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Theestimateoftheworldpopulatioｎｉｎ２０５０ｈａｓｂｅｅnrevised

downwardffomlObiUionto８．９billionmerelyinthepastsixyears・The

plOjectionwasamendedinl998andthecorrectionhasbeenannounced

recenUybytheUmtedNations・ＴｈｉｓdenotesaL1billionreductionof

fb正cast,andcanberegardedasremarkableproglCssonthepartofthehuman

speciesinitseffOrtstosolvethepopulationproblem、

Thereisstillhoweveracriticalelementintheissuewhichmustbe

seriouslyconsideredThisisthefactthatthemassivepopulationofbaby‐

boomers-bornduringthehighbirth-rateperiod‐isnowapproaching

marryingage，Ｔｈｉｓｍｅａｎｓｔｈａｔａｃｏ】nrespondingvolumeofpopulation，

whichcouldbemorethan80millionatitshigh,willbeaddedannuallyover

thenextseveraldecades・

Totalfertilityrateshavedeclinedsomarkedlythattheyarealready

belowlcplacementlevelinnotonlymostofthedevelopedcountriesbuteven

insomedevelopingcountriesinAsia,includingSingapolc,china,Koreaand

Thailand

Eventheissueofpopulationexplosion,thespecies1greatestcrisis,has

beguntoseemmorehope、Ontheotherhand,however,destabilizingfactors

ofaglobalmagnitudeexpandincreasinglyasiftocanceloutthathopc

Thesefactorsincludethefbodproblem,environmentaldeterioration,andthe

worldpoliticaldisorder、

Oneofourstrategieshasbeentoattempttofindacluetothesolution

ofsuchmultipleglobalcrisesinAsia,especiallyinChinaandlndia,togeta

graspoftheAsiansituation、ＴｈｅｇｌｏｂａｌｉｍｐａｃｔｏｆａＬ２ｂｉｌｌｉｏｎｏｆ

ｐopulationinChinaandl・Obillioninlndia，ｅａｃｈｏｆｗｈｉｃｈａＩｃｅｘｐｅｃｔｅｄｔｏ

ｒｉｓｅｔｏＬ５billiontomakeatotalof30billion，isnotonlyamatterof

populationsizeitselfThesenations'activitiesintennsofconversionto

populationreplacementlevelandecononucgrowthareconsideredashaving



acrucialinfluenceontrendsinAsiaaswellasintherestofthewodd・

ThefactthatChina，asapopulationgiant，hasdevelopedaglobally

unprecedentedsystemtocontrolitsbirth-rate，andbasachievedhigh

economicgrowthbyintroducingthefreemarketsystemintoasocialist

society，isarcalitydistinctfromcriticismofitsmetho｡s、Ⅱshouldbe

fOcusedonasanimportantdiscoveryinAsia・

Withitsowncharacteristicsandconsiderabledifferencesfromthe

Chineseapproaches，Ｉｎｄｉａｉｓａｌｓｏｂｅｇｉｎｎｉｎｇｔｏｍａｋｅｎｅｗｐroglcssquietly・

Althoughthecountlythattooktheinitiativeincontrollingbirth-rateisstill

muchbehindChinai、birth-ratereductionduetovariouspoliticalandsocial

constraints，ｉｔｈａｓｆｉｎａｌｌｙａ【Tivedatanacceleratingstageofdevelopment・

Asiftosupportsuchprogress,modemizedindustrializationhasbeglln

Ourresearchisconductedalongthethreadsmentionedabovewiththe

aimofanalyzingthepossibilityofdepartingfromtheconstraintsagainst

developmentandgrowthbyfOcusingonAsia，especiallyChinaandlndia・

Ｗｅｗｏｕｌｄｂｅｈｏｎｏｒｅｄｉｆｏｕｒｓｔｕｄｉｅｓｗｅreabletoindicatetorcadersany

implicationsconcerningJapan1sroleorpossiblecontributionsinｔｈｅｙｅａｒｓｔｏ

ｃｏｍｅ･
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AsiatheKeytothe21stCentury

ＭａｎｋｍｄＧｏｎｅ`Beyond''1兆`LimitstoGrowth''2）

“LintstoGrowth0，（1972)，areportfbraC1ubofRomeprqject

launchedagainstthebackgroundoftheunprecedentedpopulationexpansion

ofthel960s,ｗａｍｅｄｏｆｔｈｅｄｅｍｉｓｅｏｆｔｈｅｈｕｍａｎｒａｃｅthatwouldbebrought

bycontinuouspopulationgrowthandeconomicdevelopment、Despitethe

increaseinpopulation，thewoddrestingrestingonitslaulelswiththe

achievementofanaffluentstandardoflivmgreactedagainstthealannwith

surpriｓｅｄｃｒｉｅｓｏｆ，'Ｎｏｗａｙ,',or1iThat1stooexaggerated・'１

However,MTheLimitstoGrowthmconstitutedanimportantmnestonein

attractingsenouspublicconcemtotheexplosiveincleaseofpopulation・

Thetheoryofpopulationgrowthcontrolhasfbughtitswaythroughmany

complicationsmainlythankstotheceaselesseffOrtsmadebytheUnited

Nations,andhasregisteredsomeadvances、

Ｔｈｅ（wodd）birth-rate，whichdetenninespopulationgrowth，has

declinedremarkablyAlready51countries（withacombinedpopulation

accountingfOr449iboftheworldtotal)havereducedtheirtotalfertilityrates，

whichmeasulCthemagnitudeofpopulationreplDduction,toapointbelow

theleplacementleveLandthenumberofsuchcountrieswillamountto88in

2015，when，itisestimated，theywillaccountfOrtwothirdsoftheworld

population・Attentionmustbegiventothefactthatalmostallthedeveloped

countrieshaveattainedthereplacementlevelofpopulation，whichdenotes

twoorlesschildrcnpermother，andsomedevelopingcountriesincluding

Korea,china,Singapore,andThailandhavealsorcachedtheselowbirth-rate

levels・TherefOre，assumngthatcontrolofpopulationgrowthwillbe

fUrtherreinfOrced,itmaybeconsideredthattheworldisbeginningtosucceed

insolvingtheproblemofpopulationexpansionwａｍｅｄｏｆｂｙｔｈｅＣｌｕｂｏｆ

Ｒｏｍｅｉｎｌ９７２

ｉｉＢeyondtheLimits：ConfrontingGlobalCollapse，Envisioninga

－９－



SustainableFUture，ipublishedinl992，２０yearsafter1lLimitstoGrowthi１，

pointedoutthatalthoughthespecieswasalreadyintheprocessofgoing

beyondthelimitstogrowth,therewelesomenewdevelopments,ontheother

hand,whichimpliedavailabilityofsolutions．，iThespeedatwhichmankind

consumesindispensablenaturalresourcesandproducescontaminantshas

alleadyexceededthephysicallysustainablespeedinmanycases・’'3）

However,theauthorsmaintamahopethatintellectandcreativityonthepart

ofhumanbeingswhodeeplylCgretsuchbehaviorwillleadtotheattemptto

makesignificantimprovements．

lncreasinglnscrutabilityandAnxiety

ProgressofworldwideeffOrtstocopewiththepopulationexplosionhas

ironicallybeencomplicatedbyfearsofglobalenvironmentaldeterioration,of

floods，draughts，abnonnalweather，globalwamnng，etc・associatedwith

theincreasedsophisticationandgeographicalexpansionofhumanactivities・

Suchglobalupheavalshavebecomeevenmorecriticalbecauseofthe

disorderoftheworldpoliticslesultingfiomtheendofthecoldwar・

ThefOodproblemrepresentsthesemultiplecnsesThedrastic

advanceofmodemization，industrialization，ａｎｄｕｒｂanizationhavecaused

rapidreductionoflandareaincludinglandneededfOrfbodproduction，

shortageofwaterlesou1℃es，anddegradationofsoils、Withnomoreroom

leftfbrimprovementofagriculturalproductivity,thehighpointhavingbeen

attainedsoonaftertheSecondWorldWar,thecapacityoftheworldIsfOod

supplytofeedtheeverincIeasingpopulationhasbecomeanulgentissue、

Morethanonebillionpeoplearesaidtobesufferingfromstarvationin

theworld・Theworldpopulationexceededfivebillioninl987，andwill

likelyreach6billioninl999．ThiswiUrepresentanincreaseofasｍｕｃｈａｓ

ｏｎｅｂｉｌｌｉｏｎｉｎａｍｅｒｅｌ２ｙｅａｒｓ・WithoutanyfUrtherimprovementinfOod

productivity,anadditionalonebillionareexpectedtofacestarvation・

Thereisbothpessimismandoptimismaboutthepossibilityofincrcase

infbodproduction・Thepessimisticviewsa1℃replcsentedbythestudiesof

－J0－



LesterBrown4),whohasbecomeintemationallywellknown，Withdetailed

positiveanalyses,thisstudyverifiedtheinevitabilityoffOodshortages、Ｆｏｒ

example,itcompareddemandfOrandsupplyofgrainsinl950andl990,ａｎｄ

ｍａｄｅｆｂ１℃castsofthosein2030・Accordingtoitsfbrecasts，Chinawill

produce263mmiontonsofgrainsandconsume479milliontons,creannga

２１６milliontonsshortageLikewise，Indiawillhavea45milliontons

shortagein2030TheshortageexpectedinChinaissaidtoexceedthe

currenttotalgrainexportsoftheworld5）Ｂｒｏｗｎdid，ｏｆcourse，suggest

severalmeasuresfbravoidingthepossiblecatastrophe,aswellaswarningof

thefOodcrisis・Oneofhissuggestionsisthestabilizationofthepopulation

assoonaspossible,quiteanaturaLbutnotableidea・

Conversely，thereareanumberofoptimisticvieｗｓａｓｗｅｌＬＡ．Ｈ・

Toffler6)isonesuchoptimist,ａｎｄｉｓａｓｗｅｌｌｋｎｏｗｎａｓＢｒｏｗｎｉｎＪａｐａｎHe

takesabrightviewofthefUture，maintainingthatｔｈｅｃｕｒｒｅｎｔｓｔａｔｕｓｉｓｎｏ

ｗｏｒｓｅｔｈａｎｉｎｔｈｅｐａｓｔ，thatlndiashowsapotentialfbrincreasedfOod

productionbasedonadvancedbio-technology・Hehasdemonstratedthat

althoughIndiaisgrainproductionreached93milliontonsinthel960sand

wasthoughttohavehittheceiling,thecountryisnowproducingl91million

tonsofgrains，andfeedinganadditionalpopulationofseveralhundred

millionpopulationontopofthel960spopulationof500million・Hisview

isanoptimisticonerestingonstrongexpectationsandhopes・

Ａｓｈａｓｂｅｅｎｓｅｅｎ,ｂｏｔｈｖｉｅｗｓａｒｅｍｏｒｅｏｒｌｅｓｓｂｉａｓｅｄａｒguments,andit

isimpossibletoprovethatoneortheotherisconect・JohnBongaartsonce

saidthatitwasdesirabletobebothmoderatelyoptimisticandpessimistic，

withouttakingeithertoooptimisticortoopessimisticviews，Theprospects

fbrthe21stcenturyalahowever,becomingincreasinglyobscure．

TheNext50Years

WhileobfUscatingfactorsonlyincreasewithregardtｏｔｈｅｆＵｔｕｌｃ，this

doesnotmeanthatwecannotpaintanypictureoftomorrow、Thereisa

hOpeinthepopulationissueThel992prqjectionofthe2050world

－１１－



populationwaslObillion,buttheUnitedNationsadjustedthefiguredownto

89billionsixyearslater,ic.,intheprqjectionsissuedinl998、Thedecline

ofthebirth-rate,animportantfactorinthedownwardcorlCction,isexpected

toreducethesubsidiarypopulationvitalindexsubstantiallyinthefirsthalfof

the21stcentuly，easethepressurefromthecrisis，andenabledesirable

measurestobeundertaken、

However,wemustnotethatthehighbirth-rateofthepastwillleadtoa

drasticriseintheyoungpopulation，whichcouldactivatedevelopmentif

employmentopportunitiesalesuccessfUllyincreased,butcouldcausesocial

disorderifnoLThepasthighbirth-ratewillalsobringfastagingofthe

populationItisestimatedthattheproportionofthepopulationof65years

ofageandovertotheworldpopulationwillreach７％ｉｎ２０００ａｎｄｌ５・l96in

2050（thelatteristhecurrentlevelinJapan）Furthennole，althougha

decreaseinpopulationgrowthrateisexpected，thefirsthalfofthe21st

centurywillcontinuetoseeanimnenseannualincreaseinthepopulation，

whichrequiresparticularlygraveconsideration

TheworldpopulatioｎｉｓｎｅａｒｌｙａｔｓｉxbillionnowTheAsian

populationisapproachin９３．７billion,accountingfOrmorethan60％ofworld

populationAmongtheAsiannations，Chinaandlndia，ｔｈｅworld，stwo

mostpopulousnations，needtobegivenspecialattention・ＴｈｅChinese

populationisfOrecasttolCachlbiUion276millionintheyear2,000,andthe

lndianlbillion68million，makingagiantpopulationof2billion280

millionThesetwocountriesholdatotalpopulationwhichismoleｔｈａｎ

ｔｈｒｅｅｔｉｍｅｓｔｈａｔｏｆＥｕｒｏｐｃｌｎｏｔherwords，theAsianpopulationisnearly

６１％oftheworldpopulation，andtheChineseandlndianpopulations

togetheraccountfOr6296oftheAsianpopulation

Intennsofthescaleofpopulation，Asiacanbeconsideredas

representingtheworldwhileChinaandlndialCpresentAsia,andthepresence

ofthesealeashasanevenmoreimportantimplicationinthattheir

populaUons'activitiesreflectthoseoftheregionstheybelongto，andcan

affectotherregionsaswclL

－１２－



Ａｓｉａhas，indeed，playedtheleadingroleintheworldinthefieldof

populationpolicy，especiallyinbirth-ratecontrolbymeansoffamily

planningThefirstAsianPopulationCongress,heldinl963,overcamethe

tabooofpopulationcontroltheorythatoperatedonthestageoftheUnited

Nations，ａｎｄlndiatooktheleadershiphere・Needlesstosay，theentire

Asianconsensushasmadeagreatcontributiontocombinedworldactivities・

Japanwasthefirstcountrytoattaintheconversiontopopulation

replacementlevelinAsia,andwithaslighttimelag,thisachievementwas

rapidlyduplicatedintheEastandSoutheastAsiancountries・Totalfertility

ratesintheallEastAsiancountnes,exceptfOrMongolia,havereachedlevels

belowreplacemｅｎｔｌｅｖｅＬＴｈｅｉｎｄｅｘｆＯｒｔｈｅｗｈｏｌｅｏｆＥastAsiaalsois

belowthereplacementlevel,ａｔ1.88．Suchadrasticdeclineinthebirth-rate

hadnotbeenexpected．AmongSoutheastAsiancountries，Singaporeand

Thailandhavealsoattainedbirth-ratesbelowreplacementleveLOther

countriesintheregionandinotherregionsaswellhavemirroredthetrend，

InSouthandMiddleAsia,wherelndiaislocated,onlySriLankahas

achievedadeclineinthebirth-ratelｏｗｅｎｏｕｇｈｔｏｂｅｖｅｒｙｃｌｏｓｅｔｏｔｈｅ

ｌＣｐlacementleveLIndia，thegiantoftheregion，yetmaintainsatotal

fertilityratｅａｓｈｉｇｈａｓ３３９、However，thisfigUredenotesanotable

achievement,ａｓｔｈｅｒａｔｅｗａｓ５､４betweenl970andl975,sothattheaverage

numberofbirthｓｐｅｒｍotherhasdecreasedbytwointhepasttwentyyears・

Indiaisthecountrythattooktheinitiativeinadoptingfamilyplanningas

govemmentpolicyaftertheSecondWorldWar・Thepopularizationof

familyplanninghasneverbeeneasyamidthevariousconstraintsrepresented

bydiffe妃ntMigions,thedecentralizationofpower,adiversityoflanguages，

andthecastesystem､Prosecutionofthepolicyatcertainpartsofthebottom

levelofthecountry,sadministrationwassoextremethatpoliticaldisorder

wascreated，mirmgtheimplementationoffamilyplanning・This，ｉｎturn，

sloweddownreductioninthebirth-rateinlndia，

However，itiscertainthatthesteadydeclineofbirth-ratesinrecent

yearswillcontinuefUrther・AccordingtotheNationalFamilyHealthSurvey
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(NFHS)oflndiafOrl992andl993,theaveragenumberofchildrendesiled

bymalTiedfemalesfromtheagesｏｆｌ３ｔｏ４９ｉｓｓｔｉｌｌａｓｈｉｇｈａｓ２９７)．Onthe

otherhand，signsofdevelopmentinthelndianeconomy-especially

econonucgrowthintheadvancedlCgionsinthesouthemarea‐isexpectedto

promotereductionofbirth-rate

Thedecreaseinbirth-rateinChina,theworld,smostpopulousnation，

hasbeensoremarkablethatthesucceｓｓｈａｓｅｖｅｎｐrovokedsuspicionThe

PeopleisRepublicofChinaafterthel949Liberationwasasocialiststate

wheresocialisticideasimpededthespreadoffamilyplanning・

Notwithstanding,theGovernment,beingawareoftheseriouspossibleimpact

ofthepopulationexpansionｏｎｉｔｓｆＯｏｄｓｕｐｐｌｙａｎｄｅｃｏｎｏｍｉｃｇｒowth，

promotedthei1TwoChildren'ipolicy,andinl979finallyintroducedan1iOnly

Childi1policythatastonishcdtheworldThroughthoroughadministrative

directives,persuasionofthepeoplebyadvertisementandbyeducation,and

thepeople,sconsensus,thecountry1seffbrtstor巳ducethebirth-ratehasbeen

agreatsuccess・Thetotalfertilityratehasfallenbelowthereplacementlevel

lccently,reachingL92(ICfl990-1g95，UnitedNations).Economic厚owth

hasmaintainedalevelofabout10％inrecentyears・

ItisestimatedthattheChinesepopulationwill1℃achL516millionin

2050,andthatthatoflndiawillexceedthefOnnertoamounttol,532million

inthesameyear・Thebehaviorofthetwopopulationgiants,withdifferent

religions,races,andcultures,andwithatotalpopulationof3,O50million,is

expectedtohavesignificantknock-oneffectintheworldasweUasinＡｓｉａ

－１４－
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LChangesintheSituationofWaterResource

AccordingtomeasurementsbytheUnitedNations，thetotalwater

resourcesfOrtheworldpopulation，ｉｃ.，thetotalrivernowobtainedby

subtractingevaporatedandabsorbedwaterfromrainfall,is43trillioncubic

meters,ｏｒ７，OOOm3percapita，Theresourcehasbeenmaintainedatastable

levelfbrａｌｏｎｇperiod，apartfromsomeabelmtionscausedbｙｔｈｅにcent

changesintheglobalenvironmenL

Oftheresource，therivernowsrelativelyeasilyavailabletothe

populationis9trillｉｏｎｍ３ｐｌｕｓ３､strillionm3ofstorageindams,etc.,making

l25trillionm3・However，ｉｔｉｓｓａｉｄｔｈａｔｏｎｌｙａｂｏｕｔｈａｌｆｏｆｔｈisfigureis

actuallyusedFurther，takingintoconsiderationtheincreaseinworld

population，theper-capitaavailableamounthasdeclinedby40％inthe

quarterofacenturybetweenl970andl995、Ofcoursethe4096dropisnot

anactualdecreaseintheusedwateramountanddoesnotexactlyreflectthe

volumeofwatershortage，ｓｉｎｃｅｔｈｅｌｏｓｓｉｓｍｏｒｅｏｒｌｅｓｓｒｅｃｏｕｐedbymore

efficientuse・Iwouldalsopointoutthat5096oftheresourceis,globally，

leftstillunused

Anothercriticalfeatureofwaterasaresourceisitsunevenlydistributed

locations・Thercisonly296oftheresourceinthearidregionsthatoccupy

40％ofthelandareaoftheEarthSuchregionaldifferenceinavailabilityof

waterhavediverseconsequences，andtheeffectiveutilizationofwater

resourcehashistoricallydependedonhumandevelopmentandthelevelof

civilizationintheregion・

Suchunevenregionaldistributionofwaterresourceandpopulation

generatetherealitythatinAsiathetotalvolumeofriverflowisgreatestin

theworldwhilethatpercapitaisthesmallest・Asthemonsoonzone，Asia

isblessedwithsufficientrai､fall,butper-capitarainfallissubstantiallybelow

theworldaverageof26,871,3；ｆOrexample,5,907ｍ３ｉｎＣｈｉｎａ,5,160ｍ３ｉｎ

Ｊａｐａｎａｎｄ５,O61m3inlndia、Ontheotherhand，13,985ｍ３ｉｎＴｈａｉｌａｎｄａｎｄ
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12,738m3inPhilippinesdenoteaffluentrainfall,butdonotnecessarilymean
moreeffbctiveuseofwaterthaninthethreefOnnernations・

Inrecentyears，senousproblemshaveaffectedwaterresourcewhich

havelongbeenmoleorlessstablymaintained、Thecauseisthechangesin

theglobalenvironment・

Followingindustrializationandurbanizationassociatedwithpopulation

growth,energyconsumptionhasincreased,causinggreateremissionofCO2，

amajorfactorinthegreenhouseeffecLandraisingtheatmospheric

temperature・Ｔｈｅｅｘｔｅｎｔｏｆｔｈｅｓｙｍｐｔｏｍｓａｎｄｔｈｅｐｒognosismaynotbe

preciselyobtainedfbrthemoment，butthedirectionofthesechangesis

obvious・ＩｔｉｓｒｅＨｅｃｔｅｄｉｎｔｈｅｄｅｃｒｅａｓｅｓｉｎｒａinfalls，riverflowsand

subsurfacewater,andsaltwaterintrusionintosubsurfacewater,aswellasin

thedeclineintheresidualrateofwaterresourcecausedbyincleasingdemand

duetotherisingairtemperature

Thesequantitativechangesinwaterresoumemayberegardedas

smallerineffectthantheimpactofpopulationgrowthHowever，facing

fUrthergmwthofpopulation(estimatedat5billionfbrthenexthalfcentury)，

theUNSustainableDevelopmentCommittechasraisedtheissueof“Water

resourceasoneofthegreatestproblemsfbrthe21stcenmly；ｉ・eglobal

shortageofwater.，，Furthennore，ｉｎｌ９９２，thelntemationalConfelmceon

WaterandtheEnvironment（ICWE）issue。“TheDublinDeclarationon

WaterandSustainableDevelopment，，、Ｉｎｌ９９４，UnitedNationsGeneral

AssemblynamedMa【ｃｈ２２ｎｄａｓ“ＵＮＷａｔｅｒＤａｙ，，，thusbeginningtodraw

people，sattentiontothefOrthcomingcrisisinwaterresourceS

Althoughにactionstothewatercrisisdifferbetweenindustrialized

nationsanddevelopi､gnationsdependingonregionalchangesinpopulation

andenvironment,bothofthemshareacommonsenseofcrisis．
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２．１，.ustrializationandWaterResource

TheageofstablefOodsupplythroughsettledagricultureissaidtohavｅ

ｌａｓｔｅｄｆＯｒｓｏｍｅｌＯ,OOOyears，whilethepopulationhasgrownfromsome5

nllionto500million・Itwas,however,industrializationstartinginthel7th

centurythatledpopulationgrowthtotheplesentdrasticleveLmultiplyingtｈｅ

ｎｕｍｂｅｒｂｙｔｅｎｔｉｍｅｓｉｎａｍｅｒｅｆｅｗｓｅveralhundredyearsTherateof

growthisevenaccelerating，andtheworldpopulation，asfOICcastbythe

UnitedNations,willlikelyreachlObillioninthend21stcentury,upfrom6

billioninthelate20thcentury、

Needlesstosay，thedevelopmentofagriculture，ｗｉthitsincreased

capabilitytofeedthespecies，hassupportedthispopulationgrowth

Nonetheless,asmentionedinthelaterchapters,industrializationisbeginning

tohaveaninHuenceonwaterresources，althoughnottotheextentthat

agricultuledoesThequestionastothewayfbrsustainableindustrial

growth,therefOre,hasbeenraisedLetusviewtheimpactindustrialization

hasonwaterresourceinthefOllowingsection，

TheEastAsia-Pacificregion，whichhadbeenloggingbehindworld

industrialization，startedtoachieverapidecononmcgrowthonthebasisof

industrializationintｈｅlatterhalf20thcenturyasthecountrieswerefreed

fromthebondsofcolonizationTheconversionofratioofagricultureto

non-agricultu1℃（Le.，therateofoutputtothenationaleconomyfiomthe

manufacturingsectorexceedingthatfromagricultule)wasseeninKoreain

thel970s，andtheninThailand,thePhilippines，Malaysiaandlndonesiain

thel980s，despitethetimelossduringthetransitionofpoliciesfrom

productionofsubstitutesfOrimportedgoodsinthel960stopromotionof

exportsinthel970s、china，afteradelayinstarting，isnolongeran

exception

Theinfluenceofsuchindustrializationonwaterresourcehasalsobeen

remarkableThemanufacturingsector，sshareofwaterconsumption（1995）
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was2396intheleadinga】℃a,Europe,beingathirdthatofagriculture,ｂｕｔｗａｓ

ｓｔｉｌｌｏｎｌｙ９９６ｉｎｔｈｅｗｈｏｌｅｏｆAsia・However，１℃gionaldifferencesare

observabledependingontheprogressofindustrialization,３３％ｉｎJapan,ａｎｄ

ｌ６９６ｉｎＫｏｒｅａ、Toconsidertheimpactofindustrializationonwater

resourＣＣＳ,theissueexpectedtocontinuetobeimportant,letusnowreview

time-seriesrelationshipsbetweenchangesinindustrialization，changesin

structureofwaterlesourceconsumption,andmanufacturingsector，sshareof

waterconsumption、

Ｉｎｔｈｅｐａｓｔ３０ｙｅａｒｓｉｎＪａｐａｎ，whelctheserviceindustry，sprosperity

refIectsthefallinggrowthofthemanufacmringsector，sshare，thewater

consumptionofthelattersectorhasdroppedslightlyfrom18.7％ｔｏ１７．０％．

InKoreawithitsearlyindustrializationafterJapan，themanufacturing

sector，sshalChasgrown2096whileitsshareofwaterconsumptiondoubled

hasfmm43％ｔｏ9.4％overthepast20years、Theindustrialshaleofwater

consumptionhasalsodoubledinIndonesiａａｓｏｎｅｐａｒｔｏｆｔｈｅｔａｒｇｅｔｏｆｔｈｅ

ｎａｔｉon，seconomicplan，duetotherapidindustrialization（thelevelhas

doubledinthepast30years)．ThediffelCntialincreasesinindustrialwater

consumptionagamstthegrowthofoutputrenectdifferentlevelsofindustrial

development，ｓｏｗｅｎｅｅｄｔｏｔａｋｅｉｎｔｏａｃｃｏｕｎｔｔｈｅｄｉfferentcomponentsof

demandfOrindustrialwater．

‘`Industrialwater，,isdefinedbytheWaterResourcesWhitePaperofthe

Japanesegovemment,asincludingavarietyofusessuchasfbrboilers,raw

materials,productprocessing,cleaning,temperatureadjustment,etc・The

gleatestconsumersarethechemicalindustry,thesteelindustry,andthepaper

andpulpindustry．’、Japan,basicmaterialtypeindustries,includingthese

three,togetheraccountfOr84％ofthetotalconsumption・

Suchindustrialdependenceonwaterresourceiscommontoother

countriesaswell,andthelevelofproglessinindustrializationisseeninthe

tlendofthｅｓｈａ1℃ofindustrialconsumptionofwaterresources,asmentioned

above．Ｉtshouldbenotedthattheflattenedindustrialconsumptionofwater

ofＪａｐａｎｉｎｌＣｃｅｎｔｙｅａｒｓｉｓｄｕｅｔｏｔｈｃａdvancedresourcesavingmeasures．
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Theseincludehighrecyclingrateofwater；８０－９０％，intheindustries

consumingthegreatestamounts；ａｎｄｔｈｅｈｉｇｈｌｅｖｅｌｏｆｓｅａｗａｔｅｒｕｓｅ；２０－

２５％・

Itisdesirablethatsuchresource-savingexperienceswherebeappliedin

measuresasregardswaterresourcesinChina，whereindustrializationhas

speededuprecently，theindustrialshalCofwaterconsumptionmAsia

exceedsthatinJapan・

Ashasbeenobserved,mdustrialwaterconsumptionhasrelativelylow

elasticityinrelationtoincreasesinindustrialoutput,andcompositionofthe

waterconsumptionbysectorhasgonethroughastabletransitioninrecent

yearsinJapan、Specialeffbrtshavebeenmadetoachievethisfavorable

trend,whichlwishtodetaiLAsfarasthepublicwatersupplyisconcerned，

theproportionalcostofindustrialwaterconsumptionperoutputisfarbelow

thatofhouseholds，waterconsumption，Ｔｈｉｓｉｓｔｒｕｅｅｖｅｎｉｎｔｈｅindustries

whicharegreatwaterusersIncontrastwiththemuchlowerefficiencyin

agriculturalwaterconsumption，whichdependsonnaturalwaterHows，

notablefUrthermeasureshavebeentakenwithregardtoindustrialwater

consumptionRccyclingratesofthelatterinJapanhavebeenrising

consistentlysincel975．Theratiotothewholeindustrialwater

consumptionexceeded7096inl977,andreached77％ｉｎｌ９９５，albeitwith

somevariationsbetweenindividualmanufacturingsectorsThankstosuch

water-savingmeasures，theamountofsupplementalfresh-waterusedhas

tendedtodecreaseonalong-tennbasissincel975・

ThefactorscontributingtotheinclCaseintherecyclingratearesaiｄｔｏ

ｂｅ（１）Constraintsfiomtighterregulationonuseofgroundwater，（２）

Considerationofdraughtwaterflow,(3)Effluentregulation,andsoonlt

shouldbeappreciatedthatallmeasurestakentodealwiththeseconditions

havebeeninaccordancewiththebasicstrategyofefficientuseofwater

resource,andmadeuseoffeaturesofindustrialtechnology、

Indevelopingcountries,theconceptof“unitrequilement，，ｏｆｗａｔｅｒｈａｓ

ｎｏｔｐｌｅｖａｉｌｅｄｄｕｅｔｏｔｈｅrelativelylowcostofwater・Ｅｘａｍｐｌｅｓｃａｎｂｅ
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raisedfromthosegreatwaterconsumers，thepulpandpaperindustriesin

