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Science has indicated that climate change is likely to have adverse impacts on most of the
economic sectors in India that are driven bylimate such as Water resources, Agriculture and
allied services, Biodiversity and Forests. These in turn are likely to affect livelihoods
dependent on these sectors. Human health is another area of concern as some of the diseases
are propagated by vectorghat are climate dependent.

To addressthese concerns the Government of India first defined its policy vis a vis climate
change in June 2008 through a National Action Plan on Climate Change. The eight missions
covered in this action plan wereconsidered with a view to design strategies for adaptation to
climate change that would ensure and enhance ecological sustainability and explore solutions
towards more efficient technologiesKeeping in view that the role of the state®f India is key

for translating national policies into actionat sub regional level, and decentralizing NAPCC
objectivesinto local context,it is important for the states to prepare their own Action Plans to
address their specific Climate change concerns.

The Government of West Begal understands that Climate Change can prove to be a threat as
well as an opportunity for the state. Through a consensus, it has identified the key sectors and
regions that are likely to be most vulnerable and require additional efforts over and above its
existing programmes and policies. The sectors identified are Water resources, Agriculture,
Biodiversity and Forests, Human Health, Habitats and Energy. Additionally, two regions have
been identified as most vulnerable, namelythe Darjeeling Himalayan region in its northern
boundary and the Sundarbans at its Coastal southern end.

The report identifies the key concerns due to climate change for each sector and presents
strategies that are towards ameliorating these concerns and hence adapt to climate chganlt
also suggestssteps towards energy efficiency and increasing the renewable energy mix.
Further, actions have been defined within each strategy and are budgeted for the 12th and
13th plan, i.e for the next 5 and 10 years.

The 1st part of the SAPCCpublished in 2011, included strategies for Weer resources
Agriculture, Biodiversity and Forests, Human Health, Energy efficiency and Renewable
Energy, and an outline for developing a Climate Change instituttn the present report,
Chapters onHabitats,and on Sundarbans and theDarjeeling Hill region are also included

The strategies have been developed bylifferent working groups of the SAPCC, created one
each fordifferent sectors. The workinggroup members include members from concerned line
departments, researchers, academia, and NGOs. In certain castégke holders outside the
working groups have also been consulted to understand the current concerns and the
perception of climate change.
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The geogaphical positioning of West Bengal is distinctive as it is the only state within the
Indian region, which extends from the Himalayas in the North to the Bay of Bengal in the
south, and hasmany perennial rivers flowing through the state. Therefore it enpys an alpine
as well as a sub tropical climatéhas abundant water and fertile soils that support a wide
variety of biodiversity in its forests, crops, livestock, and aquatic life and some of themre
unique to the state.About 70% of the populaton residing in the rural areas drawits
livelihood from the state satural resource base by pursuing agriculture, horticulture,,
animal husbandry, fisheries, and by harvesting forest products. As the natural systems are all
linked to climate, any chage in climate is likely to disturb the efficiency of production of these
systems, thereby impacting the associated economy.

In view of the trends of observations and projected changes in climafgee Box 1)and their
likely impacts on natural and man madesystems, GoWB, prepared a StateAction Plan
towards adaptation to climate change, which it perceives will be required to be adopted in
addition to the ongoing programmes that address the concerns of development. The
strategies in the action plan also mvide an opportunity for the state to align its
developmental objectives along alow Carbon path.
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The design of the action plan is envisaged to facilitate the implementation of tharious
missions of the National Action plan on Climate Change (N&E) at a sub national state level
The NAPCCfocuseson 8 missions and they aretowards (i) harnessing solar energy(ii)
enhancing energy efficiency,(iii) sustainable agriculture, (iv) integrated water resources
management, (v) sustainable urban haitats, (vi) sustaining Himalayan ecosystems(vii)
greening India through forests, andyviii) developing strategic knowledge.

This Executive summary highlights the process of preparation, the current concerns of each
sector and that of the identified special regions the climate change concerns and the
suggested adaptation strategies.
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The work towards the development of the State Action Plan on Climate Change (SAPCC), has
been done under the aegis of the Departent of Environment, which is the focal point for
climate change in the West Bengal Government. The preparation of the SAPCC started with a
scoping workshop in March 2010, and thereafter steering committee was formulated in the
month of April of the sane year.

The steering committee is headed by the chief secretary GowB, with additional Chief
Secretaries and Principal Secretaes of nine line departments as its members. Simultaneously
a drafting committee was formulated as wellwith members from thesedepartments. Next a
meeting of the drafting committee endorsed that the sectors - Water, Agriculture,
Horticulture, Fisheries, Animal Husbandry, Human health, Forestryjuman habitats, and the
regions of Sundarban’s and Darjeeling Himalayase the most vulnerable in West Bengal as
identified in the scoping workshop For moving towards a low C path,the committee
recognised thatrole of enhancingEnergy Efficiencyin the energy and industry sectorand
increasing the share ofnew and renewableenergy resairces in thetotal energy mix of the
state. The drafting committee also suggested that initiatives need to be made to develop an
Institute for climate change that would support the government withscientific inputs for an
informed decision making,

Thereatter 9 committee s/Working groups were formulated, headed by ththe members of
the drafting committe, to develop the background papers on each vulnerable sector and
region. The Working group members includd representatives of the line departments,
academn, researchers, and NGOs. The implementation arrangements for undertaking the
SAPCC work is shown in figure 1.

These working groups using published literature and through broad based consultations with
line departments, researchers, academia, NGOs, angeneral public, drafted the sectoral
chapters on Water resources, Agriculture, Forests and Biodiversity, Human Health, Energy
efficiency and Renewable energynd Institute of for Climate Change and synthesisethe
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SAPCC, and submittethis 1st part to the MoEF in April 2011. The 2 version, that is this
version, now includes remaining chapters on Habitats, Sundarbans and Darjeeling Himalayas

The Adaptation strategiesfor each sector and the two vulnerable regions were identified

through the following steps:

1sta review of each sectoin West Bengal and the regions of Darjeeling Himalayas
and Sundarbansvas undertaken
2nd - The current concernsof each sector and the regionsvere identified along with
the Institutions and the government programmes, projects and activities that are
supporting development and hence addressing these concerns

3rd  An assessment of the current climate trends and theimate projection scenarios
for the mid Century (2021-2050) were made
4th- the likely climate change cacerns and the corresponding adaptation and
mitigation strategies that would ameliorate the climate change concernsvere

identified
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The West Bengal SAPCC
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Supplying water as per the current demands of each sector is a major concern for the state,
With increase in population and development, the water demand for agriculture, industry,
domestic use, drinking water, forestecology and energy is estimated to increase from 106.18
billion Cu m in 2001 to 452.82 Billion Cu m in 205 CPCB, 2009) Currently, the maximum
demand isfor irrigation in the agriculture sector but in the future the demand may be more
from the energy ®ctor. Further, ground water pollution, over exploitation of ground water in
alluvial plains for agriculture, recurrent droughts and floods, cloud bursts storm surges and
cyclones in the coastal region accentuate the concerns associated with watersource
augmentation and supply side management

T2 8«~2 £ =j | ~-MheE key projegtidns onth@availability ofrainfall in a mid century
scenario (2021-2050s), does not suggest any major deficits in West Bengal with respectthe
base line scenarig howvever, projections indicate a high regional variability inannual asell as
seasonalrainfall across the state The annual minfall in Darjeeling Himalayan region and the
coastal regionis projected to increase in the mid century scenaridHowever, in theHimalayan
region there is likely to be decreasing trend in winter rain fallThe increase in extreme rain
fall events is likely to lead to higher run offs, and lower recharge of underground wategnd
frequent flash floods. Water availability is also analysed in terms ofblue water flow (water
yield - quantified rain fall plus deep aquifer recharge), green water flow (actual
evapotranspiration), and green water storage (soil water) Future projections (2021-2050s)
indicate a decrease inblue water flow with respect to the base line scenario (19641990), in
almost all regions of West Bengal, except in th&outh 24 Rirganas and in the Northern
Himalayan region an increase in the green water flow and almost no change in the
greenwater starage, except adecrease in the Purulia and Medinipur regionsFurther in the
coastal region projections sea level rise and increase in intensity of cyclones are likely to
exacerbate the concerns of potable water availibilty in these regions.

NE~®2 ~2 8- - =Smé theré &ref I§gh spatial variationprojecyed in water resource
availability, a region based approach has been taken to devise strategies for water resource
augmentation and managementfor West Bengal The regions being the Hill region, the
Alluvial plains, the Red and Laterite region and the Coastal region,
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Table 1: Adaptation strategies suggested for augmentation of the water resource and @#it

management

Region Suggested Strategies
Northern Hill - Avoid water stress in the post monsoon and prenonsoon period by
Region storing excess run off during monsoon by increasing water storag

capacities through rain water harvesting, ground wagr recharge,and
reservoirs on rivers to transfer excess wate to water deficit basins,
check dams along rivulets, repair and renovate old rain wate
harvesting structures and encourage roof top rain water harvesting
at household levels, communities and villages

- Undertake scientific assessments to understand thenipact of climate
change on water flows in to the various reservoirs and adequacy ¢
rain water and snpw melt receipts in future for hydropower
generation

Alluvial Plains

Increase surface water storage potential in view of increase in run o
in the future due to increase in extreme precipitationevents which
will not allow sufficient ground water storage. Fuirther desilt existng
dam reservoirs, water channels and old surface water storag
structures.

- Regulate ground water extraction, by phasing out ramgt dispersed
extraction and develop area specific ground water recharge centre
that can be used for extraction and distribution of watethrough pipes
or channels.

- Abate floods, by making arrangements for channelling of flood wate
by improving drainage systems and introducing new drainage system
in areas that do not have them.

- Assess return periods of floods and develop advance warning system

Red and Laterite Undertake special afforestation programmes to enhance the recharc

capacity of springs in and around the spring shedsvhere dexrease in
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zone spring flow is being observed Further enhance stream flow by

facilitating stream recharge along the slopes of the hills.

- Create check dams intercepting rivulets, nalas, and create trenches c
of the check dams to irrigate fields.

- Enhance surface water storage in existing reservoirs (ponds/dighi
and create new surface storage structures wherever possible.

- Support the implementation ofthe planned Subarnarekha barrageat
the earliestfor augmenting irrigation in the area

Saline Coastal - Increase surface water harvesting structures to increase irrigatior
Zone coverage
- Encourage rain water harvesting for potable water
- Built mechanisms to avoid mixing of potable water with saline water
during floodsby storing potable water over groundin tanks at built on

stilts.
- Bridge the gaps in the embankment
Scientific - Assess water demand by sector by including climate change scenaric
Assessments - Monitor quality of water to assesspollution loading due to warming

- Develop systems for effective dissemination of early warnings c
cyclones amongst the population
- Develop flood warning systems for alluvial plains

Policies as - Extend metering of water and charge water use in all urban centres 1
strategies encourage eficient use.

- Undertake community based census of minor irrigatiorstructures to
detect dis-functionalities and initiate remedial measures much before
the 5 year cycle of minor irrigation census.

