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ClimatevariabilityinIndiaintermsofrain－  

fallandtemperature，hasnoticeablespatialand  

temporalvariations・Evenafterachievlngfu11imiー  

gationpotentialfromsurfaceandsub－Surface  

WaterreSOurCeS，amqOrPOrtionofcultivatedarea  

Shallremainrainftd．Furthermore，theconditions  

maydeteriorateintermsofseverityofdroughts  

andintensityofflashfloodsundertheclimate  

Changescenario．Inthisarticledi蝕rentmeasures  

followedforsoilmoistureconservationthrough  

rainwaterharVeStingonwatershedbasisinprob－  

1ematicLaterite，COaStalsaline andhillzones of  

WtstBengalastateofIndiaarediscussed．  

AlthoughinrecentyearS，bothGovernment  

andNon－GovernmentOrganizationshavestepped  

uptheireffbrtsinwaterconservationbyrainwaN  

terharVeStingonwatershedbasisthroughpartic－  

1PatOry aPPrOaCh，the GovernmentofIndia’s  

CommitmenttoParticipatoryImigationManage－  

ment（PIM）withthehelpofWaterUsersAssoci－  
ations（WUAs）needstobestrengthenedthrough  
adoptionofitsh・ameWOrk丘omstateleveldown  
tovillagelevel．AnattemptlSmadeinthisarticle  

tohighlightsomekeyfactorsinstruCturalframe－  

WOrkaswellasintheoperationdomainofPIM  

invoIvingWUAintheIndianperspective．  

KeyWords：Ⅵねtershed，PIM，WUA，Rainwater  

HarveSting，RainftdAgriculture  

Summary   

IndiaisfacingtheincreaslngWaterStreSS  

dueto populationgrowth，increaseinwater  

demand，Vulnerability虫・OmClimatechangeand  

deteriorationinwaterqualityfromdomestic as  

Wellasindustrialandagriculturalpollutionload．  

IndiaoccupleSabout2．45％oftheworldareaand  

hasashareof5％ofglobalfreshwaterresource  

and with this share ofvitalnaturalresources  

about16．87％oftheworldpopulationis tobe  

Catered．CurrentlythepopulationofIndiaislittle  

OVerlbillionanditisexpectedthatitwillreach  

a且gureofaboutl．5billionbytheyear2050・The  

WateraVailabilitypercapitaperyearatpresentis  

1730．6CM（m3）andhas almostreachedtothe  

WaterStreSSed（＜1700CM）condition．  

Despltethetremendouseconomicdevelop－  

mentandgrowthofindustriesandservicesector，  

thelivelihoodofabout68％ofIndianpopulation  

dependonagriculturedirectlyorindirectly・More  
than70％ofitspopulationlivesinruralareas  

althoughthereisanincreaslngtrendofurbaniza－  

tioninthelasttwodecades．Theirrlgationwater  

accounts for about90％ of the totalwater  

resourcesutilization．hdiastands atacrossroads  

ininstitutionaloptionsfornaturalresourcesmanー  

agementatlocalandvillagelevels．Theemphasis  

Onfutureoptionslikewatersheddevelopment  

throughparticipatoryapproachescoupledwith  

SuStainabilitylSSueSisnowwidelyrecognizedas  

apotentialapproachfbrvitalizingtheruralecon－  

Omy・  

Introduction  

WatershedisanaturalhydrologlCentitygov－  

ernedbytheterraintopographyfromwhere  

runOffisdrainedatapoint・Watersheddevelopq  
mentreferstoconservation，regenerationand  

judiciousutilizationofnaturalresources．Itaims  

tobringaboutanoptimumbalanCebetweenthe  

demandanduseofnaturalresourcessothatthey   
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reg10nStOll，000mminsomeplacesinnortheast  

