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m°£¤~¡£Science has indicated that climate change is likely to have adverse impacts on most of theeconomic sectors in India that are driven byclimate such as Water resources, Agriculture andallied services, Biodiversity and Forests. These in turn are likely to affect livelihoodsdependent on these sectors. Human health is another area of concern as some of the diseasesare propagated by vectorsthat are climate dependent.To addressthese concerns, the Government of India first defined its policy vis a vis climatechange in June 2008 through a National Action Plan on Climate Change. The eight missionscovered in this action plan wereconsidered with a view to design strategies for adaptation toclimate change that would ensure and enhance ecological sustainability and explore solutionstowards more efficient technologies.Keeping in view that the role of the statesof India is keyfor translating national policies into actionat sub regional level, and decentralizing NAPCCobjectives into local context,it is important for the states to prepare their own Action Plans toaddress their  specific Climate change concerns.The Government of West Bengal understands that Climate Change can prove to be a threat aswell asan opportunity for the state. Through a consensus, it has identified the key sectors andregions that are likely to be most vulnerable and require additional efforts over and above itsexisting programmes and policies. The sectors identified are Water resources, Agriculture,Biodiversity and Forests, Human Health, Habitats and Energy. Additionally, two regions havebeen identified as most vulnerable, namely,the Darjeeling Himalayan region in its northernboundary and the Sundarbans at its Coastal southern end.The report identifies the key concerns due to climate change for each sector and presentsstrategies that are towards ameliorating these concerns and hence adapt to climate change. Italso suggestssteps towards energy efficiency and increasing the renewable energy mix.Further, actions have been defined within each strategy and are budgeted for the 12th and13th plan, i.e for the next 5 and 10 years.The 1st part of the SAPCC,published in 2011, included strategies for Water resources,Agriculture, Biodiversity and Forests, Human Health, Energy efficiency and RenewableEnergy, and an outline for developing a Climate Change institute.In the present report,Chapters onHabitats,and on Sundarbans and theDarjeelingHill region are also included.The strategies have been developed bydifferent working groups of the SAPCC, created oneeach fordifferent sectors. The workinggroup members include members from concerned linedepartments, researchers, academia, and NGOs. In certain cases,stake holders outside theworking groups have also been consulted to understand the current concerns and theperception of climate change.
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q¦£=t£±²=_£¬¥~ª=`¬²£¶²The geographical positioning of West Bengal is distinctive as it is the only state within theIndian region, which   extends from the Himalayas in the North to the Bay of Bengal in thesouth, and hasmany perennial rivers flowing through the state. Therefore it enjoys an alpineas well as  a  sub tropical climate,has abundant water and fertile soils that support a widevariety of biodiversity  in its  forests, crops, livestock,  and aquatic life  and some of themareunique to  the state.About 70% of the population residing in the rural areas draw itslivelihood from the state�snatural resource base, by pursuing  agriculture, horticulture,,animal husbandry, fisheries, and by harvesting forest products.   As the natural systems are alllinked to climate, any change in climate is likely to disturb the efficiency of production of thesesystems, thereby impacting the associated economy.In view of the trends of observations and projected changes in climate(see Box 1)and theirlikely impacts on natural and man madesystems,  GoWB, prepared a StateAction Plantowards adaptation to climate change, which it perceives will be required to be adopted inaddition to the ongoing programmes that address the concerns of development.  Thestrategies in the action plan also provide an opportunity for the state to align itsdevelopmental objectives along alow Carbon path.
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The design of the action plan is envisaged to facilitate the implementation of thevariousmissions of the  National Action plan on Climate Change (NAPCC) at a sub national state level.The NAPCCfocuses on   8 missions, and they are,towards (i) harnessing solar energy,(ii)enhancing energy efficiency,(iii) sustainable agriculture, (iv) integrated water resourcesmanagement, (v) sustainable urban habitats, (vi) sustaining Himalayan ecosystems,(vii)greening India through forests, and(viii) developing strategic knowledge.This Executive summary highlights the process of preparation, the current concerns of eachsector and that of the identified special regions, the climate change concerns and thesuggested adaptation strategies.
^®®°~¡¦=²=²¦£=m°£®~°~²§¬=¤=²¦£=p^m``The work towards the development of the State Action Plan on Climate Change (SAPCC), hasbeen done under the aegis of the Department of Environment, which is the focal point forclimate change in the West Bengal Government. The preparation of the SAPCC started with ascoping workshop in March 2010, and thereaftera steering committee was formulated in themonth of April  of the same year.The steering committee is headed by the chief secretary GoWB, with additional ChiefSecretaries and Principal Secretaries of nine line departments as its members. Simultaneouslya drafting committee was formulated as well, with members from thesedepartments. Next ameeting of the drafting committee endorsed that the sectors - Water, Agriculture,Horticulture, Fisheries, Animal Husbandry, Human health, Forestry,Human habitats, and theregions of  Sundarban’s  and Darjeeling Himalayasare the most vulnerable in West Bengal asidentified in the scoping workshop. For moving towards a low C path, the committeerecognised that role of enhancingEnergy Efficiencyin the energy and industry sectorandincreasing the share ofnew and renewableenergy resources in the total energy mix of thestate. The drafting committee also suggested that initiatives need to be made to develop anInstitute for cli mate change that would support the government withscientific inputs for aninformed decision making,Thereafter 9 committee�s/Working groups were formulated, headed by thethe members ofthe drafting committe, to develop the background papers on each vulnerable sector andregion. The Working group members included representatives of the line departments,academia, researchers, and NGOs.  The implementation arrangements for undertaking theSAPCC work is shown in figure 1.These working groups using published literature and through broad based consultations withline departments, researchers, academia, NGOs, andgeneral public, drafted the sectoralchapters on Water resources, Agriculture, Forests and Biodiversity, Human Health, Energyefficiency and Renewable energyand Institute of for Climate Change and synthesisedthe
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SAPCC, and submittedthis 1st part to the MoEF in April 2011. The 2nd version, that is thisversion, now includes remaining chapters on Habitats, Sundarbans and Darjeeling Himalayas.The Adaptation strategiesfor each sector and the two vulnerable regions were identifiedthrough the following steps:
 1st a review of  each  sectorin West Bengal and the regions of Darjeeling Himalayasand Sundarbanswas undertaken
 2nd - The current concernsof each sector and the regionswere identified  along withthe Institutions and the government programmes, projects and activities that aresupporting development and hence addressing these concerns
 3rd �An assessment of the current climate trends and theclimate projection  scenariosfor the mid Century (2021-2050) were made
 4th- the likely climate change concerns and the corresponding adaptation andmitigation strategies that would ameliorate the climate change concernswereidentified

Figure 1: Implementation arrangement for preparation ofThe West Bengal SAPCC
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t~²£°=°£±³°¡£±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, forest/ecology and energy is estimated to increase from 106.18billion Cu m in 2001 to 452.82 Billion Cu m in 2051(CPCB, 2009). Currently, the maximumdemand isfor irrigation in the agriculture sector  but in the future the demand may be morefrom the  energy sector. Further, ground water pollution, over exploitation of ground water inalluvial plains for agriculture, recurrent droughts and floods, cloud bursts, storm surges andcyclones in the coastal region accentuate the concerns associated with waterresourceaugmentation and supply side management.
`ª§«~²£=¡¦~¬¥£=¡¬¡£°¬±WThe key projections on the availability ofrainfall in a mid centuryscenario (2021-2050s), does not suggest any major deficits in West Bengal with respect tothebase line scenario, however, projections  indicate a high regional variability inannual asell asseasonalrainfall across the state. The annual rainfall in Darjeeling Himalayan region and thecoastal regionis projected to increase in the mid century scenario. However, in theHimalayanregion there is likely to be decreasing trend in winter rain fall.The increase in extreme rainfall events is likely to lead to higher run offs, and lower recharge of underground water,andfrequent flash floods. Water availability is also analysed in terms ofblue water flow (wateryield - quantified rain fall plus deep aquifer recharge), green water flow (actualevapotranspiration), and green water storage (soil water). Future projections (2021-2050s)indicate a decrease inblue water flow with respect to the base line scenario (!961-1990), inalmost all regions of West Bengal, except in theSouth 24 Parganas and in the NorthernHimalayan region, an increase in the green water flow and almost no change in thegreenwater storage, except adecrease in the Purulia and Medinipur regions. Further in thecoastal region projections sea level rise and increase in intensity of cyclones are likely toexacerbate the concerns of potable water availibilty in these regions.
^¢~®²~²§¬=p²°~²£¥§£±: Since there are high spatial  variationprojecyed in water resourceavailability, a region based  approach has been taken to devise strategies for water resourceaugmentation and managementfor West Bengal. The regions being the Hill region, theAlluvial plains, the Red and Laterite region and the Coastal region,
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p³°¡£Wm¦²¥°~®¦= ·=^°¬~ =`¦~²²£°¨££I=³®ª~¢£¢=¬=q°£©=b~°²¦ITable 1: Adaptation strategies suggested for augmentation of the water resource and efficientmanagementRegion Suggested StrategiesNorthern HillRegion Avoid water stress in the post monsoon and pre-monsoon period bystoring excess run off  during monsoon by increasing water storagecapacities through rain water harvesting, ground water recharge,andreservoirs on rivers to transfer excess water to water deficit basins,check dams along rivulets, repair and renovate old rain waterharvesting  structures and encourage roof top  rain water harvestingat household levels, communities and villages
Undertake scientific assessments to understand the impact of climatechange on water flows in to the various reservoirs and adequacy ofrain water and snpw melt receipts in future for hydropowergenerationAlluvial  Plains  Increase surface water storage potential in view of  increase in run offin the future due to increase in extreme precipitationevents whichwill not allow sufficient ground water storage. Fuirther desilt existingdam reservoirs, water channels and old surface water storagestructures.
Regulate ground water extraction, by phasing out rampant dispersedextraction and develop area specific ground water recharge centresthat can be used for extraction and distribution of waterthrough pipesor channels..
Abate floods, by making arrangements for  channelling of flood water,by improving drainage systems and introducing new drainage systemsin areas that do not have them.
Assess return periods of floods and develop advance warning systemsRed and Laterite Undertake special afforestation programmes to enhance the rechargecapacity of springs in and around the spring shedswhere dexrease in
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zone spring flow is being observed. Further enhance stream flow byfacilitating stream recharge along the slopes of the hills.
Create check dams intercepting rivulets, nalas, and create trenches outof the check dams to  irrigate fields.
Enhance surface water storage in existing reservoirs (ponds/dighi�s)and create new surface storage structures wherever possible.
Support the implementation of the planned Subarnarekha barrageatthe earliest for augmenting irrigation in the areaSaline CoastalZone  Increase surface water harvesting structures to increase irrigationcoverage
Encourage rain water harvesting for potable water
Built mechanisms to avoid mixing of potable water with saline waterduring floodsby storing potable water over groundin tanks at built onstilts.
Bridge the gaps in the embankmentScientificAssessments Assess water demand by sector by including climate change scenarios
Monitor quality of water to assesspollution loading due to warming
Develop systems for effective dissemination of early warnings ofcyclones amongst the population
Develop flood warning systems for alluvial plainsPolicies  asstrategies Extend metering  of water and charge water use in all urban centres toencourage efficient use.
Undertake community based census of minor irrigationstructures todetect dis-functionalities and initiate remedial measures much beforethe 5 year cycle of minor irrigation census.
Encourage water efficient irrigation systems such as drip irrigation,water sprinklers for agriculture
Extend compulsory roof top water harvesting to all urban centres inWB