- Encourage water efficient irrigation systems such as drip ifgation,
water sprinklers for agriculture

- Extend compulsory roof top water harvesting to all urban centres ir
WB

/\¥0§i3323°£

The agriculture sector in West Bengal is characterized by the predominance of small and
marginal farmers with per capita land hdding being less than 1 ha. Rice is the dominant
produce in the alluvial and coastal zone, and horticulture crops dominate productions in the
hill and the terai region. Though there is a limitation in land availability for agriculture, but
high levels ofground water extraction in the alluvial plains have enabledVest Bengalto be
number 1 in the country vis a vis rice production. Such levels of over extractions of ground
water may be unsustainable in the future.

Further, a decrease inyields of crops grown in the Rabi season is being observed. Also
increase in infestation of pests and diseases is being reported in rice and horticultural crops.
Further the soil health is deteriorating in the state, necessitating external nutritional
augmentation.
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The livestock population in West Bengal is large,
but milk productivity is low, and does not meet
the nutritional requirement of the population,
mostly because of lack ofadequate feed
availability for the livestock.

Aerobic rice

T 8«~2E£= " | ~- ¥With inereasefil
winter temperatures, decrease inyields of Rabi —a
crops is anticipatedsuch as wheat, horticultural E'!x?'_'.", ?L"'I!‘I "
crops such as potato and that of oil seeds Y
including mustard. Further, as the annual
average temperaturesis projected to exceedby
more than 1°C in thefuture a reduction in rice
yields with respect to current levels is expected. &
Availability of quality seeds might be a concern in &
the future. In the coastal areas, increase in seve
cyclones together with the continuous sea level
rise is likely to inundate areas further inland
rendering the soils excessively saline and making
agriculture unviable in the region.

Excess summer temperaturesleading to heat
stress, shortage in feed, increase in pests and
diseases and higher levels of humidity areare
likely to reduce milk production in livestock,
including egg production in poultry as livestock
suffer heat stress.

Horticulture products being sensitive to temperature rise, may see decline in productions, but
shifting of cultivation centres at higher altiudes may be profitable.

In marine and freshwater systems, rising water temperatures, as well as related changes in ice
cover, salinity, oxygen levels and circulation may lead to shifts in ranges and changes in algal,
plankton and therefore lead to deacrase in fish abundance. or change the location of
availability.

NG ~®2 ~2 §- - =The alaptatbr¥ trdlefi®® have been suggested in keeping with the
typical climate change concerns of the various regions, as agriculture is a function of soil,
water and climate. The following tables represent the key adaptation strategies from the list

of strategies provided for each sub sector.

Table 2a: Adaptation strategies to address climate change concerns for the Agriculture crops

- Plan agraclimatic zone wise prodiction of crops to maximise productivity to harness the
typical combination of climate, soil, water andthe biodiversity.  Also develop and
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disseminate amongst farmergegion wise package®f technologies forwater conservation,
soil conservation, soil nurient augmentation, and organic pest management for each crof

type.

- Fortify soil nutrition by following a sequential cropping system suitable for different
agrocliamtic zones in the state

- Popularise indigenous rice varieties and ritroduce new cultivars of rice, and other
important staple cropsincluding maizethat are thermal resistant, can endure water stress
tolerant to salinity, and are fortified with nutrients for growing in soils deficit in
corresponding nutrients. Cultivars ofcourse need to beselected that are suitabke for eact
agroclimatic zone.Maize is a C4 plant, which can also bear higher concentrations of CO2
compared to other C3 crops.

- Popularise Integrated Farmingsystems to combinecrops, livestock, and fisheries for a sel
sustained farming system

- Store germplasm of indigenous cultivars from different agroclimatic zones, and strengthe
research and development for water resource conservation technologies, developing ne
climate proofed cultivars, nutrient management, organigest management, Identification
of crops for crop diversification, Identification of traditional hardy, nutrient rich crops
appropriate for each zone

- Devise Insurance packages against crop failure especially to small and marginal farmers
avoid migration keeping in view the specific reasons of crop failure in the different regions

- Provide assistanceto marginal farmers for enhancing the marketability of crop produced
by them such as thrashers, crushers, accessibility to markets, minimums support pé
etc.

Table 2b: Adaptation strategies to address climate change concerns for Horticulture

- Encourage horticulture production as per the typical biodiversity of each agrolimatic
zone in keeping with the ains of the horticulture missions

- Develop packags that include measures on water resource conservation, soil conservatic
and Integrated Pest management as per the requirement of each agianatic zone

- To avoid heat stress due to projected increase in temperaturesmmediate adaptation can
be in terms of providing shades to vegetable cropsand in the long run, heat resistant
cultivars can replace the use of shades.

- Improve marketability of horticulture products by facilitating post harvest storage,
transport and access to markets.

Table 2c: Adapation strategies to address climate change concerns for Livestock

- Encourage breeding of small ruminants amongst marginal farmers such as black Ben
goat, garole sheep and Ghungru pigs for ensuring livelihood securityf small and marginal
farmers and henceenhance their adaptive capacity These species are more hardy arate
likely to survive the projectedincrease in temperatures.

- Encourage enhancedfeed and fodder development through integrated farming systems
nixed cropping systems, use waste lats for growing feed, and through agrdorestry. A
central fodder bank might also be thought of to store foddefior using during drought.

- Upscale veterinary services to manage new and emerging pests and diseases for
livestock and ensure accessibilityof these services in all regions

- Ensure availability of cattle sheds and water bodies/sprinklers in all areas to avoit
consequences of heat stress

- Undertake research to develop livestock that is a mix of indigenous and cross bred
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develop hardy catte and ensure adequate milk production

- Undertake capacity building of farmers to ensure climate proofing of livestocknd live
stock products vis a vistype of livestock to be reared, shelters to be provide, type of feed f
be provided, and for managng diseases and pests in a changing climate scenario.

Table 2d: Adaptation strategies to address climate change concerns for Fisheries

- Undertake real time monitoring of fish shoals to assess quantum of fish arrival at variot
point sof rivers and in different times of the year

- Disseminate real time climate information to inland fish growers, to help them cas
appropriate fish seeds in appropriate climate conditions to realise maximum produce.

- Develop climate forecasting and simulation modelling for biger management of fisheries in
the state

- Protect and extend mangrove cover to enhance nutrient content in brackish water an
enhance fish production and safeguard livelihoods of fishermen in the coastal areas

- For enhancing the adaptive capacity of théishery industry, assess the impacts of climate
change on both inland and marine fish harvested in West Bengalhis will enable mapping
of fish schools as water temperatures changand helpidentify new species that may enter
the waters in this region(inkland and marine) from other regions due to climate change.

_§-C§ E£°+§2.=~-C=c-°£+2%

Though the forest cover is increasing every year, for example between 1988 a@a09 the
forest cover has increased from 14.32%of the total state area(WBSFR2009-10) to 14.64%
ISFR,2011), but the quality of forest is continuously decreasing. Even the latest State of the
Forest Report (SFR 2011), shows a decrease in dense forests and moderately dense forests
by 3km2 and 2kn? respectively with respect to what was reported in ISFR 2009 The open
forest area by 2kn® within the same period. The other concerns of the sector are over
extraction of timber and NTFPs, encroachment into forest areas, mamimal conflict and
forest fires.

A8« ~2E£= | ~-¥£f= ®- a2} £ %With SrEreadt =in- pRecipitation, a shift in
vegetation type towards the wetter, more evergreen type is expected. Since these are rather
slow growing, the replacement will take much longer, and increased mortality in the existing
vegetation maylead to a decrease in the standing stock except in the Western part of the state
near Purulia and Birbhumwhere the vegetation type may become xeric. The net primary
productivity of the forests is also likely to increase.

Even if there is no drastic sHt in the biome type, changes in the composition of the
assemblages are very likely. Further, satemperatures increase, spring and summer events
will advance in time leading to early leafing, fruiting, bird egg laying, spawning of amphibians,
arrival of migrant birds and insect emergence etc. As survival of the vegetation is also linked
with the changes in timings of functions of the biota with temperaturea few species may
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show steep decline in population and perhaps may move to higher altitudes or become
extinct.

C-°£+2+=8"-=a~°"££28-¥) ~-¥°-"£=0-°"£R2+t=8-=p?

This in turn very likely will impact other taxa dependent on the different species (i.e domino
effect) becawse of the interdependent nature of the plantanimal-microbe communities that
are known to exist in the forests ecosystems. This could lead to major changes in the forest
biodiversity. The nature, extent and type of infestation of pests and diseases is ydikely to
change ans temperature and humidity rise. The other impacts could be on the NTF produce,
any decrease in the NTFPs would impact the livelihoods of the population dependent on
forest products

The positive aspects of climate change, will be terms of enhanced sequestration of CQas
slow growing broad leaved vegetation, have high sequestration potential he sequestration
levels will increase with increase inforest areaunder this vegetation type

NeE~®2 ~2 8- - = SJudgésted AddBafinr Sivategies for forest and biodiversity are
summarised in Table 3.They are mainly alighned along the objectives of the Green India
mission.

Table 3: Adaptation strategies for forests and biodiversity

- Enhance the quality of moderately dense forests andpen forests to increase the dense
forest cover in the stateand also to increase the C sequestration potential.

- Undertake afforestation activities in feasible areas outside forests turther increase the
Carbon sequestration potential of the state wh appropriate species suitable to the climate

- Estimate base line C sequestration potential of the West Bengal forests, and track
changes in C stored, because of the various actions taken by the government/people
conserving these forests.

- Undertake afforestation activities to improve spring flows in hilly regions i.e in the
Himalayan and the Red and Laterite region within West Bengal

Ne~j E= - -©=%-3°i £l =c-°£+2=af@®22=-0=t£+2=_ £-¥~2
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- Facilitate species migration both flora and fauna for them to adapt to climate change

- Protect degraded forestareas from land slides due to increase in extreme events

- Ensure that communities that help conserve forests get paid for thecosystem services
they help provide

ed «~n=ef£~22 ]

Continuous increase in incidences of vector borne diseases such as malaibkeing observed

in the state though preventive measures are being taken. Example, malaria has increased by
55% between 2008 and 2010. Themost
endemic zone of malariais Kolkata where B
more than 60% of the incidences in the state &8
are reported. The othe less endemic areas of
the state being Purulia, Jalpaiguri,
Murshidabad, and West Midnapore.

e, P

Water borne diseases such as Cholers
Diarrhoea and Enteric fever continue to be
high in West Bengal and 20 to 27 lakh case$
are reported each year. Enteridever cases
are becoming virulent in Darjeeling area as _
attack rates have doubled between 2008 and
2010. In the case of Cholera, though the
disease incidence is decreasing but Kolkata,"
North24 Parganas and South 24 Parganagems to be a constant reservoif the disease.

The other region specific health issues that are linked to climate are the morbidity and
mortality rates due to - cyclones in the coastal areas, respiratory diseases arising from
inhalation of pollutants from heavy vehicular traffic in uban areas and from burning of
fossil/fuel wood for cooking in rural areas. Incidences of sunstrokes from intense heat are
also quiet high in West Bengal, though number of cases between 2009 and 2010 show a
decline.