PartOfthecountrywithsummermonsoon（June－  
September）accountsfor75％oftheannualrainー  
fallforthemaJOrPOrtionofthecountry．Extreme  

temperaturevariationexistsintherangeof50。C  

inwestemdesertinsummertosub－ZerOinnorth＿  
ernmostareainwinter（ThbleI）．  

Rainfbdagncultureiscriticaltoagricultural  

PerformanceinIndia．Nearlyhalfofallfood  

grains aregrownunderrainfedconditionsand  

hundredsofmi11ionofpoorruralpeopledepend  

OnrainfedagrlCultureastheprlmarySOurCeOf  

theirlivelihoods．Ofanestimated143millionha  

netcultivatedlandinIndia，about97millionha  

（68％）israinfbd／drylandproducing44％ofthe  
COuntry’sfoodrequlrementSWhilesupportlng  
40％ofhumanand60％oflivestockpopula－  
tions（Sharma，2006）．Evenifthecountry’sfu11  

imigationpotentialof139．5millionhaisrealized，  

agnculturalproductionin75millionhawi11con－  

tinuetobesolelydependentonrainfall．About15  

millionhaofdrylandliesinthe aridreglOn  

Whichreceiveslessthan500mmrainfall；anOther  

15millionhaisin500to750mmrainfallzone，  

42millionhaisin750tol150mmrainfa11zone，  

Withtheremainlng25mi11ionhareceivlngmOre  

thanl150mmrainfallperanqum．Droughtsoccur  

OnCein3to5yearseitherduetoadeficitinsea－  

SOnalrainfallduringthemaincropplngSeaSOnOr  

丘ominadequatesoilmoistureavailabilityduring  
PrOlongeddryspe11sbetweensuccessiverainfa11  

events．Formorethanacenturythereexistsa  

clear association between El nino events and 

Weakmonsoons．Overtheperiodof187ト1988，  

1lof21droughtyearSWereElninoyearS・Low  
yields andcropfailuresoftenleadtofoodand  

fodderscarCltyreSultinglnanearfaminesitua－  
tionthatfurtheracceleratestheprocessofland  

degradation．PhysiographicallytherainftdreglOn  

encompasses218Districtsincludingthedesert  

terrainofRajasthaninthenorthwest，theplateau  

reg10nOfcentralIndia，thealluvialplainsofthe  

Ganga－Yamunariverbasin，thecentralhighlands  

OfGujarat，MaharasthtraandMadhyaPradesh，  

therainshadowreg10nOfDeccaninMaharashtra，  

theDeccanplateauinAndhraPradeshandthe  

恥milNaduhighlands（Singhetal．，2000）▲Itisin  

the rainfbdbeltwhere cultivatibnofcoarse cere－  

als（91％），Pulses（91％），Oilseeds（80％）andcot－  

ton（65％）predominates．IntheserainfedareaS，   

remainsustainableovertime．Everyhumanbeing  

Onearthis astakeholderinwatersheddevelop－  

ment．Andso，forthatmatter，iseveryanimal，  

domesticatedandwild－Only，theydonothavea  

COnStituency・Wtshouldrealizethatourwell  
beinglSinseparablefromthewellbeingofthe  

ecosystem（Aswathanarayana，2001）・  

ThecompetingdemandsinagrlCulture，  

industryanddomesticsectorsarefastdepleting  

thewaterresourcesofIndia．Evenaf亡erachievlng  

fullirrigationpotentialfromsurfaceandsub－Sur－  

facewaterresources，amqOrPOrtionofcultivated  

areashallremainrainftd．Intheprocessofwater－  

Sheddevelopment，‘peoplesparticipation’has  

beenidentifiedasavitalelementfbrsuccessand  

SuStainabilityoftheprogramme・Environmental  
regenerationispossibleonlywhentheconcerned  

PeOPlerealizeaneedfbritandareemPOWeredto  

havecontrolovertheprocessofresourceutiliza－  

tion，managementandconservation．Therecanbe  

no sustainable natural resource management 

unlessitinvoIvestheparticipationofa11inhabi－  

tants ofthe concerned watershedin an active  

manner．  

In this context a look at Government of 

India’s VisionforIntegratedWaterResources  
Development andManagement（Ministry of  

WaterResources，2003）appearsappropriate・  

Government ofIndia’s commitment to PIMand  
theencouragementofwatermanagementbeing  

undertakenwiththehelpofWUAsareapparent  

丘omaperuSalofitsNationalWaterPolicy．  

Thus the Water Vision should aim at  

empowenngcommunitiesandvariousstakehold－  

ers andbene鎖ciaries，PrOducingmorefbodand  

usingwatermoreproductively，andmanaglng  

water to conserve the quantity and quality 

throughrainwaterharVeStlngtOenSuretheexis－  

tenceofhealthycatchments，enCOuraglngmOre  

innovationinwaterresourcesmanagement，and  

bettergovernanCe．  

ImportanceofParticipatoryApproa・  
Ches to SustaiIlableⅥ厄tershedI）evel・  
OPmentinRainfbdAreas：  