^¥°§¡³ª²³°£The agriculture sector in West Bengal is characterized by the predominance of small andmarginal farmers with per capita land holding being less than 1 ha. Rice is the dominantproduce in the alluvial and coastal zone, and horticulture crops dominate productions in thehill and the terai region. Though there is a  limitation in land availability for agriculture,  buthigh levels ofground water extraction in the alluvial plains have enabledWest Bengalto benumber 1 in the country vis a vis rice production.  Such levels of over extractions of groundwater may be unsustainable in the future.Further, a decrease inyields of crops grown in the Rabi season is being observed. Alsoincrease 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 nutritionalaugmentation.
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The livestock population in West Bengal is large,but milk productivity is low, and does not meetthe nutritional requirement of the population,mostly because of  lack of adequate feedavailability for the livestock.
`ª§«~²£= `¦~¬¥£= `¬¡£°¬±WWith increase inwinter temperatures, decrease inyields of Rabicrops is anticipatedsuch as wheat, horticulturalcrops such as potato and that of oil seedsincluding  mustard. Further, as the annualaverage temperaturesis projected to exceedbymore than 1oC in thefuture a  reduction in  riceyields with respect  to current levels is expected.Availability of quality seeds might be a concern inthe future. In the coastal areas, increase in severcyclones together with the continuous sea levelrise  is likely to inundate areas further inlandrendering the soils excessively saline and makingagriculture unviable in the region.Excess summer temperaturesleading to heatstress, shortage in feed, increase in pests anddiseases and higher levels of humidity arearelikely to reduce milk production in livestock,including egg production in poultry as livestocksuffer heat stress.Horticulture products being sensitive to temperature rise, may see decline in productions, butshifting of cultivation centres at higher altitudes may be profitable.In marine and freshwater systems, rising water temperatures, as well as related changes in icecover, salinity, oxygen levels and circulation may lead to shifts in ranges and changes in algal,plankton and therefore lead to  deacrease in fish abundance. or change the location ofavailability.
^¢~®²~²§¬=p²°~²£¥§£±WThe adaptation strategies have been suggested in keeping with thetypical 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 listof strategies provided for each sub sector.Table 2a: Adaptation strategies to address climate change concerns for the Agriculture crops
Plan agro-climatic zone wise production of crops to maximise productivity to harness thetypical combination of climate, soil, water andthe biodiversity. Also develop and
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disseminate amongst farmersregion wise packagesof technologies forwater conservation,soil conservation, soil nutrient augmentation, and organic pest management for each croptype.
Fortify soil nutrition  by following a  sequential cropping system suitable for differentagrocliamtic zones in the state
Popularise indigenous rice varieties and introduce new cultivars of rice, and otherimportant staple crops including maizethat are thermal resistant, can endure water stress,tolerant to salinity, and are fortified with nutrients for growing in soils deficit incorresponding nutrients. Cultivars ofcourse need to beselected that are suitabke for eachagroclimatic zone.Maize is a C4 plant, which can also bear higher  concentrations of CO2, ascompared to other C3 crops.
Popularise Integrated Farmingsystems to combinecrops, livestock, and fisheries for a selfsustained farming system
Store germplasm of indigenous cultivars from different agroclimatic zones, and strengthenresearch and development for water resource conservation technologies, developing newclimate proofed cultivars, nutrient management, organicpest management, Identificationof crops for crop diversification, Identification of traditional hardy, nutrient rich cropsappropriate for each zone
Devise Insurance packages against crop failure especially to small and marginal farmers toavoid migration keeping in view the specific reasons of crop failure in the different regions.
Provide assistanceto marginal farmers for enhancing the marketability of crop producedby them �such as thrashers, crushers, accessibility to markets, minimums support priceetc.Table 2b: Adaptation strategies to address climate change concerns for Horticulture
Encourage horticulture production as per the  typical biodiversity of each agro-climaticzone in keeping with the aims of the horticulture missions
Develop packages that include measures on water resource conservation, soil conservationand  Integrated Pest management as per the requirement of each agro-climatic zone
To avoid heat stress due to projected increase in temperatures, immediate adaptation canbe in terms of  providing shades to vegetable cropsand in the long run, heat resistantcultivars can replace the use of shades.
 Improve marketability of horticulture products by facilitating post harvest storage,transport and access to markets.
Table 2c: Adaptation strategies to address climate change concerns for Livestock
Encourage breeding of small ruminants amongst marginal farmers such as black Bengalgoat, garole sheep and Ghungru pigs for ensuring livelihood securityof small and marginalfarmers and henceenhance their adaptive capacity. These species are more hardy andarelikely to survive the projectedincrease in temperatures.
Encourage enhancedfeed and fodder development through integrated farming systems,nixed cropping systems, use waste lands for growing feed, and through agro-forestry. Acentral fodder bank might also be thought of to store fodderfor using during drought.
Upscale veterinary services to manage new and emerging pests and diseases for alllivestock and ensure accessibilityof these services in all regions
Ensure availability of cattle sheds and water bodies/sprinklers in all areas to avoidconsequences of heat stress
Undertake research to develop livestock that is a mix of indigenous and cross bred to
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develop hardy cattle and ensure adequate milk production
Undertake capacity building of farmers to ensure climate proofing of livestockand livestock products vis a vistype of livestock to be reared, shelters to be provide, type of feed tobe provided, and for managing 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 variouspoint sof rivers and in different times of the year
Disseminate real time climate information  to inland fish growers, to help them castappropriate fish seeds in appropriate climate conditions to realise maximum produce.
Develop climate forecasting and simulation modelling for better management of fisheries inthe state
Protect and extend mangrove cover to enhance nutrient content in brackish water andenhance fish production and safeguard livelihoods  of fishermen in the coastal  areas
For enhancing the adaptive capacity of thefishery industry, assess the impacts of climatechange on  both inland and marine fish harvested in West Bengal. This will enable mappingof fish schools as water temperatures change,and help identify new species that may enterthe waters in this region(inkland and marine)  from other regions due to climate change.
_§¢§´£°±§²·=~¬¢=c°£±²±Though the forest cover is increasing every year, for example between 1988 and2009 theforest 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 theForest Report (ISFR 2011), shows  a decrease in dense forests and moderately dense forestsby 3km2 and 2km2 respectively  with respect to what was reported in ISFR 2009. The   openforest area by 2km2 within the same period. The other concerns of the sector are overextraction of timber and NTFPs, encroachment into forest areas, man-animal conflict andforest fires.
`ª§«~²£= ¡¦~¬¥£= ¡¬¡£°¬±= ~¬¢= ®®°²³¬§²§£±WWith increase in precipitation, a shift invegetation type towards the wetter, more evergreen type is expected. Since these are ratherslow growing, the replacement will take much longer, and increased mortality in the existingvegetation maylead to a decrease in the standing stock except in the Western part of the statenear Purulia and Birbhum where the vegetation type may become xeric.  The net primaryproductivity of the forests is also likely to increase.Even if there is no drastic shift in the biome type, changes in the composition of theassemblages are very likely. Further, as temperatures increase, spring and summer eventswill 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 linkedwith the changes in timings of functions of the biota with temperature,a few species may
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show steep decline in population and perhaps may move to higher altitudes or becomeextinct..