As per the data available on rural hdéh infrastructure in West Bengal from the Ministry of
Health and Family Welfare website Ifttp://mohfw.nic.in/NRHM/State%?20Files/wb.htm
accessed on € April, 2012), shortfall in health infragructure is a matter of concern in the
state. Still 20% of he desired number of sub centres, primary health centres and community
health centres need to be establistee About 6051 number of multipurpose female workers
exists, which is only 60% of the regirement. The biggest, shortfall is in terms of specialists,
only 13.3% of the workforce exists. Pharmacists and laboratory technicians are also woefully
small in numbers

T2 8«~2£="1 ~ - Wdease in-dipeAses-bHrién amongst children, women and akl
likely to increase as this group is the most sensitive. Vector borne diseases are likely to move
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to higher altitudes (Bhattacharya et al., 2006)where they are not existing now, for example,
vectors may become active in upper reaches of Darjeelingnd och Bihar. As relative
humidity and temperatures increase, in areas like Kolkatancrease invegetation growth is
likely to provide more conducive habitats for malaria Therebymalaria is likely to emerge as
the most menacing disease agent for this megaty. Similarly, water borne diseases might
increase with increase in flood frequencyin plains and intensity of cyclones inSouth 24
Parganasas potable water availability getsaffected Since the pollutant load bearing capacity
of the atmpsphereincreases with increase in temperature, the respiratory diseases incidences
are also likely to increase in the stateinless source control is carried outMalnutrition levels
amongst the childrenmay alsoincrease ,with less availaibility of food grains due todecrease
in yields of staple crops with increase in temperaturg unless replaced with C4 crop grains
that are more CQ and heat tolerant Further, higher maximum temperatures as compared to
current average temperatures would lead to heat stress and therafe morbidity.

p2° ~2£¥8§£+= no-rfthe-héalthRstcto?, ghe sthtegies would essentially include
bridging gaps in the present infrastructure. Further an assessment of climate change on
various climate related diseases, their spread, identificatiorof new diseases that might
emerge, location of emergence and associated projected morbidity and mortality rates in the
future would enable the government to climate proof its health policy. The adaptation
strategies suggestedor this sector is presented in Table 4.

Table 4: Adaptation strategies for the Health sector in West Bengal

- Initiate research to study the impacts of climate change on all vector diseases, respiratc
diseases, water borne diseases, and extent of malnutrition to quantify morbidityand
mortality rates in future population, to identify vulnerable regions and population in the
state, andfor integrating climate changeconcerns in the health policy of the

- Bridge existing infrastructure gaps in the health sector and identify additioal needs in line
with the climate change impact modelling results

- Strengthen and develop an integrated approach for management of vector borne diseas
in different agro meteorological zones, water borne diseases (coastal and inland), He
stress (all areas of WB), Respiratory diseases (All areas of WB) and for controlling
Malnutrition amongst schildren keeping in view the climate change projections for the
drivers of diseases and the projections of the impacts on the diseasthat takes care of
source correction, identification of diseases, deployment of treatment, monitoring

- Develop a nutrition policy for the state keeping in view the changing availability o
various food grainsas the climate changes

- Develop early warning climate related disease forecast capacities to enable the masse
and the govt to take preemptive action

- Integrate climate changein health disaster risk reduction plans for Cyclones, floods an
droughts

- Advisory from the health department may be provided to strictly impléemt policy of
replacing existing chullahs with efficient chullahs to avoid pollution from burning of dssil
fuel and fuel wood used for cooking in rural areas and for shifting to green mass
transport systems,that will include a mix of alternate fuel tased vehicles, smart traffic
systems for efficient energy consumption in vehicleshon motorised transport in
congested markets in urban areas and implementing policies for having less number
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cars per day on roadsand for reducing risk of respiratory diseasesamongst a large
population, .

- Initiate telemedicine facilities in rural and remote areasfor deploying super speciality
advise, include plans for rapid transportation of critical patients from remote areas.

- Communise rural health care to enableommunities to assess their requirements, acces
funds and facilities as per requirements and audit progress.

b—l£°¥'=£‘3C’§i§£—|i'=*‘—l¢=O£—|£M~ af=£-£°¥.

Considering that accessibility to electricity drives growth,penetration of electricity in the
rural areas is low in West Bengal, as is exemplified by tHact that only 40.3% of the rural
households are electrified (Census 2011 Also requirement and supply statistics of electricity
scenario for the entire state shows that in2009-10, the electricity requirement was of the
order of 33750 MU, but actual availability was 2.8% less at 32819 MGEA, 2010).

Coal is the predominant energy for generation of electricity in the state.The annual
electricity generation targets are impeded by shortfalin cod as against the requirement of
50,000 tons of coal onlyabout 42,000 tons are available of which 15% is importedSharply
deteriorating coal quality over the yearshas increasedcoal consumption for the same amount
of power generation. High ash contentni the coal creates operational problems. Also power
plants located away from the coal pits, have problems of availing imported coal because of
logistical problems and steep hike in tariff (Source: Power generation scenario;
www.wbpdcl.co.in).

As per the EAbase line CO2 emission estimatesn 2010, the total amount of C®emitted
from fossil fuel based power plants of West Bengal was around 51.9 million tohs For
meeting majority of the projected future demand, generation of additional power in the state
centres mostly around use ofcoal as it isthe mostabundant in the state Aso, West Bengal has
a huge scope foaccessing and using codled methane and has started operations in Ranigan;
and Sohagpur blocks in West Bengdbr extracting the same

As far as increasing the renewable energy mix is concerned, West Bengal is already producing
hydropower in Darjeeling district as well as in Purulia. The state is well placed in terms of
availability of other renewable energy sources such as solar radiatiprbiomass, and wind
energy. The total annual energy generation potential from renewable is about 17,950 MW
(Draft Renewable Energy Policy West Bengal (PWC, 2010) and WBREDA (2030) In the
future, tidal energy also can be explored considering its praxity to the sea.

a8 «~2£=j | ~-AlBwG path, cab be-athi¥ved in the energy sector in a number of
ways, by moving towards high efficiency of generation of powefrom thermal plants, by

oSourceht'[p:/lwww.cea. nic.in/archives/plg/power_glance/nov10.pdf
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increasing the share of renewable in the total energy mix, and by changing the end use
behavioural pattern.

Climate change can impede these ambitions. The direct affects may be loss in T&D due to
impact of higher temperatures, inceasing frequency of extreme rains and severe cyclones on
transmission and distribution lines in the state. Further, warming is likely to increase the
water requirement of the thermal power plants, especially used for cooling, which might not
be available sufficiently. Melting of glaciers, from where 6 rivers in North Bengal originate,
and which are used for Hydropower generation may get affected. Additionally, availability of
biomass, a renewable energy source might be affected.

Table 5: Adaptationand mitigation strategies for energy sector

- Increase the share of renewable in the grid power by atleast 20% by 2020, by introducing (a)
Solar photovoltaic in areas where waste land is available (e.g. Purulia, Bankura) where wastelal
or abandoned mine aras are available, (b) by replacing use of grid power for certain engses
through low temperature solar thermal e.g. water heating, (c) increashydropower capacity,

(d) increase wind power capacity, and by (e) increas biomass for power generation

- Reduce anticipated energy and peak demand in the BAU scenario by managing demaruk
Energy efficiency measures in identified consumer categories throughEfficient-device
penetration facilitated by financial, supply chain and market incentives, Adequate famcial
incentives for lowering specific consumption, and Statéed adoption for enabling critical volumes
of devices and technologies in local market and breaking current cost barriers

- Improve supply-side energy efficiency by enabling lower system lossegtechnical and
commercial), and enabling improved efficiencies in energy production

- Introduce new technologies for thermal power generation to enhance energy efficiency and hen
lower GHG emissions

- Undertake research to assess the impacts of climate cige on power infrastructure and devise
remedial measures

e~ §2~2+#

T3 ° ¢ £ 2 = \West-Berfhél is We fourth most populous state in India, with a population
density of 1029 persons/skm, which is nearly three times the national population density.

A spnificant part of the state is relatively backward economically, and also tends to
be less advanced in terms of human development (WB HDR, 2004). These include large parts
of Darjeeling, Jalpaiguri, Cocch Behar, Malda, Uttar Dinajpur ra@l Dakshin Dnajpur,
Purulia, Bankura, Birbhum and the Sunderbans.

Of the 25.8 million urban population, 84% reside in 27 Class | cities with a population of
more than 100,000. The urbanisation rate at 28% is higher than the national average.
Further, the trend of growth of nonagricultural land, decrease in net sown area, increasing
population densities, increasing share of industrial workers and traders, growth inaad net
works point to rural areas (and significantly the perturban areas) ofthe state acquiring urban
character.
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A paper by Khan et al, 2012 categorises West Bengal having high level of housing shortage.
64% of the rural households live in kuttacha and semi pucca house and 91% live in pucca
houses in urban areas (NSSO, 2010).

87% per cent of rural households and 88% of urban households have access to safe drinking
water (Census, 2001), which is better than the national average. However, nearly, one in every

r° ~-8+*+~28- -=8§~-=h-20~2 ~
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two households (46%) in urban West Bengal has to collect water from outside premises,
while about one in every five rural households have to travel more than 200 meters to access
drinking water. The SWID investigation reports that groundwater in 81 blocks is
contaminated with arsenic and 49 blocks by excess fluoride. There is a high variation in
status of urban water supply, with per capita availability, ranging from as low as 10 litres per
capita per day (Ipcd) to as high as 225 Ipcd. On average, 2only 0.9% households are
connected through household connections.

As per the NSSO, 2010 report36% rural households and 10% in urban areasdo not have
access to toilets. Of the 3,354 Gram Panchayats, nearly a third (1,041) are Opefecatbn
Free by November 2010, while 37 Panchayat Samitis have also achieved this status. There are
significant differences in sanitation attainments across districts, with Darjeeling, Purulia,
Uttar Dinajpur and Malda showing slow progress.

The state generats about 27 Million TPD of solid waste with a collection efficiency of 70 per
cent (CPCB, 2008). Segregation is reported in only 6 ULBs. Only 10% of the waste collected in

Qg~ §°_e~+~_'=h"“_‘l_p|'“K<="A“:¢i-—1<®-K°'-j—3§;2£~—-3-§-«EX ﬂwf\l:o-ﬁ—:-:;-
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urban areas is reported to be treated and disposed in a scientific manner, leaditg an
emission of 0.147 million tons of CH annuallyé. Generally, Districts with good economic
growth exhibit comparatively better services example,districts in KMA Kolkata, Howrah,
Hoogly, North 24 Parganas and South 24Parganas. Medium service levais observed in
medium-growth districts  Bardhwan, Birbhum, Darjeeling, Nadia and Murshidabad. The
Municipal solid waste water treatment capacities are also very low, for example the city of
Kolkata generated 706 MLD of waste water but capacity fareatmentis only 172 MLD.

The NSSO survey 2010, notes the naxistence of proper drainage network in almost all
ULBs. Drainage pumping capacity was reportedly inadequate, with inadequate capacity of
most drainage outfalls. Severe watelogging in congested ¢y areas and lowlying areas
during the monsoons was a reported regular feature.

The urban sector contributes about 60% of the secondary and tertiary State Domestic Product
(SDP). The urban areas are also the centres of institutional and cultural acties and provide
health and educational facilities to the region. The spatial planning and development of the
urban areas are therefore very important to ensure the growth of the activities in the urban
areas and thereby providing the required boost to the @nomy of the hinterland as well as to
the State. While the spread of urbanization has positive impacts and created opportunities, it
has also created many problems that act as barriers to improved quality of life. The cities are
faced with problems of ingjuality, increased competition for basic needs and competition in
access to essential services, and health threats.