JapanandChinaWaterconsumptionpertonofpulpinJapan(1989)isl20

tonswhereasthatinChinaiｓ４００ｔｏｎｓ－ｍｏｒｅｔｈａｎｔｈｒｅｅｆｂｌｄｔｈｅｆOnneL

EveninJapanthefigurewasasｇｒｅａｔａｓ２７０ｔｏｎｓｉｎｌ９７０，soitcanbe

observedthatthepast2OyearsofeffOrtshaveattainedsuchremarkableresulL

Whileindustrializationindevelopingcountriesisnaturallyexpectedto

fUrtheraccelerate，theneedofsupportfOrandtransferofwatersaving

technologywillincrease．

3．UrbanizationandWaterResource

lnancienthistoly，citiesmayhaveevolvedasbasesfOrtrading・

However,ICalurbanization（asmeasuredbytherateofurbanpopulation

growth)madeprogressonlyafterthetransitiontothemodemindustrialized

society、Therehasbeenamarkedincreaseintheworldurbanizationrate，

whichwas3096inl975,409nbinl980,ａｎｄ45.396ｉｎ1995．

Whilstindustriallocationsvarydependingonthenatureofmdustries，

e､9．rawmaterial-orientedorconsumer-oriented，etc.，urbanizationand

industrializationhavesynergeticeffectsoneachother,ｂｅｉｎｇｓｏｔｏｓｐｅａｋｔｗｏ

ｓｉｄｅｓｏｆｔｈｅｓａｍecoinlndustrialization,asaneconomicphenomenonand

urbanizationasasocialphenomenonarecloselyrelated

Thislogicshouldexplainthereasonwhythespeedofurbanizationin

AsiawasbehindthatinWestemEurope、UrbanizationinAsiahas,however，

speededupincreasinglysincethel970s，asshownintheattachedtables，

proceedinghandinhandwithfUll-scaleindustrialization・Theurbanization

fbrecastsfOrtheyear2000bycountryare(apartfromlOO96inSingaporeand

HongKong)８７％ｉｎJapan,７９％ｉｎKorea,３０to5096inASEANcountries，

and3696eveninChina、

Reflectingsuchproglcssinurbanization，theratioofdaily-lifewater

consumptiontototalconsumptioninAsiａｗａｓ６９６ｉｎｌ９９０,ｑｕｉｔｅｃlosetothe
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worldaverageof8％・Togiveafewexamples,theratiosarel796inJapan，

１１％ｉｎKorea,６９IbinChina,ａｎｄ３％inlndia

Thetime-seriesratesofdaily-lifewaterconsumptioninAsiahavenot

alwaysbeenpreciselyobtainable・ＢｕｔｌｅｔｕｓｔａｋｅｔｈｅｃａｓｅｏｆＪａｐａｎａｓａｎ

example，WhileitsurbanizationratehasriＳｃnby6pelCentilepointsfrom

７１２％ｔｏ77.096,ｔherateofdaily-lifewaterconsumptionhastendedto

increaseslowly・Thetotalconsumptionofdaily-lifewaterhascertainly

incleasedby５０％duringtheperiod,whereastheincreaseinconsumptionper

capitaperdayis２５％,whichisonlyal96edge-upperyear・Suchsaturation

ofwaterconsumption,maintainedbyacertainlevelofsupply,maybeoneof

thefactorsthatkeeptherateofdaily-lifewaterconsumptionfromrisingvery

much

Associatedwiththepopulationgrowthinurbanareas,however,water

consumptionhasbeenmcreasingmarkedlytowardthe21stcentury・

AccordingtofOrecastsofWorldResourceResearchCenter，urbanwater

consumptioninChina,ｏｎｅofthetwopopulationgiantsinAsia,willlikelyto

increasebyl2096duringtheperiodfroml988to2000・Thatinlndia,the

othergiant,willincreaseby4096betweenl990and2000,ａｎｄbyafUrther50

percentilepointsby2025-aslightlyslowerincreasethanthcfbnner・

AccordingtoresearchbytheUnitedNations，indevelopingcountries，

theproportionofpopulationreceivingsufficientwatersupplyis８７％ｉｎｕｒｂａｎ

ａｌｅａａｎｄｏｎｌｙ３３９６ｉｎｒｕｒａｌａreas・Thisimpliesthaturbanizationisnot

hinderedbythercquilementsofurbanwatersupply・

Suchsituationrelatedtourbanizationsuggeststhattherewaybesome

effectsofurbanizationotherthantheliftingofthepopulation，slivingor

consumptionstandards,andtheriseintheproportionofurbanconsumption

ofwaterresoulCe・

Daily-lifewater，asacountelparttoagriculturalwaterorindustrial

water,includeswaterfOrdomesticuse(drinks,Cooking,washing,etc.)and,in

alargersense，waterfOrurbanactivities、ThelatterincludeswaterfOr

conⅡnercialuse，suchasIcstaurantsorhotels，waterfOrpublicuse，ｓｕｃｈａｓ
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publictoilets，andwaterfbrextinguishingfires、ThesekindsofwaterfOr

urbanactivitiesfOnnpartoftheinfrastructuｒｅｏｆｔｈｅｃｉｔｙ，andalcthe

investmentneededwhenurbanizationproceeds・Soitmustbeemphasized

thattheseaｒｅｓｏｍｅａｓｐｅｃｔｓｏｆｔｈｅｉｎｃｒｅａｓｅｉｎｄｅmandindaily-lifewater

consumptionassociatedwiththerecenturbanizationindevelopingcountries

AttentionshouldbedrawntothefOllowingfacts・Establishmentof

urbaninfrastructurestimulatesthesynergyeffectsbetweenindustrialization

andurbanization・Theincreaseddemandfbrwater,then,promotesresearch

developmentsfbrsecureurbanwatersupplyincludingdaily-lifewaterand

industrialwater,affectingsuburbanagriculturalalCas,and,inextremecases，

reducingagriculturalland-areaashasbeenseeninSouthEastAsia、

InconsideringthelclationshipbetweenurbanizationanddemandfOr

water，ａｎｉｍｐｏｒｔａｎｔｆａｃｔｏｒｔｏｎｏｔｅｉｓｔｈｅｓｃａｌｅｏｆｔｈｅｃｉｔｙ・Inthe

developmentofacity，variousfactors，includingregionalattributessuchas

manufacturingsites，distributionnetworks，transportation，etc・reinvolved

Whileeachcityseeksitsoptimalscale，differencesinscalebetweencities

occunDespitethedifferences,theobvioustrendisthatscaleｓｏｆｃｉｔｉｅｓａｒｅ

ｂｅｃｏｍｉｎｇｈｕｇｅｄｕｅｔｏｔhesynergeticeffectofindustrializationand

urbanizationinrecentyears・Insuchhugeexpansions,thewaycitiessecure

watersupplyischangingthewaytheydependonwaterresources;viz,from

dependencｅｏｎｎａｔｕｒａｌｗａｔｅｒＨｏｗｓｔｏｔｈｅｅｘｐＩｏｉtationofwaterresource

Thus，largecities，measurestosecurewaterresources，includingthe

constructionofdams，aremoreeffectivelyplanned，ａｎｄareconsideredto

haveadvantages,fromthepointofviewoftheamountofwatersecu１℃｡,over

theeffbrtsofdispersedsmallandmediumcities、Givensuchconditions,it

isunlikelythaturbanizationishamperedbyanyreasonrelatedtowater

resource･

However,thisdoesnotmeanthattheprogressinurbanizationorgreater

city-scaleswillnecessarilybringtotheurbanpopulationadvantageouswater-

Icsoumeconditions・Asshownintheattachedtable,Citizens,satisfactionas

rcgardsdaily-lifｅｗａｔｅｒｔｅｎｄｓｔｏｂｅｌｏｗｅｒａｓｔｈｅｓｉｚｅｏｆｔｈｅｃｉｔｙｇｒｏｗｓ．
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Althoughthe646％satisfactioninTokyoisrelativelyhigh,itismuchbelow

the92､596oftownsandvillages・ＴｈｅdissatisfactionrateofthefOnner,３０％

ｉｓｍｏｒｅｔｈａｎｆｂｕｒｔｉｍｅｓｔｈａｔｏｆｔｈｅｌａtter，whichｉｓ6.9％・ThereasonsfOr

satisfactionordissatisfactionmayvary,butitshouldnotbeignoredthatthe

majorfactorsconcemqualityofwater・

Ｉｔｉｓｇｅｎｅｒａｌｌｙｐｏｉｎｔｅｄｏｕｔｔｈａｔａｓｗaterresourceexploitation

approachesitslimit,qualityofwater,ａｓｗｅｌｌａｓｔｈｅｑｕａｌｉｔｙｏｆｐｏｔａｂｌｅｗａｔer

whichinvolveshygieneaspectssuchassterilization,isloweredInaddition，

ｉｔｓｈｏｕｌｄｂｅｎｏｔｅｄｔｈａｔｔｈｅｌａｃｋｏｆｎｅｘｉbilityinlesponsetowatercrises，as

mentionedbelow，cancauseproblemsinobtainingtherequiredvolumeof

waterinacertaiｎｔｉｍｅｆｒａｍｅＴｈｅｒｅｉｓａｓｕｇｇｅｓｔｉｏｎｔｈatgovernment,s

willingnesstoinvestinwaterresourceexploitationmaybeimpededbythe

substantiallylowercost(0.6％)peopleincurfOrdaily-lifewatercomparedto

theiroverallspendingasconsumers

4．WaterCrisesandCountermeasures

Althoughwaterresourceshavebeensteadilymaintainedoverthelong

run,per-capitawaterresourceshavedecreasedby4096inthelasthalfcentuly

duetopopulationexpansionAccordingtopopulationgrowthfOrecasts,the

decreaseinper-capitawaterresourcewillacceleratefUrther・Ifwetakeinto

considerationtheregionallyunevendistributionofwaterinadditiontothe

globalenvironmentalchangesinrecentyears，partialwatercriseswillbe

inevitableevenontheassumptionthattheｒａｔｅｏｆｔｈｅｃｕｒｒｅｎｔｕｓｅｏｆｇｌobal

waterresourceisstill５０％・TheUnitedNation,sannouncementmentioned

earlierregardingthecrisisisalsobasedonthefbrecaststhatthenumberof

countriessufferingshortageofwaterwillincreaseto80fromthecurrent3L

viz.,anincreaseby40％to28billionpeoplefrom500,OOO

Whatconditionscausewatercrisis？Forquantitativedepletion，the

causesincludedraughtwaternowordepletionofgroｕｎｄｗａｔｅｒｄｕｅｔｏ
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decreaseinwaterstorage,anddeteriorationofthefimctionofwaterstorage

facilitiesthroughearthquakeorsedimentationForquantitativedepletion，

thecausesincludeaccidentduetodeteriorationofwaterquality,orincreased

turbidityduetofloodｉｎｔｈｅｓｈｏｒｔｒｕｎ，andeutrophicationorground-water

contaminationinthelongrun・

Furthennore，ｗｉｔｈ1℃gardtothewatersupplysystem,damagestothe

transportfUnctionandprocessingaleanticipatedduetoearthquakes，

blackouts,orcollapseofgroundThesescenariosarepredictedeveninthe

countrieswhichhavealreadyinvestedinwatermanagementand

infrastmctures，whilesuchconditionswilloccurinevitablyandfrequently

occurinthedevelopingcountrieswhichhavetokeeptheconstructingtheir

supplysystemtodealwithchangingdemandfbrwater・

Ｆｒｏｍｔｈｅｐｏｉｎｔｏｆｖｉｅｗｏｆｗａｔｅｒｒｅｓｏｕrcemanagement,wemusttake

seriouslydraughtwaterflowinthedownstreamYeUowRiver（albeitover

time-frame)inrecentyears,andthecatastrophecausedbythehugeHooding

oftheRiverYangzi,etcinChina、

Undersuchcimumstancesevenintheshortrun，possibleeffectson

industrialoutputandeconomicgrowthstemmingfromtheshortageof

industrialwaterarenotnegligible，althoughthenatureoftheproblemsis

diffelentfromthatinthelong-lastingcrisesrelatedtoagriculturalwater・

Alsotobepointedout,asaffectingpeople，slife,istheseriousinHuenceon

thequality，ratherthanquantity，ofthedaily-lifbwater・Whereasthe

relationshipbetweenwater-supplycrisisandfOod-supplycrisisisdirectand

clearpartlybecauseofthepositionoftheregion，themilderchanges

associatedwiththewatercrisisinindustrializationandurbanizationare，ｉｎ

fact,muchgreaterinscaleinviewoftheeffectonglobalenvironment・

Asindustrializationhasenrichedｔｈｅeconomy，whichhasinturn

enhanceditscapabilityoffeedingagrowingpopulation，theincreasein

populationhashadg1℃atimpactonwaterresoumetosupportindustry・

Urbanizationtogetherwithindustrializationhas,then,causedchangesinthe

globalenvironmentthathaveaugmentedenergyco､sumption，affecting

－２８－



conditionsfOrlocationsofwaterresoumesThusthecycleofcriseshas

becometheproblemwemustresolve．
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toLivingCreatmes,,

IndustrialResearchCenter``ResearchonEconomicDevelopmentand

HumanResources，，

AtushiOhtomoandHamoSagaza：“UrbanizationofPopulationsin

AsianCountries,，

UnitedNations:“TheStateofWorldPopulation，，

SandraPostelandZenbeiUchijima"PoliticsoftheShortageEra-Tom

WaterResources,,

FoodandAgricultureOrganization(oftheUnitedNations)：“Rome

DeclarationonWorldFoodSeｃｕｒｉｔｙａｎｄＷｏｒｌｄＦｏｏｄＳｕｍｍｉｔＰｌａｎｏｆ

Action，,

Hiroyukilshi``ReportontheGlobalEnvironment,,

（ＡPDA):“ComparativeStudyofPopulationPoliciesinAsia-Focus

onEightAsianCountries-，,
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(Reference）

TablelWorldRaiufhu

Total

Amounlof

Annual

Rainfalls

(lOOmillion

m3/year）

糞
Population

（10000）

Annual

Prccipitation

（ｍm/year）

Measurement

OOOOkm2）

Note：lT11eannualprecipitationfOrJapanistheaveragefbrtheperiodfroｍｌ９６６ｔｏ１９９５、The
populationisaccoldingtothel995NationalCensusbytheBulcauofStatistics
ManagementandCoordinationAgency・

ZTheannualprecipitationfbrtheworldandfOrothe「countriesarebasedonthedocumentｓ
oftheUNWaterConfercnceheldinl977．Thepopula[ionandpopulations（Mean
estimatedvaluesfbrl986）andmeasu｢ementsaretakenfiomIheUNWorIdStatistical
YearbookU985/86）
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TableZWaterConsumptionbyApplicatio、(Japan）

Agricultural
Water

Industrial

Water

Daily-life
Water
-

１４．２

１５．９

１６．９

１８．２

１８９

配一四一恥一四｜豚

NationalLandAgency:oWaterResourcesinJapan，'（1998）

Table31ndustrializationinAsia

Ｊａａｎ Ｋｏｒｃａ ＣｈＵｎａＭａｌａｓｌａＴｈａＩＩandPhIl1lneslndonebla

I965３１２５１４２５２１２７

１９７０３３２９２５２５３２１９

１９７５３２３２３１３３２２６

１９８０３３３６３８２５３２３２

１９８５３１４０３７２７３３

１９９０３４４５３４３７２９３３

WorldBankAnnuals,ReIerenceofAsianDevelopmemBank
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Table4Water-CostRatiotoOutput(冊）

1995

0.147

0.287

0334

0.177

WaterResourceWhitePaper(1998）

Table51ndustrialization

EastＡｓｉａ

1６．７

２４．５

２８．２

３２．６

３４．２

３７．０

SouthEastAsia

l47

１７．４

20.0

２３．１

２８．１

34.0

四一”｜、｜”｜”｜恥

WorldBank:AnnualReportonEconomicDevelopｍｅｎｔ

Table6SatisfactionasregardsDaily-lifeWater

Total
MId-suzed

cides 回【

■■、

＝零雲＝
(Reference)PrimeMinister，sOfHce:"PublicOpinionSurvcyonPeopleandWater"(１９９５）
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１．Preface

AccordingtorecentstudiesofEarthPlanetScience,theEarthhaving

theradiusof6,380kｍ，ｉｓｓａｉｄｔｏｈａｖｅｂｅｃｏｍｅｔｈｅｐｒｅｓｅｎｔｓｉzewithinlOO

millionyearsfiom46billionyearsago・Andliveswereborninthe

primordialoceansabout4billionyearsago・Sincethen,thestreamoflives

hasflownwithoutceasing，andevolvedtothebiosphelewhelcvarious

speciesinhabitasweseetoday・

ThereasontheliveshaveexistedaslongasfOr4billionyears,despite

thefactthatextraordinarynaturalevents,ａｔtimes,causedmassiveextinction，

shouldrcstinthefOllowingbasicconditions，thattheEarth，ｗherewelive，

hassatisfied、

ThetemperaturenearitssurfacehaｓｋｅｐｔｂｅｔｗｅｅｎＯｏＣａｎｄ４０ｏＣ，

whichisthesuitablerangefbrlivesoforganisms、

AsubstantialamountofliquidwaterhasexistedontheEarth，and

protectedtheglobalenvironmentfromtheharmfUlsolarultravioletrays・

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，allthespeciesontheEarth，includingthehuman

beings，obtaintheirenergyfOrlivingfromthesolarenergystoredindry

mattersthatareproducedbyphotosynthesisofcmorophytes・

Photosynthesisofchlorophytesiscloselyldatedtothesolarenergy

incidence，temperatureconditions，ａｎｄwaterresources．Withthe

fbrthcomingexplosionoftheworldpopulation,secunngenergyfOrlivesof

huma、beings,viz.，fOodproductionwillbethegreatestprobleminthenear

fUture、Tosolvethisproblem,thereisaconstraintoflimitedlandlCsources，

aswellasissuesofsecuringfreshwaterrcsourcesanditsefficientutilization

Thisarticlewill，thelCfOre，brieHydiscusstheissueofglobalwater

rcsourcesfromtheviewpointofglobalenvironmentandfOodproductio､．
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2．GIobalEnvironmentandWater

RecentvaluationsaysthatthereisapproximatelywaterofL35～１．３７

billionkm3ontheEarth,９７％ofwhichfillsseas(areaofapprox36､１billion

ha)withtheaveragedepthof3,700mThismakestheEarthappeartobea

deepblueplanetofwater,andsodiffelentfromtheotherplanetsinthespace、

so,thewatershouldbethemajorfactorthatmadetheEarthaplanetof

lives,andhasfOsteredthehumanrace,themysteriousspecies・Thischapter

willbrieflyexplainhowtheexistenceofwaterisrelatedtothefOnnationof

globalenvironmentwhichallowlivesinit．

1）GreenhouseEffectandWaterVaporinAtmosphere

Byasimplebalanceequationofradiationenergy,thetemperaturenear

thesurfaceoftheEarthwithoutatmosphere，evenwiththecunCntsolar

constant（＝1,367Ｗ/ｍ２＝１９６cal/(cm2min)),canbeobtainedasfOllows

(c9.,refOgural997)：

Thetempcratureofthe“naked，,Earth：-18.C

Inthemeantime,byprocessingmeteorologicalstation，sdatathatcover

thesurfaceoftheEarth，thetemperaturenearthesurfaceoftheEarth

surroundedbyatmosphelcasitisnowisasfOllows：

ThetemperatureoftheactualEarth:＋15.C

Fromthesetwovalues,wecanseethattheculTentEarthsurroundedby

thethickatmosphereiskept33oCwannerthantheassumed``naked，，Earth・

Thisisduetotheglcenhouseeffectoftheearth，satmosphereThelefbre，

livesareconsiderablyowedtothiseffectthatmaintainthetemperatulc

conditionnearthegroundsuitablefOrorganismstoinhabit、Althoughthe

greenhouseeffecttendstobeviewedwithhostilitytodayduetoits

lClationshipwiththeglobalwanning，ｉｔｓｔｅｍｓｆｒｏｍｔｈｅｗｏｍｅｓｔｈａｔｔｈｅ

ｈｕｍａnactivitiesfbrproductionmayleadthegleenhouseeffectfasterthanthe

pacethatthenaturalecosystemsandhumansocietycanconfbnnto．
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Asiswellknown,theearthatmosphereconsistsofdiversegasses,and

itstotalmassis53x1018kg・Ninetypercentoftheairisinthetroposphere
undertheheightofl5km,abovewhichisthestratospherefbrtherestl0％・

Ofthetotalatmosphere，99.996ｉｓｕｎｄｅｒｔｈｅｈｅｉｇｈｔｏｆ５０ｋｍｍａｋｉｎｇｔｈe

atmosphericlayer・Theatmosphereiscomposedofrougmytwotypesof

gasses．

①Quasi-steadycomponents:nitrogen,oxygen,argon,neon,etc．

②GIeenhouse-effectcomponents:watervapor,carbondioxide,methane，

Ozone,etc・

Thequasi-steadycomponentsaccountfOralmost9996ofthe

atmosphele，andtheirproportionsalchardlyaffectedbytheirpositions，

heights,ｏｒseasons、Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ,thegreenhouse-effectcomponems，

alsocalledvariablecomponents，substantiallychangetheirconcentrations

dependingontheconditioｎｏｆｔｈｅｓｕｒｆａｃｅｏｆｔｈｅｅａｒｔｈ，levelsofhuman

activities,ａｎｄseasons・

Bothofsteadycomponentsandgreenhouse-effectgascomponentshave

ahightransmissivityagainstthesolarradiationincidentingontheEarthfrom

thesurLThesolarradiationenergy，thathaspenetratedthmughthe

atmosphere，ｉｓａｂｓｏｒｂｅｄｂｙｔｈｅｓｕｒｆａｃｅｏｆｔｈｅEarth，convertedtothennal

energy,andafterdoingvariousjobsemittedastheinfraredradiation,withits

waveslongerthanthatofthesolar-radiation，intotheatmospheleThe

steadycomponentshaveahightransmissivityagainsttheinfraredradiationas

weｌＬＯｎｔｈｅｏｔｈｅｒｈａｎｄ，thegreenhouse-effectgassesabsorbinfra1℃d

radiationquitewell,andemititsenergyasinfralcd-radiationenergywhichis

proportionaltotheirabsolutetemperature(＝。C+273.15)tothe4thpowen

Accordingly，wherethegleenhouse-effectgassesareincludedinthe

atmosphericlayerontheearth，theinfra1℃d-radiationenergyfromthose

gassesareaddedtotheincidentingsolar-radiationenergy，raisingthe

temperaturenearthegroundbythecorrespondingvalueThisisthe

greenhouseeffectoftheatmosphereTablelshowshoweachofthese

gassescontributestotheatmosphericgreenhouse-effect．
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AsshowninTableLapproximately33oCoftheatmospheric

greenhouse-effectisbroughtbythedownwardinfraIed-radiationenergy

(approxl55W/ｍ２）comingfromthegreenhouse-effectgassesinthe

atmosphereAbouttwoｔｈｉｒｄｓｏｆｔｈｅｅｎｅｒｇｙｉｓｆｒｏｍｗａｔｅｒｉｎcludingas

watervaporintheatmosphere,ａｎｄｏnlyathirdisowedtothecarbondioxide

(CO2)whichisbeingtheglobalissue、Thediffelcncebetweentheimpactｓ

ｏｆｔｈｅｔｗｏｔｙｐｅｓｏｆｇａｓｓｅｓｉｓｍｏｒｅｏｒlessrelatedtothedifferencein

absorptivityintheinfrared-radiationrange，butmajorfactorsarethe

diffe1℃nceinabundancebetweenthetwo,asfOllows

WaterVaporinAtmosphere： 12,400billionton

CarbonDioxideinAtmosphere： 2,628billionton

The1℃fble，waterexistinginatmosphere（ic.，watervapor）isthe

leadingcomponentfOrtheatmosphericgreenhouse-effectthatplaysamajor

roletomaintainthetemperaturewithinthesuitablerange(Ｏｔｏ４０ｏＣ)fbr

livesnearthesurfaceoftheearth

Nonetheless，neitherincreasenordecreaseofwatervaporinthe

atmosphercistheissuefOrthepresentglobalwarnnng、Thisisbecausethe

amountofwatervaporintheairisafUnctionoftheairtemperature,andso

detenninedasaresultofachaｎｇｅｉｎｔｈｅｔｅｍｐｅｒａｔｕｒｅＯｎｔｈｅｏｔｈｅｒｈand，

theconcentrationofcarbondioxidekeepsrisingalongwiththemassive

consumptionoffbssilfUelsbyhumaｎbeings，directlyenhancesthe

atmosphericgreenhouse-effbct,andraisestheairtemperature・Thisiswhyit

drawstheattentionfromalloverthewodd．

2）FunctionofWatertoRelaxClimaticConditions

Waterhasconsiderablygreatspecificheatandlatentheatof

vaporizatioLasshownbelow・Becauseofsuchcharacteristics，ittakes

rclativelylongtowannupoｒｃｏｏｌｄｏｗｎｗａｔｅｒ・Whenwaterchangesits

phase(liquid←vapor),hugeheatenergyisinvolved,whereenergyisactively

transferredbyfbnnation,advection,orcondensationofvapor，

Specificheatofwater：4,218JK1kg~'＝Local/(･Ｃｇ）
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Latentheatofvaporizationofwater：

２．５x106Jkgl＝597cal/g(atOoC）

Suchphysicalpropertiesspecifictowatersubstantiallyrelaxglobal

climaticconditions,which,inmrn,fOrmlargeareaswithsuitableclimatefOr

livestoinhabitontheEarth・

Todescribethemechanismclearly，Iwillbrieflyexplaintheenergy

balanceoftheEartｈａｓｆＯｌｌｏｗｓ、Figurelshowsthetotalannualenergy

balanceoftheEarthAssumingtheEarth，splanetaryalbedo(＝solarenergy

1℃Uectioncoefficient)is0.3,theplanetearthandaunitareaofthesurfaceof

theearthabsorbsolarenergyperannumasfOllows：

absorptionbytheplanetearth(Qsa)＝179kＣａl

absorptionbythesurfaceoftheearth(Qa）＝１１８kcal

Thedifference,６１kcalistheenergyabsorbedandscatteredintheearth

atmosphere・Notalltheenergyabsorbedbythesurfaceoftheearthareused

intheclimaticphenomenaneartheground、Ｐａｒｔｏｆｉｔｉｓｅｍｉｔｔｅｄｉｎｔｏｔｈｅ

ａｔｍｏｓｐhelCasinfraredradiation(1)．Bysubtractingtheradiation,Lthe

energysourceoftheclimaticphenomenaneartheground，viz.，thenet

radiation(Rn)canbeobtainedltisexpressedasfOllows：

Ｒｎ＝Ｑａ－Ｉ＝１１８－３９＝７９ｋcal （１）

Thisnetradiation,７９kcalisdistributedasfOllows・Oftheannual

netradiationgiventoｔｈｅｓｕｒｆａｃｅｏｆｔｈｅｅarth，83.5％isusedtoevaporate

waterfromthesurfaceofthewateryplanet,whereａｓ１６．５％isusedtotransfer

heatfromtheearth,ssurfacewannedbythesolarradiationtothecooler

atmospherc

Waterevaporation(肥）＝６６kcal

Heattransferintoatmosphere(P)＝１３kcal

Fromthese，theBowenratio，whichcharacterizestheheatenergy

distributiononthesulfaceoftheearth,becomesasfOllows：

Ｐ/肥＝１３/６６＝0.19（２）

Therefbre,theoverallclimaticconditionsontheEarthcanberegarded

asmoist(humid)andsuitablefbrplantproduction,thus,inhabitationoflives．
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Theenergyof66kcalusedfOrevaporationofwaterfromthesurfaceof

theearthbecomesentirelysensiblewhenthewatervaporiscondensedand

precipitatedintheatmosphere・Theamountofwatervapor（１２４trillion

ton)intheair,mentionedearlier,ismaintainedbyevaporationofwateron

theEarthaswellascondensationandprecipitationintheair，andisata

dynamicequilibrium・Thiscondensationheat((r＝６６ｋcal),togetherwith

solarradiationenergyabsorbedintheearthatmosphere（６１ｋcal),theheat

transportfromthcsurfaceoftheearthtoatmosphe１℃(１３ｋcal),isemittedas

outgoinginfraredradiation(1s＝179kcal)intothespace・

WhilethesituationoftheEarthasawholehasbeendiscussedsofar，

theearthisasphelcwitharadiusof6,380ｋｍ,andtheearththequantitiesof

incidentingsolarenergy，distributionofcontinentsandthaｔｏｆｓｅａｓｇｒｅａｔｌｙ

ｖａｒｙｄependingonlatitudezones・Asseenfromthemanyobservations,the

weatheroftheearthislelaxedunexpectedly・Thisisbecausetheglobalnows；

generalcimulationoftheatmosphereandthatoftheoceana１℃fOnnedinthe

atmosphereandintheoceansandtheytransferg1℃atamountofheattothe

southandthenorth,asdescribedinFigure2

Figure2-ashowslatitudinalvariationsofsolarenergyabsorbedbythe

EarthandoutgoinginfraredradiationemitteｄｂｙｔｈｅＥａｒｔｈ・Inthezone

betweenlatitudes35degreesnorthand35degreessouth,absorptionofsolar

energyexceedsemissionofinfralcdradiatiｏｎＴｏｔｈｅｓｏｕｔｈａｎｄｔｈｅｎｏｒｔｈｏｆ

ｔｈｉｓｚone,onthecontrary,thelatterexceedsthefbnner・Therefbre,without

thetransferofheatenergyfromthelowlatitudezonetothehighlatimdezone

bygeneralcirculationoftheatmosphereandtheoceans，thetemperaturein

thelowlatitudezonewouldbecomehigher,andthatinthehighlatitudezone

lowerasthetimepasses・

However,ithasbeenobservedthattherespectivetemperatu1℃ｓｏｆｔｈｅ

ｌｏｗ,middle,andhighlatitudezonesare25to30°Ｃ，１５ｔｏＯｏＣ,andO-15oC

ThismeansthatexcessheatenergyinthelowlatitudezoneistransferlCdto

thehighlatitudｅｚｏｎｅｖiatheatmosphericandoceanicgeneralcilculation，

supplementingshortageofenergyshowninFigure2-a・Ｆｉｇｕｒｅｓ２－ｂａｎｄ２－ｃ
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expresstransferofsensibleheatandlatentheatintheatmosphere，whereas