WaterAvailabilityinhdiaisDrivenbythe  

Monsoonwithahighdegreeofspatialandtem－  

POralvariabilityandtheextentvariesffomlOO  

mm of mean annualrainfallat westernmost  
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Table－1INDIA＿LANDANDWATERRESOURCESATAGLANCE  
General  

◆  GeographicalArea  329Mもa   

Lati山de80＿4′＆370－6′Nortb  

◆  Location  
Long血de68ロイ＆970－25′East   

◆  ForestCover  21．11％   

◆  Population（AsonOl．03．2005）  1097．1Million   

◆  AverageA皿ualRain飽■1l  1170 mmm 

M毎orRiverBasins  12nos．havingcatchmentArea．  
◆  

（CatchmentAreamorethan20，000sq．km）  253Mha   

MediumRiverBasins  46Nos．havingcatchmentArea．  
◆  

（CatchmentArealessthan20，000sq．km）  25Mha   

Water Resources 

◆  NaturalRun－0抒  31869．35BCM   

◆  EstimatedUtilisableSurfaceWaterResources  690BCM   

◆  TotalReplenishal3leGroundwaterResources  432BCM   

◆  TotalAmualUtilisableWaterResources  1122 BCMM 

◆  AvailableGroundwaterResourcesofIrrigation  361BCM   

Land Resources  

◆  TotalCultivableLand（200－02）（P）  184Mもa   

◆  UltimateIrrigationPotential  140Mha   

◆  Cum111ativeIrrigationPotentialcreatedupto＿2004－05．  105．30Mもa   

◆  GrossSownArea（200ト02）（P）  190．3Mもa   

◆  NetSownArea（2001－02）（P）  14■1．3Mもa   

◆  GrossIrrigatedArea（2001－02）（P）  76．4Mもa   

◆  NetIrrigatedArea（200ト02）（P）  55．9Mもa   

◆  FoodGrainProductionduring1950－51  50．8m．t．   

◆  FoodGrainProductionduring2003－04  213．5m．t．   

Source：mCIDNEWS，Volume5，IssueNo．4，2005，  

inWtstBengalaregravelyandlateritictractsof  

WeStern districts（Purulia，Bankura，Birbhum，  

Ⅵ屯sternpartofBurdwanandWestMidnapur），  

thehillyareaSOfDadeelingdistrictandcoastal  

SalinezonemainlycomprlSlngOf24－Parganas  

（South）and24－ParganaS（North）districts．Soil  

moistureconservationthroughdifferentin．dtu  

rainwaterharVeStlngPraCticesonwatershedbasis  

istheonlyaltemativeforimprovlngCrOPPlng  

intensityandthesocio－eCOnOmicupliftmentof  

farmerSintheseregions（RaviBabu，2006）．  

Participatorylntegratedwatersheddevelop－   

farmerS’dependenceonlivestockbesidesarable  
farmlng，aSanalternativesourceofincome，is  

Veryhigh．Preliminaryestimatesindicatethat  

near1ytwooutofthreeheadsofcattleofthetotal  

Indiancattlepopulationof219millionheads  

thriveinrainftdregions（FAO，2000）．Thesedata  

emphasizethecruCialroleplayedbyrainftdagnト  
CultureintheIndianeconomyandIndia，sfood  