c°£±²±=§¬=a~°¨££ª§¬¥N j~¬¥°´£=¤°£±²±=§¬=p³¬¢~° ~¬PThis in turn very likely will impact other taxa dependent on the different species (i.e dominoeffect) because of the interdependent nature of the plant-animal-microbe communities thatare known to exist in the forests ecosystems. This could lead to major changes in the forestbiodiversity.  The nature, extent and type of infestation of pests and diseases is very likely tochange 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 onforest productsThe positive aspects of  climate change, will be interms of enhanced sequestration of CO2, asslow growing broad leaved vegetation, have high sequestration potential. The sequestrationlevels will increase with increase inforest areaunder this vegetation type.
^¢~®²~²§¬= p²°~²£¥§£±WSuggested adaptation strategies  for forest and biodiversity aresummarised in Table 3.They are mainly alighned along the objectives of the Green Indiamission.Table 3: Adaptation strategies for forests and biodiversity
Enhance the quality of moderately dense forests andopen forests to increase the denseforest cover in the stateand also to increase the C sequestration potential.
Undertake afforestation activities  in feasible areas outside forests tofurther increase theCarbon sequestration potential of the state with appropriate species suitable to the climate
Estimate base line C sequestration potential of the West Bengal forests, and track thechanges in C stored,  because of the various actions taken by the government/people  forconserving these forests.
Undertake afforestation activities to improve spring flows in hilly regions i.e in theHimalayan and the Red and Laterite region within West Bengal
Nc~¡£= ©=±³°¡£I=c°£±²=a£®²²=¤=t£±²=_£¬¥~ª
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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 theecosystem servicesthey help provide
e³«~¬=e£~ª²¦Continuous increase in incidences of vector borne diseases such as malariais being observedin the state though preventive measures are being taken.  Example, malaria has increased by55% between 2008 and 2010.  Themostendemic zone of malariais Kolkata wheremore than 60% of the incidences in the stateare reported. The other less endemic areas ofthe state being- Purulia, Jalpaiguri,Murshidabad, and West Midnapore.Water borne diseases such as  Cholera,Diarrhoea and Enteric fever continue to behigh in West Bengal and  20 to 27 lakh casesare reported each year.  Entericfever casesare becoming virulent in Darjeeling area asattack rates have doubled between 2008 and2010. In the case of Cholera, though thedisease incidence is decreasing but Kolkata,North24 Parganas and South 24 Parganasseems to be a constant reservoirof the disease.The other region specific health issues that are linked to climate are the morbidity andmortality rates due to - cyclones in the coastal areas, respiratory diseases arising frominhalation of pollutants from heavy vehicular traffic in urban areas and from burning offossil/fuel wood for cooking in rural areas. Incidences of sunstrokes from intense heat  arealso quiet high in West Bengal, though number of  cases between 2009 and 2010 show adecline.As per the data available on rural health infrastructure in West Bengal from the Ministry ofHealth and Family Welfare website (http://mohfw.nic.in/NRHM/State%20Files/wb.htm ,accessed on 1st April, 2012),  shortfall in health infrastructure is a matter of concern in thestate.  Still 20% of the desired number of sub centres, primary health centres and communityhealth centres need to be established. About 6051 number of multipurpose female workersexists, which is only 60% of the requirement. The biggest, shortfall is in terms of specialists,only 13.3% of the workforce exists. Pharmacists and laboratory technicians are also woefullysmall in numbers
`ª§«~²£=`¦~¬¥£=`¬¡£°¬±WIncrease in diseases burden amongst children, women and oldislikely 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 Darjeelingand Cooch Bihar. As relativehumidity and temperatures increase, in areas like Kolkata,increase in vegetation growth islikely to provide more conducive habitats for malaria. Therebymalaria is likely to emerge asthe most menacing disease agent for this megacity. Similarly, water borne diseases mightincrease with increase in flood frequencyin plains and intensity of cyclones inSouth 24Parganasaspotable water availability getsaffected. Since the pollutant load bearing capacityof the atmpsphereincreases with increase in temperature, the respiratory diseases incidencesare also likely to increase in the stateunless source control is carried out. Malnutrition levelsamongst the childrenmay alsoincrease ,with less availaibility of food grains due todecreasein yields of staple crops with increase in temperature, unless replaced with C4 crop grainsthat are more CO2 and heat tolerant. Further, higher maximum temperatures as compared tocurrent average temperatures would lead to heat stress and therefore morbidity.
p²°~²£¥§£±=¤°=~¢~®²~²§¬WIn the health sector, the strategies would essentially includebridging gaps in the present infrastructure. Further an assessment of climate change onvarious climate related diseases, their spread, identificationof new diseases that mightemerge, location of emergence and associated projected morbidity and mortality rates in thefuture would enable the government to climate proof  its health policy. The adaptationstrategies suggestedfor 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, respiratorydiseases, water borne diseases, and extent of malnutrition to quantify morbidityandmortality rates in future population, to identify vulnerable regions and population in thestate,  andfor integrating climate changeconcerns in the health policy of the
 Bridge existing infrastructure gaps in the health sector and identify additional needs in linewith the climate change impact modelling results
 Strengthen  and develop an integrated approach for management of vector borne diseases,in different agro meteorological zones, water borne diseases (coastal and inland), Heatstress (all areas of WB), Respiratory diseases (All areas of WB) and for controlling ofMalnutrition amongst schildren keeping in view the climate change projections for thedrivers of diseases and the projections of the impacts on the diseasethat takes care ofsource correction, identification of diseases, deployment of treatment, monitoring
 Develop a nutrition policy  for the state keeping in view the changing availability ofvarious food grainsas the climate changes
 Develop early warning climate related disease forecast capacities to enable the massesand the govt to take pre-emptive action
 Integrate climate changein health disaster risk reduction plans  for Cyclones, floods anddroughts
 Advisory from the health department may be provided to strictly implelemt policy ofreplacing existing chullahs with efficient chullahs to avoid pollution from burning of  fossilfuel and fuel wood used for cooking in rural areas and for  shifting to green masstransport systems,that will include a mix of alternate fuel based vehicles, smart trafficsystems for efficient energy consumption in vehicles,non motorised transport incongested markets in urban areas and implementing policies for having less number of
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cars per day on roads,and for reducing risk of respiratory diseasesamongst a largepopulation, .
 Initiate telemedicine facilities in rural and remote areasfor deploying super specialityadvise, include plans for rapid transportation of critical patients from remote areas.
 Communise rural health care to enablecommunities to assess their requirements, accessfunds and facilities as per requirements and audit progress.
b¬£°¥·=£¤¤§¡§£¬¡·=~¬¢=o£¬£µ~ ª£=£¬£°¥·Considering that accessibility to electricity drives growth,penetration of electricity in therural areas is low in West Bengal, as is exemplified by thefact that only 40.3% of the ruralhouseholds are electrified (Census 2011). Also requirement and supply statistics of electricityscenario for the entire state shows that in2009-10, the electricity requirement was of theorder of  33750 MU, but actual availability was 2.8% less at 32819 MU(CEA, 20102).Coal is the predominant energy for generation of  electricity in the state.The annualelectricity generation targets are impeded by shortfallin coal�as against the requirement of50,000 tons of coal onlyabout 42,000 tons are available of which 15% is imported.Sharplydeteriorating coal quality over the yearshas increasedcoal consumption for the same amountof power generation. High ash content in the coal creates operational problems. Also powerplants located away from the coal pits, have problems of availing imported coal because oflogistical problems and steep hike in tariff (Source: Power generation scenario;www.wbpdcl.co.in).As per the CEA base line CO2 emission estimates, in 2010, the total amount of CO2 emittedfrom fossil fuel based power plants of West Bengal was around 51.9 million tons3.  Formeeting majority of the projected future demand,generation of additional power in the statecentres mostly around use ofcoal as it isthe mostabundant in the state. Also, West Bengal hasa huge scope foraccessing and using coalbed methane,and has started operations in Raniganjand Sohagpur blocks in West Bengalfor extracting the same.As far as increasing the renewable energy mix is concerned, West Bengal is already producinghydropower in Darjeeling district as well as in Purulia. The state is well placed in terms ofavailability of other renewable energy sources such as solar radiation, biomass, and windenergy. The total annual energy generation potential from renewable is about 17,950 MW(Draft Renewable Energy Policy- West Bengal (PWC, 2010) and WBREDA (2010)).  In thefuture, tidal energy also can be explored considering its proximity to the sea.
`ª§«~²£=¡¦~¬¥£=¡¬¡£°¬±WA low C path, can be achieved in the energy sector in a number ofways, by moving towards high efficiency of generation of powerfrom thermal plants, by
OSourcehttp://www.cea.nic.in/archives/plg/power_glance/nov10.pdf
P`lO ~±£=ª§¬£=¢~²~=¤°=®µ£°=®ª~¬²±=§¬=f¬¢§~I=a~²~= ~±£=´£°=TKMI=m³ ª§±¦£¢= ·=`b^
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increasing the share of renewable in the total energy mix, and by changing the end usebehavioural pattern.Climate change can impede these ambitions. The direct affects may be loss in T&D due toimpact of higher temperatures, increasing frequency of extreme rains and severe cyclones   ontransmission and  distribution lines in the state. Further, warming is likely  to increase thewater requirement of the thermal power plants, especially used for cooling, which might notbe 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 ofbiomass, 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 wastelandor abandoned mine areas are available, (b) by replacing use of grid power for certain end-usesthrough low temperature solar thermal�e.g. water heating, (c) increase hydropower capacity,(d) increase wind power capacity, and by (e) increase biomass for power generation
 Reduce anticipated energy and peak demand in the BAU scenario by managing demand-sideEnergy efficiency measures in identified consumer categories through-Efficient-devicepenetration facilitated by financial, supply chain and market incentives, Adequate financialincentives for lowering specific consumption, and State-led adoption for enabling critical volumesof devices and technologies in local market and breaking current cost barriers
 Improve supply-side energy efficiency by enabling lower system losses(technical andcommercial), and enabling improved efficiencies in energy production
 Introduce new technologies for thermal power generation to enhance energy efficiency and hencelower GHG emissions
Undertake research to assess the impacts of climate change on power infrastructure and deviseremedial measures
e~ §²~²±

`³°°£¬²=¡¬¡£°¬WWest Bengal is the fourth most populous state in India, with a populationdensity of 1029 persons/skm, which is nearly three times the national population density.A   significant   part   of   the   state   is   relatively   backward economically, and also tends tobe less advanced in terms of human development (WB HDR, 2004). These include large partsof Darjeeling,  Jalpaiguri, Cooch  Behar,  Malda,  Uttar  Dinajpur  and Dakshin  Dinajpur,Purulia,  Bankura,   Birbhum and  the  Sunderbans.Of the 25.8 million urban population, 84% reside in 27 Class�I cities with a population ofmore than 100,000.  The urbanisation rate at 28%  is higher than the national average.Further, the trend of growth of non-agricultural land, decrease in net sown area, increasingpopulation densities, increasing share of industrial workers and traders, growth in road networks point to rural areas (and significantly the peri-urban areas) ofthe state acquiring urbancharacter.
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A paper by Khan et al, 20124, 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 puccahouses in urban areas (NSSO, 2010).87% per cent of rural households and 88% of urban households have access to safe drinkingwater (Census, 2001), which is better than the national average. However, nearly, one in every

r° ~¬§±~²§¬=§¬=hª©~²~
p³°¡£W=p®~¡£=°~¢~°=f«~¥£=¤=hª©~²~K=p³°¡£W=k^p^LgmiRKtwo 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 accessdrinking water. The SWID investigation reports that groundwater in 81 blocks iscontaminated with arsenic and 49 blocks by excess fluoride. There is a high variation instatus of urban water supply, with  per capita availability, ranging from as low as 10 litres percapita per day (lpcd) to as high as 225 lpcd. On anaverage, 2only 0.9%  households areconnected through household connections.As per the NSSO, 2010 report,36% rural households and 10% in urban areasdo not haveaccess to toilets.  Of the 3,354 Gram Panchayats, nearly a third (1,041) are Open-DefecationFree by November 2010, while 37 Panchayat Samitis have also achieved this status. There aresignificant differences in sanitation attainments across districts, with Darjeeling, Purulia,Uttar Dinajpur and Malda showing slow progress.The state generates about 27 Million TPD of solid waste with a collection efficiency of 70 percent (CPCB, 2008). Segregation is reported in only 6 ULBs. Only 10%  of the waste collected in