Figure2-dindicatesthoseintheoceans、

ＡｓｓｈｏｗｎｉｎＦｉｇｕｒｃ２,considerableheatistransfelTCdtowardsnorthin

thenorthemhemisphere，ａｎｄｔｏｗａｒｄｓｓｏｕｔｈｉｎｔｈｅｓｏｕｔｈｅｍｈｅｍisphereby

atmosphericflowsandoceaniccurlents、Heattransportismoreeffectiveby

theatmosphericflowsthanoceanlccurlCnts・Thisisbecause，inthe

atmospherQheatistransfelmPedbyboththeheatenergyofair(sensibleheat）

andlatent-heatenergyofwatervapor･

ＡＳＷecanseefromtheexplanationabove，thephysicalpropemes

(largespecificheatandevaporation-latent-heat）ofwateranditsmobility

equatetheglobalthennalenvironment，andreducethegeographical

Variations・ThroughthesefUnctions，watercontributestofOnnandto

maintaintheearthenvironmentsuitablefOrinhabitationoflines・Thisimplies

thatwaterisnotmerelyaresourcesbutafactortofOnntheglobal

environment・Therefbre,wateristhehabitatitselffbrorganisms．

3．ProductionofPlants/FoodsandWater

1）ProductivityofNaturalVegetationandGlobalEnvironment

PlantproductionisthefUndamentalbasisoflivesofallorganismson

theEarthThisprinciplehasbeentruefOrnearly4billionyearsofhistoryof

lives，ａｎｄｉｓｃｏｎｓｉｄｅｒｅｄｔｏｂｅｔｍｅｉｎｆＵｔｕｌｅaswelLThisiswhythe

chlorophytes，beingｔｈｅ“plantproducers，，，alecalled‘`GreenAtlas,,that

quietlyhavesupportedandwillcontinuetosupportalllivesontheEarth

TheGreenAtlas(Giant)receivesthefOrcetomaintainallorganisms

fromthesolarradiationconstantlysuppliedthroughthedistanceofl50

millionkilometersinthespace・ＴhequantityoffOrceisexplcssedasanet

pnmaryproductivity（NPP，tondrymattel/(ha･year)）calculatcdfromthe

fOllowingequation

NPP＝ＧＰＰ－Ｒ…(3)
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ｗhe1℃ＧＰＰａｎｄＲａｌｅｔｈｅｇｒｏｓｓｎｅｔｐｎｍａ[yproductivityofplantsand

itsrespirationlosses,respectively、

Processingｏｆｄａｔａｏｆａｎｕｍｂｅｒｏｆｏｂｓｅｒｖａｔｉｏｎｓａndmodel

investigationsofphotosynthesishaveledtotheconclusionthatanetpnmaIy

pmductivity(NPP)ofnaturalvegetationcanbeestimatｅｄｂｙｔhefOllowing

model(UchUimaandSeino,1985)．

ＮＰＰ＝[O29exp(-0.216RDI2)]Ｒｎ （４）

whereRDI(＝Ｒｎ/(r)isradiationdlynesstoexplessclimaticdryness,in

whichRnisnetannualradiation(kcal),risthetotalannualprecipitation(c、）

and（isthelatentheatofvaporization(kcal/gH20）Theaboveequation

impliesthatasRDIincreases（drier)，theefficiencyofconversionfrom

radiationenergytodry-matterproductiondrasticallydecreases,ａｎｄａｌｓｏｔｈａｔ

ｗｉｔｈｔｈｅＲＤＩｖａｌｕｅｋｅｐｔconstant，thedry-matterproductioninclCases

proportionallytothenetradiation

FromEquation(4)，whelctheclimaticfactors（ＲＤＩａｎｄＲｎ）are

assumedtobevariables，ａｍｏｄｅｌｇｒａｐｈｔｏｅｘｐｌＣｓｓｔｈｅＮＰＰｖａｌuesand

vegetationtypescanbecreaｔｅｄａｓＦｉｇｍｃ３、Asobselved，thehumid

climaticzonewithRDI<Ｌ５ｉｓｃｏｖｅｌｃｄｂｙｔｈｅｆＯｒｅｓｔｚｏｎｅｆｒｏmconiferous

fOrestswithlowRnvaluesthroughtropicalrainfOrestswithhighRnvalues

lnthosｅareas,thenetprimaIyproductionincreasesfmmabout5tontosome

25-30ton/(hayear)．Ontheotherhand,inthedryclimaticzonewith

RDI＞1.5,watersupplydrasticaUydecreases，ａｎｄsodoesthenetprimaIy

production，withitsvegetationtypechangingfromfOrest-steppe，steppe，

semi-deserttodesert・Thenetprimarypmductionsharplydropstobelow5

ton,and,intheareawithRDI>3０,downtobelowlton/(ha・year),whichis

thebiologicalborder，

Toestimatetheplantproductionofwholecontinentsofl4,898million

haunderthecurrentclimaticconditions,thegeographicaldistributionofthe

netprimaIyproductivityofnaturalvegetationhasbeenobtained,ａｓｓｈｏｗｎｉｎ

Ｆｉｇｕｒｅ４，Fromthediagram,ｔｈｅＮＰＰｖａｌｕｅｓｖａｒｙｉｎｔｈｅｗｉｄｅｒａｎｇｅｆｒｏｍ

ｕｎｄｅｒＬ0t/(hayear)ｉｎｔｈｅＡ１℃tic,tundraandhorse-latimdeszonesto２５－
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30t/(hayear）inthetropicalrainfOrestsintheequatorialzone,Ienecting

combinationsofthennalenvironments，watersupplies，andsolarradiation

energy・Dot-meshedarCasintheFigure4indicateshigh-productionzone

(10tandabove)．Wecanseethatthehigh-productionzoneisrelatively

nalTowcomparedtothevastlandsontheEarth

Toquantifythose,thearea-frequencydistributioncurvewithdifferent

NPP-valueshasbeenexp唾ssedinTable2

ThealcasofhighproductionwithitsNPPoflOt/(hayear)andabove

accountfbronly361％oftheentirelands（14.889billionha)．Especially，

subtropicalandtropicalrainfOreｓｔｓｗｉｔｈｔｈｅＮＰＰｏｆ２５ｔ(hayear）occupy

makeonly3､5％、Ontheotherhand,thebiologicalborderswiththeNPPｏｆ

ｌｔ/(hayear）ｏｒｂｅｌｏｗａｒｅａｓｍｕｃｈａｓ２２､5％、Thismeansthatthereal

combinationsoftemperatureresources，waterresoulces，andsolarenergy

resoumesontheEarth-inotherwords，geographicaldistributionof

continentsandoceansontheEarth-arenotsofavorablefOrplantproduction

Howtheexpectedglobalwarming,causedbyman,inthenextcenturyaffects

theresultsmFigure4andTable2isacrucialissuefOrnotonlythehuman

beingsbutallthelivingthingsontheEarth

FroｍＦｉｇｕｒｅ４ａｎｄＴａｂｌｅ２，themaximumdry-matterproductionof

ferrestrialvegetationunderthepresentclimate（thepotentialnetprimary

productiｏｎｉｎｔｏｎ/year）canbeobtainedTheresults，thedry-matter

productionwhentakingintoaccounthumanbeing，slandutilization（actual

netprimaryproduction)，andtheamountofplantproductionutilizedby

humanbeingsareshownbelow(Uchijima,1997)：

Potentialnetprimaryproduction:L360

Actualnetpnmaryproduction： ８１６

Yieldsoffbodsandtimbers： １Z2

ProductionneededfOrtheyields

offOodsandtimbers： ２０４

(100millionton/year）

Naturalvegetationareashavebeenceaselesslydestroyedtoexploitand

constructfarming，residential，industrial，andtransportationlands、Ｔｈｉｓ
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tendencymakestheactualnetpnmaryproductionaslowas6096thepotential

netpnmaryproduction・OutofthefOnner,humanbeingsharvestanduse

l22billionton（15％oftheacmalnetprimaryproduction)．ThelastfigUre

oftheaboveisthevalueobtamedassumingtheharvestindex(＝yields/total

crops)asfbllows・

Cultivatedcrops＝0３，Timberproduction＝O5

Grasslandcrops＝0.8．

Withtheharvestindexemployed,theamountofplantshumanbeings

harvestandusefOrthemselvesaloneiｓａｓｍｕｃｈａｓ２５９６ｏｆｔｈｅａｃｔｕａｌｎｅｔ

ｐｒｉmaryproduction

Asexplainedearlier,theamountofplantsproducedfromvegetationis

thebaSefOrlivesofallorganismsontheEarth・TheabovefigUres,therefOre，

implythatthespecies（i､ｅ，thehumanbeings）aloneuses25％ofthenet

primaryproductionofferrestrialvegetationInviewthattheworld

populationwillbealmostlObillioninthemid21stcentury，evensimple

arithmeticclearlytellsusthatthehumanbeingsconsumptionwillexceed

5096ofthetotalplantproduction・Ｔａkingintoconsiderationthatnamral

vegetation，especiallyvariousfOrests，playstherolesbelowtosupporta

numberofwildlives，wecanconcludethatthehumanbeingson-going

monopolizationoftheplantproductionwillleadtodrasticdecreaseofwild

speciesinawiderangeinthenearfUtulGInotherwords,thelCisariskthat

itwillcauseartificialmassiveextinctionofspecies．

①NaturalvegetationareasproduceandsupplymanykindsofenergiesfOr
lives．

②NaturalvegetationareasaresafehabitatsfOrwildlives．

2）PlanVFoodProductionandWaterResources

AsimpliedinEquation(4),theefficiencyofconversionfromsolar

energytodIymattersinplantproductionsharplydecreasesasthedlynessof

theclimatethatcontrolswatersupplytoplants，Ｌｅ.，radiationdryness，

increases・ＴｈｉｓｌｏｇｉｃｃａｎｂｅａｐｐｌｉｅｄｔｏｃｒｏｐｐｒｏductionAsdescribedin
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Figures,thedlymatterproductionofmaizeisapprox、１２t/haonsufficiently

moistedfield,ａｎｄdeclinesasthesoilbecomesdrier・Wherethesoillayer

hasa3096moisturc,ｉｔｉｓａｓｌｏｗａｓａｐｐｒｏｘ､３t/haoraquarterofthefbnner・

ThisisbecausethefOnnationofplantssubstantiallydeterioratesduｅｔｏthe

decreasedphotosynthesiscausedbyshortageofwatersupplytotherootsof

theplantsMeanwhile,theharvestindex(＝yields/dly皀matterproduction)ｉｓ

ａｌｓｏｈａｌｖｅｄｆＴｏｍＯ６ｔｏＯ､3．ThelefOre，theyieldofmaizegivenbythe

equationbelowisonlyaboutlt/hawhichisfarbelowabout7t/haunderthe

co､ditionofsufficientsoilmoistureＴｈｉｓ１℃sultdenoteshowcrucialis

securingwaterlcsourcesfOrcropproduction

YieldsofMaize＝[Harvestindex]ｘ[Dry-MatterProduction］

BasedonlCsearchesconductedtodate,thewaterusecfficiency(WUE）

ofdly-matterproductionofcropcommunityoffieldsisexpressedasfbllows．

(e9.,LoomisandConner,1993)．

DryMatterProduction
ＷＵＥ＝

AmountofEvapotranspiration

(5)

TotalDryMatterProduction
TranspirationEfficiency＝

AmountofTranspiration

TherelationshipbetweenthetwoisasfOllows：

ＷＵＥ＝TranspirationEfficiency

xC-
Land-surfaceEvaDoration

(6)
AmountofEvapotranspiration

AnumberoflCsearchershavereportedontranspirationefficienciesof

vanouscropspecies，ｏｆｗｈｉｃｈａｖｅｒａｇｅｖａｌｕｅｓａｒｅｓｈｏｗｎｉｎTable３．From

thetable,itisclearthatthetranspirationefficiencyoftheC3cropspeciesis

relativelylowandabouthalfthatoftheC4species・

AmongtheC3cropspecies,thetranspirationefficiencyoflegummous
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crops,thatallowparasiticalleguminousbacteriainthem,ｉｓabout15％lower

thantherest・

Ｂａｓｅｄｏｎｔｈｅｖａｌｕｅｓｏｆｔｈｅｔａｂｌｅ，theamountsoftranspirationto

produceltonofdrymattersarcasfblloＷＳ：

C4crops：315t；C3granmneouscrops：S99t

C31egununouscrops：694t；OtherC3crops：570t

Hweassumethattheland-surfaceevaporationduringthegrowing

periodisO2oftheamountofevapotranspiration,fiDmEquation(6),the

demandfOrwaterofthefarmlandneededtoproduceltonofdrymatterｉｓ

25％morethaneachoftheabovevalues・

InviewthatmajorityofferrestrialvegetationaretheC3plants,and

assumingtheplantcomnunity，ｓｄｅｍａｎｄｆＯｒｗａｔｅｒｉｓ６００ｔｐｅｒｔｏｎｏｆｄly

matters,thewaterresourcesconsumedfbreachproductionmentionedabove

canbeestimatedasfOllows・Allthesewaterresourcesaresuppliedby

precipitationonlands．

Potentialnetprimaryproduction：816,OOO

Actualnetprimaryproduction： 489,600

YieldsoffOodsandtimbers： 73,200

ProductionneededfOrtheyieldsof

fbodsandlumbers：122,400

(l00nllionton/year）

Table4showsthewaterbalanceofeachcontinentontheEarthThe

figuresaboveandinTable4suggestthatwithouthumanactivitiesmostof

thelandswouldhavebeencovercdbynaturalvegetation,whichwouldhave

usedabout69％ofannualprecipitationonearthtoproducedrymatters

ThisrateislOpercentilepointsgreaterthanthecunentevapotranspiration

rate（58％)．Foractualnetprimaryproduction,４１％ofprecipitationon

landsareused,whichisabout20trilliontonlessthantheestimatedamount

ofevapotranspirationinTable4・Thisreflectsincreasesinsurfacerunoff

fiomthebarelandalcasandinCvaporativeloss・

Accordingtothedataofl991,approximatelyl,870milliontonofgrain
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productionrequiled704millionhaoffarmland（includingll3millionha

irrigated)．AssumingthatthetotalaverageofharvestindexesisO4,the

fOllowingamountofdrymattersｍｕｓｔｂｅｐｒｏｄｕｃｅｄｆＯｒｌ,870milliontonof

grainproduction・

TotalDryMatterProduction＝２．５ｘ1,870＝4,675millionton

IftheafOrementionedplantcommunity，ｓｄｅｍａｎｄｆＯｒｗａｔｅｒ（600ｔｏｆ

ｗａｔｅｒｐｅｒｔｏｎｏｆｄｒｙｍａｔｔｅｒｓ）wereapplied，2,805billiontonofwater

resourceswouldbeused・Thismeansthatabout400mmofwaterresources

areneededfOreachcrop,sfarmingperiod・

Althoughthisamountissuppliedfromrainfallsduringtheperiodand

conveyancefromotherwatersheds,theinPigatedfarmlandareaismerelyl696

ofthetotalfarmlandfOrgrainproduction,asmentionedabove・

Tabｌｅ５ｉｓｔｈｅｓｃｅｎａｒｉｏｓｏｆｆｂｏｄｆＯｒ２０５０proposedbyKendalland

Pimentel（1994)．IncreaseinthefarmlandalCainthemappearsquite

difficult,asonlya2096increaseisestimatedevenintheoptimisticscenario・

Inthesensiblescenario，ａｌ２９６ｄｅｃ1℃aseisanticipated・Basedonthe

scenarios，ｔｈｅｗａｔｅｒｄｅｍａｎｄｏｆｆａｌｍｌａｎｄｓｉｓｅｓｔimatedasfbllows，The

figuressuggestthattheamountofwaterrequiredtosecuresufficientamount

offbodinthemiddleofnextcentury,ｉｓ３０％(pessimisticscenario)ｔｏ７０％

(sensiblescenario)morcthanthecurrentdemandfOrwaterbythefarnuand

fOrgrainproduction(400ｍｍ/ha)．

Pessimisticscenario：３．６trillionton

Sensiblescenario：４．２trillionton

Optimisticscenario：４．８trillionton

Nonetheless,inviewofthepopulationexpansion,upgradingofliving

standard，andartificialglobalwarming，wecananticipatethefOllowing

situationsthatwilladdgreatdifficultiestosecuringwaterresourcesfbr

agriculturalproduction

①Inc１℃aseinvariabilityofrainfallstatusassociatedwithglobalwarming．

（Moreshower-typerainfalls,longerdryspells,lowerutilizationrateof

rainfaUs,etc.）
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②IncreaseinmoisturelossesfromgroundandvegetatioLcoverareas

associatedwithglobalwanning．

③Rapiddly-upofthesurfaceofearth．

④IncreaseindemandfOrdaily-lifeandindustrialwater(especiallym

developingcountries)．

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ,anincreaseintheCO2densitywillimprovewater

useefficiency(Ｗ/T,whereＷ＝DryMatterProductionandT＝Amountof

Transpiration)，whelebytheplantconmunity，ｓｄｅｍａｎｄｆｂｒｗａｔｅｒｉｎｔｈｅ

ｆａｒｍｌａｎｄｉｓexpectedtobesmallersomewhatthanthevaluesusedabove．

4．Afterwords

TheglobalenvironmentplaysthefOllowingfburroles（fUnctions）

againstalllivesincludinghumanbeings(Uchijima,1990)．

①ToaUowcreaturestoperfOnnactivitiesfOrlivingandraisetheirnext

generations．

②Toproduceandsto1℃energiesandsubstancesnecessaryfOrliving

③Totransportenergies,substances,andwasteproducts．

④TodecomposeandprocesscoqpsesandwasteproductstoprepalCfOr

recycling

ThesefOurmajorfUnctionsalCgiventotheglobalenvironmentby

continuouslyincidentingsolarenergyfiomthesu､,thehugeamountofwater，

andbehaviouroflives（especiallyplants）withtheirhistoryofsomefOur

biUionyearsofevolution

TheEarthis，however,exposedinthedangerofextraordinarygrowth

andactivitiesofonespecies-thehumanrace・Thisdangerisbroughtby

"GlobalResourceUtilizationTechnology，，whichhasbeendevelopedby

outstandingperfOrmancesofthecerebra．Thisisthesystemand

perfbnnanceofcivilizationtoregardeverythinｇｏｆｔｈｅＥａｒｔｈ（space，
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phenomena,substances,ａｎｄlives)solelyasresourcestoenrichourow、lives

anddepletethemAsmentionedearlier,ｔｈｅｐｌａｎｅｔｏｆｗａｔｅｒ－ｔｈｅＥａｒｔｈｉｓ

ｔｈｅonlyandsafehabitatfbrallspecieswiththeirhistoIyofsomefOurbillion

yearsofevolution,andistheplanetthatprovidesvanousresoumesfOrthem・

Themostimportantthing，inreviewingtherelationshipbetweenthe

globalenvironmentandwaterlCsourcesorfbodproducUoninthenearfUtula

ishowthehumanbeingsandmanyotherspecieswiththeweightof4billion

yearsofevolutioncanattamsustainablesymbiosesonthisEarthwith

limitationS・Withoutdrasticcontrolsofmaterialisticgreedofthehuman

beings，ｔｈｉｓｐｒｏｂｌｅｍｗｏｕｌｄｎｏｔｂｅｓｏｌｖｅｄ－ｉｔwiUbedifficulttoestablish

sustainablesymbiosesbetweenhumanbeingsandotherlivesonthisplanetof

water-theEarth．
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TablelContributionofVariousGreenhouse-EffCctGassestothe

AtlnosphericGreenhouse-Effect

■ｄＲａｄＩＨｎＩＩｒ

DｏｎＤｌｏｘｉｄＥ

Dｍｉｔｒｏ２ｅｎＭｏｎｏｘｉｄＥ

”【

Ｉｌｆ】ⅡZn「、

】【】Ⅱ【１巳ImDEhI】ａｒいｅ『】Ｉｎｕ【

Table2AreaFrequencyDistributionofNetPrimaryProductMty
ofTerrestrialVegetation

（SeinoUchijima,1992）

ＩＯＤ

Table3AverageWaterUseEfficiencｙＯｆＣｒｏｐＧｍｕｐｓ
（CalculationbasedonArkley,1982）

Unit:gramsofdrymattcrsperkilogramsoftranspiration

C4Gramineous

Crops
milleLsorghum，
corn,andSudan

grass

C3Gramineous

Crops
riceplanLoats，

wheaLbarley,ａｎｄ
ｒｙｅ．

C3Leguminous
Crops

pea,redclover，
vetch,alfalfa,and

sweetcIover

C3Crops
rapeseed,potatq

andcolton

CropGroups

Transpiration

EfYiciency
3.18 1.67 1.44 1.75
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Table４GlobalWaterBalanceandWaterResourcesoftheEarth

（ListedbasedonVoskresensky,1974）

Area Precipitanon Runoff lEvapoIranspirationContinentｓ

(incLislands） trillion

ton

３０６Europe

Asia

Ahica

NorthAmerica

SouthAmerica

Australia/Oceania

Antarctica

釦一庇一岬一皿一“｜繩’０

28.40 ６６１ 117

１７７

Ⅲ9.0 ４６．８０Total/Average 69.00

Table５World肋odScenariosof2050(KendalrPimentel,1994）

World

PoDulation

Farmland Outputofgmins Average
ProductionUnit

Vha

３．４１

４．５２

３．７９

ｌＯＯｍｉＩＩｉｏｎ ｏｏｍｉｌｌｉｏｎ ｌＯＯｍｉｌｌｉｏｎ【oｎScenario 、

Pessimisticscenario

Sensiblescenario

Optimisticscenario

ｃｅｎａｒｌｏ

1３０ 7.04 2４

1００ 6.20 2８

7８ 8.45 3２
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FigurelAnnualHeatBalanceoftheEarth

Unit:kcal/(cm2・year）
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RadiationEnergyBalance（a）andHeattransportin
AtmosphereandHydrosphere(b,ｃａＨＢｄｄ)perlatitudezOne

①iagramsdrawnbasedonOgUra,1997）

PositivevaluesoftheheattransportimplygoingnOrth；

Figure2
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Figure3 GraphicModelofEnvironmentaIFactorvs・Vegetation
Distributionvs・NetPrimaryProductMty（Base。⑪nOhta
etaL,1993）

NetPrimaryProductivity(tonofdrymatters/(ha･yr)）
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GeographicalDistributionofNetPrimaryProduction
(tdrymatteⅣ(ha､yr))ofMhturalTerrestrialVegetation
(BasedonUchijimaandKiyono,1988）
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LPopulationPolicy-PlannedChildbirth

china，spopulationpolicy，includingplannedchildbirth，is

charactcrizedbythoroughgoingpopulationcontrolandmanagement，unlike

familyplanning（plannedparenthood）asitisoftenobservedinother

developingcountries・

Full-scalepopulationcontrolbegantobeimplementedinChinainthe

earlyl970s,andhascontinuedtobeexecuted・ThefUndamentalaimofthe

populationpolicy,whichisbasicnationalpolicy,istocontrolandupgrade

thequalityofthepopulation・ThemostremarkablefeaturcoftheChinese

populationcontrolpolicy,whichisnotseeninothercountries,isthatitisput

intoeffectthroughagovemmentalnetworkcalledthePlannedChildbirth

Organization，thatcarriesoutthecentralleadershippolicyatthelowest

levels・

Ｔｏｃｏｐｅｗｉｔｈｔｈｅｂｉｒｔｈｒａｔｅｐｒｏｂｌｅｍｓinthesocialistsociety，China

promoteditsuniquepopulationpolicybasedon``PlannedChildbirth，,toplan

alldeliveriesthroughoutthecountry，withthesocialistideologythatthe

society,stotalbenefitcoincideswiththatofindividualsorhouseho1.s・Its

plannedchildbirthpolicymainlyincludesbirthcontrol，latemarriages，late

deliveries，fewerchildren，andeugenics，andaimstosystematicallycontrol

populationgrowth

Thepopulationpｏｌｉｃｙｈａｄｔａｋｅｎｎｏｌｅｓｓｔｈａｎ３０ｙｅａｒｓtoattain

favorableresultsafterstrugglingthroughthefirsttentativephases，repeated

setbacks,andrefbrmsinimplementation、

LDokingbackonthecountry，spopulationpolicysincethe

establishmentofthemodernnation,plannedchildbirthwasnotimplemented

inthel950s，whenonlytheideologyofpopulationcontrolwasintroduced，

whileexperimentandpreparationwerecarriedout、Inthefirsthalfofthe

l960s,thepopulationpolicywasproposedａｎｄｂｅｇａｎｔｏｂｅｐｕｔｉｎｔｏｅｆｆｅｃｔ，

butwasdiscontinuedwhentheGreatProletarianCulmralRevolutionstarted．

－５９－



Sincetheearlyl970s，populationpolicyhasbeenfOrmed，gradually

completed,ｆｉｒｍｌｙestablished,andhasachievedwidespreadimplementation

andeffectivenessthroughplannedchildbirth

lnl953，theconstructionofalarge-scaleeconomybeganThe

populationcensusheldintheyearcausedconcernovertherapidpopulation

growthamongtheintelligentsia，ｗｈｉｃｈｔｈｅｎｃａｍｅｆｂｒｗａｒｄｔｏａｐｐｅａｌｆＯr

populationcontroLForseveralyearsafter,theconcemoverthepopulation

problemmadethenecessityofcontrolrecognized,andthenationwasonthe

pointofmakingthenecessaryeffbrts・Ｔｈｅchangedpoliticalsituation，

however，suppressedthecallfOrpopulationcontrolafterl958，andmany

intellectualswerepersecuted

Thewell-knownstoryofMaYinChurepresentsthetragedy・ｈｌｓｕｍ，

politicalmiSjudgmentloweredawarenessofthepopulationproblemsaswell

aseffbrtsfOrpopulationcontrol，andseriouslydamagedtheeconomic

developmentalmostgettingontracｋ

ＴｈｅｒａｄｉｃａｌＧ1℃atLeapForwardofl958failed，andtheeconomic

difficultiesintheyearstofOllowbroughtChinesesocietyintogreattunnoiL

Duetohumanfactors-theeconomichardshipandsocialinstability，‐the

populationgrowthratedrasticallybuttemporarilyfell，butbegana

tremendousrecovelyastheeconomyrevivedafterl962，AsaresulL

populationplcssurearousedpublicattention,andpopulationcontrolbecame

soughtafter・InthefOllowingyear，governmentalorganizatiOnscalled

plannedchildbirthcommitteeswelCfbnnedinseveralprovincesandcities、

1,1964,“PlannedChildbirthExpenditure，，wasincludedinthenational

budget,andthePlannedChildbirthCommitteewasestablishedintheState

AffairsAdministrationThepopulationpolicy,whichwasjustbeginningto

finditsway，ｗａｓｓｕspendedduetotheoutbreakoftheGreatCultural

Revolution、DuringtheRevolution,thepopulationproblembecametaboo，

andanydiscussiononpoliciesfOrpopulationcontrolwasimPossibleItwas

onlymtheearlyl970sthatdefinitechildbirthplansfbrthepopulationpolicy

wereintroducedandbegantobecontinuouslyimplemented，Ｔｈｅｉｓｓｕｅｏｆ
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populationwasfirstincolporatedinthenationaleconomicdevelopmentplan

inl973,andtheplannedchildbirthadvisorｙｇｒｏｕｐｗａｓｆＯｒｍｅｄｉｎｔｈｅＳｔａｔｅ

Council，clearingthewayfbrChina，spopulationpolicyof“planned

populationGrowth"、

Thepopulationpolicyduringthisperiodwasmainlybasedonthethree

concepts“Latcr,Infrequent,ａｎｄＦｅｗｅｒ,,．‘`Later,，meantlatemamages,and

aimedatmarnagesatrelativelyｏｌｄｅｒａｇｅｓｆＯｒｍｅｎａｎｄｗｏｍｅｎ．

"hfrequent，,denotedaboutfOuryears，intervalbetweentwodeliveries．

"Fewer，，impliedthatnocouplewouldhavemorethantwochildren・Ｉｎｔｈｅ

ｍｅａｎtime,contraceptivesandnecessarydevicesbegantobesuppliedfrecin

l970.1,1973,sterilization，applicationofmDsandprovisionofmedical

facilitiesanddevicesfOrabortionwereintroducedinathirdofthevillagesof

thecountry・ＴｈｅＲｅｖｏｌｕｔｉｏｎｈａｄｎｏｔｙｅｔｅｎｄｅｄａｔｔhisstage，butvarious

politicalmeansweretakentocontrolpopulation、

TheCulturalRevolutionlastedaslｏｎｇａｓｔｅｎｙｅａｒｓｕｎｔｉｌｌ９７６Ｔｈｅ

ｎｅｗl978Constitutionstipulatedthat“thenationadvocateandpromote

plannedchildbirth，，，whilethedefiningprincipleof``onechildpercouple

mostdesirable,maximumtwo，,wasexplicitlyproposed

Thepopulationpolicywascharacterizedevenmo1℃clearlybyafOcus

on``controllingthepopulationandenhancingitsquality，，、InthefOllowing

year,itwasannouncedthatplannedchildbirthwasoneofthebasicnational

policiesofChina,andtheobjectivewassettocontrolthepopulationofthe

countrywithinL2billionbytheendofthecentury・Thepopulationpolicy，

initiallyintroducedintheearlyl970s,ｔｏｏｋmorethantenyearsofeffOrtsto

specifyintheConstitutionthatplannedchildbirthwasamalTiedcouple,s

obligation，bywhichstepChina，spopulationpolicybecamefirnny

established、Sincel980,thepolicyof``strongrecomnendationofonlyone

delivery，strictcomrolofseconddeliveries，andprohibitionofmore

deliveries，'hasbeeninfOrce・Withregardto``theseconddelivery,,,provinces

orcitieshavetheirownspecificrules，allowingsomeregionaldiffeIences・

WhilethepopulationpolicyconductedinChinaisgenerallycalledthe“Ｏｎｌｙ
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ChildPolicy，,，ｉｔｉｓ，moreaccurately，ａｎ“Only-ChildRecommendation