SeCurityastherainftdagriculturewouldcontinue  

tooccupyaprominentplaceinIndianagriculture  

foranindefiniteperiod．Inthesoilandwatercon－  

Servationpointofview，themostvulnerableareas  
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moistureconservationthrough differentinsitu  

rainwaterharveStlngPraCticesonwatershedbasis  

arediscussed asbelow：  

mentreferstoconservationandregenerationof  

naturalresourceslike soil，Waterandplants  

throughvegetativeincludingafforestaiton，horti－  

Cultureandpasturedevelopmentetc．andengト  

neeringmeasureslikecontourbunding（Figure  

I），trenChing（FigureII），terraCing（FigureIII），  

nalabunds，gullyplugs（FigureIV）andcheck  

damsetc．throughlocalpeopleactivepartlCIPa－  

tion．   

SoilMoistureConservationthroughRainwa・  
terHarVeStingonWatershedBasiswithPeo－  

PlesParticipation：StateofWestBengaトA  
CaseStudy  

Ⅵ屯stBengalisendowedwithremarkable  
Variationsinphysiographicresources・Inthesoil  

andwaterconservationpolntOfview，themost  

Vulnerableareasaregravelyandlateritictractsof  

WeSterndistricts（Purulia，Bankura，Birbhum，  

WestempartofBurdwan andWtstMidnapur），  

thehi11yareaSOfDadeelingdistrictandcoastal  

SalinezonemainlycomprlSlng Of24－Parganas  

（South）and24－Parganas（North）districts．Soil  

Ⅵな∫ねr〝ねねr如ヱ0乃gご  

BasedonthetopographyandsoilcharaCter－  

istics，thelandforminthisreglOnCanbeclassi－  

fiedintofburgroupsnamelysteepsloping（more  

than10％）uplands／barrenhillocks（Dungri），  

upland（7bnr），midland（Baid）andlowland  

（Kanali／Bohal）．Theuplands aremostlyinan  

advanCedstateofdegradation，1ackinghumusand  

maJOrPlantnutrients・Theyareuntreatedlands  
andsupportlowintensltyCrOPPlngWithlowpro－  

ductivlty，ifnotactuallyremainlngfallowand  

barren．Themidlands aremostlyterracedPaddy  

fields withthinsoilcoverandpoormoisture  

retentioncapacities・Seventypercentoftotalagn－  

Culturallandinthisreg10nfa11sunderuplandand  

midland，dependingmostlyonrainfallforany  

CrOPtObegrown．AnnualPaddyisgrowninthe  

lowlands，Whicharerelativelyfertileandproduc－  

Contour Trenches Contour Bunding 

SeriesofGu［tyP山gs   BenchTerracesin H川S  
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waterlogglngandsubmergenceofcropswhereas  

nocropISCultivatedduringrabiandsummersea－  

SOnSduetolackofgoodqualityimigationwater・  
Theonlyalternativeleftisexcavationoffarm  

pondsinindividualfarmersfields（considering  

therest ofthe field as catchment／watershed of  

POnd）forstoringexcessrainwaterdmingmon－  
SOOnPeriodandreuslngitfbrglVlngliftsavlng  

PrOteCtiveirrigationtothecropsduringthepost－  

monsoonperiodbesidespracticlngPISCiculture・  
ThefarmPOndsareexcavatedinl／4tol／30fthe  
totallandholdingsizeofeachfarmer．Theponds  

aregenerallylocatedatthelowestpolntOfthe  

fieldandtherunOffwateriscollectedduetograv－  

itationalflow．Thesideslopeofthepondsvaries  

l：1to2：l．TheusualdepthofthefarmPOndsis  

maintainedat3m．Theexcavatedsoilisusedfor  

COnStruCtionofperipheralbundsandraislngthe  

levelofremalnlngland．  

tive．Despltethefactthattheamountofrainfallis  

highenoughto sustainthe crop growth，but  

unevendistributionofrainfallduringthecrop  

SeaSOnCauSeSmOisturestressconditionsduring  

Criticalstagesofcropgrowthandleadtofrequent  

CrOPfailureinthereglOn．  

rIbimprovethesoilmoisturereglmeOfthese  

lands and to address the mid season moisture  

StreSSCOnditionofcropsgrowninup andmid－  

1ands，insiturainwaterharvestingtechniques  

namelyStaggeredContournenches（SCTb）／Con－  
tinuousContourTrenches（CCTs），Contourbund－  

ing（FigureI），30：40 and5％models（FigureV）  

etc．，havebeenintroducedinthereg10nOnmicro－  

watershed basis．These measures demonstrated  

theirabilitylnCOnServ1ngtherainwaterreceived  

duringthemonsoonseason．Theyhelpedinmain－  

tainlngbettersoilmoisturereglmeCOnditions，  

Stabilizingyieldofcrops andproviding con－  

duciveenvironmentforbringlngtheseverely  

erodedsoilsunderthecoverofvegetationand  

grasses．Theseinsiturainwateトharvestlngmea－  

SureSarenOWWidelyacclaimedassuccessfu1soil  

andwaterconservationmeasureinthereglOn．  

Hillzone：  

Agricultureisthemainoccupationofthe  

PeOPleofDadeelingdistrict・ThemaJOrfoodcrop  
growninthehi11sis rainfedMaize，Where as  