The vehicle population has witnessed a CAGR of 9% over the 198006 period. The
transport sector is also a major user of petroleum in thestate, making it a source of GHG
emissions. As the vehicle population is increasing, so is the emission of GHGs from this sector.
Within 2005-06 to 2010-11, the CQ emissions from the transport sector have increased from
5.4 million tons to about 8.0 millon tons?, at a CAGR of 10.4%. Heavy density of
transportation are mainly centred around the cities that line the highways and main railway
networks and heavy freight movement in the state is due to its status as a gateway to the
north eastern states Inter state railways helps 1 million people commute to and fro to
Kolkata every day for work. The intermediate transport from railway station to work is
provided by auto rickshaws and hand driven rickshaws, providing livelihood to a large
portion of the population.

The other state specific concern are the frequent climate related hazards of cyclones, heavy
precipitation events which pose serious threat to infrastructure Also extreme heat will have
implications on future energy demand

L ¥ k=~2¢2BE®- °2 =NI| =0I
£i —Ta~2~=-13 ®28§L£C=
i-"  £°+8-Aa=zop~j2-°+% 31£¢=n°-«=fm = VS=¥38C¢CE£28§-£+]| =~



tbpg=_bkd~i=~"qfl k=mi ~ [ERIEG

- aj £ ° R+ =C32£8 « ~ 2 HhedirécHimp¥écE o\climate change on habitats is likely to
be in terms of impacts due changes in spatial variation in hydrological cycle and the type of
rain fall received. Higherintensity of extreme rain fall would mean flash fhods and land slides
leading to heavy economic losses through damage of infrastructudepuses,human lives, and
domestic assets. Increase in intensity of cyclones would meahigher levels of sea level rise,
and stronger storm surgeswould have implications on thecoastal infrastructure. Increase in
temperature, would mean, not only the heat stress for the population, but increase in energy
demand in cities, as the heat island effect magnifies.
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Increasingly the cities are getting more populated as work opportunities are higher here. As a
result of the influx, the urban sprawl is likely to expandfurther. Unless it is planred, non
regulated peri-urban settlements will dot the outskirst of the cities with no provisions of
proper housing, sanitation, drainage, access to potable water, health services etc.
Vulnerability of the peri urban population will escalate.Therefore, the state government will
have to provide access to basic servicesich asadequate housing, drinking water, sanitation,
public health servicesto adapt tothe impacts d floods, cyclones, excess hedturther increase
in population will mean increase in stid waste generation, increase in vehicular transport
and increase in electricity consumption in domestic and commercial sectwrAll these have
implication on enhancedGHG emissions, and mitigating the same will be a challenge.

NeE ~®2 ~2 §- - =The2Habitdt Se¥t§,foessntially will need to focus on adaptation vis a
vis the projections of climate change as well infuse higher level of energy use efficiency and
GHG mitigation technologies for household and commercial appliances, transport sector,
municipal solid waste, waste water being a part of requirement of habitation will also need to
have strategies for containing GHG emissions as the number of vehicles on roads grow.

Table 5: Adaptation strategies for the habitat sector
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- Set targets for efficency enhancement and GHG emission reduction with respect to the B/
scenario through following actions but not limited te

J Transport Sector through comprehensive planning, fuel economy standards, introduction of
solar and electric rickshaws and auterickshaws;and nonmotorised transport in congested
areas

J Methane capture inmanagedSolid Waste systemsand domestic Wastewater streams

J Reduce electricity intensity to reduce emissions indirectly Municipal Management (Water
Pumping and Public Lighting beinglectricity -use segments);

J Reduce electricity intensity to reduce emissions indirectly Commercial energy consumptions
(Public and large Private Buildings being electricitshungry)

- Increase system and citizen capabilities to adapt to temperature and rdall changes anticipated
Increased Warming, Changing Rainfall Intensity and temporal pattern and Extreme Events

- Undertake risk mitigation of anticipated impacts from Climate change through
- Improved risk assessment of lifeline infrastructure for likey scenarios of climate change
-Investment and implementation of infrastructure-strengthening initiatives and Warning
systems to cope with extreme events
J devise climate based insurance mechanisms

P®Ej §~2==0£¥8- %

Two specialregions have been identified by the state, as the most vulnerable regions vis a vis
climate change because of the significance of their location, and they are the Darjeeling
Himalays and the Sundarbans.

a~°" ££2 8§ - ¥ FegiGndalstwithin-the Darjeeling district in the northern border of the
state. The Hill region is governed by the Gorkha Hill Council, and the Terai region is under the
governance of the Darjeeling District Administration. The Hill region is important for the
state, as the 6 perenial rivers entering from this region in addition to the Ganges entering
from the western border, makes West Bengal one of the most water rich states in India. The
region has 38% of area under forests, which is 17.61% of the total forest cover of West Bah
with vey high species richness of biodiversity. The forests produce superior quality timber
and NFTPS. Darjeeling Tea is the most globally well known commercial produce of the region,
though other horticulture products such as orchids, medicinal plats, mandarin oranges,and
vegetables have a significant production potential in the area. Tourism brings in the much
needed economic impetus. This is also a region within the state, where hydropower is
harnessed for meeting a significant portion of thelectricity demand of the population.

The region is blessed with high levels of rainfall (2718 mm), but high run off lead to soil
erosion and frequent landslides render extensive damage to infrastructure, agriculture and to
the human population in gereral. Also high runoff, does not allow enough water to be stored
to ride over the lean period, when rainfall is scanty making the area a water stressed region.
The Tea industry is dogged by old plantations, low level of productivity, and high costs of
production. The forests though rich are more and more turning into open forests with dense
and moderately dense forest cover reducing, thus affecting the biodiversity and hence the
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forest produce. Further, the Darjeeling city and Siliguri city in the Teariaegion are seeing
tremensous rise in population which are creatin pressures on existing infrastructure such as
housing, roads, access to drinking water and sanitation.
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Development in the hill region has been slow. Low developmental paradigms if they continue,
coupled with climate change are likely to have adverse effects on the physical and man made
systems in the region.

Climate change concerns in this district include

- Concerns of water availability in the lean periods

- Heavier soil erosions and land slidesvith increasing rainfall intensity

- Shifting of agriculture production centres to higher altitudes,

- Lower produce of Darjeeling tea as the climate creating its special aroma changes

- Impact on horticulture produce such as the Darjeeling Mandarin

- Increase in pests and diseases, and emergence of new ones

- Impact on hydropower production due to melting ofglaciers

- Impact on forests and its biodiversity, NTFPs including medicinal plants, and typical
orchids

- Impacts on human health as vectors move to higher altitudes and people are
subjected to heat stress , which they have never encountered

- Adverse impact on human habitats as frequency of extreme rainfall increases and
temperatures rise

The adaptation measures suggested are summarised in Table 6.

Table 6: Adaptation strategies for Darjeeling Himalayan region

Water - Assess water demand by sector for the djeelig district in view of
climate change and increase in population in the mid century
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- Develop a water policy for the district for augmentation of the resource
as per the requirement and for efficient management

- Create additional reservoirs to store exess runoff water in the monsoon
and water from additional rainfall projected to be received during Oet
Dec period

- Prepare for combating adverse impacts of projected rise in extrem
precipitation events land slides, soil erosion

- Prepare monitoring and e/aluation plans to check the integration of
climate change concerns in water management

Agriculture - Facilitate agriculture cropping centres to survive at lower latitudes ever
at higher temperatures
- Promote Indigenous food crops of the region so as to nmain food
security in a climate change scenario
- Undertake soil conservation and anti slide measures along hilly slope
growing crops and along roadsto avert soil erosion and loss in soil

nutrient
- Promote integrated management of emerging and current pestand
diseases
- Intensify agricultural activities in the Rabi season
Biodiversity - Plan activities to reduce open forest area, enhance quality of moderate
and Forests dense forests and protect dense forests from degrading

- Empower communities living in andaround forests to manage forests for
enhancing its quality, for conserving biodiversity, preventing fire and
benefitting through payment for ecosystem services rendered

- Establish long term systematic monitoring of flora and fauna ir
Darjeeling Himalayas

- Devise suitable strategies for conservation and facilitating specie
migration to adapt to climate change

Darjeelingtea - Avoid shifting of production centre to higher altitudes through
development of cultivars that are thermal resistant and also retain th
special aroma

- Combat adverse impacts of droughts through soil and wate
conservation measures and creation of drought resistant cultivars

- Combat excessive soil erosion and land slide due to likely increase
extreme rain through land cover technologis

- Manage Pests and Diseases via organic route

Horticulture - Enhance quality of dense foress to retain soil moisture and ambient
Medicinal forest moisture that are conducive to the growth of medicinal palntand
plants, orchidsas well _ _
- - Also develop heat resistantrop cultivars
Mandarin » : . , ,
o - Facilitate drainage of water during excessive rain
range, - Avoid soil erosion

Orchids - Develop cultivars that are thermal resistant to enable flowering anc
fruiting in sync with seasonal changes
- Develop and implement packagedor Integrated management of pests
and diseases
- Disseminate technology through KVKs
- Prevent fragmentation of forests as they destroy the moss on which th
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orchids thrive

Ecotourism - Develop ecetourism policy for the district with a focus on biodiversity
conservation (see details in the Chapter 12)

Urban habitats Undertake a detailed assessment of water requirements and availabilit
and Transport in the future as temperatures rise
- Develop a blue print for addressing the additional energy requirement o
the district in the context of climate change through the renewabl
energy route
- Assess the Retrofitting requirements and design for large Hydropowe
reservoirs keeping in view the climate change impacts
- Map and treat the erosion prone areas in and aroundrban habitats
keeping in view the projected extreme rainfall intensity scenario
- Identify and make provisions for supply additional energy needed fo
space cooling
- Develop Integrated Transport plan for all the towns of Darjeeling district
with focus on meeting future transport demand GHG mitigation

g, £=p?2 - ¢ o the-other hand lie in the Coastal region of the state. The mangrove
forests of the Sundarbans have been protecting the state from cyclones since time
immemorial. The mangrove forests of tk region house very sensitive and rich flora and fauna,
the most famous being the Sundari mangrove trees and the Royal Bengal Tiger. The brackish
waters of Sundarbans are home to rich catch of fish, crustaceans, and mollucs as they are filled
with the nutrients generated by the roots of the mangrovesnd biomass deposition The
Sundarbans regionhas a low human development index, especially because of the
exceptionally high population density, low per capita land holding, low access to potable
water, saritation, education and health. Further, majority of the population lives off
agriculture, which is not productive due to salinity of the soiland as there is no industry in
the region. Sea level rise and recurrent cyclones exacerbate the salinity of thalsand also
damage human wealth on a regular basis.

Studies suggest, that in the last two decades, the run off in the eastern rivers of Sundarbans
has decreasedleading to higher and higher salinity and greater seawater-sulfate
concentrations. Furthe decreasein fresh water run off, would affectmangrove production.
Continuous submergence in higher water depth due to sea level rise, would loweates of
photosynthesis and growth, the plants will become shorter and narrower, have fewer
branches and lea&es, and more aciesulfide in their soils. Also sea level rise affecting
availability of sediment would have effect on establishment of new groves. Increased
mangrove growth rates predicted due to increasing atmospheric C@ may be offset by
decreased growh resulting from changes in tidal regimes.