Policy，，、

Throughtheplannedchildbirthcontrolnetwork，china，spopulation

policyhasbeenpowerfUllyandeffectivelyimplemented,andhassucceeded

incontrollingthepopulationOntheotherhand，newcomplexproblems

havearisenalongwiththerecentgreatchangesintheeconomy,especiaUythe

conversiontothemarketeconomywhichthegovernmentandthepeoplehave

unitedtopromote・Underthecircumstances，theplannedchildbirthpolicy

hasalsobeenfacingnewdifficulties・

TherehasbeennochangeinthestatuｓｏfChineseplannedchildbirthas

abasicnationalpolicy・Astheconversiontomarketeconomyproceeds

fUrther,itwilltakealongtimetoincorporategraduallythecurrentpopulation

controlpolicyinsocialpoliciesinalargersense，andtoleadthepolicy

towardsasoftlanding．

2．PopulationAging

For20yearsafterthefOundingofthemodemnation,chinamaintained

ahighbirthratelnthel970sbirthcontrolwasintroduced,and,inaddition，

thenationalpolicy,ｒｅｆｅｒｒｅｄｔｏａｓｔｈｅ“OnlyChildPolicy,,，ｗａｓｐｒｏｍｏｔｅｄ

ｆｒｏｍｔｈｅｌａｔｅｌ９７０ｓｔｏｔheearlyl980s、ConsequenUy，thebirthratehas

rapidlyandcontinuouslydeclinedThecontinuousdecreaseinbirthratehas

broughtaboutpopulationdowntum，andintheprocess，changedthe

populationstrucmrcintcnnsofagegroups，leadingtowardagingofthe

populationasawholcTheChinesepopulatio､,sagingisstillatalClatively

lowleveLbutsomeregionalagingproblemsalequiteacute・Itisexpected

thatmeasuresfOrfUmreagingandregionalpolicieswillconfrontnew

problems，AnotablefeatulcoftheagingoftheChinesepopulationisthat

theagiｎｇｉｓｇｏｉｎｇｏｎｉｎａｓｉｍａｔｉｏｎｉｎｗｈｉｃｈｔｈｅｅｃｏｎｏｍｙｈａｓｎｏｔｇｒｃａｔｌｙ

developed,withrelativelylowincomepercapita,andinwhichsocialsecurity
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hasnotbeensufficientlyestablished

ThebirthrateofChinahastendedtodecline，ｅxceptfbrsome

temporarylCverses,fbrnearlyhalfacenturysincethefOundingofthemodern

nation、Especially,ｔｈｅｙｅａｒｓｓｉｎｃｅｔｈｅｌ９７０ｓｈａｖｅｓｅｅｎｓharpdrops・The

averagefertilityratefOrthel950swas5.87,whicｈｉｓａｌｍｏｓｔｔｈｅｓａｍｅｌｅｖｅｌａｓ

ｔｈｅ５６８ｏfthel960s、Thefertilityratefbrthel970ssteadilydeclinedtoan

averageof401，andthatinthel980saveragedbelow2.50．Accordingto

thefOurthpopulationcensus,heldinl990,thenationalfertilityrateis225，

withtheregionallowestofL33inBeUing,andthehighest,ｏｆ422,inTibet，

whichisalmostdoublethenationalaverageThebirthratesinaboutathｉｒｄ

ｏｆｔｈｅｒｅｇｉｏｎｓｏｆＣｈｉｎａｗｅｒｅｓｏｌｏwastofallunderthepopulation

replaCementleveL

Alongwiththedeclineinbirthrates，mortalityrateshavealso

decrease｡，pushinguptheaveragelifeexpectancyofthepopulationThe

averagelifeexpectancyofChinesemenwas55.8years,ａｎｄthatofChinese

womenwas559years・Theseincreasedto66､３yearsand693years

respectivelyinl981,thento676yearsand70､gyearsinl990

Sustainablerapiddeclineinthebirthrateandcontinuousgrowthof

lifeexpectancytogetherimplyfastagingofthefUtureChinesepopulation

VariousregionaldifferencesinagestmcturesareseeninChina・Migrations

betweenurbanandruralａｒｅａｓｃｏｕｌｄｂｅｏｎｅ1℃ason，butamoreimportant

factorisconsideredtobethebirth-rategaps、AlthoughagingoftheChinese

population，ａｓａｗhole，isstillrelativelyminor，differencesbetweenurban

andruralalcas,orbetweenregions,arcrathergreaLThepopulation，saging

isexpectedtodevelopveryfastintheyearstocome,andthereasonfOrthatis

thecontinuousdeclineinthebirthrate，whichisaresultofthepopulation

controlcamedoutovermorethan20years・

Duetothedecliningbirthrateunderthepopulationcontrolpolicy,the

agestructureofthepopulationｈａｓｖａｒｉｅｄＡｓｔｈｅｃｏｍｐｏｓｉｔｉｏｎｏｆｔｈｅ

ChinesepopulationshowsintheTablel，ｔｈｅｏｌｄｅｓｔａｇｅｇｒoupof65and

aboveaccountedfbr5.6％ofthepopulationinl990,andincreaｓｅｄｔｏ６､7％iｎ
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1995,whilethepopulationindexofoldpeoplereachedlO96inl995、The

UmtedNationsmediumvanantestimate("WorldPopulationPmspects:The

l996Revision,,)fOrecaststhattheoldestagegroupof65andaboveinChina

willaccountｆｏｒ10.8％ofthetotalpopulationin2020,14.4％ｉｎ2030,ａｎｄ

19.2％ｉｎ２050

AlthoughtheaginglevelinChinaisstilllowerthanthatindeveloped

countries，substantiallCgionalgapsareseenwithinthecountry・Ｆｏｒ

example,ｉｎ1995,theratefOrtheoldestage-groupof65andaboveaveraged

6､7％nationwide,whereasthatinShanghai,whelctheagingpaceisfastest，

accountedfOrl1.4％、Sincethenationalpopulationitselfisofalargescale，

theoldagepopulationisalsonaturallyenormous,aswelLAccordingtothe

UnitedNations，medium-variantestimates，thepopulationof65andabove

(inChina)isestimatedtoreach855millionin2000,156.47millionin2020，

and215.96millionin2030、Suchanimmenseelderlypopulationwill，

withoutdoubt,ｂｒｉｎｇｓocietymanyproblemsintheareaofmedicalorhealth

calcandnursing,etc・

InChina，wherepopulationcontrolpolicyhasbeenimplemented，the

birthrateisalreadyquitelow，andpopulationgmwthwillcontinueｔｏbe

controlledbythe“PlannedChildbirth,,basicnationalpolicy、Therefbre，

thebirthrateisunlikelytorisesomuchastomakesubstantialchangesin

theagestmctureofthepopulation．Consequently，itisinevitablethat

drasticagingofthepopulationwilloccurinthenearfUtulc,pmvidedthatthe

birthratewillcontinuestobeloｗａｓｉｔｈａｓｂｅｅｎｔｏｄａｔｅ・Alongwith

populationaging，theestablishmentofsocialsecuritysystems，suchas

medicalcare,pensionplans,etc､willhavetobepromotedRapidagingof

thepopulationwillstronglyimpactondevelopmentofthesocietyandthe

economy、ＴｈｅpopulationagingexpectedinthcfUtulcmayleadto

reconsiderationofthepopulationpolicyfbrthefUture・

Chinawillbefacingrapidagingofsocietywhentheeconomiclevelis

stilllclativelylow・CunPently,about８０％oftheelderlypopulationofChina

isnotcoveredbypensionplans,andsocialsecurityfOroldpeopleislimited
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toonlypartoftheagedpopulation、Accordingtotheresearchconductedin

l991bytheResearchCenteronAging,７２９％oftheelderlyurbanpopulation

receivedbenefits，whereasonly5､796oftheruraloldpopulationdidso･

Today,theactuallivingstalidardsbothinurbanandruralareasalclow,with

greatgapsexistingbetweenthoseareas,betweenagegroups,andbetweenthe

sexeslnreality,manyoldpeoplearedependentontheirfamilies・Inview

ofthecurrentsituationinchina,ｉｔｉｓｉｍｐｏｓｓｉｂｌｅｉｎｔｈｅｓｈｏｒｔｔｅｎｎｔｈatthe

nationwillsolvetheproblemofsupportingitsoldpeople，althoughitis

hoped,associetyandtheeconomydevelop,thatsocietywillincreasepension

fUndsandestablishasocialsecuritysystem、

1,1995,ChinafOnnallydeclaredapolicyinwhichanannuity

insurancesystemwouldbeimplementedbylinkingthesocietyunification

planwithindividuals,accounts、

Ａｌｌlaborers,whohavetakenouttheannuityinsurancepolicies,areto

openindividualaccounts,inwhichtheinsurancefeespaidbythemselves,as

wellaspartofthefCespaidbytheiremployersfOrthem,arerecordedPart

ofthefeespaidbycorporationswillbecomesocialunifiedfUndstopay

annuitiestothel℃tilcdTheobjectivesare,bytheendofthiscentury,to

increasetheannuityinsurancecoverageandfimdsources,implementvarious

annuityinsuranceplans，andestablishacompIchensiveannuityinsurance

systemcombmingthelaborersbasicannuityinsurance，thecolporate

supplementaryinsuredpensionplan，thesocialunificationplan，and

individualaccounts、

Ｃｕ】rently,ａｎumberoflCgionsnationwideareconductingtheirannuity

insuranceschemesonthebasisofontheprincipleofcombiningthesocial

unificationplanwithindividualaccounts，Ｔｈｅcoverageofthesocial

unificationplansdiffersbetweenregions；someunificationplansare

implementedbyprovinces,andothersbycities・Actualsituationsalsodiffer

betweenareas；ｓｏｍｅlocalpopulationsestablishedsocialinsurance

institutionstomaketheannuityinsurancebelongtolocalsocietyitselfwhile

otherauthoritiesletcorporationspaypensiｏｎｓａｓｔｈｅｙｈａｖｅｉｎｔｈｅｐａｓｔ・Ｉ、
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themeantime，thenationalschemefOrannuityinsuranceisunderthe

controlofseveralbodiesForexample，theDepartmentofPublic

Welfa1℃managesannuityinsuranceintheruralareas，theDepartmentof

Labor（befbrerefOnnoftheorganization）urbanwage-earners，annuity

insurance，andthePersonnelDepartmentcivilservants，annuityinsurance・

Therealealsoseveralinsuredpensionplansindustry-by-industly，

Alongwiththeprogresstowardthemarketeconomy，fUrtherrefOnns

andtentativestepstowardsaninsulcdpensionschemewillcontinueinChina．

3．FuturePopulationTrends-PopulationGrowth

Ａｔｔｈｅｔｉｍｅｏｆｆｂｕｎｄｉｎｇｔｈｅｍｏｄｅｒｎｎａtioninl949，theCmnese

populationwasabout540millionltpassedl,l40millioninl990，and

reachedsomel,236ｍｉｌｌｉｏｎａｔｔｈｅｅｎｄｏｆｌ９９７、Thepopulationinclease

overnearlyhalfacentulyhasbeenalmost700million,oranincreaseof23

timesexpressedｂｙｒａｔｅＴｈｅａｎnualincreaseinthesevenyearsbetｗｅｅｎ

ｌ９５１ａｎｄｌ９５７ｗａｓ２９６ｏｒｍｏｌＣ,butpopulationgrowthstagnatedbetween

l958andl96LTheyearl960evensawnegativepopulationgrowth,never

befOreseeninthemodemnation

Suchstagnationanddecreaseofpopulationgrowthduringtheseperiods

wasintimatelylinkedwithfactorslikenaturaldisasters・

Afterseveralyearsofslowdown，theChinesepopulationinstantane-

ouslyregainedactivegrowth，ａｎｄｍａｒｋｅｄａ３､3％increaseinl963，the

highestratesincethenationwasfbundedThepopulationincreasedidnot

losespeedafterthat,andmaintainedmorethan296perannumnamralgrowth

ratebeｔｗｅｅｎｌ９６Ｚａｎｄｌ９７３・Thenaturalgrowthratewentbelow296fbr

thefirsttimeinl974amongnonnalyears・Thereafteritgraduallydeclined，

andfluctuatedatannualavcragesbetweenLlandL4％,butedgedupagaln

inthelatterl980s・Thatｅｄｇｅ－ｕｐｗａｓｄｕｅｔｏｔｈｅｅｃｈｏｅｆｆｅctfromthelong

andfastpopulation印owthfromthel960stotheearlyl970s・Inthel990s，
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thegrowthratehasbeenabout1.1％annuallyThedeclineoftheChinese

populationgrowth-rate,andthecontinuedtlcndofsuch,sincethelatterhalf

ofthel970s，apartfromtheslightrebound，isobviouslytheresultofthe

populationcontrolpolicyimplementedsincetheearlyl970s

lnl998,ChinahassetfbrthnewobjectivesfOrpopulationandplanned

childbirthpoliciestotheendofthecentury,ａｎｄｕｐｔｏｔｈｅｍｉｄｄｌｅｏｆｔｈｅ２１ｓｔ

century・ThefirstobjectiveistokeeptheChinesepopulationwithinL3

billionuntil2000;thesecondistocontrolitwithinL4billionuntilZO10;ａｎｄ

ｔｈｅｔｈｉｌｄｉｓｔｏｌｅａｄｔhepeaknationalpopulationofthemid21stcentu1y

(estimatedataroundL6billion)toagradualdeclineThecountry，sfertility

rateshavebeenunderthereplacementlevelinrecentyears・However,due

tothescaleofthepopulation，about20millionbabiesarebomeveryyear，

andaboutl3millionnetannualincreasehasbeenmaintained・Underthe

circumstances,theChinesepopulationisexpectedtoincreaseby400million

overthenextseveraldecades・

AccordingtotheUNProspects，ａｓｓｈｏｗｎｉｎＴａｂｌｅ２，thepopulation

Chinaisnotseenasexceeding1.3billionbytheendofthiscentuly・Itwill

approachL4billionbyhigh-variantestiｍａｔｅｉｎ２０１０，butcouldbealittle

over1.36plusbymedium-variantestimateoralittleunderL33billionby

low-variantestimatcThus，thepopulationisestimated，ｂｙａｎｙｏｆｔｈｅｓｅ

ｔｈ1℃emethods,tobewithinthetargetlimitfOr2010whichthecountryalms

at・Ｉｎｔｈｅｍｅantime,ｉｔｗｉｌｌｇｏａｂｏｖｅＬ７ｂｉｌｌｉｏｎｂｙｈｉgh-variantestimatein

2050,oraboveL5billionbymedium-variantestimate,butunderL2billion

bylow-variantestimatcThepopulationisexpectｅｄｔｏｃｏｎｔｉｎｕｅｔｏｇｒｏｗ

ｕｎｔｉｌ２０５０ｂｙｈigh-variantestimate,butcouldbetumingtoaslightdeclinｅｉｎ

ｏｒａｆｔｅｒ２０４０ｂymedium-variantestimate,andthespeedofthedeclinecould

beevenfasterbylow-variantestimateafier2030

Inanyevent，thefUturetrendofthepopulationgrowthinChina

dependsonthecontinuingplannedchildbirthpolicy，ｉ､ｅ，theprocessof

implementationofthepopulationcontrolpolicy,andthevariationofthebirth

rateaswellasthemortalityrate．
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TablelTransitionofAgeStructureofChinesePopulation
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Source：bascdonAnnualPopulationCensusResulIs
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Table2EstimatesofFuturePopulationinChina
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ＡＷｏｒｄａｔｔｈｅＧａｔｅ

Ourpendingentryintothe21stcenmryandthethirdmillcnniumisin

realitythecrossingofanimaginarythIesholdwithnointrinsicmeaning

excepttoourcomputers・Nonetheless,itisagoodtimetoreflect,especially

aboutthepastthatweknowandthefUturethatf1℃shergenerationsmustface、

TｈｅｐastfiftyyearsinparticularhavebeenextraordinarilydramaticonesfOr

Chinaandlndia,politically,economically,demographically,ａｎｄintennsof

resourceuseandabuse、Thenextfiftyyearspromiseequalorgreaterdrama，

butplayedoutundervastlydifferentrules,ａｎｄｗｉｔｈｕｎｃｅｒｔａｍｔｙａｓｔｏｗhether

itwillbearomanceoratrage｡y・

Ｈｅｒｅｗｅｓｐｅａｋｏｆｗａｔｅｒ、Theprogressofthepasthalfcenturyin

agricultu1℃,industly,energy,andurbanizationhaslargelybeenpremisedon

increasesinwateruse，unconstrainedbythedisciplincofthemarkeL

Growinglimitsonresources-hydrologicaLenvironmental,andfinancial--

arelikelytochangethecharacterofdevelopmentinthecomingdecades

Furthennore，thefloodsthatsavagedChinaandsoｕｔｈＡｓｉａｔｈｅｓｕｍｍｅｒｏｆ

ｌ９９８ｓｅｒｖｅｄａｓａｒｅｍｉｎｄｅｒｔｈａｔｓｃａｒｃｉｔｙｉｓｎｏｔｔｈｅｏnlywaterproblemleft

unresolvedbythetwentiethcentury・l

Indeed,waternourishesandwaterdestloys・Itconstrainsdevelopment

whenitshowsupinsurfeitaswellasindeficit,andwhenfirstusersbefOulit

orwasteitinlow-valueuses・ComplicatingcontrolfUrtheristhe

inte1℃onnectednamrcofthesedifferentproblems・Forexample,whenwater

isshortbutwasted,itislikelytobepollutedWhenrivernowsfailtocany

silttosea,channelsriseandeversmallervolumesofrunoffcancreateever

nastierfloods

Themanyfacesofwaterhaveconstrainedtheeconomichistorieｓｏｆ

ＣｈｉｎａａｎｄＩｎｄｉａＳｏｍｅｈａｖｅｅｖｅｎｃｌaimedthattheystifledpolitical

developmentinthcregionbygivingastablebutstiningpre-modem

bureaucracyitsraisond,etle2PoliticalandtechnologicalｒｃｆＯｎｎｓｏｆｔｈｅ
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waninghalfofthe20thcentulybroughtwiththemthehopethatwaterscould

finallybecontrolledanddirectedtofUlfilltheneedsofagrowingpopulation，

andthatthiscouldbedonelargelybyrelyingonstate-subsidizedprQject‐

basedpublicworks・Asinmostoftherestoftheworld,tｈｅｒｅａｒｅｓｔｍｎｇｓigns

thatthisstrategyneedstobereconsidered、

TmsintroductiontoChina,swaterresourcesfirstcomparesthe

conditionsinChinaandhdia,thecountriesofprimaryconcerntothepresent

volumeltthendiscusseswaterusebysectorandcurlentprqjectionsinto

thenextcenturyFinally,ittouchesontwoareaswherestressesarealready

beginningtoshow:theHuangHe(YellowRiver)andurbanwatersupply．

LComparingChinaandlndia

ThepopulationsofChinaandlndia，alreadycomprisingoverhalfthe

thirdworl｡，ａｒｅgrowingandgrowingcloserinsize・hmanywaysboth

substantiveandsuperficial，thetwocountriesarealsoquitesilnilarwhenit

comestowateranditsuses(Tableｌ）ChinaisvirtuallytiedwithCanadaas

thethirdmostwater-abundantcountlyintheworld(afterBrazilandRussia)，

whilelndiaisseventh，afterlndonesiaandtheUnitedStates・Becauseof

theirdifferentpopulations，percapitawaterisonlyslightlyhigherinChina

(2,200Ｃｆ2,100ｃｕｍ./cap./an､.)Botharcwellbelowtheworldaveragｅｏｆ

６,900ｃｕｍ.,butabovethel,OOOcu.ｍ・percapitathatiscommonlyusedasa

ruleofthumbtoindicateseriouswaterstless，

Nonetheless,thereareregionswithinbothcountriesthatdoalreadyfall

wellunderthel,ＯＯＯｃｕｍ・percapitalevel・InChinatheseincludetheHuang

He（YellowRiver）basin（593Ｃｕ・ｍｉｎｌ９９０)３andtheoverlappingnorth

ChinaregioncomprisingBeUing，Tianjin,Hebei,NeiMonggoLShanxi，

ShandongandHenan（556ｃｕｍ・ｉｎｌ９９０).４Inlndia，riverbasins

comprisingmoStofTamilNaduandAndhraPradeshstatesinthesouthand

GUjaratandsouthemRajasthanstatesinthewest,areidentifiedbytheTata
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EnergyResearchlnstituteassufferingfromscarcity(belowlOOOcu.、./cap)，

orabsolutescamity(criterionunclear).s

1nbothcountries，overthree-quartersofwaterusedisdevotedto

irrigatinganearlyidenticalalCaofroughly50millionhectares・Eventhe

cropsproducedinthetwocountriesarebroadlysimilar,withriceaccounting

fOrabout4096ofgrainoutput(onedifferenceisthatChinaproducestwiceas

muchaslndia)．Inboth,irrigatedareainclcasedconsiderablyafterl970due

totheinstallaｔｉｏｎｏｆｐｏｗｅｒｅｄｔｕｂｅｗｅｌｌｓｉｎｔｈｅｉｒｎorthemwheatgrowing

areas(Hebei,ShandongandHenaninChina,thePulljabinlndia).６

Two-thirdsofthepopulationinbothcountriesstillliveinthevillages

Thismeansthaturbanizationpressuresareunlikelytoabateuntilwellinto

thenextcentuly・Currentlyaboutoneinteninhabitantsresidesinthelargest

cities・Withthegrowthofmegalopolisesofunprecedentedsize,ａｎｄｒising

economicoutput,willcomenewnon-agriculturaldemandsfOrwater､Alleady，

itisdifficultfOrurbaninfrastructurestokeeppacewithexistingdemandson

watersupplyandtreatment．

2．UsesbySector,NowandHencenrth

ThereareanumberofdifferentestimateswithinChinaregardingfUture

wateruseTable2providesbreakdoｗｎｓｏｆａｃｔｕａｌｗａｔｅｒｕｓｅｉｎＣｈｉｎａｉｎ

l990andprqjectionsfOrtheyears2000,2010,ａｎｄ2030,madeoriginallyby

ChenJiaqi(陳家寄)oftheMinistryofWaterResourcesThesearedivided

bythreemajorsectoralcategories：agriculture，industry，andmunicipaL

"Agriculture，,ｒｅｆｅｒｓｏｎｌｙｔｏｔｈｅａｍｏｕｎｔｔｈａｔｃａｎｂｅsuppliedfOrcrop

irrigation,ａｎｄｉｓａｓｓｕｍｅｄｔｏｂｅ９－１６９６ｂｅｌｏｗｄｅｍand・Otherruralusesare

notincluded，suchasdrinkingwaterfbrpeopleandlivestock，pastuleand

fishery,andmralindustry、Ｔｈｅｓｅａｌｃｏｎｌｙａｓｍａｌｌｆｒａｃｔｉｏｎｏｆｗａterusedin

irrigation,butaremuchmgherthanmunicipaluses、Industrialusesinclude

thennalpowergeneration,whichhastakenabouthalfthetotalbutisexpected
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todeclineinthefUture

lrrigationｉｓｅｘｐｅｃｔｅｄｔｏｄｏｍｉｎａｔｅｗａｔｅｒｕｓｅｉｎChinaatleastthrough

theyear2030,bywhichtimeChenseesindustrialusespullingneallyeven

Others，however，seeagriculturemaintainingitsdominanceinperpetuity，

holdingat500billioncumfrom2030onwardwhileindustrystabilizesat

200billioncum・aboutthesametime・Totalwateruseisseenaspeakingat

about800billioncum・ｉｎｔｈｅ２０７０ｓ，usingroughlyaquarterofthetotal

water1℃source(seeFigurel)．ThelCaletwoimportantelementsinthese

admittedlyroughcalculations:thatwateruseefficienciescontinuetoimprove

considerablyinbothagricultureandindustry，andthatpopulationstabilizes

abouttheyear20507

Withtheseoptimisticbutlealisticassumptions,itwouldseemthat，at

leastinquantitytenns，Ｃｈｉｎａａｓａｗｈｏｌｅｗｉｌｌｎｏｔｆｉｎｄｗａｔｅｒｔobea

significantconstrainttodevelopment・ThesituationmaylookdiffbIcntfOr

thosepartsofthecountrythataｒｅａｌ１℃adyfacingwideninggapsbetween

demandandlocallyavailablesuppliesofwaterofadequatequality､Ｉｔｉｓｔｏ

ｓｏｍｅｏｆｔｈｅｓｅｃriticalsectorsthatwenowtum．

3．ＴｈｅＳｉｃｋＲｉｖｅｒ

TheHuangHeisalongriverwithrelativelylittlewaterandalotofsilt・

Ｉｔｉｓｅｓｔｉｍａｔｅｄｔｈａｔｉｎｌ９９０ｎｅａｒｌｙｈalfitsannualrunoffwasused

consumptively(withoutbeinglCmmed).８Flowtotheseastoppedduring

thedrｙｓｅａｓｏｎｉｎ２０ｏｆｔｈｅ２６ｙｅａｒｓｂｅｔｗｅｅｎl972andl997,includingevely

yearfroml991on、Thetrendhasbeentowardsincreasingseverityofcutoff

leadingsomeChinesetotenntheHuangHea“sickriver，，、

1,1997,therewerellstoppagesfbranunprecedentedtotalof222days，

withthefirstoccumngon7Febmary・Evenduringthewetseason(June

throughSeptember)，ｔｈｅｒｉｖｅｒｆｌｏｗｅｄｔｏｔｈｅｓｅａｆＯｒｏｎｌｙｌ４ｄａｙｓ・gThe

severityofthestoppageinl997,ｗｈｉｃｈｒｅａｃｈｅｄ７０３ｋｍｉｎｌａｎｄｔｏｔｈｅ
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outskirtsofKaifeng,wasmagmfiedbyextremelylowprecipitation,insome

casesthedriestyearsincel95L

Nonetheless,growingdemandsontheriver,swater,bothupstreamand

downstream,havebeentheprincipalfactorbehindwhathasnowbecomea

perennialshortageThereareatotalofl22prqjectsdivertingupto4000

cu.、./s､fromtheHuangHein85countiesandmunicipalitiestoirrigateover

８millionhectaresoflandTheseincludesomeveryproductivecotton，

tobaccoandricefieldsonthenorthChinaplainlnaddition，water-short

citiessuchasQingdaoonthedryShandongpeninsulahavecometorelyon

diversionsfromthelowerreaches・

Table3showsthehistoryofwithdrawalsfromtheHuangHeBythe

l980s,therewasconcemthatnotenoughwaterwasbeingleftintheriverfOr

environmentalpulposes，notablytodischargesiltintotheoceanAdecade

later，withdrawalsintheupperreachesbegantoaffectthetotalavailable

downstreamaswelLTheStateCouncilissuedanonbindingallocationof

wateramongthellprovincesandmunicipalitiesusingtheriver,butitwas

setinabsolute，notproportionalamounts・Ineffectthisfavorsupstream

usersinatimeofdroughL

Nonetheless,somearguethatitisexcesswithdrawalswithinShandong

Province，thefinalandheaviestuser，ｔｈａｔｉｓａｍa]orcontributortothe

problemsoftheHuanglnaddition,asortofviciouscycleappearstohave

developedwherelocalitiesdrawoffwaterandstoreitinanticipationof

cutoffSthattheiractionshelpprecipitate・

Theupstream-downstreamconflictintheHuangbasinistosomeextent

onebetweenequityandefficiency・Upstreamprovincestendtobeverypoor，

ｂｕｔａｌｓｏｔｏｕｓｅｖｅｒｙｈｉｇｈａｍｏｕｎｔｓｏｆｗateratheavilysubsidizedpricesto

waterlow-valuegraincropsandatthesametimeaggravateproblemsofsoil

salinizationDownstreamprovincesareprincipalbeneficiariesofthepost-

rcfOnneconomiｃｂｏｏｍ,ａｎｄｔｅｎｄｔｏｕｓｅｗａｔｅｒｆｂｒｈｉｇｈｅｒｖａｌｕecropsoroffL

farmpurposes・TheyalsopayahigherchargefOrwater,althoughstillnot

enoughtocoverfUllcost．
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Suggestedcountenneasu1℃stotheflowcutoffSincludemorerational

pricing，plomotingwaterconservation，changesinupstreamreservoir

operatingmlesandotherfbnnsofimprovedbasin-wideoperation,importing

waterfromtheYangtze，creatingmoreoffLstreamstorage，andencouraging

moreconjunctiveuseofsurfaceandgroundwater、Noneofthesesolutions

willbeeasy、MostdependuponwhetherChinacandevelopadequate

pricingandentitlementssystemsfbrsurfacewaterthatarelesponsiveto

changesinnaturalconditionsandthevalueofaltemativeuses．

4．ThirstyCities

Roughlytwo-thirdsofChina，s600citiesareconsidelcdtobeshortof

water、JustoverlOOoftheseare“seriously”short(dataleleasedinl997)．

Ｔｈｅlargestcitiesalethemostaffecte｡:５１ofChina，ｓ６１ｃｉｔｉｅｓｏｖｅｒｌＯＯ,OOO

populationwelcwatershortinl990Regionally,northernChina，scitiesand

therapidlygrowingcoastalcitieslocatedinsmallbasinstendtobethemost

affected・

Theprimarycauseofurbanwatershortageisthatwatersupplyprqjects

havenotkeptpacewiththegrowthofthecitiesThisisfbllowedcloselyby

demandsexceedingthecapacityofthelocalwatersources・Ｓｏｍｅcities，

especiallyalongthelowerYangtze,alewatershortbecauseofpollutionof

theirwatersource,primarilybecauseofurbanandindustrialeffluentsThese

constituted4296,３８％ａｎｄ６％ofthelO9water-shortcities(ofl89total)at

theprefecmral-levelandabovｅｉｎｌ９９０，withthelemainingshortagesof

mixed、amrc1o

Watershortagesaresaidto“affect''２３０billionyuan(４１trillionyen）

ofindustrialproductioneachyear・Ｔｈｉｓｉｓｒｏｕｇｈｌｙ２９６oftotaloutput,ｂｕｔ

ｃｏｕｌｄｂｅａｓｍｕｃｈａｓ５％ifitlcfbrsonlytostate-ownedenterprises，Itisnot

clearthatthiskindoffigurehasmucheconomicmeaningasameasureof

constrainttodevelopment,however、Industrialproductionhascontinuedto
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growrapidlyin1℃centyears,eveninsomeofthemostaffectedcities,suchas

