activities at domestic level.

The total GHG released from waste sector in Himachal Pradesh 6.129 tons of CO2equivalent, of which,
27.284 tons were emitted as Methane (CH4. Municipal Solid Waste is the dominantsource of Methane
(CH4 emission in Himachal Pradesh.

The greenhouse gases and their source categories considered in this sector include:
e Municipal solid waste disposal resulting in CH4emission.

» Domestic waste water disposal emitting CH4and N20.
e Industrial waste water disposal leading to CH4emissions.

Effluent Treatment System for Treatment of Industrial Weste Weter
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5.2.3.6.1 Municipal Solid Waste

In Himachal Pradesh, there are 56 urban local bodies viz. 1 - Municipal Committee, 20- Municipal
Councils, 28- Nagar Panchyats and 7- Cantonment Boards of which 33 have provided the MSW
dumping facility where waste is partially collected and disposed in asystematic way at waste disposal
sites under these ULBs invarious towns, resulting in CH4emission from anaerobic conditions. In rural
areas, waste is scattered and as a result the aerobic

conditions prevail with no resulting CH4 emission. In

towns, the municipal solid w aste is disposed in landfills by

means of open dumping; however, a small fraction is used

for composting in some of the disposal sites. In the major

towns such as Shimla, Kullu, Dharamsala, Solan, Baddi the

rate of generation of MSW is high due to tourists and the

population growth rate. The rate ofdisposal of MSW varies

from place to place; therefore, the estimation of CH4

generated from MSW State level also becomes highly

uncertain unless year wise data on MSW generation is

incorporated in the estimates. In the present calculations IPCC 2000 guidelines have been used.
Average CH4Emission Factor derived from a study by NEERI in 69 cities (NEERI, 2005) has been
applied to calculations.

For calculating the amount of degradable organic matter (DOm) in waste method used is as per
following equation:

DOm =W x DO x DOfX MCF
Where;
DOm =mass of decomposable DO deposited m Gg
W =mass ofwaste deposited, Gg
DO =degradable organic carbon in the year ofdeposition, fraction, Gg C/Gg waste
DOf=fraction of DO that can decompose (fraction)
MCF = CH4 correction factor for aerobic decomposition in the year of deposition
(fraction)

The methane generated in ayear has been calculated as per following method:

Methane generated inyearY
CH4=DOm decopomYx Fx 16/12

Where;
F =Fraction of CH4by volume
16/12 =molecular weight ratio, CH4C

CH4Emitted Y= (£ CH4generated XY- RY) x (1 - OXy)
Where;
RT =recovered CH4in yearY, Gg
OXY=Oxidation factor inyearY, (fraction)
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On an average for towns waste generation rate is 0.350kg/capita/day and that 60% of the waste is
reaching the landfill site.

IPCC default factor (IPCC, 2002) such as the methane correction factor of 0.4, fraction of degradable
organic carbon that decomposes (DOf) as 0.5, fraction of methane in landfill gas as 0.5, rate constant
(K) as 0.17 year -1 are used in the estimation. The factor related to degradable organic carbon fraction
(DO) in the waste disposed is taken as 0.11 (NEERI, 2005). Considering that the amount of recovered
methane is zero and oxidation factor is zero, the total methane CH4emitted from solid waste disposal
site is estimated to be 17.17 (tons) in the State.

Component Quantity
Urban population 6,88,704
Waste generation rate (kg/capita/day) 0.350
MSW generated (tons) 2410.464
Quantity of waste reaching the landfill site( tons) 1408.68
DOm disposed (tons) 45.12
DOm accumulated (tons) 142.00
DOm decomposed (tons) 24.00
Estimated Methane (CH4) emitted (tons) 27.14

Source: HP Economics & Statistics Department, HP SPCB

5.2.3.6.2 Waste Water

In Himachal Pradesh the wastewater originates from avariety ofdomestic, commercial and industrial
sources. In industrial, commercial hotel etc. waste water is treated on site, however, for waste water
being generated from domestic sources in towns where the treatment facility is available it is
collected in centralized treatment plants but the %age isvery low. As per information obtained from
HP State Pollution Control Board there are about 30 Sewage Treatment Plants installed in the State
by various Urban Local Bodies out of which only 6 have been granted permission by the State Board
for operation. About 34 more STPs are being installed in the State which will definitely enhance the
capacity of State to treat the waste from domestic sources and so far majority of waste water is
disposed untreated nearby. The methane (CH4 is emitted from waste water when it is treated or
disposed anaerobically. Here for Himachal Pradesh the calculations have been carried out in
following manner:

e CH4and N2 from domestic waste water
e CHd4from Industrial waste water

In Himachal Pradesh, it is estimated that about
4,476.98 K litres per day (KLD) of domestic wastewater
is generated from urban area against 49,144.97KLD
industrial wastewater. The waste water generated from
rural areas is not treated in any way, therefore, as it
decomposes in an aerobic condition, it is considered as
not a source of CH4 Domestic wastewater have been categorized under urban and rural, since the
characteristics of the municipal wastewater vary from place to place and depend on factors, such as
economic position, food practice ofthe area, water supply status and climatic conditions ofthe area.

Treatment System for Treatment of Domestic Waste Water (Source-SPCB)
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Waste water treatment and discharge pathways for the wastewater generated in the urban areas is
partial and about 70 % of the wastewater generated from the urban centres is not collected and
treatment is provided to only 10% of what is collected is not very significant. The waste water gets
disposed ofin aerobic conditions. Therefore, no specific calculations have been made.

The CH4emission from waste water generated from Industry has been estimated based on data
available with SPCB. The industries have been included for estimating CH4from industrial waste
water are given in following table:

Waste Water Generated in Major Industries in Himachal Pradesh

Sector W aste Watergenerated
Industrial 49,144.97 KLD
Domestic 4476.98 KLD

Source: HPSPCB

The emissions have been calculated using as per IPCC approach by incorporating country specific
emission factors and State specific data. The general equation followed to estimate CH4emissions
from industrial wastewater is presented in equation below:

Ti=i(TOWi- Si) EFi - Ri

Where,;

Ti CH4emission in inventory year, kg CH4/yr;

i Industrial sector.

TOWi Total organically degradable material in waste water for industry i in
inventory year, kg COD/year.

Si Organic component removed as sludge in inventory year, kg COD/year
(Default Value 0.35).

EFi Emission factor for industry i, kg CH4kg/CODfor treatment/discharge
pathway or system used in inventory year.

Ri Amount of CH4recovered in inventory year, kg CH4/year.

GHG Emitted from W aste W ater Sector
('000 tons)

Activity CHs CO: equivalent

Industrial 0.0001366  0.006129

Tertiary Level Treatment by provision of
Reverse Osmosis (Source-SPCB)

Root Zone Biotech plant at ACC Gagal
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5.3 Future Energy Needs & GHG Emissions Trends in Himachal Pradesh

In Himachal Pradesh, power is one of the most important inputs for economic development. In
addition to its widely recognised role as a catalystto economic activity in different sectors of economy,
the power sector makes a direct and significant contribution to State's economy in terms of revenue
generation, employment opportunities and enhancing the quality of life.

In our country total energy consumption per capita, as published by the world Resources Institutefor
theyear2003 isabout512.4 kge/a which isin ourcase about225 kgoe/a. The data is given in kilograms
of oil equivalent per year, and gigajoules per year, and in watts, as average equivalent power.
Undoubtedly the energy consumption projections is an important input for planning growth in
industry, agriculture, domestic, commercial and other related sectors but at the same it is quite
significant from environment conservation point of view. As per CERC Electric Power Survey (EPS)
Committee Report year wise electric demand has been given for each State for the terminal years of
12thand 13thFive Year Plansi.e. 2016-2017 and 2021-2022.

The yearly energy requirement detailed out and projection are as follows:

Years 2004-05 2005-06 2006-07 2007-08 2008-09 2009-10 2010-11 2011-12
Power 4516 5.022 5.585 6.212 6.909 7.684 8.545 9.504
in TWh

Long Term Projections:

Years 2011-12 2016-17 2021-22
Power 9503.91 13135.52 17657.40
in GWh

Ref. CERC

It is pertinent here to mention that the population of Himachal Pradesh has been increasing
continuously over the years. However, the growth rate of total population has shown a decreasing
trend overthe lastthree decades. In 2001, the total population ofthe State was about 60,77,900 which
during the year 2011 has increased to 68, 56, 509. The percentage share ofurban population has been
increasing continuously over the years. Population growth scenario in urban areas likely in Himachal
Pradesh is as under:

Component Year Year Year Year Year Year

1991 2001 2011 2021 2031 2041
Total Population 51,70,877 60,61,849 68,56,509 79,14,736 88,40,647 97,66,913
Urban Population 8.69% 9.79% 10.04% 11.29% 12.09% 13.23%
Growth

The energy demands also show an increasing trend which undoubtedly indicates need for mitigative
and adaptive measures.
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Scenario ofEnergy Demand Projections
The simple method of projecting aggregate energy demand is to assume constant energy intensity for

future years. This is adjusted for changes through conservation by estimating the likely conservation
potentials for future years (Table-22, Fig. 43).

Table-22: Future Energy Demand Projections

Year Years Year Year Year Year Year

1991-92 2002-07 2008-09 2009-10 2010-11 2011-12 2012-13
1002.00 4300.439 5460.50 6200 6641 6950 7450

Estimated CO2Emissions 3225 3662 3923 4105 4401

Ref: HPSEB, Energy in million units

Year Year Year Year Year Year Year

2013-14 2014-15 2015-16 2016-17 2017-18 2018-19 2019-2020

8150 8741 9450 10050 10850 11400 12050

4814 5163 5582 5936 6409 6734 7118

8000

Ref: HPSEB, Energy Consumption in million units

Fig. 43: COZEmissions as per Energy Demand Projections

As per the current analysis carried out in case of Himachal Pradesh it depicts a higher emissions
scenario for the State. The scenario represents amore competitive economy that lacks cooperation in
development and portrays a future in which economic growth is uneven, which may be lead to a
growingincome gap. Itisimportantto here that mention that this scenario does not bracketthe entire
range of possible future emissions and resulting climatic changes, as even higher emissions or lower
emissions scenarios are possible depending upon the actions adopted.
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5.4 Some CurrentActions for Adaptation & Mitigation

The Government of Himachal Pradesh is already taking various initiatives to adopt the path of
sustainable development and inclusive growth and has initiated various programmes and actions
which would be further strengthened and made well equipped to deal with the challenges of climate
change. The various actions have already been initiated in the State to streamline actions towards
expected changes in various sectors viz. Agriculture, Water Resources, Forests, Biodiversity,
Ecosystem, Energy (Hydro Power), Health, Tourism, Urban Development, Transport, Industry
(Mining), and Disaster Management etc. The State Government has demonstrated its commitment by
taking various initiatives for reductions of GHG emissions by way of bringing energy efficiency in the
State.

5.4.1 Agriculture - Horticulture

The Department of Agriculture is working with responsibility for the economic up-liftment of
farming community of the State through planned agriculture development with a strategy for future
sustainable agriculture and production and improvement in productivity and quality through
various adaptive measures such as setting up of 21 Seed Multiplication Farms where Foundation
Seeds of Kharifand Rabi crops are being produced. Annually about 3,500 to 4,000 gtls. seed of Cereals,
Pulses and Vegetables are produced. Besides this, the department has established 11 Soil Testing
Labs and 4 Mobile Soil Testing Labs to provide free soil testing facilities to the farmers.

The Department of Agriculture is also keeping an eye on the pest situation in the State. To overcome
this, about 160-168 M.T. of pesticides through Departmental Sale Outlets are being supplied to the
farmers. For quality control of pesticides, a State Pesticides Testing Laboratory has been set up with
an annual capacity of 500 samples. One Bio Control Laboratory has been set up at Palampur, where
conservation and augmentation, rearing and multiplication of bio-agents are being carried out.
Farmers Field Schools (FFS) are also organized to train farmers/ extension workers etc. The plant
protection material including Plant Protection equipments are supplied to the SCs/ STs/ IRDP
families and farmers ofthe backward areas at 50% cost.

There are 13 Potato Development Stations in the State where Foundation Seed Potato is being
produced. More area is being diversified for undertaking production of cash crops and market
maximum potato as table variety and produce only that much seed potato which can easily be
marketed outside the State. The diversification is towards market oriented demand ofhigh value cash
crops/vegetables.

Three Vegetable Seed Farms have been set up in the State where Quality Seed is being produced.
Besides this, two Training Centers one at, Mashobra in District Shimla and other at Sundernagar,
District Mandi have been established. Further, farmers training camps are organized at Village, Block
and Districtlevels.

Weather Based Crop Insurance Scheme (WBCIS) has been introduced for different crops. Two risk-
financing programmes have been started which support adaptation to climate impacts. The Crop
Insurance Scheme supports the insurance of farmers against climate risks, and the Credit Support
Mechanism facilitates the extension of credit to farmers, especially for crop failure due to climate
variability.
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The Department of Agriculture also is participating in RIDF for creation of irrigation potential
through Minor Irrigation/ Water Harvesting Structures.

The programme for the production of cash crops through adoption of precision farming practices
through poly house cultivation and Project on Diversification of Agriculture through Micro-Irrigation
and other related infrastructure is also being implemented in the State.

"Seed Village Programme" by which sufficient seed multiplication can be achieved in order to meet
local seed requirements is being implemented besides facilitating supply of seeds at reasonable cost
and ensuring quick multiplication of new varieties in a shorter time. Under this programme, areas of
better seed production will be identified and acompact area approach will be followed.

The adoption of organic agriculture on one hand, is expected to provide sustainability, while on other
hand, it will help in increasing the income of the farmers. The Government of India has launched a
National Project on Agriculture in order to promote organic farming in the State. Under this project,
financial assistance was being provided for setting up of Model Farms, training of farmers, setting up
of vermin composting units, hatcheries etc. For promoting organic farming a project was taken up in
Shimla District in collaboration with Morarka Foundation and District Rural Development Agency,
Shimla.

The current programmes aims to minimize the adverse effects of drought on production of crops and
livestock, and on the productivity of land, water and human resources, so as to ultimately lead to
drought proofing of the affected areas. It also aims to promote overall economic development and
improve the socio-economic conditions of the resource poor and disadvantaged sections inhabiting
the programme areas or affected areas.

The Horticulture Technology Mission programme funded by Government of India is taking care of
adaptation actions to combat climate change impacts as well as capacity building of extension work-
ers, farmers and NGOs to supportbetter vulnerability reducing practices.

5.4.2 Water Resources

In view ofvital importance of water for the sustenance of human and animal life for maintaining the
ecological balance and for economic and developmental activities of all kinds, and considering its
increasing scarcity, the planning and management of water resource and its optimal, economical and
equitable use is treated as a matter of utmost urgency. Concerns of the community are taken into
account for water resources development and management. The State Water Policy has been
prepared in the State and is being currently revised.

In order to provide permanent drinking water supply and to avoid deployment of tankers/tractors,
the Rehabilitation and Source Level Augmentation of various schemes are being implemented.
Through such schemes percolation wells are being developed (6 Nos. along right bank of River Beas
and discharge is 30 LPS of each percolation well)) The villages/habitations proposed to be covered
under these schemes are water scarcity areas and huge number of tankers and tractors are being
deployed to supplement the drinking water demand in summer season. On implementation of such
schemes, sufficient drinking water supply is likely to be available to all habitations maximum number
of Panchayats without deploying tankers/tractors in the summer seasons. Although Hand Pumps are
being installed throughout the State, but it does not cover the areas which has no road connectivity.
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These hand pumps are supplementing the existing piped water supply and have been installed in
drought prone areas, areas of acute water scarcity and other problematic areas and the areas where
tankers are being deployed during the peak season in recentyears ata huge financial cost.

The demand - driven, participatory approaches is being adopted in the State on water allocations.
The Village Panchayat / community are delegated with powers to plan, implement and manage
various schemes. An integrated approach to water, sanitation & hygiene, ground water conservation
and rain water harvesting is being adopted. Capacity development of the community to plan,
implementand manage the Rural Water Supply Schemes oftheir own choice is being undertaken.

The Hand Pump programme is quite successfull in mitigating the people's misery due to shortage of
drinking water in different pockets of drought prone and acute water scarcity areas. The programme
was started during 1991-92 and a total of 23,371 hand pumps have been installed in the State up to
March-2011.

As towns in the State mostly serve as health resorts, environment improvements assume special
significance particularly to avoid pollution ofthe rivers and other water bodies ofthe State. To abolish
carrying of night soil on head load and scavenging system in the country/states, the Government has
given top priority to connect dry latrine system into water pour system. Hence, the sewerage
programme has assumed immense importance to contain the water pollution problem. Under this
programme sewerage facilities are proposed to be provided in all towns ofthe State.

13 sewerage schemes have been completed viz. Shimla,Palampur, Mandi,Jawalamukhi Shri Naina Devi
Ji, Chamba, Bilaspur, Rohroo, Ghumarwin, Manali, Jogindernagar, Arki, Rampur, Reckong-Peo and
Sarahan. Thework on 24 schemes isin progress viz. Una, Solan, Sundernagar, Paonta, Sarkaghat, Kullu,
Mehatpur, Santokhgarh, Dalhousie, Chowari, Bhuntar, Dharamsala, Hamirpur, Kangra, Nagrota,
Jubbal, Sujanpur, Nadaun, Kotkhai, Narkanda, Theog, Nurpur, SuniandDehra.

The non-conventional methods for utilization of water, including inter-basin transfers, artificial
recharge of groundwater, as well as traditional water conservation practices like rainwater
harvesting, including roof-top rainwater harvesting, are being practised to increase the utilizable
water resources. The rain water harvesting has been made mandatory in Himachal Pradesh.

5.4.3 Forests & Biodiversity

India has astrong and well diversified afforestation programme. The impetus to afforestation process
was accelerated by the enactment of the Forest Conservation Act, 1980, which aimed at stopping the
clearing and degradation of forests through a strict, centralized control ofthe rights to use forestland
and mandatory requirements of compensatory afforestation in case ofany diversion offorest land for
any non-forestry purposes. In addition, an aggressive afforestation and sustainable forest manage-
ment programme resulted in annual reforestation of 1.78 mha during the period 1985-1997, which is
currently 1.1 mha annually. Due to this, the carbon stocks in forests ofthe country have increased over
the last 20 years to 9 -10 gigatons ofcarbon (GtC) during 1986 to 2005. The State of Himachal Pradesh
is known for its forest wealth and has demonstrated its commitmentto afforestation with an increase
in open forest of 13 sg. kms. Traditional methods are promoted for conservation ofbio resources.
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Mid Himalyan Watershed Development Programme:

The Project has become operative in 10 districts ofHimachal Pradesh w.e.f. 1st October, 2005 with thefinancial assistance of
the World Bank. The Project builds on the successful experience of the Integrated Watershed Development Project (IWDP)
(KANDI PROJECT) which culminated on 30tSeptember, 2005. MHWDP Project aims atscaling up the successes of IWDP with
two main differences. First, it expands upwardsfrom the Shivaliks to the Mid-Hills, a region which covers about one-third of
the State and over halfofthe cultivated land. Second, it entrusts the responsibilityfor most Project implementation with the
local governments (Gram Panchayats) rather than with Village Development Committees, which were created for the
purpose ofIWDP implementation.

Project Goal & Objectives:

The overallgoal ofthe projectis to reverse the process ofdegradation ofthe natural resource base and improve the productive
potential of natural resources and incomes of the rural households in the project area in Himachal Pradesh (using the
Community-driven Development (CDD) approach). A secondary objective is to supportpolicy and institutional development
in the State to harmonize watershed developmentprojects and programs across the State in accordance with bestpractices.

ProjectScope:

The project covers around 272 Micro-watersheds spread over 602 GPs, 42 blocks and 10 districts (viz., Bilaspur, Chamba,
Hamirpur, Kangra, Kullu, Mandi, Shimla, Sirmaur, Solan, and Una). The project benefits are expected to reach to around
25,000 poorfamiliesin theprojectarea.

ProjectArea:

The project covers the Mid Hill and High Hill zone of the State within the altitude range o f600-1800 metres. Shiwalik Hills
areas up to an altitude o f600 meters has not been considered as it has been covered in IWDP (Hills-1 and IlI). Accordingly, 11
sub-watershed divisions (falling in 10 districts except Tribal Districts) have been selected while covering 602 Gram
Panchayatsfor implementation.

The projectis of 7years duration. The project became operational in October, 2005 and will culminate in March 2013.A key
feature of the Project is the proactive involvement ofvillage level institutions ofself-governance i. e. the Gram Panchayats
(GP). Itisenvisaged thatsubstantial Project activities, and the Projectfunds, would be channelized directly through the GPs.

GuidingPrinciples:

An integrated Watershed Managementframework as astrategy.

Conservation planning, while using water as the nucleusfor acommunity-based program ofrural development.
Decentralization ofPRIs and making them sustainable instrument ofnatural resource management.
Costsharingfor promoting ownership.

Transparency in decision making and resource allocation.

Targeting vulnerable groupssuch as women, landless and nomads with special programmes.

Value addition to agricultural production.

Improving accessibility.

Communities being empowered through capacity building, partnership and accountability mechanism.

©O~N R WDNPE

Bio-Carbon Sub-Project:

(BC Sub-Project) is proposed as an additional component of the Mid-Himalayan Watershed Project (MHWP). Both projects
(MHWP & BC)focus on differentapproaches and implemented on differentlands - at the same time complementeach otherin
all respects. The objective under the BCsub-project has been developed through aseries ofconsultations with Mid-Himalayan
Watershed Project (MHWP) partners, Forest Department, Govt ofHP (GoHP) and World Bank wherein a consensusfor three
guiding principlesfor theprojectwere reached:

i) identifylocallygrown and accepted species in the MHWP areas,

ii) involve small and marginalformers in plantation activities that will bring value addition to the ongoing watershed
interventions/activities,

iii) the plantation activities should supportfor livelihood enhancement. However, itisalso important to understand the
contextofMHWP through which itisproposed to implement the BC sub-project as an additional component and use
its institutional base withoutwhich itwould not be possible to develop thisinitiative.
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The interventions proposed under the BC sub-project makes the villagers a strategic seller ofCarbon Credits under the Kyoto
Protocol as well as in response to global demand for Certified Emissions Reductions under the Clean Development
Mechanism. The BC sub-project is agood opportunityfor value addition to the marginalfarmers as majority ofthem will be
receiving additional cash benefits by selling carbon credits that is over and above ecological and livelihood benefits through
MHWP. Besides selling Carbon Credit, the villagers ingeneral will alsoget direct benefitoffuel wood and NTFPs (Non Timber
ForestProducts).

Flow o fB enefits

Economic Ecological Socio-Economic

NTFPs Watershed protection Involvement ofthe poorest ofpoor

Fuel wood Biodiversity co nservation Capacity building of communities particularly women
in management ofcarbonfinance

Fodder Soil quality improvement Institutional development

Carbon revenue - Increased crop productivity

Indicative carbon revenue: Rs. 3000 to 4000/ha at US$4/tonne ofcarbon besides reduction of GHG globally.
(Ref: HP ForestDepartmentwebsite)

5.4.4 Health

The State has a better public health care infrastructure and better health status than many other
Indian states e.g., infant mortality rate in the State is less than two-third of the all India average. The
people ofthe State also appear to find higher value in the care provided by government facilities many
Indians in other states.

The Department of Health has played an important role in this success through such activities in
improving government health facilities and implementing the targeted disease reduction campaigns.

As the State is developing economically, there is also a need for the Department of Health to engage in
greater depth on the issue of insurance and the challenges of providing financial protection against
catastrophic losses. The current insurance mandate in the State represents a step forward. A robust
regulatory mechanism needs to be in place in order to mitigate effectively.

There are various programmes which are being carried out extensively in the State. The prime
objective of these programmes is the surveillance and control of vector borne diseases such as
Malaria. The health programmes also provide for emergency medical relief in the case of natural
calamities, and to train and develop human resources for these tasks.

There are other programmes to promote the role of Gram Panchayats in providing basic health care to
their residents and as a part ofthe decentralization planning processes, the basic health functions are
also being provided by the Gram Panchayats.

5.4.5 Disaster Management

The flood prone area in the State has been estimated as 2.31 lakh ha. The Government of Himachal
Pradesh is making strenuous efforts to protect private properties and culturable land by providing
emergent flood protection measures in the shape of embankments, spurs and wire crates etc. Up to
March, 2011 the Irrigation & Public Health Departmentwas able to protect an area of 17,602 ha from
the fury offloods.
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A Disaster Management Authority has been setup in the State to combat the emerging threat of
natural disasters. The State provides grants-in-aid to victims of weather related disasters. It also
supports proactive disaster prevention programmes, including dissemination of information and
training on disaster-management personnel. The State Disaster Management Plan is also being
finalized wherein the vulnerability assessment of the State would be carried out and various
mitigation measures would be suggested. Besides his, District Disaster Management Plans have been
prepared by most of the districts and District Disaster Management Authorities have been
established. The State Emergency Operation Centre (SEOC) has also been established.

5.4.6 Actions Relevantto GHG's Mitigation

Himachal Pradesh has in place a detailed policy to programme level structure that relates strongly to
GHG mitigation. The State has in place its own Power Policy which ensures sustainable development
of hydropower and promotes run-of-river projects, release of minimum discharge downstream the
diversion structures etc. The major initiatives are:

e Promotion of CFL bulbs, energy efficiency in all sectors.

e Promotion ofropeways.

e Emphasis on use ofrenewable sources of energy including biofuel plantations.
e Accelerated development of Hydro power through run-ofriver projects.

e Adoption ofseveral clean energy related technologies.

A number ofeconomic activities are required to prepare Environment Impact Assessments (EIA), and
Environment Management Plans (EMP), which are appraised by SEAC/ SEIAAs before the
commencement of work. The provisions under the Environment (Protection) Act, 1986 strongly
promote environmental sustainability. The mitigation ofimpacts is ensured through implementation
of Environment Management Plans. The State is also undertaking preparation of basin wide
Cumulative Environment Impact Assessment (CEIA) and basin wide integrated catchment Area
Treatment Plan (CAT).

5.4.7 Other Initiatives

- A "Community Led Assessment, Awareness, Advocacy & Action
Programme (CLAP) for Environment Protection and Carbon
Neutrality” in Himachal Pradesh has been started in the State. This
programme has been envisioned to assess the carbon and
environment footprints at Panchayat level, the smallest unit of
governance and through advocacy usher in sustainable
development and low carbon economy in partnership with the
citizenry through environment awareness, awareness, advocacy,
action and improvementactivities.

The programme atthe grass root level would comprise ofthe following activities:

e Assessment: Facilitate systematic assessment and documentation of the existing
environmental quality and carbon foot prints of Panchayats, Urban Local Bodies, Blocks, and
Districts through network of Eco-clubs, Mahila Mandals, NGOs etc. by Participatory
Appraisal Techniques and build requisite capacity for these purposes on an ongoing basis.
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e Awareness: Facilitate generation of systematic awareness through network of Eco-clubs,
Mahila Mandals, NGOs etc. of amongst among citizens, decision makers, communities and
other stakeholders in the society on the state of environment, environmental issues and
causes of degradation and possible ameliorative action.

e Advocacy: Facilitate mobilization of communities and panchayats through network of Eco-
clubs, Mahila Mandals, NGOs etc. for to promote environmental advocacy for policy change at
district and state level.

e Action: Based on environmental assessment help Panchayats and communities through
network of Eco-clubs, Mahila Mandals, NGOs etc. to undertake environmental improvement
actions atthe local level to improve environment and reduce their carbon foot prints.

- The State Government has introduced use of CFL for energy conservation through 'Atal Bijli
Bachat Yojna’ by distributing 4 CFL bulbs at free of cost to every family in Himachal Pradesh
aimed to achieve sizable reduction in energy consumption. The State is also encouraging run-of-
river hydel power projects and is striving to meet 100% of its energy requirements from the hydel
sector. The State is discouraging use offossil fuels and other traditional materials for space heating
and has banned use of coal for purposes of space heating. This has led to a sizable reduction in the
GHG emissions in this environmentally sensitive Himalayan
state. The State has also initiated the processes of energy
efficiency, waste audit and water audit etc. The State is
promoting use of energy efficient devices and making efforts to
reduce the consumption of energy and promoting use of solar
passive technologies. The solar passive designs have been
made mandatory in the State. By following Energy
Conservation Building Code (ECBC), the space heating load of
Government building can be reduced by 40%. By replacing the
existing 40 W tube lights with energy efficient T-5 tubes and by
providing daylight controls, energy consumption can be
reduced by 70%. By integrating solar hot water system with
existing heating system, 10 % load on the central heating can be reduced.
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Gaps in Understanding the Impacts of Climate Change

Based on the available data and its assessment clearly indicates thatthat there is a considerable gap in
our knowledge about the natural resources and their vulnerability to climate change of the entire
Himalaya in general and State in particular. There is no systematic monitoring, documentation, or
research to have an update on the status of biodiversity in the region. Despite various projections and
observed changes, the region lacks adequate scientific evidences to understand the impact of climate
change onvarious aspects of human well being. Across the entire region, most ofthe limited research
that is available focuses on the adverse impacts of climate change and overlooks the adaptation
mechanisms that local people have developed themselves, and have evolved the potential new
opportunities. There is also a lack of trained human resource and institutional set up and policy
imperatives to tackle climate change issues. The present analysis and assessment experienced
shortcomings mainly as a result of lack of reliability in observed trends and model projections in later
parts resulting from the lack of consistent sector wise data in relation to climate change. Three broad
areas stand out as knowledge and data gaps that need to be addressed:

e First, there is much to learn about the potential magnitude and rate of climate change at the
regional and local levels, and subsequent impacts on the full range of biodiversity endpoints
and ecosystems.

e Second, there is need to develop a consolidated biodiversity conservation techniques (both
traditional and natural), or climate adaptation technigues, targeted on Himachal Pradesh or
Himalayan region.

e Third, detailed analysis needed at the moment to be developed for each of the priority
vulnerable sector specifically to agriculture and horticulture, ecosystems and to biodiversity
and other natural resources.

Based on available data base and the current/prevalent conditions, analysis have been carried out for
Himachal Pradesh to demonstrate that how the State is vulnerable w.r.t. climate change risks and
what are the indicators/scenarios. An attempt has been made to undertake the district level mapping
of adaptive capacity in the State as a composite of bio, social and technological indicators. But
certainly inadequate data base and the knowledge gaps indicate towards strengthening of capacity of
State on account ofthis.

6.1 Actions on Gaps for Projections

In Himachal Pradesh there is exists a significant data gap for drawing projections. Climate change is
an interdisciplinary subject that cuts across physics, chemistry, biology, earth sciences, economics,
technology development, etc. Therefore, multiple data sets are required even to simulate the current
situations by different models; for which the current data on climate, natural ecosystems, soils, water
from different sources, agricultural productivity and inputs and socio-economic parameters amongst
others are continuously and consistently required. It is essential to have accessibility to databases
thatreflect local and regional concerns. Various agencies in State are presently collecting such data on
a regular basis; however, efforts are required to be made to establish an effective mechanism for
sharing and accessing this data in formats that can be easily deciphered.
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6.2 Systematic Observations

Systematic observations that have the long term effects must be taken up on a regular basis in the
State which adds to the database on physical and biological systems for example, data on forest
vegetation types. In Himachal Pradesh, forest observation plots were established in the late 19t
century to observe the changes in forestvegetation patterns in different areas. However, most ofthese
plots have not been continuously monitored, and as a result, we do not have adequate data on the
vegetation types, forest soil characteristics etc. which could have been effectively used for modeling.
The Forest Survey of India (FSI) is now making efforts to revive these plots, so that they can be
observed and monitored for a longer period of time to attribute the effects of climate change on
various systems.

6.3 Building Capacities

A rapid building up of capacities is essential to enhance the level of climate change research in
Himachal Pradesh. In this context scientific cooperation and collaboration is essential in the area of
climate modeling, impact assessment, integrated impact assessments, research on mitigation of
climate change concerns and adaptation to impacts of climate change. Extensive networking of
researchers within country to carry forward the work on science, impacts and mitigation of climate
change in the State is required.
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Main Entry Points with Eight National Missions

The Government of Himachal Pradesh has already decided to undertake the path of sustainable
development and inclusive growth and have taken various initiatives and programmes which would
be further strengthened to deal with the challenges ofclimate change.

7.1 Sector wise Description ofOngoingActivities

7.1.1 Himachal Pradesh Solar Energy Programme

In the State 'Himurja' is set up to significantly increase the use ofsolar energy in the total energy mix
while recognizing the need to expand the scope of other renewable and non-fossil options such as
thermal energy, wind energy and biomass.

Himachal Pradesh is a tropical Himalayan State, where sunshine is available for longer hours per day
and in great intensity. Solar energy, therefore, has an enormous potential as future energy source. It
also has the advantage of permitting a decentralized distribution of energy, thereby empowering
people atthe grass root levels.

Subsidies are being given on the
purchase of solar heaters, cookers,
photovoltaic cells which are
becoming cheaper with new
technology. There are newer
reflector-based technologies that
could enable setting up of
megawatt scale solar heaters for
hot water.

Awareness programmes are being
conducted for the use solar water
heating, streetlights systems to
save energy and reduce GHG
emissions in the State.
Solar Trombe Wall at Tabo Monastery Sarai
While dealing with environmental
NOCs, directives are there to
ensure that the project developers shall install solar space heating systems, use solar street lighting
systems in the State.

It has been emphasized that the projects would be prepared which could draw upon international
cooperation as well to enable the creation of more affordable, more convenientsolar heating systems,
and to promote innovations that enable the storage ofsolar power for sustained, long-term use.

Himachal Pradesh is the first state in the country to introduce Solar Passive Building technology for
the design and construction of Governmental & Semi Governmental buildings on a large scale. H.P.
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State Council for Science, Technology & Environment has formulated a Solar House Action Plan for
Himachal Pradesh in May 1994, which is being supported by Ministry of Non-Conventional Energy
Sources, Govt. of India.

The State Council is also coordinating the Solar Passive Building Programme in Himachal Pradesh in
collaboration with HP Public Works Department H.P. (PWD), HP Housing and Urban Development
Authority (HIMUDA) Board & other organizations.

A Solar House Action Plan for Himachal Pradesh has been formulated under which it has been made
mandatory that all Govt./ Semi Govt. buildings be designed and constructed as per solar passive
housing technology in aphased manner.

Solar passive building technology has been made mandatory in Himachal Pradesh under which all the
departments including Corporations, Boards, Universities, HP Housing Board and HPPWD are
required to incorporate features of solar passive technology in their designs at places above 2000
meters (msl)

7.1.2 Himachal Pradesh Energy Efficiency/Saving Programme

The Energy (Conservation) Act, 2001 provides a legal mandate for the implementation of energy effi-
ciency measures through the institutional mechanism of Bureau of Energy Efficiency (BEE) not only
in the Central Governmentbut also in each State. A number of programmes have been initiated and it
is anticipated that these would result in saving of 500 MW in overall consumption of the energy in
Himachal Pradesh.

In the State Government has initiated various programmes to enhance energy efficiency.

» Launched 'Atal Bijli Bachat Yojna' in the State by distributing CFL to the people of State at
free of cost to promote saving of energy as a shift to energy efficient
appliances/equipments.

e Complete ban on use ofcoal for space heating etc.

e Developing economic instruments to promote energy efficiency in Himachal Pradesh.

e Committed to harness the entire potential of 22,000 MW of Hydro Power available in
State though the demand of the State is far less than the available potential, so as to
contribute to the country’s clean energy demand for meeting the set goals for reduction
inthe GHG emissions.

e Encourage the use ofsolar passive heating systems and promote the use ofbiogas plants.

» Discourage the energy intensive industries that contribute large to GHG emissions.

7.1.3 Himachal Pradesh Sustainable DevelopmentProgramme for Urban & Rural Areas

The State Governmentis committed to develop in asustainable manner so as to conserve its beautiful
environs through improvements in management of solid waste, waste water, modal shift to public
transport, construction of buildings and roads, energy efficiency in buildings etc. The State
Government is firm to promote sustainable development, energy efficiency as an integral
component ofurban and rural planning through various initiatives.
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i. The State Government has completely banned the use of polythene carry bags, cups, plates
and glasses in the State.

. Emphasis has been made for recycling ofwaste materials.

iii.  Municipal Solid Waste Management is a major component of ecologically sustainable
economic development. Our country already has a significantly higher rate of recycling of
waste in the context of 'kabaris'system as compared to many countries.

iv. ~ The waste water treatment plants are installed and the use of waste water and recycling
options are exercised wherever possible.

V. To save potable water, rainwater harvesting in new buildings has been made compulsory.

vi.  The Energy Conservation Building Code, the green buildings which addresses the design
of new and large commercial buildings to optimize their energy demand has been
promoted.

iii. Initiatives have been made for better urban planning and sustainable rural development
having effective waste management facilities.

iv.  The public transport systems have been strengthened by providing more infrastructures
such as energy efficientvehicles and good road network.

V. Master Plan for the transport shall be prepared for Himachal Pradesh focusing long term
transport plans to facilitate the growth of medium and small towns in ways that ensure
efficientand convenient public transportin tourist seasons.

vi.  State Disaster Management Plans are being prepared to address issues associated with
extreme weather eventualities in the State such as cloud burst, floods, health hazards etc.

7.1.4 Sustainable Water Management

In Himachal Pradesh availability of water is highly uneven in both space and time. Precipitation is
confined to only about three to four months in ayear and varies from about 600 mm in Lahaul & Spiti
district to around 3200 mm in Dharamshala, District Kangra. However, in spite of heavy rains and
snow during the rainy season and the winters, the summer months are periods of water scarcity in
many areas as the flow in the rivers and nallahs is quite low and the traditional sources also dry up.
This results in migration of humans and animals to the banks of rivers with perennial flows. On the
other hand, heavy rains regularly cause havoc due to floods. Flash floods also cause damage in the
higher reaches of the State. Thus, to address the issues of drought management in some areas and
flood control in others, the State Government has framed a State Water Policy. Planning and
implementation of water related projects has many socio-economic aspects and issues such as
environmental sustainability, resettlement and rehabilitation of project-affected people and
livestock, public health concerns of water impoundment, dam safety etc., clear guidelines are,
therefore, necessary in these matters in the State.

As a scarce and precious resource its usage has to be planned, along with conservation and
management measures, on an integrated and environmentally sustainable basis, keeping in view the
socio-economic needs ofthe State. In the 214century, efforts to develop, conserve, utilize and manage
this important Himalayan resource in a sustainable manner have to be guided by the State's
perspective and vision.

The State Government will work in consonance with the National Missions on Climate Change to

ensure integrated water resource management to conserve water, minimize wastage and ensure
more equitable distribution both across and within the State.
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The State's Water Policy is being revisited in consultation with the line departments such as Urban &
Rural Development, MPP & Power, State Ground Water Authority to ensure basin level management
strategies to deal with the variability in rainfall and river flows due to climate change.

The demand of water for industrial use has so far largely been concentrated in or near the towns.
However, the domestic and industrial water demand in rural areas is expected to increase sharply as
the development programmes improve economic conditions as more and more industry comes up
there. Impounding of water for hydropower generation will also increase, as the potential in this
sector is harnessed. This underscores the need for the utmost efficiency in water utilization and
public awareness ofthe importance of conservation and maintenance ofwater quality.

Water quality isimpacted by untreated or inadequately treated hotel, industrial effluents and sewage
flowing into nallahs and rivers or affecting the surface and ground water. Since it has potential to
adversely affect the health of the populace, special attention needs to be paid to these aspects.
Improvements in existing strategies, innovation of new techniques resting on a strong science and
technology base are needed to eliminate the pollution of surface and ground water resources to
restore the pristine quality.

7.1.5 Sustainable Development to Save the Himalayan Ecosystem

The sustainability of Himalayan Eco-system is of utmost importance. Himalaya has the largest
concentration of glaciers outside the Polar Regions. Geological history of the earth indicates that the
glacial dimensions are constantly changing with the changing climate. Last glaciations took place in
the Pleistocene Time. During the peak glaciations, 46 million sg. km., area was covered by glaciers
which are more than three times the present ice cover. The data indicates that during the Pleistocene
Time, the earth experienced four or five glaciations period separated by an interglacial period. During
an interglacial period, the climate was warm and the de-glaciations occurred on a large scale. This
suggests that glaciers are constantly changing with time and these changes can profoundly affect the
runoff from Himalayan Rivers. In order to assess the changes in the runoff from these Himalayan
reservoirs, systematic studies ofthe glaciers and snow covers is required to be undertaken.

Himachal Pradesh is a small hilly state which lies in the North western Himalaya, the youngest
mountain chains in the world. A scientific study carried out on the evolution ofthe Himalaya suggests
that these mountain chains are rising at the rate of 2 cm per year. The State of Himachal Pradesh can
broadly be categorized into three major physiographic sub divisions The Outer Himalaya (the
Shiwaliks), the Middle Himalaya (Lower Himalayas) and the Inner Himalaya (Higher or Great
Himalayas). The Higher Himalaya predominantly is the snow-clad peaks and remains under thick
cover ofsnow throughoutthe year.

Five major perennial rivers of Northern India pass through Himachal Pradesh. The major rivers are
Ravi, Chenab Beas, Satluj & Yamuna. The rivers Ravi, Chenab and Beas originate from the glaciated
areas in the State and all the five rivers which passes through the State depends largely on the snow
and glaciers for their discharge dependability during the peak and lean seasons. In order to
understand the runoff from these Himalayan Rivers, systematic studies on snow and glaciers have
been carried out in Himachal Himalaya to estimate the snow and glacier cover available in the Satluj
and the Beas basins. The investigation suggests that there are about 334 glaciers in the entire Satluj
and Beas basins covering atotal area of 1515 sg. km. Besides this, 1987 permanent snow fields could
also be mapped from the satellite data covering a total area of 1182 sq.km. Out of the 334 glaciers

STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012 132



identified, 202 glaciers fall in the Himachal Himalaya, whereas the remaining glaciers are in the
Tibetan Himalaya.

The State Government is to evolve management measures for sustaining and safeguarding the
Himalayan glaciers and mountain eco-systems. An observational and monitoring network for the
Himalayan environmentis required to be established to assess freshwater resources and health ofthe
ecosystems. Cooperation with neighbouring States will be sought to make the network com-
prehensive in its coverage.

In Himachal Pradesh, about 90% of rural people practice hill agriculture and their vulnerability is
expected to increase on account ofthreats of climate change. Community-based management ofthese
ecosystems will be promoted with incentives to community organizations and panchayats for
protection and enhancement of forested lands. In rural, tribal and mountainous regions, the aim will
be to maintain two-thirds of the areas under forest cover in order to prevent soil erosion and land
degradation and to ensure the stability ofthe fragile Himalayan eco-system.

There is an urgent need to conduct astudy on the existing snowfields and glacial fluctuations all along
the Himachal Himalaya and their expected life spans from future perspectives.

In order to undertake studies pertaining to Himalayan eco-system, a Regional Centre for Glacial
Monitoring and Management needs to be established in the State.

7.1.6 Programme for GreeningofHimachal

There isa clear indication of climate change having a directimpact on the vegetation both natural and
cultivated, and also on the availability of water in the rivers and streams. At the same time, land which
is not presently available for forestry being under permanent snow cover could gradually convert in
to grassland/forests.

Himachal Pradesh provides an unmatched contribution to 'national interest' in sustaining life
support systems, on the basis of which sustainable development can be realized downstream in the
plains of Northern India. Attention is shifting to environmental services provided by the forests.
These include critical watershed services, biodiversity conservation, carbon sequestration and off
course maintaining the landscape beauty. The State has a repository of rich floral and well as faunal
bio-diversity. The floral bio-diversity has become a part of livelihood practices of our rural as well as
tribal populace in the State. The State also has a significant area above 3000 meters from sea level.
Although trees do not grow much above this altitude, but these unique eco-system supports precious
Himalayan biodiversity. To conserve this exceptional bio-diversity, which include several globally
threatened species, like the Snow Leopard, the Himalayan Ibex, Himalayan Brown Bear, Himalayan
Lynx, Himalayan Tahr etc.,, Himachal Pradesh has setup a network of national parks and wildlife
sanctuaries, covering approximately 14% ofits geographic area.

Ecosystem services, human welfare and economic systems are intrinsically connected. Sustainable
forest management, the new mantra, has emerged to meet societal concerns and tackle conservation
and land-use issues, providing for multifunctional landscapes and looking to eco-regions rather than
boundaries as the unit of analysis and management. It is a movement away from the conventional,
commodity production orientation, towards a holistic, people- centric ecosystem-level approach.
This shift has been necessary to address State's depleting drinking water sources, global warming
and biodiversity losses. Sustainable forest management represents a new look at forests and forest
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managementin order to meettwo major commitments:

1. Protect and restore the forest ecosystem—improve biological diversity, enhance water
supplies, make possible carbon sequestration, meet recreation needs and provide for the
forest dependent communities through improved non-wood forest produce;

2. Encourage profitable enterprises, attracting the investor who sees sustainability as a
viable economic venture.

The role ofwoody vegetation in sequestering carbon is well recognized. Research to study vegetation
shifts in the forestry sector, to establish whether the crop compositions are changing, or there is the
effect of climate change on biodiversity is urgently required in Himachal Pradesh. Such studies will
ultimately help define the policy on raising and maintenance of forests in the State. The possible
mitigation strategies in forestry that would evolve would be implemented to reduce GHG emissions
and enhance carbon sinks in soils and forests. These would extend to finding of proper energy
solutions to alow-carbon energy economy, explore options to leap-frog to cleaner development paths
and work towards enhancing de-carbonizing potential. Under adaptation, the issues that are in focus
are the vulnerability of higher altitude forests in Himachal Pradesh and possible forest-type shifts
occurring in more than 80% of the forestry grids, likely increased forest fire occurrences and the
anticipated water stress and scarcity in the region that would come under water resource
management.

The State Government has successfully initiated the Sanjhi Van Yojna Scheme by the involvement of
grass root level institutions such as Gram Panchayats, Mahila Mandals, Yuvak Mandals, Ex-
servicemen's bodies, Schools, Village Forest Development Societies (VFDSs), User Groups, other
Community Based Organisations (CBOs) and NGOs in sustainable management of forest resources.
This involves giving grant of 100 % income from plantations to the VFDSs and Panchayats; grant of
total usufruct rights to the VFDSs; regeneration of degraded forest areas and conservation and
sustainable use of better forests through community involvement. Involvement of local communities
in the choice of species to be planted under the scheme; creation and enhancement of social, physical
and financial capital ofthe participating communities for poverty reduction; special emphasis on the
involvement of women in the scheme; recognising that participatory processes are critical to
Sustainable Forest Management in the State. Recognising the link between rural poverty reduction
and the sustained and increasing availability of forest resources and access to them for the rural
communities particularly the poor; the scheme targets pockets of poverty in the state.

Forests of Himachal Pradesh known for their grandeur and majesty are like a green pearl in the
Himalayan crown. This life supporting systems are presently under stress due to impact of modern
civilization, economic development and growth in human and cattle population. According to
National Forest Policy, 1988, at least two third i. e. 66% ofthe total geographical area should be under
forestin the hilly states like Himachal Pradesh. However, keeping in view that about 20 % ofthe areais
inaccessible and beyond the tree limit, the State Government aims to bring 50% of the geographical
area under the forest cover. The forests ofthe State have been classified on an ecological basis as laid
down by Champion and Seth, and can be broadly classified into Coniferous Forests and Broad-leaved
Forests. A State wide programme has been launched to enhance ecosystem services including carbon
sinks. Rural campaign for the afforestation through MNREGA has also been undertaken.
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The programme on Green Himachal will be taken up on degraded forest land through direct action by
communities, organized through Joint Forest Management Committees and guided by the
Department of Forests, Himachal Pradesh. Financial assistance for the programme shall be drawn
through the Compensatory Afforestaion Managementand Planning Authority (CAMPA) to commence
work.

7.1.7 Sustainable Agriculture

Himachal Pradesh is predominately an agricultural State where agriculture provides direct
employmentto about 71 percent ofthe total population. The Agriculture sector contributes nearly 30
percent of the total State Domestic Product. The Department of Agriculture is serving the farming
community by implementing various developmental programmes and disseminating the relevant
technology to increase productivity, production and profitability of field crops. The natural
endowments like soil, land, water etc. are being harnessed in such a way that cherished goals of
ecological sustainability, economic up-liftment of farming community are achieved. About 18-20%
area in the State is irrigated and rest is rain fed. The agriculture research is being undertaken State's
Agriculture University, Palampur. The Department of Agriculture is, therefore, now concentrating on
agriculture production and soil water conservation aspects and practices. Thrust areas identified for
future agriculture developmentin Himachal Pradesh are as under:

- Diversification of area from traditional crops to commercial crops where irrigation potential has been
created. The farmers are being motivated to produce organic vegetables without the use of pesticides
and chemical fertilizers.

- Development of rainfed areas through watershed approach on a large scale for efficient and judicious
use of natural resources is being undertaken. Increased funding is being arranged under the RIDF.

- Rainwater harvesting is another area, which not only provides life saving irrigation to the crops but
also recharges the ground water and checks the erosion. The Department is seeking financial
assistance from Govt. of India for small irrigation tanks/shallow wells and pumping sets etc.

- Increase in maize productivity through highyielding hybrids.

- Adoption of precision farming practices (Poly House and Micro Irrigation).

- Organic farming is being promoted as the thrust area.

- Postharvest management and efficient marketing system is being encouraged.

- Farm mechanization with special reference to hill agriculture is being given major thrust. This is
necessary to reduce cost of cultivation in view of high cost of labour. A Technical Working Group has
been constituted to identify new farm implements and machinery, which can be introduced in the
State.

- A strong research extension interface directed towards problems oriented research programmes is
being undertaken. Research projects are being identified and funded in the problem areas.

- Extension reforms through public-private partnership are under way.

- Agro processing andvalue addition is being encouraged.

- Emphasis is on increase in productivity and quality.

- Application of Biotechnology in the field of agriculture is being explored.

- Soil testing and issuance of Soil Health Cards has been undertaken.

The State Government is committed to impart latest technology to the farmers for increasing
agricultural production in view of climate change threats. This includes ensuring timely supply of all
types of agricultural inputs like improved seeds, agricultural implements, pesticides and fertilizers
etc. The capacity building of the farmers in the sustainable use of irrigation water, soil and water
conservation technologies, trainings on Integrated Pest Management, use of farmers friendly bio
fertilizers, diversified farming systems and to create irrigation facilities to the farmers through
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minor/tank irrigation schemes so as to obtain maximum returns from their land even in the
challenges emerging from climate change in the State are being undertaken.

The State Government is revisiting the functions more effectively to make agriculture more resilient
to climate change. It would identify and develop new varieties of crops especially the thermal
resistant crops and alternative cropping patterns capable ofwithstanding extremes of weather, long
dry spells, flooding, and variable moisture availability.

Agriculture is progressively adapted to projected climate change and our agricultural research
systems will be reoriented to monitor and evaluate climate change and recommend changes in
agricultural practices accordingly.

This will be supported by the convergence and integration of traditional knowledge and practice
systems, information technology, geospatial technologies and biotechnology. New credit and
insurance mechanisms will be devised to facilitate the adoption of desired practices. Focus would be
on improving productivity of rainfed agriculture. India will to spearhead efforts at the international
level to work towards an ecologically sustainable green revolution.

7.1.8 Strategic Knowledge for Climate Change - Towards Carbon Smart Growth

Geological history of earth indicates that the glacial dimensions are constantly changing with
changing climate and these changes can profoundly affect the runoff of the Himalayan Rivers. On the
basis of study carried out, total 23,315 sq. km. area is under snow in India and the runoff from these
glaciers contributes significantly to the stream flow of the rivers originating in the higher Himalaya.
Therefore, it is important to study the glacial aerial extent and possible changes for proper
management of Himalayan water resources with an aim is to develop ofa model to assess the effect of
climatic variation on Himalayan glaciers and to assess changes in the glacial-melt runoff due to
climatic variations. The studies are being carried out in the Spiti and Baspa basins of Himachal
Pradesh. On monitoring the glaciers of Spiti river basin, it has been found that a de-glaciation ofabout
10% has occurred between 2001 and 2007 in the entire Spiti river basin. Likewise de-glaciation of
about 22% has been reported in the Baspa river basin. The inventory ofglaciers and permanent snow
fields has been prepared for the Chenab river basin which suggests the presence of 454 numbers of
glaciers and 768 number of snow fields in Chenab river basin in Himachal Pradesh only. Complete
data base for the glaciers and snowfields in Satluj & Beas basins is available in digital format.

A "Community Led Assessment, Awareness, Advocacy & Action Programme (CLAP) for Environment
Protection & Carbon Neutrality in HP." has been launched in the State for a period ofthree years with
the aim to develop Himachal Pradesh as sustainable and climate resilient State by mobilising
community's responsibility for environmental assessment, environment protection and carbon
neutrality. The programme would ensure knowledge of high quality and focused approach into
various aspects of climate change, socio-economic impacts of climate change including impact on
health, demography, migration patterns and livelihoods of rural communities.

An 'Environment Fund' has been created by the State Government to facilitate and support the
environmental protection activities. Private sector initiatives for development of innovative
technologies for adaptation and mitigation would be encouraged through environment fund.
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7.2 Sector wise Glimpse of Initiatives Taken

Watershed Development

The fragile Himalayan ecosystem in Himachal Pradesh forms the catchment of major Indian rivers the
Satluj, Beas, Ravi, Chenab and Yamuna. It is an important source of water that supports about 200
million people in Punjab, Haryana, Uttar Pradesh and Rajasthan. In addition, these rivers are crucial
in sustaining livelihoods and assuring food and water security (for irrigation and domestic use)
across much ofthe northern India besides enhancing agricultural productivity and natural resource
base in Himachal Pradesh.

The watershed development programmes in the State aim at enhancing livelihoods of rural
inhabitants while ensuring sustainable management of land and water resources and furthering
progress on fiscal, administrative and political decentralization to Gram Panchyats (GPs) for
strengthening local governance and participatory development.

The Watershed Development Programmes (WDP) have become a trusted tool for the overall
development of the villages and people living within awatershed area. The Watershed Development
Programme initially envisaged as a measure for poverty alleviation and improved livelihoods has
gained even greater importance in the light of the worldwide recognition of its effectiveness in
combating climatic change.
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Through Watershed Management Programmes, the State is striving to improve the productive
potentials of watersheds and their associated natural resource base through soil moisture
conservation, rain water harvesting, afforestation, pasture development, sustainable agriculture
and horticulture activities and development of the degraded land. It also develops and strengthens
community based institutional arrangements for sustainable natural resource management, imparts
skills and employment opportunities for non-farm sectors, ensures involvement of village
communities in participatory planning, implementation as well as social and environmental
management.

Soil & Moisture Conservation

Step Towards Green Cover

Nursery Raising Contour Trenching Growing Vegetables by Lifting
Water from Check Dam
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Pasture Development, Watershed - Bamned Khad

Rural Participation

Itis felt that people’s participation is not only critical during the implementation phase ofwatersheds
but also ensures conservation and development of Common Property Resources. The State has
consciously created a scenario where the Government is acting as a facilitator and the people at the
grass root level become the real executioner and beneficiary ofthe programme.

Glimpses of Rural Prosperity- MNREGS

This programme has not only enhanced livelihood security of households in rural areas of the State
but has also helped in strengthening natural resource management through works that address
causes of chronic poverty like drought, deforestation and soil erosion and therefore has encouraged
sustainable developmentin rural areas.
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Total Sanitation Campaign is another mile stone
for the State. The State has strategized holistic
concept of sanitation including generation of
awareness on the 'need’ for sanitation amongst
people individually and also as a community.

Rs. 353 crore 'Pandit Deen Dayal Kisan Bagwan
Samridhi Yojna' envisages construction of
polyhouses and bringing maximum area under
minor irrigation for which State Govt. is providing
80 percent subsidy to the beneficiaries.

'Himachal Pradesh Crop Diversification

Project' atthe cost of Rs. 321 crore has been taken

in hand to ensure organic farming and production of vegetables besides creating infrastructure for
agriculture development. It is being implemented in collaboration with Japan International Co-
operation Agency (JICA).
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Organic Himachal

The National Mission on Sustainable Agriculture Development emphasizes
on promotion ofgood agriculture practices as necessary components ofthe
agriculture development approaches for which organic farming is the best
known tool. The State has formulated the Organic Farming Policy which
takes into account whole gamut of organic farming such as vision, mission,
strategy about desired policy revision, awareness raising among
stakeholders, organic technological and extension support to the farmers,
quality assurance of State produce, organic inputs, demand and supply
issues, developing organic supply chains as well as governance and
implementation.

'Horticulture Technology Mission' programme is being implemented in the State with an objective
ofintegrated development ofhorticulture in Himachal Pradesh.

Cold Desert turns into a Green Apple Orchard on the Altitude of 9,400 feet

Amongst fruit production, "Apple" has given Himachal Pradesh the status of "Apple State of the
Country”. To make apple cultivation viable in the face of growing environmental and global
challenges, the State is implementing Rs. 85 crore 'Apple Re-plantation Scheme’, wherein it is
envisaged to replace the old and low yielding varieties with value productive varieties in the area of
12,500 acres during next five years.
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Mid Himalayan Watershed Development Project

The Mid-Himalayan Watershed Development Project is operational in the mid and high hill range of
600 to 1800 metres covering 11 sub watershed divisions falling in 10 districts. The projectis aimed at

reforestation of protect watersheds, improve livelihoods and to generate carbon revenue. The total
outlay ofthe projectis Rs. 365 crores.

All these schemes are promoting inclusive growth in the rural sector. Adequate livelihood
opportunities are being created in rural sector so that the tendencies of population migration to
urban areas is checked and environmental problems associated with urban sprawl are contained.
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Agriculture

e The Department of Agriculture is serving the farming community by implementing various
Developmental Programmes and disseminating the relevanttechnology to increase productivity,
production and profitability offield crops.

e The natural endowments like soil, land, water etc. are being harnessed in such a way that
cherished goals of ecological sustainability and economic upliftment of farming community are
achieved.

Himachal Pradesh is mainly an agrarian economy based upon rain fed agriculture. The average
cultivated land is about 5.42 lac hectares in the State out of which 80% is rain-fed. The land holdings
are not only small but fragmented and 86.4% farmers fall in the category of marginal and small
farmers. Their survival depends upon subsistence farming.

The Government of Himachal Pradesh is laying special emphasis on strengthening of rural economy
by giving priority to Agriculture Sector. The focus is on diversification of crops, production of high
value crops and raising productivity by dissemination oftechnology in the fields. About 12 per cent of
the total budget ofthe State is being spent on this sector, which is highest in the country.
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'PanditDeen Dayal Kisan Bagwan Samridhi Yojna’is an all embracing scheme being implemented
by Government of Himachal Pradesh for creating self-employment opportunities and diversification
offarming for strengthening the economic status offarmers.

e 16,500 poly houses would be constructed in 15 lakh square meter area.

e 20,000 hectare area to be brought under micro irrigation.

e The farmers are being provided 80 percent subsidy for construction of poly houses. BPL
families are being given 90 per cent subsidy for construction of bamboo based
polyhouses.

e An assistance of Rs. 82.74 crore has been provided as subsidy to the farmers under this
scheme so far.

Under the '"Himachal Pradesh Crop Diversification Project’ activities like promotion of organic
farming, vegetable production and transfer oftechnology are being undertaken.

The State is also participating in Rashtriya Krishi Bima Yojna (RKBY) with a purpose to provide
comprehensive risk insurance againstyield losses from drought, hailstorm, floods and pests disease
etcin Wheat, Barley, Maize, Paddy and Potato.

Under Biogas Development Programme Rs. 4,000 and Rs.10,000 is provided as subsidy on Biogas
Plants upto 1 cubic meter and more than 1 cubic meter to 4 cubic meter.
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Organic Policy

e Giving recognition and encouragement to the organic
sector in the State.

e Creating enabling environment for organic farming in
the State through developing appropriate policies,
plans, and support services for organic production.

e Develop favourable policies and plans to make
Himachal an organic compostrich State.

e Undertake steps to make forests, grazing lands and
pastures recognised as organic, certified/ uncertified
areas.

e Create investment environment for organic
agribusiness and organic agro tourism.

Changing Scenario in Agriculture Sector through Organic Farming

The organic farming is emerging as future farming technique in the State of Himachal Pradesh. This
endeavour would not only help in promoting sustainable agriculture production but would also
mitigate the climate change effects by way of reduced GHG emissions, lesser use of chemical
fertilizers and lesser requirements for irrigation. Series of awareness programmes on organic
farming are being organized with an objective to provide one vermi-compost unitto each house hold
farming family. About 4.0 lakh vermi compost units have been set up. 25,160 farmers have been
registered for organic farming.

Soil Health Card

Under the Soil Health Management Programme of the State, Soil Health Cards are prepared and
distributed amongst farmers based on tests oftheir soil samples by District Soil Testing Labs. This will
help farmers to plan cultivation of flowering plants, medicinal herbs or other cash crops as per the
fertility status ofthe soil.

Horticulture

The endeavor is to make Himachal Pradesh 'Fruit Bowl' of the country by adopting sustainable

horticultural practices which will help to raise the economy of the State while protecting the

environment.

» Sustainable development ofhorticulture by harnessing the natural resources in the hilly areas.

e Generation ofsources for cash income to the rural people.

e Generation of employment opportunities in the pre and post harvest sectors of the horticulture
industry.

e Provision ofnutritive foods in the form offruits, vegetables, nuts, mushrooms, honey.

« Satisfaction ofthe aesthetic needs ofthe people.
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Horticulture isbeing practiced in suitable areas
and only about 2.18 lac hectares area is under
fruit cultivation. Sizable part ofthe horticulture
produce is lost for want of proper storage and
processing facilities. The State Government is
aware of the potential and challenges for the
development of horticulture in the State and
treats horticulture as a priority area in the
developmentplans.

Horticulture Technology Mission Programme is all embracing programme to address issues
related to production and productivity, post harvest handling, marketing and processing of
horticultural crops as well as backward and forward linkages.

HTM Contributing to Prosperity
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Transfer of Technology

Realizing the utmost need to make farmers aware
regarding latest technologies and interventions in the
horticulture sector as well as about the threats emerging
from climate change on horticulture crops, the
Department of Horticulture has training cum awareness
camps.

To make Apple cultivation viable in the face of growing

economic, environmental and global challenges, the State

is implementing Rs. 85 crore 'Apple Re-plantation

Scheme’, where it is envisaged to replace the old and low yielding varieties with value productive
varieties in the area of 12,500 acres during the next five years.

Glimpse of RKVY Activities

e To provide financial assistance to the farming
community for development of infrastructure
supporting horticultural activities for
generating self employment, bring in efficiency
and increase farm income.

e To improve the production and productivity of
horticultural crops through hi-tech, diversified,
mechanized and organic horticulture.

'Anti Hail Radar and Gun' has been established at Khara Pathar in Shimla District on experimental
basis to protect the crops from hail. On success, such Radars and Anti Hail Guns would be established
in other parts ofthe State.
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Forests

The Forests of Himachal Pradesh, known for their grandeur and majesty are like a green pearl in the
Himalayan crown. The forests in Himachal Pradesh which host 7.32% of flora and 7.4% fauna of the
Country are presently under great stress due to impact of modern civilization, economic

developmentand growth in human and cattle population.

Forestsata Glance

The Forest cover in the State, based on
interpretation of satellite data of October-
December 2008, is 14,679 sq Kms. which is
26.37% ofthe State’sgeographical area.

Forest Cover
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The state has 38 Forest Types which belong to 8 Forest Type
Groups, viz. Tropical Moist Deciduous Forest, Tropical Dry
Deciduous Forest, Subtropical Pine Forest, Himalayan Moist
Temperate Forest, Himalayan Dry Temperate Forest, Sub
Alpine Forests, Moist Alpine Scrub and Dry Alpine Scrub.

Economic Valuation (In crores)

. Biodiversity/Endangered
Species:7,137
I 1. Salvage
2. Timber for right holders
Watershed : 73,972 3. Fuel wood
Other:24,952 C Sink17,645 4. Fodder
5. Minor forest produce
6. Ecotourism
7. Watershed
Salvage : 32 8. Microclimatic factors
Timber for right 9. Carbon Sink
holders: 60 N .
110.Biodiversity/Endangered Species
Minor forest \Hﬂz\;\gm: 1. Employment Generation
nor o
produce:25 '\f;tcrgsl'qgsnc
Ecotourism : 6657 '
Fodder Employment Generation: 25
1690
Direct Benefits: 7,740 crores Himalayan States need to be compensated for the
Indirect Benefits: 98,924 crores environmental services provided to the
Total Economic Value: 1,06,664 crores downstream regions.

The sustainable forestry, which judiciously manages renewable natural resources and provides food,
income and livelihood for present and future generations while maintaining or improving the
economic productivity and ecosystem services of these resources is need of the hour. The State
Government stands by unequivocal commitment to long-term support of sustainable forestry and
promotion of the stewardship and use offorests and forest lands in away, and at a rate, that maintains
their biodiversity, productivity, regeneration capacity, vitality and potential to fulfill, now and in the
future, relevant ecological, economic and social functions at local, national, and global levels.
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Promoting Carbon Neutrality

e The State has undertaken many programmes for preserving the pristine Himalayan ecology and
enhancing the forest cover in the State. The efforts of afforestation have resulted in achieving an
ever largest recorded forest cover in the State during the year 2009 that was 14,679 sq. km
covering 26.37% ofgeographical area ofthe State.

e 'Jan-Jan Sanjeevani Van Abhiyan' in the year 2008 ensured the distribution of more than 15 lacs
medicinal plants to the rural and urban households of Himachal Pradesh through 5,000
distribution points.

e Tointernalize the Jan Jan Sanjeevani programme, the State has further launched two new people
centric plantation schemes, 'Sanjha Van Sanjeevani Van’ and 'Apna Van Apna Dhan’ for planting on
private land and community land. Under the , 'Sanjha Van Sanjeevani Van Programme, 51 lac, 46.5
lac and 45 lac plants were planted in the year 2009-10, 2010-11 and 2011-12 respectively.

Peepal -Bargad Plantation

Forinvolvement ofelderly people inthe plantation drive, the Forest Department has initiated another
scheme "Peepal - Bargad Plantation™ where Peepal and Bargad plants are being planted in the
villages by elderly people in the lower and middle zones of the State. In the year 2009-10, 8,539
plants (Pipal-5,073 and Bargad-3,466 ) were planted in 4,436 villages.

Carbon Revenue: Generating Income through Carbon Credits

HP Mid Himalayan Watershed Development Project
(MHWDP)

After learning from past experiences and considerable success of

Integrated Watershed Management Programme, Mid Himalayan

Watershed Development Project with an objective of reforestation

to protect watersheds, improve livelihoods and generate carbon

revenue isbeing implemented in the State.

e Operative in 10 districts of Himachal Pradesh including around
272 Micro-watersheds spread over 602 Gram Panchayats.

e The project benefits are expected to reach to around 25,000
target poor families in the project area.
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Bio-carbon, Clean Development Mechanism (CDM) Project

Bio-carbon-sub project will go long way in protection and supporting our commitment for
preservation and protection of environment through sequestration of Green House Gases (GHG) by
expanding forestry plantations on mostly degraded land.

The impact area of project is 4,003.07 ha covering:
e Forestland of 3,176.86 ha.
e Community land of 203.06 ha.
e Private land of 533.15 ha.

The CDM agreement will fetch carbon revenue of around Rs. 20
crores for the first crediting period of 20 years. The Community
and private land holders would be benefitted and will earn about
Rs. 2,500/- per ha.

First Asian State to Sell Carbon Credits

Himachal Pradesh is the first Indian State to sell carbon credits from community lands under the UN-
mandated Clean Development Mechanism (CDM). Implementation of Clean Development
Mechanism will generate CDM revenues. The revenue from degraded forest and community lands
and will be shared with the Gram Panchayats and in turn with the individual families. The carbon
revenue is likely to be significant at about Rs. 20 crores for the first crediting period of 20 years. The
projectis expected to sequester the emission 0f8,00,000 tonnes of carbon dioxide from 2006 to 2025.

Integrated Watershed Development Project, Swan, Una

The State Government is conscious and concerned about damage caused to land, property, human
and cattle living along its banks due to reoccurring flash floods. Integrated Watershed Development
Project (IWDP), Swan, Una targets to implement watershed catchment treatments of the 73
tributaries ofthe Swan River.
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National Bamboo Mission

The State is also participating in National Bamboo Mission and has got
approved a plan of Rs. 1.49 crores for planting of bamboo species in
Nahan, Bilaspur, Mandi, Hamirpur and Kangra districts which also
include interventions in non-forest areas for generating employment
opportunities for skilled and un-skilled persons and promoting
marketing ofbamboo and bamboo based handicrafts.

Green India Mission

Under Green India mission which aims to improve the quality and

guantity offorest cover with the help of Gram Sabhas, Women Self-Help

Groups and Forest Management Committees and the technical

assistance of State Forest Department, a bridge plan for Rs. 1.26 crore has been approved for
Himachal for Mandi, Bilaspur, Hamirpur and Kangra districts for the year 2012-13.

Van Sarovar

The State has taken steps to revive the traditional model of water bodies as well as to recharge the
ground water and enhancing soil and water conservation. This will also help in controlling forest
fires and actas asource ofwater to wild animals.

e 148 Van Sarovars have been constructed during 2011-12 under the National Flagship programme
NREGA.
e 100 Van Sarovars will be constructed during 2012-13.
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Programmes through National Medicinal Plant Board

To conserve and develop the medicinal wealth of
the State, conservation and propagation of
medicinal species is also being done.. A medicinal
plant project has been got sanctioned from
"National Medicinal Plants Board" (NMPB) for
Kangra, Kullu, Chamba and Sirmaur districts for
Rs. 400.80 lacs.

Under the project, 1.96 crores medicinal plants
over an area of 1,257 hectares area will be planted
in four years with the active involvement of Joint
Forest Management Committees and Village
Forest Development Societies.

Towards 'Herbal' State

Realizing potential of medicinal herbs as a source
of income generation for the people of the State.
The State Governmentis providing impetus to the

cultivation of medicinal plants to make Himachal '"Herbal State' ofthe country. The State Government
has established herbal gardens at Jungal Thalera, Bilaspur and Neri, Hamirpur (Sub Tropical zone),
Jogindernagar (Mid-Hills/Sub temperate Zone) and Dhumrera, Rohroo (High Hill Temperate wet

zone).

Further, Rs. 969.06 project on "Cultivation, Value Addition and Marketing of Medicinal and Aromatic
Plants for Rural Upliftment in HP" under SGSY component of the Ministry of Rural Development, GOI

isbeing undertaken.
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Water Resources, Irrigation & Public Health

Himachal Pradesh is endowed with a rich and vast diversity of
natural resources, water being one of them. Its development and
management plays a vital role in agriculture production. Irrigation
& Public Health Department envisages integrated water
management for poverty reduction, environmental sustenance and
sustainable economic development.

Water is the elixir of life. As a scarce and precious resource, its usage
has to be planned along with conservation and management
measures on an integrated and environmentally sound basis.
Keeping this in view and the socio-economic needs of the State, a
revised Water Policy is being drafted so that safe and portable
drinking water supply to all and community participation in
conservation ofwater resources is ensured.

Managing Water: A Challenging Task

7,940 Water Supply Schemes under Rural Water Supply have been completed in the State. Out
of these ,1,526 are lift, 234 tubewells and 6,180 are gravity schemes.

Augmentation of Urban Water Supply Schemes of 43 towns prominently viz; Shimla, Kangra,
Manali, Kullu, Hamirpur, Mandi, Dalhousie Solan, and Dharamshala have been completed.

26,132 hand pumps have been installed in the water stressed areas ofthe State.

2,217 irrigation schemes have been completed.

Flood Protection

Flood Protection measures
in the shape of embank-
ments, spurs and wire
crates etc. has been
undertaken at
critical/flood prone areas.
Till now 17,602 hectare
area has been protected
from the fury offloods.
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To meet the challenges of ensuring quality water supply, the State is implementing National Rural
Drinking Water Programme (NRDWP) focusing on area coverage, sustainability, water quality and
natural calamity. Under this scheme, 219 habitations with an expenditure of Rs. 67.56 crore in State
Sector and 1,596 habitations with an expenditure of Rs. 69.44 crore under Central Sector have been
covered.

Another Water Supply programme Jalmani aims at providing safe drinking water in adequate
quantity to all rural habitations in the State including rural

schools and Anganwadis. Under this programme Simple Stand

Alone Water Purification System based on UV technology are

being installed in rural schools. For implementation of this

programme, the Government of India has released a total sum

of Rs. 749.05 lacs for providing Simple Stand Alone Drinking

Water Purification system in rural schools.

Irrigation

Out ofthe total geographical area of 55.67 lakh hectare of State, only 5.83 lakh hectares is the net area
sown. It is estimated that ultimate irrigation potential of the State is approximately 3.35 lakh
hectares. Out of this, 0.50 lakh hectares can be brought under irrigation through major and medium
irrigation projects and balance 2.85 lakh hectares of area can be provided irrigation through minor
irrigation schemes of differentagencies. 23,197 hectares has been broughtunder irrigation in the last
four years. Financial provision has been made for minor irrigation schemes under major and
medium irrigation projects.

COMMAND AREA OF SAHANEHAR MAJOR IRRIGATION PROJECT
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Sewage Disposal

Environment improvement assumes special significance particularly to prevent water pollution of
the rivers and other water bodies and to abolish carrying of night soil on head load and scavenging
system in the State. The State Government has given top priority to connect dry latrine system into
water pour system. Under this programme, sewerage facilities are proposed to be provided in all the
towns of the State. Sewerage schemes of 15 towns have been completed and work on sewerage
schemes of 24 towns is in progress.

Sewage Treatment

Towns in the State mostly serve as health resorts, environment improvement, therefore, assume
special significance particularly to avoid pollution of the rivers and other water bodies of the State.
The sewage treatment is of immense importance. The State Government has initiated installation of
38 Sewage Treatment Facilities covering 9 Districts of the State considering the population load in
their respective townships.

Implementation and Strengthening of Rain Water  Department No ofBuildings

Harvesting Structures (RWHS) provided with RWHS
Public Work Department 62

The State Government took initiatives in the year 1999  mupa:

to conserve its water resources. A decision was taken to  pyplic 23
make compulsory the collection of rainwater from the  Tourism :
rooftops ofbuildings in the State. With aview to review  porpe 18
the g_round realities and assess the |mp_lementat|on Private Hotels 137
level in the State, the Government constituted a task Forest )
force for "Strength-ening of Rain Water Harvesting )
Operation and Management System in Himachal Adriculture/Rural 5
N Development

Pradesh™.

Health 3

Town & Country Planning:

Public Buildings 115
Private buildings 2441
Urban Development:

Public Buildings 3
Private Building 2371
Irrigation & Public Health 66
Total 5276
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Integrated & Comprehensive Hydrological Database - Hydrology Project I

World Bank funded Hydrology Project - Il (HP-1I) is being executed in the State to develop an
integrated and comprehensive hydrological data base. Total cost of the Project is US$ 135.01 million
and the World Bank has approved a credit (IBRD Loan) of US$ 104.98 million to the Govt. of India for
the same.

The Project envisages to establish:

e Hydrological Information System (HIS) network comprising of 80 piezometer borewells for
ground water monitoring.

e 35 River Gauge sites, 136 Standard Rain Gauges (SRG) and Autographic/Automatic Rain
Gauges (ARG).

e 6 Climatic Stations and 16 Snow Gauge Stations.

e Network of 16 Water Quality Laboratories.

e 1State Data Centre, 8 Divisional Data Centres and 40 Sub-Divisional Data Centres.

Monitoring of Climatic
Parameters for Building
Strong Meteorological
Data Base

Piezometer Borewells for
Ground Water Monitoring

Animal Husbandry

Livestock is integral to the sustainability of
economy of Himachal Pradesh. The
Government of Himachal Pradesh has taken
several steps to strengthen Animal
Husbandry sector.

» Development of requisite infrastructure
in State for improving animal
productivity.

e Preservation and protection of livestock
through provision of health care.

e Strengthening of central livestock farms
(Cattle, Sheep and Poultry) for
development of superior germplasm for
distribution to States.
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Doodh Ganga Scheme

The State Government is implementing Rs. 300 crore 'Doodh Ganga Scheme' in the State with an
objective to increase income ofthe farmers and to provide self employment opportunities. Soft loans
up to Rs. 15 lakh are being made available under the scheme. A 25 % subsidy is being given to general
category and 33.33% to scheduled caste/ scheduled tribe beneficiaries.

Mukhya Mantri Arogya Pashudhan Yojana

The Animal Husbandry Department has launched ‘Mukhya
Mantri Arogya Pashudhan Yojana' to ensure opening of at least
one veterinary Institution in each left out Panchayat in the
State. Under this scheme 1,272 veterinary Institutions will be
opened in a period of three years in a phased manner. 1,012
Veterinary Institutions have been opened this year.

Feed & Fodder Development Scheme

Rs. 517.50 lacs have been sanctioned for this scheme and Rs. 258.75 lacs have been released for the
year 2011-12 to provide power driven chaff cutters at 75 percent

subsidy. 6,900 hand chaff cutters have been provided under

this scheme.

Bhed Palak Samridhi Yojana

The Department has started this scheme for Sheppard of
Mandi, Kangra, Chamba, Kullu and Shimla Districts. Loan upto
Rs. One lacs is being made available for purchase of sheep and
lambs. A 33% subsidy is being given for this purpose.

The State Government is committed to Socio-economic

upliftment of Gujjar community and has constituted

community specific Welfare Boards to advise State Government in formulation of policies and
programmes for the upliftment ofthe community.

e Gujjars have been provided tribal status keeping in view their avocation of rearing animals while
moving from one place to other round the year.

« 15 hostels has been constructed at a cost of Rs. 22.50 crore at education concentrated non-tribal
towns for the benefit ofthe tribal students.

Embryo Transfer Technology Lab and Hilly Cattle Breeding
Farm established at Palampur. A State of the Art
Multidisciplinary Veterinary Hospital is being established at
Palampur. Under the 'Shepherd Insurance Scheme' 17,000
shepherds have been given insurance cover. Intake capacity of
Gosadan at Khajjian increased to 500 by spending Rs. 1.75
crore. More Gosadans are being set up in the State.
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Fisheries

Goals & Objectives:

To increase fish production in the
State by judicious management of
all the culturable water resources.
To develop reservoir fishery of the
State with an aim to increase per
hectare production from the open
impoundments.

To protect and conserve reservoir
and lacustrine fisheries resources of
the State.

To promote game fishery in the State
with particular emphasis on
promotion of Tourism.

To promote commercial farming of
Rainbow Trout in the high altitude
areas.

To promote aquaculture inthe State.
To generate employment
opportunities in fishery sector.
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Sustainable & Renewable Energy

Coal remains a predominant energy source for power production in India, catering to production of
70% oftotal domestic electricity. Energy demand in India is expected to continue increasing over the
next 10-15 years. The oil and gas fuel has also started contributing towards power generation, even
though the coal is expected to remain dominant fuel for power generation. India currently has a peak
demand shortage of around 14% and an energy deficit of 8.4% and to cope up with that India is
contemplating to achieve a overall target of 215,804 MW power generation. To manoeuvre these
shortages, the State Government is keen to optimally produce the hydro-power, known to be cleaner
form ofenergy.

The State is the major provider of clean energy-hydropower for the country. The State has an
identified hydro-power potential ofaround 23 GW (15% of the total hydro potential in the country)
out of which around 8 GW has already been harnessed. This corroborates the national objective of
realizing 40% of the total installed capacity through renewable energy in the country. This low
carbon 'green energy’ will further help to alleviate power shortage in India’s northern power grid
while being a vital source of non-tax revenue for the State. The State Government is striving to
develop Himachal Pradesh asapower surplus and climate resilient State ofthe country.

Hydropower Potential of State

State Government is targeting to tap over 70% of hydropower potential of the State by 2020,
essentially adding 10 GW to the current potential. The State has already identified projects for
commissioning on Satluj, Yamuna, Beas, Chenab & Ravi

basins during 12th and 13th Five Year Plans which will

add 5,621 MW to the existing capacity.

Hydro Power of about
8,000 MW against total
potential of 23,000 MW "2™u"® 811

River Basin Assessed Potentia

in five River Basins has " 10355
been harnessed. Beas 5,339
Ravi 2,952
Chenab 2973
Others/self 570
identified
Total 23,000

STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012 160



cam fcUnMP oM cimun immminunn Small, Micro & Mini-Micro (572) Projects are
being promoted to produce about 10,131 MW
of Hydro-power.

Sustainance through Ecological Flows

e Himachal Pradesh is the only state to have mandated the release and maintenance of 15%
minimum lean flows downstream ofdiversion structure to maintain riverine ecology.

e Real Time On-Line Continuous Flow Measurement & Data Logging Devices for the
implementation of ecological flows and managing erosion, sedimentation & catchment
degradation.

» Global Positioning System (GPS) based photo monitoring ofmuck dumping ofthe hydel projects.

Scientific Environment Management in Hydel Projects

The environment management, by and large, of hydro projects mainly lays focus on scientific Muck
Disposal and implementation of Environment Management Plan

Scientific Muck Management

Management of muck and restoration of
muck disposal site is implemented as a part
of Environmental Management Plans of the
hydro power project s and is monitored by
the State Pollution Control Board and State
Department of Environment, Science &
Technology.
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Ushering Local Area Development

e Local Area Development Fund (LADF) is currently being implemented in about 25 projects with
an estimated Rs. 1600 million (33 million USD) that has been either spent or deposited with Local
Area Development Committees (LADC) by the developers as per Ministry of Environment &
Forest, Govt. of India provisions of 1.5% project cost for LADF.

e Theinvestmentin hydro sector in last S5years has been around Rs. 10,000 crore and out of this Rs.
1,500 crore is spent/being spent on the local area development activities in the project affected
areas.

e Provisions have been made for mandatory expenditure of more than 5% project cost towards
Catchment Area Treatment (CAT) plans, afforestation activities and environmental protection &
management.

e Cash transfers of 50 million rupees (or $1 million) to project affected peoples by 2014. The
benefits due to this will be spread in 8 Districts of Himachal Pradesh and it is estimated that this
benefit will be ranging from Rs. 3,000 to Rs. 1,50,000 depending upon the density of projects and
population inthe area.

A Novel Initiative

On social sustainability, the Government of Himachal Pradesh has undertaken action to adopt a new
revenue sharing scheme that pays annuities to the local communities living in the affected villages
during the operational life ofhydropower projects.

This is abold policy where the Government of Himachal Pradesh, leads, perhaps globally. Under this
new policy, annual revenue equivalentto 1 percent of power sales from the project will be distributed
to households in the project affected area.

This will be in the form ofannuity payments through cash transfers made directly into bank accounts,
to minimize risks ofleakage. The Bank accounts will be created for households who do not possess an
account at an established financial institution. The funds will be given to project affected persons
(PAPs) and there would be additional transfers to "Below Poverty Line" (BPL) families. The scheme
involves distributing 85 percent of the available funds to all affected families (PAPs). The remaining
15 percentwould be transferred as an additional supplement to BPL families.
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Integrated CatchmentArea TreatmentPlan

As a step forward to existing Catchment Area Treatment (CAT)
Plans and institutionalization of CAMPA, the State
Government has switched over to integrated and basin
catchment area treatment approach, among other things:

To ensure a scientific and need based approach to the
treatment of catchments wherein all the stakeholder can
contribute to catchmentarea development.

Cumulative mitigation measures for the soil erosion and
landslide hazards.

To cumulatively redress the problem ofsiltand debris load.
Checking the sediment load from the tributaries directly
discharging into the reservoir.

Combining protection of the direct draining catchments

from scouring/ sloughing and slips.

Cumulative Environment Impact Assessment (CEIA)
Studies

Realizing that the isolated impact assessments do not
provide a sustainable answer to the environmental
impacts emanating out of developmental activities, the
State Government has prudently moved ahead for
undertaking cumulative impact studies for redressal of
environmental concerns in totality by taking river basin
asaunit.

Carbon Credits

Green Houses Gases and phenomenon of Global Warming
impacts our Glaciers, Agriculture and Horticulture, Forest
wealth, Hydro- Electric Projects and Tourism. Through
various initiatives we expect to earning Carbon Credit
revenue through CDM from the following projects.

Project Expected CER's
Mid Himalayan W ater Shed 41,979 Annually
Development Project

Public Sector Hydro - Power Projects

a) Sawra Kuddu 26,41,660 Expected in 10 Years

Hydroelectric Project

b) Integrated Kashang HEP 55,83,918 Expected in 10 Years
27 Private Hydroelectric 31,63,014 Annually for a period
Projects of 10 Years
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Optimising Renewable Energy in the State

Governmentis committed for harnessing renewable sources ofenergy in the State. Wind Solar Hybrid
System of 12 KW (10 KW Wind Aero-generators and 2 KW Solar Photovoltaic Panels; investment of
Rs. 41.30 lacs) has been installed at Pooh, District Kinnaur during 2008-09 with an objective to
facilitate the Military Operations at high altitude near Line of Control (LOC), China.

e Two sites for establishment of Solar Power Plant of 3 MW have also been identified.
e The proposal for establishment of Wind Power Plant as joint venture with the Independent
Power Producers is in pipeline.

¢ ivir fjili ifH jti -m M i rrunj
'W v S"iHn twr fra 7 T tfd gt 'yn V
. mruaiiil? 7 .r r r n ° ami
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Towards Energy Saving & Efficiency BR
' T UIUH feir W N OTi fe0
The State Government has introduced CFL tt "=nn w fwy mAVPTrrj?
. ' fixjlorj ij |
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Himachal Pradesh. which consequentl t VvhrliFr=[ ™ *rcr if titpj iim'uwisrfn far*irti
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resulted in saving of 270 MU power every Tiin Y fAim srya yru'fi f=rjive r? =T a
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Rs. 109 crore to the State. The State
Government is creating awareness in
masses about the energy conservation

need.
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"Energy Saved is Energy Generated"concept mooted by the HP. Government has helped in energy
conservation and its alternative usage.
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Use of Solar Energy

The traditional energy source for heating
purposes has been the fuel wood, coal or the
electricity, the demand of which is considerably
large. The carbon emissions resulting out ofuse of
coal & fuel wood for heating during winters causes
environmental degradation. The State
Government is discouraging the use of fossil fuels
for the purpose of space heating during winters
due to environmental concerns. Use of Solar
Energy is being prioritized in the State to off load
the pressure on hydro energy and as a safeguard to
carbon emissions.

Solar Initiative

 Himachal Pradesh is the first State in the country to introduce Solar Passive Building Technology

for the design & construction of Govt. & Semi Govtbuildings in the State.

e The State Council for Science, Technology & Environment is co-ordinating the Solar Passive
Building Programme in Himachal Pradesh in collaboration with HP Public Works Department, H.P.

(PWD), HP Housing and Urban DevelopmentAuthority (HIMUDA), TCP & other organisations.

e Through an institutionalised mechanism, the State Government is ensuring mandatory inclusion
ofsolar energy techniques in all construction works in the State before making recommendations

for Environment Clearance.
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Solar Thermal Programme

The State has so far distributed 32,548 box type solar cookers, 83 dish type solar cookers and
installed 9,53,640 LPD capacity solar water heating system on subsidized rates especially in the
remote and far flung areas.

Solar Photovoltaic Programme

e Solar Photovoltaic Street lights are provided to far flung areas where grid connected electricity is
notavailable or is insufficient or where itis noteconomical to provide grid connected streetlights
and to the areas which are socially & economically remote.

e A Solar Power Plant of 6.5 kWp and 2x 1000 LPD Solar Water Heating System is being installed at
H.P. Secretariat, Shimla.

Carbon Smart Industrial Growth

The vision of Sustainable Industrial Growth of Himachal Pradesh envisages an industrial
development, which is inclusive and is in harmony with the environment. During last few years, the
State Government has initiated several policy amendments, provided concessions, offered
incomparable services/infrastructures and created investment friendly environment, which have
started yielding results in terms of setting up of more industrial units and enhancing employment
opportunities for the local people.
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Contribution to Economy

e The emphasis has been laid on a faster growth of manufacturing sector, which is a key area of
employment generation. The manufacturing sector today employs more than 2.66 lakh persons
and contributes to 11.7 percent (2009-10) of State Domestic Product.

e During the last few years, the industrialization in the State has made significant progress. Today,
Himachal Pradesh has about 38,790 (38,302) Small Scale and 488 Medium & Large Scale)
Industrial Units with an investment ofabout Rs. 16,287.27 crores.

e Till 1977-78 there were only about 5,700 SSI units and about 10 Large and Medium units
employing justafew thousand people.

e The share of industries in SDP has increased from 1.1 percentin 1950-51 to 5.6 percentin 1967-
68, 9.4 percentin 1990-91, 10 percentin 2008-09 and 11.7 percentin 2009-10.

Growth in Industrial Share to SDP in
Himachal Pradesh

Red, Orange & Green Types of Industry

Types of industrial units falling under Red, Orange & Green categories as per their environmental
pollution potential.

Category Small Medium Large Total

Red 747 75 182 1004
Orange 2274 189 134 2597
Green 2689 108 91 2888
Total 5710 372 407 6489

Note: The table excludes a number of industries exempted from
environmental consent mechanism.
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Thrust Industrial Enterprises

Major industrial enterprises in this category
include enterprises of non-polluting nature
such as horticulture produce including hops
and tea, mineral water bottling, electronic
enterprises including computer software and
information technology except assembling,
medicinal herbs and aromatic herbs,
handicrafts, enterprises to manufacture
industrial products by any biotechnology
processes and processing laboratories or
research & development activity related to
processing, scale-up, other innovations and
products in the field of biotechnology, and
precision industries etc.

Environmentfriendly Policy Amendment

Negative List of Industries

Major industrial enterprises in this category are
of polluting type including tobacco and tobacco
products including cigarettes and pan masala,
thermal power plant (coal/oil based), coal
washeries/dry coal processing, inorganic &
organic chemicals, tanning and dyeing extracts,
cement clinker and asbestos raw including fibre,
manufacture of pulp-wood pulp, mechanical or
chemical (including dissolving pulp), plastics
and articles thereof, production of firewood and
charcoal, mini steel plants induction/
arc/submerged furnaces, and/or rolling mills
etc.

Translating the above vision into action, the State Government amended the Industrial Policy in
December 2011 to promote environment friendly development in the State and encourage cleaner
production. Salient features ofthe amendment are as under:

e Promotion of cleaner production and environmental management system consistent with

internationally recognized standards.
< Disincentive to industries on negative list.

* Promote public disclosure of pollution status atthe unitand cluster level .

The focus of the Industrial Policy is now on dispersal of eco-friendly & local skill and raw material
based industries to the interior areas of the State by granting incentives, depending on their

location.
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In Support of Traditional Industry-

Geographical Indicators

In order to protect the traditional products of Himachal Pradesh, the State Govt. has obtained
registrations for Kullu Shawl, Kangra Tea, Chamba Rumal and Kinnauri Shawl under Geographical
Indications (Registration and Protection) Act, 1999.

The registration under Gl Act will check the unauthorized use of these products, which will result in
socio-economic growth ofthousands ofweavers/ farmers/ artisans and traders of Himachal Pradesh.
The Geographical Indications (Gls) right can be used by all the producers from the geographical
region covered by the particular geographical indication.

Kullu Shawis (Gl No. 19) Kinnauri Shawl (Gl No. 149) Chamba Rumal (GI No. 79)

Kangra Paintings Kangra Tea (GI No. 26)
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Treatment of Industrial Effluents

e The State Government is according top priority for setting up of
a Common Effluent Treatment Plant (CETP) through a Special
Purpose Vehicle (SPV) namely M/s Baddi Infrastructure Ltd,
formed by Baddi Barotiwala Nalagarh Industrial Association
(BBNIA), Baddi, Disrtrict Solan, Himachal Pradesh.

e The CETP shall serve 990 industries present in 9 industrial
areas in Baddi-Barotiwala industrial corridor.

e The proposed site of CETP is present near the industrial area at
village Kainduwal in Solan District. The total cost of the project
isaround Rs. 53.80 crores.

e Setting up of the CETP is a step towards reducing and abating
environmental pollution in the area and because of this infrastructure, more and more industrial
units including ancillary units will strive to set up their units in this industrial area. This will give
further impetus to growth process resulting to greater employment opportunities to the local
people.

e The environmental clearance for the CETP project has been received from the MoEF, GOl and work
will now be started.

Monitoring of Water Quality

e Surface water quality monitoring is
conducted four times a year for 189
locations selected on major rivers viz.
Satluj, Beas, Ravi, Yamuna, Parvati, Sirsa,
Markanda & Sukhna and their tributaries in
the State.

e These locations include 116 points on
major rivers and its tributaries, 18
locations in major industrial towns for the
monitoring of ground water and 55
locations on Hydel projects.

Zero Discharge Plant 100% of plant waste water is treated on site and used for gardening in a
Baddi Plant

Waste Water in... Treatment Done... Fish Pond.. Landscaping...
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Treatment of Industrial Effluents
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Tertiary Treatment

In addition to the three conventional treatment comprising of physico-chemical and biological
treatment, initiative has been taken to introduce tertiary level of treatment in the industrial units
particularly those in Baddi-Barotiwala area.

Treatment of Sewage

So far 35 sewage treatment plants with cumulative treatment capacity of 79.66 mld have been
commissioned and provided. In all, 10 municipal solid waste processing facilities are being set up at
different towns for better disposal and management of sewage and municipal solid wastes in the

State. The Sewage Treatment Plants have been installed in hotels above 25 rooms capacity outside the
municipal limit.

A Water Conservation Initiative by a Textile Unit at Nalagarh
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Monitoring of Air Quality

It has been ensured that air polluting industries comply with the air quality standards, which are
being monitored regularly under Air Quality Monitoring Network

e The Ambient Air Quality Programme is operational with
the objective to find the current status of pollution, to
study the trends and to undertake remedial action as a
resultofincreasing industrialization/urbanization.
e The parameters such as Suspended Particulate Matter
(SPM), Respirable Suspended Particulate Matter
(RSPM), Oxides of Nitrogen (NOx) and Sulphur Dioxide
(SO2) are being monitored with the help of Respirable
Dust Sampler on the basis of three days per station per
week for 24 hours at 8 Towns/Cities covering 14
numbers oflocations in the State. C )
Ambient Air Buality
Monitoring Network

RSPM recording partial decline after 2009 at the RSPM recording partial decline after 2009 at the
Bus Stand Ridge

Online Continuous Ambient Air Monitoring Station (CAAQMS) by ACC Plant Gagal

e Installation of Continuous Ambient Air Quality Monitoring Station (CAAQMS). It has helped in
measuring the continuous online ambient air conditions and helped in taking the pollution
mitigation steps as and when required.

e Continuous Ambient Air Quality Monitoring Stations are contemplated in all major cities and
industrial towns ofthe State.
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Air Pollution Control

Wet Scrubbers and Cyclones

Bag House Filter

il .
Pressure Filters
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Air Pollution Control
System in a Boiler

Bag Filters

.yclones

Laminar Decanter
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Hazardous Waste Management

The Common Treatment, Storage,
Disposal Facility (TSDF) atvillage Majra,
Tehsil Nalagarh, District Solan is
operational since June, 2008 for
scientific disposal of landfillable
hazardous waste.

Till March 2011, about 2427 units
generating hazardous waste have been
identified.  Out of which 1862 are
operational as on 31¢ March 2011 and
responsible for generating hazardous
waste under Hazardous Waste
(Management, Handling & Trans-
boundary Movement) Rules, 2008. Of
them authorization was granted to 1862
units.

A total of 27,786 MT of landfillable hazardous waste has been disposed off in TSDF by various
landfillable hazardous waste generating industries.

Management of E-wastes

e Guidelines for the Environmentally Sound Management
of E-Wastes and Guidelines for Environmentally Sound
Mercury Management in Fluorescent Lamp have been
issued by the MoEF/CPCB in 2008. This is being pro-
actively implemented.

e The aspect of E-waste generation in the state and its
management is being taken up on priority, beside the
management of mercury from the CFL lamps and its
disposal requires awareness and proper central
disposal facility.

STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012 175



Bio-medical Waste Management

Till March 2011, 555 Health Care facilities were inventorised and covered under Biomedical Waste
(Management & Handling) Rules, 1998 which includes 233 Government and 322 Private health
institutions.

Syringe Destroyer

Incinerator

Deep Burial pit at a Civil Hospital

Municipal Solid Waste processing facilities towards
Green Himachal

e Eight number of waste processing facilities
(composting plants) are functional, wherein approx.,
80-90 tons of municipal solid waste from 10 number
of municipalities is processed/ day.

e Total waste generation is approx. 300-350 tons/day
within the area ofjurisdiction of municipal limits.

e The establishment of composting plants of five more
municipalities has also been proposed.

* Besides technical assistance, financial assistance
was also provided for establishment of waste
processing facility at MC Nahan.
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Municipal Waste Management

Redressal of Public Complaints/Representations

e The State Government ensured that surveillance and monitoring becomes a regular event to
maintain a constantvigil on the environmental quality and impactthereofon the people.

e The concerned regulatory authority not only keep liaison with the people but also take prompt
action for mitigation ofthe public grievances.

e During the years 2008-11, the State Pollution Control Board took remedial action on 641 public
complaints/representations that were received during these years.

Surveillance and Monitoring of Industrial Pollution (Compliance)

e This part ofthe function is very crucial for the operation and maintenance ofthe pollution control
systems installed by the industrial units. This assumes greater significance because if the
pollution control systems are not properly operated and maintained, this will cause water and air
pollution due to release of effluents and emissions.

e As part of surveillance & monitoring activity, the State Board collected samples and inspections
were conducted to ensure compliance to norms and environmental standards.

STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012 177



Application of e-Governance in Industrial Pollution Control

HIM-XGN web-portal has been launched to facilitate the entrepreneurs for online application and

data uploading for effective and transparent environmental governance:

Fully web enabled consent mechanism
adopted since 5-06-2009 to introduce
transparency and accountability in consent
administration.

Online real time monitoring of emissions
and air quality in Cement Plants.

Online real time monitoring of 15 %
minimum flow in the rivers mandated for
Hydro power units.

GIS based Surveillance & Monitoring for
Hydro projects is being conceived.

Video Conferencing facility with the
Regional offices.

Initiatives by the Industry
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Entrepreneurs are also coming forward to help us to achieve our stated objectives of effective

environmental governance.

ACC Gagal (Barmana) has adopted Root Zone technology, which is the nature’s answer to the

modern industrialized world’swater pollution problems.

Wetland plants called reeds have been grown in specially designed beds, which provides eco-

friendly mode to use nature to
"Protect Nature" as the net
work of Rhizomes and
naturally occurring bacteria
associated with their root
structure help in breaking
down oforganic solids present
in the waste water.

Gujarat Ambuja, Darlaghat &
ACC both have started co-
processing solutions to local
municipalities and industries
alike to dispose off their
hazardous and non-hazardous
wastes in kilns in the most
environmental friendly and
ecologically sustaining
manner.
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Dumping Sites

In order to promote green roads, the State Government has prioritized the identification of dumping
sites for scientific disposals of road debris/muck. In total 273 such dumping sites have been identified

and are being putto use.

Eco-Tourism

In order to to achieve the dual objective of
resource generation and the protection of our
fragile Himalayan ecology, the efforts are to
encourage tourism in the relatively lesser
explored parts of Himachal Pradesh. The
involvement of local community would help in
keeping the natural pristine environs intact
while enabling tourists to enjoy the exclusive
natural Himalayan retreat.

Home Stay Scheme, is a unique environment
friendly scheme, which provides secure and
comfortable Home Stay facilities of standardized
services to the tourists and to supplement the
availability of accommodation in the rural tourist
destinations, besides generating employment
opportunities and adding economic values in the
interior, remote and rural areas. ‘Home Stay’
scheme is pivotal for promoting rural tourism in
the State. Himachal is now being recognised as ‘A
Destination for All Seasons & All Reasons'’.
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Towards Sustainable Tourism Development-Tourism Master Plan

Recognizing the potential of the tourism sector and the
contribution it could make in the State’s GDP, the GoHP in extension
to its Tourism Policy has setamission of making tourism the prime PamON pl Tl pod Lt
engine of economic growth. The State Government, in its
endeavour of becoming a carbon Formulation of Long Term
neutral state, has focused at Master Plan for Tourism
expanding tourism activities having ot Mimichat Praclesh
low carbon footprints. The
Government of Himachal Pradesh is
in the process of formulating a long
term Tourism Master Plan so that
tourism development remains in
harmony with the environmental conservation. We aim to develop
sustainable and environment friendly high-end tourism in the
State. The Tourism Master Plan would suggest strategic
interventions required to de-congest the present tourist
destinations by diverting the tourism traffic to new places with
higher revenue yield.

iXECUUYE SUMMARY
Inn

Effective Environment Management Practices

Actions for Present and Future Generation

The State is very much conscious of importance of
our State’s strategic location in the Himalayan
Region. In view of State’s ecological fragility and
sensitivity the State has realization towards our
immense responsibility for downstream populace
besides for our own presentand future generations.

The State Government is committed for promotion
of sustainable development in the State in an
economically, socially and environmentally sound
manner and has repeatedly through real actions
expressed its resolve to protect and enhance its
natural resources and followed the path of GREEN
GROWTH inall sectors ofgovernance.
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The State Government through
participatory governance is
dealing with issues related to
environment degradation and
pollution including impacts of
climate change on various
sectors of our economy.

In order to have the status of
environment of our eco system
and environment at the macro-
level, the Government prepared
and released its State of
Environment Report during the
year 2009.

‘State of Environment Report (SoER)' of Himachal Pradesh is an innovative interactive report. It
allows the user to view data on environmental issues and challenges.
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Key Objectives

State of Environment reporting has been undertaken in order

to understand, describe,

analyze and communicate

information on the conditions and trends in the environment
and accordingly frame strategies to mitigate challenges. The
objectives have been:

To identify gaps in the State of knowledge of
environmental conditions and trends, and recommend
strategies for research and monitoring to fill these gaps.
To provide early warning of potential problems, as well as
allowing for the evaluation ofthe possible scenario for the
future.

To report on the effectiveness of the policies and
programmes that has been designed to respond to the
environmental changes.

To assess the State’s progress towards achieving
ecological sustainability.

Environment Master Plan for Himachal Pradesh

Following Themes have been
included in the Report:

Physiography of Himachal
Pradesh.

Agriculture and Allied
Activities (Horticulture and
Animal Husbandry).
Bio-Diversity.

Energy.

Land Use.

Forest.

Health Transport.
Industries and Mining.
Tourism and Culture.
Water Resources.
Environmental Pollution.
and Management.
Society & Environment.
Natural Disasters and
Climate Change.

In order to ensure the sustainability ofenvironmental heritage and natural resources and to develop a
long term perspective of achieving environmentally sustainable development, the Government of
Himachal Pradesh has undertaken the preparation of Environment Master Plan (EMP) for the State.
The key objectives ofthe Environment Master Plan are to enable the State of Himachal Pradesh to:

Simultaneously address issues of ecological and environment restoration and bring convergence

along with the developmentactivities taking place in the state;

Engage and ensure close coordination with all the concerned development departments, both at

the state and Government of India level;

Decide future financing ofinvestments for developmentin a sustainable manner, and
Develop suitable institutional arrangements in order to implement the Government of Himachal

Pradesh’s policies and strategies.
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Through this initiative, the State Government is able to achieve following:

e Establish Baseline conditions.

e Conduct a Spatial Vulnerability
Assessment and formulate Planning
Principles.

e Develop Public Consultation and
Communication Strategy for the
Department of Environment.

e Develop Sectoral Guidelines for High
Foot Print Sectors.

e Develop an Institutional Mechanism
forimplementation ofthe EMP.

e Establish need for Training and
Capacity Enhancement.

e Develop Monitoring and Evaluation
Protocols.

It is one of the unique initiatives in the

Country towards Sustainable

Development and Planned Green Growth.

Overall, the Environment Master Plan has

been envisioned as guide tool to provide

strategic direction with respect to all encompassing

environmental issues. This plan would be a platform for

engagement among implementing agencies, developmental agencies and the
local government, to take action w.r.t. environmental issues of local concern on
priority. The Environment Master Plan would also act as a tool for monitoring environmental
performance and progress.

Vulnerability Assessment of Himachal Pradesh

The Vulnerability Assessment of all the districts at tehsil and
sub tehsil level has been carried out with the objective of
correlating the baseline data and information and identify
critical and vulnerable areas / issues at tehsil level. Perhaps this
study was the first of its own kind, which the Government of
Himachal Pradesh ensured during the year 2009-2011, as to
formulate planning approach, as an optimal combination of
"bottom up" (inclusive of community inputs) and "top down".

The assessment of vulnerability in the context of natural systems and quality of life is an important
and integral part ofthe Environment Master Plan.

A spatial vulnerability assessment has been carried out and accordingly the planning principles have
been formulated.
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While deriving the vulnerability assessment our experts have correlated the baseline data and
information and identified critical and vulnerable areas/ issues related to the specific sectors viz;
infrastructure, natural resource managementand services besides their associated sub sectors:

Priorities have been fixed for optimal decision-making.
Vulnerable areas or hotspots have been Identified. VR o

Mapping of hot spots have been done with identification oftrade offs so11
Planning approach has been formulated.

Current Environmental Vulnerability Status

The scenario projection is quite helpful, acts as healthy
source of information for deriving the priorities for optimal
decision-making, identification of vulnerable areas i.e.
physical areas or hotspots; and policies which exacerbate
environment deterioration in these areas. Mapping of hot
spots and identification of tradeoffs, Categorization of areas
based on impacts and associated environmental risks and
establishing criteria for the same has been set through this
endeavour.

Environmental & Social Sectoral Guidelines

Based on environmental status and vulnerability assessment out comes, action plan has been given
for each and every sector for Policy level, Plan level and Programme level interventions to be taken
by the various stakeholders to ensure sustainable development of the State and to usher the State on
path of Green Growth.To mainstream environmental concerns into the State’s developmentagenda in
the next three decades and beyond and to attend the emerging environmental challenges for
achieving the green growth; environmental and social sectoral guidelines have been prepared for 16
major sectors in Himachal Pradesh.

Cfosj-Scftofil
wPelify initiatives
focusing on bntti

ftjiamntf sectors

vih:Vhi ity

Gokhl practices

CGyeaity
vttt Rildrg
CMrtiInition
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State Centre on Climate Change, Himachal Pradesh
The Centre endeavours to achieve the following objectives:

Guide State growth through a qualitative change in direction that enhances ecological
sustainability leading to further mitigation ofgreenhouse gas emissions.
Recommend appropriate technologies for

both adaptation and mitigation of

greenhouse gases.

Protect, preserve and enhance the forest

cover and the biodiversity for effective

carbon sinks.

Monitoring of glaciers, mass balance,

retreating trends & up-dation of

inventories.

Coordination with different universities,

research institutions, Govt. departments,

NGOs etc. to pursue theme based specific

research on climate change and its

impacts.

Awareness amongst various stakeholders

for taking appropriate measures in

combating the impact of climate change.

Evolve strategies and policies for implementation through public and private institutions.
Awareness modules atthe different platforms for the mitigation of natural disasters.
Strengthen capacity building in disaster management.

Polices and inputs to the State governmentin the field ofdisaster management.

Actions Being Taken

The Government of Himachal Pradesh has initiated many programmes for dealing with the

challenges of climate change. The initiatives and action can be categorized into the following broader
areas as:

e State specific Action Plan on Climate Change.

e Institutional framework to deal with different facets of climate change.

e Catalyzing research on critical areas on developmental & livelihood.

e Strategy and action plan for generating awareness and education.

e Adaptation measures to combatthe impact ofclimate change.

» Creation ofcentralized database.

e Managing water sources.

< National and international initiatives for dealing with the impacts ofclimate change on livelihoods
ofpeople.

* Working towards achieving and sustaining the goal of making Himachal Pradesh the first Carbon
Neutral State of Country.

« Use of remote sensing technology for the better management of climate induced, other natural
hazards and the natural resources.
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A Step towards Prevention of Forest Fire and Reduction of Green House Gas Emissions
Dry Pine needles are susceptible to fire and poses fire hazard to the forests.

e Every year thousands of hectares of forests are turned into ashes
because of Pine needles incidents.

e Pine needles also obstruct the green grass to grow as natural
phenomena.

e Removal of Pine Needles from the forest will help to save our
National Property.

e Encourage regeneration of new growth.

< Fulfill the grazing needs.

e Preventthe forestfire.

» Create the Income generation activity for community earning on an average Rs. 150/- per quintal
(Rs. 800/- per day) for collection ofbio-mass.

Forest Department through Ambuja Cement Foundation has taken initiative and identified 3,000 ha
area in Kunihar Forest Division for collection of pine needle bio mass mobilizing Self Help Groups,
Women Groups/Yuvak Mandals and local rural communities for collection.

Steps for building Green Economy

Himalayan Chief Minister's Conclave- for 'Himalayan Advocacy"

In view of the fact that the 'hilly states’ lacks in collective ‘advocacy’ at National level on issues
concerning sustainable hill development and that such issues do not receive attention at the national
level due to geographic, demographic, political reasons, we decided and acted to convene a
'Himalayan Chief Ministers’ Conclave -Indian

Himalayas: Glaciers, Climate Change and Livelihoods at

Shimla to create a common plate form to resole and

create collective advocacy on Himalayan issues at the

national level. A resolution - 'Shimla Declaration’ on

Sustainable Himalayan Development was released with

the aim to protectand conserve Himalayan eco system.

Shimla Declaration:

e Establishment of a Himalayan Sustainable . of Environment Report, HP. by Sho airam Ramesh.
Development Forum (HDSF); the then Hon'ble Union Minister for Environment & Forests
Setting up State Councils for Climate Change; (Independent Charge), Govt. ofindia
Catalyzing research for policy action;

Paymentfor ecosystem services;

Managing water resources for sustainable development;
Challenge ofurbanization;

Green transportation;

Dealing with impacts of climate change on livelihoods;
Decentralized energy security;

Managing growth ofeco-friendly tourism and pilgrimage.
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ESTABLISHMENT OF STATE CENTRE ON CLIMATE CHANGE to better comprehend the dynamics of
climate change, coordinate the research and to evolve management measures with the active
involvement ofexperts.

FamaﬁmStdE(‘erer_ng State Centre anQlinate Charge
Dr. R K Padrauni, DG, THI: Guest of Hoour:

The State Government has introduced CFL bulbs for energy
conservation through the ‘Atal Bijli Bachat Yojna' by
distributing 4 CFL bulbs free of cost to every family in Himachal
Pradesh. This would result in a sizable reduction in energy
consumption.

COMMUNITY LED ASSESSMENT, AWARENESS & ADVOCACY PROGRAM (CLAP) for Environment
Protection & Carbon Neutrality.

e Environmentand carbon footprint assessment.

e Environment protection /improvement and carbon footprintreduction.

Climate
Change &
Carbon
Neutrality

Land, Forests
Water Waste & . " Energy
s Air Qualit i
Sanitation Management Biodiversity Q Y Efficiency

Thematic Areas under Clap

1. Pawan TARA Air Testing Kit

2. Biodiversity Survey

3. Jal TARA Water Monitoring Kit
4. Laboratory Support

5. Paper Recycling Plant
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Achievements

e Environment Assessment exercise in about 400 Panchayats undertaken.

e Carbon footprint for Panchayats calculated and advocacy issues identified and advocacy
undertaken.

e Selection of Eco-Sensitive Panchayats in all the Districts on following criteria:

e High Population

e Nearness to Highway

e Industrial Area

e Number of Villages

» Eco-Sensitivity of area (like Dumping area, water quality and Protected areas)

Afforestation Scheme viz. Sanjeevani Van- Sanjha Van for the promotion of medicinal herbs for the
conservation ofbiodiversity.

To make Himachal a Herbal State, a new ambitious programme ‘'Jan-Jan Sanjivni Van Abhiyan-2008'
was launched in the State. Under the programme medicinal plants have been distributed.
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Journey of Plastic from Waste to Wealth

Shredded plastic
waste Weighing of
hredded plastic waste

Shredding of
plastic waste

Mixing of shredded
plastic waste with
hot aggregate

Road laying
process ixed aggregate

Carrying
laying si

A Way Forward - To make the State Carbon Neutral

The Delhi Sustainable Development Summit (DSDS), organized annually by The Energy and
Resources Institute (TERI) since 2001, is an international undertaking that provides a platform for
the exchange of knowledge amongst important heads of the State and Central Governments,
academicians, and policy makers on all aspects of sustainable development.

The theme of DSDS 2012 was protecting the Global Commons: 20 years post Rio. The debates at this
DSDS revolved around the commons and took stock ofthe situation since the Rio summit of1992.
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New Partners

TERI will establish a Regional Centre in Himachal Pradesh in collaboration with State Centre on
Climate Change, Government of Himachal Pradesh to study the various facets of climate change.

Application of Remote Sensing in Environment Management

Natural Resource Mapping

Disaster Management-Parechhu Lake Monitoring

Environment Awareness & Education

In order to preserve, maintain and enhance the pristine environment of the State, the Government
has acted very proactively and initiated number of programmes for the conservation and protection
ofour environment.

The State Govt. initiated School Environment Audit Scheme for Eco-Clubs to improve their
environmental performance. To sensitize the general public about menace of littering, State
Government launched a Eco- Monitoring Scheme. The State Council is also effectively implementing
National Green Corps programme through 3000 Eco-clubs across the state and National
EnvironmentAwareness Campaign through NGOs, Mahila Mandals, Gram Panchyats etc.
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Climate Induced Hazards & Other Natural

HIMACHAL PRADESH Disasters
Earth'iuaka Hazard Map
(thowinu fmilti, (Inutt* end
aArihgiiAkar. of m.vjnirudo i 5)

The State of Himachal Pradesh, which forms a
part of the Western Himalaya, is
environmentally fragile and ecologically
vulnerable. The State being part of the
Himalaya is seismically very active and is
highly vulnerable since 32% of the total
geographical area of the state falls in very
high damage risk zone as Zone -V and the
remaining in Zone -IV. Occurrence of natural
hazards emanating from the effects of
climatological variations are a matter of
immediate concern to the State, as every year
the State experiences the fury of nature in
various forms like cloud bursts, flash floods,
landslides, snow avalanches, and droughts.

- U«

Landslide Area

Maling (1968).

Kinnaur (Dec.1982)

Jhakri (March 1989)

Luggarbhati on 12 Sept.1995

History of Damage

This slide damaged 1 Km NH-22 and is still active.

This occurred at Sholding nala collapsing 3 bridges

road was vanished.

and 1.5 of

At Nathpa about 500 m of road was damaged due to this slide and is

still active

65 (39 as per official record) were buried alive during the slide

------- rjiim/wf I
- flut a »{
o ThM y ' ji
An  Twi<hAm K o Hazard Vulnerability of the State
f * Natural Hazards Man-Made Hazards
—2- fcfdirpfma / _
"B lwmV \*ry MHb Z00* <M5*tt *f mow) Earthquakes Accidents
mm Zan* f/ MqghDMnkft Rtih Zom (M5K VI*0
Landslides Electric Fires
Snow Avalanches Forest Fires
Droughts Building Collapse
. R . R Hailstorms Serial Bomb Blasts
History of Disasters in Himachal pradesh
Flash floods/Cloud bursts  Festival related Disasters

Location 32°15' N, 76°15' E

Date 4th April, 1905 Landslide
Time 06:20 hrs., IST

Magnitude 8.0 Richter Scale

Intensity X on MM Scale

Causalities 20,000 persons

Area Shaken

4,16,000 sq.km
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Date & Place

08-Jul-73

4th & 5thSept.1995, Kullu valley

On the night of 31stiuly &
August 2000, Satluj valley

16thJuly2003, Gharsa valley in
Kullu district

26thjune 2005, Satluj river due to breach in the
Parechhu lake in Tibetan catchment.

Accident

Avalanche

Air-Crash

Damage
Formation of lake in Satluj River due to Nathpa rock fall.
Revenue loss of Rs.45 million.
Flash Floods & Landslides in Kullu valley. Damage to the tune
of Rs.759.8 million.
Flash flood in the Satluj valley, water level increased upto 60 feet
above the normal. The flash flood was termed as the one that
occurs once in 61,000 years. 135 people and 1673 cattle lost
their lives. The total loss was Rs.1466.26 crore.
Due to these flash floods, 21 people lost their lives, 21 people
suffered major injuries and 9 were reported missing.

10 km stretch of NH-22 between Wangtoo and Sumdo was
washed away. Total loss was Rs. 610 crore.

Year Road Accidents
2001-02 2,226
2002-03 2,830
2003-04 2,607
2004-05 2758
2005-06 2807
2006-07 2756
2007-08 2906
2008-09 2846
2009-10 3409
Persons
District Accidents involved
Chamba 12 59
Kinnaur 32 144
Kullu 6 13
Lahaul & Spiti
21 397
Shimla 2 6

Actions being taken for Managing Disasters

In order to reduce the vulnerability of State, the Government of Himachal Pradesh is committed
towards disaster management as one of its topmost priority area. Considering the topographical
conditions, the Government is working to strengthen the preparedness level so that the post disaster
effects are not only minimised but also reduced to a great extent. The actions which are being taken to

fulfil the mandate of disaster management are:e

e Hazard Risk Vulnerability Assessment (HRVA) ofthe state.
e Formulation of State Disaster Management Plan.
* Finalisation of Distt. Disaster Management Plan (DDMP).

e Establishment of State Emergency Operation Centre (SEOC) & District Emergency Operation

Centre (DEOC).

Flash-Floods

Persons Killed Injured persons
804 3,798
695 3,917
867 4,188
920 4674
863 4833
886 4688
945 4867
838 4637
1196 5560
Persons killed Persons
injured

53

0o

9

4

53

5

 Assessmentofcurrentlevel of knowledge, aptitude & practices in DM ofvarious stakeholders.

» To examine the current construction practices in Hamirpur Distt. & suggestions of mitigation

measures.

e Constitution of State Disaster Response Force (SDRF).
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Initiatives taken by the Government for Disaster Management

As far as Disaster Management in India is concerned, there is a paradigm shift from the earlier charity
approach to a professional way of handling Disaster Management. The Government of Himachal
Pradesh has already taken various initiatives for handling disaster at pre
disaster level for better management.
e State Disaster Management Authority (SDMA) & State Executive
Committee (SEC) to coordinate response in the event of any disaster
situation or disaster in the State.
e District Disaster Management Authority (DDMA) to coordinate
response at District Level.
 Awareness material developed and circulated throughoutthe State.
* Training Need Assessmentfor all stakeholders in DM
e State DM Policy.
e Strengthening of 100 Companies of Home Guards with Search & Rescue (SAR) Equipments.
e Strategy for capacity building for Masons, Bar
benders & Carpenters for safe construction practices
at Panchayat level. tUHK HBlsajllt]
e Capacity building throughout the State at various ganTgwj[jﬁjﬂr
platforms for different stakeholders.
e Issuing ofguidelines to all departments about:
Training officer/officials in DM.
Preparation of DM Plans.
On -site & Off -site Emergency Plans for
industrial units.
Mock-drills in schools for Fire & Earthquakes.

Protection and Expansion of Protected Area

To conserve the entire range ofbiodiversity in situ, the state has
established a network of protected areas, comprising 2
National Parks and 33 Waildlife Sanctuaries. Regulatory
mechanism for wildlife conservation has also been putin place.

The State has about 13.6% ofthe total geographical area under
Protected area, which is significantly higher when comparison
is made with other States and with national percentage.

Area under Protected Area in Network

National Parks (2) 1440 km2
W ildlife Sanctuaries (33) 5562 km 2
Recorded taxa of higher plants >3500
Recorded species of mammals 77
Recorded species ofbirds 463
Recorded species of reptiles 44
Recorded species of fishes 80
Recorded species ofaquatic 436

fauna
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With aview to conserve the total range of wildlife available in the state, the Government of Himachal
Pradesh has declared 32 areas, covering all the agro-climatic zones in the state and having significant
ecological, geomorphological and biodiversity value as Wildlife Sanctuaries . The State also has two

prestigious National Parks.

Some ofthe important Wild life

Sanctuaries ofthe State

Sanctuary District Area
(Km2)
GovindSagar Blespr 100
Si Nairedavi Blespr 13
Kot Chenta 30
Kalatop-Krgjjiar Chenta @
Porgcmlae Kaga 7
Dheuladher Kaga wm
RakchhremChhitiul Kinmeur 0]
Rpi-Bea Kmer 53
Kilker ldad& 140
St
Nargu Vad 28
ShikariDevi \V: 0] p
Daragretil &Il Sinda 167
Tdra Sinda Q0
Water Supply Catdment Shina 10
Churdher Smour &%
Smbalbera Smour 19
Renuda Smour 4
Chall Sdan 10

National Park

Great
Himalayan
National Park
PIN Valley
National Park
Total Area
National Parks

District

Kullu

Lahaul

& Spiti

Area
(Km2)

765

675

1440

Due to the conservation and protection efforts of State Government, many floral and faunal species
are flourishing in protective and safe environment ofthe state.

Cold Desert Faunal wealth-
Snow Leopard, Ibex and Snow Cock.
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Cold Temperate regions of the state
form natural habitat of Musk Deer,

Himalayan Tahr, Brown Bear, Monal
and Western Tragopan.

The lower reaches of the state abound
with Sambhar Deer, Barking Deer,
Wild Boar, Ghoral and Leopard
amongst mammals and pheasants
including Cheer and White Crested
Kalegj.
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Wet Lands

Management and development of lakes has been given priority by the State. Lakes in Himachal
Pradesh, besides being a favorite tourist destination attract thousands of tourists, not only acts as
natural resource for the local people but also the source of income. These lakes are in peril due to
anthropogenic pressure and overall deterioration of surrounding environment, therefore, the efforts
have been made to prepare and cover the major lakes under the lake conservation programme of
Ministry of Environment & Forests. Initiatives for lake conservation are being undertaken through
education and mass awareness.

The State Government has ensured and established good practices viz. compulsory door to door

household waste collection in and around the lake areas. Carrying of polythene carry bags, plastic
items, chips packets etc. has also been banned in and around the lake area.

Wetland Conservation Programme Strengthened

Wetlands in Himachal Pradesh Formulation of ManagementActions Plans for Renuka,
Chandertal, Khajjiar and Rewalsar with the active
92 Wetlands(>2.25 ha) participation of the local community and different

- 88 Natural Wetlands

- 7 Man made wetlands organizations /stakeholders.
Organized experts visits to the wetlands and to

0
These Wetlands covers about 1% of the enhance the capacity building of stake holders.

total geographical area. _

Majority of Wetlands are high altitudes Initiated the process for generation of base line

wetlands. . . X . . .
information with spatial and non spatial techniques.

Designated Wetlands of HP Soil conservation works through Forest Department.

Ramsar Sites
¢ Renuka (Sirmour)

» Pong Dam (Kangra) ; '
« Chandertal (Lahaul & Spiti) Awareness and education through NGO's and local

Deweeding and desilting works.

bodies.
’jatgg\if;l\évait(l%%sdi) Awakening of local community on importance of
- Khajjiar (Chamba) _malntamlng wetlands and encouraging feed backs for
improvement.
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Values of Wetlands

e Recharge of Ground Water

e Habitat for Wild Life & Aquatic life.

e Source of Economical activity.

e Socio-cultural, aesthetic and recreational value.
e lrrigation Purposes.

With the active participation ofthe local community at the planning,
implementation and monitoring levels :

e We are conserving and restoring the habitats for migratory &
residentspecies ofbirds in the area.

e We are conserving the indigenous fish species to make the fishery
sustainable livelihood for the local community.

» Adopting the organic farming practices in the peripheral of the
wetlands.

e Generating livelihood practices and enhancing the
incomes ofthe local people from wetlands.

e Conserving soil and water as the major components of
environment.

e Evolving practices of eco-tourism in the region.

* Making the tourists more sensitive to the values of
nature.
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Sustainable Wetland Management Practices ensured

In view of threats to Wet land Eco system in the State, the Government has initiated various
programes and steps to protect the pristine wetlands in the State. These include preparation of
Guidelines for Camping in the Wetland regions, Do’s and Don'ts for Tourists, Guidelines for ‘Mindful
Travel’ in the State sensitive areas, banning ofvehicles in eco sensitive zones etc.

Threats to Wetlands:

New Programmes initiated in Himachal Pradesh

Unplanned and Unregulated
Tourism

Tourist season coincides with
peak biological activity
Infrastructure

Tremendous Grazing pressure
Lack of awareness among the
stakeholders

Emerging Threat of Climate
Change

Lack of Coordination among
various developmental agencies

In order to build-up environment consciousness in the young minds of Himachal, the Govt. of
Himachal Pradesh has launched two flagship programmes - Environmental Audit Scheme & Eco-
Monitoring Scheme for eco-clubs. The Schemes have been introduced in 346 Eco Clubs ofthe State.

Environmental AuditScheme

* Encourage schools to improve their environmental
performance.

e Monitor the existing environmental performance in
aparticipatory and transparentway.

e To help school to prepare an inventory of their
resources and systematically collect information
abouttheir environmental performance.

e Train and build capacity of students, teachers w.r.t.
environmentAudit ofthe
school.