Faunal species that are tolerant of increasing temperatures (e.g., fish, gastropods, mangrove
crabs and other crustaceans) may adjust rapidly to the changes. In contrast, sbéidied
animals and bivalve mollusls would be very sensitive to higher temperatures. Desiccation
that would accompany increasing temperatures would harm many marine species associated
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with mangrovess. For mangrovedependent species, however, the most serious consequences
of a changing clim& would likely be the loss of habitat as the mangrove forests declined.

Increase in incidences of morbidity and mortality might be registered due to increase
in water borne diseases as water is likely to become upotable as saline water
spreads nland with increase in sea level rise and increasing intensity of cyclones
Water logged conditions also might increase incidences of dengue and lead to increase
in malaria vectors and incidences Similarly increase in intensity of cyclones is likely

to cause more injuries and deathsHigher temperatures may lower yields which already
are not enough for the burgeoning population of the region. Also with more and more area
getting inundated by cyclones andhigher storm surges, salinity in the soil will incrase
affecting agriculture further (the recent example being the imoacts during cyclone Aila).

q-®§j~2=¢c~3a~=-@=pra¢~° ~-%

Table 7: Adaptation strategies for Sundarbans

Develop protection against projected increase in cyclone,intensities, sorm surges anigjter
sea level

- Undertake a study to generate low , medium and high scenarios of impacts of clim:
change on cyclones,storm surges, and sea level rise along the Sundarbans coast,
2030s, 2050s, and 2080s to enable informed decision making and implemtation of
measures towards adaptation.

- Identify the level of tolerance of the various existing mangrove species to the differel
levels of projected salinity and flood water depth.

- Identify, the type and density of the mangroves required to act succdslly as the ¥t
level of defense and accordingly, undertake afforestation through mangrov
plantation.

- Construct/retrofit the embankment along the sea as well as along the rivers based ¢
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the likely return periods and maximum heights of storm surges thatan occur

- Based on the studies, scientifically raise the existing houses in vulnerable areas
stilts based on the level of flood water height likely to ingress in the future. Als
Identify safe areas, and build/strengthen cyclone shelters for peoplas well as
livestock.

- Mobilise communities to take action rapidly and cyclone proof themselves when ear
warnings are sounded by authorities vis a vis moving people and livestock and the
valuables to safer places

- Strengthen communication roads andtelephony

Protect agriculture productivity and livelihoods

- Height and quality of the embank plays a great role in protecting agriculture in th
region from additional salinity in soil due to projections of increasing intensity of
cyclones

- Introduce thermal resistant and salt tolerant rice cultivars which can sustain undel
deep water conditions for long period

- Promote commercial level coconut plantations in saline areas

- Promote production of vegetable crops suitable to the region

- Provide market linkages

Promote fisheries as an industry

- Conserve mangroves to extract fish and other crustaceans from the mangroves a
brackish waters

- Promote inland and marine fisheries

- Devise methods for real time mapping of fish catch in marine waters and inland 1
guide the fishermen towards these areas

- Formulate a fishery policy for the Sundarbans (inland and marine fisheries) centerin
around conservation vis a vis climate change impacts

Enhance accessibility to Drinking water
- Exploit the fresh water availability in thewestern rivers
- Rain water harvesting and storing in community overhead tanks
- Exploitation of ground water

Enhance accessibility to Health infrastructure

- Bridge the existing health infrastructure and health service delivery gaps

- Communise health service divery

- Develop telemedicine facilities

- Develop rapid transportation to hospitals for critically injured by pressing in
helicopter services

- Develop disaster preparedness to abate disease outbreaks and undertake regu
drills

Conserve biodiversity
- Cary on with the existing biodiversity conservation activities of the Deptt of Forests
and Biodiversity Boards
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Implementing adaptation strategies and mitigation actionwould mean doing it through a
systematic manner, which would entail

- Devising strategies (policies/programmes/projects/actions) based on nformed
decision makingi.e based orsound scientific assessments

- Setting up a monitoring and evaluation framework for averting mal adaptation

- Building Institutional Capacity to integrate climate change concerns in planning

- Seeking appropriate financial resources

g- u~°¢xt=f -0-°«£C¢= ¢dnform8d decision making¥thé West Bengal
Government intends to set up amnstitute for Climate ChangeThe proposed institution will
undertake scientific research in collaboration with other established institutions andievelop
communication to translate climate change information for useful applicabns by different
stake holders. It will also undertake training to disseminate climatehange information for
use in researt, for field level implementers of CC actions and to policy makers. The
indicative research areas are but not limited to:

- Atmospheric observations and modelling including climate change modelling,

- Research on land se, land cover and soil and their interface with climate science

- Impacts of climate change on biodiversity and forests and their role in supporting life
forms

- Impact of climate change on hydrology and its sustainable management in the future

- Interaction of climate and health and devising future policies

- Understanding impacts of climate change on agriculture and developing adaptation
models

- Energy studies for enhancing energy efficiency,and exploring use of renewables,
study new renewable energy sourcesuch as tidal energyand its applicability in the
West Bengal context, explore pathways for developing a low C sociegxplore
mechanisms for earning C credits, do supply and demand side management in
various climate change scenarios etc.

- Socieecononic analysis in conjunction with climate scenarios to ascertain the
requirement of scale of adaptation and adaptation funds.

- Developing policy, programme, and project level MRV frameworks forassessing

impacts of adaptationstrategiesand mitigation targets, assessing NAMA&nd REDD+
opportunities etc.

PE228§-¥=3@®=«--82-"°§-¥= ~Monitofing arfd3Evatu@gion(M&E)°of « £ H- ° O©W
climate change initiatives will play a key role in measuring the success of the strategies to

adapt to climate chang, undertaken by the state in the various sectorghat will be over and

above the measures implemented to achieve its developmental targets. M&E of adaptation

strategies at regular intervals will offer opportunities for course correction in case the M&E
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criteria indicate mal-adaptation. The M&E indicators can be set to assess the adaptation
achievement envisaged at the sectoral level, programme level or the project level. However, it
is important to set the criteria in such a way so that it is able to distguish climate change
adaptation from adaptation due to developmental activities and autonomous adaptation as a
response to climate variability.

M&E in the mitigation sector, however, will directly measure the results set out tbe achieved

in term of GHG reduction targets, energy efficiency targets, targets for increasing renewable
energy in total energy mix so on and so forth and also offer opportunities for course
correction if the targets set out to achieved are not being realized.

The M&E for ensumg climate proofing of sectors, programmes and projects can be carried
out by trained staff in a climate change cell which the state will need to establish.

_3 §a¢§_|¥=§_|i2 §23 2 §_ - ~a = | .._®..,i §2 §£i=2 - :§_|2 £¥°~2 £:
This would mean developing capacities in institutions to review and hence redesign or bring

in new developmental policies and programmes that would be able to identify thelimate

change signals, identifying thelikely impacts and hence the vulnerabilities, andnsert

strategies into programmes or develop new programmes that woulthcrease the resilience of

the systemsand facilitate coping with the adverse impacts of CC Similarly mitigation

planning would require, an understanding of the long term goals ofhte UNFCCC, India s

position, and how India is setting itsvoluntary targets of reducing energy intensity and hence

GHG emissions in the future. Translation of these global objectives into local state action

would be a challange.

The basic steps towardsintegrating Climate adaptation into planning at sectoral policy,
programme, project and action level would include:
- Applying a climate lens to identify the relevance of climate change to a policy,
programme, plan or project.
- Interpreting climate data from different standard climate data sources.
- Assessing vulnerability for identifying factors contributing to vulnerability in a
system.
- Identifying adaptation options from a range of adaptation options to adjust or
improve planning and management.
- Selecting adaptation measures by evaluating priorities and prioritize options using
selected criteria.
- Developing an M&E framework for monitoring and evaluation of adaptation options
- Identify institutional capacity requirements for adaptation and ldentify institutions
with such capacities, if absent build capacity to deal with adaptation as a continual
change process.
- Assessing local climate stresses, vulnerability, resilience for local information on
climate change vulnerability.
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- Implementing action at local level and beyond: Identify action at the local level and
how it links to sub-national, national and other actors and

- Integrating adaptation into the project cycle: Identify key steps to integrate adaptation
according to the various steps oftte project cycle.

To build the institutional capacities, it is suggested that other than the establishment of the
Climate change focal point in the Government, each line department, needs to have a climate
change call, which will ensure the applicatioof the climate change lens in all its ongoing and
future programmes. The Climate change cell in each department will liase with the Climate
Change Focal Point for guidance as well as approval of programmes for ensuring climate
proofing.

pEELEOS ¥ o =—Li~3 ¢ 2¥8Z@WFinancing is a key element for a successful
implementation of Adaptation or mitigation strategies. Fundsthat have beenapproved for
the 8 missions of the National Action on Climate Chanfrem the Planning Commission most
likely will remain the key source for adaptation and mitigation funding in India for the
different states. Possibility of availing funds jointly with the central government can be
explored from the Green Climate fund to be operationalisedy the UNFCCC for supporting
actions towards low-emission and climateresilient development. Further, mechanisms can
be developed to institute green taxn the state, on certain sectors(e.g inter state transport,
electricity generation) that are highly fossil fud intensive, and channelize these funds for
additional mitigation actions. For pilots, funds can be explored through bilateral mehanisms
and for large scale implementation loans from banks including multilateral banks may be
sought.
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Asper the 4th Assessment Report of the
IPCC, warming of the climate system is —

unequivocal and is attributed mainly t©0 | pyring the course of this century the resilience of
anthropogenic activities (Box 1.1). I many ecosystems (their ability to adapt naturally)
the past century, the Earth has warmed | i jikely to be exceeded by an unprecedentec
on an averageby 0.76 C and the rate of ¢ompination of change in climate and change ir
warming is increasing. According 10 | giher global change drivers (especiy land use
WMO, the year 2010, wasthe warmest | change and overexploitation), if greenhouse gas
year on record. The Global average emjssions and other changes continue at or abovi
temperature in 2010 was 0.53 degrees . rrent rates. By 2100 ecosystems will be expose
Celsius above the average level during 5 atmospheric CO2 levels substantially higher
1961-90, and it is higher than the tWo = han in the past 650,000 years, and globa
previous warmest years 1998 and 2005 temperatures at least among the highest of those
in the last deade. experienced in the past 740,000 years. This will

alter the structure, reduce biodiversity and
The sea level is also rising Global | nertyrh functioning of most ecosystems, and

average sea level rose at an average rate compromise the services they currently provide.
of around 1.7 0.3 mm per year over

1950 to 2009 and as per a sdellte- p- 3 °j £W=f m 2=Q?£|@=""£H £=+=
measured average rate the rise was _ ~* 8§+ =-08="23 8§«~2 £="1| ~¥{
about 3.3 0.4 mm per yeabetween

1993 and 2009. Similarly, extreme weather eventsand their intensities have increased and
regional climate patterns are changing. Climate change models, driven by a variety of socio
economic scearios project that the global average temperature may rise by 1.8 to 4.0 C by
2100.
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At India level, the annual mean temperature of the countrjor the period 1901-2009, as
whole has risen by 0.56C f j a | 5 @by M050s the temperatures projected © rise by 2-
4oCk ~qg | j I).FotMeK e MoEF, GQkport focussing on 4 climate sensitive regions of
India (f k = TO'MIN brojects that even by 2030 s the annual mean surface air temperature
may rise by 1.7 Cto@ C with respect to current clima base line (19661990).