Tianjin,TaiyuanandBeijinglndustrialproduction“lost，，isameasureof

thepotentialgamsfromprovidingamoresecuresupplyofwaterorinvesting

inimprovedstorageandwater-savingfacilities，ｎｏｔｏｆａｎａｂｓｏｌｕｔｅｌｉｍitto

growth・

Inmanycases,theconstraintisoneoffinancemorethanofwater・This

limitintumisexacerbatedbythelackofadequatecostlecoveryfOrpublic

watersupplyandseweragefacilities、TheChinesegovemmentappearsto

havemadeaseriouscommitmenttomaking‘`economic”plOjectsselfL

financingwiththeissuingofaWmerSeａｏｒＰｏﾉjc)ﾉａｔｔｈｅｅｎｄｏｆｌａｓｔｙｅａｒ・

SinceimigationprQjectsareconsidelcdtobenot"economic,"thisnewpolicy

islikelytofavorthedevelopmentofurbanandindustrialwatersupply

investments

Inpractice，theresponseofmanyofChina，scitiestochronicwater

shortageshasbeentotaplocalsoumesthatwouldotherwisegotonearby

farmersfOrirrigationlnBeijingandShenyang,thishasmeanttransferring

surfacewaterfromreservoirs・Inmanyothercities，especiallyinsouthem

HebeiProvinＣｅ,ｕｒｂａｎｕｓｅｒｓｈａｖｅｒｅｌｉｅｄｏｎｗｅｌｌｓｔｏｄrawgroundwaterfrom

ever－１℃cedingdepths，creating“conesofdepression，，thatcanextendover

thousandsofsquarekilometersThesituationisparticularlygriminHengshui

andCangzhoumunicipalities，andDezhouinneighboringShandong，where

waterisdrawnfromdeepaquifｅｒｓｏｖｅｒ５０ｍｅｔｅｒｓｄｅｅｐａｎｄａｌｓｏｈａｓａhigh

naturalfluoridecontentthatcanbehazardoustothehealthwhenusedfOr

drinkingoverlongperiodsoftime・Ｉｌ

Ｔｈｅｌｏｗｅｒｉｎｇｏｆｔｈｅｗａｔｅｒｔａｂｌｅｒalsesthepumpingcoststonearby

faｒｍｅｒｓｗｈｅｎｔｈｅｙａｌｓｏｈａｖｅｔｏｒｅｌｙｏｎｗells・Nonetheless，irrigatedarca

andgrainproductio、haveincreasedinHebeiinrecentyears．
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AWordattheOuUet

Asinothertwentieth-cenmrycountries,Chinahaslcliedonclainngan

increasingshareoftheavailablewatersupplytosupporteconomic

development,usingprOjectssuchaslargedamsanddiversionsandtubewells・

Ｔｈａｔｔｉｍｅｉｓｃｏｍｉｎｇｔｏａｎｅｎｄ,ｆｉｒｓｔｏｆａｌｌｉｎｔｈｅｍａｒｇｉｎａｌａｒｅａｓｓｕcｈａｓｔｈｅ

ＨｕａｎｇＨｅａｎｄfOrthegroundwaterusersofHebeiProvinceSofar,thenon-

sustainabilitiesofcurrentpatternsofwaterusehaveapparentlynotrestricted

developmentappreciably,however・

Therealetwowaysofintelpretingthissituation・OneisthatChina,s

culTentmodeofdevelopmentisleadingtogreaterexposure，andmerely

postponingthecatastrophe-theviewthatthedramaofthenextcentulywill

befilledwithtragedyTheotheristhatinstitutionswillshowadequate

adaptabilitytoavoidthetragedy,butthatwaterwillhavetobetreatedasan

economicgoodThiscouldcausesomesadstoriesfOrthosewholiveonthe

margins-notaromancｅｏｒａｃｏｍｅｄｙ,butnotatragedy,either．

ⅡAtthetimeofwriting,Chinahadreported3,OO4killedinHooding,India

2,353（TheJapanTimes,Z9Augustl998:４)andBangladesh407(The

lndependentlntemetEdition,３１Augustl998)．TheHoodingalongthe

Yangtzewastheworstsincel954，ｗｈｅｎ３３，０００died，whileinthe

northeasttheDaqingoilfield,china，slargest,wasHoodedBangladesh

wasinundatedwithitsworstnoodinlOyears・

ZThemostextremeexampleofthisvｉｅｗｗａｓｔｈｅ“Orientaldespotism，,of

KarlAugustWittfOgeLMoremoderateviewsarewidelyacceptedthatan

“Asiaticmodeofproduction，，basedonirrigationornvercontrolledtothe

perhapsplematuredevelopmentofaburcaucraticstatethatmayhavebeen

afactorhmderingtheindigenousdevelopmentofanindustrialrevolution
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See，fOrexample，ＭａｒｋＥｌｖｉｎｅｔａｌ.，JapaneseStudiesonthcHistolyof

WaterControlinChinaCanberra：InstituteofAdvancedStudies，ＡＮＵ，

１９９４．

３ChenYongqi,WangTieminandQiaoXixian,eds.,Huangheliuyupian
queshuichengshishuiziyuangongxuyuce（Supplyanddemand

prqjectionsfOrwaterresoumesinwater-shortcitiesintheHuangHebasin)．

Zhengzhou:HuangheShuiliChubanshe，1997：１１．

４LiuChangnungandHeXiwu,Zhongguo21shijishuiwentifangluｅ

（China，swaterproblemstrategyfOrthe21stcentuly).Beijing:Kexue

Chubanshe，１９９６:５．
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availabilityof562cu・Ininl990,comparabletonorthChina・Sustaining

Water，EasingSca１℃ity：ASecondUpdate．Washington，ＤＣ.：
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ｌ９９０ｓｗｉｔｈｔｈｅinstallationofshallowtubewells・ＭａｒｋＷ・Rosegrant，

“WaterResourcesinthe21stCentury：Inc1℃asingScarcity，Declining

Quality,andhnplicationsfOrAction，,､UNU/IASWorkingPaperNo､３．

Tokyo:UnitedNationsUniversity,1996：１５．

７ＬｉｕａｎｄＨｅ,1996：１０１．

８Huangheliuyushuihanzaihai(FloodanddroughtdisastersintheHuang

Hebasin)．Zhengzhou:HuangheShuiliChubanshe,1996:１４．

９KeLidan,“Huanghexiayuduanliuyuanyinfenxijiduiceyanjiu”（An

analysisofthecausesofnowstoppageinthelowerreachesoftheHuang

Heandastudyofcountenneasures),mShuilibuShuizhengShuiZiyuanSi，

Huangheduanliujiqiduice（FlowstoppageintheHuangHeandits

countenneasureS)．Beijing:ZhongguoShuiliDianliChubanshe，1997：

３４;andHuanghequeshuixingshijiqiduice・BeijingShuilibuShuili
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XinxiZhongxin,1997：1-2.

1oZhongguoshuihanzaihai(China，sfloodanddroughtdisasters)Beijing：
ZhongguoShuiliShuidianChubanshe,1997:400-401．

ｌ１Ｔｈｉｓｓｏｒｔｏｆ“natural，,pollutionbygeochemicalprocessesaffecting
groundwaterhasalsobeenidentifiedrecentlyasamajorhealthproblemin

alcasofBangladeshandWestBengalthat配lyongroundwatercontaining

arsenicfOrhumanconsumption．
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Table2．Pmjectedwaterusebysector(inbillioncu.、.）

Agriculture Industry Municipal Total

500.0

602.0

７０４．２

１０１４３

”｜”｜ｗ｜郷

440.0 50.0 10.0

470.0 1１５．３ 1６．７

500.0 181.2 23.0

500.0 478.3 36.5

Source：ＬｉｕＣｈａｎｇｍｉｎｇａｎｄＨｅＸｉｗｕ，１９９６:９３．

Table３．AverageannualwateruseintheHuanｇＨｅｂｙｄｅｃａｄｅ
（inbillioncu.、.）

UpDerrencInes Middlereaches LowerreacheS Ｔｏｔａｌ

ｌ２２３

１７．７７

24.98

２９．６１

２９９６

l950s

l960s

l970s

l980s

l990s

7.34 3００ 1.89

9.52 4９４ 3３１

10.29 6３４ 8３５

12.11 ６．２１ 11.29

13.17 6.02 10.78

SouIce： ShuilibuShuiliXinxiZhongxin，１９９７:８．“Upperreaches”areupstream

fromToudaoguaiinlnnerMongoliajustbefOretherivertumssouth;"lower

reaches，,aredownstreamfTomHuayuankounearZhengzhou,Henan
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FigurelWaterdemandprQiection,1990.2080
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１．Introduction

StudiesonsustainabledevelopmentareallCadyinthefbrefrontof

leadinginternationalscientificthemes，ａｎｄｌｃｐにsentoneofthebasic

principlestowhichcountriesgivepriorityinplCparingtheirdevelopment

plans

WhiletheChineseeconomyhasbeenachievingremarkable

development，ｉｔｓｆｉｍdamentalconditions，suchasunceasingpopulation

growth,limitedper-capitaresources,pressureontheecologicalenvironment

increasingdaybyday,andfluctuationsoflong-tenndevelopment,implythat

theeconomymusttakeasustainabledevelopmentpathcharacterizedby

Chinese-specificfeaturesHigh-1evelconsistencybetweenpopulation，

resource，environment，andpolicymakingfactorswillbethｅｋｅｙｔｏｔｈｅ

ｈａｎｎｏｎｙｂｅｔｗｅｅｎｈｕｍａｎｂｅingsandnature、

Socalleddevelopmentisthetrackofactionstakeninacomplicated

systemcomprisingnature,societyandeconomy・Thisvectorisco､side1℃。

ｔｏleadsuchasysteminamorebalanced,hannonized，andcomplementary

directionUnderthisdefinitionofdevelopment,emphasisisplacedonits

irleversibility,breadth,andonthecomplexityofnatu1℃,societyandeconomy・

Accoldingly，thetenn，“development,,，istlcatedasaclearlypositiveand

beneficialprocess，ａｎｄcanbeabaseonwhichthehealthinessofeconomic

andsocialsituationsindifferentphasesarediagnosed，inspected，and

adjustedTherefOre，theauthorwillattempttodiscusssustainable

developmentfromtheviewpointsofpopulation，fOodproduction，and

agriculturaldevelopmentinChina．
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2．CaseStudyAnalysisofPopulationand
IaborResourcesinChina

１．PopulationExpansion

Thepopulationproblemisthelong-tennconstrainingfactoronChina，s

devclopmenttoday・Anunplccedentedphaseofthepopulationexpansionin

thiscountrybeganalongwiththeonsetofindustrializationinthel950s・

AccordingtoprQjections,thenationalpopulationwillinc泥asetoL3billion

in2000,andreachitspeakofL6Zbillionin2030．

Ｔｈｉｓｇｒｏｗｔｈｃｏｕｌｄｂｅｏｎａｎｅｖｅｎｌｏｎｇｅrscale，shouldtheplanned

childbirth(familyplanning)policyberelaxedevenslightly・Concurrcntly，

thecountrywillbeconfrontedwiththepeaksoftheoldpopulationandthe

laborfOrcepopulation、Ｔｈｅｏｌｄｐｏｐｕｌａｔｉｏｎｏｆ６５ａｎｄａｂｏｖｅｉｓexpectedto

increaseby200million,andexceed300millionin2040,whichwillaccount

fbrabout20％ofthetotalpopulationofChina，requiringunusuallygreat

effOrtstosupportiLOntheotherhand,thelaborfblCepopulationbetweeｎ

ｔｈｅａｇｅｓｏｆｌ５ａｎｄ６４ｗｉｌｌｒｅａｃｈｉｔｓｐｅａｋｏｆｓｏｍｅｌｂｉｌｌｉｏｎin2020The

actualsupplyoflaborfbrceisestimatedtobebetween800million-and850

million-sstrong，whichwillcreateemploymentpressｕｒｅｉｎｔｈｅｌｏｎｇｍｎ，

Thethreenortheastprovincesseeasimilartrend．

2．CaseStudiesonLabor･ForceGrOwthandWOrkingConditionMn

thethreeNortheastProvinces

(1)CulTentSituationintheth1℃eNortheastProvinces

ThetotalincreaseofthelaborfbrceinalloverChinahasbeenobserved

asfOllows、1,1990,thetotallaborfOrcepopulationwas69732million，

includi､9567.40millionsociallaborers,andtheannualratesofincreasewerｅ

4.2％ａｎｄ4.6％respectively・Accordingtoprqjections,therateofannual

incleaseinlaborpopulationｉｎＣｈｉｎａｉｎｔｈｅｌ９９０ｓｈａｓｂｅｅｎａｂｏｕｔ３％，and

additionalnewemploymentopportunitieshavebeenrequiredby,onaverage，
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aboutl5millionpeopleeachyear、Themostpronmnentissueregarding

employmentpressureistheimmenseexcesslaborfOrceinmralareas・By

statistics，agriculturalexcesslaborersaccountedfbraboutl40millionin

l988・Astheruralpopulationsincreasewhilethescaleofplantedland

decrease，ConversionfromruralexcesslaborfOrcetothenon-agricultural

laborisconsideredtobethefUndamentalobjectiveinrealizing

industrializationandurbanizationinChina

ResultsofthefOurthpopulationcensusshowedthatthetotalpopulation

ofthethreenortheastprovincesinl990tobe99,336,000'）including

64,333,000ofthepopulationofproductiveage，whichcomprised648％of

thetotalpopulation．Ofthisworking-agepopulation，theemployed

workfbrcewas52,696,000ｏｒ81.9％・

Accordingtothestatistics，ｉｔｉｓｃｌｅａｒｔｈａｔｔｈｅｐｒｏｐｏｒｔｉｏｎｏｆｔhe

productiveagegrouptothetotalpopulationofthethreenortheastprovinces

in1990,64.8％,ishigherthanthatofthecountryasawhole,whichｗａｓ６０％・

Ｗithregardtotheincreaseintheproductive-agepopulationofthethree

provinces(SeeTablel),uptol964thegrowthofthetotalpopulationwas

moreremarkable,whereassincel964thespeedofincreaseintheproductive-

agepopulationhassubstantiaUyexceededthatofthetotalpopulationThis

isbecausethesecond-generationbaby-boomersbominthel950sandl960s

arenowpartoftheproductive-agepopulation

Meanwhile,duetotheimplementationoftheplannedchildbirthpolicy

sincethel970s,thebirthratehasdecreasedconsiderably,andasaresult,the

totalpopulationgrowthrategreatlydeclinedinl990

Theagestructu1℃oftheproductive-agepopulationinthethree

northeastprovincesrepresentsaremarkableincreaseintheproportionof

youngpopulation(SeeTable2)．

Table２，whichistheresultofthefburthpopulationcensusheldinl990，

ｉｍｐｌｉｅｓｔｈａｔｍｏｒｅｔｈａｎ８０９６ｏｆｔｈｅｐｒoductive-agepopulationinthethree

provincesaremtheiryouthorpriｍｅ,implyingamplelaborresources・

Table3showstheindustrialstructureoftheemployedworkfOrceinthe
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thleenortheastprovincesinl990Theproportionoftheagriculture，

fOIcstry，stockfarming，andfisheryworkfOrceisextremelyｈｉｇｈＴｈe

industrialstructureconsistsof52.7％Ieplesentedbytheprimaryindustries’

27.2％bythesecondaryindustries(manufacturingandconstruction),andthe

merely20､1％ofthetertiaryindustries(alltherestotherthantheprimaryand

thesecondaly).2）

(2)PrOjectionofFutureLaborForceinthethreeNortheastProvinces

Withtheaidofdatafromthepopulationcensus,thetotalandworkfOme

populationsinthethleenortheastprovincesfroml990through2010have

beenestimated

Theactualestimatesweleobtainedfromeachprovince,andthetotals

fbreachitemfOreachprovincealCshｏｗｎｉｎＴａｂｌｅ４・

AsclearlyobservedinTable4,thetotalpopulationoftheseprovinces

isexpectedtoinclcasetolO9,l2millionin2000,67.9％ｏｆwhich1℃presents

74.O7millionoftheproductive-age(１５t０５９)populationln2010,thetotal

populationwillbell5・O3million,andtheproductive-agepopulatio、ｗｉｌｌｂｅ

79.59millionor69296ofthefOrmer・Likewise,inthenext20yearsOrso，

itisexpectedthatthelaborresourcesinthethreeprovinceswillcontinueto

beabundant・Thescaleoftheproductive-agepopulationandtheage

structureareresultsofthevariousofbirthrateandmortalityrateinthepast．

(3)InclCaseofLaborForceinl990s

lnthethreenortheastprovinces,thetotalproductive-agepopulationis

consideredlikelytoincreaseｂｙｌ６２２ｍｉｌｌｉｏｎｔｏ７４・O7millionbefbre2000，

andbyafUrtherl653milliontoapprox,８０million(79.58mil)toward2010．

Consequently,thelaborfOrceintheseprovinceshasthefOllowingfeaturesat

thepresenttime

Firstly,thel990productive-agepopulationintheprovinceswas6433

million,ｉｎｗｈｉｃｈｔｈｅａｃｔｕａｌｅｍｐｌｏｙｅｄａｒｅ５2,70milliondenotinga、81.9％

utilizationrateofthelaborresources・Eveniftheutilizationratewas
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assumedtobe8596,subtractingthepropoltionofsmdentsandsoldiers-１０％

fromtheproductive-agegroup，－stillL98millionpeoplewouldlemain

unemployedlnthcl990s,1.46millionnewjob-seekersmustbeemployed

eachyearand,inaddition,atleast20qOOOoftheemployed(asaresultofan

increaseintheemploymentrate)mustbefbundpositionseachyear、Thus，

onaverageaboutL60millionoflaborfbrcehaverequestedfOremployment

everyyear・Inotherwords,ｏｎaveragetheadditionalsupplyoflaborfOrce

peryearhasbeenL60milli0,.3）

Secondly,theemployedpopulationofthethIceprovincｅｓｗａｓｌ６､486

millioninl990・Theemploymentconditionunderthestate-ownership

policy(throughgovemmentagencies,corporations,etc.),meanthatacertain

numberoftheemployedalcvirtuallyexcesslabor,andthenumberofsuch

potentialunemployedisestimatedtobe330million・

Theproblemofexcesslaborwillbecomeincreasinglycriticalasthe

economicdevelopmentinthethlceprovincespromotesconversionof

industrialstructu1℃andurbanization，ａｎｄasthediffUsionofagricultural

automationpushesupproductivity．

3．ProblemsinEmploymentofLaborForceinthethreeNortheast

ProvinCeS

Asmentionedabove,thesituationlegardingthelaborfOrceinthethree

northeastprovincesisthattheresourcesareabundantinquantity,butoflow

quality・ＳｕｃｈａｌａｂｏｒｆＯ1℃e，togetherwithanirrationalindustrialstructure，

inthethreeprovinceshasmoreorlessimpactsupontheireconomic

development・

Thelarge-scaleannualincleasesｉｎｔｈｅｌａｂｏｒｓｕｐｐｌｙｎｅｅｄｔｏｂｅｃｏｐｅｄ

ｗithbyanappropnatenumberofworkplacesForexample，thetotal

ploductive-agepopulationofthethreeprovinceswillrcach7407million，

Icpresentinganincreaseof9,733,OOOfromthel9901evel,ｏｒａｎａｖｅｒａｇｅｏｆ

９７４,OOOperannumAssumingtheutilizationrateofthel9901abor

resources(81996)ismaintained,theincreasedsupplyoflaborfOrceｗｉｌｌｂｅ
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60,663,OOO-strongin2000．

Ⅱthisisthecase,7,975,000mol℃jobopportunities,comparedtothe

l9901evel,needtobecreatedTherespectivesituationsinurbanandrural

areasaleasfOllows．

（１）Theruralvillagesinthethreenortheastprovinceshavelongbeen

ofasingleagriculturalstructurelncreasesoflaborfOrcewereconstrained

bythefixedareasoffarmland，andwerenotsufficientlyusedaslabor

resourcesManyofthelaborfbrcehavemovedfromagriculmretonon-

agriculturalindustriessinceｔｈｅｒｅｆｂｎｎｏｆｔｈｅｒｕｒａｌｅｃｏｎｏｍｙsystem，

especiallybytheimplementationofhousehold-basedcontractplDduction

Nonetheless，thosemralvillagesstillholdanenonnousamoumofexcess

laborfOIce・AccordｍｇｔｏａｓｕｒｖｅｙｏｆｍｒａｌｖｉｌｌａｇｅｓｉｎｌＯｐlefectures

countiesof8provinces,theproportionoftheexcesslaborfbrceinagriculture

isabout４０％・ＴｈｅｌａｂｏｒｆＯｒｃｅｉｎｔｈｅｌｕｒａｌａｒｅａｓｉｎthethreｅｐｒｏｖｉｎｃｅｓｉｎ

ｌ９９０ａｍｏｕｎｔｅｄｔｏｌ９,533,000ｏｒ43.59IbofthetotallaborfOrce・The

combinedfarmlandareaofthethreeprovincesis24,358,000Ｍu､4）Ⅱ

farmingmachinesareintroducedinthefarmlands，ofwhichtheper-capita

areaisestiｍａｔｅｄｔｏｂｅｌ２４７Ｍｕ,ｏｎｌｙ12,179,OOOheadsoflaborfOrcewould

besufficient，Inthatcase,therest7,357,000,wouldbeexcesslaborfOrce．

（２）Theproblemoftheunemployedinurbanareasisalsoobvious・

Thenumberofunemployedpeopleinthethleeprovincesinl990wasabout

900,000.JilinProvincealonecurlcntlyhas20qOOOoftheunemployed,

sｉｎｃｅｔｈｏｓｅｂｏｍｉｎｔｈｅｌ９６０ｓａｎｄｌ９７０ｓａｌｌｂｅｌｏｎｇｔｏｔｈｅｐｒｏductive-age

population，However,theGovemmentcanonlyprovide40,OOOpeoplewith

jobopportunitieseveryyear・Durmgtheeighth5-yearplanperiod（1991-

1995)，andditionall､１０millionjoinedtheproductive-age厚Cup,which

meansthattheadditionalpopulationavailablefOremployment，excluding

smdents,etc.,ｗａｓ150,OOOtol60,OOOeachyear．
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3． PotentialStrengthofChineseAgricultureand

ConditionsofFarmlandExploitationand
FoodProduction

Ｔｈｅworld，smostpopulousnation,china，spopulationgrowth,ａｓｗｅｌｌ

ａｓｓｕｐｐｌｙａｎｄｄｅｍａｎｄｏｆｆｂｏｄ，haveattractedconsiderableattention

Especiallysincel996，severalorganizationsconcemedhaveissued

pessimisticfbrecastsoftheprospectivesupply-demandconditionsinthe

country・ＨＣｈｍａｆａllsintothepositionoftheworld,sgreatgrain-importer

asfOrecasted,theglobalsupply-demandfOod-balancewillbedestroyed．

LPessimisticForecastofSupply･DemandSituationregardingFoodin

China

ThefOrecastsbyMr・LesterBrown,ChairmanoftheUSWorldWatch

ResearchCentertooktheinitiativeincreatingthepessimisticfOrecasttrend、

HisresearchpredictsthatChinawillbeimportingabout200billionto300

billiontonsofgrains,whichisequivalenttotheworldtotalgrainscurrently

traded,ｉｎｔｈｅｐｅｒｉｏｄｂｅｔｗｅｅｎａｂｏｕｔ２０２０ａｎｄ2030．Ｉｆｔｈｉｓｗｅ1℃ｔｏｂｅｔｈｅ

ｃａｓｅ,grainpricesallovertheworldwoulｄｓｏａｒａｎｄｎｏｔｏｎｌｙＣｈｉｎａｂｕｔａｌｓｏ

ｔｈｅwholethirdworldwouldsufferfrOmstarvationHowever,MrBrown，s

fOrecastsarenotsufficientlygroundedForexample，adecreaseinthe

plantedarea，whichisoneofthecriticalindices，isnotexpressedasany

specificfbrecastvaluc

TheDevelopmentSupportResearchCenteroftheOverseasEconomic

CooperationFundofJapan（OECF）alsoannounceditsfblCcastresultsin

Octoberl995・Theyalsoexpectaconsiderableamountofgrainimportby

China,althoughtheirfOr巳castsarelO96pluslowerthanMr・Brown，s・The

ResearchCenter,sstudies，however,alsopointoutthattheimportscouldbe

halveddependingonChina,seffOrtstowardsmoredomesticproduction．

－９５－



2．ProspectsfOrPopulationGrowth,FarmlandExploitation,andFood

Productioninthe21stCentury

WillChinareallybecomeagiganticgrainimporter,asfbrecastedbyML

Brown？

AccordingtotheChineseNationalStatisticsBureau，thetotal

populationinmainlandChinareachedL2billiononFebmarｙ15,1995．

ThisissolargeastoaccountfOr21.4％oftheworldpopulation,５．７billion

ThebureaualsoannouncedthatthefUm1℃increaseoftheChinesepopulation

wouldbecontrolledwithinl3billionduringtheNinth5-yearPlanperiod

(1996-2000)．Initslong-termprospectsuptothemid21stcenturythetotal

populationofthemainlandwouldbecontrollｅｄｗｉｔｈｉｎＬ５ｏｒ１．６billion,to

eventuallyrealizezeropopulationgrowth・Thepopulationisexpectedto

graduallydeclineafter1℃achingitspeakofL6billionin2030・

Suchpopulationgrowthhasbeenattractingworldwideattention

fbcusingonwhetherChinawillbeabletosupportitselfInreality,Chinais

feedingabout229Ibofthetotalworldpopulationwithmerely７％ofthetotal

worldfarmlandalca・Ｉｎｔｈｅｐａｓｔ５０ｙｅａｒｓｓｉｎｃｅｔｈｅｆＯｕｎｄａtionofthenew

China,itsper-capitafarmlandaleahasdecreasedfrom27Mutol､ＺＭｕ,due

topopulationgrowth，whileitsper-capitademandfOrfbodhasincにased

from209kgsto380kgs・

TheChineseDepartmentofAgricultureandEcologicalEnvironment

Resea【ｃｈＣｅｎｔｅｒｏｆｔｈｅＣｈｉｎｅｓｅＡｃａｄｅｍｙｏｆＳcienceshasalsoannounced

theirfbrecastresults，

ItestimatesfbodproductioninChinawillincreasedby72.1％between

l973andl995,andachieve456､４０milliontoninl993,460.OOmilliontonin

l995，andwillachieve500to520miUiontoｎｓｉｎ２０００Ｉｎｔｈｅｍｅａｎｔｉｍｅ，

theMacroAgricultureReseaIChCenteroftheChineseAgriculmralScience

fbrecaststhatbefOre2020whenthepopulationgrowstoL5biUion,thecrop

yieldswillincreaseto670milliontonfrom625millionton，orto450kgs

from425kgspercapita，sobasicallyensuringtheselfLsufficiencyinfbod

Accordingly,theselfLsufficiencyrateoffOodiｎ２０２０ｉｓｅｘｐｅｃｔｅｄｔｏｂｅ９５９６
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ormolc,whichisfaraboveMr､Brown，sfOICcastof41％iｎ２０３０