Eco-Monitoring Scheme

e Sensitize the public on the menace of littering
through eco clubs members ofschools.
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e Generate awareness amongst general masses about littering and prohibition of the use of

polythene bags.

e Provide aid in effective implementation of ban on littering under H.P. Non Biodegradable Garbage

Control Act, 1995.

Strengthened National Green Corps Programme (Eco-Club)

To sensitize students on environment conservation and protection, the State Government has
established, 3,000 Eco-Clubs in the schools evenly spread in all districts ofthe State. The objective of
the programme is to spread environmental awareness and carry out action based programmes for

protection and improvement ofenvironment.

Inculcating Environmental Protection in Building Blocks of Our Society

Nine Point Environment
Protection Code- Morning Oath

NINE POINT 'ENVIRONMENT PROTECTION CODE'

I, hereby, pledge to conserve and protect the natural resources and
environmentofHimachalPradeshandin doingso:

Iwi ill respectall living things.

I will plant, conserve and protect trees and | will conserve paper
by doing my rough work on slate or black board.

I will conserve water at all times by ensuring that no one in my
house keep taps unnecessarily open during brushing, washing
hands, shavingandbathing.

I will conserve energy by always switching off the lights and
appliances when notrequired.

I will never use plastic carry bags and shall go for shopping only
with acloth orjute bag.

I will avoid use of non-biodegradable disposable items like
disposable cups,platesandspoons.

I will dissuade people and the safai karamcharis from burning dry
leaves, garbage and request them to use leaves, biodegradable
waste for composting or mulching.

I will not litter on streets, hill slopes, in neighborhoods, gardens,
into our rivers, nallas, and water bodies and request all to
dispose-offthe waste in dustbins or at designated places.

I will ensure segregation of waste and to give only segregated
waste to the door step collectors.

I will follow '‘Environment Protection Code' and say with pride
that'lam building a Clean, Green & Beautiful Himachal.'
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Aryabhatta Geo-informatics & Space Application Center (AGiSAC)
Establishment & inauguration

The State Government has taken the initiatives of setting up Aryabhatta Geo-
informatics & Space Application Centre (AGISAC) under the aegis of State Council for
Science, Technology & Environment with an objective to facilitate the use of
Geo-informatics for developmental planning and decision making in the State.

Objective

The objectives for setting up this State Centre is to facilitate decentralized planning, objective
decision making, Monitoring & Evaluation of Government Schemes & Programmes, to set up
integrated natural resources data management system, to provide services/consultancy based on
specific user needs in the field of Remote Sensing and GIS and to promote the use of SATCOM
networks for distantinteractive training and education in the State.

Key Functions

» Developmental Planning/ Decision Support Applications/Yes/No Decision
e Advisories/Alerts
e Surveillance /Regulatory Applications
e Monitoring & Evaluation of Developmental
Works/ Schemes

Applications for Departments

Applications under various level of development for
Departments of Agriculture, Education, Energy,
Environment, Fisheries, Horticulture, Food & Civil
Supplies, Forests, Industries, Health, Social Justice &
Empowerment, Irrigation & Public Health, Tribal
Development, Public Works Department, Rural
Development, Tourism, Town & Country Planning,
Urban Development, Revenue and Himurja etc.
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Himachal Pradesh Environment Fund
Objectives:

e Environment protection, conservation, restoration and mitigation works etc. Including efforts to
reduce carbon footprints in the environmentally vulnerable areas.

e Development of environment infrastructure for environment protection, eco restoration,
mitigation etc.

e Awards to individuals, organizations institutions etc. of proven track record that have
rendered/rendering valuable services to the Nation/ State in protection of environment for
recognition oftheir contribution for the cause ofenvironmentprotection.

» Relieffor environment protection in exceptional cases for the following categories

« Environmental losses sustained as aresult of natural calamities.

e Grantstovillages proactive for environment protection and reducing carbon foot prints.

e Grants to schools, institutions, organizations showing proactive role in environment
protection and conservation.

e Environmental educational activities, awareness programmes.

e Any other case not covered by any of the above categories and where the Environment Fund
Administering Committee is satisfied with regard to the genuineness of the demand of grant for
environmental protection, conservation, mitigation and restoration.

e Rs. 51 lacs have been received as voluntary contribution towards H.P. Environment Fund.
e Two proposals have been short listed for funding under H.P. Environment Fund during 2010-11
namely "Restoration and revival of traditional watermills through up-gradation” by WWF India

for Rs. 4.96 lacs and Malana Ajeevika Vikalp Agro-Hort Growers Marketing and Development Co-
operative Society for Rs. 6 lacs.
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Adaptation & Mitigation Measures for Reducing Sectoral and
Regional Vulnerability

As explained above, the major sectors of State's economy are likely to be affected to some extentby the
impacts of climate change. This framework focuses on sectors and regions where there is a
significance for social, economic, biophysical or cultural outcomes; decisions to be made in the next
few years, which could be affected in the long term by climate change impacts; and actions which
have ahigh level of potential to capture the benefits from early adaptation planning.

There are many inter-relationships within and among the vulnerable sectors and regions. For
example, impacts of climate change on water resources will further affect environmental flows for
biodiversity, agriculture, irrigation for agriculture and water supply for urban settlements and
industry, hydro power etc. Early adaptation will be influenced by the extent to which climate change
factors are incorporated into sectoral and regional planning.

Sectors dependent on natural resources are particularly vulnerable to climate change. Increasing
temperature, changing precipitation patterns and water resources availability, increasing
atmospheric levels of CO2and water acidification will impact on sustainability of major sectors like
agriculture, forestry and fisheries. The impacts will vary across regions and among the different
industry subsectors.

8.1 Agriculture- Horticulture

The Agri- Horticulture sector of the State is highly dependent on climate. About 90% of rural
population in the State depends on this sector for their livelihood. Seasonal weather variability in
conjunction with climate change will have long-term effects on agricultural production, agribusiness
investments, and regional prosperity.

The costs of the impact of climate change on agriculture could be considerable; for example, should
there be an increased frequency of severe drought this would leave considerable social impact on
rural communities. Adaptation can reduce these costs building on the experience of dealing with
climate variability.

Effective adaptation actions would provide farmers with added resilience and coping ability in
circumstances of a changed climate system. Information on how seasonality will alter due to climate
change will also assist the agriculture industry to adapt.

Potential Areas ofAction:

a) Implementthe relevant components ofthe National Agriculture Mission, as has been released
by the Government of India.

In particular:
e support research to improve understanding of the implications of climate change for
agriculture atthe State, sectoral and regional levels, including:
a. vulnerability assessments ofregions and agricultural activities;
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b. effects of climate change on seasonal variability and reliability, and on climate
extremes (e.g. droughts, rainfalls) affecting agricultural production; and
c. understandingbarriers to adaptation and opportunities to adapt.

e increase resilience of farming systems and regions to climate change, and help
agribusinesses identify where changes may be needed for the long-term investment
strategies;

e enhance current programmes and structures to incorporate climate change adaptation
considerations into natural resource management, rural supportand adjustment, research
and development and plant and animal health, pest and weed policies and programmes,
and environmental management systems.

e develop decision support tools, pilot adaptation options, inform and encourage
adaptation, and engage industry in participatory research, communication and review.

Important ongoing development initiatives need to be strengthened to reduce vulnerability to
climate change, including developing agricultural markets, reducing distortions and subsidies in
agricultural policies, continuing trade liberalization policies, enhancing social protection and
microfinance, preparing for disasters and, critically, mainstreaming climate change in agricultural
policies.

Though these aforesaid initiatives may not be enough instead, the adaptation will require
improvements that take existing development policies above and beyond their current capacity.

Innovative policies include:

e changing investmentallocation within and across sectors,

e increasingthe focus on risk-sharing and risk-reducing investments,

e improving spatial targeting ofinvestments,

e eliminating existing detrimental policies that will exacerbate climate change impacts, and

e reducing greenhouse gas (GHG) emissions from agriculture and increasing the value of
sustainable farming practices through the valuation of carbon and other forms of agricultural
ecosystem services such as water purification and biodiversity.

Key components of new and innovative adaptation measures to climate change include:
e changesinagricultural practices to improve soil fertility and enhance carbon sequestration;
e changesinagricultural water management for more efficientwater use;
e agricultural diversification toward enhanced climate resilience;
e agricultural science and technology development, agricultural advisory services, and
information systems; and
e riskmanagementand crop insurance.

8.2 Water Resources

Himachal Pradesh is not only important water source for its own habitats but is also serving other
States for the purpose of drinking water supply, irrigation and power generation. Rainfall and stream
flows are highly variable. The climate change presents significant additional challenges for the
managers of water resources in Himachal Pradesh. In a changing climate, droughts are expected to
become more severe in the State. The potential for replenishment of groundwater is expected to
continue to decline and water quality is also likely to be affected. Rainfall is likely to be concentrated
more in extreme rainfall events affecting water availability (both surface and groundwater), water
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quality, the balance between environmental and consumptive demand and allocation, as well as the
design and the safety of dams.

Improved knowledge is needed to assist water managers to understand the wide range ofimpacts the
climate change will have on surface and groundwater resources and the demand for water. The
adaptation to changed water availability could require the sourcing of additional water supply and
retrofitting water infrastructure, with the associated costs. It could also mean new ways of managing
water.

The National Water Mission and other water management frameworks are central to dealing with
reduced water availability due to climate change. Information on climate change will be essential for
the water managers.

Potential Areas ofAction:

a) Research to address key knowledge gaps, current and projected demographic changes, and
socio-economic analysis of impacts about climate and water resource, initiatives needed to
implementthe National Water Mission and other water management initiatives.

This will include research on:

< high quality projections of climate variables relevantto demand and supply/ allocations of
water resources;

e understanding of impacts of climate change on water resources and dependent
ecosystems; and methods and approaches for integrating climate change related risks
into water management.

« identify vulnerable river bed areas and apply appropriate planning policies, including
ensuring the availability ofland, where possible, for migration of ecosystems.

b) Work with the water intensive industry to ensure that climate change impacts and risks are

incorporated into water resource and infrastructure planning and managementincluding:

e assessingthe implications ofchanges in extreme rainfall events for water infrastructure;

e preparation of hand book on rainfall, precipitation and updating estimates of probable
maximum precipitation and rainfall extremes for use and to reflect likely climate change;

e jurisdiction of dam safety authorities to review major dam safety policies to accommodate
the impacts ofclimate change.

e assess the vulnerability of infrastructure, settlements, and environments of significance
using biophysical and socio-economic scenarios and inundation modeling.

8.3 Forests

Climate change could have significant impacts on the forests ofthe State, through slower growth rate
due to reduced water availability, raised temperatures, increased bushfires and wind damage and
disease pressures and through growth fertilization by higher atmospheric CO2levels. Frequent or
extensive damage to production forests can significantly reduce the sustainable supply of timber to
capital intensive processing industries with consequences that last for many years. Climate change
may also impact on the species that can be grown productively in plantations in different regions
influencing costs involved. Much forest land has multiple uses, and climate change may also impact on
water yields and biodiversity and ecotourism values offorests.
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Potential Areas ofAction:

a. Develop a Climate Change and Forestry Action Plan under the National Green India Mission.
This would include:

» identifying key impacts, vulnerabilities and research priorities;
e developing strategies in collaboration with hydro industry; and
e developing communication strategies.

b. Support research to address major knowledge gaps about the impact of climate change on
forestry and the vulnerability of forest systems. This may include assessing implications of
climate change for native and plantation forests used for timber production; the capacity of
forest systems to sequester carbon; the role and impacts of forests in natural resource
management; and social and economic aspects offorests and forestry.

8.4 Bio-diversity

Ecosystems are likely to be adversely affected by increasing temperatures, changes in rainfall
patterns, the spread of pests and weeds, changed fire regimes etc. Higher temperatures, possible
changes in precipitation patterns, glacial chemistry are likely to affect Himalayan ecosystems. The
impacts on bio-diversity will affect ecosystem services such as water, soil quality and cover.

Reducing other stresses on bio-diversity, such as overuse and pollution, is likely to ameliorate species
loss, system degradation and range contraction due to climate change. Healthy ecosystems are more
resilient to climate change impacts and are able to 'bounce back'. Some ecosystems are particularly
vulnerable such as high altitude wetlands, alpine areas, rainforests, fragmented terrestrial
ecosystems, pastures etc. Environmental flows of key riverine systems for the sustenance of ecology
are also vulnerable, with increased competition for diminishing water resources. However, there has
been no systematic analysis ofthis vulnerability across the whole set ofassets.

Potential Areas ofAction:

1 Review ofthe State Biodiversity Policy, functioning ofthe State Biodiversity Board.

2. Establishing a State Specific programme of research on the impacts of climate change on
biodiversity and ecosystem processes. The research will address:

i. Terrestrial, aquatic and riverine ecosystems with afocus on:

e analysis ofchanging distribution and phenology;

e the interactions and combined impacts of climate change and other threatening
processes;

e identification of critical thresholds for natural ecosystems and approaches to
increase their resilience to the impacts of climate change including connectivity;
and

ii. The implications of climate change for existing strategies, such as the planning for
threatened and migratory species and ecological communities.

3. Provide practical guidance on how to integrate existing and emerging knowledge about
climate change into management of disturbance regimes (for example, fires, floods, invasive
species) in areas managed for biodiversity conservation.

4, Assess the vulnerability of State forest cover, Ramsar Wetlands to the impacts of climate
change. Regular reviews of management plans for each reserve, wetland will explicitly
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consider vulnerability to climate change impacts and plans will include actions, where
necessary, to reduce vulnerability or manage impacts.

5. Finalize and implement key steps in the Climate Change Action Plan.

8.5 Ecosystems

Climate change is likely to affect perennial aquaculture, fisheries through increasing temperatures,
changes to water currents and nutrients, changed rainfall patterns. There are specific and different
threats to local fisheries and aquaculture. Aquaculture is likely to be impacted by climate change
through higher temperatures, water availability and river bed township impacts. Greater precision in
assessing vulnerability of trout fish stocks to climate change is needed to ensure sustainability of
commercial fisheries. Initial estimates show that the trout species could be particularly vulnerable.
Climate change is expected to make interpretation and use of historical fisheries management data
more difficult.

Potential Areas ofAction:

a. Develop a Climate Change and Fisheries Action Plan, to be considered under Himalayan Eco
System Mission that includes:

» identifying risks associated with climate change for the sustainable use oftrout fish stocks;

e determining ways of distinguishing climate change impacts from the impacts of other
environmental and management factors;

e developing strategies in collaboration with industry and community stakeholders; and
assessing the impacts and risks of climate change on aquaculture.

b. Supportresearch, inassociation with hydro industry and research providers, to address major
knowledge gaps about the impact of climate change on fisheries and aquaculture. This may
include analysis of the impact of changing climate, rising temperatures, river water quality,
currents on the distribution and abundance of riverine species; vulnerability and resilience of
riverine systems; productivity; and social and economic systems using riverine environments.

8.6 Health

Risks to the health from climate change include increased transmission ofvector-borne, food-borne
and water-borne diseases. Floods, bushfires, and changes to industry, land use and climate events
such as drought can result in adverse mental health consequences within rural communities, along
with a range of other health risks (e.g. from freshwater shortages, increased exposures to heat and
dust, and changes in local food availability and affordability).

The vulnerability assessment indicates that changes in climatic conditions can have three kinds of
health impacts viz. health consequences of changes to ecosystems and biological processes (e.g.
mosquito-borne infections, agricultural food yields), direct impacts (e.g. cold and heat-waves), and
the many health consequences that occur when populations are disrupted or displaced. Health
impacts due to climate change will affect some regions, socioeconomic groups and demographic
groups more than others. For example, older people are more susceptible to extremes oftemperature.
Many rural and remote communities have less capacity than larger settlements to deal with the health
impacts of climate change. Any geographic extensions of mosquito-borne infections are likely to
impinge more on majority of populations.
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Potential Areas ofAction:

a. The Health Department to develop and implement a State Action Plan on Climate Change and
Health thatincludes:

* research on climate change impacts on physical and mental health and identify key
vulnerabilities;

» identifying the capacity of the public health system and hospital system to plan for and
respond to these vulnerabilities including links to emergency services and health disaster
management policies; and

e incorporating the potential for climate change impacts on health into community and
public health education programs.

b. Develop and implementheat/ cold wave warning and response systems.

c. State health institutions to carry out research activities with a focus on research on climate
change and health.

d. To assess, and develop strategies to address, the impact of climate change on water borne
diseases.

8.7 Tourism

The impact of climate change on infrastructure and the natural environment has the potential to
affect the tourism industry. In some cases this could result in social and economic impacts in regions
with a high dependency on tourism as asource ofincome and employment. However, the impacts will
depend on the relative attractiveness of different destinations and the potential for alternative
attractions in the current tourism areas. As tourist attractions, areas such as the snow, wetlands, the
landscape, pastures, alpine areas, are particularly vulnerable.

Potential Areas ofAction:

a. The Tourism Departmentto develop action plan in partnership with hotel industry and other
stakeholders which would include:

e assessment of the impacts of climate change on tourism and tourism values (physical,
social and economic) and on the relative impact of climate change on the different forms of
tourism; and

e developing adaptation strategies for nature based tourism including tourism based on the
use of natural and cultural resources, specific tourism regions, and the industry more
broadly.

8.8 Urban Planning

The physical infrastructure and the social and economic fabric of settlements are likely to be affected
by climate change, especially by changed frequency of intensity of extreme weather events. Urban
infrastructure such as buildings, roads, bridges, railways are normally designed for a life span of 20-
50 years. Planning decisions for development and the replacement or restoration of long-lived
infrastructure, need to take account of the different climate in the future including higher
temperatures and changes to precipitation, water tables and humidity.
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Increasing urbanization in river bed areas, hilly areas and urban expansion into regional areas are
likely to increase the exposure of people and infrastructure to the impacts of climate change. People
living in remote areas may be more vulnerable. The impacts will vary depending on the form of the
settlement, geographic considerations and the nature ofthe local economy.

Adaptation measures include planning to reduce vulnerability and/or increase resilience, and using
codes and standards that take into account the impact of climate change on frequency and duration of
rainfall, storm water handling capacity, changes in snow fall patterns. The finance and insurance
industries will help to manage society's risk from weather related damages.

Climate change impacts on settlements will depend upon a wide range of local factors, including the
form of the settlement, the nature of the local economy, and geographic considerations such as
elevation and proximity to the terrain. Integrated assessment is an approach to understanding
climate change impacts and adaptation options atthe local scale.

However, decision makers need additional information about the vulnerability of major
infrastructure, including energy systems, transport systems, communication networks and building
stock, in order to develop adaptation strategies.

Potential Areas ofAction:

a. Research to address key knowledge gaps about human settlements and climate change
impacts, including information needed to effectively implement actions in relation to
planning, codes and standards and major infrastructure.

b. Alljurisdictions to evaluate and share relevantinformation about the extentto which planning
and development systems promote decisions that increase resilience to the impacts of climate
change.

c. Discourage decisions thatincrease vulnerability, and consider changes where appropriate.

d. Analyze and revise urban planning systems including revision and development of green
codes, standards and guidelines to increase resilience to climate change including:

e Toconsider climate change as part of periodic reviews;

e Review standards used for building, plumbing and electrical standards and
specification for the development. Include a particular focus on green standards
related to green buildings and utilities.

e Review information used to determine vulnerability of settlements, land to climate
related hazards (flash floods, forest fires, landslides) and develop new or revised risk
management guidance to take into account any projected changes as a result of climate
change.

e Review to also take into account the contribution of 'urban forests' to modify the
impact of climate change in the urban environment; and

e Revision of guidelines for management treatment, disposal, storage of rain water and
sewerage.

e. ldentify and address the impact of climate change on major infrastructure including hydro
power dams etc:

e ldentifying priority infrastructure assets that may be vulnerable to climate change and
coordinate with the owners on business continuity plans take this vulnerability into
account; and

e Analyze the vulnerability of electricity, transport, communications, water
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infrastructure and other key infrastructure to climate change, and develop appropriate
risk management strategies to reduce this vulnerability. For example, the review could
consider road connectivity and encompass existing transport infrastructure, planned
transport infrastructure and transport infrastructure management and planning. A
review of the electricity supply infrastructure could consider possible effects from
projected increases in temperature and changes in rainfall patterns and the changes in
energy demand due to climate change.
f. Develop capacity and tools for the planning sectors including insurance etc.

8.9 Disaster Management

Climate change is likely to increase the risk of natural disasters in Himachal Pradesh. Flash floods and
GLOFs, landslides are a feature of State's variable climate. However, climate change is likely to
increase the frequency and/or severity of extreme events. The high concentration of people and
infrastructure in urban areas, especially along the river and river bed lowlands are likely to resultin
severe economic losses with changing exposure to extreme events. Remote settlements can be
particularly vulnerable to natural disasters due to inadequate health infrastructure, road
connectivity.

Natural disasters already cost very heavily excluding death and injury costs. It is likely that climate
change will increase the frequency or intensity of some climate-driven weather extremes.

Climate change impacts need to be factored into natural disaster management risk reduction,
emergency services planning, and recovery management, especially for areas more vulnerable to
extreme events. Community awareness and developing a culture of preparedness in conjunction with
emergency services will contribute to effective adaptation responses.

Potential Areas ofAction:

a. Setup State Level Disaster Management Authority and make it functional with suitable TORs
addressing Climate Change risks.

b. Undertake research to improve knowledge on the nature and expected extent of changes to
existing risk profiles as a result of climate change for key events such as, flash flooding, GLOFs,
hail damage, forest fires and landslides.

c. Incorporate climate change impacts into planning for natural disaster response management,
in particular the risk and changing behavior flash flooding, GLOFs, hail damage, forest fires,
landslides and extremes in temperature. This may include:

e Incorporating climate change issues in the review of the Natural Disaster Mitigation
Programme and proposals submitted under the Programme; and

e Improving information for emergency services and communities to encourage awareness
of climate change and adaptation responses.
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Climate Change Strategy for Himachal Pradesh

In view of past and current scenarios as explained w.r.t. losses due to extreme events and climate
change, the State's immense geographic diversity append to the complexity of developing and
implementing appropriate climate risk management strategy. Within the country the impacts will
vary across States, sectors, locations and populations. The climate projections for the country suggest
that impacts are likely to be diverse and mixed, with some regions experiencing more intense rainfall
and flood risks, while others will encounter sparser rainfall and prolonged droughts. Among the more
substantial effects is a projected spatial shift in the pattern of rainfall towards the areas under snow
line or already having heavy rains, while in some regions water scarcity may increase thereby
affecting land fertility and unproductiveness. The climate variability and climate change poses huge
risks to life and threat to endanger the sustainability ofthe country's fast growing economy.

The Himalaya has the largest concentration of glaciers outside the Polar Regions and some of the
prominentrivers ofthe Northern India originate from these Himalayan reservoirs. Geological history
of the earth indicates that the glacial dimensions are constantly changing with the change in climate.
Monitoring of seasonal snow cover depicts the melting and the retreat of snow in the month of
December atan altitudinal range of more than 4,800 mts., in Baspavalley implying thereby that global
warming has actually started affecting the snow glacier melt and run off patterns in the Himachal
Himalaya as well.

An analysis has been carried out on various sectors viz. agriculture-horticulture, water resources,
forests, biodiversity, energy, health, tourism, urban development, transport, industries, mining etc.
which indicates that the trends are not favorable and the climate risk management actions are not
sufficiently met due to lack of knowledge and resources, butstill the steps are being taken at different
levels to adaptto the existing trends and mitigate the adverse impacts to the possible extent.

Being the most eco sensitive and fragile nature, the impacts of Climate Change manifest most, leading
to significant impact on agriculture and horticulture production, water resources, forests and these
impacts are likely to adversely affect large percentage of population depending on these natural
resources/activities in future as well. There is in fact a greater need for sustained efforts for the
adaptation measures in the State.

Himachal Pradesh is known for its dominant rural/ tribal population, traditions and culture. To retain
and sustain traditional cultural originality of the people of State and to maintain their developmental
graph is indispensable for the State. The options available are to be realized through various strategic
interventions by different public authorities at the State and Local levels. The purpose of Climate
Change Strategy for Himachal Pradesh is twofold:

- Takinginto accountthe prevailing developmental process- its achievements and losses.
- ldentification of solutions and actions, as may be required at various levels such as

regulatory, institutional, programme, policy, and plan.

As the climate changes, so must the State respond. To effectively address the challenges that a
changing climate will bring, climate adaptation and mitigation actions must complement each other,
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efforts within and across sectors must be coordinated. These approaches have been viewed as
alternatives, rather than as complementary and equally necessary approaches.

The Department of Environment, Science & Technology has worked out strategies for climate change
adaptation and mitigation, and to develop the necessary tools to effect adaptation protocols. Now
closer coordination is needed to implement these approaches. The strategy for Himachal Pradesh has
been developed using aset ofguiding principles:

Involvement of all related stakeholders in identifying, reviewing, and cultivating the State's

adaptation strategy.

- Give priority to adaptation strategies thatinitiate, encourage, and enhance existing efforts that
improve economic and social well-being, public safety and security, public health,
environmental justice, species and habitat protection, and ecological function.

- Prioritizing adaptation strategies that modify and enhance existing policies rather than
solutions that require new funding and new staffing.

- Recognizing the need for adaptation policies that are effective and flexible enough for
circumstances that may notyet be fully predictable.

- Use the effective reliable data base in identifying climate change risks and adaptation
strategies.

- Recognize sustainable scientific data base collection and knowledge about climate change is
evolved continuously.

- Establish and retain strong partnerships with central, state, and local governments, tribes,

private business and landowners, and non-governmental organizations to develop and

implement adaptation strategy recommendations over time.

9.1 Approach

A collaborative approach is proposed to deal with the emerging situation. The climate change impacts
cuts across jurisdictional boundaries of various sectors and will require governments, businesses,
nongovernmental organizations, and individuals to minimize risks and take advantage of potential
planning opportunities in a collaborative manner. This is the simple means by which the far reaching
effects of climate impacts can be addressed efficiently and effectively while avoiding potential
conflicts. The Comprehensive State Adaptation Strategies explained subsequently emphasize the
need for collaboration and identifies issues where cross-sector relationships are necessary.

9.2 Goals & Objectives

The fundamental purpose and goal of the strategy is to begin a state wide, ongoing, and committed
process of adapting to a changing climate in the context of other changes in the environment,
economy, and society. To achieve this goal, the adaptation strategy pursues the following specific
objectives:

- Identification and synthesis of climate change risks: We need to synthesize to the greatest
extent possible how temperature rise, extreme weather events, precipitation changes, seasonal
shifts, will exacerbate existing water supply and quality, air quality, habitat loss, human health
risks, fire and floods etc. and to assess how these changes will impact the state's economy,
infrastructure, society and environment.
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- Develop criteria for prioritizing identified adaptation strategies: The applicability ofthese
criteria may vary across sectors, and should ideally include but not be limited to social,
environmental, technological, manpower, institutional, policy, and financial /economic
considerations.

- Identification of sector-specific and cross-sectoral adaptation strategies to reduce
vulnerabilities and built climate resilience: To make strategies which helps to (a) improve
preparedness for climate change impacts and extreme events, (b) avoid, prevent, or minimize
climate change impacts to agriculture, public health, biodiversity, land, forests, and
infrastructure, (c) enhance the state's response capacity in case of extremes, and (d) facilitate
recovery from impacts and extremes in order to enhance the state’s resilience.

- Cross-cutting supportive strategies: ldentify governance efforts (such as policy or changes in
regulations, procedural adjustments, etc.) and resources needed to enable the development and
implementation ofidentified adaptation strategies.

9.3 ListofPrioritized Adaptation & Mitigation Options

9.3.1 Adaptation

"To develop a package of adaptation measures, aimed at protecting the health of people, water
resources, agri-hortiproduction, urban and ruralinfrastructure and hydropowergeneration.”

To achieve this, it is essential to first define future climate change vulnerability scenarios in State's
priority sectors, with the aim of assessing the environmental, socioeconomic and health impacts of
this phenomenon. This information will allow climate change adaptation measures to be defined on
the regional and sector levels. Described below are the actions set out under this vision that will be
undertaken to establish and execute measures to adaptto the climate change impacts in the State.

Adaptation, Mitigation to the Impacts of Climate Change

- Analysis of Climate Scenarios atthe Local/ Regional Level.
- Determination of Impacts and Climate Change Adaptation Measures in following sectors:

Direct: Agricultural- Horticulture
Water Resources
Forest,
Biodiversity
Indirect: Energy, Hydro Power
Health.
Tourism
Housing, Urban Infrastructure

- Formulation ofa Regional Plan for Climate Change Adaptation and Related Sectoral Plans.
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9.3.2 Mitigation

"Towork toward becoming alow-carbon/carbon neutraleconomy asameansofpromoting sustainable
developmentin Himachal Pradesh as well as a means ofcontributing to national efforts to reduce GHG
emissions.”

To achieve this goal, the State must first analyze its options for reducing greenhouse gas emissions
and then assess various mitigation scenarios. Options for reducing GHG emissions include increasing
the availability of carbon sinks (biological absorption of GHGS) or reducing the level of emissions
released into the atmosphere, ideally in sectors such as energy generation, transport, mining and
agriculture, which contribute the large amounts of emissions in the State. This being the case, and
with the objective of evaluating Himachal Pradesh potential for GHG mitigation, the Action Plan
recommends the guidelines detailed below:

- Tocarryout/update Greenhouse Gas Emissions inventory.

- Mitigation Assessment Studies & Implementable Actions.

- Generation of mitigation scenarios in Himachal Pradesh.

- Formulation of a State Plan for mitigation of Green House Gas Emissions and related
Sectoral Plans.

9.3.3 Capacity Building

General Guidelines for Capacity Building: "To inform the population about environmental problems
and, in particular, to raise awareness about the effects ofclimate change and to encourage education,
awareness and research on thissubjectin HimachalPradesh.”

The above vision for the production of quality and accessible information on climate change will help
formulate the State's position on this issue.

The actions described below will be carried out under these general guidelines in order to build
capacities for comprehensively addressing climate change in the long-term as well as to reinforce
capacities already presentin the State.

- Creation ofa State Fund for research on biodiversity and climate change.

- Evaluation ofthe technical and economic feasibility of establishing abasic Comprehensive
Regional Network (Atmospheric and Terrestrial) for Monitoring and Studying Climate
Change.

- Creation of a state level Glacier Registry.

- Strengthening the institutional framework in Himachal Pradesh for addressing climate
change.

- Design ofinstruments to promote the development, transfer and adoption oftechnologies
for climate change mitigation and adaptation.

A core element of the implementation strategy is that all research studies that will be

conducted in the State, weather funded through State Action Plan on Climate Change or
through other sources, will be coordinated by State Centre on Climate Change.
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9.4 Strategic Frameworkfor Adaptation & Mitigation

The Strategic Framework for Adaptation & Mitigation worked outis as per Table-23 & 24.

Table-23: The Strategic Framework for Adaptation & Mitigation

Area Objectives
Adaptation to the 1. Evaluate environmental and socioeconomic impacts of climate
Impacts of Climate change in Himachal Pradesh.
Change 2. Define adaptation measures.
3. Implementand follow-up on adaptation measures.
Mitigation of 1. Analyze alternatives for mitigating greenhouse gas emissions in
Greenhouse Gas Himachal Pradesh.
Emissions 2. Define mitigation measures.

3. Implementand follow-up on mitigation measures.

Creation and 1. Promote public information and awareness about climate
Promotion of change.

Capacities in the Area 2. Encourage education and research on climate change.

of Climate Change 3. Improve systematic climate observation.

4. Generate high-quality, accessible information for decision-
making.

5. Build institutional capacities for mitigation and adaptation.

6. Develop and transfer technologies for mitigation and
adaptation.

7. Prepare, regularly review and update State's greenhouse gas
inventory.

8. Actively participate in the National Climate Change agenda.

9. Supportnational cooperation on climate change.

10. Establish synergies with other conventions being implemented
at national level.
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9.5 Short Term Adaptation Strategies

Table-24: Short Term Adaptation Strategies

Sr. Strategic Entry Point

No.

A. Comprehensive
State Level
Adaptation Planning

B. Integration of Land
Use Planning and
Climate Adaptation
Planning

C. Improve Emergency

Preparednessand
Response Capacity
for Climate Change
Impacts.

Action

Institutionalization of adaptation to climate
change and reducing greenhouse gas
emissions into state planning processes,
budgets, and policy development.
Establish a framework for promoting
collaboration within and among different
sectors to implementclimate change
adaptation strategies and to promote
comprehensive state adaptation planning.
Setup three levels ofcoordination-
Implementation,
Monitoring & Evaluation, and
Coordination.
Prepare guidelines to guide agencies to
evaluate the impacts oflocating
developmental projects in areas susceptible
to disastrous conditions.
Incorporate climate adaptation
considerations into the urban and rural
planning processes.
Incentives to communities that are most
vulnerable and are prepare them for likely
climate change impacts.
Make land use planning integral part of
developmentprocess.
Address climate change in the long-term
vision and development goals of general
plans.
Coordination and consultation mechanisms
need to be established and/or strengthened.
Effectively address the vulnerability,
resilience, and future growth of areas prone
to climate change impacts.
Identify critical infrastructure such as roads,
power projects, and water/wastewater
pipelines that may be affected by climate
change extreme events.
Inventorize sources ofwater that may be
reduced due to increased temperatures,
decreased glacial snow pack and dependent
wetland storages.
Prepare state blueprint for planning process
thatidentify areas vulnerable to climate
change.
To assess emergency response capacity,
minimize exposure to climate extremes.
Toundertake anticipatory planning
(prevention and preparation).
To update the State Disaster Management
Plan, to strengthen consideration of climate
impacts to hazard assessment in planning,
implementation priorities, and emergency
response.
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Efficiencies are realized and
impacts are minimized.
Level of coordination set up
in each line organization.

Regulation in urban, rural
expansion in sensitive areas.
Road map identified to
address local level
vulnerabilities in an
integrated and
comprehensive manner.
Local, state, and other
jurisdictions do not work at
crosspurposes.

Sectors starts periodically
reviewing their changing
capacity needs.

Limited consequences of
unforeseen events.
Preparedness and
emergency response
capacity built.

Reduced strain on
emergency services.
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Sr. Strategic Entry Point Action Indicator
No.

D. Strengthen the - To develop astrategic plan thatidentifies - Centre on Climate Change
climate change priority state climate adaptation research and research and development
research and science monitoring needs; proposed resources and set up.
programs timeframes to implement the plan; and - Planning process linked to

potential for research co funding and climate change research
collaboration with local, state, and national and science.

agencies, universities and other research - Enhanced adaptive capacity
institutions. ofsectors developed.

- Todevelop acomprehensive research project
catalogue and continue to biannually publish
key state sponsored climate research. Such as
on glacier-society-economic sector
interaction.

- Todevelop alLocal Level Climate
Vulnerability Index to ensure the best
available science informs climate adaptation
decision making.

- Todevelop amore systematic approach to
funding risk reduction efforts.

Himachal Pradesh has aunique opportunity to confront the problem ofclimate change synergistically
with sectoral development agendas that will create opportunities to address local needs such as:

Formulating and strengthening the State Environmental Policy by reducing local pollutants
and other negative environmental externalities and implementing measures to reduce
greenhouse gas emissions and adapt to climate change. Based on the potential synergy
between national issues and the local agenda, a major challenge for the State Governmentisto
integrate climate change into its public policies and management instruments that address
issues such as:

- conservation and sustainable use ofbiodiversity and natural resources,

- water resources management through river basin management, among other

importantissues in this area,

- glacier protection,

- energygeneration and use,

- public health impacts, and

- education for sustainable development.
Advancing sustainable development and poverty reduction through the transfer of
technologies that mitigate greenhouse gas emissions and enable adaptation to their expected
impacts. This will help to improve the socio-economic and environmental conditions of
communities or parties directly affected by this phenomenon.
Increasing participation in the carbon market through the Clean Development Mechanism,
which is crucial for accelerating the introduction of environmentally friendly technologies
thatreduce emissions ofgreenhouse gases and local pollutants.
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9.6 Recommendations

The recommendations outlined below have been developed based on substantive feedback drawn
from review ofvarious policies, drawing on the expertise of different sectors and individuals offering
different perspectives on effective approaches to climate adaptation.

Itis recognized that implementation ofthe proposed strategies will require significant collaboration
among multiple stakeholders to ensure that these are carried out in a rational, yet progressive
manner over the long term. These strategies distinguish between near-term actions that should be
done by the end 0f2012-15 and long-term actions to be developed over time.

Key recommendations include:

1

10.

11.

12.

Promote sustainable development through climate change related adaptation and mitigation
actions.

Prepare sector specific adaptation plans, guidance manuals, or criteria for the management
and regulation of urban and rural development, health, water supply, hydropower
developmentsubjectto significant climate change by 2017.

To assess the risks to the State from climate change and recommend strategies to reduce those
risks building on State's Climate Adaptation Strategy.

Empowering local communities and stakeholders to promote integrated watershed
management as an instrument for rural poverty reduction through improvements in the
productivity and climate resilience ofnatural resources.

To develop a plan for expanding existing protected areas or altering land and water
management practices to minimize adverse effects from climate change induced phenomena.
Extensive research activities w.r.t. land and aquatic habitats which significantly susceptible to
climate change need to be undertaken.

Reviewing of its water management practices and uses as the climate change is likely create
bigger competition for limited water supplies required for the drinking water supply,
agriculture, ecology & environment, and hydropower. To work out and implement strategies
to achieve atleast 5-10 percent reduction in per capita water consumption by 2015.

To expand surface and groundwater storage, implement efforts to fix water supply, quality, and
ecosystem conditions, support agricultural water use efficiency, improve state-wide water
quality, and improve ecosystem conditions and stabilize water supplies.

Soil conservation activities are required to be enhanced in the State.

All significant state development projects, including township, hydropower, industry projects,
must consider the potential impacts of locating such projects in areas susceptible to hazards
resulting from climate change.

To develop plans for an increased use of renewable energy; harnessing solar, wind power to
meet out the energy demand from projected population growth with greater energy
conservation.

To adopt alternatives study approach that avoids significant new development in areas that
cannot be adequately protected (planning, permitting, development, and building) from
extreme events of climate change. The most risk-averse approach for minimizing the adverse
effects of temperature rise, river bed water level rise and storm activities is to carefully
consider while developing new areas which are vulnerable to these aspects.

To assess mitigation and adaptation strategies that includes impacts on vulnerable
populations and communities and assessment of cumulative health impacts including
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assessments of land use, urbanization, hydropower development, industrial developmentand
transportation proposals that can impact health.

13. To prepare long term plans for dealing with health impacts which are likely to increase with
climate change with aview to develop and to build resilience to increased spread of disease
and temperature increase.

14. Ecosystems evaluation analysis and issuance of state policy on payment for environmental
services based on pilots.

15. Sustainable Management offorests as per agreed methodology for REDD+.

16. Preparation and implementation of Basin wise Integrated Catchment Area Treatment
(BICAT).

17. To develop effective fire fighting plans in view of emerging extreme climate change risks.
Enhanced fire risk in forest areas from climate change will likely increase and impact on the
biodiversity, public health and safety risks, property damage, fire suppression and emergency
response costs to government, watershed and water quality impacts, and vegetation
conversions and habitat fragmentation.

18. Expansion & consolidation of Community Led Assessment, Awareness, Advocacy and Action
Program (CLAP) for Environment Protection and Sustainable Developmentin the State.

19. To broaden and fund the research beneficial to policy makers, planners on climate change
impacts in Himachal Pradesh, focusing on linkages with international, central funding
resources, developing vulnerability studies, and synthesizing the latest climate information
into useable information for local needs through differenttools.

9.7 Cost-benefit Analysis to Assess Environmental, Social & Economic Costs of
Identified Options

Cost-benefit analysis is often used in government systems to evaluate the desirability of a given
intervention or for selecting an option. It is heavily used in today's government systems. It is an
analysis ofthe cost effectiveness of different options in order to see whether the benefits outweigh the
costs. The aim is to gauge the efficiency ofthe option relative to the status quo. The costs and benefits
of the impacts of an intervention are evaluated in terms of the public's willingness to pay for them
(benefits) or willingness to pay to avoid them (costs).

Uncertainty

* Raarsihii
» Hexhility
* Ackptive Maregament _
Basdlines
Equity = | Economic Valuation
Distributional Inpects Dsourt s andtine horizors
Miigaticn &Ackptation
Adllary Breits Fooomywick inpedts &arcsssedord
H,H!S Am% ) lirkeges
ices quoosedtoivete
adgdatian

For example, the adaptation options proposed include improving water resources management,
optimizing agricultural production and increasing the efficiency of irrigation systems. The water
allocations from water resources, covering generation of hydropower, water for human consumption,
water for agricultural production, water discharges control. Identified adaptation options include
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improving infrastructure to enhance water quantity and quality, improving storm and sanitary
sewers, domestic and industrial wastewater treatment, raising public awareness and integrated
watershed management.

Options have been categorized as policies, strategies, planning or operations. While the first two
groups of options are assumed to have minimal costs and could be part of the regular budget, the
second two are expected to have considerable costs in the short, medium and long term. The costs of
immediate actions to enhance integrated water resources management are estimated to be higher
but certainly have potential to deliver cost effective later.

Biodiversity and ecosystems is one area of action in Himachal Pradesh where consideration of
externalities and non-monetary values is paramount in an assessment of costs and benefits. For
example, the construction of hydro power, irrigation dams does bring significant short term benefits
to communities living upstream, such dams constrain the development opportunities for
communities living in downstream of such area, downstream communities not paid in part to their
effects on local ecosystems. Once all projected costs (losses in fisheries habitat, in quality of
agricultural land and in water purification capacity of downstream) and benefits (irrigation and
hydropower generation upstream) are taken into account, aneteconomic cost could be workout.

9.8 AssessmentofAdaptive Capacity & Feasibility of Implementing the Options

Key components ofadaptive capacity include the ability to generate, access and interpret information
about climate change and its likely impacts; suitable methods for identifying and assessing potential
adaptation strategies; appropriately skilled people; adequate financial and other resources;
governance systems with sufficient flexibility and foresight to embrace adaptation planning; and
willingness to adapt. Knowledge and methods will need to span a range of disciplines, including
climate science, biophysical sciences, engineering, social sciences and economics, and planning.
Inter-disciplinary studies shall also be important.

There are substantial gaps in our knowledge and we need to improve the synthesis and dissemination
of information for decision-makers. Decision makers need improved information, guides and tools
which are tailored to their field and scope of operation to enable effective adaptation. Based on the
adaptive capacity of various regions of the State, general anticipatory adaptation options have been
indicated which should be adopted as per the local level circumstances. The response matrix for these
options issummarized in a Table-25.

Complementary and Conflicting Adaptation and Mitigation Actions

Favourable Actions Unfavourable Actions
Favourable for Adaptation Favourable for Mitigation,but Favourable for adaptation, but Unfavourable for
and Mitigation Efforts Unfavourable for Adaptation Unfavourable for Mitigation Adaptation and Mitigation
Efforts Efforts Efforts

e Energy Demand Management e Forestry with Non-Native e Meeting Peak Energy Demand e Developmentin
« Energy Efficient Buildings Species with Fossil Fuels Floodplains
e Water Conservation e Urban Forestry (shade * Wastewater Recycling and  Traditional “Sprawl"
* Biodiversity-Oriented Forestry trees) with High W ater Desalination Development
e “SmartGrowth" Deman d) e Groundwater Banking e Developmentin Hotter
e Developmentin Cooler * Some Bio-fuels Production * Increased Air Conditioner Use

Regions e UseofDrainage Pumpsin Low

Lying Areas

Source: Bedsworth and Hanak (2008)
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9.9 Response Matrix for Anticipatory Adaptation Options in Himachal Pradesh

Table 25: Response Matrix for Anticipatory Adaptation o ptions in Him achal Pradesh

Setlor ficiicrul Prilicy Opliiins lor Adaptation Nigh I'cioriiy T fifrtiw f tiiiig-tcrm 1 nfavnralilr V I briiclhs am
or Ptidsioiu* litnds* independent of
Short Term  Mi'iliiiru L e < alastropliir < liiniitr
iirrth fritifl 1in par s dinner*
Varied Illire DeveldO ni>W crop tyjn«i yf f
Enhance seed banks S f
Avoid mom)culture acid encourage Firmer;to phim a variety pf S f
heal- and drCnigbr-rcsrstar™ crops
Avoid tvimi subsidles ortaxes to tin#'o ffifbn and land \ \ 7 f
Licrease efficiency orimgiBion f
Disperse Information £6 conservation management practices f
Li tH'Qi HiLUiu n nl* LiKriL-LilUir.l trade f f
Promote agricultural drought maniijpemonl practices f f f
lunrt consolidations f f f
Avoid I-ind UseChange especially agriculture land \ f f
A\ HftT Use river basin planning and coordination f f f f
Resources Adoel contingency el.inning for drought prone Brea s f
Make marginal changes Inconstruction of infrastructure \
Use mu'i bivsnt nans Itrs for I'vspuntlnig to r*onal droughts f
nrother problems pfwatersupply
Avoid inter basin transfers for hvdno power generation y‘ f f f f
Maintain options to devekip new dam sites for irrigation and
wjiLcr xupp v
Cnnsei-ve water v f
Encourage elTirjem water use yf f f
Spread awareness, ed uention, increase vdfuntjiv ... ...CC \ \ f
liimiklui L market basul pridug pedicles, legal restrictions en f S f v/ f
water use. r.jrinning pi water, nr the imposition of water
conservation standards un technologic;
Alluciiie water supplies by wusing market-based system, S f S
market-based allocations are able to respond more rapidly to
dunging conditions of supply and .lino Lend In tower demand
Control ofwater pollution v f f f
Forests Enhance forest: nurseries, seed banks v S f
Encourage diverse management practices f /
Encourage participatory fprelt management, incentives to the f / v
commuiiiiles
Ensure effective timely iifiiplemenLilion pfCAT plans f f f f
Establish flexible criteria tor interventions yf f f
Restoration ntdegraded sites f yf f f
Avoid excessive diversion of forest land for Long term yf o / f f
Reduce habitat fragmentation and promote development of f

migration corridors
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9.10 Instrumentsto SupplementImplementation- A Roadmap

In view of the current financial and economic positions, emerging crisis such as pressure on water
and natural resources etc. shall create even greater challenges due to climate change in times to come.
These problems shall make more evident than ever the need to transform the way in which we live,
produce, operate and consume. There is a necessity to move towards green economy, sustainable
patterns of agriculture practices and consumption and sustainable growth. Green economy
represents a genuine opportunity to positively input the system of national economic relations to
promote long-term sustainable growth and make the financial and economic systems face
environmental reality, through the integration ofenvironmental considerations into these systems.

The State of Himachal Pradesh has always taken the challenges ahead critically and has initiated
various programmes, activities for sustainable and inclusive growth. The State has adopted a strategy
for sustainable growth by way of promoting a resource efficient, greener and competitive economy.
Developing Himachal Pradesh as a green economy is an effort to enhance the environmental pillar of
sustainability.

In order to move the State on the path of green economy, the actions are needed at all levels, by all
stakeholders. There is a need of commitment and understanding at local level as well. Developing
State as a 'green economy' can be achieved by integrating number ofinterlinked elements such as:

e Green Public Procurement: It represents a clear opportunity for the Governments to show in a
very practical way their political will to move towards a green economy. Adopting it as a modern
policy instrument has a huge potential to catalyze change towards greening all sectors of
economic activity, mainly industry and services.

e Green Jobs: It represents a huge opportunity to reduce unemployment while enhancing the
protection of the environment. It requires an enhanced support and commitment both from
governments and from the private sector.

e Promote Small Scale and Medium Scale Industries: This has a potential to be a key factor in the
process of expansion of
green economy. Because
of their size and
dynamism, these are
more likely to adapt
faster than large
companies to the new
environmental
standards. Improved
regulatory frameworks,
easier access to
international markets
and supporting
incentives with cleaner
technologies.
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e Enhance Corporate Social and Environmental Responsibility: This needs to be further
promoted at the local level as a key element in ensuring long term public and user reliance,
poverty reduction and reduction ofthe environmental impacts of economic activities.

e Conservation of State Biodiversity and Ecosystem: These services are important fundamental
basis for a greener economic and social development. There is a need to recognise the value of
biodiversity and ecosystem services reflected in the marketing ofgoods and services.

* Resource Efficiency: It aims at supporting the shift towards a resource efficient and low carbon
economy that is efficient in the way as it uses all resources, in order to decouple economic growth
from resource and energy demand, reduce CO2emissions, enhance organic agri-horti produce and
ensure greater clean energy contribution to grid.

e Research and Eco-innovation: It aim at R&D activities, policy on the likely climate change
challenges that our State shall face, such as hydropower, natural resource efficiency, health,
tourism, agriculture and land use and demographic changes.

e Sustainable Consumption Patterns and Agriculture Production: itis avery important issue,
which can make a substantial difference in moving towards sustainable patterns of production
and consumption.

e Promotion and Consumption of Locally Grown/Manufactured Products: Traditional
products and their cultural values must be conserved, bringing in a policy level intervention. It
mustbe further promoted as away to both alleviate poverty and contribute to the reduction of Co2

e Paymenton Eco services: Keeping in view the fact that the state is facing numerous challenges
on the fronts such as green house gas emissions, deteriorating air quality, increasing trends of
pollution of its rivers and water bodies, melting glaciers, deforestation and land fragmentations
etc because ofvarious developmental initiatives, introduce new market based concept which is
coming to the forefrontwhereby the beneficiaries ofthe environmental commodities and services
have to pay for their use.

e Introduce Green Tax for Tourism: The State is looked upon as a storehouse of the natural
wealth, lush green meadows, mountain peaks clad under thick layer of snow, enriching
picturesque, dense forests and clean air and water, population expanse and tourist influx has to
some extent taken its toll on the environmental health of the hill states, therefore, options of
instruments like Green Tax need to considered for the State.

e Hydropower Generation Taxing to be linked with development of catchment's:
Hydropower, by the nature of its resource (water) and the non-combustion way in which it
captures and converts the energy of falling water into electrical energy via the water turbine and
generator set, lowers the amount of carbon dioxide emitted during the production of electricity.
One can easily assess the annual reduction in carbon dioxide emissions and identify the potential
hydropower capacity that can be developed further given the various environmental, legal, and
institutional development constraints for levying the Carbon Tax in the State besides linking it
with development of catchment's areas.
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Indicative Action Plan-2012- 2017

Action Component Action Proposed
Code
Adaptation
A -l Analysis of - Develop dim,Hi"scenarios K a nlji:iii.il/ local level
. m Analysisofexisung | LFormatlon regarding vulnerabilityantthe Impacts of
Climate L ) :
- clLiruite change at loc.il/ rcsinn.nl level,
Scenarios at - Review Ilrid Lipdate esisling vulner.nblhty scenarios and related Studies Do
the Local determine the motu wimble meilitKfologic.il approaches
Level. prortloie suOaimbh development through climate clun v related adaptation
and miligation actions.
Empowering local Communities and stakeholders In prflDiote integrated
watershed! management .is ail Instrument for jum | poverty reduction through
improvements in the productivity and climate resilience o( n.itur.il resources.
- Espuusiou &cu usuliil ition of L'ummu mty Led Assess melit, Aware lies'-.
A&ocaty and Action Program (CIAPI for Environment Protection and
Sustainable Development m the State.
A-Z Determination of Impacts and Climate Change Adaptation Measures
A-Z'S-1 Agricultural - Perform an analysis ofthe vulnerability Add adapt.uion potential or the

agricultural sector and Himachal Pradesh'S water mid soil resourc es.

Assessand summarize national polities and strategies for adaptation ’In the

agricultural sector and Water ami Soil resources.

Conduct a socioeco nomte assessment of the impactofclimate change on the

3Hricultlir.il sector.

Perform studies to identify climate change adaptation measures mid projects In

Himnehiil Pradesh ASnctlitur.il sector, especially in rural jRnniitiir.it areas with

Smalt family farms.

Develop asystem to manage agro-climatic risks and agricultural emergencies.

implement ;iLciiulic Improvement Program to develop new plain varieties that

CJu he adapted for new climate change Seen.trios

Poster and prOiiiote the elTicient use oftvuferin agrkulture.

- Reduce use ofdie mieals for agrl-1l0rti pmd uelrans.

liicrease the State’s unfilled snrlLice area hy 50'h. through a new water shed -

d.MWlconstruction program.

- Expand Irrigation and water policies to include small reseivotrs. artificial
gjitmndwatCTreplimishincul, relininr of camils.

* To promote oryjinc farming in die State.

Impiementing
Institution

WF5T

Research Centers,
Institntfons.
State's Uuiv.
iJistricl

Ad ministralion
etc.

Multiple

Agriculture.
IPH,
Horticulture.
SCST ft E.Brr,
NBPGFt.
CSKV.IHBT.
yspftu,
Af.isai:. 00c .
Power, forests,
IJEST, District
Ad ministral Lun
etc.

9.11 State Climate Change Action Plan: Estimated Cost Implications

Implementation
Period

20i 2-2014

2012-Z015

Budget
Rs.[million!
Existing Addilion til

Nit 500

1100
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A-2-S-7

Housing,
Urban
Infrastructure

Formulation
ofa Regional
Plan for
Climate
Change Adap-
tation and
Related Sub-
sectoral plans

- Develop Scenarios to model lilt impacts ofclimate change on major uD, 2012-2016
Infrastructure m low-lying and river lied linens susceptible to rhm.ue-related FtD,
damage. IPH,
t-j*ssess the eeonnm If limpact ofpreuBntlvp:measiircs to prepare forextreme PWD.
events and ill repairs nr reconstruction Ih.Ht could result necessity tr-rmi such TCI1 SPCU.
events. Tourism,
- Develop criteria kir adaptmg regional efikKipncy plans lo pie para Inr the Transport, Nistncl
polL-jKi.il destruction of major infrastructure, Administration
- Adapt lhe design (nr new bridges and hydraulic Infrastructure so lltol these etc-
would account forchanges to Himachal Pradesh's liydruluuy caused by climate
change.
Expand the Iprrastructore and dtefeniot program designed to protect Liiu 1Im in
citizens Lind safeguard public and private property in remote areas and riverside
areas.
luiprove the capacity in piedirt aud respond to hyd rnloakn lemergencies
caused hy duslinictive rises in merlevels duo In the nets’hydrology caused hy
dimate change.
- Incorporate lhe results ntclimate change impact studies into 7niiiiig plans to
aypid the expansion of urban areas into rural and riverside areas that are
already Susceptible to dim.He change risk.
m improve the link between the prom s feififcvckiplrig urban planning
instruments and the incorporation of background iiifnrmaliott from available
siutlies on rural areas and watersheds.
- Check tafrestructure development related le tourism activities in areas prone to
disasters.
- Develop building energy efficiency design guidelines- (retro litlLiig as wul;as
new cdhstructions)

m Develop the regie nj]level Adaptation tT.m and tlie respective Sectoral Adapu - DF.ST. 2012-2013
linn Plans tor the period 21117-20-13. $cst&k,
- Then-implemeiltatiuu will he nlumtored over time and the sectoral impact Stakeholder

scenarios will he updated;as needed. Organizations etc.

Total (1J

1,250

350

8,450
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M2-S-3

M-3

M-4

Energy,
Hydro
Power,
Industry

Sector

Generation
of

M itigation
Scenarios in
Him achal
Pradesh.

Formulation
ofa
Regional
Plan for

M itigation
and Related
Sectoral

Plans.

Evaluate thiifpotential energy generation scenario”™ In Himachal thattake into
account tin- expected impatL; iilcinnate [Kji*eduw jterrcSem flt This
Information will be foiib.il to .my assessmentofdilR-reittaltenutkes and
Opportunities that, inthe fuluro, could allow lor the csluhlLHhinont m a more
diverse .mil sustainable energy matrix.

Assessment of the Power sector’'s hydrological vulnerability and its cilert on
Hnn.irh.il Pradesh energy security Tills wtll lie carried out by developing future
hydroelectric j'tnnrjitiuii scenarios.

Transmission and evocuotion plan,

Target energy constIrvjlton through m.irkel based Instruments

Target solarenergy coverage in nrtianrural areas.

Bio energy* wasu- tp energy pilot-model pro|eas

Discourage 1iii-tU mlensivo industrial development
Regulatingdiversionofrivtf Flows, courses for power generation,

Target to achieve minimum discharge required for downstream ilor.il1 faunal
sustenance,

Target reVivdl ofwater mills./Design ufccoituillic instramentslo adiltoss of tinc
priority pollutant and incentives for cleaner production hosed nn

eLonomic etliriencv criteria.

Devd lopment o 1miligation seensnos fqr the next IS or 20 years,which Includes
creating~ptrurins up to 2025 or 2030 for those sectors making significant
contributions to Stale's GHG emissions. These future scenarios will be based on
Hie new energy sector baseline and will include the most up-to date Stair specific
supply arid deiitund conditions.

Creation of the 2IHIli-2H25Re.ginn.il Action Plan for Mitigation ofcut; Emissions
,ihd its rotated Sectoral Plans

Energy,
Power

2012*2017

Corporal lon,
HPJEB, cwc.
DEST, LI'lt.
SCST&L,

SPdB, flIMIRIA.
bnlustry, District
Administration
Olt.

DES$T. CCC 201Z-2GlIfi
Lneigy,

Agriculture.

Transport)

Industry.

forests,

Revenue, Ihsinet

Administration

el*.

hKST 1012-201fi
Sectoral
Institutions etc.

Total (Ell

450

250

150

2,300
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2102 -

cee

Strengthening
dip Institutional
Framework in
Him achal
Pradesh for

Addressing
Climate Change.

Design of
Instrum ents to
Promote the
Development,
Transfer and
Adoption of
Technologies for
Climate Change
M itigation and
Allaplatton.

Review tlie current members'llip ofthe Slute Steer!ng Com mitlee on
Climate Change, with tlieaim ofincorporating, other Importantsectors
such ss health, public works, Industry-mining and transport,among
others.

Review the irtsEitution.i] arrangements in different sectors For cornbating
climate change, and implement recom tficndatiom oftk instiituiion.il
asscssmenl as peroutcomesof Enviraizmen! Master Plan.

Strengthen State Centre on Climate Change through staff, trainingand
capacity building.

Design Instfuinents to ... tliedevelopment, transfer ,irnl adoption of
LetluiuloRieK Ibr dimwit cluii®t mitigation and adaptation.
'Hie~a'lnstrunients should complement measures included inthe.
resinem™ regional .mil sectoral plans.

Provide irwentfves fortM developmentofalternative energytjsnjects and
evaluate mechanisms to :.i=1111.1110 llitur implementation

Implement die Integrated Climate Change Project which seeks to create
ttdwu~fcles far filtrate change miltalian and/or adaptation inilir
.iprieiilturc and forestry sectors.

Implement an environmental labelinj system to inform consumers about
Ihf pitlornianee and emission levels of new vehicles, including CO
emissions.

Develop incentivos lor the pmnintipn of more enerjyr-ul Licieill
thmsjjortalion,such nshyln id or electric vehicles,

Supportthe Mechanism..in fiJSirumjetit that soppons tlie development
and transferoftechnology antiiit&atTKijjiedevelopment

Proposed Studies:

Natural capital cost acpcmnlinfl targeted at die forestry sector.

South -South Ercliaune on lull national eilvim milenlal and dandle
change management.

Analysis of mow tcn-mg and mstu mmrial iiicclLmisms forappropriate In-
stream flows; sharingo! inLurnrclmruhl experience on pond practices lor
cumulative environmental impact assessment.

Poverty and social impact analysis / monitor and evaluate innovations in
benehl sharing,

Sharingofinleni.ilmnal experience Up water policy.

Assessment ofecotuimk instnmwnts to prorate ejeaner stnireiw of
grtiTvift ami Lureduce pullutloil fmm existing Industrial plants.

Strategic Envirmimem Assessmem of Suslainabl* Tourism Practices-

» The budget presented above are indicative and worked out

current price and may alter/ change in future. The State Strategy «. Action Plan on Climate Change is a dynamic

dPST.Sectoral
Organizations etc.

UIiST.

Fnergy

Institute,
AKrieulttir.il
Research,

Natural Resources
Forests,

Transport anil
Telecommunications

2012-2013

2012-2010

1,200

Total (111) 4,850

Grand Total (1+11+110

15.601)

in context of geographic condition of State and

process and will be reviewed annually and necessary corrective steps/ measures will be undertaken.



9.12 Costoflmplementation

The Government of India has indicated and committed in various national communications that the
adaptation and mitigation measures shall have to be implemented all throughout the country without
any compromise. The Government of India has specifically asked to furnish the State Action Plan on
Climate Change (SAPCC) for consideration under the 12tFive Year Plan for funding.

Where possible, the strategy and action plan identifies the indicative costs associated with specific
measures but it is recognised that the overall costs of the strategy will be spread across the economy
as awhole associated with adaptation and mitigation and indeed are likely to impact in some way on
every household. Itwould clearly be impossible to attemptto quantify the total cost.

However, the measures in the strategy also present opportunities for savings across the economy,
right down to the individual household. Energy efficiencies, in particular, will reduce living costs for
households and improve the profitability of enterprises, competitiveness and employment
opportunities. More importantly, it is quite certain that, for society as a whole, the costs of inaction
would greatly outweigh the cost of action. It, therefore, makes economic sense to invest now in
placing ourselves on a low carbon path or carbon smart path for the future. Guidance manual can be
prepared for the Government Departments and Offices on appraising the costs and benefits of
greenhouse gas mitigation policies. These will be used in conjunction, where appropriate, with
existing guidelines for departments and Offices on other issues.
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9.13 Institutional Arrangements for Steering Climate Change Strategy & Action
Plan

In Himachal Pradesh in order to respond effectively to the challenges of climate change, the State
Government has constituted a State Level Governing Council on Climate Change, under the
chairmanship of Chief Minister. The Council has broad based representation from key stake-
holders departments to monitor the targets, objectives and achievements of the Eight National
Missions specified under National Action Plan on Climate Change. The State Governing Council also
provides guidance on matters relating to coordinated national action on the State's agenda and
review of the implementation of the National Action Plan on Climate Change. The State Level
Governing Council chaired by the Chief Minister also provides guidance on the matters relating to
national level negotiations including bilateral, multilateral programmes for collaboration, research
and developmentin the State of Himachal Pradesh (Annex-1).

Besides, an Executive Council under the chairpersonship of Chief Secretary, Himachal Pradesh has
also been setup having involvement of almost all stake holder line Departments with the objective of
implementation and monitoring ofthe directives ofthe State Governing Council on Climate Change.

The Department of Environment, Science & Technology to the Government of Himachal Pradesh acts
as a Nodal Agency to coordinate and deal with the climate change issues. The Department of
Environment, Science & Technology, the State Council for Science, Technology & Environment, State
Centre on Climate Change would continue to evolve strategies and programmes, based on new
scientific and technical knowledge as they emerge and in response to the evolution ofthe multilateral
climate change regime including arrangements for national and international cooperation. Further,
the Department shall monitor and assess State's progress in addressing climate change issues and to
increase awareness in all sectors ofthe opportunities and challenges presented by the transition to a
carbon neutral economy.

The Government would ensure that the implementation of measures at sectoral level will be the
responsibility of the relevant Government Departments and agencies. On Climate Change, a team
comprising of senior officials from relevant Government Departments will be notified to coordinate
the implementation ofthe Strategy.

A Centre on Climate Change has already been established in Himachal Pradesh which will act as a
nerve centre for climate change data base and actions. This Centre is being catered and supported for
its GIS applications need by the Aryabhatta Geo-informatics & Space Application Centre (AGiSAC).
Further, Working Groups and Sub-groups will be established, as necessary, to secure implementation
of specific measures that require enhanced policy coordination across sectors and may involve
appropriate expertise from State level agencies. Other existing cross-departmental arrangements
and structures will also be utilised as appropriate, to secure the implementation of this Strategy and
Action Plan on Climate Change.

The Department of Environment, Science & Technology (DEST) will work in close coordination with

Local and Regional Authorities, through existing coordination arrangements, to secure
implementation ofspecific aspects ofthis Strategy and Action Plan atthe local level.
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Institutional Framework for Steering Climate Change Strategy & Action Plan

State Governing Council

Guidance Negotiations at National Level Programmes/ Funds Research & Development

Implementation & Monitoring

Department of Environment, Science & Technology
NODAL AGENCY
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Annex-I|

Government of Himachal Pradesh,
Department of Environment and Scientific Technologies
H.P. Secretariat, Shimla-2

No.STE-F[1]-12/2008 Dated: Shimla-2, 29-08-2008
NOTIFICATION

There is a global threat of climate change is being felt strongly and India is not
unaffected. This threat emanates from accumulated greenhouse gas emissions in the atmosphere,
anthropogenically generated through long-term and intensive Industrial growth and high
consumption lifestyles in developed countries. The climate change may alter the distribution and
quality of India's natural resources and adversely affect the livelihood of its people and also the State
of Himachal Pradesh.

The Government of India has prepared a NATIONAL ACTION PLAN ON CLIMATE
CHANGE (NAPCC) which would address the impacts of climate change. It would also focus on
sustainable developmentwith emphasis on environmental objectives.

In order to achieve the objectives ofthe above mentioned NATIONAL ACTION PLAN ON
CLIMATE CHANGE (NAPCC) and dovetail State's initiatives with the Centre, the Governor, Himachal
Pradesh is pleased to constitute the State Level Governing Council on Climate Change in the following
manner:-

Hon'ble Chief Minister, Himachal Pradesh Chairperson

2. Hon'ble Minister for (Power & Non-Conventional Energy ~ Executive Member
Sources), HP.

3. Hon'ble Minister for (PWD and Revenue), H.P. Executive Member

4. Hon'ble Minister for (TCP and Housing), HP. Executive Member

5. Hon'ble Minister for (Urban Development), H.P. Executive Member

6. Hon'ble Minister for (Irrigation & Public Health), HP. Executive Member

7. Hon'ble Minister for (Agriculture & Horticulture), H.P. Executive Member

8. Hon'ble Minister for (Transport), H.P. Executive Member

Contd... P-2/-
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10.
11.
12.
13.
14,
15.
16.
17.
18.

inayear.

manner:

a 0w NP

H#H2#

Hon'ble Minister for (Forest, Env. & Scientific
Technologies) H.P.

Executive Member

In addition to above, it would comprise of following members:-

Secretary (Forests), HP.

Secretary (Urban Development), H.P.
Secretary (Agriculture & Horticulture), HP.
Secretary (MPP & Power) to the Govt. of H.P.
Secretary (Irrigation & Public Health), H.P.
Secretary (PWD and Revenue) to the Govt. H.P.
Secretary (TCP and Housing), H.P.

Secretary (Transport), H.P.

Secretary (Env. & Sci. Technologies), H.P.

Member
Member
Member
Member
Member
Member
Member
Member
Member Secretary

The overall objective of the Governing Council would be to monitor the targets,
objectives and achievements of the National Missions specified NATIONAL ACTION PLAN ON
CLIMATE CHANGE (NAPCC). The respective Missions shall be taken care of and attended by the
individual departments who shall strive to attain the listed objectives with in a stipulated time frame
and ensure its vertical integration with the National Missions. The Governing Council shall meet twice

The Governor, Himachal Pradesh is further pleased to constitute Executive Council
which will monitor the directions and other related matters of Governing Council in the following

Chief Secretary, Himachal Pradesh

Secretary (Forests), HP.

Secretary (Urban Development), H.P.
Secretary (Agriculture & Horticulture), HP.
Secretary (MPP & Power) to the Govt. of H.P.
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Executive Member
Executive Member
Executive Member
Executive Member

Contd... P-3/-
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16.

17.
18.
19.
20.
21.

Endorsement No. : As above.

#3#

Secretary (Irrigation & Public Health), H.P.

Secretary (PWD and Revenue) to the Govt. of HP.
Secretary (TCP and Housing), H.P.

Secretary (Transport), H.P.

Secretary (Env. & Scientific Technologies), H.P.

Pr. Chief Conservator of Forests, H.P.

The Director, (MPP & Power) to the Govt. of H.P.

The Engineer-in-Chief, PWD, U.S. Club, Shimla, H.P.

The Director, Town & Country Planning Deptt., Shimla-9

The Chief Executive Officer-cum-Secretary, H.P. Housing
& Urban Development Authority, Shimla-2

The Engineer-in-Chief, Irrigation & Public Health
Department, Shimla-1

The Director, Department of Agriculture, Shimla

The Director, Department of Horticulture, HP. Shimla
The Director, Department of Transport, H.P. Shimla
The Director (Urban Development), Shimla-2

The Director, Department of Environment & Scientific
Technologies, HP.

Executive Member
Executive Member
Executive Member
Executive Member
Executive Member
Member
Member
Member
Member
Member

Member

Member
Member
Member
Member
Member Secretary

The Executive Council shall meet at least once in quarter but can also meet as per the
need and contingencies.

Pr. Secretary [Env. & ST] to the

By Order

[Harinder Hira]

Government of Himachal Pradesh

Copy forwarded for information and necessary action to:
1. The Secretary to Governor, Himachal Pradesh, Shimla-2.
2. The Pr. PS. to the Chief Minister, H.P. Shimla-2.
3. The PS. to the Cabinet Ministers, H.P. Shimla-2.
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&

The PS. to the Chief Secretary to the Government of H.P., Shimla-2.

5. All Executive Members and Members of the above-mentioned Governing Council and

Executive Council.

The Director, Environment & Scientific Technologies, Narayan Villa, Shimla-2.

7. The Member Secretary, H.P. State Environment Protection and Pollution Control Board,
Paryavaran Bhawan, Below BCS, New Shimla-9

8. The Member Secretary, H.P. State Council for Science, technology and Environment, SDA
Complex, Kasumpti, Shimla-9.

9. Guard file.

S

Joint Secretary [Env. & ST] to the
Government of Himachal Pradesh
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The Way Forward

The anthropogenic interventions in pursuit of developmental activities are necessary for coping up
employment, energy and resource utilization pressures needs to be curbed with matching
compensation as opportunity cost. The regional cooperation (among Himalyan States in IHR) and
where needed cooperation with countries in the area of Himalayan ecology would certainly help
mitigate the vagaries of climate change in aholistic sense.

The experience gained so far enables the State to embark on an even more proactive approach. The
previous section presented the strategy that Himachal Pradesh will undertake for implementing its
State Action Plan. However, implementation would require effective coorditnation and cooperation
with other National Missions under National Climate Change Action Plan (NAPCC) and move
specifically with NMSHE:

tmprovtny understanding oftey ptienomenon
and processes
Improving quafUy o f climate change pn/jecdons
tniegraltcn of ottier renewable energy

use ofsotarenergy tecrmolo&es Surface watermanagement(r&er fhw:

research mrrastntcujrc mQ*cmi water beans, mod forecastle. B]J
gtaoermonitoring, weather mcnttonog
netwont watershed management?

Knowledge on specificities aummm@rm

vmkind ansenmcn

fntegratcn of other renewaiae enemy
techndogyes

Strategicemsirorfni&itd} ascessnlent

09 Observational & Monitoring Network
Community based Management

=T]

. . Heducsng Rarest fragm entaticri
Upcoming hiiUowrr;

oomplexes
« 03 forestry apersiona

Energy efficiency . -
KsOffimenfy based ffiit& sves

Shorntnenwo conservation

Fvm c-Rjvsfe irsfesimmtshr

Solidw aste m&iagerr&nt Protect unique scapes

Developmentofhazara proof )
1 Ecosystem based live?’hood

Source: NMSHE
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Although the Vulnerability Assessments have been carried out at block level but in order to give an
orientation towards action, it would be necessary in the times to come to expand this Vulnerability
Assessment format to the panchayat level so as to facilitate the comprehension of cause and effect
relationship amongst different components and implementactions atthe ground level.

Various programmes that can be taken up in consonance with the National Action Plan on Climate
Change are as follows:

10.1 National Solar Mission

Under National Solar Mission, use of solar energy for power generation and related applications is
emphasized. Where ever necessary for the purpose of system balance or ensuring cost-effectiveness
and reliability, the promotion to integrate other renewable energy technologies such as wind,
biomass etc. is proposed. Himachal Pradesh is atropical Himalayan State, where sunshine is available
for longer hours per day and in great intensity. Solar energy, therefore, has a great potential as future
energy source. It also has the advantage of permitting a decentralized distribution of energy, thereby
empowering people atthe grass root levels.

The Government may also initiate to provide support for research, development and deployment of
emerging technologies such as solar and wind power. Other constraints to the development of
renewable energy need to be also addressed. The Government may also support co-firing ofbiomass
in power generation as a means of reducing greenhouse gas emissions and introducing additional
diversity into power generation.

10.1.1 Solar Thermal Power Generation

Electricity generation from renewable sources provides the most effective way of reducing the
greenhouse gas emissions from power generation in the State. The Government of Himachal Pradesh
has to, therefore, targets for the contribution of renewable energy for power generation. To promote
the use of renewable energy sources in the State, R&D collaboration, technology transfer, and capacity
building with respectto use ofrenewable source ofenergy needs to be encouraged.

10.2 National Mission for Enhanced Energy Efficiency in Industry

The Industry sector contributes to greenhouse gas emissions mainly through heavy consumption of
energy, direct fossil fuel combustion for heating and emissions that arise in the course of various
industrial production processes. The sector is also the main source of emissions of industrial gases, in
particular through use in refrigeration, air conditioning and in the electronics sector.

A number of programmes have been initiated and it is anticipated that these would result in a saving
of 500 MW in overall consumption ofthe energy in Himachal Pradesh. Analysis needs to be also made
to assess the potential for various forms of distributed electricity generation, and the implications for
the electricity transmission and distribution networks.

The natural gas network needs to be explored for the Industrial areas, wherever itis cost-effective and

economic to do so. A programme for the natural gas transmission and distribution network not only
needs to be putin study butalso there is aneed to prepare an action plan in this regard.
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There is also a need for a comprehensive Energy Efficiency Action Plan to deliver a significant
reduction in energy demand for Himachal Pradesh. Programmes need target energy efficiency across
all sectors, including industries, with the public sector setting example with energy efficiency.

There isaneed to work with stakeholders to ensure the smooth implementation ofthe environmental
regulations in Himachal Pradesh. The use ofvehicles with air-conditioning units that use a refrigerant
known as HFC-134 a (which has a global warming potential of 1300 times that of CO2 is a particular
concern and needs to be phased out.

The Industry Energy Management Action Programme (EMAP) needs to be evolved for those
industries that have no mechanism for energy audits. There is often significant untapped potential for
energy efficiency gains in this sector that are not being realised due to less awareness, ignorance,
resource and time constraints. IEMAP shall provide advice for management of such sources and will
reduce energy consumption to engage industry in energy efficiency actions with profits.

The Industry sector isincreasingly recognising that strong environmental performance makes a good
business sense and firms may wish to communicate that their adoption of the superior energy
performance practices also demonstrates their commitmentto addressing climate change.

The Government may also examine options to enable the planning system to play amore active role in
encouraging renewable energy uptake in the industrial, commercial and agricultural sectors. As a
general rule, it is intended that where possible, exemptions from planning requirements will be
provided. Where planning considerations relating to specific technologies or sectors preclude
exemption, there is a need to provide guidance to planning authorities. Where exemptions are
provided, the Government may ensure that these complement existing supports provided for the
installation ofrenewable technologies.

Increasing consumer awareness of climate change and the greenhouse gas emissions associated with
products placed on the market will require businesses to address changing expectations of the
environmental impact of their products and services. The integration of environmental
considerations into business planning shall be made fundamental to the future success of the
business sector.

To support the adoption of eco-efficient technologies and practices in industry with the aim at
improving the strategic capability of unit, in particular in the management of their environmental
issues, and developing and exploiting the market opportunities that improved environmental
performance needs to be encouraged.

To support a wide range of projects to improve the level of research and development work on
environmental technologies and eco-innovation in Himachal Pradesh needs to be encouraged in
Industry sector to prevent and minimise the impact ofindustrial activities on the environment.

Himachal Pradesh needs to work towards implementation ofvarious GHG Mitigation Options in the
Industry(s) viz.

» Sector Specific Technological Options

» Cross-cutting Technological Options

e Fuel Switch options

In view of this, there is also a need to work out potential for emissions reduction, apply policy and
regulatory options to achieve the set goals.
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10.3 National Mission on Sustainable Habitat

The Government's endeavour is to develop in sustainable and inclusive manner so as to conserve its
beautiful environs through improvements in management of solid waste, waste water, by
undertaking modal shift to public transport, construction of green buildings and roads, energy
efficiency in buildings etc. Further, the State Government is committed to promote sustainable
development, energy efficiency as an integral component of urban and rural planning through
various initiatives.

Furthermore, development strategies, plans and programs cause environmental impacts which, in
some extreme cases, may even undermine development efforts. Itis, therefore, of utmostimportance
to integrate environmental concerns from the earliest stages of the definition and programming of
development cooperation all the way through implementation, monitoring and evaluation.

The State is also working to integrate environmental concerns into its development policy and
planning processes in the past few years.

10.3.1 Promoting EnergyEfficiency inResidential & Commercial Sector

The Govt. of India and/or Government of Himachal Pradesh can think to incentivize the
installation of mirco-renewable technologies for homeowners. These include solar panels,
heat pumps, wind turbines, and biomass etc.

There is a need for expeditious switch over to low-energy light bulbs from traditional
incandescent light bulbs which are extremely efficient as CFL bulbs use 80% less energy for
equivalent light and last up to 15 times longer. Although its initial cost is high, they are more
economical for the consumer in the long run.

To deal with GHG's emissions, the option of introducing an environmental levy on the use of
incandescent bulbs can be though to reduce their price advantage and to encourage
consumers to switch over to CFL bulbs. The intention is to alter consumer behaviour rather
than to generate revenue, but any income from this environmental levy can be channelled
through the State Environment Fund to support climate change awareness and action
initiatives. It is estimated that emissions savings of up to 230,000 tonnes or more could be
achieved if every household replaces 6 conventional bulbs with CFL bulbs. Further, such
savings could be achieved in non-residential buildings as well through energy audits.

Electronic smart meters have demonstrable potential to deliver benefits for energy
consumers, including more flexible tariffs offering greater choice and energy saving
opportunities, and remote meter reading resulting in reduced costs and full accuracy. These
meters can also facilitate the incorporation of on-site generation at consumer premises,
including renewable generation. Installation of smart meters for all electricity consumers in
both new and existing housing sectors can be explored.

Consumer information plays a key role in driving energy efficient behaviour. The energy
savings awareness initiatives can be initiated through sustainable energy campaigns. These
campaigns can be organized and sustained over regional and community level as well as
across other economic sectors.
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Efficiency of appliances and energy labelling of appliances enables consumers to compare
energy consumption of product alternatives. This will encourage the consumers to go for more
energy efficientappliances.

Suppliers and distributors need be directed to produce the labelling material and to ensure
accuracy. Retailers are also required to ensure that all display models carry the correct energy
labels. Energy labelling needs to be underpinned as the eco-design directive, which provides a
formal mechanism for establishing product standards for energy efficiency. Energy efficiency
improvements, including water heaters and boilers, computers, fridges, freezers, dishwashers
and washing machines needs to be promoted.

Low income households require coordinated action to ensure that homes which are subject to
fuel poverty have access to cost-effective heating, hot water and lighting through the
installation of energy efficiency measures necessary interventions in this sector needs be
initiated.

A special derive to reduce energy consumption and thereby to reduce greenhouse gas
emissions needs to be adopted as:

e To convert the heating systems in some large State buildings from their existing
electric, fossil fuel burners (oil/natural gas) to possibly solar systems.

* Energy awareness -Pilot staff energy awareness campaign in some office buildings
with a target to reduce energy consumption at least by 10% through local energy
conservation campaigns, energy workshops and close monitoring of the performance
ofheating/air conditioning equipments.

e Energy efficient design for new buildings - The scope for improving energy efficiency
in new buildings is very significant and by having energy efficient designs in new
buildings can considerably improve the energy efficiency of the building over their
entire lifetime with little or no additional construction costs.

10.3.2 ManagementofMunicipal Solid Waste

There is a need to regard waste as a useful resource. This can be reflected in our commitment
to develop arecycling option for plastic, papers etc. and the priority are given to the diversion
of waste from the landfills. The adoption of such techniques has a positive side-effect in
reducing greenhouse gas emissions.

Emissions from the waste sector consist mainly of methane from the anaerobic decomposition
of solid waste that has been deposited in landfill sites. Small amounts of methane and nitrous
oxide arise from wastewater treatment. Improved landfill gas management/capture for
power generation can be explored which may contribute in the reduction of methane
emissions.

Management of non-biodegradable waste is regulated through a set regulation in the State.
The strategy for biodegradable municipal waste is required as an integrated waste
management approach. Through this approach, the preferred options for dealing with
biodegradable municipal waste are required to be put in place with a specific focus on the
prevention and minimisation - avoiding generating the waste; recycling - mainly of paper and
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cardboard but also of textiles; biological treatment - mainly of kitchen and garden waste
including composting; and residual treatment - thermal treatmentwith energy recovery or by
way of mechanical-biological treatment. Significant energy savings derive from recycling
activity can also be explored.

10.3.3 Promotion ofUrbanPublic Transport

Transport plays a pivotal role in supporting economic growth and balanced regional
developmentand there has been astrong correlation between economic growth in and energy,
fuel consumption and greenhouse gas emissions in the transport sector.

There is a need to develop a sustainable transport system that will promote economic
competitiveness by removing infrastructural bottlenecks and to achieve a diverse fuel mix,
while increasing social cohesion, access to peripheral rural areas and reducing environmental
impacts, including greenhouse gas emissions.

10.4 National Water Mission

In Himachal Pradesh, the availability of water is highly uneven in both space and time. The
precipitation in the form of rains is confined to only about three to four months in ayear and varies
from about 600 mm in Lahaul & Spiti district to about 3,200 mm in Dharamshala, District Kangra.
However, in spite of heavy rain and snow during the rainy season and winters, the summer months
are periods of water scarcity in many areas as the flow in the rivers and nallah is quite low and
traditional sources also dry up.

10.4.1 ManagementofSurface WaterResources

River Basin Planning & Coordination: Comprehensive planning across a river basin may allow
coordinated solutions to problems ofwater quality and water supply in the State; for example,
enhanced coordination of facility system operations or expansion of the conjunctive use of
groundwater and surface water can improve water yields, which can help to alleviate
droughts. Planning can also help to address the effects of population, economic growth, and
changes in the supply ofand demand for water. The MPP & Power Department ofthe State and
IPH Departments need to improve their coordination and planning for allocation of river
water to anticipate climate change.

Further, there is a need to adopt contingency planning for drought management. Plans for
short-term measures to adapt to water shortages could help mitigate droughts. Planning
could be undertaken for droughts of known or greater intensity and duration. The cost of
developing contingency plans is relatively small compared with the potential benefits.
Additionally, plans could be effective in managing current climatic variability, as well as future
climate change.

There is also a need to use desirable inter river basin transfers. Transfers of water between
water basins may result in more efficient water use under current and changing climate
scenario. Transfers are often easier to implement than fully operating markets for water
allocation. Transfers also can be an effective short-term measure for responding to regional
droughts or other problems ofwater supply.
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Maintain options to develop new dam sites. Keep options open to develop new dam sites,
should they be needed. The number of sites that can be used efficiently as reservoirs is limited,
and removing structures once an area has been developed may be very costly. Thus,
developmentin potential dam sites should be limited or only allowed under terms that would
permit conversion to dam sites.

10.4.2 Management &Regulation ofWaterResources

In the presenttimes, there is a need to allocate water supplies by using market-based systems
which allows water to be diverted to its most efficient use. Other mechanisms, such as prior
appropriation, may result in inefficient allocation ofwater supplies. Market-based allocations
are able to respond more rapidly to changing conditions of supply and also tend to lower
demand, thus conserving water. Consequently, market-based allocation increases both the
robustness and the resiliency of the water supply system. In addition, it improves the
economic efficiency ofthe allocation system under the current climate scenario.

Reducing demand can increase excess supply, creating a greater margin of safety for future
droughts. Demand for water may be reduced through a range of policies that encourage
efficient water uses including education, voluntary compliance, pricing policies, legal
restrictions on water use, rationing of water, or the imposition of water conservation
standards on technologies. Reduced demand may increase current capacity to cope with
drought.

10.4.3 Up-gradation ofStorage Structuresfor Fresh Water & Drainage Systemfor Waste
Water

Marginal changes may be made in the planned construction of water resources infrastructure
such as reservoirs and flood control works to adapt to increased variability in runoff or to a
need for greater storage capacity. In planned construction, a marginal increase in the size of
dams or marginal changes in the construction of canals, pipelines, pumping plants and storm
drainages can be considered. This change may be much less expensive than adding capacity in
the future.

Polluting water that is unfit for drinking or for other uses can, in many respects, have an effect
similar to reducing water supply. Reducing water pollution effectively increases the
sustainable and healthy use ofwater. Inturn, alarger water supply increases the safety margin
for maintaining water supplies during droughts. In addition, reduced runoff from climate
change will most likely increase concentrations of pollutants in the water column. If pollutant
load are lower, water quality standards are less likely to be violated.

Redirecting growth away from sensitive lands and towards less vulnerable areas is one option
to reduce the risks associated with a river basin, and also to reduce vulnerability to severe
cloud bursts, storms that happen under current climate conditions.

10.4.4 Conservation ofWetlands

Efforts should be made to maintain wetlands that are more likely to be affected by less rains
and water tables. Wetlands are valuable natural areas that are difficult to re-create; therefore,
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current and future efforts are warranted to protect these areas. In setting priorities for
protecting wetlands, the likelihood of surviving a wetland, migrating landward should be
considered. Protecting wetlands will also improve water quality, flood control and fish and
wildlife habitat under the current climate conditions.

Permanent shore-hardening structures, such as protection walls need to be banned or
discouraged in moderately developed areas. Limiting permanent stabilization ofthe shoreline
will allow a gradual retreat in a natural way.

Permanent or temporary camping structures, such as huts, tents may be banned or
discouraged around moderately developed areas and as well as in eco sensitive zones.
Limiting trafficking near to the wetlands will allow a gradual natural maintenance of the
wetlands. Exposure ofthe wetland to pollutants due to solid wastes, vehicles etc. may destroy
the natural retreat systems ofthe wetlands.

Public participation can help the authorities, in preventing the waste from entering the lake.
They can generate income and employment by converting the waste in to manure. The schools
are educating their students aboutwaste management practices.

Lakes in Himachal Pradesh, besides being a favourite tourist destination attract thousands of
tourists and serves as a natural resource for the local people. The lakes are in peril due to
anthropogenic pressure and overall deterioration of surrounding environment. The efforts
should be made to prepare and cover the lakes in the lake conservation programme of Ministry
of Environment & Forests, Gol, besides the initiatives for lake conservation through education
and mass awareness. An establish practice of compulsory door to door household waste
collection can also be introduced in and around the lakes areas. Carrying of polythene carry
bags, plastic items, chips packets etc. can also be banned in the lake area.

10.5 National Mission for Sustaining the Himalayan Ecosystem

Himachal Pradesh is a small hilly state lies in the North-western Himalaya, the youngest mountain
chains in the world which are still in the building phase. A scientific study carried out on the evolution
of the Himalaya suggests that these mountain chains are rising at the rate of 2 cm per year. The
Himalayan ecosystem is vital to the ecological security of the Indian landmass, through providing
forest cover, feeding perennial rivers that are the source ofdrinking water, irrigation and hydropower,
conserving biodiversity, providing a rich base for high value agriculture and spectacular landscapes
for sustainable tourism.

It is imperative on parts of States to continue and enhance monitoring of Himalayan ecosystem, in
particular the state of Glaciers. It is also important to empower local communities, in particular
through the Panchyats to assume greater responsibility for conservation of mountain ecosystems and
management ofecological resources.

Emphasize can be given on following measures:

- Adopt appropriate land use planning and watershed management practices for sustainable
development of mountain ecosystem.
- Adopt best practice norms for infrastructure construction in mountain region to avoid or
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minimize damage to sensitive ecosystem and despoiling of landscape.

- Encourage cultivation of traditional varieties of crops and horticulture by promotion of
organic farming enabling farmers to realize aprice premium.

- Promote sustainable tourism through adoption of best practice norms for tourism facilities
and access to ecological resources, and multi-stakeholder partnership to enable local
communities to gain better livelihoods while leveraging financial, technical, and managerial
capacities ofinvestors.

- Take measures to regulate tourist inflows into mountain regions to ensure that these remain
within the carrying capacity ofthe mountain ecology.

- Consider these unigue mountains as entities with "incomparable values”, in developing
strategies for their protection.

10.6 National Mission for Green India

Himachal Pradesh provides unmatched contribution to the 'national interest’ in sustaining life
support system, on the basis of which sustainable development can be realized downstream, in the
plains of North India. Attention is shifting to environmental services flows provided by the pristine
forests of the State. These include critical watershed services, biodiversity conservation, carbon
sequestration and ofcourse maintaining landscape beauty.

Gender specific policies are required to help cope with the loss of control over natural resources,
technologies and credit to deal with seasonal and episodic weather and natural disasters. There is a
need to re-design the existing tourism policy to produce alternative mountain specific tourism
models focusing on environmental sustainability. Forest departments need to be more proactive in
influencing policies of other sectors such as road construction, transportation, power and industries
which impinge on conservation issues.

10.6.1 ForestCover&Density

There is a need to formulate a separate and distinct forest policy for Western Himalayan States
in view of their vulnerability to climate change, critical role as watershed States for the
northern India plains; and unique ecosystem and forested landscapes rich in biodiversity.

There is an urgent need to establish long term monitoring plots across representative eco-
zones, together scientific data on climatic and biological parameters, especially in Reverine,
Alpine and Shivalik ecosystems.

There isaneed to map climate change driven adaptation in natural resource use and livelihood
patterns across eco-zones and for developing of a database on carbon sequestration potential
offorestflorain these forests.

Further, there is a need for periodic assessment of carbon stock including soil carbon under
different ecosystems and effective deployment of new and advanced technologies, such as, GIS
remote sensing, climate change modelling in natural resources management.

There isan urgent need to incentivize the community involvementin some mainstream Forest
departmentactivities, including forest protection, afforestation and fire fighting etc.
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10.6.2Biodiversity Conservation

Conservation of biological diversity needs to guide afforestation programmes and not carbon
sequestration potential alone. Re-orienting afforestation programmes with a focus on species
that help mitigate man-animal conflict. Furthers, there is a need to revisit forestry operations
to realize full water conservation potential of forests leading to development of "water
sanctuaries".

10.6.3 PaymentforEcosystem Services

By not integrating and extending the concept and practice of Payment for Ecosystem Services
(PES) within the States to compensate for forgone land use and occupation options can
adversely impacting the environment. There is a need to impress upon the Government of
India to move beyond 'Green Bonus' to adequately compensate these States for ecosystem
services flows. There is a need to re-orient the developmental interventions by adopting
watershed as the unitfor planning and fund flows.

10.7 National Mission for Sustainable Agriculture

Himachal Pradesh is predominately an agricultural State where agriculture provides direct
employmentto about 71 percent ofthe total population. The Agriculture sector contributes nearly 30
percent ofthe total State Domestic Product. The actions in accordance with National Missions shall be
taken up in following manner:

10.7.1 Increase Efficiency oflrrigation

Improvements allow greater flexibility by reducing water consumption without reducing crop
yields. This will also help in adapting water resources. Many farming technologies, such as
efficient irrigation systems, provide opportunities to reduce direct dependence on natural
factors such as precipitation and runoff. In evaluating an improvement to irrigation systems,
the additional benefit of reducing vulnerability to climatic variations and natural disasters can
be considered.

10.7.2DrylandAgriculture

The new mantra is to avoid monoculture and encourage farmers to plantavariety of heat- and
drought-resistant crops. Further, growing of single crops such as maize increases farmers’
vulnerability to climate variability. If the probability of droughts and heat waves increases
with climate change, such vulnerability can also increase. One adaptation option is for farmers
to plantawider variety of crops so as to reduce the risks of crop failure.

10.7.3Risk Management

Encourage management practices that recognize droughtas a part ofa highly variable climate,
rather than treating drought as a natural disaster. Farmers can be given information on
climatic conditions, incentives can be offered to adopt sound practices of drought
management, and farmers can be discouraged from relying on drought relief. This type of
policy is particularly useful if farm disaster reliefand other government subsidies distort the
market and encourage overly risky expansion of farming into marginal lands. Review tying
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subsidies or taxes to type of crop and land. Commodity support programs or tax policies may
discourage switching from one cropping system to another that is better suited to the changed
climate.

Therefore, efforts to stabilize farm supply and to maintain farm incomes should avoid
disincentives for farmers to switch crops, rotate crops, and use the full land normally planted.
This policy approach will increase the efficiency of current farming practices and will also
increase the ability ofthe system to quickly recover from the climate change.

Seed banks that maintain a variety of seed types provide an opportunity for the farmers to
diversify, allowing them to both counter the threat of climate change and develop a profitable
specialization.

Development of more and better heat- and drought-resistant crops will help fulfil current and
future food demand by enabling production in marginal areas to expand. The improvements
will be critical because the State and Country's population continues to increase, with or
without climate change.

10.7.4 Access to Information

Many practices, such as conservation tillage, channel dykes, terracing, contouring, and
planting vegetation to act as windbreaks, will protect fields from water and wind erosion and
can help to retain moisture reducing evaporation and increasing water infiltration. Using
management practices that reduce dependence on irrigation will reduce water consumption
without reducing crop yields and will allow greater resiliency in adapting to future climate
changes.

10.7.5Liberalize Agricultural Trade

Lowering trade barriers will resultin higher levels of State agricultural production both under
the current climate and under the projected climate change scenarios. Farmers will receive
information on changes in National market conditions faster than if trade barriers are not
lowered.

10.8 National Mission on Strategic Knowledge for Climate Change

The State of Himachal Pradesh intends to take forward the areas as envisaged under this National
Mission for abroad based effort thatwould include the following key themes:

Research in key substantive domains of climate science.
Regional Climate Modelling.

Strengthening of observational networks and data generation.
Creation ofresearch infrastructure.

10.8.1 Climate Modelling &Access toData

The IPCC-AR4 addressed the global trends on climate change, but detailed analysis is lacking for India
and its regions due to difficulties in obtaining database related to climate change. For this purpose the
State make intervention in following areas:
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10.8.1.1 EnhancedResearch on Climate Modelling

There is a need to develop high resolution regional climate models that simulate regional
climate change, in particular monsoon behaviour by pooling institutional capabilities and
computational resources. The State needs to encourage regional data re-analysis projects.

10.8.1.2Promoting DataAccess

Different line organisations, research institutions are carrying out various climate change
related studies and generating data. It needs to be ensured that all such institutions may
appoint a nodal officer who should be made responsible to provide access to such data base.
The conceptof'registered users' also needs to be introduced in the State.

10.8.1.3 Human Resource Development

Institutional assessmentwith respectto required skill needs to be carried out at State, regional
and local levels so that necessary measures can be undertaken for enhancing the quality and
quantum ofhuman resource which would be required in future.
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Reporting & Review 1 1

A detailed reporting template will be developed to monitor implementation of the measures in this
Strategy and Action Plan. This will form the basis of an Implementation Status Report which will be
published annually.

The Department of Environment, Science & Technology (DEST) through State Centre on Climate
Change (SCCC) and the State Council will coordinate the preparation of this annual report. It is also
proposed to lay the reportbefore the State Legislative Assembly. This reportwill also update emission
projections and quantifications of emission reduction measures and detail the further measures
which have been introduced or which are in the process of development.
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	Climate is the long-term average weather. The typical weather (e.g. temperature, rain and snowfall, wind) on any given day tends to be most controlled by the cycle of the seasons from spring through summer, autumn and winter. Other factors, with longer time scales, can cause systematic changes to the climate.
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	Climate Change has undoubtedly emerged as an issue of global concern. Climate Change has a potential to completely and adversely affect the way of human life. The terms 'global warming’ and 'climate change’ are often used interchangeably, but there is a difference. 'Global warming' is the gradual increase of the earth's average surface temperature due to greenhouse gases in the atmosphere, whereas the 'climate change' is a broader term. It refers to long-term changes in climate, including changes in average
	Climate Change has undoubtedly emerged as an issue of global concern. Climate Change has a potential to completely and adversely affect the way of human life. The terms 'global warming’ and 'climate change’ are often used interchangeably, but there is a difference. 'Global warming' is the gradual increase of the earth's average surface temperature due to greenhouse gases in the atmosphere, whereas the 'climate change' is a broader term. It refers to long-term changes in climate, including changes in average

	Climate change refers to a statistically significant variation in either the mean state of the climate or in its variability, which is attributed directly or indirectly to anthropogenic activities that alter the composition of global atmosphere and which are in addition to natural climatic variability observed over comparable time periods.
	Climate change refers to a statistically significant variation in either the mean state of the climate or in its variability, which is attributed directly or indirectly to anthropogenic activities that alter the composition of global atmosphere and which are in addition to natural climatic variability observed over comparable time periods.
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	Panoramic View of West Rongbuk Glacier during an analysis of Everest between 1921 and 2009 taken in 1921 (top) by Major E.O. Wheeler and in 2009 (bottom) by David Breashears.
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	Climate change is the result of changes in our weather patterns because of an increase in the earth's average temperature. This is caused by increases in greenhouse gases in the earth's atmosphere. These gases soak up the heat from the sun but instead of the heat leaving the earth's atmosphere, some of it is trapped, making the earth warmer.
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	Greenhouse gases have always been a natural part of the atmosphere. They absorb and re-radiate the sun's warmth and maintain the earth's temperature at a level necessary to support life. The problem we now face is that the human actions are increasing the amount of the gases that trap heat. This is an enhanced greenhouse effect, which is contributing to the warming of earth's surface.
	Greenhouse gases have always been a natural part of the atmosphere. They absorb and re-radiate the sun's warmth and maintain the earth's temperature at a level necessary to support life. The problem we now face is that the human actions are increasing the amount of the gases that trap heat. This is an enhanced greenhouse effect, which is contributing to the warming of earth's surface.


	Climate change emerged on the political agenda in the mid-1980s with the increasing scientific evidence of human interference in the global climate system and with growing public concern about the environment. The United Nations Environment Programme (UNEP) and the World Meteorological Organizations (WMO) established the Intergovernmental Panel on Climate Change (IPCC) in 1988 to provide policy makers with authoritative scientific information. In its first report in 1990, the IPCC concluded that the growing
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	Climate change is a global problem that requires an internationally co-ordinated solution. 189 countries are Party to the United Nations Framework Convention on Climate Change (UNFCCC). Although the Kyoto Protocol (1997) to the UNFCCC was signed by over 170 countries requiring developed countries to reduce their emissions by 5.2% below 1990 levels in the period 2008-2012 as an essential first step towards stabilizing atmospheric concentrations of greenhouse gases, but the consensus is still eluding the inte
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	There will always be some uncertainty surrounding the prediction of changes in such a complex system as the world's climate. Nevertheless, the IPCC's conclusion that it is at least 90% certain that temperatures will continue to rise, with average global surface temperature projected to increase by between 1.4 and 5.8°C above 1990 levels by 2100 is a matter of concern. This increase will be accompanied by rising sea levels, more intense precipitation events in some countries, increased risk of drought in oth
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	Our country is faced with the challenge of maintaining its rapid economic growth while dealing with the associated environmental issues besides the global threat of climate change. This threat emanates from accumulated greenhouse gas emissions in the atmosphere anthropogenically generated through intensive industrial growth and high consumption lifestyles in developed countries. While engaged with the international community to collectively and cooperatively deal with this threat, our country is carving out
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	Climate change may alter the distribution and quality of natural resources of Himachal Pradesh and adversely affect the livelihoods of its people. With its economy closely tied to its natural resource base and climate-sensitive sectors such as Agriculture, Horticulture, Irrigation & Public Health, Power and Forestry etc; the State may face a major threat on account of the projected changes in climate.
	Climate change may alter the distribution and quality of natural resources of Himachal Pradesh and adversely affect the livelihoods of its people. With its economy closely tied to its natural resource base and climate-sensitive sectors such as Agriculture, Horticulture, Irrigation & Public Health, Power and Forestry etc; the State may face a major threat on account of the projected changes in climate.

	The state's development path is based on its unique resource endowments, the overriding priority of economic and social development and poverty eradication, and its adherence to its legacy that places a high value on the environment and the maintenance of ecological balance.
	The state's development path is based on its unique resource endowments, the overriding priority of economic and social development and poverty eradication, and its adherence to its legacy that places a high value on the environment and the maintenance of ecological balance.


	In charting out a developmental pathway which is ecologically sustainable, Himachal Pradesh has wider spectrum of choices because it is at an early stage of development. The vision is to create a prosperous, but not wasteful society; an economy that is self- sustaining in terms of its ability to unleash the creative energies of its people and is mindful of its responsibilities to both present and future generations. The state's approach is based on a global vision of Mahatama Gandhi, 'the earth has enough r
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	Maintaining a high growth rate is essential for enhancing the living standards of vast majority of our people and reducing their vulnerability to the impacts of climate change. In order to achieve a sustainable development path that simultaneously advances economic, social and environmental objectives, the National Action Plan on Climate Change (NAPCC) has been prepared guided by following principles:
	Maintaining a high growth rate is essential for enhancing the living standards of vast majority of our people and reducing their vulnerability to the impacts of climate change. In order to achieve a sustainable development path that simultaneously advances economic, social and environmental objectives, the National Action Plan on Climate Change (NAPCC) has been prepared guided by following principles:

	- Protecting the poor and vulnerable sections of society through an inclusive and sustainable development strategy, sensitive to climate change.
	- Protecting the poor and vulnerable sections of society through an inclusive and sustainable development strategy, sensitive to climate change.

	- Achieving national growth objectives through a qualitative change in direction that enhances ecological sustainability, leading to further mitigation of greenhouse gas emissions.
	- Achieving national growth objectives through a qualitative change in direction that enhances ecological sustainability, leading to further mitigation of greenhouse gas emissions.

	- Devising efficient and cost-effective strategies for end-use Demand Side Management.
	- Devising efficient and cost-effective strategies for end-use Demand Side Management.

	- Deploying appropriate technologies for both adaptation and mitigation of greenhouse gases emissions extensively as well as at an accelerated pace.
	- Deploying appropriate technologies for both adaptation and mitigation of greenhouse gases emissions extensively as well as at an accelerated pace.

	- Engineering new and innovative forms of market, regulatory and voluntary mechanisms to promote sustainable development.
	- Engineering new and innovative forms of market, regulatory and voluntary mechanisms to promote sustainable development.

	- Effecting implementation of programmes through unique linkages, including with civil society and local government institutions and through public-private-partnership.
	- Effecting implementation of programmes through unique linkages, including with civil society and local government institutions and through public-private-partnership.

	- Welcoming international cooperation for research, development, sharing and transfer of technologies enabled by additional funding and a global IPR regime that facilitates technology transfer to developing countries under the UNFCCC.
	- Welcoming international cooperation for research, development, sharing and transfer of technologies enabled by additional funding and a global IPR regime that facilitates technology transfer to developing countries under the UNFCCC.

	National Action Plan on Climate Change (NAPCC) is a consolidated account of the country's position on climate change mitigation and adaptation efforts. In line with the government's adopted policy of shared but differentiated responsibility, the plan focuses of efficiency targets through well prioritized and established eight national missions which forms the core of the plan and dictate the direction of further action.
	National Action Plan on Climate Change (NAPCC) is a consolidated account of the country's position on climate change mitigation and adaptation efforts. In line with the government's adopted policy of shared but differentiated responsibility, the plan focuses of efficiency targets through well prioritized and established eight national missions which forms the core of the plan and dictate the direction of further action.

	The National Action Plan on Climate Change (NAPCC) identifies measures that promote our development objectives while also yielding co-benefits for addressing climate change effectively. It outlines a number of steps to simultaneously advance India's development and climate change related objectives on adaptation and mitigation.
	The National Action Plan on Climate Change (NAPCC) identifies measures that promote our development objectives while also yielding co-benefits for addressing climate change effectively. It outlines a number of steps to simultaneously advance India's development and climate change related objectives on adaptation and mitigation.

	Eight National Missions under the National Action Plan on Climate Change (NAPCC) are as follows:
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	• National Solar Mission.
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	• National Mission for Enhanced Energy Efficiency.
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	• Mission on Sustainable Habitat.
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	• National Mission for Sustaining the Himalayan Ecosystem.
	• National Mission for Sustaining the Himalayan Ecosystem.

	• National Mission for a "Green India".
	• National Mission for a "Green India".

	• National Mission for Sustainable Agriculture.
	• National Mission for Sustainable Agriculture.

	• National Mission on Strategic Knowledge for Climate Change.
	• National Mission on Strategic Knowledge for Climate Change.

	In dealing with the challenges of climate change, there is a need to simultaneously act on several fronts in a focused manner. The National Action Plan hinges on the development and use of new technologies. The implementation of the Plan would be through appropriate institutional mechanisms suited for effective delivery of each Mission's objectives and include public private partnerships and civil society action. The focus is on promoting understanding of climate science, adaptation, mitigation, energy effi
	In dealing with the challenges of climate change, there is a need to simultaneously act on several fronts in a focused manner. The National Action Plan hinges on the development and use of new technologies. The implementation of the Plan would be through appropriate institutional mechanisms suited for effective delivery of each Mission's objectives and include public private partnerships and civil society action. The focus is on promoting understanding of climate science, adaptation, mitigation, energy effi

	1.1 National Missions
	1.1 National Missions

	The Eight National Missions which form the core of the National Action Plan represents multi­pronged, long term and integrated strategies for achieving key goals in the context of climate change.
	The Eight National Missions which form the core of the National Action Plan represents multi­pronged, long term and integrated strategies for achieving key goals in the context of climate change.

	1.1.1 National Solar Mission
	1.1.1 National Solar Mission

	National Solar Mission is aimed to significantly increase the share of solar energy in the total energy mix while recognizing the need to expand the scope of other renewable and non-fossil options such as nuclear energy, wind energy and biomass.
	National Solar Mission is aimed to significantly increase the share of solar energy in the total energy mix while recognizing the need to expand the scope of other renewable and non-fossil options such as nuclear energy, wind energy and biomass.

	1.1.2 National Mission on Enhanced Energy Efficiency
	1.1.2 National Mission on Enhanced Energy Efficiency

	The Energy Conservation Act, 2001 provides a legal mandate for the implementation of energy efficiency measures through the institutional mechanism of the Bureau of Energy Efficiency (BEE) in the Central Government and designated agencies in each State.
	The Energy Conservation Act, 2001 provides a legal mandate for the implementation of energy efficiency measures through the institutional mechanism of the Bureau of Energy Efficiency (BEE) in the Central Government and designated agencies in each State.

	1.1.3 National Mission on Sustainable Habitats
	1.1.3 National Mission on Sustainable Habitats

	The National Mission on Sustainable Habitats is aimed to make habitat sustainable through improvements in energy efficiency in buildings, management of solid waste and modal shift to public transport.
	The National Mission on Sustainable Habitats is aimed to make habitat sustainable through improvements in energy efficiency in buildings, management of solid waste and modal shift to public transport.

	In addition, the Mission will address the need to adapt to future climate change by improving the resilience of infrastructure, community based disaster management, and measures for improving the warning system for extreme weather events. Capacity building is going to be an important component of this Mission.
	In addition, the Mission will address the need to adapt to future climate change by improving the resilience of infrastructure, community based disaster management, and measures for improving the warning system for extreme weather events. Capacity building is going to be an important component of this Mission.

	1.1.4 National Water Mission
	1.1.4 National Water Mission

	The National Water Mission would ensure integrated water resource management helping to conserve water, minimize wastage and ensure more equitable distribution within States. The Mission will take into account the provisions of the National Water Policy and develop a framework to optimize water use by increasing water use efficiency by 20% through regulatory
	The National Water Mission would ensure integrated water resource management helping to conserve water, minimize wastage and ensure more equitable distribution within States. The Mission will take into account the provisions of the National Water Policy and develop a framework to optimize water use by increasing water use efficiency by 20% through regulatory


	mechanisms with differential entitlements and pricing. It will also seek to ensure that a considerable share of the water needs of urban areas is met through recycling of waste water and rain water harvesting systems.
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	The National Water Policy would be revisited in consultation with States to ensure preparation of basin level management strategies to deal with variability in rainfall and river flows due to climate change. This will include enhanced storage both above and below ground, rainwater harvesting, coupled with equitable and efficient management structures.
	The National Water Policy would be revisited in consultation with States to ensure preparation of basin level management strategies to deal with variability in rainfall and river flows due to climate change. This will include enhanced storage both above and below ground, rainwater harvesting, coupled with equitable and efficient management structures.

	The mission will seek to develop new regulatory structures, combined with appropriate entitlements and pricing. It will seek to optimize the efficiency of existing irrigation systems, including rehabilitation of systems that have been run down and also expand irrigation, where feasible, with a special effort to increase storage capacity. Incentive structures will be designed to promote water-neutral of water-positive technologies, reaching of underground water sources and adoption of large scale irrigation 
	The mission will seek to develop new regulatory structures, combined with appropriate entitlements and pricing. It will seek to optimize the efficiency of existing irrigation systems, including rehabilitation of systems that have been run down and also expand irrigation, where feasible, with a special effort to increase storage capacity. Incentive structures will be designed to promote water-neutral of water-positive technologies, reaching of underground water sources and adoption of large scale irrigation 

	1.1.5 National Mission on Sustaining the Himalayan Ecosystem
	1.1.5 National Mission on Sustaining the Himalayan Ecosystem

	The mission for sustaining the Himalayan Ecosystem is aimed to evolve management measures for sustaining and safeguarding the Himalayan glaciers and mountain eco-systems. Himalayas, being the source of key perennial rivers, the Mission would, inter-alia, seek to understand, weather and the extent to which, the Himalayan glaciers are in recession and how the problem could be addressed.
	The mission for sustaining the Himalayan Ecosystem is aimed to evolve management measures for sustaining and safeguarding the Himalayan glaciers and mountain eco-systems. Himalayas, being the source of key perennial rivers, the Mission would, inter-alia, seek to understand, weather and the extent to which, the Himalayan glaciers are in recession and how the problem could be addressed.

	An observational and monitoring network for the Himalayan environment will also be established to assess freshwater resources and health of the ecosystems. Cooperation with neighbouring countries will be sought to make the network comprehensive in its coverage.
	An observational and monitoring network for the Himalayan environment will also be established to assess freshwater resources and health of the ecosystems. Cooperation with neighbouring countries will be sought to make the network comprehensive in its coverage.

	The Himalayan ecosystem has 51 million people who practice hill agriculture and whose vulnerability is expected to increase on account of climate change. The community based management of these ecosystems will be promoted with incentives to community organizations and panchayats for protection and enhancement of forested lands. In mountainous regions, the aim will be to maintain two-thirds of the areas under forest cover in order to prevent erosion and land degradation and ensure the stability of the fragil
	The Himalayan ecosystem has 51 million people who practice hill agriculture and whose vulnerability is expected to increase on account of climate change. The community based management of these ecosystems will be promoted with incentives to community organizations and panchayats for protection and enhancement of forested lands. In mountainous regions, the aim will be to maintain two-thirds of the areas under forest cover in order to prevent erosion and land degradation and ensure the stability of the fragil

	1.1.6 National Mission for a Green India
	1.1.6 National Mission for a Green India

	The National Mission is aimed to enhance eco-system services including carbon sink is called Green India. Forests play and indispensable role in the preservation of ecological balance and maintenance of biodiversity. Forests also constitute one of the most effective carbon sinks.
	The National Mission is aimed to enhance eco-system services including carbon sink is called Green India. Forests play and indispensable role in the preservation of ecological balance and maintenance of biodiversity. Forests also constitute one of the most effective carbon sinks.

	The Mission on Green India is being taken up on degraded forest land through direct action by communities, organized through Joint Forest Management Committees and guided by the State Department of Forests.
	The Mission on Green India is being taken up on degraded forest land through direct action by communities, organized through Joint Forest Management Committees and guided by the State Department of Forests.


	1.1.7 National Mission for Sustainable Agriculture
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	The Mission would devise strategies to make Indian agriculture more resilient to climate change. It would identify and develop new varieties of crops and especially thermal resistant crops and alternative cropping patterns, capable of withstanding extremes of weather, long dry spells, flooding, and variable moisture availability.
	The Mission would devise strategies to make Indian agriculture more resilient to climate change. It would identify and develop new varieties of crops and especially thermal resistant crops and alternative cropping patterns, capable of withstanding extremes of weather, long dry spells, flooding, and variable moisture availability.

	Agriculture will need to be progressively adapted to projected climate change and our agricultural research systems must be oriented to monitor and evaluate climate change and recommend changes in agricultural practices accordingly.
	Agriculture will need to be progressively adapted to projected climate change and our agricultural research systems must be oriented to monitor and evaluate climate change and recommend changes in agricultural practices accordingly.

	1.1.8 National Mission on Strategic Knowledge for Climate Change
	1.1.8 National Mission on Strategic Knowledge for Climate Change

	To enlist the global community in research and technology development and collaboration through mechanisms including open source platforms, a Strategic Knowledge Mission would help to identify the challenges of, and the responses to, climate change. It would ensure funding of high quality and focused research into various aspects of climate change.
	To enlist the global community in research and technology development and collaboration through mechanisms including open source platforms, a Strategic Knowledge Mission would help to identify the challenges of, and the responses to, climate change. It would ensure funding of high quality and focused research into various aspects of climate change.

	1.2 Linkages
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	The interlinkages amongst different missions are described below:
	The interlinkages amongst different missions are described below:
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	The Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC AR4) concluded from direct observations of changes in temperature, sea level rise, and snow cover in the northern hemisphere during 1850 to the present, that the warming of the earth's climate system is unequivocal. The global atmospheric concentration of carbon dioxide has increased from a pre­industrial value of about 280 ppm to 379 ppm in 2005. Multi model averages show that the temperature increases during 2090-2099 rela
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	India's development agenda focuses on the need for rapid economic growth as an essential precondition to poverty eradication and improved standards of living. Meeting this agenda, which will also reduce climate related vulnerability, requires large scale investment of resources in infrastructure, technology and access to energy. Developing countries may lack the necessary financial and technological resources needed for this and thus have very low coping capacity to meet threats from climate change. Only ra
	India's development agenda focuses on the need for rapid economic growth as an essential precondition to poverty eradication and improved standards of living. Meeting this agenda, which will also reduce climate related vulnerability, requires large scale investment of resources in infrastructure, technology and access to energy. Developing countries may lack the necessary financial and technological resources needed for this and thus have very low coping capacity to meet threats from climate change. Only ra

	It is imperative to identify measures that promote our development objectives, while also yielding co­benefits for addressing climate change effects. Cost effective energy efficiency and energy conservation measures are of particular importance in this connection. Similarly, development of clean energy technologies, through primarily designed to promote energy security, can also generate large benefits in terms of reducing carbon emissions. Different health related local pollution controls measures can also
	It is imperative to identify measures that promote our development objectives, while also yielding co­benefits for addressing climate change effects. Cost effective energy efficiency and energy conservation measures are of particular importance in this connection. Similarly, development of clean energy technologies, through primarily designed to promote energy security, can also generate large benefits in terms of reducing carbon emissions. Different health related local pollution controls measures can also

	It also describes India's willingness and desire, as a responsible member of the global community, to do all that is possible for pragmatic and practical solutions for all, in accordance with the principle of common but differentiated responsibilities and respective capabilities. The purpose of this document is also to create awareness among representatives of the public at large, different agencies of the government, scientists, industry-in short, and the community as a whole - on the threat posed by clima
	It also describes India's willingness and desire, as a responsible member of the global community, to do all that is possible for pragmatic and practical solutions for all, in accordance with the principle of common but differentiated responsibilities and respective capabilities. The purpose of this document is also to create awareness among representatives of the public at large, different agencies of the government, scientists, industry-in short, and the community as a whole - on the threat posed by clima

	1.3 Five Year Plans
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	The Eleventh Five Year Plan (2007-08 to 2011-12) had aimed at achieving faster and more inclusive growth. Rapid GDP growth, targeted at 9.0 percent per annum, was regarded necessary for two reasons: first, to generate the income and employment opportunities that were needed for improving living standards for the bulk of the population; and second, to generate the resources need for financing social sector programmes, aimed at reducing poverty at enabling inclusiveness. During the Eleventh Five Year Plan the
	The Eleventh Five Year Plan (2007-08 to 2011-12) had aimed at achieving faster and more inclusive growth. Rapid GDP growth, targeted at 9.0 percent per annum, was regarded necessary for two reasons: first, to generate the income and employment opportunities that were needed for improving living standards for the bulk of the population; and second, to generate the resources need for financing social sector programmes, aimed at reducing poverty at enabling inclusiveness. During the Eleventh Five Year Plan the
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	The Twelfth Five Year Plan (2012-17) lays adequate emphasis on environment, forestry & wildlife. Twelve monitorable targets have set for Twelfth Plan, these include three targets in the areas of Environment & Climate Change, four targets in Forestry and three targets under Wildlife, Eco­tourism & Animal Husbandry, and two under Eco-systems and Biodiversity for ushering in inclusiveness and growth.
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	Deforestation, landslides, land degradation, desertification and Glacier Lake Outbursts Floods (GLOF) are some of the common but critical environmental issues in the Himalayan regions. The major challenges currently faced by the Himalayan environment are the escalation of such issues through atmospheric as well as man-induced interferences.
	Deforestation, landslides, land degradation, desertification and Glacier Lake Outbursts Floods (GLOF) are some of the common but critical environmental issues in the Himalayan regions. The major challenges currently faced by the Himalayan environment are the escalation of such issues through atmospheric as well as man-induced interferences.
	Deforestation, landslides, land degradation, desertification and Glacier Lake Outbursts Floods (GLOF) are some of the common but critical environmental issues in the Himalayan regions. The major challenges currently faced by the Himalayan environment are the escalation of such issues through atmospheric as well as man-induced interferences.

	Himalayan ecosystems sustain a wide range of significant natural resources that play a critical role in the ecological and economic processes of the earth, thus Chirgaon after cloud burst on 11 August 1997, it is very important that these systems are properly total causalities 124 analyzed and taken care.
	Himalayan ecosystems sustain a wide range of significant natural resources that play a critical role in the ecological and economic processes of the earth, thus Chirgaon after cloud burst on 11 August 1997, it is very important that these systems are properly total causalities 124 analyzed and taken care.


	Himalayan eco-systems are predominantly sensitive to climate changes. Himachal Pradesh although a small Himalayan State, is nevertheless playing a very crucial role in sustaining the livelihoods of downstream areas. The conservation, sustenance of these ecologically fragile regions is a biggest challenge faced being faced at the moment which can get further aggravated due to financial constraints and limited resources.
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	Himalayan eco-systems are predominantly sensitive to climate changes. Himachal Pradesh although a small Himalayan State, is nevertheless playing a very crucial role in sustaining the livelihoods of downstream areas. The conservation, sustenance of these ecologically fragile regions is a biggest challenge faced being faced at the moment which can get further aggravated due to financial constraints and limited resources. Therefore, it can be safely stated that climate change will manifest most in Himachal Pra
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	- State is likely to face warming, erratic rainfall and rainfall changes, floods.
	- State is likely to face warming, erratic rainfall and rainfall changes, floods.

	- Change in precipitation pattern.
	- Change in precipitation pattern.

	- There is likely to be a shift in snow line, agriculture /horticulture line; certain areas may open up with some good livelihood openings.
	- There is likely to be a shift in snow line, agriculture /horticulture line; certain areas may open up with some good livelihood openings.

	- Significant impacts on agriculture production, water resources, forests, natural wetlands.
	- Significant impacts on agriculture production, water resources, forests, natural wetlands.

	- Health risks are likely to increase in the State. Instances as malaria, water borne disease, jaundice etc. may break along river bed predominantly.
	- Health risks are likely to increase in the State. Instances as malaria, water borne disease, jaundice etc. may break along river bed predominantly.

	- Impacts likely to adversely affect large percentage of population depending on natural resources.
	- Impacts likely to adversely affect large percentage of population depending on natural resources.

	The predicted potential impacts of climate change on Himachal Pradesh are both positive and negative. While many of the impacts would be disruptive and potentially very costly, none are likely to be on at par with the worst impacts elsewhere in the Country. Examples of the projected impacts based on scenarios generally within the range predicted in the IPCC Assessment Reports and other research findings broadly include:
	The predicted potential impacts of climate change on Himachal Pradesh are both positive and negative. While many of the impacts would be disruptive and potentially very costly, none are likely to be on at par with the worst impacts elsewhere in the Country. Examples of the projected impacts based on scenarios generally within the range predicted in the IPCC Assessment Reports and other research findings broadly include:

	• Changes in precipitation (rain and snow fall) with the average water levels in rivers, lakes less than normal with serious drought like conditions, and in rainy seasons flooding being more frequent, areas currently subject to flooding would suffer flooding of greater severity and for more duration; areas currently flood-free would suffer from occasional floods and flash floods. Lesser spring, summer rainfall causing regular water shortages, especially in the mid hills would be affecting both people and th
	• Changes in precipitation (rain and snow fall) with the average water levels in rivers, lakes less than normal with serious drought like conditions, and in rainy seasons flooding being more frequent, areas currently subject to flooding would suffer flooding of greater severity and for more duration; areas currently flood-free would suffer from occasional floods and flash floods. Lesser spring, summer rainfall causing regular water shortages, especially in the mid hills would be affecting both people and th

	Rising river water levels due to rapid glacier melt and more storm events and storm surge, particularly on the Satluj, Beas and Ravi rivers and their tributaries with storms of a greater severity are at risk from rising water levels, including related landslides, erosion, flooding and environmental changes with severe threat to infrastructures.
	Rising river water levels due to rapid glacier melt and more storm events and storm surge, particularly on the Satluj, Beas and Ravi rivers and their tributaries with storms of a greater severity are at risk from rising water levels, including related landslides, erosion, flooding and environmental changes with severe threat to infrastructures.

	• Riverbed areas subject to human industrial development would be at risk, and could suffer loss of infrastructure. Human use of the river bed is quite intensive, and low lying areas of all valleys are highly developed with different key industries (mainly energy), and tourism, residential development along the river are under potential threat. Protective options include abandonment of land, stronger planning controls, and fiscal disincentives for river side development.
	• Riverbed areas subject to human industrial development would be at risk, and could suffer loss of infrastructure. Human use of the river bed is quite intensive, and low lying areas of all valleys are highly developed with different key industries (mainly energy), and tourism, residential development along the river are under potential threat. Protective options include abandonment of land, stronger planning controls, and fiscal disincentives for river side development.

	• Short-term increased agricultural production with new crops becoming viable in certain regions and agricultural production costs reduced if prolonged summer droughts do not become a problem. Grass growth could enjoy beneficial effects with a good increase with
	• Short-term increased agricultural production with new crops becoming viable in certain regions and agricultural production costs reduced if prolonged summer droughts do not become a problem. Grass growth could enjoy beneficial effects with a good increase with


	higher temperatures and changes in rainfall patterns. Increase in man-animal conflicts in the event of decreasing quality of forest cover/area.
	higher temperatures and changes in rainfall patterns. Increase in man-animal conflicts in the event of decreasing quality of forest cover/area.
	higher temperatures and changes in rainfall patterns. Increase in man-animal conflicts in the event of decreasing quality of forest cover/area.

	• New grassland and livestock management systems would be possible, with a longer grazing season and the prospect of growing additional forage crops (e.g. maize, fodder beet). There would be little or no increase in cereal yields, but increases in other crops are possible, and the area for growth of many arable crops would migrate northwards. A number of new crops (e.g. sunflower best option) may become viable in our area as well.
	• New grassland and livestock management systems would be possible, with a longer grazing season and the prospect of growing additional forage crops (e.g. maize, fodder beet). There would be little or no increase in cereal yields, but increases in other crops are possible, and the area for growth of many arable crops would migrate northwards. A number of new crops (e.g. sunflower best option) may become viable in our area as well.

	• Some existing forestry species may suffer badly (e.g. where availability of water and nitrogen are limiting factors), with others becoming more productive (higher temperatures and increased CO2 concentrations in the atmosphere supporting higher rates of photosynthesis and hence higher growth rates).
	• Some existing forestry species may suffer badly (e.g. where availability of water and nitrogen are limiting factors), with others becoming more productive (higher temperatures and increased CO2 concentrations in the atmosphere supporting higher rates of photosynthesis and hence higher growth rates).

	• Issues associated to Glaciers and Snow fields over Himachal Himalayas: Five major perennial rivers of Northern India passes through Himachal Himalayas, which have their origin in the glaciated terrains either in the State or outside. These are Beas, Satluj, Yamuna, Ravi, and Chenab rivers. The rivers like Chenab, Ravi and Beas originate from Himachal Pradesh, whereas, the other two have their origin outside the State. In order to understand the dynamics of the glaciers, which are considered to be the dire
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	J An over view w.r.t. damages due to Droughts, Flash Floods, and widespread Rains in Himachal Pradesh: J
	J An over view w.r.t. damages due to Droughts, Flash Floods, and widespread Rains in Himachal Pradesh: J

	Due to climatic extreme events Himachal Pradesh economy has faced many losses from time to time, both in terms of lives and infrastructural damages such as:
	Due to climatic extreme events Himachal Pradesh economy has faced many losses from time to time, both in terms of lives and infrastructural damages such as:

	Year 2005-06 (Rabi Season): The damage due to drought conditions in Himachal Pradesh has been assessed to the tune of Rs. 366 crore which include loss of agri-horti crops, IPH infrastructure, and animal husbandry.
	Year 2005-06 (Rabi Season): The damage due to drought conditions in Himachal Pradesh has been assessed to the tune of Rs. 366 crore which include loss of agri-horti crops, IPH infrastructure, and animal husbandry.