Qg~ §°=e~±~¬=h¦~¬I=p¦~«±~¢I=j¢K=j³±²~¯³§«X=OMNOK=^=¡«®~°~²§´£=~¬~ª·±§±=¤=¦³±§¬¥=±¦°²~¥£=~¬¢=ª£´£ª±
¤=¢£®°§´~²§¬Kb³°®£~¬=g³°¬~ª=¤=p¡§~ª=p¡§£¬¡£±Ifppk=NQRMJOOST=sªKOT=kKO=EOMNOFI=®®K=NVPJOMR
R^¡¡£±±£¢=¤°«W¦²²®WLL~°¡¦§´£K°¥L¢£²~§ª±LsbJfjdJRMO
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urban areas is reported to be treated and disposed in a scientific manner, leadingto anemission of 0.147 million tons of CH4 annually6. Generally, Districts with good economicgrowth exhibit comparatively better services, example,districts in KMA �Kolkata, Howrah,Hoogly, North 24 Parganas and South 24Parganas. Medium service levelsare observed inmedium-growth districts � Bardhwan, Birbhum, Darjeeling, Nadia and Murshidabad. TheMunicipal solid waste water treatment capacities are also very low, for example the city ofKolkata generated 706 MLD of waste water but capacity fortreatment is only 172 MLD.The NSSO survey 2010, notes the non-existence of proper drainage network in almost allULBs. Drainage pumping capacity was reportedly inadequate, with inadequate capacity ofmost drainage outfalls. Severe water-logging in congested city areas and low-lying areasduring 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 activities and providehealth and educational facilities to the region. The spatial planning and development of theurban areas are therefore very important to ensure the growth of the activities in the urbanareas and thereby providing the required boost to the economy of the hinterland as well as tothe State. While the spread of urbanization has positive impacts and created opportunities, ithas also created many problems that act as barriers to improved quality of life. The cities arefaced with problems of inequality, increased competition for basic needs and competition inaccess to essential services, and health threats.The vehicle population has witnessed a CAGR of 9% over the 1997-2006 period. Thetransport sector is also a major user of petroleum in thestate, making it a source of GHGemissions. As the vehicle population is increasing, so is the emission of GHGs from this sector.Within 2005-06 to 2010-11, the CO2 emissions from the transport sector have increased from5.4 million tons to about 8.0 million tons7,   at a CAGR of 10.4%. Heavy density oftransportation are mainly centred around the cities that line the highways and main railwaynetworks  and heavy freight movement in the state  is due to its status as  a gateway to thenorth eastern states. Inter state railways  helps 1 million people  commute  to and fro toKolkata every day for work. The intermediate transport from railway station to work isprovided by auto rickshaws and hand driven rickshaws, providing livelihood to a largeportion of the population.The other state specific concern are  the frequent climate related hazards of cyclones, heavyprecipitation events which pose serious threat to infrastructure. Also extreme heat will haveimplications on future energy demand.
Sb±²§«~²£±=«~¢£=³±§¬¥=fm``=«£²¦¢ª¥·=~¬¢=bc±=±®£¡§¤§£¢=§¬=fk``^=°£®°²=NI=OMNMK
Tb±²§«~²£¢=³±§¬¥=fm``=NVVS=¥³§¢£ª§¬£±K=a~²~=±³®®ª§£¢= ·=²¦£=t_=¥´²=¬=¤³£ª=³±£=§¬=²°~¬±®°²=±£¡²°K=b¬£°¥·
¡¬´£°±§¬=¤~¡²°±=³±£¢=¤°«=fm``=NVVS=¥³§¢£ª§¬£±I=~¬¢=bc±=³±£¢=~±=®£°=fk``^=o£®°²=NI=OMNM
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`¬¡£°¬±=¢³£²=¡ª§«~²£=¡¦~¬¥£WThe direct impact of climate change on habitats is likely tobe in terms of  impacts due changes in spatial variation  in hydrological cycle and the type ofrain fall received. Higherintensity of extreme rain fall would mean flash floods and land slidesleading to heavy economic losses through damage of infrastructure,houses,human lives, anddomestic assets. Increase in intensity of cyclones would mean, higher levels of sea level rise,and stronger storm surgeswould have implications on thecoastal infrastructure. Increase intemperature, would mean, not only the heat stress for the population, but increase in energydemand in cities, as the heat island effect magnifies.

`·¡ª¬£=^§ª~=¤°«=²¦£=±®~¡£Increasingly the cities are getting more populated as work opportunities are higher here. As aresult of the influx, the urban  sprawl is likely to expandfurther. Unless it is planned, non-regulated peri-urban settlements will dot the outskirst of the cities with no provisions ofproper housing, sanitation, drainage, access to potable water, health services etc.Vulnerability of the peri urban population will escalate.Therefore, thestate government willhave to provide  access to basic servicessuch asadequate housing, drinking water, sanitation,public health servicesto adapt to the impacts of floods, cyclones, excess heat. Further increasein population will mean increase in solid waste generation, increase in vehicular transportand  increase in electricity consumption in domestic and commercial sectors. All these haveimplication on enhancedGHG emissions, and mitigating the same will be a challenge.
^¢~®²~²§¬=p²°~²£¥§£±WThe Habitat sector, essentially will need to focus on adaptation vis avis the projections of climate change as well infuse higher level of  energy use efficiency andGHG mitigation technologies for household and commercial appliances,  transport sector,municipal solid waste, waste water being a part of requirement of habitation will also need tohave 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 efficiency enhancement and GHG emission reduction with respect to the  BAUscenario  through following actions but not limited to-
J Transport Sector through comprehensive planning, fuel economy standards, introduction ofsolar and electric rickshaws and auto-rickshaws;and nonmotorised transport in congestedareas
J Methane capture inmanagedSolid Wastesystemsand domesticWastewater streams
J Reduce electricity intensity to reduce emissions indirectly- Municipal Management (WaterPumping and Public Lighting beingelectricity-use segments);
J Reduce electricity intensity to reduce emissions indirectly�Commercial energy consumptions(Public and large Private Buildings being electricity-hungry)
 Increase system and citizen capabilities to adapt to temperature and rainfall changes anticipatedIncreased 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 likely scenarios of climate change-Investment and implementation of infrastructure-strengthening initiatives and Warningsystems to cope with extreme events
Jdevise climate based insurance mechanisms

p®£¡§~ª==o£¥§¬±Two specialregions have been identified by the state, as the most vulnerable regions vis a visclimate change because of the significance of their location, and they are the DarjeelingHimalays and the Sundarbans.
a~°¨££ª§¬¥=e§«~ª~·~¬region falls within the Darjeeling district in the northern border of thestate. The Hill region is governed by the Gorkha Hill Council, and the Terai region is under thegovernance of the Darjeeling District Administration. The Hill region is important for thestate, as the  6 perennial rivers entering  from this region in addition to the Ganges enteringfrom the western border, makes West Bengal one of the most water rich states in India. Theregion has 38% of area under forests, which is 17.61% of the total forest cover of West Bengalwith vey high species richness of biodiversity. The forests produce superior quality timberand  NFTPS. Darjeeling Tea is the most globally well known commercial produce of the region,though other horticulture products such as orchids, medicinal plants, mandarin oranges,andvegetables have a significant production potential in the area.  Tourism brings in the muchneeded economic impetus.  This is also a region within the state, where  hydropower isharnessed for  meeting a significant portion of theelectricity demand of the population.The region is blessed with high levels of rainfall (2718 mm), but  high run off lead to soilerosion and  frequent landslides render extensive damage to infrastructure, agriculture and tothe human population in general.  Also high runoff, does not allow enough water to be storedto 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 ofproduction. The forests though rich are more and more turning into open forests  with denseand moderately dense forest cover reducing, thus affecting  the biodiversity and hence the



OVtbpq=_bkd^i=^`qflk=mi^k=lk=`ifj^qb=`e^kdb

forest produce. Further, the Darjeeling city and Siliguri city in the Teariaregion are seeingtremensous rise in population which are creatin pressures on existing infrastructure such ashousing, roads, access to drinking water and sanitation.

^́ §£µ=¤=a~°¨££ª§¬¥=²µ¬=¤°«=²¦£=q£~=¥~°¢£¬±K=p³°¡£W=t§©£®£¢§~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 madesystems in the region.Climate change concerns in this district include
 Concerns of water availability in the lean periods
 Heavier soil erosions and land slideswith 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 typicalorchids
 Impacts on human health as  vectors move to higher altitudes and people aresubjected to heat stress , which they have never encountered
 Adverse impacts on human habitats  as frequency of extreme rainfall increases andtemperatures riseThe adaptation measures suggested are summarised in Table 6.Table 6: Adaptation strategies for Darjeeling Himalayan regionWater Assess water demand by sector for the Darjeelig district in view ofclimate change and increase in population in the mid century
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Develop a water policy for the district for augmentation of the resourceas per the requirement and for efficient management
Create additional reservoirs to store excess runoff water in the  monsoonand  water from additional rainfall projected to be received during Oct-Dec period
Prepare for combating adverse impacts of projected rise in extremeprecipitation events �land slides, soil erosion
Prepare monitoring and evaluation plans to check the integration ofclimate change concerns in water managementAgriculture Facilitate agriculture cropping centres to survive at lower latitudes evenat higher temperatures
Promote Indigenous food crops of the region so as to maintain foodsecurity in a climate change scenario
Undertake soil conservation and anti slide measures along hilly slopesgrowing crops and along roadsto avert soil erosion and loss in soilnutrient
Promote integrated management of emerging and current pests anddiseases
 Intensify agricultural activities in the Rabi seasonBiodiversityand Forests Plan activities to reduce open forest area, enhance quality of moderatelydense forests and protect dense forests from degrading
Empower communities living in andaround forests to manage forests forenhancing its quality, for conserving biodiversity, preventing fire andbenefitting through payment for ecosystem services rendered
Establish long term systematic monitoring of  flora and fauna inDarjeeling Himalayas
Devise suitable strategies for conservation and facilitating speciesmigration to adapt to climate changeDarjeeling tea Avoid shifting of production centre to higher altitudes throughdevelopment of cultivars that are thermal resistant and also retain thespecial aroma
Combat adverse impacts of  droughts through soil and waterconservation measures and creation of drought resistant cultivars
Combat excessive soil erosion and land slide due to likely increase inextreme rain  through land cover technologies
Manage Pests and Diseases via organic routeHorticultureMedicinalplants,MandarinOrange,Orchids
Enhance quality of dense forests to retain soil moisture and ambientforest moisture that are conducive to the growth of medicinal palntsandorchidsas well
Also develop heat resistantcrop cultivars
Facilitate drainage of water during excessive rain
Avoid soil erosion
Develop cultivars that are thermal resistant to enable flowering andfruiting in sync with seasonal changes
Develop and implement packagesfor Integrated management of pestsand diseases
Disseminate technology through KVKs
Prevent fragmentation of forests as they destroy the moss on which the
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orchids thriveEcotourism Develop eco-tourism policy for the district with a focus on biodiversityconservation (see details in the Chapter 12)Urban habitatsand Transport Undertake a detailed assessment of water requirements and availabilityin the future as temperatures rise
Develop a blue print for addressing the additional energy requirement ofthe district in the context of climate change through the  renewableenergy route
Assess the Retrofitting requirements and design for large Hydropowerreservoirs keeping in view the climate change impacts
Map and treat the erosion prone areas in and aroundurban habitatskeeping in view the projected extreme rainfall intensity scenario
 Identify  and make provisions for supply additional energy needed forspace cooling
Develop Integrated Transport plan for all the towns of Darjeeling districtwith focus on meeting future transport demand GHG mitigation

q¦£=p³¬¢~° ~¬±, on the other hand lie in the Coastal region of the state. The mangroveforests of the Sundarbans have been protecting the state from cyclones since timeimmemorial. The mangrove forests of the region house very sensitive and rich flora and fauna,the most famous being the Sundari mangrove trees and the Royal Bengal Tiger. The brackishwaters of Sundarbans are home to rich catch of fish, crustaceans, and mollucs as they are filledwith the nutr ients generated by the roots of the mangrovesand biomass deposition. TheSundarbans region has a low  human development index, especially because of theexceptionally  high population density, low per capita land holding, low access to potablewater, sanitation, education and health. Further, majority of the population lives offagriculture, which is not productive due to salinity of the soil,and as there is no industry inthe region. Sea level rise and recurrent cyclones exacerbate the salinity of the soil and alsodamage human wealth on a regular basis.Studies suggest, that in the last two decades, the run off in the eastern rivers of Sundarbanshas decreased leading to  higher and higher salinity and greater seawater-sulfateconcentrations. Furthe decreasein fresh water run off, would affectmangrove production.Continuous submergence in higher water depth due to sea level rise, would lowerrates ofphotosynthesis and growth, the plants will become shorter and narrower, have fewerbranches and leaves, and more acid-sulfide in their soils. Also sea level rise affectingavailability of  sediment would have effect on establishment of new groves. Increasedmangrove growth rates predicted due to increasing atmospheric CO2 may be offset bydecreased growth resulting from changes in tidal regimes.Faunal species that are tolerant of increasing temperatures (e.g., fish, gastropods, mangrovecrabs and other crustaceans) may adjust rapidly to the changes. In contrast, soft-bodiedanimals and bivalve mollusks would be very sensitive to higher temperatures. Desiccationthat would accompany increasing temperatures would harm many marine species associated
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with mangroves8. For mangrove-dependent species, however, the most serious consequencesof a changing climate would likely be the loss of habitat as the mangrove forests declined.Increase in incidences of morbidity and mortality might be registered due to increasein water borne diseases as water is likely to become un-potable as saline waterspreads inland with increase in sea level rise and increasing intensity of cyclones.Water logged conditions also might increase incidences of dengue and lead to increasein malaria vectors and incidences. Similarly increase in intensity of cyclones is likelyto cause more injuries and deaths.Higher temperatures may lower yields which alreadyare not enough for the burgeoning population of the region. Also with more and more areagetting inundated by cyclones andhigher storm surges, salinity in the soil will increaseaffecting agriculture further (the recent example being the imoacts during cyclone Aila).