１nChinacurlcntfOodimportsaccouｎｔｆＯｒｏｎｌｙａｂｏｕｔ２％ofthetotal

domesticconsumptionItisthecountry，sconsistentpolicytobeselfL

sufficientinfOodFurthennore,thethreemajorfUndamentalpoliciesof

familyplanning，environmentalprotection，andfannlandprotectionare

closelyrelatedtooneanother・SubstantialfarmlandareainChinahasbeen

occupiedfbrthepulposeofindustrialconstructions,etc・everyyear,butitis

配coupedbycultivatingreservefarmlandresources・Ｆｏｒexample，ａｎ

ａｖｅｒａｇｅｏｆ９,lOmillionMuofexistingfarmlandwaslosteachyearfrom

l990tol993，whereaｓ７.O2millionMuofreservefarmlandwasnewly

cultivatedannually・Ｔｈｅｒｅｓｕｌｔｗａｓｏｎｌｙ２・O8millionMuofactualloss・

Accordingtostatistics,Chinahas500million(Ｍｕ)ofwastelandwhichcan

becultivated，ａｎｄｔｈｅＧｏｖｅｍｍｅｎｔｉｓｐｌａｎｎｉｎｇｔｏｃｕｌtivateanaverageof5

millionMueachyearfroml990througｈ2000．hnplementationofthis

cultivatioｎｐｌａｎｉｓｅｘｐｅｃｔｅｄｔｏａｄｄ２００Ｍｕｏｆｎｅｗｆａｌｍｌａｎｄｔｏｔｈｅｃｕn℃nt

farmlandareainthe40yearsbetweenl990and2030・so,ｔｈｅ“shortageof

farmland，,predictedｂｙＭｒＢｒｏｗｎｗｉｌｌｎｏｔｏｃｃｕｒａｓＭｒ・Ｂｒｏｗｎpredicted・

AgriculturalDevelopmentPolicyBasedonReinfb1℃ingAgricultural

ScientificTechnology,IncreasingAgriculturallnvestments,andSpecification

ofTotalDevelopmentDistricts

Thetrendsinthe21stcenturyislikelytobethattheChinesepeople，s

fOodconsumptionstandardwillimprove,alongwitheconomicdevelopment

andhigherincomelevels，ａｓdirectfOodconsumptionpercapitadec1℃ases

whiletheproportionsofanimal-basedfOods,fruits,vegetables,vegetableoils，

etc、increasesremarkably，instead・Inaddition，progressinagricultural

scientifictechnologyisconsideredlikelytogreatlycontributetotheincrease

infbodproduction・Whilethesubstantialincreaseoffbodproductioninthe

fbnnerhalfofthel980swasbroughtaboutbythecollapseofthecollective

agriculturalsystemandthesubsequentestablishmentofindividual

management，fUrtherimprovementoffOodproductionwasachievedby

technologicalprogress・Ｆｏｒexample，hybridrice，whichChinadeveloped
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ｂｙitself,ｗａｓｐｌａｎｔｅｄｉｎｎｅａｒｌｙ５０９６ｏｆｐａｄｄｙｆields，attainingaboutl5to

2096moIcproductivity・Ｔｈｅcountrypresentlyobtainsnearly6,OOO

effectiveresultsinagriculturalscientifictechnologyresearcheveryyear,and

suchtechnologicalprogressisexpectedtoincrcasinglycontributetothe

agricultureinfUture、

ChinaspecifiedtheSanJiangPlainastheconcentratednational

agriculturaldevelopmentdistlictsinl988,andinvested700millionyuanin

first-phaseconstructionuptol990、Thesecondphasebeganinl991，and

thetotalinvestmentsupto2o00areplannedtoamountto３．４billionyuan，

Sofar,3.5kmzoflandhasbeenexploitedachieving313milliontonof

grainyields、Whilethedevelopmentiscarriedonwiththeaidofloansfrom

theWorldBank，Japan，etc.，vanouskindsoffbreign-capitalplcferred

policieshavebeenintroducedtopromotethedevelopmentfUrther・ThuＳ，

thisschemealmstomakerapidprogresswithahugeagricultural

developmentprqiectbasedonlandimprovementintheplain，andis

consideredtobeverylikelyleadtomultinationaleconomiccoOperation、

SanJiangPlain,asthetotalagriculturaldevelopmentdistrict,hasbeen

dividedinto306developmentdistricts，where326developmentitemshave

beencalriedout、Theseattemptshavecovered69counties，cities，and

wards,and96farmlands(incLpastures)andfishinggroundsinHeilongjiang

Likewise,enonnousagriculturaldevelopmentprqjectsaregoingoninJilin

andLiaoning，too・ＴhecentralgovernmenthasallCadyspecifiedtheSan

JiangPlain,theSongRiaoPlain,andtheRiaoHePlainasitsfbcalareasfOr

agriculturaldevelopment，andexpectstopromoteconstructionsoffbod

productionbasesthroughlarge-scaleinvestments．
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TablelTotalPopulati⑪nandlncreasesofProductive-Age
POpulationinthreeNortheastProvinces

TbtaIPoDulation

iii':型r鶚;::呰簔ffh:耐Population
（0.000）

Population
（0000）

Yea「 Year-on-yea｢Increase

（％）

1953

1964

1982

1990

4,357.3

6,354.4

9,129.2

9,933.6

2,279.3

2,840.3

5,272.6

6,4333

45.8

43.7

８．８

24.6

85.7

22.0

Sou冗己 1)StatisticalYearbooksofLjaoningJilin,andHeilongjianP『ovinccs,Ibrl991
2)MaIerialso｢lhe4thPopuIationCensus,1992.

Table2AgeStructureofPopulatiOninthreeNortheastProvinces

Ａｇｅ P｢oportions(oProductive-Age

Population(％）

１５～3４ 62.40

３５～4４ 21.97

４５～5４ 1２．８１

５５～５９ 2.82
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Table3PopulationbylndustryinThreeNortheastProvinces

lndustry

AgricultulaForestry,StockFaTming,and
Fisherics

Manufacturing

GcologicalExploration

Constructio、

Population(００００） Share(％）
－

５２．７2,776.0

1,2688

１０．７

165.4

24.1

０．２

3.1

２．９TransportandPosts＆
Telecomnunications

155.4

Commerce,CateringService，

Distribution,andWalchousing

HousingManagement,PublicPrqjects，
ResidentServices

Healthcare,Sports,SocialWeIfarc

Education,Culturc,Art,Broadcasting，
TV-related

355.8 6.8

83.6 1.6

６７９

１７２．３

1.3

3.3

ScientificResea【℃h,Total庇chnological
Service

1７．９ 0.3

FinancialandInsuranceinstimtions

NationalOrganizations,PoliticalParties，

SocialOrganizations

Others

28.9

161.5

0.5

3.1

5.5

山一皿

Total 5,269.6

Source:Resultsofthcl990FourthPopulationCensus．
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Futu正PopulationEstimatesfOrthreeNortheastProvinces
（1995-2000）

Unit:0℃00.％

Table４

2010200520001996

Ａｇｅ
ProporUon

１８．２

謡ｉ
1２．６

100.0

20.0

57.3

１１．９

１０．８

2,098

6,300

1,659

1,446

22.2

59.3

８．６

９９

2,253

6,454

1,337

1,220

2,422

6,467

９４０

2,443

6,294

７９９

９１７

23.4

60.2

７．６

８．８

lessthanl5

１５～4９

５０～ｓ９

ｍｏｒｅｔｂａｎ６０

Ｔｏｔａｌ

1,083

Note:Author，sestimates

NoにsonSlatisticHBIDmt2？

aTbtalPopulalion:Ｔｈｅｌ９９０ｐｏｐｕｌａｔｉｏｎｂｙｓｅｘａｎｄｂｙｙｅａrgroupwasfromthepopulalionsbysexoffWe

agegroupsinthethr己eprovmcesatthetimeorChma，slbuIthpopulationcensus．

ｂ・AssumptiononBiIthRate:FDrthel9gObirthraに,the１０％sampling1℃sultsofthe4lhpopulationcensus、

Icga【dingthe歴plDductive-agedにmalepopulation，sIotal化『tilitymte(TFR)inthcth姪pmvinccswcrc
uscdasbase・

ThcbirthmにＳＷＣ『ｅｌ５１ｉｎＬｊａｏｎｉｎｇ,L31inJilin,andl71inHeilongjian、The2010birthmtesalC

deにrmmedbyannualavelageratesofTFＲｓｏｆｔｈｅ妃pmductive-aged化malepopuIationsinlhethI窪

pmvinces・Accoldingly，ｔｈｅ２０１０ＴＲＦＳｏｆｔｈｅにproductive-aged化maIepopulationsinthelhnBe

pmvincesofLiaoning,Jilin,andHeilongjian,arees【imatedtobe1.50,1.60,and1.51肥spectiveIy．

c・AssumptiononMortalityRate：Ｔｈｅｉｍｄｉｃｅｓｔｏｅｘｐ妃ssmortalitylatesusedhe肥aIEavernge1ifb
expectamciesofthepopulation画ＤｕｐｓａｔｔｈｅＩｉｍｅｏｆｂｉｒｔｈ・me2010by-sexavcmgeliIbcxpectanciesiID

thethICcp【DvincesaH⑫estimates,basedontheby-sexli化expectanciesｉｎ【hepmvincesinl98L
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TheAgriculturalSituationinChimａｎｄ
Countermeasures

ShenSiying

Lecturer,PopulationResearchlnstimte，

NortheastAsianStudiesCollegeofJilinUniversity





１．soilEnrichmentandExpansionofFarInland

Chinaisalargecountryof96millionsquarekilometersinalea,alarge

partofwhich,however,consistsofmountains,coldwastelands,deserts,and

aridorsemi-aridareas・Thearablelandaleais，therefOre,relativelysmall，

constitutingonlyapproximateｌｙ９４９ｍｉｌｌｉｏｎｈｅｃｔａｒｅｓｏｒＯ・O85hectalcsper

capita,equivalenttoonlyaquarteroftheworldaverageleveL

ArablelanddoesnotonlyprovidesabasefOragriculturalproduction，

butiswidelyindispensablefbrconstructionsofcities,roads,factones,mines，

etc・AstheChineseeconomyisinthemidstofhighecononucgrowth,with

itsscalｅａｎｄｔｈｅｔｏｔａｌｖｏｌｕｍｅｏｆｔｈｅｅｃｏｎｏｍｙcontinuouslyexpanding，the

usesofarablelandsfOrnon-agriculturalpulposesiscreatingverydifficult

problems・ThefamnandareainChinahasbeendecreasingbyanaverageof

300,OOOhectareseveryyear,ａｎｄｔｈｅｍａｊｏｒｃａｕｓｅｉｓｔｈｅｕｓｅｏｆｔhelandfOr

non-farmingpurposes・Sincethepopulationhasincleasedwhilethe

farmlandshavecontinuedtodecrease,theper-capitafarmlandareainChina

hasconsiderablydeclinedThecountlyhad９８．５millionhectalCsofarable

land,orO187hectarespercapita,ｉｎ1949,andarableareaincreasedtollL3

millionhectaresｏｒ0.173hectarespercapitain1957.1,1993,theareafell

to949millionhectaleｓｏｆａｒａｂｌｅｌａｎｄｏｒＯ､O85hectarespercapita,amere

halfofthel9491eveL

China，sfalmlandshavenotonlydeclinedinareabutinqualityaswelL

Theorganiccontentofthesoilisalreadyasｌｏｗａｓｌ９６ｏｎａｖｅｒａｇｅ,ｗｈｉｃｈｉｓ

ｆａｒｂelowthoseoffarmlandsinEuropeandtheUnitedStates,ｉ､e・’2.5％ｔｏ

4.0％、TheChangjiangandtheHuaiBasins,whichareimportantbasesfOr

agriculture,havelessthanl96organiccontentgenerally,ａｎｄｉｎｓｏｍｅｐｌａｃｅｓ

ｔｈｅｒａｔｅｉｓｅｖｅｎＯ３９６ｏｒｌｅｓｓ・Ｔｈｅｒｅｓｕｌｔｓｏｆａｓａｍｐｌｉｎｇｓｕｒｖｅｙｂｙｔhe

ProvinceofHeilongjiangml989showedthattheorganiccontentsofthesoil

inthenortheastfertilesoilzone,called“TheNorthemGranary，，,ｗａｓｌｔｏ５％、

Ｉｔｕｓｅｄｔｏｂｅ８ｔｏｌＯ９ｉ６ｉｎｔｈｅｌ９４０ｓａｎdl950s・Inaddition，thefarmlands
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havebeenconstantlyerodedbynaturaldisasterssuchasalkalinization，

desertification，orwashing-awayofsoiLCurrently，Chinahasabout67

millionhectaresoffalmlandareaexposedtothethreatofalkalinization,plus

nearly4millionhectaresattheriskofdesertificationAccordinｇｔｏｔｈｅ

latestresultofasurveyconductedwithremote-detectiontechnologybythe

sectorconcernedinl99Z，ｔｈｅｌｏｓｓｏｆｔｈｅｓｏｉｌａｒｅａｗａｓ３６９ｍｉｌｌionsquale

kilometers，ofwhichL794millionsqualckilometerswascausedbywater-

erosio､，andL876nllionsquarekilometersbywin-erosion・Theamount

ofsoilcarriedfromthelandofChinatothecoastalwatersthroughtherivers

aｍｏｕｎｔｓｔｏｌ,780milliontons・Addingaccumulatedmudandsandtothis

figuremakestotalerosionofover5billiontons

Sincel949,theChinesegovernmenthastakenaseriesofmeasuresto

improveconditionsofagriculturalproduction，cmeflyasfbllowsThe

measures：（１）ｉｍｐｒｏｖｅｍｅｎｔｏｆｔｈｅｆａｒｍｍｇｓｙｓｔｅｍｂｙextendingareasfbr

intercropping,doubleormultiplecropping,andcroprotations;(2)aggressive

developmentoffarmlandreclamationprqlects,ｂｙｅ､９．，１℃clamationofabout

35millionhectalesoffarmlandinHeilongjian,Hainan,Xinjiang,Yunnan，

etc・ｗhichhavereclaimedabout650,OOOhectaresoffarmlandfmmthesea；

constructionofstate-ownedautomatedfarms,whichhavebecomeimportant

basesfbrproductionoffOod,cotton,mbberandtropicaleconomiccrops;(3)

powerfillenrichmentofthefarmlandswithlowproductivity,byconstmction

about６．５millionhectaresofhorizontallytenPacedfalms,improvingabout45

millionhectaresofalkalinelands，andconductingrepairingworkonabout

45millionhectaresofwashed-awayareas；（４）constructionofdrainand

irrigationfacilities，whichincreasedtheeffectiveirrigablelandalCafrom

l600millionhectalesinl949to493.65millionhectaresinl995,ofwhich

322・l0millionhectarcsbenefitfrommechanicalandelectricaldrainageand

irrigation・

Associatedwithpopulationgrowthanddevelopingconstructionof

citiesandvillages,thecontradictionof“molepeople,，ａｎｄ``scalCerationally

land,,isbecomingincreasinglycriticaLTherefbre，theGovemmentvalues
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andutilizeseveryinchoflandcal巳fUllyandeffectivelyasbasicnational

policy,andintendstoemphasizethefbllowingsixpointsfOrasuitablylong

peｒｉｏｄｏｆｔｉｍｅ（１）Consistentobservationof“TheLandLawofThe

People'sRepublicofChina,,，andimplementationofmethodstocontrolthe

construction-userateoflandarea,withnon-useexistmgfarmlandsifpossible，

ｏｒｔｏｕｓｅａｓｌｉｔｔｌｅａｒｅａａｒｅａｓｐｏｓｓｉｂleAlso，toreclaimthelands，again，

wherefactoriesormineswerecloseddown．(2)AppropriatelCclamationof

wastelandandstabilizationofthearablelandalca・Chinahasapproximately

35millionhecta１℃sofwastelandsthatwillsuitfarmingmostlynorthofthe

35thparalleLTheyaremostheavilydistributedoverthenortheastregions，

thenlnnerMongoliaandXinjiang,andpartlysomesouthemprovinces、Itis

inevitablethatfarmlandsareoccasionallyexploitedfOrotherpulposes，as

urbanandmralareasdevelop、Inanattempttomaintainastablefarmland

alea，however，thenationhasreclaimedwastelandsappropriatelyto

supplementthelandslostfOrconstructionofcitiesandvillagesin

Heilongjiang,Xinjiang，InnerMongolia,ａｎｄsomesouthernprovincesor

regions．（３）Ⅲnplementationofintensivemanagementoffarming，and

improvementofyieldsperunitareaofexistingfarmlands・Chinahasabout

65millionhectaresoflowproductivityfarmlands，whichaccountsfOrtwo

thirdsofthetotalfarmlandareaToimproveproductionoffOodand

economiccropsfurther，ｆａｒｍlandswithlowproductivitymustbeenriched，

andintensivecultivationandimensivemanagementmustbeinstituted（４）

Utilizationofthetidelandresourcesinthecoastala1℃asfOrtotaldevelopment

plans・MainlandChinahasl8,OOOkilometersacoastlineandasmaｎｙａｓ２

ｍｉｌｌｉｏｎｓｑ・hectaresoftidalUats・Asthemiddleregion（consistingof49

countiesandcitiesmainlyinShanghai,Jiangsu,andZhejiang)developed

relativelyearly,ithasattainedcomparativelyahighreclamationleveLThat

hashelpedtheregionmakegoodeconomicprogressthroughtheplantingof

crops,cotton,rape-seed,sugarcrops,mulberries,ｅtc､,thecreationofsaltpan，

andfanningofprawns,sea-tangle,squirtingclams,etcinfreshwater・Thus，

theregionhasbeenabletocontributeitsvaluableexpenenceintidela､。
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resourceexploitationtootherareas．(5)EfficientmamtenanceofthesoiL

andprotectfarmlandsinmountainouslegions、６６％ｏｆｔｈｅｌａｎｄａｌｃａｏｆ

Ｃｈｉｎａｉｓｍｏｕｎｔａｍｏｕｓａｎｄｔｈｉｓｃｏｎｔａｍｓａｔｈｉｒｄｏｆｔｈｅcountry，sfarmlands、

Thegleatestriskthesefarmlandsalefacingisthewashing-awayofsoiL

Thecountry,srestorationpolicyagainstthiskindofdamageaimstolinkthe

currentbenefittothefUturebenefit・Itisthoughtthatthiscanbedoneby

establishingrationalplanningbasedonlocalnaturalconditionspersmall

river-basin,carlyingoutlarge-scale，intensiveandcontinuousflood-control

works,takingbiologicalandflood-controlmeasuresonaparallelbasis,and

linkingtheHood-controlworkwithproduction．（６）Restorationofthe

northemareasunderdesertification,andprotectionoffarmlandinthatregion

lnthenorthemregionsofChma，thedeserthasexpandedby32､８million

hectares,andsome4millionhectaresoffarmlandsin207countiesandcities

inl2provincesareattheriskofdesertification，Ｔｈｅｒｅstorationprocessof

thelanddependsonthedegreeofdesertification，andtheclimatictype・In

thesemi-humidareaswithrelativelygoodnaturalconditions,thelCstoration

workisconductedtomaintaintheecologicalbalancebyrationａｌｕｓｅｏｆ

ｌ巳soumes,andtohelpthelandsaffectedbythedesertificationtorestoretheir

productivity・Forthesteppesinthesemi-aridareas,theprqjectsaimto

reducetheamountofgrazingonpasturc,byartificialfbSteringofvegetation

betweenhillsoronlowlandsbasedonthefOrestprotectionnetwork，in

additiontoprotectingthenaturalvegetationAsfOrthedraughtdesertzones，

theprqlectsaredesignedtoconstmctafbrestprotectionsystem,dissemmate

water-savingorirrigationtechnologies，ｇｒｏｗｐｌａｎｔｓｆＯｒｓand-erosion

prevention,andpromotelCstorationoftheecologicalbalance．

2．ForestResourcesandForestryDevelopment

china，slargelandarea,inwhichtemperatureandhumidityvarygreatly

dependingontheregion,suppliesavarietyofecologicalconditionslCquired
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bydiversetypesoftrees，whichfOnnrichfOrestryresources・Thecountly

hastotallyabout8,OOOspeciesofwoodyplantsincludi､９２，OOOspeciesoftall

t1℃Ｃｓ・Ａｍｏｎｇｔｈｅｗｏｏｄｙｐｌａｎｔｓａｒｅｓｏｍｅｌ,OOOspeciesmakinggood

lumbersandspecialeconomictrees,ａｎｄ６，０OOspeciesofshrubsMolethan

50speCiesaretallspeciesuniquelytoChina・

TheresultsoftheFourthForestryResoumesSurvey（1989t01993）

showthatChinahasl337OmillionhectaresoffOrestarea，accountingfOr

l3､92％ofthetotallandarea,whichisfarbelowtheworldaverageｏｆ2296.

1tｈａｓ11,780millioncubicmetersofaccumulatedstandingcrops,ａｎｄ10,137

millioncubicmetersoffOrest-nurserystockPer-capitafOIcstareainChina

isO,llhectares，ｗｈｉｃｈｉｓｍｅｒｅｌｙａｎｉｎｔｈｏｆｔｈｅｗｏｄｄａｖerageLumber

lesoumeconsumptionofthecountryinl993was320millioncubicmeters，

whilethenetgrowthincrementsoflumberwere400millioncubicmeters，

whichislargerthanconsumption、ComparedtotheThirdForestry

ResourcesSurvey(1984tol988),however,accumulatedmamrelumberhave

decreasedbyabout200millioncubicmeters，ｏｒａｎａｖｅｒａｇｅｌｏｓｓｏｆｓｏｍｅ

５４､７３millioncubicmeterseachyear・

ＴｈｅｐｒｏｂｌｅｍｉｓｎｏｔｏｎｌｙｔｈｅｓｃａＩ℃efOrestresources，buttheirrational

fOrestdistributionandthetree-speciesstructureinChina、９４００mm

precipitationisohyetlinerunsfromthewestemDaxingianlingaleatothe

edgeofQing-ZangPlateauinthesouth,dividingthecountrybetweenthe

southeasthalffavorabletogrowthoffOrestsandtheinfavorablenorthwest

halfundesirable・Ｔｈｅｐｒｏｐｏｒｔｉｏｎｏｆｆｂｌｃｓｔａｌｃａｉｓｏver3096inmany

provincesintheeastorthesouthofthecountry,includingHeilongjian,Jilin，

ZhGjiang,Jiangxi,FUjiang,andTaiwan,whilethatinmostprovincesinthe

northwestregion,includingGansu,NingxiaHui,Xinjiang,andQinghai,is

lesstha、５％・Insomeareasitisevenlessthanl96、Themalnexpression

oftheirrationaｌｆｂreststructureinChinaisthelargeproportionoftimber

fOIestsandthesmallproportionofwmdblCakandeconomicfOrests・A

fbreststmcmlelikethisisundesirablefbrsustainableutilizationoffbrest

resoumes、Inaddition,china，sutilizationrateofthelandareaavailablefbr
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fOIcstryissolowthatonly4596oftheareaactuallyhasfOrests・Tmsfact

denotesthatthecountryhasmorethanlOOmillionhectaresofnon-fbrest

lands,whichwillallowpotentialdevelopmentoffOICstationprqjects、The

accumulatedstandingfOrestperhectaleinChinais90cubicmeters,whilethe

woddaverageisllOcubicmetersandthatinSwitzedandis234,whichisthe

greatestintheworldThegrowthincrementsoflumberperhectareinChina

are2､４cubicmeters，ｗｈｅｒｅａｓｔｈａｔｉｎｔｈｅ“fOrestly-developed,，countries

amountsto3cubicmetersormore

Sincel949，Chinahasestablishedfbrestryorganizationsonevery

administrativelevelfromcentraltolocal，andimplementedasenesof

policies，measures，lawsandregulationstobroadlypromoteaffOrestation

whichhaveachievedsuccesstosomeextent・Inthedistantpart，the

countly，sthelargelandareawascoveredbymanyfbrests,whichhavebeen

remorselesslydestroyedbynaturalandman-madedisastersoverthousandsof

years・Intheearlyl950s,thefOrestareaoccupiedonly8､6％ofthecountry・

Froml949totoday,coastalregionsincludingGuangdo､9,FUjiang,and

ZhQjianghavecreatedcoastalprotectionfbrcsts，andprovinceｓｉｎｔｈｅ

ｓｏｕｔｈｅｍｐａｒｔｏｆｔｈｅＹａｎｇｔｚｅｈavetimberandecononcfbrestsmainly

consistingofcedars・Famnand-protectionfOrestshavebeencreatedin

farmlandsinthenorthemareasandtheYangtzemidstreamareas、Airplanes

didseedingfOrcreationｏｆｆ０１℃stsinmountainousareasofextensiｖｅｂ妃adth

andsmallpopulations,wheretransportisnotsufficientlyavailablelnl978，

theChineseGovernmentbeganclcatingprotectivefOrestsinthe‘`Three

NorthernDistricts，，consistingoftheNortheast,North,andWestdistricts,and

thisaffOrcstationprOjecthasbeenonthelargestscaletodate、Withallthese

effOrts，theproportionofChina，sfbrestareaacmevedl3､92％，withan

artificiallyplantedfOrestareaof3331millionhectare，whichisabouta

quarterofthecountry，stotal,thelatterbeingthegreatesttotalfOrestareaof

theworld･TheconstructionofnaturereservedistrictsinChinastartedin

l956・TheprOjectbuiltup763naturereservedistlictswithatotalareaof

61,184,OOOhectares,ｍｏｒｅthan９０％ofwhichbelongstofbrestnaturereServe
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districts・ThiswasquitemeaningfUlintennsofprotectionoffOrest

resoulces．TheGovemmentconⅡnencedtheconstructionofafOrest

protectionsysteminthefbrestdistrictsinl950,andhasbasicallybuiltupa

fOrestfire-Ictardantsystemandasystemtopreventdiseaseandinsectdamage
tofbrests，

TheChinesegovernmentisduetomakeeffOrtsfOrthefbllowing

prqjectswhichstartedinthelatel970sandwillcontinueuptothemiddleof

thenextcentury．（１）Constructionoftwomajorbasesoflumberand

protectivefOrestsinthenortheastandnorthwestdistricts・Althoughthe

northeastfbrestdistrictisthecountly，slargestbasefOrlumber,themajority

ofthelumberhaｓａｌｒｅａｄｙｂｅｅｎｃｕｔｄｏｗｎｂｙｔｈｅｍａｎｙｆＯrestrybuIeaus,and

thenewlyplantedtreesarenotyetreadyfOrcutting、Themosturgenttaskis

toimplementrenewaloftheareaswherecut-overhasbeencompleted,raise

manytrees，helpnewfOrestdistrictsgrowintothecut-overperiod，anda

securepennanentfOrcstproductionbaseinthenortheastfOrestrydistricL

Ontheotherhan｡,thescaleofcut-overistobereducedinthefOrestsofthe

southwesthigh-mountaindistrict・Atthesametime,totalutilizationrateof

lumber,ｉ､e､，lumberandresidualproducts，willbeimproved,andmultiple‐

speciesoperaｔｉｏｎｗｉｌｌｂｅｔｈｅｍａｉｎｅｍｐｈａｓｉｓｉｎｔｈｅfOrestryindustJy．（２）

ConstructionofbasesfOrfast-growinglumber、Plantedfast-growmgtrees

growrapidly,witharelativelyshortperiodtothecut-overtime，andcanbe

relativelyquicklyconvertedtolumbersupplier・TherefOIe,developingthe

fast-growiｎｇｌｕｍｂｅｒｂａｓｅｓｉｓｏｎｅｏｆｔｈｅｆＯｃａｌｐｏintsofChina，sfOrest

constructionChineseprovincesanddistrictstothesouthoftheQinLing

andtheDabieMountains,includingthesouthemYangzi,FUjiang,ZhCjiang，

Hunan，Hubei，Guangdong，GuangxiZhuang，Guizhou，Yunnan，Sichuan，

JiangsLandAnhui,belongtothetropicalbelt,withmildclimatesandhigh

precipitation，whelctreesgrowrelativelyfast・TheGovemment，therefOre，

hasspecifiedthisextensivea１℃aasabasefbritsfast-growinglumber．（３）

Completionofthe“ThreeNorthernDistricts，，protectivefbrestsystemsinthe

mid-andup-streamChangjiang,CoastaLandPlain-farmlandprotectivefOrest

－１１１－



districts・Ｔｈｅ“ThreeNorthemDistricts,，extendfbrl4,OOOkilometersfrom

easttowestthroughthenorthwest，thenorthandthenortheastregions，

playinganimportantroleinplcventingdesertexpansionandwashing-away

oftheyellowsoilhigmands・Ｃｈｉｎａｈａｓａｔｏｔａｌｏｆｍｏｌｃｔｈａｎｌ８,OOO

kilometersofcoastline,withrichtidelandresources，aswellasmanysandy

lands,mountalns,ａｎｄhills・TheGovernmentalsoplanstoestablishcoastal

plotectivefOrcstsystemsinthosealeastoreducethelosscausedbytyphoons

andplCventinundationofcoastalfarmlandsandwashing-awayofsoilfrom

thecoastalhills，Theprotective-fOIcstsystemschemefbrfalmlandsin

plainshasalreadyinvolved600counties,ormorethan40millionhectaresof

色rmlands．

3．FreshwaterResourcesandAgriculturallrrigation

ThetotalamountofwaterresourcesavailablefOrdevelopmentinChina

is28trillioncubicmeters（2,800cubickilometers),mainlyconsistingof

surfacewater,groundwater,andglacialwater・Thetotalamountofsurface

waterresoumesisover271trillioncubicmeters（2,710cubickilometers)，

making5.7％oftheworldtotalrivernowThegroundwaterandthetotal

amountofwatercontainedintheglaciersaccountfOr8252billioncubic

metersand5trillioncubicmeters（5,OOOcubickilometers）rcspectively・

Theseupstreamsourcestogethersupply55billioncubicmetersofwater

evelyyeartomajorAsianriversincludingtheChangjiangtheHuangHe

(YellowRiver),theYarlungZangbqthehdus,andtheGanges・

AsthegeographicaldistributionofChina,swaterresourcesisnotweU

balance｡,rainfallsandriverf1owsdiminishinggraduallyfromthesoutheast

tothenorthwest・

ThetimedistributionofthelcsourcesisalsounbalancedThismeans

thatthedistributionoverayearshowsimbalanceandwidenucmationThe

seasonaldistributionissuchthattheriversinthesouthemprovincesrisein
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thefOurmoｎｔｈｓｆｉｒｏｍＭａｙｔｏＡｕｇｕｓｔｗｉｔｈ５０ｔｏ６０％ofannualrainfall，