	J Year 2002-03 (Kharif Season): The estimated damage due to drought conditions in Himachal J
	J Year 2002-03 (Kharif Season): The estimated damage due to drought conditions in Himachal J

	J Pradesh was Rs. 707.21 crore. J
	J Pradesh was Rs. 707.21 crore. J

	Year 2000-01 (Rabi Season): The estimated damage was Rs. 360.85 crore.
	Year 2000-01 (Rabi Season): The estimated damage was Rs. 360.85 crore.

	Year 1999 The damage due to widespread rains, flash floods and drought were beyond imaginations about 2.423 lac ha area under agriculture and 0.447 lac ha area under horticulture (total monetary i loss estimated to Rs. 23,487.00 crore)was affected due to extreme events besides physical losses J
	Year 1999 The damage due to widespread rains, flash floods and drought were beyond imaginations about 2.423 lac ha area under agriculture and 0.447 lac ha area under horticulture (total monetary i loss estimated to Rs. 23,487.00 crore)was affected due to extreme events besides physical losses J

	| estimated to Rs. 19,151.67 lacs were observed J
	| estimated to Rs. 19,151.67 lacs were observed J

	Year 1998: The total loss (physical and crops) was assessed for an amount of Rs. 33,226.79 Year 1997: The estimated damage was Rs. 79, 865.19 lacs.
	Year 1998: The total loss (physical and crops) was assessed for an amount of Rs. 33,226.79 Year 1997: The estimated damage was Rs. 79, 865.19 lacs.

	Year 1996: The estimated damage was Rs. 47,677.28 lacs Year 1995: The estimated loss was about Rs. 50,599.82 lacs.
	Year 1996: The estimated damage was Rs. 47,677.28 lacs Year 1995: The estimated loss was about Rs. 50,599.82 lacs.
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	The economy of the State is dependent on sectors like the hydel power generation, horticulture, agriculture, forestry and tourism etc. and these sectors are .
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	The economy of the State is dependent on sectors like the hydel power generation, horticulture, agriculture, forestry and tourism etc. and these sectors are .

	assumed to be under threat in the present scenario of -\ ■ s
	assumed to be under threat in the present scenario of -\ ■ s

	changing climate. Any change in these sectors due to JL v „v ■ -, ,
	changing climate. Any change in these sectors due to JL v „v ■ -, ,

	climate change, in every likelihood, will not only going to affect the livelihood prospects in the agrarian economies of mountain regions, but also everyone living below in the plains. The major issues of concern due to the emerging threat of climate change in Himachal Pradesh are:
	climate change, in every likelihood, will not only going to affect the livelihood prospects in the agrarian economies of mountain regions, but also everyone living below in the plains. The major issues of concern due to the emerging threat of climate change in Himachal Pradesh are:

	• Agrarian economy of 90% rural population and their livelihood.
	• Agrarian economy of 90% rural population and their livelihood.

	• Dependence on rains for agrarian activities.
	• Dependence on rains for agrarian activities.

	• Sustainability of hydro economy as dependency on snow and glaciers.
	• Sustainability of hydro economy as dependency on snow and glaciers.

	• Water sources for drinking and irrigation.
	• Water sources for drinking and irrigation.

	• Rural livelihood dependency on forest for fuel wood, fodder and non wood products etc.
	• Rural livelihood dependency on forest for fuel wood, fodder and non wood products etc.

	• The role of medicinal herbs in economy.
	• The role of medicinal herbs in economy.

	• Climate induced and other natural hazards threat in the state.
	• Climate induced and other natural hazards threat in the state.
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	Indicators of Climate Change in Himachal Pradesh
	Indicators of Climate Change in Himachal Pradesh
	Indicators of Climate Change in Himachal Pradesh

	• Rise in temperature in the NW Himalayan Region by about 1.6°C in the last century.
	• Rise in temperature in the NW Himalayan Region by about 1.6°C in the last century.

	• Warming rate of Shimla was higher during the period 1991-2002 as compared to earlier decades.
	• Warming rate of Shimla was higher during the period 1991-2002 as compared to earlier decades.

	• About 17% decrease in rainfall in Shimla was observed from 1996 onwards.
	• About 17% decrease in rainfall in Shimla was observed from 1996 onwards.

	• The decreasing trend in seasonal snowfall in Shimla is very conspicuous since 1990 and it was lowest in 2009.
	• The decreasing trend in seasonal snowfall in Shimla is very conspicuous since 1990 and it was lowest in 2009.

	• Monsoon discharge in Beas River has shown a significant decrease.
	• Monsoon discharge in Beas River has shown a significant decrease.

	• Winter discharge in River Chenab has shown a significant increase.
	• Winter discharge in River Chenab has shown a significant increase.

	• Satluj showing an increasing trend in winter and spring discharge.
	• Satluj showing an increasing trend in winter and spring discharge.

	• Quality of apple has been affected and the apple line has shifted upwards.
	• Quality of apple has been affected and the apple line has shifted upwards.

	• Area under apple is being diverted to vegetable due to rising temperature.
	• Area under apple is being diverted to vegetable due to rising temperature.

	• Incidence of pest and disease are more severe.
	• Incidence of pest and disease are more severe.

	• Pine forest invading heights.
	• Pine forest invading heights.

	• Kikar, Tali (Shisham), Deodar, Ban trees are on decline. Water fowls, Ducks, Birds, House sparrows, Vultures
	• Kikar, Tali (Shisham), Deodar, Ban trees are on decline. Water fowls, Ducks, Birds, House sparrows, Vultures
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	Agro-Horticulture Sector
	Agro-Horticulture Sector
	Agro-Horticulture Sector

	Erratic and changing weather pattern has affected on the sustainability of marginal agriculture and horticulture in the State where average holding size is 1.07 ha and about 70% of the population depends upon these two sectors for their livelihood. Over 92% of the holdings in the State are classified as small or marginal and dependence on rain in some areas is very high. Thus, when viewed along with other specificities such as infrastructure, rugged topography, limited land for cultivation, limited liveliho
	Erratic and changing weather pattern has affected on the sustainability of marginal agriculture and horticulture in the State where average holding size is 1.07 ha and about 70% of the population depends upon these two sectors for their livelihood. Over 92% of the holdings in the State are classified as small or marginal and dependence on rain in some areas is very high. Thus, when viewed along with other specificities such as infrastructure, rugged topography, limited land for cultivation, limited liveliho

	• Rabi crops more affected due to erratic rainfall.
	• Rabi crops more affected due to erratic rainfall.

	• Diversion from apple to vegetables especially in the Lower Kullu valley.
	• Diversion from apple to vegetables especially in the Lower Kullu valley.

	• Increase in annual production of vegetables from 25,000 tonne in 3,000 ha area in 1951-52 to 1,269 thousands tonne in 65,000 ha area in 2010-11.
	• Increase in annual production of vegetables from 25,000 tonne in 3,000 ha area in 1951-52 to 1,269 thousands tonne in 65,000 ha area in 2010-11.

	• The rise in temp has affected the apple production especially located on the lower altitude.
	• The rise in temp has affected the apple production especially located on the lower altitude.

	• Apple production in cold desert areas has suddenly improved.
	• Apple production in cold desert areas has suddenly improved.

	• Change in average winter temperature has led to early flowering in Rhododendron.
	• Change in average winter temperature has led to early flowering in Rhododendron.
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	Glacier Status in Himachal Pradesh
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	• An overall reduction in glacier area from 2,077 sq. km. to 1,628 sq. km. from 1962-2001 in Chenab, Parbati & Baspa Basins, H.P.
	• An overall reduction in glacier area from 2,077 sq. km. to 1,628 sq. km. from 1962-2001 in Chenab, Parbati & Baspa Basins, H.P.
	• An overall reduction in glacier area from 2,077 sq. km. to 1,628 sq. km. from 1962-2001 in Chenab, Parbati & Baspa Basins, H.P.

	• An overall deglaciation of 21% of total area in these basins.
	• An overall deglaciation of 21% of total area in these basins.

	• About 10% deglaciation is observed in Spiti Basin during 2001-2007.
	• About 10% deglaciation is observed in Spiti Basin during 2001-2007.

	• Prominent glaciers as studied by GSI in Himachal Pradesh shows:
	• Prominent glaciers as studied by GSI in Himachal Pradesh shows:
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	Chota Sigri 6.81 m/y retreat during 1962-95. Bara Sigri 29.78 m/y during 1906-1957. Trilokinath as 17.86 m/y 2001
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	during 1968-1996.
	during 1968-1996.

	Beas Kund as 18.8 m/y during 1963-2003.
	Beas Kund as 18.8 m/y during 1963-2003.

	Manimahesh as 29.1 during 1968-2005.
	Manimahesh as 29.1 during 1968-2005.
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	Temporal Monitoring of Glaciers
	Temporal Monitoring of Glaciers
	Temporal Monitoring of Glaciers


	According to experts, glaciers in the Himalaya have been reported to be in the retreating phase and in future, this can result in water scarcity for the people living in the mountain region and in downstream area who depend on glaciers and snow as a source of fresh water. Retreating glaciers, depleting snow cover and Glacial Lake Outburst Floods (GLOFs) are of immediate concern in the mountain environment as GLOFs can have a devastating impact on the hydro power, water sources, people, livestock, forests, f
	According to experts, glaciers in the Himalaya have been reported to be in the retreating phase and in future, this can result in water scarcity for the people living in the mountain region and in downstream area who depend on glaciers and snow as a source of fresh water. Retreating glaciers, depleting snow cover and Glacial Lake Outburst Floods (GLOFs) are of immediate concern in the mountain environment as GLOFs can have a devastating impact on the hydro power, water sources, people, livestock, forests, f
	According to experts, glaciers in the Himalaya have been reported to be in the retreating phase and in future, this can result in water scarcity for the people living in the mountain region and in downstream area who depend on glaciers and snow as a source of fresh water. Retreating glaciers, depleting snow cover and Glacial Lake Outburst Floods (GLOFs) are of immediate concern in the mountain environment as GLOFs can have a devastating impact on the hydro power, water sources, people, livestock, forests, f
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	Forests
	Forests
	Forests

	Forests in Himachal Pradesh are an important ecological and natural resource and have been aptly termed as "Green Pearl" in the Himalaya. About 26% of the State's geographical area is the repository of 3,295 species out of which 95% are endemic to the state and 5% (150) species are exotic, most of the people in rural areas in the State depend directly or indirectly on forests for their livelihood and use significant quantity of forest goods and services like non-wood forest products, ecotourism, fodder, tim
	Forests in Himachal Pradesh are an important ecological and natural resource and have been aptly termed as "Green Pearl" in the Himalaya. About 26% of the State's geographical area is the repository of 3,295 species out of which 95% are endemic to the state and 5% (150) species are exotic, most of the people in rural areas in the State depend directly or indirectly on forests for their livelihood and use significant quantity of forest goods and services like non-wood forest products, ecotourism, fodder, tim

	The immediate repercussions of climate change on the forests are visible in the form of shifting of tree line to higher altitudes and movement of pine species to higher altitudes. Available data on climate suggested that by 2100, under the most probable scenario, temperature of the state is likely to increase by 30C and precipitation will decrease by 20% and in that situation the effects will be more visible and alarming also.
	The immediate repercussions of climate change on the forests are visible in the form of shifting of tree line to higher altitudes and movement of pine species to higher altitudes. Available data on climate suggested that by 2100, under the most probable scenario, temperature of the state is likely to increase by 30C and precipitation will decrease by 20% and in that situation the effects will be more visible and alarming also.
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	No. of fire Areas Affected
	No. of fire Areas Affected
	No. of fire Areas Affected

	Incidences (In Hectares)
	Incidences (In Hectares)


	Invasion of pine into oak/deodar due to climate change affecting fodder availability for livestock & people’s livelihood
	Invasion of pine into oak/deodar due to climate change affecting fodder availability for livestock & people’s livelihood
	Invasion of pine into oak/deodar due to climate change affecting fodder availability for livestock & people’s livelihood


	Biodiversity
	Biodiversity
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	• Himachal Pradesh being a mountain State is rich in floral and faunal biodiversity. The tribal and remote areas of the state have good medicinal and aromatic floral resources which plays a major in their livelihoods.
	• Himachal Pradesh being a mountain State is rich in floral and faunal biodiversity. The tribal and remote areas of the state have good medicinal and aromatic floral resources which plays a major in their livelihoods.

	• With the changing climate, many species are either facing the problem of extinction or declining because of rising temperature affecting health, well being and livelihood of the people who rely on such resources.
	• With the changing climate, many species are either facing the problem of extinction or declining because of rising temperature affecting health, well being and livelihood of the people who rely on such resources.

	• We are committed to preserve this Himalayan reserve as it provides us with biological resources and basic goods like food, fibre, medicine, timber, fuel wood etc.
	• We are committed to preserve this Himalayan reserve as it provides us with biological resources and basic goods like food, fibre, medicine, timber, fuel wood etc.
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	Romulus sp. in upper Himachal
	Romulus sp. in upper Himachal
	Romulus sp. in upper Himachal
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	Brahm Kamal Flower (Flower of High Alpine Zone)
	Brahm Kamal Flower (Flower of High Alpine Zone)
	Brahm Kamal Flower (Flower of High Alpine Zone)


	Water Resources
	Water Resources
	Water Resources

	Climate Change induced weather extremes such as unprecedented drought, frequent floods, cloud bursts, erratic and changing pattern of rain and snowfall, higher temperature and milder and late winters have affected the availability of natural resources in general and the water in particular. Over the years, the water availability in all towns of the State has declined and majority of them are facing scarcity situation. The traditional water sources are either on the verge of extinction or have dried. Any cha
	Climate Change induced weather extremes such as unprecedented drought, frequent floods, cloud bursts, erratic and changing pattern of rain and snowfall, higher temperature and milder and late winters have affected the availability of natural resources in general and the water in particular. Over the years, the water availability in all towns of the State has declined and majority of them are facing scarcity situation. The traditional water sources are either on the verge of extinction or have dried. Any cha
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	Area of Catchment
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	Satluj
	Satluj
	Satluj
	Satluj


	20,398
	20,398
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	Beas
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	Chenab
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	Ravi
	Ravi
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	9.90
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	Yamuna
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	5,872
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	• Khatris are no more functional.
	• Khatris are no more functional.
	• Khatris are no more functional.

	• Micro - hydel are under threat.
	• Micro - hydel are under threat.

	• Decreasing river discharge.
	• Decreasing river discharge.

	• Affects the riverine ecology.
	• Affects the riverine ecology.


	• Dried traditional sources of water.
	• Dried traditional sources of water.
	• Dried traditional sources of water.

	• Decreasing snowfall patterns.
	• Decreasing snowfall patterns.

	• Perennial streams have become seasonal.
	• Perennial streams have become seasonal.
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	Changes in Climate and Weather Events in India
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	Certain observations in climate parameters have been observed as far as climate change from the Indian perspective is concerned. There are some changes observed in climate parameters in India as well. According to India's initial National Communication, 2004 (NATCOM 1) to UNFCCC some of the observed changes are as under:
	Certain observations in climate parameters have been observed as far as climate change from the Indian perspective is concerned. There are some changes observed in climate parameters in India as well. According to India's initial National Communication, 2004 (NATCOM 1) to UNFCCC some of the observed changes are as under:

	2.1 Surface Temperature
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	At the national level, increase of ~ 0.4°C has been observed in surface air temperatures over the past century. A warming trend has been observed along the west coast, in Central India, the interior peninsula, and north-eastern India. However, cooling trends have been observed in north-west India and parts of south India.
	At the national level, increase of ~ 0.4°C has been observed in surface air temperatures over the past century. A warming trend has been observed along the west coast, in Central India, the interior peninsula, and north-eastern India. However, cooling trends have been observed in north-west India and parts of south India.

	2.2 Rainfall
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	While the observed monsoon rainfall at the All-India level does not show any significant trend, regional monsoon variations have been recorded. A trend of increasing monsoon seasonal rainfall has been found along the west coast, northern Andhra Pradesh, and north-western India (+10% to +12% of the normal over the last 100 years) while a trend of decreasing monsoon seasonal rainfall has been observed over eastern Madhya Pradesh, north-eastern India, and some parts of Gujarat and Kerala (­6% to - 8% of the no
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	2.3 Extreme Weather Events
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	Instrument records over the past 130 years do not indicate any marked long-term trend in the frequencies of large-scale droughts and floods. Trends are, however, observed in multi-decadal periods of more frequent droughts, followed by less severe droughts. There has been an overall increasing trend in severe storm incidence along the coast at the rate of 0.011 events per year. While the States of West Bengal and Gujarat have reported increasing trends, a decline has been observed in Orissa. Goswami et al, w
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	2.4 Rise in Sea Levels
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	Using the records of coastal tide gauges in the northern part of Indian Ocean for more than 40 years, Unnikrishnan and Shankar have estimated, that sea level rise was between 1.06-1.75 mm per year. These rates are consistent with 1-2 mm per year global sea level rise estimates of IPCC.
	Using the records of coastal tide gauges in the northern part of Indian Ocean for more than 40 years, Unnikrishnan and Shankar have estimated, that sea level rise was between 1.06-1.75 mm per year. These rates are consistent with 1-2 mm per year global sea level rise estimates of IPCC.

	2.5 Impacts on Himalayan Glaciers
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	The Himalaya possess one of the largest reserve of snow and ice and form a major source of water for the perennial rivers such as the Indus, the Ganga, and the Brahmaputra. Glacial melt may impact their long-term lean-season flows, with adverse impacts on the economy in terms of water availability and hydropower generation.
	The Himalaya possess one of the largest reserve of snow and ice and form a major source of water for the perennial rivers such as the Indus, the Ganga, and the Brahmaputra. Glacial melt may impact their long-term lean-season flows, with adverse impacts on the economy in terms of water availability and hydropower generation.


	The available monitoring data on Himalayan glaciers indicates that while recession of some glaciers has occurred in some Himalayan regions in recent years, the trend is not consistent across the entire mountain chain. It is accordingly, too early to establish long-term trends, or their causation, in respect of which there are several hypotheses.
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	Glaciers are well distributed by size, type, altitude and debris cover. Area in 1962 and 2001 (LISS- III) observed as 173 and 140 sq. km., respectively. Overall 19 % loss in glacier area.
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	2.6 Climate Change Projections for 21st Century (India)
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	Based on modeling and other studies the following changes due to increase in atmospheric GHG
	Based on modeling and other studies the following changes due to increase in atmospheric GHG

	concentrations arising from increased global anthropogenic emissions have been projected:
	concentrations arising from increased global anthropogenic emissions have been projected:

	• Annual mean surface temperature rise by the end of century, ranging from 3 to 5°C under A2 scenario and 2.5 to 4°C under B2 scenario of IPCC with warming more pronounced in the Northern Parts of India, from simulations done by Indian Institute of Tropical Meteorology (IITM), Pune.
	• Annual mean surface temperature rise by the end of century, ranging from 3 to 5°C under A2 scenario and 2.5 to 4°C under B2 scenario of IPCC with warming more pronounced in the Northern Parts of India, from simulations done by Indian Institute of Tropical Meteorology (IITM), Pune.

	• Indian Summer Monsoon (ISM) is a manifestation of complex interactions between land, ocean and atmosphere. The simulation of ISM's mean pattern as well as variability on inter­annual and intra-seasonal scales has been a challenging ongoing problem. The simulations by IITM, Pune, have indicated that summer monsoon intensity may increase beginning from 2040 and by 10% by 2100 under A2 scenario of IPCC.
	• Indian Summer Monsoon (ISM) is a manifestation of complex interactions between land, ocean and atmosphere. The simulation of ISM's mean pattern as well as variability on inter­annual and intra-seasonal scales has been a challenging ongoing problem. The simulations by IITM, Pune, have indicated that summer monsoon intensity may increase beginning from 2040 and by 10% by 2100 under A2 scenario of IPCC.

	• Changes in frequency and/or magnitude of extreme temperature and precipitation events. Some results show that fine-scale snow albedo influence the response of both hot and cold events and that peak increase in extreme hot events are amplified by surface moisture feedbacks.
	• Changes in frequency and/or magnitude of extreme temperature and precipitation events. Some results show that fine-scale snow albedo influence the response of both hot and cold events and that peak increase in extreme hot events are amplified by surface moisture feedbacks.

	2.6.1 Impacts on Water Resources
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	A decline in run-off by more than two-thirds is also anticipated for the Sabarmati and Luni basins.
	A decline in run-off by more than two-thirds is also anticipated for the Sabarmati and Luni basins.


	2.6.2 Impacts on Agriculture & Food Production
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	Food production in India is sensitive to climate changes such as variability in monsoon rainfall and temperature changes within a season. Studies by Indian Agricultural Research Institute (IARI) and others indicate greater expected loss in the Rabi crop. Every 1°C rise in temperature reduces wheat production by 4-5 Million Tonnes. Small changes in temperature and rainfall have significant effects on the quality of fruits, vegetables, tea, coffee, aromatic and medicinal plants, and basmati rice. Pathogens an
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	2.6.3 Impacts on Health
	2.6.3 Impacts on Health

	Changes in climate may alter the distribution of important vector species (for example, malarial mos­quitoes) and may increase the spread of such diseases to new areas. If there is an increase of 3.8°C in temperature and a 7% increase in relative humidity the transmission windows i.e., months during which mosquitoes are active, will be open for all 12 months in 9 states in India. The transmission windows in Jammu and Kashmir and in Rajasthan may increase by 3-5 months. However, in Orissa and some southern s
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	2.6.4 Impacts on Forests
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	Based on future climate projections of Regional Climate Model of the Hadley Centre (HadRM3) using A2 and B2 scenarios and the BIOME4 vegetation response model, Ravindranath et. al. It show that 77% and 68% of the forest areas in the country are likely to experience shift in forest types, respectively under the two scenarios, by the end of the century, with consequent changes in forests produce, and, in turn, livelihoods based on those products. Correspondingly, the associated biodiversity is likely to be ad
	Based on future climate projections of Regional Climate Model of the Hadley Centre (HadRM3) using A2 and B2 scenarios and the BIOME4 vegetation response model, Ravindranath et. al. It show that 77% and 68% of the forest areas in the country are likely to experience shift in forest types, respectively under the two scenarios, by the end of the century, with consequent changes in forests produce, and, in turn, livelihoods based on those products. Correspondingly, the associated biodiversity is likely to be ad

	2.6.5 Vulnerability to Extreme Events
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	Heavily populated regions such as coastal areas are exposed to climatic events, such as cyclones, floods, and drought and large declines in sown areas in arid and semi-arid zones occur during climate extremes. Large areas in Rajasthan, Andhra Pradesh, Gujarat, and Maharashtra and comparatively small areas in Karnataka, Orissa, Madhya Pradesh, Tamil Nadu, Bihar, West Bengal, and Uttar Pradesh are frequented by drought. About 40 million hectares of land is flood-prone, including most of the river basins in th
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	2.6.6 Impacts on Costal Areas
	2.6.6 Impacts on Costal Areas

	A mean Sea Level Rise (SLR) of 15-38 cm is projected along India's coast by the mid 21st century and of 46-59 cm by 2100. India's NATCOM I assessed the vulnerability of coastal districts based on physical exposure to SLR, social exposure based on population affected, and economic impacts. In addition, a projected increase in the intensity of tropical cyclones poses a threat to the heavily populated coastal zones in the country (NATCOM, 2004).
	A mean Sea Level Rise (SLR) of 15-38 cm is projected along India's coast by the mid 21st century and of 46-59 cm by 2100. India's NATCOM I assessed the vulnerability of coastal districts based on physical exposure to SLR, social exposure based on population affected, and economic impacts. In addition, a projected increase in the intensity of tropical cyclones poses a threat to the heavily populated coastal zones in the country (NATCOM, 2004).
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	Climate change is any long term significant change in the 'average weather' temperature, precipitation and wind patterns that a given region experiences, which includes processes such as solar radiation, green house gas concentration and the effects of human activity. Recent climate change attributed to human activity, and the debate has shifted to how to reduce impact of human activity (Mitigation), and adapt to change that is already in the system (Adaptation).
	Climate change is any long term significant change in the 'average weather' temperature, precipitation and wind patterns that a given region experiences, which includes processes such as solar radiation, green house gas concentration and the effects of human activity. Recent climate change attributed to human activity, and the debate has shifted to how to reduce impact of human activity (Mitigation), and adapt to change that is already in the system (Adaptation).

	Conceptually, Adaptation, in context of climate change is defined as the measures taken to minimize the adverse impacts of climate change, e.g. switching to crops that can withstand higher temperatures is adaptation, relocating the communities from sea shore to some other places to cope with the rising sea level.
	Conceptually, Adaptation, in context of climate change is defined as the measures taken to minimize the adverse impacts of climate change, e.g. switching to crops that can withstand higher temperatures is adaptation, relocating the communities from sea shore to some other places to cope with the rising sea level.

	And, Mitigation in context of climate change is defined as measures to reduce the emissions of green house gases that cause climate change in the first place, e.g. by switching to renewable sources of energy such as solar energy or wind energy, or nuclear energy instead of burning fossil fuel in thermal power stations.
	And, Mitigation in context of climate change is defined as measures to reduce the emissions of green house gases that cause climate change in the first place, e.g. by switching to renewable sources of energy such as solar energy or wind energy, or nuclear energy instead of burning fossil fuel in thermal power stations.

	For drawing adaptation and mitigation options for State of Himachal Pradesh it is very important to first understand the following critical and core concepts:
	For drawing adaptation and mitigation options for State of Himachal Pradesh it is very important to first understand the following critical and core concepts:
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	• Description of Vulnerability Index and Projected Trends
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	• Sectoral Analysis with respect to Climate Change Vulnerability
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	- Status of Green House Gas Emissions Inventory at Sectoral Level & Future Energy Need Projections
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	- Gap Analysis
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	And after observing above exercise one can safely look into the main entry points leading to description of main priority adaptation and mitigation measures reducing Sectoral and Regional Vulnerability.
	And after observing above exercise one can safely look into the main entry points leading to description of main priority adaptation and mitigation measures reducing Sectoral and Regional Vulnerability.
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	Himachal is situated in the western Himalayas. Covering an area of 55,673 kilometers (34,594 miles), Himachal Pradesh is a mountainous state with elevation ranging from about 350 meters (1,148 ft.) to 6,000 meters (19,685 ft.) above the Mean Sea Level. Area-wise, Hamirpur is the smallest district of the Pradesh which covers an area of 1,118 sq. kilometers (2.01%) and Lahaul & Spiti has the largest area of 13,835 sq. kilometres (24.85%).
	Himachal is situated in the western Himalayas. Covering an area of 55,673 kilometers (34,594 miles), Himachal Pradesh is a mountainous state with elevation ranging from about 350 meters (1,148 ft.) to 6,000 meters (19,685 ft.) above the Mean Sea Level. Area-wise, Hamirpur is the smallest district of the Pradesh which covers an area of 1,118 sq. kilometers (2.01%) and Lahaul & Spiti has the largest area of 13,835 sq. kilometres (24.85%).
	Himachal is situated in the western Himalayas. Covering an area of 55,673 kilometers (34,594 miles), Himachal Pradesh is a mountainous state with elevation ranging from about 350 meters (1,148 ft.) to 6,000 meters (19,685 ft.) above the Mean Sea Level. Area-wise, Hamirpur is the smallest district of the Pradesh which covers an area of 1,118 sq. kilometers (2.01%) and Lahaul & Spiti has the largest area of 13,835 sq. kilometres (24.85%).

	The population of Himachal Pradesh is 68,56,509 as per the Census of India, 2011 (Table-1). In terms of population it accounts for only 0.57% of total country's population. The population of the State increased by 17.53% between the years 1991-2001 and further decreased by 12.81 % in 2011.
	The population of Himachal Pradesh is 68,56,509 as per the Census of India, 2011 (Table-1). In terms of population it accounts for only 0.57% of total country's population. The population of the State increased by 17.53% between the years 1991-2001 and further decreased by 12.81 % in 2011.
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	Table-1: Distribution of Population, Decadal Growth Rate, Sex-Ratio and Population Density
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	State/District Population Percentage Decadal Growth Sex- Ratio Population
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	2011 Rate of Population Density per sq.
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	Urban & Rural Population of Himachal Pradesh in 2011 with Percentage Growth
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	Population of Himachal Pradesh has experienced a gradual increase from one Census year to the next one with the exception of 1901 to 1911 where it declined slightly. Total population of this State has increased from 19,20,294 in 1901 Census to 68,56,509 in 2011 Census.
	Population of Himachal Pradesh has experienced a gradual increase from one Census year to the next one with the exception of 1901 to 1911 where it declined slightly. Total population of this State has increased from 19,20,294 in 1901 Census to 68,56,509 in 2011 Census.
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	The sex ratio (i.e. the number of females per thousand males) of population was recorded as 968 to 974. The urban population has increased @ 10.04% in 2011 in comparison of 2001 when it was @ 9.80%; however the rural population has declined in the State by 0.30% and number of towns has also increased in the State (Table-2). It is noted from the census data that although the urban population is increasing at a faster pace in the State but yet the majority of population lives in rural areas of the State and i
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	The literacy of the State has increased to 83.78 % in 2011 in comparison to 76.50% in 2001 and 63.94% in 1991 (Table-3).
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	Literacy rates of males in the state remained highest as compared to total literacy rates and female literacy rates since 1971 to the present Census year of 2011 (Fig. 1). While literacy rates of females remained lower to both male and total literacy rates during this period the matter of a satisfaction is that the male-female gap in literacy rates is decreasing 1981 onwards, though it has increased during 1971­1981.
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	Himachal Pradesh has a Total Fertility Rate (TFR) of 1.9 which is one of the lowest in India, and below the TFR of
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	2.1 required to maintain a stable population. Overall sex ratio in Himachal Pradesh from 1981 Census to the present Census year has been eratic as it increased a little from 1981 to 1991 but decreased slightly in 2001. It increased once again in 2011. The child sex ratio remained a matter of concern from 1981 to 2001, as it nose dived from 971 in 1981 to 896 in 2001, though in the current of Census, 2011 it has shown a marignal increase as it stands at 906. (Fig. 2)
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	The drainage system in the State is well developed and forms the part of the Indus and the Ganges River Basins of India. The major rivers which either originate or pass through Himachal are the Satluj, Ravi, Beas, Chenab and Yamuna. Besides these, there are number of small rivers like Baspa, Parvati, and Spiti etc. which contributes to the major river systems of Himachal Pradesh (Fig. 3). These rivers are perennial and are fed by snow and rainfall. They are protected by an extensive cover of natural vegetat
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	Fig. 2: Changing Trends in Sex Ratio in Himachal Pradesh
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	Fig. 3: Drainage Network of Himachal Pradesh
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	The State comprises of four different Agro-climatic Zones (Fig. 4).
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	1. SHIVALIK HILL ZONE: Climate Sub Tropical, consists of foothills and valley area from 350 to 650 meters above mean sea level, It occupies about 35% of the geographical area and about 40% of the cultivated area of the State. The major crops grown in this Zone are Wheat, Maize, Paddy, Gram, Sugarcane, Mustard, Potato, Vegetables etc.
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	2. MID HILL ZONE: This zone extends from 651 meters to 1,800 meters above mean sea level. Having mild temperate climate. It occupies about 32% of the total geographical area and about 37% of the cultivated area of the State, the major crops are Wheat, Maize, Barley, Black Gram, Beans, Paddy etc. This zone has very good potential for the cultivation of cash crops like Off­Season Vegetables, Ginger and production of quality seeds of temperate vegetables like Cauliflower and root crops.
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	3. HIGH HILL ZONE: It lies from 1,801 to 2,200 meters above sea level with humid temperate climate and alpine pastures. This zone covers about 35% of the geographical areas and about 21% ofthe cultivated area ofthe State. The commonly grown crops are Wheat, Barley, Lesser Millets, Pseudo-cereals (Buckwheat and Amaranthus), Maize and Potato etc. The area is ideally suited for the production of quality seed Potato and temperate Vegetables. This zone possesses good pastures and meadows.
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	4. COLD DRY ZONE: It Comprises of Lahaul-Spiti and Kinnaur Districts and Pangi Tehsil of Chamba District lying about 2,200 meters above mean sea level. It occupies about 8% of the geographical and 2% ofthe total cultivated area ofthe State. The major crops grown are Wheat, Barley, Pseudo-cereals like Buck wheat and Amaranthus. It is ideally suited for the production of quality Seed Potato, temperate and European type of Vegetables and their Seeds, Seed Potato, Peas as green and seed purposes.
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	Fig. 4: Agro-climatic Zones of Himachal Pradesh
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	Rising into the hills, we find a mosaic of Western Himalayan broadleaf forests and Himalayan subtropical pine forests. Various deciduous and evergreen oaks are found in these broadleaf forests, while Chir pine is a dominant species in the pine forests. Western Himalayan subalpine conifer forests grow near tree line, with species that include East Himalayan Fir, West Himalayan Spruce, Deodar
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	(State tree), and Blue pine (Fig. 5). The state has about 26.37% forest cover of total area which has great bearing on present and future climate scenario.
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	In the uppermost elevations, we find western Himalayan alpine shrub and meadows in the northeast and northwestern Himalayan alpine shrub and meadows in the northwest. Trees are sturdy with a vast network of roots. Alders, birches, rhododendrons and moist alpine shrubs are there as the regional vegetation. The rhododendrons can be seen along the hillsides around Shimla from March to May. The shrublands and meadows give way to rock and ice around the highest peaks
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	Fig. 5: Biological Richness in Himachal Pradesh
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	Fig. 6 depicts the land use/ land cover pattern available in Himachal Pradesh. Based upon the satellite data analysis, the predominant land use/land cover categories available in the State are mainly the forest which is ever green or semi green in nature, forest plantation, agriculture, land with/without scrub etc.
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	Himachal Pradesh is a well known habitat to a variety of wild life. There are around 1,200 bird and 359 animal species in the state. This includes the Leopard, Snow Leopard (State Animal), Ghoral, Musk Deer and Western Tragopan. It has 2 National Parks and 33 Wildlife Sanctuaries - the largest number in the Himalayan region. The Great Himalayan National Park (GHNP) in Kullu district was established to conserve the flora and fauna of the main Himalayan range, while the Pin Valley National Park was establishe
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	Fig. 6: Land Use/ Land Cover in Himachal Pradesh
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	The soils of Himachal Pradesh can be divided into nine groups on the basis of their development and physio-chemical properties (Fig. 7). These groups are alluvial soils, brown hill soils, brown earths, brown porous soils, grey wooded or podozolic soils, grey brown podzolic soils, plansolic soils, humus and iron podzols and alpine humus mountain skeletal soils. The soils of Himachal Pradesh can be divided into nine groups on the basis of their development and physio-chemical properties. These groups are allu
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	As far as lithological variations in the State are concerned, it is characterized by highly diversified geological formations ranging from Pre Cambrians to Holocene or Recent (Fig. 8). The low lying areas of the State comprising mainly of Kangra, Hamirpur, Una, Sirmour, parts of Mandi are characterized of Shivalik and the Tertiary group of rocks where as the Northern and North western and North eastern parts of the State are comprised of meta sediments.
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	The term climate is mainly determined by two variables viz. temperature and precipitation. The climate of the state varies from place to place depending on the altitude. It varies from hot and sub­humid tropical (450-900 m) in the southern low tracts, warm and temperate (900-1,800 m), cool and temperate (1,900-2,400 m) and cold alpine and glacial (2,400-4,800 m) in the northern and eastern high mountain ranges.
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	The state is broadly divided into three physio- geographical regions, viz. Outer Himalaya, the Lesser Himalaya and the Greater Himalaya or the Alpines. The Outer Himalaya includes the districts of Bilaspur, Hamirpur, Kangra, Una and the lower parts of Mandi, Sirmour and Solan. The Lesser Himalaya includes the parts of Mandi, Sirmaur and parts of Chamba, Kangra and Shimla districts.
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	The Alpine zone is at an altitude of 4,500 m and beyond, includes Kinnaur and parts of Lahaul and Spiti, Chamba districts. The areas of the state increase in elevation from west to east and from south to north. Therefore, geo-climatically Himachal Pradesh has three zones (i) The Outer Himalaya, (ii) The Inner Himalaya and (iii) Alpine zone. The first zone receives annual rainfall between 150 cms and 175 cms. In second zone, it Fig. 9: Vegetation Density Map varies between 75 cms to 100 cms and the Alpine
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	zone receives solid precipitation during winters only and remains under the impact of snow for about five to six months in a year. The average annual rainfall in the State is about 160 cms. The climate varies between hot and humid in the valley areas to freezing cold in the areas of perpetual snow.
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	The areas in the state under each climatic pattern based on Koppen's Classification are shown in following Fig. 10 & Table-4. This broad classification is based on the variation of temperature and precipitation. The state as a whole mainly comes under the climatic type as stated below.
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	As per the study carried out by IMD Pune, the districts Bilaspur, Kangra, Mandi, Sirmour Una, Hamirpur, Solan and Chamba falls under the climatic type Cwa with Sub-tropical monsoon, mild and dry winters and hot summers. Shimla district and some parts of Chamba has been classified as climatic type Cwb with Sub-tropical monsoon, mild and dry winters and short warm summers. Chamba, major parts of Kullu and Mandi districts has been classified as a climatic type Cfa with humid subtropical mild winter, moist all 
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	Therefore, based on the rainfall and temperature variability criteria the climate pattern observed in the State are as follows:
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	Fig. 10: District Wise Classification based on Climate Pattern
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	Throughout the year the State experiences four seasons (Table-5). The winter season from December to February is followed by the pre-monsoon or hot weather season from March to May. The period from June to September constitutes the southwest monsoon season and the period from October to December is the post monsoon season. During the period from January to February, generally low temperature prevails over the entire state and is generally not very pleasant due to biting cold. In this season, a series of wes
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	3.2.2 Current Climate Trends in Himachal Pradesh
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	In the context of understanding the climate trends in Himachal Pradesh, both precipitation (Rainfall & Snowfall) and temperature are considered significant indicators. Based on comprehensive studies carried over NW Himalayas on long term trends in maximum, minimum and mean annual air temperate by Bhutiyani, et. al. 2007, included observation from Shimla, HP for a period 1901-2002, at 95 % confidence level indicates that there is a significant increase in air temperature in the NW Himalayan region by about 1
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	The rates of increase of winter, monsoon and annual air temperatures in 0C in last century, computed by liner regression slope is given in the Table-6.
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	Table- 6: Winter Monsoon & Annual Air Temperature in Himachal Pradesh
	Table- 6: Winter Monsoon & Annual Air Temperature in Himachal Pradesh
	Table- 6: Winter Monsoon & Annual Air Temperature in Himachal Pradesh


	Observation
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	Season
	Season
	Season


	Winter
	Winter
	Winter

	bx100
	bx100


	Monsoon
	Monsoon
	Monsoon
	Monsoon
	Monsoon
	Monsoon


	Annual
	Annual
	Annual



	bx100
	bx100
	bx100
	bx100


	bx100
	bx100
	bx100





	Shimla
	Shimla
	Shimla


	Mean Maximum Mean minimum Average annual
	Mean Maximum Mean minimum Average annual
	Mean Maximum Mean minimum Average annual


	2.6
	2.6
	2.6

	1.0
	1.0

	1.8
	1.8


	2.8 (-) .01
	2.8 (-) .01
	2.8 (-) .01

	1.5
	1.5


	2.4
	2.4
	2.4

	0.5
	0.5

	2.0
	2.0


	North West Himalayas
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	Mean Maximum Mean minimum Average annual
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	1.7
	1.7
	1.7

	1.7
	1.7

	1.7
	1.7


	1.3
	1.3
	1.3

	0.4
	0.4

	0.9
	0.9


	1.6
	1.6
	1.6

	1.1
	1.1

	1.6
	1.6


	Source: Bhutiyani et.al. 2007(95% confidence level)
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	As per analysis it is observed that the temperature rose at a lower rate till 1930, thereafter grew at a modest rate during the decade of 1961-1970. Warming rate was higher during the period from 1991­2002 as compared to the earlier periods and the gross rise in mean temperature during 1980-2002 was about 2.20 C. According to Bhutiyani et. al. 2007 based on short term analysis observed that in different altitudinal zones in Himachal Pradesh, the rate of increase in maximum temperature at higher altitudes wa
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	The gross increase in winter mean air temperature in last two decades in Himachal Pradesh is given in the Table-7.
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	Observation Stn (Alt)
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	Mean Max (°C)
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	Mean Min (°C)
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	Average Winter (°C)
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	Bahang(2192)
	Bahang(2192)
	Bahang(2192)
	Bahang(2192)


	4.0
	4.0
	4.0


	1.8
	1.8
	1.8


	3.8
	3.8
	3.8



	Solang (2480)
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	Solang (2480)
	Solang (2480)
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	Span


	4.4
	4.4
	4.4
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	- 2.0
	- 2.0
	- 2.0


	3.8
	3.8
	3.8



	Dhundi (3050)
	Dhundi (3050)
	Dhundi (3050)
	Dhundi (3050)


	5.6
	5.6
	5.6


	1.0
	1.0
	1.0


	3.2
	3.2
	3.2



	Patseo (3800)
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	Patseo (3800)
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	3.0
	3.0
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	- 3.0
	- 3.0
	- 3.0


	0.0
	0.0
	0.0



	Shimla (2200)
	Shimla (2200)
	Shimla (2200)
	Shimla (2200)


	2.8
	2.8
	2.8


	2.2
	2.2
	2.2


	2.4
	2.4
	2.4



	Average
	Average
	Average
	Average


	3.2
	3.2
	3.2


	0.8
	0.8
	0.8


	2.2
	2.2
	2.2
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	There is clear increase observed in winter temperature in Himachal and across North West Himalayan region (Table-8).
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	Table-8: Observed Increase in Winter Air Temperature
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	(0C)
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	(0C)



	Shimla
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	(1901-2002)
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	(1991-2000)
	(1991-2000)

	(2001-2007)
	(2001-2007)


	2.6
	2.6
	2.6

	1.83
	1.83

	3.42
	3.42


	1.00
	1.00
	1.00

	0.14
	0.14

	0.74
	0.74


	1.800
	1.800
	1.800

	0.898
	0.898

	2.800
	2.800
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	1.98
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	1.7
	1.7
	1.7


	1.7
	1.7
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	As per analysis carried on different altitudes in Himachal Pradesh decreasing trend of snow fall is observed (Table-9).
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	Table- 9: Altitudinal Variation in Snow Fall Trends.
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	Time Period
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	Observations based on depth of snowfall
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	Bhang
	Bhang
	Bhang
	Bhang


	|(-) 1974-2005
	|(-) 1974-2005
	|(-) 1974-2005


	|(-) 1991-2005*
	|(-) 1991-2005*
	|(-) 1991-2005*



	Solang
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	Solang
	Solang


	(-) 1982-2005
	(-) 1982-2005
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	(-) 1991-2005*
	(-) 1991-2005*
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	Dhundi
	Dhundi
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	Dhundi


	|(-) 1989-2005
	|(-) 1989-2005
	|(-) 1989-2005


	|(-) 1991-2005
	|(-) 1991-2005
	|(-) 1991-2005



	Patseo
	Patseo
	Patseo
	Patseo


	(-) 1983-2005
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	(+)Increasing, (-) Decreasing trend
	(+)Increasing, (-) Decreasing trend



	Source: Bhutiyani et.al. 2007(95% confidence level)
	Source: Bhutiyani et.al. 2007(95% confidence level)
	Source: Bhutiyani et.al. 2007(95% confidence level)
	Source: Bhutiyani et.al. 2007(95% confidence level)





	Through an analysis of data base from 1866-2006 w.r.t. climate change and precipitation, variation in the north western Himalayas (Bhutiyani et. al. 2009) it has been observed that the change in winter precipitation is minimum but there is significant decrease in monsoon precipitation.
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	Results of trend analysis of annual, winter and monsoon precipitation in Shimla & North Western Himalaya are as under in (Table-10).
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	Trend analysis of annual rainfall data (Ranbir, 2010) of last 25 years in different districts in Himachal Pradesh revels that increasing trend of about 33.5%, 54.3% and 51.5% has been observed in the State in district Kinnaur, Chamba and Lahul & Spiti respectively on one hand and decrease of about 8.7%, 13.3% and 26.6% in District Solan, Shimla and Sirmour respectively. About 0.50C rise in maximum temperature is observed for Palampur, in District Kangra.
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	The Annual Rainfall Variation Trend in different districts of H.P. is given in (Table-11).
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	Kinnaur Chamba Lahual & Spiti
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	Source: Ranbir, 2010
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	The variation observed in Mean Temperature (Max & Min) in District Kangra, H.P. is given in (Table- 12).
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	31.5 0C
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	31.5 0C


	32.1 0C
	32.1 0C
	32.1 0C


	4.40C
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	Source: Ranbir, 2010
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	It has also been observed that there has been about 40% reduction in rainfall over the last 25 years as it was 948 mm in 1987 which is reduced to about 470 mm during 2009. Another analysis with respect to climate of Shimla reveals that total precipitation and snowfall for all the season has a decreasing trend. The analysis of twenty years data by (Bhan & Manmohan, 2011, IMD) reveals that the season tends to end by about 10-12 days earlier per decade leaving long term impacts on agriculture- horticulture pro
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	Fig. 11 (i): Total Seasonal Precipitation over Fig. 11 (ii): Total Seasonal Snowfall (Equivalent to Shimla mm or water) over Shimla
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	Fig. 11 (ii): Beginning and End of Snowfall Season at Shimla
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	Source: Bhan, Manmohan, 2011, IMD
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	110 years annual rainfall trend of Shimla, Himachal shows a decreasing trend which is similar for about 50 KM aerial distance around (Fig. 12).
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	Fig. 12: 110 Years Annual Rainfall in Shimla Source: IMD, Pune
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	Fig. 13(i): Area Affected by Drought (1951-2000)
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	Fig. 13(ii): Highest Temperature Ever Recorded (0C)
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	Fig. 13(iii): Lowest Minimum Temperature Ever Recorded (0C)
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	The trend analysis of climate variables (temperature and precipitation) at various altitudes in Himachal Pradesh over more than two decades is as follows in Table-14.
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	(amsl)
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	Annual Mean
	Annual Mean
	Annual Mean
	Annual Mean
	Annual Mean
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	Annual Mean
	Annual Mean
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	Temp.
	Temp.
	Temp.
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	Rainfall
	Rainfall
	Rainfall





	Data base
	Data base
	Data base


	1,500-2,400
	1,500-2,400
	1,500-2,400


	1,200-1,800
	1,200-1,800
	1,200-1,800


	700-1,500
	700-1,500
	700-1,500


	Theog (Shimla)
	Theog (Shimla)
	Theog (Shimla)

	High Hill Temperate
	High Hill Temperate

	wet
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	Kullu
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	Palmpur (Kangra) Mid Hill sub Humid
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	(+) 1.8 0C
	(+) 1.8 0C
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	(-) 127 mm
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	20 years
	20 years
	20 years


	(+) 2.8 0C
	(+) 2.8 0C
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	(-)
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	34 years
	34 years
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	(+) 1.0 0C
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	(-) 1,000 mm exceptional decrease (+) in Kharif s ea so n
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	(-) 29.4mm
	(-) 29.4mm


	35 years
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	23years
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	As per the investigations carried out in the Himachal Himalayas, there are about total of 334 glaciers in the entire Satluj basin which includes the glaciers in Beas, Sainj, Spiti, Baspa basins and 457 glaciers in the Chenab basin in Himachal Himalaya. Out of 334 glaciers in the entire Satluj basin, 202 glaciers are located in Himachal Pradesh (Kulkarni et. al). The total area covered by these glaciers in Satluj and Chenab basins is around 2,175 sq. km. Besides, the glaciers there are about 1,826 permanent 
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	Beas
	Beas
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	06
	06
	06


	15.843
	15.843
	15.843


	47
	47
	47


	72.442
	72.442
	72.442



	Parvati
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	Parvati


	36
	36
	36


	450.627
	450.627
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	131
	131
	131


	188.188
	188.188
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	37.255
	37.255
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	51.934
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	71
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	25
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	66
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	154.762
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	194
	194
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	110.843
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	457
	457
	457


	1055.27
	1055.27
	1055.27


	732
	732
	732


	245.000
	245.000
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	Total
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	Total
	Total
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	659
	659


	2175.294
	2175.294
	2175.294


	1826
	1826
	1826


	1101.737
	1101.737
	1101.737





	In the case of Himachal Pradesh rivers flow, the major contribution is from the snow and glacier melt which affects the discharge of the streams considerably. To understand the effect of global warming on the hydrological balance, the snow ablation studies in the Himalayas have been carried out. Initially the investigations were carried out in the Beas and Baspa basins in Himachal Pradesh.
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	To understand these changes snow cover an evaluation has been carried out in the Beas and Baspa basins using IRS WIFS satellite data from October to June for the period 1997 to 2001. On the basis of the study carried out by Space Application Center in the Beas basin pertaining to the period from October to June 1997-98 and 2001-2002, that snow accumulation has been observed in early winter i.e. from November to January for 1998-99 and 1999-00, in 2000 it was substantially lower than in 1997-98 and 2000-2001
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	The glaciers are receding, precipitation is becoming erratic, the protection of glacier fields is emerging as an important issue and associated livelihood issue does require attention at the moment.
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	The analysis of data whatever available, therefore, presents that effects of climate change are likely to be become more intense by next 2-3 decades when time temperature may rise by 2-4 0C. There would be clear change in monsoon precipitation pattern which may increase by 20-25 %. Frequency of extreme events may double. Resultantly there will be snow and glacier field loss, which will affect the flow in river system, the flow in lower elevation would reduce maximum. The glacier fields may reduce by more th
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	From above discussions it is observed that in Himachal Pradesh the climate change variations are set
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	to arrive in following manner:
	to arrive in following manner:

	3.2.4.1 Temperature
	3.2.4.1 Temperature

	- The annual temperatures are set to rise.
	- The annual temperatures are set to rise.

	- The rise in temperature with respect to 1970s shows a range between 1.5 0C to 2.8 0C.
	- The rise in temperature with respect to 1970s shows a range between 1.5 0C to 2.8 0C.

	- Temperatures are also showing a rising trend in all seasons.
	- Temperatures are also showing a rising trend in all seasons.

	3.2.4.2 Precipitation
	3.2.4.2 Precipitation

	- The mean annual rainfall likely to vary between 1250±225.2 and 1550±175.2 mm in Himachal Pradesh.
	- The mean annual rainfall likely to vary between 1250±225.2 and 1550±175.2 mm in Himachal Pradesh.

	- The rate of increase is more in North-western parts of the State i.e. areas of district Kangra, Chamba, Kullu, Una are likely to receive rainfall with increased intensity.
	- The rate of increase is more in North-western parts of the State i.e. areas of district Kangra, Chamba, Kullu, Una are likely to receive rainfall with increased intensity.

	- The High Hill areas like Kinnaur, Lahul & Spiti and some parts of Chamba and Kullu districts may also experience rainfall in place of snowfall with increased temperature.
	- The High Hill areas like Kinnaur, Lahul & Spiti and some parts of Chamba and Kullu districts may also experience rainfall in place of snowfall with increased temperature.

	- There may be staggering decrease in snowfall patterns in mid-hills temperate wet agro climatic zone.
	- There may be staggering decrease in snowfall patterns in mid-hills temperate wet agro climatic zone.

	- The number of rainy days may increase in Himachal Pradesh with decrease in average intensity.
	- The number of rainy days may increase in Himachal Pradesh with decrease in average intensity.

	- An increase in rainfall in the pre-monsoon and post-monsoon months with increasing incidence of storms in Himachal Pradesh.
	- An increase in rainfall in the pre-monsoon and post-monsoon months with increasing incidence of storms in Himachal Pradesh.

	3.2.4.3 Extreme Events
	3.2.4.3 Extreme Events

	- Change in rainfall patterns with increased variability in future some regions (South­eastern parts) may be experiencing less rainfall. Drought like conditions may prevail in given projections.
	- Change in rainfall patterns with increased variability in future some regions (South­eastern parts) may be experiencing less rainfall. Drought like conditions may prevail in given projections.

	- Projected increase in temperature, rainfall, rainfall variations and intensities in the State may lead to accelerated summer flows leading to situations like floods/flash floods in North-western parts of the State.
	- Projected increase in temperature, rainfall, rainfall variations and intensities in the State may lead to accelerated summer flows leading to situations like floods/flash floods in North-western parts of the State.

	- Health risks are also associated indirectly with extreme events in sub montane, low hills, and sub humid agro climatic zones of the State.
	- Health risks are also associated indirectly with extreme events in sub montane, low hills, and sub humid agro climatic zones of the State.


	Long term trends in observed seasonal rainfall and temperature over State using IMD gridded rainfall and temperature at daily time scales has been performed to arrive at the current baseline climatology.
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	3.3.1 Rainfall
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	Rainfall in the state of Himachal Pradesh varies considerably both in space and time from year to year as in Table-16.
	Rainfall in the state of Himachal Pradesh varies considerably both in space and time from year to year as in Table-16.
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	Source: IMD Gridded Rainfall Data (1971-2005)
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	Fig. 14: Annual Normal Rainfall (cm)
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	The total annual rainfall in the state is the maximum over the region of Kangra district and neighbourhood areas (Fig. 14). The total annual rainfall for the state is 149 cm with total annual number of rainy days as 65. Kangra district receives the maximum amount of rainfall (185 cm) in a year, whereas Una receives the minimum amount of rainfall (121 cm) in a year. The figures have been plotted which show rainfall pattern during winter season (December to February) and pre-monsoon season (March to May). The
	The total annual rainfall in the state is the maximum over the region of Kangra district and neighbourhood areas (Fig. 14). The total annual rainfall for the state is 149 cm with total annual number of rainy days as 65. Kangra district receives the maximum amount of rainfall (185 cm) in a year, whereas Una receives the minimum amount of rainfall (121 cm) in a year. The figures have been plotted which show rainfall pattern during winter season (December to February) and pre-monsoon season (March to May). The
	The total annual rainfall in the state is the maximum over the region of Kangra district and neighbourhood areas (Fig. 14). The total annual rainfall for the state is 149 cm with total annual number of rainy days as 65. Kangra district receives the maximum amount of rainfall (185 cm) in a year, whereas Una receives the minimum amount of rainfall (121 cm) in a year. The figures have been plotted which show rainfall pattern during winter season (December to February) and pre-monsoon season (March to May). The
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	Fig. 15(i): Seasonal Rainfall(cm)- Cold Weather Season- Fig. 15(ii): Post Monsoon Season- October to December January to February
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	The southwest monsoon season is the predominant rainy season in the state. Of the total annual rainfall, about 73% is received during the southwest monsoon season (June to September), about 9% is received in the winter season (December, January and February), about 11% is received in the pre­monsoon season (March to May) and about 6% is received in the post-monsoon season (October to November). The percentage of the seasonal number of rainy days with respect to the annual number of rainy days is 63% for the
	The southwest monsoon season is the predominant rainy season in the state. Of the total annual rainfall, about 73% is received during the southwest monsoon season (June to September), about 9% is received in the winter season (December, January and February), about 11% is received in the pre­monsoon season (March to May) and about 6% is received in the post-monsoon season (October to November). The percentage of the seasonal number of rainy days with respect to the annual number of rainy days is 63% for the
	The southwest monsoon season is the predominant rainy season in the state. Of the total annual rainfall, about 73% is received during the southwest monsoon season (June to September), about 9% is received in the winter season (December, January and February), about 11% is received in the pre­monsoon season (March to May) and about 6% is received in the post-monsoon season (October to November). The percentage of the seasonal number of rainy days with respect to the annual number of rainy days is 63% for the
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	Fig. 16: Are Affected by Excessive Rainfall
	Fig. 16: Are Affected by Excessive Rainfall
	Fig. 16: Are Affected by Excessive Rainfall


	The southwest monsoon extends over the entire state by the last week of June. July and August are the wettest months accounting individually to about 27% of the annual rainfall. The number of rainy days ranges from 6 to 14 during southwest monsoon season, the number being maximum (14) for the month of July and August. The most common rain-giving systems over the state during post-monsoon season are the depressions and cyclonic storms originating from the Bay of Bengal. During winter, the state receives abou
	The southwest monsoon extends over the entire state by the last week of June. July and August are the wettest months accounting individually to about 27% of the annual rainfall. The number of rainy days ranges from 6 to 14 during southwest monsoon season, the number being maximum (14) for the month of July and August. The most common rain-giving systems over the state during post-monsoon season are the depressions and cyclonic storms originating from the Bay of Bengal. During winter, the state receives abou
	The southwest monsoon extends over the entire state by the last week of June. July and August are the wettest months accounting individually to about 27% of the annual rainfall. The number of rainy days ranges from 6 to 14 during southwest monsoon season, the number being maximum (14) for the month of July and August. The most common rain-giving systems over the state during post-monsoon season are the depressions and cyclonic storms originating from the Bay of Bengal. During winter, the state receives abou

	Rainfall, sufficiently in excess of the normal, is a predominant factor for the occurrence of floods, particularly in high rainfall regions. For the purpose of present description, annual rainfall of 125 % or more of the normal is considered as excessive rainfall.
	Rainfall, sufficiently in excess of the normal, is a predominant factor for the occurrence of floods, particularly in high rainfall regions. For the purpose of present description, annual rainfall of 125 % or more of the normal is considered as excessive rainfall.

	The Fig. 16 shows the percentage frequency of excessive rainfall and successive years of excessive rainfall during the period 1951 to 1999. It is seen from this figure that the frequency of excessive rainfall for Chamba district in northwest region of the state is highest and the number of successive years of excessive rainfall are more.
	The Fig. 16 shows the percentage frequency of excessive rainfall and successive years of excessive rainfall during the period 1951 to 1999. It is seen from this figure that the frequency of excessive rainfall for Chamba district in northwest region of the state is highest and the number of successive years of excessive rainfall are more.

	The annual rainfall in different river catchments is as follows. It is seen from Table-17 and Fig. 17 that the river Beas has a catchment (No. 203) in the state, which receives the maximum amount of annual rainfall (182.2 cm) as well as the maximum rainfall (130 cm) during the southwest monsoon season.
	The annual rainfall in different river catchments is as follows. It is seen from Table-17 and Fig. 17 that the river Beas has a catchment (No. 203) in the state, which receives the maximum amount of annual rainfall (182.2 cm) as well as the maximum rainfall (130 cm) during the southwest monsoon season.
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	The spatial distribution of the coefficient of variation of annual rainfall over Himachal Pradesh is depicted as shown in Fig. 18 Coefficient of Variation (CV) which is expressed as percentage is defined as:
	The spatial distribution of the coefficient of variation of annual rainfall over Himachal Pradesh is depicted as shown in Fig. 18 Coefficient of Variation (CV) which is expressed as percentage is defined as:
	The spatial distribution of the coefficient of variation of annual rainfall over Himachal Pradesh is depicted as shown in Fig. 18 Coefficient of Variation (CV) which is expressed as percentage is defined as:


	CV = Standard Deviation (ct) X 100 Normal (N)
	CV = Standard Deviation (ct) X 100 Normal (N)
	CV = Standard Deviation (ct) X 100 Normal (N)


	It is observed that the values of CV of annual rainfall range between 30% and 50% over the entire state of Himachal Pradesh. The values of CV over northwestern and southern parts are less than 30%, while those over some parts of the northern and eastern Himachal Pradesh the values are higher than 50%.
	It is observed that the values of CV of annual rainfall range between 30% and 50% over the entire state of Himachal Pradesh. The values of CV over northwestern and southern parts are less than 30%, while those over some parts of the northern and eastern Himachal Pradesh the values are higher than 50%.
	It is observed that the values of CV of annual rainfall range between 30% and 50% over the entire state of Himachal Pradesh. The values of CV over northwestern and southern parts are less than 30%, while those over some parts of the northern and eastern Himachal Pradesh the values are higher than 50%.


	The regions of extreme southern parts of the State exhibit the highest variability, with values of CV exceeding 70%. During the southwest monsoon season, the rainfall variability is low with the values of CV ranging between 20% and 50% (Fig. 19). It is observed that the values of CV of the rainfall during the post-monsoon season range between 80% and 120% (Fig. 20). During Fig. 17: Catchment Area with Annual the winter season also, the variability of rainfall
	The regions of extreme southern parts of the State exhibit the highest variability, with values of CV exceeding 70%. During the southwest monsoon season, the rainfall variability is low with the values of CV ranging between 20% and 50% (Fig. 19). It is observed that the values of CV of the rainfall during the post-monsoon season range between 80% and 120% (Fig. 20). During Fig. 17: Catchment Area with Annual the winter season also, the variability of rainfall
	The regions of extreme southern parts of the State exhibit the highest variability, with values of CV exceeding 70%. During the southwest monsoon season, the rainfall variability is low with the values of CV ranging between 20% and 50% (Fig. 19). It is observed that the values of CV of the rainfall during the post-monsoon season range between 80% and 120% (Fig. 20). During Fig. 17: Catchment Area with Annual the winter season also, the variability of rainfall

	is very high. The values of CV range between 40% and 120% (Fig. 21). Thus, the variability of annual rainfall and rainfall during the southwest monsoon season, over Himachal Pradesh is relatively lower. On the other hand, the variability of seasonal rainfall for the other three seasons is very high. The contribution of southwest monsoon rainfall to the annual rainfall is the highest.
	is very high. The values of CV range between 40% and 120% (Fig. 21). Thus, the variability of annual rainfall and rainfall during the southwest monsoon season, over Himachal Pradesh is relatively lower. On the other hand, the variability of seasonal rainfall for the other three seasons is very high. The contribution of southwest monsoon rainfall to the annual rainfall is the highest.
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	Fig. 18: Coefficient of Rainfall Variation- Annual
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	Fig. 19: Coefficient of Rainfall Variation- Southwest Monsoon
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	Fig. 20: Coefficient of Rainfall Variation- Post Monsoon Fig. 21: Coefficient of Rainfall Variation- Winter
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	Fig. 22: Coefficient of Rainfall Variation- Premonsoon
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	Table-18 gives the mean daily maximum and mean daily minimum temperature. The spatial distribution of the mean daily maximum temperature for the representative months of four seasons of a year is depicted (Fig. 23). It is observed that the temperatures of hilly districts with deep valleys vary considerably from place to place depending on elevation. June is the hottest month with the mean daily maximum temperature of35.50C in the plains and 28.70C in hilly places. During June, the mean daily maximum tempera
	Table-18 gives the mean daily maximum and mean daily minimum temperature. The spatial distribution of the mean daily maximum temperature for the representative months of four seasons of a year is depicted (Fig. 23). It is observed that the temperatures of hilly districts with deep valleys vary considerably from place to place depending on elevation. June is the hottest month with the mean daily maximum temperature of35.50C in the plains and 28.70C in hilly places. During June, the mean daily maximum tempera
	Table-18 gives the mean daily maximum and mean daily minimum temperature. The spatial distribution of the mean daily maximum temperature for the representative months of four seasons of a year is depicted (Fig. 23). It is observed that the temperatures of hilly districts with deep valleys vary considerably from place to place depending on elevation. June is the hottest month with the mean daily maximum temperature of35.50C in the plains and 28.70C in hilly places. During June, the mean daily maximum tempera

	similar to that of October. Fig. 23 Annual Normal Temperature (oC)
	similar to that of October. Fig. 23 Annual Normal Temperature (oC)
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	Table-18: Seasonal Variation Max. & Min. Temperature
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	The spatial distribution of the mean daily minimum temperature for the representative months of four seasons of a year is also depicted. In the month of January, the minima of the mean daily minimum temperature are observed over the northeast region of the state. The values range between -1.70C to
	The spatial distribution of the mean daily minimum temperature for the representative months of four seasons of a year is also depicted. In the month of January, the minima of the mean daily minimum temperature are observed over the northeast region of the state. The values range between -1.70C to
	The spatial distribution of the mean daily minimum temperature for the representative months of four seasons of a year is also depicted. In the month of January, the minima of the mean daily minimum temperature are observed over the northeast region of the state. The values range between -1.70C to

	7.3 0C (Fig.24). Over the southern region of the state, temperature higher than 50C is observed. During the winter months, cold waves associated with western disturbances may bring down night temperatures appreciably, even 5-1O0C below the freezing point of water. In the month of April, the values range between 6.20C to 18.40C (Fig.25). The temperature is more than 180C over the extreme southern region of the state. The lowest value of the mean daily minimum temperature is observed over the northern region 
	7.3 0C (Fig.24). Over the southern region of the state, temperature higher than 50C is observed. During the winter months, cold waves associated with western disturbances may bring down night temperatures appreciably, even 5-1O0C below the freezing point of water. In the month of April, the values range between 6.20C to 18.40C (Fig.25). The temperature is more than 180C over the extreme southern region of the state. The lowest value of the mean daily minimum temperature is observed over the northern region 

	During the month of October, the values of mean daily minimum temperature range between 5.30C to 17.50C (Fig. 27). The temperature over the hilly region is observed to be lower than 110C except at Dharamsala observatory.
	During the month of October, the values of mean daily minimum temperature range between 5.30C to 17.50C (Fig. 27). The temperature over the hilly region is observed to be lower than 110C except at Dharamsala observatory.
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	Fig. 24 Mean Minimum Temperature (oC) - January
	Fig. 24 Mean Minimum Temperature (oC) - January
	Fig. 24 Mean Minimum Temperature (oC) - January


	Fig. 25 Mean Minimum Temperature (oC) - April
	Fig. 25 Mean Minimum Temperature (oC) - April
	Fig. 25 Mean Minimum Temperature (oC) - April


	The highest maximum temperature and the lowest minimum temperature ever recorded are depicted. The highest maximum temperature ever recorded in the State is 49.90C on 8th May, 1958 at Gondla observatory and the lowest minimum temperature ever recorded in the state is -25.90C at Keylong observatory on 21st February, 1978 in Lahaul and Spiti district. Thus, day temperatures in the state increase uniformly from April to October. In general, the night temperatures are lower in the higher latitude districts. Bot
	The highest maximum temperature and the lowest minimum temperature ever recorded are depicted. The highest maximum temperature ever recorded in the State is 49.90C on 8th May, 1958 at Gondla observatory and the lowest minimum temperature ever recorded in the state is -25.90C at Keylong observatory on 21st February, 1978 in Lahaul and Spiti district. Thus, day temperatures in the state increase uniformly from April to October. In general, the night temperatures are lower in the higher latitude districts. Bot
	The highest maximum temperature and the lowest minimum temperature ever recorded are depicted. The highest maximum temperature ever recorded in the State is 49.90C on 8th May, 1958 at Gondla observatory and the lowest minimum temperature ever recorded in the state is -25.90C at Keylong observatory on 21st February, 1978 in Lahaul and Spiti district. Thus, day temperatures in the state increase uniformly from April to October. In general, the night temperatures are lower in the higher latitude districts. Bot
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	Fig. 28(iii) Mean Max. Temperature (oC) - October Fig. 28(iv) Mean Max. Temperature (oC) - January
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	Third major publication of INCCA assessment is an attempt to use PRECIS (Providing Climate Investigation Studies) based on HadRM (Hadley Regional Climate Model) to generate climate change scenario for 2030s. This report provides an assessment of impact of climate change in 2030s on four key sectors of the Indian economy, viz. Agriculture, Water, Natural Ecosystems & Biodiversity and Health in four climate sensitive regions of India, viz. the Himalayan region, the Western Ghats, the Coastal Area and the Nort
	Third major publication of INCCA assessment is an attempt to use PRECIS (Providing Climate Investigation Studies) based on HadRM (Hadley Regional Climate Model) to generate climate change scenario for 2030s. This report provides an assessment of impact of climate change in 2030s on four key sectors of the Indian economy, viz. Agriculture, Water, Natural Ecosystems & Biodiversity and Health in four climate sensitive regions of India, viz. the Himalayan region, the Western Ghats, the Coastal Area and the Nort
	Third major publication of INCCA assessment is an attempt to use PRECIS (Providing Climate Investigation Studies) based on HadRM (Hadley Regional Climate Model) to generate climate change scenario for 2030s. This report provides an assessment of impact of climate change in 2030s on four key sectors of the Indian economy, viz. Agriculture, Water, Natural Ecosystems & Biodiversity and Health in four climate sensitive regions of India, viz. the Himalayan region, the Western Ghats, the Coastal Area and the Nort

	The climate change scenarios have been derived from a Regional climate change model PRECIS (a version of HadRM3 developed by the Hadley Centre, UK) with a resolution of 50km x 50km and forced by a Green House Gas (GHG) emission scenario emanating from A1B IPCC SRES (Special Report on Emission Scenario, IPCC, 2000). The year 2030 is the average of the period between 2021 to 2050. All the changes in this period are with respect to the average of the period 1961 to 1990, also referred to 1970s or the baseline.
	The climate change scenarios have been derived from a Regional climate change model PRECIS (a version of HadRM3 developed by the Hadley Centre, UK) with a resolution of 50km x 50km and forced by a Green House Gas (GHG) emission scenario emanating from A1B IPCC SRES (Special Report on Emission Scenario, IPCC, 2000). The year 2030 is the average of the period between 2021 to 2050. All the changes in this period are with respect to the average of the period 1961 to 1990, also referred to 1970s or the baseline.


	3.3.3.1 Temperature
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	As per PRECIS simulation the mean annual temperature of Himachal Pradesh is projected to increase from 0.9±0.6°C to 2.6±0.7°C in the 2030s. The net increase in temperature ranges from 1.7°C to 2.2°C with respect to the 1970s. Temperatures also show a rise in all seasons.
	As per PRECIS simulation the mean annual temperature of Himachal Pradesh is projected to increase from 0.9±0.6°C to 2.6±0.7°C in the 2030s. The net increase in temperature ranges from 1.7°C to 2.2°C with respect to the 1970s. Temperatures also show a rise in all seasons.
	As per PRECIS simulation the mean annual temperature of Himachal Pradesh is projected to increase from 0.9±0.6°C to 2.6±0.7°C in the 2030s. The net increase in temperature ranges from 1.7°C to 2.2°C with respect to the 1970s. Temperatures also show a rise in all seasons.

	3.3.3.2 Precipitation
	3.3.3.2 Precipitation

	All the regions of Indian Subcontinent under consideration show a small increase in annual precipitation in 2030s with respect to the baseline, that is 1970s. Figure: ES4 (a) shows the summer monsoon rainfall climatology simulated by the three PRECIS simulations compared with the observed climatology
	All the regions of Indian Subcontinent under consideration show a small increase in annual precipitation in 2030s with respect to the baseline, that is 1970s. Figure: ES4 (a) shows the summer monsoon rainfall climatology simulated by the three PRECIS simulations compared with the observed climatology
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	PRECIS simulations for the 2030s indicate an all-round warming over the Indian Subcontinent associated with increasing GHG concentrations. The annual mean surface air temperature is projected to rise by 1.7°C to 2.0°C in 2030s. Seasons may be warmer by around 2.0°C towards the end of 2030s. The variability of seasonal mean temperature may be more in winter months.
	PRECIS simulations for the 2030s indicate an all-round warming over the Indian Subcontinent associated with increasing GHG concentrations. The annual mean surface air temperature is projected to rise by 1.7°C to 2.0°C in 2030s. Seasons may be warmer by around 2.0°C towards the end of 2030s. The variability of seasonal mean temperature may be more in winter months.
	PRECIS simulations for the 2030s indicate an all-round warming over the Indian Subcontinent associated with increasing GHG concentrations. The annual mean surface air temperature is projected to rise by 1.7°C to 2.0°C in 2030s. Seasons may be warmer by around 2.0°C towards the end of 2030s. The variability of seasonal mean temperature may be more in winter months.

	On a regional scale, the variations in temperatures are described below [Figure:
	On a regional scale, the variations in temperatures are described below [Figure:

	ES3 (a) for the observed mean temperatures in the 1970s and simulated by PRECIS for the same period]. Figure: ES3 (b) depicts changes in temperature in the 2030s.
	ES3 (a) for the observed mean temperatures in the 1970s and simulated by PRECIS for the same period]. Figure: ES3 (b) depicts changes in temperature in the 2030s.


	Fig. ES3: (a) Mean Annual Surface Air Temperature Climatology simulated by three PRECIS runs compared with the observed climatology [upper left panel] for baseline period (1961-1990). (b) Projected changes in the Annual Surface Air Temperature in the 2030s w.r.t. 1970s.
	Fig. ES3: (a) Mean Annual Surface Air Temperature Climatology simulated by three PRECIS runs compared with the observed climatology [upper left panel] for baseline period (1961-1990). (b) Projected changes in the Annual Surface Air Temperature in the 2030s w.r.t. 1970s.
	Fig. ES3: (a) Mean Annual Surface Air Temperature Climatology simulated by three PRECIS runs compared with the observed climatology [upper left panel] for baseline period (1961-1990). (b) Projected changes in the Annual Surface Air Temperature in the 2030s w.r.t. 1970s.


	(upper left panel) for the baseline period. Figure: ES4 (b) shows projected changes in summer monsoon precipitation in the 2030s with respect to the 1970s.
	(upper left panel) for the baseline period. Figure: ES4 (b) shows projected changes in summer monsoon precipitation in the 2030s with respect to the 1970s.
	(upper left panel) for the baseline period. Figure: ES4 (b) shows projected changes in summer monsoon precipitation in the 2030s with respect to the 1970s.


	As per PRECIS simulation the annual rainfall in the Himachal region is likely to vary between 1268±225.2 and 1604±175.2 mm in 2030s. The projected precipitation is likely to increase by 5% to 13% in 2030s with respect to 1970s.
	As per PRECIS simulation the annual rainfall in the Himachal region is likely to vary between 1268±225.2 and 1604±175.2 mm in 2030s. The projected precipitation is likely to increase by 5% to 13% in 2030s with respect to 1970s.
	As per PRECIS simulation the annual rainfall in the Himachal region is likely to vary between 1268±225.2 and 1604±175.2 mm in 2030s. The projected precipitation is likely to increase by 5% to 13% in 2030s with respect to 1970s.


	3.3.3.3 Extreme Temperatures
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	Further, analysis of the model indicates that both the daily extremes in surface air temperature, that is, daily maximum and daily minimum may intensify in 2030s. The spatial pattern of the change in the lowest daily minimum and highest maximum temperature suggests a warming of 1°C to 4°C towards the 2030s. The warming in night temperatures is more over the southern peninsular region and the Central and Northern India, whereas daytime warming is more in Central and Northern India.
	Further, analysis of the model indicates that both the daily extremes in surface air temperature, that is, daily maximum and daily minimum may intensify in 2030s. The spatial pattern of the change in the lowest daily minimum and highest maximum temperature suggests a warming of 1°C to 4°C towards the 2030s. The warming in night temperatures is more over the southern peninsular region and the Central and Northern India, whereas daytime warming is more in Central and Northern India.


	As per PRECIS simulation in our region, minimum temperatures are projected to increase by 1°C to 4.5°C, and the maximum temperatures may increase by 0.5°C to 2.5°C.
	As per PRECIS simulation in our region, minimum temperatures are projected to increase by 1°C to 4.5°C, and the maximum temperatures may increase by 0.5°C to 2.5°C.
	As per PRECIS simulation in our region, minimum temperatures are projected to increase by 1°C to 4.5°C, and the maximum temperatures may increase by 0.5°C to 2.5°C.

	3.3.3.4 Extreme Precipitation
	3.3.3.4 Extreme Precipitation

	Extreme precipitation can be defined in terms of number of rainy days if it exceeds the currently observed average number of rainy days in a year (exceeding 2.5mm) as well as the volume of rainfall in a day if it exceeds a particular threshold. Currently, the frequency of rainy days is more in East and North-Eastern India and less over Western India. Projections for the 2030s, however, indicate that the frequency of rainy days is likely to decrease in most parts of the country. Presently, the intensity of a
	Extreme precipitation can be defined in terms of number of rainy days if it exceeds the currently observed average number of rainy days in a year (exceeding 2.5mm) as well as the volume of rainfall in a day if it exceeds a particular threshold. Currently, the frequency of rainy days is more in East and North-Eastern India and less over Western India. Projections for the 2030s, however, indicate that the frequency of rainy days is likely to decrease in most parts of the country. Presently, the intensity of a

	As per PRECIS simulation the number of rainy days in our region may increase by 5-10 days on an average in the 2030s. The rainy days will increase by more than 15 days in the north-western part of the State. The intensity of rainfall is likely to increase by 1-2mm/day.
	As per PRECIS simulation the number of rainy days in our region may increase by 5-10 days on an average in the 2030s. The rainy days will increase by more than 15 days in the north-western part of the State. The intensity of rainfall is likely to increase by 1-2mm/day.
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	Fig. ES4: (a) Summer Monsoon Rainfall Climatology simulated by the three PRECIS simulations compared with the observed climatology [upper left panel] for the baseline period [1961-1990]. (b) Projected changes in summer monsoon precipitation in the 2030s w.r.t. 1970s.
	Fig. ES4: (a) Summer Monsoon Rainfall Climatology simulated by the three PRECIS simulations compared with the observed climatology [upper left panel] for the baseline period [1961-1990]. (b) Projected changes in summer monsoon precipitation in the 2030s w.r.t. 1970s.
	Fig. ES4: (a) Summer Monsoon Rainfall Climatology simulated by the three PRECIS simulations compared with the observed climatology [upper left panel] for the baseline period [1961-1990]. (b) Projected changes in summer monsoon precipitation in the 2030s w.r.t. 1970s.


	3.4 Conclusions
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	Therefore, it is clear from PRECIS simulations that Himachal Pradesh is likely to experience the
	Therefore, it is clear from PRECIS simulations that Himachal Pradesh is likely to experience the
	Therefore, it is clear from PRECIS simulations that Himachal Pradesh is likely to experience the

	climate variations in following manner:
	climate variations in following manner:

	3.4.1 Temperature Variations
	3.4.1 Temperature Variations

	- The annual temperatures are set to rise.
	- The annual temperatures are set to rise.

	- The rise in temperature with respect to1970s shows a range between 1.7°C to 2.2°C.
	- The rise in temperature with respect to1970s shows a range between 1.7°C to 2.2°C.

	- Temperatures also show an increase in all seasons.
	- Temperatures also show an increase in all seasons.

	3.4.2 Rainfall Variations
	3.4.2 Rainfall Variations

	- The mean annual rainfall likely to vary between 1268±225.2 and 1604±175.2 mm in Himachal Pradesh.
	- The mean annual rainfall likely to vary between 1268±225.2 and 1604±175.2 mm in Himachal Pradesh.

	- The rate of increase is more in north western parts of the State i.e. areas of district Kangra, Chamba, Kullu, Una are likely to receive rainfall with increased intensity.
	- The rate of increase is more in north western parts of the State i.e. areas of district Kangra, Chamba, Kullu, Una are likely to receive rainfall with increased intensity.

	- The number of rainy days is projected to increase in Himachal Pradesh with decrease in average intensity.An increase in rainfall in the pre-monsoon and post monsoon months with increase in number of storms in Himachal Pradesh.
	- The number of rainy days is projected to increase in Himachal Pradesh with decrease in average intensity.An increase in rainfall in the pre-monsoon and post monsoon months with increase in number of storms in Himachal Pradesh.

	3.4.3 Extreme Events
	3.4.3 Extreme Events

	- Change in rainfall patterns with increased variability in future will have some regions (south eastern parts) experiencing less rainfall. Drought like conditions may prevail in given projections.
	- Change in rainfall patterns with increased variability in future will have some regions (south eastern parts) experiencing less rainfall. Drought like conditions may prevail in given projections.

	- Projected increase in temperature, rainfall, rainfall variations, and intensities in the State may lead to accelerated summer flows leading to situations like floods/ flash floods in North-Western parts.
	- Projected increase in temperature, rainfall, rainfall variations, and intensities in the State may lead to accelerated summer flows leading to situations like floods/ flash floods in North-Western parts.

	The changes in extreme events of rainfall and temperature will have direct or indirect bearings on
	The changes in extreme events of rainfall and temperature will have direct or indirect bearings on

	different sectors of economy with changes in hydrological response of the basins including impacts
	different sectors of economy with changes in hydrological response of the basins including impacts

	on glaciers. The land use changes are expected with impact on development trends.
	on glaciers. The land use changes are expected with impact on development trends.

	The following sectors will primarily be affected adversely in projected scenarios:
	The following sectors will primarily be affected adversely in projected scenarios:

	Directly- Agriculture, Water Resources, Biodiversity, Forests.
	Directly- Agriculture, Water Resources, Biodiversity, Forests.

	Indirectly- Livelihoods, Tourism, Hydropower, Health.
	Indirectly- Livelihoods, Tourism, Hydropower, Health.
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	The IPCC scenarios provide a mechanism to assess the potential impacts on climate change. Global emission scenarios were first developed by the IPCC in 1992 and were used in global general circulation models to provide estimates for the full suite of greenhouse gases and the potential impacts on climate change. Since then, there has been greater understanding of possible future greenhouse gas emissions and climate change as well as considerable improvements in the general circulation models. The IPCC, there
	The IPCC scenarios provide a mechanism to assess the potential impacts on climate change. Global emission scenarios were first developed by the IPCC in 1992 and were used in global general circulation models to provide estimates for the full suite of greenhouse gases and the potential impacts on climate change. Since then, there has been greater understanding of possible future greenhouse gas emissions and climate change as well as considerable improvements in the general circulation models. The IPCC, there
	The IPCC scenarios provide a mechanism to assess the potential impacts on climate change. Global emission scenarios were first developed by the IPCC in 1992 and were used in global general circulation models to provide estimates for the full suite of greenhouse gases and the potential impacts on climate change. Since then, there has been greater understanding of possible future greenhouse gas emissions and climate change as well as considerable improvements in the general circulation models. The IPCC, there
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	A1T: non-fossil energy sources.
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	Source: IPCC 4th Assessment Report (2007)
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	Climate models are mathematic models used to simulate the behaviour of climate system. They incorporate information regarding climate processes, current climate variability and the response of the climate to the human-induced drivers. These models range from simple one dimensional models to complex three dimensional coupled models. The latter, known as Global Circulation Models (GCM), incorporate oceanic and atmospheric physics and dynamics and represent the general circulation of the planetary atmosphere o
	Climate models are mathematic models used to simulate the behaviour of climate system. They incorporate information regarding climate processes, current climate variability and the response of the climate to the human-induced drivers. These models range from simple one dimensional models to complex three dimensional coupled models. The latter, known as Global Circulation Models (GCM), incorporate oceanic and atmospheric physics and dynamics and represent the general circulation of the planetary atmosphere o
	Climate models are mathematic models used to simulate the behaviour of climate system. They incorporate information regarding climate processes, current climate variability and the response of the climate to the human-induced drivers. These models range from simple one dimensional models to complex three dimensional coupled models. The latter, known as Global Circulation Models (GCM), incorporate oceanic and atmospheric physics and dynamics and represent the general circulation of the planetary atmosphere o

	A RCM is a model of the atmosphere and land surface which has high horizontal resolution and consequently covers a limited area of the earth's surface. A RCM cannot exist without a 'parent' GCM to provide the necessary inputs. The RCMs provide an opportunity to dynamically downscale global model simulations to superimpose the regional detail of specified region. RCM provide climate information with useful local detail including realistic extreme events and also they simulate current climate more realistical
	A RCM is a model of the atmosphere and land surface which has high horizontal resolution and consequently covers a limited area of the earth's surface. A RCM cannot exist without a 'parent' GCM to provide the necessary inputs. The RCMs provide an opportunity to dynamically downscale global model simulations to superimpose the regional detail of specified region. RCM provide climate information with useful local detail including realistic extreme events and also they simulate current climate more realistical

	A Regional Climate Model:
	A Regional Climate Model:

	• Is comprehensive physical high resolution (~50km) climate model.
	• Is comprehensive physical high resolution (~50km) climate model.

	• Covers a limited area of the globe
	• Covers a limited area of the globe

	• Includes the atmosphere and land surface components of the climate system
	• Includes the atmosphere and land surface components of the climate system

	• Contains representations of the key processes within the climate system (e.g., cloud, radiation, rainfall, soil hydrology)
	• Contains representations of the key processes within the climate system (e.g., cloud, radiation, rainfall, soil hydrology)


	Advantages of Regional Climate Models include
	Advantages of Regional Climate Models include
	Advantages of Regional Climate Models include

	■ highly resolved information
	■ highly resolved information

	■ physically based character
	■ physically based character

	■ many variables
	■ many variables

	■ better representation of the mesocale and weather extremes than in GCMs.
	■ better representation of the mesocale and weather extremes than in GCMs.

	Disadvantages of Regional Climate Models include
	Disadvantages of Regional Climate Models include

	■ computational expensiveness, particularly for long runs
	■ computational expensiveness, particularly for long runs

	■ lack of two way nesting (feedback with the forcing GCM input)
	■ lack of two way nesting (feedback with the forcing GCM input)

	■ dependence on usually biased inputs from the forcing GCM
	■ dependence on usually biased inputs from the forcing GCM

	■ errors in the GCM fields that could result in errors in the regional climate scenarios
	■ errors in the GCM fields that could result in errors in the regional climate scenarios

	■ availability of fewer scenarios.
	■ availability of fewer scenarios.

	Providing Regional Climates for Impact Studies (PRECIS) is an atmospheric and land surface model of limited area and high resolution which is locatable over any part of the globe. Dynamical flow, the atmospheric sulphur cycle, clouds and precipitation, radiative processes, the land surface and the deep soil are all described and lateral boundary conditions (LBCs) are required at the limits of the model's domain. Information from every aspect may be diagnosed from within the model (Noguer et al., 1998). PREC
	Providing Regional Climates for Impact Studies (PRECIS) is an atmospheric and land surface model of limited area and high resolution which is locatable over any part of the globe. Dynamical flow, the atmospheric sulphur cycle, clouds and precipitation, radiative processes, the land surface and the deep soil are all described and lateral boundary conditions (LBCs) are required at the limits of the model's domain. Information from every aspect may be diagnosed from within the model (Noguer et al., 1998). PREC

	Regional Climate Scenarios for India Using PRECIS
	Regional Climate Scenarios for India Using PRECIS

	PRECIS is the Hadley Centre portable regional climate model, developed to run on a PC with a grid resolution of 0.44°x 0.44°. High-resolution limited area model is driven at its lateral and sea-surface boundaries by output from global coupled atmosphere-ocean (HadCM3) and global atmospheric (HadAM3) general circulation models. PRECIS captures important regional information on summer monsoon rainfall missing in its parent GCM simulations.
	PRECIS is the Hadley Centre portable regional climate model, developed to run on a PC with a grid resolution of 0.44°x 0.44°. High-resolution limited area model is driven at its lateral and sea-surface boundaries by output from global coupled atmosphere-ocean (HadCM3) and global atmospheric (HadAM3) general circulation models. PRECIS captures important regional information on summer monsoon rainfall missing in its parent GCM simulations.

	Noguer M, Jones R, Murphy J (1998) Sources of systematic errors in the climatology of a regional climate model over Europe. Clim Dyn 14:691-712
	Noguer M, Jones R, Murphy J (1998) Sources of systematic errors in the climatology of a regional climate model over Europe. Clim Dyn 14:691-712

	PRECIS A1B, which is a mid path scenario, a future world of very rapid economic growth, global population that peaks in mid­century and declines thereafter, and rapid introduction of new and more efficient technologies, with the development balanced across energy sources
	PRECIS A1B, which is a mid path scenario, a future world of very rapid economic growth, global population that peaks in mid­century and declines thereafter, and rapid introduction of new and more efficient technologies, with the development balanced across energy sources

	Indian RCM PRECIS has been configured for a domain extending from about 1.5°N to 38°N and 56°E to 103°E. IPCCSRESA1B Scenario10- Q14 Qump (Quantifying Uncertainty in Model Predictions) for the time slices of present (1961-1990), mid century (2021-2050) and end century (2071-2100) has been made available by IITM Pune.
	Indian RCM PRECIS has been configured for a domain extending from about 1.5°N to 38°N and 56°E to 103°E. IPCCSRESA1B Scenario10- Q14 Qump (Quantifying Uncertainty in Model Predictions) for the time slices of present (1961-1990), mid century (2021-2050) and end century (2071-2100) has been made available by IITM Pune.

	Simulations from a seventeen-member perturbed physics ensemble (PPE) produced using HadCM3 under the Quantifying Uncertainty in Model Predictions (QUMP) project of Hadley Centre Met Office, UK have been used as LBCs for 138 year simulations of the regional climate model PRECIS. The QUMP simulations comprise 17 versions of the fully coupled version of HadCM3, one with the standard parameter setting and 16 versions in which 29 of the atmosphere component parameters are simultaneously perturbed (Collins et al.
	Simulations from a seventeen-member perturbed physics ensemble (PPE) produced using HadCM3 under the Quantifying Uncertainty in Model Predictions (QUMP) project of Hadley Centre Met Office, UK have been used as LBCs for 138 year simulations of the regional climate model PRECIS. The QUMP simulations comprise 17 versions of the fully coupled version of HadCM3, one with the standard parameter setting and 16 versions in which 29 of the atmosphere component parameters are simultaneously perturbed (Collins et al.


	3.5 Impacts on Key Sectors in Himachal Pradesh & Projections
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	As explained above in detail on the basis of the analysis of available data base it is quite clear that in the State climate variables are showing changes in trends:
	As explained above in detail on the basis of the analysis of available data base it is quite clear that in the State climate variables are showing changes in trends:

	• Change in trend of rainfall.
	• Change in trend of rainfall.

	• Change in trend of snowfall.
	• Change in trend of snowfall.

	• Change (shift) in cropping pattern and vegetation species.
	• Change (shift) in cropping pattern and vegetation species.

	• Change (shift) in apple contour.
	• Change (shift) in apple contour.

	These trends which have been established on scientific data base are also supported by concerns expressed by local stakeholders such as:
	These trends which have been established on scientific data base are also supported by concerns expressed by local stakeholders such as:

	• Some of common birds, butterflies and insects have disappeared.
	• Some of common birds, butterflies and insects have disappeared.

	• Vegetation species and crops have changed and become extinct.
	• Vegetation species and crops have changed and become extinct.

	• Decline in normal winter precipitation.
	• Decline in normal winter precipitation.

	• Natural water sources have started drying up.
	• Natural water sources have started drying up.

	• Increase in incidences of diseases, pests etc.
	• Increase in incidences of diseases, pests etc.

	• Change in setting of seasons.
	• Change in setting of seasons.

	As per the projections explained above Himachal Pradesh is highly vulnerable to climate change. Himachal Pradesh has a high reliance on agriculture which has a direct bearing from climate variations. Climate change also poses additional challenges as higher temperatures increase the need for water, irrigation and the risk of warm stress on crops. Changing weather patterns and rising temperatures will leave the farmers of the State vulnerable to crop losses on one hand and excessive precipitation also destro
	As per the projections explained above Himachal Pradesh is highly vulnerable to climate change. Himachal Pradesh has a high reliance on agriculture which has a direct bearing from climate variations. Climate change also poses additional challenges as higher temperatures increase the need for water, irrigation and the risk of warm stress on crops. Changing weather patterns and rising temperatures will leave the farmers of the State vulnerable to crop losses on one hand and excessive precipitation also destro

	3.5.1 Agriculture: With increasing temperatures, it is anticipated that there may be an all-round decrease in horticultural- agricultural production in the region in long-term, and the line of production may shift to higher altitudes.
	3.5.1 Agriculture: With increasing temperatures, it is anticipated that there may be an all-round decrease in horticultural- agricultural production in the region in long-term, and the line of production may shift to higher altitudes.

	Apple production in the Himachal Pradesh region has decreased between 1982 and 2005 as the increase in maximum temperature has led to a reduction in total chilling hours in the region-a decline of more than 9.1 units per year in last 23 years has taken place (Fig. 29). Temperature Humidity Index (THI) is projected to rise in many parts of State during March-September with a maximum rise during April-July in 2030s with respect to 1970s will lead to discomfort of the livestock productivity and therefore will 
	Apple production in the Himachal Pradesh region has decreased between 1982 and 2005 as the increase in maximum temperature has led to a reduction in total chilling hours in the region-a decline of more than 9.1 units per year in last 23 years has taken place (Fig. 29). Temperature Humidity Index (THI) is projected to rise in many parts of State during March-September with a maximum rise during April-July in 2030s with respect to 1970s will lead to discomfort of the livestock productivity and therefore will 
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	Fig. 29: Trend of Apple Production in Himachal Pradesh between 1980 and 2005.
	Fig. 29: Trend of Apple Production in Himachal Pradesh between 1980 and 2005.
	Fig. 29: Trend of Apple Production in Himachal Pradesh between 1980 and 2005.


	3.5.2 Forests, Natural Eco-systems & Biodiversity: It has been projected that the forest vegetation type of the four eco-sensitive regions are vulnerable to projected climate change in the short term, that is, in 2030s, even under a moderate climate change scenario (A1B). The impacts vary from region to region. For Himachal Pradesh, of the 98 IBIS grids covering this region, 56% of the grids are projected to undergo change in 2030s shows a high degree of vulnerability of forests in the State. The dense fore
	3.5.2 Forests, Natural Eco-systems & Biodiversity: It has been projected that the forest vegetation type of the four eco-sensitive regions are vulnerable to projected climate change in the short term, that is, in 2030s, even under a moderate climate change scenario (A1B). The impacts vary from region to region. For Himachal Pradesh, of the 98 IBIS grids covering this region, 56% of the grids are projected to undergo change in 2030s shows a high degree of vulnerability of forests in the State. The dense fore
	3.5.2 Forests, Natural Eco-systems & Biodiversity: It has been projected that the forest vegetation type of the four eco-sensitive regions are vulnerable to projected climate change in the short term, that is, in 2030s, even under a moderate climate change scenario (A1B). The impacts vary from region to region. For Himachal Pradesh, of the 98 IBIS grids covering this region, 56% of the grids are projected to undergo change in 2030s shows a high degree of vulnerability of forests in the State. The dense fore

	3.5.3 Water: The water resources in this analysis have been assessed in terms of water yield in the various river basins that are part of our region. The water yield is the total surface runoff, which is usually a function of precipitation, its distribution, evapo-transpiration (ET) and soil characteristics. As per PRICIS region-specific projections for 2030s, the water yield in Himachal Pradesh, mainly covered by major rivers, is likely to increase by 5%-20% in most of the areas, with some areas showing an
	3.5.3 Water: The water resources in this analysis have been assessed in terms of water yield in the various river basins that are part of our region. The water yield is the total surface runoff, which is usually a function of precipitation, its distribution, evapo-transpiration (ET) and soil characteristics. As per PRICIS region-specific projections for 2030s, the water yield in Himachal Pradesh, mainly covered by major rivers, is likely to increase by 5%-20% in most of the areas, with some areas showing an

	3.5.4 Health: A qualitative assessment of PRESIS indicates that morbidity and mortality of the population in the regions under focus are likely to increase with warming temperatures and variable precipitation as they have direct as well as indirect effects. Direct effects can manifest as heat stress and indirect effects can be in terms of vector borne diseases, water borne diseases and malnutrition etc. A quantitative assessment has been carried out for determining the transmission of malaria in 2030s. The 
	3.5.4 Health: A qualitative assessment of PRESIS indicates that morbidity and mortality of the population in the regions under focus are likely to increase with warming temperatures and variable precipitation as they have direct as well as indirect effects. Direct effects can manifest as heat stress and indirect effects can be in terms of vector borne diseases, water borne diseases and malnutrition etc. A quantitative assessment has been carried out for determining the transmission of malaria in 2030s. The 

	3.5.5 Frequency of Droughts: The percentage change in the spatial distribution of Soil Moisture Deficit Index (SMDI) between 1970s and 2030s has been used for defining the Drought Index. The weeks when the soil moisture deficit may start, drought development (Drought Index value between 0 and -1) as well as the areas which may fall under moderate to extreme drought conditions (Drought
	3.5.5 Frequency of Droughts: The percentage change in the spatial distribution of Soil Moisture Deficit Index (SMDI) between 1970s and 2030s has been used for defining the Drought Index. The weeks when the soil moisture deficit may start, drought development (Drought Index value between 0 and -1) as well as the areas which may fall under moderate to extreme drought conditions (Drought
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	Index value between -1 and -4) has been assessed. There is an increase in the drought like situations for those areas of various regions that have either projected decrease in precipitation or have enhanced level of evapo-transpiration in the 2030s. Similarly, the weeks belonging to moderate soil moisture stress, show an increase in severity of drought from baseline to the mid-century scenario, which is self-evident. It is very evident from the depiction that the moderate to extreme drought severity has bee
	Index value between -1 and -4) has been assessed. There is an increase in the drought like situations for those areas of various regions that have either projected decrease in precipitation or have enhanced level of evapo-transpiration in the 2030s. Similarly, the weeks belonging to moderate soil moisture stress, show an increase in severity of drought from baseline to the mid-century scenario, which is self-evident. It is very evident from the depiction that the moderate to extreme drought severity has bee
	Index value between -1 and -4) has been assessed. There is an increase in the drought like situations for those areas of various regions that have either projected decrease in precipitation or have enhanced level of evapo-transpiration in the 2030s. Similarly, the weeks belonging to moderate soil moisture stress, show an increase in severity of drought from baseline to the mid-century scenario, which is self-evident. It is very evident from the depiction that the moderate to extreme drought severity has bee

	3.5.6 Floods: Possible floods have been projected using the daily out flow discharge in each sub-basin as generated by the SWAT model, ascertaining the change in magnitude of flood peaks above 99th percentile flow in 1970s and in 2030s. The change in peak discharge equal to or exceeding at 1% frequency in 1970s and 2030s for various regions indicates that the flooding would vary from 10% to over 30% of the existing magnitudes in most of the regions. This has a very severe implication for existing infrastruc
	3.5.6 Floods: Possible floods have been projected using the daily out flow discharge in each sub-basin as generated by the SWAT model, ascertaining the change in magnitude of flood peaks above 99th percentile flow in 1970s and in 2030s. The change in peak discharge equal to or exceeding at 1% frequency in 1970s and 2030s for various regions indicates that the flooding would vary from 10% to over 30% of the existing magnitudes in most of the regions. This has a very severe implication for existing infrastruc

	From the analysis one can say that impact on agriculture-horticulture production will be visible in the form of change in cropping pattern and the crop productivity can be projected to decrease even at 1- 20C rise in temperature. Whereas Himachal Pradesh is likely to experience 1.7°C to 2.2°C warming:
	From the analysis one can say that impact on agriculture-horticulture production will be visible in the form of change in cropping pattern and the crop productivity can be projected to decrease even at 1- 20C rise in temperature. Whereas Himachal Pradesh is likely to experience 1.7°C to 2.2°C warming:

	- Northern parts of the State at higher altitudes can witness most shifts.
	- Northern parts of the State at higher altitudes can witness most shifts.

	- Agriculture may benefit from the increase length of growing period initially but would get adversely affected later on.
	- Agriculture may benefit from the increase length of growing period initially but would get adversely affected later on.

	- Apple production may be affected with shift in the long term.
	- Apple production may be affected with shift in the long term.

	- Some regions may experience large reduction in yields (up to 50% by 2020).
	- Some regions may experience large reduction in yields (up to 50% by 2020).

	Impact of climate change on water resources will definitely be manifested in the State, further; water stress will increase with changes in rainfall patterns and the fast melting of Himalayan glaciers.
	Impact of climate change on water resources will definitely be manifested in the State, further; water stress will increase with changes in rainfall patterns and the fast melting of Himalayan glaciers.

	- The rainfall is projected to increase during June to September.
	- The rainfall is projected to increase during June to September.

	- Increased occurrence of floods and increased flow in rivers and dams, increased instances of soil erosion and silt load.
	- Increased occurrence of floods and increased flow in rivers and dams, increased instances of soil erosion and silt load.

	- Increase in water stress for rain-fed crops due to warming (1.7°C to 2.2°C)
	- Increase in water stress for rain-fed crops due to warming (1.7°C to 2.2°C)

	- Glaciers retreat may affect the discharge dependability of all rivers.
	- Glaciers retreat may affect the discharge dependability of all rivers.

	Impacts of Climate Change on the forests of State are highly uneven due to climate variance:
	Impacts of Climate Change on the forests of State are highly uneven due to climate variance:

	- The forests of the State are highly vulnerable especially the high altitude dense forests.
	- The forests of the State are highly vulnerable especially the high altitude dense forests.

	- Forest types shifts may occur in >80% of forested grids (2080 scenarios).
	- Forest types shifts may occur in >80% of forested grids (2080 scenarios).

	- The occurrence of forest fire may increase.
	- The occurrence of forest fire may increase.

	- The forest productivity may increase initially but there would certainly be long term adverse impacts.
	- The forest productivity may increase initially but there would certainly be long term adverse impacts.

	Therefore, the water crisis, droughts and floods, agriculture-horticulture security issues, agriculture, land fertility, health impacts especially vector borne diseases, vulnerable forests, deforestation and loss of biodiversity, pollution of air, water and soil will have the most impact on the State and so on the poor and vulnerable groups and sections of the society. There is a need for further analysis, capacity enhancement to cope up with the likely climate change impacts in Himachal Pradesh and need fo
	Therefore, the water crisis, droughts and floods, agriculture-horticulture security issues, agriculture, land fertility, health impacts especially vector borne diseases, vulnerable forests, deforestation and loss of biodiversity, pollution of air, water and soil will have the most impact on the State and so on the poor and vulnerable groups and sections of the society. There is a need for further analysis, capacity enhancement to cope up with the likely climate change impacts in Himachal Pradesh and need fo


	composite of the regional and local vulnerability w.r.t. climatic variables. Through this report the vulnerability assessment has been carried out at Block level so as to ascertain the exposure, sensitivity of the regions.
	composite of the regional and local vulnerability w.r.t. climatic variables. Through this report the vulnerability assessment has been carried out at Block level so as to ascertain the exposure, sensitivity of the regions.
	composite of the regional and local vulnerability w.r.t. climatic variables. Through this report the vulnerability assessment has been carried out at Block level so as to ascertain the exposure, sensitivity of the regions.
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	Forests in Himachal Pradesh are an important ecological and natural resource and have been aptly termed as "Green Pearl" in the Himalaya. About 26% of the State's geographical area is the repository of 3,295 species out of which 95% are endemic to the state and 5% (150) species are exotic, most of the people in rural areas in the State depend directly or indirectly on forests for their livelihood and use significant quantity of forest goods and services like non-wood forest products, eco-tourism, fodder, ti
	Forests in Himachal Pradesh are an important ecological and natural resource and have been aptly termed as "Green Pearl" in the Himalaya. About 26% of the State's geographical area is the repository of 3,295 species out of which 95% are endemic to the state and 5% (150) species are exotic, most of the people in rural areas in the State depend directly or indirectly on forests for their livelihood and use significant quantity of forest goods and services like non-wood forest products, eco-tourism, fodder, ti
	Forests in Himachal Pradesh are an important ecological and natural resource and have been aptly termed as "Green Pearl" in the Himalaya. About 26% of the State's geographical area is the repository of 3,295 species out of which 95% are endemic to the state and 5% (150) species are exotic, most of the people in rural areas in the State depend directly or indirectly on forests for their livelihood and use significant quantity of forest goods and services like non-wood forest products, eco-tourism, fodder, ti
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	Himachal Pradesh has a large repository of natural resources. It is the most important source of clean water for the people of Northern India. Snow and glacier melt during the summer season provide large inflows to five major river basins and their tributaries the crucial source of water supply for the people inhabiting in these basins. The availability of abundant water resources, fertile soil and suitable climate has led to the development of a highly agricultural based society in this region. In view of 
	Himachal Pradesh has a large repository of natural resources. It is the most important source of clean water for the people of Northern India. Snow and glacier melt during the summer season provide large inflows to five major river basins and their tributaries the crucial source of water supply for the people inhabiting in these basins. The availability of abundant water resources, fertile soil and suitable climate has led to the development of a highly agricultural based society in this region. In view of 
	Himachal Pradesh has a large repository of natural resources. It is the most important source of clean water for the people of Northern India. Snow and glacier melt during the summer season provide large inflows to five major river basins and their tributaries the crucial source of water supply for the people inhabiting in these basins. The availability of abundant water resources, fertile soil and suitable climate has led to the development of a highly agricultural based society in this region. In view of 

	Himachal Pradesh faces a number of non-climatic and climatic stressors due to several reasons including the rapid growth in industrialization, hydro-power development, increasing tourism based activities etc. There has been substantial deforestation and change in the land use. The increasing population of various towns has put a stress on water resources besides on its quality. Inadequate infrastructure such as sewage treatment plants, municipal solid waste management sites is adding to the stress in many w
	Himachal Pradesh faces a number of non-climatic and climatic stressors due to several reasons including the rapid growth in industrialization, hydro-power development, increasing tourism based activities etc. There has been substantial deforestation and change in the land use. The increasing population of various towns has put a stress on water resources besides on its quality. Inadequate infrastructure such as sewage treatment plants, municipal solid waste management sites is adding to the stress in many w

	The widespread range of climatological and geographical features makes the State more unique. Therefore, any small alteration in the natural resources of the State has its implication on the society and the ecosystem as a whole.
	The widespread range of climatological and geographical features makes the State more unique. Therefore, any small alteration in the natural resources of the State has its implication on the society and the ecosystem as a whole.

	Climate change projection scenarios suggest an increase in temperature, changing precipitation trends resulting in increased river water flows in the short term due to fast melting of snow and glaciers followed by substantial decrease in river flows in the long run.
	Climate change projection scenarios suggest an increase in temperature, changing precipitation trends resulting in increased river water flows in the short term due to fast melting of snow and glaciers followed by substantial decrease in river flows in the long run.

	From the above discussions, it is imperative to understand the current levels of risks from climate variability and changes, sensitiveness of resources and existing capacity so as to ensure compatible solutions for mitigating the likely impacts. Frameworks containing various indicators have been used to measure the vulnerability broadly based on its definition which takes it as a function of three broad factors viz. exposure, sensitivity and adaptive capacity. The current assessment at the Block* level is m
	From the above discussions, it is imperative to understand the current levels of risks from climate variability and changes, sensitiveness of resources and existing capacity so as to ensure compatible solutions for mitigating the likely impacts. Frameworks containing various indicators have been used to measure the vulnerability broadly based on its definition which takes it as a function of three broad factors viz. exposure, sensitivity and adaptive capacity. The current assessment at the Block* level is m


	* The selection of Block as unit for micro level assessment has been driven from the availability of required data base at different levels. Otherwise also the geographical distribution facilitated the selection of the Block as a unit for assessment.
	* The selection of Block as unit for micro level assessment has been driven from the availability of required data base at different levels. Otherwise also the geographical distribution facilitated the selection of the Block as a unit for assessment.
	* The selection of Block as unit for micro level assessment has been driven from the availability of required data base at different levels. Otherwise also the geographical distribution facilitated the selection of the Block as a unit for assessment.


	Various factors show that Himachal Pradesh possesses a high degree of vulnerability to climatic variations, which will affect millions of poor rural people. The majority of the estimated 69% poor rural people in region are subsistence farmers tilling mainly the rain-fed lands. Impacts of such disasters range from hunger and susceptibility to disease, to loss of income and human livelihoods. Climate change in fact is emerging as the pre-eminent development issue in the entire Indian
	Various factors show that Himachal Pradesh possesses a high degree of vulnerability to climatic variations, which will affect millions of poor rural people. The majority of the estimated 69% poor rural people in region are subsistence farmers tilling mainly the rain-fed lands. Impacts of such disasters range from hunger and susceptibility to disease, to loss of income and human livelihoods. Climate change in fact is emerging as the pre-eminent development issue in the entire Indian
	Various factors show that Himachal Pradesh possesses a high degree of vulnerability to climatic variations, which will affect millions of poor rural people. The majority of the estimated 69% poor rural people in region are subsistence farmers tilling mainly the rain-fed lands. Impacts of such disasters range from hunger and susceptibility to disease, to loss of income and human livelihoods. Climate change in fact is emerging as the pre-eminent development issue in the entire Indian


	Himalayan region. Some of the identified key aspects of Himachal Pradesh have been elaborated using parameters such as adaptive capacity, exposure and sensitivity that contribute to its net vulnerability to climate change in the State.
	Himalayan region. Some of the identified key aspects of Himachal Pradesh have been elaborated using parameters such as adaptive capacity, exposure and sensitivity that contribute to its net vulnerability to climate change in the State.
	Himalayan region. Some of the identified key aspects of Himachal Pradesh have been elaborated using parameters such as adaptive capacity, exposure and sensitivity that contribute to its net vulnerability to climate change in the State.

	From global level assessments of vulnerability on the basis of database for the period 1960-1990 carried out by K. O'Brien et al. / Global Environmental Change 14 (2004) 303-313 following spatial representations of adaptive capacity, sensitivity and exposure have been observed.
	From global level assessments of vulnerability on the basis of database for the period 1960-1990 carried out by K. O'Brien et al. / Global Environmental Change 14 (2004) 303-313 following spatial representations of adaptive capacity, sensitivity and exposure have been observed.

	District-level mapping of adaptive capacity of Himachal Pradesh at global level measured as a composite of biophysical, social, and technological indicators (1960-1990) shows lowest adaptive capacity for Chamba and Kullu whereas higher adaptive capacity of Kangra, Hamirpur, Una, Solan and Sirmour districts(Fig.30).
	District-level mapping of adaptive capacity of Himachal Pradesh at global level measured as a composite of biophysical, social, and technological indicators (1960-1990) shows lowest adaptive capacity for Chamba and Kullu whereas higher adaptive capacity of Kangra, Hamirpur, Una, Solan and Sirmour districts(Fig.30).

	District-level mapping of Climate Sensitivity Index (CSI) for India based on observed climate data (1961-1990) and based on results from the HadRM2 model is shown in the Fig. 32 and as per estimate, sensitivity is lowest for Lahaul & Spiti and low in Chamba, Shimla, Kullu and Kinnaur regions(Fig.31).
	District-level mapping of Climate Sensitivity Index (CSI) for India based on observed climate data (1961-1990) and based on results from the HadRM2 model is shown in the Fig. 32 and as per estimate, sensitivity is lowest for Lahaul & Spiti and low in Chamba, Shimla, Kullu and Kinnaur regions(Fig.31).

	Districts in the country that rank highest under climate change vulnerability and globalization vulnerability are considered to be double exposed
	Districts in the country that rank highest under climate change vulnerability and globalization vulnerability are considered to be double exposed
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	Fig. 30: District-level Mapping of Adaptive Capacity at Global Level in Himachal Pradesh
	Fig. 30: District-level Mapping of Adaptive Capacity at Global Level in Himachal Pradesh
	Fig. 30: District-level Mapping of Adaptive Capacity at Global Level in Himachal Pradesh
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	Fig. 31: District-level Mapping of Climate Sensitivity Index (CSI)
	Fig. 31: District-level Mapping of Climate Sensitivity Index (CSI)
	Fig. 31: District-level Mapping of Climate Sensitivity Index (CSI)


	(depicted with hatching). It is clarified that doubly exposed districts as shown in the map depicts that districts with high Climate Change Vulnerability may not necessarily be highly vulnerable to globalization.
	(depicted with hatching). It is clarified that doubly exposed districts as shown in the map depicts that districts with high Climate Change Vulnerability may not necessarily be highly vulnerable to globalization.
	(depicted with hatching). It is clarified that doubly exposed districts as shown in the map depicts that districts with high Climate Change Vulnerability may not necessarily be highly vulnerable to globalization.
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	Fig. 32: District-level Mapping of Climate Sensitivity Index (CSI) for India
	Fig. 32: District-level Mapping of Climate Sensitivity Index (CSI) for India
	Fig. 32: District-level Mapping of Climate Sensitivity Index (CSI) for India


	The districts Una, Hamirpur, Solan, Bilaspur, Sirmour have been categorized as highly exposed and vulnerable towards climate change, whereas, Kullu and Shimla have medium level of vulnerability (based on 1960-1990 data base at Global level) (Fig. 33).
	The districts Una, Hamirpur, Solan, Bilaspur, Sirmour have been categorized as highly exposed and vulnerable towards climate change, whereas, Kullu and Shimla have medium level of vulnerability (based on 1960-1990 data base at Global level) (Fig. 33).
	The districts Una, Hamirpur, Solan, Bilaspur, Sirmour have been categorized as highly exposed and vulnerable towards climate change, whereas, Kullu and Shimla have medium level of vulnerability (based on 1960-1990 data base at Global level) (Fig. 33).

	The Climate Change Vulnerability has been measured as a composite of adaptive capacity and climate sensitivity under exposure to climate change. District-level mapping of globalization vulnerability is measured as a composite of adaptive capacity and trade sensitivity (for a representative basket of import-sensitive crops). Hamirpur district has been categorized as highly vulnerable with Kangra and Kullu districts at high and Solan, Mandi and Shimla districts with medium level of vulnerability (Fig. 34).
	The Climate Change Vulnerability has been measured as a composite of adaptive capacity and climate sensitivity under exposure to climate change. District-level mapping of globalization vulnerability is measured as a composite of adaptive capacity and trade sensitivity (for a representative basket of import-sensitive crops). Hamirpur district has been categorized as highly vulnerable with Kangra and Kullu districts at high and Solan, Mandi and Shimla districts with medium level of vulnerability (Fig. 34).
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	Fig. 33: District-level Mapping of Climate Change Vulnerability (Exposure)
	Fig. 33: District-level Mapping of Climate Change Vulnerability (Exposure)
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	Fig. 34: District-level Mapping of Globalization Vulnerability
	Fig. 34: District-level Mapping of Globalization Vulnerability
	Fig. 34: District-level Mapping of Globalization Vulnerability


	The results presented in this document demonstrate a method for mapping vulnerability that can be used to assess climate impacts in the context of a range of societal changes. As such, it is important to look into and recognize both the limitations and strengths of the analytical method. As far as the limitation of this method is concerned, one limitation of the macro-profiles is that mapping vulnerability at the district level may lead to a false sense of precision. Abrupt differences in vulnerability acro
	The results presented in this document demonstrate a method for mapping vulnerability that can be used to assess climate impacts in the context of a range of societal changes. As such, it is important to look into and recognize both the limitations and strengths of the analytical method. As far as the limitation of this method is concerned, one limitation of the macro-profiles is that mapping vulnerability at the district level may lead to a false sense of precision. Abrupt differences in vulnerability acro
	The results presented in this document demonstrate a method for mapping vulnerability that can be used to assess climate impacts in the context of a range of societal changes. As such, it is important to look into and recognize both the limitations and strengths of the analytical method. As far as the limitation of this method is concerned, one limitation of the macro-profiles is that mapping vulnerability at the district level may lead to a false sense of precision. Abrupt differences in vulnerability acro
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	The State with its economy closely tied to its natural-resource-base and climate-sensitive sectors such as agriculture, water, and forests, today faces a major threat because of the projected changes in climate. Crucial sectors in Himachal Pradesh like agriculture-horticulture, water resources, forests, hydro power generation, health, urban waste management & sanitation, and rural development are likely to be affected by climate change. Further, a large population of the State mainly depends on climate-sens
	The State with its economy closely tied to its natural-resource-base and climate-sensitive sectors such as agriculture, water, and forests, today faces a major threat because of the projected changes in climate. Crucial sectors in Himachal Pradesh like agriculture-horticulture, water resources, forests, hydro power generation, health, urban waste management & sanitation, and rural development are likely to be affected by climate change. Further, a large population of the State mainly depends on climate-sens
	The State with its economy closely tied to its natural-resource-base and climate-sensitive sectors such as agriculture, water, and forests, today faces a major threat because of the projected changes in climate. Crucial sectors in Himachal Pradesh like agriculture-horticulture, water resources, forests, hydro power generation, health, urban waste management & sanitation, and rural development are likely to be affected by climate change. Further, a large population of the State mainly depends on climate-sens

	It is very important to understand as how and which region is exposed towards climate change, what is the level of sensitivity of these region, and what is the level of adaptive capacity to absorb the projected and existing climate change trends. Undoubtedly, the data base is a big constraint to carry out such an assessment comprehensively at micro level but still whatever and wherever possible the data has been gathered and collated to demonstrate the current levels of climate change vulnerability of diffe
	It is very important to understand as how and which region is exposed towards climate change, what is the level of sensitivity of these region, and what is the level of adaptive capacity to absorb the projected and existing climate change trends. Undoubtedly, the data base is a big constraint to carry out such an assessment comprehensively at micro level but still whatever and wherever possible the data has been gathered and collated to demonstrate the current levels of climate change vulnerability of diffe

	Vulnerability Assessment (VA) provides two important contributions:
	Vulnerability Assessment (VA) provides two important contributions:

	• Identify which system/region/sector/indicators are currently getting affected or are likely to get affected in the future.
	• Identify which system/region/sector/indicators are currently getting affected or are likely to get affected in the future.

	• Understanding why/how various sectors are likely to be vulnerable- whether directly or indirectly, when interaction between shifts/change and existing stressors is projected.
	• Understanding why/how various sectors are likely to be vulnerable- whether directly or indirectly, when interaction between shifts/change and existing stressors is projected.

	The idea of this assessment is to prepare an indicative index to map the vulnerability among the various areas, blocks and districts of the State and rank these districts in terms of vulnerability so as to facilitate the process for actions; such as identifying and fixing priority for the vulnerable areas, components, identification of adaptation interventions and mainstreaming adaptation in policy and planning processes. Thus, Vulnerability Assessment (VA) is a key tool for informing adaptation planning an
	The idea of this assessment is to prepare an indicative index to map the vulnerability among the various areas, blocks and districts of the State and rank these districts in terms of vulnerability so as to facilitate the process for actions; such as identifying and fixing priority for the vulnerable areas, components, identification of adaptation interventions and mainstreaming adaptation in policy and planning processes. Thus, Vulnerability Assessment (VA) is a key tool for informing adaptation planning an

	4.2.1 Methodology Adopted for Vulnerability Assessment
	4.2.1 Methodology Adopted for Vulnerability Assessment

	According to IPCC 'Vulnerability' is a function of character, magnitude and rate of variation of system, climate to which a system is exposed, its sensitivity, and it's adaptive capacity. It has also been indicated that the assessment of vulnerability could also be drawn on a wide range of physical, biological and social science disciplines, and consequently employed variety of methods and tools (Sumana Bhattacharya et. al., 2003).
	According to IPCC 'Vulnerability' is a function of character, magnitude and rate of variation of system, climate to which a system is exposed, its sensitivity, and it's adaptive capacity. It has also been indicated that the assessment of vulnerability could also be drawn on a wide range of physical, biological and social science disciplines, and consequently employed variety of methods and tools (Sumana Bhattacharya et. al., 2003).

	It is widely acceptable in terms of climate change that:
	It is widely acceptable in terms of climate change that:

	Sensitivity- refers to innate characteristics of a system, sector and considers tolerance to changes which temperature, rain fall, fires etc. alters.
	Sensitivity- refers to innate characteristics of a system, sector and considers tolerance to changes which temperature, rain fall, fires etc. alters.

	Exposure- refers to extrinsic factors, focusing on the character, magnitude, and rate of change the system, sector likely to experience.
	Exposure- refers to extrinsic factors, focusing on the character, magnitude, and rate of change the system, sector likely to experience.


	Adaptive Capacity- addresses the ability of a system, sector to accommodate with impacts with minimum disturbance.
	Adaptive Capacity- addresses the ability of a system, sector to accommodate with impacts with minimum disturbance.
	Adaptive Capacity- addresses the ability of a system, sector to accommodate with impacts with minimum disturbance.

	In other terms we can say that:
	In other terms we can say that:

	Exposure
	Exposure

	• Historic v/s future projected estimated changes.
	• Historic v/s future projected estimated changes.

	• Basic climate, draught, hydrologic changes, changes in fire regimes, changes in CO2 concentrations, changes in vegetation, changes in storm/event frequency and intensity.
	• Basic climate, draught, hydrologic changes, changes in fire regimes, changes in CO2 concentrations, changes in vegetation, changes in storm/event frequency and intensity.

	Sensitivity
	Sensitivity

	• Hydrology related, fire hazard related, wind.
	• Hydrology related, fire hazard related, wind.

	• Physiological factors, dependence on sensitive habitats, ecological linkages, phenological changes, population growth rates.
	• Physiological factors, dependence on sensitive habitats, ecological linkages, phenological changes, population growth rates.

	• Degree of specialization, reproductive strategy, interaction with other stressors, sensitivity of component species, community structure.
	• Degree of specialization, reproductive strategy, interaction with other stressors, sensitivity of component species, community structure.

	• Sensitivity of component species, sensitivity of ecosystem processes to temperature or precipitation.
	• Sensitivity of component species, sensitivity of ecosystem processes to temperature or precipitation.

	Adaptive Capacity
	Adaptive Capacity

	• Ability for a sector to attend change or behavior to synchronize with changing environmental conditions.
	• Ability for a sector to attend change or behavior to synchronize with changing environmental conditions.

	• Dispersal abilities, evolutionary potential, permeability of land use, landscape,
	• Dispersal abilities, evolutionary potential, permeability of land use, landscape,

	• Redundancy and response diversity within functional groups.
	• Redundancy and response diversity within functional groups.

	IPCC Indicators for Assessment of Vulnerability Sensitivity or Adaptive Capacity Category Proxy Variables:
	IPCC Indicators for Assessment of Vulnerability Sensitivity or Adaptive Capacity Category Proxy Variables:


	Sensitivity or Adaptive Capacity Category
	Sensitivity or Adaptive Capacity Category
	Sensitivity or Adaptive Capacity Category
	Sensitivity or Adaptive Capacity Category
	Sensitivity or Adaptive Capacity Category
	Sensitivity or Adaptive Capacity Category


	Proxy Variables
	Proxy Variables
	Proxy Variables



	Settlement/ Infrastructure
	Settlement/ Infrastructure
	Settlement/ Infrastructure
	Settlement/ Infrastructure


	Population at flood risk from SLR, Population without access to clean
	Population at flood risk from SLR, Population without access to clean
	Population at flood risk from SLR, Population without access to clean



	Sensitivity
	Sensitivity
	Sensitivity
	Sensitivity


	water and sanitation
	water and sanitation
	water and sanitation



	Food Security
	Food Security
	Food Security
	Food Security


	Cereals production/area, Animal protein consumption per capita
	Cereals production/area, Animal protein consumption per capita
	Cereals production/area, Animal protein consumption per capita



	Ecosystem Sensitivity
	Ecosystem Sensitivity
	Ecosystem Sensitivity
	Ecosystem Sensitivity


	% Land Managed, F ertilizer use
	% Land Managed, F ertilizer use
	% Land Managed, F ertilizer use



	Human Health Sensitivity
	Human Health Sensitivity
	Human Health Sensitivity
	Human Health Sensitivity


	Completed fertility, Life expectancy
	Completed fertility, Life expectancy
	Completed fertility, Life expectancy



	Water Resource Sensitivity
	Water Resource Sensitivity
	Water Resource Sensitivity
	Water Resource Sensitivity


	Renewable supply and inflow, Water use
	Renewable supply and inflow, Water use
	Renewable supply and inflow, Water use



	Economic Capacity
	Economic Capacity
	Economic Capacity
	Economic Capacity


	GDP (market)/ capita, Gini Index
	GDP (market)/ capita, Gini Index
	GDP (market)/ capita, Gini Index



	Human and Civic Resources
	Human and Civic Resources
	Human and Civic Resources
	Human and Civic Resources


	Dependency Ratio, Literacy
	Dependency Ratio, Literacy
	Dependency Ratio, Literacy



	Environmental Capacity
	Environmental Capacity
	Environmental Capacity
	Environmental Capacity


	Population Density, SO2/ Area and % Land Managed
	Population Density, SO2/ Area and % Land Managed
	Population Density, SO2/ Area and % Land Managed



	Source:IPCC, 2001
	Source:IPCC, 2001
	Source:IPCC, 2001
	Source:IPCC, 2001





	In the current analysis, the proxy variables used to determine exposure, sensitivity and adaptive capacity for the State in different districts at Block level is as per Table-19.
	In the current analysis, the proxy variables used to determine exposure, sensitivity and adaptive capacity for the State in different districts at Block level is as per Table-19.
	In the current analysis, the proxy variables used to determine exposure, sensitivity and adaptive capacity for the State in different districts at Block level is as per Table-19.