Climate change, as some of the studies suggektX q " | j | = OMMQ X méaylkaher thel = OMN M
distribution and quality of India’s natural resources, enhancewater insecurity, reduce

agriculture productivity, enhance exposure to extrene weather events, and poseeven

unforeseen health risks. This in turn is most likely to adversely affect development of the
economythat is closely linked tothe natural resource base. Consequently exposing majority

of its population thriving on climate sensitive livelihoods such asagriculture and forest

products are subjected to great risk.
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In view of the requirement of a strategy to adapt to climate changdhat would ensure and
enhance ecological sustainability and explore solutions towards more &ffent technologies,

the National Action Plan on Climate Change (NAPCC) was formulated and launched by the
Prime minister in June 2008. It has eight missions that focus on

- Enhancing energy efficiency;

- Increasing the penetration of solar photevoltaics and solar thermal in the total energy
mix;

- Developing climate friendly sustainable habitats;

- Awater mission for integrated water resources management;

- Amission on sustainable agriculture for making it more resilient to climate change;

- A green mission for enhancing ecosystem services of forests and for enhancing its C
sequestration capacity;

- A mission on Himalayan ecosystem for sustaining and safeguarding the Himalayan glacier
and mountain ecosystems; and the last mission is aimed towards

- Developingstrategic knowledge base to address the concerns of climate change.

For translating national policies into action, especially asub regional level within India, and
decentralizing NAPCC objectives into local context, a territorial approach is necessdtyis in
this context, it was felt necessary that the states should develop their prioritised action plan
vis a vis their respective climate change concerns under the overarching objectives and
missions of the National Action Plan on Climate Change. Thiso provides an opportunity for
identifying the risks and opportunities of climate change, mainstreaming the climate change
concerns by introducing low C climate resilient developmental activities in the stateand
generate pipeline investment ready initatives that can be directly adopted
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Towards the preparation of the State Ation Planfor Climate Changethe Government of West
Bengalfirst organised a scopingworkshop on March 15, 2010.The workshop was organised
by the Departmentof Environment, Government of Wet Bengal, which is the nodal agency for
climate change matters in the governmentlrhe workshop was chaired by theChiefSecretary,
Government of West Bengal. Th€hief secretary welcomed the move, as hepined, that
climate change is now staring us in the face, anglach and every state in India needs tdesign
strategies to mainstream climate change concerns in its planning and implementation of
various developmental programmedo adapt to the adverse impact of climate change.

All concerned line departments of the Government of West Bengdhe research community,
and the non Governmental organisationgarticipated in the workshop. Additionally, external
agencies like DFID, GlZ, and thWorld Bank were invited, who shared with the audience their
experiences and lessons learnt from the various climate change projects being undertaken by
them in the state in collaboration with the government of West Bengal.

Presentations were also made by, Principal Secretdes of Department of Power, Department

of Sundarban Affairs, Department of Science and Technolod§¥anaging Director, West Bengal
Green Energy Development CorporationJoint Secreatry, Panchayati Raj highlighting the
concerns of climate change in their repective areas. Shri Mr. Debal Ray, Chief Environment
Officer, Department of Environment, who is also focal point, climate change, made a
presentation to apprise the audience about the general scientific basis of climate change, the
various projects that the government is doing on climate change in collaboration with some of
the bi-lateral’s, the different policies that the West Bengal government has so far adopted
towards addressing climate change concerns. Finally he concluded his presentation with the
steps that need to be taken to start the pgaration of the State Climate Chage Action Plan

Constitution of drafting committee

Identification of state plan components

Constitution of sector wise working groups comprisingof line departments and
experts

Review of published literature

Consultation with those involvement in drafting of State Action Plan / National Action
Plan

Identification of the strategies and studies to be carried out

Finalizing of implementation mechanism.

Synthessing the sectoral plangnto Sate Action Plan

Following the workshop, the naotification for the steering committee and the drafhg
committee was published on 12h April, 2010 and signed by the Governor of West Bengg@ee
Annexure A for the notification) and the list of membersof the Steering commitee and
Drafting Committee.
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Next a meeting of the drafting committee was held to deliberate upon the sectors that need to
be considered vis a vis their vulnerability to climate change. It was agreed Iltye members
that the sectorsthrust areas of State Action Plan should match as closely as possible to the 8
national missions and 24 other critical initiatives. Further it was also pointed out that some
specific areas of vulnerabilities of West Bengal like Darjeeling Himalayas and Surghkns
should also be properly addressed. After thorough discussion, following sectors areas were
identified for State Action Plan

- Water

- Agriculture, Horticulture, Fisheries, Animal Husbandry
- Health

- Forestry

- Energy Efficiency

- Non conventional Energy Burces

- Sundarban’s

- Darjeeling Himalayas

- Habitat

- Institute for climate change studies.

Formation of sectoral committee’s for preparation of plans relating to each of the above
sectors were discussed. It was decided that the departmental representatives the drafting
committee would take a leading role in formation of the sectoral committees and preparation
of sectoral plans.

There after the notification for the formation of the sectoral committe’s were published in
December 2010 (see Annexure B ) o8undarbans and Energy efficiency on 16th and 24th Dec
2010. respectively. The committee’s on Agriculture, water, health, habitats, institute for
climate change, Darjeeling Himalays have been also constituted and brought out
subsequently.The resolutionsfor which have also been passed.

A workshop was organised on 14th feb 2011, in the nature of orientation for the different
working groups on NAPCC, guidelines for SAPCC, the vulnerability of the agriculture sector in
West Bengal etcA set ofresource persons guided the participants to undertake in depth
sectoral analysis where by theywere able to identify key priorities and formulate adaptation
strategies. The resource persons in these workshops were nationally recognised sectoral
experts, who were dso available for guidance towards prioritisation of strategies and
development of the action plan. The outame of this workshop lead to tte formulation of the
outline of the working papers.

Further, extensive consultations within the working group memlers and other concerned
stake holders carried out. Based on these steps, the sectoral papers were drafted, by the
members of the working groups, which formed the basis of the SAPCC. The sectoral papers,
focussed on identification of sectoral concerns auto climate changedid a review of ongoing
programmes in these sectors which are also towards climate proofing and the institutional
mechanism through which these programmes are implemented. identified thstrategies for
climate proofing the concerns ad identified the implementable actions on the 12th and 13th
plan. The papers also made an assessment of the cost of implementation of these actions at
today’s prices. The contents of the sectoral papers were transposed in line with the
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framework of the SAPCC provided by the Ministry of Environment and Forests. Next the draft
SAPCC was circulated amongst all stakeholders for their comments.

The SAPCC was presented to the steering committee on 12th April, 2010. It has approved 6
sectors and those are beig presented to the MoEF in the 1st phase by 25h April, 201The
rest of the chapters onHabitats, Sundarbansand Darjeeling Himalayashave now been
completed and included in this 2d version.
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The State of West Bengak situated in the eastern part of the country between 220’ and
27°32" N latitude and 8350’ and 8952’ E longitude. The total area of the state is 88,752 sq km
which is 2.7% d the total area in the country. The state has two distinct natural divisions
the Northern Himalayan region and the Southern Alluvial plains. In the north three main
rivers, anmely, Teesta, Torsa, and Jaldhak flow which are tributaries of BramhaputiEhe
other two important rivers pasing through the state are Ganga and Hooghly. The Ganga drains
into the Bay of Bengal forming the famous delta of Indian sundarbans.

The state has many shallow marshy depressions which are the relatively unfilled part®f
ancient topographic formations. These are subjected to annual inundation during the
monsoon months, having in many
instances permanent wetlands in their
shallowest parts. In addition to all these,
there are many types of landforms flanking
the northern Himalayan mountain as also
the western Deccan plateau within West
Bengal which had developed originallyby
the sediments brought by rivers in the
ancient geological periods. Many of these
are now suffering from erosion.

"
L., -
BRIy

On a physigraphic basisthe state can be
divided into four physiographic divisions,
namely, the Himalayan Region; Eastern
fringe of Chotanagpur Plateau; the Deltaic
Zone and the Alluvial Plains Remaining
areas of the State.

The State has international borders with
Bangladesh, Nepal andBhutan while it
shares national States boundaries with
Sikkim, Assam, Bihar, Jharkhand and
Orissa. In its south lies the Bay of Bengal.
West Bengalhas 19 districts (see figure
along side) On the basis of distribution of
climate and soil, the agricultural feasibility of the state is harnessed fron6 distinct agro-
climatic zones and they are the

Hill region: Qovering the districts of Darjeeling district, Coochblar and Jalpaiguri

Old Alluvial Zone Comprising of North Dinajpur, South Dinajpur and Méla
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New Alluvial Zone Covering g~ 2 E£=PKNW=hf. =of£~23°¢£z+=
Murshidabad, Nadia, 24 N. Parganas,

Hooghlyand Burdawana df- ¥°~®} 8§j ~2=~UUI TRO=% K=
Red and Laterite zone Q@vering the (s « g°=_o=a8§+2 19

districst of Birbhum, Bankura, Purulia,

.. k3« £°=-m=_2.; 341
WestMedinipur;

- 3 a .2 = = . illion*
Saline Coastal region Covering East m-® : 91.35 n-m-lhon
Medinipur, Hooghly, 24 Suth Parganas, ©° ° ~% =m- ®3% & ~2 § 655 million**
Kolkata re ~=-=m- ®3 2 ~2 § 258 million**
m- ®3 8@ ~2 §- 5=3a¢£ -~ 1029 per sq. km*
Tag«~2 £ mE® =j ~®§2 ~=~¥° Lessthan 1 ha***
The climate of the State is tropical and humid I _a¢g§ga¥ (about 0.64ha)

except in the northern hilly region which is
close to the Himalayans. The temperature in
the mainland normally varies between 24 C —

c£°283a82. =°~2f£19 21 asof 2007***
§°%2d2Jg % ° ~2a | =3 194, 12.4 per thousand

to 40 C during summer and 7 C to 26 C (2001 census)
during the winter. The average rainfall in a£~2 | =J* 22 £% | =r 6.1, 6.6 per thousand**
the State is about 1750 mm with (2001 census)

cons.iderable variation among thg districts fam~a2=«-°2~a§ 37 29 per thousand**
ranging between 1234 mm in Birbhum to

. S 2001
4136 mm in Jalpaiguri. (2001 census)

K-°«~a=Aoo3 ~a=1234-4,136mm.
Aaf«-¥° ~@®' . “saz2g§’ ~ ag=Ac°g5684akhha
|

KE2=p- u-="°£~ 54.65lakh ha**
The estimated population of West Bengal in K£2 =" ° - ®®£ ¢ =" ° 52.56 lakh ha. ***
2009 was 87.8 million and has beome 91.3 * ° - ®®8§ -~ ¥ =§ =2 £ - 181% ***
million as per the latest Census of India ano g -3 ¢ge°=c- ° 11897 sq km***

carried out in 2011. The decadal growth rate
for the period 2001-2011 has been 13.93%
which has decreased from 17.77% estimated
for the period 1991-2001.North twenty four
Pargana’s has the highest populain of 8.9 § « ~82¥£~=218°-°=  70.00 lakh ha.
million and the most dense is the population m. 2 £ 52 §~a

in Kolkata with 24252 people/sq km q-2~2a=ca--¢
(Source:http://censusindia.gov.in/2011 -
prov-results/prov_data_products_wb. html,
http://www.westbengalforest. gov W=G" £-22£1 =OMNNI =G
.in/publication_pdf /StateForestReport OMMN=° ~2 8§ -] =GGGt _=£QMNMI« §
2008-2009.p.pdf). The Sex Ratio of the State GGGG=p 2 ~2 £ = - o = POOMMVH 2==CGEEEE -
stood at 934 in 2001 as against 933 at