q·®§¡~ª=c~³¬~=¤=pr¬¢~° ~¬±Table 7: Adaptation strategies for SundarbansDevelop protection against projected increase in cyclone,intensities, sorm surges and highersea level
 Undertake a study to generate low , medium and high scenarios of  impacts of climatechange on cyclones,storm surges, and sea level rise along the Sundarbans coast,  for2030s, 2050s, and 2080s to enable informed decision making and implementation ofmeasures towards adaptation.
 Identify the level of tolerance of the various existing mangrove  species to the differentlevels of  projected salinity and flood water depth.
 Identify, the type and density of the mangroves required to  act successfully as the 1stlevel of defense and accordingly, undertake afforestation through mangroveplantation.
 Construct/retrofit the embankment along the sea as well as along the rivers based on

Uh¨£°¤´£I=_K=~¬¢j~¡§¬²±¦I=aKgK=ENVVTFK=`ª§«~¥£=¡¦~¬¥£=§«®~¡²±=¬=«~¬¥°´£=£¡±·±²£«±Kf¬= =j~¬¥°´£
b¡±·±²£«=p²³¢§£±=§¬=i~²§¬=^«£°§¡~=~¬¢=^¤°§¡~ =E_K=h¨£°¤´£I=iKaKi~¡£°¢~=~¬¢=pK=a§®I=£¢±FI=®®K=NJTK=rkbp`lI
m~°§±
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the likely return periods and maximum heights of storm surges thatcan occur
 Based on the  studies, scientifically raise the existing houses in vulnerable areas onstilts based on the level of flood water height likely to ingress in the future. AlsoIdentify safe areas, and build/strengthen  cyclone shelters for peopleas well aslivestock.
 Mobilise communities to take action rapidly and cyclone proof  themselves when earlywarnings are sounded by authorities vis a vis moving people and livestock and theirvaluables to safer places
 Strengthen communication�roads andtelephonyProtect agriculture productivity and livelihoods
 Height and quality of the embank plays a great role in protecting agriculture in theregion from additional salinity in soil due to projections of increasing intensity ofcyclones
 Introduce thermal resistant and salt tolerant rice cultivars which can sustain underdeep water conditions for long period
 Promote commercial level coconut plantations in saline areas
 Promote production of  vegetable crops suitable to the region
 Provide market linkagesPromote fisheries as an industry
 Conserve mangroves to extract  fish and other crustaceans from the mangroves andbrackish waters
 Promote inland and marine fisheries
 Devise methods for real time mapping of fish catch in marine waters and inland toguide the fishermen towards these areas
 Formulate a fishery policy for the Sundarbans (inland and marine fisheries) centeringaround conservation vis a vis climate change impactsEnhance accessibility to Drinking water
 Exploit the fresh water availability in thewestern rivers
 Rain water harvesting and storing in community overhead tanks
 Exploitation of ground waterEnhance accessibility to Health infrastructure
 Bridge the existing health infrastructure and health service delivery gaps
 Communise health service delivery
 Develop tele-medicine facilities
 Develop  rapid transportation to hospitals for critically injured � by pressing inhelicopter services
 Develop disaster preparedness to abate disease outbreaks  and undertake regulardrillsConserve biodiversity
 Carry on with the existing biodiversity conservation activities of the Deptt of Forestsand Biodiversity Boards
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`°±±=¡³²²§¬¥=f±±³£±Implementing adaptation strategies and mitigation actionwould mean doing it through asystematic manner, which would entail
 Devising strategies (policies/programmes/projects/actions) based on informeddecision makingi.e based onsound 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

qµ~°¢±= f¬¤°«£¢= ¢£¡§±§¬= «~©§¬¥WFor informed decision making the West BengalGovernment intends to set  up anInstitute for Climate Change. The proposed institution willundertake scientific research in collaboration with other established institutions anddevelopcommunication to translate climate change information for useful applications by differentstake holders. It will also undertake training to disseminate climatechange information foruse in research, for field level implementers of CC actions and to  policy makers.  Theindicative research areas are but not limited to:
 Atmospheric observations and modelling including climate change modelling,
 Research on land use, land cover and soil and their interface with climate science
 Impacts of climate change on biodiversity and forests and their role in supporting lifeforms
 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 adaptationmodels
 Energy studies for enhancing energy efficiency,and exploring use of renewables,study new renewable energy sourcessuch as tidal energyand its applicability in theWest Bengal context,  explore pathways for developing a low C society,exploremechanisms for earning C credits, do supply and demand side management  invarious climate change scenarios etc.
 Socio-economic analysis in conjunction with climate scenarios to ascertain therequirement of scale of adaptation and adaptation funds.
 Developing policy, programme, and project level MRV frameworks forassessingimpacts of adaptationstrategiesand mitigation targets, assessing NAMASand REDD+opportunities etc.

p£²²§¬¥=³®=«¬§²°§¬¥=~¬¢=£´~ª³~²§¬=¤°~«£µ°©WMonitoring and Evaluation (M&E) ofclimate change initiatives will play a key role in measuring the success of the strategies toadapt to climate change, undertaken by the state in the various sectors, that will be over andabove the measures implemented to achieve its developmental targets. M&E of adaptationstrategies 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 adaptationachievement envisaged at the sectoral level, programme level or the project level. However, itis important to set the criteria in such a way so that it is able to distinguish climate changeadaptation from adaptation due to developmental activities and autonomous adaptation as aresponse to climate variability.M&E in the mitigation sector, however, will directly measure the results set out tobe achievedin term of GHG reduction targets, energy efficiency targets, targets for increasing renewableenergy in total energy mix so on and so forth and also offer opportunities for coursecorrection if the targets set out to achieved are not being realized.The M&E for ensuring climate proofing of sectors, programmes and projects can be carriedout by trained staff in a climate change cell which the state will need to establish.
_³§ª¢§¬¥=§¬±²§²³²§¬~ª=¡~®~¡§²§£±=²=§¬²£¥°~²£=¡ª§«~²£=¡¦~¬¥£=¡¬¡£°¬±=§¬=¢£´£ª®«£¬²WThis would mean developing capacities in institutions to review and hence redesign or bringin new developmental policies and programmes that would be able to identify theclimatechange signals,  identifying thelikely impacts and hence the vulnerabilities, andinsertstrategies into programmes or develop new programmes that wouldincrease the resilience ofthe systems and facilitate  coping with the adverse impacts of CC.  Similarly mitigationplanning would require, an understanding of the  long term goals of the UNFCCC, India�sposition, and how India is setting itsvoluntary targets of reducing energy intensity and henceGHG emissions  in the future.  Translation of these global objectives into local state actionwould 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 asystem.
 Identifying  adaptation options from   a range of adaptation options to adjust orimprove planning and management.
 Selecting  adaptation measures by evaluating priorities and prioritize options usingselected criteria.
 Developing  an M&E framework for  monitoring and evaluation of  adaptation options
 Identify institutional capacity requirements for adaptation and  Identify institutionswith such capacities, if absent build capacity to deal with adaptation as a continualchange process.
 Assessing  local climate stresses, vulnerability, resilience for  local information onclimate change vulnerability.
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 Implementing action at local level and beyond: Identify action at the local level andhow it links to sub-national, national and other actors and
 Integrating adaptation into the project cycle: Identify key steps to integrate adaptationaccording to the various steps of the project cycle.To build the institutional capacities, it is suggested that other than the establishment of theClimate change focal point in the Government, each  line department, needs to have a climatechange call, which will  ensure the applicationof the climate change lens in all its ongoing andfuture programmes.  The Climate change cell in each department will liase with the ClimateChange Focal Point for guidance as well as approval of programmes for ensuring climateproofing.

p££©§¬¥=¤§¬~¬¡£¤°=~¢~®²~²§¬~¬¢=«§²§¥~²§¬WFinancing is a key element for a successfulimplementation of  Adaptation or mitigation strategies. Fundsthat have beenapproved forthe 8 missions of the National Action on Climate  Changefrom the Planning Commission, mostlikely will remain the key source for adaptation  and mitigation funding in India for thedifferent states. Possibility of availing funds jointly with the central government can beexplored from the Green Climate fund to be operationalisedby the UNFCCC  for supportingactions towards low-emission and climate-resilient development. Further, mechanisms canbe developed to institute green taxin the state, on certain sectors(e.g inter state transport,electricity generation) that are highly fossil fuel intensive, and channelize these funds foradditional mitigation actions. For pilots, funds can be explored through bilateral mechanismsand for large scale implementation loans from banks including multilateral banks may besought.
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_¶=NW=q¦£=fm``During the course of this century the resilience ofmany ecosystems (their ability to adapt naturally)is likely to be exceeded by an unprecedentedcombination of change in climate and change inother global change drivers (especially land usechange and overexploitation), if greenhouse gasemissions and other changes continue at or abovecurrent rates. By 2100 ecosystems will be exposedto atmospheric CO2 levels substantially higherthan in the past 650,000 years, and globaltemperatures at least among the highest of thoseexperienced in the past 740,000 years. This willalter the structure, reduce biodiversity andperturb functioning of most ecosystems, andcompromise the services they currently provide.
p³°¡£W=fm``=Q²¦=^±±£±±«£¬²=o£®°²I==q¦£=p¡§£¬²§¤§¡
_~±§±=¤=`ª§«~²£=`¦~¬¥£I=OMMTK