ｗｈｅｒｅａｓｔｈｏｓｅｉｎｔｈｅｎｏｒｔｈｒｉｓｅｉｎｔｈefOurmonthsfiomJunetoSeptember

ｗｉｔｈ７０ｔｏ８０９６ｏｆｔｈｅａｎｎｕａｌｒａｉｎｆａｌLFromtheviewpointofannual

changes,therearegreatdifferencesbetweentheyearswithahighamountof

precipitationandtheyearswithalowamount・Ｆｏｒexample,ｉｎｌ９６３ｗｈｅｎ

ｔｈｅｓｅａａｎｄｒｉｖｅｒｓｈａｄｈｉghwatercontent,ｔｈｅａｍｏｕｎｔｏｆｗａｔｅｒｒｅｓｏｕｒｃｅｗａｓ

ａｓｍuchas533billioncubicmeters,whichｉｓ440％morethan99billion

cubicmetersin1972．Thus，theannualfluctuationisconsiderable，and

tendstocausefloodordroughtdamage,affectingagriculturalproduction

ThedistributionofwaterandlandinChinaalsolacksbalanceThe

smallamountofper-capitawaterresoumesisthegreatesthindrancetothe

developmentofagriculturalproductionTheareatothesouthofthe

ChangjiangRiverhas７０％ofthenationalwaterresources,yetitsfarmland

areaaccountsfbronly3196ofthenationaltotal、Ontheotherhand,ｔｈｅａｒｅａ

ｔｏｔｈｅｎｏｒｔｈｏｆｔｈｅｒｉｖｅｒｈａｓ309ｌｂofthenationalwaterresoulces，ｂｕｔｉｔｓ

ｆａｒｍｌａｎｄａｒｅａａｍｏｕｎｔＳｔｏ６9％ofthenationaltotaLAccordingly，the

averagewatercontentsperhectarearesubstantiallydifferentfromsouthto

northThoseinGuangdｏｎｇａｎｄＦＵｊｉａｎｇｉｎｔｈｅｓｏｕｔｈａｌｃ９０,OOOcubic

metersandlO5,OOOcubicmetersrespectively,whilethatinHebeiandShanxi

intheｎｏｒｔｈｉｓｏｎｌｙ５,800cubicmeters・Eventhoughtheabsolutequantity

ofChina，swaterresourcesmaynotbesmalLitsper-capitaquantityismerely

2,700cubicmeters,equivalenttoaquarteroftheworldaverageamountof

water1℃sourcepercapita・ItisfOrecastedthatthetotaldemandfOrwaterin

Chinain2000willbeapproximately700billioncubicmeters,８０％ofwhich

isfbragriculturalirigation・However，theamountofwaterresoumes

availableinasem-droughtyearis650billioncubicmeters,leavingashort-

fallof50billioncubicmeters，Accordingtoagriculturalsectorstatistics，

theshortageofwaterhasfOrcedtheilTigational巳aortheeffectivefrequency

ofirrigationtobedecreased,causingareductionofabout5billionkilograms

fbodproduction・

Inthemeantime，aconsiderableamountofindustrialeffluentand
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domesticsewagearedischargedtopollutethesurfaceandgroundwater・

StatisticsshowthatthetotaldischargeofwasteorpollutedwaterinChina

was33.6ｂｉｌｌｉｏｎｔｏｎｉｎｌ９９ＬＡ７０％shal巳ofthisamountbelongsto

industrialeffluent,molcthanhalfofwhichdoesnotmeetdischargestandards，

Ｔｈｅrest,３０％isdomesticsewage,fOrwhichtheproperdisposalrateisless

thanevenlO96，Ｏｆｍｏｒｅｔｈａｎｌ,200riversinthecountry,８５０havealready

beenpolluted,andallthesevenmajorflowsarecontaminatedatdiffelmt

levels・SuchafUrtherdecreaseofusablewaterresourceshasbeen

dramaticallyincreaseｄｔｈｅｉｍｂａｌａｎｃｅｂｅｔｗｅｅｎｄｅｍａｎｄｆＯｒａndsupplyof

water・

ThedevelopmentandutilizationofChinesewaterlesourceshasalong

history,includingthelegendoftheDaYuRiparianWorksTheDUjiangyan

Dam,builtbythoseledbyLiBingandsonintheyear251,isstillfUnctioning

today、Again,ｔｈｅｆａｍｏｕｓＧｒｅatCanalwasopenedin486､Ceaselesswars

anddiminishedhumancapabilityofcontrollingnaturelesultedinfiequent

noodanddroughtdamage・Ahistorybookrecordsl,500breakdownsof

dikesin2,OOOyearstol949plus26majordiversionsofrivercourses・

Froml949tothemidl990s,Chinahascarriedoutanumberofwater

works，andmadebrilliantachievementsinwater-workconstmctions・Ｔｏ

ｇｉｖｅｓｏｍｅｍａ]orexamples,itconstructedatotalofnearly200,OOOkilometers

ofdikesandsea-banks,ａｎｄ8,600variouskindsofdams、Mostwell-known

aretheChangjiangwater-powerstationsattheGezhoubaDamandtheHuang

Hewater-powerstationattheLongyangxiaValley・Thetotalcapacityof

thesedamsamountsto460billioncubicmeters，８０％ｏｆｗｈｉｃｈｉｓｕｓｅｄｆＯｒ

ａｇ｢iculturalirrigationlnthenorthemaridareas，over3millionelectric‐

poweredwellshavebeendug・TheseilTigationfacilitiesprovidethe

agriculturalsectorwith45millioncubicmetersofwater,making49million

hecta１℃soffarmlandseffectivefOrilTigationAmongthosefarmlands，no

lessthana32millionhectaresendureddroughtandnooddamage，andnow

ensuresgoodharvests・Fundamentally，thecountryhasbroughtunderits

controltheHuangHe，whichusedtonoodfrequently，andsecured
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agriculturalproductionandhumanlivesinthebasinfTomanybreakdownof

dikessincel949、

Ｔｏｓｏｌｖｅｔｈｅｐｒｏｂｌｅｍｏｆｔｈｅｓｕｐｐly-demandimbalanceofwater

resources，ｔｈｅＣｈｉｎｅｓｅｇｏｖｅｍｍｅｎｔａｉｍｓｔｏｅｍｐｈａsizethefOllowingpoints，

onthebasisofareviewofpastexperiences．

(1)Abettergraspoftheactualsituationofwaterresoumes，taking

appropriatemeasurcsonthebasisofirrigationdistrictsandplanning,and

conductingrationalutilizationandexploitationofwaterresourcesma

graduatedandfOcusedmanner．

(2)Furtherinc妃aseofthenumberoffacilitiesfOrimgationworksand

carryingoutofseveralmajorconstructionsfOrwaterstorage、Tosolve

theproblemofunbalancedtimedistributionofwaterresourceｓｉｎｔｈｅ

ｗａｙ,fbrexample,thatthewellknownChangjiangSanxiaprqjectorthe

HuangHeXiaolangdiprQjectdidAlso,transferofwaterfiomone

basintoa､other・Tosolvetheproblemofunevenregionaldistribution

ofwaterresourcesby,fOrexample,ｔｈｅ“WaterTransportfromSouthto

North"prqject,inwhichwaterfromtheChangjiangistransportedtothe

HuangHe、Atthesametime,reinfOrcementofthefUnctionsofexisting

iITigationfacilities．

(3)ＳｔｒｅｓｓｏｎｗａｔｅｒｓａｖｉｎｇＴｏｉntroducestate-ofLthe-arttechnologies，

implementscientificandwell-plannedwaterutilization,andincreasethe

utilizationrateoｆｗａｔｅｎｌｎｔｈｅｐａｓｔ，ｉｔｗａｓｏｆｔｅｎｔｈｅｃａｓｅｔｈａｔｏｎｌｙ

ｅｘｔｅｎsionoftheilTigationareawasfOcusedupon,andnotmuchattention

waspaidtoimprovementoftheutilizationrateofwatemThistendency

causedsubstantialwasteofwaterduetooverfloworleakageatthetime

ofirrigationoffarmlandsAggressivelyimplementedatplCsentiswater‐

savingfarming，ａｍａｌｏｒｐａｒｔｏｆｗｈｉｃｈｉｓｄｉｆｆＵｓｉｏｎoftheirrigation

technologiesofSprinklerandinstillationThesetechnological

improvementscansavewaterrequirementsofahalfortwothirdsoftbe

amountconventionalirrigationmethodsusedtoneed．

(4)Establishmentofanewecologicalbalancebygrowinggrass,planting
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trees,large-scalemaintenanceofwaterresources,andprotectionofthe

earthinthea1℃asaroundwaterresoulCesorthelegionssufferingfmm

considerablewashing-awayofsoiL

(5)Tocompletetherelevantlawsandregulations,andenhancecontroLIn

addition，tomakeeffOrtstoguardwaterresourcesfrompoUutionand

wastefUluse．
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EconomicPlanningandConditionsofPopulation,Water

Resources,andFoodProductioninChina

Ｓｉｎｃｅｉｔｓ‘open-door，policytowardrefbrmofl978，ｔｈｅChinese

economyaswellasChmesesocietyhasmaderemarkableprogress・The

objectiveofincreasinggrossnationalproduct(GNP）fOurfOldbytheyear

2000wasattameｄａｈｅａｄｏｆｓｃｈｅｄｕｌｅｉｎｌ９９５ｔｈｒｏｕｇｈｔhethreeFiveYear

planscommencingfroml980.1,1996,ｔｈｅＧｏｖｅｍｍｅｎｔｓｅｔｆＯｒｔｈ“The

NinthFiveYearPlanfOrNationalEconomicandSocialDevelopment，and

OutlineofLongTennObjectivestowards2010",tosetnewgoals、Itaims

tocontrolthepopulationwithinL3billionuntil2000，quadruplethel980

per-capitaGNPbｙ2000,ａｎｄｄｏｕｂｌｅｔｈｅ２０００ＧＮPin2010whileholdingthe

populationwithin1.4billionlftheseobjectivesareaccomplished,ｔｈｅ

country，ssocialproductivity,totalnationalstrengthandthepeople，sliving

standardswillallconsiderablyimprove,andthebasefOrthegoalofvirtually

completingmodernizationinthemid21stcenturywillbefirmlyestablishe｡、

Theseobjectivesareattainable,yetinvolveanumberofproblems,since

variouseconomicandsocialfactorswillhavemoreorlessimpactonthe

attainmentofthem，eitherfavorablyorunfavorably・Analysesofthose

factorsandproposalofnecessarymeasureswillplayimportantrolesin

leadingthecountrytowardsmoothaccomplishmentofitsobjectives・Theに

isnoroomfOrdoubtthatpopulation,waterresourcesandfOodproductionare

thekeyfactorstomodemizationofChina．

１．EconomicDevelopmentandFoodProduction

AsChineseagricultul巳ｈａｓｂｅｅｎｂｕｉｌｔｏｎａｗｅａｋｂａｓｅ，itisnot

sufficientlyresponsivetothedemandsofpopulationgrowth,improvementof

livingstandards，andeconomicdevelopment・Sustainableandsteady
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developmentofagricultureandmraleconomiesis，thelefble，avery

importantbutmostdifficultissueinChina，seconomicdevelopment、

Nonetheless,itsfOodproductionhasshownaremarkablystableimprovement

intheprocessofthecountry，ｓｅｃｏｎｏｍｌｃｇｒｏｗｔｈ

ＷｈｅｎｔｈｅｎｅｗＣｈｉｎａwasfbundedinl949，ｔｈｅｎationalfbod

productionwasll32biUionkilogramsor209kgspercapita・Inl978the

respectivefigulCswerealready3048billionkilogramsor317kgspercapita・

AsaresultofaseriesofrefOrmsoftheagriculturalsystembasedonthe

household-basedcontractingproductionstartedinl978，nationalfOod

productionincreasedto350billionkilograms,４００billionkilograms,thento

450billionkilograms・Itrcached4564billionkilogramsinl993,theworld

greatest,withtheper-capitaproduction，387kgs，attheworldaverageleveL

Further,thenationalfOodproductioninｌ９９７ｗａｓａｓｈｉｇｈａs492Sbillion

kilograms・Inotherwords,Chinaisfeeding2296oftheworld，spopulation

with7％oftheworldfarmlandThetargetfOodproductionlevelinthe

NinthFiveＹｅａｒＰｌａｎ（1996ｔ02000）istoachieve490to500billion

kilogramsin2000・ＴｈｅＵ℃ndofthecountry,sfbodproductionimplies

continuousgrowthinthelongtenn

LookingfromtheperspectiveofthehistoricalexperiencesofChina,s

economicdevelopment，whenthenationaleconomywasrapidlygrowing，

agriculture,especiallyfbodproduction,oftentendedtoincreaseratherslowly，

while，conversely，thelatteroftenexpandedspeedilywheneconomic

developmentwassluggishTheChineseeconomyislikelytomaintainquite

ahighgrowthrateoverthenexttenyears．“TheNinthFiveYearPlanand

TheOutlineofLongTermObjectivesTowards2010，,aimsatagrowthrate

ofGNPatannualaveragesof896intheninthfive-yearperiod,ａｎｄ７％inthe

firsttenyearsofthe21stcentury・Anumberofobservationsandresearch

resultsfOrecastthatthecountry，sactualecononncgrowthrateinthenextten

yearsormorewillｂｅaround９％，exceedingthosetargetfigures・This

fbrecastvalueisfarabovetheworldaverageleveLWhilefbodproduction

hascontinuedto図ｏｗｉｎｔｈｅｌ９９０ｓｄｕｅｔｏｒａｐｉｄｅｃｏｎｏｍｉｃdevelopment,ｔｈｅ

-120-



annualaveragerateofinc1℃aseincropyieldshasslightlydeclinedThelCis

concemthatthismightlcpresentalong-tenntlend、Butitdoesnot,fOrthe

fOllowinglcasons．

(1)TheGovemmentplacesagreatemphasisonprotectionofdomesticfOod

productioninitspoliciesregardingproduction，importsandexports

Thiscanbeunderstoodfromthereport“FoodProblemsinChina,,issued

bytheGovernment．

(2)Domesticfannproductsandespeciallythefbodmarketsystemwill

continuetobeimprovedbyrcfOnns，sothattheywillmorepowelfUlly

promoteinclCasesinproductionofprice-elasticfOods．

(3)ChinesefbodproductionstillhassubstantialpotentialpowerfOrgrowth・

Thepotentialpowerwillbecomerealshouldthenecessaryconditions

regardingcapital，technology，laborinput，governmentpolicies，and

systemsbesatisfied・

ManyexpertsandrCsea1℃hesbynationalresearchorganizations（ｅ9.,

LinYifU,1995;LiYueyunJ996)maintainthatimprovementinproductivity

perunitarea,asamajorfactor,willmakepossibleanincreaseinChina,s

fOodproduction，onconditionthatfOodproductionpoliciesandchangesof

system(ｅｇ,tocontractedoperations)arebasicallystable・Accordingtothe

Junel996surveyoftheland-utilizationsituationnationwide，ｔｈｅcountry，s

farmlandareaactuallyusedisl33millionhectares、Thisgivesabout

3,OOOkgsperhectareofChinesefbodproduction，whichisfarbehindthe

productionlevelinagriculturally-developedcountriesTherearealso

considerabledifferencesinyieldsperunitareabetweenthevariousprovinces

ofthecountry,denotingthepotentialfOrfUrtherimprovement・Toimprove

unit-areaproductivity,ChinahastakenthefOllowingmeasures:（１）increase

ofirrigationworks；（２）improvementofmultiple-croppingindices；（３）

enrichmentoflow-productivityfarmlands；ａｎｄ(4),progressinagricultural

scienceandtechnology・

TwothirdsoftheexistingfarmlandareainChinaisoflowproductivity，

productionperhectarebeing2to3tonslowerthanthatinhigh-productivity
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farmlandsunderthesameclimaticconditions、TheGovenmentplansa

totalof32millionhectares（１４millionhectaresofwhichcomewithinthe

NinthFiveYearPlanperiod)ofenrichmentoffarmlandsnationwｉｄｅｉｎｔｈｅ

ｔｅｎｏｒｍｏｒｅｙｅａｒｓｔｏｔｈｅｅａｒly21stcentury・Basedontheexperienceof

HenanProvince,ahectareoffarmlandenrichmentisestimatedtobringabout

aLOOOtol,S00kgsincrement,thus,､ationwideenrichmentistoproduce

additional32to48billionkilogramsoffOodMoreimportantly，the

agriculturalscienceandtechnologyaswellasimprovementofunit-area

productivitywillraisethepossibilityofincreaseinfOodproductionThe

l997summercropyieldsmarkedarecordhigh，ａｌＯ,750millionkilogram

inc妃ase,asaresultofagreatimprovementinunit-areaproductivity,thanks

toincrcasedinputofscientifictechnologyandgoodclimaticconditions、Of

thetotalincreaseinproduction,９５９６wasbroughtbytheimprovedunit-area

productivity("EconomicDaily，，,July３１，１997)．TherefOIe,fUrtherattempts

toincreasetheunit-areafOodproductionarcconsideredcapableofkeeping

thecountry，sfbodproduction囚owinginthe21stcentury・

Theannualaveragerateofincl巳aseinfOodproductioninChina

betweenl952andl992was2.5296,whilethatbetweenl978andl984was

ashiｇｈａｓ５３５９６ａｎｄｔｈａｔｂｅｔｗｅｅｎｌ９７８ａｎｄ19923.04％．Ⅱweassumethat

fOodproductionincreasesatthel978-1984rate,totalproductionwillreach

67L7billionkilograms・Ifitincreasesatthel978-l992rate，total

productionwouldaccountfOr562.5billionkilogramsin2000IfwefUrther

assumethatitincreasedatthel952-1992rate，thentotalfOodproduction

wouldbe549.9billionkilogramsin2000Likewise，ｅｖｅｎatarelatively

lowrateofincrease，noproblemislikelyinattainingthefOodproduction

target-leveloftheNinthFiveYearPlan．

2．AgriculturalPolicyandWaterResources

Chmeseagriculmralpolicieshaveconsistentlyaimedatstablegrowth
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ofproductionofbasicagriculturalproducts,especiallyfbods・Themeasure

takentosecurestablemcreaseinfbodproductionisexpansionoftheimgated

areaoffarmlands・Notevenhalfthefarmlanda1℃aofChinahassofarbeen

irrigated，butthatinEigatedareaaccountsfOrtwo-thirdsofnationalfbod

production・TheilTigatedfarmlandaleainChinaisthelargestintheworld，

andthedemandfbragriculmralwaterisextlCmelyhighHoweverthe

expansionofirrigatedfarmlandaleaisconstrainedbyshortageofwater

resources,whichisacriticalconstraintonsustainableandstablegrowthof

fOodproduction・Per-capitawaterresourcesinChinaaremerelyaquarterof

theworldaveragelevel，andtheaverageamountofirrigatio、waterfbr

farmlandsalsoisonlyhalfoftheworldaverageInotherwords,thewater

shortagesituationinthecountryisextremelyseverclnadditionto

insufficientwater-resou1℃es,ChinaalsopossessesthefOllowingfeatures．

(1)Ａ厚iculturaldemandfOrwaterisconsiderableOf476.7billioncubic

metersofnationalwaterresourceperyear,４１９．５billioncubicmetersor

８８％isusedfOragriculture,mainlyfbrirrigationpurposes．

(2)Regionaldistributionofwaterisquiteuneven-muchinthesouthanda

littleinthenorthTheareastothesouthoftheChangjiangRiverhave

some7096ofnationalwaterresources，ｂｕｔｏｎｌｙ３１％ofnational

farmlandarea・Ｔｈｏｓｅｔｏｔｈｅｎｏｒｔｈｏftheriver，ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，

possessabout3096ofthenationalwaterresou1℃es,ｂｕｔａｓｍｕｃｈａｓ６９９６

ｏｆｔｈｅｎａｔｉｏｎａｌｆａrmlandareaThewaterresourcepercapitacontained

inthesouth-westｒｅｇｉｏｎａｍｏｕｎｔｓｔｏａｓｍｕｃｈａｓ３８,400cubicmeters，

fifteentimesthenationalaverage，wheleasaveragepercapitaand

farmlandwater-resourcesinthevastnorthemregionswiththeirhigh

populationsaremuchlower,withaslittleas430cubicmeterspeｒｃａｐｉｔａ

ｌｎｓｏｍｅａｒｅａｓ．

(3)Seasonalandannualchangesinrainfallsareextraordinarilygreat，

fiequentlycausingfloodanddroughtdamage・Thehighestannual

preｃｉｐｉｔａｔｉｏｎｉｓｔｗｏｔｏｆＯｕｒｔｉｍｅｓｔｈｅｌowestinthesouthernregions・

Thehighestinthenorthisthreetosixtimesthelowestinthoseregions．
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Mostpartsofthecountryhaveapproximately７０％ofannualrainfallina

maxlmumoffburmonths、Therateexceeds8096inthenorthernplains・

Thesecharacteristics，markedbyconsiderableannualchangesinand

seasonalhighconcentrationsofprecipitation,havecausedanumberof

large-scaledroughtsandfloods・Thesearemajorfactorsinthe

instabilityofChineseagriculturalproductionTherefOre，constmction

ofilTigationfacilitiestocopewithdroughtsandfloodsisoneofthegreat

criticalobjectivesthecountry，sagriculturalsectormustattain．

(4)TheeffectiveutilizationrateofwaterlCsourcesisrelativelylow・The

effectiveutilizationrateofinigationwaterinfarmlandsisabout４０ｔｏ

６５％．

Ｗａｔｅｒｉｓｔｈｅｍａ]orproblemimpedingagriculturaldevelopmentin

Chinainthe21stcentury，Confrontedwiththisproblem，ｔｈｅcountry,s

agriculturalpoliciesfOrthenextcenmlyemphasizethefbllowingmeasures

ThefirstmeasureisaimedatreinfOrcingirrigation-relatedconstruction

Large‐ｏｒ、edium-scaleirrigationprq]ectstogobeyondthiscentulywill

mainlyconsistofirrigationworksatriversandlakes，Thismeasureincludes

constructionsintheChangjiangSanxiaPrOject,theHuangHeXiaolangdi

PIOject,andtheSichuanErtanPrqjecttoimprovethecapabilityofcoping

withUoodsanddroughts・Onceinplace，theseworkswillsignificantly

enhancetheability，neededinagriculturalproduction，towithstandnatural

disastersandtoovercometheshortageofagriculturalwaterinthe21st

century・ThesecondmeasurewillbuildupbasicagriculmralfacilitiesfOr

theexpansionoftheirrigatedalea，fOcusingonirrigationfOrfarmlan｡s・

Irrigationsystemswillbeintroducedtoimproveproductionconditions，

aimingatanupsurgeinagriculturalproduction、Thethirdmeasulcis

directedtowardswidediffUsionofwater-savinginPigationtechnologies・Ｏｎ

ｔｈｅｂａｓｉｓｏｆａｎestimateofroughly450billioncubicmetersofnational

agriculturalwaterresource,ａ１０％incleaseintheeffectiveutilizationrateof

watercouldsupplyanadditional45billioncubicmetersofwaterperyear，

-124-



equivalenttotheconstructionofdozensorevenoverahundredlargedams，

TheintloductionofthesemeasureswillbenefitCmna，sagricultural

developmentandsecureincreasesinfOodproduction，andalsoalleviatethe

problemofwater-resourceshortage．

3．PopulationGrowthandFoodProduction

ThehugepopulationisthemostfimdamentalfactofChina，andthe

populationproblemhaslongbeenandwillcontinuetobethekeyissueinthe

country，smodemizationprocess、AccordingtothefOurthpopulationcensus

inChina，thetotalpopulationintheMainlandreachedl,l3368millionin

l990．ＩthadexceededtheL2billionmarkalreadyinl995，accountingfOr

21､4％ofworldpopulation・

Chinesepopulationstatistics，issuedbydepartmentsconcerned，show

thatthepopulationwilltendtogrowgentlybetweenl995and2010，ａｎｄ

ｃｏｎｔｉｎｕｅｔｏｄｏｓｏｆＯｒｑｕｉｔｅａｌｏｎｇｔｉｍebefOreeventuaUyattainingzero

growthThoseyearswillbethevitalperiodfOrChinainachievingits

population-goaLTheGovemmentsetfOrththeohiectivesofkeepingthe

populationwithinL3billionuntil2000,ａｎｄｗｉｔｈｉｎＬ４ｂｎｌｉｏｎｕｎｔｉｌ２０１０・

Thisimpliesthatduringthefirsttenyearsofthe21stcentury，another200

millionwillbeaddedtotheL2billionofthel995figure、

ThankstothesuccessfUlimplementationofplannedchildbirth,thebirth

rateinChmahasalreadydeclinedtothereplacementleveLDuetothe

inertiaofpopulationgrowth，however，ｓｏｍｅl3millionhavebeennewly

addedevelyyearonaveragcAccordingtoUnitedNationsprqjections，

evenatsuchalowbirthratelevel,thepopulationwiUcontinuetogrowuntiI

the2030swhentheChinesepopulationislikelytoamounttoaboutL6

billionAlso,itmustbenotedthatthecurlcntbirthratcinvolvessubstantial

regionaldifferences，andisquiteunstableInvieｗoftheunevenregional

distributionandinstabilityofthebirthrates，ｉｔｉｓｖｅｒｙｌｉｋｅｌｙｔｈａｔｔｈｅ
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populationinthefUturewillexceedL7billion,orevenL8billion,shouldthe

birthrateshowareboundThedcmandfOrfOodinthe21stcenturycreated

bytheimnensescaleofthepopulationanditscontinuousgrowthwillbring

massiveplcssuretobearonChinesefbodproductionCropyieldshave

beencontinuouslyincreasing，ｙｅｔｍｏｓｔｏｆｔｈｅｉｎｃｌ巳mentshavebeen

consumedbytheadditionalpopulation

Furthennore，duetothedeclcaseintheavailablelandaleastemming

fromthepopulationgrowthandeconomicdevelopment,theper-capitaarable

landareainChinadecreasedfromO､l8hectaresoonaftertheestablishment

ofthemodemnatiｏｎｔｏＯ１１ｉｎｌ９９６・Especially,economicgrowthandthe

increasingpopulationdensityintheChangjiangandZhuDeltasisgradually

convertingthearablelandthatismostsuitablefOrfOodproductiontoother

uses,seriouslyaffectingproductionandsupplyoffOod

AsChinaisgoingthroughahighecononuc-growthperiod,solutionof

thefOodproblemwillbeanimportantissueinthemodemizationprocessin

fUtureChinaisacountrywithanimmensepopulation・Nationsorlegions

withsmallpopulationsmaybeabletosolvefOodproblemsbyimports，ｂｕｔ

ｓｕｃｈｉｓｎｏｔｔｈｅｃasefbrpopulouscountriesTotalworldfOodproductionis

sufficienttｏｍｅｅｔｔｈｅｄｅｍａｎｄｏｆｔｈｅｔｏｔａｌｗｏｒｌｄｐopulationnow，yeta

numberofcountriesandregionsaresufferingfromshortageoffOo｡、China

needssteadilytomaintainselfreliancewithregardtofOod-supplyaswellas

itshighselfLsufficiencyrate,andthatisthefbundationwhichwillguarantee

sustainablegrowthAsamatteroffact,Chinahasalwaysbeenonthistrack、

Tomeetthehugepopulation，ｓｄｅｍａｎｄｆＯｒｆｂｏｄ，Chineseagriculture

hasnochoicebuttopursuelong-termmaximizationoffOodproduction

However，asproductionhasincreased，thelawofdimnishingmarginal

returnshascomeintoplay，ａｎｄtheconsumptionrateoffarmproducts

especiallycropshasincreasedcontinuously-from3096inl984to35.6％in

l992,thenｔｏ42.596ｉｎ1993．Thistrendsharplyinclcasesthemarginalcost

offbodproductionForthemoment，china，ｓｄｏｍｅｓｔｉｃｆｂｏｄｐｒｉｃｅｓａｒｅａｔ

ｔｈｅｓａｍelevelasthoseoftheintemationalmarket・Suchcontinuous
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inclCasesinfOodpricesimplythatChinawillhavetointroduce，asa

developingnation，theagriculmralprotectivepolicieswhichonlydeveloped

countnescannonnallyadopt、Thistendencymaytransferlcsourcesfrom

theindustrialsectortotheagricultural,hamperingindustrialprogress・

ＴｈｅpopulationgrowthrateinChinaisnotnecessarilyhighin

comparisonwithmanyothernations・Nonetheless，thecountlymust

maintaintheplannedchildbirthpolicyfOrthecontrolofpopulationgrowth，

aimingfOrzerogrowth，whileundertheconstraintsonfOodproduction

mentionedabove・Suchmaintenancewillhaveadirectimpactnotonlyon

China，sdevelopmentitself,butalsoonthefUturepopulationoftheworld，

willinHuencetheworldresourceenvironmentandsocio-economic

cooperativedevelopment,andwillaffectwhetherornotthehumanracecan

getontrackfbrsustainabledevelopment．
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LPopulationTransitioninIndia