3 °m~j £=t ~2 £° = 132.90 lakh ha. m*****
Noao3 ~3=0f£®2E - § 30.36 lakh ha. m.
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national level. The Sex Ratio in West Bengal had been steadily increasing during last five
decades after Independence whereas at national level it registered a decreasing trend dugyin
this period. The rural and urban population, is

t ~2 £°=0£x-3°; £+

West Bengal is endowed with 7.5 per cent of the water resource of the countiain source of
water in West Bengal is rain fall, the annual average receipt of which is around 1762mm. Of
this 76% is received in the monsoon months and the rest in the non monsoon period. 21% of
the rain fall infiltrates through the soils and recharges the ground water and 49% goes back to
the atmosphere as evapdranspiration. The net annual water resource geerated from
rainfall in West Bengal amounts to 51.02 bcm (WBPCB, 2009). About 60% of the water
resource is available in the North and South Bengal has 40% of the resources. The
replenishable ground water resources including natural discharge is 34.20 bcof which 31%

is in north Bengal and 69% in South Bengal. The state receiv&8.56 bcm of trans boundary
water from neighbouring states. The Ganga carries 525 bcm of water from its large catchment
covering 26% of the Indian geographical area.

_8-C¢C82E5¢=Cc-°£+£2 ¢

The climate and physiography of the statsupports a huge diversity of life forms Covering
just 2.7% of the Indian landmass it is home to 12.27% of Indian biodiversity known till date.
The state has more than 7000 species of describedoffé including bacteria, algae, fungi,
bryophytes, pteridophytes and angiosperms and more than 1000 species of described fauna.
The forests of West Bengal are classified into seven categoriess, Tropical SemiEvergreen
Forest, Tropical Moist Deciduoug-orest, Tropical Dry Deciduous Forest, Littoral and Swampy
Forest, SubTropical Hill Forest, Eastern Himalayan Wet Temperate Forest and Alpine Forest.
The state has a recorded forest land of 11,879 sg. km., of which 7,054 sg. km. is Reserved
Forest, 3,772sq. km. is Protected Foresand 1,053 sg. km. is Unclassifie8tate Forest, thus
constituting 13.38% of the geographical area of the state. Under the conservation and
protection regime the State has one Biosphere Reserve, two Tiger Reserves, five National
Parks and 15 Wildlife Sanctuaries.

bij--- «-

As of 2008-2009, the Net State Domestic Product (NSDP) of the climate dependent sectors
namely, agriculture including animal husbandry and horticulture, forestry and fisheries
together was 22.11% of the totaINSDPat Constant 99-00 Prices, that is aguarter of the
total NSDP of the state of West Bengalhich is generated by 70% of its total population,
mainly rural. Of the total rural workers, 19.53% and 19.30% are cultivators and agricultural
labourers, regectively, while 4.72 percent are engaged in household industrieAccording to



the Planning Commission, 31.8% of the total population lived below poverty line in 1999
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2000. The detailed NSDP of the sate tsector is presented in Table 3.2

Table 3.2:Edimates of Net State Domestic Product in Crores Iydustry of Origin at Constant

1999-00 Prices

E{_ ludustry Z007-08(B) | 2008-09 (Q) {_.1;':1ge
1. Agmeullure 4062 44 40085 53 -1
Z. TForestry | R35.01 |anu sy 3.9]
3 Fishery 3092 30 SH29.08 240
1. Mining & Quarryving 180411 1811.98 2.08
I'rimary S0197.16 4966648 -1.1H
5 hManuiactining 1a0&3 A0 L6003 47 -0A9
5.1 | Manufacturing (Regd.) 5957.21 6026.96 137
3.2 | Manufacturing (Unrcgd. ) 10120.25 0978.31 -LAG
i C'onstmetion [7184.149 2021293 1756
T Tlectricity. Gas & Water Supplvy 162797 1707149 4.R7
Sveondary 349035,65 37923.59 8.63
B Pransport, Storage &
Clommnication
8.1 | Railways A2R7.07 357597 B9
8.2 | Transport by other means & 9445 24 DGTIZS 2.40
Sloraps
3| Coumnumcabion G386 57 311164 2706
D, Trade, Hotcl & Restaurants 33608.56 31111.89 2149
10, | Banking & Insurance 162035.03 IBE30. 19 16.36
| 1. | Real Esratc. Owmership of 2201852 2027597 I4.65
Drwelling
& Business Scrvices
12. | Publhe Aduomstration TA92 67 S070.04 T-TL
13, | (iher Services 188149 08 19713 66 4.73
Tertiary 11816274 128723.91 8.4
Total 203265.55 21631598 n42
Per Capita Incowe (Bxs.) 2345570 2472013 338

P : Provisional estimates & O 0 Chiicke egtimares,
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gq £ « ® £ °°Wata used for this analysis includes th&MD gridded maximum and minimum
temperature at 1o spatial resolution for the time period 19692005 (37 years). According to
the observations during this period, he maximum temperatures are decreasing across the
state whereas the minimum temperatures are increasing(Figure 4.1). The maximum
temperature has decreased by-0.5°C with respect to starting of the observation period

(1970s) in the New Alluvial zone, the laterite zone and the Saline coastal zome.the Hilly,

Terai and the old alluvial zone, the maximum temperature has also decreased but by only
0.250C. Whereashe minimum temperatures are increasing all across the ate. In the laterite
zone, the minimum temperature has increased by €, in the Hilly,Terai and the old Alluvial
zone, the temperatures have increased by 16 and in the new alluvial zone and the coastal

zone the minimum temperatures have increased by°C.

Observod® lemperature Statistics across West Borngal State

Average Daily Coefficient: of Variation Epalial Trand
o Ak s IE- EiEE [ [t o WD T T i wl
Mo, o ot r':'_’:b:‘.. -
Hepal 1t Hepai E liuba. 4 Ml lin| s § T
P %} e, | S 1'& 5

u

.F-. R SN i L i
[ ¥ o P
= i u Ll I Titkir :f
s
% o
]

o A 1 Aanzlap=sh
—,\{-\. ; N3

" "a e :-..a

...-....-h
L sartheient at srnlml Irered
Mo e Warladan g CET yee|
B 1
L -5 -
e

* Wl gntiec) SNy NI IS S0 cwer 3T
sz AT CNnted
R (il R L B By 1 R TR T

Anntew 3 Lureuhs PR Ly SR i, e L R RSO RLT N

Figure 4.1: Observed changes in minimum and maximum temperatures in West Bengal
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rainfall between 1971-2005 (See Figure 4.2)There is a ¢ear increasing trend in observed
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rainfall in the northern region above Brbhum upto Darjeeling Himalayas and in the
Sundarban regionNo changes are observed in some pockets in the eastern Himalayan region
that falls within Coochbihar and in the southern region below Dakshin dinajpur and in in
Southern Purulia andin the South Medinipur areas. The postmosoomainfall shows an
increase almost all over West Bengal except in the eastern Himalayan region in the state, in
North Dinajpur and in Western Purulia. In the winter period in Jan and Feb, there is a general
decrease in rain fall in the Southern region ofhe state, with no change in parts of Medinipur
and in Darjeeling Himalayas. In the March to April period, there is an increase in precipitation
in central part of the Southern region of West Bengal covering Burdawan, Bankura, parts of
Medinipur and Sundaban areas. No change is observed in the eastern parts of Sundarbans,
and distinct decrease in Murshidabad, Birbhum and Nadia.

Observed (1871 - 2005)° Seasonal Pracipitation Trend far West Bengal

Jan-Fab [Winter) Mar-Apr-May [Fre-monaconi

ip.:l'hil Trand _ _ * BT praciee ey roednd daia weic e B e BETY . SOOR

e Trand Ho Chengs #ail N wrated nza Mefoariicgos Dapenres (L)
Figure 4.2: Observed changes in precipitation between 1972005.

| =+ £2 =- o Wlhe maximum-delay in onset of monsoon i$1 and 7 days over Andaman

& Nicobar Islands during 1941 1970 and 1971 2000 respectively. For India as a whole, the
commencement of onset starts from Andaman & Nicobar Islands. The mean withdrawal dates
are found to be later than the existing normal,n both the 30 years slot of 1941 1970 and
1971 2000, by about one to one and a half week. A general late onset, as concluded earlier
coupled with late withdrawal suggests a shift in the monsoon activity.
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i & - £ +=~-¢ ¥prRy tefm«obsearvatbns between 19002008 show an increasing
trend in the frequency of tropical cyclonic storms (4863 kts or 88117 kmph) as well as
formation of severe cyclonic storms (6490 kts or 118-167 kmph) in the Bay of Bengal during
the period 1900-2008 (figure 4.3). Further, Storm surges form when heavy winds produced
by tropical cyclones generate the disturbances in the ocean. As these surges propagate into
the shallow regions, they amplify and produce large variations of sea level at the coast. The
height of the gorm surge depends on wind speed, the shape of the coastline, and variations in
the water depth along the coastline. Height also depends on phase of the tide. If a surge occurs
during high tide, the storm surge will be higher than if it occurs during lowite. Category 5
tropical cyclones can produce storm surges in excess of 6m (20 feet). Because the storm surge
occurs ahead of the eye of the storm, the surge will reach coastal areas long before the cyclone
makes landfall.
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Figure 4.3: Increasing trendsof severed cyclonic storm over the region of Bay of Bengal
p-3°j£E£W=fjal =0O0MNM

j £E~-=p£~=WHeé &/érage seatlével rise has been 1.3 mm per year along the Indian
coast, however, tide gauge observations at the diamond harbor port indicate a sea lengé of
5.7 mm, which can be attributed to subsidence in the region at the rate of 4mm per year
(INCCA, 2010).