NKf¬²°¢³¡²§¬Asper the 4th Assessment Report of theIPCC, warming of the climate system isunequivocal and is attributed mainly toanthropogenic activities (Box 1.1). Inthe past century, the Earth has warmedon an averageby 0.76�C and the rate ofwarming is increasing. According toWMO,the year 2010, was the warmestyear on record. The  Global averagetemperature in 2010 was 0.53 degreesCelsius above the average level during1961-90, and it is higher than the twoprevious warmest years 1998 and 2005in the last decade.The sea level is also rising. Globalaverage sea level rose at an average rateof around 1.7 � 0.3 mm per year over1950 to 2009 and as per a satellite -measured average rate the rise wasabout 3.3 � 0.4 mm per yearbetween1993 and 2009. Similarly, extreme weather eventsand their intensities have increased andregional climate patterns are changing. Climate change models, driven by a variety of socioeconomic scenarios project that the global average temperature may rise by 1.8 to 4.0�C by2100.At India level, the annual mean temperature of the countryfor the period 1901-2009, aswhole has risen by 0.56oC (fjaI=OMNM) and by 2050s the temperatureis projected to rise by 2-4oC (k^q`ljI=OMMQ). Further, the MoEF, GOIreport focussing on 4 climate sensitive regions ofIndia (fk``^IOMNM), projects that even by  2030�s the annual mean surface air temperaturemay rise by  1.7�C to 2.0�C with respect to current climate base line (1960-1990).Climate change, as some of the studies suggest (k^q`ljI=OMMQX=fk``^I=OMNM), may alter thedistribution and quality of India’s natural resources, enhancewater insecurity, reduceagriculture productivity, enhance exposure to extreme weather events, and poseevenunforeseen health risks. This in turn is most likely to adversely affect development of theeconomythat is closely linked to the natural resource base. Consequently exposing majorityof its population thriving on climate sensitive livelihoods such as agriculture and forestproducts are subjected to great risk.



PUtbpq=_bkd^i=^`qflk=mi^k=lk=`ifj^qb=`e^kdb

In view of the requirement of a strategy to adapt to climate changethat would ensure andenhance ecological sustainability and explore solutions towards more efficient technologies,the National Action Plan on Climate Change (NAPCC) was formulated and launched by thePrime minister in June 2008. It has eight missions that focus on
 Enhancing energy efficiency;
 Increasing the penetration of solar photo-voltaics and solar thermal in the total energymix;
 Developing climate friendly sustainable habitats;
 A water mission for integrated water resources management;
 A mission on sustainable agriculture for making it more resilient to climate change;
 A green mission for enhancing ecosystem services of forests and for enhancing its Csequestration capacity;
 A mission on Himalayan ecosystem for sustaining and safeguarding the Himalayan glacierand 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 atsub regional level within India, anddecentralizing NAPCC objectives into local context, a territorial approach is necessary.It is inthis context,  it was felt necessary that the states should develop their prioritised action planvis a vis their respective climate change concerns under the overarching objectives andmissions of the National Action Plan on Climate Change. Thisalso provides an opportunity foridentifying the risks and opportunities of climate change, mainstreaming the climate changeconcerns by introducing low C climate resilient developmental activities in the stateandgenerate pipeline investment ready initiatives that can be directly adopted
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OKq¦£m°¡£±±=¤=m°£®~°~²§¬Towards the preparation of the State Action Planfor Climate Change,the Government of WestBengalfirst organised a scopingworkshop on March 15, 2010.The workshop was organisedby the Departmentof Environment, Government of West Bengal, which is the nodal agency forclimate change matters in the government.The workshop was chaired by theChiefSecretary,Government of West Bengal. TheChief secretary welcomed the move, as heopined, thatclimate change is now staring us in the face, andeach and every state in India needs todesignstrategies to mainstream climate change concerns in its planning and implementation ofvarious developmental programmesto adapt to the adverse impacts of climate change.All concerned line departments of the Government of West Bengal, the research community,and the non Governmental organisationsparticipated in the workshop. Additionally, externalagencies like DFID, GIZ, and theWorld Bank were invited, who shared with the audience theirexperiences and lessons learnt from the various climate change projects being undertaken bythem in the state in collaboration with the government of West Bengal.Presentations werealso made by, Principal Secretaries ofDepartment of Power; Departmentof Sundarban Affairs, Department of Science and Technology;Managing Director, West BengalGreen Energy Development Corporation, Joint Secreatry, Panchayati Raj highlighting theconcerns of climate change in their respective areas. Shri Mr. Debal Ray, Chief EnvironmentOfficer, Department of Environment, who is also focal point, climate change, made apresentation to apprise the audience about the general scientific basis of climate change, thevarious projects that the government is doing on climate change in collaboration with some ofthe bi-lateral’s, the different policies that the West Bengal government has so far adoptedtowards addressing climate change concerns. Finally he concluded his presentation with thesteps that need to be taken to start the preparation of the State Climate Change Action Plan:
Constitution of drafting committeeIdentification of state plan componentsConstitution of sector wise working groups comprisingof line departments andexpertsReview of published literatureConsultation with those involvement in drafting of State Action Plan / National ActionPlanIdentification of the strategies and studies to be carried outFinalizing of implementation mechanism.Synthesising the sectoral plansinto Sate Action PlanFollowing the workshop, the notification for the steering committee and the draftingcommittee was published on 12th April, 2010 and signed by the Governor of West Bengal(seeAnnexure A for the notification) and the list of membersof the Steering commitee andDrafting Committee.
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Next  a meeting of the drafting committee was held to deliberate upon the sectors that need tobe considered vis a vis their vulnerability to climate change. It was agreed bythe membersthat the sectorsthrust areas of State Action Plan should match as closely as possible to the 8national missions and 24 other critical initiatives. Further it was also pointed out that somespecific areas of vulnerabilities of West Bengal like Darjeeling Himalayas and Sundarbansshould also be properly addressed. After thorough discussion, following sectors areas wereidentified for State Action Plan
 Water
 Agriculture, Horticulture, Fisheries, Animal Husbandry
 Health
 Forestry
 Energy Efficiency
 Non conventional Energy Sources
 Sundarban’s
 Darjeeling Himalayas
 Habitat
 Institute for climate change studies.Formation of sectoral committee’s for preparation of plans relating to each of the abovesectors were discussed. It was decided that the departmental representativesin the draftingcommittee would take a leading role in formation of the sectoral committees and preparationof sectoral plans.There after the notification for the formation of the sectoral committe’s werepublished inDecember 2010 (see Annexure B ) onSundarbans and Energy efficiency on 16th and 24th Dec2010. respectively.  The committee’s on Agriculture, water, health, habitats,  institute forclimate change, Darjeeling Himalays have been also constituted and brought outsubsequently.The resolutionsfor which have also been passed.A   workshop was  organised on 14th feb 2011, in the nature of orientation for the differentworking groups on NAPCC, guidelines for SAPCC, the vulnerability of the agriculture sector inWest Bengal etc.A set of resource persons guided the participants to undertake in depthsectoral analysis where by theywere able to identify key priorities and formulate adaptationstrategies. The resource persons in these workshops were nationally recognised sectoralexperts, who were also available for guidance towards prioritisation of strategies anddevelopment of the action plan. The outcome of this workshop lead to the formulation of theoutline of the working papers.Further, extensive consultations within the working group members and other concernedstake holders carried out. Based on these steps, the sectoral papers were drafted,  by themembers of the working groups, which  formed the basis of the SAPCC. The sectoral papers,focussed on  identification of sectoral concerns due to climate change,did a review of ongoingprogrammes in these sectors which are also towards climate proofing and the institutionalmechanism through which these programmes are implemented. identified thestrategies forclimate proofing the concerns and identified the implementable actionson the 12th and 13thplan. The papers also made an assessment of  the cost of implementation of these actions attoday’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 draftSAPCC was circulated amongst all stakeholders for their comments.The SAPCC was presented to the steering committee on 12th April, 2010. It has approved 6sectors and those are being presented to the MoEF in the 1st phase by 25h April, 2011.Therest of the chapters onHabitats, Sundarbans and Darjeeling Himalayashave now beencompleted and included in this 2nd version.
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PK=t£±²=_£¬¥~ªp²~²£=m°¤§ª£

m¦·±§¥°~®¦·The State of West Bengalis situated in the eastern part of the country between 21o20’ and27o32’ N latitude and 85o50’ and 89o52’ E longitude. The total area of the state is 88,752 sq kmwhich is 2.7% of 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 mainrivers, anmely, Teesta, Torsa, and Jaldhak flow which are tributaries of Bramhaputrs.Theother two important rivers pasing through the state are Ganga and Hooghly. The Ganga drainsinto the Bay of  Bengal forming the famous delta of  Indian sundarbans.The state has many shallow marshy depressions which are the relatively unfilled partsofancient topographic formations. These are subjected to annual inundation during themonsoon months, having in manyinstances permanent wetlands in theirshallowest parts. In addition to all these,there are many types of landforms flankingthe northern Himalayan mountain as alsothe western Deccan plateau within WestBengal which had developed originallybythe sediments brought by rivers in theancient geological periods. Many of theseare now suffering from erosion.On a physiographic basisthe state can bedivided into four physiographic divisions,namely, the Himalayan Region; Easternfringe of Chotanagpur Plateau; the DeltaicZone and the Alluvial Plains Remainingareas of the State.The State has international borders withBangladesh, Nepal andBhutan while itshares national States boundaries withSikkim, Assam, Bihar, Jharkhand andOrissa. In its south lies the Bay of Bengal.West Bengalhas 19 districts (see figurealong side). On the basis of distribution ofclimate and soil, the agricultural feasibility of the state is harnessed from6 distinct agro-climatic zones, and they are theHill region: Covering the districts of Darjeeling district,  Coochbehar and JalpaiguriOld Alluvial Zone: Comprising of North Dinajpur, South Dinajpur and Malda
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q~ ª£=PKNW=h£·=¤£~²³°£±=¤=²¦£=±²~²£

d£¥°~®¦§¡~ª=^°£~UUITRO=±¯K=©«K

k³« £°=¤=a§±²°§¡²±19
k³« £°=¤=_ª¡©±341
m®³ª~²§¬ 91.35 million*
o³°~ª=m®³ª~²§¬65,5 million**
r° ~¬=m®³ª~²§¬25.8 million**
m®³ª~²§¬=a£¬±§²·1029 per sq. km*
m£°=¡~®§²~=~¥°§¡³ª²³°£=ª~¬¢