	Table-19: Proxy Variables used at Block Level
	Table-19: Proxy Variables used at Block Level
	Table-19: Proxy Variables used at Block Level
	Table-19: Proxy Variables used at Block Level
	Table-19: Proxy Variables used at Block Level
	Table-19: Proxy Variables used at Block Level



	Component
	Component
	Component
	Component


	Indicator
	Indicator
	Indicator


	Proxy Variable
	Proxy Variable
	Proxy Variable
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	Source
	Source
	Source



	TR
	TD
	P
	Span


	TD
	P
	Span


	TD
	P
	Span


	TD
	P
	Span


	TD
	P
	Span



	Exposure
	Exposure
	Exposure
	Exposure


	Temperature
	Temperature
	Temperature


	Annual Mean Max. Temperature(°C)
	Annual Mean Max. Temperature(°C)
	Annual Mean Max. Temperature(°C)


	IMD Pune
	IMD Pune
	IMD Pune



	TR
	Annual Mean Min. Temperature (°C)
	Annual Mean Min. Temperature (°C)
	Annual Mean Min. Temperature (°C)
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	P
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	TR
	Rainfall
	Rainfall
	Rainfall


	Annual Mean Rainfall ( mm)
	Annual Mean Rainfall ( mm)
	Annual Mean Rainfall ( mm)



	Sensitivity
	Sensitivity
	Sensitivity
	Sensitivity


	Agriculture
	Agriculture
	Agriculture


	Agriculture Population (%)
	Agriculture Population (%)
	Agriculture Population (%)


	Government of HP, Deptts. of Economics & Statistics, Agriculture, Public Works, Forests, I,P&H, and Census.
	Government of HP, Deptts. of Economics & Statistics, Agriculture, Public Works, Forests, I,P&H, and Census.
	Government of HP, Deptts. of Economics & Statistics, Agriculture, Public Works, Forests, I,P&H, and Census.
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	Rainfed F arming (%)
	Rainfed F arming (%)
	Rainfed F arming (%)



	TR
	Agro-climate Zone
	Agro-climate Zone
	Agro-climate Zone


	Altitude (Mean) (mts).
	Altitude (Mean) (mts).
	Altitude (Mean) (mts).
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	Water Resources
	Water Resources
	Water Resources


	Irrigated Area (%)
	Irrigated Area (%)
	Irrigated Area (%)



	TR
	Health
	Health
	Health


	Birth rate, Family Size (%)
	Birth rate, Family Size (%)
	Birth rate, Family Size (%)
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	TR
	Forests
	Forests
	Forests


	Forest Cover (%)
	Forest Cover (%)
	Forest Cover (%)



	TR
	Biodiversity richness (%)
	Biodiversity richness (%)
	Biodiversity richness (%)
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	Adaptive
	Adaptive
	Adaptive
	Adaptive

	Capacity
	Capacity


	Economic Capacity
	Economic Capacity
	Economic Capacity


	Poverty Rate (%)
	Poverty Rate (%)
	Poverty Rate (%)



	TR
	Education
	Education
	Education


	Literacy Rate (%)
	Literacy Rate (%)
	Literacy Rate (%)


	TD
	P
	Span



	TR
	Environmental Capacity
	Environmental Capacity
	Environmental Capacity


	Population Density (persons/ sq. km.)
	Population Density (persons/ sq. km.)
	Population Density (persons/ sq. km.)



	TR
	Physical Capacity
	Physical Capacity
	Physical Capacity


	Road Network (%)
	Road Network (%)
	Road Network (%)





	Therefore, the basic approach for the micro level vulnerability assessment is broadly based on three components such as exposure, sensitivity and adaptive capacity with 1-2 proxy variable/indicators covering diverse dimensions of climate, population, ecosystem and socio economic conditions. The method for assessing vulnerability has been opted after reviewing varied methodologies.
	Therefore, the basic approach for the micro level vulnerability assessment is broadly based on three components such as exposure, sensitivity and adaptive capacity with 1-2 proxy variable/indicators covering diverse dimensions of climate, population, ecosystem and socio economic conditions. The method for assessing vulnerability has been opted after reviewing varied methodologies.
	Therefore, the basic approach for the micro level vulnerability assessment is broadly based on three components such as exposure, sensitivity and adaptive capacity with 1-2 proxy variable/indicators covering diverse dimensions of climate, population, ecosystem and socio economic conditions. The method for assessing vulnerability has been opted after reviewing varied methodologies.

	Broadly, the process adopted has three major steps moving from variables to indicators and then to components and finally to the Vulnerability Index.
	Broadly, the process adopted has three major steps moving from variables to indicators and then to components and finally to the Vulnerability Index.

	• Selection of possible scale, variables, indicators and components for the analysis.
	• Selection of possible scale, variables, indicators and components for the analysis.

	• Grouping of variables in terms of indicators and components for calculations
	• Grouping of variables in terms of indicators and components for calculations

	• Normalization of data by equal weightage system.
	• Normalization of data by equal weightage system.

	• Combining of values under each component.
	• Combining of values under each component.

	• Identify variables as how systems are already impacted.
	• Identify variables as how systems are already impacted.

	• Deriving Vulnerability Index (Exposure- Adaptive Capacity) x Sensitivity.
	• Deriving Vulnerability Index (Exposure- Adaptive Capacity) x Sensitivity.

	• Scaling the values from 0 to 1 to indicate low to high vulnerability.
	• Scaling the values from 0 to 1 to indicate low to high vulnerability.

	The steps can be broadly summarized as follows:
	The steps can be broadly summarized as follows:

	Step I Variables- Indicators
	Step I Variables- Indicators

	- Proxy variables/indicators are selected and quantified.
	- Proxy variables/indicators are selected and quantified.

	- Standardization of values; the variables value for an indicator are standardized so that the mean=0 and range=1. The proxy variable Vn have been estimated using the following equation
	- Standardization of values; the variables value for an indicator are standardized so that the mean=0 and range=1. The proxy variable Vn have been estimated using the following equation

	V = (V-V .)/ V -V .)
	V = (V-V .)/ V -V .)

	n min max min
	n min max min

	Where, Vn is the actual value of n* variable, within an indicator each variable will have equal weightage between 0-1.
	Where, Vn is the actual value of n* variable, within an indicator each variable will have equal weightage between 0-1.
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	Step II Indicator- Components
	Step II Indicator- Components
	Step II Indicator- Components

	- The indicators for a component are normalized so that the mean=0 and range=1. The indicator In have been estimated using the following equation
	- The indicators for a component are normalized so that the mean=0 and range=1. The indicator In have been estimated using the following equation


	In (I Imin)/ I max Imin)
	In (I Imin)/ I max Imin)
	In (I Imin)/ I max Imin)


	The indicator value for each component Cb is taken by taking the average of all the indicators Average (In).
	The indicator value for each component Cb is taken by taking the average of all the indicators Average (In).
	The indicator value for each component Cb is taken by taking the average of all the indicators Average (In).


	Step III Component- Vulnerability
	Step III Component- Vulnerability
	Step III Component- Vulnerability

	- The climate related vulnerability index VI has been calculated as:
	- The climate related vulnerability index VI has been calculated as:

	VI (Cb(Exposure) Cb(Adaptive Capacity)) X Cb(Sensitivity)
	VI (Cb(Exposure) Cb(Adaptive Capacity)) X Cb(Sensitivity)

	- VI is thereafter again normalized so that the mean=0 and range=1.
	- VI is thereafter again normalized so that the mean=0 and range=1.


	The Vulnerability Index for a particular indicator is typically based on a number of variables which are likely to determine the relative vulnerability of that indicator towards climate change scenarios.
	The Vulnerability Index for a particular indicator is typically based on a number of variables which are likely to determine the relative vulnerability of that indicator towards climate change scenarios.
	The Vulnerability Index for a particular indicator is typically based on a number of variables which are likely to determine the relative vulnerability of that indicator towards climate change scenarios.

	4.2.2 Spatial Patterns of Vulnerability
	4.2.2 Spatial Patterns of Vulnerability

	The output of Vulnerability Assessment along with census data has been integrated on a Geographic Information System (GIS) platform using open source GIS software's (Quantum GIS and Map Window) for integration of the various layers on a GIS platform.
	The output of Vulnerability Assessment along with census data has been integrated on a Geographic Information System (GIS) platform using open source GIS software's (Quantum GIS and Map Window) for integration of the various layers on a GIS platform.
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	As has been explained above that the State has been distributed in four different agro climatic zones viz sub mountain, low hill, sub tropical, mid hill sub humid, high hill temperate wet and high hill temperate dry. For better comprehension it is essential to understand the distribution district wise. Following table gives an understanding to various areas falling under different zones, which are explained ahead with climate variables in terms of exposure, sensitivity and adaptive capacity:
	As has been explained above that the State has been distributed in four different agro climatic zones viz sub mountain, low hill, sub tropical, mid hill sub humid, high hill temperate wet and high hill temperate dry. For better comprehension it is essential to understand the distribution district wise. Following table gives an understanding to various areas falling under different zones, which are explained ahead with climate variables in terms of exposure, sensitivity and adaptive capacity:
	As has been explained above that the State has been distributed in four different agro climatic zones viz sub mountain, low hill, sub tropical, mid hill sub humid, high hill temperate wet and high hill temperate dry. For better comprehension it is essential to understand the distribution district wise. Following table gives an understanding to various areas falling under different zones, which are explained ahead with climate variables in terms of exposure, sensitivity and adaptive capacity:


	Agro Climate Zone wise description of Different Districts
	Agro Climate Zone wise description of Different Districts
	Agro Climate Zone wise description of Different Districts


	Agro Climatic Zone
	Agro Climatic Zone
	Agro Climatic Zone


	Sub mountain, Low Hill, Sub Tropical
	Sub mountain, Low Hill, Sub Tropical
	Sub mountain, Low Hill, Sub Tropical


	Elevation
	Elevation
	Elevation

	(mtrs.msl)
	(mtrs.msl)

	350 to 650 meters
	350 to 650 meters


	Districts/ area
	Districts/ area
	Districts/ area


	Hamirpur, Una, Bilaspur,
	Hamirpur, Una, Bilaspur,
	Hamirpur, Una, Bilaspur,


	35% of the geographical area and about 40% of the cultivated area
	35% of the geographical area and about 40% of the cultivated area
	35% of the geographical area and about 40% of the cultivated area


	Parts of Sirmour, Kangra, Solan and Chamba
	Parts of Sirmour, Kangra, Solan and Chamba
	Parts of Sirmour, Kangra, Solan and Chamba


	Mid Hill Sub Humid
	Mid Hill Sub Humid
	Mid Hill Sub Humid


	651 meters to 1,800 meters
	651 meters to 1,800 meters
	651 meters to 1,800 meters


	Parts of Mandi, Solan, Kullu, Chamba, Bilaspur, Sirmour
	Parts of Mandi, Solan, Kullu, Chamba, Bilaspur, Sirmour
	Parts of Mandi, Solan, Kullu, Chamba, Bilaspur, Sirmour


	High Hill Temperate Wet
	High Hill Temperate Wet
	High Hill Temperate Wet


	32% of the total geographical area
	32% of the total geographical area
	32% of the total geographical area

	and about 37% of the cultivated Palampur & Kangra tehsils of Kangra Rampur
	and about 37% of the cultivated Palampur & Kangra tehsils of Kangra Rampur

	area tehsil of Shimla
	area tehsil of Shimla


	1,801 to 2,200 meters
	1,801 to 2,200 meters
	1,801 to 2,200 meters


	Shimla, Kullu, Chamba
	Shimla, Kullu, Chamba
	Shimla, Kullu, Chamba


	High Hill Temperate Dry
	High Hill Temperate Dry
	High Hill Temperate Dry


	about 35% of the geographical areas Parts of Mandi, Kangra, Chamba
	about 35% of the geographical areas Parts of Mandi, Kangra, Chamba
	about 35% of the geographical areas Parts of Mandi, Kangra, Chamba

	and about 21% of the cultivated
	and about 21% of the cultivated

	area
	area

	Above 2,200 meters Kinnaur, Lahul & Spiti
	Above 2,200 meters Kinnaur, Lahul & Spiti


	8% of the geographical and 2% of the total cultivated area
	8% of the geographical and 2% of the total cultivated area
	8% of the geographical and 2% of the total cultivated area


	Parts of Chamba District
	Parts of Chamba District
	Parts of Chamba District
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	The long term meteorological data base on various parameters is available from IMD. The exposure is determined in terms of climatic variables such as annual mean temperatures, annual mean rainfall pattern and no of extreme events, rainy days etc. Himachal Pradesh is exposed to a range of climate conditions and extreme events. In particular, some of the key features of the region's climate are the influences of monsoons, the El Nino-Southern Oscillation, and cyclones on the rainfall in the State. Most part o
	The long term meteorological data base on various parameters is available from IMD. The exposure is determined in terms of climatic variables such as annual mean temperatures, annual mean rainfall pattern and no of extreme events, rainy days etc. Himachal Pradesh is exposed to a range of climate conditions and extreme events. In particular, some of the key features of the region's climate are the influences of monsoons, the El Nino-Southern Oscillation, and cyclones on the rainfall in the State. Most part o
	The long term meteorological data base on various parameters is available from IMD. The exposure is determined in terms of climatic variables such as annual mean temperatures, annual mean rainfall pattern and no of extreme events, rainy days etc. Himachal Pradesh is exposed to a range of climate conditions and extreme events. In particular, some of the key features of the region's climate are the influences of monsoons, the El Nino-Southern Oscillation, and cyclones on the rainfall in the State. Most part o
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	Fig.35(i): Annual Mean Min. Temperature at Block Level
	Fig.35(i): Annual Mean Min. Temperature at Block Level
	Fig.35(i): Annual Mean Min. Temperature at Block Level


	Fig. 35(ii): Annual Mean Max. Temperature at Block Level
	Fig. 35(ii): Annual Mean Max. Temperature at Block Level
	Fig. 35(ii): Annual Mean Max. Temperature at Block Level
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	Fig.36: Annual Mean Rainfall at Block Level Fig. 37: Climate Change Exposure at Block Level
	Fig.36: Annual Mean Rainfall at Block Level Fig. 37: Climate Change Exposure at Block Level
	Fig.36: Annual Mean Rainfall at Block Level Fig. 37: Climate Change Exposure at Block Level


	Temperature is a critical parameter of climate which strongly influences people, biodiversity and ecosystems, important driver of natural and man managed systems. As per the analysis, in the last few decades, the average temperatures have been found to vary from normal ranges for Himachal Pradesh and yearly variations in average temperature are indicative of this trend. Variability, leading to higher temperatures shows higher exposure level of the different Blocks in different districts Fig. 35(i-ii).
	Temperature is a critical parameter of climate which strongly influences people, biodiversity and ecosystems, important driver of natural and man managed systems. As per the analysis, in the last few decades, the average temperatures have been found to vary from normal ranges for Himachal Pradesh and yearly variations in average temperature are indicative of this trend. Variability, leading to higher temperatures shows higher exposure level of the different Blocks in different districts Fig. 35(i-ii).
	Temperature is a critical parameter of climate which strongly influences people, biodiversity and ecosystems, important driver of natural and man managed systems. As per the analysis, in the last few decades, the average temperatures have been found to vary from normal ranges for Himachal Pradesh and yearly variations in average temperature are indicative of this trend. Variability, leading to higher temperatures shows higher exposure level of the different Blocks in different districts Fig. 35(i-ii).

	Precipitation is an important component of the water balance and ecosystem. Normally, rainfall patterns are dependent on a range of factors such as topography, local climate and wind patterns. In Himachal Pradesh, as per analysis of the long term database it is observed that during the past century, some areas have experienced an average rainfall, some areas have experienced increase in the rainfall and few areas have faced reduction with variation in frequency and intensity Fig. 36. A change in the timing 
	Precipitation is an important component of the water balance and ecosystem. Normally, rainfall patterns are dependent on a range of factors such as topography, local climate and wind patterns. In Himachal Pradesh, as per analysis of the long term database it is observed that during the past century, some areas have experienced an average rainfall, some areas have experienced increase in the rainfall and few areas have faced reduction with variation in frequency and intensity Fig. 36. A change in the timing 

	The analysis of results reveals that the low lying areas of Himachal Pradesh are highly exposed to climate change. The areas falling in Hamirpur, Sirmour, Solan and Una districts are highly exposed whereas, Kangra, Chamba and Mandi districts are also exposed but comparatively less than the above districts. Likewise areas falling in and Shimla and Kullu districts are also moderately exposed to climate change Fig. 37.
	The analysis of results reveals that the low lying areas of Himachal Pradesh are highly exposed to climate change. The areas falling in Hamirpur, Sirmour, Solan and Una districts are highly exposed whereas, Kangra, Chamba and Mandi districts are also exposed but comparatively less than the above districts. Likewise areas falling in and Shimla and Kullu districts are also moderately exposed to climate change Fig. 37.


	Ecosystem balance profile leads to overall measurement of sensitivity of the region. The sensitivity component here includes four indictors such as Agriculture-livelihoods, Water resources, Forests and Health with 1-2 proxy variables of each indicator. Besides being exposed to a variety of climate hazards, the vulnerability of Himachal Pradesh in the Himalayan region also gets affected by the sensitivity of different neighboring States and sectors to these hazards when they occur. For example, with much of 
	Ecosystem balance profile leads to overall measurement of sensitivity of the region. The sensitivity component here includes four indictors such as Agriculture-livelihoods, Water resources, Forests and Health with 1-2 proxy variables of each indicator. Besides being exposed to a variety of climate hazards, the vulnerability of Himachal Pradesh in the Himalayan region also gets affected by the sensitivity of different neighboring States and sectors to these hazards when they occur. For example, with much of 
	Ecosystem balance profile leads to overall measurement of sensitivity of the region. The sensitivity component here includes four indictors such as Agriculture-livelihoods, Water resources, Forests and Health with 1-2 proxy variables of each indicator. Besides being exposed to a variety of climate hazards, the vulnerability of Himachal Pradesh in the Himalayan region also gets affected by the sensitivity of different neighboring States and sectors to these hazards when they occur. For example, with much of 


	There are few regions where forest cover has decreased and less forest cover would thus be more sensitive and vulnerable to climate change if the same trend continues. Land use change has a direct linkage with climate change. The deforestation, habitat fragmentation, urban expansion and other developmental modifications have significantly changed the land use patterns. Extensive land use changes have an impact on livelihoods of people and ecosystems. The areas where agriculture workers are more would be mor
	There are few regions where forest cover has decreased and less forest cover would thus be more sensitive and vulnerable to climate change if the same trend continues. Land use change has a direct linkage with climate change. The deforestation, habitat fragmentation, urban expansion and other developmental modifications have significantly changed the land use patterns. Extensive land use changes have an impact on livelihoods of people and ecosystems. The areas where agriculture workers are more would be mor
	There are few regions where forest cover has decreased and less forest cover would thus be more sensitive and vulnerable to climate change if the same trend continues. Land use change has a direct linkage with climate change. The deforestation, habitat fragmentation, urban expansion and other developmental modifications have significantly changed the land use patterns. Extensive land use changes have an impact on livelihoods of people and ecosystems. The areas where agriculture workers are more would be mor
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	Fig. 38(i): Percentage Agriculture Population at Block Level
	Fig. 38(i): Percentage Agriculture Population at Block Level
	Fig. 38(i): Percentage Agriculture Population at Block Level
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	Fig. 38(iii): Percentage Irrigated Area at Block Level
	Fig. 38(iii): Percentage Irrigated Area at Block Level
	Fig. 38(iii): Percentage Irrigated Area at Block Level


	Fig. 38(iv): Altitude Distribution at Block Level
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	Fig. 38(iv): Altitude Distribution at Block Level
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	Fig. 38(v): Forest Cover at Block level (Percentage of District)
	Fig. 38(v): Forest Cover at Block level (Percentage of District)
	Fig. 38(v): Forest Cover at Block level (Percentage of District)
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	Fig. 38(vii): Percentage Biological Diversity Richness at Block Fig. 38(viii): Climate Change Sensitivity at Block Level level
	Fig. 38(vii): Percentage Biological Diversity Richness at Block Fig. 38(viii): Climate Change Sensitivity at Block Level level
	Fig. 38(vii): Percentage Biological Diversity Richness at Block Fig. 38(viii): Climate Change Sensitivity at Block Level level


	The results depicts that District Chamba, Lahul & Spiti, Kinnaur, Kullu and some areas of Shimla, Sirmour are highly sensitive towards climate change and Hamirpur, Mandi, Solan Una, and Kangra districts are moderately sensitive to climate change Fig. 38(i-viii).
	The results depicts that District Chamba, Lahul & Spiti, Kinnaur, Kullu and some areas of Shimla, Sirmour are highly sensitive towards climate change and Hamirpur, Mandi, Solan Una, and Kangra districts are moderately sensitive to climate change Fig. 38(i-viii).
	The results depicts that District Chamba, Lahul & Spiti, Kinnaur, Kullu and some areas of Shimla, Sirmour are highly sensitive towards climate change and Hamirpur, Mandi, Solan Una, and Kangra districts are moderately sensitive to climate change Fig. 38(i-viii).
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	The socio economic conditions give measures on adaptive capacity which contain economic capacity, poverty rate and, roads connectivity, literacy rate, environment management infrastructure with population density, as proxy variables Fig. 39(i-iv). Adaptive capacity is the ability or potential of a system to respond successfully to climate variability and change, and includes adjustments in both behaviour and in resources and technologies. The presence of adaptive capacity has been shown to be a necessary co
	The socio economic conditions give measures on adaptive capacity which contain economic capacity, poverty rate and, roads connectivity, literacy rate, environment management infrastructure with population density, as proxy variables Fig. 39(i-iv). Adaptive capacity is the ability or potential of a system to respond successfully to climate variability and change, and includes adjustments in both behaviour and in resources and technologies. The presence of adaptive capacity has been shown to be a necessary co
	The socio economic conditions give measures on adaptive capacity which contain economic capacity, poverty rate and, roads connectivity, literacy rate, environment management infrastructure with population density, as proxy variables Fig. 39(i-iv). Adaptive capacity is the ability or potential of a system to respond successfully to climate variability and change, and includes adjustments in both behaviour and in resources and technologies. The presence of adaptive capacity has been shown to be a necessary co

	From analysis of database it is evident that the areas which have high percentage of poverty are more exposed shows low economic capacity and, therefore, has less adaptive capacity and more vulnerability. Higher literacy rate, road network shows higher adaptive capacity. More is the population, lesser the adaptive capacity in the region.
	From analysis of database it is evident that the areas which have high percentage of poverty are more exposed shows low economic capacity and, therefore, has less adaptive capacity and more vulnerability. Higher literacy rate, road network shows higher adaptive capacity. More is the population, lesser the adaptive capacity in the region.
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	Fig. 39(i): Economic Capacity at Block Level
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	Fig. 39(ii): Environmental Capacity at Block Level
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	Fig.39 (Hi): Physical Capacity at Block Level
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	Fig. 39(iv): Human Capacity at Block Level
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	The analysis of the index of vulnerability at the Block level of all districts of State has been calculated using index based approach which primarily is an outcome-based vulnerability measurement.
	The analysis of the index of vulnerability at the Block level of all districts of State has been calculated using index based approach which primarily is an outcome-based vulnerability measurement.
	The analysis of the index of vulnerability at the Block level of all districts of State has been calculated using index based approach which primarily is an outcome-based vulnerability measurement.
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	Fig.40: Adaptive Capacity at Block Level
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	From the analysis it is observed that the adaptive capacity of Lahaul & Spiti, Kinnaur, some areas of Kangra, Shimla and Mandi districts is better. The adaptive capacity of District Chamba, Hamirpur, Una, Solan and Sirmour is poor to cope with the impacts of climate change.
	From the analysis it is observed that the adaptive capacity of Lahaul & Spiti, Kinnaur, some areas of Kangra, Shimla and Mandi districts is better. The adaptive capacity of District Chamba, Hamirpur, Una, Solan and Sirmour is poor to cope with the impacts of climate change.
	From the analysis it is observed that the adaptive capacity of Lahaul & Spiti, Kinnaur, some areas of Kangra, Shimla and Mandi districts is better. The adaptive capacity of District Chamba, Hamirpur, Una, Solan and Sirmour is poor to cope with the impacts of climate change.

	When combined together all the three components i.e. Exposure, Sensitivity and Adaptive Capacity, the results indicates that Hamirpur, Kangra, Una, Solan, Bilaspur, Sirmour districts are highly vulnerable to climate change whereas, the districts Mandi, Shimla, Kullu, Chamba are moderately vulnerable.
	When combined together all the three components i.e. Exposure, Sensitivity and Adaptive Capacity, the results indicates that Hamirpur, Kangra, Una, Solan, Bilaspur, Sirmour districts are highly vulnerable to climate change whereas, the districts Mandi, Shimla, Kullu, Chamba are moderately vulnerable.

	The Vulnerability Index, measured here, tries to capture a more comprehensive scale of vulnerability to give composite Vulnerability Index (Table-20). It has been calculated by including many indicators that serve as proxies to look at different aspects of vulnerability. In other words, we assume that vulnerability can arise out of a variety of factors. In particular, we look at different sources of vulnerability; broadly this includes the climatic factors, demographic factors, agricultural factors and occu
	The Vulnerability Index, measured here, tries to capture a more comprehensive scale of vulnerability to give composite Vulnerability Index (Table-20). It has been calculated by including many indicators that serve as proxies to look at different aspects of vulnerability. In other words, we assume that vulnerability can arise out of a variety of factors. In particular, we look at different sources of vulnerability; broadly this includes the climatic factors, demographic factors, agricultural factors and occu

	4.2.2.4 Economic Impacts
	4.2.2.4 Economic Impacts

	In Himachal Pradesh climate change is projected to have likely negative effects on its sustainable development, as it compounds the pressures on natural resources and the environment associated with rapid urbanization, industrialization and economic growth. The net effect of climate change on local and regional economies is projected to be largely negative. Loss of agricultural-horticultural revenue and additional costs for managing water resources, energy, and disease and other health risks will be a drag 
	In Himachal Pradesh climate change is projected to have likely negative effects on its sustainable development, as it compounds the pressures on natural resources and the environment associated with rapid urbanization, industrialization and economic growth. The net effect of climate change on local and regional economies is projected to be largely negative. Loss of agricultural-horticultural revenue and additional costs for managing water resources, energy, and disease and other health risks will be a drag 


	Table-20: Vulnerability Index of Himachal Pradesh (Districts at Block Level)
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	Sr. No.
	Sr. No.
	Sr. No.
	Sr. No.
	Sr. No.
	Sr. No.


	Districts
	Districts
	Districts


	Blocks
	Blocks
	Blocks


	Components
	Components
	Components


	Vulnerability
	Vulnerability
	Vulnerability



	TR
	TD
	P
	Span


	TD
	P
	Span


	TD
	P
	Span


	TD
	P
	Span


	Index
	Index
	Index



	TR
	Exposure
	Exposure
	Exposure


	Sensitivity
	Sensitivity
	Sensitivity


	Adaptive
	Adaptive
	Adaptive

	Capacity
	Capacity



	1
	1
	1
	1


	Bilaspur
	Bilaspur
	Bilaspur


	Bilaspur Sadar
	Bilaspur Sadar
	Bilaspur Sadar


	0.68
	0.68
	0.68


	0.26
	0.26
	0.26


	0.68
	0.68
	0.68


	0.56
	0.56
	0.56



	2
	2
	2
	2


	Ghumarwin
	Ghumarwin
	Ghumarwin


	0.66
	0.66
	0.66


	0.24
	0.24
	0.24


	0.71
	0.71
	0.71


	0.49
	0.49
	0.49



	3
	3
	3
	3


	Jandhutta
	Jandhutta
	Jandhutta


	0.67
	0.67
	0.67


	0.24
	0.24
	0.24


	0.65
	0.65
	0.65


	0.61
	0.61
	0.61



	4
	4
	4
	4


	Chamba
	Chamba
	Chamba


	Pangi
	Pangi
	Pangi


	0.37
	0.37
	0.37


	0.38
	0.38
	0.38


	0.51
	0.51
	0.51


	0.18
	0.18
	0.18



	5
	5
	5
	5


	Chamba
	Chamba
	Chamba


	0.65
	0.65
	0.65


	0.25
	0.25
	0.25


	0.60
	0.60
	0.60


	0.65
	0.65
	0.65



	6
	6
	6
	6


	Salooni
	Salooni
	Salooni


	0.60
	0.60
	0.60


	0.26
	0.26
	0.26


	0.65
	0.65
	0.65


	0.48
	0.48
	0.48



	7
	7
	7
	7


	Bharmour
	Bharmour
	Bharmour


	0.41
	0.41
	0.41


	0.32
	0.32
	0.32


	0.45
	0.45
	0.45


	0.48
	0.48
	0.48



	8
	8
	8
	8


	Tissa
	Tissa
	Tissa


	0.60
	0.60
	0.60


	0.26
	0.26
	0.26


	0.51
	0.51
	0.51


	0.73
	0.73
	0.73



	9
	9
	9
	9


	Bhatiyat
	Bhatiyat
	Bhatiyat


	0.64
	0.64
	0.64


	0.31
	0.31
	0.31


	0.59
	0.59
	0.59


	0.69
	0.69
	0.69



	10
	10
	10
	10


	Mehla
	Mehla
	Mehla


	0.64
	0.64
	0.64


	0.27
	0.27
	0.27


	0.50
	0.50
	0.50


	0.86
	0.86
	0.86



	11
	11
	11
	11


	Hamirpur
	Hamirpur
	Hamirpur


	Bhoranj
	Bhoranj
	Bhoranj


	0.81
	0.81
	0.81


	0.22
	0.22
	0.22


	0.76
	0.76
	0.76


	0.64
	0.64
	0.64



	12
	12
	12
	12


	Bijhri
	Bijhri
	Bijhri


	0.76
	0.76
	0.76


	0.20
	0.20
	0.20


	0.61
	0.61
	0.61


	0.78
	0.78
	0.78



	13
	13
	13
	13


	Hamirpur
	Hamirpur
	Hamirpur


	0.83
	0.83
	0.83


	0.19
	0.19
	0.19


	0.72
	0.72
	0.72


	0.72
	0.72
	0.72



	14
	14
	14
	14


	Nadaun
	Nadaun
	Nadaun


	0.82
	0.82
	0.82


	0.19
	0.19
	0.19


	0.70
	0.70
	0.70


	0.73
	0.73
	0.73



	15
	15
	15
	15


	Taunidevi
	Taunidevi
	Taunidevi


	0.73
	0.73
	0.73


	0.20
	0.20
	0.20


	0.65
	0.65
	0.65


	0.69
	0.69
	0.69



	16
	16
	16
	16


	Sujanpur
	Sujanpur
	Sujanpur


	0.73
	0.73
	0.73


	0.20
	0.20
	0.20


	0.61
	0.61
	0.61


	0.75
	0.75
	0.75





	17
	17
	17
	17
	17
	17


	Kangra
	Kangra
	Kangra


	Dharamsala
	Dharamsala
	Dharamsala


	0.81
	0.81
	0.81


	0.29
	0.29
	0.29


	0.67
	0.67
	0.67


	0.88
	0.88
	0.88



	18
	18
	18
	18


	Kangra
	Kangra
	Kangra


	0.69
	0.69
	0.69


	0.28
	0.28
	0.28


	0.77
	0.77
	0.77


	0.43
	0.43
	0.43



	19
	19
	19
	19


	Bhawarna
	Bhawarna
	Bhawarna


	0.73
	0.73
	0.73


	0.28
	0.28
	0.28


	0.70
	0.70
	0.70


	0.62
	0.62
	0.62



	20
	20
	20
	20


	Panchrukhi
	Panchrukhi
	Panchrukhi


	0.70
	0.70
	0.70


	0.28
	0.28
	0.28


	0.65
	0.65
	0.65


	0.67
	0.67
	0.67



	21
	21
	21
	21


	Nurpur
	Nurpur
	Nurpur


	0.69
	0.69
	0.69


	0.20
	0.20
	0.20


	0.61
	0.61
	0.61


	0.69
	0.69
	0.69



	22
	22
	22
	22


	Nagrota Bagwan
	Nagrota Bagwan
	Nagrota Bagwan


	0.68
	0.68
	0.68


	0.30
	0.30
	0.30


	0.65
	0.65
	0.65


	0.63
	0.63
	0.63



	23
	23
	23
	23


	Rait
	Rait
	Rait


	0.69
	0.69
	0.69


	0.25
	0.25
	0.25


	0.74
	0.74
	0.74


	0.48
	0.48
	0.48



	24
	24
	24
	24


	Fatehpur
	Fatehpur
	Fatehpur


	0.68
	0.68
	0.68


	0.19
	0.19
	0.19


	0.58
	0.58
	0.58


	0.70
	0.70
	0.70



	25
	25
	25
	25


	Indora
	Indora
	Indora


	0.70
	0.70
	0.70


	0.21
	0.21
	0.21


	0.61
	0.61
	0.61


	0.70
	0.70
	0.70



	26
	26
	26
	26


	Pragpur
	Pragpur
	Pragpur


	0.69
	0.69
	0.69


	0.20
	0.20
	0.20


	0.62
	0.62
	0.62


	0.67
	0.67
	0.67



	27
	27
	27
	27


	Lambagaon
	Lambagaon
	Lambagaon


	0.69
	0.69
	0.69


	0.19
	0.19
	0.19


	0.61
	0.61
	0.61


	0.68
	0.68
	0.68



	28
	28
	28
	28


	Behdu Mahadev
	Behdu Mahadev
	Behdu Mahadev


	0.68
	0.68
	0.68


	0.27
	0.27
	0.27


	0.58
	0.58
	0.58


	0.76
	0.76
	0.76



	29
	29
	29
	29


	Dehra
	Dehra
	Dehra


	0.68
	0.68
	0.68


	0.19
	0.19
	0.19


	0.61
	0.61
	0.61


	0.67
	0.67
	0.67



	30
	30
	30
	30


	Nagrota Surian
	Nagrota Surian
	Nagrota Surian


	0.69
	0.69
	0.69


	0.18
	0.18
	0.18


	0.63
	0.63
	0.63


	0.65
	0.65
	0.65



	31
	31
	31
	31


	Baijnath
	Baijnath
	Baijnath


	0.71
	0.71
	0.71


	0.19
	0.19
	0.19


	0.66
	0.66
	0.66


	0.64
	0.64
	0.64



	32
	32
	32
	32


	Kinnaur
	Kinnaur
	Kinnaur


	Pooh
	Pooh
	Pooh


	0.36
	0.36
	0.36


	0.39
	0.39
	0.39


	0.44
	0.44
	0.44


	0.34
	0.34
	0.34



	33
	33
	33
	33


	Kalpa
	Kalpa
	Kalpa


	0.40
	0.40
	0.40


	0.42
	0.42
	0.42


	0.45
	0.45
	0.45


	0.41
	0.41
	0.41



	34
	34
	34
	34


	Nichar
	Nichar
	Nichar


	0.40
	0.40
	0.40


	0.32
	0.32
	0.32


	0.43
	0.43
	0.43


	0.51
	0.51
	0.51



	35
	35
	35
	35


	Kullu
	Kullu
	Kullu


	Nagar
	Nagar
	Nagar


	0.54
	0.54
	0.54


	0.29
	0.29
	0.29


	0.51
	0.51
	0.51


	0.64
	0.64
	0.64



	36
	36
	36
	36


	Banjar
	Banjar
	Banjar


	0.51
	0.51
	0.51


	0.31
	0.31
	0.31


	0.47
	0.47
	0.47


	0.67
	0.67
	0.67



	37
	37
	37
	37


	Nirmand
	Nirmand
	Nirmand


	0.50
	0.50
	0.50


	0.26
	0.26
	0.26


	0.49
	0.49
	0.49


	0.60
	0.60
	0.60



	38
	38
	38
	38


	Kullu
	Kullu
	Kullu


	0.58
	0.58
	0.58


	0.27
	0.27
	0.27


	0.49
	0.49
	0.49


	0.75
	0.75
	0.75



	39
	39
	39
	39


	Ani
	Ani
	Ani


	0.55
	0.55
	0.55


	0.28
	0.28
	0.28


	0.49
	0.49
	0.49


	0.70
	0.70
	0.70



	40
	40
	40
	40


	Lahul Spiti
	Lahul Spiti
	Lahul Spiti


	Lahul
	Lahul
	Lahul


	0.32
	0.32
	0.32


	0.50
	0.50
	0.50


	0.49
	0.49
	0.49


	0.00
	0.00
	0.00



	41
	41
	41
	41


	Spiti
	Spiti
	Spiti


	0.34
	0.34
	0.34


	0.45
	0.45
	0.45


	0.50
	0.50
	0.50


	0.07
	0.07
	0.07



	42
	42
	42
	42


	Mandi
	Mandi
	Mandi


	Dharampur
	Dharampur
	Dharampur


	0.65
	0.65
	0.65


	0.22
	0.22
	0.22


	0.67
	0.67
	0.67


	0.54
	0.54
	0.54



	43
	43
	43
	43


	Sundernagar
	Sundernagar
	Sundernagar


	0.66
	0.66
	0.66


	0.23
	0.23
	0.23


	0.68
	0.68
	0.68


	0.53
	0.53
	0.53



	44
	44
	44
	44


	Sadar
	Sadar
	Sadar


	0.67
	0.67
	0.67


	0.22
	0.22
	0.22


	0.65
	0.65
	0.65


	0.61
	0.61
	0.61



	45
	45
	45
	45


	Balh
	Balh
	Balh


	0.62
	0.62
	0.62


	0.23
	0.23
	0.23


	0.63
	0.63
	0.63


	0.57
	0.57
	0.57



	46
	46
	46
	46


	Chauntra
	Chauntra
	Chauntra


	0.68
	0.68
	0.68


	0.26
	0.26
	0.26


	0.62
	0.62
	0.62


	0.67
	0.67
	0.67



	47
	47
	47
	47


	Darang
	Darang
	Darang


	0.63
	0.63
	0.63


	0.26
	0.26
	0.26


	0.51
	0.51
	0.51


	0.79
	0.79
	0.79



	48
	48
	48
	48


	Karsog
	Karsog
	Karsog


	0.57
	0.57
	0.57


	0.27
	0.27
	0.27


	0.58
	0.58
	0.58


	0.55
	0.55
	0.55



	49
	49
	49
	49


	Chachiyot
	Chachiyot
	Chachiyot


	0.57
	0.57
	0.57


	0.28
	0.28
	0.28


	0.59
	0.59
	0.59


	0.53
	0.53
	0.53



	50
	50
	50
	50


	Seraj
	Seraj
	Seraj


	0.55
	0.55
	0.55


	0.27
	0.27
	0.27


	0.52
	0.52
	0.52


	0.63
	0.63
	0.63



	51
	51
	51
	51


	Gopalpur
	Gopalpur
	Gopalpur


	0.63
	0.63
	0.63


	0.24
	0.24
	0.24


	0.65
	0.65
	0.65


	0.55
	0.55
	0.55



	52
	52
	52
	52


	Shimla
	Shimla
	Shimla


	Chopal
	Chopal
	Chopal


	0.60
	0.60
	0.60


	0.26
	0.26
	0.26


	0.48
	0.48
	0.48


	0.79
	0.79
	0.79



	53
	53
	53
	53


	Basantpur
	Basantpur
	Basantpur


	0.65
	0.65
	0.65


	0.25
	0.25
	0.25


	0.66
	0.66
	0.66


	0.55
	0.55
	0.55



	54
	54
	54
	54


	Rohroo
	Rohroo
	Rohroo


	0.61
	0.61
	0.61


	0.23
	0.23
	0.23


	0.52
	0.52
	0.52


	0.71
	0.71
	0.71



	55
	55
	55
	55


	Nankhari
	Nankhari
	Nankhari


	0.54
	0.54
	0.54


	0.24
	0.24
	0.24


	0.60
	0.60
	0.60


	0.48
	0.48
	0.48



	56
	56
	56
	56


	Chirgaon
	Chirgaon
	Chirgaon


	0.49
	0.49
	0.49


	0.28
	0.28
	0.28


	0.56
	0.56
	0.56


	0.43
	0.43
	0.43



	57
	57
	57
	57


	Rampur
	Rampur
	Rampur


	0.61
	0.61
	0.61


	0.22
	0.22
	0.22


	0.51
	0.51
	0.51


	0.74
	0.74
	0.74



	58
	58
	58
	58


	Theog
	Theog
	Theog


	0.55
	0.55
	0.55


	0.24
	0.24
	0.24


	0.61
	0.61
	0.61


	0.47
	0.47
	0.47



	59
	59
	59
	59


	Mashobra
	Mashobra
	Mashobra


	0.56
	0.56
	0.56


	0.26
	0.26
	0.26


	0.67
	0.67
	0.67


	0.37
	0.37
	0.37





	62
	62
	62
	62
	62
	62


	Sirmour
	Sirmour
	Sirmour


	Nahan
	Nahan
	Nahan


	0.72
	0.72
	0.72


	0.23
	0.23
	0.23


	0.56
	0.56
	0.56


	0.83
	0.83
	0.83



	63
	63
	63
	63


	TD
	P
	Span


	Pachad
	Pachad
	Pachad


	0.69
	0.69
	0.69


	0.27
	0.27
	0.27


	0.51
	0.51
	0.51


	0.91
	0.91
	0.91



	64
	64
	64
	64


	TD
	P
	Span


	Rajgarh
	Rajgarh
	Rajgarh


	0.70
	0.70
	0.70


	0.27
	0.27
	0.27


	0.53
	0.53
	0.53


	0.89
	0.89
	0.89



	65
	65
	65
	65


	TD
	P
	Span


	Sangrah
	Sangrah
	Sangrah


	0.68
	0.68
	0.68


	0.29
	0.29
	0.29


	0.48
	0.48
	0.48


	0.99
	0.99
	0.99
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	4.3 Analysis of Results
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	The vulnerability assessment for this report has been carried out for a total of 77 blocks of 12 districts of the State (Table-20) The analysis of large data sets for the variables of different indicators for all these blocks is as under:
	The vulnerability assessment for this report has been carried out for a total of 77 blocks of 12 districts of the State (Table-20) The analysis of large data sets for the variables of different indicators for all these blocks is as under:

	4.3.1 Sectoral Analysis w.r.t. Climate Change Vulnerability
	4.3.1 Sectoral Analysis w.r.t. Climate Change Vulnerability

	The climate change has direct bearing mainly on agriculture-horticulture, water resources, forests & biodiversity. Like the rest of the northwest region of India and other Himalayan regions, Himachal Pradesh is extremely vulnerable to climate change. Himachal Pradesh has a high reliance on agriculture and horticulture. Climate change poses a huge challenge as rising temperatures, raises the need for irrigation and the risk of heat stress or crop failure. Shift in weather patterns, erratic rainfall, rising t
	The climate change has direct bearing mainly on agriculture-horticulture, water resources, forests & biodiversity. Like the rest of the northwest region of India and other Himalayan regions, Himachal Pradesh is extremely vulnerable to climate change. Himachal Pradesh has a high reliance on agriculture and horticulture. Climate change poses a huge challenge as rising temperatures, raises the need for irrigation and the risk of heat stress or crop failure. Shift in weather patterns, erratic rainfall, rising t

	The sectoral analysis of vulnerability amongst these sectors is as follows:
	The sectoral analysis of vulnerability amongst these sectors is as follows:

	4.3.1.1 Agriculture- Horticulture
	4.3.1.1 Agriculture- Horticulture

	In Himachal Pradesh, agriculture and horticulture activities have high dependency on precipitation and temperature. It has direct impact on crop production and food security. From the above analysis, it is observed that with the rise in temperature, crop productivity will slightly increase in tropical regions but will decrease in sub tropical areas. The agricultural families are highly exposed in changing climate scenarios since rainfed dependency is high. In the State, there will be an impact on crop perfo
	In Himachal Pradesh, agriculture and horticulture activities have high dependency on precipitation and temperature. It has direct impact on crop production and food security. From the above analysis, it is observed that with the rise in temperature, crop productivity will slightly increase in tropical regions but will decrease in sub tropical areas. The agricultural families are highly exposed in changing climate scenarios since rainfed dependency is high. In the State, there will be an impact on crop perfo


	As per study carried out by Verma et. al. (2009), in higher altitudes of Shimla Districts, the farmers have already started shifting from high chilling requirement crops to less chilling requirement crops such as kiwi, pomegranate and vegetables etc.
	As per study carried out by Verma et. al. (2009), in higher altitudes of Shimla Districts, the farmers have already started shifting from high chilling requirement crops to less chilling requirement crops such as kiwi, pomegranate and vegetables etc.
	As per study carried out by Verma et. al. (2009), in higher altitudes of Shimla Districts, the farmers have already started shifting from high chilling requirement crops to less chilling requirement crops such as kiwi, pomegranate and vegetables etc.

	Another study carried out by IHBT observed that the quality of tea has been adversely affected due to less rainfall in Palampur area as it has affected the accumulation of a compound responsible for giving colour and briskness to the tea. Over all one can say that the agriculture-horticulture sector is vulnerable and require adaptive and mitigative steps.
	Another study carried out by IHBT observed that the quality of tea has been adversely affected due to less rainfall in Palampur area as it has affected the accumulation of a compound responsible for giving colour and briskness to the tea. Over all one can say that the agriculture-horticulture sector is vulnerable and require adaptive and mitigative steps.

	4.3.1.2 Water Resources
	4.3.1.2 Water Resources

	The snow depository and glaciers support water supply to the major rivers and their tributaries. The analysis shows change in patterns of rain fall in different areas differently. There is drought like conditions in almost every or alternate years. The areas located in Kangra, Bilaspur, Hamirpur districts have received rainfall below the normal though Kangra receives maximum rainfall in the State. The change in rainfall will impact most the natural springs of rural and semi urban habitations where there is 
	The snow depository and glaciers support water supply to the major rivers and their tributaries. The analysis shows change in patterns of rain fall in different areas differently. There is drought like conditions in almost every or alternate years. The areas located in Kangra, Bilaspur, Hamirpur districts have received rainfall below the normal though Kangra receives maximum rainfall in the State. The change in rainfall will impact most the natural springs of rural and semi urban habitations where there is 

	Over the period, the water requirement has gone up where as water availability has declined. The situation in summer months is even worse. The irrigated area is very less in comparison to the potential available. The major source of water supply in the State is surface water, which is augmented by rainfall, snow and glaciers and in case of any change in the pattern of temperature and rainfall; the water supply system will get badly affected.
	Over the period, the water requirement has gone up where as water availability has declined. The situation in summer months is even worse. The irrigated area is very less in comparison to the potential available. The major source of water supply in the State is surface water, which is augmented by rainfall, snow and glaciers and in case of any change in the pattern of temperature and rainfall; the water supply system will get badly affected.

	The Asian Development Bank (ADB, 2010) has carried out a detailed analysis of impacts of climate change on water eco-system and has suggested a strategic framework for the State.
	The Asian Development Bank (ADB, 2010) has carried out a detailed analysis of impacts of climate change on water eco-system and has suggested a strategic framework for the State.

	4.3.1.3 Forest & Biodiversity
	4.3.1.3 Forest & Biodiversity

	About 26.37% area of the State's geographical area having spread of 14,679 sq. kms. is covered with forests. The State is having unique forest and diverse habitat with large altitudinal variations. The State is a repository of about 3,295 species of plants (7.32% of total of Country) and 5,721 species of animals (7.4 % of Country total). Three altitudinal strata of the State i.e. Shiwalik, Middle and Himdaris support about 35 types of forests which vary from dry scrubs forest to alpine pastures. Any change 
	About 26.37% area of the State's geographical area having spread of 14,679 sq. kms. is covered with forests. The State is having unique forest and diverse habitat with large altitudinal variations. The State is a repository of about 3,295 species of plants (7.32% of total of Country) and 5,721 species of animals (7.4 % of Country total). Three altitudinal strata of the State i.e. Shiwalik, Middle and Himdaris support about 35 types of forests which vary from dry scrubs forest to alpine pastures. Any change 

	From the analysis, it is observed that the forests of High Hill Temperate Wet zone will be highly vulnerable. Species composition may change. With higher temperatures, the production of species such as deodar and oak may decline. Decline in snow fall may result in greater mortality of species. Change in climate conditions in sub tropical regions will favour expansion of certain species upwards.
	From the analysis, it is observed that the forests of High Hill Temperate Wet zone will be highly vulnerable. Species composition may change. With higher temperatures, the production of species such as deodar and oak may decline. Decline in snow fall may result in greater mortality of species. Change in climate conditions in sub tropical regions will favour expansion of certain species upwards.

	As per study carried out by Rana et. al. (2009), states that many temperate species such as Lilium polyphyclum, Sorbus, Lanata, Swertia chirayita, Androsco, Aconitum heterophyllum which were frequently found in Shimla (Collet, 1902) are no longer observed in the localities as mentioned by
	As per study carried out by Rana et. al. (2009), states that many temperate species such as Lilium polyphyclum, Sorbus, Lanata, Swertia chirayita, Androsco, Aconitum heterophyllum which were frequently found in Shimla (Collet, 1902) are no longer observed in the localities as mentioned by


	him. As per data Pinus longifolia which was 100 years ago was recorded at 1800 mtrs. but is now it is recorded above 2200 mtrs altitude. Similarly, Woodfordia fructifose earlier located at 1500 mtrs has now shifted to 2000 mtrs altitude. Over all the tree line is highly vulnerable which will resultantly affects the habitat of many other species from Mid Hill Sub Humid to High Hill Temperate Wet and to Temperate Dry zones subsequently. Interventions are required to be taken well in time to sustain these uniq
	him. As per data Pinus longifolia which was 100 years ago was recorded at 1800 mtrs. but is now it is recorded above 2200 mtrs altitude. Similarly, Woodfordia fructifose earlier located at 1500 mtrs has now shifted to 2000 mtrs altitude. Over all the tree line is highly vulnerable which will resultantly affects the habitat of many other species from Mid Hill Sub Humid to High Hill Temperate Wet and to Temperate Dry zones subsequently. Interventions are required to be taken well in time to sustain these uniq
	him. As per data Pinus longifolia which was 100 years ago was recorded at 1800 mtrs. but is now it is recorded above 2200 mtrs altitude. Similarly, Woodfordia fructifose earlier located at 1500 mtrs has now shifted to 2000 mtrs altitude. Over all the tree line is highly vulnerable which will resultantly affects the habitat of many other species from Mid Hill Sub Humid to High Hill Temperate Wet and to Temperate Dry zones subsequently. Interventions are required to be taken well in time to sustain these uniq

	To counter the severe impacts of climate change, varied developmental interventions are required at different levels, since significant variations are observed among various Blocks within the district itself. Interventions are required in agriculture, water resources, forests & biodiversity energy, health, tourism and urban planning as to minimize the exposure and improve the adaptive capacity.
	To counter the severe impacts of climate change, varied developmental interventions are required at different levels, since significant variations are observed among various Blocks within the district itself. Interventions are required in agriculture, water resources, forests & biodiversity energy, health, tourism and urban planning as to minimize the exposure and improve the adaptive capacity.

	4.3.2 Climate Change Vulnerability under different Agro Climatic Zones
	4.3.2 Climate Change Vulnerability under different Agro Climatic Zones

	The climate change vulnerability of different districts and blocks under different agro climatic zones is described as follows Fig. 42(i-xv):
	The climate change vulnerability of different districts and blocks under different agro climatic zones is described as follows Fig. 42(i-xv):

	4.3.2.1 Exposure
	4.3.2.1 Exposure

	The temperature and rainfall depicts moderate variations over small distances. The north (some parts), west, south and partially central parts of the State which has low elevation and is a drought prone area is observed to be highly exposed. The local community perception and the trends of climate change are also corroborating the current analysis e.g. shift in cropping pattern and shift in floral and faunal species etc. Based on the trends, the same are the concerns which are invariably expressed by the lo
	The temperature and rainfall depicts moderate variations over small distances. The north (some parts), west, south and partially central parts of the State which has low elevation and is a drought prone area is observed to be highly exposed. The local community perception and the trends of climate change are also corroborating the current analysis e.g. shift in cropping pattern and shift in floral and faunal species etc. Based on the trends, the same are the concerns which are invariably expressed by the lo

	Some of the regions of districts Kangra, Una, Hamirpur, Solan, Sirmour, which are falling in sub­mountain low hills, sub tropical region and mid hill sub humid regions are having higher exposure conditions w.r.t. Climate Change variations as depicted in Fig. 42 (i). Areas of districts Chamba, Kullu, Shimla, Sirmour, Palampur falling under high hill temperate wet zone are also more exposed in comparison of districts Lahul & Spiti & Kinnaur, Chamba falling in high hill temperate dry zone.
	Some of the regions of districts Kangra, Una, Hamirpur, Solan, Sirmour, which are falling in sub­mountain low hills, sub tropical region and mid hill sub humid regions are having higher exposure conditions w.r.t. Climate Change variations as depicted in Fig. 42 (i). Areas of districts Chamba, Kullu, Shimla, Sirmour, Palampur falling under high hill temperate wet zone are also more exposed in comparison of districts Lahul & Spiti & Kinnaur, Chamba falling in high hill temperate dry zone.

	4.3.2.2 Sensitivity
	4.3.2.2 Sensitivity

	The Sensitivity Index evaluated on the basis of different indicators indicate that High Hill Temperate Wet and High Hill Temperate Dry zones of the State are highly sensitive to any kind of variation in climate and they also represents the biodiversity richness of the State. It is observed that even a small variation in temperature or timing of precipitation has significant impacts. The rising temperatures will affect the cropping patterns in High Hill Temperate Wet Zone.
	The Sensitivity Index evaluated on the basis of different indicators indicate that High Hill Temperate Wet and High Hill Temperate Dry zones of the State are highly sensitive to any kind of variation in climate and they also represents the biodiversity richness of the State. It is observed that even a small variation in temperature or timing of precipitation has significant impacts. The rising temperatures will affect the cropping patterns in High Hill Temperate Wet Zone.

	The regions of Districts Lahul & Spiti, Kinnaur, Kullu, Chamba, Kangra which is biodiversity rich zone are highly sensitive towards Climate Change, the majority of area of this region falls within the high hill temperate dry & high hills temperate wet zones, besides some adjoining parts of District Mandi and Shimla, which falls within the mid hill sub humid zone and also has rich biodiversity is expected to face changing patterns due to Climate Change variations. However, the sub mountain low hill sub tropi
	The regions of Districts Lahul & Spiti, Kinnaur, Kullu, Chamba, Kangra which is biodiversity rich zone are highly sensitive towards Climate Change, the majority of area of this region falls within the high hill temperate dry & high hills temperate wet zones, besides some adjoining parts of District Mandi and Shimla, which falls within the mid hill sub humid zone and also has rich biodiversity is expected to face changing patterns due to Climate Change variations. However, the sub mountain low hill sub tropi


	4.3.2.3 Adaptive Capacity
	4.3.2.3 Adaptive Capacity
	4.3.2.3 Adaptive Capacity


	The High Hill Temperate Wet and Dry zones have high adaptive capacity in comparison to Sub montane, Low Hill, Sub Tropical Mid Hill Sub Humid, which are found to be having moderate-low adaptive capacities in view of the better physical connectivity and infrastructure. Certain areas with high literacy and poverty rate but with poor connectivity displayed low adaptive capacity. The Block with urban centres having better infrastructural facilities depicts high adaptive capacity.
	The High Hill Temperate Wet and Dry zones have high adaptive capacity in comparison to Sub montane, Low Hill, Sub Tropical Mid Hill Sub Humid, which are found to be having moderate-low adaptive capacities in view of the better physical connectivity and infrastructure. Certain areas with high literacy and poverty rate but with poor connectivity displayed low adaptive capacity. The Block with urban centres having better infrastructural facilities depicts high adaptive capacity.
	The High Hill Temperate Wet and Dry zones have high adaptive capacity in comparison to Sub montane, Low Hill, Sub Tropical Mid Hill Sub Humid, which are found to be having moderate-low adaptive capacities in view of the better physical connectivity and infrastructure. Certain areas with high literacy and poverty rate but with poor connectivity displayed low adaptive capacity. The Block with urban centres having better infrastructural facilities depicts high adaptive capacity.

	The adaptive capacities of majority of areas of districts Chamba, Lahual & Spiti, Kinnaur, Kullu, Manali, Shimla, Una, Sirmour, Solan are better in comparison to other areas as shown in Fig. 42(iii). The adaptive capacity is better in high hill temperate dry, partially in high hill temperate wet due to less exposure, however, in sub mountain low hills sub tropical zone it is better due to better infrastructure, or for the one or the other reasons despite higher exposure.
	The adaptive capacities of majority of areas of districts Chamba, Lahual & Spiti, Kinnaur, Kullu, Manali, Shimla, Una, Sirmour, Solan are better in comparison to other areas as shown in Fig. 42(iii). The adaptive capacity is better in high hill temperate dry, partially in high hill temperate wet due to less exposure, however, in sub mountain low hills sub tropical zone it is better due to better infrastructure, or for the one or the other reasons despite higher exposure.

	Over all the vulnerability of the 77 Blocks of the State as a combination of exposure, sensitivity and adaptive capacity observed to be high in Sub montane, Low Hill areas and Sub Tropical regions of the State and in case of Mid Hill Sub Humid, it ranges from moderate to high, As far as High Hill Temperate Wet regions of the State are concerned, the vulnerability varies from low to high where as in case of in case of in High Hill Temperate Dry regions it is reasonably low due to better adaptive capacity as 
	Over all the vulnerability of the 77 Blocks of the State as a combination of exposure, sensitivity and adaptive capacity observed to be high in Sub montane, Low Hill areas and Sub Tropical regions of the State and in case of Mid Hill Sub Humid, it ranges from moderate to high, As far as High Hill Temperate Wet regions of the State are concerned, the vulnerability varies from low to high where as in case of in case of in High Hill Temperate Dry regions it is reasonably low due to better adaptive capacity as 

	4.3.3 Projection of Scenarios 2020 & 2030
	4.3.3 Projection of Scenarios 2020 & 2030

	The HADCM3 simulations downscaled with PRECIS indicate an all around warming over the Indian sub continent associated with increasing GHG concentrations. It is observed that both maximum and minimum temperatures are projected to rise under the PRECIS A1B scenario. Increase in the monsoon season would be lower than in the dry season.
	The HADCM3 simulations downscaled with PRECIS indicate an all around warming over the Indian sub continent associated with increasing GHG concentrations. It is observed that both maximum and minimum temperatures are projected to rise under the PRECIS A1B scenario. Increase in the monsoon season would be lower than in the dry season.

	Himachal Pradesh receives most of its rain during the monsoon season, which starts in the late June. The mean seasonal precipitation simulated by PRECIS shows variations for Indian sub continent. Under A1B scenario, mean annual rainfall is projected to increase marginally for the State by about (5% to 13%) i.e. 70-200 mm by 2030. Increase in monsoon season, and marginal increase in other seasons with increase in rainy days.
	Himachal Pradesh receives most of its rain during the monsoon season, which starts in the late June. The mean seasonal precipitation simulated by PRECIS shows variations for Indian sub continent. Under A1B scenario, mean annual rainfall is projected to increase marginally for the State by about (5% to 13%) i.e. 70-200 mm by 2030. Increase in monsoon season, and marginal increase in other seasons with increase in rainy days.

	Besides, on the basis of available data base w.r.t. temperature (max & min) and precipitation form IMD Pune and after working out the decadal variation on average basis, decadal scenarios for climate variations i.e. variations in rain fall and temperature for 2020 and 2030 have been projected (No specific PRECIS or HADCM simulations have been worked out for Himachal Pradesh separately) and have been further analyzed for deriving Vulnerability Index while assuming that the sensitivity and adaptive capacity w
	Besides, on the basis of available data base w.r.t. temperature (max & min) and precipitation form IMD Pune and after working out the decadal variation on average basis, decadal scenarios for climate variations i.e. variations in rain fall and temperature for 2020 and 2030 have been projected (No specific PRECIS or HADCM simulations have been worked out for Himachal Pradesh separately) and have been further analyzed for deriving Vulnerability Index while assuming that the sensitivity and adaptive capacity w

	* (Even if the increase in biodiversity or growth in infrastructural facilities is observed)
	* (Even if the increase in biodiversity or growth in infrastructural facilities is observed)


	Therefore, the projections only w.r.t exposure based on decadal variations have been plotted on spatial maps to see the likely/ possible changes in 2020 & 2030.
	Therefore, the projections only w.r.t exposure based on decadal variations have been plotted on spatial maps to see the likely/ possible changes in 2020 & 2030.
	Therefore, the projections only w.r.t exposure based on decadal variations have been plotted on spatial maps to see the likely/ possible changes in 2020 & 2030.

	The exposure scenario for 2020 is depicted in Fig. 42 (v) and further overlaid with agro climate zone layers, Fig. 42 (vi), reveals that the different regions of district Sirmour, Solan, Una, Shimla, Bilaspur, Hamirpur, Kangra, Mandi, Kullu which are falling under sub mountain low hill sub tropical region and mid hill sub humid zones are likely to have greater exposure in comparison to high hill temperate dry & high hill temperate wet agro climatic zones.
	The exposure scenario for 2020 is depicted in Fig. 42 (v) and further overlaid with agro climate zone layers, Fig. 42 (vi), reveals that the different regions of district Sirmour, Solan, Una, Shimla, Bilaspur, Hamirpur, Kangra, Mandi, Kullu which are falling under sub mountain low hill sub tropical region and mid hill sub humid zones are likely to have greater exposure in comparison to high hill temperate dry & high hill temperate wet agro climatic zones.

	Further, when the same exposure scenario is applied to derive projections with respect to Vulnerability Index for 2020, we observed variations in current levels. By examining Fig. 42 (vii) one can see that the Vulnerability Index spatial distribution projected for 2020 in various blocks. While overlaid by agro climatic zone wise layers to observe the different zone wise variations, it is observed that the Climate Change vulnerability in 2020 scenario the areas of districts Sirmour, Solan, Bilaspur, Una, Kan
	Further, when the same exposure scenario is applied to derive projections with respect to Vulnerability Index for 2020, we observed variations in current levels. By examining Fig. 42 (vii) one can see that the Vulnerability Index spatial distribution projected for 2020 in various blocks. While overlaid by agro climatic zone wise layers to observe the different zone wise variations, it is observed that the Climate Change vulnerability in 2020 scenario the areas of districts Sirmour, Solan, Bilaspur, Una, Kan

	Similarly, the decadal scenarios projections have been worked out for 2030 as well and the Fig. 42 (ix), 42 (x), 42 (xi) & 42(xii) shows the spatial distributions of scenario projections of Exposure Projections 2030, Agro Climate Zone Wise Exposure Projections 2030, Climate Change Vulnerability Projections 2030, Agro Climate Zone Wise Climate Change Vulnerability Projections 2030 respectively, with the indication that the vulnerability of low lying areas i.e. sub mountain low hills sub tropical region, mid 
	Similarly, the decadal scenarios projections have been worked out for 2030 as well and the Fig. 42 (ix), 42 (x), 42 (xi) & 42(xii) shows the spatial distributions of scenario projections of Exposure Projections 2030, Agro Climate Zone Wise Exposure Projections 2030, Climate Change Vulnerability Projections 2030, Agro Climate Zone Wise Climate Change Vulnerability Projections 2030 respectively, with the indication that the vulnerability of low lying areas i.e. sub mountain low hills sub tropical region, mid 

	Furthermore, while drawing spatial maps the Climate Change vulnerability maps have also been overlaid through climate classification layers to observe that how the current Climate Change vulnerability in different regions emerges, Fig. 42 (xiii), similarly the layer have been overlaid on 2020, 2030 as well, Fig. 42 (xiv) & 42 (xv) respectively.
	Furthermore, while drawing spatial maps the Climate Change vulnerability maps have also been overlaid through climate classification layers to observe that how the current Climate Change vulnerability in different regions emerges, Fig. 42 (xiii), similarly the layer have been overlaid on 2020, 2030 as well, Fig. 42 (xiv) & 42 (xv) respectively.

	It is observed that currently, the region classified as sub tropical monsoon with mild and dry winter, hot summer (CWa) is highly vulnerable with some adjoining regions sub tropical monsoon without dry winter, with hot summer (CFa), while plotting the spatial distribution projection scenarios, it is observed that vulnerability of these area will continue to increase further in 2020 & 2030 see Fig. 42 (xiii), Fig. 42 (xiv) & 42 (xv) and thus the adaptive capacities of the area needs to be enhanced to counter
	It is observed that currently, the region classified as sub tropical monsoon with mild and dry winter, hot summer (CWa) is highly vulnerable with some adjoining regions sub tropical monsoon without dry winter, with hot summer (CFa), while plotting the spatial distribution projection scenarios, it is observed that vulnerability of these area will continue to increase further in 2020 & 2030 see Fig. 42 (xiii), Fig. 42 (xiv) & 42 (xv) and thus the adaptive capacities of the area needs to be enhanced to counter

	In view of climate classification, the regions having sub tropical monsoon with mild dry winter, moderate and hot summer are highly exposed and are highly vulnerable to climate change. This region of the State is quite significant from economic point of view as it represents about 86% area of total cultivated area and 67% of total geographical area.
	In view of climate classification, the regions having sub tropical monsoon with mild dry winter, moderate and hot summer are highly exposed and are highly vulnerable to climate change. This region of the State is quite significant from economic point of view as it represents about 86% area of total cultivated area and 67% of total geographical area.

	The results have been summarized in Table-21 along with projected trends.
	The results have been summarized in Table-21 along with projected trends.
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	Fig. 42 (viii): Vulnerability Variation as per Agro-climatic Zones(2020)
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	Fig. 42 (ix): Climate Change Exposure at Block Level (2030)
	Fig. 42 (ix): Climate Change Exposure at Block Level (2030)
	Fig. 42 (ix): Climate Change Exposure at Block Level (2030)


	Fig. 42(x): Climate Change Exposure as per Agro-climatic Zones(2030)
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	Fig. 42 (xiii): Vulnerability Variation as per Climate Classification
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	Fig. 42 (xiv): Vulnerability Variation as per Climate Classification (2020)
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	Fig. 42 (xv): Vulnerability Variation as per Climate Classification (2030)
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	Climate change is any long term significant change in the 'average weather' (temperature, precipitation and wind patterns) that a given region experiences, which includes processes such as solar radiation, green house gas concentration and the effects of human activity. The recent climate change manifestations are attributed to human activity, and the debate has now shifted to reduce impact of human activity (Mitigation), and adapt to change that is already in the system (Adaptation).
	Climate change is any long term significant change in the 'average weather' (temperature, precipitation and wind patterns) that a given region experiences, which includes processes such as solar radiation, green house gas concentration and the effects of human activity. The recent climate change manifestations are attributed to human activity, and the debate has now shifted to reduce impact of human activity (Mitigation), and adapt to change that is already in the system (Adaptation).

	Vulnerability can be reduced either by mitigation and/or adaptation. Mitigation basically involves reducing the causes of damage - in particular the GHG emissions and concentration in the atmosphere - with the aim to reduce the probability of occurrence of adverse conditions for socio­economic and environmental systems. The adaptation, however, reduces the severity of many impacts when/if adverse conditions prevail.
	Vulnerability can be reduced either by mitigation and/or adaptation. Mitigation basically involves reducing the causes of damage - in particular the GHG emissions and concentration in the atmosphere - with the aim to reduce the probability of occurrence of adverse conditions for socio­economic and environmental systems. The adaptation, however, reduces the severity of many impacts when/if adverse conditions prevail.

	In its broader sense, adaptation to climate change can be defined as any adjustment in ecological, socio-economic system in response to actual or expected climatic stimuli, impacts or effects. The adjustment depends partially on climate change per se, but mostly on the vulnerability of the impacted system. As per IPCC 2001 report, "vulnerability is the degree to which a system is susceptible to, or unable to cope with, adverse effect of climate change including climate variability and extremes. [It] is a fu
	In its broader sense, adaptation to climate change can be defined as any adjustment in ecological, socio-economic system in response to actual or expected climatic stimuli, impacts or effects. The adjustment depends partially on climate change per se, but mostly on the vulnerability of the impacted system. As per IPCC 2001 report, "vulnerability is the degree to which a system is susceptible to, or unable to cope with, adverse effect of climate change including climate variability and extremes. [It] is a fu

	Adaptation is a process taking place through space and time that can take the most diverse forms. Its characterization depends on different factors. The most important are: the subject of adaptation (who or what adapts), the object of adaptation (what they adapt to), the way in which adaptation takes place (how they adapt). The last aspect includes e.g. what resources are used, when and how they are used and with what results.
	Adaptation is a process taking place through space and time that can take the most diverse forms. Its characterization depends on different factors. The most important are: the subject of adaptation (who or what adapts), the object of adaptation (what they adapt to), the way in which adaptation takes place (how they adapt). The last aspect includes e.g. what resources are used, when and how they are used and with what results.

	Adaptation to climate change has the potential to substantively reduce many of the adverse impacts of climate change and enhance beneficial impacts - though neither without cost nor without leaving residual damages ...nevertheless...current knowledge of adaptation and adaptive capacity is not sufficient for reliable predictions of adaptations; it also is not sufficient for rigorous evaluation of planned adaptation options, measures and policies of governments.
	Adaptation to climate change has the potential to substantively reduce many of the adverse impacts of climate change and enhance beneficial impacts - though neither without cost nor without leaving residual damages ...nevertheless...current knowledge of adaptation and adaptive capacity is not sufficient for reliable predictions of adaptations; it also is not sufficient for rigorous evaluation of planned adaptation options, measures and policies of governments.

	Presently, the research on adaptation tries to reduce the veil of ignorance surrounding this strategy. The research should focus on the following:
	Presently, the research on adaptation tries to reduce the veil of ignorance surrounding this strategy. The research should focus on the following:

	- How effective the adaptation is in reducing climate-change damages?
	- How effective the adaptation is in reducing climate-change damages?

	- How much will it cost (in absolute terms as compared with other strategies)?
	- How much will it cost (in absolute terms as compared with other strategies)?

	- When - where and what adaptation strategies should be adopted (should damage be anticipated?
	- When - where and what adaptation strategies should be adopted (should damage be anticipated?

	Or simply awaited and then accommodated? Should resources for adaptation be addressed where they can be more effective or where they are more needed?
	Or simply awaited and then accommodated? Should resources for adaptation be addressed where they can be more effective or where they are more needed?

	- Who should adapt and bear the costs (private agents or public agencies)?
	- Who should adapt and bear the costs (private agents or public agencies)?

	- How can adaptation be harmonized with other strategies, first in line, mitigation? In particular is mitigation and adaptation complement or substitute? What is the optimal balance between them? What determines this balance?
	- How can adaptation be harmonized with other strategies, first in line, mitigation? In particular is mitigation and adaptation complement or substitute? What is the optimal balance between them? What determines this balance?


	The different objectives of planned adaptation can be summarized by the following:
	The different objectives of planned adaptation can be summarized by the following:
	The different objectives of planned adaptation can be summarized by the following:

	- increasing the robustness of infrastructural design and long term investments,
	- increasing the robustness of infrastructural design and long term investments,

	- increasing the flexibility of vulnerable managed systems,
	- increasing the flexibility of vulnerable managed systems,

	- enhancing the adaptability of vulnerable natural systems,
	- enhancing the adaptability of vulnerable natural systems,

	- reversing the trends that increase vulnerability ('mal adaptation'),
	- reversing the trends that increase vulnerability ('mal adaptation'),

	- improving societal awareness and preparedness.
	- improving societal awareness and preparedness.
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	The objective of adaptation is to reduce vulnerability to climate change, thereby, reducing its negative impacts. It should also enhance the capability to capture any benefits of climate change. Hence, adaptation, together with mitigation, is an important response strategy. The mitigation of greenhouse gas emissions in order to prevent dangerous interference with the climate system is one plan. Some climate change is, however, inevitable due to historic and current emissions of greenhouse gases, and for thi
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	The issue of global warming is much influenced by the greenhouse gas emissions, and is considered to be the primary source of climate change. As a result, the policies are necessary to slow down the climate problem and to limit global warming. Therefore, it is very essential to understand clearly the potential of Green House Gas Emissions from the State form various sectors so as to draw options/measures for mitigation of climate change impacts besides assessing the energy needs inventory for the State.
	The issue of global warming is much influenced by the greenhouse gas emissions, and is considered to be the primary source of climate change. As a result, the policies are necessary to slow down the climate problem and to limit global warming. Therefore, it is very essential to understand clearly the potential of Green House Gas Emissions from the State form various sectors so as to draw options/measures for mitigation of climate change impacts besides assessing the energy needs inventory for the State.

	A detailed Green House Gas Emissions Inventory has been worked out for the State of Himachal Pradesh using the standard norms adopted at National level. The details of which are as follows:
	A detailed Green House Gas Emissions Inventory has been worked out for the State of Himachal Pradesh using the standard norms adopted at National level. The details of which are as follows:

	5.1 Green House Gas Emissions- India
	5.1 Green House Gas Emissions- India

	The Indian Network for Climate Change Assessment (INCCA), a nation-wide network comprising 127 research institutions working on science and impacts of climate change for the Ministry of Environment & Forests, Union of India, filed a report on India’s Greenhouse Gas Emissions, 2007 in May,
	The Indian Network for Climate Change Assessment (INCCA), a nation-wide network comprising 127 research institutions working on science and impacts of climate change for the Ministry of Environment & Forests, Union of India, filed a report on India’s Greenhouse Gas Emissions, 2007 in May,


	2010. The said report was released by Deputy Chairman, Planning Commission, Mr. Montek Singh Ahluwalia at an INCCA meeting, which made India the first "non-Annex I" (developing) country to publish such updated numbers on global warming and climate change.
	2010. The said report was released by Deputy Chairman, Planning Commission, Mr. Montek Singh Ahluwalia at an INCCA meeting, which made India the first "non-Annex I" (developing) country to publish such updated numbers on global warming and climate change.
	2010. The said report was released by Deputy Chairman, Planning Commission, Mr. Montek Singh Ahluwalia at an INCCA meeting, which made India the first "non-Annex I" (developing) country to publish such updated numbers on global warming and climate change.

	According to the latest report, India's ranking in 2007 w.r.t. aggregate GHG emissions in the world is 5th, behind USA, China, European Union and Russia. The report also points out that the 2007 emissions of USA and China are almost 4 times that of India. What is also highlighted in the report is that the emissions intensity of India's GDP declined by more than 30% during the period 1994-2007, which is largely attributed to the proactive efforts and policies being put in place by the Ministry of Environment
	According to the latest report, India's ranking in 2007 w.r.t. aggregate GHG emissions in the world is 5th, behind USA, China, European Union and Russia. The report also points out that the 2007 emissions of USA and China are almost 4 times that of India. What is also highlighted in the report is that the emissions intensity of India's GDP declined by more than 30% during the period 1994-2007, which is largely attributed to the proactive efforts and policies being put in place by the Ministry of Environment

	As per INCCA report, the net Greenhouse Gas (GHG) emissions from India, that is emissions with LULUCF, are reported to be 1727.71 million tons of CO2 equivalent (eq) in 2007. Out of this, CO2 emissions were 1221.76 million tons; CH4 emissions were 20.56 million tons; and N2O emissions were 0.24 million tons. The largest percentage of GHG emissions (58%) is from the Energy sector followed by Industry, Agriculture and Waste sectors in that order. Within the Energy sector, 65.4% of total CO2 eq were emitted fr
	As per INCCA report, the net Greenhouse Gas (GHG) emissions from India, that is emissions with LULUCF, are reported to be 1727.71 million tons of CO2 equivalent (eq) in 2007. Out of this, CO2 emissions were 1221.76 million tons; CH4 emissions were 20.56 million tons; and N2O emissions were 0.24 million tons. The largest percentage of GHG emissions (58%) is from the Energy sector followed by Industry, Agriculture and Waste sectors in that order. Within the Energy sector, 65.4% of total CO2 eq were emitted fr

	The report calculates India's per capita CO2eq emissions including LULUCF for the assessment year 2007 at 1.5 tons/ capita. The report is also a step further towards incorporating the 3 M's" - Measurement, Modeling and Monitoring in the essence of formulating policies on climate change. By releasing such updated figures well before the COP at Cancun in Mexico, the Union of India has indicated its seriousness on the issue of climate change and its willingness to take on global leadership.
	The report calculates India's per capita CO2eq emissions including LULUCF for the assessment year 2007 at 1.5 tons/ capita. The report is also a step further towards incorporating the 3 M's" - Measurement, Modeling and Monitoring in the essence of formulating policies on climate change. By releasing such updated figures well before the COP at Cancun in Mexico, the Union of India has indicated its seriousness on the issue of climate change and its willingness to take on global leadership.

	Existing GHG Emissions by Sector (Transport, Buildings, Industry, Waste, Agriculture & Forests) and Sub-sectors.
	Existing GHG Emissions by Sector (Transport, Buildings, Industry, Waste, Agriculture & Forests) and Sub-sectors.
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	Carbon dioxide Emissions (COP, metric tons of CO? per capita (CDIAC)
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	Carbon dioxide Emissions (COP, metric tons of CO? per capita (CDIAC)

	Rank Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
	Rank Country 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

	145. India 0.8 0.8 0.9 0.9 0.9 1 1 1.1 1.1 1.1 1.1 1.1 1.1 1.2 1.2 1.2 1.3 1.4
	145. India 0.8 0.8 0.9 0.9 0.9 1 1 1.1 1.1 1.1 1.1 1.1 1.1 1.2 1.2 1.2 1.3 1.4

	Rank of India (out of total 215 countries) the data presented above corresponds to emissions in 2007. The data was collected in 2008 by the CDIAC for the United Nations. The data only considers carbon dioxide emissions from the burning of fossil fuels and cement manufacture, but not emissions from land use such as deforestation.
	Rank of India (out of total 215 countries) the data presented above corresponds to emissions in 2007. The data was collected in 2008 by the CDIAC for the United Nations. The data only considers carbon dioxide emissions from the burning of fossil fuels and cement manufacture, but not emissions from land use such as deforestation.
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	Note: LULUCF: Land Use Land Use Change & Forestry, * Not included in the National totals, NE: Not estimated; NO: Not Occurring.
	Note: LULUCF: Land Use Land Use Change & Forestry, * Not included in the National totals, NE: Not estimated; NO: Not Occurring.
	Note: LULUCF: Land Use Land Use Change & Forestry, * Not included in the National totals, NE: Not estimated; NO: Not Occurring.
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	The existing GHG emissions have been worked out for sector and sub-sectors viz. Transport, Buildings, Industry, Waste, Agriculture and Forests. The assessment provides an in site on the predominant emissions of Green House Gases (Carbon Dioxide (CO2), Methane (CH4) and Nitrous Oxide (N2O) emitted as a result of anthropogenic activities at the State level from sectors like Energy,
	The existing GHG emissions have been worked out for sector and sub-sectors viz. Transport, Buildings, Industry, Waste, Agriculture and Forests. The assessment provides an in site on the predominant emissions of Green House Gases (Carbon Dioxide (CO2), Methane (CH4) and Nitrous Oxide (N2O) emitted as a result of anthropogenic activities at the State level from sectors like Energy,
	The existing GHG emissions have been worked out for sector and sub-sectors viz. Transport, Buildings, Industry, Waste, Agriculture and Forests. The assessment provides an in site on the predominant emissions of Green House Gases (Carbon Dioxide (CO2), Methane (CH4) and Nitrous Oxide (N2O) emitted as a result of anthropogenic activities at the State level from sectors like Energy,

	Industry, Agriculture, Waste, and Land Use Land Use Change & Forestry (LULUCF).
	Industry, Agriculture, Waste, and Land Use Land Use Change & Forestry (LULUCF).


	The source of the activity data taken for deriving calculations is primarily from the published documents of different organizations in the State and
	The source of the activity data taken for deriving calculations is primarily from the published documents of different organizations in the State and
	The source of the activity data taken for deriving calculations is primarily from the published documents of different organizations in the State and

	the studies carried out by HPSCST&E, HPSPCB, Departments of Transport, Economic and Statistics, HPSEB, Forests and Agriculture etc. The methodology, emission factors used in calculations has been drawn from the INCCA country specific references available in IPCC publications. The methodology tier level presented is also a 'mix type'.
	the studies carried out by HPSCST&E, HPSPCB, Departments of Transport, Economic and Statistics, HPSEB, Forests and Agriculture etc. The methodology, emission factors used in calculations has been drawn from the INCCA country specific references available in IPCC publications. The methodology tier level presented is also a 'mix type'.

	5.2.1 Methodology Adopted for Estimation of GHGs Emissions
	5.2.1 Methodology Adopted for Estimation of GHGs Emissions

	In Himachal Pradesh the estimated volume of the Greenhouse Gas emissions have been worked out as per the standard methodologies contained in IPCC Guidelines (IPCC 1997, 2000 and 2003):
	In Himachal Pradesh the estimated volume of the Greenhouse Gas emissions have been worked out as per the standard methodologies contained in IPCC Guidelines (IPCC 1997, 2000 and 2003):

	Emissions gas = £ categoryA x Emission Factor (EF)
	Emissions gas = £ categoryA x Emission Factor (EF)

	Where; Emission gas is the emissions of a given gas from all source categories.
	Where; Emission gas is the emissions of a given gas from all source categories.

	A is amount of individual source category utilized that generate emissions.
	A is amount of individual source category utilized that generate emissions.

	EF is the emission factor of a given gas as per type of source category.
	EF is the emission factor of a given gas as per type of source category.

	Following sectors have been considered in the State contributing for GHGs emissions:
	Following sectors have been considered in the State contributing for GHGs emissions:

	Energy, Industry, Agriculture, Land Use, Land Use Change * Forest (LULUCF) and Waste.
	Energy, Industry, Agriculture, Land Use, Land Use Change * Forest (LULUCF) and Waste.

	The emission reductions by the project activity (ERy) during a given period of year y are the product of the baseline emissions factor (EFy, in tCO2e/MW) times the electricity supplied by the project to the grid at the same period of year y (EGy, in MW), as follows: *(ref. Cachoeira Encoberta).
	The emission reductions by the project activity (ERy) during a given period of year y are the product of the baseline emissions factor (EFy, in tCO2e/MW) times the electricity supplied by the project to the grid at the same period of year y (EGy, in MW), as follows: *(ref. Cachoeira Encoberta).

	ERy = EFy . EGy
	ERy = EFy . EGy

	As in all scientific endeavors; any estimate provided is necessarily contingent upon the availability of data and information. Over time the coefficients will be refined, methodologies and data sources improved therefore, it is anticipated that there will be adjustments in future iteration, to keep pace with scientific convention and good practice.
	As in all scientific endeavors; any estimate provided is necessarily contingent upon the availability of data and information. Over time the coefficients will be refined, methodologies and data sources improved therefore, it is anticipated that there will be adjustments in future iteration, to keep pace with scientific convention and good practice.


	Methodology Tiers
	Methodology Tiers
	Methodology Tiers

	Tier 1 approach employs activity data that are relatively coarse, such as nationally or globally available estimates of deforestation rates, agricultural production statistics, and global land cover maps.
	Tier 1 approach employs activity data that are relatively coarse, such as nationally or globally available estimates of deforestation rates, agricultural production statistics, and global land cover maps.

	Tier 2 use the same methodological approach as Tier 1 but applies emission factors and activity data which are defined by the country.
	Tier 2 use the same methodological approach as Tier 1 but applies emission factors and activity data which are defined by the country.

	Tier 3 approach uses higher order methods are used including models and inventory measurement systems tailored to address national circumstances, repeated over time, and driven by disaggregated levels.
	Tier 3 approach uses higher order methods are used including models and inventory measurement systems tailored to address national circumstances, repeated over time, and driven by disaggregated levels.
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	Percentage of Global total
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	India
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	India
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	* Without taking into consideration emission/ removals due to hydro power generation 6,419 MW contributed to grid as clean energy. ~ (-) 15,397.191 000'tons CO2 eq @ ~50% operational capacity.
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	(Following IPCC convention in calculating GHGs footprint at source of production and not consumption)
	(Following IPCC convention in calculating GHGs footprint at source of production and not consumption)


	Table 22: GHGs Emissions from different sources in Himachal Pradesh
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	5.2.2 Key Results
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	• The net Green House Gas (GHG) emissions from Himachal Pradesh that is emissions with LULUCF, for activity data base for year 2009 were 10.083 million tons of CO2 equivalent (eq) of which
	• The net Green House Gas (GHG) emissions from Himachal Pradesh that is emissions with LULUCF, for activity data base for year 2009 were 10.083 million tons of CO2 equivalent (eq) of which

	- CO2 emissions were 8.97 million tons;
	- CO2 emissions were 8.97 million tons;

	- CH4 emissions were 0.116 million tons; and
	- CH4 emissions were 0.116 million tons; and

	- N2O emissions were 0.0061 million tons.
	- N2O emissions were 0.0061 million tons.

	• GHG emissions from Energy, Industry, and Agriculture sectors constituted 51.77% (6065.497 Gg), 46.82% (5485.223 Gg), 1.41% (164.85 Gg)) of the net CO2 eq emissions respectively. The contribution of Waste sector is quite marginal.
	• GHG emissions from Energy, Industry, and Agriculture sectors constituted 51.77% (6065.497 Gg), 46.82% (5485.223 Gg), 1.41% (164.85 Gg)) of the net CO2 eq emissions respectively. The contribution of Waste sector is quite marginal.

	• Energy sector emitted 6.07 million tons of CO2 eq, of which 3.21 million tons of CO2 eqwere emitted from electrcity consumption in Industrial, Commercial and Institutional sectors and 1.81 million tons of CO2 eq were emitted from energy consumption in Residential sector.
	• Energy sector emitted 6.07 million tons of CO2 eq, of which 3.21 million tons of CO2 eqwere emitted from electrcity consumption in Industrial, Commercial and Institutional sectors and 1.81 million tons of CO2 eq were emitted from energy consumption in Residential sector.

	• Industry sector emitted 5.49 million tons of CO2 eq.
	• Industry sector emitted 5.49 million tons of CO2 eq.

	• LULUCF sector was a net sink. It seqestrated 1.63 million tons of CO2 eq.
	• LULUCF sector was a net sink. It seqestrated 1.63 million tons of CO2 eq.

	• Himachal Pradesh per capita CO2 eq emissions including LULUCF were 1.47 tons/ capita in 2009.
	• Himachal Pradesh per capita CO2 eq emissions including LULUCF were 1.47 tons/ capita in 2009.

	From the analysis it is concluded that in Himachal Pradesh, the majority of emissions are from energy consumption by industry, commercial, tourism, institutions etc. besides the emissions from cement manufacturing industry. The sector wise description is as under:
	From the analysis it is concluded that in Himachal Pradesh, the majority of emissions are from energy consumption by industry, commercial, tourism, institutions etc. besides the emissions from cement manufacturing industry. The sector wise description is as under:

	1. Energy: The Energy sector emitted 6.066 million tons of CO2 eq due to fossil fuel combustion in electricity generation in captive plants, transport, commercial/institutional establishments, agriculture, and energy intensive industries such as cement, steel and secondary metallurgical
	1. Energy: The Energy sector emitted 6.066 million tons of CO2 eq due to fossil fuel combustion in electricity generation in captive plants, transport, commercial/institutional establishments, agriculture, and energy intensive industries such as cement, steel and secondary metallurgical


	processing plants, including energy demand from Residential sector. Fugitive emissions from vehicles also accounted for in the Energy sector.
	processing plants, including energy demand from Residential sector. Fugitive emissions from vehicles also accounted for in the Energy sector.
	processing plants, including energy demand from Residential sector. Fugitive emissions from vehicles also accounted for in the Energy sector.

	a. Energy consumption for Industry, Tourism, Commercial, Institutional etc.: The energy demand/ consumption in industry, tourism, commercial, institutional etc. activities emitted 3.214 million tons of CO2 eq. which is about 52.99 % of the total CO2 eq. emissions from Energy sector.
	a. Energy consumption for Industry, Tourism, Commercial, Institutional etc.: The energy demand/ consumption in industry, tourism, commercial, institutional etc. activities emitted 3.214 million tons of CO2 eq. which is about 52.99 % of the total CO2 eq. emissions from Energy sector.

	b. Residential: The Residential sector in Himachal Pradesh is one of the major consumers of electricity, fuel, LPG etc. outside the energy industries. Total green house gas emissions from this sector were 1.81 million tons of CO2 eq. about 29.84 % of the total CO2 eqemissionsfor Energy sector.
	b. Residential: The Residential sector in Himachal Pradesh is one of the major consumers of electricity, fuel, LPG etc. outside the energy industries. Total green house gas emissions from this sector were 1.81 million tons of CO2 eq. about 29.84 % of the total CO2 eqemissionsfor Energy sector.

	c. Transport: The Transport sector emissions are reported from road transport, aviation, railways. In Himachal Pradesh, the Transport sector emitted 0.667 million tons of CO2 eq. Road transport being the dominant mode of transport in the State, emitted 99.99% of the total CO2 equivalent emissions from the Transport sector. The railway and aviation in comparison only emitted 0.01%% of the total CO2 eq emissions.
	c. Transport: The Transport sector emissions are reported from road transport, aviation, railways. In Himachal Pradesh, the Transport sector emitted 0.667 million tons of CO2 eq. Road transport being the dominant mode of transport in the State, emitted 99.99% of the total CO2 equivalent emissions from the Transport sector. The railway and aviation in comparison only emitted 0.01%% of the total CO2 eq emissions.

	d. Captive Power Generation and Consumption: The total greenhouse gas emissions from captive power generation and consumption by industries were 0.358 million tons CO2 eq. The CO2 eq emissions from electricity generation were 5.91% of the total CO2 eq emitted from the Energy sector. It has been assumed that coal use constituted about 55% of the total fuel mix used.
	d. Captive Power Generation and Consumption: The total greenhouse gas emissions from captive power generation and consumption by industries were 0.358 million tons CO2 eq. The CO2 eq emissions from electricity generation were 5.91% of the total CO2 eq emitted from the Energy sector. It has been assumed that coal use constituted about 55% of the total fuel mix used.

	e. Agriculture: The energy demand/ consumption in agriculture activities emitted 0.0158 million tons of CO2 eq. which is about 0.26 % of the total CO2 eq. emissions from Energy sector.
	e. Agriculture: The energy demand/ consumption in agriculture activities emitted 0.0158 million tons of CO2 eq. which is about 0.26 % of the total CO2 eq. emissions from Energy sector.

	2. Industry: In Himachal Pradesh of 11.707 million tons of CO2 eq Industrial activities together emitted 5.486 million tons of CO2 eq of GHG. Industry sector emissions have been estimated from data base for production process manufacturing of cement, glass, metals, chemicals, other specific industries. The emissions covered in the Industry sector include the process based emissions.
	2. Industry: In Himachal Pradesh of 11.707 million tons of CO2 eq Industrial activities together emitted 5.486 million tons of CO2 eq of GHG. Industry sector emissions have been estimated from data base for production process manufacturing of cement, glass, metals, chemicals, other specific industries. The emissions covered in the Industry sector include the process based emissions.

	a. Cement and Glass Production: The cement industry emitted 5.17 million tons of CO2, which is 94.26% of the total CO2 eq emissions from the Industry sector. The emissions cover all the large, medium and mini cement plants, grinding plants. The other ones like glass production emit 1.494 000' tons of CO2 eq.
	a. Cement and Glass Production: The cement industry emitted 5.17 million tons of CO2, which is 94.26% of the total CO2 eq emissions from the Industry sector. The emissions cover all the large, medium and mini cement plants, grinding plants. The other ones like glass production emit 1.494 000' tons of CO2 eq.

	b. Metals: The metal industry viz. aluminium, ferroalloys, lead, zinc and copper production lead to an emission of 0.282 million tons of CO2 eq. about 5.14% of the total of CO2 eqemissions.
	b. Metals: The metal industry viz. aluminium, ferroalloys, lead, zinc and copper production lead to an emission of 0.282 million tons of CO2 eq. about 5.14% of the total of CO2 eqemissions.

	c. Chemicals: The chemical industries together emitted 0.0316 million tons of CO2 eq. about 0.57% of the total of CO2 eq emissions.
	c. Chemicals: The chemical industries together emitted 0.0316 million tons of CO2 eq. about 0.57% of the total of CO2 eq emissions.

	d. Other Industries: Other industries comprising of pulp/paper, leather, textiles, food processing , mining and quarrying, and non specific industries comprising of rubber, plastic, watches, clocks, transport equipment, furniture etc., together emitted 0.0796 000' tons of CO2 eq. which constitute very little about 0.002% of total emissions from this sector.
	d. Other Industries: Other industries comprising of pulp/paper, leather, textiles, food processing , mining and quarrying, and non specific industries comprising of rubber, plastic, watches, clocks, transport equipment, furniture etc., together emitted 0.0796 000' tons of CO2 eq. which constitute very little about 0.002% of total emissions from this sector.

	3. Agriculture: The Agriculture sector estimated to be emitting 0.165 million tons of CO2 eq. Estimates of GHG emissions from the Agriculture sector arise from enteric fermentation in livestock, manure management, rice cultivation, on field burning of crop residue and agricultural soils.
	3. Agriculture: The Agriculture sector estimated to be emitting 0.165 million tons of CO2 eq. Estimates of GHG emissions from the Agriculture sector arise from enteric fermentation in livestock, manure management, rice cultivation, on field burning of crop residue and agricultural soils.

	a. Livestock: Enteric fermentation in livestock released 2.3814 000' tons of CO2 eq (0.1134 000
	a. Livestock: Enteric fermentation in livestock released 2.3814 000' tons of CO2 eq (0.1134 000


	tons of CH4). This constituted 1.45% of the total GHG emissions (CO2 eq) from Agriculture sector in the State. The estimates cover all livestock, namely, cattle, buffalo, sheep, goats, donkeys, horses and others. Manure management emitted 0.02733 000' tons of CO2 eq.
	tons of CH4). This constituted 1.45% of the total GHG emissions (CO2 eq) from Agriculture sector in the State. The estimates cover all livestock, namely, cattle, buffalo, sheep, goats, donkeys, horses and others. Manure management emitted 0.02733 000' tons of CO2 eq.
	tons of CH4). This constituted 1.45% of the total GHG emissions (CO2 eq) from Agriculture sector in the State. The estimates cover all livestock, namely, cattle, buffalo, sheep, goats, donkeys, horses and others. Manure management emitted 0.02733 000' tons of CO2 eq.

	b. Rice Cultivation: Rice cultivation emitted 0.148 million tons of CO2 eq or 7.0445 000' tons of CH4. The emissions cover both type of rice cultivation, namely, irrigated, rainfed and upland rice cultivation. The upland rice is zero emitters and irrigated fields are only emitter of methane per unit area.
	b. Rice Cultivation: Rice cultivation emitted 0.148 million tons of CO2 eq or 7.0445 000' tons of CH4. The emissions cover both type of rice cultivation, namely, irrigated, rainfed and upland rice cultivation. The upland rice is zero emitters and irrigated fields are only emitter of methane per unit area.

	c. Agricultural Soils and Field Burning of Crop Residue: The total CO2 eq emitted from these two sources were 14.45 000' tons about 8.77% of total CO2 eq emissions. Agricultural soils are a source of N2O, mainly due to application of nitrogenous fertilizers in the soils. Burning of crop residue leads to the emission of a number of gases and pollutants. Amongst them, CO2 is considered to be Cneutral, and therefore not included in the estimations. Only CH4 and N2O are considered in this report.
	c. Agricultural Soils and Field Burning of Crop Residue: The total CO2 eq emitted from these two sources were 14.45 000' tons about 8.77% of total CO2 eq emissions. Agricultural soils are a source of N2O, mainly due to application of nitrogenous fertilizers in the soils. Burning of crop residue leads to the emission of a number of gases and pollutants. Amongst them, CO2 is considered to be Cneutral, and therefore not included in the estimations. Only CH4 and N2O are considered in this report.

	4. Land Use Land Use Change and Forest: The LULUCF sector in Himachal Pradesh was a net sink. It sequestered 1632.70 000' tons of CO2. The estimates from LULUCF sector include emission by sources and or removal by sinks from forest land, crop land, and grassland. Wet lands have not been considered due to lack of database.
	4. Land Use Land Use Change and Forest: The LULUCF sector in Himachal Pradesh was a net sink. It sequestered 1632.70 000' tons of CO2. The estimates from LULUCF sector include emission by sources and or removal by sinks from forest land, crop land, and grassland. Wet lands have not been considered due to lack of database.

	a. Forest Land: Analysis indicate that forest land sequestered 2917.17 000' tons of CO2 in Himachal Pradesh. However, deforestation due to developmental activities, fuel wood extraction in non-sustainable manner from forests led to an emission of 1318.41 000' tons of CO2 in the State. This includes estimates of emissions and removal from biomass in very dense, moderately dense, open forests, and scrub lands.
	a. Forest Land: Analysis indicate that forest land sequestered 2917.17 000' tons of CO2 in Himachal Pradesh. However, deforestation due to developmental activities, fuel wood extraction in non-sustainable manner from forests led to an emission of 1318.41 000' tons of CO2 in the State. This includes estimates of emissions and removal from biomass in very dense, moderately dense, open forests, and scrub lands.

	b. Crop Lands: The crop land sequestered 69.68 000' tons of CO2 in Himachal Pradesh. The emission estimates have been made from net sown area as well as fallow land.
	b. Crop Lands: The crop land sequestered 69.68 000' tons of CO2 in Himachal Pradesh. The emission estimates have been made from net sown area as well as fallow land.

	c. Grassland: Pasture, grassland resulted in the emission of 36.27 000' tons of CO2 due to changes in grass land area over a period of time.
	c. Grassland: Pasture, grassland resulted in the emission of 36.27 000' tons of CO2 due to changes in grass land area over a period of time.

	5. Waste: The Waste sector emissions were 0.2728 000' tons of CH4 from municipal solid waste management and industrial waste water management.
	5. Waste: The Waste sector emissions were 0.2728 000' tons of CH4 from municipal solid waste management and industrial waste water management.

	a. Municipal Solid Waste (MSW): It has been estimated that the MSW generation and disposal resulted in the emissions of 0.02715 000' tons of CH4 in Himachal Pradesh. Systematic disposal of solid waste is carried out only in the major towns resulting in CH4 emissions due to aerobic conditions generated due to accumulation of waste over the periods. It is observed that the municipal solid waste is the major nuisance in emission of GHGs in the State.
	a. Municipal Solid Waste (MSW): It has been estimated that the MSW generation and disposal resulted in the emissions of 0.02715 000' tons of CH4 in Himachal Pradesh. Systematic disposal of solid waste is carried out only in the major towns resulting in CH4 emissions due to aerobic conditions generated due to accumulation of waste over the periods. It is observed that the municipal solid waste is the major nuisance in emission of GHGs in the State.

	b. Waste Water: The waste water generation emissions are estimated only for waste water disposal from industries. Waste water management from industries emitted about 0.006129 000'tons of CO2 eq.
	b. Waste Water: The waste water generation emissions are estimated only for waste water disposal from industries. Waste water management from industries emitted about 0.006129 000'tons of CO2 eq.


	5.2.3 Sector Wise Description of Green House Gas Emissions
	5.2.3 Sector Wise Description of Green House Gas Emissions
	5.2.3 Sector Wise Description of Green House Gas Emissions

	5.2.3.1 Energy
	5.2.3.1 Energy

	In Himachal Pradesh the Energy sector emitted 6.0655 million tons of CO2 equivalent. Out of this, 5.124 million tons were emitted as CO2, 0.00393 million tons as CH4 and 0.0006 million tons as N2O. This does not include emission/ removals from electricity generation from hydro projects for distribution through grids. Of above, about 52.99% (3213.98 Gg) of the total CO2 equivalent emissions from the Energy sector were due to electricity consumption by Industry, Commercial, Institutions and Tourism. The Resid
	In Himachal Pradesh the Energy sector emitted 6.0655 million tons of CO2 equivalent. Out of this, 5.124 million tons were emitted as CO2, 0.00393 million tons as CH4 and 0.0006 million tons as N2O. This does not include emission/ removals from electricity generation from hydro projects for distribution through grids. Of above, about 52.99% (3213.98 Gg) of the total CO2 equivalent emissions from the Energy sector were due to electricity consumption by Industry, Commercial, Institutions and Tourism. The Resid

	Rest of the 0.26% (15.84 Gg) GHG emissions were from energy consumption for agriculture.
	Rest of the 0.26% (15.84 Gg) GHG emissions were from energy consumption for agriculture.

	Following the procedures laid in estimation of emissions by IPCC, in Himachal Pradesh the key constituent of GHGs emissions from energy sector are the electricity generation, combustion of fossil fuels, transportation, energy
	Following the procedures laid in estimation of emissions by IPCC, in Himachal Pradesh the key constituent of GHGs emissions from energy sector are the electricity generation, combustion of fossil fuels, transportation, energy

	consumption by commercial, tourism, institutional, residential and agriculture sectors. The emission factor of the fossil fuels such as coal, oil and natural gas are the most important considerations in the country but in case of Himachal Pradesh it is very minute contributor.
	consumption by commercial, tourism, institutional, residential and agriculture sectors. The emission factor of the fossil fuels such as coal, oil and natural gas are the most important considerations in the country but in case of Himachal Pradesh it is very minute contributor.

	Based on above activity data the GHGs emission 000' tones (or Giga Gram) from Energy sector in Himachal Pradesh is as under:
	Based on above activity data the GHGs emission 000' tones (or Giga Gram) from Energy sector in Himachal Pradesh is as under:
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	Figure

	Sr. No.
	Sr. No.
	Sr. No.
	Sr. No.
	Sr. No.
	Sr. No.


	Type
	Type
	Type


	GHG emission 000' tones (or Giga Gram)
	GHG emission 000' tones (or Giga Gram)
	GHG emission 000' tones (or Giga Gram)



	TR
	TD
	P
	Span


	CO2
	CO2
	CO2


	CH4
	CH4
	CH4


	N2O
	N2O
	N2O


	CO2 eq
	CO2 eq
	CO2 eq



	1. Electricity
	1. Electricity
	1. Electricity
	1. Electricity



	TR
	TD
	P
	Span


	Captive Generation and Consumption
	Captive Generation and Consumption
	Captive Generation and Consumption


	358.056
	358.056
	358.056


	0.01823
	0.01823
	0.01823


	0.000742
	0.000742
	0.000742


	358.670
	358.670
	358.670



	2. Transport
	2. Transport
	2. Transport
	2. Transport



	TR
	TD
	P
	Span


	Road
	Road
	Road


	65 5.1 4
	65 5.1 4
	65 5.1 4


	0.0 12
	0.0 12
	0.0 12


	0.0032
	0.0032
	0.0032


	667.28
	667.28
	667.28



	TR
	TD
	P
	Span


	Railways
	Railways
	Railways


	0.0012
	0.0012
	0.0012


	-
	-
	-


	-
	-
	-


	0.0014
	0.0014
	0.0014



	TR
	TD
	P
	Span


	Aviation
	Aviation
	Aviation


	0.0011
	0.0011
	0.0011


	-
	-
	-


	-
	-
	-


	0.0012
	0.0012
	0.0012



	3. Others
	3. Others
	3. Others
	3. Others



	TR
	TD
	P
	Span


	Residential
	Residential
	Residential


	911.525
	911.525
	911.525


	3.555
	3.555
	3.555


	0.4765
	0.4765
	0.4765


	1809.72
	1809.72
	1809.72



	TR
	TD
	P
	Span


	Industrial/ Commercial/ Institutional/ Bulk Mics./Tourism
	Industrial/ Commercial/ Institutional/ Bulk Mics./Tourism
	Industrial/ Commercial/ Institutional/ Bulk Mics./Tourism


	3183.27
	3183.27
	3183.27


	0.346
	0.346
	0.346


	0.0768
	0.0768
	0.0768


	3213.984
	3213.984
	3213.984



	TR
	TD
	P
	Span


	Agriculture
	Agriculture
	Agriculture


	15.66
	15.66
	15.66


	0.00056
	0.00056
	0.00056


	0.000555
	0.000555
	0.000555


	15.840
	15.840
	15.840



	TR
	TD
	P
	Span


	Total:
	Total:
	Total:


	5123.6533
	5123.6533
	5123.6533


	3.93179
	3.93179
	3.93179


	0.557797
	0.557797
	0.557797


	6065.497
	6065.497
	6065.497





	5.2.3.2 Emissions/ Removals from Hydro Power Generation
	5.2.3.2 Emissions/ Removals from Hydro Power Generation
	5.2.3.2 Emissions/ Removals from Hydro Power Generation


	The equivalent GHGs emission form hydro power generation to the State assuming that the operational capacity is only @50% of total capacity annually:
	The equivalent GHGs emission form hydro power generation to the State assuming that the operational capacity is only @50% of total capacity annually:
	The equivalent GHGs emission form hydro power generation to the State assuming that the operational capacity is only @50% of total capacity annually:


	Sr. No.
	Sr. No.
	Sr. No.
	Sr. No.
	Sr. No.
	Sr. No.


	Type
	Type
	Type


	GHG emission 000' tones (or Giga Gram)
	GHG emission 000' tones (or Giga Gram)
	GHG emission 000' tones (or Giga Gram)



	TR
	TD
	P
	Span


	CO2
	CO2
	CO2


	CH4
	CH4
	CH4


	N2O
	N2O
	N2O


	CO2 eq
	CO2 eq
	CO2 eq



	Hydro Power Generation
	Hydro Power Generation
	Hydro Power Generation
	Hydro Power Generation


	TD
	P
	Span


	TD
	P
	Span


	TD
	P
	Span


	TD
	P
	Span



	1.
	1.
	1.
	1.


	Power Generation (Hydro Power only) Estimated CO2 removals are equivalent to kwh power to be replaced by hydro power contributed to the grid.
	Power Generation (Hydro Power only) Estimated CO2 removals are equivalent to kwh power to be replaced by hydro power contributed to the grid.
	Power Generation (Hydro Power only) Estimated CO2 removals are equivalent to kwh power to be replaced by hydro power contributed to the grid.


	(-) 15322.795
	(-) 15322.795
	(-) 15322.795


	TD
	P
	Span


	TD
	P
	Span


	(-)15397.191
	(-)15397.191
	(-)15397.191





	Himachal Pradesh has been blessed with vast hydroelectric potential in its five river basins, namely Yamuna, Satluj, Beas, Ravi and Chenab. Through preliminary hydrological, topographical and geological investigations, it has been estimated that about 23,194.95 MW of hydel potential can be exploited in the state by constructing various major, medium, small and mini/micro hydel projects on these five river basins. Out of this hydel potential so far only 6,419 MW has been harnessed by various agencies. Althou
	Himachal Pradesh has been blessed with vast hydroelectric potential in its five river basins, namely Yamuna, Satluj, Beas, Ravi and Chenab. Through preliminary hydrological, topographical and geological investigations, it has been estimated that about 23,194.95 MW of hydel potential can be exploited in the state by constructing various major, medium, small and mini/micro hydel projects on these five river basins. Out of this hydel potential so far only 6,419 MW has been harnessed by various agencies. Althou
	Himachal Pradesh has been blessed with vast hydroelectric potential in its five river basins, namely Yamuna, Satluj, Beas, Ravi and Chenab. Through preliminary hydrological, topographical and geological investigations, it has been estimated that about 23,194.95 MW of hydel potential can be exploited in the state by constructing various major, medium, small and mini/micro hydel projects on these five river basins. Out of this hydel potential so far only 6,419 MW has been harnessed by various agencies. Althou

	A paper reports on the findings of a recent IAEA (International Atomic Energy Agency) expert meeting on the assessment of greenhouse gas (GHG) emissions from the full 'lifecycle' of hydropower. It discusses the different categories of hydropower plants in view of the two main sources of GHG emissions: first, direct and indirect emissions associated with the construction of the plants; second, emissions from decaying biomass from land flooded by hydro reservoirs.
	A paper reports on the findings of a recent IAEA (International Atomic Energy Agency) expert meeting on the assessment of greenhouse gas (GHG) emissions from the full 'lifecycle' of hydropower. It discusses the different categories of hydropower plants in view of the two main sources of GHG emissions: first, direct and indirect emissions associated with the construction of the plants; second, emissions from decaying biomass from land flooded by hydro reservoirs.
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	Figure

	In terms of GHG emissions, this report shows that, in most cases, hydropower is a good alternative to fossil fuelled power generation. For hydropower plants in cold climate, a typical GHG emission factor is 15 g CO2 equivalent/kWh, which is 30-60 times less than the factors of usual fossil fuel generation. For some hydropower plants in tropical climates, theoretical calculations have shown that reservoir emissions could be very high. However, no measurements of emissions were taken from tropical reservoirs 
	In terms of GHG emissions, this report shows that, in most cases, hydropower is a good alternative to fossil fuelled power generation. For hydropower plants in cold climate, a typical GHG emission factor is 15 g CO2 equivalent/kWh, which is 30-60 times less than the factors of usual fossil fuel generation. For some hydropower plants in tropical climates, theoretical calculations have shown that reservoir emissions could be very high. However, no measurements of emissions were taken from tropical reservoirs 
	In terms of GHG emissions, this report shows that, in most cases, hydropower is a good alternative to fossil fuelled power generation. For hydropower plants in cold climate, a typical GHG emission factor is 15 g CO2 equivalent/kWh, which is 30-60 times less than the factors of usual fossil fuel generation. For some hydropower plants in tropical climates, theoretical calculations have shown that reservoir emissions could be very high. However, no measurements of emissions were taken from tropical reservoirs 


	Hydropower's contribution to GHG emission control is related to avoided emissions (i.e., emissions that would occur if hydroelectricity had to be replaced by another fossil-fuelled energy source). The estimation of an appropriate value for avoided emissions is complicated, because there is not a single equation to calculate the emissions that are not produced at hydropower projects. The characteristics of avoided emissions depend on the type of power that is displaced by hydropower generation. If a kilowatt
	Hydropower's contribution to GHG emission control is related to avoided emissions (i.e., emissions that would occur if hydroelectricity had to be replaced by another fossil-fuelled energy source). The estimation of an appropriate value for avoided emissions is complicated, because there is not a single equation to calculate the emissions that are not produced at hydropower projects. The characteristics of avoided emissions depend on the type of power that is displaced by hydropower generation. If a kilowatt
	Hydropower's contribution to GHG emission control is related to avoided emissions (i.e., emissions that would occur if hydroelectricity had to be replaced by another fossil-fuelled energy source). The estimation of an appropriate value for avoided emissions is complicated, because there is not a single equation to calculate the emissions that are not produced at hydropower projects. The characteristics of avoided emissions depend on the type of power that is displaced by hydropower generation. If a kilowatt

	In a specialized documentation it is stated that impoundment of hydroelectric reservoirs induces decomposition of a small fraction of the flooded biomass (forests, peat lands and other soil types) and an increase in the aquatic wildlife and vegetation in the reservoir. The result is higher greenhouse gas (GHG) emissions after impoundment, mainly CO2 (carbon dioxide) and a small amount of CH4 (methane). However, these emissions are temporary and peak two to four years after the reservoir is filled. During th
	In a specialized documentation it is stated that impoundment of hydroelectric reservoirs induces decomposition of a small fraction of the flooded biomass (forests, peat lands and other soil types) and an increase in the aquatic wildlife and vegetation in the reservoir. The result is higher greenhouse gas (GHG) emissions after impoundment, mainly CO2 (carbon dioxide) and a small amount of CH4 (methane). However, these emissions are temporary and peak two to four years after the reservoir is filled. During th


	The details of Generation, Consumption of Energy in the State of Himachal Pradesh is as follows:
	The details of Generation, Consumption of Energy in the State of Himachal Pradesh is as follows:
	The details of Generation, Consumption of Energy in the State of Himachal Pradesh is as follows:


	Sr. No.
	Sr. No.
	Sr. No.
	Sr. No.
	Sr. No.
	Sr. No.


	Type
	Type
	Type


	Quantity
	Quantity
	Quantity



	1.
	1.
	1.
	1.


	Total Generation (2008-09) (Hydro Power only)
	Total Generation (2008-09) (Hydro Power only)
	Total Generation (2008-09) (Hydro Power only)


	6419 MW
	6419 MW
	6419 MW



	2.
	2.
	2.
	2.


	Captive Generation and Consumption
	Captive Generation and Consumption
	Captive Generation and Consumption


	~ 100 MW
	~ 100 MW
	~ 100 MW



	3.
	3.
	3.
	3.


	Electricity purchased from BBMB & other States
	Electricity purchased from BBMB & other States
	Electricity purchased from BBMB & other States


	6047.497MU
	6047.497MU
	6047.497MU



	4.
	4.
	4.
	4.


	Energy Consumed by the State:
	Energy Consumed by the State:
	Energy Consumed by the State:

	(a) Domestic
	(a) Domestic

	(b) Non Domestic &Non-Commercial
	(b) Non Domestic &Non-Commercial

	(c) Commercial
	(c) Commercial

	(d) Public lighting
	(d) Public lighting

	(e) Agriculture
	(e) Agriculture

	(f) Industries
	(f) Industries

	(g) Govt. Irrigation & Water Supply Scheme
	(g) Govt. Irrigation & Water Supply Scheme

	(h) Temporary Supply
	(h) Temporary Supply

	( i) Bulk & Misc.-Tourism
	( i) Bulk & Misc.-Tourism


	6958.716MU
	6958.716MU
	6958.716MU

	1089.118
	1089.118

	80.585
	80.585

	274.663
	274.663

	13.013
	13.013

	28.738
	28.738

	3385.303
	3385.303

	389.331
	389.331

	22.705
	22.705

	1675.26
	1675.26



	5.
	5.
	5.
	5.


	Fuel Consumption
	Fuel Consumption
	Fuel Consumption


	TD
	P
	Span



	TR
	TD
	P
	Span


	(a) Diesel *
	(a) Diesel *
	(a) Diesel *

	(b) Petrol*
	(b) Petrol*

	(c) Kerosene*
	(c) Kerosene*

	*As per total sale/ consumption in Himachal Pradesh
	*As per total sale/ consumption in Himachal Pradesh


	~530400 KL ~244800 KL ~86000KL
	~530400 KL ~244800 KL ~86000KL
	~530400 KL ~244800 KL ~86000KL



	6.
	6.
	6.
	6.


	Transport (Vehicles registered) + Tourist Taxis.
	Transport (Vehicles registered) + Tourist Taxis.
	Transport (Vehicles registered) + Tourist Taxis.


	~5,38,341Nos.
	~5,38,341Nos.
	~5,38,341Nos.



	7.
	7.
	7.
	7.


	LPG (including DBG) Approx.
	LPG (including DBG) Approx.
	LPG (including DBG) Approx.

	Indian Oil Corpn. Hindustan Petroleum
	Indian Oil Corpn. Hindustan Petroleum


	~76800MT/annum
	~76800MT/annum
	~76800MT/annum

	~56100MT/annum
	~56100MT/annum



	Source: HP Statistics Department, Indian Oil Corpn, HP Oil Corpn, and Transport. Department
	Source: HP Statistics Department, Indian Oil Corpn, HP Oil Corpn, and Transport. Department
	Source: HP Statistics Department, Indian Oil Corpn, HP Oil Corpn, and Transport. Department
	Source: HP Statistics Department, Indian Oil Corpn, HP Oil Corpn, and Transport. Department





	GHG emissions from the Industry sector in brief are as the total CO2 equivalent emission from this sector was 5.485 million tons. Of which 5.484 million tons were of CO2, 0.007424 000'tons of CH4 and 0.00952 000'tons of N2O. It is indeed a matter of concern that 94.29% of the total CO2 equivalent emissions from Industry sector were from Cement production under Mineral industries categories, whereas, Glass production industries under this category emitted only 0.02%. 5.12% of the total GHG emissions were fro
	GHG emissions from the Industry sector in brief are as the total CO2 equivalent emission from this sector was 5.485 million tons. Of which 5.484 million tons were of CO2, 0.007424 000'tons of CH4 and 0.00952 000'tons of N2O. It is indeed a matter of concern that 94.29% of the total CO2 equivalent emissions from Industry sector were from Cement production under Mineral industries categories, whereas, Glass production industries under this category emitted only 0.02%. 5.12% of the total GHG emissions were fro
	GHG emissions from the Industry sector in brief are as the total CO2 equivalent emission from this sector was 5.485 million tons. Of which 5.484 million tons were of CO2, 0.007424 000'tons of CH4 and 0.00952 000'tons of N2O. It is indeed a matter of concern that 94.29% of the total CO2 equivalent emissions from Industry sector were from Cement production under Mineral industries categories, whereas, Glass production industries under this category emitted only 0.02%. 5.12% of the total GHG emissions were fro


	Category
	Category
	Category
	Category
	Category
	Category


	Emission Factor
	Emission Factor
	Emission Factor


	Gas
	Gas
	Gas


	Source
	Source
	Source



	Cement
	Cement
	Cement
	Cement


	0.537 tCO2/t Clinker produced
	0.537 tCO2/t Clinker produced
	0.537 tCO2/t Clinker produced


	CO2
	CO2
	CO2


	CMA 2010
	CMA 2010
	CMA 2010



	Glass
	Glass
	Glass
	Glass

	Production
	Production


	021 tCO2/ t glass (Container Glass); 0.22tCO2/t glass (Fiber Glass); 0.03tCO2/t glass (Specialty Glass)
	021 tCO2/ t glass (Container Glass); 0.22tCO2/t glass (Fiber Glass); 0.03tCO2/t glass (Specialty Glass)
	021 tCO2/ t glass (Container Glass); 0.22tCO2/t glass (Fiber Glass); 0.03tCO2/t glass (Specialty Glass)


	CO2
	CO2
	CO2


	IPCC, 2006
	IPCC, 2006
	IPCC, 2006



	Carbide
	Carbide
	Carbide
	Carbide

	Production
	Production


	1.1tCO2 /tCaC2 produced
	1.1tCO2 /tCaC2 produced
	1.1tCO2 /tCaC2 produced


	CO2
	CO2
	CO2


	IPCC 2006
	IPCC 2006
	IPCC 2006



	Methanol
	Methanol
	Methanol
	Methanol


	0.67 tonsCO2/tons TiO2 produced 2.3 kg CH4/tons Methanol produced
	0.67 tonsCO2/tons TiO2 produced 2.3 kg CH4/tons Methanol produced
	0.67 tonsCO2/tons TiO2 produced 2.3 kg CH4/tons Methanol produced


	CO2 CH4
	CO2 CH4
	CO2 CH4


	IPCC 2006
	IPCC 2006
	IPCC 2006



	Ferroalloys
	Ferroalloys
	Ferroalloys
	Ferroalloys


	4.8 tonsCO2/ton Ferrosilicon produced;
	4.8 tonsCO2/ton Ferrosilicon produced;
	4.8 tonsCO2/ton Ferrosilicon produced;

	1.5 ton CO2/ton Ferromanganese produced; 1.1 kg CH4/Ferrosilicon produced
	1.5 ton CO2/ton Ferromanganese produced; 1.1 kg CH4/Ferrosilicon produced


	CO2 CH4
	CO2 CH4
	CO2 CH4


	IPCC 2006
	IPCC 2006
	IPCC 2006



	Aluminum
	Aluminum
	Aluminum
	Aluminum


	1.65 ton CO2 /ton Aluminum produced
	1.65 ton CO2 /ton Aluminum produced
	1.65 ton CO2 /ton Aluminum produced


	CO2
	CO2
	CO2


	IPCC
	IPCC
	IPCC



	Lead
	Lead
	Lead
	Lead

	(Secondary
	(Secondary

	Production)
	Production)


	0.58 ton CO2/ton Lead produced (Imperial Smelting Furnace); 025 ton CO2/ton Lead produced (Direct Smelting);
	0.58 ton CO2/ton Lead produced (Imperial Smelting Furnace); 025 ton CO2/ton Lead produced (Direct Smelting);
	0.58 ton CO2/ton Lead produced (Imperial Smelting Furnace); 025 ton CO2/ton Lead produced (Direct Smelting);

	02 ton CO2/ton Lead produced (Secondary Production);
	02 ton CO2/ton Lead produced (Secondary Production);


	CO2
	CO2
	CO2


	IPCC 2006 (Avg. EF)
	IPCC 2006 (Avg. EF)
	IPCC 2006 (Avg. EF)



	Zinc
	Zinc
	Zinc
	Zinc

	production
	production


	0.53 ton CO2/ton Zinc produced (Pyro-metallurgical Mrocess)
	0.53 ton CO2/ton Zinc produced (Pyro-metallurgical Mrocess)
	0.53 ton CO2/ton Zinc produced (Pyro-metallurgical Mrocess)


	CO2
	CO2
	CO2


	IPCC 2006
	IPCC 2006
	IPCC 2006



	Source: IPCC& NICCA Report2007
	Source: IPCC& NICCA Report2007
	Source: IPCC& NICCA Report2007
	Source: IPCC& NICCA Report2007





	Type
	Type
	Type
	Type
	Type
	Type


	GHG emission 000' tones (or Giga Gram)
	GHG emission 000' tones (or Giga Gram)
	GHG emission 000' tones (or Giga Gram)



	TR
	CO2
	CO2
	CO2


	CH4
	CH4
	CH4


	N2O
	N2O
	N2O


	CO2 eq
	CO2 eq
	CO2 eq



	Mineral
	Mineral
	Mineral
	Mineral


	TD
	P
	Span


	TD
	P
	Span


	TD
	P
	Span


	TD
	P
	Span



	Cement Production
	Cement Production
	Cement Production
	Cement Production


	5170.39
	5170.39
	5170.39


	-
	-
	-


	-
	-
	-


	5170.39
	5170.39
	5170.39



	Glass Production
	Glass Production
	Glass Production
	Glass Production


	0.971713
	0.971713
	0.971713


	0.0012
	0.0012
	0.0012


	0.00161
	0.00161
	0.00161


	1.49397
	1.49397
	1.49397



	Chemical
	Chemical
	Chemical
	Chemical


	TD
	P
	Span


	TD
	P
	Span


	TD
	P
	Span


	TD
	P
	Span



	Carbide Production
	Carbide Production
	Carbide Production
	Carbide Production


	26.488
	26.488
	26.488


	-
	-
	-


	-
	-
	-


	26.488
	26.488
	26.488



	Methanol
	Methanol
	Methanol
	Methanol


	4.775
	4.775
	4.775


	0.00163903
	0.00163903
	0.00163903


	0.0 0 79 06
	0.0 0 79 06
	0.0 0 79 06


	5.11925
	5.11925
	5.11925



	Metal
	Metal
	Metal
	Metal


	TD
	P
	Span


	TD
	P
	Span


	TD
	P
	Span


	TD
	P
	Span



	Ferroalloys
	Ferroalloys
	Ferroalloys
	Ferroalloys


	82.170
	82.170
	82.170


	0.00396
	0.00396
	0.00396


	-
	-
	-


	82.2231
	82.2231
	82.2231



	Aluminum
	Aluminum
	Aluminum
	Aluminum


	170.399
	170.399
	170.399


	0.000624
	0.000624
	0.000624


	-
	-
	-


	170.464
	170.464
	170.464



	Lead (secondary production)
	Lead (secondary production)
	Lead (secondary production)
	Lead (secondary production)


	28.192
	28.192
	28.192


	-
	-
	-


	-
	-
	-


	28.946
	28.946
	28.946



	Zinc production
	Zinc production
	Zinc production
	Zinc production


	0.0191
	0.0191
	0.0191


	-
	-
	-


	-
	-
	-


	0.0191
	0.0191
	0.0191



	Other Industries
	Other Industries
	Other Industries
	Other Industries


	TD
	P
	Span


	TD
	P
	Span


	TD
	P
	Span


	TD
	P
	Span



	Pulp & Paper
	Pulp & Paper
	Pulp & Paper
	Pulp & Paper


	0.02312
	0.02312
	0.02312


	0.00000022
	0.00000022
	0.00000022


	0.0 0 00 00354
	0.0 0 00 00354
	0.0 0 00 00354


	0.02323
	0.02323
	0.02323



	Textile & Leather
	Textile & Leather
	Textile & Leather
	Textile & Leather


	0.042
	0.042
	0.042


	0.00000049
	0.00000049
	0.00000049


	0.0 0 00 00096
	0.0 0 00 00096
	0.0 0 00 00096


	0.01204
	0.01204
	0.01204



	Food Processing
	Food Processing
	Food Processing
	Food Processing


	0.012
	0.012
	0.012


	0.00000068
	0.00000068
	0.00000068


	0.0 0 00 00451
	0.0 0 00 00451
	0.0 0 00 00451


	0.042154
	0.042154
	0.042154



	Mining and Quarrying
	Mining and Quarrying
	Mining and Quarrying
	Mining and Quarrying


	0.0022
	0.0022
	0.0022


	-
	-
	-


	-
	-
	-


	0.00221
	0.00221
	0.00221



	Total
	Total
	Total
	Total


	5483.484
	5483.484
	5483.484


	0.007424
	0.007424
	0.007424


	0.009517
	0.009517
	0.009517


	5485.223
	5485.223
	5485.223





	Activity database Source: HPSPCB & Industries Department
	Activity database Source: HPSPCB & Industries Department
	Activity database Source: HPSPCB & Industries Department
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	CO2 Emissions from Industrial activities other than Cement in Himachal Pradesh
	CO2 Emissions from Industrial activities other than Cement in Himachal Pradesh
	CO2 Emissions from Industrial activities other than Cement in Himachal Pradesh
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	CH4 Emissions from Industrial production in Himachal Pradesh
	CH4 Emissions from Industrial production in Himachal Pradesh
	CH4 Emissions from Industrial production in Himachal Pradesh


	Agriculture sector emitted 0.164 million tons of CO2 equivalent, of which 0.0076 million tons were CH4 and 0.414 thousand tons were N2O. The majority of emissions i.e. about 89.78% were from rice cultivation. Burning of Crop residue emitted 8.48% of the total CO2 equivalent emissions from this sector; where as 1.45% of the emissions were due to enteric fermentation. However, Crop soils emitted 0.29% of the total CO2 equivalent emission from Agriculture and 0.017% of the emissions were from Livestock manure 
	Agriculture sector emitted 0.164 million tons of CO2 equivalent, of which 0.0076 million tons were CH4 and 0.414 thousand tons were N2O. The majority of emissions i.e. about 89.78% were from rice cultivation. Burning of Crop residue emitted 8.48% of the total CO2 equivalent emissions from this sector; where as 1.45% of the emissions were due to enteric fermentation. However, Crop soils emitted 0.29% of the total CO2 equivalent emission from Agriculture and 0.017% of the emissions were from Livestock manure 
	Agriculture sector emitted 0.164 million tons of CO2 equivalent, of which 0.0076 million tons were CH4 and 0.414 thousand tons were N2O. The majority of emissions i.e. about 89.78% were from rice cultivation. Burning of Crop residue emitted 8.48% of the total CO2 equivalent emissions from this sector; where as 1.45% of the emissions were due to enteric fermentation. However, Crop soils emitted 0.29% of the total CO2 equivalent emission from Agriculture and 0.017% of the emissions were from Livestock manure 

	The emissions from Agriculture sector are mainly in the form of CH4 from rice paddy cultivation and enteric fermentation.
	The emissions from Agriculture sector are mainly in the form of CH4 from rice paddy cultivation and enteric fermentation.