Paddyisgrowninfbothillsandplains・Inaddition  
toTea，Cardamom andOrange are themaJOr  

PlantationcropsgrowninthereglOn．ThemaJOr  

SOurCeOfwatersupplyinDa可eelinghillsreg10n  
issprlngSOrSmallrivuletslocallyknownasJho－  

raswithonlylimiteddischargeavailableduring  

POStmOnSOOnPeriod．Theirrlgationfacilities  

existonlyin8－10％ofthecultivatedlandpre－  
dominantlyfromperennialjhorasandriverlift  

irrlgationinthefoothills・ThecropplnglntenSity  

inDadeelingdistrictisaslowasl10％．  

Toimprovethepresentlevelofcropplng  

C〃αぶぬJぶα〟乃βヱ〃乃gご  

The coastalareaofWestBengalis ear－  

markedbynearsurface shallowaquifers with  

Saline仲rackishwater，Whichistherefbreun丘tfor  

irrigationpurposes．Ontheotherhand，theground  

WaterSuitableforimgationisfoundatgreater  

depths（300－400m）andits exploitationis  
expensiveandhencenotftasible．Inmostofthe  

COaStalareaofWestBengal，nOPerennialcanal  

Withwatersuitableforirrigationispresent．Dur－  

1ngmOnSOOn，eXCeSSWaterispresent，CauSing  

5％Technique  WaterHarvestingTankonH‖S10PeS   
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intenslty andproductivltyinDarjeelinghill  

WaterSheds，COnStruCtion ofbenchterraces by  

breakingthesteepslopesandstruCtureSforcol－  

lectionofrainwaterfbrglVlnglifbsavlngPrOteC－  

tiveimgationtocropsduringcriticalstagesof  

CrOP grOWthwereintroduced．Asinherenttopo－  

graphicfbaturesandsteepslopesdonotallowthe  

farmers ofDadeelinghi11sforconstructionof  

largeWaterharVeStlngStruCtureS，therefbre，Small  

WaterHarveStingTbnks（FigureVI）withhand  
PaCkretalnlngWalls areincreaslnglybecomlng  

POpularinthisreglOn．Thesetanksarefi11edwith  

Watereither丘omtheneafbysprlngSuSlngSiphon  
PlpeS Ordivertingtheexcessrunofffromtheir  

CatChment area．The stored wateris utilized for  

glVlnglifesavlnglmgationtoMaize，Cardamom  

Plantation andVegetables，Which are grown  

extensivelyinthereglOn．Undercuttingandland－  

SlidesarecommoninDa再eelinghills．Hence，fbr  

PrOVidingstabilitytothestruCture，handpacked  

androughdressedretainlng Wallswithlocally  

availablestonesIboulders areusuallymadeand  

StOnebouldersolingofpondbaseiscarriedout．  

Moreover，StOneSarehandpacked打omthefoun－  

dationlevel．Other soilmoisture conservation  

treatmentsforhillwatershedsincluderepalrStO  

thebenchterraces，dresslngandstonepitchingof  

risers ofbenchterracesforstabilityofsloppy  

landsandstreamtrain1ngWOrks・  

agementofirrigationwiththecommunity（inthe  

formoftheWUA）andgovernmentagencies  

WOrkingtogetherforequitable，rational，timely，  

andconvenientallocationofwaterandincreasein  

efncienciesbothincanalmanagementandon－  

neldwaterapplication・Hoqja（2006）opinesthat  
thePIMapproachshouldallow nexibility丘om  
reglOntOreg10n，irrlgationsystemtoirrlgation  