¦ª¢§¬¥

Less than 1 ha***(about 0.64ha)
c£°²§ª§²·=°~²£±1.9,  2.1 as of 2007***
_§°²¦°~²£±J°³°~ªI=³° ~¬19.4, 12.4 per thousand(2001 census)
a£~²¦=°~²£±J°³°~ªI=r° ~¬6.1, 6.6 per thousand***(2001 census)
f¬¤~¬²=«°²~ª§²·=°~²£±37, 29 per thousand***(2001 census)
k°«~ª=^¬¬³~ª=o~§¬¤~ªª1,234 - 4,136 mm.
`³ª²§´~ ª£=^°£~56.84 lakh ha
k£²=pµ¬=^°£~ 54.65 lakh ha***
k£²=`°®®£¢=^°£~52.56 lakh ha. ***
`°®®§¬¥=§¬²£¬±§²·181% ***
^°£~=³¬¢£°=c°£±²11897 sq km****
p³°¤~¡£=t~²£°=o£±³°¡£±132.90 lakh ha. m*****
^¬¬³~ª=o£®ª£¬§±¦~ ª£

d°³¬¢=t~²£°

30.36 lakh ha. m.
rª²§«~²£=f°°§¥~²§¬

m²£¬²§~ª

70.00 lakh ha.
q²~ª=cª¢=m°¬£=^°£~37,660 sq. km.
`~±²~ª=i£¬¥²¦280 km.
p³°¡£±W=G`£¬±³±I=OMNNI=GG£±²§«~²£¢=¤°==OMNNI=³±§¬¥

OMMN=°~²§I=GGGt_=£¡¬«§¡=°£´§£µ=OMMVJOMNMI

GGGG=p²~²£=¤=¤°£±²=°£®°²I=OMMUJOMMVI=GGGGf°°§¥~²§¬

a£®²²K

New Alluvial Zone: CoveringMurshidabad, Nadia, 24 N. Parganas,Hooghlyand Burdawan aRed and Laterite zone:  Covering thedistricst of Birbhum, Bankura, Purulia,WestMedinipur;Saline Coastal region:  Covering EastMedinipur, Hooghly, 24 South Parganas,Kolkata
`ª§«~²£The climate of the State is tropical and humidexcept in the northern hilly region which isclose to the Himalayans. The temperature inthe mainland normally varies between 24�Cto 40�C during summer and 7�C to 26�Cduring the winter.  The average rainfall inthe State is about 1750 mm withconsiderable variation among the districtsranging between 1234 mm in Birbhum to4136 mm in Jalpaiguri.
a£«¥°~®¦·

The estimated population of West Bengal in2009 was 87.8 million and has become 91.3million as per the latest Census of Indiacarried out in 2011. The decadal growth ratefor the period 2001-2011 has been 13.93%which has decreased from 17.77% estimatedfor the period 1991-2001.North twenty fourPargana’s has the highest population of 8.9million and the most dense is the populationin Kolkata with 24252 people/sq km(Source:http://censusindia.gov.in/2011-prov-results/prov_data_products_wb. html ,http://www.westbengalforest. gov.in/publication_pdf /StateForestReport_2008-2009.p.pdf). The  Sex Ratio of the Statestood at 934 in 2001 as against 933 at



QQtbpq=_bkd^i=^`qflk=mi^k=lk=`ifj^qb=`e^kdb

national level. The Sex Ratio in West Bengal had been steadily increasing during last fivedecades after Independence whereas at national level it registered a decreasing trend duringthis period. The rural and urban population, is
t~²£°=o£±³°¡£±

West Bengal is endowed with 7.5 per cent of the water resource of the country.Main source ofwater in West Bengal is rain fall, the annual average receipt of which is around 1762mm. Ofthis 76% is received in the monsoon months and the rest in the non monsoon period. 21% ofthe rain fall infiltrates through the soils and recharges the ground water and 49% goes back tothe atmosphere as evapo-transpiration. The net annual water resource generated fromrainfall in West Bengal amounts to 51.02 bcm (WBPCB, 2009). About 60% of the waterresource is available in the North and South Bengal has 40% of the resources.  Thereplenishable ground water resources including natural discharge is 34.20 bcmof which 31%is in north Bengal and 69% in South Bengal.  The state receives598.56 bcm of trans boundarywater from neighbouring states. The Ganga carries 525 bcm of water from its large catchmentcovering  26% of the Indian geographical area.
_§¢§´£°±§²·~¬¢=c°£±²±

The climate and physiography of the statesupports a huge diversity of life forms. Coveringjust 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 described flora including bacteria, algae, fungi,bryophytes, pteridophytes and angiosperms and more than 10,000 species of described fauna.The forests of West Bengal are classified into seven categorieś§¸., Tropical Semi-EvergreenForest, Tropical Moist DeciduousForest, Tropical Dry Deciduous Forest, Littoral and SwampyForest, Sub-Tropical Hill Forest, Eastern Himalayan Wet Temperate Forest and Alpine Forest.The state has a recorded forest land of 11,879 sq. km., of which 7,054 sq. km. is ReservedForest, 3,772sq. km. is Protected Forest and 1,053 sq. km. is UnclassifiedState Forest, thusconstituting 13.38% of the geographical area of the state. Under the conservation andprotection regime the State has one Biosphere Reserve, two Tiger Reserves, five NationalParks and 15 Wildlife Sanctuaries.
b¡¬«·

As of 2008-2009, the Net State Domestic Product (NSDP) of the climate dependent sectorsnamely, agriculture including animal husbandry and horticulture, forestry  and fisheriestogether was 22.11%  of the totalNSDPat Constant 1999-00 Prices, that is aquarter of thetotal NSDP of the state of West Bengalwhich is generated by 70% of its total population,mainly rural . Of the total rural workers, 19.53% and 19.30% are cultivators and agriculturallabourers, respectively, while 4.72 percent are engaged in household industries. According to
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the Planning Commission, 31.85% of the total population lived below poverty line in 1999-2000. The detailed NSDP of the sate bysector is presented in Table 3.2Table 3.2:Estimates of Net State Domestic Product in Crores  byIndustry of Origin at Constant1999-00 Prices

p³°¡£W=_³°£~³=¤=^®®ª§£¢=b¡¬«§¡±=C=p²~²§±²§¡±I=d´²K=¤=t£±²=_£¬¥~ªK
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QKl ±£°´£¢=`¦~¬¥£±=§¬=`ª§«~²£~¬¢̀ª§«~²£=m°¨£¡²§¬±

l ±£°´£¢=`ª§«~²£

q£«®£°~²³°£WData used for this analysis includes theIMD gridded maximum and minimumtemperature at 1o spatial resolution for the time period 1969-2005 (37 years). According tothe observations during this period, the maximum temperatures are decreasing across thestate whereas the minimum temperatures are increasing(Figure 4.1). The maximumtemperature has decreased by-0.5oC with respect to starting of the observation period(1970s) in the New Alluvial zone, the laterite zone and the Saline coastal zone.In the Hilly,Terai and the old alluvial zone, the maximum temperature has also decreased but by only-0.25oC. Whereasthe minimum temperatures are increasing all across the state. In the lateritezone, the minimum temperature has increased by 0.5oC, in the Hilly,Terai and the old Alluvialzone, the temperatures have increased by 1.5oC and in the new alluvial zone and the coastalzone the minimum temperatures have increased by 1oC.

Figure 4.1: Observed changes in minimum and maximum temperatures in West Bengal
l ±£°´£¢=¡¦~¬¥£±=§¬=m°£¡§®§²~²§¬WThere is high spatial variation in changes observed inrainfall  between 1971-2005 (See Figure 4.2).There is a clear increasing trend in observed
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rainfall in the northern region above  Birbhum upto Darjeeling Himalayas and in theSundarban region.No changes are observed in some pockets in the eastern Himalayan regionthat falls within Coochbihar and in the southern region below Dakshin dinajpur and in inSouthern Purulia and in the South Medinipur areas. The postmosoonrainfall shows anincrease almost all over West Bengal except in the eastern Himalayan region in the state, inNorth Dinajpur and in Western Purulia. In the winter period in Jan and Feb, there is a generaldecrease in rain fall in the Southern region of the state, with no change in parts of  Medinipurand in Darjeeling Himalayas. In the March to April period, there is an increase in precipitationin central part of the Southern region of West Bengal covering Burdawan, Bankura, parts ofMedinipur and Sundarban areas. No change is observed in the eastern parts of Sundarbans,and distinct decrease in Murshidabad, Birbhum and Nadia.

Figure  4.2: Observed changes in precipitation between 1971-2005.
l¬±£²=¤=j¬±¬WThe maximum delay in onset of monsoon is11 and 7 days over Andaman& Nicobar Islands during 1941�1970 and 1971�2000 respectively. For India as a whole, thecommencement of onset starts from Andaman & Nicobar Islands. The mean withdrawal datesare found to be later than the existing normal, in both the 30 years slot of 1941�1970 and1971 �2000, by about one to one and a half week. A general late onset, as concluded earliercoupled with late withdrawal suggests a shift in the monsoon activity.
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`·¡ª¬£±=~¬¢=p²°«=±³°¥£±WLong term observations between 1900-2008 show an increasingtrend in the frequency of tropical cyclonic storms (48-63 kts or 88-117 kmph) as well asformation of severe cyclonic storms (64-90 kts or 118-167 kmph) in the Bay of Bengal duringthe period 1900-2008 (figure 4.3). Further, Storm surges form when heavy winds producedby tropical cyclones generate the disturbances in the ocean. As these surges propagate intothe shallow regions, they amplify and produce large variations of sea level at the coast. Theheight of the storm surge depends on wind speed, the shape of the coastline, and variations inthe water depth along the coastline. Height also depends on phase of the tide. If a surge occursduring high tide, the storm surge will be higher than if it occurs during low tide. Category 5tropical cyclones can produce storm surges in excess of 6m (20 feet). Because the storm surgeoccurs ahead of the eye of the storm, the surge will reach coastal areas long before the cyclonemakes landfall.