	However, the N2O emissions are due to use of fertilizers in the agricultural fields. The sources included for calculations in Himachal Pradesh are Livestock; Enteric fermentation, Animal manure, Rice cultivation; Irrigated & Rainfed, Agriculture soils; direct emissions & indirect emissions, and Field burning of agriculture crop residue etc.
	However, the N2O emissions are due to use of fertilizers in the agricultural fields. The sources included for calculations in Himachal Pradesh are Livestock; Enteric fermentation, Animal manure, Rice cultivation; Irrigated & Rainfed, Agriculture soils; direct emissions & indirect emissions, and Field burning of agriculture crop residue etc.
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	5.2.3.4.1 Enteric Fermentation
	5.2.3.4.1 Enteric Fermentation
	5.2.3.4.1 Enteric Fermentation
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	In Himachal Pradesh the livestock nurture is an integral part of hill culture and is also an important component of the agricultural activities. Live stock which includes cattle, buffaloes, sheep, goat, horses, ponies, mules, donkeys, pigs, dogs, yaks, and other live stock are the major source of methane emissions (CH4). Cattle and buffalo are the main milk producing animals in the State and constitute about 56 % of the total live stock population. In order to estimate the CH4 emission from livestock, the c
	In Himachal Pradesh the livestock nurture is an integral part of hill culture and is also an important component of the agricultural activities. Live stock which includes cattle, buffaloes, sheep, goat, horses, ponies, mules, donkeys, pigs, dogs, yaks, and other live stock are the major source of methane emissions (CH4). Cattle and buffalo are the main milk producing animals in the State and constitute about 56 % of the total live stock population. In order to estimate the CH4 emission from livestock, the c
	In Himachal Pradesh the livestock nurture is an integral part of hill culture and is also an important component of the agricultural activities. Live stock which includes cattle, buffaloes, sheep, goat, horses, ponies, mules, donkeys, pigs, dogs, yaks, and other live stock are the major source of methane emissions (CH4). Cattle and buffalo are the main milk producing animals in the State and constitute about 56 % of the total live stock population. In order to estimate the CH4 emission from livestock, the c


	dairy and nondairy categories. The emission factors provided in the report (NATCOM, 2004) have been used to calculate the emissions.
	dairy and nondairy categories. The emission factors provided in the report (NATCOM, 2004) have been used to calculate the emissions.
	dairy and nondairy categories. The emission factors provided in the report (NATCOM, 2004) have been used to calculate the emissions.

	5.2.3.4.2 Animal Waste/Dung
	5.2.3.4.2 Animal Waste/Dung

	In Himachal Pradesh the waste -dung is mainly converted into manure, little percentage in to dung cake for energy purposes in the rural areas. The dung management practices vary in different districts depending upon the need of the fuel and manure. Due to availability of fuel wood, the dung cake practice is less practiced in the State. The manure is major way of use of dung. To convert the cattle and buffalo dung into manure, the dung is collected on the heap nearby to the animal shed. The residual feed and
	In Himachal Pradesh the waste -dung is mainly converted into manure, little percentage in to dung cake for energy purposes in the rural areas. The dung management practices vary in different districts depending upon the need of the fuel and manure. Due to availability of fuel wood, the dung cake practice is less practiced in the State. The manure is major way of use of dung. To convert the cattle and buffalo dung into manure, the dung is collected on the heap nearby to the animal shed. The residual feed and

	The dung, thus collected is exposed to the weather conditions and methane emission is expected from the inner core of the heap due to the anaerobic fermentation of organic matter. IPCC (1997) also
	The dung, thus collected is exposed to the weather conditions and methane emission is expected from the inner core of the heap due to the anaerobic fermentation of organic matter. IPCC (1997) also

	attributed this fact. The manure thus prepared is generally taken to the fields, orchards at the time of soil preparations after the monsoon season or at the time of need.
	attributed this fact. The manure thus prepared is generally taken to the fields, orchards at the time of soil preparations after the monsoon season or at the time of need.

	Part of the dung of cattle and buffaloes goes directly to the soil and deposited on the soil during the course of grazing. In Himachal Pradesh, large forest areas and natural pastures are available for grazing and animals not only survive on grazing in such areas but also are allowed to graze on road side, canal bunds, fellow lands and harvested fields. The excreta of grazing animals dry up quickly due to the mixing with soil during the trampling by the animals and do not produce methane as suggested by IPC
	Part of the dung of cattle and buffaloes goes directly to the soil and deposited on the soil during the course of grazing. In Himachal Pradesh, large forest areas and natural pastures are available for grazing and animals not only survive on grazing in such areas but also are allowed to graze on road side, canal bunds, fellow lands and harvested fields. The excreta of grazing animals dry up quickly due to the mixing with soil during the trampling by the animals and do not produce methane as suggested by IPC


	Div
	Figure

	Div
	Figure

	Type
	Type
	Type
	Type
	Type
	Type


	GHG emission 000' tones (or Giga Gram)
	GHG emission 000' tones (or Giga Gram)
	GHG emission 000' tones (or Giga Gram)



	TR
	Methane (CH4)
	Methane (CH4)
	Methane (CH4)


	N2O
	N2O
	N2O



	Enteric fermentation
	Enteric fermentation
	Enteric fermentation
	Enteric fermentation


	0.1134
	0.1134
	0.1134


	-
	-
	-



	Manure:
	Manure:
	Manure:
	Manure:

	Animal Waste/ dung
	Animal Waste/ dung


	0.00129
	0.00129
	0.00129


	0.00000076
	0.00000076
	0.00000076





	The dung of goat and sheep goes directly to the soil and farmer's value for this source of Nitrogen (N), Phosphorous (P), and Potassium (K) for their soil. Normally in winters (from Nov- Feb) in most of the areas, farmers invite the nomadic shepherds along with their flock after the harvesting is over so that the flock can sit on the harvested field and consume the stubble and provide the nutrients from their dung and urine to the field. Traditionally shepherds are obliged with food and shelter till their f
	The dung of goat and sheep goes directly to the soil and farmer's value for this source of Nitrogen (N), Phosphorous (P), and Potassium (K) for their soil. Normally in winters (from Nov- Feb) in most of the areas, farmers invite the nomadic shepherds along with their flock after the harvesting is over so that the flock can sit on the harvested field and consume the stubble and provide the nutrients from their dung and urine to the field. Traditionally shepherds are obliged with food and shelter till their f
	The dung of goat and sheep goes directly to the soil and farmer's value for this source of Nitrogen (N), Phosphorous (P), and Potassium (K) for their soil. Normally in winters (from Nov- Feb) in most of the areas, farmers invite the nomadic shepherds along with their flock after the harvesting is over so that the flock can sit on the harvested field and consume the stubble and provide the nutrients from their dung and urine to the field. Traditionally shepherds are obliged with food and shelter till their f
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	5.2.3.4.3 Rice Cultivation
	5.2.3.4.3 Rice Cultivation
	5.2.3.4.3 Rice Cultivation

	In our country, rice is cultivated under various water management options, depending on the availability of water across the country. In the mountainous regions, rice is grown in terraces created along the side of the mountains. In most of the northern plains and some parts of the eastern region, rice is cultivated by irrigating the fields intermittently or continuously, for a considerable period of time. In other parts of the country, however, rain-fed rice cultivation is predominant where water is only av
	In our country, rice is cultivated under various water management options, depending on the availability of water across the country. In the mountainous regions, rice is grown in terraces created along the side of the mountains. In most of the northern plains and some parts of the eastern region, rice is cultivated by irrigating the fields intermittently or continuously, for a considerable period of time. In other parts of the country, however, rain-fed rice cultivation is predominant where water is only av

	The rice cultivation is under taken in about 79,000 hectare area. The State is primarily dependent on rains and river water and takes single crop. The rain fed area is around 45% and irrigated area is 55% of the total cropped area. The emissions from the sector are as follows:
	The rice cultivation is under taken in about 79,000 hectare area. The State is primarily dependent on rains and river water and takes single crop. The rain fed area is around 45% and irrigated area is 55% of the total cropped area. The emissions from the sector are as follows:


	Eco system
	Eco system
	Eco system
	Eco system
	Eco system
	Eco system


	Rice cultivation area ha
	Rice cultivation area ha
	Rice cultivation area ha


	Methane (CH4) (000'tons)
	Methane (CH4) (000'tons)
	Methane (CH4) (000'tons)



	Rain fed (upland only)
	Rain fed (upland only)
	Rain fed (upland only)
	Rain fed (upland only)


	35,550
	35,550
	35,550


	-
	-
	-



	Irrigated
	Irrigated
	Irrigated
	Irrigated


	43,450
	43,450
	43,450


	7.0445
	7.0445
	7.0445



	Source: HP Agriculture Department
	Source: HP Agriculture Department
	Source: HP Agriculture Department
	Source: HP Agriculture Department





	The CH4 emissions from rice cultivation have been estimated by multiplying the seasonal emission factors by the annual harvested areas. The annual amount of CH4 emitted from a given area of rice is a function of the crop duration, water regimes and organic soil amendments. The total annual emissions are equal to the sum of emissions from each sub-unit of harvested area using the following equation.
	The CH4 emissions from rice cultivation have been estimated by multiplying the seasonal emission factors by the annual harvested areas. The annual amount of CH4 emitted from a given area of rice is a function of the crop duration, water regimes and organic soil amendments. The total annual emissions are equal to the sum of emissions from each sub-unit of harvested area using the following equation.
	The CH4 emissions from rice cultivation have been estimated by multiplying the seasonal emission factors by the annual harvested areas. The annual amount of CH4 emitted from a given area of rice is a function of the crop duration, water regimes and organic soil amendments. The total annual emissions are equal to the sum of emissions from each sub-unit of harvested area using the following equation.

	Ch4 Rice = £ (EFi h k x Ai j k x 10"6) i,j,k
	Ch4 Rice = £ (EFi h k x Ai j k x 10"6) i,j,k

	Where,
	Where,

	CH4 Rice = Annual methane emissions from rice cultivation, Gg CH4 /yr;
	CH4 Rice = Annual methane emissions from rice cultivation, Gg CH4 /yr;

	EFijk = A seasonal integrated emission factor for i, j, and k conditions, kg CH4 /ha;
	EFijk = A seasonal integrated emission factor for i, j, and k conditions, kg CH4 /ha;

	Aijk = Annual harvested area of rice for i, j, and k conditions, ha /yr;
	Aijk = Annual harvested area of rice for i, j, and k conditions, ha /yr;

	i, j, and k = Represent different ecosystems, water regimes, type and amount of organic amendments, under which CH4 emissions from rice may vary.
	i, j, and k = Represent different ecosystems, water regimes, type and amount of organic amendments, under which CH4 emissions from rice may vary.

	Separate calculations were undertaken for each rice ecosystems (i.e., irrigated, rainfed upland rice production).
	Separate calculations were undertaken for each rice ecosystems (i.e., irrigated, rainfed upland rice production).

	The upland rice area is 35,550 ha and is a net sink of CH4, as no anaerobic conditions are generated at these heights.
	The upland rice area is 35,550 ha and is a net sink of CH4, as no anaerobic conditions are generated at these heights.
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	5.2.3.4.4 Agriculture Soils
	5.2.3.4.4 Agriculture Soils
	5.2.3.4.4 Agriculture Soils

	N2O emissions are estimated using details of human-induced net N additions to soils (e.g., synthetic or organic fertilizers, deposited manure, crop residues, sewage sludge), or of mineralization of N in soil organic matter following drainage/ management of organic soils, or cultivation/land-use change on mineral soils (e.g., Forest Land/Grassland/Settlements converted to Cropland). Nitrous oxide is produced naturally in soils through the processes of nitrification and denitrification. Nitrification is the a
	N2O emissions are estimated using details of human-induced net N additions to soils (e.g., synthetic or organic fertilizers, deposited manure, crop residues, sewage sludge), or of mineralization of N in soil organic matter following drainage/ management of organic soils, or cultivation/land-use change on mineral soils (e.g., Forest Land/Grassland/Settlements converted to Cropland). Nitrous oxide is produced naturally in soils through the processes of nitrification and denitrification. Nitrification is the a

	In Himachal Pradesh the distribution of fertilizers (in nutrients) N, P & K:
	In Himachal Pradesh the distribution of fertilizers (in nutrients) N, P & K:

	Nitrogen (N) = 31042 MT
	Nitrogen (N) = 31042 MT

	Source: HP Economics & Statistics Department
	Source: HP Economics & Statistics Department


	The emissions of N2O that result from anthropogenic N inputs or N mineralization occur through both a direct pathway and through two indirect pathways: (i) following volatilization of NH3 and NOx from managed soils and from fossil fuel combustion and biomass burning, and the subsequent re­deposition of these gases and their products NH4+ and NO3 - to soils and waters; and (ii) after leaching and runoff of N, mainly as NO3 - from managed soils. Therefore, total N2O emitted from soils can be represented as:
	The emissions of N2O that result from anthropogenic N inputs or N mineralization occur through both a direct pathway and through two indirect pathways: (i) following volatilization of NH3 and NOx from managed soils and from fossil fuel combustion and biomass burning, and the subsequent re­deposition of these gases and their products NH4+ and NO3 - to soils and waters; and (ii) after leaching and runoff of N, mainly as NO3 - from managed soils. Therefore, total N2O emitted from soils can be represented as:
	The emissions of N2O that result from anthropogenic N inputs or N mineralization occur through both a direct pathway and through two indirect pathways: (i) following volatilization of NH3 and NOx from managed soils and from fossil fuel combustion and biomass burning, and the subsequent re­deposition of these gases and their products NH4+ and NO3 - to soils and waters; and (ii) after leaching and runoff of N, mainly as NO3 - from managed soils. Therefore, total N2O emitted from soils can be represented as:

	N O-N = N O-N + N O-N
	N O-N = N O-N + N O-N

	2 TOTAL 2 DIRECT 2 INDIRECT
	2 TOTAL 2 DIRECT 2 INDIRECT

	Using the above methodology, the total N2O emissions from Himachal Pradesh are estimated to be 0.00152 (000' tons). The emission factors used for rice-wheat systems are 0.76 for rice and 0.66 kg ha-1 N2O -N for wheat for urea application.
	Using the above methodology, the total N2O emissions from Himachal Pradesh are estimated to be 0.00152 (000' tons). The emission factors used for rice-wheat systems are 0.76 for rice and 0.66 kg ha-1 N2O -N for wheat for urea application.
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	5.2.3.4.5 Burning of Crop Residues
	5.2.3.4.5 Burning of Crop Residues
	5.2.3.4.5 Burning of Crop Residues

	Crop residue is burnt in the fields in many districts of the State such as Kangra, Mandi, Una, Kullu, Shimla, Hamirpur, Bilaspur, Solan producing CO, CH4, N2O, NOx, SO2 and many other gases. We have calculated only the CH4 and N2O emissions by using the equation given below.
	Crop residue is burnt in the fields in many districts of the State such as Kangra, Mandi, Una, Kullu, Shimla, Hamirpur, Bilaspur, Solan producing CO, CH4, N2O, NOx, SO2 and many other gases. We have calculated only the CH4 and N2O emissions by using the equation given below.

	EBCR = 1 crops (A x B x C x D x E x F)
	EBCR = 1 crops (A x B x C x D x E x F)

	Where, EBCR= Emissions from Residue burning A = Crop production B = Residue to crop ratio C = Dry matter fraction D = Fraction burnt E = Fraction actually oxidized F = Emission factor
	Where, EBCR= Emissions from Residue burning A = Crop production B = Residue to crop ratio C = Dry matter fraction D = Fraction burnt E = Fraction actually oxidized F = Emission factor

	The estimation of emission of targeted species was arrived at by first estimating the amount of biomass actually burnt in the field using the IPCC Revised Inventory Preparation Guidelines (IPCC, 1996). Currently, wastes from three crops viz., rice, wheat, maize are subjected to burning. The state's crop production figures for 2007 have been used as the basic activity data.
	The estimation of emission of targeted species was arrived at by first estimating the amount of biomass actually burnt in the field using the IPCC Revised Inventory Preparation Guidelines (IPCC, 1996). Currently, wastes from three crops viz., rice, wheat, maize are subjected to burning. The state's crop production figures for 2007 have been used as the basic activity data.

	The dry matter fraction of crop residue is taken as 0.8 (Bhattacharya and Mitra, 1998), 0.25 as fraction burned (IPCC, 1997) infield and 0.9 as the fraction actually oxidized (IPCC, 1997). Crop specific values of carbon fraction were as per IPCC default values. The default N/C ratios were taken from IPCC (2006). Further, the emission ratio was calculated using emission factors given by Andreae and Merlet (2001) which are the defaultfactors mentioned in IPCC (2006) National Inventory Preparation Guidelines.
	The dry matter fraction of crop residue is taken as 0.8 (Bhattacharya and Mitra, 1998), 0.25 as fraction burned (IPCC, 1997) infield and 0.9 as the fraction actually oxidized (IPCC, 1997). Crop specific values of carbon fraction were as per IPCC default values. The default N/C ratios were taken from IPCC (2006). Further, the emission ratio was calculated using emission factors given by Andreae and Merlet (2001) which are the defaultfactors mentioned in IPCC (2006) National Inventory Preparation Guidelines.


	Using this methodology, it is assumed that in Himachal Pradesh 0.478 (000' tons) of CH4 and 0.0399 (000' tons) of N2O was emitted from burning of crop residue in the fields.
	Using this methodology, it is assumed that in Himachal Pradesh 0.478 (000' tons) of CH4 and 0.0399 (000' tons) of N2O was emitted from burning of crop residue in the fields.
	Using this methodology, it is assumed that in Himachal Pradesh 0.478 (000' tons) of CH4 and 0.0399 (000' tons) of N2O was emitted from burning of crop residue in the fields.


	The GHG emission (000'tons) from the sector is as under:
	The GHG emission (000'tons) from the sector is as under:
	The GHG emission (000'tons) from the sector is as under:


	Sr.
	Sr.
	Sr.
	Sr.
	Sr.
	Sr.

	No.
	No.


	Type
	Type
	Type


	CO2
	CO2
	CO2


	CH4
	CH4
	CH4


	N2O
	N2O
	N2O


	CO2 eq
	CO2 eq
	CO2 eq



	1
	1
	1
	1


	Enteric fermentation
	Enteric fermentation
	Enteric fermentation


	-
	-
	-


	0.1134
	0.1134
	0.1134


	-
	-
	-


	2.3814
	2.3814
	2.3814



	2
	2
	2
	2


	Manure management
	Manure management
	Manure management


	-
	-
	-


	0.00129
	0.00129
	0.00129


	0.00000076
	0.00000076
	0.00000076


	0.02733
	0.02733
	0.02733



	3
	3
	3
	3


	Rice cultivation
	Rice cultivation
	Rice cultivation


	-
	-
	-


	7.0445
	7.0445
	7.0445


	-
	-
	-


	147.9936
	147.9936
	147.9936



	4
	4
	4
	4


	Crop residue
	Crop residue
	Crop residue


	-
	-
	-


	0.478
	0.478
	0.478


	0.0399
	0.0399
	0.0399


	13.972
	13.972
	13.972



	5
	5
	5
	5


	Soils
	Soils
	Soils


	-
	-
	-


	-
	-
	-


	0.00152
	0.00152
	0.00152


	0.475
	0.475
	0.475



	TR
	TD
	P
	Span


	Total
	Total
	Total


	-
	-
	-


	7.63719
	7.63719
	7.63719


	0.04142
	0.04142
	0.04142


	164.84933
	164.84933
	164.84933





	5.2.3.5 Land Use, Land Use Change & Forest (LULUCF)
	5.2.3.5 Land Use, Land Use Change & Forest (LULUCF)
	5.2.3.5 Land Use, Land Use Change & Forest (LULUCF)


	Land Use, Land Use Change & Forest (LULUCF) are one of the key components of the Greenhouse Gas Emission summary. It involves estimation of carbon stock changes, CO2 emissions and removals and non-CO2 GHG emissions. For estimating GHG emissions from this sector, the GHG inventory guidelines followed at National level i.e. IPCC - 2003 GPG approach due to advantages of reporting tables, the Himachal Pradesh has followed the same procedure.
	Land Use, Land Use Change & Forest (LULUCF) are one of the key components of the Greenhouse Gas Emission summary. It involves estimation of carbon stock changes, CO2 emissions and removals and non-CO2 GHG emissions. For estimating GHG emissions from this sector, the GHG inventory guidelines followed at National level i.e. IPCC - 2003 GPG approach due to advantages of reporting tables, the Himachal Pradesh has followed the same procedure.
	Land Use, Land Use Change & Forest (LULUCF) are one of the key components of the Greenhouse Gas Emission summary. It involves estimation of carbon stock changes, CO2 emissions and removals and non-CO2 GHG emissions. For estimating GHG emissions from this sector, the GHG inventory guidelines followed at National level i.e. IPCC - 2003 GPG approach due to advantages of reporting tables, the Himachal Pradesh has followed the same procedure.

	Methodology: IPCC GPG 2003 adopted six land categories to ensure consistent and complete representation of all land categories, covering the total geographic area of a country or a State.
	Methodology: IPCC GPG 2003 adopted six land categories to ensure consistent and complete representation of all land categories, covering the total geographic area of a country or a State.

	The GPG 2003 adopted three major advances over IPCC 1996 guidelines, such as:
	The GPG 2003 adopted three major advances over IPCC 1996 guidelines, such as:

	• Introduction of three hierarchical tiers of method that range from default data and simple equations to use country specific data.
	• Introduction of three hierarchical tiers of method that range from default data and simple equations to use country specific data.

	• Land use category based approach for organising the methodologies.
	• Land use category based approach for organising the methodologies.

	• Provides guidelines for all the 5 carbon pools.
	• Provides guidelines for all the 5 carbon pools.
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	Methods adopted in Good Practice Guidelines (GPG 2003) are as under:
	Methods adopted in Good Practice Guidelines (GPG 2003) are as under:
	Methods adopted in Good Practice Guidelines (GPG 2003) are as under:

	1. Land category based approach covering forest land, cropland, grassland, wetland, settlement and others.
	1. Land category based approach covering forest land, cropland, grassland, wetland, settlement and others.

	2. These land categories are further sub divided into; - land remaining in the same use category differently - other land converted to this land category.
	2. These land categories are further sub divided into; - land remaining in the same use category differently - other land converted to this land category.

	3. Methods given for all carbon pools; AGB, BGB, dead organic matter and soil carbon and all non-CO2 gases.
	3. Methods given for all carbon pools; AGB, BGB, dead organic matter and soil carbon and all non-CO2 gases.

	4. Key source/sink category analysis provided for selecting significant land categories; - sub­land categories- C-pools - CO2 and non-CO2 gases.
	4. Key source/sink category analysis provided for selecting significant land categories; - sub­land categories- C-pools - CO2 and non-CO2 gases.

	5. Three tier structures presented for choice of methods, Activity Data and Emission Factors.
	5. Three tier structures presented for choice of methods, Activity Data and Emission Factors.

	6. Biomass and soil carbon pools linked particularly in Tier 2 and Tier 3.
	6. Biomass and soil carbon pools linked particularly in Tier 2 and Tier 3.


	Carbon stock change is the sum of changes in stocks of all the carbon pools in a given area over a period of time, which could be averaged to annual stock changes. A generic equation for estimating the changes in carbon stock for a given land use category is as follows:
	Carbon stock change is the sum of changes in stocks of all the carbon pools in a given area over a period of time, which could be averaged to annual stock changes. A generic equation for estimating the changes in carbon stock for a given land use category is as follows:
	Carbon stock change is the sum of changes in stocks of all the carbon pools in a given area over a period of time, which could be averaged to annual stock changes. A generic equation for estimating the changes in carbon stock for a given land use category is as follows:

	ACLUi = ACab+ACbb+ACDW+ACLi+ACSC
	ACLUi = ACab+ACbb+ACDW+ACLi+ACSC

	ACLUi isthe carbon stock change for a land use category,
	ACLUi isthe carbon stock change for a land use category,

	AB is above ground bio mass, BB is below ground bio mass, DW is dead wood, Li is litter and SC is the soil carbon.
	AB is above ground bio mass, BB is below ground bio mass, DW is dead wood, Li is litter and SC is the soil carbon.

	For the purpose of this equation the stock change has been estimated for each pool by using following method- Carbon 'stock-change' or stock difference’
	For the purpose of this equation the stock change has been estimated for each pool by using following method- Carbon 'stock-change' or stock difference’

	AC = (Ct2-Ct1)/(t2-t1)
	AC = (Ct2-Ct1)/(t2-t1)

	Where: ACistheannual carbon stock change in the pool, Ct1 is at time t1 and Ct2 is at time t2 in the same pool.
	Where: ACistheannual carbon stock change in the pool, Ct1 is at time t1 and Ct2 is at time t2 in the same pool.

	In Himachal Pradesh GHG inventory has been prepared by taking the activity data available at National and State level. Land use change matrix has been prepared using land use data for 2005 and 2007. The area under forest has been obtained from Forest Survey of India Report, 2009 and area under other land categories has been sourced from Directorate of Land Record reports for the years 2005 and 2007.
	In Himachal Pradesh GHG inventory has been prepared by taking the activity data available at National and State level. Land use change matrix has been prepared using land use data for 2005 and 2007. The area under forest has been obtained from Forest Survey of India Report, 2009 and area under other land categories has been sourced from Directorate of Land Record reports for the years 2005 and 2007.
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	Total


	14,66,800
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	Net sown area
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	61,700
	61,700
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	Grass land
	Grass land
	Grass land


	Grazing land and pastures
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	1,50,100
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	33,100
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	Total
	Total


	1,83,200
	1,83,200
	1,83,200



	Other land
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	Other land
	Other land
	Other land


	38,45,600 ha
	38,45,600 ha
	38,45,600 ha





	Himachal Pradesh, Predominantly a mountainous State in the Western Himalayas, has a geographical area of 55,673 km2. The altitude of the State varies from 350 m to 6,975m above the mean sea level. It is located between latitude 30022' to 330.l2' N and longitude750 45' to790 04' E. The State has three distinct regions viz the Shiwaliks with altitudes up to 1,500 m, Middle Himalayan region between 1,500 m to 3,000 m and the Himadris higher than 3,000m.
	Himachal Pradesh, Predominantly a mountainous State in the Western Himalayas, has a geographical area of 55,673 km2. The altitude of the State varies from 350 m to 6,975m above the mean sea level. It is located between latitude 30022' to 330.l2' N and longitude750 45' to790 04' E. The State has three distinct regions viz the Shiwaliks with altitudes up to 1,500 m, Middle Himalayan region between 1,500 m to 3,000 m and the Himadris higher than 3,000m.
	Himachal Pradesh, Predominantly a mountainous State in the Western Himalayas, has a geographical area of 55,673 km2. The altitude of the State varies from 350 m to 6,975m above the mean sea level. It is located between latitude 30022' to 330.l2' N and longitude750 45' to790 04' E. The State has three distinct regions viz the Shiwaliks with altitudes up to 1,500 m, Middle Himalayan region between 1,500 m to 3,000 m and the Himadris higher than 3,000m.
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	About one third of the State is permanently under snow glaciers and cold deserts where tree growth is minimal due to harsh conditions. The overage annual rainfall is about 1,800 mm. The temperature varies from sub-zero to 35oC. The major rivers are Satluj, Beas, Ravi, Chenab and Yamuna. The land use pattern of the State is given in Table. As per Census 2011, the total population of the State is 6.85 million of which the rural population constituted 89.96%. The population density is about 120 persons per km2
	About one third of the State is permanently under snow glaciers and cold deserts where tree growth is minimal due to harsh conditions. The overage annual rainfall is about 1,800 mm. The temperature varies from sub-zero to 35oC. The major rivers are Satluj, Beas, Ravi, Chenab and Yamuna. The land use pattern of the State is given in Table. As per Census 2011, the total population of the State is 6.85 million of which the rural population constituted 89.96%. The population density is about 120 persons per km2
	About one third of the State is permanently under snow glaciers and cold deserts where tree growth is minimal due to harsh conditions. The overage annual rainfall is about 1,800 mm. The temperature varies from sub-zero to 35oC. The major rivers are Satluj, Beas, Ravi, Chenab and Yamuna. The land use pattern of the State is given in Table. As per Census 2011, the total population of the State is 6.85 million of which the rural population constituted 89.96%. The population density is about 120 persons per km2

	5.2.3.5.2 Land Use Change Matrix
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	The recorded forest area of the State is 37,033 km2. Reserved Forests constitute 5.l3%, Protected Forests 89.27% and Un­classed Forests 5.60% of the total forest area. About two third of the State's geographical area is under recorded forests.
	The recorded forest area of the State is 37,033 km2. Reserved Forests constitute 5.l3%, Protected Forests 89.27% and Un­classed Forests 5.60% of the total forest area. About two third of the State's geographical area is under recorded forests.

	But a substantial part of this is not conducive for tree growth, being under permanent snow, glaciers and cold deserts. The forest cover in the State, based on interpretation of satellite data of Oct 2006 - Jan 2007, is 14,668 km2, which is 26.35% of the State's geographical area. In terms of forest canopy density classes, the State has 3,224 km2 very dense forest, 6,383 km2 moderately dense forest, and 5,061 km2 open forest. As per data there has been a decrease of 3 km2 in the moderately dense forest and 
	But a substantial part of this is not conducive for tree growth, being under permanent snow, glaciers and cold deserts. The forest cover in the State, based on interpretation of satellite data of Oct 2006 - Jan 2007, is 14,668 km2, which is 26.35% of the State's geographical area. In terms of forest canopy density classes, the State has 3,224 km2 very dense forest, 6,383 km2 moderately dense forest, and 5,061 km2 open forest. As per data there has been a decrease of 3 km2 in the moderately dense forest and 


	JAMMU H
	JAMMU H
	JAMMU H


	fht
	fht
	fht


	Onrdfl
	Onrdfl
	Onrdfl


	14
	14
	14


	HUN. AG
	HUN. AG
	HUN. AG


	IJ1TAH
	IJ1TAH
	IJ1TAH


	HARYANA
	HARYANA
	HARYANA


	Furesl cover of Himathid Pusdosti
	Furesl cover of Himathid Pusdosti
	Furesl cover of Himathid Pusdosti


	Land Use Change Matrix of Himachal Pradesh
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	Land Use
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	Area ha 2005-06
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	Area ha 2007
	Area ha 2007
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	Change in area ha
	Change in area ha
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	Fo rest
	Fo rest
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	-
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	Moderately dense
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	(-)300
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	Open
	Open
	Open


	5,05,600
	5,05,600
	5,05,600


	5,06,100
	5,06,100
	5,06,100


	(+) 5 00
	(+) 5 00
	(+) 5 00



	Crop Land
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	Net sown area
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	Scrubs
	Scrubs
	Scrubs


	33,100
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	32,700
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	(-)400
	(-)400
	(-)400



	Other land
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	Other land
	Other land


	Other land
	Other land
	Other land


	38,45,600
	38,45,600
	38,45,600


	38,45,800
	38,45,800
	38,45,800


	(+) 2 00
	(+) 2 00
	(+) 2 00





	(Source FSI, 2009 and Agriculture, Land Records Reports)
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	An assessment of Growing stock, Biomass and Carbon stock of Indian forests strata wise have been made by FSI based on SFR, 1997 data base, as per the 2002 report the Forests carbon stocks are as under:
	An assessment of Growing stock, Biomass and Carbon stock of Indian forests strata wise have been made by FSI based on SFR, 1997 data base, as per the 2002 report the Forests carbon stocks are as under:
	An assessment of Growing stock, Biomass and Carbon stock of Indian forests strata wise have been made by FSI based on SFR, 1997 data base, as per the 2002 report the Forests carbon stocks are as under:


	Particulars
	Particulars
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	India (1997)
	India (1997)
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	HP (1997)
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	Forest Cover (KM2)
	Forest Cover (KM2)
	Forest Cover (KM2)
	Forest Cover (KM2)


	6,33,357
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	6,33,357


	12,521
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	Growing Stock (000, m3)
	Growing Stock (000, m3)
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	43,40,027.96
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	2,47,483.99
	2,47,483.99



	Bio Mass (000, tons)
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	23,95,373.45
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	1,06,442.18
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	Carbon (000 tons)
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	Carbon (000 tons)


	10,83,809.74
	10,83,809.74
	10,83,809.74


	48,909.11
	48,909.11
	48,909.11





	Similarly, the estimates for year 2005 and 2007 for Carbon stock under Forest sector are as under:
	Similarly, the estimates for year 2005 and 2007 for Carbon stock under Forest sector are as under:
	Similarly, the estimates for year 2005 and 2007 for Carbon stock under Forest sector are as under:
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	2005
	2005
	2005


	2007
	2007
	2007


	2005
	2005
	2005

	(Based on 2003 assessment)
	(Based on 2003 assessment)


	2007
	2007
	2007



	Forest Cover (KM2)
	Forest Cover (KM2)
	Forest Cover (KM2)
	Forest Cover (KM2)


	6,90,200
	6,90,200
	6,90,200


	6,91,600
	6,91,600
	6,91,600


	14,353
	14,353
	14,353


	14,668
	14,668
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	Growing Stock (000, m3)
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	47,29,540.05
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	26,10,357.11
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	1,22,016.18
	1,22,016.18


	1,24,694.03
	1,24,694.03
	1,24,694.03



	Carbon (000 tons)
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	11,81,080.31
	11,81,080.31
	11,81,080.31


	11,83,479.75
	11,83,479.75
	11,83,479.75


	56,065.21
	56,065.21
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	57,295.65
	57,295.65
	57,295.65





	Source:FSI Report
	Source:FSI Report
	Source:FSI Report


	5.2.3.5.4 Soil Carbon Stock
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	As per Forest Survey of India, 2005 the forest cover in the State was spread over 14,35,300 ha which was 14,66,800 ha in 2009 and the agriculture-crop area was 61,660 ha in 2005 and 61,700ha in 2009. Based on an assessment w.r.t. carbon store in Giri catchment of the State conducted by Forest Research Institute, Dehradun, it has been inferred that on an average HP Forests have 61.68 t/ha soil carbon store and 53.74 t/ha average soil carbon store in agriculture sector. Therefore, applying these averages the 
	As per Forest Survey of India, 2005 the forest cover in the State was spread over 14,35,300 ha which was 14,66,800 ha in 2009 and the agriculture-crop area was 61,660 ha in 2005 and 61,700ha in 2009. Based on an assessment w.r.t. carbon store in Giri catchment of the State conducted by Forest Research Institute, Dehradun, it has been inferred that on an average HP Forests have 61.68 t/ha soil carbon store and 53.74 t/ha average soil carbon store in agriculture sector. Therefore, applying these averages the 
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	Forest Cover (ha)
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	14,35,300
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	14,66,800
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	88.52
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	90.47
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	Crop Land (ha)
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	Crop Land (ha)
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	3.314
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	Total estimated area
	Total estimated area
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	Total estimated area


	14,96,960
	14,96,960
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	15,28,500
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	91.834
	91.834
	91.834


	93.786
	93.786
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	The carbon stock estimates combined in terms of
	The carbon stock estimates combined in terms of
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	- Above ground biomass
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	- Soil Carbon.
	- Soil Carbon.


	Himachal Pradesh estimated emissions from Forest sector during 2007, based on 2003 and 2007 stock changes is given as below:
	Himachal Pradesh estimated emissions from Forest sector during 2007, based on 2003 and 2007 stock changes is given as below:
	Himachal Pradesh estimated emissions from Forest sector during 2007, based on 2003 and 2007 stock changes is given as below:
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	C stock in million tons 2005
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	C stock in million tons 2007
	C stock in million tons 2007
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	B
	B
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	C=A-B
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	D= C x 44/ 12
	D= C x 44/ 12
	D= C x 44/ 12



	Above ground biomass
	Above ground biomass
	Above ground biomass
	Above ground biomass


	56.065
	56.065
	56.065


	57.296
	57.296
	57.296


	-0.3078*
	-0.3078*
	-0.3078*


	-2.1284
	-2.1284
	-2.1284



	Below ground biomass
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	Soil Carbon
	Soil Carbon
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	91.834
	91.834
	91.834


	93.786
	93.786
	93.786


	-0.488
	-0.488
	-0.488


	-1.7893
	-1.7893
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	Total
	Total
	Total
	Total


	147.899
	147.899
	147.899


	151.082
	151.082
	151.082


	- 0.7958
	- 0.7958
	- 0.7958


	-2.9177
	-2.9177
	-2.9177





	The emissions and removals for biomass and soil carbon for land categories with land remaining in the same categories based on National Mean Annual Increments are detailed as follows:
	The emissions and removals for biomass and soil carbon for land categories with land remaining in the same categories based on National Mean Annual Increments are detailed as follows:
	The emissions and removals for biomass and soil carbon for land categories with land remaining in the same categories based on National Mean Annual Increments are detailed as follows:


	Land Use
	Land Use
	Land Use
	Land Use
	Land Use
	Land Use


	MAI in
	MAI in
	MAI in


	MAI in
	MAI in
	MAI in


	MAI in total
	MAI in total
	MAI in total


	MAI in soil
	MAI in soil
	MAI in soil


	MAI in total
	MAI in total
	MAI in total


	Net DC (Mt
	Net DC (Mt
	Net DC (Mt


	NetChange in
	NetChange in
	NetChange in



	categories
	categories
	categories
	categories


	perennial
	perennial
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	biomass
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	(t/ha/y)
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	F= E x 3.6666 (+ is Emission, -
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	A+B
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	D=(A+B)/2 +C
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	Crop Land
	Crop Land
	Crop Land
	Crop Land


	0.130
	0.130
	0.130


	0.046
	0.046
	0.046


	0.176
	0.176
	0.176


	0.220
	0.220
	0.220


	0.308
	0.308
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	0.019004
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	- 0.0696801
	- 0.0696801
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	Grass Land
	Grass Land
	Grass Land
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	0.003
	0.003
	0.003


	0.001
	0.001
	0.001


	0.004
	0.004
	0.004


	-0.056
	-0.056
	-0.056


	-0.054
	-0.054
	-0.054


	0.009893
	0.009893
	0.009893


	+0.036273
	+0.036273
	+0.036273





	The net CO2 emission/ removal for LULUCF sector is given below. This includes CO2 net emissions and removals from land categories. The net CO2 emissions include gain and loss of CO2.ThelossofCO2 is largely due to extraction and use of fuel wood from felling of trees which is not very large amount. Over all, the net CO2 emissions / removal estimate shows that the sector is a net sink of 1,632.70 (000' tons) CO2. The sector is a net sink due to uptake of CO2 by the cropland followed by forest land. This is a 
	The net CO2 emission/ removal for LULUCF sector is given below. This includes CO2 net emissions and removals from land categories. The net CO2 emissions include gain and loss of CO2.ThelossofCO2 is largely due to extraction and use of fuel wood from felling of trees which is not very large amount. Over all, the net CO2 emissions / removal estimate shows that the sector is a net sink of 1,632.70 (000' tons) CO2. The sector is a net sink due to uptake of CO2 by the cropland followed by forest land. This is a 
	The net CO2 emission/ removal for LULUCF sector is given below. This includes CO2 net emissions and removals from land categories. The net CO2 emissions include gain and loss of CO2.ThelossofCO2 is largely due to extraction and use of fuel wood from felling of trees which is not very large amount. Over all, the net CO2 emissions / removal estimate shows that the sector is a net sink of 1,632.70 (000' tons) CO2. The sector is a net sink due to uptake of CO2 by the cropland followed by forest land. This is a 


	Emissions in 000'tons
	Emissions in 000'tons
	Emissions in 000'tons
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	Land use categories
	Land use categories
	Land use categories
	Land use categories


	CO2 emissions/ removals
	CO2 emissions/ removals
	CO2 emissions/ removals


	CO2 loss due to fuel wood use
	CO2 loss due to fuel wood use
	CO2 loss due to fuel wood use


	Net CO2
	Net CO2
	Net CO2

	emissions/ removal
	emissions/ removal



	Forestland
	Forestland
	Forestland
	Forestland


	(-) 2,917.7
	(-) 2,917.7
	(-) 2,917.7


	(+) 1,318.41
	(+) 1,318.41
	(+) 1,318.41


	(-) 1,632.70
	(-) 1,632.70
	(-) 1,632.70



	Cropland
	Cropland
	Cropland
	Cropland


	(-)69.68
	(-)69.68
	(-)69.68



	Grassland
	Grassland
	Grassland
	Grassland


	(+)36.27
	(+)36.27
	(+)36.27



	Total
	Total
	Total
	Total


	(-) 2,951.11
	(-) 2,951.11
	(-) 2,951.11


	(+) 1,318.41
	(+) 1,318.41
	(+) 1,318.41


	(-) 1,632.70
	(-) 1,632.70
	(-) 1,632.70



	Removal (-) Emission (+)
	Removal (-) Emission (+)
	Removal (-) Emission (+)
	Removal (-) Emission (+)





	Green Felling of tree etc. is completely banned in Himachal Pradesh; therefore the use of fuel wood in the State is much lower than the assumed National level %age. Source of fuel wood is also not known, so assumed to come from all land categories. About 2-3% of the fuel wood consumption is estimated to come from felling of trees leading to net CO2 emission.
	Green Felling of tree etc. is completely banned in Himachal Pradesh; therefore the use of fuel wood in the State is much lower than the assumed National level %age. Source of fuel wood is also not known, so assumed to come from all land categories. About 2-3% of the fuel wood consumption is estimated to come from felling of trees leading to net CO2 emission.
	Green Felling of tree etc. is completely banned in Himachal Pradesh; therefore the use of fuel wood in the State is much lower than the assumed National level %age. Source of fuel wood is also not known, so assumed to come from all land categories. About 2-3% of the fuel wood consumption is estimated to come from felling of trees leading to net CO2 emission.


	The total GHG released from waste sector in Himachal Pradesh 6.129 tons of CO2 equivalent, of which,
	The total GHG released from waste sector in Himachal Pradesh 6.129 tons of CO2 equivalent, of which,
	The total GHG released from waste sector in Himachal Pradesh 6.129 tons of CO2 equivalent, of which,

	27.284 tons were emitted as Methane (CH4). Municipal Solid Waste is the dominant source of Methane (CH4) emission in Himachal Pradesh it emits almost 99.50% of total emissions from this sector. About 0.50% of the total CO2 equivalent emissions from the waste sector were from disposal and treatment of Industrial waste water.
	27.284 tons were emitted as Methane (CH4). Municipal Solid Waste is the dominant source of Methane (CH4) emission in Himachal Pradesh it emits almost 99.50% of total emissions from this sector. About 0.50% of the total CO2 equivalent emissions from the waste sector were from disposal and treatment of Industrial waste water.

	We know that the methane (CH4) Gas is the main gas which produced and released into the atmosphere as a by-product of the anaerobic decomposition of solid waste, in fact methanogenic bacteria break down organic matter in the waste. Similarly, wastewater is also a source of Methane (CH4) when treated or disposed anaerobically. It also releases Nitrous oxide (N2O) emissions due to protein content in waste water generated from activities at domestic level.
	We know that the methane (CH4) Gas is the main gas which produced and released into the atmosphere as a by-product of the anaerobic decomposition of solid waste, in fact methanogenic bacteria break down organic matter in the waste. Similarly, wastewater is also a source of Methane (CH4) when treated or disposed anaerobically. It also releases Nitrous oxide (N2O) emissions due to protein content in waste water generated from activities at domestic level.

	The total GHG released from waste sector in Himachal Pradesh 6.129 tons of CO2 equivalent, of which,
	The total GHG released from waste sector in Himachal Pradesh 6.129 tons of CO2 equivalent, of which,

	27.284 tons were emitted as Methane (CH4). Municipal Solid Waste is the dominant source of Methane (CH4) emission in Himachal Pradesh.
	27.284 tons were emitted as Methane (CH4). Municipal Solid Waste is the dominant source of Methane (CH4) emission in Himachal Pradesh.

	The greenhouse gases and their source categories considered in this sector include:
	The greenhouse gases and their source categories considered in this sector include:

	• Municipal solid waste disposal resulting in CH4 emission.
	• Municipal solid waste disposal resulting in CH4 emission.

	• Domestic waste water disposal emitting CH4 and N2O.
	• Domestic waste water disposal emitting CH4 and N2O.

	• Industrial waste water disposal leading to CH4 emissions.
	• Industrial waste water disposal leading to CH4 emissions.
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	Effluent Treatment System for Treatment of Industrial Waste Water
	Effluent Treatment System for Treatment of Industrial Waste Water
	Effluent Treatment System for Treatment of Industrial Waste Water


	In Himachal Pradesh, there are 56 urban local bodies viz. 1 - Municipal Committee, 20- Municipal Councils, 28- Nagar Panchyats and 7- Cantonment Boards of which 33 have provided the MSW dumping facility where waste is partially collected and disposed in a systematic way at waste disposal sites under these ULBs in various towns, resulting in CH4 emission from anaerobic conditions. In rural areas, waste is scattered and as a result the aerobic conditions prevail with no resulting CH4 emission. In towns, the m
	In Himachal Pradesh, there are 56 urban local bodies viz. 1 - Municipal Committee, 20- Municipal Councils, 28- Nagar Panchyats and 7- Cantonment Boards of which 33 have provided the MSW dumping facility where waste is partially collected and disposed in a systematic way at waste disposal sites under these ULBs in various towns, resulting in CH4 emission from anaerobic conditions. In rural areas, waste is scattered and as a result the aerobic conditions prevail with no resulting CH4 emission. In towns, the m
	In Himachal Pradesh, there are 56 urban local bodies viz. 1 - Municipal Committee, 20- Municipal Councils, 28- Nagar Panchyats and 7- Cantonment Boards of which 33 have provided the MSW dumping facility where waste is partially collected and disposed in a systematic way at waste disposal sites under these ULBs in various towns, resulting in CH4 emission from anaerobic conditions. In rural areas, waste is scattered and as a result the aerobic conditions prevail with no resulting CH4 emission. In towns, the m

	For calculating the amount of degradable organic matter (DOm) in waste method used is as per following equation:
	For calculating the amount of degradable organic matter (DOm) in waste method used is as per following equation:

	DOm = W x DO x DOf X MCF Where;
	DOm = W x DO x DOf X MCF Where;

	DOm = mass of decomposable DO deposited m Gg W = mass of waste deposited, Gg
	DOm = mass of decomposable DO deposited m Gg W = mass of waste deposited, Gg

	DO = degradable organic carbon in the year of deposition, fraction, Gg C/Gg waste DOf = fraction of DO that can decompose (fraction)
	DO = degradable organic carbon in the year of deposition, fraction, Gg C/Gg waste DOf = fraction of DO that can decompose (fraction)

	MCF = CH4 correction factor for aerobic decomposition in the year of deposition (fraction)
	MCF = CH4 correction factor for aerobic decomposition in the year of deposition (fraction)

	The methane generated in a year has been calculated as per following method:
	The methane generated in a year has been calculated as per following method:

	Methane generated in year Y
	Methane generated in year Y

	CH4 = DOm decopomY x F x 16/12
	CH4 = DOm decopomY x F x 16/12

	Where;
	Where;

	F = Fraction of CH4 by volume 16/12 = molecular weight ratio, CH4/C
	F = Fraction of CH4 by volume 16/12 = molecular weight ratio, CH4/C

	CH4 Emitted Y = (£ CH4 generated XY - RY ) x (1 - OXy)
	CH4 Emitted Y = (£ CH4 generated XY - RY ) x (1 - OXy)

	Where;
	Where;

	RT = recovered CH4 in year Y, Gg
	RT = recovered CH4 in year Y, Gg

	OXY = Oxidation factor in year Y, (fraction)
	OXY = Oxidation factor in year Y, (fraction)
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	On an average for towns waste generation rate is 0.350kg/capita/day and that 60% of the waste is reaching the landfill site.
	On an average for towns waste generation rate is 0.350kg/capita/day and that 60% of the waste is reaching the landfill site.
	On an average for towns waste generation rate is 0.350kg/capita/day and that 60% of the waste is reaching the landfill site.

	IPCC default factor (IPCC, 2002) such as the methane correction factor of 0.4, fraction of degradable organic carbon that decomposes (DOf) as 0.5, fraction of methane in landfill gas as 0.5, rate constant (K) as 0.17 year -1 are used in the estimation. The factor related to degradable organic carbon fraction (DO) in the waste disposed is taken as 0.11 (NEERI, 2005). Considering that the amount of recovered methane is zero and oxidation factor is zero, the total methane CH4 emitted from solid waste disposal 
	IPCC default factor (IPCC, 2002) such as the methane correction factor of 0.4, fraction of degradable organic carbon that decomposes (DOf) as 0.5, fraction of methane in landfill gas as 0.5, rate constant (K) as 0.17 year -1 are used in the estimation. The factor related to degradable organic carbon fraction (DO) in the waste disposed is taken as 0.11 (NEERI, 2005). Considering that the amount of recovered methane is zero and oxidation factor is zero, the total methane CH4 emitted from solid waste disposal 
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	Quantity
	Quantity
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	Urban population
	Urban population
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	Urban population


	6,88,704
	6,88,704
	6,88,704



	Waste generation rate (kg/capita/day)
	Waste generation rate (kg/capita/day)
	Waste generation rate (kg/capita/day)
	Waste generation rate (kg/capita/day)


	0.350
	0.350
	0.350



	MSW generated ( tons)
	MSW generated ( tons)
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	MSW generated ( tons)


	2410.464
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	Quantity of waste reaching the landfill site( tons)
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	1408.68
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	DOm disposed (tons)
	DOm disposed (tons)
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	DOm disposed (tons)


	45.12
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	DOm accumulated ( tons)
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	DOm decomposed (tons)
	DOm decomposed (tons)
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	DOm decomposed (tons)
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	Estimated Methane (CH4) emitted (tons)
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	Estimated Methane (CH4) emitted (tons)


	27.14
	27.14
	27.14



	Source: HP Economics & Statistics Department, HP SPCB
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	5.2.3.6.2 Waste Water
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	In Himachal Pradesh the wastewater originates from a variety of domestic, commercial and industrial sources. In industrial, commercial hotel etc. waste water is treated on site, however, for waste water being generated from domestic sources in towns where the treatment facility is available it is collected in centralized treatment plants but the %age is very low. As per information obtained from HP State Pollution Control Board there are about 30 Sewage Treatment Plants installed in the State by various Urb
	In Himachal Pradesh the wastewater originates from a variety of domestic, commercial and industrial sources. In industrial, commercial hotel etc. waste water is treated on site, however, for waste water being generated from domestic sources in towns where the treatment facility is available it is collected in centralized treatment plants but the %age is very low. As per information obtained from HP State Pollution Control Board there are about 30 Sewage Treatment Plants installed in the State by various Urb
	In Himachal Pradesh the wastewater originates from a variety of domestic, commercial and industrial sources. In industrial, commercial hotel etc. waste water is treated on site, however, for waste water being generated from domestic sources in towns where the treatment facility is available it is collected in centralized treatment plants but the %age is very low. As per information obtained from HP State Pollution Control Board there are about 30 Sewage Treatment Plants installed in the State by various Urb

	• CH4 and N2O from domestic waste water
	• CH4 and N2O from domestic waste water

	• CH4 from Industrial waste water
	• CH4 from Industrial waste water

	In Himachal Pradesh, it is estimated that about 4,476.98 K litres per day (KLD) of domestic wastewater is generated from urban area against 49,144.97KLD industrial wastewater. The waste water generated from rural areas is not treated in any way, therefore, as it decomposes in an aerobic condition, it is considered as not a source of CH4. Domestic wastewater have been categorized under urban and rural, since the characteristics of the municipal wastewater vary from place to place and depend on factors, such 
	In Himachal Pradesh, it is estimated that about 4,476.98 K litres per day (KLD) of domestic wastewater is generated from urban area against 49,144.97KLD industrial wastewater. The waste water generated from rural areas is not treated in any way, therefore, as it decomposes in an aerobic condition, it is considered as not a source of CH4. Domestic wastewater have been categorized under urban and rural, since the characteristics of the municipal wastewater vary from place to place and depend on factors, such 
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	Treatment System for Treatment of Domestic Waste Water (Source-SPCB)
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	Treatment System for Treatment of Domestic Waste Water (Source-SPCB)


	Waste water treatment and discharge pathways for the wastewater generated in the urban areas is partial and about 70 % of the wastewater generated from the urban centres is not collected and treatment is provided to only 10% of what is collected is not very significant. The waste water gets disposed of in aerobic conditions. Therefore, no specific calculations have been made.
	Waste water treatment and discharge pathways for the wastewater generated in the urban areas is partial and about 70 % of the wastewater generated from the urban centres is not collected and treatment is provided to only 10% of what is collected is not very significant. The waste water gets disposed of in aerobic conditions. Therefore, no specific calculations have been made.
	Waste water treatment and discharge pathways for the wastewater generated in the urban areas is partial and about 70 % of the wastewater generated from the urban centres is not collected and treatment is provided to only 10% of what is collected is not very significant. The waste water gets disposed of in aerobic conditions. Therefore, no specific calculations have been made.

	The CH4 emission from waste water generated from Industry has been estimated based on data available with SPCB. The industries have been included for estimating CH4 from industrial waste water are given in following table:
	The CH4 emission from waste water generated from Industry has been estimated based on data available with SPCB. The industries have been included for estimating CH4 from industrial waste water are given in following table:


	Waste Water Generated in Major Industries in Himachal Pradesh
	Waste Water Generated in Major Industries in Himachal Pradesh
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	Waste Water generated
	Waste Water generated
	Waste Water generated



	Industrial
	Industrial
	Industrial
	Industrial


	49,144.97 KLD
	49,144.97 KLD
	49,144.97 KLD



	Do mestic
	Do mestic
	Do mestic
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	4,476.98 KLD
	4,476.98 KLD
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	Source: HPSPCB
	Source: HPSPCB
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	The emissions have been calculated using as per IPCC approach by incorporating country specific emission factors and State specific data. The general equation followed to estimate CH4 emissions from industrial wastewater is presented in equation below:
	The emissions have been calculated using as per IPCC approach by incorporating country specific emission factors and State specific data. The general equation followed to estimate CH4 emissions from industrial wastewater is presented in equation below:
	The emissions have been calculated using as per IPCC approach by incorporating country specific emission factors and State specific data. The general equation followed to estimate CH4 emissions from industrial wastewater is presented in equation below:


	Ti = i (TOWi - Si) EFi - Ri
	Ti = i (TOWi - Si) EFi - Ri
	Ti = i (TOWi - Si) EFi - Ri


	Where;
	Where;
	Where;

	Ti
	Ti

	i
	i

	TOWi
	TOWi

	Si
	Si

	EFi
	EFi

	Ri
	Ri


	CH4 emission in inventory year, kg CH4/yr;
	CH4 emission in inventory year, kg CH4/yr;
	CH4 emission in inventory year, kg CH4/yr;

	Industrial sector.
	Industrial sector.

	Total organically degradable material in waste water for industry i in inventory year, kg COD/year.
	Total organically degradable material in waste water for industry i in inventory year, kg COD/year.

	Organic component removed as sludge in inventory year, kg COD/year (Default Value 0.35).
	Organic component removed as sludge in inventory year, kg COD/year (Default Value 0.35).

	Emission factor for industry i, kg CH4 kg/CODfor treatment/discharge pathway or system used in inventory year.
	Emission factor for industry i, kg CH4 kg/CODfor treatment/discharge pathway or system used in inventory year.

	Amount of CH4 recovered in inventory year, kg CH4/year.
	Amount of CH4 recovered in inventory year, kg CH4/year.
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	Tertiary Level Treatment by provision of Reverse Osmosis (Source-SPCB)
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	Root Zone Biotech plant at ACC Gagal
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	GHG Emitted from Waste Water Sector ('000 tons)
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	Activity
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	CH4
	CH4
	CH4


	CO2 equivalent
	CO2 equivalent
	CO2 equivalent



	Industrial
	Industrial
	Industrial
	Industrial


	0.0001366
	0.0001366
	0.0001366


	0.006129
	0.006129
	0.006129
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	In Himachal Pradesh, power is one of the most important inputs for economic development. In addition to its widely recognised role as a catalyst to economic activity in different sectors of economy, the power sector makes a direct and significant contribution to State's economy in terms of revenue generation, employment opportunities and enhancing the quality of life.
	In Himachal Pradesh, power is one of the most important inputs for economic development. In addition to its widely recognised role as a catalyst to economic activity in different sectors of economy, the power sector makes a direct and significant contribution to State's economy in terms of revenue generation, employment opportunities and enhancing the quality of life.
	In Himachal Pradesh, power is one of the most important inputs for economic development. In addition to its widely recognised role as a catalyst to economic activity in different sectors of economy, the power sector makes a direct and significant contribution to State's economy in terms of revenue generation, employment opportunities and enhancing the quality of life.

	In our country total energy consumption per capita, as published by the World Resources Institute for theyear2003 is about 512.4 kge/a which is in our case about225 kgoe/a. The data is given in kilograms of oil equivalent per year, and gigajoules per year, and in watts, as average equivalent power. Undoubtedly the energy consumption projections is an important input for planning growth in industry, agriculture, domestic, commercial and other related sectors but at the same it is quite significant from envir
	In our country total energy consumption per capita, as published by the World Resources Institute for theyear2003 is about 512.4 kge/a which is in our case about225 kgoe/a. The data is given in kilograms of oil equivalent per year, and gigajoules per year, and in watts, as average equivalent power. Undoubtedly the energy consumption projections is an important input for planning growth in industry, agriculture, domestic, commercial and other related sectors but at the same it is quite significant from envir

	The yearly energy requirement detailed out and projection are as follows:
	The yearly energy requirement detailed out and projection are as follows:
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	2004-05
	2004-05


	2005-06
	2005-06
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	2007-08
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	2008-09
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	2011-12
	2011-12
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	Power in TWh
	Power in TWh
	Power in TWh
	Power in TWh


	4.516
	4.516
	4.516


	5.022
	5.022
	5.022


	5.585
	5.585
	5.585


	6.212
	6.212
	6.212


	6.909
	6.909
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	7.684
	7.684
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	8.545
	8.545
	8.545


	9.504
	9.504
	9.504





	Long Term Projections:
	Long Term Projections:
	Long Term Projections:
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	2011-12
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	2016-17
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	2021-22
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	Power in GWh
	Power in GWh
	Power in GWh
	Power in GWh


	9503.91
	9503.91
	9503.91


	13135.52
	13135.52
	13135.52


	17657.40
	17657.40
	17657.40



	Ref. CERC
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	It is pertinent here to mention that the population of Himachal Pradesh has been increasing continuously over the years. However, the growth rate of total population has shown a decreasing trend over the last three decades. In 2001, the total population of the State was about 60,77,900 which during the year 2011 has increased to 68, 56, 509. The percentage share of urban population has been increasing continuously over the years. Population growth scenario in urban areas likely in Himachal Pradesh is as und
	It is pertinent here to mention that the population of Himachal Pradesh has been increasing continuously over the years. However, the growth rate of total population has shown a decreasing trend over the last three decades. In 2001, the total population of the State was about 60,77,900 which during the year 2011 has increased to 68, 56, 509. The percentage share of urban population has been increasing continuously over the years. Population growth scenario in urban areas likely in Himachal Pradesh is as und
	It is pertinent here to mention that the population of Himachal Pradesh has been increasing continuously over the years. However, the growth rate of total population has shown a decreasing trend over the last three decades. In 2001, the total population of the State was about 60,77,900 which during the year 2011 has increased to 68, 56, 509. The percentage share of urban population has been increasing continuously over the years. Population growth scenario in urban areas likely in Himachal Pradesh is as und
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	Year
	Year
	Year

	1991
	1991


	Year
	Year
	Year

	2001
	2001


	Year
	Year
	Year

	2011
	2011


	Year
	Year
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	2021
	2021


	Year
	Year
	Year

	2031
	2031


	Year
	Year
	Year

	2041
	2041



	Total Population
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	51,70,877
	51,70,877
	51,70,877


	60,61,849
	60,61,849
	60,61,849


	68,56,509
	68,56,509
	68,56,509


	79,14,736
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	88,40,647
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	97,66,913
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	Urban Population Growth
	Urban Population Growth
	Urban Population Growth
	Urban Population Growth


	8.69%
	8.69%
	8.69%


	9.79%
	9.79%
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	10.04%
	10.04%
	10.04%


	11.29%
	11.29%
	11.29%


	12.09%
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	13.23%
	13.23%
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	The energy demands also show an increasing trend which undoubtedly indicates need for mitigative and adaptive measures.
	The energy demands also show an increasing trend which undoubtedly indicates need for mitigative and adaptive measures.
	The energy demands also show an increasing trend which undoubtedly indicates need for mitigative and adaptive measures.


	Scenario of Energy Demand Projections
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	The simple method of projecting aggregate energy demand is to assume constant energy intensity for future years. This is adjusted for changes through conservation by estimating the likely conservation potentials for future years (Table-22, Fig. 43).
	The simple method of projecting aggregate energy demand is to assume constant energy intensity for future years. This is adjusted for changes through conservation by estimating the likely conservation potentials for future years (Table-22, Fig. 43).
	The simple method of projecting aggregate energy demand is to assume constant energy intensity for future years. This is adjusted for changes through conservation by estimating the likely conservation potentials for future years (Table-22, Fig. 43).


	Table-22: Future Energy Demand Projections
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	Year
	Year
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	Year
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	4300.439
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	Estimated CO2 Emissions
	Estimated CO2 Emissions
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	3225
	3225
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	3662
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	Ref: HPSEB, Energy in million units
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	6409
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	6734
	6734
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	Ref: HPSEB, Energy Consumption in million units
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	Fig. 43: CO2 Emissions as per Energy Demand Projections
	Fig. 43: CO2 Emissions as per Energy Demand Projections


	As per the current analysis carried out in case of Himachal Pradesh it depicts a higher emissions scenario for the State. The scenario represents a more competitive economy that lacks cooperation in development and portrays a future in which economic growth is uneven, which may be lead to a growing income gap. It is important to here that mention that this scenario does not bracket the entire range of possible future emissions and resulting climatic changes, as even higher emissions or lower emissions scena
	As per the current analysis carried out in case of Himachal Pradesh it depicts a higher emissions scenario for the State. The scenario represents a more competitive economy that lacks cooperation in development and portrays a future in which economic growth is uneven, which may be lead to a growing income gap. It is important to here that mention that this scenario does not bracket the entire range of possible future emissions and resulting climatic changes, as even higher emissions or lower emissions scena
	As per the current analysis carried out in case of Himachal Pradesh it depicts a higher emissions scenario for the State. The scenario represents a more competitive economy that lacks cooperation in development and portrays a future in which economic growth is uneven, which may be lead to a growing income gap. It is important to here that mention that this scenario does not bracket the entire range of possible future emissions and resulting climatic changes, as even higher emissions or lower emissions scena


	5.4 Some Current Actions for Adaptation & Mitigation
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	The Government of Himachal Pradesh is already taking various initiatives to adopt the path of sustainable development and inclusive growth and has initiated various programmes and actions which would be further strengthened and made well equipped to deal with the challenges of climate change. The various actions have already been initiated in the State to streamline actions towards expected changes in various sectors viz. Agriculture, Water Resources, Forests, Biodiversity, Ecosystem, Energy (Hydro Power), 
	The Government of Himachal Pradesh is already taking various initiatives to adopt the path of sustainable development and inclusive growth and has initiated various programmes and actions which would be further strengthened and made well equipped to deal with the challenges of climate change. The various actions have already been initiated in the State to streamline actions towards expected changes in various sectors viz. Agriculture, Water Resources, Forests, Biodiversity, Ecosystem, Energy (Hydro Power), 

	5.4.1 Agriculture - Horticulture
	5.4.1 Agriculture - Horticulture

	The Department of Agriculture is working with responsibility for the economic up-liftment of farming community of the State through planned agriculture development with a strategy for future sustainable agriculture and production and improvement in productivity and quality through various adaptive measures such as setting up of 21 Seed Multiplication Farms where Foundation Seeds of Kharif and Rabi crops are being produced. Annually about 3,500 to 4,000 qtls. seed of Cereals, Pulses and Vegetables are produc
	The Department of Agriculture is working with responsibility for the economic up-liftment of farming community of the State through planned agriculture development with a strategy for future sustainable agriculture and production and improvement in productivity and quality through various adaptive measures such as setting up of 21 Seed Multiplication Farms where Foundation Seeds of Kharif and Rabi crops are being produced. Annually about 3,500 to 4,000 qtls. seed of Cereals, Pulses and Vegetables are produc

	The Department of Agriculture is also keeping an eye on the pest situation in the State. To overcome this, about 160-168 M.T. of pesticides through Departmental Sale Outlets are being supplied to the farmers. For quality control of pesticides, a State Pesticides Testing Laboratory has been set up with an annual capacity of 500 samples. One Bio Control Laboratory has been set up at Palampur, where conservation and augmentation, rearing and multiplication of bio-agents are being carried out. Farmers Field Sch
	The Department of Agriculture is also keeping an eye on the pest situation in the State. To overcome this, about 160-168 M.T. of pesticides through Departmental Sale Outlets are being supplied to the farmers. For quality control of pesticides, a State Pesticides Testing Laboratory has been set up with an annual capacity of 500 samples. One Bio Control Laboratory has been set up at Palampur, where conservation and augmentation, rearing and multiplication of bio-agents are being carried out. Farmers Field Sch

	There are 13 Potato Development Stations in the State where Foundation Seed Potato is being produced. More area is being diversified for undertaking production of cash crops and market maximum potato as table variety and produce only that much seed potato which can easily be marketed outside the State. The diversification is towards market oriented demand of high value cash crops/vegetables.
	There are 13 Potato Development Stations in the State where Foundation Seed Potato is being produced. More area is being diversified for undertaking production of cash crops and market maximum potato as table variety and produce only that much seed potato which can easily be marketed outside the State. The diversification is towards market oriented demand of high value cash crops/vegetables.

	Three Vegetable Seed Farms have been set up in the State where Quality Seed is being produced. Besides this, two Training Centers one at, Mashobra in District Shimla and other at Sundernagar, District Mandi have been established. Further, farmers training camps are organized at Village, Block and District levels.
	Three Vegetable Seed Farms have been set up in the State where Quality Seed is being produced. Besides this, two Training Centers one at, Mashobra in District Shimla and other at Sundernagar, District Mandi have been established. Further, farmers training camps are organized at Village, Block and District levels.

	Weather Based Crop Insurance Scheme (WBCIS) has been introduced for different crops. Two risk­financing programmes have been started which support adaptation to climate impacts. The Crop Insurance Scheme supports the insurance of farmers against climate risks, and the Credit Support Mechanism facilitates the extension of credit to farmers, especially for crop failure due to climate variability.
	Weather Based Crop Insurance Scheme (WBCIS) has been introduced for different crops. Two risk­financing programmes have been started which support adaptation to climate impacts. The Crop Insurance Scheme supports the insurance of farmers against climate risks, and the Credit Support Mechanism facilitates the extension of credit to farmers, especially for crop failure due to climate variability.


	The Department of Agriculture also is participating in RIDF for creation of irrigation potential through Minor Irrigation/ Water Harvesting Structures.
	The Department of Agriculture also is participating in RIDF for creation of irrigation potential through Minor Irrigation/ Water Harvesting Structures.
	The Department of Agriculture also is participating in RIDF for creation of irrigation potential through Minor Irrigation/ Water Harvesting Structures.

	The programme for the production of cash crops through adoption of precision farming practices through poly house cultivation and Project on Diversification of Agriculture through Micro-Irrigation and other related infrastructure is also being implemented in the State.
	The programme for the production of cash crops through adoption of precision farming practices through poly house cultivation and Project on Diversification of Agriculture through Micro-Irrigation and other related infrastructure is also being implemented in the State.

	"Seed Village Programme" by which sufficient seed multiplication can be achieved in order to meet local seed requirements is being implemented besides facilitating supply of seeds at reasonable cost and ensuring quick multiplication of new varieties in a shorter time. Under this programme, areas of better seed production will be identified and a compact area approach will be followed.
	"Seed Village Programme" by which sufficient seed multiplication can be achieved in order to meet local seed requirements is being implemented besides facilitating supply of seeds at reasonable cost and ensuring quick multiplication of new varieties in a shorter time. Under this programme, areas of better seed production will be identified and a compact area approach will be followed.

	The adoption of organic agriculture on one hand, is expected to provide sustainability, while on other hand, it will help in increasing the income of the farmers. The Government of India has launched a National Project on Agriculture in order to promote organic farming in the State. Under this project, financial assistance was being provided for setting up of Model Farms, training of farmers, setting up of vermin composting units, hatcheries etc. For promoting organic farming a project was taken up in Shiml
	The adoption of organic agriculture on one hand, is expected to provide sustainability, while on other hand, it will help in increasing the income of the farmers. The Government of India has launched a National Project on Agriculture in order to promote organic farming in the State. Under this project, financial assistance was being provided for setting up of Model Farms, training of farmers, setting up of vermin composting units, hatcheries etc. For promoting organic farming a project was taken up in Shiml

	The current programmes aims to minimize the adverse effects of drought on production of crops and livestock, and on the productivity of land, water and human resources, so as to ultimately lead to drought proofing of the affected areas. It also aims to promote overall economic development and improve the socio-economic conditions of the resource poor and disadvantaged sections inhabiting the programme areas or affected areas.
	The current programmes aims to minimize the adverse effects of drought on production of crops and livestock, and on the productivity of land, water and human resources, so as to ultimately lead to drought proofing of the affected areas. It also aims to promote overall economic development and improve the socio-economic conditions of the resource poor and disadvantaged sections inhabiting the programme areas or affected areas.

	The Horticulture Technology Mission programme funded by Government of India is taking care of adaptation actions to combat climate change impacts as well as capacity building of extension work­ers, farmers and NGOs to support better vulnerability reducing practices.
	The Horticulture Technology Mission programme funded by Government of India is taking care of adaptation actions to combat climate change impacts as well as capacity building of extension work­ers, farmers and NGOs to support better vulnerability reducing practices.

	5.4.2 Water Resources
	5.4.2 Water Resources

	In view of vital importance of water for the sustenance of human and animal life for maintaining the ecological balance and for economic and developmental activities of all kinds, and considering its increasing scarcity, the planning and management of water resource and its optimal, economical and equitable use is treated as a matter of utmost urgency. Concerns of the community are taken into account for water resources development and management. The State Water Policy has been prepared in the State and is
	In view of vital importance of water for the sustenance of human and animal life for maintaining the ecological balance and for economic and developmental activities of all kinds, and considering its increasing scarcity, the planning and management of water resource and its optimal, economical and equitable use is treated as a matter of utmost urgency. Concerns of the community are taken into account for water resources development and management. The State Water Policy has been prepared in the State and is

	In order to provide permanent drinking water supply and to avoid deployment of tankers/tractors, the Rehabilitation and Source Level Augmentation of various schemes are being implemented. Through such schemes percolation wells are being developed (6 Nos. along right bank of River Beas and discharge is 30 LPS of each percolation well.) The villages/habitations proposed to be covered under these schemes are water scarcity areas and huge number of tankers and tractors are being deployed to supplement the drink
	In order to provide permanent drinking water supply and to avoid deployment of tankers/tractors, the Rehabilitation and Source Level Augmentation of various schemes are being implemented. Through such schemes percolation wells are being developed (6 Nos. along right bank of River Beas and discharge is 30 LPS of each percolation well.) The villages/habitations proposed to be covered under these schemes are water scarcity areas and huge number of tankers and tractors are being deployed to supplement the drink


	These hand pumps are supplementing the existing piped water supply and have been installed in drought prone areas, areas of acute water scarcity and other problematic areas and the areas where tankers are being deployed during the peak season in recent years at a huge financial cost.
	These hand pumps are supplementing the existing piped water supply and have been installed in drought prone areas, areas of acute water scarcity and other problematic areas and the areas where tankers are being deployed during the peak season in recent years at a huge financial cost.
	These hand pumps are supplementing the existing piped water supply and have been installed in drought prone areas, areas of acute water scarcity and other problematic areas and the areas where tankers are being deployed during the peak season in recent years at a huge financial cost.

	The demand - driven, participatory approaches is being adopted in the State on water allocations. The Village Panchayat / community are delegated with powers to plan, implement and manage various schemes. An integrated approach to water, sanitation & hygiene, ground water conservation and rain water harvesting is being adopted. Capacity development of the community to plan, implement and manage the Rural Water Supply Schemes of their own choice is being undertaken.
	The demand - driven, participatory approaches is being adopted in the State on water allocations. The Village Panchayat / community are delegated with powers to plan, implement and manage various schemes. An integrated approach to water, sanitation & hygiene, ground water conservation and rain water harvesting is being adopted. Capacity development of the community to plan, implement and manage the Rural Water Supply Schemes of their own choice is being undertaken.

	The Hand Pump programme is quite successfull in mitigating the people's misery due to shortage of drinking water in different pockets of drought prone and acute water scarcity areas. The programme was started during 1991-92 and a total of 23,371 hand pumps have been installed in the State up to March-2011.
	The Hand Pump programme is quite successfull in mitigating the people's misery due to shortage of drinking water in different pockets of drought prone and acute water scarcity areas. The programme was started during 1991-92 and a total of 23,371 hand pumps have been installed in the State up to March-2011.

	As towns in the State mostly serve as health resorts, environment improvements assume special significance particularly to avoid pollution of the rivers and other water bodies of the State. To abolish carrying of night soil on head load and scavenging system in the country/states, the Government has given top priority to connect dry latrine system into water pour system. Hence, the sewerage programme has assumed immense importance to contain the water pollution problem. Under this programme sewerage facilit
	As towns in the State mostly serve as health resorts, environment improvements assume special significance particularly to avoid pollution of the rivers and other water bodies of the State. To abolish carrying of night soil on head load and scavenging system in the country/states, the Government has given top priority to connect dry latrine system into water pour system. Hence, the sewerage programme has assumed immense importance to contain the water pollution problem. Under this programme sewerage facilit

	13 sewerage schemes have been completed viz. Shimla,Palampur, Mandi, Jawalamukhi Shri Naina Devi Ji, Chamba, Bilaspur, Rohroo, Ghumarwin, Manali, Jogindernagar, Arki, Rampur, Reckong-Peo and Sarahan. The work on 24 schemes is in progress viz. Una, Solan, Sundernagar, Paonta, Sarkaghat, Kullu, Mehatpur, Santokhgarh, Dalhousie, Chowari, Bhuntar, Dharamsala, Hamirpur, Kangra, Nagrota, Jubbal, Sujanpur, Nadaun, Kotkhai, Narkanda, Theog, Nurpur, SuniandDehra.
	13 sewerage schemes have been completed viz. Shimla,Palampur, Mandi, Jawalamukhi Shri Naina Devi Ji, Chamba, Bilaspur, Rohroo, Ghumarwin, Manali, Jogindernagar, Arki, Rampur, Reckong-Peo and Sarahan. The work on 24 schemes is in progress viz. Una, Solan, Sundernagar, Paonta, Sarkaghat, Kullu, Mehatpur, Santokhgarh, Dalhousie, Chowari, Bhuntar, Dharamsala, Hamirpur, Kangra, Nagrota, Jubbal, Sujanpur, Nadaun, Kotkhai, Narkanda, Theog, Nurpur, SuniandDehra.

	The non-conventional methods for utilization of water, including inter-basin transfers, artificial recharge of groundwater, as well as traditional water conservation practices like rainwater harvesting, including roof-top rainwater harvesting, are being practised to increase the utilizable water resources. The rain water harvesting has been made mandatory in Himachal Pradesh.
	The non-conventional methods for utilization of water, including inter-basin transfers, artificial recharge of groundwater, as well as traditional water conservation practices like rainwater harvesting, including roof-top rainwater harvesting, are being practised to increase the utilizable water resources. The rain water harvesting has been made mandatory in Himachal Pradesh.

	5.4.3 Forests & Biodiversity
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	India has a strong and well diversified afforestation programme. The impetus to afforestation process was accelerated by the enactment of the Forest Conservation Act, 1980, which aimed at stopping the clearing and degradation of forests through a strict, centralized control of the rights to use forest land and mandatory requirements of compensatory afforestation in case of any diversion of forest land for any non-forestry purposes. In addition, an aggressive afforestation and sustainable forest manage­ment 
	India has a strong and well diversified afforestation programme. The impetus to afforestation process was accelerated by the enactment of the Forest Conservation Act, 1980, which aimed at stopping the clearing and degradation of forests through a strict, centralized control of the rights to use forest land and mandatory requirements of compensatory afforestation in case of any diversion of forest land for any non-forestry purposes. In addition, an aggressive afforestation and sustainable forest manage­ment 


	The Project has become operative in 10 districts of Himachal Pradesh w.e.f. 1st October, 2005 with the financial assistance of the World Bank. The Project builds on the successful experience of the Integrated Watershed Development Project (IWDP) (KANDI PROJECT) which culminated on 30th September, 2005. MHWDP Project aims at scaling up the successes of IWDP with two main differences. First, it expands upwards from the Shivaliks to the Mid-Hills, a region which covers about one-third of the State and over hal
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	Project Goal & Objectives:
	Project Goal & Objectives:

	The overall goal of the project is to reverse the process of degradation of the natural resource base and improve the productive potential of natural resources and incomes of the rural households in the project area in Himachal Pradesh (using the Community-driven Development (CDD) approach). A secondary objective is to support policy and institutional development in the State to harmonize watershed development projects and programs across the State in accordance with best practices.
	The overall goal of the project is to reverse the process of degradation of the natural resource base and improve the productive potential of natural resources and incomes of the rural households in the project area in Himachal Pradesh (using the Community-driven Development (CDD) approach). A secondary objective is to support policy and institutional development in the State to harmonize watershed development projects and programs across the State in accordance with best practices.

	Project Scope:
	Project Scope:

	The project covers around 272 Micro-watersheds spread over 602 GPs, 42 blocks and 10 districts (viz., Bilaspur, Chamba, Hamirpur, Kangra, Kullu, Mandi, Shimla, Sirmaur, Solan, and Una). The project benefits are expected to reach to around 25,000 poorfamilies in the project area.
	The project covers around 272 Micro-watersheds spread over 602 GPs, 42 blocks and 10 districts (viz., Bilaspur, Chamba, Hamirpur, Kangra, Kullu, Mandi, Shimla, Sirmaur, Solan, and Una). The project benefits are expected to reach to around 25,000 poorfamilies in the project area.

	ProjectArea:
	ProjectArea:

	The project covers the Mid Hill and High Hill zone of the State within the altitude range of600-1800 metres. Shiwalik Hills areas up to an altitude of600 meters has not been considered as it has been covered in IWDP (Hills-1 and II). Accordingly, 11 sub-watershed divisions (falling in 10 districts except Tribal Districts) have been selected while covering 602 Gram Panchayats for implementation.
	The project covers the Mid Hill and High Hill zone of the State within the altitude range of600-1800 metres. Shiwalik Hills areas up to an altitude of600 meters has not been considered as it has been covered in IWDP (Hills-1 and II). Accordingly, 11 sub-watershed divisions (falling in 10 districts except Tribal Districts) have been selected while covering 602 Gram Panchayats for implementation.

	The project is of 7 years duration. The project became operational in October, 2005 and will culminate in March 2013.A key feature of the Project is the proactive involvement of village level institutions of self - governance i. e. the Gram Panchayats (GP). It is envisaged that substantial Project activities, and the Projectfunds, would be channelized directly through the GPs.
	The project is of 7 years duration. The project became operational in October, 2005 and will culminate in March 2013.A key feature of the Project is the proactive involvement of village level institutions of self - governance i. e. the Gram Panchayats (GP). It is envisaged that substantial Project activities, and the Projectfunds, would be channelized directly through the GPs.

	Guiding Principles:
	Guiding Principles:

	1. An integrated Watershed Management framework as a strategy.
	1. An integrated Watershed Management framework as a strategy.

	2. Conservation planning, while using water as the nucleus for a community-based program ofrural development.
	2. Conservation planning, while using water as the nucleus for a community-based program ofrural development.

	3. Decentralization ofPRIs and making them sustainable instrument of natural resource management.
	3. Decentralization ofPRIs and making them sustainable instrument of natural resource management.

	4. Cost sharing for promoting ownership.
	4. Cost sharing for promoting ownership.

	5. Transparency in decision making and resource allocation.
	5. Transparency in decision making and resource allocation.

	6. Targeting vulnerable groups such as women, landless and nomads with special programmes.
	6. Targeting vulnerable groups such as women, landless and nomads with special programmes.

	7. Value addition to agricultural production.
	7. Value addition to agricultural production.

	8. Improving accessibility.
	8. Improving accessibility.

	9. Communities being empowered through capacity building, partnership and accountability mechanism.
	9. Communities being empowered through capacity building, partnership and accountability mechanism.

	Bio-Carbon Sub-Project:
	Bio-Carbon Sub-Project:

	(BC Sub-Project) is proposed as an additional component of the Mid-Himalayan Watershed Project (MHWP). Both projects (MHWP & BC) focus on different approaches and implemented on different lands - at the same time complement each other in all respects. The objective under the BC sub-project has been developed through a series of consultations with Mid-Himalayan Watershed Project (MHWP) partners, Forest Department, Govt of HP (GoHP) and World Bank wherein a consensus for three guiding principles for the proje
	(BC Sub-Project) is proposed as an additional component of the Mid-Himalayan Watershed Project (MHWP). Both projects (MHWP & BC) focus on different approaches and implemented on different lands - at the same time complement each other in all respects. The objective under the BC sub-project has been developed through a series of consultations with Mid-Himalayan Watershed Project (MHWP) partners, Forest Department, Govt of HP (GoHP) and World Bank wherein a consensus for three guiding principles for the proje

	i) identify locally grown and accepted species in the MHWP areas,
	i) identify locally grown and accepted species in the MHWP areas,

	ii) involve small and marginal formers in plantation activities that will bring value addition to the ongoing watershed interventions/activities,
	ii) involve small and marginal formers in plantation activities that will bring value addition to the ongoing watershed interventions/activities,

	iii) the plantation activities should supportfor livelihood enhancement. However, it is also important to understand the context of MHWP through which it is proposed to implement the BC sub-project as an additional component and use its institutional base without which it would not be possible to develop this initiative.
	iii) the plantation activities should supportfor livelihood enhancement. However, it is also important to understand the context of MHWP through which it is proposed to implement the BC sub-project as an additional component and use its institutional base without which it would not be possible to develop this initiative.


	The interventions proposed under the BC sub-project makes the villagers a strategic seller of Carbon Credits under the Kyoto Protocol as well as in response to global demand for Certified Emissions Reductions under the Clean Development Mechanism. The BC sub-project is a good opportunity for value addition to the marginal farmers as majority of them will be receiving additional cash benefits by selling carbon credits that is over and above ecological and livelihood benefits through MHWP. Besides selling Car
	The interventions proposed under the BC sub-project makes the villagers a strategic seller of Carbon Credits under the Kyoto Protocol as well as in response to global demand for Certified Emissions Reductions under the Clean Development Mechanism. The BC sub-project is a good opportunity for value addition to the marginal farmers as majority of them will be receiving additional cash benefits by selling carbon credits that is over and above ecological and livelihood benefits through MHWP. Besides selling Car
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	Economic
	Economic
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	Economic
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	Ecological
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	Socio-Economic
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	NTFPs
	NTFPs
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	Watershed protection
	Watershed protection
	Watershed protection


	Involvement of the poorest of poor
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	Fuel wood
	Fuel wood
	Fuel wood
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	Biodiversity co nservation
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	Capacity building of communities particularly women in management of carbon finance
	Capacity building of communities particularly women in management of carbon finance
	Capacity building of communities particularly women in management of carbon finance
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	Soil quality improvement
	Soil quality improvement
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	Carbon revenue
	Carbon revenue
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	Increased crop productivity
	Increased crop productivity
	Increased crop productivity



	Indicative carbon revenue: Rs. 3000 to 4000/ha at US$4/tonne of carbon besides reduction of GHG globally.
	Indicative carbon revenue: Rs. 3000 to 4000/ha at US$4/tonne of carbon besides reduction of GHG globally.
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	(Ref: HP Forest Department website)
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	5.4.4 Health
	5.4.4 Health
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	The State has a better public health care infrastructure and better health status than many other Indian states e.g., infant mortality rate in the State is less than two-third of the all India average. The people of the State also appear to find higher value in the care provided by government facilities many Indians in other states.
	The State has a better public health care infrastructure and better health status than many other Indian states e.g., infant mortality rate in the State is less than two-third of the all India average. The people of the State also appear to find higher value in the care provided by government facilities many Indians in other states.

	The Department of Health has played an important role in this success through such activities in improving government health facilities and implementing the targeted disease reduction campaigns.
	The Department of Health has played an important role in this success through such activities in improving government health facilities and implementing the targeted disease reduction campaigns.

	As the State is developing economically, there is also a need for the Department of Health to engage in greater depth on the issue of insurance and the challenges of providing financial protection against catastrophic losses. The current insurance mandate in the State represents a step forward. A robust regulatory mechanism needs to be in place in order to mitigate effectively.
	As the State is developing economically, there is also a need for the Department of Health to engage in greater depth on the issue of insurance and the challenges of providing financial protection against catastrophic losses. The current insurance mandate in the State represents a step forward. A robust regulatory mechanism needs to be in place in order to mitigate effectively.

	There are various programmes which are being carried out extensively in the State. The prime objective of these programmes is the surveillance and control of vector borne diseases such as Malaria. The health programmes also provide for emergency medical relief in the case of natural calamities, and to train and develop human resources for these tasks.
	There are various programmes which are being carried out extensively in the State. The prime objective of these programmes is the surveillance and control of vector borne diseases such as Malaria. The health programmes also provide for emergency medical relief in the case of natural calamities, and to train and develop human resources for these tasks.

	There are other programmes to promote the role of Gram Panchayats in providing basic health care to their residents and as a part of the decentralization planning processes, the basic health functions are also being provided by the Gram Panchayats.
	There are other programmes to promote the role of Gram Panchayats in providing basic health care to their residents and as a part of the decentralization planning processes, the basic health functions are also being provided by the Gram Panchayats.

	5.4.5 Disaster Management
	5.4.5 Disaster Management

	The flood prone area in the State has been estimated as 2.31 lakh ha. The Government of Himachal Pradesh is making strenuous efforts to protect private properties and culturable land by providing emergent flood protection measures in the shape of embankments, spurs and wire crates etc. Up to March, 2011 the Irrigation & Public Health Department was able to protect an area of 17,602 ha from the fury of floods.
	The flood prone area in the State has been estimated as 2.31 lakh ha. The Government of Himachal Pradesh is making strenuous efforts to protect private properties and culturable land by providing emergent flood protection measures in the shape of embankments, spurs and wire crates etc. Up to March, 2011 the Irrigation & Public Health Department was able to protect an area of 17,602 ha from the fury of floods.


	A Disaster Management Authority has been setup in the State to combat the emerging threat of natural disasters. The State provides grants-in-aid to victims of weather related disasters. It also supports proactive disaster prevention programmes, including dissemination of information and training on disaster-management personnel. The State Disaster Management Plan is also being finalized wherein the vulnerability assessment of the State would be carried out and various mitigation measures would be suggested.
	A Disaster Management Authority has been setup in the State to combat the emerging threat of natural disasters. The State provides grants-in-aid to victims of weather related disasters. It also supports proactive disaster prevention programmes, including dissemination of information and training on disaster-management personnel. The State Disaster Management Plan is also being finalized wherein the vulnerability assessment of the State would be carried out and various mitigation measures would be suggested.
	A Disaster Management Authority has been setup in the State to combat the emerging threat of natural disasters. The State provides grants-in-aid to victims of weather related disasters. It also supports proactive disaster prevention programmes, including dissemination of information and training on disaster-management personnel. The State Disaster Management Plan is also being finalized wherein the vulnerability assessment of the State would be carried out and various mitigation measures would be suggested.

	5.4.6 Actions Relevant to GHG's Mitigation
	5.4.6 Actions Relevant to GHG's Mitigation

	Himachal Pradesh has in place a detailed policy to programme level structure that relates strongly to GHG mitigation. The State has in place its own Power Policy which ensures sustainable development of hydropower and promotes run-of-river projects, release of minimum discharge downstream the diversion structures etc. The major initiatives are:
	Himachal Pradesh has in place a detailed policy to programme level structure that relates strongly to GHG mitigation. The State has in place its own Power Policy which ensures sustainable development of hydropower and promotes run-of-river projects, release of minimum discharge downstream the diversion structures etc. The major initiatives are:

	• Promotion of CFL bulbs, energy efficiency in all sectors.
	• Promotion of CFL bulbs, energy efficiency in all sectors.

	• Promotion of ropeways.
	• Promotion of ropeways.

	• Emphasis on use of renewable sources of energy including biofuel plantations.
	• Emphasis on use of renewable sources of energy including biofuel plantations.

	• Accelerated development of Hydro power through run-of river projects.
	• Accelerated development of Hydro power through run-of river projects.

	• Adoption of several clean energy related technologies.
	• Adoption of several clean energy related technologies.

	A number of economic activities are required to prepare Environment Impact Assessments (EIA), and Environment Management Plans (EMP), which are appraised by SEAC/ SEIAAs before the commencement of work. The provisions under the Environment (Protection) Act, 1986 strongly promote environmental sustainability. The mitigation of impacts is ensured through implementation of Environment Management Plans. The State is also undertaking preparation of basin wide Cumulative Environment Impact Assessment (CEIA) and b
	A number of economic activities are required to prepare Environment Impact Assessments (EIA), and Environment Management Plans (EMP), which are appraised by SEAC/ SEIAAs before the commencement of work. The provisions under the Environment (Protection) Act, 1986 strongly promote environmental sustainability. The mitigation of impacts is ensured through implementation of Environment Management Plans. The State is also undertaking preparation of basin wide Cumulative Environment Impact Assessment (CEIA) and b

	5.4.7 Other Initiatives
	5.4.7 Other Initiatives

	- A "Community Led Assessment, Awareness, Advocacy & Action Programme (CLAP) for Environment Protection and Carbon Neutrality" in Himachal Pradesh has been started in the State. This programme has been envisioned to assess the carbon and environment footprints at Panchayat level, the smallest unit of governance and through advocacy usher in sustainable development and low carbon economy in partnership with the citizenry through environment awareness, awareness, advocacy, action and improvement activities.
	- A "Community Led Assessment, Awareness, Advocacy & Action Programme (CLAP) for Environment Protection and Carbon Neutrality" in Himachal Pradesh has been started in the State. This programme has been envisioned to assess the carbon and environment footprints at Panchayat level, the smallest unit of governance and through advocacy usher in sustainable development and low carbon economy in partnership with the citizenry through environment awareness, awareness, advocacy, action and improvement activities.

	The programme at the grass root level would comprise of the following activities:
	The programme at the grass root level would comprise of the following activities:

	• Assessment: Facilitate systematic assessment and documentation of the existing environmental quality and carbon foot prints of Panchayats, Urban Local Bodies, Blocks, and Districts through network of Eco-clubs, Mahila Mandals, NGOs etc. by Participatory Appraisal Techniques and build requisite capacity for these purposes on an ongoing basis.
	• Assessment: Facilitate systematic assessment and documentation of the existing environmental quality and carbon foot prints of Panchayats, Urban Local Bodies, Blocks, and Districts through network of Eco-clubs, Mahila Mandals, NGOs etc. by Participatory Appraisal Techniques and build requisite capacity for these purposes on an ongoing basis.
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	• Awareness: Facilitate generation of systematic awareness through network of Eco-clubs, Mahila Mandals, NGOs etc. of amongst among citizens, decision makers, communities and other stakeholders in the society on the state of environment, environmental issues and causes of degradation and possible ameliorative action.
	• Awareness: Facilitate generation of systematic awareness through network of Eco-clubs, Mahila Mandals, NGOs etc. of amongst among citizens, decision makers, communities and other stakeholders in the society on the state of environment, environmental issues and causes of degradation and possible ameliorative action.
	• Awareness: Facilitate generation of systematic awareness through network of Eco-clubs, Mahila Mandals, NGOs etc. of amongst among citizens, decision makers, communities and other stakeholders in the society on the state of environment, environmental issues and causes of degradation and possible ameliorative action.

	• Advocacy: Facilitate mobilization of communities and panchayats through network of Eco­clubs, Mahila Mandals, NGOs etc. for to promote environmental advocacy for policy change at district and state level.
	• Advocacy: Facilitate mobilization of communities and panchayats through network of Eco­clubs, Mahila Mandals, NGOs etc. for to promote environmental advocacy for policy change at district and state level.

	• Action: Based on environmental assessment help Panchayats and communities through network of Eco-clubs, Mahila Mandals, NGOs etc. to undertake environmental improvement actions at the local level to improve environment and reduce their carbon foot prints.
	• Action: Based on environmental assessment help Panchayats and communities through network of Eco-clubs, Mahila Mandals, NGOs etc. to undertake environmental improvement actions at the local level to improve environment and reduce their carbon foot prints.

	- The State Government has introduced use of CFL for energy conservation through 'Atal Bijli Bachat Yojna’ by distributing 4 CFL bulbs at free of cost to every family in Himachal Pradesh aimed to achieve sizable reduction in energy consumption. The State is also encouraging run-of- river hydel power projects and is striving to meet 100% of its energy requirements from the hydel sector. The State is discouraging use of fossil fuels and other traditional materials for space heating and has banned use of coal 
	- The State Government has introduced use of CFL for energy conservation through 'Atal Bijli Bachat Yojna’ by distributing 4 CFL bulbs at free of cost to every family in Himachal Pradesh aimed to achieve sizable reduction in energy consumption. The State is also encouraging run-of- river hydel power projects and is striving to meet 100% of its energy requirements from the hydel sector. The State is discouraging use of fossil fuels and other traditional materials for space heating and has banned use of coal 
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	Based on the available data and its assessment clearly indicates that that there is a considerable gap in our knowledge about the natural resources and their vulnerability to climate change of the entire Himalaya in general and State in particular. There is no systematic monitoring, documentation, or research to have an update on the status of biodiversity in the region. Despite various projections and observed changes, the region lacks adequate scientific evidences to understand the impact of climate chang
	Based on the available data and its assessment clearly indicates that that there is a considerable gap in our knowledge about the natural resources and their vulnerability to climate change of the entire Himalaya in general and State in particular. There is no systematic monitoring, documentation, or research to have an update on the status of biodiversity in the region. Despite various projections and observed changes, the region lacks adequate scientific evidences to understand the impact of climate chang
	Based on the available data and its assessment clearly indicates that that there is a considerable gap in our knowledge about the natural resources and their vulnerability to climate change of the entire Himalaya in general and State in particular. There is no systematic monitoring, documentation, or research to have an update on the status of biodiversity in the region. Despite various projections and observed changes, the region lacks adequate scientific evidences to understand the impact of climate chang

	• First, there is much to learn about the potential magnitude and rate of climate change at the regional and local levels, and subsequent impacts on the full range of biodiversity endpoints and ecosystems.
	• First, there is much to learn about the potential magnitude and rate of climate change at the regional and local levels, and subsequent impacts on the full range of biodiversity endpoints and ecosystems.

	• Second, there is need to develop a consolidated biodiversity conservation techniques (both traditional and natural), or climate adaptation techniques, targeted on Himachal Pradesh or Himalayan region.
	• Second, there is need to develop a consolidated biodiversity conservation techniques (both traditional and natural), or climate adaptation techniques, targeted on Himachal Pradesh or Himalayan region.

	• Third, detailed analysis needed at the moment to be developed for each of the priority vulnerable sector specifically to agriculture and horticulture, ecosystems and to biodiversity and other natural resources.
	• Third, detailed analysis needed at the moment to be developed for each of the priority vulnerable sector specifically to agriculture and horticulture, ecosystems and to biodiversity and other natural resources.

	Based on available data base and the current/prevalent conditions, analysis have been carried out for Himachal Pradesh to demonstrate that how the State is vulnerable w.r.t. climate change risks and what are the indicators/scenarios. An attempt has been made to undertake the district level mapping of adaptive capacity in the State as a composite of bio, social and technological indicators. But certainly inadequate data base and the knowledge gaps indicate towards strengthening of capacity of State on accoun
	Based on available data base and the current/prevalent conditions, analysis have been carried out for Himachal Pradesh to demonstrate that how the State is vulnerable w.r.t. climate change risks and what are the indicators/scenarios. An attempt has been made to undertake the district level mapping of adaptive capacity in the State as a composite of bio, social and technological indicators. But certainly inadequate data base and the knowledge gaps indicate towards strengthening of capacity of State on accoun

	6.1 Actions on Gaps for Projections
	6.1 Actions on Gaps for Projections

	In Himachal Pradesh there is exists a significant data gap for drawing projections. Climate change is an interdisciplinary subject that cuts across physics, chemistry, biology, earth sciences, economics, technology development, etc. Therefore, multiple data sets are required even to simulate the current situations by different models; for which the current data on climate, natural ecosystems, soils, water from different sources, agricultural productivity and inputs and socio-economic parameters amongst othe
	In Himachal Pradesh there is exists a significant data gap for drawing projections. Climate change is an interdisciplinary subject that cuts across physics, chemistry, biology, earth sciences, economics, technology development, etc. Therefore, multiple data sets are required even to simulate the current situations by different models; for which the current data on climate, natural ecosystems, soils, water from different sources, agricultural productivity and inputs and socio-economic parameters amongst othe


	6.2 Systematic Observations
	6.2 Systematic Observations
	6.2 Systematic Observations

	Systematic observations that have the long term effects must be taken up on a regular basis in the State which adds to the database on physical and biological systems for example, data on forest vegetation types. In Himachal Pradesh, forest observation plots were established in the late 19th century to observe the changes in forest vegetation patterns in different areas. However, most of these plots have not been continuously monitored, and as a result, we do not have adequate data on the vegetation types, 
	Systematic observations that have the long term effects must be taken up on a regular basis in the State which adds to the database on physical and biological systems for example, data on forest vegetation types. In Himachal Pradesh, forest observation plots were established in the late 19th century to observe the changes in forest vegetation patterns in different areas. However, most of these plots have not been continuously monitored, and as a result, we do not have adequate data on the vegetation types, 

	6.3 Building Capacities
	6.3 Building Capacities

	A rapid building up of capacities is essential to enhance the level of climate change research in Himachal Pradesh. In this context scientific cooperation and collaboration is essential in the area of climate modeling, impact assessment, integrated impact assessments, research on mitigation of climate change concerns and adaptation to impacts of climate change. Extensive networking of researchers within country to carry forward the work on science, impacts and mitigation of climate change in the State is re
	A rapid building up of capacities is essential to enhance the level of climate change research in Himachal Pradesh. In this context scientific cooperation and collaboration is essential in the area of climate modeling, impact assessment, integrated impact assessments, research on mitigation of climate change concerns and adaptation to impacts of climate change. Extensive networking of researchers within country to carry forward the work on science, impacts and mitigation of climate change in the State is re
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	The Government of Himachal Pradesh has already decided to undertake the path of sustainable development and inclusive growth and have taken various initiatives and programmes which would be further strengthened to deal with the challenges of climate change.
	The Government of Himachal Pradesh has already decided to undertake the path of sustainable development and inclusive growth and have taken various initiatives and programmes which would be further strengthened to deal with the challenges of climate change.

	7.1 Sector wise Description of Ongoing Activities
	7.1 Sector wise Description of Ongoing Activities

	7.1.1 Himachal Pradesh Solar Energy Programme
	7.1.1 Himachal Pradesh Solar Energy Programme

	In the State 'Himurja' is set up to significantly increase the use of solar energy in the total energy mix while recognizing the need to expand the scope of other renewable and non-fossil options such as thermal energy, wind energy and biomass.
	In the State 'Himurja' is set up to significantly increase the use of solar energy in the total energy mix while recognizing the need to expand the scope of other renewable and non-fossil options such as thermal energy, wind energy and biomass.


	Subsidies are being given on the purchase of solar heaters, cookers, photovoltaic cells which are becoming cheaper with new technology. There are newer reflector-based technologies that could enable setting up of megawatt scale solar heaters for hot water.
	Subsidies are being given on the purchase of solar heaters, cookers, photovoltaic cells which are becoming cheaper with new technology. There are newer reflector-based technologies that could enable setting up of megawatt scale solar heaters for hot water.
	Subsidies are being given on the purchase of solar heaters, cookers, photovoltaic cells which are becoming cheaper with new technology. There are newer reflector-based technologies that could enable setting up of megawatt scale solar heaters for hot water.
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	Himachal Pradesh is a tropical Himalayan State, where sunshine is available for longer hours per day and in great intensity. Solar energy, therefore, has an enormous potential as future energy source. It also has the advantage of permitting a decentralized distribution of energy, thereby empowering people at the grass root levels.
	Himachal Pradesh is a tropical Himalayan State, where sunshine is available for longer hours per day and in great intensity. Solar energy, therefore, has an enormous potential as future energy source. It also has the advantage of permitting a decentralized distribution of energy, thereby empowering people at the grass root levels.
	Himachal Pradesh is a tropical Himalayan State, where sunshine is available for longer hours per day and in great intensity. Solar energy, therefore, has an enormous potential as future energy source. It also has the advantage of permitting a decentralized distribution of energy, thereby empowering people at the grass root levels.


	Awareness programmes are being conducted for the use solar water heating, streetlights systems to save energy and reduce GHG emissions in the State.
	Awareness programmes are being conducted for the use solar water heating, streetlights systems to save energy and reduce GHG emissions in the State.
	Awareness programmes are being conducted for the use solar water heating, streetlights systems to save energy and reduce GHG emissions in the State.

	Solar Trombe Wall at Tabo Monastery Sarai
	Solar Trombe Wall at Tabo Monastery Sarai

	While dealing with environmental NOCs, directives are there to
	While dealing with environmental NOCs, directives are there to

	ensure that the project developers shall install solar space heating systems, use solar street lighting systems in the State.
	ensure that the project developers shall install solar space heating systems, use solar street lighting systems in the State.


	It has been emphasized that the projects would be prepared which could draw upon international cooperation as well to enable the creation of more affordable, more convenient solar heating systems, and to promote innovations that enable the storage of solar power for sustained, long-term use.
	It has been emphasized that the projects would be prepared which could draw upon international cooperation as well to enable the creation of more affordable, more convenient solar heating systems, and to promote innovations that enable the storage of solar power for sustained, long-term use.
	It has been emphasized that the projects would be prepared which could draw upon international cooperation as well to enable the creation of more affordable, more convenient solar heating systems, and to promote innovations that enable the storage of solar power for sustained, long-term use.

	Himachal Pradesh is the first state in the country to introduce Solar Passive Building technology for the design and construction of Governmental & Semi Governmental buildings on a large scale. H.P.
	Himachal Pradesh is the first state in the country to introduce Solar Passive Building technology for the design and construction of Governmental & Semi Governmental buildings on a large scale. H.P.


	State Council for Science, Technology & Environment has formulated a Solar House Action Plan for Himachal Pradesh in May 1994, which is being supported by Ministry of Non-Conventional Energy Sources, Govt. of India.
	State Council for Science, Technology & Environment has formulated a Solar House Action Plan for Himachal Pradesh in May 1994, which is being supported by Ministry of Non-Conventional Energy Sources, Govt. of India.
	State Council for Science, Technology & Environment has formulated a Solar House Action Plan for Himachal Pradesh in May 1994, which is being supported by Ministry of Non-Conventional Energy Sources, Govt. of India.

	The State Council is also coordinating the Solar Passive Building Programme in Himachal Pradesh in collaboration with HP Public Works Department H.P. (PWD), HP Housing and Urban Development Authority (HIMUDA) Board & other organizations.
	The State Council is also coordinating the Solar Passive Building Programme in Himachal Pradesh in collaboration with HP Public Works Department H.P. (PWD), HP Housing and Urban Development Authority (HIMUDA) Board & other organizations.

	A Solar House Action Plan for Himachal Pradesh has been formulated under which it has been made mandatory that all Govt./ Semi Govt. buildings be designed and constructed as per solar passive housing technology in a phased manner.
	A Solar House Action Plan for Himachal Pradesh has been formulated under which it has been made mandatory that all Govt./ Semi Govt. buildings be designed and constructed as per solar passive housing technology in a phased manner.

	Solar passive building technology has been made mandatory in Himachal Pradesh under which all the departments including Corporations, Boards, Universities, HP Housing Board and HPPWD are required to incorporate features of solar passive technology in their designs at places above 2000 meters (msl)
	Solar passive building technology has been made mandatory in Himachal Pradesh under which all the departments including Corporations, Boards, Universities, HP Housing Board and HPPWD are required to incorporate features of solar passive technology in their designs at places above 2000 meters (msl)

	7.1.2 Himachal Pradesh Energy Efficiency/Saving Programme
	7.1.2 Himachal Pradesh Energy Efficiency/Saving Programme

	The Energy (Conservation) Act, 2001 provides a legal mandate for the implementation of energy effi­ciency measures through the institutional mechanism of Bureau of Energy Efficiency (BEE) not only in the Central Government but also in each State. A number of programmes have been initiated and it is anticipated that these would result in saving of 500 MW in overall consumption of the energy in Himachal Pradesh.
	The Energy (Conservation) Act, 2001 provides a legal mandate for the implementation of energy effi­ciency measures through the institutional mechanism of Bureau of Energy Efficiency (BEE) not only in the Central Government but also in each State. A number of programmes have been initiated and it is anticipated that these would result in saving of 500 MW in overall consumption of the energy in Himachal Pradesh.

	In the State Government has initiated various programmes to enhance energy efficiency.
	In the State Government has initiated various programmes to enhance energy efficiency.

	• Launched 'Atal Bijli Bachat Yojna' in the State by distributing CFL to the people of State at free of cost to promote saving of energy as a shift to energy efficient appliances/equipments.
	• Launched 'Atal Bijli Bachat Yojna' in the State by distributing CFL to the people of State at free of cost to promote saving of energy as a shift to energy efficient appliances/equipments.

	• Complete ban on use of coal for space heating etc.
	• Complete ban on use of coal for space heating etc.

	• Developing economic instruments to promote energy efficiency in Himachal Pradesh.
	• Developing economic instruments to promote energy efficiency in Himachal Pradesh.

	• Committed to harness the entire potential of 22,000 MW of Hydro Power available in State though the demand of the State is far less than the available potential, so as to contribute to the country's clean energy demand for meeting the set goals for reduction in the GHG emissions.
	• Committed to harness the entire potential of 22,000 MW of Hydro Power available in State though the demand of the State is far less than the available potential, so as to contribute to the country's clean energy demand for meeting the set goals for reduction in the GHG emissions.

	• Encourage the use of solar passive heating systems and promote the use of biogas plants.
	• Encourage the use of solar passive heating systems and promote the use of biogas plants.

	• Discourage the energy intensive industries that contribute large to GHG emissions.
	• Discourage the energy intensive industries that contribute large to GHG emissions.

	7.1.3 Himachal Pradesh Sustainable Development Programme for Urban & Rural Areas
	7.1.3 Himachal Pradesh Sustainable Development Programme for Urban & Rural Areas

	The State Government is committed to develop in a sustainable manner so as to conserve its beautiful environs through improvements in management of solid waste, waste water, modal shift to public transport, construction of buildings and roads, energy efficiency in buildings etc. The State Government is firm to promote sustainable development, energy efficiency as an integral component of urban and rural planning through various initiatives.
	The State Government is committed to develop in a sustainable manner so as to conserve its beautiful environs through improvements in management of solid waste, waste water, modal shift to public transport, construction of buildings and roads, energy efficiency in buildings etc. The State Government is firm to promote sustainable development, energy efficiency as an integral component of urban and rural planning through various initiatives.


	i. The State Government has completely banned the use of polythene carry bags, cups, plates and glasses in the State.
	i. The State Government has completely banned the use of polythene carry bags, cups, plates and glasses in the State.
	i. The State Government has completely banned the use of polythene carry bags, cups, plates and glasses in the State.

	ii. Emphasis has been made for recycling of waste materials.
	ii. Emphasis has been made for recycling of waste materials.

	iii. Municipal Solid Waste Management is a major component of ecologically sustainable economic development. Our country already has a significantly higher rate of recycling of waste in the context of 'kabaris'system as compared to many countries.
	iii. Municipal Solid Waste Management is a major component of ecologically sustainable economic development. Our country already has a significantly higher rate of recycling of waste in the context of 'kabaris'system as compared to many countries.

	iv. The waste water treatment plants are installed and the use of waste water and recycling options are exercised wherever possible.
	iv. The waste water treatment plants are installed and the use of waste water and recycling options are exercised wherever possible.

	v. To save potable water, rainwater harvesting in new buildings has been made compulsory.
	v. To save potable water, rainwater harvesting in new buildings has been made compulsory.

	vi. The Energy Conservation Building Code, the green buildings which addresses the design of new and large commercial buildings to optimize their energy demand has been promoted.
	vi. The Energy Conservation Building Code, the green buildings which addresses the design of new and large commercial buildings to optimize their energy demand has been promoted.

	iii. Initiatives have been made for better urban planning and sustainable rural development having effective waste management facilities.
	iii. Initiatives have been made for better urban planning and sustainable rural development having effective waste management facilities.

	iv. The public transport systems have been strengthened by providing more infrastructures such as energy efficient vehicles and good road network.
	iv. The public transport systems have been strengthened by providing more infrastructures such as energy efficient vehicles and good road network.

	v. Master Plan for the transport shall be prepared for Himachal Pradesh focusing long term transport plans to facilitate the growth of medium and small towns in ways that ensure efficient and convenient public transport in tourist seasons.
	v. Master Plan for the transport shall be prepared for Himachal Pradesh focusing long term transport plans to facilitate the growth of medium and small towns in ways that ensure efficient and convenient public transport in tourist seasons.

	vi. State Disaster Management Plans are being prepared to address issues associated with extreme weather eventualities in the State such as cloud burst, floods, health hazards etc.
	vi. State Disaster Management Plans are being prepared to address issues associated with extreme weather eventualities in the State such as cloud burst, floods, health hazards etc.

	7.1.4 Sustainable Water Management
	7.1.4 Sustainable Water Management

	In Himachal Pradesh availability of water is highly uneven in both space and time. Precipitation is confined to only about three to four months in a year and varies from about 600 mm in Lahaul & Spiti district to around 3200 mm in Dharamshala, District Kangra. However, in spite of heavy rains and snow during the rainy season and the winters, the summer months are periods of water scarcity in many areas as the flow in the rivers and nallahs is quite low and the traditional sources also dry up. This results i
	In Himachal Pradesh availability of water is highly uneven in both space and time. Precipitation is confined to only about three to four months in a year and varies from about 600 mm in Lahaul & Spiti district to around 3200 mm in Dharamshala, District Kangra. However, in spite of heavy rains and snow during the rainy season and the winters, the summer months are periods of water scarcity in many areas as the flow in the rivers and nallahs is quite low and the traditional sources also dry up. This results i

	As a scarce and precious resource its usage has to be planned, along with conservation and management measures, on an integrated and environmentally sustainable basis, keeping in view the socio-economic needs of the State. In the 21st century, efforts to develop, conserve, utilize and manage this important Himalayan resource in a sustainable manner have to be guided by the State's perspective and vision.
	As a scarce and precious resource its usage has to be planned, along with conservation and management measures, on an integrated and environmentally sustainable basis, keeping in view the socio-economic needs of the State. In the 21st century, efforts to develop, conserve, utilize and manage this important Himalayan resource in a sustainable manner have to be guided by the State's perspective and vision.

	The State Government will work in consonance with the National Missions on Climate Change to ensure integrated water resource management to conserve water, minimize wastage and ensure more equitable distribution both across and within the State.
	The State Government will work in consonance with the National Missions on Climate Change to ensure integrated water resource management to conserve water, minimize wastage and ensure more equitable distribution both across and within the State.


	The State's Water Policy is being revisited in consultation with the line departments such as Urban & Rural Development, MPP & Power, State Ground Water Authority to ensure basin level management strategies to deal with the variability in rainfall and river flows due to climate change.
	The State's Water Policy is being revisited in consultation with the line departments such as Urban & Rural Development, MPP & Power, State Ground Water Authority to ensure basin level management strategies to deal with the variability in rainfall and river flows due to climate change.
	The State's Water Policy is being revisited in consultation with the line departments such as Urban & Rural Development, MPP & Power, State Ground Water Authority to ensure basin level management strategies to deal with the variability in rainfall and river flows due to climate change.

	The demand of water for industrial use has so far largely been concentrated in or near the towns. However, the domestic and industrial water demand in rural areas is expected to increase sharply as the development programmes improve economic conditions as more and more industry comes up there. Impounding of water for hydropower generation will also increase, as the potential in this sector is harnessed. This underscores the need for the utmost efficiency in water utilization and public awareness of the impo
	The demand of water for industrial use has so far largely been concentrated in or near the towns. However, the domestic and industrial water demand in rural areas is expected to increase sharply as the development programmes improve economic conditions as more and more industry comes up there. Impounding of water for hydropower generation will also increase, as the potential in this sector is harnessed. This underscores the need for the utmost efficiency in water utilization and public awareness of the impo

	Water quality is impacted by untreated or inadequately treated hotel, industrial effluents and sewage flowing into nallahs and rivers or affecting the surface and ground water. Since it has potential to adversely affect the health of the populace, special attention needs to be paid to these aspects. Improvements in existing strategies, innovation of new techniques resting on a strong science and technology base are needed to eliminate the pollution of surface and ground water resources to restore the pristi
	Water quality is impacted by untreated or inadequately treated hotel, industrial effluents and sewage flowing into nallahs and rivers or affecting the surface and ground water. Since it has potential to adversely affect the health of the populace, special attention needs to be paid to these aspects. Improvements in existing strategies, innovation of new techniques resting on a strong science and technology base are needed to eliminate the pollution of surface and ground water resources to restore the pristi

	7.1.5 Sustainable Development to Save the Himalayan Ecosystem
	7.1.5 Sustainable Development to Save the Himalayan Ecosystem

	The sustainability of Himalayan Eco-system is of utmost importance. Himalaya has the largest concentration of glaciers outside the Polar Regions. Geological history of the earth indicates that the glacial dimensions are constantly changing with the changing climate. Last glaciations took place in the Pleistocene Time. During the peak glaciations, 46 million sq. km., area was covered by glaciers which are more than three times the present ice cover. The data indicates that during the Pleistocene Time, the ea
	The sustainability of Himalayan Eco-system is of utmost importance. Himalaya has the largest concentration of glaciers outside the Polar Regions. Geological history of the earth indicates that the glacial dimensions are constantly changing with the changing climate. Last glaciations took place in the Pleistocene Time. During the peak glaciations, 46 million sq. km., area was covered by glaciers which are more than three times the present ice cover. The data indicates that during the Pleistocene Time, the ea

	Himachal Pradesh is a small hilly state which lies in the North western Himalaya, the youngest mountain chains in the world. A scientific study carried out on the evolution of the Himalaya suggests that these mountain chains are rising at the rate of 2 cm per year. The State of Himachal Pradesh can broadly be categorized into three major physiographic sub divisions The Outer Himalaya (the Shiwaliks), the Middle Himalaya (Lower Himalayas) and the Inner Himalaya (Higher or Great Himalayas). The Higher Himalay
	Himachal Pradesh is a small hilly state which lies in the North western Himalaya, the youngest mountain chains in the world. A scientific study carried out on the evolution of the Himalaya suggests that these mountain chains are rising at the rate of 2 cm per year. The State of Himachal Pradesh can broadly be categorized into three major physiographic sub divisions The Outer Himalaya (the Shiwaliks), the Middle Himalaya (Lower Himalayas) and the Inner Himalaya (Higher or Great Himalayas). The Higher Himalay

	Five major perennial rivers of Northern India pass through Himachal Pradesh. The major rivers are Ravi, Chenab Beas, Satluj & Yamuna. The rivers Ravi, Chenab and Beas originate from the glaciated areas in the State and all the five rivers which passes through the State depends largely on the snow and glaciers for their discharge dependability during the peak and lean seasons. In order to understand the runoff from these Himalayan Rivers, systematic studies on snow and glaciers have been carried out in Himac
	Five major perennial rivers of Northern India pass through Himachal Pradesh. The major rivers are Ravi, Chenab Beas, Satluj & Yamuna. The rivers Ravi, Chenab and Beas originate from the glaciated areas in the State and all the five rivers which passes through the State depends largely on the snow and glaciers for their discharge dependability during the peak and lean seasons. In order to understand the runoff from these Himalayan Rivers, systematic studies on snow and glaciers have been carried out in Himac


	identified, 202 glaciers fall in the Himachal Himalaya, whereas the remaining glaciers are in the Tibetan Himalaya.
	identified, 202 glaciers fall in the Himachal Himalaya, whereas the remaining glaciers are in the Tibetan Himalaya.
	identified, 202 glaciers fall in the Himachal Himalaya, whereas the remaining glaciers are in the Tibetan Himalaya.

	The State Government is to evolve management measures for sustaining and safeguarding the Himalayan glaciers and mountain eco-systems. An observational and monitoring network for the Himalayan environment is required to be established to assess freshwater resources and health of the ecosystems. Cooperation with neighbouring States will be sought to make the network com­prehensive in its coverage.
	The State Government is to evolve management measures for sustaining and safeguarding the Himalayan glaciers and mountain eco-systems. An observational and monitoring network for the Himalayan environment is required to be established to assess freshwater resources and health of the ecosystems. Cooperation with neighbouring States will be sought to make the network com­prehensive in its coverage.

	In Himachal Pradesh, about 90% of rural people practice hill agriculture and their vulnerability is expected to increase on account of threats of climate change. Community-based management of these ecosystems will be promoted with incentives to community organizations and panchayats for protection and enhancement of forested lands. In rural, tribal and mountainous regions, the aim will be to maintain two-thirds of the areas under forest cover in order to prevent soil erosion and land degradation and to ensu
	In Himachal Pradesh, about 90% of rural people practice hill agriculture and their vulnerability is expected to increase on account of threats of climate change. Community-based management of these ecosystems will be promoted with incentives to community organizations and panchayats for protection and enhancement of forested lands. In rural, tribal and mountainous regions, the aim will be to maintain two-thirds of the areas under forest cover in order to prevent soil erosion and land degradation and to ensu

	There is an urgent need to conduct a study on the existing snowfields and glacial fluctuations all along the Himachal Himalaya and their expected life spans from future perspectives.
	There is an urgent need to conduct a study on the existing snowfields and glacial fluctuations all along the Himachal Himalaya and their expected life spans from future perspectives.

	In order to undertake studies pertaining to Himalayan eco-system, a Regional Centre for Glacial Monitoring and Management needs to be established in the State.
	In order to undertake studies pertaining to Himalayan eco-system, a Regional Centre for Glacial Monitoring and Management needs to be established in the State.

	7.1.6 Programme for Greening of Himachal
	7.1.6 Programme for Greening of Himachal

	There is a clear indication of climate change having a direct impact on the vegetation both natural and cultivated, and also on the availability of water in the rivers and streams. At the same time, land which is not presently available for forestry being under permanent snow cover could gradually convert in to grassland/forests.
	There is a clear indication of climate change having a direct impact on the vegetation both natural and cultivated, and also on the availability of water in the rivers and streams. At the same time, land which is not presently available for forestry being under permanent snow cover could gradually convert in to grassland/forests.

	Himachal Pradesh provides an unmatched contribution to 'national interest' in sustaining life support systems, on the basis of which sustainable development can be realized downstream in the plains of Northern India. Attention is shifting to environmental services provided by the forests. These include critical watershed services, biodiversity conservation, carbon sequestration and off course maintaining the landscape beauty. The State has a repository of rich floral and well as faunal bio-diversity. The fl
	Himachal Pradesh provides an unmatched contribution to 'national interest' in sustaining life support systems, on the basis of which sustainable development can be realized downstream in the plains of Northern India. Attention is shifting to environmental services provided by the forests. These include critical watershed services, biodiversity conservation, carbon sequestration and off course maintaining the landscape beauty. The State has a repository of rich floral and well as faunal bio-diversity. The fl

	Ecosystem services, human welfare and economic systems are intrinsically connected. Sustainable forest management, the new mantra, has emerged to meet societal concerns and tackle conservation and land-use issues, providing for multifunctional landscapes and looking to eco-regions rather than boundaries as the unit of analysis and management. It is a movement away from the conventional, commodity production orientation, towards a holistic, people- centric ecosystem-level approach. This shift has been necess
	Ecosystem services, human welfare and economic systems are intrinsically connected. Sustainable forest management, the new mantra, has emerged to meet societal concerns and tackle conservation and land-use issues, providing for multifunctional landscapes and looking to eco-regions rather than boundaries as the unit of analysis and management. It is a movement away from the conventional, commodity production orientation, towards a holistic, people- centric ecosystem-level approach. This shift has been necess


	management in order to meet two major commitments:
	management in order to meet two major commitments:
	management in order to meet two major commitments:

	1. Protect and restore the forest ecosystem—improve biological diversity, enhance water supplies, make possible carbon sequestration, meet recreation needs and provide for the forest dependent communities through improved non-wood forest produce;
	1. Protect and restore the forest ecosystem—improve biological diversity, enhance water supplies, make possible carbon sequestration, meet recreation needs and provide for the forest dependent communities through improved non-wood forest produce;

	2. Encourage profitable enterprises, attracting the investor who sees sustainability as a viable economic venture.
	2. Encourage profitable enterprises, attracting the investor who sees sustainability as a viable economic venture.

	The role of woody vegetation in sequestering carbon is well recognized. Research to study vegetation shifts in the forestry sector, to establish whether the crop compositions are changing, or there is the effect of climate change on biodiversity is urgently required in Himachal Pradesh. Such studies will ultimately help define the policy on raising and maintenance of forests in the State. The possible mitigation strategies in forestry that would evolve would be implemented to reduce GHG emissions and enhanc
	The role of woody vegetation in sequestering carbon is well recognized. Research to study vegetation shifts in the forestry sector, to establish whether the crop compositions are changing, or there is the effect of climate change on biodiversity is urgently required in Himachal Pradesh. Such studies will ultimately help define the policy on raising and maintenance of forests in the State. The possible mitigation strategies in forestry that would evolve would be implemented to reduce GHG emissions and enhanc

	The State Government has successfully initiated the Sanjhi Van Yojna Scheme by the involvement of grass root level institutions such as Gram Panchayats, Mahila Mandals, Yuvak Mandals, Ex­servicemen's bodies, Schools, Village Forest Development Societies (VFDSs), User Groups, other Community Based Organisations (CBOs) and NGOs in sustainable management of forest resources. This involves giving grant of 100 % income from plantations to the VFDSs and Panchayats; grant of total usufruct rights to the VFDSs; reg
	The State Government has successfully initiated the Sanjhi Van Yojna Scheme by the involvement of grass root level institutions such as Gram Panchayats, Mahila Mandals, Yuvak Mandals, Ex­servicemen's bodies, Schools, Village Forest Development Societies (VFDSs), User Groups, other Community Based Organisations (CBOs) and NGOs in sustainable management of forest resources. This involves giving grant of 100 % income from plantations to the VFDSs and Panchayats; grant of total usufruct rights to the VFDSs; reg

	Forests of Himachal Pradesh known for their grandeur and majesty are like a green pearl in the Himalayan crown. This life supporting systems are presently under stress due to impact of modern civilization, economic development and growth in human and cattle population. According to National Forest Policy, 1988, at least two third i. e. 66% of the total geographical area should be under forest in the hilly states like Himachal Pradesh. However, keeping in view that about 20 % of the area is inaccessible and 
	Forests of Himachal Pradesh known for their grandeur and majesty are like a green pearl in the Himalayan crown. This life supporting systems are presently under stress due to impact of modern civilization, economic development and growth in human and cattle population. According to National Forest Policy, 1988, at least two third i. e. 66% of the total geographical area should be under forest in the hilly states like Himachal Pradesh. However, keeping in view that about 20 % of the area is inaccessible and 


	The programme on Green Himachal will be taken up on degraded forest land through direct action by communities, organized through Joint Forest Management Committees and guided by the Department of Forests, Himachal Pradesh. Financial assistance for the programme shall be drawn through the Compensatory Afforestaion Management and Planning Authority (CAMPA) to commence work.
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	7.1.7 Sustainable Agriculture
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	Himachal Pradesh is predominately an agricultural State where agriculture provides direct employment to about 71 percent of the total population. The Agriculture sector contributes nearly 30 percent of the total State Domestic Product. The Department of Agriculture is serving the farming community by implementing various developmental programmes and disseminating the relevant technology to increase productivity, production and profitability of field crops. The natural endowments like soil, land, water etc. 
	Himachal Pradesh is predominately an agricultural State where agriculture provides direct employment to about 71 percent of the total population. The Agriculture sector contributes nearly 30 percent of the total State Domestic Product. The Department of Agriculture is serving the farming community by implementing various developmental programmes and disseminating the relevant technology to increase productivity, production and profitability of field crops. The natural endowments like soil, land, water etc. 