SyStemandevenWUAtoWUA・Itcanbeapplied  
tom叫Or，mediumandminorimgationandeven  

tolargertankorliftirrlgationsystems，  

PIMlegislationshouldspecifythatregard－  

lessofwhetherthesourceisliftimigation（from  

riversor丘■OmCOmmunitytubewells），Oratank  

SyStemOraCOnVentionalirrigationsystembased  

upon storage and waterdistribution，Wherever  

Wateris to be distributed between300rmOre  

farmers，thePIMandWUAapproachshouldbe  

mandatory．  

The organizationstructureofWUAsand  

functionswoulddifftrfbrsmallriverlifts（RLIs）  

Ortubewelllifts，fromthosefbrtanksystemsor  

largerirrlgation‘andCommandAreaDevelop－  
mentSchemes．Forregularirrlgationorcommand  

area schemes each canalminor should have a  

WUAwithtwomemberseachbeingprovidedfbr，  

intheManagementCommittee負・Omhead，middle  

andtailareasrespectivelyoftheminor．Aslong  

asⅥねterrightscontinuetobelinkedtolandown－  
ership，eaChlandholderdrawlngWaterfromthe  

Canalminor（Orfromthe RLIs orCommunity  

tubewells）wouldbeamemberoftheWUA．  

Various StategovernmentsinIndiahave  

goneineitherfbra’bigbang’approachofuni－  
form and simultaneousintroduction ofPIM  

throughouttheStatebasedupon，andprecededby  

legislation（theleadingexamplebeingAndhra  

Pradesh），Orhavegoneinfbrsomesortofa’bot－  

tom－uP’slowandsteadyapproach（Startingwith  
PilotprQjects）ofmotivatingandfacilitatingthe  

CreationofWUAswhereverthefarmerSagreetO  

VOluntarilycometogetherandtoformthemso  

thattheygraduallytakeoversomefunctionson  

theirlocalirrigationsystems・  

TheRoleofⅥ厄terUsersAssociationin  
ParticipatoryIrrigationManagement：  

Apracticalde且nitionofParticipatoryhTiga－  

tionManagement（PIM）intheIndiancontextis  
that PIM involves a Water Users Association 

（WUA）takingovermanagement（includingopeト  
ation andmaintenance）ofatleast onelevelof  

Canalsabovetheoutlet（i．e．theminorcanal）and  

alsobeingassociatedwithStateIrrigationand  
CommandAreaDevelopment（CAD）Progr－  
mmes，AgricultureandWaterResourcesDepart－  

ments，effbrtsatimprovedandintegratedwater  

andagrlCulturemanagement．Simultaneously，  

PIMinvolve＄aredefinitionandrefbcusing（and  

notamerereductionordownsizing）ofgovem－  
ment’sroleinirrigationsoastoleadtoagenuine  
PartnerShiporjointmanagementbetweenthe  

governmentandWUAs．Thus，PIMinvoIves an  

approachbased11POnintegratedandjointman－  

Conclusion：  

Therainftdareaswhichconstituteabout70  

PerCentOfcroppedlandinthecountrysuffer  
fromseriesofproblemssuchaslowanderratic   
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rainfa11，highdegradationoflandresources，huge  

VOlumeofrunoff，depletionofsoilfbrtilitydueto  

COntinuoussoilerosion，depletinggroundwater  

levelsduetooverexploitation，lowcropproduc－  

tivity andproduction，lowincome，1ack of  

employmentopportunitiesandlowstandardof  

living・Overaperiodoftime，Participatoryinte－  

gratedwatershedapproachforsystematicdeveト  
OPmentOfrainfed areas hasbeenevolvedto  

addressthesecriticalproblems．％terResources  

Developmentandmanagementwithpeoplespar－  

ticipationneedstobestrengthenedthrough  

empowermentofWaterUsersAssociation．  

JadavpurUmiversity，India．  

Sharma，K．D．，Soni，B．，2006．LandUse  

DiversificationfbrSustainableRainftdAgricul－  

ture，AtlanticPublishers andDistributors，New  

Delhi．  

Singh，H．P．，Venkateswarlu，B．，Vittal，  

K・flR・andRamachandran，K・，2000・Manage－  

mentofrainfedagro－eCOSyStem．International  

ConferenceonmanaglngNaturalResourcesfor  

SustainableAgriculturalProductioninthe21st  

Century，IndianSocietyofSoilScience，New  

Delhi．  

INDIA：DISCUSSION   

Question：WhatwillbetheimpactoftheInter－  
basinwatertranSfbrintotheHimalayanZonesto  