Figure 4.3: Increasing trendsof severed cyclonic storm over the region of Bay of Bengal
p³°¡£W=fjaI=OMNM

j£~¬=p£~=i£´£ª=°§±£WThe average sea level rise has been 1.3 mm per year along the Indiancoast, however, tide gauge observations at the diamond harbor port indicate a sea levelrise of5.7 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 SouthBengal Districts. Further, more than 80% of annual precipitation occurs during monsoon andthat too erratically in respect of time and space causing drought like situations in summer andflood during monsoons.The onset of monsoon is delayed. There is an overall warming withminimum temperatures increasing faster than the maximum temperatures. Cyclone frequencyof severe cyclonic storms is increasing over Bay of Bengaland the sea level is risingglobally,however, the level of rise is higher across coast line of West Bengal, mostly due to subsidenseof the land mass near the coast and also may be due to devlopmental activities, leading tosubmergence 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 ofwater resources which becomes very scarce in non-monsoon months. Due to non-availabilityof adequate surface water resources in non-monsoon months and degradation of many of thesurface water bodies due to siltation, dependence on ground water for drinking as well as forirrigation are rapidly increasing with results in consequent depletion of ground water level.So, creation of additional storage and demand side management are dual challenges ofpresent water management.
`ª§«~²£=`¦~¬¥£=m°¨£¡²§¬±Climate projections for 2050s and 2100 have been derived from PRECIS(Providing RegionalClimate for Impact Studies) is the Hadley Centre portable regional climate model, developedto run on a PC with a grid resolution of 0.44� x 0.44�. PRECIS simulation datasets is providedby the Indian Institute of Tropical Meteorology, Pune.The climate change scenarios are drivenby the GHG emissionscenarios -IPCC A1Bwhich assumes a future world of very rapideconomic growth,a global population that peaks in mid-century and declines thereafter, andassumesrapid introduction of new and more efficient technologies.
o~§¬¤~ªªWProjections of rain fall in West Bengal for mid century (2050s) indicates that there isa decrease in winter rain fall in the coastal zone and the lower part of the new alluvial zone,and no change is indicated in the rest of the zones, except that again a decrease in precipiationis observed in the eastern part of  the terai zone. In the monsoon period, in 2050s, an increasein precipitation is projected for all the regions, except for the eastern part of the coastal regionand western part of the red 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 newalluvial zone,with the lower zones receiving a slightly more rainfall with respect to base line.
q£«®£°~²³°£WAs regards temperature, in 2050s, the average daily maximum and minimumtemperatures are both projected to riseby 2.2oC in 2050s andby 2100, the temperatures arelikely to rise by 3.6 to greater than 5oC celcius with respect to the base line i.e 1960-1990 (seeFigure 4.5).
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Figure 4.4: Projected changes inaverage rainfall during Winter, pre-monsoon, Monsoon andpost monsoon season in West Bengal 2050s (upper panel) andin 2100 (lower panel)

Figure 4.5: Projected changes in temperature  in 2050s (upper pane) and in 2100 (lowerpanel)
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RK=t~²£°=o£±³°¡£±

f¬²°¢³¡²§¬Extending  from the Himalayas in the North to theBay of Bengal in the south, West Bengaloffers wide topographic diversity and intricate drainage network of 22 basins (see figure5.1a). Monson rainfall is the mainstay of water in these basins, though some part of the waterin these basins also come to the state from transnational locationssuch as Nepal and Bhutanand across interstate bordersvia Ganga ,Teesat and through tributaries of Brahmaputra.

(a) (b)Figure 5.1: (a) Drainage basins of West Bengal, (b) Rainfall intensity across West BengalThere are  two hubs in West Bengal, namely, North Bengal and South Bengal divided by riverGanga that receive  distinctly variable rainfall. The rainfall intensity in North Bengal extendingfrom Darjeeling in the north to Maldah district in the south,varies between 25.51 mm/day togreater than 44.51 mm/day. In the southern region, the rain fall intensity varies between25.51 mm/day to less than 21.51 mm/ day (see Figure 5.1b). About 60% of the surface waterand 28% of the ground water in West Bengal is available to North Bengal that supportsonly
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18% of the population of the region. Where as 82% of the population residing in South Bengaldepends only on 40% of the surface water and extracts  78% of the total ground water for itsneeds.Table5.1: Water resources in different districts of West BengalMonsoonrain fall(mm) Nonmonsoonrainfall(mm)
Surfacewater(BCM) Groundwater(BCM) Transboundarywater(BCM)

Per capitawateravailabilityas of 2001CM/ capitaDarjeeling 2224.0 527.8 5.78 0.52 16.25 3945.32Jalpaiguri 2471.3 604.8 11.30 2.64 32.56 4130.27Koch Bihar 2604.0 667.6 6.42 2.32 44.18 3552.65Uttar Dinajpur 1902.3 504.6 3.31 1.68 16.86 2059.38Dakshin Dinajpur 1469.9 458.4 1.55 0.95 18.64 1676.0Maldah 1307.7 407.1 2.14 1.40 553.21 1084.15Murshidabad 1167.4 385.6 0.54 2.52 561.88 525.63Birbhum 1143.0 384.3 1.46 1.67 4.50 1047.02Nadia 1175.3 432.2 -0.27 2.17 48.25 415.8Bardhaman 1174.0 425.6 1.84 3.34 45.54 757.02Bankura 1159.7 387.5 2.06 2.09 13.35 1309.8Purulia 1163.0 344.3 3.68 0.77 9.69 1767.9Paschim Medinipur 1218.9 441.9 2.36 3.82 3.61 1199.1PurbaMedinipur 1240.3 457.6 3.27 0.83 76.68 820.5Haora 1240.5 451.2 0.96 0.37 67.36 313.6Hugli 1208.2 441.4 0.59 1.70 65.28 457.6Kolkata 1245.9 454.7 0.25 0.00 50.07 55.0North 24 Parganas 1231.0 452.3 1.91 1.58 50.33 393.6South 24 Parganas 1266.7 461.9 1.86 3.84 81.03 831.6TOTAL9 51.01 34.21 1759.27
h£·WWater sufficient :>1600cum/capita Water Stress:1000-1600cum/capita Water scarcity:500-1000cum/capita Severe scarcity:<500 cum/capit a Districts experiencingannual water deficit withrespect to  total averagereceipt of rain fall
p³°¡£W=t~²£°=o£±³°¡£±=~¬¢=§²±=n³~ª§²·=§¬=t£±²=_£¬¥~ªI=p²~²³±=¤=b¬´§°¬«£¬²=o£®°²I=t£±²
_£¬¥~ª=mªª³²§¬=`¬²°ª=_~°¢I=OMMVEt_m`_I=OMMVFK

VThe totals for the surface water and ground water resources stated hereas per WBPCB (OMMV) are atvariance with the estimates indicated by the irrigation department in its 1987 estimates(o£®°²=¤
b¶®£°²=`««§²²££=¬=f°°§¥~²§¬I=NVUTF, asin this estimate only 75% of the average rain fall has beenconsidered as assured availability  keeping in view the uncertainties in the averageannual rain fall overthe 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 ofwater and water conservation 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 forestareas.The present14% of area under forest cover needs to ideallyexpand to30% of the totalarea. Assuming that West Bengal will be able to achieve this target by 2051, the water demandfor the forest sector is also likely to increase.

2001 2051Figure 5.2:  Current and future water demand by sector in West Bengal
Ep³°¡£W=t_m`_I=OMMVFThe census carried out in 2001 and the investigations of SWID (SWID,2001), hasrevealed that91.4% of rural households and 41.2% of urban households rely on underground water inWest Bengal. One in 5  rural households have to travel to  more than 1/2 a km to accessdrinking water. one in 3 households in urban West Bengal do not have access to direct watersupply. Currently, the  districts of Bardhaman, Hugli, Purba Medinipur, and Haora, the ricebowl of West Bengal, experience  an annual deficit of water availability for agriculture withrespect to average rainfall receipt of these districts.
b¶²°£«£=£´£¬²±

cª¢±WAbout 42% of the stateareais flood prone (see figure 5.3a) and is manifested acrossthe state by various modes.Floodscan bedue to excess water carried over from transnationaland inter state borders. For example, floods are caused in north Bengal, by flood  watersreceived through rivers Teesta, Torsa,Jaldhaka, Raidakfrom Sikkim and Bhutan. In Uttar andDakshin Dinajpur by flood waters inrivers passing through these two districts and originatingin Bangladesh. In Malda by  flood waters received throughMahananda from Nepal, andthrough Gangawhich carries flood water from about 11Statesin India.Extreme rainfall, °£ª~²§¬¥to late monsoon cloud bursts also lead to floods here. Theinfrastructures such as roads and railways with inadequate culverts intercept causeexpansion of floods.Poor drainageis also a cause due which the flood spreads. Case in point
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is the city of Kolkata, where a recent study (World Bank, 2010)  has indicated thatthesituation in the city of Kolkata is critical, due to inadequate infrastructure, unplanned land-use, poor socio-economic and environmental conditions,  and the inadequacy of the drainagecapacity of the sewerage systems. These have been further aggravated by inadequatemaintenance as well as the siltation of the existing trunk sewer systems that haveconsiderably reduced their carrying capacity. While the sewer networks in KMC under suchpartially silted condition still provide reasonable hydraulic capacity for carrying the dryweather flow, they prove highly inadequate for carrying the storm weather flow even withnormal precipitation during the rainy season.Also floods are caused bystorm surges resulting fromcyclones and sea level rise. The recentdamages caused by the Cyclone Aila, has established, that the southern Coastal region of WestBengal, covering the southern part of South 24 Pargana district,  is extremely vulnerable tostorm surges and  cyclones. The soil in this region has become saline due to this event evenupto a distance of 40 km from Kolkata and drinking water became contaminated with seawater. Additionally, the sea level rising in some areas of the coast at a much higher rate thanthe others is also a cause of inundation.

(a) (b)Figure 5.3: (a) Flood prone areas of West Bengal. (b) Drought prone areas of West Bengal
p³°¡£Wt_m`_I=OMMV
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a°³¥¦²±WEvery summer many parts of Purulia, Bankura, Paschim Medinipur, and Birbhum(covering the south-western part of the state) suffer water shortage with respect to theentirestate (Figure 5.3 b). The tradition of storage of water in ponds hasslowly being forgotten. Thegovernments efforts to supply water for drinking and irrigation is dependent on thereservoirs of Damodar valley Project, namely, Massanjore and Kansaboti. The storage capacityof these reservoirs  have reduced over the years,mainly due to siltation rendering the regionbereft of adequate water during summers. Also introduction of water intensive crops in theregion, has lead to higher crop failures making the region and its people vulnerable. In 2010,the monsoon was weak overWest Bengal, though it was strong all over India. These are suchevents, which the government need to be adequately prepared for in the future.
i~¬¢±ª§¢£±WIncessant rains and at times cyclones lead to land slides in North Bengal. Case inpoint is the impact of the latest super cyclone Aila in 2009. Water supply in these regions wasaffected severly during this event.
t~²£°=mªª³²§¬

The increasing exploitation of ground water exceeding replenishable limits has been causingirreparable damage and leadingto arsenic and fluoride contamination in the eastern andwestern parts of West Bengal respectively (see figure 5.4 a and b). The arsenicin groundwater is spread over 81 blocks belonging to eight districts (Govt. of WB,2007)and about 225villages in 43 blocks of 7 districts have been  foundto contain fluoride in ground water.Depletion of ground water is causing desiccation of rivers during non monsoon months, asthecapacity for  effluent seepage towards the riveris reduced. Over dependence on groundwaterhas lead to the decay of tradition of practicing lift irrigation.Further, inundation of land by seawater is causing salinity of water for drinking as well as agriculture.
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(a) (b)Figure 5.4: (a) Arsenic affected blocks, (b) Fluoride affectedblock
p³°¡£=W=t_m`_I=OMMVInstitutions Involved in Water Sector Service Delivery

f°°§¥~²§¬=C=t~²£°µ~·±=a£®~°²«£¬²WHarnesses surface water resources of the State throughall forms of interception and facilitates the utilization of the same for different purposes.Looks after water resource management of all the river basins of the State other thanDamodar.
a~«¢~°=s~ªª£·=`°®°~²§¬Eas`FWDVC has a network of four dams- Tilaiya and Maithonon river Barakar, Panchet on river Damodar and Konar on river Konar. DVC dams are capableof moderating floods does water resource management to meet industrial, municipal anddomestic requirements in West Bengal & Jharkhand.Also supplies irrigation water to the