	- Diversification of area from traditional crops to commercial crops where irrigation potential has been created. The farmers are being motivated to produce organic vegetables without the use of pesticides and chemical fertilizers.
	- Diversification of area from traditional crops to commercial crops where irrigation potential has been created. The farmers are being motivated to produce organic vegetables without the use of pesticides and chemical fertilizers.

	- Development of rainfed areas through watershed approach on a large scale for efficient and judicious use of natural resources is being undertaken. Increased funding is being arranged under the RIDF.
	- Development of rainfed areas through watershed approach on a large scale for efficient and judicious use of natural resources is being undertaken. Increased funding is being arranged under the RIDF.

	- Rainwater harvesting is another area, which not only provides life saving irrigation to the crops but also recharges the ground water and checks the erosion. The Department is seeking financial assistance from Govt. of India for small irrigation tanks/shallow wells and pumping sets etc.
	- Rainwater harvesting is another area, which not only provides life saving irrigation to the crops but also recharges the ground water and checks the erosion. The Department is seeking financial assistance from Govt. of India for small irrigation tanks/shallow wells and pumping sets etc.

	- Increase in maize productivity through high yielding hybrids.
	- Increase in maize productivity through high yielding hybrids.

	- Adoption of precision farming practices (Poly House and Micro Irrigation).
	- Adoption of precision farming practices (Poly House and Micro Irrigation).

	- Organic farming is being promoted as the thrust area.
	- Organic farming is being promoted as the thrust area.

	- Post harvest management and efficient marketing system is being encouraged.
	- Post harvest management and efficient marketing system is being encouraged.

	- Farm mechanization with special reference to hill agriculture is being given major thrust. This is necessary to reduce cost of cultivation in view of high cost of labour. A Technical Working Group has been constituted to identify new farm implements and machinery, which can be introduced in the State.
	- Farm mechanization with special reference to hill agriculture is being given major thrust. This is necessary to reduce cost of cultivation in view of high cost of labour. A Technical Working Group has been constituted to identify new farm implements and machinery, which can be introduced in the State.

	- A strong research extension interface directed towards problems oriented research programmes is being undertaken. Research projects are being identified and funded in the problem areas.
	- A strong research extension interface directed towards problems oriented research programmes is being undertaken. Research projects are being identified and funded in the problem areas.

	- Extension reforms through public-private partnership are under way.
	- Extension reforms through public-private partnership are under way.

	- Agro processing and value addition is being encouraged.
	- Agro processing and value addition is being encouraged.

	- Emphasis is on increase in productivity and quality.
	- Emphasis is on increase in productivity and quality.

	- Application of Biotechnology in the field of agriculture is being explored.
	- Application of Biotechnology in the field of agriculture is being explored.

	- Soil testing and issuance of Soil Health Cards has been undertaken.
	- Soil testing and issuance of Soil Health Cards has been undertaken.

	The State Government is committed to impart latest technology to the farmers for increasing agricultural production in view of climate change threats. This includes ensuring timely supply of all types of agricultural inputs like improved seeds, agricultural implements, pesticides and fertilizers etc. The capacity building of the farmers in the sustainable use of irrigation water, soil and water conservation technologies, trainings on Integrated Pest Management, use of farmers friendly bio fertilizers, diver
	The State Government is committed to impart latest technology to the farmers for increasing agricultural production in view of climate change threats. This includes ensuring timely supply of all types of agricultural inputs like improved seeds, agricultural implements, pesticides and fertilizers etc. The capacity building of the farmers in the sustainable use of irrigation water, soil and water conservation technologies, trainings on Integrated Pest Management, use of farmers friendly bio fertilizers, diver


	minor/tank irrigation schemes so as to obtain maximum returns from their land even in the challenges emerging from climate change in the State are being undertaken.
	minor/tank irrigation schemes so as to obtain maximum returns from their land even in the challenges emerging from climate change in the State are being undertaken.
	minor/tank irrigation schemes so as to obtain maximum returns from their land even in the challenges emerging from climate change in the State are being undertaken.

	The State Government is revisiting the functions more effectively to make agriculture more resilient to climate change. It would identify and develop new varieties of crops especially the thermal resistant crops and alternative cropping patterns capable of withstanding extremes of weather, long dry spells, flooding, and variable moisture availability.
	The State Government is revisiting the functions more effectively to make agriculture more resilient to climate change. It would identify and develop new varieties of crops especially the thermal resistant crops and alternative cropping patterns capable of withstanding extremes of weather, long dry spells, flooding, and variable moisture availability.

	Agriculture is progressively adapted to projected climate change and our agricultural research systems will be reoriented to monitor and evaluate climate change and recommend changes in agricultural practices accordingly.
	Agriculture is progressively adapted to projected climate change and our agricultural research systems will be reoriented to monitor and evaluate climate change and recommend changes in agricultural practices accordingly.

	This will be supported by the convergence and integration of traditional knowledge and practice systems, information technology, geospatial technologies and biotechnology. New credit and insurance mechanisms will be devised to facilitate the adoption of desired practices. Focus would be on improving productivity of rainfed agriculture. India will to spearhead efforts at the international level to work towards an ecologically sustainable green revolution.
	This will be supported by the convergence and integration of traditional knowledge and practice systems, information technology, geospatial technologies and biotechnology. New credit and insurance mechanisms will be devised to facilitate the adoption of desired practices. Focus would be on improving productivity of rainfed agriculture. India will to spearhead efforts at the international level to work towards an ecologically sustainable green revolution.

	7.1.8 Strategic Knowledge for Climate Change - Towards Carbon Smart Growth
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	Geological history of earth indicates that the glacial dimensions are constantly changing with changing climate and these changes can profoundly affect the runoff of the Himalayan Rivers. On the basis of study carried out, total 23,315 sq. km. area is under snow in India and the runoff from these glaciers contributes significantly to the stream flow of the rivers originating in the higher Himalaya. Therefore, it is important to study the glacial aerial extent and possible changes for proper management of Hi
	Geological history of earth indicates that the glacial dimensions are constantly changing with changing climate and these changes can profoundly affect the runoff of the Himalayan Rivers. On the basis of study carried out, total 23,315 sq. km. area is under snow in India and the runoff from these glaciers contributes significantly to the stream flow of the rivers originating in the higher Himalaya. Therefore, it is important to study the glacial aerial extent and possible changes for proper management of Hi

	A "Community Led Assessment, Awareness, Advocacy & Action Programme (CLAP) for Environment Protection & Carbon Neutrality in H.P." has been launched in the State for a period of three years with the aim to develop Himachal Pradesh as sustainable and climate resilient State by mobilising community's responsibility for environmental assessment, environment protection and carbon neutrality. The programme would ensure knowledge of high quality and focused approach into various aspects of climate change, socio-e
	A "Community Led Assessment, Awareness, Advocacy & Action Programme (CLAP) for Environment Protection & Carbon Neutrality in H.P." has been launched in the State for a period of three years with the aim to develop Himachal Pradesh as sustainable and climate resilient State by mobilising community's responsibility for environmental assessment, environment protection and carbon neutrality. The programme would ensure knowledge of high quality and focused approach into various aspects of climate change, socio-e

	An 'Environment Fund' has been created by the State Government to facilitate and support the environmental protection activities. Private sector initiatives for development of innovative technologies for adaptation and mitigation would be encouraged through environment fund.
	An 'Environment Fund' has been created by the State Government to facilitate and support the environmental protection activities. Private sector initiatives for development of innovative technologies for adaptation and mitigation would be encouraged through environment fund.


	7.2 Sector wise Glimpse of Initiatives Taken
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	Watershed Development
	Watershed Development
	Watershed Development

	The fragile Himalayan ecosystem in Himachal Pradesh forms the catchment of major Indian rivers the Satluj, Beas, Ravi, Chenab and Yamuna. It is an important source of water that supports about 200 million people in Punjab, Haryana, Uttar Pradesh and Rajasthan. In addition, these rivers are crucial in sustaining livelihoods and assuring food and water security (for irrigation and domestic use) across much of the northern India besides enhancing agricultural productivity and natural resource base in Himachal 
	The fragile Himalayan ecosystem in Himachal Pradesh forms the catchment of major Indian rivers the Satluj, Beas, Ravi, Chenab and Yamuna. It is an important source of water that supports about 200 million people in Punjab, Haryana, Uttar Pradesh and Rajasthan. In addition, these rivers are crucial in sustaining livelihoods and assuring food and water security (for irrigation and domestic use) across much of the northern India besides enhancing agricultural productivity and natural resource base in Himachal 


	Div
	Figure

	The watershed development programmes in the State aim at enhancing livelihoods of rural inhabitants while ensuring sustainable management of land and water resources and furthering progress on fiscal, administrative and political decentralization to Gram Panchyats (GPs) for strengthening local governance and participatory development.
	The watershed development programmes in the State aim at enhancing livelihoods of rural inhabitants while ensuring sustainable management of land and water resources and furthering progress on fiscal, administrative and political decentralization to Gram Panchyats (GPs) for strengthening local governance and participatory development.
	The watershed development programmes in the State aim at enhancing livelihoods of rural inhabitants while ensuring sustainable management of land and water resources and furthering progress on fiscal, administrative and political decentralization to Gram Panchyats (GPs) for strengthening local governance and participatory development.

	The Watershed Development Programmes (WDP) have become a trusted tool for the overall development of the villages and people living within a watershed area. The Watershed Development Programme initially envisaged as a measure for poverty alleviation and improved livelihoods has gained even greater importance in the light of the worldwide recognition of its effectiveness in combating climatic change.
	The Watershed Development Programmes (WDP) have become a trusted tool for the overall development of the villages and people living within a watershed area. The Watershed Development Programme initially envisaged as a measure for poverty alleviation and improved livelihoods has gained even greater importance in the light of the worldwide recognition of its effectiveness in combating climatic change.
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	Through Watershed Management Programmes, the State is striving to improve the productive potentials of watersheds and their associated natural resource base through soil moisture conservation, rain water harvesting, afforestation, pasture development, sustainable agriculture and horticulture activities and development of the degraded land. It also develops and strengthens community based institutional arrangements for sustainable natural resource management, imparts skills and employment opportunities for n
	Through Watershed Management Programmes, the State is striving to improve the productive potentials of watersheds and their associated natural resource base through soil moisture conservation, rain water harvesting, afforestation, pasture development, sustainable agriculture and horticulture activities and development of the degraded land. It also develops and strengthens community based institutional arrangements for sustainable natural resource management, imparts skills and employment opportunities for n
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	Soil & Moisture Conservation
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	Step Towards Green Cover
	Step Towards Green Cover
	Step Towards Green Cover


	Div
	Figure

	Nursery Raising Contour Trenching Growing Vegetables by Lifting
	Nursery Raising Contour Trenching Growing Vegetables by Lifting
	Nursery Raising Contour Trenching Growing Vegetables by Lifting

	Water from Check Dam
	Water from Check Dam
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	Pasture Development , Watershed - Bamned Khad
	Pasture Development , Watershed - Bamned Khad
	Pasture Development , Watershed - Bamned Khad


	Rural Participation
	Rural Participation
	Rural Participation

	It is felt that people’s participation is not only critical during the implementation phase of watersheds but also ensures conservation and development of Common Property Resources. The State has consciously created a scenario where the Government is acting as a facilitator and the people at the grass root level become the real executioner and beneficiary of the programme.
	It is felt that people’s participation is not only critical during the implementation phase of watersheds but also ensures conservation and development of Common Property Resources. The State has consciously created a scenario where the Government is acting as a facilitator and the people at the grass root level become the real executioner and beneficiary of the programme.


	Glimpses of Rural Prosperity- MNREGS
	Glimpses of Rural Prosperity- MNREGS
	Glimpses of Rural Prosperity- MNREGS

	This programme has not only enhanced livelihood security of households in rural areas of the State but has also helped in strengthening natural resource management through works that address causes of chronic poverty like drought, deforestation and soil erosion and therefore has encouraged sustainable development in rural areas.
	This programme has not only enhanced livelihood security of households in rural areas of the State but has also helped in strengthening natural resource management through works that address causes of chronic poverty like drought, deforestation and soil erosion and therefore has encouraged sustainable development in rural areas.
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	Total Sanitation Campaign is another mile stone for the State. The State has strategized holistic concept of sanitation including generation of awareness on the 'need’ for sanitation amongst people individually and also as a community.
	Total Sanitation Campaign is another mile stone for the State. The State has strategized holistic concept of sanitation including generation of awareness on the 'need’ for sanitation amongst people individually and also as a community.
	Total Sanitation Campaign is another mile stone for the State. The State has strategized holistic concept of sanitation including generation of awareness on the 'need’ for sanitation amongst people individually and also as a community.

	Rs. 353 crore 'Pandit Deen Dayal Kisan Bagwan Samridhi Yojna' envisages construction of polyhouses and bringing maximum area under minor irrigation for which State Govt. is providing 80 percent subsidy to the beneficiaries.
	Rs. 353 crore 'Pandit Deen Dayal Kisan Bagwan Samridhi Yojna' envisages construction of polyhouses and bringing maximum area under minor irrigation for which State Govt. is providing 80 percent subsidy to the beneficiaries.
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	'Himachal Pradesh Crop Diversification Project' at the cost of Rs. 321 crore has been taken in hand to ensure organic farming and production of vegetables besides creating infrastructure for agriculture development. It is being implemented in collaboration with Japan International Co­operation Agency (JICA).
	'Himachal Pradesh Crop Diversification Project' at the cost of Rs. 321 crore has been taken in hand to ensure organic farming and production of vegetables besides creating infrastructure for agriculture development. It is being implemented in collaboration with Japan International Co­operation Agency (JICA).
	'Himachal Pradesh Crop Diversification Project' at the cost of Rs. 321 crore has been taken in hand to ensure organic farming and production of vegetables besides creating infrastructure for agriculture development. It is being implemented in collaboration with Japan International Co­operation Agency (JICA).
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	The National Mission on Sustainable Agriculture Development emphasizes on promotion of good agriculture practices as necessary components of the agriculture development approaches for which organic farming is the best known tool. The State has formulated the Organic Farming Policy which takes into account whole gamut of organic farming such as vision, mission, strategy about desired policy revision, awareness raising among stakeholders, organic technological and extension support to the farmers, quality ass
	The National Mission on Sustainable Agriculture Development emphasizes on promotion of good agriculture practices as necessary components of the agriculture development approaches for which organic farming is the best known tool. The State has formulated the Organic Farming Policy which takes into account whole gamut of organic farming such as vision, mission, strategy about desired policy revision, awareness raising among stakeholders, organic technological and extension support to the farmers, quality ass
	The National Mission on Sustainable Agriculture Development emphasizes on promotion of good agriculture practices as necessary components of the agriculture development approaches for which organic farming is the best known tool. The State has formulated the Organic Farming Policy which takes into account whole gamut of organic farming such as vision, mission, strategy about desired policy revision, awareness raising among stakeholders, organic technological and extension support to the farmers, quality ass
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	'Horticulture Technology Mission' programme is being implemented in the State with an objective of integrated development of horticulture in Himachal Pradesh.
	'Horticulture Technology Mission' programme is being implemented in the State with an objective of integrated development of horticulture in Himachal Pradesh.
	'Horticulture Technology Mission' programme is being implemented in the State with an objective of integrated development of horticulture in Himachal Pradesh.
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	Cold Desert turns into a Green Apple Orchard on the Altitude of 9,400 feet
	Cold Desert turns into a Green Apple Orchard on the Altitude of 9,400 feet
	Cold Desert turns into a Green Apple Orchard on the Altitude of 9,400 feet

	Amongst fruit production, "Apple" has given Himachal Pradesh the status of "Apple State of the Country". To make apple cultivation viable in the face of growing environmental and global challenges, the State is implementing Rs. 85 crore 'Apple Re-plantation Scheme', wherein it is envisaged to replace the old and low yielding varieties with value productive varieties in the area of 12,500 acres during next five years.
	Amongst fruit production, "Apple" has given Himachal Pradesh the status of "Apple State of the Country". To make apple cultivation viable in the face of growing environmental and global challenges, the State is implementing Rs. 85 crore 'Apple Re-plantation Scheme', wherein it is envisaged to replace the old and low yielding varieties with value productive varieties in the area of 12,500 acres during next five years.
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	Mid Himalayan Watershed Development Project
	Mid Himalayan Watershed Development Project
	Mid Himalayan Watershed Development Project


	The Mid-Himalayan Watershed Development Project is operational in the mid and high hill range of 600 to 1800 metres covering 11 sub watershed divisions falling in 10 districts. The project is aimed at reforestation of protect watersheds, improve livelihoods and to generate carbon revenue. The total outlay of the project is Rs. 365 crores.
	The Mid-Himalayan Watershed Development Project is operational in the mid and high hill range of 600 to 1800 metres covering 11 sub watershed divisions falling in 10 districts. The project is aimed at reforestation of protect watersheds, improve livelihoods and to generate carbon revenue. The total outlay of the project is Rs. 365 crores.
	The Mid-Himalayan Watershed Development Project is operational in the mid and high hill range of 600 to 1800 metres covering 11 sub watershed divisions falling in 10 districts. The project is aimed at reforestation of protect watersheds, improve livelihoods and to generate carbon revenue. The total outlay of the project is Rs. 365 crores.
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	All these schemes are promoting inclusive growth in the rural sector. Adequate livelihood opportunities are being created in rural sector so that the tendencies of population migration to urban areas is checked and environmental problems associated with urban sprawl are contained.
	All these schemes are promoting inclusive growth in the rural sector. Adequate livelihood opportunities are being created in rural sector so that the tendencies of population migration to urban areas is checked and environmental problems associated with urban sprawl are contained.
	All these schemes are promoting inclusive growth in the rural sector. Adequate livelihood opportunities are being created in rural sector so that the tendencies of population migration to urban areas is checked and environmental problems associated with urban sprawl are contained.
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	Agriculture
	Agriculture
	Agriculture


	• The Department of Agriculture is serving the farming community by implementing various Developmental Programmes and disseminating the relevant technology to increase productivity, production and profitability of field crops.
	• The Department of Agriculture is serving the farming community by implementing various Developmental Programmes and disseminating the relevant technology to increase productivity, production and profitability of field crops.
	• The Department of Agriculture is serving the farming community by implementing various Developmental Programmes and disseminating the relevant technology to increase productivity, production and profitability of field crops.

	• The natural endowments like soil, land, water etc. are being harnessed in such a way that cherished goals of ecological sustainability and economic upliftment of farming community are achieved.
	• The natural endowments like soil, land, water etc. are being harnessed in such a way that cherished goals of ecological sustainability and economic upliftment of farming community are achieved.
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	Himachal Pradesh is mainly an agrarian economy based upon rain fed agriculture. The average cultivated land is about 5.42 lac hectares in the State out of which 80% is rain-fed. The land holdings are not only small but fragmented and 86.4% farmers fall in the category of marginal and small farmers. Their survival depends upon subsistence farming.
	Himachal Pradesh is mainly an agrarian economy based upon rain fed agriculture. The average cultivated land is about 5.42 lac hectares in the State out of which 80% is rain-fed. The land holdings are not only small but fragmented and 86.4% farmers fall in the category of marginal and small farmers. Their survival depends upon subsistence farming.
	Himachal Pradesh is mainly an agrarian economy based upon rain fed agriculture. The average cultivated land is about 5.42 lac hectares in the State out of which 80% is rain-fed. The land holdings are not only small but fragmented and 86.4% farmers fall in the category of marginal and small farmers. Their survival depends upon subsistence farming.
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	The Government of Himachal Pradesh is laying special emphasis on strengthening of rural economy by giving priority to Agriculture Sector. The focus is on diversification of crops, production of high value crops and raising productivity by dissemination of technology in the fields. About 12 per cent of the total budget of the State is being spent on this sector, which is highest in the country.
	The Government of Himachal Pradesh is laying special emphasis on strengthening of rural economy by giving priority to Agriculture Sector. The focus is on diversification of crops, production of high value crops and raising productivity by dissemination of technology in the fields. About 12 per cent of the total budget of the State is being spent on this sector, which is highest in the country.
	The Government of Himachal Pradesh is laying special emphasis on strengthening of rural economy by giving priority to Agriculture Sector. The focus is on diversification of crops, production of high value crops and raising productivity by dissemination of technology in the fields. About 12 per cent of the total budget of the State is being spent on this sector, which is highest in the country.


	'Pandit Deen Dayal Kisan Bagwan Samridhi Yojna’ is an all embracing scheme being implemented by Government of Himachal Pradesh for creating self-employment opportunities and diversification of farming for strengthening the economic status of farmers.
	'Pandit Deen Dayal Kisan Bagwan Samridhi Yojna’ is an all embracing scheme being implemented by Government of Himachal Pradesh for creating self-employment opportunities and diversification of farming for strengthening the economic status of farmers.
	'Pandit Deen Dayal Kisan Bagwan Samridhi Yojna’ is an all embracing scheme being implemented by Government of Himachal Pradesh for creating self-employment opportunities and diversification of farming for strengthening the economic status of farmers.

	• 16,500 poly houses would be constructed in 15 lakh square meter area.
	• 16,500 poly houses would be constructed in 15 lakh square meter area.

	• 20,000 hectare area to be brought under micro irrigation.
	• 20,000 hectare area to be brought under micro irrigation.

	• The farmers are being provided 80 percent subsidy for construction of poly houses. BPL families are being given 90 per cent subsidy for construction of bamboo based polyhouses.
	• The farmers are being provided 80 percent subsidy for construction of poly houses. BPL families are being given 90 per cent subsidy for construction of bamboo based polyhouses.

	• An assistance of Rs. 82.74 crore has been provided as subsidy to the farmers under this scheme so far.
	• An assistance of Rs. 82.74 crore has been provided as subsidy to the farmers under this scheme so far.
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	Under the 'Himachal Pradesh Crop Diversification Project' activities like promotion of organic farming, vegetable production and transfer of technology are being undertaken.
	Under the 'Himachal Pradesh Crop Diversification Project' activities like promotion of organic farming, vegetable production and transfer of technology are being undertaken.
	Under the 'Himachal Pradesh Crop Diversification Project' activities like promotion of organic farming, vegetable production and transfer of technology are being undertaken.
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	The State is also participating in Rashtriya Krishi Bima Yojna (RKBY) with a purpose to provide comprehensive risk insurance against yield losses from drought, hailstorm, floods and pests disease etc in Wheat, Barley, Maize, Paddy and Potato.
	The State is also participating in Rashtriya Krishi Bima Yojna (RKBY) with a purpose to provide comprehensive risk insurance against yield losses from drought, hailstorm, floods and pests disease etc in Wheat, Barley, Maize, Paddy and Potato.
	The State is also participating in Rashtriya Krishi Bima Yojna (RKBY) with a purpose to provide comprehensive risk insurance against yield losses from drought, hailstorm, floods and pests disease etc in Wheat, Barley, Maize, Paddy and Potato.

	Under Biogas Development Programme Rs. 4,000 and Rs.10,000 is provided as subsidy on Biogas Plants upto 1 cubic meter and more than 1 cubic meter to 4 cubic meter.
	Under Biogas Development Programme Rs. 4,000 and Rs.10,000 is provided as subsidy on Biogas Plants upto 1 cubic meter and more than 1 cubic meter to 4 cubic meter.


	• Giving recognition and encouragement to the organic sector in the State.
	• Giving recognition and encouragement to the organic sector in the State.
	• Giving recognition and encouragement to the organic sector in the State.

	• Creating enabling environment for organic farming in the State through developing appropriate policies, plans, and support services for organic production.
	• Creating enabling environment for organic farming in the State through developing appropriate policies, plans, and support services for organic production.

	• Develop favourable policies and plans to make Himachal an organic compost rich State.
	• Develop favourable policies and plans to make Himachal an organic compost rich State.

	• Undertake steps to make forests, grazing lands and pastures recognised as organic, certified/ uncertified areas.
	• Undertake steps to make forests, grazing lands and pastures recognised as organic, certified/ uncertified areas.

	• Create investment environment for organic agribusiness and organic agro tourism.
	• Create investment environment for organic agribusiness and organic agro tourism.
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	Changing Scenario in Agriculture Sector through Organic Farming
	Changing Scenario in Agriculture Sector through Organic Farming
	Changing Scenario in Agriculture Sector through Organic Farming

	The organic farming is emerging as future farming technique in the State of Himachal Pradesh. This endeavour would not only help in promoting sustainable agriculture production but would also mitigate the climate change effects by way of reduced GHG emissions, lesser use of chemical fertilizers and lesser requirements for irrigation. Series of awareness programmes on organic farming are being organized with an objective to provide one vermi-compost unit to each house hold farming family. About 4.0 lakh verm
	The organic farming is emerging as future farming technique in the State of Himachal Pradesh. This endeavour would not only help in promoting sustainable agriculture production but would also mitigate the climate change effects by way of reduced GHG emissions, lesser use of chemical fertilizers and lesser requirements for irrigation. Series of awareness programmes on organic farming are being organized with an objective to provide one vermi-compost unit to each house hold farming family. About 4.0 lakh verm


	Soil Health Card
	Soil Health Card
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	Under the Soil Health Management Programme of the State, Soil Health Cards are prepared and distributed amongst farmers based on tests of their soil samples by District Soil Testing Labs. This will help farmers to plan cultivation of flowering plants, medicinal herbs or other cash crops as per the fertility status of the soil.
	Under the Soil Health Management Programme of the State, Soil Health Cards are prepared and distributed amongst farmers based on tests of their soil samples by District Soil Testing Labs. This will help farmers to plan cultivation of flowering plants, medicinal herbs or other cash crops as per the fertility status of the soil.

	Horticulture
	Horticulture

	The endeavor is to make Himachal Pradesh 'Fruit Bowl' of the country by adopting sustainable horticultural practices which will help to raise the economy of the State while protecting the environment.
	The endeavor is to make Himachal Pradesh 'Fruit Bowl' of the country by adopting sustainable horticultural practices which will help to raise the economy of the State while protecting the environment.

	• Sustainable development of horticulture by harnessing the natural resources in the hilly areas.
	• Sustainable development of horticulture by harnessing the natural resources in the hilly areas.

	• Generation of sources for cash income to the rural people.
	• Generation of sources for cash income to the rural people.

	• Generation of employment opportunities in the pre and post harvest sectors of the horticulture industry.
	• Generation of employment opportunities in the pre and post harvest sectors of the horticulture industry.

	• Provision of nutritive foods in the form of fruits, vegetables, nuts, mushrooms, honey.
	• Provision of nutritive foods in the form of fruits, vegetables, nuts, mushrooms, honey.

	• Satisfaction of the aesthetic needs of the people.
	• Satisfaction of the aesthetic needs of the people.


	Horticulture is being practiced in suitable areas and only about 2.18 lac hectares area is under fruit cultivation. Sizable part of the horticulture produce is lost for want of proper storage and processing facilities. The State Government is aware of the potential and challenges for the development of horticulture in the State and treats horticulture as a priority area in the development plans.
	Horticulture is being practiced in suitable areas and only about 2.18 lac hectares area is under fruit cultivation. Sizable part of the horticulture produce is lost for want of proper storage and processing facilities. The State Government is aware of the potential and challenges for the development of horticulture in the State and treats horticulture as a priority area in the development plans.
	Horticulture is being practiced in suitable areas and only about 2.18 lac hectares area is under fruit cultivation. Sizable part of the horticulture produce is lost for want of proper storage and processing facilities. The State Government is aware of the potential and challenges for the development of horticulture in the State and treats horticulture as a priority area in the development plans.
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	Horticulture Technology Mission Programme is all embracing programme to address issues related to production and productivity, post harvest handling, marketing and processing of horticultural crops as well as backward and forward linkages.
	Horticulture Technology Mission Programme is all embracing programme to address issues related to production and productivity, post harvest handling, marketing and processing of horticultural crops as well as backward and forward linkages.
	Horticulture Technology Mission Programme is all embracing programme to address issues related to production and productivity, post harvest handling, marketing and processing of horticultural crops as well as backward and forward linkages.


	HTM Contributing to Prosperity
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	Transfer of Technology
	Transfer of Technology
	Transfer of Technology


	Realizing the utmost need to make farmers aware regarding latest technologies and interventions in the horticulture sector as well as about the threats emerging from climate change on horticulture crops, the Department of Horticulture has training cum awareness camps.
	Realizing the utmost need to make farmers aware regarding latest technologies and interventions in the horticulture sector as well as about the threats emerging from climate change on horticulture crops, the Department of Horticulture has training cum awareness camps.
	Realizing the utmost need to make farmers aware regarding latest technologies and interventions in the horticulture sector as well as about the threats emerging from climate change on horticulture crops, the Department of Horticulture has training cum awareness camps.
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	To make Apple cultivation viable in the face of growing economic, environmental and global challenges, the State is implementing Rs. 85 crore 'Apple Re-plantation Scheme', where it is envisaged to replace the old and low yielding varieties with value productive varieties in the area of 12,500 acres during the next five years.
	To make Apple cultivation viable in the face of growing economic, environmental and global challenges, the State is implementing Rs. 85 crore 'Apple Re-plantation Scheme', where it is envisaged to replace the old and low yielding varieties with value productive varieties in the area of 12,500 acres during the next five years.
	To make Apple cultivation viable in the face of growing economic, environmental and global challenges, the State is implementing Rs. 85 crore 'Apple Re-plantation Scheme', where it is envisaged to replace the old and low yielding varieties with value productive varieties in the area of 12,500 acres during the next five years.
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	Glimpse of RKVY Activities
	Glimpse of RKVY Activities
	Glimpse of RKVY Activities

	• To provide financial assistance to the farming community for development of infrastructure supporting horticultural activities for generating self employment, bring in efficiency and increase farm income.
	• To provide financial assistance to the farming community for development of infrastructure supporting horticultural activities for generating self employment, bring in efficiency and increase farm income.

	• To improve the production and productivity of horticultural crops through hi-tech, diversified, mechanized and organic horticulture.
	• To improve the production and productivity of horticultural crops through hi-tech, diversified, mechanized and organic horticulture.
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	'Anti Hail Radar and Gun' has been established at Khara Pathar in Shimla District on experimental basis to protect the crops from hail. On success, such Radars and Anti Hail Guns would be established in other parts of the State.
	'Anti Hail Radar and Gun' has been established at Khara Pathar in Shimla District on experimental basis to protect the crops from hail. On success, such Radars and Anti Hail Guns would be established in other parts of the State.
	'Anti Hail Radar and Gun' has been established at Khara Pathar in Shimla District on experimental basis to protect the crops from hail. On success, such Radars and Anti Hail Guns would be established in other parts of the State.
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	Forests
	Forests
	Forests


	The Forests of Himachal Pradesh, known for their grandeur and majesty are like a green pearl in the Himalayan crown. The forests in Himachal Pradesh which host 7.32% of flora and 7.4% fauna of the Country are presently under great stress due to impact of modern civilization, economic development and growth in human and cattle population.
	The Forests of Himachal Pradesh, known for their grandeur and majesty are like a green pearl in the Himalayan crown. The forests in Himachal Pradesh which host 7.32% of flora and 7.4% fauna of the Country are presently under great stress due to impact of modern civilization, economic development and growth in human and cattle population.
	The Forests of Himachal Pradesh, known for their grandeur and majesty are like a green pearl in the Himalayan crown. The forests in Himachal Pradesh which host 7.32% of flora and 7.4% fauna of the Country are presently under great stress due to impact of modern civilization, economic development and growth in human and cattle population.
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	Forests at a Glance
	Forests at a Glance
	Forests at a Glance

	The Forest cover in the State, based on interpretation of satellite data of October- December 2008, is 14,679 sq Kms. which is 26.37% of the State’s geographical area.
	The Forest cover in the State, based on interpretation of satellite data of October- December 2008, is 14,679 sq Kms. which is 26.37% of the State’s geographical area.
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	The state has 38 Forest Types which belong to 8 Forest Type Groups, viz. Tropical Moist Deciduous Forest, Tropical Dry Deciduous Forest, Subtropical Pine Forest, Himalayan Moist Temperate Forest, Himalayan Dry Temperate Forest, Sub Alpine Forests , Moist Alpine Scrub and Dry Alpine Scrub.
	The state has 38 Forest Types which belong to 8 Forest Type Groups, viz. Tropical Moist Deciduous Forest, Tropical Dry Deciduous Forest, Subtropical Pine Forest, Himalayan Moist Temperate Forest, Himalayan Dry Temperate Forest, Sub Alpine Forests , Moist Alpine Scrub and Dry Alpine Scrub.
	The state has 38 Forest Types which belong to 8 Forest Type Groups, viz. Tropical Moist Deciduous Forest, Tropical Dry Deciduous Forest, Subtropical Pine Forest, Himalayan Moist Temperate Forest, Himalayan Dry Temperate Forest, Sub Alpine Forests , Moist Alpine Scrub and Dry Alpine Scrub.
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	Salvage : 32
	Salvage : 32
	Salvage : 32


	Microclimatic factors: 145
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	Employment Generation: 25
	Employment Generation: 25
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	Direct Benefits: 7,740 crores Indirect Benefits: 98,924 crores Total Economic Value: 1,06,664 crores
	Direct Benefits: 7,740 crores Indirect Benefits: 98,924 crores Total Economic Value: 1,06,664 crores
	Direct Benefits: 7,740 crores Indirect Benefits: 98,924 crores Total Economic Value: 1,06,664 crores


	Himalayan States need to be compensated for the environmental services provided to the downstream regions.
	Himalayan States need to be compensated for the environmental services provided to the downstream regions.
	Himalayan States need to be compensated for the environmental services provided to the downstream regions.


	The sustainable forestry, which judiciously manages renewable natural resources and provides food, income and livelihood for present and future generations while maintaining or improving the economic productivity and ecosystem services of these resources is need of the hour. The State Government stands by unequivocal commitment to long-term support of sustainable forestry and promotion of the stewardship and use of forests and forest lands in a way, and at a rate, that maintains their biodiversity, producti
	The sustainable forestry, which judiciously manages renewable natural resources and provides food, income and livelihood for present and future generations while maintaining or improving the economic productivity and ecosystem services of these resources is need of the hour. The State Government stands by unequivocal commitment to long-term support of sustainable forestry and promotion of the stewardship and use of forests and forest lands in a way, and at a rate, that maintains their biodiversity, producti
	The sustainable forestry, which judiciously manages renewable natural resources and provides food, income and livelihood for present and future generations while maintaining or improving the economic productivity and ecosystem services of these resources is need of the hour. The State Government stands by unequivocal commitment to long-term support of sustainable forestry and promotion of the stewardship and use of forests and forest lands in a way, and at a rate, that maintains their biodiversity, producti
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	Promoting Carbon Neutrality
	Promoting Carbon Neutrality
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	• The State has undertaken many programmes for preserving the pristine Himalayan ecology and enhancing the forest cover in the State. The efforts of afforestation have resulted in achieving an ever largest recorded forest cover in the State during the year 2009 that was 14,679 sq. km covering 26.37% of geographical area of the State.
	• The State has undertaken many programmes for preserving the pristine Himalayan ecology and enhancing the forest cover in the State. The efforts of afforestation have resulted in achieving an ever largest recorded forest cover in the State during the year 2009 that was 14,679 sq. km covering 26.37% of geographical area of the State.

	• 'Jan- Jan Sanjeevani Van Abhiyan' in the year 2008 ensured the distribution of more than 15 lacs medicinal plants to the rural and urban households of Himachal Pradesh through 5,000 distribution points.
	• 'Jan- Jan Sanjeevani Van Abhiyan' in the year 2008 ensured the distribution of more than 15 lacs medicinal plants to the rural and urban households of Himachal Pradesh through 5,000 distribution points.

	• To internalize the Jan Jan Sanjeevani programme, the State has further launched two new people centric plantation schemes, 'Sanjha Van Sanjeevani Van’ and 'Apna Van Apna Dhan’ for planting on private land and community land. Under the , 'Sanjha Van Sanjeevani Van Programme, 51 lac, 46.5 lac and 45 lac plants were planted in the year 2009-10, 2010-11 and 2011-12 respectively.
	• To internalize the Jan Jan Sanjeevani programme, the State has further launched two new people centric plantation schemes, 'Sanjha Van Sanjeevani Van’ and 'Apna Van Apna Dhan’ for planting on private land and community land. Under the , 'Sanjha Van Sanjeevani Van Programme, 51 lac, 46.5 lac and 45 lac plants were planted in the year 2009-10, 2010-11 and 2011-12 respectively.
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	Peepal -Bargad Plantation
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	For involvement of elderly people in the plantation drive, the Forest Department has initiated another scheme "Peepal - Bargad Plantation" where Peepal and Bargad plants are being planted in the villages by elderly people in the lower and middle zones of the State. In the year 2009-10, 8,539 plants (Pipal-5,073 and Bargad-3,466 ) were planted in 4,436 villages.
	For involvement of elderly people in the plantation drive, the Forest Department has initiated another scheme "Peepal - Bargad Plantation" where Peepal and Bargad plants are being planted in the villages by elderly people in the lower and middle zones of the State. In the year 2009-10, 8,539 plants (Pipal-5,073 and Bargad-3,466 ) were planted in 4,436 villages.


	Carbon Revenue: Generating Income through Carbon Credits
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	HP Mid Himalayan Watershed Development Project (MHWDP)
	HP Mid Himalayan Watershed Development Project (MHWDP)

	After learning from past experiences and considerable success of Integrated Watershed Management Programme, Mid Himalayan Watershed Development Project with an objective of reforestation to protect watersheds, improve livelihoods and generate carbon revenue is being implemented in the State.
	After learning from past experiences and considerable success of Integrated Watershed Management Programme, Mid Himalayan Watershed Development Project with an objective of reforestation to protect watersheds, improve livelihoods and generate carbon revenue is being implemented in the State.

	• Operative in 10 districts of Himachal Pradesh including around 272 Micro-watersheds spread over 602 Gram Panchayats.
	• Operative in 10 districts of Himachal Pradesh including around 272 Micro-watersheds spread over 602 Gram Panchayats.

	• The project benefits are expected to reach to around 25,000 target poor families in the project area.
	• The project benefits are expected to reach to around 25,000 target poor families in the project area.
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	Bio-carbon, Clean Development Mechanism (CDM) Project
	Bio-carbon, Clean Development Mechanism (CDM) Project
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	Bio-carbon-sub project will go long way in protection and supporting our commitment for preservation and protection of environment through sequestration of Green House Gases (GHG) by expanding forestry plantations on mostly degraded land.
	Bio-carbon-sub project will go long way in protection and supporting our commitment for preservation and protection of environment through sequestration of Green House Gases (GHG) by expanding forestry plantations on mostly degraded land.
	Bio-carbon-sub project will go long way in protection and supporting our commitment for preservation and protection of environment through sequestration of Green House Gases (GHG) by expanding forestry plantations on mostly degraded land.


	The impact area of project is 4,003.07 ha covering:
	The impact area of project is 4,003.07 ha covering:
	The impact area of project is 4,003.07 ha covering:

	• Forest land of 3,176.86 ha.
	• Forest land of 3,176.86 ha.

	• Community land of 203.06 ha.
	• Community land of 203.06 ha.

	• Private land of 533.15 ha.
	• Private land of 533.15 ha.

	The CDM agreement will fetch carbon revenue of around Rs. 20 crores for the first crediting period of 20 years. The Community and private land holders would be benefitted and will earn about Rs. 2,500/- per ha.
	The CDM agreement will fetch carbon revenue of around Rs. 20 crores for the first crediting period of 20 years. The Community and private land holders would be benefitted and will earn about Rs. 2,500/- per ha.


	Div
	Figure

	First Asian State to Sell Carbon Credits
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	Himachal Pradesh is the first Indian State to sell carbon credits from community lands under the UN­mandated Clean Development Mechanism (CDM). Implementation of Clean Development Mechanism will generate CDM revenues. The revenue from degraded forest and community lands and will be shared with the Gram Panchayats and in turn with the individual families. The carbon revenue is likely to be significant at about Rs. 20 crores for the first crediting period of 20 years. The project is expected to sequester the 
	Himachal Pradesh is the first Indian State to sell carbon credits from community lands under the UN­mandated Clean Development Mechanism (CDM). Implementation of Clean Development Mechanism will generate CDM revenues. The revenue from degraded forest and community lands and will be shared with the Gram Panchayats and in turn with the individual families. The carbon revenue is likely to be significant at about Rs. 20 crores for the first crediting period of 20 years. The project is expected to sequester the 

	Integrated Watershed Development Project, Swan, Una
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	The State Government is conscious and concerned about damage caused to land, property, human and cattle living along its banks due to reoccurring flash floods. Integrated Watershed Development Project (IWDP), Swan, Una targets to implement watershed catchment treatments of the 73 tributaries of the Swan River.
	The State Government is conscious and concerned about damage caused to land, property, human and cattle living along its banks due to reoccurring flash floods. Integrated Watershed Development Project (IWDP), Swan, Una targets to implement watershed catchment treatments of the 73 tributaries of the Swan River.
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	National Bamboo Mission
	National Bamboo Mission
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	The State is also participating in National Bamboo Mission and has got approved a plan of Rs. 1.49 crores for planting of bamboo species in Nahan, Bilaspur, Mandi, Hamirpur and Kangra districts which also include interventions in non-forest areas for generating employment opportunities for skilled and un-skilled persons and promoting marketing of bamboo and bamboo based handicrafts.
	The State is also participating in National Bamboo Mission and has got approved a plan of Rs. 1.49 crores for planting of bamboo species in Nahan, Bilaspur, Mandi, Hamirpur and Kangra districts which also include interventions in non-forest areas for generating employment opportunities for skilled and un-skilled persons and promoting marketing of bamboo and bamboo based handicrafts.
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	Under Green India mission which aims to improve the quality and quantity of forest cover with the help of Gram Sabhas, Women Self-Help Groups and Forest Management Committees and the technical assistance of State Forest Department, a bridge plan for Rs. 1.26 crore has been approved for Himachal for Mandi, Bilaspur, Hamirpur and Kangra districts for the year 2012-13.
	Under Green India mission which aims to improve the quality and quantity of forest cover with the help of Gram Sabhas, Women Self-Help Groups and Forest Management Committees and the technical assistance of State Forest Department, a bridge plan for Rs. 1.26 crore has been approved for Himachal for Mandi, Bilaspur, Hamirpur and Kangra districts for the year 2012-13.
	Under Green India mission which aims to improve the quality and quantity of forest cover with the help of Gram Sabhas, Women Self-Help Groups and Forest Management Committees and the technical assistance of State Forest Department, a bridge plan for Rs. 1.26 crore has been approved for Himachal for Mandi, Bilaspur, Hamirpur and Kangra districts for the year 2012-13.
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	Van Sarovar
	Van Sarovar
	Van Sarovar

	The State has taken steps to revive the traditional model of water bodies as well as to recharge the ground water and enhancing soil and water conservation. This will also help in controlling forest fires and act as a source of water to wild animals.
	The State has taken steps to revive the traditional model of water bodies as well as to recharge the ground water and enhancing soil and water conservation. This will also help in controlling forest fires and act as a source of water to wild animals.

	• 148 Van Sarovars have been constructed during 2011-12 under the National Flagship programme NREGA.
	• 148 Van Sarovars have been constructed during 2011-12 under the National Flagship programme NREGA.

	• 100 Van Sarovars will be constructed during 2012-13.
	• 100 Van Sarovars will be constructed during 2012-13.


	Div
	Figure

	To conserve and develop the medicinal wealth of the State, conservation and propagation of medicinal species is also being done.. A medicinal plant project has been got sanctioned from "National Medicinal Plants Board" (NMPB) for Kangra, Kullu, Chamba and Sirmaur districts for Rs. 400.80 lacs.
	To conserve and develop the medicinal wealth of the State, conservation and propagation of medicinal species is also being done.. A medicinal plant project has been got sanctioned from "National Medicinal Plants Board" (NMPB) for Kangra, Kullu, Chamba and Sirmaur districts for Rs. 400.80 lacs.
	To conserve and develop the medicinal wealth of the State, conservation and propagation of medicinal species is also being done.. A medicinal plant project has been got sanctioned from "National Medicinal Plants Board" (NMPB) for Kangra, Kullu, Chamba and Sirmaur districts for Rs. 400.80 lacs.

	Under the project, 1.96 crores medicinal plants over an area of 1,257 hectares area will be planted in four years with the active involvement of Joint Forest Management Committees and Village Forest Development Societies.
	Under the project, 1.96 crores medicinal plants over an area of 1,257 hectares area will be planted in four years with the active involvement of Joint Forest Management Committees and Village Forest Development Societies.

	Towards 'Herbal' State
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	Realizing potential of medicinal herbs as a source of income generation for the people of the State.
	Realizing potential of medicinal herbs as a source of income generation for the people of the State.
	Realizing potential of medicinal herbs as a source of income generation for the people of the State.

	The State Government is providing impetus to the cultivation of medicinal plants to make Himachal 'Herbal State' of the country. The State Government has established herbal gardens at Jungal Thalera, Bilaspur and Neri, Hamirpur (Sub Tropical zone), Jogindernagar (Mid-Hills/Sub temperate Zone) and Dhumrera, Rohroo (High Hill Temperate wet zone).
	The State Government is providing impetus to the cultivation of medicinal plants to make Himachal 'Herbal State' of the country. The State Government has established herbal gardens at Jungal Thalera, Bilaspur and Neri, Hamirpur (Sub Tropical zone), Jogindernagar (Mid-Hills/Sub temperate Zone) and Dhumrera, Rohroo (High Hill Temperate wet zone).


	Further, Rs. 969.06 project on "Cultivation, Value Addition and Marketing of Medicinal and Aromatic Plants for Rural Upliftment in HP" under SGSY component of the Ministry of Rural Development, GOI is being undertaken.
	Further, Rs. 969.06 project on "Cultivation, Value Addition and Marketing of Medicinal and Aromatic Plants for Rural Upliftment in HP" under SGSY component of the Ministry of Rural Development, GOI is being undertaken.
	Further, Rs. 969.06 project on "Cultivation, Value Addition and Marketing of Medicinal and Aromatic Plants for Rural Upliftment in HP" under SGSY component of the Ministry of Rural Development, GOI is being undertaken.
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	Water Resources, Irrigation & Public Health
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	Himachal Pradesh is endowed with a rich and vast diversity of natural resources, water being one of them. Its development and management plays a vital role in agriculture production. Irrigation & Public Health Department envisages integrated water management for poverty reduction, environmental sustenance and sustainable economic development.
	Himachal Pradesh is endowed with a rich and vast diversity of natural resources, water being one of them. Its development and management plays a vital role in agriculture production. Irrigation & Public Health Department envisages integrated water management for poverty reduction, environmental sustenance and sustainable economic development.
	Himachal Pradesh is endowed with a rich and vast diversity of natural resources, water being one of them. Its development and management plays a vital role in agriculture production. Irrigation & Public Health Department envisages integrated water management for poverty reduction, environmental sustenance and sustainable economic development.

	Water is the elixir of life. As a scarce and precious resource, its usage has to be planned along with conservation and management measures on an integrated and environmentally sound basis. Keeping this in view and the socio-economic needs of the State, a revised Water Policy is being drafted so that safe and portable drinking water supply to all and community participation in conservation of water resources is ensured.
	Water is the elixir of life. As a scarce and precious resource, its usage has to be planned along with conservation and management measures on an integrated and environmentally sound basis. Keeping this in view and the socio-economic needs of the State, a revised Water Policy is being drafted so that safe and portable drinking water supply to all and community participation in conservation of water resources is ensured.
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	Managing Water: A Challenging Task
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	• 7,940 Water Supply Schemes under Rural Water Supply have been completed in the State. Out of these ,1,526 are lift , 234 tubewells and 6,180 are gravity schemes.
	• 7,940 Water Supply Schemes under Rural Water Supply have been completed in the State. Out of these ,1,526 are lift , 234 tubewells and 6,180 are gravity schemes.
	• 7,940 Water Supply Schemes under Rural Water Supply have been completed in the State. Out of these ,1,526 are lift , 234 tubewells and 6,180 are gravity schemes.

	• Augmentation of Urban Water Supply Schemes of 43 towns prominently viz; Shimla, Kangra, Manali, Kullu, Hamirpur, Mandi, Dalhousie Solan, and Dharamshala have been completed.
	• Augmentation of Urban Water Supply Schemes of 43 towns prominently viz; Shimla, Kangra, Manali, Kullu, Hamirpur, Mandi, Dalhousie Solan, and Dharamshala have been completed.

	• 26,132 hand pumps have been installed in the water stressed areas of the State.
	• 26,132 hand pumps have been installed in the water stressed areas of the State.

	• 2,217 irrigation schemes have been completed.
	• 2,217 irrigation schemes have been completed.


	Flood Protection
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	Flood Protection measures in the shape of embank­ments, spurs and wire crates etc. has been undertaken at critical/flood prone areas. Till now 17,602 hectare area has been protected from the fury of floods.
	Flood Protection measures in the shape of embank­ments, spurs and wire crates etc. has been undertaken at critical/flood prone areas. Till now 17,602 hectare area has been protected from the fury of floods.
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	To meet the challenges of ensuring quality water supply, the State is implementing National Rural Drinking Water Programme (NRDWP) focusing on area coverage, sustainability, water quality and natural calamity. Under this scheme, 219 habitations with an expenditure of Rs. 67.56 crore in State Sector and 1,596 habitations with an expenditure of Rs. 69.44 crore under Central Sector have been covered.
	To meet the challenges of ensuring quality water supply, the State is implementing National Rural Drinking Water Programme (NRDWP) focusing on area coverage, sustainability, water quality and natural calamity. Under this scheme, 219 habitations with an expenditure of Rs. 67.56 crore in State Sector and 1,596 habitations with an expenditure of Rs. 69.44 crore under Central Sector have been covered.
	To meet the challenges of ensuring quality water supply, the State is implementing National Rural Drinking Water Programme (NRDWP) focusing on area coverage, sustainability, water quality and natural calamity. Under this scheme, 219 habitations with an expenditure of Rs. 67.56 crore in State Sector and 1,596 habitations with an expenditure of Rs. 69.44 crore under Central Sector have been covered.
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	Another Water Supply programme Jalmani aims at providing safe drinking water in adequate quantity to all rural habitations in the State including rural schools and Anganwadis. Under this programme Simple Stand Alone Water Purification System based on UV technology are being installed in rural schools. For implementation of this programme, the Government of India has released a total sum of Rs. 749.05 lacs for providing Simple Stand Alone Drinking Water Purification system in rural schools.
	Another Water Supply programme Jalmani aims at providing safe drinking water in adequate quantity to all rural habitations in the State including rural schools and Anganwadis. Under this programme Simple Stand Alone Water Purification System based on UV technology are being installed in rural schools. For implementation of this programme, the Government of India has released a total sum of Rs. 749.05 lacs for providing Simple Stand Alone Drinking Water Purification system in rural schools.
	Another Water Supply programme Jalmani aims at providing safe drinking water in adequate quantity to all rural habitations in the State including rural schools and Anganwadis. Under this programme Simple Stand Alone Water Purification System based on UV technology are being installed in rural schools. For implementation of this programme, the Government of India has released a total sum of Rs. 749.05 lacs for providing Simple Stand Alone Drinking Water Purification system in rural schools.
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	Out of the total geographical area of 55.67 lakh hectare of State, only 5.83 lakh hectares is the net area sown. It is estimated that ultimate irrigation potential of the State is approximately 3.35 lakh hectares. Out of this, 0.50 lakh hectares can be brought under irrigation through major and medium irrigation projects and balance 2.85 lakh hectares of area can be provided irrigation through minor irrigation schemes of different agencies. 23,197 hectares has been brought under irrigation in the last four 
	Out of the total geographical area of 55.67 lakh hectare of State, only 5.83 lakh hectares is the net area sown. It is estimated that ultimate irrigation potential of the State is approximately 3.35 lakh hectares. Out of this, 0.50 lakh hectares can be brought under irrigation through major and medium irrigation projects and balance 2.85 lakh hectares of area can be provided irrigation through minor irrigation schemes of different agencies. 23,197 hectares has been brought under irrigation in the last four 


	COMMAND AREA OF SAHANEHAR MAJOR IRRIGATION PROJECT
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	Sewage Disposal
	Sewage Disposal
	Sewage Disposal

	Environment improvement assumes special significance particularly to prevent water pollution of the rivers and other water bodies and to abolish carrying of night soil on head load and scavenging system in the State. The State Government has given top priority to connect dry latrine system into water pour system. Under this programme, sewerage facilities are proposed to be provided in all the towns of the State. Sewerage schemes of 15 towns have been completed and work on sewerage schemes of 24 towns is in 
	Environment improvement assumes special significance particularly to prevent water pollution of the rivers and other water bodies and to abolish carrying of night soil on head load and scavenging system in the State. The State Government has given top priority to connect dry latrine system into water pour system. Under this programme, sewerage facilities are proposed to be provided in all the towns of the State. Sewerage schemes of 15 towns have been completed and work on sewerage schemes of 24 towns is in 
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	Sewage Treatment
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	Sewage Treatment

	Towns in the State mostly serve as health resorts, environment improvement, therefore, assume special significance particularly to avoid pollution of the rivers and other water bodies of the State. The sewage treatment is of immense importance. The State Government has initiated installation of 38 Sewage Treatment Facilities covering 9 Districts of the State considering the population load in their respective townships.
	Towns in the State mostly serve as health resorts, environment improvement, therefore, assume special significance particularly to avoid pollution of the rivers and other water bodies of the State. The sewage treatment is of immense importance. The State Government has initiated installation of 38 Sewage Treatment Facilities covering 9 Districts of the State considering the population load in their respective townships.


	Implementation and Strengthening of Rain Water Harvesting Structures (RWHS )
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	Implementation and Strengthening of Rain Water Harvesting Structures (RWHS )

	The State Government took initiatives in the year 1999 to conserve its water resources. A decision was taken to make compulsory the collection of rainwater from the rooftops of buildings in the State. With a view to review the ground realities and assess the implementation level in the State, the Government constituted a task force for "Strength-ening of Rain Water Harvesting Operation and Management System in Himachal Pradesh".
	The State Government took initiatives in the year 1999 to conserve its water resources. A decision was taken to make compulsory the collection of rainwater from the rooftops of buildings in the State. With a view to review the ground realities and assess the implementation level in the State, the Government constituted a task force for "Strength-ening of Rain Water Harvesting Operation and Management System in Himachal Pradesh".
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	Department
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	Department
	Department
	Department
	Department


	No of Buildings provided with RWHS
	No of Buildings provided with RWHS
	No of Buildings provided with RWHS



	Public Work Department
	Public Work Department
	Public Work Department
	Public Work Department


	62
	62
	62



	HIMUDA:
	HIMUDA:
	HIMUDA:
	HIMUDA:



	Public
	Public
	Public
	Public


	23
	23
	23



	Tourism :
	Tourism :
	Tourism :
	Tourism :



	HPTDC
	HPTDC
	HPTDC
	HPTDC


	18
	18
	18



	Private Hotels
	Private Hotels
	Private Hotels
	Private Hotels


	137
	137
	137



	Forest
	Forest
	Forest
	Forest


	2
	2
	2



	Agriculture/ Rural Development
	Agriculture/ Rural Development
	Agriculture/ Rural Development
	Agriculture/ Rural Development


	5
	5
	5



	Health
	Health
	Health
	Health


	3
	3
	3



	Town & Country Planning:
	Town & Country Planning:
	Town & Country Planning:
	Town & Country Planning:



	Public Buildings
	Public Buildings
	Public Buildings
	Public Buildings


	115
	115
	115



	Private buildings
	Private buildings
	Private buildings
	Private buildings


	2,441
	2,441
	2,441



	Urban Development:
	Urban Development:
	Urban Development:
	Urban Development:



	Public Buildings
	Public Buildings
	Public Buildings
	Public Buildings


	33
	33
	33



	Private Building
	Private Building
	Private Building
	Private Building


	2,371
	2,371
	2,371



	Irrigation & Public Health
	Irrigation & Public Health
	Irrigation & Public Health
	Irrigation & Public Health


	66
	66
	66



	Total
	Total
	Total
	Total


	5,276
	5,276
	5,276





	World Bank funded Hydrology Project - II (HP-II) is being executed in the State to develop an integrated and comprehensive hydrological data base. Total cost of the Project is US$ 135.01 million and the World Bank has approved a credit (IBRD Loan) of US$ 104.98 million to the Govt. of India for the same.
	World Bank funded Hydrology Project - II (HP-II) is being executed in the State to develop an integrated and comprehensive hydrological data base. Total cost of the Project is US$ 135.01 million and the World Bank has approved a credit (IBRD Loan) of US$ 104.98 million to the Govt. of India for the same.
	World Bank funded Hydrology Project - II (HP-II) is being executed in the State to develop an integrated and comprehensive hydrological data base. Total cost of the Project is US$ 135.01 million and the World Bank has approved a credit (IBRD Loan) of US$ 104.98 million to the Govt. of India for the same.

	The Project envisages to establish:
	The Project envisages to establish:

	• Hydrological Information System (HIS) network comprising of 80 piezometer borewells for ground water monitoring.
	• Hydrological Information System (HIS) network comprising of 80 piezometer borewells for ground water monitoring.

	• 35 River Gauge sites, 136 Standard Rain Gauges (SRG) and Autographic/Automatic Rain Gauges (ARG).
	• 35 River Gauge sites, 136 Standard Rain Gauges (SRG) and Autographic/Automatic Rain Gauges (ARG).

	• 6 Climatic Stations and 16 Snow Gauge Stations.
	• 6 Climatic Stations and 16 Snow Gauge Stations.

	• Network of 16 Water Quality Laboratories.
	• Network of 16 Water Quality Laboratories.

	• 1 State Data Centre, 8 Divisional Data Centres and 40 Sub-Divisional Data Centres.
	• 1 State Data Centre, 8 Divisional Data Centres and 40 Sub-Divisional Data Centres.
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	Monitoring of Climatic Parameters for Building Strong Meteorological Data Base
	Monitoring of Climatic Parameters for Building Strong Meteorological Data Base
	Monitoring of Climatic Parameters for Building Strong Meteorological Data Base


	Piezometer Borewells for Ground Water Monitoring
	Piezometer Borewells for Ground Water Monitoring
	Piezometer Borewells for Ground Water Monitoring


	Animal Husbandry
	Animal Husbandry
	Animal Husbandry


	Livestock is integral to the sustainability of economy of Himachal Pradesh. The Government of Himachal Pradesh has taken several steps to strengthen Animal Husbandry sector.
	Livestock is integral to the sustainability of economy of Himachal Pradesh. The Government of Himachal Pradesh has taken several steps to strengthen Animal Husbandry sector.
	Livestock is integral to the sustainability of economy of Himachal Pradesh. The Government of Himachal Pradesh has taken several steps to strengthen Animal Husbandry sector.

	• Development of requisite infrastructure in State for improving animal productivity.
	• Development of requisite infrastructure in State for improving animal productivity.

	• Preservation and protection of livestock through provision of health care.
	• Preservation and protection of livestock through provision of health care.

	• Strengthening of central livestock farms (Cattle, Sheep and Poultry) for development of superior germplasm for distribution to States.
	• Strengthening of central livestock farms (Cattle, Sheep and Poultry) for development of superior germplasm for distribution to States.
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	Doodh Ganga Scheme
	Doodh Ganga Scheme
	Doodh Ganga Scheme

	The State Government is implementing Rs. 300 crore 'Doodh Ganga Scheme' in the State with an objective to increase income of the farmers and to provide self employment opportunities. Soft loans up to Rs. 15 lakh are being made available under the scheme. A 25 % subsidy is being given to general category and 33.33% to scheduled caste/ scheduled tribe beneficiaries.
	The State Government is implementing Rs. 300 crore 'Doodh Ganga Scheme' in the State with an objective to increase income of the farmers and to provide self employment opportunities. Soft loans up to Rs. 15 lakh are being made available under the scheme. A 25 % subsidy is being given to general category and 33.33% to scheduled caste/ scheduled tribe beneficiaries.


	Mukhya Mantri Arogya Pashudhan Yojana
	Mukhya Mantri Arogya Pashudhan Yojana
	Mukhya Mantri Arogya Pashudhan Yojana

	The Animal Husbandry Department has launched 'Mukhya Mantri Arogya Pashudhan Yojana' to ensure opening of at least one veterinary Institution in each left out Panchayat in the State. Under this scheme 1,272 veterinary Institutions will be opened in a period of three years in a phased manner. 1,012 Veterinary Institutions have been opened this year.
	The Animal Husbandry Department has launched 'Mukhya Mantri Arogya Pashudhan Yojana' to ensure opening of at least one veterinary Institution in each left out Panchayat in the State. Under this scheme 1,272 veterinary Institutions will be opened in a period of three years in a phased manner. 1,012 Veterinary Institutions have been opened this year.
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	Feed & Fodder Development Scheme
	Feed & Fodder Development Scheme
	Feed & Fodder Development Scheme


	Rs. 517.50 lacs have been sanctioned for this scheme and Rs. 258.75 lacs have been released for the year 2011-12 to provide power driven chaff cutters at 75 percent subsidy. 6,900 hand chaff cutters have been provided under this scheme.
	Rs. 517.50 lacs have been sanctioned for this scheme and Rs. 258.75 lacs have been released for the year 2011-12 to provide power driven chaff cutters at 75 percent subsidy. 6,900 hand chaff cutters have been provided under this scheme.
	Rs. 517.50 lacs have been sanctioned for this scheme and Rs. 258.75 lacs have been released for the year 2011-12 to provide power driven chaff cutters at 75 percent subsidy. 6,900 hand chaff cutters have been provided under this scheme.


	Bhed Palak Samridhi Yojana
	Bhed Palak Samridhi Yojana
	Bhed Palak Samridhi Yojana

	The Department has started this scheme for Sheppard of Mandi, Kangra, Chamba, Kullu and Shimla Districts. Loan upto Rs. One lacs is being made available for purchase of sheep and lambs. A 33% subsidy is being given for this purpose.
	The Department has started this scheme for Sheppard of Mandi, Kangra, Chamba, Kullu and Shimla Districts. Loan upto Rs. One lacs is being made available for purchase of sheep and lambs. A 33% subsidy is being given for this purpose.

	The State Government is committed to Socio-economic upliftment of Gujjar community and has constituted
	The State Government is committed to Socio-economic upliftment of Gujjar community and has constituted

	community specific Welfare Boards to advise State Government in formulation of policies and programmes for the upliftment of the community.
	community specific Welfare Boards to advise State Government in formulation of policies and programmes for the upliftment of the community.
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	• Gujjars have been provided tribal status keeping in view their avocation of rearing animals while moving from one place to other round the year.
	• Gujjars have been provided tribal status keeping in view their avocation of rearing animals while moving from one place to other round the year.
	• Gujjars have been provided tribal status keeping in view their avocation of rearing animals while moving from one place to other round the year.

	• 15 hostels has been constructed at a cost of Rs. 22.50 crore at education concentrated non-tribal towns for the benefit of the tribal students.
	• 15 hostels has been constructed at a cost of Rs. 22.50 crore at education concentrated non-tribal towns for the benefit of the tribal students.

	Embryo Transfer Technology Lab and Hilly Cattle Breeding Farm established at Palampur. A State of the Art Multidisciplinary Veterinary Hospital is being established at Palampur. Under the 'Shepherd Insurance Scheme' 17,000 shepherds have been given insurance cover. Intake capacity of Gosadan at Khajjian increased to 500 by spending Rs. 1.75 crore. More Gosadans are being set up in the State.
	Embryo Transfer Technology Lab and Hilly Cattle Breeding Farm established at Palampur. A State of the Art Multidisciplinary Veterinary Hospital is being established at Palampur. Under the 'Shepherd Insurance Scheme' 17,000 shepherds have been given insurance cover. Intake capacity of Gosadan at Khajjian increased to 500 by spending Rs. 1.75 crore. More Gosadans are being set up in the State.


	Div
	Figure

	Fisheries
	Fisheries
	Fisheries


	Goals & Objectives:
	Goals & Objectives:
	Goals & Objectives:
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	To increase fish production in the State by judicious management of all the culturable water resources.
	To increase fish production in the State by judicious management of all the culturable water resources.
	To increase fish production in the State by judicious management of all the culturable water resources.

	To develop reservoir fishery of the State with an aim to increase per hectare production from the open impoundments.
	To develop reservoir fishery of the State with an aim to increase per hectare production from the open impoundments.

	To protect and conserve reservoir and lacustrine fisheries resources of the State.
	To protect and conserve reservoir and lacustrine fisheries resources of the State.

	To promote game fishery in the State with particular emphasis on promotion of Tourism.
	To promote game fishery in the State with particular emphasis on promotion of Tourism.

	To promote commercial farming of Rainbow Trout in the high altitude areas.
	To promote commercial farming of Rainbow Trout in the high altitude areas.

	To promote aquaculture in the State. To generate employment opportunities in fishery sector.
	To promote aquaculture in the State. To generate employment opportunities in fishery sector.
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	Sustainable & Renewable Energy
	Sustainable & Renewable Energy
	Sustainable & Renewable Energy

	Coal remains a predominant energy source for power production in India, catering to production of 70% of total domestic electricity. Energy demand in India is expected to continue increasing over the next 10-15 years. The oil and gas fuel has also started contributing towards power generation, even though the coal is expected to remain dominant fuel for power generation. India currently has a peak demand shortage of around 14% and an energy deficit of 8.4% and to cope up with that India is contemplating to 
	Coal remains a predominant energy source for power production in India, catering to production of 70% of total domestic electricity. Energy demand in India is expected to continue increasing over the next 10-15 years. The oil and gas fuel has also started contributing towards power generation, even though the coal is expected to remain dominant fuel for power generation. India currently has a peak demand shortage of around 14% and an energy deficit of 8.4% and to cope up with that India is contemplating to 

	The State is the major provider of clean energy-hydropower for the country. The State has an identified hydro-power potential of around 23 GW (15% of the total hydro potential in the country) out of which around 8 GW has already been harnessed. This corroborates the national objective of realizing 40% of the total installed capacity through renewable energy in the country. This low carbon 'green energy’ will further help to alleviate power shortage in India’s northern power grid while being a vital source o
	The State is the major provider of clean energy-hydropower for the country. The State has an identified hydro-power potential of around 23 GW (15% of the total hydro potential in the country) out of which around 8 GW has already been harnessed. This corroborates the national objective of realizing 40% of the total installed capacity through renewable energy in the country. This low carbon 'green energy’ will further help to alleviate power shortage in India’s northern power grid while being a vital source o


	Div
	Figure

	Hydropower Potential of State
	Hydropower Potential of State
	Hydropower Potential of State


	Hydro Power of about 8,000 MW against total potential of 23,000 MW in five River Basins has been harnessed.
	Hydro Power of about 8,000 MW against total potential of 23,000 MW in five River Basins has been harnessed.
	Hydro Power of about 8,000 MW against total potential of 23,000 MW in five River Basins has been harnessed.


	River Basin
	River Basin
	River Basin
	River Basin
	River Basin
	River Basin


	Assessed Potentia
	Assessed Potentia
	Assessed Potentia



	Yamuna
	Yamuna
	Yamuna
	Yamuna


	811
	811
	811



	Satluj
	Satluj
	Satluj
	Satluj


	10,355
	10,355
	10,355



	Beas
	Beas
	Beas
	Beas


	5,339
	5,339
	5,339



	Ravi
	Ravi
	Ravi
	Ravi


	2,952
	2,952
	2,952



	Chenab
	Chenab
	Chenab
	Chenab


	2,973
	2,973
	2,973



	Others/self
	Others/self
	Others/self
	Others/self

	identified
	identified


	570
	570
	570



	Total 23,000
	Total 23,000
	Total 23,000
	Total 23,000
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	State Government is targeting to tap over 70% of hydropower potential of the State by 2020, essentially adding 10 GW to the current potential. The State has already identified projects for commissioning on Satluj, Yamuna, Beas, Chenab & Ravi basins during 12th and 13th Five Year Plans which will add 5,621 MW to the existing capacity.
	State Government is targeting to tap over 70% of hydropower potential of the State by 2020, essentially adding 10 GW to the current potential. The State has already identified projects for commissioning on Satluj, Yamuna, Beas, Chenab & Ravi basins during 12th and 13th Five Year Plans which will add 5,621 MW to the existing capacity.
	State Government is targeting to tap over 70% of hydropower potential of the State by 2020, essentially adding 10 GW to the current potential. The State has already identified projects for commissioning on Satluj, Yamuna, Beas, Chenab & Ravi basins during 12th and 13th Five Year Plans which will add 5,621 MW to the existing capacity.
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	camfcUhMP cjwMi ci imun i mmMinunn
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	Sustainance through Ecological Flows
	Sustainance through Ecological Flows


	Small, Micro & Mini-Micro (572) Projects are being promoted to produce about 10,131 MW of Hydro-power.
	Small, Micro & Mini-Micro (572) Projects are being promoted to produce about 10,131 MW of Hydro-power.
	Small, Micro & Mini-Micro (572) Projects are being promoted to produce about 10,131 MW of Hydro-power.
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	• Himachal Pradesh is the only state to have mandated the release and maintenance of 15% minimum lean flows downstream of diversion structure to maintain riverine ecology.
	• Himachal Pradesh is the only state to have mandated the release and maintenance of 15% minimum lean flows downstream of diversion structure to maintain riverine ecology.
	• Himachal Pradesh is the only state to have mandated the release and maintenance of 15% minimum lean flows downstream of diversion structure to maintain riverine ecology.

	• Real Time On-Line Continuous Flow Measurement & Data Logging Devices for the implementation of ecological flows and managing erosion, sedimentation & catchment degradation.
	• Real Time On-Line Continuous Flow Measurement & Data Logging Devices for the implementation of ecological flows and managing erosion, sedimentation & catchment degradation.

	• Global Positioning System (GPS) based photo monitoring of muck dumping of the hydel projects.
	• Global Positioning System (GPS) based photo monitoring of muck dumping of the hydel projects.
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	Scientific Environment Management in Hydel Projects
	Scientific Environment Management in Hydel Projects
	Scientific Environment Management in Hydel Projects

	The environment management, by and large, of hydro projects mainly lays focus on scientific Muck Disposal and implementation of Environment Management Plan
	The environment management, by and large, of hydro projects mainly lays focus on scientific Muck Disposal and implementation of Environment Management Plan

	Scientific Muck Management
	Scientific Muck Management

	Management of muck and restoration of muck disposal site is implemented as a part of Environmental Management Plans of the hydro power project s and is monitored by the State Pollution Control Board and State Department of Environment, Science &
	Management of muck and restoration of muck disposal site is implemented as a part of Environmental Management Plans of the hydro power project s and is monitored by the State Pollution Control Board and State Department of Environment, Science &

	Technology.
	Technology.
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	• Local Area Development Fund (LADF) is currently being implemented in about 25 projects with an estimated Rs. 1600 million (33 million USD) that has been either spent or deposited with Local Area Development Committees (LADC) by the developers as per Ministry of Environment & Forest, Govt. of India provisions of 1.5% project cost for LADF.
	• Local Area Development Fund (LADF) is currently being implemented in about 25 projects with an estimated Rs. 1600 million (33 million USD) that has been either spent or deposited with Local Area Development Committees (LADC) by the developers as per Ministry of Environment & Forest, Govt. of India provisions of 1.5% project cost for LADF.
	• Local Area Development Fund (LADF) is currently being implemented in about 25 projects with an estimated Rs. 1600 million (33 million USD) that has been either spent or deposited with Local Area Development Committees (LADC) by the developers as per Ministry of Environment & Forest, Govt. of India provisions of 1.5% project cost for LADF.

	• The investment in hydro sector in last 5 years has been around Rs. 10,000 crore and out of this Rs. 1,500 crore is spent/being spent on the local area development activities in the project affected areas.
	• The investment in hydro sector in last 5 years has been around Rs. 10,000 crore and out of this Rs. 1,500 crore is spent/being spent on the local area development activities in the project affected areas.

	• Provisions have been made for mandatory expenditure of more than 5% project cost towards Catchment Area Treatment (CAT) plans, afforestation activities and environmental protection & management.
	• Provisions have been made for mandatory expenditure of more than 5% project cost towards Catchment Area Treatment (CAT) plans, afforestation activities and environmental protection & management.

	• Cash transfers of 50 million rupees (or $1 million) to project affected peoples by 2014. The benefits due to this will be spread in 8 Districts of Himachal Pradesh and it is estimated that this benefit will be ranging from Rs. 3,000 to Rs. 1,50,000 depending upon the density of projects and population in the area.
	• Cash transfers of 50 million rupees (or $1 million) to project affected peoples by 2014. The benefits due to this will be spread in 8 Districts of Himachal Pradesh and it is estimated that this benefit will be ranging from Rs. 3,000 to Rs. 1,50,000 depending upon the density of projects and population in the area.

	A Novel Initiative
	A Novel Initiative

	On social sustainability, the Government of Himachal Pradesh has undertaken action to adopt a new revenue sharing scheme that pays annuities to the local communities living in the affected villages during the operational life of hydropower projects.
	On social sustainability, the Government of Himachal Pradesh has undertaken action to adopt a new revenue sharing scheme that pays annuities to the local communities living in the affected villages during the operational life of hydropower projects.

	This is a bold policy where the Government of Himachal Pradesh, leads, perhaps globally. Under this new policy, annual revenue equivalent to 1 percent of power sales from the project will be distributed to households in the project affected area.
	This is a bold policy where the Government of Himachal Pradesh, leads, perhaps globally. Under this new policy, annual revenue equivalent to 1 percent of power sales from the project will be distributed to households in the project affected area.

	This will be in the form of annuity payments through cash transfers made directly into bank accounts, to minimize risks of leakage. The Bank accounts will be created for households who do not possess an account at an established financial institution. The funds will be given to project affected persons (PAPs) and there would be additional transfers to "Below Poverty Line" (BPL) families. The scheme involves distributing 85 percent of the available funds to all affected families (PAPs). The remaining 15 perc
	This will be in the form of annuity payments through cash transfers made directly into bank accounts, to minimize risks of leakage. The Bank accounts will be created for households who do not possess an account at an established financial institution. The funds will be given to project affected persons (PAPs) and there would be additional transfers to "Below Poverty Line" (BPL) families. The scheme involves distributing 85 percent of the available funds to all affected families (PAPs). The remaining 15 perc
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	Integrated Catchment Area Treatment Plan
	Integrated Catchment Area Treatment Plan
	Integrated Catchment Area Treatment Plan


	As a step forward to existing Catchment Area Treatment (CAT)
	As a step forward to existing Catchment Area Treatment (CAT)
	As a step forward to existing Catchment Area Treatment (CAT)

	Plans and institutionalization of CAMPA, the State
	Plans and institutionalization of CAMPA, the State

	Government has switched over to integrated and basin
	Government has switched over to integrated and basin

	catchment area treatment approach, among other things:
	catchment area treatment approach, among other things:

	• To ensure a scientific and need based approach to the treatment of catchments wherein all the stakeholder can contribute to catchment area development.
	• To ensure a scientific and need based approach to the treatment of catchments wherein all the stakeholder can contribute to catchment area development.

	• Cumulative mitigation measures for the soil erosion and landslide hazards.
	• Cumulative mitigation measures for the soil erosion and landslide hazards.

	• To cumulatively redress the problem of silt and debris load.
	• To cumulatively redress the problem of silt and debris load.

	• Checking the sediment load from the tributaries directly discharging into the reservoir.
	• Checking the sediment load from the tributaries directly discharging into the reservoir.

	• Combining protection of the direct draining catchments from scouring/ sloughing and slips.
	• Combining protection of the direct draining catchments from scouring/ sloughing and slips.
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	Cumulative Environment Impact Assessment (CEIA) Studies
	Cumulative Environment Impact Assessment (CEIA) Studies
	Cumulative Environment Impact Assessment (CEIA) Studies


	Realizing that the isolated impact assessments do not provide a sustainable answer to the environmental impacts emanating out of developmental activities, the State Government has prudently moved ahead for undertaking cumulative impact studies for redressal of environmental concerns in totality by taking river basin as a unit.
	Realizing that the isolated impact assessments do not provide a sustainable answer to the environmental impacts emanating out of developmental activities, the State Government has prudently moved ahead for undertaking cumulative impact studies for redressal of environmental concerns in totality by taking river basin as a unit.
	Realizing that the isolated impact assessments do not provide a sustainable answer to the environmental impacts emanating out of developmental activities, the State Government has prudently moved ahead for undertaking cumulative impact studies for redressal of environmental concerns in totality by taking river basin as a unit.


	Carbon Credits
	Carbon Credits
	Carbon Credits

	Green Houses Gases and phenomenon of Global Warming impacts our Glaciers, Agriculture and Horticulture, Forest wealth, Hydro- Electric Projects and Tourism. Through various initiatives we expect to earning Carbon Credit revenue through CDM from the following projects.
	Green Houses Gases and phenomenon of Global Warming impacts our Glaciers, Agriculture and Horticulture, Forest wealth, Hydro- Electric Projects and Tourism. Through various initiatives we expect to earning Carbon Credit revenue through CDM from the following projects.


	Project
	Project
	Project
	Project
	Project
	Project


	Expected CER's
	Expected CER's
	Expected CER's



	Mid Himalayan Water Shed Development Project
	Mid Himalayan Water Shed Development Project
	Mid Himalayan Water Shed Development Project
	Mid Himalayan Water Shed Development Project


	41,979 Annually
	41,979 Annually
	41,979 Annually



	Public Sector Hydro - Power Projects
	Public Sector Hydro - Power Projects
	Public Sector Hydro - Power Projects
	Public Sector Hydro - Power Projects



	a) Sawra Kuddu Hydroelectric Project
	a) Sawra Kuddu Hydroelectric Project
	a) Sawra Kuddu Hydroelectric Project
	a) Sawra Kuddu Hydroelectric Project


	26,41,660 Expected in 10 Years
	26,41,660 Expected in 10 Years
	26,41,660 Expected in 10 Years



	b) Integrated Kashang HEP
	b) Integrated Kashang HEP
	b) Integrated Kashang HEP
	b) Integrated Kashang HEP


	55,83,918 Expected in 10 Years
	55,83,918 Expected in 10 Years
	55,83,918 Expected in 10 Years



	27 Private Hydroelectric Projects
	27 Private Hydroelectric Projects
	27 Private Hydroelectric Projects
	27 Private Hydroelectric Projects


	31,63,014 Annually for a period of 10 Years
	31,63,014 Annually for a period of 10 Years
	31,63,014 Annually for a period of 10 Years
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	Optimising Renewable Energy in the State
	Optimising Renewable Energy in the State
	Optimising Renewable Energy in the State

	Government is committed for harnessing renewable sources of energy in the State. Wind Solar Hybrid System of 12 KW (10 KW Wind Aero-generators and 2 KW Solar Photovoltaic Panels; investment of Rs. 41.30 lacs) has been installed at Pooh, District Kinnaur during 2008-09 with an objective to facilitate the Military Operations at high altitude near Line of Control (LOC), China.
	Government is committed for harnessing renewable sources of energy in the State. Wind Solar Hybrid System of 12 KW (10 KW Wind Aero-generators and 2 KW Solar Photovoltaic Panels; investment of Rs. 41.30 lacs) has been installed at Pooh, District Kinnaur during 2008-09 with an objective to facilitate the Military Operations at high altitude near Line of Control (LOC), China.

	• Two sites for establishment of Solar Power Plant of 3 MW have also been identified.
	• Two sites for establishment of Solar Power Plant of 3 MW have also been identified.

	• The proposal for establishment of Wind Power Plant as joint venture with the Independent Power Producers is in pipeline.
	• The proposal for establishment of Wind Power Plant as joint venture with the Independent Power Producers is in pipeline.
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	Atal Bijli Bachat Yojna (ABBY)- A Step Towards Energy Saving & Efficiency
	Atal Bijli Bachat Yojna (ABBY)- A Step Towards Energy Saving & Efficiency
	Atal Bijli Bachat Yojna (ABBY)- A Step Towards Energy Saving & Efficiency

	The State Government has introduced CFL for energy conservation through the 'Atal Bijli Bachat Yojna’ by distributing 4 CFL bulbs free of cost to every family in Himachal Pradesh, which consequently resulted in saving of 270 MU power every year and earned an additional revenue of Rs. 109 crore to the State. The State Government is creating awareness in masses about the energy conservation need.
	The State Government has introduced CFL for energy conservation through the 'Atal Bijli Bachat Yojna’ by distributing 4 CFL bulbs free of cost to every family in Himachal Pradesh, which consequently resulted in saving of 270 MU power every year and earned an additional revenue of Rs. 109 crore to the State. The State Government is creating awareness in masses about the energy conservation need.
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	"Energy Saved is Energy Generated"concept mooted by the H.P. Government has helped in energy conservation and its alternative usage.
	"Energy Saved is Energy Generated"concept mooted by the H.P. Government has helped in energy conservation and its alternative usage.
	"Energy Saved is Energy Generated"concept mooted by the H.P. Government has helped in energy conservation and its alternative usage.


	Use of Solar Energy
	Use of Solar Energy
	Use of Solar Energy

	The traditional energy source for heating purposes has been the fuel wood, coal or the electricity, the demand of which is considerably large. The carbon emissions resulting out of use of coal & fuel wood for heating during winters causes environmental degradation. The State Government is discouraging the use of fossil fuels for the purpose of space heating during winters due to environmental concerns. Use of Solar Energy is being prioritized in the State to off load the pressure on hydro energy and as a sa
	The traditional energy source for heating purposes has been the fuel wood, coal or the electricity, the demand of which is considerably large. The carbon emissions resulting out of use of coal & fuel wood for heating during winters causes environmental degradation. The State Government is discouraging the use of fossil fuels for the purpose of space heating during winters due to environmental concerns. Use of Solar Energy is being prioritized in the State to off load the pressure on hydro energy and as a sa
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	Solar Initiative
	Solar Initiative
	Solar Initiative

	• Himachal Pradesh is the first State in the country to introduce Solar Passive Building Technology for the design & construction of Govt. & Semi Govt buildings in the State.
	• Himachal Pradesh is the first State in the country to introduce Solar Passive Building Technology for the design & construction of Govt. & Semi Govt buildings in the State.

	• The State Council for Science, Technology & Environment is co-ordinating the Solar Passive Building Programme in Himachal Pradesh in collaboration with HP Public Works Department, H.P. (PWD), HP Housing and Urban Development Authority (HIMUDA), TCP & other organisations.
	• The State Council for Science, Technology & Environment is co-ordinating the Solar Passive Building Programme in Himachal Pradesh in collaboration with HP Public Works Department, H.P. (PWD), HP Housing and Urban Development Authority (HIMUDA), TCP & other organisations.

	• Through an institutionalised mechanism, the State Government is ensuring mandatory inclusion of solar energy techniques in all construction works in the State before making recommendations for Environment Clearance.
	• Through an institutionalised mechanism, the State Government is ensuring mandatory inclusion of solar energy techniques in all construction works in the State before making recommendations for Environment Clearance.
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	Solar Thermal Programme
	Solar Thermal Programme
	Solar Thermal Programme

	The State has so far distributed 32,548 box type solar cookers, 83 dish type solar cookers and installed 9,53,640 LPD capacity solar water heating system on subsidized rates especially in the remote and far flung areas.
	The State has so far distributed 32,548 box type solar cookers, 83 dish type solar cookers and installed 9,53,640 LPD capacity solar water heating system on subsidized rates especially in the remote and far flung areas.
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	Solar Photovoltaic Programme
	Solar Photovoltaic Programme
	Solar Photovoltaic Programme

	• Solar Photovoltaic Street lights are provided to far flung areas where grid connected electricity is not available or is insufficient or where it is not economical to provide grid connected street lights and to the areas which are socially & economically remote.
	• Solar Photovoltaic Street lights are provided to far flung areas where grid connected electricity is not available or is insufficient or where it is not economical to provide grid connected street lights and to the areas which are socially & economically remote.

	• A Solar Power Plant of 6.5 kWp and 2x 1000 LPD Solar Water Heating System is being installed at H.P. Secretariat, Shimla.
	• A Solar Power Plant of 6.5 kWp and 2x 1000 LPD Solar Water Heating System is being installed at H.P. Secretariat, Shimla.


	Carbon Smart Industrial Growth
	Carbon Smart Industrial Growth
	Carbon Smart Industrial Growth

	The vision of Sustainable Industrial Growth of Himachal Pradesh envisages an industrial development, which is inclusive and is in harmony with the environment. During last few years, the State Government has initiated several policy amendments, provided concessions, offered incomparable services/infrastructures and created investment friendly environment, which have started yielding results in terms of setting up of more industrial units and enhancing employment opportunities for the local people.
	The vision of Sustainable Industrial Growth of Himachal Pradesh envisages an industrial development, which is inclusive and is in harmony with the environment. During last few years, the State Government has initiated several policy amendments, provided concessions, offered incomparable services/infrastructures and created investment friendly environment, which have started yielding results in terms of setting up of more industrial units and enhancing employment opportunities for the local people.
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	Contribution to Economy
	Contribution to Economy
	Contribution to Economy

	• The emphasis has been laid on a faster growth of manufacturing sector, which is a key area of employment generation. The manufacturing sector today employs more than 2.66 lakh persons and contributes to 11.7 percent (2009-10) of State Domestic Product.
	• The emphasis has been laid on a faster growth of manufacturing sector, which is a key area of employment generation. The manufacturing sector today employs more than 2.66 lakh persons and contributes to 11.7 percent (2009-10) of State Domestic Product.

	• During the last few years, the industrialization in the State has made significant progress. Today, Himachal Pradesh has about 38,790 (38,302) Small Scale and 488 Medium & Large Scale) Industrial Units with an investment of about Rs. 16,287.27 crores.
	• During the last few years, the industrialization in the State has made significant progress. Today, Himachal Pradesh has about 38,790 (38,302) Small Scale and 488 Medium & Large Scale) Industrial Units with an investment of about Rs. 16,287.27 crores.

	• Till 1977-78 there were only about 5,700 SSI units and about 10 Large and Medium units employing just a few thousand people.
	• Till 1977-78 there were only about 5,700 SSI units and about 10 Large and Medium units employing just a few thousand people.

	• The share of industries in SDP has increased from 1.1 percent in 1950-51 to 5.6 percent in 1967­68, 9.4 percent in 1990-91, 10 percent in 2008-09 and 11.7 percent in 2009-10.
	• The share of industries in SDP has increased from 1.1 percent in 1950-51 to 5.6 percent in 1967­68, 9.4 percent in 1990-91, 10 percent in 2008-09 and 11.7 percent in 2009-10.


	Growth in Industrial Share to SDP in Himachal Pradesh
	Growth in Industrial Share to SDP in Himachal Pradesh
	Growth in Industrial Share to SDP in Himachal Pradesh
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	Red, Orange & Green Types of Industry
	Red, Orange & Green Types of Industry
	Red, Orange & Green Types of Industry

	Types of industrial units falling under Red, Orange & Green categories as per their environmental pollution potential.
	Types of industrial units falling under Red, Orange & Green categories as per their environmental pollution potential.


	Category
	Category
	Category
	Category
	Category
	Category


	Small
	Small
	Small


	Medium
	Medium
	Medium


	Large
	Large
	Large


	Total
	Total
	Total



	Red
	Red
	Red
	Red


	747
	747
	747


	75
	75
	75


	182
	182
	182


	1004
	1004
	1004



	Orange
	Orange
	Orange
	Orange


	2274
	2274
	2274


	189
	189
	189


	134
	134
	134


	2597
	2597
	2597



	Green
	Green
	Green
	Green


	2689
	2689
	2689


	108
	108
	108


	91
	91
	91


	2888
	2888
	2888



	Total
	Total
	Total
	Total


	5710 372
	5710 372
	5710 372


	407
	407
	407


	6489
	6489
	6489





	Note: The table excludes a number of industries exempted from environmental consent mechanism.
	Note: The table excludes a number of industries exempted from environmental consent mechanism.
	Note: The table excludes a number of industries exempted from environmental consent mechanism.
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	Major industrial enterprises in this category include enterprises of non-polluting nature such as horticulture produce including hops and tea, mineral water bottling, electronic enterprises including computer software and information technology except assembling, medicinal herbs and aromatic herbs, handicrafts, enterprises to manufacture industrial products by any biotechnology processes and processing laboratories or research & development activity related to processing, scale-up, other innovations and pro
	Major industrial enterprises in this category include enterprises of non-polluting nature such as horticulture produce including hops and tea, mineral water bottling, electronic enterprises including computer software and information technology except assembling, medicinal herbs and aromatic herbs, handicrafts, enterprises to manufacture industrial products by any biotechnology processes and processing laboratories or research & development activity related to processing, scale-up, other innovations and pro
	Major industrial enterprises in this category include enterprises of non-polluting nature such as horticulture produce including hops and tea, mineral water bottling, electronic enterprises including computer software and information technology except assembling, medicinal herbs and aromatic herbs, handicrafts, enterprises to manufacture industrial products by any biotechnology processes and processing laboratories or research & development activity related to processing, scale-up, other innovations and pro


	Major industrial enterprises in this category are of polluting type including tobacco and tobacco products including cigarettes and pan masala, thermal power plant (coal/oil based), coal washeries/dry coal processing, inorganic & organic chemicals, tanning and dyeing extracts, cement clinker and asbestos raw including fibre, manufacture of pulp-wood pulp, mechanical or chemical (including dissolving pulp), plastics and articles thereof, production of firewood and charcoal, mini steel plants induction/ arc/s
	Major industrial enterprises in this category are of polluting type including tobacco and tobacco products including cigarettes and pan masala, thermal power plant (coal/oil based), coal washeries/dry coal processing, inorganic & organic chemicals, tanning and dyeing extracts, cement clinker and asbestos raw including fibre, manufacture of pulp-wood pulp, mechanical or chemical (including dissolving pulp), plastics and articles thereof, production of firewood and charcoal, mini steel plants induction/ arc/s
	Major industrial enterprises in this category are of polluting type including tobacco and tobacco products including cigarettes and pan masala, thermal power plant (coal/oil based), coal washeries/dry coal processing, inorganic & organic chemicals, tanning and dyeing extracts, cement clinker and asbestos raw including fibre, manufacture of pulp-wood pulp, mechanical or chemical (including dissolving pulp), plastics and articles thereof, production of firewood and charcoal, mini steel plants induction/ arc/s


	Environment friendly Policy Amendment
	Environment friendly Policy Amendment
	Environment friendly Policy Amendment

	Translating the above vision into action, the State Government amended the Industrial Policy in December 2011 to promote environment friendly development in the State and encourage cleaner production. Salient features of the amendment are as under:
	Translating the above vision into action, the State Government amended the Industrial Policy in December 2011 to promote environment friendly development in the State and encourage cleaner production. Salient features of the amendment are as under:

	• Promotion of cleaner production and environmental management system consistent with internationally recognized standards.
	• Promotion of cleaner production and environmental management system consistent with internationally recognized standards.

	• Disincentive to industries on negative list.
	• Disincentive to industries on negative list.

	• Promote public disclosure of pollution status at the unit and cluster level .
	• Promote public disclosure of pollution status at the unit and cluster level .
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	The focus of the Industrial Policy is now on dispersal of eco-friendly & local skill and raw material based industries to the interior areas of the State by granting incentives, depending on their location.
	The focus of the Industrial Policy is now on dispersal of eco-friendly & local skill and raw material based industries to the interior areas of the State by granting incentives, depending on their location.
	The focus of the Industrial Policy is now on dispersal of eco-friendly & local skill and raw material based industries to the interior areas of the State by granting incentives, depending on their location.
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	Geographical Indicators
	Geographical Indicators
	Geographical Indicators

	In order to protect the traditional products of Himachal Pradesh, the State Govt. has obtained registrations for Kullu Shawl, Kangra Tea, Chamba Rumal and Kinnauri Shawl under Geographical Indications (Registration and Protection) Act, 1999.
	In order to protect the traditional products of Himachal Pradesh, the State Govt. has obtained registrations for Kullu Shawl, Kangra Tea, Chamba Rumal and Kinnauri Shawl under Geographical Indications (Registration and Protection) Act, 1999.


	The registration under GI Act will check the unauthorized use of these products, which will result in socio-economic growth of thousands of weavers/ farmers/ artisans and traders of Himachal Pradesh. The Geographical Indications (GIs) right can be used by all the producers from the geographical region covered by the particular geographical indication.
	The registration under GI Act will check the unauthorized use of these products, which will result in socio-economic growth of thousands of weavers/ farmers/ artisans and traders of Himachal Pradesh. The Geographical Indications (GIs) right can be used by all the producers from the geographical region covered by the particular geographical indication.
	The registration under GI Act will check the unauthorized use of these products, which will result in socio-economic growth of thousands of weavers/ farmers/ artisans and traders of Himachal Pradesh. The Geographical Indications (GIs) right can be used by all the producers from the geographical region covered by the particular geographical indication.
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	Kullu Shawls (GI No. 19) Kinnauri Shawl (GI No. 149) Chamba Rumal (GI No. 79)
	Kullu Shawls (GI No. 19) Kinnauri Shawl (GI No. 149) Chamba Rumal (GI No. 79)
	Kullu Shawls (GI No. 19) Kinnauri Shawl (GI No. 149) Chamba Rumal (GI No. 79)
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	Kangra Paintings
	Kangra Paintings
	Kangra Paintings
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	Kangra Tea (GI No. 26)
	Kangra Tea (GI No. 26)
	Kangra Tea (GI No. 26)


	• The State Government is according top priority for setting up of a Common Effluent Treatment Plant (CETP) through a Special Purpose Vehicle (SPV) namely M/s Baddi Infrastructure Ltd, formed by Baddi Barotiwala Nalagarh Industrial Association (BBNIA), Baddi, Disrtrict Solan, Himachal Pradesh.
	• The State Government is according top priority for setting up of a Common Effluent Treatment Plant (CETP) through a Special Purpose Vehicle (SPV) namely M/s Baddi Infrastructure Ltd, formed by Baddi Barotiwala Nalagarh Industrial Association (BBNIA), Baddi, Disrtrict Solan, Himachal Pradesh.
	• The State Government is according top priority for setting up of a Common Effluent Treatment Plant (CETP) through a Special Purpose Vehicle (SPV) namely M/s Baddi Infrastructure Ltd, formed by Baddi Barotiwala Nalagarh Industrial Association (BBNIA), Baddi, Disrtrict Solan, Himachal Pradesh.

	• The CETP shall serve 990 industries present in 9 industrial areas in Baddi-Barotiwala industrial corridor.
	• The CETP shall serve 990 industries present in 9 industrial areas in Baddi-Barotiwala industrial corridor.

	• The proposed site of CETP is present near the industrial area at village Kainduwal in Solan District. The total cost of the project is around Rs. 53.80 crores.
	• The proposed site of CETP is present near the industrial area at village Kainduwal in Solan District. The total cost of the project is around Rs. 53.80 crores.

	• Setting up of the CETP is a step towards reducing and abating environmental pollution in the area and because of this infrastructure, more and more industrial units including ancillary units will strive to set up their units in this industrial area. This will give further impetus to growth process resulting to greater employment opportunities to the local people.
	• Setting up of the CETP is a step towards reducing and abating environmental pollution in the area and because of this infrastructure, more and more industrial units including ancillary units will strive to set up their units in this industrial area. This will give further impetus to growth process resulting to greater employment opportunities to the local people.

	• The environmental clearance for the CETP project has been received from the MoEF, GOI and work will now be started.
	• The environmental clearance for the CETP project has been received from the MoEF, GOI and work will now be started.
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	Monitoring of Water Quality
	Monitoring of Water Quality
	Monitoring of Water Quality

	• Surface water quality monitoring is conducted four times a year for 189 locations selected on major rivers viz. Satluj, Beas, Ravi, Yamuna, Parvati, Sirsa, Markanda & Sukhna and their tributaries in the State.
	• Surface water quality monitoring is conducted four times a year for 189 locations selected on major rivers viz. Satluj, Beas, Ravi, Yamuna, Parvati, Sirsa, Markanda & Sukhna and their tributaries in the State.

	• These locations include 116 points on major rivers and its tributaries, 18 locations in major industrial towns for the monitoring of ground water and 55 locations on Hydel projects.
	• These locations include 116 points on major rivers and its tributaries, 18 locations in major industrial towns for the monitoring of ground water and 55 locations on Hydel projects.
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	Zero Discharge Plant 100% of plant waste water is treated on site and used for gardening in a Baddi Plant
	Zero Discharge Plant 100% of plant waste water is treated on site and used for gardening in a Baddi Plant
	Zero Discharge Plant 100% of plant waste water is treated on site and used for gardening in a Baddi Plant
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	Waste Water in...
	Waste Water in...
	Waste Water in...


	Treatment Done...
	Treatment Done...
	Treatment Done...


	Fish Pond..
	Fish Pond..
	Fish Pond..


	Landscaping...
	Landscaping...
	Landscaping...
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	Tertiary Treatment
	Tertiary Treatment
	Tertiary Treatment

	In addition to the three conventional treatment comprising of physico-chemical and biological treatment, initiative has been taken to introduce tertiary level of treatment in the industrial units particularly those in Baddi-Barotiwala area.
	In addition to the three conventional treatment comprising of physico-chemical and biological treatment, initiative has been taken to introduce tertiary level of treatment in the industrial units particularly those in Baddi-Barotiwala area.
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	Treatment of Sewage
	Treatment of Sewage
	Treatment of Sewage

	So far 35 sewage treatment plants with cumulative treatment capacity of 79.66 mld have been commissioned and provided. In all, 10 municipal solid waste processing facilities are being set up at different towns for better disposal and management of sewage and municipal solid wastes in the State. The Sewage Treatment Plants have been installed in hotels above 25 rooms capacity outside the municipal limit.
	So far 35 sewage treatment plants with cumulative treatment capacity of 79.66 mld have been commissioned and provided. In all, 10 municipal solid waste processing facilities are being set up at different towns for better disposal and management of sewage and municipal solid wastes in the State. The Sewage Treatment Plants have been installed in hotels above 25 rooms capacity outside the municipal limit.
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	A Water Conservation Initiative by a Textile Unit at Nalagarh
	A Water Conservation Initiative by a Textile Unit at Nalagarh
	A Water Conservation Initiative by a Textile Unit at Nalagarh


	Monitoring of Air Quality
	Monitoring of Air Quality
	Monitoring of Air Quality


	It has been ensured that air polluting industries comply with the air quality standards, which are being monitored regularly under Air Quality Monitoring Network
	It has been ensured that air polluting industries comply with the air quality standards, which are being monitored regularly under Air Quality Monitoring Network
	It has been ensured that air polluting industries comply with the air quality standards, which are being monitored regularly under Air Quality Monitoring Network


	• The Ambient Air Quality Programme is operational with the objective to find the current status of pollution, to study the trends and to undertake remedial action as a result of increasing industrialization/urbanization.
	• The Ambient Air Quality Programme is operational with the objective to find the current status of pollution, to study the trends and to undertake remedial action as a result of increasing industrialization/urbanization.
	• The Ambient Air Quality Programme is operational with the objective to find the current status of pollution, to study the trends and to undertake remedial action as a result of increasing industrialization/urbanization.

	• The parameters such as Suspended Particulate Matter
	• The parameters such as Suspended Particulate Matter

	(SPM), Respirable Suspended Particulate Matter (RSPM), Oxides of Nitrogen (NOx) and Sulphur Dioxide (SO2) are being monitored with the help of Respirable Dust Sampler on the basis of three days per station per week for 24 hours at 8 Towns/Cities covering 14 numbers of locations in the State. , , „ „ ,
	(SPM), Respirable Suspended Particulate Matter (RSPM), Oxides of Nitrogen (NOx) and Sulphur Dioxide (SO2) are being monitored with the help of Respirable Dust Sampler on the basis of three days per station per week for 24 hours at 8 Towns/Cities covering 14 numbers of locations in the State. , , „ „ ,

	Ambient Air Quality Monitoring Network
	Ambient Air Quality Monitoring Network
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	RSPM recording partial decline after 2009 at the RSPM recording partial decline after 2009 at the
	RSPM recording partial decline after 2009 at the RSPM recording partial decline after 2009 at the
	RSPM recording partial decline after 2009 at the RSPM recording partial decline after 2009 at the

	Bus Stand Ridge
	Bus Stand Ridge

	Online Continuous Ambient Air Monitoring Station (CAAQMS) by ACC Plant Gagal
	Online Continuous Ambient Air Monitoring Station (CAAQMS) by ACC Plant Gagal
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	• Installation of Continuous Ambient Air Quality Monitoring Station (CAAQMS). It has helped in measuring the continuous online ambient air conditions and helped in taking the pollution mitigation steps as and when required.
	• Installation of Continuous Ambient Air Quality Monitoring Station (CAAQMS). It has helped in measuring the continuous online ambient air conditions and helped in taking the pollution mitigation steps as and when required.
	• Installation of Continuous Ambient Air Quality Monitoring Station (CAAQMS). It has helped in measuring the continuous online ambient air conditions and helped in taking the pollution mitigation steps as and when required.

	• Continuous Ambient Air Quality Monitoring Stations are contemplated in all major cities and industrial towns of the State.
	• Continuous Ambient Air Quality Monitoring Stations are contemplated in all major cities and industrial towns of the State.
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	Wet Scrubbers and Cyclones
	Wet Scrubbers and Cyclones
	Wet Scrubbers and Cyclones


	Air Pollution Control System in a Boiler
	Air Pollution Control System in a Boiler
	Air Pollution Control System in a Boiler
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	Bag House Filter
	Bag House Filter
	Bag House Filter
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	Bag Filters
	Bag Filters
	Bag Filters
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	.yclones
	.yclones
	.yclones
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	Pressure Filters
	Pressure Filters
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	Laminar Decanter
	Laminar Decanter
	Laminar Decanter


	The Common Treatment, Storage, Disposal Facility (TSDF) at village Majra, Tehsil Nalagarh, District Solan is operational since June, 2008 for scientific disposal of landfillable hazardous waste.
	The Common Treatment, Storage, Disposal Facility (TSDF) at village Majra, Tehsil Nalagarh, District Solan is operational since June, 2008 for scientific disposal of landfillable hazardous waste.
	The Common Treatment, Storage, Disposal Facility (TSDF) at village Majra, Tehsil Nalagarh, District Solan is operational since June, 2008 for scientific disposal of landfillable hazardous waste.

	Till March 2011, about 2427 units generating hazardous waste have been identified. Out of which 1862 are operational as on 31st March 2011 and responsible for generating hazardous waste under Hazardous Waste (Management, Handling & Trans­boundary Movement) Rules, 2008. Of them authorization was granted to 1862 units.
	Till March 2011, about 2427 units generating hazardous waste have been identified. Out of which 1862 are operational as on 31st March 2011 and responsible for generating hazardous waste under Hazardous Waste (Management, Handling & Trans­boundary Movement) Rules, 2008. Of them authorization was granted to 1862 units.
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	A total of 27,786 MT of landfillable hazardous waste has been disposed off in TSDF by various landfillable hazardous waste generating industries.
	A total of 27,786 MT of landfillable hazardous waste has been disposed off in TSDF by various landfillable hazardous waste generating industries.
	A total of 27,786 MT of landfillable hazardous waste has been disposed off in TSDF by various landfillable hazardous waste generating industries.
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	Management of E-wastes
	Management of E-wastes
	Management of E-wastes

	• Guidelines for the Environmentally Sound Management of E-Wastes and Guidelines for Environmentally Sound Mercury Management in Fluorescent Lamp have been issued by the MoEF/CPCB in 2008. This is being pro­actively implemented.
	• Guidelines for the Environmentally Sound Management of E-Wastes and Guidelines for Environmentally Sound Mercury Management in Fluorescent Lamp have been issued by the MoEF/CPCB in 2008. This is being pro­actively implemented.

	• The aspect of E-waste generation in the state and its management is being taken up on priority, beside the management of mercury from the CFL lamps and its disposal requires awareness and proper central disposal facility.
	• The aspect of E-waste generation in the state and its management is being taken up on priority, beside the management of mercury from the CFL lamps and its disposal requires awareness and proper central disposal facility.
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	Till March 2011, 555 Health Care facilities were inventorised and covered under Biomedical Waste (Management & Handling) Rules, 1998 which includes 233 Government and 322 Private health institutions.
	Till March 2011, 555 Health Care facilities were inventorised and covered under Biomedical Waste (Management & Handling) Rules, 1998 which includes 233 Government and 322 Private health institutions.
	Till March 2011, 555 Health Care facilities were inventorised and covered under Biomedical Waste (Management & Handling) Rules, 1998 which includes 233 Government and 322 Private health institutions.
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	Incinerator
	Incinerator
	Incinerator
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	Deep Burial pit at a Civil Hospital
	Deep Burial pit at a Civil Hospital
	Deep Burial pit at a Civil Hospital


	Syringe Destroyer
	Syringe Destroyer
	Syringe Destroyer
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	Municipal Solid Waste processing facilities towards
	Municipal Solid Waste processing facilities towards
	Municipal Solid Waste processing facilities towards

	Green Himachal
	Green Himachal

	• Eight number of waste processing facilities (composting plants) are functional, wherein approx., 80-90 tons of municipal solid waste from 10 number of municipalities is processed/ day.
	• Eight number of waste processing facilities (composting plants) are functional, wherein approx., 80-90 tons of municipal solid waste from 10 number of municipalities is processed/ day.

	• Total waste generation is approx. 300-350 tons/day within the area of jurisdiction of municipal limits.
	• Total waste generation is approx. 300-350 tons/day within the area of jurisdiction of municipal limits.

	• The establishment of composting plants of five more municipalities has also been proposed.
	• The establishment of composting plants of five more municipalities has also been proposed.

	• Besides technical assistance, financial assistance was also provided for establishment of waste processing facility at MC Nahan.
	• Besides technical assistance, financial assistance was also provided for establishment of waste processing facility at MC Nahan.
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	Redressal of Public Complaints/Representations
	Redressal of Public Complaints/Representations
	Redressal of Public Complaints/Representations

	• The State Government ensured that surveillance and monitoring becomes a regular event to maintain a constant vigil on the environmental quality and impact thereof on the people.
	• The State Government ensured that surveillance and monitoring becomes a regular event to maintain a constant vigil on the environmental quality and impact thereof on the people.

	• The concerned regulatory authority not only keep liaison with the people but also take prompt action for mitigation of the public grievances.
	• The concerned regulatory authority not only keep liaison with the people but also take prompt action for mitigation of the public grievances.

	• During the years 2008-11, the State Pollution Control Board took remedial action on 641 public complaints/representations that were received during these years.
	• During the years 2008-11, the State Pollution Control Board took remedial action on 641 public complaints/representations that were received during these years.

	Surveillance and Monitoring of Industrial Pollution (Compliance)
	Surveillance and Monitoring of Industrial Pollution (Compliance)

	• This part of the function is very crucial for the operation and maintenance of the pollution control systems installed by the industrial units. This assumes greater significance because if the pollution control systems are not properly operated and maintained, this will cause water and air pollution due to release of effluents and emissions.
	• This part of the function is very crucial for the operation and maintenance of the pollution control systems installed by the industrial units. This assumes greater significance because if the pollution control systems are not properly operated and maintained, this will cause water and air pollution due to release of effluents and emissions.

	• As part of surveillance & monitoring activity, the State Board collected samples and inspections were conducted to ensure compliance to norms and environmental standards.
	• As part of surveillance & monitoring activity, the State Board collected samples and inspections were conducted to ensure compliance to norms and environmental standards.


	HIM-XGN web-portal has been launched to facilitate the entrepreneurs for online application and data uploading for effective and transparent environmental governance:
	HIM-XGN web-portal has been launched to facilitate the entrepreneurs for online application and data uploading for effective and transparent environmental governance:
	HIM-XGN web-portal has been launched to facilitate the entrepreneurs for online application and data uploading for effective and transparent environmental governance:


	• Fully web enabled consent mechanism adopted since 5-06-2009 to introduce transparency and accountability in consent administration.
	• Fully web enabled consent mechanism adopted since 5-06-2009 to introduce transparency and accountability in consent administration.
	• Fully web enabled consent mechanism adopted since 5-06-2009 to introduce transparency and accountability in consent administration.

	• Online real time monitoring of emissions and air quality in Cement Plants.
	• Online real time monitoring of emissions and air quality in Cement Plants.

	• Online real time monitoring of 15 % minimum flow in the rivers mandated for Hydro power units.
	• Online real time monitoring of 15 % minimum flow in the rivers mandated for Hydro power units.

	• GIS based Surveillance & Monitoring for Hydro projects is being conceived.
	• GIS based Surveillance & Monitoring for Hydro projects is being conceived.

	• Video Conferencing facility with the Regional offices.
	• Video Conferencing facility with the Regional offices.
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	Initiatives by the Industry
	Initiatives by the Industry
	Initiatives by the Industry

	• Entrepreneurs are also coming forward to help us to achieve our stated objectives of effective environmental governance.
	• Entrepreneurs are also coming forward to help us to achieve our stated objectives of effective environmental governance.

	• ACC Gagal (Barmana) has adopted Root Zone technology, which is the nature’s answer to the modern industrialized world’s water pollution problems.
	• ACC Gagal (Barmana) has adopted Root Zone technology, which is the nature’s answer to the modern industrialized world’s water pollution problems.

	• Wetland plants called reeds have been grown in specially designed beds, which provides eco­friendly mode to use nature to "Protect Nature" as the net work of Rhizomes and naturally occurring bacteria associated with their root structure help in breaking down of organic solids present in the waste water.
	• Wetland plants called reeds have been grown in specially designed beds, which provides eco­friendly mode to use nature to "Protect Nature" as the net work of Rhizomes and naturally occurring bacteria associated with their root structure help in breaking down of organic solids present in the waste water.

	• Gujarat Ambuja, Darlaghat &
	• Gujarat Ambuja, Darlaghat &

	ACC both have started co­processing solutions to local municipalities and industries alike to dispose off their hazardous and non-hazardous wastes in kilns in the most environmental friendly and ecologically sustaining manner.
	ACC both have started co­processing solutions to local municipalities and industries alike to dispose off their hazardous and non-hazardous wastes in kilns in the most environmental friendly and ecologically sustaining manner.
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	Dumping Sites
	Dumping Sites
	Dumping Sites


	In order to promote green roads, the State Government has prioritized the identification of dumping sites for scientific disposals of road debris/muck. In total 273 such dumping sites have been identified and are being put to use.
	In order to promote green roads, the State Government has prioritized the identification of dumping sites for scientific disposals of road debris/muck. In total 273 such dumping sites have been identified and are being put to use.
	In order to promote green roads, the State Government has prioritized the identification of dumping sites for scientific disposals of road debris/muck. In total 273 such dumping sites have been identified and are being put to use.
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	Eco-Tourism
	Eco-Tourism
	Eco-Tourism

	In order to to achieve the dual objective of resource generation and the protection of our fragile Himalayan ecology, the efforts are to encourage tourism in the relatively lesser explored parts of Himachal Pradesh. The involvement of local community would help in keeping the natural pristine environs intact while enabling tourists to enjoy the exclusive natural Himalayan retreat.
	In order to to achieve the dual objective of resource generation and the protection of our fragile Himalayan ecology, the efforts are to encourage tourism in the relatively lesser explored parts of Himachal Pradesh. The involvement of local community would help in keeping the natural pristine environs intact while enabling tourists to enjoy the exclusive natural Himalayan retreat.

	Home Stay Scheme, is a unique environment friendly scheme, which provides secure and comfortable Home Stay facilities of standardized services to the tourists and to supplement the availability of accommodation in the rural tourist destinations, besides generating employment opportunities and adding economic values in the interior, remote and rural areas. 'Home Stay’ scheme is pivotal for promoting rural tourism in the State. Himachal is now being recognised as 'A Destination for All Seasons & All Reasons’.
	Home Stay Scheme, is a unique environment friendly scheme, which provides secure and comfortable Home Stay facilities of standardized services to the tourists and to supplement the availability of accommodation in the rural tourist destinations, besides generating employment opportunities and adding economic values in the interior, remote and rural areas. 'Home Stay’ scheme is pivotal for promoting rural tourism in the State. Himachal is now being recognised as 'A Destination for All Seasons & All Reasons’.
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	Towards Sustainable Tourism Development-Tourism Master Plan
	Towards Sustainable Tourism Development-Tourism Master Plan
	Towards Sustainable Tourism Development-Tourism Master Plan


	Recognizing the potential of the tourism sector and the contribution it could make in the State’s GDP, the GoHP in extension to its Tourism Policy has set a mission of making tourism the prime engine of economic growth. The State Government, in its
	Recognizing the potential of the tourism sector and the contribution it could make in the State’s GDP, the GoHP in extension to its Tourism Policy has set a mission of making tourism the prime engine of economic growth. The State Government, in its
	Recognizing the potential of the tourism sector and the contribution it could make in the State’s GDP, the GoHP in extension to its Tourism Policy has set a mission of making tourism the prime engine of economic growth. The State Government, in its

	endeavour of becoming a carbon neutral state, has focused at expanding tourism activities having low carbon footprints. The Government of Himachal Pradesh is in the process of formulating a long term Tourism Master Plan so that tourism development remains in harmony with the environmental conservation. We aim to develop sustainable and environment friendly high-end tourism in the State. The Tourism Master Plan would suggest strategic interventions required to de-congest the present tourist destinations by d
	endeavour of becoming a carbon neutral state, has focused at expanding tourism activities having low carbon footprints. The Government of Himachal Pradesh is in the process of formulating a long term Tourism Master Plan so that tourism development remains in harmony with the environmental conservation. We aim to develop sustainable and environment friendly high-end tourism in the State. The Tourism Master Plan would suggest strategic interventions required to de-congest the present tourist destinations by d
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	iXECUUYE SUMMARY
	iXECUUYE SUMMARY
	iXECUUYE SUMMARY


	partmoM pi Tciirotm j-nd L'iviI
	partmoM pi Tciirotm j-nd L'iviI
	partmoM pi Tciirotm j-nd L'iviI
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	• >, ■■ Hin I-1 h, , .7\ .n il
	• >, ■■ Hin I-1 h, , .7\ .n il


	Formulation of Long Term
	Formulation of Long Term
	Formulation of Long Term


	Master Plan for Tourism
	Master Plan for Tourism
	Master Plan for Tourism
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	Effective Environment Management Practices
	Effective Environment Management Practices
	Effective Environment Management Practices
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	Actions for Present and Future Generation
	Actions for Present and Future Generation
	Actions for Present and Future Generation

	The State is very much conscious of importance of our State’s strategic location in the Himalayan Region. In view of State’s ecological fragility and sensitivity the State has realization towards our immense responsibility for downstream populace besides for our own present and future generations.
	The State is very much conscious of importance of our State’s strategic location in the Himalayan Region. In view of State’s ecological fragility and sensitivity the State has realization towards our immense responsibility for downstream populace besides for our own present and future generations.

	The State Government is committed for promotion of sustainable development in the State in an economically, socially and environmentally sound manner and has repeatedly through real actions expressed its resolve to protect and enhance its natural resources and followed the path of GREEN GROWTH in all sectors of governance.
	The State Government is committed for promotion of sustainable development in the State in an economically, socially and environmentally sound manner and has repeatedly through real actions expressed its resolve to protect and enhance its natural resources and followed the path of GREEN GROWTH in all sectors of governance.
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	The State Government through participatory governance is dealing with issues related to environment degradation and pollution including impacts of climate change on various sectors of our economy.
	The State Government through participatory governance is dealing with issues related to environment degradation and pollution including impacts of climate change on various sectors of our economy.
	The State Government through participatory governance is dealing with issues related to environment degradation and pollution including impacts of climate change on various sectors of our economy.

	In order to have the status of environment of our eco system and environment at the macro­level, the Government prepared and released its State of Environment Report during the year 2009.
	In order to have the status of environment of our eco system and environment at the macro­level, the Government prepared and released its State of Environment Report during the year 2009.


	'State of Environment Report (SoER)' of Himachal Pradesh is an innovative interactive report. It allows the user to view data on environmental issues and challenges.
	'State of Environment Report (SoER)' of Himachal Pradesh is an innovative interactive report. It allows the user to view data on environmental issues and challenges.
	'State of Environment Report (SoER)' of Himachal Pradesh is an innovative interactive report. It allows the user to view data on environmental issues and challenges.
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	Key Objectives
	Key Objectives
	Key Objectives

	State of Environment reporting has been undertaken in order to understand, describe, analyze and communicate information on the conditions and trends in the environment and accordingly frame strategies to mitigate challenges. The objectives have been:
	State of Environment reporting has been undertaken in order to understand, describe, analyze and communicate information on the conditions and trends in the environment and accordingly frame strategies to mitigate challenges. The objectives have been:

	• To identify gaps in the State of knowledge of environmental conditions and trends, and recommend strategies for research and monitoring to fill these gaps.
	• To identify gaps in the State of knowledge of environmental conditions and trends, and recommend strategies for research and monitoring to fill these gaps.

	• To provide early warning of potential problems, as well as allowing for the evaluation of the possible scenario for the future.
	• To provide early warning of potential problems, as well as allowing for the evaluation of the possible scenario for the future.

	• To report on the effectiveness of the policies and programmes that has been designed to respond to the environmental changes.
	• To report on the effectiveness of the policies and programmes that has been designed to respond to the environmental changes.

	• To assess the State’s progress towards achieving ecological sustainability.
	• To assess the State’s progress towards achieving ecological sustainability.


	Following Themes have been included in the Report:
	Following Themes have been included in the Report:
	Following Themes have been included in the Report:

	• Physiography of Himachal Pradesh.
	• Physiography of Himachal Pradesh.

	• Agriculture and Allied Activities (Horticulture and Animal Husbandry).
	• Agriculture and Allied Activities (Horticulture and Animal Husbandry).

	• Bio-Diversity.
	• Bio-Diversity.

	• Energy.
	• Energy.

	• Land Use.
	• Land Use.

	• Forest.
	• Forest.

	• Health Transport.
	• Health Transport.

	• Industries and Mining.
	• Industries and Mining.

	• Tourism and Culture.
	• Tourism and Culture.

	• Water Resources.
	• Water Resources.

	• Environmental Pollution. and Management.
	• Environmental Pollution. and Management.

	• Society & Environment.
	• Society & Environment.

	• Natural Disasters and Climate Change.
	• Natural Disasters and Climate Change.


	Environment Master Plan for Himachal Pradesh
	Environment Master Plan for Himachal Pradesh
	Environment Master Plan for Himachal Pradesh

	In order to ensure the sustainability of environmental heritage and natural resources and to develop a long term perspective of achieving environmentally sustainable development, the Government of Himachal Pradesh has undertaken the preparation of Environment Master Plan (EMP) for the State. The key objectives of the Environment Master Plan are to enable the State of Himachal Pradesh to:
	In order to ensure the sustainability of environmental heritage and natural resources and to develop a long term perspective of achieving environmentally sustainable development, the Government of Himachal Pradesh has undertaken the preparation of Environment Master Plan (EMP) for the State. The key objectives of the Environment Master Plan are to enable the State of Himachal Pradesh to:

	• Simultaneously address issues of ecological and environment restoration and bring convergence along with the development activities taking place in the state;
	• Simultaneously address issues of ecological and environment restoration and bring convergence along with the development activities taking place in the state;

	• Engage and ensure close coordination with all the concerned development departments, both at the state and Government of India level;
	• Engage and ensure close coordination with all the concerned development departments, both at the state and Government of India level;

	• Decide future financing of investments for development in a sustainable manner, and
	• Decide future financing of investments for development in a sustainable manner, and

	• Develop suitable institutional arrangements in order to implement the Government of Himachal Pradesh’s policies and strategies.
	• Develop suitable institutional arrangements in order to implement the Government of Himachal Pradesh’s policies and strategies.


	Through this initiative, the State Government is able to achieve following:
	Through this initiative, the State Government is able to achieve following:
	Through this initiative, the State Government is able to achieve following:
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	It is one of the unique initiatives in the Country towards Sustainable Development and Planned Green Growth.
	It is one of the unique initiatives in the Country towards Sustainable Development and Planned Green Growth.
	It is one of the unique initiatives in the Country towards Sustainable Development and Planned Green Growth.

	Overall, the Environment Master Plan has been envisioned as guide tool to provide strategic direction with respect to all encompassing environmental issues. This plan would be a platform for engagement among implementing agencies, developmental agencies and the local government, to take action w.r.t. environmental issues of local concern on priority. The Environment Master Plan would also act as a tool for monitoring environmental performance and progress.
	Overall, the Environment Master Plan has been envisioned as guide tool to provide strategic direction with respect to all encompassing environmental issues. This plan would be a platform for engagement among implementing agencies, developmental agencies and the local government, to take action w.r.t. environmental issues of local concern on priority. The Environment Master Plan would also act as a tool for monitoring environmental performance and progress.


	• Establish Baseline conditions.
	• Establish Baseline conditions.
	• Establish Baseline conditions.

	• Conduct a Spatial Vulnerability Assessment and formulate Planning Principles.
	• Conduct a Spatial Vulnerability Assessment and formulate Planning Principles.

	• Develop Public Consultation and Communication Strategy for the Department of Environment.
	• Develop Public Consultation and Communication Strategy for the Department of Environment.

	• Develop Sectoral Guidelines for High Foot Print Sectors.
	• Develop Sectoral Guidelines for High Foot Print Sectors.

	• Develop an Institutional Mechanism for implementation of the EMP.
	• Develop an Institutional Mechanism for implementation of the EMP.

	• Establish need for Training and Capacity Enhancement.
	• Establish need for Training and Capacity Enhancement.

	• Develop Monitoring and Evaluation Protocols.
	• Develop Monitoring and Evaluation Protocols.


	Vulnerability Assessment of Himachal Pradesh
	Vulnerability Assessment of Himachal Pradesh
	Vulnerability Assessment of Himachal Pradesh


	The Vulnerability Assessment of all the districts at tehsil and sub tehsil level has been carried out with the objective of correlating the baseline data and information and identify critical and vulnerable areas / issues at tehsil level. Perhaps this study was the first of its own kind, which the Government of Himachal Pradesh ensured during the year 2009-2011, as to formulate planning approach, as an optimal combination of "bottom up" (inclusive of community inputs) and "top down".
	The Vulnerability Assessment of all the districts at tehsil and sub tehsil level has been carried out with the objective of correlating the baseline data and information and identify critical and vulnerable areas / issues at tehsil level. Perhaps this study was the first of its own kind, which the Government of Himachal Pradesh ensured during the year 2009-2011, as to formulate planning approach, as an optimal combination of "bottom up" (inclusive of community inputs) and "top down".
	The Vulnerability Assessment of all the districts at tehsil and sub tehsil level has been carried out with the objective of correlating the baseline data and information and identify critical and vulnerable areas / issues at tehsil level. Perhaps this study was the first of its own kind, which the Government of Himachal Pradesh ensured during the year 2009-2011, as to formulate planning approach, as an optimal combination of "bottom up" (inclusive of community inputs) and "top down".

	The assessment of vulnerability in the context of natural systems and quality of life is an important and integral part of the Environment Master Plan.
	The assessment of vulnerability in the context of natural systems and quality of life is an important and integral part of the Environment Master Plan.

	A spatial vulnerability assessment has been carried out and accordingly the planning principles have been formulated.
	A spatial vulnerability assessment has been carried out and accordingly the planning principles have been formulated.
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	While deriving the vulnerability assessment our experts have correlated the baseline data and information and identified critical and vulnerable areas/ issues related to the specific sectors viz; infrastructure, natural resource management and services besides their associated sub sectors:
	While deriving the vulnerability assessment our experts have correlated the baseline data and information and identified critical and vulnerable areas/ issues related to the specific sectors viz; infrastructure, natural resource management and services besides their associated sub sectors:
	While deriving the vulnerability assessment our experts have correlated the baseline data and information and identified critical and vulnerable areas/ issues related to the specific sectors viz; infrastructure, natural resource management and services besides their associated sub sectors:


	Priorities have been fixed for optimal decision-making.
	Priorities have been fixed for optimal decision-making.
	Priorities have been fixed for optimal decision-making.

	Vulnerable areas or hotspots have been Identified.
	Vulnerable areas or hotspots have been Identified.

	Mapping of hot spots have been done with identification of trade offs Planning approach has been formulated.
	Mapping of hot spots have been done with identification of trade offs Planning approach has been formulated.


	Current Environmental Vulnerability Status
	Current Environmental Vulnerability Status
	Current Environmental Vulnerability Status

	The scenario projection is quite helpful, acts as healthy source of information for deriving the priorities for optimal decision-making, identification of vulnerable areas i.e. physical areas or hotspots; and policies which exacerbate environment deterioration in these areas. Mapping of hot spots and identification of tradeoffs, Categorization of areas based on impacts and associated environmental risks and establishing criteria for the same has been set through this endeavour.
	The scenario projection is quite helpful, acts as healthy source of information for deriving the priorities for optimal decision-making, identification of vulnerable areas i.e. physical areas or hotspots; and policies which exacerbate environment deterioration in these areas. Mapping of hot spots and identification of tradeoffs, Categorization of areas based on impacts and associated environmental risks and establishing criteria for the same has been set through this endeavour.