Bangladesh？  

Answer：Theinter－basintransfermighthave  
SOmeimpactontheecologicalstatusofthediト  
ftrentstatesinitsowntemitoryduetoinundation  

Ofsomeareaincludingthefbrest．However，the  

linksarebeingsodesignedsothattheneighbor－  

1ngCOuntriesshouldnotbeafftcted．  

Question：Wateravailabilitypercapitais  

decreasing，Whatisthegovernment’splanto  

improvetheconditioninthefuture？  

Answer：Waterpotentialinacountrycannotbe  

increased－rather，duetopopulationandclimate  

Changefreshwateravailabilitydecreases．The  

govemmentofIndiathroughitsNationalWater  

Policyin2002hasglVentremendousimportanCe  

OnWaterCOnServationandaugmentationthrough  

rainwaterharveStlngbypeoplespartlCIPationand  

empowermentthroughwaterusers association  

andincreaslngWateruSeefnciency．  

Question：Pleasegivemealittlemoreinfbrma－  
tiononfl00dfbrecasting．  

Answer：FloodfbrecastlngmOdelisavaihble．If  

theonglnOfthemodelisbasedonthedi飴rent  
reglOnitneedstobecalibratedwithhistorical  

hydrologicaldataandsate11iteimages・  

Question：Aretherefl00dplainwetlands for  

fl00d control？Have these been evaluated or  

employed？  

Answer：Indiahavingahighpopulationdenslty  

（16％populationin2．45％geographicalarea）  

fl00dcontrolthroughfloodplainwetlandsisnot  

POSSibletobe consideredinitsfu11estextent．  

However，COnServationofwetlandisnowbeing   

Recommendations：  

◆InvoIvinga11stakeholdersinintegratedwater  
resourcesdevelopmentandmanagement．  

◆EmpoweringandinstitutionalizingWater  
UsersAssociation．  

◆Movementtowardsfullcostpricingofall  
WaterServices．  

◆Increasedpubicfundingforresearchand  
innovation．  

◆Increasedcooperationinternationally（and，  
mayweadd，eVenintra－nationa11y）inriver  

basins．  

◆capacitybuildingprogrammefbral11evelof  
Stakeholder，POlicymakers，Government  

functionaries and researchers for various  

aspectsofPIMinvoIvingWUAforsustain－  

ableruralwaterresourcesdevelopmentand  

management  
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thedifferentservicesamultipurposereservoir．  

RankingmatrixwithweightedparameterSisthe  

methodbeingapplied．  

Question：WithalltheissuesinBangladesh，  

Nepal，China，andIndiaaswellasothers－howdo  

WebalanCeWaterdemandwithecologyorenvi－  

ronment？Ifthegovernmentalsituationdeteri0－  
ratesbelowhumanhabitability，thenwhatwill  

happen？  

Answer：NotonlyfbrBangladesh，Nepal，China  

andIndiabutprobablyfbra11neighboringcoun－  

tries，thereshouldbeamutuallyacceptableagree－  

mentonwatersharingbasedontheinterestofthe  

environment，SOCio－eCOnOmical，Ontheglobal  

PerSPeCtiveandscientincoptimalsolution．  

glVentOPPr10nty・  

Question：Whatabouttheadaptationtoacceptq  

able軋00drisk，Whatretumperiodisacceptable？  

Answer：Indiahasaveryhighdegreeofvaria－  
tionintheclimatologicalconditionandtherain－  

fallbothspatial1yandtemporarily・Sonounlque  
Valueofreturnisacceptable，however，100years  

returnperiodisacceptableifdataisavailable・  

Question：ReservOirmanagementasafftctedby  

multipledemands（e・g・hydropower，irrigation，  

andcitywatersupply）whatwillbetheoptimiza－  
tionstrategyormethod？  

Answer：Inrecentyears，＄nVironmentalimpact  

analysisanditsrelevantenVironmentaleconom－  

icsarebeingglVenimportancewhilerendering  
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