Presently the State is facing inadequate and erratic rainfall in successive years mainly in South
Bengal Districts. Further, more than 80% of @nual precipitation occurs during monsoon and
that too erratically in respect of time and space causing drought like situations in summer and
flood during monsoons.The onset of monsoon is delayedrhere is an overall warming with
minimum temperatures increasing faster than the maximum temperaturesCyclone frequency

of severe cyclonic storms is increasing over Bay of Bengaid the sa level is risingglobally,
however, the level of rise is higher across coast line of West Bengatostly due to subsidens

of the land mass near the coast and also may be due to devlopmental activities, leading to
submergence of islnads in the eastern region of the coast.
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Increased population and immense pressure on land compels the State for judicious use of
water resources which becomes very scarce in namonsoon months. Due to noravailability

of adequate surface water resources in nemonsoon months and degradation of many of the
surface water bodies due to siltation, dependence on ground water for drinking as well as fo
irrigation are rapidly increasing with results in consequent depletion of ground water level.
So, creation of additional storage and demand side management are dual challenges of
present water management

A §«~2£="1 ~a¥E=m°-"£]2§- %

Climate projections fa 2050s and 2100 have been derived from PREC(Broviding Regional
Climate for Impact Studies) is the Hadley Centre portable regional climate model, developed
to run on a PC with a grid resolution of 0.44 x 0.44 . PRECIS simulation datasets is provided
by the Indian Institute of Tropical Meteorology, PuneThe climate change scenarios are driven

by the GHG emissiorscenarios -IPCC AlBwhich assumes a future world of very rapid
economic growth,a global population that peaks in midcentury and declines theeafter, and
assumesrapid introduction of new and more efficient technologies

0 ~ § - ProjéctioMs of rain fall in West Bengal for mid century (2050s) indicates that there is

a decrease in winter rain fall in the coastal zone and the lower part of the wealluvial zone,
and no change is indicated in the rest of the zones, except that again a decrease in precipiation
is observed in the eastern part of the terai zone. In the monsoon period, in 2050s, an increase
in precipitation is projected for all the regions, except for the eastern part of the coastal region
and western part of the ed and laterite region (Figure 4.4 upper panel). In 2100, however,
significant increase in precipitation is observed in winters in the terai, hill and the new
alluvial zone,with the lower zones receiving a slightly more rainfall with respect to base line.

q £ « ®EF ° ~As tefafd¥\temperature, in 2050s, the average daily maximum and minim
temperatures are both projected to riseby 2.2°C in 2050s andby 2100, the temperatures are
likely to rise by 3.6 to greater than 5C celcius with respect to the base Imi.e 19661990 (see
Figure 4.5.
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Extending from the Himalays in the North to theBay of Bengal in the south, West Benba
offers wide topographic diversity and intricate drainage network of 22 basins gee figure
5.1a). Monson rainfall is the mainstay of water in these basins, though some part of the water
in these basins also come to the state from transnational locatiorssich as Nepal and Bhutan

fa2o.

and across interstate bordersvia Ganga Teesat and
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Figure 5.1: (a) Dranage basins of West Benga(b) Rainfall intensity across West Bengal

There are two hubs in West Bengal,amely, North Bengal and South Bengal divided by river
Ganga that receive distinctly variable rainfall. The rainfall intensity in North Bengal extending
from Darjeeling in the north to Maldah district in the south, varies between 25.51 mm/day to
greater than 44.51 mm/day. In the southern region, the rain fall intensity varies between
25.51 mm/day to less than 21.51 mm/ day $ee Figure 5.1b) About 60% of the surface water
and 28% of the ground water in West Bengal is available to North Bengal that suppodsly



tbpg=_bkd~i=~"qfl k=mi ~ IEHEG

18% of the population of the region. Where as 82% of the population residing in South Bengal
depends only on 40% of the surface water and extracts 78% of the total ground water for its
needs.

Table5.1: Water resources in different districts of WessBengal

Monsoon | Non Surface | Ground | Trans Per capita
rain fall monsoon | water water boundary | water
(mm) rainfall (BCM) (BCM) | water availability
(mm) (BCM) as of 2001
CM/ capita
Darjeeling 2224.0 527.8 5.78 0.52 16.25 3945.32
Jalpaiguri 2471.3 604.8 11.30 2.64 32.56 4130.27
Koch Bihar 2604.0 667.6 6.42 2.32 44.18 3552.65
Uttar Dinajpur 1902.3 504.6 3.31 1.68 16.86 2059.38
Dakshin Dinajpur 1469.9 458.4 1.55 0.95 18.64 1676.0
Maldah 1307.7 407.1 2.14 1.40 553.21 1084.15
Murshidabad 1167.4 385.6 0.54 252 561.88 525.63
Birbhum 1143.0 384.3 1.46 1.67 4.50 1047.02
Nadia 1175.3 432.2 -0.27 2.17 48.25
Bardhaman 1174.0 425.6 1.84 3.34 45.54 757.02
Bankura 1159.7 387.5 2.06 2.09 13.35 1309.8
Purulia 1163.0 344.3 3.68 0.77 9.69 1767.9
Paschim Medinpur 1218.9 441.9 2.36 3.82 3.61 1199.1
Purba Medinipur 1240.3 457.6 3.27 0.83 76.68 820.5
Haora 1240.5 451.2 0.96 0.37 67.36
Hugli 1208.2 4414 0.59 1.70 65.28 \
Kolkata 1245.9 454.7 0.25 0.00 50.07
North 24 Parganas | 1231.0 452.3 1.91 1.58 50.33
South 24 Parganas | 1266.7 461.9 1.86 3.84 81.03 831.6
TOTAL® 51.01 34.21 1759.27
h £W
]
Water sufficient : Water Stress: Water scarcity: Severe scarcity:  Districts experiencing
>1600 1000-1600 500-1000 <500 cu annual water ddicit with
cum/capita cum/capita cum/capita m/capit a respect to total aerage

receipt of rain fall
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V' The totals for the surface water and ground water resurces stated hereas per WBPCBQ® M Mare at

variance with the estimates indicated by the irrigation department in its 1987 estimatego £ ® - ° 2 = - o
bT®E£° 2 =" - ««822 £ £ E asinzthis tstingai erfly875% df theNavddabe rain fall has been
considered as assured availability keeping in view the uncertainties in the averag&nual rain fall over

the years as against the total average rain fall considered in the earlier estimate.
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demand which is dominating now may reduceover the yearsbecauseas improved use of
water and water congervation technologies may be practiced more and more in agriculture
The water demand in the forest sector is directly proportion to receipt of rain fall in forest
areas.The present14% of area under forest cover needs to ideallgxpand to30% of the total
area. Assuming that West Bengal will be able to achieve this target by 2051, the water demand
for the forest sector is also likely to increase.

Forests Drnking  nomesti Forests Drinking Domesti
and water  Use and water ¢ use Irrigatio
biodivers 0.1% 1.9% biodiver =
Energy ity ity T- 25.9%
3.4% 13.6% “

Indust
2.5%

Energy Industry
49 7% 10.0%

2001 S 2051

Figure 5.2: Current and future water demand by sector in West Bengal
Ep-3°i£W=t_m _ | =OMMVF

The census carried out in 2001 and the investigations of SWIBWWID,200)), hasrevealed that
91.4% of rural households and 41.2% of urban households rely on undergrad water in
West Bengal. One in 5 rural households have to travel to more than 1/2 a km to access
drinking water. one in 3 households in urban West Bengal do not have access to direct water
supply. Currently, the districts of Bardhaman, Hugli, Purba Meidipur, and Haora, the rice
bowl of West Bengal, experience an annual deficit of water availability for agriculture with
respect to average rainfall receipt of these districts.

bf2°EL£«E=£" £-2 ¢

c 2 - -Abaut\2% of the stateareais flood prone (see figue 5.33) and is manifested across
the state by various modesFloodscan bedue to excess water carried wer from transnational
and inter state borders. For example, Ibods are caused in north Bengal, by flood waters
received through rivers Teesta, TorsaJaldhaka, Raidakkrom Sikkim and Bhutan In Uttar and
Dakshin Dinajpur by flood waters inrivers passing through these two districts and originating
in Bangladesh In Malda by flood waters received throughMaharanda from Nepal, and
through Gangawhich carries flood water from about 11Statesin India.

Extreme rainfall, ° £ @ ~t® fte ¥nonsoon cloud burstsalso lead to floods here. The
infrastructures such as roads and railways with inadequate culverts intercept cause
expansion of floods. Poor drainageis also a cause due which the flood spread€ase in point
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is the city of Kolkata, where a recent study (World Bank, 2010) has indicated th#te
situation in the city of Kolkata is critical, due to inadequate infrastructure, unplanned land
use, poor seio-economic and environmental conditions, and the inadequacy of the drainage
capacity of the sewerage systems. These have been further aggravated by inadequate
maintenance as well as the siltation of the existing trunk sewer systems that have
considerably reduced their carrying capacity. While the sewer networks in KMC under such
partially silted condition still provide reasonable hydraulic capacity for carrying the dry
weather flow, they prove highly inadequate for carrying the storm weather flow even wh
normal precipitation during the rainy season.

Also floods are caused bgtorm surges resulting fromcyclones and sea level risélhe recent
damages caused by the Cyclone Aila, has established, that the southern Coastal region of West
Bengal, covering he southern part of South 24 Pargana district, is extremely vulnerable to
storm surges and cyclones. The soil in this region has become saline due to this event even
upto a distance of 40 km from Kolkata and drinking water became contaminated with sea
water. Additionally, the sea level rising in some areas of the coast at a much higher rate than

the others is also a cause of inundation.
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Figure 5.3: (a) Flood prone areas of West Bengal. (b) Drought prone areas of West Bengal

p-23 i W _MEOM



tbpg=_Dbkd"i =n"

a ° - 3 ¥NEvérysummer many parts of Purulia, Binkura, Paschim Medinipur, and Birbhum
(covering the southwestern part of the state) suffer water shortage with respect to theentire
state (Figure 5.3 b). The tradition of storage of water in ponds hadowly being forgotten. The
governments efforts to supply water for drinking and irrigation is dependent on the
reservoirs of Damodar valley Project, namely, Massanjore and Kansaboti. The storage capacity
of these reservoirs have reduced over the yearmainly due to siltation rendering the region
bereft of adequate water during summers. Also introduction of water intensive crops in the
region, has lead to higher crop failures making the region and its people vulnerable. In 2010,
the monsoon was weak ovelVest Bengal, though it was strong all over India. These are such
events, which the government need to be adequately prepared for in the future.

i~ - ¢ £ ANBokSSant rains and at times cyclones lead to land slides in North Bengal. Case in
point is the impact of the latest super cyclone Aila in 2009. Water supply in these regions was
affected severly during this event.

t ~2 £oazayp 2 § . o

The increasing exploitation of ground water exceeding replenishable limits has been causing
irreparable damage and leadingto arsenic and fluoride contamination in the eastern and
western parts of West Bengal espectively (see figure 5.4 a and b) The arsenicin ground
water is spread over 81 blocks belonging to eight districts (Govt. of WB,200@&nhd ebout 225
villages in 43 blocks of 7 districts have been foundo contain fluoride in ground water.
Depletion of ground wateris causing desiccation of rivers during non monsoon months, ése
capacity for effluent seepage towards the riveis reduced Over dependence on groundater
has lead to the decay of tradition of practicing lift irrigationFurther, inundation of land by sea
water is causing salinity of water for drinking as well as agriculture.
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Arsenic affected areas
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Figure 5.4: (a) Arsenic affected blocks, (b) Fluoride affectddock
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Institutions Involved in Water Sector Service Blivery

f°°8¥~28- -=C=1t ~2 [Hatnpsses sufaaeEwdter’rédsgutes df\e State through
all forms of interception and facilitates the utilizgion of the same for different purposes.
Looks after water resource management of all the river basins of the State other than
Damodar.

a~«-¢~°=gs~2ag. =" DVChas anetgork-oEfeus dasWilaiya and Maithon
on river Barakar, Panchet on rier Damodar and Konar on river Konar. DVC dams are capable
of moderating floods does water resource management to meet industrial, municipal and
domestic requirements in West Bengal & Jharkhandilso supplies irrigation water to the