	Environmental & Social Sectoral Guidelines
	Environmental & Social Sectoral Guidelines
	Environmental & Social Sectoral Guidelines
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	HIMACHAL PRADESH VULNFRARi! fTY INDEX [ Tthsi *1*4 5011
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	Based on environmental status and vulnerability assessment out comes, action plan has been given for each and every sector for Policy level, Plan level and Programme level interventions to be taken by the various stakeholders to ensure sustainable development of the State and to usher the State on path of Green Growth.To mainstream environmental concerns into the State’s development agenda in the next three decades and beyond and to attend the emerging environmental challenges for achieving the green growth
	Based on environmental status and vulnerability assessment out comes, action plan has been given for each and every sector for Policy level, Plan level and Programme level interventions to be taken by the various stakeholders to ensure sustainable development of the State and to usher the State on path of Green Growth.To mainstream environmental concerns into the State’s development agenda in the next three decades and beyond and to attend the emerging environmental challenges for achieving the green growth
	Based on environmental status and vulnerability assessment out comes, action plan has been given for each and every sector for Policy level, Plan level and Programme level interventions to be taken by the various stakeholders to ensure sustainable development of the State and to usher the State on path of Green Growth.To mainstream environmental concerns into the State’s development agenda in the next three decades and beyond and to attend the emerging environmental challenges for achieving the green growth
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	Cfosj-Scftofil -piarn/frogfanm ■ Pelify initiatives focusing on bntti ftjiamntf sectors
	Cfosj-Scftofil -piarn/frogfanm ■ Pelify initiatives focusing on bntti ftjiamntf sectors
	Cfosj-Scftofil -piarn/frogfanm ■ Pelify initiatives focusing on bntti ftjiamntf sectors

	fKOgrUltng vth-:Mhi itv
	fKOgrUltng vth-:Mhi itv


	GckhJ practices
	GckhJ practices
	GckhJ practices


	Capacity Building
	Capacity Building
	Capacity Building


	The Centre endeavours to achieve the following objectives:
	The Centre endeavours to achieve the following objectives:
	The Centre endeavours to achieve the following objectives:
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	Guide State growth through a qualitative change in direction that enhances ecological sustainability leading to further mitigation of greenhouse gas emissions.
	Guide State growth through a qualitative change in direction that enhances ecological sustainability leading to further mitigation of greenhouse gas emissions.
	Guide State growth through a qualitative change in direction that enhances ecological sustainability leading to further mitigation of greenhouse gas emissions.

	Recommend appropriate technologies for both adaptation and mitigation of greenhouse gases.
	Recommend appropriate technologies for both adaptation and mitigation of greenhouse gases.

	Protect, preserve and enhance the forest cover and the biodiversity for effective carbon sinks.
	Protect, preserve and enhance the forest cover and the biodiversity for effective carbon sinks.

	Monitoring of glaciers, mass balance, retreating trends & up-dation of inventories.
	Monitoring of glaciers, mass balance, retreating trends & up-dation of inventories.

	Coordination with different universities, research institutions, Govt. departments,
	Coordination with different universities, research institutions, Govt. departments,

	NGOs etc. to pursue theme based specific research on climate change and its impacts.
	NGOs etc. to pursue theme based specific research on climate change and its impacts.

	Awareness amongst various stakeholders for taking appropriate measures in combating the impact of climate change.
	Awareness amongst various stakeholders for taking appropriate measures in combating the impact of climate change.

	Evolve strategies and policies for implementation through public and private institutions. Awareness modules at the different platforms for the mitigation of natural disasters.
	Evolve strategies and policies for implementation through public and private institutions. Awareness modules at the different platforms for the mitigation of natural disasters.

	Strengthen capacity building in disaster management.
	Strengthen capacity building in disaster management.

	Polices and inputs to the State government in the field of disaster management.
	Polices and inputs to the State government in the field of disaster management.


	Actions Being Taken
	Actions Being Taken
	Actions Being Taken

	The Government of Himachal Pradesh has initiated many programmes for dealing with the challenges of climate change. The initiatives and action can be categorized into the following broader areas as:
	The Government of Himachal Pradesh has initiated many programmes for dealing with the challenges of climate change. The initiatives and action can be categorized into the following broader areas as:

	• State specific Action Plan on Climate Change.
	• State specific Action Plan on Climate Change.

	• Institutional framework to deal with different facets of climate change.
	• Institutional framework to deal with different facets of climate change.

	• Catalyzing research on critical areas on developmental & livelihood.
	• Catalyzing research on critical areas on developmental & livelihood.

	• Strategy and action plan for generating awareness and education.
	• Strategy and action plan for generating awareness and education.

	• Adaptation measures to combat the impact of climate change.
	• Adaptation measures to combat the impact of climate change.

	• Creation of centralized database.
	• Creation of centralized database.

	• Managing water sources.
	• Managing water sources.

	• National and international initiatives for dealing with the impacts of climate change on livelihoods of people.
	• National and international initiatives for dealing with the impacts of climate change on livelihoods of people.

	• Working towards achieving and sustaining the goal of making Himachal Pradesh the first Carbon Neutral State of Country.
	• Working towards achieving and sustaining the goal of making Himachal Pradesh the first Carbon Neutral State of Country.

	• Use of remote sensing technology for the better management of climate induced, other natural hazards and the natural resources.
	• Use of remote sensing technology for the better management of climate induced, other natural hazards and the natural resources.


	Dry Pine needles are susceptible to fire and poses fire hazard to the forests.
	Dry Pine needles are susceptible to fire and poses fire hazard to the forests.
	Dry Pine needles are susceptible to fire and poses fire hazard to the forests.

	• Every year thousands of hectares of forests are turned into ashes because of Pine needles incidents.
	• Every year thousands of hectares of forests are turned into ashes because of Pine needles incidents.

	• Pine needles also obstruct the green grass to grow as natural phenomena.
	• Pine needles also obstruct the green grass to grow as natural phenomena.

	• Removal of Pine Needles from the forest will help to save our National Property.
	• Removal of Pine Needles from the forest will help to save our National Property.

	• Encourage regeneration of new growth.
	• Encourage regeneration of new growth.

	• Fulfill the grazing needs.
	• Fulfill the grazing needs.

	• Prevent the forest fire.
	• Prevent the forest fire.

	• Create the Income generation activity for community earning on an average Rs. 150/- per quintal (Rs. 800/- per day) for collection of bio-mass.
	• Create the Income generation activity for community earning on an average Rs. 150/- per quintal (Rs. 800/- per day) for collection of bio-mass.

	Forest Department through Ambuja Cement Foundation has taken initiative and identified 3,000 ha
	Forest Department through Ambuja Cement Foundation has taken initiative and identified 3,000 ha

	area in Kunihar Forest Division for collection of pine needle bio mass mobilizing Self Help Groups,
	area in Kunihar Forest Division for collection of pine needle bio mass mobilizing Self Help Groups,

	Women Groups/Yuvak Mandals and local rural communities for collection.
	Women Groups/Yuvak Mandals and local rural communities for collection.
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	Steps for building Green Economy
	Steps for building Green Economy
	Steps for building Green Economy


	Himalayan Chief Minister's Conclave- for 'Himalayan Advocacy'
	Himalayan Chief Minister's Conclave- for 'Himalayan Advocacy'
	Himalayan Chief Minister's Conclave- for 'Himalayan Advocacy'

	In view of the fact that the 'hilly states’ lacks in collective 'advocacy’ at National level on issues concerning sustainable hill development and that such issues do not receive attention at the national level due to geographic, demographic, political reasons, we decided and acted to convene a 'Himalayan Chief Ministers' Conclave -Indian Himalayas: Glaciers, Climate Change and Livelihoods at Shimla to create a common plate form to resole and create collective advocacy on Himalayan issues at the national le
	In view of the fact that the 'hilly states’ lacks in collective 'advocacy’ at National level on issues concerning sustainable hill development and that such issues do not receive attention at the national level due to geographic, demographic, political reasons, we decided and acted to convene a 'Himalayan Chief Ministers' Conclave -Indian Himalayas: Glaciers, Climate Change and Livelihoods at Shimla to create a common plate form to resole and create collective advocacy on Himalayan issues at the national le

	Shimla Declaration:
	Shimla Declaration:


	• Establishment of a Himalayan Sustainable Development Forum (HDSF);
	• Establishment of a Himalayan Sustainable Development Forum (HDSF);
	• Establishment of a Himalayan Sustainable Development Forum (HDSF);

	Setting up State Councils for Climate Change;
	Setting up State Councils for Climate Change;

	Catalyzing research for policy action;
	Catalyzing research for policy action;

	Payment for ecosystem services;
	Payment for ecosystem services;

	Managing water resources for sustainable development; Challenge of urbanization;
	Managing water resources for sustainable development; Challenge of urbanization;

	Green transportation;
	Green transportation;

	Dealing with impacts of climate change on livelihoods; Decentralized energy security;
	Dealing with impacts of climate change on livelihoods; Decentralized energy security;

	Managing growth of eco-friendly tourism and pilgrimage.
	Managing growth of eco-friendly tourism and pilgrimage.
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	Release of State of Environment Report, H.P. by Sh.J airam Ramesh, the then Hon’ble Union Minister for Environment & Forests (Independent Charge), Govt. of India.
	Release of State of Environment Report, H.P. by Sh.J airam Ramesh, the then Hon’ble Union Minister for Environment & Forests (Independent Charge), Govt. of India.
	Release of State of Environment Report, H.P. by Sh.J airam Ramesh, the then Hon’ble Union Minister for Environment & Forests (Independent Charge), Govt. of India.


	ESTABLISHMENT OF STATE CENTRE ON CLIMATE CHANGE to better comprehend the dynamics of climate change, coordinate the research and to evolve management measures with the active involvement of experts.
	ESTABLISHMENT OF STATE CENTRE ON CLIMATE CHANGE to better comprehend the dynamics of climate change, coordinate the research and to evolve management measures with the active involvement of experts.
	ESTABLISHMENT OF STATE CENTRE ON CLIMATE CHANGE to better comprehend the dynamics of climate change, coordinate the research and to evolve management measures with the active involvement of experts.
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	Foundation Stone Ceremony of State Centre on Climate Change Dr. R. K. Pachauri, D.G. ,TERI: Guest of Honour.
	Foundation Stone Ceremony of State Centre on Climate Change Dr. R. K. Pachauri, D.G. ,TERI: Guest of Honour.
	Foundation Stone Ceremony of State Centre on Climate Change Dr. R. K. Pachauri, D.G. ,TERI: Guest of Honour.


	The State Government has introduced CFL bulbs for energy conservation through the 'Atal Bijli Bachat Yojna' by distributing 4 CFL bulbs free of cost to every family in Himachal Pradesh. This would result in a sizable reduction in energy consumption.
	The State Government has introduced CFL bulbs for energy conservation through the 'Atal Bijli Bachat Yojna' by distributing 4 CFL bulbs free of cost to every family in Himachal Pradesh. This would result in a sizable reduction in energy consumption.
	The State Government has introduced CFL bulbs for energy conservation through the 'Atal Bijli Bachat Yojna' by distributing 4 CFL bulbs free of cost to every family in Himachal Pradesh. This would result in a sizable reduction in energy consumption.
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	COMMUNITY LED ASSESSMENT, AWARENESS & ADVOCACY PROGRAM (CLAP) for Environment Protection & Carbon Neutrality.
	COMMUNITY LED ASSESSMENT, AWARENESS & ADVOCACY PROGRAM (CLAP) for Environment Protection & Carbon Neutrality.
	COMMUNITY LED ASSESSMENT, AWARENESS & ADVOCACY PROGRAM (CLAP) for Environment Protection & Carbon Neutrality.

	• Environment and carbon footprint assessment.
	• Environment and carbon footprint assessment.

	• Environment protection / improvement and carbon footprint reduction.
	• Environment protection / improvement and carbon footprint reduction.
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	Thematic Areas under Clap
	Thematic Areas under Clap
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	Climate Change & Carbon Neutrality
	Climate Change & Carbon Neutrality
	Climate Change & Carbon Neutrality
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	1. Pawan TARA Air Testing Kit
	1. Pawan TARA Air Testing Kit
	1. Pawan TARA Air Testing Kit

	2. Biodiversity Survey
	2. Biodiversity Survey

	3. Jal TARA Water Monitoring Kit
	3. Jal TARA Water Monitoring Kit

	4. Laboratory Support
	4. Laboratory Support

	5. Paper Recycling Plant
	5. Paper Recycling Plant


	Achievements
	Achievements
	Achievements

	• Environment Assessment exercise in about 400 Panchayats undertaken.
	• Environment Assessment exercise in about 400 Panchayats undertaken.

	• Carbon footprint for Panchayats calculated and advocacy issues identified and advocacy undertaken.
	• Carbon footprint for Panchayats calculated and advocacy issues identified and advocacy undertaken.

	• Selection of Eco-Sensitive Panchayats in all the Districts on following criteria:
	• Selection of Eco-Sensitive Panchayats in all the Districts on following criteria:

	• High Population
	• High Population

	• Nearness to Highway
	• Nearness to Highway

	• Industrial Area
	• Industrial Area

	• Number of Villages
	• Number of Villages

	• Eco-Sensitivity of area (like Dumping area, water quality and Protected areas)
	• Eco-Sensitivity of area (like Dumping area, water quality and Protected areas)
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	Afforestation Scheme viz. Sanjeevani Van- Sanjha Van for the promotion of medicinal herbs for the conservation of biodiversity.
	Afforestation Scheme viz. Sanjeevani Van- Sanjha Van for the promotion of medicinal herbs for the conservation of biodiversity.
	Afforestation Scheme viz. Sanjeevani Van- Sanjha Van for the promotion of medicinal herbs for the conservation of biodiversity.

	To make Himachal a Herbal State, a new ambitious programme 'Jan-Jan Sanjivni Van Abhiyan-2008' was launched in the State. Under the programme medicinal plants have been distributed.
	To make Himachal a Herbal State, a new ambitious programme 'Jan-Jan Sanjivni Van Abhiyan-2008' was launched in the State. Under the programme medicinal plants have been distributed.
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	Weighing of hredded plastic waste
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	Road laying process
	Road laying process
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	Mixing of shredded plastic waste with hot aggregate
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	A Way Forward - To make the State Carbon Neutral
	A Way Forward - To make the State Carbon Neutral
	A Way Forward - To make the State Carbon Neutral

	The Delhi Sustainable Development Summit (DSDS), organized annually by The Energy and Resources Institute (TERI) since 2001, is an international undertaking that provides a platform for the exchange of knowledge amongst important heads of the State and Central Governments, academicians, and policy makers on all aspects of sustainable development.
	The Delhi Sustainable Development Summit (DSDS), organized annually by The Energy and Resources Institute (TERI) since 2001, is an international undertaking that provides a platform for the exchange of knowledge amongst important heads of the State and Central Governments, academicians, and policy makers on all aspects of sustainable development.

	The theme of DSDS 2012 was protecting the Global Commons: 20 years post Rio. The debates at this DSDS revolved around the commons and took stock of the situation since the Rio summit of 1992.
	The theme of DSDS 2012 was protecting the Global Commons: 20 years post Rio. The debates at this DSDS revolved around the commons and took stock of the situation since the Rio summit of 1992.


	New Partners
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	TERI will establish a Regional Centre in Himachal Pradesh in collaboration with State Centre on Climate Change, Government of Himachal Pradesh to study the various facets of climate change.
	TERI will establish a Regional Centre in Himachal Pradesh in collaboration with State Centre on Climate Change, Government of Himachal Pradesh to study the various facets of climate change.
	TERI will establish a Regional Centre in Himachal Pradesh in collaboration with State Centre on Climate Change, Government of Himachal Pradesh to study the various facets of climate change.
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	Application of Remote Sensing in Environment Management
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	Application of Remote Sensing in Environment Management
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	Disaster Management-Parechhu Lake Monitoring
	Disaster Management-Parechhu Lake Monitoring
	Disaster Management-Parechhu Lake Monitoring


	Natural Resource Mapping
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	Environment Awareness & Education
	Environment Awareness & Education
	Environment Awareness & Education

	In order to preserve, maintain and enhance the pristine environment of the State, the Government has acted very proactively and initiated number of programmes for the conservation and protection of our environment.
	In order to preserve, maintain and enhance the pristine environment of the State, the Government has acted very proactively and initiated number of programmes for the conservation and protection of our environment.

	The State Govt. initiated School Environment Audit Scheme for Eco-Clubs to improve their environmental performance. To sensitize the general public about menace of littering, State Government launched a Eco- Monitoring Scheme. The State Council is also effectively implementing National Green Corps programme through 3000 Eco-clubs across the state and National Environment Awareness Campaign through NGOs, Mahila Mandals, Gram Panchyats etc.
	The State Govt. initiated School Environment Audit Scheme for Eco-Clubs to improve their environmental performance. To sensitize the general public about menace of littering, State Government launched a Eco- Monitoring Scheme. The State Council is also effectively implementing National Green Corps programme through 3000 Eco-clubs across the state and National Environment Awareness Campaign through NGOs, Mahila Mandals, Gram Panchyats etc.
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	Climate Induced Hazards & Other Natural Disasters
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	Climate Induced Hazards & Other Natural Disasters

	The State of Himachal Pradesh, which forms a part of the Western Himalaya, is environmentally fragile and ecologically vulnerable. The State being part of the Himalaya is seismically very active and is highly vulnerable since 32% of the total geographical area of the state falls in very high damage risk zone as Zone -V and the remaining in Zone -IV. Occurrence of natural hazards emanating from the effects of climatological variations are a matter of immediate concern to the State, as every year the State ex
	The State of Himachal Pradesh, which forms a part of the Western Himalaya, is environmentally fragile and ecologically vulnerable. The State being part of the Himalaya is seismically very active and is highly vulnerable since 32% of the total geographical area of the state falls in very high damage risk zone as Zone -V and the remaining in Zone -IV. Occurrence of natural hazards emanating from the effects of climatological variations are a matter of immediate concern to the State, as every year the State ex


	Hazard Vulnerability of the State
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	Natural Hazards
	Natural Hazards
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	Man-Made Hazards
	Man-Made Hazards
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	Earthquakes
	Earthquakes
	Earthquakes
	Earthquakes


	Accidents
	Accidents
	Accidents



	Landslides
	Landslides
	Landslides
	Landslides


	Electric Fires
	Electric Fires
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	Snow Avalanches
	Snow Avalanches
	Snow Avalanches
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	Forest Fires
	Forest Fires
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	Droughts
	Droughts
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	Building Collapse
	Building Collapse
	Building Collapse



	Hailstorms
	Hailstorms
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	Serial Bomb Blasts
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	Flash floods/Cloud bursts
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	Festival related Disasters
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	Landslide Area
	Landslide Area
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	History of Damage
	History of Damage
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	Maling (1968).
	Maling (1968).
	Maling (1968).
	Maling (1968).


	This slide damaged 1 Km NH-22 and is still active.
	This slide damaged 1 Km NH-22 and is still active.
	This slide damaged 1 Km NH-22 and is still active.



	Kinnaur (Dec.1982)
	Kinnaur (Dec.1982)
	Kinnaur (Dec.1982)
	Kinnaur (Dec.1982)


	This occurred at Sholding nala collapsing 3 bridges and 1.5 of road was vanished.
	This occurred at Sholding nala collapsing 3 bridges and 1.5 of road was vanished.
	This occurred at Sholding nala collapsing 3 bridges and 1.5 of road was vanished.



	Jhakri (March 1989)
	Jhakri (March 1989)
	Jhakri (March 1989)
	Jhakri (March 1989)


	At Nathpa about 500 m of road was damaged due to this slide and is still active
	At Nathpa about 500 m of road was damaged due to this slide and is still active
	At Nathpa about 500 m of road was damaged due to this slide and is still active



	Luggarbhati on 12 Sept.1995
	Luggarbhati on 12 Sept.1995
	Luggarbhati on 12 Sept.1995
	Luggarbhati on 12 Sept.1995


	65 (39 as per official record) were buried alive during the slide
	65 (39 as per official record) were buried alive during the slide
	65 (39 as per official record) were buried alive during the slide





	Location
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	Location
	Location


	32°15' N, 76°15' E
	32°15' N, 76°15' E
	32°15' N, 76°15' E



	Date
	Date
	Date
	Date


	4th April, 1905
	4th April, 1905
	4th April, 1905



	Time
	Time
	Time
	Time


	06:20 hrs., IST
	06:20 hrs., IST
	06:20 hrs., IST



	Magnitude
	Magnitude
	Magnitude
	Magnitude


	8.0 Richter Scale
	8.0 Richter Scale
	8.0 Richter Scale



	Intensity
	Intensity
	Intensity
	Intensity


	X on MM Scale
	X on MM Scale
	X on MM Scale



	Causalities
	Causalities
	Causalities
	Causalities


	20,000 persons
	20,000 persons
	20,000 persons



	Area Shaken
	Area Shaken
	Area Shaken
	Area Shaken


	4,16,000 sq.km
	4,16,000 sq.km
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	Date & Place Damage
	Date & Place Damage
	Date & Place Damage
	Date & Place Damage
	Date & Place Damage
	Date & Place Damage



	08-Jul-73
	08-Jul-73
	08-Jul-73
	08-Jul-73


	Formation of lake in Satluj River due to Nathpa rock fall. Revenue loss of Rs.45 million.
	Formation of lake in Satluj River due to Nathpa rock fall. Revenue loss of Rs.45 million.
	Formation of lake in Satluj River due to Nathpa rock fall. Revenue loss of Rs.45 million.



	4th & 5th Sept.1995, Kullu valley
	4th & 5th Sept.1995, Kullu valley
	4th & 5th Sept.1995, Kullu valley
	4th & 5th Sept.1995, Kullu valley


	Flash Floods & Landslides in Kullu valley. Damage to the tune of Rs.759.8 million.
	Flash Floods & Landslides in Kullu valley. Damage to the tune of Rs.759.8 million.
	Flash Floods & Landslides in Kullu valley. Damage to the tune of Rs.759.8 million.



	On the night of 31stJuly & August 2000, Satluj valley
	On the night of 31stJuly & August 2000, Satluj valley
	On the night of 31stJuly & August 2000, Satluj valley
	On the night of 31stJuly & August 2000, Satluj valley


	Flash flood in the Satluj valley, water level increased upto 60 feet above the normal. The flash flood was termed as the one that occurs once in 61,000 years. 135 people and 1673 cattle lost their lives. The total loss was Rs.1466.26 crore.
	Flash flood in the Satluj valley, water level increased upto 60 feet above the normal. The flash flood was termed as the one that occurs once in 61,000 years. 135 people and 1673 cattle lost their lives. The total loss was Rs.1466.26 crore.
	Flash flood in the Satluj valley, water level increased upto 60 feet above the normal. The flash flood was termed as the one that occurs once in 61,000 years. 135 people and 1673 cattle lost their lives. The total loss was Rs.1466.26 crore.



	16th J uly2003, Gharsa valley in Kullu district
	16th J uly2003, Gharsa valley in Kullu district
	16th J uly2003, Gharsa valley in Kullu district
	16th J uly2003, Gharsa valley in Kullu district


	Due to these flash floods, 21 people lost their lives, 21 people suffered major injuries and 9 were reported missing.
	Due to these flash floods, 21 people lost their lives, 21 people suffered major injuries and 9 were reported missing.
	Due to these flash floods, 21 people lost their lives, 21 people suffered major injuries and 9 were reported missing.



	26th J une 2005, Satluj river due to breach in the Parechhu lake in Tibetan catchment.
	26th J une 2005, Satluj river due to breach in the Parechhu lake in Tibetan catchment.
	26th J une 2005, Satluj river due to breach in the Parechhu lake in Tibetan catchment.
	26th J une 2005, Satluj river due to breach in the Parechhu lake in Tibetan catchment.


	10 km stretch of NH-22 between Wangtoo and Sumdo was washed away. Total loss was Rs. 610 crore.
	10 km stretch of NH-22 between Wangtoo and Sumdo was washed away. Total loss was Rs. 610 crore.
	10 km stretch of NH-22 between Wangtoo and Sumdo was washed away. Total loss was Rs. 610 crore.





	Div
	Figure

	Flash-Floods
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	Avalanche
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	Road Accidents
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	Persons Killed
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	Injured persons
	Injured persons
	Injured persons



	2001-02
	2001-02
	2001-02
	2001-02


	2,226
	2,226
	2,226


	804
	804
	804


	3,798
	3,798
	3,798



	2002-03
	2002-03
	2002-03
	2002-03


	2,830
	2,830
	2,830


	695
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	2003-04
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	2,607
	2,607
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	2004-05


	2758
	2758
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	4674
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	2005-06
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	2005-06
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	2006-07
	2006-07
	2006-07
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	2007-08
	2007-08
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	2007-08


	2906
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	2008-09
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	2008-09
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	2009-10
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	injured
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	Chamba
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	12
	12
	12


	59
	59
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	Kinnaur
	Kinnaur
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	Kinnaur


	32
	32
	32


	144
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	Kullu
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	13
	13
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	Lahaul & Spiti
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	Lahaul & Spiti


	21
	21
	21


	397
	397
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	Shimla
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	Punjab Governor Shri Surendra Nath and nine members of his family were killed when the Government's Super-King aircraft crashed into high mountains in bad weather on July 9, 1994 in Himachal Pradesh.
	Punjab Governor Shri Surendra Nath and nine members of his family were killed when the Government's Super-King aircraft crashed into high mountains in bad weather on July 9, 1994 in Himachal Pradesh.
	Punjab Governor Shri Surendra Nath and nine members of his family were killed when the Government's Super-King aircraft crashed into high mountains in bad weather on July 9, 1994 in Himachal Pradesh.


	Other Hazards
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	A human stampede at the temple of Naina Devi occurred on 3rd August 2008. 162 people died when they were crushed, trampled, or forced over the side of a ravine by the movement of a large panicking crowd. Possibility of such instances is always there if there is any laxity on the part of the management.
	A human stampede at the temple of Naina Devi occurred on 3rd August 2008. 162 people died when they were crushed, trampled, or forced over the side of a ravine by the movement of a large panicking crowd. Possibility of such instances is always there if there is any laxity on the part of the management.
	A human stampede at the temple of Naina Devi occurred on 3rd August 2008. 162 people died when they were crushed, trampled, or forced over the side of a ravine by the movement of a large panicking crowd. Possibility of such instances is always there if there is any laxity on the part of the management.
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	Actions being taken for Managing Disasters
	Actions being taken for Managing Disasters
	Actions being taken for Managing Disasters

	In order to reduce the vulnerability of State, the Government of Himachal Pradesh is committed towards disaster management as one of its topmost priority area. Considering the topographical conditions, the Government is working to strengthen the preparedness level so that the post disaster effects are not only minimised but also reduced to a great extent. The actions which are being taken to fulfil the mandate of disaster management are: •
	In order to reduce the vulnerability of State, the Government of Himachal Pradesh is committed towards disaster management as one of its topmost priority area. Considering the topographical conditions, the Government is working to strengthen the preparedness level so that the post disaster effects are not only minimised but also reduced to a great extent. The actions which are being taken to fulfil the mandate of disaster management are: •

	• Hazard Risk Vulnerability Assessment (HRVA ) of the state.
	• Hazard Risk Vulnerability Assessment (HRVA ) of the state.

	• Formulation of State Disaster Management Plan.
	• Formulation of State Disaster Management Plan.

	• Finalisation of Distt. Disaster Management Plan (DDMP).
	• Finalisation of Distt. Disaster Management Plan (DDMP).

	• Establishment of State Emergency Operation Centre (SEOC) & District Emergency Operation Centre (DEOC).
	• Establishment of State Emergency Operation Centre (SEOC) & District Emergency Operation Centre (DEOC).

	• Assessment of current level of knowledge, aptitude & practices in DM of various stakeholders.
	• Assessment of current level of knowledge, aptitude & practices in DM of various stakeholders.

	• To examine the current construction practices in Hamirpur Distt. & suggestions of mitigation measures.
	• To examine the current construction practices in Hamirpur Distt. & suggestions of mitigation measures.

	• Constitution of State Disaster Response Force (SDRF).
	• Constitution of State Disaster Response Force (SDRF).


	Initiatives taken by the Government for Disaster Management
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	Initiatives taken by the Government for Disaster Management
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	As far as Disaster Management in India is concerned, there is a paradigm shift from the earlier charity
	As far as Disaster Management in India is concerned, there is a paradigm shift from the earlier charity
	As far as Disaster Management in India is concerned, there is a paradigm shift from the earlier charity

	approach to a professional way of handling Disaster Management. The Government of Himachal
	approach to a professional way of handling Disaster Management. The Government of Himachal

	Pradesh has already taken various initiatives for handling disaster at pre
	Pradesh has already taken various initiatives for handling disaster at pre

	disaster level for better management.
	disaster level for better management.

	• State Disaster Management Authority (SDMA) & State Executive Committee (SEC) to coordinate response in the event of any disaster situation or disaster in the State.
	• State Disaster Management Authority (SDMA) & State Executive Committee (SEC) to coordinate response in the event of any disaster situation or disaster in the State.

	• District Disaster Management Authority (DDMA) to coordinate response at District Level.
	• District Disaster Management Authority (DDMA) to coordinate response at District Level.

	• Awareness material developed and circulated throughout the State.
	• Awareness material developed and circulated throughout the State.

	• Training Need Assessment for all stakeholders in DM
	• Training Need Assessment for all stakeholders in DM

	• State DM Policy.
	• State DM Policy.

	• Strengthening of 100 Companies of Home Guards with Search & Rescue (SAR) Equipments.
	• Strengthening of 100 Companies of Home Guards with Search & Rescue (SAR) Equipments.

	• Strategy for capacity building for Masons, Bar benders & Carpenters for safe construction practices at Panchayat level.
	• Strategy for capacity building for Masons, Bar benders & Carpenters for safe construction practices at Panchayat level.

	• Capacity building throughout the State at various platforms for different stakeholders.
	• Capacity building throughout the State at various platforms for different stakeholders.

	• Issuing of guidelines to all departments about:
	• Issuing of guidelines to all departments about:

	- Training officer/officials in DM.
	- Training officer/officials in DM.

	- Preparation of DM Plans.
	- Preparation of DM Plans.

	- On -site & Off -site Emergency Plans for industrial units.
	- On -site & Off -site Emergency Plans for industrial units.

	- Mock-drills in schools for Fire & Earthquakes.
	- Mock-drills in schools for Fire & Earthquakes.


	Protection and Expansion of Protected Area
	Protection and Expansion of Protected Area
	Protection and Expansion of Protected Area

	To conserve the entire range of biodiversity in situ, the state has established a network of protected areas, comprising 2 National Parks and 33 Wildlife Sanctuaries. Regulatory mechanism for wildlife conservation has also been put in place.
	To conserve the entire range of biodiversity in situ, the state has established a network of protected areas, comprising 2 National Parks and 33 Wildlife Sanctuaries. Regulatory mechanism for wildlife conservation has also been put in place.

	The State has about 13.6% of the total geographical area under Protected area, which is significantly higher when comparison is made with other States and with national percentage.
	The State has about 13.6% of the total geographical area under Protected area, which is significantly higher when comparison is made with other States and with national percentage.


	Area under Protected Area in Network
	Area under Protected Area in Network
	Area under Protected Area in Network
	Area under Protected Area in Network
	Area under Protected Area in Network
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	National Parks (2)
	National Parks (2)
	National Parks (2)
	National Parks (2)


	1440 km2
	1440 km2
	1440 km2



	Wildlife Sanctuaries (33)
	Wildlife Sanctuaries (33)
	Wildlife Sanctuaries (33)
	Wildlife Sanctuaries (33)


	5562 km2
	5562 km2
	5562 km2



	Recorded taxa of higher plants
	Recorded taxa of higher plants
	Recorded taxa of higher plants
	Recorded taxa of higher plants


	>3500
	>3500
	>3500



	Recorded species of mammals
	Recorded species of mammals
	Recorded species of mammals
	Recorded species of mammals


	77
	77
	77



	Recorded species of birds
	Recorded species of birds
	Recorded species of birds
	Recorded species of birds


	463
	463
	463



	Recorded species of reptiles
	Recorded species of reptiles
	Recorded species of reptiles
	Recorded species of reptiles


	44
	44
	44



	Recorded species of fishes
	Recorded species of fishes
	Recorded species of fishes
	Recorded species of fishes


	80
	80
	80



	Recorded species of aquatic fauna
	Recorded species of aquatic fauna
	Recorded species of aquatic fauna
	Recorded species of aquatic fauna


	436
	436
	436
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	With a view to conserve the total range of wildlife available in the state, the Government of Himachal Pradesh has declared 32 areas, covering all the agro-climatic zones in the state and having significant ecological, geomorphological and biodiversity value as Wildlife Sanctuaries . The State also has two prestigious National Parks.
	With a view to conserve the total range of wildlife available in the state, the Government of Himachal Pradesh has declared 32 areas, covering all the agro-climatic zones in the state and having significant ecological, geomorphological and biodiversity value as Wildlife Sanctuaries . The State also has two prestigious National Parks.
	With a view to conserve the total range of wildlife available in the state, the Government of Himachal Pradesh has declared 32 areas, covering all the agro-climatic zones in the state and having significant ecological, geomorphological and biodiversity value as Wildlife Sanctuaries . The State also has two prestigious National Parks.


	Some of the important Wild life Sanctuaries of the State
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	Sanctuary
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	District
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	Area ( Km2 )
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	GovindSagar
	GovindSagar
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	GovindSagar


	Bilaspur
	Bilaspur
	Bilaspur


	100
	100
	100



	Shri Nainadevi
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	Bilaspur
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	123
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	69
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	Kinnaur
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	304
	304
	304



	Rupi-Bhaba
	Rupi-Bhaba
	Rupi-Bhaba
	Rupi-Bhaba


	Kinnaur
	Kinnaur
	Kinnaur


	503
	503
	503



	Kibber
	Kibber
	Kibber
	Kibber


	Lahaul & Spiti
	Lahaul & Spiti
	Lahaul & Spiti


	1400
	1400
	1400



	Nargu
	Nargu
	Nargu
	Nargu


	Mandi
	Mandi
	Mandi


	278
	278
	278



	ShikariDevi
	ShikariDevi
	ShikariDevi
	ShikariDevi


	Mandi
	Mandi
	Mandi


	72
	72
	72



	DaranghatiI & II
	DaranghatiI & II
	DaranghatiI & II
	DaranghatiI & II


	Shimla
	Shimla
	Shimla


	167
	167
	167



	Talra
	Talra
	Talra
	Talra


	Shimla
	Shimla
	Shimla


	40
	40
	40



	Water Supply Catchment
	Water Supply Catchment
	Water Supply Catchment
	Water Supply Catchment


	Shimla
	Shimla
	Shimla


	10
	10
	10



	Churdhar
	Churdhar
	Churdhar
	Churdhar


	Sirmour
	Sirmour
	Sirmour


	66
	66
	66



	Simbalbara
	Simbalbara
	Simbalbara
	Simbalbara


	Sirmour
	Sirmour
	Sirmour


	19
	19
	19



	Renuka
	Renuka
	Renuka
	Renuka


	Sirmour
	Sirmour
	Sirmour


	4
	4
	4



	Chail
	Chail
	Chail
	Chail


	Solan
	Solan
	Solan


	109
	109
	109
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	Figure

	National Park
	National Park
	National Park


	District
	District
	District


	Area ( Km2 )
	Area ( Km2 )
	Area ( Km2 )


	Great Himalayan National Park
	Great Himalayan National Park
	Great Himalayan National Park


	Kullu
	Kullu
	Kullu


	765
	765
	765


	PIN Valley National Park
	PIN Valley National Park
	PIN Valley National Park


	Lahaul & Spiti
	Lahaul & Spiti
	Lahaul & Spiti


	675
	675
	675


	Total Area National Parks
	Total Area National Parks
	Total Area National Parks


	1440
	1440
	1440
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	Due to the conservation and protection efforts of State Government, many floral and faunal species are flourishing in protective and safe environment of the state.
	Due to the conservation and protection efforts of State Government, many floral and faunal species are flourishing in protective and safe environment of the state.
	Due to the conservation and protection efforts of State Government, many floral and faunal species are flourishing in protective and safe environment of the state.
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	Cold Desert Faunal wealth- Snow Leopard, Ibex and Snow Cock.
	Cold Desert Faunal wealth- Snow Leopard, Ibex and Snow Cock.
	Cold Desert Faunal wealth- Snow Leopard, Ibex and Snow Cock.


	Cold Temperate regions of the state form natural habitat of Musk Deer, Himalayan Tahr, Brown Bear, Monal and Western Tragopan.
	Cold Temperate regions of the state form natural habitat of Musk Deer, Himalayan Tahr, Brown Bear, Monal and Western Tragopan.
	Cold Temperate regions of the state form natural habitat of Musk Deer, Himalayan Tahr, Brown Bear, Monal and Western Tragopan.
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	Div
	Figure

	The lower reaches of the state abound with Sambhar Deer, Barking Deer, Wild Boar, Ghoral and Leopard amongst mammals and pheasants including Cheer and White Crested Kaleej.
	The lower reaches of the state abound with Sambhar Deer, Barking Deer, Wild Boar, Ghoral and Leopard amongst mammals and pheasants including Cheer and White Crested Kaleej.
	The lower reaches of the state abound with Sambhar Deer, Barking Deer, Wild Boar, Ghoral and Leopard amongst mammals and pheasants including Cheer and White Crested Kaleej.


	Wet Lands
	Wet Lands
	Wet Lands


	Management and development of lakes has been given priority by the State. Lakes in Himachal Pradesh, besides being a favorite tourist destination attract thousands of tourists, not only acts as natural resource for the local people but also the source of income. These lakes are in peril due to anthropogenic pressure and overall deterioration of surrounding environment, therefore, the efforts have been made to prepare and cover the major lakes under the lake conservation programme of Ministry of Environment 
	Management and development of lakes has been given priority by the State. Lakes in Himachal Pradesh, besides being a favorite tourist destination attract thousands of tourists, not only acts as natural resource for the local people but also the source of income. These lakes are in peril due to anthropogenic pressure and overall deterioration of surrounding environment, therefore, the efforts have been made to prepare and cover the major lakes under the lake conservation programme of Ministry of Environment 
	Management and development of lakes has been given priority by the State. Lakes in Himachal Pradesh, besides being a favorite tourist destination attract thousands of tourists, not only acts as natural resource for the local people but also the source of income. These lakes are in peril due to anthropogenic pressure and overall deterioration of surrounding environment, therefore, the efforts have been made to prepare and cover the major lakes under the lake conservation programme of Ministry of Environment 

	The State Government has ensured and established good practices viz. compulsory door to door household waste collection in and around the lake areas. Carrying of polythene carry bags, plastic items, chips packets etc. has also been banned in and around the lake area.
	The State Government has ensured and established good practices viz. compulsory door to door household waste collection in and around the lake areas. Carrying of polythene carry bags, plastic items, chips packets etc. has also been banned in and around the lake area.
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	Wetland Conservation Programme Strengthened
	Wetland Conservation Programme Strengthened
	Wetland Conservation Programme Strengthened


	Wetlands in Himachal Pradesh
	Wetlands in Himachal Pradesh
	Wetlands in Himachal Pradesh

	92 Wetlands(>2.25 ha)
	92 Wetlands(>2.25 ha)

	- 88 Natural Wetlands
	- 88 Natural Wetlands

	- 7 Man made wetlands
	- 7 Man made wetlands


	Formulation of Management Actions Plans for Renuka, Chandertal, Khajjiar and Rewalsar with the active participation of the local community and different organizations /stakeholders.
	Formulation of Management Actions Plans for Renuka, Chandertal, Khajjiar and Rewalsar with the active participation of the local community and different organizations /stakeholders.
	Formulation of Management Actions Plans for Renuka, Chandertal, Khajjiar and Rewalsar with the active participation of the local community and different organizations /stakeholders.


	These Wetlands covers about 1% of the total geographical area.
	These Wetlands covers about 1% of the total geographical area.
	These Wetlands covers about 1% of the total geographical area.

	Majority of Wetlands are high altitudes wetlands.
	Majority of Wetlands are high altitudes wetlands.


	Organized experts visits to the wetlands and to enhance the capacity building of stake holders.
	Organized experts visits to the wetlands and to enhance the capacity building of stake holders.
	Organized experts visits to the wetlands and to enhance the capacity building of stake holders.

	Initiated the process for generation of base line information with spatial and non spatial techniques.
	Initiated the process for generation of base line information with spatial and non spatial techniques.


	Designated Wetlands of HP
	Designated Wetlands of HP
	Designated Wetlands of HP

	Ramsar Sites
	Ramsar Sites

	• Renuka (Sirmour)
	• Renuka (Sirmour)

	• Pong Dam (Kangra)
	• Pong Dam (Kangra)

	• Chandertal (Lahaul & Spiti)
	• Chandertal (Lahaul & Spiti)


	Soil conservation works through Forest Department. Deweeding and desilting works.
	Soil conservation works through Forest Department. Deweeding and desilting works.
	Soil conservation works through Forest Department. Deweeding and desilting works.

	Awareness and education through NGO's and local bodies.
	Awareness and education through NGO's and local bodies.


	National Wetlands
	National Wetlands
	National Wetlands

	• Rewalsar (Mandi)
	• Rewalsar (Mandi)

	• Khajjiar (Chamba)
	• Khajjiar (Chamba)


	Awakening of local community on importance of maintaining wetlands and encouraging feed backs for improvement.
	Awakening of local community on importance of maintaining wetlands and encouraging feed backs for improvement.
	Awakening of local community on importance of maintaining wetlands and encouraging feed backs for improvement.
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	Figure

	Div
	Figure
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	Figure

	Values of Wetlands
	Values of Wetlands
	Values of Wetlands

	• Recharge of Ground Water
	• Recharge of Ground Water

	• Habitat for Wild Life & Aquatic life.
	• Habitat for Wild Life & Aquatic life.

	• Source of Economical activity.
	• Source of Economical activity.

	• Socio-cultural, aesthetic and recreational value.
	• Socio-cultural, aesthetic and recreational value.

	• Irrigation Purposes.
	• Irrigation Purposes.

	With the active participation of the local community at the planning,
	With the active participation of the local community at the planning,

	implementation and monitoring levels :
	implementation and monitoring levels :

	• We are conserving and restoring the habitats for migratory & resident species of birds in the area.
	• We are conserving and restoring the habitats for migratory & resident species of birds in the area.

	• We are conserving the indigenous fish species to make the fishery sustainable livelihood for the local community.
	• We are conserving the indigenous fish species to make the fishery sustainable livelihood for the local community.

	• Adopting the organic farming practices in the peripheral of the wetlands.
	• Adopting the organic farming practices in the peripheral of the wetlands.

	• Generating livelihood practices and enhancing the incomes of the local people from wetlands.
	• Generating livelihood practices and enhancing the incomes of the local people from wetlands.

	• Conserving soil and water as the major components of environment.
	• Conserving soil and water as the major components of environment.

	• Evolving practices of eco-tourism in the region.
	• Evolving practices of eco-tourism in the region.

	• Making the tourists more sensitive to the values of nature.
	• Making the tourists more sensitive to the values of nature.


	Div
	P
	Span


	In view of threats to Wet land Eco system in the State, the Government has initiated various programes and steps to protect the pristine wetlands in the State. These include preparation of Guidelines for Camping in the Wetland regions, Do’s and Don'ts for Tourists, Guidelines for 'Mindful Travel’ in the State sensitive areas, banning of vehicles in eco sensitive zones etc.
	In view of threats to Wet land Eco system in the State, the Government has initiated various programes and steps to protect the pristine wetlands in the State. These include preparation of Guidelines for Camping in the Wetland regions, Do’s and Don'ts for Tourists, Guidelines for 'Mindful Travel’ in the State sensitive areas, banning of vehicles in eco sensitive zones etc.
	In view of threats to Wet land Eco system in the State, the Government has initiated various programes and steps to protect the pristine wetlands in the State. These include preparation of Guidelines for Camping in the Wetland regions, Do’s and Don'ts for Tourists, Guidelines for 'Mindful Travel’ in the State sensitive areas, banning of vehicles in eco sensitive zones etc.
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	Threats to Wetlands:
	Threats to Wetlands:
	Threats to Wetlands:

	- Unplanned and Unregulated Tourism
	- Unplanned and Unregulated Tourism

	- Tourist season coincides with peak biological activity
	- Tourist season coincides with peak biological activity

	- Infrastructure
	- Infrastructure

	- Tremendous Grazing pressure
	- Tremendous Grazing pressure

	- Lack of awareness among the stakeholders
	- Lack of awareness among the stakeholders

	- Emerging Threat of Climate Change
	- Emerging Threat of Climate Change

	- Lack of Coordination among various developmental agencies
	- Lack of Coordination among various developmental agencies


	New Programmes initiated in Himachal Pradesh
	New Programmes initiated in Himachal Pradesh
	New Programmes initiated in Himachal Pradesh

	In order to build-up environment consciousness in the young minds of Himachal, the Govt. of
	In order to build-up environment consciousness in the young minds of Himachal, the Govt. of

	Himachal Pradesh has launched two flagship programmes - Environmental Audit Scheme & Eco­Monitoring Scheme for eco-clubs. The Schemes have been introduced in 346 Eco Clubs of the State.
	Himachal Pradesh has launched two flagship programmes - Environmental Audit Scheme & Eco­Monitoring Scheme for eco-clubs. The Schemes have been introduced in 346 Eco Clubs of the State.

	Environmental Audit Scheme
	Environmental Audit Scheme

	• Encourage schools to improve their environmental performance.
	• Encourage schools to improve their environmental performance.

	• Monitor the existing environmental performance in a participatory and transparent way.
	• Monitor the existing environmental performance in a participatory and transparent way.

	• To help school to prepare an inventory of their resources and systematically collect information about their environmental performance.
	• To help school to prepare an inventory of their resources and systematically collect information about their environmental performance.

	• Train and build capacity of students, teachers w.r.t. environment Audit of the school.
	• Train and build capacity of students, teachers w.r.t. environment Audit of the school.

	Eco-Monitoring Scheme
	Eco-Monitoring Scheme

	• Sensitize the public on the menace of littering through eco clubs members of schools.
	• Sensitize the public on the menace of littering through eco clubs members of schools.
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	• Generate awareness amongst general masses about littering and prohibition of the use of polythene bags.
	• Generate awareness amongst general masses about littering and prohibition of the use of polythene bags.
	• Generate awareness amongst general masses about littering and prohibition of the use of polythene bags.

	• Provide aid in effective implementation of ban on littering under H.P. Non Biodegradable Garbage Control Act, 1995.
	• Provide aid in effective implementation of ban on littering under H.P. Non Biodegradable Garbage Control Act, 1995.


	Strengthened National Green Corps Programme (Eco-Club)
	Strengthened National Green Corps Programme (Eco-Club)
	Strengthened National Green Corps Programme (Eco-Club)


	To sensitize students on environment conservation and protection, the State Government has established, 3,000 Eco-Clubs in the schools evenly spread in all districts of the State. The objective of the programme is to spread environmental awareness and carry out action based programmes for protection and improvement of environment.
	To sensitize students on environment conservation and protection, the State Government has established, 3,000 Eco-Clubs in the schools evenly spread in all districts of the State. The objective of the programme is to spread environmental awareness and carry out action based programmes for protection and improvement of environment.
	To sensitize students on environment conservation and protection, the State Government has established, 3,000 Eco-Clubs in the schools evenly spread in all districts of the State. The objective of the programme is to spread environmental awareness and carry out action based programmes for protection and improvement of environment.


	Div
	Figure

	Inculcating Environmental Protection in Building Blocks of Our Society
	Inculcating Environmental Protection in Building Blocks of Our Society
	Inculcating Environmental Protection in Building Blocks of Our Society


	Nine Point Environment Protection Code- Morning Oath
	Nine Point Environment Protection Code- Morning Oath
	Nine Point Environment Protection Code- Morning Oath


	Div
	Figure

	Div
	Figure

	NINE POINT 'ENVIRONMENT PROTECTION CODE'
	NINE POINT 'ENVIRONMENT PROTECTION CODE'
	NINE POINT 'ENVIRONMENT PROTECTION CODE'


	I, hereby, pledge to conserve and protect the natural resources and environmentofHimachalPradeshandin doingso:
	I, hereby, pledge to conserve and protect the natural resources and environmentofHimachalPradeshandin doingso:
	I, hereby, pledge to conserve and protect the natural resources and environmentofHimachalPradeshandin doingso:

	• I will respect all living things.
	• I will respect all living things.

	• I will plant, conserve and protect trees and I will conserve paper by doing my rough work on slate or black board.
	• I will plant, conserve and protect trees and I will conserve paper by doing my rough work on slate or black board.

	• I will conserve water at all times by ensuring that no one in my house keep taps unnecessarily open during brushing, washing hands, shavingandbathing.
	• I will conserve water at all times by ensuring that no one in my house keep taps unnecessarily open during brushing, washing hands, shavingandbathing.

	• I will conserve energy by always switching off the lights and appliances when notrequired.
	• I will conserve energy by always switching off the lights and appliances when notrequired.

	• I will never use plastic carry bags and shall go for shopping only with a cloth orjute bag.
	• I will never use plastic carry bags and shall go for shopping only with a cloth orjute bag.

	• I will avoid use of non-biodegradable disposable items like disposable cups,platesandspoons.
	• I will avoid use of non-biodegradable disposable items like disposable cups,platesandspoons.

	• I will dissuade people and the safai karamcharis from burning dry leaves, garbage and request them to use leaves, biodegradable waste for composting or mulching.
	• I will dissuade people and the safai karamcharis from burning dry leaves, garbage and request them to use leaves, biodegradable waste for composting or mulching.

	• I will not litter on streets, hill slopes, in neighborhoods, gardens, into our rivers, nallas, and water bodies and request all to dispose-offthe waste in dustbins or at designated places.
	• I will not litter on streets, hill slopes, in neighborhoods, gardens, into our rivers, nallas, and water bodies and request all to dispose-offthe waste in dustbins or at designated places.

	• I will ensure segregation of waste and to give only segregated waste to the door step collectors.
	• I will ensure segregation of waste and to give only segregated waste to the door step collectors.

	I will follow 'Environment Protection Code' and say with pride that 'I am building a Clean, Green & Beautiful Himachal.'
	I will follow 'Environment Protection Code' and say with pride that 'I am building a Clean, Green & Beautiful Himachal.'


	Aryabhatta Geo-informatics & Space Application Center (AGiSAC)
	Aryabhatta Geo-informatics & Space Application Center (AGiSAC)
	Aryabhatta Geo-informatics & Space Application Center (AGiSAC)

	Establishment & inauguration
	Establishment & inauguration

	The State Government has taken the initiatives of setting up Aryabhatta Geo­informatics & Space Application Centre (AGiSAC) under the aegis of State Council for Science, Technology & Environment with an objective to facilitate the use of Geo-informatics for developmental planning and decision making in the State.
	The State Government has taken the initiatives of setting up Aryabhatta Geo­informatics & Space Application Centre (AGiSAC) under the aegis of State Council for Science, Technology & Environment with an objective to facilitate the use of Geo-informatics for developmental planning and decision making in the State.

	Objective
	Objective

	The objectives for setting up this State Centre is to facilitate decentralized planning, objective decision making, Monitoring & Evaluation of Government Schemes & Programmes, to set up integrated natural resources data management system, to provide services/consultancy based on specific user needs in the field of Remote Sensing and GIS and to promote the use of SATCOM networks for distant interactive training and education in the State.
	The objectives for setting up this State Centre is to facilitate decentralized planning, objective decision making, Monitoring & Evaluation of Government Schemes & Programmes, to set up integrated natural resources data management system, to provide services/consultancy based on specific user needs in the field of Remote Sensing and GIS and to promote the use of SATCOM networks for distant interactive training and education in the State.

	Key Functions
	Key Functions

	• Developmental Planning/ Decision Support Applications/Yes/No Decision
	• Developmental Planning/ Decision Support Applications/Yes/No Decision

	• Advisories/Alerts
	• Advisories/Alerts

	• Surveillance /Regulatory Applications
	• Surveillance /Regulatory Applications

	• Monitoring & Evaluation of Developmental Works/ Schemes
	• Monitoring & Evaluation of Developmental Works/ Schemes

	Applications for Departments
	Applications for Departments

	Applications under various level of development for Departments of Agriculture, Education, Energy,
	Applications under various level of development for Departments of Agriculture, Education, Energy,

	Environment, Fisheries, Horticulture, Food & Civil Supplies, Forests, Industries, Health, Social Justice &
	Environment, Fisheries, Horticulture, Food & Civil Supplies, Forests, Industries, Health, Social Justice &

	Empowerment, Irrigation & Public Health, Tribal Development, Public Works Department, Rural Development, Tourism, Town & Country Planning,
	Empowerment, Irrigation & Public Health, Tribal Development, Public Works Department, Rural Development, Tourism, Town & Country Planning,

	Urban Development, Revenue and Himurja etc.
	Urban Development, Revenue and Himurja etc.
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	Figure

	Div
	Figure

	Objectives:
	Objectives:
	Objectives:

	• Environment protection, conservation, restoration and mitigation works etc. Including efforts to reduce carbon footprints in the environmentally vulnerable areas.
	• Environment protection, conservation, restoration and mitigation works etc. Including efforts to reduce carbon footprints in the environmentally vulnerable areas.

	• Development of environment infrastructure for environment protection, eco restoration, mitigation etc.
	• Development of environment infrastructure for environment protection, eco restoration, mitigation etc.

	• Awards to individuals, organizations institutions etc. of proven track record that have rendered/rendering valuable services to the Nation/ State in protection of environment for recognition of their contribution for the cause of environment protection.
	• Awards to individuals, organizations institutions etc. of proven track record that have rendered/rendering valuable services to the Nation/ State in protection of environment for recognition of their contribution for the cause of environment protection.

	• Relief for environment protection in exceptional cases for the following categories
	• Relief for environment protection in exceptional cases for the following categories

	• Environmental losses sustained as a result of natural calamities.
	• Environmental losses sustained as a result of natural calamities.

	• Grants to villages proactive for environment protection and reducing carbon foot prints.
	• Grants to villages proactive for environment protection and reducing carbon foot prints.

	• Grants to schools, institutions, organizations showing proactive role in environment protection and conservation.
	• Grants to schools, institutions, organizations showing proactive role in environment protection and conservation.

	• Environmental educational activities, awareness programmes.
	• Environmental educational activities, awareness programmes.

	• Any other case not covered by any of the above categories and where the Environment Fund Administering Committee is satisfied with regard to the genuineness of the demand of grant for environmental protection, conservation, mitigation and restoration.
	• Any other case not covered by any of the above categories and where the Environment Fund Administering Committee is satisfied with regard to the genuineness of the demand of grant for environmental protection, conservation, mitigation and restoration.

	• Rs. 51 lacs have been received as voluntary contribution towards H.P. Environment Fund.
	• Rs. 51 lacs have been received as voluntary contribution towards H.P. Environment Fund.

	• Two proposals have been short listed for funding under H.P. Environment Fund during 2010-11 namely "Restoration and revival of traditional watermills through up-gradation" by WWF India for Rs. 4.96 lacs and Malana Ajeevika Vikalp Agro-Hort Growers Marketing and Development Co­operative Society for Rs. 6 lacs.
	• Two proposals have been short listed for funding under H.P. Environment Fund during 2010-11 namely "Restoration and revival of traditional watermills through up-gradation" by WWF India for Rs. 4.96 lacs and Malana Ajeevika Vikalp Agro-Hort Growers Marketing and Development Co­operative Society for Rs. 6 lacs.


	Adaptation & Mitigation Measures for Reducing Sectoral and Regional Vulnerability
	Adaptation & Mitigation Measures for Reducing Sectoral and Regional Vulnerability
	Adaptation & Mitigation Measures for Reducing Sectoral and Regional Vulnerability


	As explained above, the major sectors of State's economy are likely to be affected to some extent by the impacts of climate change. This framework focuses on sectors and regions where there is a significance for social, economic, biophysical or cultural outcomes; decisions to be made in the next few years, which could be affected in the long term by climate change impacts; and actions which have a high level of potential to capture the benefits from early adaptation planning.
	As explained above, the major sectors of State's economy are likely to be affected to some extent by the impacts of climate change. This framework focuses on sectors and regions where there is a significance for social, economic, biophysical or cultural outcomes; decisions to be made in the next few years, which could be affected in the long term by climate change impacts; and actions which have a high level of potential to capture the benefits from early adaptation planning.
	As explained above, the major sectors of State's economy are likely to be affected to some extent by the impacts of climate change. This framework focuses on sectors and regions where there is a significance for social, economic, biophysical or cultural outcomes; decisions to be made in the next few years, which could be affected in the long term by climate change impacts; and actions which have a high level of potential to capture the benefits from early adaptation planning.

	There are many inter-relationships within and among the vulnerable sectors and regions. For example, impacts of climate change on water resources will further affect environmental flows for biodiversity, agriculture, irrigation for agriculture and water supply for urban settlements and industry, hydro power etc. Early adaptation will be influenced by the extent to which climate change factors are incorporated into sectoral and regional planning.
	There are many inter-relationships within and among the vulnerable sectors and regions. For example, impacts of climate change on water resources will further affect environmental flows for biodiversity, agriculture, irrigation for agriculture and water supply for urban settlements and industry, hydro power etc. Early adaptation will be influenced by the extent to which climate change factors are incorporated into sectoral and regional planning.

	Sectors dependent on natural resources are particularly vulnerable to climate change. Increasing temperature, changing precipitation patterns and water resources availability, increasing atmospheric levels of CO2 and water acidification will impact on sustainability of major sectors like agriculture, forestry and fisheries. The impacts will vary across regions and among the different industry subsectors.
	Sectors dependent on natural resources are particularly vulnerable to climate change. Increasing temperature, changing precipitation patterns and water resources availability, increasing atmospheric levels of CO2 and water acidification will impact on sustainability of major sectors like agriculture, forestry and fisheries. The impacts will vary across regions and among the different industry subsectors.

	8.1 Agriculture- Horticulture
	8.1 Agriculture- Horticulture

	The Agri- Horticulture sector of the State is highly dependent on climate. About 90% of rural population in the State depends on this sector for their livelihood. Seasonal weather variability in conjunction with climate change will have long-term effects on agricultural production, agribusiness investments, and regional prosperity.
	The Agri- Horticulture sector of the State is highly dependent on climate. About 90% of rural population in the State depends on this sector for their livelihood. Seasonal weather variability in conjunction with climate change will have long-term effects on agricultural production, agribusiness investments, and regional prosperity.

	The costs of the impact of climate change on agriculture could be considerable; for example, should there be an increased frequency of severe drought this would leave considerable social impact on rural communities. Adaptation can reduce these costs building on the experience of dealing with climate variability.
	The costs of the impact of climate change on agriculture could be considerable; for example, should there be an increased frequency of severe drought this would leave considerable social impact on rural communities. Adaptation can reduce these costs building on the experience of dealing with climate variability.

	Effective adaptation actions would provide farmers with added resilience and coping ability in circumstances of a changed climate system. Information on how seasonality will alter due to climate change will also assist the agriculture industry to adapt.
	Effective adaptation actions would provide farmers with added resilience and coping ability in circumstances of a changed climate system. Information on how seasonality will alter due to climate change will also assist the agriculture industry to adapt.

	Potential Areas of Action:
	Potential Areas of Action:

	a) Implement the relevant components of the National Agriculture Mission, as has been released by the Government of India.
	a) Implement the relevant components of the National Agriculture Mission, as has been released by the Government of India.

	In particular:
	In particular:

	• support research to improve understanding of the implications of climate change for agriculture at the State, sectoral and regional levels, including:
	• support research to improve understanding of the implications of climate change for agriculture at the State, sectoral and regional levels, including:

	a. vulnerability assessments of regions and agricultural activities;
	a. vulnerability assessments of regions and agricultural activities;


	b. effects of climate change on seasonal variability and reliability, and on climate extremes (e.g. droughts, rainfalls) affecting agricultural production; and
	b. effects of climate change on seasonal variability and reliability, and on climate extremes (e.g. droughts, rainfalls) affecting agricultural production; and
	b. effects of climate change on seasonal variability and reliability, and on climate extremes (e.g. droughts, rainfalls) affecting agricultural production; and

	c. understanding barriers to adaptation and opportunities to adapt.
	c. understanding barriers to adaptation and opportunities to adapt.

	• increase resilience of farming systems and regions to climate change, and help agribusinesses identify where changes may be needed for the long-term investment strategies;
	• increase resilience of farming systems and regions to climate change, and help agribusinesses identify where changes may be needed for the long-term investment strategies;

	• enhance current programmes and structures to incorporate climate change adaptation considerations into natural resource management, rural support and adjustment, research and development and plant and animal health, pest and weed policies and programmes, and environmental management systems.
	• enhance current programmes and structures to incorporate climate change adaptation considerations into natural resource management, rural support and adjustment, research and development and plant and animal health, pest and weed policies and programmes, and environmental management systems.

	• develop decision support tools, pilot adaptation options, inform and encourage adaptation, and engage industry in participatory research, communication and review.
	• develop decision support tools, pilot adaptation options, inform and encourage adaptation, and engage industry in participatory research, communication and review.

	Important ongoing development initiatives need to be strengthened to reduce vulnerability to climate change, including developing agricultural markets, reducing distortions and subsidies in agricultural policies, continuing trade liberalization policies, enhancing social protection and microfinance, preparing for disasters and, critically, mainstreaming climate change in agricultural policies.
	Important ongoing development initiatives need to be strengthened to reduce vulnerability to climate change, including developing agricultural markets, reducing distortions and subsidies in agricultural policies, continuing trade liberalization policies, enhancing social protection and microfinance, preparing for disasters and, critically, mainstreaming climate change in agricultural policies.

	Though these aforesaid initiatives may not be enough instead, the adaptation will require improvements that take existing development policies above and beyond their current capacity.
	Though these aforesaid initiatives may not be enough instead, the adaptation will require improvements that take existing development policies above and beyond their current capacity.

	Innovative policies include:
	Innovative policies include:

	• changing investment allocation within and across sectors,
	• changing investment allocation within and across sectors,

	• increasing the focus on risk-sharing and risk-reducing investments,
	• increasing the focus on risk-sharing and risk-reducing investments,

	• improving spatial targeting of investments,
	• improving spatial targeting of investments,

	• eliminating existing detrimental policies that will exacerbate climate change impacts, and
	• eliminating existing detrimental policies that will exacerbate climate change impacts, and

	• reducing greenhouse gas (GHG) emissions from agriculture and increasing the value of sustainable farming practices through the valuation of carbon and other forms of agricultural ecosystem services such as water purification and biodiversity.
	• reducing greenhouse gas (GHG) emissions from agriculture and increasing the value of sustainable farming practices through the valuation of carbon and other forms of agricultural ecosystem services such as water purification and biodiversity.

	Key components of new and innovative adaptation measures to climate change include:
	Key components of new and innovative adaptation measures to climate change include:

	• changes in agricultural practices to improve soil fertility and enhance carbon sequestration;
	• changes in agricultural practices to improve soil fertility and enhance carbon sequestration;

	• changes in agricultural water management for more efficient water use;
	• changes in agricultural water management for more efficient water use;

	• agricultural diversification toward enhanced climate resilience;
	• agricultural diversification toward enhanced climate resilience;

	• agricultural science and technology development, agricultural advisory services, and information systems; and
	• agricultural science and technology development, agricultural advisory services, and information systems; and

	• risk management and crop insurance.
	• risk management and crop insurance.

	8.2 Water Resources
	8.2 Water Resources

	Himachal Pradesh is not only important water source for its own habitats but is also serving other States for the purpose of drinking water supply, irrigation and power generation. Rainfall and stream flows are highly variable. The climate change presents significant additional challenges for the managers of water resources in Himachal Pradesh. In a changing climate, droughts are expected to become more severe in the State. The potential for replenishment of groundwater is expected to continue to decline an
	Himachal Pradesh is not only important water source for its own habitats but is also serving other States for the purpose of drinking water supply, irrigation and power generation. Rainfall and stream flows are highly variable. The climate change presents significant additional challenges for the managers of water resources in Himachal Pradesh. In a changing climate, droughts are expected to become more severe in the State. The potential for replenishment of groundwater is expected to continue to decline an


	quality, the balance between environmental and consumptive demand and allocation, as well as the design and the safety of dams.
	quality, the balance between environmental and consumptive demand and allocation, as well as the design and the safety of dams.
	quality, the balance between environmental and consumptive demand and allocation, as well as the design and the safety of dams.

	Improved knowledge is needed to assist water managers to understand the wide range of impacts the climate change will have on surface and groundwater resources and the demand for water. The adaptation to changed water availability could require the sourcing of additional water supply and retrofitting water infrastructure, with the associated costs. It could also mean new ways of managing water.
	Improved knowledge is needed to assist water managers to understand the wide range of impacts the climate change will have on surface and groundwater resources and the demand for water. The adaptation to changed water availability could require the sourcing of additional water supply and retrofitting water infrastructure, with the associated costs. It could also mean new ways of managing water.

	The National Water Mission and other water management frameworks are central to dealing with reduced water availability due to climate change. Information on climate change will be essential for the water managers.
	The National Water Mission and other water management frameworks are central to dealing with reduced water availability due to climate change. Information on climate change will be essential for the water managers.

	Potential Areas of Action:
	Potential Areas of Action:

	a) Research to address key knowledge gaps, current and projected demographic changes, and socio-economic analysis of impacts about climate and water resource, initiatives needed to implement the National Water Mission and other water management initiatives.
	a) Research to address key knowledge gaps, current and projected demographic changes, and socio-economic analysis of impacts about climate and water resource, initiatives needed to implement the National Water Mission and other water management initiatives.

	This will include research on:
	This will include research on:

	• high quality projections of climate variables relevant to demand and supply/ allocations of water resources;
	• high quality projections of climate variables relevant to demand and supply/ allocations of water resources;

	• understanding of impacts of climate change on water resources and dependent ecosystems; and methods and approaches for integrating climate change related risks into water management.
	• understanding of impacts of climate change on water resources and dependent ecosystems; and methods and approaches for integrating climate change related risks into water management.

	• identify vulnerable river bed areas and apply appropriate planning policies, including ensuring the availability of land, where possible, for migration of ecosystems.
	• identify vulnerable river bed areas and apply appropriate planning policies, including ensuring the availability of land, where possible, for migration of ecosystems.

	b) Work with the water intensive industry to ensure that climate change impacts and risks are incorporated into water resource and infrastructure planning and management including:
	b) Work with the water intensive industry to ensure that climate change impacts and risks are incorporated into water resource and infrastructure planning and management including:

	• assessing the implications of changes in extreme rainfall events for water infrastructure;
	• assessing the implications of changes in extreme rainfall events for water infrastructure;

	• preparation of hand book on rainfall, precipitation and updating estimates of probable maximum precipitation and rainfall extremes for use and to reflect likely climate change;
	• preparation of hand book on rainfall, precipitation and updating estimates of probable maximum precipitation and rainfall extremes for use and to reflect likely climate change;

	• jurisdiction of dam safety authorities to review major dam safety policies to accommodate the impacts of climate change.
	• jurisdiction of dam safety authorities to review major dam safety policies to accommodate the impacts of climate change.

	• assess the vulnerability of infrastructure, settlements, and environments of significance using biophysical and socio-economic scenarios and inundation modeling.
	• assess the vulnerability of infrastructure, settlements, and environments of significance using biophysical and socio-economic scenarios and inundation modeling.

	8.3 Forests
	8.3 Forests

	Climate change could have significant impacts on the forests of the State, through slower growth rate due to reduced water availability, raised temperatures, increased bushfires and wind damage and disease pressures and through growth fertilization by higher atmospheric CO2 levels. Frequent or extensive damage to production forests can significantly reduce the sustainable supply of timber to capital intensive processing industries with consequences that last for many years. Climate change may also impact on
	Climate change could have significant impacts on the forests of the State, through slower growth rate due to reduced water availability, raised temperatures, increased bushfires and wind damage and disease pressures and through growth fertilization by higher atmospheric CO2 levels. Frequent or extensive damage to production forests can significantly reduce the sustainable supply of timber to capital intensive processing industries with consequences that last for many years. Climate change may also impact on


	a. Develop a Climate Change and Forestry Action Plan under the National Green India Mission. This would include:
	a. Develop a Climate Change and Forestry Action Plan under the National Green India Mission. This would include:
	a. Develop a Climate Change and Forestry Action Plan under the National Green India Mission. This would include:

	• identifying key impacts, vulnerabilities and research priorities;
	• identifying key impacts, vulnerabilities and research priorities;

	• developing strategies in collaboration with hydro industry; and
	• developing strategies in collaboration with hydro industry; and

	• developing communication strategies.
	• developing communication strategies.

	b. Support research to address major knowledge gaps about the impact of climate change on forestry and the vulnerability of forest systems. This may include assessing implications of climate change for native and plantation forests used for timber production; the capacity of forest systems to sequester carbon; the role and impacts of forests in natural resource management; and social and economic aspects of forests and forestry.
	b. Support research to address major knowledge gaps about the impact of climate change on forestry and the vulnerability of forest systems. This may include assessing implications of climate change for native and plantation forests used for timber production; the capacity of forest systems to sequester carbon; the role and impacts of forests in natural resource management; and social and economic aspects of forests and forestry.

	8.4 Bio-diversity
	8.4 Bio-diversity

	Ecosystems are likely to be adversely affected by increasing temperatures, changes in rainfall patterns, the spread of pests and weeds, changed fire regimes etc. Higher temperatures, possible changes in precipitation patterns, glacial chemistry are likely to affect Himalayan ecosystems. The impacts on bio-diversity will affect ecosystem services such as water, soil quality and cover.
	Ecosystems are likely to be adversely affected by increasing temperatures, changes in rainfall patterns, the spread of pests and weeds, changed fire regimes etc. Higher temperatures, possible changes in precipitation patterns, glacial chemistry are likely to affect Himalayan ecosystems. The impacts on bio-diversity will affect ecosystem services such as water, soil quality and cover.

	Reducing other stresses on bio-diversity, such as overuse and pollution, is likely to ameliorate species loss, system degradation and range contraction due to climate change. Healthy ecosystems are more resilient to climate change impacts and are able to 'bounce back'. Some ecosystems are particularly vulnerable such as high altitude wetlands, alpine areas, rainforests, fragmented terrestrial ecosystems, pastures etc. Environmental flows of key riverine systems for the sustenance of ecology are also vulnera
	Reducing other stresses on bio-diversity, such as overuse and pollution, is likely to ameliorate species loss, system degradation and range contraction due to climate change. Healthy ecosystems are more resilient to climate change impacts and are able to 'bounce back'. Some ecosystems are particularly vulnerable such as high altitude wetlands, alpine areas, rainforests, fragmented terrestrial ecosystems, pastures etc. Environmental flows of key riverine systems for the sustenance of ecology are also vulnera

	Potential Areas of Action:
	Potential Areas of Action:

	1. Review of the State Biodiversity Policy, functioning of the State Biodiversity Board.
	1. Review of the State Biodiversity Policy, functioning of the State Biodiversity Board.

	2. Establishing a State Specific programme of research on the impacts of climate change on biodiversity and ecosystem processes. The research will address:
	2. Establishing a State Specific programme of research on the impacts of climate change on biodiversity and ecosystem processes. The research will address:

	i. Terrestrial, aquatic and riverine ecosystems with a focus on:
	i. Terrestrial, aquatic and riverine ecosystems with a focus on:

	• analysis of changing distribution and phenology;
	• analysis of changing distribution and phenology;

	• the interactions and combined impacts of climate change and other threatening processes;
	• the interactions and combined impacts of climate change and other threatening processes;

	• identification of critical thresholds for natural ecosystems and approaches to increase their resilience to the impacts of climate change including connectivity; and
	• identification of critical thresholds for natural ecosystems and approaches to increase their resilience to the impacts of climate change including connectivity; and

	ii. The implications of climate change for existing strategies, such as the planning for threatened and migratory species and ecological communities.
	ii. The implications of climate change for existing strategies, such as the planning for threatened and migratory species and ecological communities.

	3. Provide practical guidance on how to integrate existing and emerging knowledge about climate change into management of disturbance regimes (for example, fires, floods, invasive species) in areas managed for biodiversity conservation.
	3. Provide practical guidance on how to integrate existing and emerging knowledge about climate change into management of disturbance regimes (for example, fires, floods, invasive species) in areas managed for biodiversity conservation.

	4. Assess the vulnerability of State forest cover, Ramsar Wetlands to the impacts of climate change. Regular reviews of management plans for each reserve, wetland will explicitly
	4. Assess the vulnerability of State forest cover, Ramsar Wetlands to the impacts of climate change. Regular reviews of management plans for each reserve, wetland will explicitly


	consider vulnerability to climate change impacts and plans will include actions, where necessary, to reduce vulnerability or manage impacts.
	consider vulnerability to climate change impacts and plans will include actions, where necessary, to reduce vulnerability or manage impacts.
	consider vulnerability to climate change impacts and plans will include actions, where necessary, to reduce vulnerability or manage impacts.

	5. Finalize and implement key steps in the Climate Change Action Plan.
	5. Finalize and implement key steps in the Climate Change Action Plan.

	8.5 Ecosystems
	8.5 Ecosystems

	Climate change is likely to affect perennial aquaculture, fisheries through increasing temperatures, changes to water currents and nutrients, changed rainfall patterns. There are specific and different threats to local fisheries and aquaculture. Aquaculture is likely to be impacted by climate change through higher temperatures, water availability and river bed township impacts. Greater precision in assessing vulnerability of trout fish stocks to climate change is needed to ensure sustainability of commercia
	Climate change is likely to affect perennial aquaculture, fisheries through increasing temperatures, changes to water currents and nutrients, changed rainfall patterns. There are specific and different threats to local fisheries and aquaculture. Aquaculture is likely to be impacted by climate change through higher temperatures, water availability and river bed township impacts. Greater precision in assessing vulnerability of trout fish stocks to climate change is needed to ensure sustainability of commercia

	Potential Areas of Action:
	Potential Areas of Action:

	a. Develop a Climate Change and Fisheries Action Plan, to be considered under Himalayan Eco System Mission that includes:
	a. Develop a Climate Change and Fisheries Action Plan, to be considered under Himalayan Eco System Mission that includes:

	• identifying risks associated with climate change for the sustainable use of trout fish stocks;
	• identifying risks associated with climate change for the sustainable use of trout fish stocks;

	• determining ways of distinguishing climate change impacts from the impacts of other environmental and management factors;
	• determining ways of distinguishing climate change impacts from the impacts of other environmental and management factors;

	• developing strategies in collaboration with industry and community stakeholders; and assessing the impacts and risks of climate change on aquaculture.
	• developing strategies in collaboration with industry and community stakeholders; and assessing the impacts and risks of climate change on aquaculture.

	b. Support research, in association with hydro industry and research providers, to address major knowledge gaps about the impact of climate change on fisheries and aquaculture. This may include analysis of the impact of changing climate, rising temperatures, river water quality, currents on the distribution and abundance of riverine species; vulnerability and resilience of riverine systems; productivity; and social and economic systems using riverine environments.
	b. Support research, in association with hydro industry and research providers, to address major knowledge gaps about the impact of climate change on fisheries and aquaculture. This may include analysis of the impact of changing climate, rising temperatures, river water quality, currents on the distribution and abundance of riverine species; vulnerability and resilience of riverine systems; productivity; and social and economic systems using riverine environments.

	8.6 Health
	8.6 Health

	Risks to the health from climate change include increased transmission of vector-borne, food-borne and water-borne diseases. Floods, bushfires, and changes to industry, land use and climate events such as drought can result in adverse mental health consequences within rural communities, along with a range of other health risks (e.g. from freshwater shortages, increased exposures to heat and dust, and changes in local food availability and affordability).
	Risks to the health from climate change include increased transmission of vector-borne, food-borne and water-borne diseases. Floods, bushfires, and changes to industry, land use and climate events such as drought can result in adverse mental health consequences within rural communities, along with a range of other health risks (e.g. from freshwater shortages, increased exposures to heat and dust, and changes in local food availability and affordability).

	The vulnerability assessment indicates that changes in climatic conditions can have three kinds of health impacts viz. health consequences of changes to ecosystems and biological processes (e.g. mosquito-borne infections, agricultural food yields), direct impacts (e.g. cold and heat-waves), and the many health consequences that occur when populations are disrupted or displaced. Health impacts due to climate change will affect some regions, socioeconomic groups and demographic groups more than others. For ex
	The vulnerability assessment indicates that changes in climatic conditions can have three kinds of health impacts viz. health consequences of changes to ecosystems and biological processes (e.g. mosquito-borne infections, agricultural food yields), direct impacts (e.g. cold and heat-waves), and the many health consequences that occur when populations are disrupted or displaced. Health impacts due to climate change will affect some regions, socioeconomic groups and demographic groups more than others. For ex


	a. The Health Department to develop and implement a State Action Plan on Climate Change and Health that includes:
	a. The Health Department to develop and implement a State Action Plan on Climate Change and Health that includes:
	a. The Health Department to develop and implement a State Action Plan on Climate Change and Health that includes:

	• research on climate change impacts on physical and mental health and identify key vulnerabilities;
	• research on climate change impacts on physical and mental health and identify key vulnerabilities;

	• identifying the capacity of the public health system and hospital system to plan for and respond to these vulnerabilities including links to emergency services and health disaster management policies; and
	• identifying the capacity of the public health system and hospital system to plan for and respond to these vulnerabilities including links to emergency services and health disaster management policies; and

	• incorporating the potential for climate change impacts on health into community and public health education programs.
	• incorporating the potential for climate change impacts on health into community and public health education programs.

	b. Develop and implement heat/ cold wave warning and response systems.
	b. Develop and implement heat/ cold wave warning and response systems.

	c. State health institutions to carry out research activities with a focus on research on climate change and health.
	c. State health institutions to carry out research activities with a focus on research on climate change and health.

	d. To assess, and develop strategies to address, the impact of climate change on water borne diseases.
	d. To assess, and develop strategies to address, the impact of climate change on water borne diseases.

	8.7 Tourism
	8.7 Tourism

	The impact of climate change on infrastructure and the natural environment has the potential to affect the tourism industry. In some cases this could result in social and economic impacts in regions with a high dependency on tourism as a source of income and employment. However, the impacts will depend on the relative attractiveness of different destinations and the potential for alternative attractions in the current tourism areas. As tourist attractions, areas such as the snow, wetlands, the landscape, pa
	The impact of climate change on infrastructure and the natural environment has the potential to affect the tourism industry. In some cases this could result in social and economic impacts in regions with a high dependency on tourism as a source of income and employment. However, the impacts will depend on the relative attractiveness of different destinations and the potential for alternative attractions in the current tourism areas. As tourist attractions, areas such as the snow, wetlands, the landscape, pa

	Potential Areas of Action:
	Potential Areas of Action:

	a. The Tourism Department to develop action plan in partnership with hotel industry and other stakeholders which would include:
	a. The Tourism Department to develop action plan in partnership with hotel industry and other stakeholders which would include:

	• assessment of the impacts of climate change on tourism and tourism values (physical, social and economic) and on the relative impact of climate change on the different forms of tourism; and
	• assessment of the impacts of climate change on tourism and tourism values (physical, social and economic) and on the relative impact of climate change on the different forms of tourism; and

	• developing adaptation strategies for nature based tourism including tourism based on the use of natural and cultural resources, specific tourism regions, and the industry more broadly.
	• developing adaptation strategies for nature based tourism including tourism based on the use of natural and cultural resources, specific tourism regions, and the industry more broadly.

	8.8 Urban Planning
	8.8 Urban Planning

	The physical infrastructure and the social and economic fabric of settlements are likely to be affected by climate change, especially by changed frequency of intensity of extreme weather events. Urban infrastructure such as buildings, roads, bridges, railways are normally designed for a life span of 20­50 years. Planning decisions for development and the replacement or restoration of long-lived infrastructure, need to take account of the different climate in the future including higher temperatures and chan
	The physical infrastructure and the social and economic fabric of settlements are likely to be affected by climate change, especially by changed frequency of intensity of extreme weather events. Urban infrastructure such as buildings, roads, bridges, railways are normally designed for a life span of 20­50 years. Planning decisions for development and the replacement or restoration of long-lived infrastructure, need to take account of the different climate in the future including higher temperatures and chan


	Increasing urbanization in river bed areas, hilly areas and urban expansion into regional areas are likely to increase the exposure of people and infrastructure to the impacts of climate change. People living in remote areas may be more vulnerable. The impacts will vary depending on the form of the settlement, geographic considerations and the nature of the local economy.
	Increasing urbanization in river bed areas, hilly areas and urban expansion into regional areas are likely to increase the exposure of people and infrastructure to the impacts of climate change. People living in remote areas may be more vulnerable. The impacts will vary depending on the form of the settlement, geographic considerations and the nature of the local economy.
	Increasing urbanization in river bed areas, hilly areas and urban expansion into regional areas are likely to increase the exposure of people and infrastructure to the impacts of climate change. People living in remote areas may be more vulnerable. The impacts will vary depending on the form of the settlement, geographic considerations and the nature of the local economy.

	Adaptation measures include planning to reduce vulnerability and/or increase resilience, and using codes and standards that take into account the impact of climate change on frequency and duration of rainfall, storm water handling capacity, changes in snow fall patterns. The finance and insurance industries will help to manage society's risk from weather related damages.
	Adaptation measures include planning to reduce vulnerability and/or increase resilience, and using codes and standards that take into account the impact of climate change on frequency and duration of rainfall, storm water handling capacity, changes in snow fall patterns. The finance and insurance industries will help to manage society's risk from weather related damages.

	Climate change impacts on settlements will depend upon a wide range of local factors, including the form of the settlement, the nature of the local economy, and geographic considerations such as elevation and proximity to the terrain. Integrated assessment is an approach to understanding climate change impacts and adaptation options at the local scale.
	Climate change impacts on settlements will depend upon a wide range of local factors, including the form of the settlement, the nature of the local economy, and geographic considerations such as elevation and proximity to the terrain. Integrated assessment is an approach to understanding climate change impacts and adaptation options at the local scale.

	However, decision makers need additional information about the vulnerability of major infrastructure, including energy systems, transport systems, communication networks and building stock, in order to develop adaptation strategies.
	However, decision makers need additional information about the vulnerability of major infrastructure, including energy systems, transport systems, communication networks and building stock, in order to develop adaptation strategies.

	Potential Areas of Action:
	Potential Areas of Action:

	a. Research to address key knowledge gaps about human settlements and climate change impacts, including information needed to effectively implement actions in relation to planning, codes and standards and major infrastructure.
	a. Research to address key knowledge gaps about human settlements and climate change impacts, including information needed to effectively implement actions in relation to planning, codes and standards and major infrastructure.

	b. All jurisdictions to evaluate and share relevant information about the extent to which planning and development systems promote decisions that increase resilience to the impacts of climate change.
	b. All jurisdictions to evaluate and share relevant information about the extent to which planning and development systems promote decisions that increase resilience to the impacts of climate change.

	c. Discourage decisions that increase vulnerability, and consider changes where appropriate.
	c. Discourage decisions that increase vulnerability, and consider changes where appropriate.

	d. Analyze and revise urban planning systems including revision and development of green codes, standards and guidelines to increase resilience to climate change including:
	d. Analyze and revise urban planning systems including revision and development of green codes, standards and guidelines to increase resilience to climate change including:

	• To consider climate change as part of periodic reviews;
	• To consider climate change as part of periodic reviews;

	• Review standards used for building, plumbing and electrical standards and specification for the development. Include a particular focus on green standards related to green buildings and utilities.
	• Review standards used for building, plumbing and electrical standards and specification for the development. Include a particular focus on green standards related to green buildings and utilities.

	• Review information used to determine vulnerability of settlements, land to climate related hazards (flash floods, forest fires, landslides) and develop new or revised risk management guidance to take into account any projected changes as a result of climate change.
	• Review information used to determine vulnerability of settlements, land to climate related hazards (flash floods, forest fires, landslides) and develop new or revised risk management guidance to take into account any projected changes as a result of climate change.

	• Review to also take into account the contribution of 'urban forests' to modify the impact of climate change in the urban environment; and
	• Review to also take into account the contribution of 'urban forests' to modify the impact of climate change in the urban environment; and

	• Revision of guidelines for management treatment, disposal, storage of rain water and sewerage.
	• Revision of guidelines for management treatment, disposal, storage of rain water and sewerage.

	e. Identify and address the impact of climate change on major infrastructure including hydro power dams etc:
	e. Identify and address the impact of climate change on major infrastructure including hydro power dams etc:

	• Identifying priority infrastructure assets that may be vulnerable to climate change and coordinate with the owners on business continuity plans take this vulnerability into account; and
	• Identifying priority infrastructure assets that may be vulnerable to climate change and coordinate with the owners on business continuity plans take this vulnerability into account; and

	• Analyze the vulnerability of electricity, transport, communications, water
	• Analyze the vulnerability of electricity, transport, communications, water


	infrastructure and other key infrastructure to climate change, and develop appropriate risk management strategies to reduce this vulnerability. For example, the review could consider road connectivity and encompass existing transport infrastructure, planned transport infrastructure and transport infrastructure management and planning. A review of the electricity supply infrastructure could consider possible effects from projected increases in temperature and changes in rainfall patterns and the changes in e
	infrastructure and other key infrastructure to climate change, and develop appropriate risk management strategies to reduce this vulnerability. For example, the review could consider road connectivity and encompass existing transport infrastructure, planned transport infrastructure and transport infrastructure management and planning. A review of the electricity supply infrastructure could consider possible effects from projected increases in temperature and changes in rainfall patterns and the changes in e
	infrastructure and other key infrastructure to climate change, and develop appropriate risk management strategies to reduce this vulnerability. For example, the review could consider road connectivity and encompass existing transport infrastructure, planned transport infrastructure and transport infrastructure management and planning. A review of the electricity supply infrastructure could consider possible effects from projected increases in temperature and changes in rainfall patterns and the changes in e

	f. Develop capacity and tools for the planning sectors including insurance etc.
	f. Develop capacity and tools for the planning sectors including insurance etc.

	8.9 Disaster Management
	8.9 Disaster Management

	Climate change is likely to increase the risk of natural disasters in Himachal Pradesh. Flash floods and GLOFs, landslides are a feature of State's variable climate. However, climate change is likely to increase the frequency and/or severity of extreme events. The high concentration of people and infrastructure in urban areas, especially along the river and river bed lowlands are likely to result in severe economic losses with changing exposure to extreme events. Remote settlements can be particularly vulne
	Climate change is likely to increase the risk of natural disasters in Himachal Pradesh. Flash floods and GLOFs, landslides are a feature of State's variable climate. However, climate change is likely to increase the frequency and/or severity of extreme events. The high concentration of people and infrastructure in urban areas, especially along the river and river bed lowlands are likely to result in severe economic losses with changing exposure to extreme events. Remote settlements can be particularly vulne

	Natural disasters already cost very heavily excluding death and injury costs. It is likely that climate change will increase the frequency or intensity of some climate-driven weather extremes.
	Natural disasters already cost very heavily excluding death and injury costs. It is likely that climate change will increase the frequency or intensity of some climate-driven weather extremes.

	Climate change impacts need to be factored into natural disaster management risk reduction, emergency services planning, and recovery management, especially for areas more vulnerable to extreme events. Community awareness and developing a culture of preparedness in conjunction with emergency services will contribute to effective adaptation responses.
	Climate change impacts need to be factored into natural disaster management risk reduction, emergency services planning, and recovery management, especially for areas more vulnerable to extreme events. Community awareness and developing a culture of preparedness in conjunction with emergency services will contribute to effective adaptation responses.

	Potential Areas of Action:
	Potential Areas of Action:

	a. Set up State Level Disaster Management Authority and make it functional with suitable TORs addressing Climate Change risks.
	a. Set up State Level Disaster Management Authority and make it functional with suitable TORs addressing Climate Change risks.

	b. Undertake research to improve knowledge on the nature and expected extent of changes to existing risk profiles as a result of climate change for key events such as, flash flooding, GLOFs, hail damage, forest fires and landslides.
	b. Undertake research to improve knowledge on the nature and expected extent of changes to existing risk profiles as a result of climate change for key events such as, flash flooding, GLOFs, hail damage, forest fires and landslides.

	c. Incorporate climate change impacts into planning for natural disaster response management, in particular the risk and changing behavior flash flooding, GLOFs, hail damage, forest fires, landslides and extremes in temperature. This may include:
	c. Incorporate climate change impacts into planning for natural disaster response management, in particular the risk and changing behavior flash flooding, GLOFs, hail damage, forest fires, landslides and extremes in temperature. This may include:

	• Incorporating climate change issues in the review of the Natural Disaster Mitigation Programme and proposals submitted under the Programme; and
	• Incorporating climate change issues in the review of the Natural Disaster Mitigation Programme and proposals submitted under the Programme; and

	• Improving information for emergency services and communities to encourage awareness of climate change and adaptation responses.
	• Improving information for emergency services and communities to encourage awareness of climate change and adaptation responses.


	Climate Change Strategy for Himachal Pradesh
	Climate Change Strategy for Himachal Pradesh
	Climate Change Strategy for Himachal Pradesh


	In view of past and current scenarios as explained w.r.t. losses due to extreme events and climate change, the State's immense geographic diversity append to the complexity of developing and implementing appropriate climate risk management strategy. Within the country the impacts will vary across States, sectors, locations and populations. The climate projections for the country suggest that impacts are likely to be diverse and mixed, with some regions experiencing more intense rainfall and flood risks, whi
	In view of past and current scenarios as explained w.r.t. losses due to extreme events and climate change, the State's immense geographic diversity append to the complexity of developing and implementing appropriate climate risk management strategy. Within the country the impacts will vary across States, sectors, locations and populations. The climate projections for the country suggest that impacts are likely to be diverse and mixed, with some regions experiencing more intense rainfall and flood risks, whi
	In view of past and current scenarios as explained w.r.t. losses due to extreme events and climate change, the State's immense geographic diversity append to the complexity of developing and implementing appropriate climate risk management strategy. Within the country the impacts will vary across States, sectors, locations and populations. The climate projections for the country suggest that impacts are likely to be diverse and mixed, with some regions experiencing more intense rainfall and flood risks, whi

	The Himalaya has the largest concentration of glaciers outside the Polar Regions and some of the prominent rivers of the Northern India originate from these Himalayan reservoirs. Geological history of the earth indicates that the glacial dimensions are constantly changing with the change in climate. Monitoring of seasonal snow cover depicts the melting and the retreat of snow in the month of December at an altitudinal range of more than 4,800 mts., in Baspa valley implying thereby that global warming has ac
	The Himalaya has the largest concentration of glaciers outside the Polar Regions and some of the prominent rivers of the Northern India originate from these Himalayan reservoirs. Geological history of the earth indicates that the glacial dimensions are constantly changing with the change in climate. Monitoring of seasonal snow cover depicts the melting and the retreat of snow in the month of December at an altitudinal range of more than 4,800 mts., in Baspa valley implying thereby that global warming has ac

	An analysis has been carried out on various sectors viz. agriculture-horticulture, water resources, forests, biodiversity, energy, health, tourism, urban development, transport, industries, mining etc. which indicates that the trends are not favorable and the climate risk management actions are not sufficiently met due to lack of knowledge and resources, but still the steps are being taken at different levels to adapt to the existing trends and mitigate the adverse impacts to the possible extent.
	An analysis has been carried out on various sectors viz. agriculture-horticulture, water resources, forests, biodiversity, energy, health, tourism, urban development, transport, industries, mining etc. which indicates that the trends are not favorable and the climate risk management actions are not sufficiently met due to lack of knowledge and resources, but still the steps are being taken at different levels to adapt to the existing trends and mitigate the adverse impacts to the possible extent.

	Being the most eco sensitive and fragile nature, the impacts of Climate Change manifest most, leading to significant impact on agriculture and horticulture production, water resources, forests and these impacts are likely to adversely affect large percentage of population depending on these natural resources/activities in future as well. There is in fact a greater need for sustained efforts for the adaptation measures in the State.
	Being the most eco sensitive and fragile nature, the impacts of Climate Change manifest most, leading to significant impact on agriculture and horticulture production, water resources, forests and these impacts are likely to adversely affect large percentage of population depending on these natural resources/activities in future as well. There is in fact a greater need for sustained efforts for the adaptation measures in the State.

	Himachal Pradesh is known for its dominant rural/ tribal population, traditions and culture. To retain and sustain traditional cultural originality of the people of State and to maintain their developmental graph is indispensable for the State. The options available are to be realized through various strategic interventions by different public authorities at the State and Local levels. The purpose of Climate Change Strategy for Himachal Pradesh is twofold:
	Himachal Pradesh is known for its dominant rural/ tribal population, traditions and culture. To retain and sustain traditional cultural originality of the people of State and to maintain their developmental graph is indispensable for the State. The options available are to be realized through various strategic interventions by different public authorities at the State and Local levels. The purpose of Climate Change Strategy for Himachal Pradesh is twofold:

	- Taking into account the prevailing developmental process- its achievements and losses.
	- Taking into account the prevailing developmental process- its achievements and losses.

	- Identification of solutions and actions, as may be required at various levels such as regulatory, institutional, programme, policy, and plan.
	- Identification of solutions and actions, as may be required at various levels such as regulatory, institutional, programme, policy, and plan.

	As the climate changes, so must the State respond. To effectively address the challenges that a changing climate will bring, climate adaptation and mitigation actions must complement each other,
	As the climate changes, so must the State respond. To effectively address the challenges that a changing climate will bring, climate adaptation and mitigation actions must complement each other,


	efforts within and across sectors must be coordinated. These approaches have been viewed as alternatives, rather than as complementary and equally necessary approaches.
	efforts within and across sectors must be coordinated. These approaches have been viewed as alternatives, rather than as complementary and equally necessary approaches.
	efforts within and across sectors must be coordinated. These approaches have been viewed as alternatives, rather than as complementary and equally necessary approaches.

	The Department of Environment, Science & Technology has worked out strategies for climate change adaptation and mitigation, and to develop the necessary tools to effect adaptation protocols. Now closer coordination is needed to implement these approaches. The strategy for Himachal Pradesh has been developed using a set of guiding principles:
	The Department of Environment, Science & Technology has worked out strategies for climate change adaptation and mitigation, and to develop the necessary tools to effect adaptation protocols. Now closer coordination is needed to implement these approaches. The strategy for Himachal Pradesh has been developed using a set of guiding principles:

	- Involvement of all related stakeholders in identifying, reviewing, and cultivating the State's adaptation strategy.
	- Involvement of all related stakeholders in identifying, reviewing, and cultivating the State's adaptation strategy.

	- Give priority to adaptation strategies that initiate, encourage, and enhance existing efforts that improve economic and social well-being, public safety and security, public health, environmental justice, species and habitat protection, and ecological function.
	- Give priority to adaptation strategies that initiate, encourage, and enhance existing efforts that improve economic and social well-being, public safety and security, public health, environmental justice, species and habitat protection, and ecological function.

	- Prioritizing adaptation strategies that modify and enhance existing policies rather than solutions that require new funding and new staffing.
	- Prioritizing adaptation strategies that modify and enhance existing policies rather than solutions that require new funding and new staffing.

	- Recognizing the need for adaptation policies that are effective and flexible enough for circumstances that may not yet be fully predictable.
	- Recognizing the need for adaptation policies that are effective and flexible enough for circumstances that may not yet be fully predictable.

	- Use the effective reliable data base in identifying climate change risks and adaptation strategies.
	- Use the effective reliable data base in identifying climate change risks and adaptation strategies.

	- Recognize sustainable scientific data base collection and knowledge about climate change is evolved continuously.
	- Recognize sustainable scientific data base collection and knowledge about climate change is evolved continuously.

	- Establish and retain strong partnerships with central, state, and local governments, tribes, private business and landowners, and non-governmental organizations to develop and implement adaptation strategy recommendations over time.
	- Establish and retain strong partnerships with central, state, and local governments, tribes, private business and landowners, and non-governmental organizations to develop and implement adaptation strategy recommendations over time.

	9.1 Approach
	9.1 Approach

	A collaborative approach is proposed to deal with the emerging situation. The climate change impacts cuts across jurisdictional boundaries of various sectors and will require governments, businesses, nongovernmental organizations, and individuals to minimize risks and take advantage of potential planning opportunities in a collaborative manner. This is the simple means by which the far reaching effects of climate impacts can be addressed efficiently and effectively while avoiding potential conflicts. The Co
	A collaborative approach is proposed to deal with the emerging situation. The climate change impacts cuts across jurisdictional boundaries of various sectors and will require governments, businesses, nongovernmental organizations, and individuals to minimize risks and take advantage of potential planning opportunities in a collaborative manner. This is the simple means by which the far reaching effects of climate impacts can be addressed efficiently and effectively while avoiding potential conflicts. The Co

	9.2 Goals & Objectives
	9.2 Goals & Objectives

	The fundamental purpose and goal of the strategy is to begin a state wide, ongoing, and committed process of adapting to a changing climate in the context of other changes in the environment, economy, and society. To achieve this goal, the adaptation strategy pursues the following specific objectives:
	The fundamental purpose and goal of the strategy is to begin a state wide, ongoing, and committed process of adapting to a changing climate in the context of other changes in the environment, economy, and society. To achieve this goal, the adaptation strategy pursues the following specific objectives:

	- Identification and synthesis of climate change risks: We need to synthesize to the greatest extent possible how temperature rise, extreme weather events, precipitation changes, seasonal shifts, will exacerbate existing water supply and quality, air quality, habitat loss, human health risks, fire and floods etc. and to assess how these changes will impact the state's economy, infrastructure, society and environment.
	- Identification and synthesis of climate change risks: We need to synthesize to the greatest extent possible how temperature rise, extreme weather events, precipitation changes, seasonal shifts, will exacerbate existing water supply and quality, air quality, habitat loss, human health risks, fire and floods etc. and to assess how these changes will impact the state's economy, infrastructure, society and environment.


	- Develop criteria for prioritizing identified adaptation strategies: The applicability of these criteria may vary across sectors, and should ideally include but not be limited to social, environmental, technological, manpower, institutional, policy, and financial /economic considerations.
	- Develop criteria for prioritizing identified adaptation strategies: The applicability of these criteria may vary across sectors, and should ideally include but not be limited to social, environmental, technological, manpower, institutional, policy, and financial /economic considerations.
	- Develop criteria for prioritizing identified adaptation strategies: The applicability of these criteria may vary across sectors, and should ideally include but not be limited to social, environmental, technological, manpower, institutional, policy, and financial /economic considerations.

	- Identification of sector-specific and cross-sectoral adaptation strategies to reduce vulnerabilities and built climate resilience: To make strategies which helps to (a) improve preparedness for climate change impacts and extreme events, (b) avoid, prevent, or minimize climate change impacts to agriculture, public health, biodiversity, land, forests, and infrastructure, (c) enhance the state's response capacity in case of extremes, and (d) facilitate recovery from impacts and extremes in order to enhance t
	- Identification of sector-specific and cross-sectoral adaptation strategies to reduce vulnerabilities and built climate resilience: To make strategies which helps to (a) improve preparedness for climate change impacts and extreme events, (b) avoid, prevent, or minimize climate change impacts to agriculture, public health, biodiversity, land, forests, and infrastructure, (c) enhance the state's response capacity in case of extremes, and (d) facilitate recovery from impacts and extremes in order to enhance t

	- Cross-cutting supportive strategies: Identify governance efforts (such as policy or changes in regulations, procedural adjustments, etc.) and resources needed to enable the development and implementation of identified adaptation strategies.
	- Cross-cutting supportive strategies: Identify governance efforts (such as policy or changes in regulations, procedural adjustments, etc.) and resources needed to enable the development and implementation of identified adaptation strategies.

	9.3 List of Prioritized Adaptation & Mitigation Options
	9.3 List of Prioritized Adaptation & Mitigation Options

	9.3.1 Adaptation
	9.3.1 Adaptation

	"To develop a package of adaptation measures, aimed at protecting the health of people, water resources, agri-hortiproduction, urban and rural infrastructure and hydropower generation."
	"To develop a package of adaptation measures, aimed at protecting the health of people, water resources, agri-hortiproduction, urban and rural infrastructure and hydropower generation."

	To achieve this, it is essential to first define future climate change vulnerability scenarios in State's priority sectors, with the aim of assessing the environmental, socioeconomic and health impacts of this phenomenon. This information will allow climate change adaptation measures to be defined on the regional and sector levels. Described below are the actions set out under this vision that will be undertaken to establish and execute measures to adapt to the climate change impacts in the State.
	To achieve this, it is essential to first define future climate change vulnerability scenarios in State's priority sectors, with the aim of assessing the environmental, socioeconomic and health impacts of this phenomenon. This information will allow climate change adaptation measures to be defined on the regional and sector levels. Described below are the actions set out under this vision that will be undertaken to establish and execute measures to adapt to the climate change impacts in the State.

	Adaptation, Mitigation to the Impacts of Climate Change
	Adaptation, Mitigation to the Impacts of Climate Change

	- Analysis of Climate Scenarios at the Local/ Regional Level.
	- Analysis of Climate Scenarios at the Local/ Regional Level.

	- Determination of Impacts and Climate Change Adaptation Measures in following sectors:
	- Determination of Impacts and Climate Change Adaptation Measures in following sectors:

	Direct: Agricultural- Horticulture
	Direct: Agricultural- Horticulture

	Water Resources Forest,
	Water Resources Forest,

	Biodiversity
	Biodiversity

	Indirect: Energy, Hydro Power
	Indirect: Energy, Hydro Power

	Health.
	Health.

	Tourism
	Tourism

	Housing, Urban Infrastructure
	Housing, Urban Infrastructure

	- Formulation of a Regional Plan for Climate Change Adaptation and Related Sectoral Plans.
	- Formulation of a Regional Plan for Climate Change Adaptation and Related Sectoral Plans.


	9.3.2 Mitigation
	9.3.2 Mitigation
	9.3.2 Mitigation

	"To work toward becoming a low-carbon/carbon neutral economy as a means of promoting sustainable development in Himachal Pradesh as well as a means of contributing to national efforts to reduce GHG emissions."
	"To work toward becoming a low-carbon/carbon neutral economy as a means of promoting sustainable development in Himachal Pradesh as well as a means of contributing to national efforts to reduce GHG emissions."

	To achieve this goal, the State must first analyze its options for reducing greenhouse gas emissions and then assess various mitigation scenarios. Options for reducing GHG emissions include increasing the availability of carbon sinks (biological absorption of GHGs) or reducing the level of emissions released into the atmosphere, ideally in sectors such as energy generation, transport, mining and agriculture, which contribute the large amounts of emissions in the State. This being the case, and with the obje
	To achieve this goal, the State must first analyze its options for reducing greenhouse gas emissions and then assess various mitigation scenarios. Options for reducing GHG emissions include increasing the availability of carbon sinks (biological absorption of GHGs) or reducing the level of emissions released into the atmosphere, ideally in sectors such as energy generation, transport, mining and agriculture, which contribute the large amounts of emissions in the State. This being the case, and with the obje

	- To carry out/update Greenhouse Gas Emissions inventory.
	- To carry out/update Greenhouse Gas Emissions inventory.

	- Mitigation Assessment Studies & Implementable Actions.
	- Mitigation Assessment Studies & Implementable Actions.

	- Generation of mitigation scenarios in Himachal Pradesh.
	- Generation of mitigation scenarios in Himachal Pradesh.

	- Formulation of a State Plan for mitigation of Green House Gas Emissions and related Sectoral Plans.
	- Formulation of a State Plan for mitigation of Green House Gas Emissions and related Sectoral Plans.

	9.3.3 Capacity Building
	9.3.3 Capacity Building

	General Guidelines for Capacity Building: "To inform the population about environmental problems and, in particular, to raise awareness about the effects of climate change and to encourage education, awareness and research on this subject in Himachal Pradesh."
	General Guidelines for Capacity Building: "To inform the population about environmental problems and, in particular, to raise awareness about the effects of climate change and to encourage education, awareness and research on this subject in Himachal Pradesh."

	The above vision for the production of quality and accessible information on climate change will help formulate the State's position on this issue.
	The above vision for the production of quality and accessible information on climate change will help formulate the State's position on this issue.

	The actions described below will be carried out under these general guidelines in order to build capacities for comprehensively addressing climate change in the long-term as well as to reinforce capacities already present in the State.
	The actions described below will be carried out under these general guidelines in order to build capacities for comprehensively addressing climate change in the long-term as well as to reinforce capacities already present in the State.

	- Creation of a State Fund for research on biodiversity and climate change.
	- Creation of a State Fund for research on biodiversity and climate change.

	- Evaluation of the technical and economic feasibility of establishing a basic Comprehensive Regional Network (Atmospheric and Terrestrial) for Monitoring and Studying Climate Change.
	- Evaluation of the technical and economic feasibility of establishing a basic Comprehensive Regional Network (Atmospheric and Terrestrial) for Monitoring and Studying Climate Change.

	- Creation of a state level Glacier Registry.
	- Creation of a state level Glacier Registry.

	- Strengthening the institutional framework in Himachal Pradesh for addressing climate change.
	- Strengthening the institutional framework in Himachal Pradesh for addressing climate change.

	- Design of instruments to promote the development, transfer and adoption of technologies for climate change mitigation and adaptation.
	- Design of instruments to promote the development, transfer and adoption of technologies for climate change mitigation and adaptation.

	A core element of the implementation strategy is that all research studies that will be conducted in the State, weather funded through State Action Plan on Climate Change or through other sources, will be coordinated by State Centre on Climate Change.
	A core element of the implementation strategy is that all research studies that will be conducted in the State, weather funded through State Action Plan on Climate Change or through other sources, will be coordinated by State Centre on Climate Change.


	9.4 Strategic Framework for Adaptation & Mitigation
	9.4 Strategic Framework for Adaptation & Mitigation
	9.4 Strategic Framework for Adaptation & Mitigation

	The Strategic Framework for Adaptation & Mitigation worked out is as per Table-23 & 24.
	The Strategic Framework for Adaptation & Mitigation worked out is as per Table-23 & 24.


	T able-23: The Strategic Framework for Adaptation & Mitigation
	T able-23: The Strategic Framework for Adaptation & Mitigation
	T able-23: The Strategic Framework for Adaptation & Mitigation
	T able-23: The Strategic Framework for Adaptation & Mitigation
	T able-23: The Strategic Framework for Adaptation & Mitigation
	T able-23: The Strategic Framework for Adaptation & Mitigation



	Area
	Area
	Area
	Area


	Objectives
	Objectives
	Objectives



	Adaptation to the Impacts of Climate Change
	Adaptation to the Impacts of Climate Change
	Adaptation to the Impacts of Climate Change
	Adaptation to the Impacts of Climate Change


	1. Evaluate environmental and socioeconomic impacts of climate change in Himachal Pradesh.
	1. Evaluate environmental and socioeconomic impacts of climate change in Himachal Pradesh.
	1. Evaluate environmental and socioeconomic impacts of climate change in Himachal Pradesh.

	2. Define adaptation measures.
	2. Define adaptation measures.

	3. Implement and follow-up on adaptation measures.
	3. Implement and follow-up on adaptation measures.



	Mitigation of Greenhouse Gas Emissions
	Mitigation of Greenhouse Gas Emissions
	Mitigation of Greenhouse Gas Emissions
	Mitigation of Greenhouse Gas Emissions


	1. Analyze alternatives for mitigating greenhouse gas emissions in Himachal Pradesh.
	1. Analyze alternatives for mitigating greenhouse gas emissions in Himachal Pradesh.
	1. Analyze alternatives for mitigating greenhouse gas emissions in Himachal Pradesh.

	2. Define mitigation measures.
	2. Define mitigation measures.

	3. Implement and follow-up on mitigation measures.
	3. Implement and follow-up on mitigation measures.



	Creation and Promotion of Capacities in the Area of Climate Change
	Creation and Promotion of Capacities in the Area of Climate Change
	Creation and Promotion of Capacities in the Area of Climate Change
	Creation and Promotion of Capacities in the Area of Climate Change


	1. Promote public information and awareness about climate change.
	1. Promote public information and awareness about climate change.
	1. Promote public information and awareness about climate change.

	2. Encourage education and research on climate change.
	2. Encourage education and research on climate change.

	3. Improve systematic climate observation.
	3. Improve systematic climate observation.

	4. Generate high-quality, accessible information for decision­making.
	4. Generate high-quality, accessible information for decision­making.

	5. Build institutional capacities for mitigation and adaptation.
	5. Build institutional capacities for mitigation and adaptation.

	6. Develop and transfer technologies for mitigation and adaptation.
	6. Develop and transfer technologies for mitigation and adaptation.

	7. Prepare, regularly review and update State's greenhouse gas inventory.
	7. Prepare, regularly review and update State's greenhouse gas inventory.

	8. Actively participate in the National Climate Change agenda.
	8. Actively participate in the National Climate Change agenda.

	9. Support national cooperation on climate change.
	9. Support national cooperation on climate change.

	10. Establish synergies with other conventions being implemented at national level.
	10. Establish synergies with other conventions being implemented at national level.





	9.5 Short Term Adaptation Strategies
	9.5 Short Term Adaptation Strategies
	9.5 Short Term Adaptation Strategies


	Table-24: Short Term Adaptation Strategies
	Table-24: Short Term Adaptation Strategies
	Table-24: Short Term Adaptation Strategies
	Table-24: Short Term Adaptation Strategies
	Table-24: Short Term Adaptation Strategies
	Table-24: Short Term Adaptation Strategies



	Sr.
	Sr.
	Sr.
	Sr.

	No.
	No.


	Strategic Entry Point
	Strategic Entry Point
	Strategic Entry Point


	Action
	Action
	Action


	Indicator
	Indicator
	Indicator



	A.
	A.
	A.
	A.


	Comprehensive State Level Adaptation Planning
	Comprehensive State Level Adaptation Planning
	Comprehensive State Level Adaptation Planning


	- Institutionalization of adaptation to climate change and reducing greenhouse gas emissions into state planning processes, budgets, and policy development.
	- Institutionalization of adaptation to climate change and reducing greenhouse gas emissions into state planning processes, budgets, and policy development.
	- Institutionalization of adaptation to climate change and reducing greenhouse gas emissions into state planning processes, budgets, and policy development.

	- Establish a framework for promoting collaboration within and among different sectors to implement climate change adaptation strategies and to promote comprehensive state adaptation planning.
	- Establish a framework for promoting collaboration within and among different sectors to implement climate change adaptation strategies and to promote comprehensive state adaptation planning.

	- Set up three levels of coordination-
	- Set up three levels of coordination-

	Implementation,
	Implementation,

	Monitoring & Evaluation, and Coordination.
	Monitoring & Evaluation, and Coordination.


	- Efficiencies are realized and impacts are minimized.
	- Efficiencies are realized and impacts are minimized.
	- Efficiencies are realized and impacts are minimized.

	- Level of coordination set up in each line organization.
	- Level of coordination set up in each line organization.



	B.
	B.
	B.
	B.


	Integration of Land Use Planning and Climate Adaptation Planning
	Integration of Land Use Planning and Climate Adaptation Planning
	Integration of Land Use Planning and Climate Adaptation Planning


	- Prepare guidelines to guide agencies to evaluate the impacts of locating developmental projects in areas susceptible to disastrous conditions.
	- Prepare guidelines to guide agencies to evaluate the impacts of locating developmental projects in areas susceptible to disastrous conditions.
	- Prepare guidelines to guide agencies to evaluate the impacts of locating developmental projects in areas susceptible to disastrous conditions.

	- Incorporate climate adaptation considerations into the urban and rural planning processes.
	- Incorporate climate adaptation considerations into the urban and rural planning processes.

	- Incentives to communities that are most vulnerable and are prepare them for likely climate change impacts.
	- Incentives to communities that are most vulnerable and are prepare them for likely climate change impacts.

	- Make land use planning integral part of development process.
	- Make land use planning integral part of development process.

	- Address climate change in the long-term vision and development goals of general plans.
	- Address climate change in the long-term vision and development goals of general plans.

	- Coordination and consultation mechanisms need to be established and/or strengthened.
	- Coordination and consultation mechanisms need to be established and/or strengthened.

	- Effectively address the vulnerability, resilience, and future growth of areas prone to climate change impacts.
	- Effectively address the vulnerability, resilience, and future growth of areas prone to climate change impacts.

	- Identify critical infrastructure such as roads, power projects, and water/wastewater pipelines that may be affected by climate change extreme events.
	- Identify critical infrastructure such as roads, power projects, and water/wastewater pipelines that may be affected by climate change extreme events.

	- Inventorize sources of water that may be reduced due to increased temperatures, decreased glacial snow pack and dependent wetland storages.
	- Inventorize sources of water that may be reduced due to increased temperatures, decreased glacial snow pack and dependent wetland storages.

	- Prepare state blueprint for planning process that identify areas vulnerable to climate change.
	- Prepare state blueprint for planning process that identify areas vulnerable to climate change.


	- Regulation in urban, rural expansion in sensitive areas.
	- Regulation in urban, rural expansion in sensitive areas.
	- Regulation in urban, rural expansion in sensitive areas.

	- Road map identified to address local level vulnerabilities in an integrated and comprehensive manner.
	- Road map identified to address local level vulnerabilities in an integrated and comprehensive manner.

	- Local, state, and other jurisdictions do not work at cro ss purposes.
	- Local, state, and other jurisdictions do not work at cro ss purposes.



	C.
	C.
	C.
	C.


	Improve Emergency Preparedness and Response Capacity for Climate Change Impacts.
	Improve Emergency Preparedness and Response Capacity for Climate Change Impacts.
	Improve Emergency Preparedness and Response Capacity for Climate Change Impacts.


	- To assess emergency response capacity, minimize exposure to climate extremes.
	- To assess emergency response capacity, minimize exposure to climate extremes.
	- To assess emergency response capacity, minimize exposure to climate extremes.

	- To undertake anticipatory planning (prevention and preparation).
	- To undertake anticipatory planning (prevention and preparation).

	- To update the State Disaster Management Plan, to strengthen consideration of climate impacts to hazard assessment in planning, implementation priorities, and emergency response.
	- To update the State Disaster Management Plan, to strengthen consideration of climate impacts to hazard assessment in planning, implementation priorities, and emergency response.


	- Sectors starts periodically reviewing their changing capacity needs.
	- Sectors starts periodically reviewing their changing capacity needs.
	- Sectors starts periodically reviewing their changing capacity needs.

	- Limited consequences of unforeseen events.
	- Limited consequences of unforeseen events.

	- Preparedness and emergency response capacity built.
	- Preparedness and emergency response capacity built.

	- Reduced strain on emergency services.
	- Reduced strain on emergency services.





	Sr.
	Sr.
	Sr.
	Sr.
	Sr.
	Sr.

	No.
	No.


	Strategic Entry Point
	Strategic Entry Point
	Strategic Entry Point


	Action
	Action
	Action


	Indicator
	Indicator
	Indicator



	D.
	D.
	D.
	D.


	Strengthen the climate change research and science programs
	Strengthen the climate change research and science programs
	Strengthen the climate change research and science programs


	- To develop a strategic plan that identifies priority state climate adaptation research and monitoring needs; proposed resources and timeframes to implement the plan; and potential for research co funding and collaboration with local, state, and national agencies, universities and other research institutions.
	- To develop a strategic plan that identifies priority state climate adaptation research and monitoring needs; proposed resources and timeframes to implement the plan; and potential for research co funding and collaboration with local, state, and national agencies, universities and other research institutions.
	- To develop a strategic plan that identifies priority state climate adaptation research and monitoring needs; proposed resources and timeframes to implement the plan; and potential for research co funding and collaboration with local, state, and national agencies, universities and other research institutions.

	- To develop a comprehensive research project catalogue and continue to biannually publish key state sponsored climate research. Such as on glacier-society-economic sector interaction.
	- To develop a comprehensive research project catalogue and continue to biannually publish key state sponsored climate research. Such as on glacier-society-economic sector interaction.

	- To develop a Local Level Climate Vulnerability Index to ensure the best available science informs climate adaptation decision making.
	- To develop a Local Level Climate Vulnerability Index to ensure the best available science informs climate adaptation decision making.

	- To develop a more systematic approach to funding risk reduction efforts.
	- To develop a more systematic approach to funding risk reduction efforts.


	- Centre on Climate Change research and development set up.
	- Centre on Climate Change research and development set up.
	- Centre on Climate Change research and development set up.

	- Planning process linked to climate change research and science.
	- Planning process linked to climate change research and science.

	- Enhanced adaptive capacity of sectors developed.
	- Enhanced adaptive capacity of sectors developed.





	Himachal Pradesh has a unique opportunity to confront the problem of climate change synergistically with sectoral development agendas that will create opportunities to address local needs such as:
	Himachal Pradesh has a unique opportunity to confront the problem of climate change synergistically with sectoral development agendas that will create opportunities to address local needs such as:
	Himachal Pradesh has a unique opportunity to confront the problem of climate change synergistically with sectoral development agendas that will create opportunities to address local needs such as:

	• Formulating and strengthening the State Environmental Policy by reducing local pollutants and other negative environmental externalities and implementing measures to reduce greenhouse gas emissions and adapt to climate change. Based on the potential synergy between national issues and the local agenda, a major challenge for the State Government is to integrate climate change into its public policies and management instruments that address issues such as:
	• Formulating and strengthening the State Environmental Policy by reducing local pollutants and other negative environmental externalities and implementing measures to reduce greenhouse gas emissions and adapt to climate change. Based on the potential synergy between national issues and the local agenda, a major challenge for the State Government is to integrate climate change into its public policies and management instruments that address issues such as:

	- conservation and sustainable use of biodiversity and natural resources,
	- conservation and sustainable use of biodiversity and natural resources,

	- water resources management through river basin management, among other important issues in this area,
	- water resources management through river basin management, among other important issues in this area,

	- glacier protection,
	- glacier protection,

	- energy generation and use,
	- energy generation and use,

	- public health impacts, and
	- public health impacts, and

	- education for sustainable development.
	- education for sustainable development.

	• Advancing sustainable development and poverty reduction through the transfer of technologies that mitigate greenhouse gas emissions and enable adaptation to their expected impacts. This will help to improve the socio-economic and environmental conditions of communities or parties directly affected by this phenomenon.
	• Advancing sustainable development and poverty reduction through the transfer of technologies that mitigate greenhouse gas emissions and enable adaptation to their expected impacts. This will help to improve the socio-economic and environmental conditions of communities or parties directly affected by this phenomenon.

	• Increasing participation in the carbon market through the Clean Development Mechanism, which is crucial for accelerating the introduction of environmentally friendly technologies that reduce emissions of greenhouse gases and local pollutants.
	• Increasing participation in the carbon market through the Clean Development Mechanism, which is crucial for accelerating the introduction of environmentally friendly technologies that reduce emissions of greenhouse gases and local pollutants.


	9.6 Recommendations
	9.6 Recommendations
	9.6 Recommendations


	The recommendations outlined below have been developed based on substantive feedback drawn from review of various policies, drawing on the expertise of different sectors and individuals offering different perspectives on effective approaches to climate adaptation.
	The recommendations outlined below have been developed based on substantive feedback drawn from review of various policies, drawing on the expertise of different sectors and individuals offering different perspectives on effective approaches to climate adaptation.
	The recommendations outlined below have been developed based on substantive feedback drawn from review of various policies, drawing on the expertise of different sectors and individuals offering different perspectives on effective approaches to climate adaptation.

	It is recognized that implementation of the proposed strategies will require significant collaboration among multiple stakeholders to ensure that these are carried out in a rational, yet progressive manner over the long term. These strategies distinguish between near-term actions that should be done by the end of 2012-15 and long-term actions to be developed over time.
	It is recognized that implementation of the proposed strategies will require significant collaboration among multiple stakeholders to ensure that these are carried out in a rational, yet progressive manner over the long term. These strategies distinguish between near-term actions that should be done by the end of 2012-15 and long-term actions to be developed over time.

	Key recommendations include:
	Key recommendations include:

	1. Promote sustainable development through climate change related adaptation and mitigation actions.
	1. Promote sustainable development through climate change related adaptation and mitigation actions.

	2. Prepare sector specific adaptation plans, guidance manuals, or criteria for the management and regulation of urban and rural development, health, water supply, hydropower development subject to significant climate change by 2017.
	2. Prepare sector specific adaptation plans, guidance manuals, or criteria for the management and regulation of urban and rural development, health, water supply, hydropower development subject to significant climate change by 2017.

	3. To assess the risks to the State from climate change and recommend strategies to reduce those risks building on State's Climate Adaptation Strategy.
	3. To assess the risks to the State from climate change and recommend strategies to reduce those risks building on State's Climate Adaptation Strategy.

	4. Empowering local communities and stakeholders to promote integrated watershed management as an instrument for rural poverty reduction through improvements in the productivity and climate resilience of natural resources.
	4. Empowering local communities and stakeholders to promote integrated watershed management as an instrument for rural poverty reduction through improvements in the productivity and climate resilience of natural resources.

	5. To develop a plan for expanding existing protected areas or altering land and water management practices to minimize adverse effects from climate change induced phenomena. Extensive research activities w.r.t. land and aquatic habitats which significantly susceptible to climate change need to be undertaken.
	5. To develop a plan for expanding existing protected areas or altering land and water management practices to minimize adverse effects from climate change induced phenomena. Extensive research activities w.r.t. land and aquatic habitats which significantly susceptible to climate change need to be undertaken.

	6. Reviewing of its water management practices and uses as the climate change is likely create bigger competition for limited water supplies required for the drinking water supply, agriculture, ecology & environment, and hydropower. To work out and implement strategies to achieve at least 5-10 percent reduction in per capita water consumption by 2015.
	6. Reviewing of its water management practices and uses as the climate change is likely create bigger competition for limited water supplies required for the drinking water supply, agriculture, ecology & environment, and hydropower. To work out and implement strategies to achieve at least 5-10 percent reduction in per capita water consumption by 2015.

	7. To expand surface and groundwater storage, implement efforts to fix water supply, quality, and ecosystem conditions, support agricultural water use efficiency, improve state-wide water quality, and improve ecosystem conditions and stabilize water supplies.
	7. To expand surface and groundwater storage, implement efforts to fix water supply, quality, and ecosystem conditions, support agricultural water use efficiency, improve state-wide water quality, and improve ecosystem conditions and stabilize water supplies.

	8. Soil conservation activities are required to be enhanced in the State.
	8. Soil conservation activities are required to be enhanced in the State.

	9. All significant state development projects, including township, hydropower, industry projects, must consider the potential impacts of locating such projects in areas susceptible to hazards resulting from climate change.
	9. All significant state development projects, including township, hydropower, industry projects, must consider the potential impacts of locating such projects in areas susceptible to hazards resulting from climate change.

	10. To develop plans for an increased use of renewable energy; harnessing solar, wind power to meet out the energy demand from projected population growth with greater energy conservation.
	10. To develop plans for an increased use of renewable energy; harnessing solar, wind power to meet out the energy demand from projected population growth with greater energy conservation.

	11. To adopt alternatives study approach that avoids significant new development in areas that cannot be adequately protected (planning, permitting, development, and building) from extreme events of climate change. The most risk-averse approach for minimizing the adverse effects of temperature rise, river bed water level rise and storm activities is to carefully consider while developing new areas which are vulnerable to these aspects.
	11. To adopt alternatives study approach that avoids significant new development in areas that cannot be adequately protected (planning, permitting, development, and building) from extreme events of climate change. The most risk-averse approach for minimizing the adverse effects of temperature rise, river bed water level rise and storm activities is to carefully consider while developing new areas which are vulnerable to these aspects.

	12. To assess mitigation and adaptation strategies that includes impacts on vulnerable populations and communities and assessment of cumulative health impacts including
	12. To assess mitigation and adaptation strategies that includes impacts on vulnerable populations and communities and assessment of cumulative health impacts including


	assessments of land use, urbanization, hydropower development, industrial development and transportation proposals that can impact health.
	assessments of land use, urbanization, hydropower development, industrial development and transportation proposals that can impact health.
	assessments of land use, urbanization, hydropower development, industrial development and transportation proposals that can impact health.

	13. To prepare long term plans for dealing with health impacts which are likely to increase with climate change with a view to develop and to build resilience to increased spread of disease and temperature increase.
	13. To prepare long term plans for dealing with health impacts which are likely to increase with climate change with a view to develop and to build resilience to increased spread of disease and temperature increase.

	14. Ecosystems evaluation analysis and issuance of state policy on payment for environmental services based on pilots.
	14. Ecosystems evaluation analysis and issuance of state policy on payment for environmental services based on pilots.

	15. Sustainable Management of forests as per agreed methodology for REDD+.
	15. Sustainable Management of forests as per agreed methodology for REDD+.

	16. Preparation and implementation of Basin wise Integrated Catchment Area Treatment (BICAT).
	16. Preparation and implementation of Basin wise Integrated Catchment Area Treatment (BICAT).

	17. To develop effective fire fighting plans in view of emerging extreme climate change risks. Enhanced fire risk in forest areas from climate change will likely increase and impact on the biodiversity, public health and safety risks, property damage, fire suppression and emergency response costs to government, watershed and water quality impacts, and vegetation conversions and habitat fragmentation.
	17. To develop effective fire fighting plans in view of emerging extreme climate change risks. Enhanced fire risk in forest areas from climate change will likely increase and impact on the biodiversity, public health and safety risks, property damage, fire suppression and emergency response costs to government, watershed and water quality impacts, and vegetation conversions and habitat fragmentation.

	18. Expansion & consolidation of Community Led Assessment, Awareness, Advocacy and Action Program (CLAP) for Environment Protection and Sustainable Development in the State.
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	19. To broaden and fund the research beneficial to policy makers, planners on climate change impacts in Himachal Pradesh, focusing on linkages with international, central funding resources, developing vulnerability studies, and synthesizing the latest climate information into useable information for local needs through different tools.
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	Cost-benefit analysis is often used in government systems to evaluate the desirability of a given intervention or for selecting an option. It is heavily used in today's government systems. It is an analysis of the cost effectiveness of different options in order to see whether the benefits outweigh the costs. The aim is to gauge the efficiency of the option relative to the status quo. The costs and benefits of the impacts of an intervention are evaluated in terms of the public's willingness to pay for them 
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	For example, the adaptation options proposed include improving water resources management, optimizing agricultural production and increasing the efficiency of irrigation systems. The water allocations from water resources, covering generation of hydropower, water for human consumption, water for agricultural production, water discharges control. Identified adaptation options include
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	improving infrastructure to enhance water quantity and quality, improving storm and sanitary sewers, domestic and industrial wastewater treatment, raising public awareness and integrated watershed management.
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	Options have been categorized as policies, strategies, planning or operations. While the first two groups of options are assumed to have minimal costs and could be part of the regular budget, the second two are expected to have considerable costs in the short, medium and long term. The costs of immediate actions to enhance integrated water resources management are estimated to be higher but certainly have potential to deliver cost effective later.
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	Biodiversity and ecosystems is one area of action in Himachal Pradesh where consideration of externalities and non-monetary values is paramount in an assessment of costs and benefits. For example, the construction of hydro power, irrigation dams does bring significant short term benefits to communities living upstream, such dams constrain the development opportunities for communities living in downstream of such area, downstream communities not paid in part to their effects on local ecosystems. Once all pro
	Biodiversity and ecosystems is one area of action in Himachal Pradesh where consideration of externalities and non-monetary values is paramount in an assessment of costs and benefits. For example, the construction of hydro power, irrigation dams does bring significant short term benefits to communities living upstream, such dams constrain the development opportunities for communities living in downstream of such area, downstream communities not paid in part to their effects on local ecosystems. Once all pro

	9.8 Assessment of Adaptive Capacity & Feasibility of Implementing the Options
	9.8 Assessment of Adaptive Capacity & Feasibility of Implementing the Options

	Key components of adaptive capacity include the ability to generate, access and interpret information about climate change and its likely impacts; suitable methods for identifying and assessing potential adaptation strategies; appropriately skilled people; adequate financial and other resources; governance systems with sufficient flexibility and foresight to embrace adaptation planning; and willingness to adapt. Knowledge and methods will need to span a range of disciplines, including climate science, bioph
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	There are substantial gaps in our knowledge and we need to improve the synthesis and dissemination of information for decision-makers. Decision makers need improved information, guides and tools which are tailored to their field and scope of operation to enable effective adaptation. Based on the adaptive capacity of various regions of the State, general anticipatory adaptation options have been indicated which should be adopted as per the local level circumstances. The response matrix for these options is s
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	In view of the current financial and economic positions, emerging crisis such as pressure on water and natural resources etc. shall create even greater challenges due to climate change in times to come. These problems shall make more evident than ever the need to transform the way in which we live, produce, operate and consume. There is a necessity to move towards green economy, sustainable patterns of agriculture practices and consumption and sustainable growth. Green economy represents a genuine opportuni
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	The State of Himachal Pradesh has always taken the challenges ahead critically and has initiated various programmes, activities for sustainable and inclusive growth. The State has adopted a strategy for sustainable growth by way of promoting a resource efficient, greener and competitive economy. Developing Himachal Pradesh as a green economy is an effort to enhance the environmental pillar of sustainability.
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	In order to move the State on the path of green economy, the actions are needed at all levels, by all stakeholders. There is a need of commitment and understanding at local level as well. Developing State as a 'green economy' can be achieved by integrating number of interlinked elements such as:
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	• Green Public Procurement: It represents a clear opportunity for the Governments to show in a very practical way their political will to move towards a green economy. Adopting it as a modern policy instrument has a huge potential to catalyze change towards greening all sectors of economic activity, mainly industry and services.
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	• Green Jobs: It represents a huge opportunity to reduce unemployment while enhancing the protection of the environment. It requires an enhanced support and commitment both from governments and from the private sector.
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	• Promote Small Scale and Medium Scale Industries: This has a potential to be a key factor in the process of expansion of green economy. Because of their size and dynamism, these are more likely to adapt faster than large companies to the new environmental standards. Improved regulatory frameworks, easier access to international markets and supporting incentives with cleaner technologies.
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	• Enhance Corporate Social and Environmental Responsibility: This needs to be further promoted at the local level as a key element in ensuring long term public and user reliance, poverty reduction and reduction of the environmental impacts of economic activities.
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	* The budget presented above are indicative and worked out in context of geographic condition of State and current price and may alter/ change in future. The State Strategy &. Action Plan on Climate Change is a dynamic process and will be reviewed annually and necessary corrective steps/ measures will be undertaken.
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	The Government of India has indicated and committed in various national communications that the adaptation and mitigation measures shall have to be implemented all throughout the country without any compromise. The Government of India has specifically asked to furnish the State Action Plan on Climate Change (SAPCC) for consideration under the 12th Five Year Plan for funding.
	The Government of India has indicated and committed in various national communications that the adaptation and mitigation measures shall have to be implemented all throughout the country without any compromise. The Government of India has specifically asked to furnish the State Action Plan on Climate Change (SAPCC) for consideration under the 12th Five Year Plan for funding.
	The Government of India has indicated and committed in various national communications that the adaptation and mitigation measures shall have to be implemented all throughout the country without any compromise. The Government of India has specifically asked to furnish the State Action Plan on Climate Change (SAPCC) for consideration under the 12th Five Year Plan for funding.

	Where possible, the strategy and action plan identifies the indicative costs associated with specific measures but it is recognised that the overall costs of the strategy will be spread across the economy as a whole associated with adaptation and mitigation and indeed are likely to impact in some way on every household. It would clearly be impossible to attempt to quantify the total cost.
	Where possible, the strategy and action plan identifies the indicative costs associated with specific measures but it is recognised that the overall costs of the strategy will be spread across the economy as a whole associated with adaptation and mitigation and indeed are likely to impact in some way on every household. It would clearly be impossible to attempt to quantify the total cost.

	However, the measures in the strategy also present opportunities for savings across the economy, right down to the individual household. Energy efficiencies, in particular, will reduce living costs for households and improve the profitability of enterprises, competitiveness and employment opportunities. More importantly, it is quite certain that, for society as a whole, the costs of inaction would greatly outweigh the cost of action. It, therefore, makes economic sense to invest now in placing ourselves on 
	However, the measures in the strategy also present opportunities for savings across the economy, right down to the individual household. Energy efficiencies, in particular, will reduce living costs for households and improve the profitability of enterprises, competitiveness and employment opportunities. More importantly, it is quite certain that, for society as a whole, the costs of inaction would greatly outweigh the cost of action. It, therefore, makes economic sense to invest now in placing ourselves on 
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	In Himachal Pradesh in order to respond effectively to the challenges of climate change, the State Government has constituted a State Level Governing Council on Climate Change, under the chairmanship of Chief Minister. The Council has broad based representation from key stake­holders departments to monitor the targets, objectives and achievements of the Eight National Missions specified under National Action Plan on Climate Change. The State Governing Council also provides guidance on matters relating to co
	In Himachal Pradesh in order to respond effectively to the challenges of climate change, the State Government has constituted a State Level Governing Council on Climate Change, under the chairmanship of Chief Minister. The Council has broad based representation from key stake­holders departments to monitor the targets, objectives and achievements of the Eight National Missions specified under National Action Plan on Climate Change. The State Governing Council also provides guidance on matters relating to co
	In Himachal Pradesh in order to respond effectively to the challenges of climate change, the State Government has constituted a State Level Governing Council on Climate Change, under the chairmanship of Chief Minister. The Council has broad based representation from key stake­holders departments to monitor the targets, objectives and achievements of the Eight National Missions specified under National Action Plan on Climate Change. The State Governing Council also provides guidance on matters relating to co

	Besides, an Executive Council under the chairpersonship of Chief Secretary, Himachal Pradesh has also been setup having involvement of almost all stake holder line Departments with the objective of implementation and monitoring of the directives of the State Governing Council on Climate Change.
	Besides, an Executive Council under the chairpersonship of Chief Secretary, Himachal Pradesh has also been setup having involvement of almost all stake holder line Departments with the objective of implementation and monitoring of the directives of the State Governing Council on Climate Change.

	The Department of Environment, Science & Technology to the Government of Himachal Pradesh acts as a Nodal Agency to coordinate and deal with the climate change issues. The Department of Environment, Science & Technology, the State Council for Science, Technology & Environment, State Centre on Climate Change would continue to evolve strategies and programmes, based on new scientific and technical knowledge as they emerge and in response to the evolution of the multilateral climate change regime including arr
	The Department of Environment, Science & Technology to the Government of Himachal Pradesh acts as a Nodal Agency to coordinate and deal with the climate change issues. The Department of Environment, Science & Technology, the State Council for Science, Technology & Environment, State Centre on Climate Change would continue to evolve strategies and programmes, based on new scientific and technical knowledge as they emerge and in response to the evolution of the multilateral climate change regime including arr

	The Government would ensure that the implementation of measures at sectoral level will be the responsibility of the relevant Government Departments and agencies. On Climate Change, a team comprising of senior officials from relevant Government Departments will be notified to coordinate the implementation of the Strategy.
	The Government would ensure that the implementation of measures at sectoral level will be the responsibility of the relevant Government Departments and agencies. On Climate Change, a team comprising of senior officials from relevant Government Departments will be notified to coordinate the implementation of the Strategy.

	A Centre on Climate Change has already been established in Himachal Pradesh which will act as a nerve centre for climate change data base and actions. This Centre is being catered and supported for its GIS applications need by the Aryabhatta Geo-informatics & Space Application Centre (AGiSAC). Further, Working Groups and Sub-groups will be established, as necessary, to secure implementation of specific measures that require enhanced policy coordination across sectors and may involve appropriate expertise fr
	A Centre on Climate Change has already been established in Himachal Pradesh which will act as a nerve centre for climate change data base and actions. This Centre is being catered and supported for its GIS applications need by the Aryabhatta Geo-informatics & Space Application Centre (AGiSAC). Further, Working Groups and Sub-groups will be established, as necessary, to secure implementation of specific measures that require enhanced policy coordination across sectors and may involve appropriate expertise fr

	The Department of Environment, Science & Technology (DEST) will work in close coordination with Local and Regional Authorities, through existing coordination arrangements, to secure implementation of specific aspects of this Strategy and Action Plan at the local level.
	The Department of Environment, Science & Technology (DEST) will work in close coordination with Local and Regional Authorities, through existing coordination arrangements, to secure implementation of specific aspects of this Strategy and Action Plan at the local level.
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	Government of Himachal Pradesh, Department of Environment and Scientific Technologies H.P. Secretariat, Shimla-2
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	Dated: Shimla-2, 29-08-2008
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	There is a global threat of climate change is being felt strongly and India is not unaffected. This threat emanates from accumulated greenhouse gas emissions in the atmosphere, anthropogenically generated through long-term and intensive Industrial growth and high consumption lifestyles in developed countries. The climate change may alter the distribution and quality of India's natural resources and adversely affect the livelihood of its people and also the State of Himachal Pradesh.
	There is a global threat of climate change is being felt strongly and India is not unaffected. This threat emanates from accumulated greenhouse gas emissions in the atmosphere, anthropogenically generated through long-term and intensive Industrial growth and high consumption lifestyles in developed countries. The climate change may alter the distribution and quality of India's natural resources and adversely affect the livelihood of its people and also the State of Himachal Pradesh.
	There is a global threat of climate change is being felt strongly and India is not unaffected. This threat emanates from accumulated greenhouse gas emissions in the atmosphere, anthropogenically generated through long-term and intensive Industrial growth and high consumption lifestyles in developed countries. The climate change may alter the distribution and quality of India's natural resources and adversely affect the livelihood of its people and also the State of Himachal Pradesh.

	The Government of India has prepared a NATIONAL ACTION PLAN ON CLIMATE CHANGE (NAPCC) which would address the impacts of climate change. It would also focus on sustainable development with emphasis on environmental objectives.
	The Government of India has prepared a NATIONAL ACTION PLAN ON CLIMATE CHANGE (NAPCC) which would address the impacts of climate change. It would also focus on sustainable development with emphasis on environmental objectives.

	In order to achieve the objectives of the above mentioned NATIONAL ACTION PLAN ON CLIMATE CHANGE (NAPCC) and dovetail State's initiatives with the Centre, the Governor, Himachal Pradesh is pleased to constitute the State Level Governing Council on Climate Change in the following manner:-
	In order to achieve the objectives of the above mentioned NATIONAL ACTION PLAN ON CLIMATE CHANGE (NAPCC) and dovetail State's initiatives with the Centre, the Governor, Himachal Pradesh is pleased to constitute the State Level Governing Council on Climate Change in the following manner:-
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	In addition to above, it would comprise of following members:-
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	The overall objective of the Governing Council would be to monitor the targets, objectives and achievements of the National Missions specified NATIONAL ACTION PLAN ON CLIMATE CHANGE (NAPCC). The respective Missions shall be taken care of and attended by the individual departments who shall strive to attain the listed objectives with in a stipulated time frame and ensure its vertical integration with the National Missions. The Governing Council shall meet twice in a year.
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	The Governor, Himachal Pradesh is further pleased to constitute Executive Council which will monitor the directions and other related matters of Governing Council in the following manner:
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	The Executive Council shall meet at least once in quarter but can also meet as per the need and contingencies.
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	The Executive Council shall meet at least once in quarter but can also meet as per the need and contingencies.
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	Pr. Secretary [Env. & ST] to the Government of Himachal Pradesh
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	Endorsement No. : As above. Dated: Shimla-2. 29-08-2008


	Copy forwarded for information and necessary action to:
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	2. The Pr. PS. to the Chief Minister, H.P. Shimla-2.

	3. The P.S. to the Cabinet Ministers, H.P. Shimla-2.
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	4. The P.S. to the Chief Secretary to the Government of H.P., Shimla-2.
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	5. All Executive Members and Members of the above-mentioned Governing Council and Executive Council.
	5. All Executive Members and Members of the above-mentioned Governing Council and Executive Council.
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	6. The Director, Environment & Scientific Technologies, Narayan Villa, Shimla-2.
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	The anthropogenic interventions in pursuit of developmental activities are necessary for coping up employment, energy and resource utilization pressures needs to be curbed with matching compensation as opportunity cost. The regional cooperation (among Himalyan States in IHR) and where needed cooperation with countries in the area of Himalayan ecology would certainly help mitigate the vagaries of climate change in a holistic sense.
	The anthropogenic interventions in pursuit of developmental activities are necessary for coping up employment, energy and resource utilization pressures needs to be curbed with matching compensation as opportunity cost. The regional cooperation (among Himalyan States in IHR) and where needed cooperation with countries in the area of Himalayan ecology would certainly help mitigate the vagaries of climate change in a holistic sense.
	The anthropogenic interventions in pursuit of developmental activities are necessary for coping up employment, energy and resource utilization pressures needs to be curbed with matching compensation as opportunity cost. The regional cooperation (among Himalyan States in IHR) and where needed cooperation with countries in the area of Himalayan ecology would certainly help mitigate the vagaries of climate change in a holistic sense.

	The experience gained so far enables the State to embark on an even more proactive approach. The previous section presented the strategy that Himachal Pradesh will undertake for implementing its State Action Plan. However, implementation would require effective coorditnation and cooperation with other National Missions under National Climate Change Action Plan (NAPCC) and move specifically with NMSHE:
	The experience gained so far enables the State to embark on an even more proactive approach. The previous section presented the strategy that Himachal Pradesh will undertake for implementing its State Action Plan. However, implementation would require effective coorditnation and cooperation with other National Missions under National Climate Change Action Plan (NAPCC) and move specifically with NMSHE:
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	Although the Vulnerability Assessments have been carried out at block level but in order to give an orientation towards action, it would be necessary in the times to come to expand this Vulnerability Assessment format to the panchayat level so as to facilitate the comprehension of cause and effect relationship amongst different components and implement actions at the ground level.
	Although the Vulnerability Assessments have been carried out at block level but in order to give an orientation towards action, it would be necessary in the times to come to expand this Vulnerability Assessment format to the panchayat level so as to facilitate the comprehension of cause and effect relationship amongst different components and implement actions at the ground level.
	Although the Vulnerability Assessments have been carried out at block level but in order to give an orientation towards action, it would be necessary in the times to come to expand this Vulnerability Assessment format to the panchayat level so as to facilitate the comprehension of cause and effect relationship amongst different components and implement actions at the ground level.

	Various programmes that can be taken up in consonance with the National Action Plan on Climate Change are as follows:
	Various programmes that can be taken up in consonance with the National Action Plan on Climate Change are as follows:

	10.1 National Solar Mission
	10.1 National Solar Mission

	Under National Solar Mission, use of solar energy for power generation and related applications is emphasized. Where ever necessary for the purpose of system balance or ensuring cost-effectiveness and reliability, the promotion to integrate other renewable energy technologies such as wind, biomass etc. is proposed. Himachal Pradesh is a tropical Himalayan State, where sunshine is available for longer hours per day and in great intensity. Solar energy, therefore, has a great potential as future energy source
	Under National Solar Mission, use of solar energy for power generation and related applications is emphasized. Where ever necessary for the purpose of system balance or ensuring cost-effectiveness and reliability, the promotion to integrate other renewable energy technologies such as wind, biomass etc. is proposed. Himachal Pradesh is a tropical Himalayan State, where sunshine is available for longer hours per day and in great intensity. Solar energy, therefore, has a great potential as future energy source

	The Government may also initiate to provide support for research, development and deployment of emerging technologies such as solar and wind power. Other constraints to the development of renewable energy need to be also addressed. The Government may also support co-firing of biomass in power generation as a means of reducing greenhouse gas emissions and introducing additional diversity into power generation.
	The Government may also initiate to provide support for research, development and deployment of emerging technologies such as solar and wind power. Other constraints to the development of renewable energy need to be also addressed. The Government may also support co-firing of biomass in power generation as a means of reducing greenhouse gas emissions and introducing additional diversity into power generation.

	10.1.1 Solar Thermal Power Generation
	10.1.1 Solar Thermal Power Generation

	Electricity generation from renewable sources provides the most effective way of reducing the greenhouse gas emissions from power generation in the State. The Government of Himachal Pradesh has to, therefore, targets for the contribution of renewable energy for power generation. To promote the use of renewable energy sources in the State, R&D collaboration, technology transfer, and capacity building with respect to use of renewable source of energy needs to be encouraged.
	Electricity generation from renewable sources provides the most effective way of reducing the greenhouse gas emissions from power generation in the State. The Government of Himachal Pradesh has to, therefore, targets for the contribution of renewable energy for power generation. To promote the use of renewable energy sources in the State, R&D collaboration, technology transfer, and capacity building with respect to use of renewable source of energy needs to be encouraged.

	10.2 National Mission for Enhanced Energy Efficiency in Industry
	10.2 National Mission for Enhanced Energy Efficiency in Industry

	The Industry sector contributes to greenhouse gas emissions mainly through heavy consumption of energy, direct fossil fuel combustion for heating and emissions that arise in the course of various industrial production processes. The sector is also the main source of emissions of industrial gases, in particular through use in refrigeration, air conditioning and in the electronics sector.
	The Industry sector contributes to greenhouse gas emissions mainly through heavy consumption of energy, direct fossil fuel combustion for heating and emissions that arise in the course of various industrial production processes. The sector is also the main source of emissions of industrial gases, in particular through use in refrigeration, air conditioning and in the electronics sector.

	A number of programmes have been initiated and it is anticipated that these would result in a saving of 500 MW in overall consumption of the energy in Himachal Pradesh. Analysis needs to be also made to assess the potential for various forms of distributed electricity generation, and the implications for the electricity transmission and distribution networks.
	A number of programmes have been initiated and it is anticipated that these would result in a saving of 500 MW in overall consumption of the energy in Himachal Pradesh. Analysis needs to be also made to assess the potential for various forms of distributed electricity generation, and the implications for the electricity transmission and distribution networks.

	The natural gas network needs to be explored for the Industrial areas, wherever it is cost-effective and economic to do so. A programme for the natural gas transmission and distribution network not only needs to be put in study but also there is a need to prepare an action plan in this regard.
	The natural gas network needs to be explored for the Industrial areas, wherever it is cost-effective and economic to do so. A programme for the natural gas transmission and distribution network not only needs to be put in study but also there is a need to prepare an action plan in this regard.


	There is also a need for a comprehensive Energy Efficiency Action Plan to deliver a significant reduction in energy demand for Himachal Pradesh. Programmes need target energy efficiency across all sectors, including industries, with the public sector setting example with energy efficiency.
	There is also a need for a comprehensive Energy Efficiency Action Plan to deliver a significant reduction in energy demand for Himachal Pradesh. Programmes need target energy efficiency across all sectors, including industries, with the public sector setting example with energy efficiency.
	There is also a need for a comprehensive Energy Efficiency Action Plan to deliver a significant reduction in energy demand for Himachal Pradesh. Programmes need target energy efficiency across all sectors, including industries, with the public sector setting example with energy efficiency.

	There is a need to work with stakeholders to ensure the smooth implementation of the environmental regulations in Himachal Pradesh. The use of vehicles with air-conditioning units that use a refrigerant known as HFC-134 a (which has a global warming potential of 1300 times that of CO2) is a particular concern and needs to be phased out.
	There is a need to work with stakeholders to ensure the smooth implementation of the environmental regulations in Himachal Pradesh. The use of vehicles with air-conditioning units that use a refrigerant known as HFC-134 a (which has a global warming potential of 1300 times that of CO2) is a particular concern and needs to be phased out.

	The Industry Energy Management Action Programme (EMAP) needs to be evolved for those industries that have no mechanism for energy audits. There is often significant untapped potential for energy efficiency gains in this sector that are not being realised due to less awareness, ignorance, resource and time constraints. IEMAP shall provide advice for management of such sources and will reduce energy consumption to engage industry in energy efficiency actions with profits.
	The Industry Energy Management Action Programme (EMAP) needs to be evolved for those industries that have no mechanism for energy audits. There is often significant untapped potential for energy efficiency gains in this sector that are not being realised due to less awareness, ignorance, resource and time constraints. IEMAP shall provide advice for management of such sources and will reduce energy consumption to engage industry in energy efficiency actions with profits.

	The Industry sector is increasingly recognising that strong environmental performance makes a good business sense and firms may wish to communicate that their adoption of the superior energy performance practices also demonstrates their commitment to addressing climate change.
	The Industry sector is increasingly recognising that strong environmental performance makes a good business sense and firms may wish to communicate that their adoption of the superior energy performance practices also demonstrates their commitment to addressing climate change.

	The Government may also examine options to enable the planning system to play a more active role in encouraging renewable energy uptake in the industrial, commercial and agricultural sectors. As a general rule, it is intended that where possible, exemptions from planning requirements will be provided. Where planning considerations relating to specific technologies or sectors preclude exemption, there is a need to provide guidance to planning authorities. Where exemptions are provided, the Government may ens
	The Government may also examine options to enable the planning system to play a more active role in encouraging renewable energy uptake in the industrial, commercial and agricultural sectors. As a general rule, it is intended that where possible, exemptions from planning requirements will be provided. Where planning considerations relating to specific technologies or sectors preclude exemption, there is a need to provide guidance to planning authorities. Where exemptions are provided, the Government may ens

	Increasing consumer awareness of climate change and the greenhouse gas emissions associated with products placed on the market will require businesses to address changing expectations of the environmental impact of their products and services. The integration of environmental considerations into business planning shall be made fundamental to the future success of the business sector.
	Increasing consumer awareness of climate change and the greenhouse gas emissions associated with products placed on the market will require businesses to address changing expectations of the environmental impact of their products and services. The integration of environmental considerations into business planning shall be made fundamental to the future success of the business sector.

	To support the adoption of eco-efficient technologies and practices in industry with the aim at improving the strategic capability of unit, in particular in the management of their environmental issues, and developing and exploiting the market opportunities that improved environmental performance needs to be encouraged.
	To support the adoption of eco-efficient technologies and practices in industry with the aim at improving the strategic capability of unit, in particular in the management of their environmental issues, and developing and exploiting the market opportunities that improved environmental performance needs to be encouraged.

	To support a wide range of projects to improve the level of research and development work on environmental technologies and eco-innovation in Himachal Pradesh needs to be encouraged in Industry sector to prevent and minimise the impact of industrial activities on the environment.
	To support a wide range of projects to improve the level of research and development work on environmental technologies and eco-innovation in Himachal Pradesh needs to be encouraged in Industry sector to prevent and minimise the impact of industrial activities on the environment.

	Himachal Pradesh needs to work towards implementation of various GHG Mitigation Options in the Industry(s) viz.
	Himachal Pradesh needs to work towards implementation of various GHG Mitigation Options in the Industry(s) viz.

	• Sector Specific Technological Options
	• Sector Specific Technological Options

	• Cross-cutting Technological Options
	• Cross-cutting Technological Options

	• Fuel Switch options
	• Fuel Switch options

	In view of this, there is also a need to work out potential for emissions reduction, apply policy and regulatory options to achieve the set goals.
	In view of this, there is also a need to work out potential for emissions reduction, apply policy and regulatory options to achieve the set goals.


	10.3 National Mission on Sustainable Habitat
	10.3 National Mission on Sustainable Habitat
	10.3 National Mission on Sustainable Habitat


	The Government's endeavour is to develop in sustainable and inclusive manner so as to conserve its beautiful environs through improvements in management of solid waste, waste water, by undertaking modal shift to public transport, construction of green buildings and roads, energy efficiency in buildings etc. Further, the State Government is committed to promote sustainable development, energy efficiency as an integral component of urban and rural planning through various initiatives.
	The Government's endeavour is to develop in sustainable and inclusive manner so as to conserve its beautiful environs through improvements in management of solid waste, waste water, by undertaking modal shift to public transport, construction of green buildings and roads, energy efficiency in buildings etc. Further, the State Government is committed to promote sustainable development, energy efficiency as an integral component of urban and rural planning through various initiatives.
	The Government's endeavour is to develop in sustainable and inclusive manner so as to conserve its beautiful environs through improvements in management of solid waste, waste water, by undertaking modal shift to public transport, construction of green buildings and roads, energy efficiency in buildings etc. Further, the State Government is committed to promote sustainable development, energy efficiency as an integral component of urban and rural planning through various initiatives.

	Furthermore, development strategies, plans and programs cause environmental impacts which, in some extreme cases, may even undermine development efforts. It is, therefore, of utmost importance to integrate environmental concerns from the earliest stages of the definition and programming of development cooperation all the way through implementation, monitoring and evaluation.
	Furthermore, development strategies, plans and programs cause environmental impacts which, in some extreme cases, may even undermine development efforts. It is, therefore, of utmost importance to integrate environmental concerns from the earliest stages of the definition and programming of development cooperation all the way through implementation, monitoring and evaluation.

	The State is also working to integrate environmental concerns into its development policy and planning processes in the past few years.
	The State is also working to integrate environmental concerns into its development policy and planning processes in the past few years.

	10.3.1 Promoting Energy Efficiency in Residential & Commercial Sector
	10.3.1 Promoting Energy Efficiency in Residential & Commercial Sector

	The Govt. of India and/or Government of Himachal Pradesh can think to incentivize the installation of mirco-renewable technologies for homeowners. These include solar panels, heat pumps, wind turbines, and biomass etc.
	The Govt. of India and/or Government of Himachal Pradesh can think to incentivize the installation of mirco-renewable technologies for homeowners. These include solar panels, heat pumps, wind turbines, and biomass etc.

	There is a need for expeditious switch over to low-energy light bulbs from traditional incandescent light bulbs which are extremely efficient as CFL bulbs use 80% less energy for equivalent light and last up to 15 times longer. Although its initial cost is high, they are more economical for the consumer in the long run.
	There is a need for expeditious switch over to low-energy light bulbs from traditional incandescent light bulbs which are extremely efficient as CFL bulbs use 80% less energy for equivalent light and last up to 15 times longer. Although its initial cost is high, they are more economical for the consumer in the long run.

	To deal with GHG's emissions, the option of introducing an environmental levy on the use of incandescent bulbs can be though to reduce their price advantage and to encourage consumers to switch over to CFL bulbs. The intention is to alter consumer behaviour rather than to generate revenue, but any income from this environmental levy can be channelled through the State Environment Fund to support climate change awareness and action initiatives. It is estimated that emissions savings of up to 230,000 tonnes o
	To deal with GHG's emissions, the option of introducing an environmental levy on the use of incandescent bulbs can be though to reduce their price advantage and to encourage consumers to switch over to CFL bulbs. The intention is to alter consumer behaviour rather than to generate revenue, but any income from this environmental levy can be channelled through the State Environment Fund to support climate change awareness and action initiatives. It is estimated that emissions savings of up to 230,000 tonnes o

	Electronic smart meters have demonstrable potential to deliver benefits for energy consumers, including more flexible tariffs offering greater choice and energy saving opportunities, and remote meter reading resulting in reduced costs and full accuracy. These meters can also facilitate the incorporation of on-site generation at consumer premises, including renewable generation. Installation of smart meters for all electricity consumers in both new and existing housing sectors can be explored.
	Electronic smart meters have demonstrable potential to deliver benefits for energy consumers, including more flexible tariffs offering greater choice and energy saving opportunities, and remote meter reading resulting in reduced costs and full accuracy. These meters can also facilitate the incorporation of on-site generation at consumer premises, including renewable generation. Installation of smart meters for all electricity consumers in both new and existing housing sectors can be explored.

	Consumer information plays a key role in driving energy efficient behaviour. The energy savings awareness initiatives can be initiated through sustainable energy campaigns. These campaigns can be organized and sustained over regional and community level as well as across other economic sectors.
	Consumer information plays a key role in driving energy efficient behaviour. The energy savings awareness initiatives can be initiated through sustainable energy campaigns. These campaigns can be organized and sustained over regional and community level as well as across other economic sectors.


	Efficiency of appliances and energy labelling of appliances enables consumers to compare energy consumption of product alternatives. This will encourage the consumers to go for more energy efficient appliances.
	Efficiency of appliances and energy labelling of appliances enables consumers to compare energy consumption of product alternatives. This will encourage the consumers to go for more energy efficient appliances.
	Efficiency of appliances and energy labelling of appliances enables consumers to compare energy consumption of product alternatives. This will encourage the consumers to go for more energy efficient appliances.

	Suppliers and distributors need be directed to produce the labelling material and to ensure accuracy. Retailers are also required to ensure that all display models carry the correct energy labels. Energy labelling needs to be underpinned as the eco-design directive, which provides a formal mechanism for establishing product standards for energy efficiency. Energy efficiency improvements, including water heaters and boilers, computers, fridges, freezers, dishwashers and washing machines needs to be promoted.
	Suppliers and distributors need be directed to produce the labelling material and to ensure accuracy. Retailers are also required to ensure that all display models carry the correct energy labels. Energy labelling needs to be underpinned as the eco-design directive, which provides a formal mechanism for establishing product standards for energy efficiency. Energy efficiency improvements, including water heaters and boilers, computers, fridges, freezers, dishwashers and washing machines needs to be promoted.

	Low income households require coordinated action to ensure that homes which are subject to fuel poverty have access to cost-effective heating, hot water and lighting through the installation of energy efficiency measures necessary interventions in this sector needs be initiated.
	Low income households require coordinated action to ensure that homes which are subject to fuel poverty have access to cost-effective heating, hot water and lighting through the installation of energy efficiency measures necessary interventions in this sector needs be initiated.

	A special derive to reduce energy consumption and thereby to reduce greenhouse gas emissions needs to be adopted as:
	A special derive to reduce energy consumption and thereby to reduce greenhouse gas emissions needs to be adopted as:

	• To convert the heating systems in some large State buildings from their existing electric, fossil fuel burners (oil/natural gas) to possibly solar systems.
	• To convert the heating systems in some large State buildings from their existing electric, fossil fuel burners (oil/natural gas) to possibly solar systems.

	• Energy awareness -Pilot staff energy awareness campaign in some office buildings with a target to reduce energy consumption at least by 10% through local energy conservation campaigns, energy workshops and close monitoring of the performance of heating/air conditioning equipments.
	• Energy awareness -Pilot staff energy awareness campaign in some office buildings with a target to reduce energy consumption at least by 10% through local energy conservation campaigns, energy workshops and close monitoring of the performance of heating/air conditioning equipments.

	• Energy efficient design for new buildings - The scope for improving energy efficiency in new buildings is very significant and by having energy efficient designs in new buildings can considerably improve the energy efficiency of the building over their entire lifetime with little or no additional construction costs.
	• Energy efficient design for new buildings - The scope for improving energy efficiency in new buildings is very significant and by having energy efficient designs in new buildings can considerably improve the energy efficiency of the building over their entire lifetime with little or no additional construction costs.

	10.3.2 Management of Municipal Solid Waste
	10.3.2 Management of Municipal Solid Waste

	There is a need to regard waste as a useful resource. This can be reflected in our commitment to develop a recycling option for plastic, papers etc. and the priority are given to the diversion of waste from the landfills. The adoption of such techniques has a positive side-effect in reducing greenhouse gas emissions.
	There is a need to regard waste as a useful resource. This can be reflected in our commitment to develop a recycling option for plastic, papers etc. and the priority are given to the diversion of waste from the landfills. The adoption of such techniques has a positive side-effect in reducing greenhouse gas emissions.

	Emissions from the waste sector consist mainly of methane from the anaerobic decomposition of solid waste that has been deposited in landfill sites. Small amounts of methane and nitrous oxide arise from wastewater treatment. Improved landfill gas management/capture for power generation can be explored which may contribute in the reduction of methane emissions.
	Emissions from the waste sector consist mainly of methane from the anaerobic decomposition of solid waste that has been deposited in landfill sites. Small amounts of methane and nitrous oxide arise from wastewater treatment. Improved landfill gas management/capture for power generation can be explored which may contribute in the reduction of methane emissions.

	Management of non-biodegradable waste is regulated through a set regulation in the State. The strategy for biodegradable municipal waste is required as an integrated waste management approach. Through this approach, the preferred options for dealing with biodegradable municipal waste are required to be put in place with a specific focus on the prevention and minimisation - avoiding generating the waste; recycling - mainly of paper and
	Management of non-biodegradable waste is regulated through a set regulation in the State. The strategy for biodegradable municipal waste is required as an integrated waste management approach. Through this approach, the preferred options for dealing with biodegradable municipal waste are required to be put in place with a specific focus on the prevention and minimisation - avoiding generating the waste; recycling - mainly of paper and


	cardboard but also of textiles; biological treatment - mainly of kitchen and garden waste including composting; and residual treatment - thermal treatment with energy recovery or by way of mechanical-biological treatment. Significant energy savings derive from recycling activity can also be explored.
	cardboard but also of textiles; biological treatment - mainly of kitchen and garden waste including composting; and residual treatment - thermal treatment with energy recovery or by way of mechanical-biological treatment. Significant energy savings derive from recycling activity can also be explored.
	cardboard but also of textiles; biological treatment - mainly of kitchen and garden waste including composting; and residual treatment - thermal treatment with energy recovery or by way of mechanical-biological treatment. Significant energy savings derive from recycling activity can also be explored.

	10.3.3 Promotion of Urban Public Transport
	10.3.3 Promotion of Urban Public Transport

	Transport plays a pivotal role in supporting economic growth and balanced regional development and there has been a strong correlation between economic growth in and energy, fuel consumption and greenhouse gas emissions in the transport sector.
	Transport plays a pivotal role in supporting economic growth and balanced regional development and there has been a strong correlation between economic growth in and energy, fuel consumption and greenhouse gas emissions in the transport sector.

	There is a need to develop a sustainable transport system that will promote economic competitiveness by removing infrastructural bottlenecks and to achieve a diverse fuel mix, while increasing social cohesion, access to peripheral rural areas and reducing environmental impacts, including greenhouse gas emissions.
	There is a need to develop a sustainable transport system that will promote economic competitiveness by removing infrastructural bottlenecks and to achieve a diverse fuel mix, while increasing social cohesion, access to peripheral rural areas and reducing environmental impacts, including greenhouse gas emissions.

	10.4 National Water Mission
	10.4 National Water Mission

	In Himachal Pradesh, the availability of water is highly uneven in both space and time. The precipitation in the form of rains is confined to only about three to four months in a year and varies from about 600 mm in Lahaul & Spiti district to about 3,200 mm in Dharamshala, District Kangra. However, in spite of heavy rain and snow during the rainy season and winters, the summer months are periods of water scarcity in many areas as the flow in the rivers and nallah is quite low and traditional sources also dr
	In Himachal Pradesh, the availability of water is highly uneven in both space and time. The precipitation in the form of rains is confined to only about three to four months in a year and varies from about 600 mm in Lahaul & Spiti district to about 3,200 mm in Dharamshala, District Kangra. However, in spite of heavy rain and snow during the rainy season and winters, the summer months are periods of water scarcity in many areas as the flow in the rivers and nallah is quite low and traditional sources also dr

	10.4.1 Management ofSurface Water Resources
	10.4.1 Management ofSurface Water Resources

	River Basin Planning & Coordination: Comprehensive planning across a river basin may allow coordinated solutions to problems of water quality and water supply in the State; for example, enhanced coordination of facility system operations or expansion of the conjunctive use of groundwater and surface water can improve water yields, which can help to alleviate droughts. Planning can also help to address the effects of population, economic growth, and changes in the supply of and demand for water. The MPP & Po
	River Basin Planning & Coordination: Comprehensive planning across a river basin may allow coordinated solutions to problems of water quality and water supply in the State; for example, enhanced coordination of facility system operations or expansion of the conjunctive use of groundwater and surface water can improve water yields, which can help to alleviate droughts. Planning can also help to address the effects of population, economic growth, and changes in the supply of and demand for water. The MPP & Po

	Further, there is a need to adopt contingency planning for drought management. Plans for short-term measures to adapt to water shortages could help mitigate droughts. Planning could be undertaken for droughts of known or greater intensity and duration. The cost of developing contingency plans is relatively small compared with the potential benefits. Additionally, plans could be effective in managing current climatic variability, as well as future climate change.
	Further, there is a need to adopt contingency planning for drought management. Plans for short-term measures to adapt to water shortages could help mitigate droughts. Planning could be undertaken for droughts of known or greater intensity and duration. The cost of developing contingency plans is relatively small compared with the potential benefits. Additionally, plans could be effective in managing current climatic variability, as well as future climate change.

	There is also a need to use desirable inter river basin transfers. Transfers of water between water basins may result in more efficient water use under current and changing climate scenario. Transfers are often easier to implement than fully operating markets for water allocation. Transfers also can be an effective short-term measure for responding to regional droughts or other problems of water supply.
	There is also a need to use desirable inter river basin transfers. Transfers of water between water basins may result in more efficient water use under current and changing climate scenario. Transfers are often easier to implement than fully operating markets for water allocation. Transfers also can be an effective short-term measure for responding to regional droughts or other problems of water supply.


	Maintain options to develop new dam sites. Keep options open to develop new dam sites, should they be needed. The number of sites that can be used efficiently as reservoirs is limited, and removing structures once an area has been developed may be very costly. Thus, development in potential dam sites should be limited or only allowed under terms that would permit conversion to dam sites.
	Maintain options to develop new dam sites. Keep options open to develop new dam sites, should they be needed. The number of sites that can be used efficiently as reservoirs is limited, and removing structures once an area has been developed may be very costly. Thus, development in potential dam sites should be limited or only allowed under terms that would permit conversion to dam sites.
	Maintain options to develop new dam sites. Keep options open to develop new dam sites, should they be needed. The number of sites that can be used efficiently as reservoirs is limited, and removing structures once an area has been developed may be very costly. Thus, development in potential dam sites should be limited or only allowed under terms that would permit conversion to dam sites.

	10.4.2 Management & Regulation ofWater Resources
	10.4.2 Management & Regulation ofWater Resources

	In the present times, there is a need to allocate water supplies by using market-based systems which allows water to be diverted to its most efficient use. Other mechanisms, such as prior appropriation, may result in inefficient allocation of water supplies. Market-based allocations are able to respond more rapidly to changing conditions of supply and also tend to lower demand, thus conserving water. Consequently, market-based allocation increases both the robustness and the resiliency of the water supply s
	In the present times, there is a need to allocate water supplies by using market-based systems which allows water to be diverted to its most efficient use. Other mechanisms, such as prior appropriation, may result in inefficient allocation of water supplies. Market-based allocations are able to respond more rapidly to changing conditions of supply and also tend to lower demand, thus conserving water. Consequently, market-based allocation increases both the robustness and the resiliency of the water supply s

	Reducing demand can increase excess supply, creating a greater margin of safety for future droughts. Demand for water may be reduced through a range of policies that encourage efficient water uses including education, voluntary compliance, pricing policies, legal restrictions on water use, rationing of water, or the imposition of water conservation standards on technologies. Reduced demand may increase current capacity to cope with drought.
	Reducing demand can increase excess supply, creating a greater margin of safety for future droughts. Demand for water may be reduced through a range of policies that encourage efficient water uses including education, voluntary compliance, pricing policies, legal restrictions on water use, rationing of water, or the imposition of water conservation standards on technologies. Reduced demand may increase current capacity to cope with drought.

	10.4.3 Up-gradation of Storage Structures for Fresh Water & Drainage System for Waste Water
	10.4.3 Up-gradation of Storage Structures for Fresh Water & Drainage System for Waste Water

	Marginal changes may be made in the planned construction of water resources infrastructure such as reservoirs and flood control works to adapt to increased variability in runoff or to a need for greater storage capacity. In planned construction, a marginal increase in the size of dams or marginal changes in the construction of canals, pipelines, pumping plants and storm drainages can be considered. This change may be much less expensive than adding capacity in the future.
	Marginal changes may be made in the planned construction of water resources infrastructure such as reservoirs and flood control works to adapt to increased variability in runoff or to a need for greater storage capacity. In planned construction, a marginal increase in the size of dams or marginal changes in the construction of canals, pipelines, pumping plants and storm drainages can be considered. This change may be much less expensive than adding capacity in the future.

	Polluting water that is unfit for drinking or for other uses can, in many respects, have an effect similar to reducing water supply. Reducing water pollution effectively increases the sustainable and healthy use of water. In turn, a larger water supply increases the safety margin for maintaining water supplies during droughts. In addition, reduced runoff from climate change will most likely increase concentrations of pollutants in the water column. If pollutant load are lower, water quality standards are le
	Polluting water that is unfit for drinking or for other uses can, in many respects, have an effect similar to reducing water supply. Reducing water pollution effectively increases the sustainable and healthy use of water. In turn, a larger water supply increases the safety margin for maintaining water supplies during droughts. In addition, reduced runoff from climate change will most likely increase concentrations of pollutants in the water column. If pollutant load are lower, water quality standards are le

	Redirecting growth away from sensitive lands and towards less vulnerable areas is one option to reduce the risks associated with a river basin, and also to reduce vulnerability to severe cloud bursts, storms that happen under current climate conditions.
	Redirecting growth away from sensitive lands and towards less vulnerable areas is one option to reduce the risks associated with a river basin, and also to reduce vulnerability to severe cloud bursts, storms that happen under current climate conditions.

	10.4.4 Conservation ofWetlands
	10.4.4 Conservation ofWetlands

	Efforts should be made to maintain wetlands that are more likely to be affected by less rains and water tables. Wetlands are valuable natural areas that are difficult to re-create; therefore,
	Efforts should be made to maintain wetlands that are more likely to be affected by less rains and water tables. Wetlands are valuable natural areas that are difficult to re-create; therefore,


	current and future efforts are warranted to protect these areas. In setting priorities for protecting wetlands, the likelihood of surviving a wetland, migrating landward should be considered. Protecting wetlands will also improve water quality, flood control and fish and wildlife habitat under the current climate conditions.
	current and future efforts are warranted to protect these areas. In setting priorities for protecting wetlands, the likelihood of surviving a wetland, migrating landward should be considered. Protecting wetlands will also improve water quality, flood control and fish and wildlife habitat under the current climate conditions.
	current and future efforts are warranted to protect these areas. In setting priorities for protecting wetlands, the likelihood of surviving a wetland, migrating landward should be considered. Protecting wetlands will also improve water quality, flood control and fish and wildlife habitat under the current climate conditions.

	Permanent shore-hardening structures, such as protection walls need to be banned or discouraged in moderately developed areas. Limiting permanent stabilization of the shoreline will allow a gradual retreat in a natural way.
	Permanent shore-hardening structures, such as protection walls need to be banned or discouraged in moderately developed areas. Limiting permanent stabilization of the shoreline will allow a gradual retreat in a natural way.

	Permanent or temporary camping structures, such as huts, tents may be banned or discouraged around moderately developed areas and as well as in eco sensitive zones. Limiting trafficking near to the wetlands will allow a gradual natural maintenance of the wetlands. Exposure of the wetland to pollutants due to solid wastes, vehicles etc. may destroy the natural retreat systems of the wetlands.
	Permanent or temporary camping structures, such as huts, tents may be banned or discouraged around moderately developed areas and as well as in eco sensitive zones. Limiting trafficking near to the wetlands will allow a gradual natural maintenance of the wetlands. Exposure of the wetland to pollutants due to solid wastes, vehicles etc. may destroy the natural retreat systems of the wetlands.

	Public participation can help the authorities, in preventing the waste from entering the lake. They can generate income and employment by converting the waste in to manure. The schools are educating their students about waste management practices.
	Public participation can help the authorities, in preventing the waste from entering the lake. They can generate income and employment by converting the waste in to manure. The schools are educating their students about waste management practices.

	Lakes in Himachal Pradesh, besides being a favourite tourist destination attract thousands of tourists and serves as a natural resource for the local people. The lakes are in peril due to anthropogenic pressure and overall deterioration of surrounding environment. The efforts should be made to prepare and cover the lakes in the lake conservation programme of Ministry of Environment & Forests, GoI, besides the initiatives for lake conservation through education and mass awareness. An establish practice of co
	Lakes in Himachal Pradesh, besides being a favourite tourist destination attract thousands of tourists and serves as a natural resource for the local people. The lakes are in peril due to anthropogenic pressure and overall deterioration of surrounding environment. The efforts should be made to prepare and cover the lakes in the lake conservation programme of Ministry of Environment & Forests, GoI, besides the initiatives for lake conservation through education and mass awareness. An establish practice of co

	10.5 National Mission for Sustaining the Himalayan Ecosystem
	10.5 National Mission for Sustaining the Himalayan Ecosystem

	Himachal Pradesh is a small hilly state lies in the North-western Himalaya, the youngest mountain chains in the world which are still in the building phase. A scientific study carried out on the evolution of the Himalaya suggests that these mountain chains are rising at the rate of 2 cm per year. The Himalayan ecosystem is vital to the ecological security of the Indian landmass, through providing forest cover, feeding perennial rivers that are the source of drinking water, irrigation and hydropower, conserv
	Himachal Pradesh is a small hilly state lies in the North-western Himalaya, the youngest mountain chains in the world which are still in the building phase. A scientific study carried out on the evolution of the Himalaya suggests that these mountain chains are rising at the rate of 2 cm per year. The Himalayan ecosystem is vital to the ecological security of the Indian landmass, through providing forest cover, feeding perennial rivers that are the source of drinking water, irrigation and hydropower, conserv

	It is imperative on parts of States to continue and enhance monitoring of Himalayan ecosystem, in particular the state of Glaciers. It is also important to empower local communities, in particular through the Panchyats to assume greater responsibility for conservation of mountain ecosystems and management of ecological resources.
	It is imperative on parts of States to continue and enhance monitoring of Himalayan ecosystem, in particular the state of Glaciers. It is also important to empower local communities, in particular through the Panchyats to assume greater responsibility for conservation of mountain ecosystems and management of ecological resources.

	Emphasize can be given on following measures:
	Emphasize can be given on following measures:

	- Adopt appropriate land use planning and watershed management practices for sustainable development of mountain ecosystem.
	- Adopt appropriate land use planning and watershed management practices for sustainable development of mountain ecosystem.

	- Adopt best practice norms for infrastructure construction in mountain region to avoid or
	- Adopt best practice norms for infrastructure construction in mountain region to avoid or


	minimize damage to sensitive ecosystem and despoiling of landscape.
	minimize damage to sensitive ecosystem and despoiling of landscape.
	minimize damage to sensitive ecosystem and despoiling of landscape.

	- Encourage cultivation of traditional varieties of crops and horticulture by promotion of organic farming enabling farmers to realize a price premium.
	- Encourage cultivation of traditional varieties of crops and horticulture by promotion of organic farming enabling farmers to realize a price premium.

	- Promote sustainable tourism through adoption of best practice norms for tourism facilities and access to ecological resources, and multi-stakeholder partnership to enable local communities to gain better livelihoods while leveraging financial, technical, and managerial capacities of investors.
	- Promote sustainable tourism through adoption of best practice norms for tourism facilities and access to ecological resources, and multi-stakeholder partnership to enable local communities to gain better livelihoods while leveraging financial, technical, and managerial capacities of investors.

	- Take measures to regulate tourist inflows into mountain regions to ensure that these remain within the carrying capacity of the mountain ecology.
	- Take measures to regulate tourist inflows into mountain regions to ensure that these remain within the carrying capacity of the mountain ecology.

	- Consider these unique mountains as entities with "incomparable values", in developing strategies for their protection.
	- Consider these unique mountains as entities with "incomparable values", in developing strategies for their protection.

	10.6 National Mission for Green India
	10.6 National Mission for Green India

	Himachal Pradesh provides unmatched contribution to the 'national interest' in sustaining life support system, on the basis of which sustainable development can be realized downstream, in the plains of North India. Attention is shifting to environmental services flows provided by the pristine forests of the State. These include critical watershed services, biodiversity conservation, carbon sequestration and of course maintaining landscape beauty.
	Himachal Pradesh provides unmatched contribution to the 'national interest' in sustaining life support system, on the basis of which sustainable development can be realized downstream, in the plains of North India. Attention is shifting to environmental services flows provided by the pristine forests of the State. These include critical watershed services, biodiversity conservation, carbon sequestration and of course maintaining landscape beauty.

	Gender specific policies are required to help cope with the loss of control over natural resources, technologies and credit to deal with seasonal and episodic weather and natural disasters. There is a need to re-design the existing tourism policy to produce alternative mountain specific tourism models focusing on environmental sustainability. Forest departments need to be more proactive in influencing policies of other sectors such as road construction, transportation, power and industries which impinge on 
	Gender specific policies are required to help cope with the loss of control over natural resources, technologies and credit to deal with seasonal and episodic weather and natural disasters. There is a need to re-design the existing tourism policy to produce alternative mountain specific tourism models focusing on environmental sustainability. Forest departments need to be more proactive in influencing policies of other sectors such as road construction, transportation, power and industries which impinge on 

	10.6.1 Forest Cover & Density
	10.6.1 Forest Cover & Density

	There is a need to formulate a separate and distinct forest policy for Western Himalayan States in view of their vulnerability to climate change, critical role as watershed States for the northern India plains; and unique ecosystem and forested landscapes rich in biodiversity.
	There is a need to formulate a separate and distinct forest policy for Western Himalayan States in view of their vulnerability to climate change, critical role as watershed States for the northern India plains; and unique ecosystem and forested landscapes rich in biodiversity.

	There is an urgent need to establish long term monitoring plots across representative eco­zones, together scientific data on climatic and biological parameters, especially in Reverine, Alpine and Shivalik ecosystems.
	There is an urgent need to establish long term monitoring plots across representative eco­zones, together scientific data on climatic and biological parameters, especially in Reverine, Alpine and Shivalik ecosystems.

	There is a need to map climate change driven adaptation in natural resource use and livelihood patterns across eco-zones and for developing of a database on carbon sequestration potential of forest flora in these forests.
	There is a need to map climate change driven adaptation in natural resource use and livelihood patterns across eco-zones and for developing of a database on carbon sequestration potential of forest flora in these forests.

	Further, there is a need for periodic assessment of carbon stock including soil carbon under different ecosystems and effective deployment of new and advanced technologies, such as, GIS remote sensing, climate change modelling in natural resources management.
	Further, there is a need for periodic assessment of carbon stock including soil carbon under different ecosystems and effective deployment of new and advanced technologies, such as, GIS remote sensing, climate change modelling in natural resources management.

	There is an urgent need to incentivize the community involvement in some mainstream Forest department activities, including forest protection, afforestation and fire fighting etc.
	There is an urgent need to incentivize the community involvement in some mainstream Forest department activities, including forest protection, afforestation and fire fighting etc.


	10.6.2 Biodiversity Conservation
	10.6.2 Biodiversity Conservation
	10.6.2 Biodiversity Conservation

	Conservation of biological diversity needs to guide afforestation programmes and not carbon sequestration potential alone. Re-orienting afforestation programmes with a focus on species that help mitigate man-animal conflict. Furthers, there is a need to revisit forestry operations to realize full water conservation potential of forests leading to development of "water sanctuaries".
	Conservation of biological diversity needs to guide afforestation programmes and not carbon sequestration potential alone. Re-orienting afforestation programmes with a focus on species that help mitigate man-animal conflict. Furthers, there is a need to revisit forestry operations to realize full water conservation potential of forests leading to development of "water sanctuaries".

	10.6.3 PaymentforEcosystem Services
	10.6.3 PaymentforEcosystem Services

	By not integrating and extending the concept and practice of Payment for Ecosystem Services (PES) within the States to compensate for forgone land use and occupation options can adversely impacting the environment. There is a need to impress upon the Government of India to move beyond 'Green Bonus' to adequately compensate these States for ecosystem services flows. There is a need to re-orient the developmental interventions by adopting watershed as the unit for planning and fund flows.
	By not integrating and extending the concept and practice of Payment for Ecosystem Services (PES) within the States to compensate for forgone land use and occupation options can adversely impacting the environment. There is a need to impress upon the Government of India to move beyond 'Green Bonus' to adequately compensate these States for ecosystem services flows. There is a need to re-orient the developmental interventions by adopting watershed as the unit for planning and fund flows.

	10.7 National Mission for Sustainable Agriculture
	10.7 National Mission for Sustainable Agriculture

	Himachal Pradesh is predominately an agricultural State where agriculture provides direct employment to about 71 percent of the total population. The Agriculture sector contributes nearly 30 percent of the total State Domestic Product. The actions in accordance with National Missions shall be taken up in following manner:
	Himachal Pradesh is predominately an agricultural State where agriculture provides direct employment to about 71 percent of the total population. The Agriculture sector contributes nearly 30 percent of the total State Domestic Product. The actions in accordance with National Missions shall be taken up in following manner:

	10.7.1 Increase Efficiency of Irrigation
	10.7.1 Increase Efficiency of Irrigation

	Improvements allow greater flexibility by reducing water consumption without reducing crop yields. This will also help in adapting water resources. Many farming technologies, such as efficient irrigation systems, provide opportunities to reduce direct dependence on natural factors such as precipitation and runoff. In evaluating an improvement to irrigation systems, the additional benefit of reducing vulnerability to climatic variations and natural disasters can be considered.
	Improvements allow greater flexibility by reducing water consumption without reducing crop yields. This will also help in adapting water resources. Many farming technologies, such as efficient irrigation systems, provide opportunities to reduce direct dependence on natural factors such as precipitation and runoff. In evaluating an improvement to irrigation systems, the additional benefit of reducing vulnerability to climatic variations and natural disasters can be considered.

	10.7.2 Dry land Agriculture
	10.7.2 Dry land Agriculture

	The new mantra is to avoid monoculture and encourage farmers to plant a variety of heat- and drought-resistant crops. Further, growing of single crops such as maize increases farmers' vulnerability to climate variability. If the probability of droughts and heat waves increases with climate change, such vulnerability can also increase. One adaptation option is for farmers to plant a wider variety of crops so as to reduce the risks of crop failure.
	The new mantra is to avoid monoculture and encourage farmers to plant a variety of heat- and drought-resistant crops. Further, growing of single crops such as maize increases farmers' vulnerability to climate variability. If the probability of droughts and heat waves increases with climate change, such vulnerability can also increase. One adaptation option is for farmers to plant a wider variety of crops so as to reduce the risks of crop failure.

	10.7.3 Risk Management
	10.7.3 Risk Management

	Encourage management practices that recognize drought as a part of a highly variable climate, rather than treating drought as a natural disaster. Farmers can be given information on climatic conditions, incentives can be offered to adopt sound practices of drought management, and farmers can be discouraged from relying on drought relief. This type of policy is particularly useful if farm disaster relief and other government subsidies distort the market and encourage overly risky expansion of farming into ma
	Encourage management practices that recognize drought as a part of a highly variable climate, rather than treating drought as a natural disaster. Farmers can be given information on climatic conditions, incentives can be offered to adopt sound practices of drought management, and farmers can be discouraged from relying on drought relief. This type of policy is particularly useful if farm disaster relief and other government subsidies distort the market and encourage overly risky expansion of farming into ma


	subsidies or taxes to type of crop and land. Commodity support programs or tax policies may discourage switching from one cropping system to another that is better suited to the changed climate.
	subsidies or taxes to type of crop and land. Commodity support programs or tax policies may discourage switching from one cropping system to another that is better suited to the changed climate.
	subsidies or taxes to type of crop and land. Commodity support programs or tax policies may discourage switching from one cropping system to another that is better suited to the changed climate.

	Therefore, efforts to stabilize farm supply and to maintain farm incomes should avoid disincentives for farmers to switch crops, rotate crops, and use the full land normally planted. This policy approach will increase the efficiency of current farming practices and will also increase the ability of the system to quickly recover from the climate change.
	Therefore, efforts to stabilize farm supply and to maintain farm incomes should avoid disincentives for farmers to switch crops, rotate crops, and use the full land normally planted. This policy approach will increase the efficiency of current farming practices and will also increase the ability of the system to quickly recover from the climate change.

	Seed banks that maintain a variety of seed types provide an opportunity for the farmers to diversify, allowing them to both counter the threat of climate change and develop a profitable specialization.
	Seed banks that maintain a variety of seed types provide an opportunity for the farmers to diversify, allowing them to both counter the threat of climate change and develop a profitable specialization.

	Development of more and better heat- and drought-resistant crops will help fulfil current and future food demand by enabling production in marginal areas to expand. The improvements will be critical because the State and Country's population continues to increase, with or without climate change.
	Development of more and better heat- and drought-resistant crops will help fulfil current and future food demand by enabling production in marginal areas to expand. The improvements will be critical because the State and Country's population continues to increase, with or without climate change.

	10.7.4 Access to Information
	10.7.4 Access to Information

	Many practices, such as conservation tillage, channel dykes, terracing, contouring, and planting vegetation to act as windbreaks, will protect fields from water and wind erosion and can help to retain moisture reducing evaporation and increasing water infiltration. Using management practices that reduce dependence on irrigation will reduce water consumption without reducing crop yields and will allow greater resiliency in adapting to future climate changes.
	Many practices, such as conservation tillage, channel dykes, terracing, contouring, and planting vegetation to act as windbreaks, will protect fields from water and wind erosion and can help to retain moisture reducing evaporation and increasing water infiltration. Using management practices that reduce dependence on irrigation will reduce water consumption without reducing crop yields and will allow greater resiliency in adapting to future climate changes.

	10.7.5 Liberalize Agricultural Trade
	10.7.5 Liberalize Agricultural Trade

	Lowering trade barriers will result in higher levels of State agricultural production both under the current climate and under the projected climate change scenarios. Farmers will receive information on changes in National market conditions faster than if trade barriers are not lowered.
	Lowering trade barriers will result in higher levels of State agricultural production both under the current climate and under the projected climate change scenarios. Farmers will receive information on changes in National market conditions faster than if trade barriers are not lowered.

	10.8 National Mission on Strategic Knowledge for Climate Change
	10.8 National Mission on Strategic Knowledge for Climate Change

	The State of Himachal Pradesh intends to take forward the areas as envisaged under this National Mission for a broad based effort that would include the following key themes:
	The State of Himachal Pradesh intends to take forward the areas as envisaged under this National Mission for a broad based effort that would include the following key themes:

	- Research in key substantive domains of climate science.
	- Research in key substantive domains of climate science.

	- Regional Climate Modelling.
	- Regional Climate Modelling.

	- Strengthening of observational networks and data generation.
	- Strengthening of observational networks and data generation.

	- Creation of research infrastructure.
	- Creation of research infrastructure.

	10.8.1 Climate Modelling & Access to Data
	10.8.1 Climate Modelling & Access to Data

	The IPCC-AR4 addressed the global trends on climate change, but detailed analysis is lacking for India and its regions due to difficulties in obtaining database related to climate change. For this purpose the State make intervention in following areas:
	The IPCC-AR4 addressed the global trends on climate change, but detailed analysis is lacking for India and its regions due to difficulties in obtaining database related to climate change. For this purpose the State make intervention in following areas:


	10.8.1.1 Enhanced Research on Climate Modelling
	10.8.1.1 Enhanced Research on Climate Modelling
	10.8.1.1 Enhanced Research on Climate Modelling

	There is a need to develop high resolution regional climate models that simulate regional climate change, in particular monsoon behaviour by pooling institutional capabilities and computational resources. The State needs to encourage regional data re-analysis projects.
	There is a need to develop high resolution regional climate models that simulate regional climate change, in particular monsoon behaviour by pooling institutional capabilities and computational resources. The State needs to encourage regional data re-analysis projects.

	10.8.1.2 Promoting Data Access
	10.8.1.2 Promoting Data Access

	Different line organisations, research institutions are carrying out various climate change related studies and generating data. It needs to be ensured that all such institutions may appoint a nodal officer who should be made responsible to provide access to such data base. The concept of'registered users' also needs to be introduced in the State.
	Different line organisations, research institutions are carrying out various climate change related studies and generating data. It needs to be ensured that all such institutions may appoint a nodal officer who should be made responsible to provide access to such data base. The concept of'registered users' also needs to be introduced in the State.

	10.8.1.3 Human Resource Development
	10.8.1.3 Human Resource Development

	Institutional assessment with respect to required skill needs to be carried out at State, regional and local levels so that necessary measures can be undertaken for enhancing the quality and quantum of human resource which would be required in future.
	Institutional assessment with respect to required skill needs to be carried out at State, regional and local levels so that necessary measures can be undertaken for enhancing the quality and quantum of human resource which would be required in future.
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	A detailed reporting template will be developed to monitor implementation of the measures in this Strategy and Action Plan. This will form the basis of an Implementation Status Report which will be published annually.
	A detailed reporting template will be developed to monitor implementation of the measures in this Strategy and Action Plan. This will form the basis of an Implementation Status Report which will be published annually.
	A detailed reporting template will be developed to monitor implementation of the measures in this Strategy and Action Plan. This will form the basis of an Implementation Status Report which will be published annually.

	The Department of Environment, Science & Technology (DEST) through State Centre on Climate Change (SCCC) and the State Council will coordinate the preparation of this annual report. It is also proposed to lay the report before the State Legislative Assembly. This report will also update emission projections and quantifications of emission reduction measures and detail the further measures which have been introduced or which are in the process of development.
	The Department of Environment, Science & Technology (DEST) through State Centre on Climate Change (SCCC) and the State Council will coordinate the preparation of this annual report. It is also proposed to lay the report before the State Legislative Assembly. This report will also update emission projections and quantifications of emission reduction measures and detail the further measures which have been introduced or which are in the process of development.


	Div
	Figure

	References
	References
	References


	12
	12
	12


	- Achanta A N. 1993 "An assessment of the potential impact of global warming on Indian rice production" In Achanta A N (ed). The Climate Change Agenda: An Indian Perspective. New Delhi: Tata Energy Research Institute.
	- Achanta A N. 1993 "An assessment of the potential impact of global warming on Indian rice production" In Achanta A N (ed). The Climate Change Agenda: An Indian Perspective. New Delhi: Tata Energy Research Institute.
	- Achanta A N. 1993 "An assessment of the potential impact of global warming on Indian rice production" In Achanta A N (ed). The Climate Change Agenda: An Indian Perspective. New Delhi: Tata Energy Research Institute.

	- Achanta A, R. Kanetkar, 1996 "Impact of climate change on forest productivity: a case study of Kerala, India" Paper presented at the Asian and Pacific Workshop on Climate Change Vulnerability and Adaptation Assessment, January 15-19, Manila, Philippines.
	- Achanta A, R. Kanetkar, 1996 "Impact of climate change on forest productivity: a case study of Kerala, India" Paper presented at the Asian and Pacific Workshop on Climate Change Vulnerability and Adaptation Assessment, January 15-19, Manila, Philippines.

	- Adger, W.N., 1999. Social vulnerability to climate change and extremes in coastal Vietnam. World Development 27, 249-269.
	- Adger, W.N., 1999. Social vulnerability to climate change and extremes in coastal Vietnam. World Development 27, 249-269.

	- Adger, W.N., 2000. Institutional adaptation to environmental risk under the transition in Vietnam. Annals of the Association of American Geographers 90, 738-758.
	- Adger, W.N., 2000. Institutional adaptation to environmental risk under the transition in Vietnam. Annals of the Association of American Geographers 90, 738-758.

	- Adger, W.N., 2003. Social aspects of adaptive capacity. In: Smith, J.B., Klein, R.J.T., Huq, S. (Eds.), Climate Change, Adaptive Capacity and Development. Imperial College Press, London.
	- Adger, W.N., 2003. Social aspects of adaptive capacity. In: Smith, J.B., Klein, R.J.T., Huq, S. (Eds.), Climate Change, Adaptive Capacity and Development. Imperial College Press, London.

	- Adger, W.N., 2006. Vulnerability. Global Environmental Change 16 (3), 268-281.
	- Adger, W.N., 2006. Vulnerability. Global Environmental Change 16 (3), 268-281.

	- Adger, W.N., Kelly, P.M., 1999. Social vulnerability to climate change and the architecture of entitlements. Mitigation and Adaptation Strategies for Global Change 4, 253-266.
	- Adger, W.N., Kelly, P.M., 1999. Social vulnerability to climate change and the architecture of entitlements. Mitigation and Adaptation Strategies for Global Change 4, 253-266.

	- Aggarwal, P.K., Mall, R.K., 2002. Climate change and rice yields in diverse agro-environments of India II Effect of uncertainties in scenarios and crop models on impact assessment. Climatic Change 52, 331-343. Bagla, P., 2002. Drought exposes cracks in India's monsoon model. Science 297, 1265-1266.
	- Aggarwal, P.K., Mall, R.K., 2002. Climate change and rice yields in diverse agro-environments of India II Effect of uncertainties in scenarios and crop models on impact assessment. Climatic Change 52, 331-343. Bagla, P., 2002. Drought exposes cracks in India's monsoon model. Science 297, 1265-1266.

	- Akhtar, R. and McMichael, A. J., Rainfall and malaria outbreaks in Western Rajasthan. Lancet, 1996, 348, 1457-1458.
	- Akhtar, R. and McMichael, A. J., Rainfall and malaria outbreaks in Western Rajasthan. Lancet, 1996, 348, 1457-1458.

	- Alam, M; Regmi, BR (2004) Adverse Impacts of Climate Change on Development of Bhutan: Integrating Adaptation into Policies and Activities. Working paper 3. Nepal CLACC (Capacity Strengthening in the Least Developed Countries (LDCs) for Adaptation to Climate Change), p 38.
	- Alam, M; Regmi, BR (2004) Adverse Impacts of Climate Change on Development of Bhutan: Integrating Adaptation into Policies and Activities. Working paper 3. Nepal CLACC (Capacity Strengthening in the Least Developed Countries (LDCs) for Adaptation to Climate Change), p 38.

	- Alexander, L. V. et al., Global observed changes in daily climate extremes of temperature and precipitation. J. Geophys. Rev., 2005.
	- Alexander, L. V. et al., Global observed changes in daily climate extremes of temperature and precipitation. J. Geophys. Rev., 2005.

	- Anand, S., and Amartya Sen, 1994. "Human Development Index: Methodology and Measurement", Occasional Paper 12, United Nations Development Programme, Human Development Report Office, New York.
	- Anand, S., and Amartya Sen, 1994. "Human Development Index: Methodology and Measurement", Occasional Paper 12, United Nations Development Programme, Human Development Report Office, New York.

	- Ando, M (1998) 'Risk assessment of global warming on human health'. Global Environmental Research 2: 69-78.
	- Ando, M (1998) 'Risk assessment of global warming on human health'. Global Environmental Research 2: 69-78.

	- Bajracharya, SR; Mool, PK; Shrestha, BR (2007) Impact of climate change on Himalayan glaciers and glacial lakes: Case studies on GLOFand associated hazards in Nepal and Bhutan. Kathmandu: ICIMOD.
	- Bajracharya, SR; Mool, PK; Shrestha, BR (2007) Impact of climate change on Himalayan glaciers and glacial lakes: Case studies on GLOFand associated hazards in Nepal and Bhutan. Kathmandu: ICIMOD.

	- Barry Smit_, Johanna Wandel Department of Geography, University of Guelph, Guelph, Ont., Canada N1G 2W1 Received 28 November 2005; received in revised form 1 March 2006; accepted 8 March 2006; Adaptation, adaptive capacity and vulnerability.
	- Barry Smit_, Johanna Wandel Department of Geography, University of Guelph, Guelph, Ont., Canada N1G 2W1 Received 28 November 2005; received in revised form 1 March 2006; accepted 8 March 2006; Adaptation, adaptive capacity and vulnerability.

	- Beniston, M (2003) 'Climatic change in mountain regions: a review of possible impacts'. Climate Change 59: 5-31.
	- Beniston, M (2003) 'Climatic change in mountain regions: a review of possible impacts'. Climate Change 59: 5-31.

	- Bhalla, G.S. (Ed.), 1994. Economic Liberalisation and Indian Agriculture. Institute for Studies in Industrial Development, New Delhi. Chaudhury, P., 1998. Food security and globalisation of Indian agriculture. In: Chatterjee, B. (Ed.), Economic Liberalisation in India. Allied Publishers Limited, Calcutta, pp. 256-274.
	- Bhalla, G.S. (Ed.), 1994. Economic Liberalisation and Indian Agriculture. Institute for Studies in Industrial Development, New Delhi. Chaudhury, P., 1998. Food security and globalisation of Indian agriculture. In: Chatterjee, B. (Ed.), Economic Liberalisation in India. Allied Publishers Limited, Calcutta, pp. 256-274.

	- Bhaskaran, B., Murphy, J. M. and Jones, R. G., Intra-seasonal oscillation in the Indian summer monsoon simulated by global and nested regional climate models. Mon. Wea. Rev., 1998, 126, 3124-3134.
	- Bhaskaran, B., Murphy, J. M. and Jones, R. G., Intra-seasonal oscillation in the Indian summer monsoon simulated by global and nested regional climate models. Mon. Wea. Rev., 1998, 126, 3124-3134.

	- Blaikie P., Cannon, T., Davis, I., Wisner, B., 1994. At Risk: Natural Hazards, People's Vulnerability, and Disaster. Routledge, London.
	- Blaikie P., Cannon, T., Davis, I., Wisner, B., 1994. At Risk: Natural Hazards, People's Vulnerability, and Disaster. Routledge, London.

	- Blaikie, P.M., Brookfield, H.C., 1987. Land Degradation and Society. Methuen, London.
	- Blaikie, P.M., Brookfield, H.C., 1987. Land Degradation and Society. Methuen, London.

	- Bohle, H. C., Downing, T. E. and Watts, M. J., 1994. "Climate change and social vulnerability." Global Environmental Change 4(1): 37-48.
	- Bohle, H. C., Downing, T. E. and Watts, M. J., 1994. "Climate change and social vulnerability." Global Environmental Change 4(1): 37-48.


	- Bollig, M., Schulte, A., 1999. Environmental change and pastoral perceptions: degradation and indigenous knowledge in two African pastoral communities. Human Ecology 27, 493-514.
	- Bollig, M., Schulte, A., 1999. Environmental change and pastoral perceptions: degradation and indigenous knowledge in two African pastoral communities. Human Ecology 27, 493-514.
	- Bollig, M., Schulte, A., 1999. Environmental change and pastoral perceptions: degradation and indigenous knowledge in two African pastoral communities. Human Ecology 27, 493-514.

	- Bouchama, A; Parhar, RS; El-Yazigi, A; Sheth, K; Al-Sedairy, A (1991) 'Endotoxemia and release of tumor necrosis factor and interleukin 1 alpha in acute heatstroke'. Journal of Applied Physiology 70(6): 2640-2644.
	- Bouchama, A; Parhar, RS; El-Yazigi, A; Sheth, K; Al-Sedairy, A (1991) 'Endotoxemia and release of tumor necrosis factor and interleukin 1 alpha in acute heatstroke'. Journal of Applied Physiology 70(6): 2640-2644.

	- Bouma, M. J. and van der Kaay, H. J., Epidemic malaria in India and the El-Nino Southern Oscillation: Health and Climate Change. Lancet, 1994, 344, 1638-1639.
	- Bouma, M. J. and van der Kaay, H. J., Epidemic malaria in India and the El-Nino Southern Oscillation: Health and Climate Change. Lancet, 1994, 344, 1638-1639.

	- Bouma, M. J. and van der Kaay, H. J., The El Nino Oscillation and the historic malaria epidemics on the Indian subcontinent and Sri Lanka: An early warning system for future epidemics. Trop. Med. Int. Health, 1996, 1, 86-96.
	- Bouma, M. J. and van der Kaay, H. J., The El Nino Oscillation and the historic malaria epidemics on the Indian subcontinent and Sri Lanka: An early warning system for future epidemics. Trop. Med. Int. Health, 1996, 1, 86-96.

	- Bouma, M. J., Dye, C. and van der Kaay, H. J., 'El Nino Southern Oscillation' as a possible early warning system for Falciparum malaria epidemics in Northern Pakistan. In Epidemiology and Control of Malaria in Northern Pakistan, Dordrecht, 1995, pp. 45-57.
	- Bouma, M. J., Dye, C. and van der Kaay, H. J., 'El Nino Southern Oscillation' as a possible early warning system for Falciparum malaria epidemics in Northern Pakistan. In Epidemiology and Control of Malaria in Northern Pakistan, Dordrecht, 1995, pp. 45-57.

	- Brooks, BW; Sodhi, NS; Ng, PKL (2003) 'Catastrophic extinctions follow deforestation in Singapore'. Nature 424(24): 420-423.
	- Brooks, BW; Sodhi, NS; Ng, PKL (2003) 'Catastrophic extinctions follow deforestation in Singapore'. Nature 424(24): 420-423.

	- Brooks, TM; Mittermeier, RA; da Fonseca, GAB; Gerlach, J; Hoffmann, M; Lamoreux, JF; Mittermeier, CG; Pilgrim, JD; Rodrigues, ASL (2006) 'Global biodiversity conservation priorities'. Science 313: 58-61.
	- Brooks, TM; Mittermeier, RA; da Fonseca, GAB; Gerlach, J; Hoffmann, M; Lamoreux, JF; Mittermeier, CG; Pilgrim, JD; Rodrigues, ASL (2006) 'Global biodiversity conservation priorities'. Science 313: 58-61.

	- Carpenter, C (2005) 'The environmental control of plant species density on a Himalayan elevation gradient'. Journal of Biogeography 32: 999-1018.
	- Carpenter, C (2005) 'The environmental control of plant species density on a Himalayan elevation gradient'. Journal of Biogeography 32: 999-1018.

	- CEPF (2005) Ecosystem profile: Indo-Burman Hotspot, Eastern Himalayan region. Kathmandu: WWF, US-Asian Program/ Critical Ecosystem Partnership Fund (CEPF) Chakravorty, AK (1951) 'Origin of cultivated banana of Southeast Asia'. IndianJournal ofGenetics 11: 34-46.
	- CEPF (2005) Ecosystem profile: Indo-Burman Hotspot, Eastern Himalayan region. Kathmandu: WWF, US-Asian Program/ Critical Ecosystem Partnership Fund (CEPF) Chakravorty, AK (1951) 'Origin of cultivated banana of Southeast Asia'. IndianJournal ofGenetics 11: 34-46.

	- CGWB, 1996. Groundwater statistics 1996. Ministry of Water Resources, Government of India.
	- CGWB, 1996. Groundwater statistics 1996. Ministry of Water Resources, Government of India.

	- Chapin, FS III; Zavaleta, ES; Eviner, VT; Naylor, RL; Vitousek, PM; Reynolds, HL; Hooper, DU; Lavorel, S; Sala, OE; Hobbie, SE; Mack, MC; Diaz, S (2000) 'Consequences of changing biodiversity'. Nature 405: 234-242.
	- Chapin, FS III; Zavaleta, ES; Eviner, VT; Naylor, RL; Vitousek, PM; Reynolds, HL; Hooper, DU; Lavorel, S; Sala, OE; Hobbie, SE; Mack, MC; Diaz, S (2000) 'Consequences of changing biodiversity'. Nature 405: 234-242.

	- Chettri, N; Sharma, E; Shakya, B; Bajracharya, B (2007) 'Developing forested conservation corridors in the Kangchenjunga Landscape, Eastern Himalaya'. Mountain Research and Development 27(3): 211-214.
	- Chettri, N; Sharma, E; Shakya, B; Bajracharya, B (2007) 'Developing forested conservation corridors in the Kangchenjunga Landscape, Eastern Himalaya'. Mountain Research and Development 27(3): 211-214.

	- Chettri, N; Sharma, E; Shakya, B; Thapa, R; Sharma, M; Bajracharya, B; Uddin, K; Oli, KP; Dasgupta, J; Chaudhury, D (2008) Biodiversity in the Eastern Himalaya: trends, perception and impacts of climate change, Study Report, ICIMOD, Kathmandu.
	- Chettri, N; Sharma, E; Shakya, B; Thapa, R; Sharma, M; Bajracharya, B; Uddin, K; Oli, KP; Dasgupta, J; Chaudhury, D (2008) Biodiversity in the Eastern Himalaya: trends, perception and impacts of climate change, Study Report, ICIMOD, Kathmandu.

	- Christensen, JH; Hewitson, B; Busuioc, A; Chen, A; Gao, X; Held, I; Jones, R; Kolli, RK; Kwon, WT; Laprise, R; Magana, RV; Mearns, L; Menendez, CG; Raisanen, J; Rinke, A; Sarr, A; Whetton, P (2007) 'Regional Climate Projections'. In Solomon, S; Qin, D; Manning, M; Chen, Z; Marquis, M; Averyt, KB; Tignor, M; Miller, HL (eds) Climate change 2007: The physical science basis. Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge and New Yor
	- Christensen, JH; Hewitson, B; Busuioc, A; Chen, A; Gao, X; Held, I; Jones, R; Kolli, RK; Kwon, WT; Laprise, R; Magana, RV; Mearns, L; Menendez, CG; Raisanen, J; Rinke, A; Sarr, A; Whetton, P (2007) 'Regional Climate Projections'. In Solomon, S; Qin, D; Manning, M; Chen, Z; Marquis, M; Averyt, KB; Tignor, M; Miller, HL (eds) Climate change 2007: The physical science basis. Contribution of Working Group I to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge and New Yor

	- Climate Change 2001: The Scientific Basis - Contribution of Working Group I to the Third Assessment Report of the Intergovernmental Panel on Climate Change (IPCC), Cambridge University Press, Cambridge, 2001.
	- Climate Change 2001: The Scientific Basis - Contribution of Working Group I to the Third Assessment Report of the Intergovernmental Panel on Climate Change (IPCC), Cambridge University Press, Cambridge, 2001.

	- Climate Change vulnerability profiles for North East India, Special Section Climate Change and India, NH Ravindranath, Sandhya Rao, Nitasha Sharma, Malini Nair, Ranjit Gopalkrishanan, Ananya S. Rao, Sumedha Malaviya, Rakesh Tiwari, Anitha Sagadevan, Madhushree Munshi, Niharika Krishna and Govindasamy Bala Current Science. Vol. 101 No.3, 10 August, 2011.
	- Climate Change vulnerability profiles for North East India, Special Section Climate Change and India, NH Ravindranath, Sandhya Rao, Nitasha Sharma, Malini Nair, Ranjit Gopalkrishanan, Ananya S. Rao, Sumedha Malaviya, Rakesh Tiwari, Anitha Sagadevan, Madhushree Munshi, Niharika Krishna and Govindasamy Bala Current Science. Vol. 101 No.3, 10 August, 2011.

	- CMIE, 2000. Profiles of districts. Center for Monitoring Indian Economy, Mumbai. Goldman, A., Smith, J., 1995. Agricultural transformations in India and Northern Nigeria: exploring the nature of Green revolutions. World Development 23, 243-263.
	- CMIE, 2000. Profiles of districts. Center for Monitoring Indian Economy, Mumbai. Goldman, A., Smith, J., 1995. Agricultural transformations in India and Northern Nigeria: exploring the nature of Green revolutions. World Development 23, 243-263.

	- Community food security: salience and participation at the community level. Agriculture and Human Values 16, 401-419.
	- Community food security: salience and participation at the community level. Agriculture and Human Values 16, 401-419.

	- Conroy, M.E., Glasmeier, A.K., 1993. Unprecedented disparities, unparalleled adjustment needs: winners and losers on the NAFTA 'Fast Track'. Journal of Inter American Studies and World Affairs 34, 1-37.
	- Conroy, M.E., Glasmeier, A.K., 1993. Unprecedented disparities, unparalleled adjustment needs: winners and losers on the NAFTA 'Fast Track'. Journal of Inter American Studies and World Affairs 34, 1-37.

	- Cruz, RV; Harasawa, H; Lal, M; Wu, S; Anokhin, Y; Punsalmaa, B; Honda, Y; Jafari, M; Li, C; Huu, NN (2007) 'Climate change 2007: Impacts, adaptation and vulnerability'. In Parry, ML; Canziani, OF; Palutikof, JP; van der Linden, PJ;
	- Cruz, RV; Harasawa, H; Lal, M; Wu, S; Anokhin, Y; Punsalmaa, B; Honda, Y; Jafari, M; Li, C; Huu, NN (2007) 'Climate change 2007: Impacts, adaptation and vulnerability'. In Parry, ML; Canziani, OF; Palutikof, JP; van der Linden, PJ;


	Hanson, CE (eds) Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, pp 469-506. Cambridge: Cambridge University Press. Dhar, U (2002) 'Conservation implications of plant endemism in high-altitude Himalaya'. Current Science 82: 141-148.
	Hanson, CE (eds) Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, pp 469-506. Cambridge: Cambridge University Press. Dhar, U (2002) 'Conservation implications of plant endemism in high-altitude Himalaya'. Current Science 82: 141-148.
	Hanson, CE (eds) Contribution of Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, pp 469-506. Cambridge: Cambridge University Press. Dhar, U (2002) 'Conservation implications of plant endemism in high-altitude Himalaya'. Current Science 82: 141-148.

	- Datt G. and M. Ravillion, 1998 ""Growth and Poverty in Rural India," 
	- Datt G. and M. Ravillion, 1998 ""Growth and Poverty in Rural India," 
	http://econ.worldbank.org/
	http://econ.worldbank.org/

	 files/500_wps1405.pdf Fischer Gunther, Shah Mahendra, and Valthuizen Harriz van, "Climate Change and Agricultural Vulnerability" World Summit on Sustainable Development, Johannesburg, 2002 
	www.iiasa.ac.at/Research/LUC/JB-
	www.iiasa.ac.at/Research/LUC/JB-

	 Report. pdf Intergovernmental Panel on Climate Change (IPCC). 2000. Report by Robert Watson, Chair, Intergovernmental Panel on Climate Change, to the Sixth Conference of the Parties to the United Nations Framework Convention on Climate Change, The Hague, 20th November.

	- Deardorff, A.V., Stern, R.M. (Eds.), 2000. Social Dimensions of US Trade Policy. The University of Michigan Press, Ann Arbor. Dinar, A., Mendelsohn, R., Songhi, A., 1998. Measuring the impact of climate change on Indian Agriculture. World Bank Technical Paper 402, Washington.
	- Deardorff, A.V., Stern, R.M. (Eds.), 2000. Social Dimensions of US Trade Policy. The University of Michigan Press, Ann Arbor. Dinar, A., Mendelsohn, R., Songhi, A., 1998. Measuring the impact of climate change on Indian Agriculture. World Bank Technical Paper 402, Washington.

	- Dhaka: International Institute for Environment and Development, and Bangladesh Centre for Development Studies Alam, M; Tshering, D (2004) Adverse impacts of climate change on development of Bhutan: Integrating adaptation into policies and activities. Working Paper No.2 Bhutan CLACC (Capacity Strengthening in the Least Developed Countries (LDCs) for Adaptation to Climate Change), p 38.
	- Dhaka: International Institute for Environment and Development, and Bangladesh Centre for Development Studies Alam, M; Tshering, D (2004) Adverse impacts of climate change on development of Bhutan: Integrating adaptation into policies and activities. Working Paper No.2 Bhutan CLACC (Capacity Strengthening in the Least Developed Countries (LDCs) for Adaptation to Climate Change), p 38.

	- Dhaka: International Institute for Environment and Development, and Bangladesh Centre for Development Studies Anderson, BJ; Akfakaya, HR; Araujo, MB; Fordham, DA; Martinez-Meyer, E; Thuiller, W; Brook, BW (2009) 'Dynamics of range margins for meta populations under climate change'. Proceedings of the Royal Society B 276: 1415-1420.
	- Dhaka: International Institute for Environment and Development, and Bangladesh Centre for Development Studies Anderson, BJ; Akfakaya, HR; Araujo, MB; Fordham, DA; Martinez-Meyer, E; Thuiller, W; Brook, BW (2009) 'Dynamics of range margins for meta populations under climate change'. Proceedings of the Royal Society B 276: 1415-1420.

	- Dhawan, NL (1964) 'Primitive maize in Sikkim'. Maize Genetics Co-op Newsletter 38: 69-70 Du, MY; Kawashima, S; Yonemura, S; Zhang, XZ; Chen, SB (2004) 'Mutual influence between human activities and climate change in the Tibetan plateau during recent years'. Global and Planetary Change 41: 241-249.
	- Dhawan, NL (1964) 'Primitive maize in Sikkim'. Maize Genetics Co-op Newsletter 38: 69-70 Du, MY; Kawashima, S; Yonemura, S; Zhang, XZ; Chen, SB (2004) 'Mutual influence between human activities and climate change in the Tibetan plateau during recent years'. Global and Planetary Change 41: 241-249.

	- Dhiman, R. C., Bhattacharjee, S., Adak, T. and Subbarao, S. K., Impact of climate change on malaria in India with emphasis on selected sites. In Proceedings of the Workshop on Water Resources, Coastal Zones and Human Health held at Indian Institute of Technology, Delhi, New Delhi, 27-28 June 2003, Ministry of Environment and Forests, Government of India, 2004.
	- Dhiman, R. C., Bhattacharjee, S., Adak, T. and Subbarao, S. K., Impact of climate change on malaria in India with emphasis on selected sites. In Proceedings of the Workshop on Water Resources, Coastal Zones and Human Health held at Indian Institute of Technology, Delhi, New Delhi, 27-28 June 2003, Ministry of Environment and Forests, Government of India, 2004.

	- Dhiman, R. C., Malaria Research Centre, Private Communications, 2003.
	- Dhiman, R. C., Malaria Research Centre, Private Communications, 2003.

	- Douville, H., Royer, J-F., Polcher, J., Cox, P., Gedney, N., Stephenson, D. and Valdes, P-J., Impact of CO2 doubling on the Asian summer monsoon: Robust versus model-dependent responses. J. Meteorol. Soc. Japan, 2000, 8, 421-439.
	- Douville, H., Royer, J-F., Polcher, J., Cox, P., Gedney, N., Stephenson, D. and Valdes, P-J., Impact of CO2 doubling on the Asian summer monsoon: Robust versus model-dependent responses. J. Meteorol. Soc. Japan, 2000, 8, 421-439.

	- Downing, T.E., Butterfield, R., Cohen, S., Huq, S., Moss, R., Rahman, A., Sokona, Y., Stephen, L., 2000. Climate change vulnerability: linking impacts and adaptation. Report to the Governing Council of the United Nation s Environment Programme. Environmental Change Institute, University of Oxford/ UNEP, Oxford/Nairobi.
	- Downing, T.E., Butterfield, R., Cohen, S., Huq, S., Moss, R., Rahman, A., Sokona, Y., Stephen, L., 2000. Climate change vulnerability: linking impacts and adaptation. Report to the Governing Council of the United Nation s Environment Programme. Environmental Change Institute, University of Oxford/ UNEP, Oxford/Nairobi.

	- Dr"eze, J., Sen, A., 2002. India: Development and Participation. Oxford University Press, New Delhi. Freebairn, D., 1995. Didthe Green revolution concentrates incomes? A quantitative study of research reports. World Development 23, 265-279.
	- Dr"eze, J., Sen, A., 2002. India: Development and Participation. Oxford University Press, New Delhi. Freebairn, D., 1995. Didthe Green revolution concentrates incomes? A quantitative study of research reports. World Development 23, 265-279.

	- Dyurgerov, MD; Meier, MF (2005) Glaciers and changing Earth system: A 2004 snapshot. Boulder: Institute of Arctic and Alpine Research, University of Colorado Epstein, Y; Sohar, E; Shapiro, Y (1995) 'Exceptional heatstroke: A preventable condition'. Israel Journal ofMedical Science 31: 454-462.
	- Dyurgerov, MD; Meier, MF (2005) Glaciers and changing Earth system: A 2004 snapshot. Boulder: Institute of Arctic and Alpine Research, University of Colorado Epstein, Y; Sohar, E; Shapiro, Y (1995) 'Exceptional heatstroke: A preventable condition'. Israel Journal ofMedical Science 31: 454-462.

	- Eriksson, M; Jianchu, X; Shrestha, AB; Vaidya, RA; Nepal, S; Sandstrom K (2009) The Changing Himalayas: Impact of climate change on water resources and livelihoods in the Greater Himalayas. Kathmandu: ICIMOD Fischer, G; Shah, M; van Velthuizen, H (2002) Climate change and agricultural vulnerability, special report to the UN World Summit on Sustainable Development, Johannesburg 2002.
	- Eriksson, M; Jianchu, X; Shrestha, AB; Vaidya, RA; Nepal, S; Sandstrom K (2009) The Changing Himalayas: Impact of climate change on water resources and livelihoods in the Greater Himalayas. Kathmandu: ICIMOD Fischer, G; Shah, M; van Velthuizen, H (2002) Climate change and agricultural vulnerability, special report to the UN World Summit on Sustainable Development, Johannesburg 2002.

	- Ferro, C. A. T., Hannachi, A. and Stephenson, D. B., Simple nonparametric techniques for exploring changing probability distributions of weather.J. Climate, 2005 (in press).
	- Ferro, C. A. T., Hannachi, A. and Stephenson, D. B., Simple nonparametric techniques for exploring changing probability distributions of weather.J. Climate, 2005 (in press).

	- Frich, P., Alexander, L. V., Della-Marta, P., Gleason, B., Haylock, M., Klein Tank, A. M. G. and Peterson, T., Observed coherent changes in climatic extremes during the second half of the twentieth century. Clim. Res., 2002, 19, 193-212.
	- Frich, P., Alexander, L. V., Della-Marta, P., Gleason, B., Haylock, M., Klein Tank, A. M. G. and Peterson, T., Observed coherent changes in climatic extremes during the second half of the twentieth century. Clim. Res., 2002, 19, 193-212.

	- Gadgil, S., 1995. Climate change and agriculture: an Indian perspective. Current Science 9, 649-659.
	- Gadgil, S., 1995. Climate change and agriculture: an Indian perspective. Current Science 9, 649-659.

	- Global Environnemental Change 13, 51-59. Kasperson, J.X., Kasperson, R.E., 2001. Global Environmental Risk. United Nations University Press and Earthscan Publications, Tokyo and London.
	- Global Environnemental Change 13, 51-59. Kasperson, J.X., Kasperson, R.E., 2001. Global Environmental Risk. United Nations University Press and Earthscan Publications, Tokyo and London.


	- Gordon, C. et al., The simulation of SST, sea ice extents and ocean heat transport in a version of the Hadley Center coupled model without flux adjustments. Climate Dynamics, 2000, 16, 147-168.
	- Gordon, C. et al., The simulation of SST, sea ice extents and ocean heat transport in a version of the Hadley Center coupled model without flux adjustments. Climate Dynamics, 2000, 16, 147-168.
	- Gordon, C. et al., The simulation of SST, sea ice extents and ocean heat transport in a version of the Hadley Center coupled model without flux adjustments. Climate Dynamics, 2000, 16, 147-168.

	- Groisman, P. Y. et al., Changes in the probability of heavy precipitation: Important indicators of climatic change. Climatic Change, 1999, 42, 243-283.
	- Groisman, P. Y. et al., Changes in the probability of heavy precipitation: Important indicators of climatic change. Climatic Change, 1999, 42, 243-283.

	- Gulati, A., 1999. Indian agriculture in an open economy: will it prosper? In: Ahluwalia, I.J., Little, I.M.D. (Eds.), India's Economic Reforms and Development t. Essays for Manmohan Singh. Oxford University y Press, New Delhi, pp. 122-145.
	- Gulati, A., 1999. Indian agriculture in an open economy: will it prosper? In: Ahluwalia, I.J., Little, I.M.D. (Eds.), India's Economic Reforms and Development t. Essays for Manmohan Singh. Oxford University y Press, New Delhi, pp. 122-145.

	- Gulati, A., Kelley, T., 1999. Trade Liberalization and Indian Agriculture: Cropping Pattern Changes and Efficiency Gains in Semi-Arid Tropics. Oxford University Press, New Delhi. Gulati, A., Mehta, R., Narayan, S., 1999. From Marrakesh to Seattle. Indian Agriculture in a Globalising World. Economic and Political Weekly 34, 41. Jones, P.G., Thornton, P.K., 2003. The potential impacts of climate change on maize production in Africa and Latin America in 2055.
	- Gulati, A., Kelley, T., 1999. Trade Liberalization and Indian Agriculture: Cropping Pattern Changes and Efficiency Gains in Semi-Arid Tropics. Oxford University Press, New Delhi. Gulati, A., Mehta, R., Narayan, S., 1999. From Marrakesh to Seattle. Indian Agriculture in a Globalising World. Economic and Political Weekly 34, 41. Jones, P.G., Thornton, P.K., 2003. The potential impacts of climate change on maize production in Africa and Latin America in 2055.

	- Houghton, J. T. et al. (eds), Climate Change 2001: The Scientific Basis. Contribution of Working Group I to the Third Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge University Press, 2001, pp. 881.
	- Houghton, J. T. et al. (eds), Climate Change 2001: The Scientific Basis. Contribution of Working Group I to the Third Assessment Report of the Intergovernmental Panel on Climate Change, Cambridge University Press, 2001, pp. 881.

	- Hudson, D. A. and Jones, R. G., Regional climate model simulations of present-day and future climates of Southern Africa. Technical Note No. 39, Hadley Centre for Climate Prediction and Research, UK, 2002, pp. 42.
	- Hudson, D. A. and Jones, R. G., Regional climate model simulations of present-day and future climates of Southern Africa. Technical Note No. 39, Hadley Centre for Climate Prediction and Research, UK, 2002, pp. 42.

	- India's Initial National Communication to the UNFCCC, Chapter 3: Vulnerability and Adaptation, Ministry of Environment and Forests, Government of India, 2004, pp. 59-71.
	- India's Initial National Communication to the UNFCCC, Chapter 3: Vulnerability and Adaptation, Ministry of Environment and Forests, Government of India, 2004, pp. 59-71.

	- Intergovernmental Panel on Climate Change (IPCC). Climate Change 2001: Impacts, Adaptation Vulnerability. Contribution of Working Group II to the Third Assessment Report of the Intergovernmental Panel on Climate Change. Geneva: UNEP/WMO, 2001.
	- Intergovernmental Panel on Climate Change (IPCC). Climate Change 2001: Impacts, Adaptation Vulnerability. Contribution of Working Group II to the Third Assessment Report of the Intergovernmental Panel on Climate Change. Geneva: UNEP/WMO, 2001.

	- Johns, T. C. et al., Anthropogenic climate change for 1860 to 2100 simulated with the HadCM3 model under updated emissions scenarios. Hadley Centre Technical Note No. 22, Hadley Centre for Climate Prediction and Research, UK Meteorological Office, 2001.
	- Johns, T. C. et al., Anthropogenic climate change for 1860 to 2100 simulated with the HadCM3 model under updated emissions scenarios. Hadley Centre Technical Note No. 22, Hadley Centre for Climate Prediction and Research, UK Meteorological Office, 2001.

	- Jones, R. et al., Generating high resolution climate change scenarios using PRECIS, Hadley Centre for Climate Prediction and Research, Met Office Hadley Centre, UK, 2004, pp. 40.
	- Jones, R. et al., Generating high resolution climate change scenarios using PRECIS, Hadley Centre for Climate Prediction and Research, Met Office Hadley Centre, UK, 2004, pp. 40.

	- Jones, R. G. et al., Configuring new climate models for Europe with improved climatologies via better representation of physical processes. UKMO Second Year Report for MERCURE, EC Contract ENV4.CT97.0485, 1999.
	- Jones, R. G. et al., Configuring new climate models for Europe with improved climatologies via better representation of physical processes. UKMO Second Year Report for MERCURE, EC Contract ENV4.CT97.0485, 1999.

	- Kothawale, D. R. and Rupa Kumar, K., on the recent changes in surface temperature trends over India. Geophys. Res. Lett., 2005.
	- Kothawale, D. R. and Rupa Kumar, K., on the recent changes in surface temperature trends over India. Geophys. Res. Lett., 2005.

	- Kovats, R. S., Campbell-Lendrumdh, D. H., McMichael, A. J., Woodward, A. and Coxj, J. S. T. H., Early effects of climate change: do they include changes in vector-borne diseases? Philos. Trans. R. Soc. B,Biol. Sci., 2001, 356, 1057-1068.
	- Kovats, R. S., Campbell-Lendrumdh, D. H., McMichael, A. J., Woodward, A. and Coxj, J. S. T. H., Early effects of climate change: do they include changes in vector-borne diseases? Philos. Trans. R. Soc. B,Biol. Sci., 2001, 356, 1057-1068.

	- Kumar, K.R., Kumar, K.K., Ashrit, R.G., Patwardhan, S.K., Pant, G.B., 2002. Climate change in India: observations and model projections. In: Shukla, P.R., Subodh, K.S., Ramana, P.V. (Eds.), Climate Change and India: Issues, Concerns and Opportunities. Tata McGraw-Hill Publishing Company Limited, New Delhi, pp. 24-75.
	- Kumar, K.R., Kumar, K.K., Ashrit, R.G., Patwardhan, S.K., Pant, G.B., 2002. Climate change in India: observations and model projections. In: Shukla, P.R., Subodh, K.S., Ramana, P.V. (Eds.), Climate Change and India: Issues, Concerns and Opportunities. Tata McGraw-Hill Publishing Company Limited, New Delhi, pp. 24-75.

	- Kumar, K.S.K., Parikh, J., 2001. Indian agriculture and climate sensitivity. Global Environmental Change 11, 147-154.
	- Kumar, K.S.K., Parikh, J., 2001. Indian agriculture and climate sensitivity. Global Environmental Change 11, 147-154.

	- Lal, M. and Harasawa, H., Future climate change scenarios for Asia as inferred from selected coupled atmosphere-ocean global climate models. J. Meteorol. Soc. Japan, 2001, 79, 219-227.
	- Lal, M. and Harasawa, H., Future climate change scenarios for Asia as inferred from selected coupled atmosphere-ocean global climate models. J. Meteorol. Soc. Japan, 2001, 79, 219-227.

	- Lal, M. and Singh, S. K., Global warming and monsoon climate. Mausam, 2001, 52, 245-262.
	- Lal, M. and Singh, S. K., Global warming and monsoon climate. Mausam, 2001, 52, 245-262.

	- Lal, M., Cubash, U., Voss, R., Waszkewitz, J., 1995. Effect of transient increase in greenhouse gases and sulphate aerosols on monsoon climate. Current Science 69, 752-763.
	- Lal, M., Cubash, U., Voss, R., Waszkewitz, J., 1995. Effect of transient increase in greenhouse gases and sulphate aerosols on monsoon climate. Current Science 69, 752-763.

	- Lal, M., Singh, K.K., Rathore, L.S., Srinivasan, G., Saseendran, S.A., 1998. Vulnerability of rice and wheat yields in north­west India to future changes in climate. Agricultural and Forest Meteorology 89, 101-114.
	- Lal, M., Singh, K.K., Rathore, L.S., Srinivasan, G., Saseendran, S.A., 1998. Vulnerability of rice and wheat yields in north­west India to future changes in climate. Agricultural and Forest Meteorology 89, 101-114.

	- Leichenko, R.M., O'Brien, K.L., 2002. The dynamics of rural vulnerability to global change: the case of southern Africa. Mitigation and Adaptation Strategies for Global Change 7, 1-18.
	- Leichenko, R.M., O'Brien, K.L., 2002. The dynamics of rural vulnerability to global change: the case of southern Africa. Mitigation and Adaptation Strategies for Global Change 7, 1-18.

	- Ligon E. and Laura Schechter, "Measuring Vulnerability", Washington, D.C., USA, September 23-24, 2002, 
	- Ligon E. and Laura Schechter, "Measuring Vulnerability", Washington, D.C., USA, September 23-24, 2002, 
	www.ifpri.org/events/conferences/2002/092302.htm
	www.ifpri.org/events/conferences/2002/092302.htm

	 Mansuri G. and Andrew Healy "Vulnerability Prediction in Rural Pakistan", Washington, D.C., USA, September 23-24,2002, 
	www.ifpri.org/events/conferences/
	www.ifpri.org/events/conferences/

	 2002/092302/mansuri.pd.


	- Making a Difference. The World Health Report, World Health Organization, Geneva, 1999.
	- Making a Difference. The World Health Report, World Health Organization, Geneva, 1999.
	- Making a Difference. The World Health Report, World Health Organization, Geneva, 1999.

	- Martens, W. J. M., Health and Climate Change: Modeling the Impacts of Global Warming and Ozone Depletion, Earthscan Publications Ltd, London, 1998.
	- Martens, W. J. M., Health and Climate Change: Modeling the Impacts of Global Warming and Ozone Depletion, Earthscan Publications Ltd, London, 1998.

	- Martens, W. J. M., Niessen, L. W., Rotmans, J., Jetten, T. H. And McMichael, A. J., Potential impact of global climate change on malaria risk. Environ. Health Perspect., 1995, 103, 458-464.
	- Martens, W. J. M., Niessen, L. W., Rotmans, J., Jetten, T. H. And McMichael, A. J., Potential impact of global climate change on malaria risk. Environ. Health Perspect., 1995, 103, 458-464.

	May, W., Potential of future changes in the Indian summer monsoon due to greenhouse warming: analysis of mechanisms in a global time-slice experiment. Clim. Dyn., 2004b, 22, 389-414; Mooley, D. A. and Parthasarathy, B., Fluctuations of all-India summer monsoon rainfall during 1871-1978. Climatic Change, 1984, 6, 287-301.
	May, W., Potential of future changes in the Indian summer monsoon due to greenhouse warming: analysis of mechanisms in a global time-slice experiment. Clim. Dyn., 2004b, 22, 389-414; Mooley, D. A. and Parthasarathy, B., Fluctuations of all-India summer monsoon rainfall during 1871-1978. Climatic Change, 1984, 6, 287-301.

	- May, W., Simulation of the variability and extremes of daily rainfall during the Indian summer monsoon for present and future times in a global time-slice experiment. Clim. Dyn., 2004a, 22, 183-204.
	- May, W., Simulation of the variability and extremes of daily rainfall during the Indian summer monsoon for present and future times in a global time-slice experiment. Clim. Dyn., 2004a, 22, 183-204.

	- McCarthy, J.J., Canziani, O.F., Leary, N.A., Dokken, D.J., White, K.S. (Eds.), 2001. Climate Change 2001: Impacts, Adaptation, and Vulnerability. Cambridge University Press, Cambridge.
	- McCarthy, J.J., Canziani, O.F., Leary, N.A., Dokken, D.J., White, K.S. (Eds.), 2001. Climate Change 2001: Impacts, Adaptation, and Vulnerability. Cambridge University Press, Cambridge.

	McLean, R.F., Sinha, S.K., Mirza, M.Q., Lal, M., 1998. Tropical Asia. In: Watson, R.T., Zinyowera, M.C., Moss, R.H., Dokken, D.J. (Eds.), The Regional Impacts of Climate Change: An Assessment of Vulnerability. Published for the Intergovernmental Panel on Climate Change by Cambridge University Press, Cambridge.
	McLean, R.F., Sinha, S.K., Mirza, M.Q., Lal, M., 1998. Tropical Asia. In: Watson, R.T., Zinyowera, M.C., Moss, R.H., Dokken, D.J. (Eds.), The Regional Impacts of Climate Change: An Assessment of Vulnerability. Published for the Intergovernmental Panel on Climate Change by Cambridge University Press, Cambridge.

	- Mearns, L.O., Hulme, M., Carter, T.R., Leemans, R., Lal, M., Whetton, P., 2001. Climate scenario development. In: Houghton, J.T., Ding, Y., Griggs, D.J., Noguer, M., van der Linden, P.J., Dai, X., Maskell, K., Johnson, C.A. (Eds.), Climate Change 2001 The Scientific Basis. Cambridge University Press, Cambridge, pp. 739-768.
	- Mearns, L.O., Hulme, M., Carter, T.R., Leemans, R., Lal, M., Whetton, P., 2001. Climate scenario development. In: Houghton, J.T., Ding, Y., Griggs, D.J., Noguer, M., van der Linden, P.J., Dai, X., Maskell, K., Johnson, C.A. (Eds.), Climate Change 2001 The Scientific Basis. Cambridge University Press, Cambridge, pp. 739-768.

	- Menon, P., 2001. A farm crisis and suicides. Frontline, Vol. 18. Access edonline, July 2, 2003: 
	- Menon, P., 2001. A farm crisis and suicides. Frontline, Vol. 18. Access edonline, July 2, 2003: 
	http://www.flonnet.com/fl1808/
	http://www.flonnet.com/fl1808/

	 18080210.htm.

	- Millions at risk: defining critical climate change threats and targets. Global Environmental Change 11, 181-183.
	- Millions at risk: defining critical climate change threats and targets. Global Environmental Change 11, 181-183.

	- Mitra, A.P., Kumar, D., Rupa, M., Kumar, K., Abrol, Y.P., Kalra, N., Velayutham, M., Naqvi, S.W.A., 2002. Global change and biogeochemical cycles: the South Asia region. In: Tyson, P., Fuchs, R., Fu, C., Lebel, L., Mitra, A.P., Odada, E., Perry, J., Steffen, W., Virji, H. (Eds.), Global-Regional Linkages in the Earth System. Springer, Berlin.
	- Mitra, A.P., Kumar, D., Rupa, M., Kumar, K., Abrol, Y.P., Kalra, N., Velayutham, M., Naqvi, S.W.A., 2002. Global change and biogeochemical cycles: the South Asia region. In: Tyson, P., Fuchs, R., Fu, C., Lebel, L., Mitra, A.P., Odada, E., Perry, J., Steffen, W., Virji, H. (Eds.), Global-Regional Linkages in the Earth System. Springer, Berlin.

	- Mittelman, J.H., 1994. The globalization challenge: surviving at the margins. Third World Quarterly 15, 427-443.
	- Mittelman, J.H., 1994. The globalization challenge: surviving at the margins. Third World Quarterly 15, 427-443.

	- Mittelman, J.H., 2000. The Globalization Syndrome: Transformation and Resistance. Princeton University Press, Princeton, NJ.
	- Mittelman, J.H., 2000. The Globalization Syndrome: Transformation and Resistance. Princeton University Press, Princeton, NJ.

	- Moss R.H., A.L. Brenkert, E.L. Malone, "Vulnerability to climate change: A Quantitative approach,” U.S Dept. of Energy, September 2001, 
	- Moss R.H., A.L. Brenkert, E.L. Malone, "Vulnerability to climate change: A Quantitative approach,” U.S Dept. of Energy, September 2001, 
	www.pnl.gov/
	www.pnl.gov/

	 global change/pubs/ vul/DOE%20VCC%20report.PDF

	- National Malaria Eradication Programme (NMEP), Malaria and its Control in India, Volume III, Directorate of National Malaria Eradication Programme, Directorate General of Health Services, Ministry of Health and Family Welfare, Government of India, 1986.
	- National Malaria Eradication Programme (NMEP), Malaria and its Control in India, Volume III, Directorate of National Malaria Eradication Programme, Directorate General of Health Services, Ministry of Health and Family Welfare, Government of India, 1986.

	- NATMO, 1980. Atlas of Agricultural Resources of India. In: Das Gupta, S.P. (Ed.), National Thematic and Mapping Organisation (NATMO). Department of Science and Technology, Government of India.
	- NATMO, 1980. Atlas of Agricultural Resources of India. In: Das Gupta, S.P. (Ed.), National Thematic and Mapping Organisation (NATMO). Department of Science and Technology, Government of India.

	- NBSS-LUP, 1994. India Soil Degradation—Human Induced Indian Council of Agricultural Research. ICAR, New Delhi.
	- NBSS-LUP, 1994. India Soil Degradation—Human Induced Indian Council of Agricultural Research. ICAR, New Delhi.

	- New, M., Hulme, M., Jones, P.D., 1999. Representing twentieth century space-time climate variability. Part 1: Development of a 1961-90 mean monthly terrestrial climatology. Journal of Climate 12, 829-856.
	- New, M., Hulme, M., Jones, P.D., 1999. Representing twentieth century space-time climate variability. Part 1: Development of a 1961-90 mean monthly terrestrial climatology. Journal of Climate 12, 829-856.

	- New, M., Lister, D., Hulme, M. and Makin, I., A high-resolution data set of surface climate over global land areas. Climate Res., 2002, 21, 1-25.
	- New, M., Lister, D., Hulme, M. and Makin, I., A high-resolution data set of surface climate over global land areas. Climate Res., 2002, 21, 1-25.

	- Noguer, M., Richard Jones, David Hassell, Debbie Hudson, Simon Wilson, Geoff Jenkins and John Mitchell, Workbook on Generating High Resolution Climate Change Scenarios using PRECIS, Hadley Centre for Climate Prediction and Research, Met Office, Bracknell, UK, 2002, pp. 43.
	- Noguer, M., Richard Jones, David Hassell, Debbie Hudson, Simon Wilson, Geoff Jenkins and John Mitchell, Workbook on Generating High Resolution Climate Change Scenarios using PRECIS, Hadley Centre for Climate Prediction and Research, Met Office, Bracknell, UK, 2002, pp. 43.

	- O'Brien, K.L., Leichenko, R.L., 2000. Double exposure: assessing the impacts of climate change within the context of economic globalization. Global Environmental Change 10, 221-232.
	- O'Brien, K.L., Leichenko, R.L., 2000. Double exposure: assessing the impacts of climate change within the context of economic globalization. Global Environmental Change 10, 221-232.

	- O'Brien, K.L., Leichenko, R.M., 2003. Winners and losers in the context of global change. Annals of the Association of American Geographers 93, 89-103.
	- O'Brien, K.L., Leichenko, R.M., 2003. Winners and losers in the context of global change. Annals of the Association of American Geographers 93, 89-103.


	- Pampana, E., A Textbook of Malaria Eradication, Oxford University Press, London, 1969.
	- Pampana, E., A Textbook of Malaria Eradication, Oxford University Press, London, 1969.
	- Pampana, E., A Textbook of Malaria Eradication, Oxford University Press, London, 1969.

	- Pant, G. B. and Rupa Kumar, K., Climates ofSouth Asia, John Wiley & Sons, Chichester, 1997, pp. 320.
	- Pant, G. B. and Rupa Kumar, K., Climates ofSouth Asia, John Wiley & Sons, Chichester, 1997, pp. 320.

	- Patwardhan A. and K. Narayanan, (2003), "Assessment of Vulnerability of Indian Coastal Zones to Climate Change", Conference on Water Resources, Coastal Zones and Human Health, 2003.
	- Patwardhan A. and K. Narayanan, (2003), "Assessment of Vulnerability of Indian Coastal Zones to Climate Change", Conference on Water Resources, Coastal Zones and Human Health, 2003.

	- Patz, J. A. et al., Predicting key malaria transmission factors, biting and entomological inoculation rates, using modelled soil moisture in Kenya. Trop. Med. Int. Health, 1998, 3, 818-827.
	- Patz, J. A. et al., Predicting key malaria transmission factors, biting and entomological inoculation rates, using modelled soil moisture in Kenya. Trop. Med. Int. Health, 1998, 3, 818-827.

	- Pelletier, D.L., Kraak, V., McCullum, C., Unsitalo, U., Rich, R., 1999.
	- Pelletier, D.L., Kraak, V., McCullum, C., Unsitalo, U., Rich, R., 1999.

	- Planning Commission, The 10th Five-Year Plan (2002-2007). Planning Commission, Government of India, 2002.
	- Planning Commission, The 10th Five-Year Plan (2002-2007). Planning Commission, Government of India, 2002.

	- Rayner, N. A. et al., Global analyses of SST, sea ice and night marine air temperature since the late nineteenth century./. Geophys. Res., 2002, 108, No. D14, 4407 10.1029/2002JD002670.
	- Rayner, N. A. et al., Global analyses of SST, sea ice and night marine air temperature since the late nineteenth century./. Geophys. Res., 2002, 108, No. D14, 4407 10.1029/2002JD002670.

	- Rupa Kumar, K. and Ashrit, R. G., Regional aspects of global climate change simulations: Validation and assessment of climate response of the Indian monsoon region to transient increase of greenhouse gases and sulphate aerosols. Mausam, 2001, 52, 229- 244.
	- Rupa Kumar, K. and Ashrit, R. G., Regional aspects of global climate change simulations: Validation and assessment of climate response of the Indian monsoon region to transient increase of greenhouse gases and sulphate aerosols. Mausam, 2001, 52, 229- 244.

	- Rupa Kumar, K., Krishna Kumar, K., Ashrit, R. G., Patwardhan, S. K. and Pant, G. B., Climate change in India: Observations and model projections. In Climate Change and India (eds Shukla, P. R., Sharma, S. K. and Ramana, P. V.), Tata McGraw-Hill Ltd, New Delhi, 2002, pp. 24-75.
	- Rupa Kumar, K., Krishna Kumar, K., Ashrit, R. G., Patwardhan, S. K. and Pant, G. B., Climate change in India: Observations and model projections. In Climate Change and India (eds Shukla, P. R., Sharma, S. K. and Ramana, P. V.), Tata McGraw-Hill Ltd, New Delhi, 2002, pp. 24-75.

	- Rupa Kumar, K., Krishna Kumar, K., Prasanna, V., Kamala, K., Deshpande, N. R., Patwardhan, S. K. and Pant, G. B., Future climate scenarios. In Climate Change and India: Vulnerability Assessment and Adaptation (eds Shukla, P. R., Subodh K. Sharma, Ravindranath, N. H., Amit Garg and Sumana Bhattacharya), Universities Press, Hyderabad, 2003, pp. 69-127.
	- Rupa Kumar, K., Krishna Kumar, K., Prasanna, V., Kamala, K., Deshpande, N. R., Patwardhan, S. K. and Pant, G. B., Future climate scenarios. In Climate Change and India: Vulnerability Assessment and Adaptation (eds Shukla, P. R., Subodh K. Sharma, Ravindranath, N. H., Amit Garg and Sumana Bhattacharya), Universities Press, Hyderabad, 2003, pp. 69-127.

	- Russell, P. F., West, L. S., Manwell, R. D. and MacDonald, G., Practical Malariology, Oxford University Press, London, 1963.
	- Russell, P. F., West, L. S., Manwell, R. D. and MacDonald, G., Practical Malariology, Oxford University Press, London, 1963.

	- Sanderson, D., 2000. Cities, disasters and livelihoods. Risk Management: an International Journal 2, 49-58. Schroter, D., Polsky, C., Patt, A.G., 2005. Assessing vulnerabilities to the effects of global change: an eight step approach. Mitigation and Adaptation Strategies for Global Change 10, 573-595.
	- Sanderson, D., 2000. Cities, disasters and livelihoods. Risk Management: an International Journal 2, 49-58. Schroter, D., Polsky, C., Patt, A.G., 2005. Assessing vulnerabilities to the effects of global change: an eight step approach. Mitigation and Adaptation Strategies for Global Change 10, 573-595.

	- Selvaraj S. et al. 2002, "Use ofVulnerability Indices for Agriculture": Draft Report 
	- Selvaraj S. et al. 2002, "Use ofVulnerability Indices for Agriculture": Draft Report 
	www.unep.org/dpdl/
	www.unep.org/dpdl/

	 indiaworkshop /documents/ TS3_2_1.doc Patwardhan et.al. (2003). "Assessment of Vulnerability and Adaptive Capacity in Coastal Zones”, in Shukla et. al. (eds) "Climate Change and India Vulnerability Assessment and Adaptation”, Hyderabad: Universities Press.

	Sen, A., 1981. Poverty and Famines: An Essay on Entitlement and Deprivation. Clarendon Press, Oxford.
	Sen, A., 1981. Poverty and Famines: An Essay on Entitlement and Deprivation. Clarendon Press, Oxford.

	- Sharma, R. S., Sharma, G. K., Dhillon, G. P. S. (eds), National Malaria Eradication Programme (NMEP), Epidemiology and Control of Malaria in India, 1996, Directorate of National Malaria Eradication Programme, Directorate General of Health Services, Ministry of Health and Family Welfare, Government of India, 1996.
	- Sharma, R. S., Sharma, G. K., Dhillon, G. P. S. (eds), National Malaria Eradication Programme (NMEP), Epidemiology and Control of Malaria in India, 1996, Directorate of National Malaria Eradication Programme, Directorate General of Health Services, Ministry of Health and Family Welfare, Government of India, 1996.

	- Sharma, V. P. and Bos, R., Determinants of malaria in South-Asia. In The Contextual Determinants of Malaria (eds Casman, E. and Dowlatabadi, H.), Resources for the Future, Washington, DC, 2003.
	- Sharma, V. P. and Bos, R., Determinants of malaria in South-Asia. In The Contextual Determinants of Malaria (eds Casman, E. and Dowlatabadi, H.), Resources for the Future, Washington, DC, 2003.

	- Sharma, V. P, Re-emergence of malaria in India. Indian/. Med. Res., 1996, 103, 26-45.
	- Sharma, V. P, Re-emergence of malaria in India. Indian/. Med. Res., 1996, 103, 26-45.

	- Shukla, P.R., Sharma, S. K., P. Venkata Ramana (eds). (2002): Climate Change in India Issues, Concerns and Opporunities, New Delhi: Tata McGraw Hill.
	- Shukla, P.R., Sharma, S. K., P. Venkata Ramana (eds). (2002): Climate Change in India Issues, Concerns and Opporunities, New Delhi: Tata McGraw Hill.

	- Shukla, P.R., Sharma, S. K., P. Venkata Ramana (eds). (2002): Climate Change in India Issues, Concerns and Opportunities, New Delhi: Tata McGraw Hill.
	- Shukla, P.R., Sharma, S. K., P. Venkata Ramana (eds). (2002): Climate Change in India Issues, Concerns and Opportunities, New Delhi: Tata McGraw Hill.

	- Singh, N. and Sharma, V. P, Patterns of rainfall and malaria in Madhya Pradesh, central India. Ann. Trop. Med. Parasitol., 2002, 96(4), 349-359.
	- Singh, N. and Sharma, V. P, Patterns of rainfall and malaria in Madhya Pradesh, central India. Ann. Trop. Med. Parasitol., 2002, 96(4), 349-359.

	- Smit, B., Pilifosova, O., 2001. Adaptation to Climate Change in the Context of Sustainable Development and Equity. Chapter 18 in Climate Change 2001: Impacts, Adaptation, and Vulnerability—Contribution of Working Group II to the Third Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, UK. Parry, M., Arnell, N., McMichael, T., Nicholls, R., Martens, P, Kovats, S., Livermore, M., Rosenzweig, C., Iglesias, A., Fischer, G., 2001.
	- Smit, B., Pilifosova, O., 2001. Adaptation to Climate Change in the Context of Sustainable Development and Equity. Chapter 18 in Climate Change 2001: Impacts, Adaptation, and Vulnerability—Contribution of Working Group II to the Third Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge, UK. Parry, M., Arnell, N., McMichael, T., Nicholls, R., Martens, P, Kovats, S., Livermore, M., Rosenzweig, C., Iglesias, A., Fischer, G., 2001.


	- Special Report on Emission Scenarios (SRES), A special report of Working Group III of the Intergovernmental Panel on Climate Change, Cambridge University Press, 2000, pp. 599.
	- Special Report on Emission Scenarios (SRES), A special report of Working Group III of the Intergovernmental Panel on Climate Change, Cambridge University Press, 2000, pp. 599.
	- Special Report on Emission Scenarios (SRES), A special report of Working Group III of the Intergovernmental Panel on Climate Change, Cambridge University Press, 2000, pp. 599.

	- Stratton, R. A., Report on aspects of variability in high-resolution versions of HadAM3. Hadley Centre Technical Note No. 53, Hadley Centre for Climate Prediction and Research, U.K. Meteorological Office, 2004, pp. 32.
	- Stratton, R. A., Report on aspects of variability in high-resolution versions of HadAM3. Hadley Centre Technical Note No. 53, Hadley Centre for Climate Prediction and Research, U.K. Meteorological Office, 2004, pp. 32.

	- Sumana Bhattacharya1,*, C. Sharma2, R. C. Dhiman1 and A. P. Mitra3 CURRENT SCIENCE, VOL. 90, NO. 3, 10 FEBRUARY 2006.
	- Sumana Bhattacharya1,*, C. Sharma2, R. C. Dhiman1 and A. P. Mitra3 CURRENT SCIENCE, VOL. 90, NO. 3, 10 FEBRUARY 2006.

	- Turner, B.L., Kasperson, R.E., Matson, P.A., McCarthy, J.J., Corell, R.W., Christensen, L., Eckley, N., Kasperson, J.X., Luers, A., Martello, M.L., Polsky, C., Pulsipher, A., Schiller, A., 2003. A framework for vulnerability analysis in sustainability science. Proceedings of the National Academy of Sciences 100, 8074-8079.
	- Turner, B.L., Kasperson, R.E., Matson, P.A., McCarthy, J.J., Corell, R.W., Christensen, L., Eckley, N., Kasperson, J.X., Luers, A., Martello, M.L., Polsky, C., Pulsipher, A., Schiller, A., 2003. A framework for vulnerability analysis in sustainability science. Proceedings of the National Academy of Sciences 100, 8074-8079.

	- United Nations Framework Convention on Climate Change (UNFCCC). Methods and Tools to Evaluate Impacts and Adaptation: Information on Impacts and Adaptation Assessment Methods (Progress Report, Note by the Secretariat). Subsidiary Body for Scientific and Technological Advice, Twelfth Session, Bonn, 12-16 June 2000.
	- United Nations Framework Convention on Climate Change (UNFCCC). Methods and Tools to Evaluate Impacts and Adaptation: Information on Impacts and Adaptation Assessment Methods (Progress Report, Note by the Secretariat). Subsidiary Body for Scientific and Technological Advice, Twelfth Session, Bonn, 12-16 June 2000.

	- Watson, R.T., Zinyoera, M.C., and R.H. Moss, (1998). The Regional Impacts of Climate Change: An Assessment of Vulnerability. A Special Report of IPCC Working Group II, Cambridge: Cambridge University Press.
	- Watson, R.T., Zinyoera, M.C., and R.H. Moss, (1998). The Regional Impacts of Climate Change: An Assessment of Vulnerability. A Special Report of IPCC Working Group II, Cambridge: Cambridge University Press.

	- Wilson, M. F. and Hendersen-Sellers, A., A global archive of land cover and soils data for use in general circulation models.J. Climatol., 1985, 5, 119-143.
	- Wilson, M. F. and Hendersen-Sellers, A., A global archive of land cover and soils data for use in general circulation models.J. Climatol., 1985, 5, 119-143.

	- WWF (2005) An overview of glaciers, glacier retreat, and subsequent impacts in Nepal, India and China. Kathmandu: WWF Nepal.
	- WWF (2005) An overview of glaciers, glacier retreat, and subsequent impacts in Nepal, India and China. Kathmandu: WWF Nepal.

	- WWF (2006) Terrestrial eco regions GIS database. Washington, DC: World Wildlife Fund. 
	- WWF (2006) Terrestrial eco regions GIS database. Washington, DC: World Wildlife Fund. 
	www.worldwildlife
	www.worldwildlife

	. org/science/data/terreco.cfm. (accessed 12 June 2007)

	- WWF; ICIMOD (2001) Ecoregion-based conservation in the Eastern Himalaya: Identifying important areas for biodiversity conservation. Kathmandu: WWF Nepal Xu Jianchu; Shrestha, A; Vaidya, R; Eriksson, M; Hewitt, K (2007) The melting Himalayas: Regional challenges and local impacts of climate change on mountain ecosystems and livelihoods, ICIMOD Technical Paper. Kathmandu: ICIMOD.
	- WWF; ICIMOD (2001) Ecoregion-based conservation in the Eastern Himalaya: Identifying important areas for biodiversity conservation. Kathmandu: WWF Nepal Xu Jianchu; Shrestha, A; Vaidya, R; Eriksson, M; Hewitt, K (2007) The melting Himalayas: Regional challenges and local impacts of climate change on mountain ecosystems and livelihoods, ICIMOD Technical Paper. Kathmandu: ICIMOD.


	STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012
	STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012
	STATE STRATEGY & ACTION PLAN ON CLIMATE CHANGE HIMACHAL PRADESH - 2012


	260
	260
	260