Thelndianpopulationinl998(middleoftheyear)wasestimatedtobe

987millionandwilllikelyexceedlbillioninayearｏｒｔｗｏ・Ａｓｉｓｗｅｌｌ

ｋｎｏｗｎ，Indiaistheworld,ssecondmostpopulousnation，secondonlyto

China(populationL26billion),andwithapopulationdensityof285per

squarekilometerithas,togetherwithBangladesh,thehigherlevelamongthe

majordevelopingcountnes、ThecountlyisalsoknownfOritsplanned

parenthoodpolicy，Indiahavingbeenthefirstcountryintheworldto

introducesuchasnationalpolicy，ｉｎｉｔＭｎｉｔial5-yearplanstartingl951，

althoughthegrowthrateofitspopuｌａｔｉｏｎｉｓｓｔｉｌｌａｓｈｉｇｈａｓｌ､89ｌｂ，andan

annualincreaseisoverl7millionheadsperyear,whichisthelargestnumber

intheworld,easilyexceedingthatofChina、Suchpopulationgrowthhas

imposedgreatburdensonthedevelopmentofIndia，especiallyonthe

securingfOodproductionandwaterlCsoumes，Thischapterwillconsider

lndia,sfUturepopulationtrendsbyreviewingitsdistinctivedemographic

featuresandinvestigatingtheircauses・

hdiafreeditselffiomBritishcolonialismandwonitsindependence

afterseparatingfromPakistaninl947・Thepopulationgrowthofthe

countrysincethenhasbeensubstantiaLIndia,sfirstpopulationcensusafter

itsindependence,conductedinl95Lshowedthatthetotallndianpopulation

(exceptingJammuandKashmirwhelcthecensuswasimpracticabledueto

theborderdispute）ｗas357millionltincreasedsomel30％ｔｏ８３８５８

ｍｉｌｌｉｏｎ(about844millionincludingtheestimatedpopulationinJanⅡnuand

Kashmir)overthenextfbrtyyearstol991・Theaveragerateofpopulation

growthfbrtheperiodis2.1％perannum・

AccordingtotheUnitedNation，sestimatesoffUturepopulation,which

arcpreparedbasedonobservationsofthedemographictrendsuptorecent

years,thelndianpopulationisexpectedtoincreaserapidlyandtoexceedl､Z

billionbyabout2010，L4billionabout2025，ａｎｄ1.6billionaround2040．
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ThefOrecastofannualincleaseisabovel5millionuntilaround2015,andis

expectedtofalltolOmillioninthelatterhalfofthe2030s・

ThedistinctivefeaturesofpopulationtransitioninIndiabecomemole

obviouswhencomparcdtothoseinChina

Thecurrentrateofincrease（1995-2000)ｉｓ1.8％inlndia,muchhigher

thanthel・O96inChina,ａｎｄthegapbetweenthetwoisunlikelytobegrcaUy

nanowedinthefilture・Evenin2020-25,aquarterofcenturyfilrtheron,the

growthrateinlndiaisexpectedｔｏｒｅｍａｍａｓｈｉｇｈａｓ1.0％,beingdoublethat

ofChina，ｗｈｉｃｈｉｓｅｘｐｅｃｔｅｄｔｏｂｅＯ､5％・Asaresult，whilcpopulation

growthinChinaisexpectedtorapidlyslowdown,inlndiarapidgrowthwill

continue、AccordingtotheUN，sestimates（medium),thetwocountries

swapranksin2045,ornearthemiddleofthenextcentury,andlndiawillbe

theNo1populationgiant．（SeeTablesland2）

ThisdiffercnceinpopulationgrowthbetweenChinaandlndiabecame

mo1℃evidentfromthelatterhalfofthel970slndia,spopulationgrowth

rate１℃mainedkeptashighas296oraboveuntilthelatterhalfofthel980s、

Thenotableandconstantdecliningtrendbegantobeobservedonlyinthe

latterhalfofthel980slnChina,ontheotherhand,thepopulationgrowth

ratehasshownunusualchangeseversincetheestablishmentofthePeople,s

RepublicofChinainl949・Ｆｏllowingthebabyboomrightafterthe

fbundingoftheRepubnc,thegrowthratedroppedto1.5％inthelatterhalfof

l950s、Itthenstartedtorise,exceeded２％intheperiodbetweenl960and

l975，viz.，ｆｒｏｍｔｈｅＧ１℃atLeapForwardtotheGICatProletarianCultural

Revolution,andreached2､6％,farabovethegrowth-rateinhdia,inthelatter

halfofl960s，Inthelatterhalfofthel970s,however,china，spopulation

growthfelldrasticalｌｙｔｏ1.5％，andhassincecontinuedtodeclinewhile

maintainingthediffelence(ｉｎrates)withlndia，sgrowthrate．（SeeFigule3）

Thus,incontactwithChina,India,ｓｐopulationisexpectedtocontinue

itsrapidgrowth・Inviewofthecriticalroleplayedbypopulationgrowthin

thecountry，ssocialandeconomicprOblems，itisimpoltanttocarefUlly

considerthefactorswhichwillaffbctitsfUmlepopulation,andtheconditions
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whichinnuencethem,sotoavoidmakingthewrongdecisionswhensetting

policy．

2．FactorsinPopulationGrowth

＜MortalityTransition＞

SinceitsfOundation，Indiahassteadilyreduceditsmortalityrateby

improvingthepopulation，snutrition,publichygiene,medicalservices,etc

Theannualmortalityratewas25perlOOOinearlyl950s,buthasbeen

greatlyimprovedtoaboutninetodayTheaveragelife-expectancywhich

wasbelow40rightafterindependence,isalsoabouttoexceed62yearsnow，

andinfantmortalityhasdroppedfrｏｍｌ９０ｐｅｒｌ,OOOto72duringthesame

period,showingadecreaseofmorethan6096、

Thedeclineinthemortalityrateinlndia,however,rolesincompanson

withthedramaticchangesinChinaThemortalityrateoflndiawas25per

LOOOintheearlyl950s,thesameasthefOnner,butithaddroppedbelow7

intheearlyl970s,Ｚ０ｙｅａｒｓｏｎＩｎｔｈｅｓａｍｅｐｅｒｉｏｄ,china，sinfantmortality

ratefellfromｌ９５ｔｏ６１，andtheaveragelifeexpectancyrosｅｆｒｏｍ３９ｙｅａｒｓｔｏ

６２．５years・Progresswhichtooklndia50yearstoachieve,wasmadeinonly

20yearsinChina、Thesubstantialgapbetweenthetwocountriescannot

simplybeexplainedbythedifferencesindevelopmentofmedicaltechnology

oritsdiffUsionamongthepeople,butisowedtothefactthateducationand

refOnnofsocialsnucturespreadthorougmythroughoutChina,includingits

ruralcommunities・Conversely，ｔｈｅｇａｐｉｎｉｍｐｒｏｖｅｍｅｎｔｉｎｔｈｅｍｏｒｔａｌity

ratesrepresentslndia，srelativelatenessinsocialmodernization，anditis

importanttorecognizethisfactwhencontemplatingcountry，sfUmre

prospects．

<FertilityTransition＞

ＡｎｙdeclCaseinthemortalityrateacceleratespopulationgrowthumess
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associatedwithadecreaseinbirthrate・Thereasonthelndianpopulation

growthratemaintainedaconstantlevelofaround2.3％startinginthel950s

tothefirsthalfofthel970s,。espitethefaUinthemortalityrate,shouldbe

explainedbythegradualdeclineinitsbirthrate・Thetotalbirthrateinlndia

was6・Ointhefirsthalfofthel950s,whichdroppedto54inthefirsthalfof

thel970,andtherateofdeclmeofthebirthrateacceleratedinthelatterhalf

of1970s・Thetotalbirthratedeclinedby０．５４percentilepointsduringthe

20yearsfromthefirsthalfofthel950stothefirsthalfofl970s,ｂutbyL68

pointsinthefbllowing20yearsfromthefirsthalfofl970stothefirsthalfof

l990s・Therateofdeclinewasmorethantriple、

Itis,however,quitehardtofindanysocialoreconomcfactorsfbrthe

accelerationinthebirthrate,sdeclineinthelatterhalfofthel970sAtthat

time，Indiawassufferingfrompoliticalandeconomicproblems，including

faminescausedbytheabnormalweather,aSwellastheinflationstemming

fromtheoilshock、

ThesecondlndiraGandhiadministrationattemptedtoovercomesuch

difficultiesbyapplyingstrongerregulatorypolicies，amongwhichwas

enfbrcedfamilyplaninginvolvingsterilizationatitscore，Thus,thispolicy

isconsideredtheonlyfactoracceleratingthedeclineofthebirthrateduring

thisperiodThecoercivenatulCoftheoperations,however,issaidtohave

provokedthepeople，sfUlyandbecameafactorintheseveledefeatsuffe1℃。

bytheA11-IndiaNationalCongressPartyinthefbllowinggeneralelection・

Populationtrendscannotbeeasilymanipulatedbythegovernment

policiesalone・Especially,whenitcomestothebirthrate,familyplanning

cannotacmeveanydesiredeffectunlessalarge-scaledemandfOrfewer

childrenexistsamongthegeneralpublicEvenifbirthratedeclineis

temporarilyachieved，itisdifficulttomaintainorbuildonwithoutsuch

populardemandThe1℃isanargumentthatattributesthedelayinlndia，s

familyplanningtobuleaucraticinefficiencyortothepoliticalsystemlacking

organizationalfbrce，butIdonotthinktheyexplaineverything・Itisvery

importanttograspthispointcorrectlyinconsideringthefUtureoflndia．
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3．RegionalGapsinDemographicTransition

lnIndia，thetlcndtowardsdeclcasingpopulationisespecially

conspicuousinKeralaatthesouthernextlCmityofthecountly・Thetotal

fertilityrateinl991inKeralawasL8whichwasmuchbelowthepopulation

replacementlevel（2.05)，andalmostequivalenttothoseofdeveloped

countriesinEurope,ｔｈｅUnitedStates,andJapanNexttoKeralaisTamil

Naduatthesoutheastemtip，wherethetotalfertilityratewas2・Ｚｉｎｌ９９１，

whichapproachesthelevelofpopulationreplacement・Otherthanthesetwo

legions,thedeclineinthebirthratecontinuesbelowthenationalaverageof

36inKarnataka(3.1),AndhraPradesh(3.0)inthesouthernarea,aswellas

inMaharashtra(30),GUjarat(3.1),andWestBengal(32)inthemid-east

area.(Unionterritoriesandsmallerstatesarenotincludedmthecomparison.）

Ontheotherhand,thefertilityrateoflndia,ａｓａｗｈｏｌｅ,israisedupby

thefive1℃gionsintheso-calledHindibeltthatcontains4296ofthenational

population;namely,Bihar,HaIyana,MadhyaPradesh,Rajasthan,andUttar

PradeshThebirthratesintheseregionsareextremelyhigh；theirtotal

fertilityrateswereallabove40inl991・Thisincludes5､１ofUttarPradesh

whichis180％higherthanthatofKerala、

ＴｈｅgapbetweenthetwowidenedcompaIedtol981wherethetotal

fertilityrateofUttarPradesh(6.1)ｗａｓ110％morethanthatofKerala(2.9)．

Whilethefertilityrateofthecou､tryasawholeisobservedtodecline,the

southema1℃asalcrathermoreadvancedinloweringtherate,andthenorthem

areasalebehindthemThegapbetweenthesouthern，middleandeastem

regionsandnorthernlegionshastendedtobecomewiderafterl991aswell、

Whathascreatedsuchawideregionalgapi、fertilityratesinthesame

country？Itcannotbeexplainedbyeconomicdisparitiesordifferentpaces

ofurbanization,asgenerallypresumedThefirstthingtodrawattentionto

isthatthenorthemstateswithhighbirthratesareallintheso-calledHindi

belt,ｗｈcrethepopulationspeakingHindiasmothertongueexceeds80％ｏｆ
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thetotaLwhichmakesacleardiffelcncefromtheotherregions・According

tothel991census，otherstateswiththehigherHmdi-speakingpopulations

arePunjab（15％）fOllowedbyMaharashtra（7％)．Thediffe虚ncein

languagesalonecannotbeafactorinimpedingtheloweringofthebirthrate

Moreintrinsiccausesoughttobebehindit、

Wehavesampledvarioussocial,economicandpoliticalfactorsoutof

statisticaldatamainlybasedonthel991populationcensus，andcalculated

theircon℃lationCoefficientsagainstfertilitylevels・Thercsultsshowedno

sigmficantconclationbetweenfertilitylevelsandanyofthefbllowing;ｅａｃｈ

state,saverageincome,urbanpopulationratio,industrializationlevel,ratioof

specificcaste，ｔｈｅgovernment,sper-capitabudgetfOrfamilyplan､ing，or

densityofdoctors/hospitals,etc・Ontheotherhand,someimportantfactors

haveemergedasfbllows

First,thehighernegativecolTelationcoefficientwasobservedbetween

theratiosofemployedworkerstothetotalworkfOrce（"employeesratio，，

hereafter)andthefertilityrates・Employeesinlndiaexistnotonlyinthe

commemialandindustrialsectorsincities,butalsoverynumerouslyinthe

ruralareasaslandlessagriculturallaborers、ThelatteraccountfOr40,3％of

totalagriculturalworkers，ａｎｄ23.7％ｏｆｔｏｔａｌｗorkers・Byaddingthe28

millionmarginalwolkers(casuallaborerswhoworkatvariousworkplaces

dependingonseasonaldemand)thatｍａｋｅ9.0％oftotalworkers,andalso

mostofthenon-agriculmralandnon-fOrestryworkers（whoseemployment

statusisunknown),theratioofthetotalemployeestothetotalworkfOme

willbearound409１６．

TheICaIelargedifferencesinthisratiofromstatetostate,butsuch

employees-ratioshavethehighercorrelationcoefficientagainstthetotal

fertilityratesineachstateThcsecondimportantfactorisfemaleliteracy．

Literacyratesweleobtainedseparatelyfbrmenandwomen・Whileboth

ratesa１℃correlatedsignificantlywithfertilityrates，thatfbrwomenhasa

highercorrelationcoefficient，Thethirdhighercoefficientagainstthe

fertilityratesbelongstotheinfantmortalityrates,andthefburthgreatestto
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ｔｈｅｒａｔｅｓｏｆｔｈｅ“protected,，couples、Protectedcouplesarethosewhose

prcgnancyrisksareeffectivelyprotectedbygovemmentfamilyplanning

Smcesocialandeconomicfactors，includingthosementionedabove，

alcmutuallyandcomplexlyldatedtooneanother,itcanbemisleadingto

makeconclusionsonthebasisofsimplecorrelationcoefficientsalonc

TherefOre，weappliedstatisticalprocessing，andreplacedthedatawith

regressionequationstocalculatestandardpartialregressioncoefficients・

Theresultobtainedshowsthattheoverwhelminglyinfluentialvariableisthe

employee-ratio，andthatsigmficantbutmuchweakervariablesaretherates

offemaleliteracyandprotectedcouples．

Standardpartia]泥gression

coefficientagainsttotal

fertilityrate

-O8］

-0.10

SimplecolTdation

coefficientagainsttotal

fertilityrate

-0.92

-0.80

-0.77

-0.57

Rateofwageworkers

Rateofwomen,sliteracy

lnfantmortalityrate

Rateofprotectedcouples -0.04

Ｔｏｓｕｍｕｐ,theregionsleadingthedeclineinfertilityratesinlndiahave

highratesofwageworkers，includingnon-agricultural/fOrestryworkersand

landlessagriculturalworkersintheruralareas、Inotherwoldsfertility

declineisslowerintheregionswithrelativelymanytraditionalfarmers

owninglands・Inviewoftheregionalvariations，itisobservablethatthe

modemizationofemploymentlclationshipsmainlyintheruralareasisthe

basicdrivingfblCetowardthedecliningbirthrates・A1thoughitistruethat

educationalmvestmenttoimprovedfemaleliteracyandgovemmentfamily

planninghaveloweredthebirthratestosomeextent,itcanbeconsideredthat

thepreにquisitefOrsuccessisthatthebenefitofsmallfamiliesisrecognized

amongthegeneralpublicastheresultofthemodernizationofemployment

relationships．
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4．TheFuturePopulationofIndia

India，spopulationtransitionisratherslow，relativetothatofChina

Sincebothcountrieshavehighproportionsintheagriculturalsectors，the

speedofpopulationtransitiondependsonthemodemizationinrural

communities・India，sagrarianlandrefbnnafterindependencewas

insufficientandthesocialstructureinagriculturalareasinthecolomalperiod

hasbeenhandedoverasitwas・Unlessanappropriateimprovementismade

inthisissue,itwillbedifficulttoacceleratethetransitionofpopulationofthe

country・

AccordingtothelowvanantoftheUnitedNation，sfUtureestimates,on

theassumptionofrapidpopulationtransition，showthatthepopulation

growthratewilldeclineatanincreasinglyfasterpaceinthe21stcentuly,and

thatgrowthwillhitaceilingin2040whenthetotalpopulationofhldiawill

bearoundl3・SbillionThisis250million（16％）lessthanthe

afOrementionedmediumvariantestimateofL6billion、Ontheotherhand，

ifthepopulationtransitionweletｏｂｅｈｉｎｄｅｒｃｄｄｕｅｔｏｄｅｌａｙｉｎｓｏｃｉａｌａnd

economicmodernization,thecountry，spopulationcouldevenreach2billion

inthemid21stcentury(byhigh-variantestimates)．

Futurepopulationsarenotfixedfiguresandcanvarydependingon

socialoreconomicmodernization，govemmentpoliciesoneducationor

familyplanningNonetheless，secunngabasetosupporttheincreasing

populationshouldbethefb１℃ｍｏｓｔcrucialissuefOrthefUtureIndia、Ifthe

countrydoesnotsucceedinmaintainingtheconstantdecreaseinthemortality

rate,especiallybysecuringwaterresourcesandpromotingfbodproduction，

alltheestimatesoffUmrepopulationwilllosetheirvalidityandcompletely

diffeIcntscenarioswillemerge．
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FigurelPopulationT肥nds：Indiavs・china
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Figure2AnnualIncreaseinPopulatiomlndiavs・china
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Figure3TrendsofPopulationGrowthRate：Indiavs･china
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LEconomicDevelopmentandAgriculture

1-1“PopulationandAgricultuIel'andEconomicDevelopment

ThepopulationofIndiarapidlyexpandedfToｍ３６３ｍｉｌｌｉｏｎｍｌ９５１ｔｏ

９３２ｍｉｌｌｉｏｎｉｎ1996,withthescaleoftheincleaseinalO-yearperiodduring

the`70ｓａｎｄ`80sexceedingthepopulationofJapan（l25million,estimated

inl995)．ＨｏｗｔｏｃａｔｅｒｆＯｒｔｈｅｓｅｐｅｏｐｌｅｉｓａｎｉｍportantissuefOrthe

managemcntoftheeconomy・Ｏｎｔｈｅｉｓｓｕｅｏｆ“populationandfbod，，，

however,itisinsufficienttodiscussomytherelationshipbetweenthetwo、

Theissuemustbeconsideledwithintheparadigmthatinvolvesthemutual

impactbetweenitselfandecononcdevelopment・Especiallyinlndia,the

issuciscloselyrelatedtoresourcemobilizationofdevelopmentfUnds，and

therefbre,significantlyaffectstheprogressofeconomicdevelopment・

Resou1℃emobilizationoffUndsfbrdevelopmentisacrucialpolitical

objectivefOrdevelopingcountriesinordertoachieveeconomictake-off8

Thenewlyindustrializingeconomies(NmS）andSoutheastAsiancountries

employstrategiesofrelyingonfOIcigncapitalinfbnnsofdirectinvestments

and/Orloans，whereasChinamobilizedresourcesdomesticallythlough

exploitingagriculturaLIndia,however,hasnotappliedtheChinesestyleof

resourcemobilization，thoughlndiaattemptedtotakethesameheavy-

industryorientedpathThiswasbecauseagriculturalproductionactivity・in

lndiaisleftdependentonthemarket．Ｌookedatfromadifferentviewpoint，

whileChinaestablishedacapitalaccumulationmechanismintheearlystage

ofeconomicdevelopmentthroughpoliticalrefbnnsofownershipstructures，

asrepresentedbythepeople,ｓｃｏｎⅡnunesandstate-ownedentelprises,India

hasnotmadesufficientrefOnnonthelandownershipsystem，leavingthe

ownershipstructurcalmostunchangcdsincethosedaysbefOrcits

independencePartofthereasonagriculturalexploitation，asemployedin

China，ｗａｓａｖｏｉｄｅｄｉｎｌｎｄｉａｉｓｔｈａｔｏｎｅｏｆｔｈｅｍａ]orcomponentsofthe

Congress，whichhadlongbeenthemlingparty，wasthewealthyfamling
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classknownasZamindar・Ｉｎｆａｃｔ，thecombinedproportionofthe

agriculturallandtaxandtheagriculturalincometaxincentralandstate

govemmentlcvenuesrapidlydeclinedfrom７％inthel960s,reachingabout

２％inthel970s,andfilrtherdroppedtobelowl96inthel980s，

Duetothebitterexpenenceundercolonialism,IndiaalsorCjected

directinvestmentfromabroad・Industrializationstrategyundersuch

circumstancesbroughtseverebudgetconstraintsonthecountry，s

developmentstrategies・Thoseconstraintsconsistofextemal妃strictionson

fbleign-reservesandintemallCstrictionsonbudget・Asaresult，senous

problemsoccurredduetothefOrmerduringtheperiodfOllowingthe

independence，andseriousproblemshaveoccurredｄｕｅｔｏｔｈｅｌａｔｔｅｒｕｐｔｉｌｌ

ｎｏｗ、Deeplyinvolvedinthoseproblemsistheagriculmralpolicythe

Govemmentemployedtofeedtheexpandingpopulation．

l-2ScaI℃eDevelopmentFunds

lncrcasedimpoｒｔｏｆｃａｐｉｔａｌｇｏｏｄｓｔｏｉｍｐｌｅｍｅｎｔｉｍｐort-substitution

industrializationfOrcesthenationaleconomytothelimitsinbalancing

intemationalpayments，ａｓｗｅｅｘｐｅｒｉｅｎｃｅｄｉｎＪａｐａｎｉｎｔｈｅl960slndia

appliedapolicythatplCfersheavyindustry，inparticulartosubstimtefbr

imports,nottofbstertheexportindustries・Consequently,inlndiawitha

fewestablishedexportindustries，theincleaseinimportsofcapitalgoods

inducedbytheimport-sUbstitutionindustrializationfUrtherpushedupthe

tradedeficit，anddepletedfOreigncunCnciesin、ｏｔｉｍｅ，Thiscanbe

observedfromthefact,fOrexample，thattheratiooftradedeficittoＧＮＰ

(Figulel-1)wasatapeakinl957,andatthesametime,theratiooffbreign

exchangeIcservestoimports（Figurel-2),ｗｈｉｃｈｕｓｅｄｔｏｂｅａｂｏｖｅｏｎｅ，

sharplydropped，Thereafterthetradedeficit-GNPratioremainedhigh,and

ledtotheeconomiccrisisofthemid-60s,tobementionedlater・Intemally，

ontheotherhand,thebudgetdeficitdeterioratedin-handwithprogressofthe

5-yearPlan．Govenmentexpenditure，ｔｈａｔｉｓｎｏｔｆｅｄｂｙｏｌｄｉｎａ[yannual

revenue，ｉｓｐａｉｄｆｂｒｂｙｆｂｒｅｉｇｎａｎｄｄｏｍｅｓｔｉｃｃapitalbolTowmgsincluding
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loansanddonations・Remaimngbudgetdeficitisthenrccoupedby

additionalissueofmoneywhichisnotbackedbythelCaleconoｍｙ・Table

l-lshowstheratiosofbonOwingstothetotalbudgetofthe5-yearPlaninits

earlystageandtheratesofbudgetdeficits，inwhichthevulnerabilityof

lndia，sfiscaｌｂａｓｅｃａｎｂｅｓｅｅｎＨｏｗｅｖｅｒ，thisproblembecamevisibly

crucialonlyinthel980s．

l-3RicardianGrowthTrapandAdventoftheAgriculturalCrisis

LetuslCviewthestatusoflndia，havingdifficultiesinprocunng

developmentfUnds,inrelationtoitsagriculture・Oneofmajorconditionsof

prog1℃ssfOraneconomysuchaslndiaholdingavastsurpluslaborwouldbe

thatitsindustrialsectorcontinuesreceivingbenefitsfromtheLcwisiantype

unlimitedsupplyoflaborfOrthelongesttimepossible、However,despite

theexistenceofsurpluslabor,realwagesmaymcreaseandrestrictthegrowth

oftheindustrialsector・

Thisisbecause,inalow-incomeeconomywithahighratiooffOodcost

tothetotalspending,aspriceoffOodincreases,wagesalsoincreasetosustam

livesoffactorylaborersAsaresult，thewagesbecomeaconstraintthat

pushdowntheprofitsoftheindustrialsector,impedingindustrialization-the

theoryknownasRicardianGrowthTrapsaidtoapplytotheBritisheconomy

duringtheperiodofthehdustrialRevolution(Figurel-3)．

WesternEuropeancounmesreceivedcheapfOodsuppliesfromthe

NewWorld,andJapanacquiredpaddyfromthecolonizedKoreanPeninsula

andTaiwanintheprocessoftheirecononcdevelopment,sotogetoutofthe

GrowthTrapToday，sdevelopingcountries，however,cannotexpectsuch

solutions．Ⅱtheyａttemptedtorestolcbalancebetweensupplyanddemand

byimportingfood，itwouldthenreducethefOreignexchangereserves

sacrificingimportsofthecapitalgoodsortechnologiesthatarcessentialfOr

theirimport-substitutionindustrializationlndustrializationwouldgointｏ

ｉｍｐａｓｓｅａｓａｒｅsult・Letuscallsuchstagnationofindustrializationby

fbreigncurlcncyconstraintthe‘`extemaltrap，’todistinguishitfromthe
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``intemaltrap，,whichiscausedbythewageconstraint、Thisclassification

provideseffectiveviewpointsfromwhichtoconsidertheagriculturalsector，s

potentialimpactontheindustrialsectorofwhentheexcess-1aboreconomy

attemptstotake-ofR

Sinceimmediatelyafteritsindcpendence，IndiahassuffCredfrom

chromcfbodproblemscausedbyrapidpopulationgrowthThetennsof

tradebetweenagricultureandindustly(Figurel-4)onlymadethecountry，s

agriculmlCdeteriorateratherthanbringingaboutanyadvantage，untilthe

fOodsituationcametoacrisisduetothetwoconsecutiveyearsofdroughtsin

themidl960s、Thiswasbecauseacheapfbodsupplywasrequiredby

industrializationduringthisperiodwiththesecondandthildphasesofthe5-

yearP1angivingtopprioritytotheindustrialsector・Thismadeimports

supplementthefbodshortageTheper-capitadailyfOodgrainconsumption

(includingpulses）ｗａｓ４５０４５ｇｒａｍｓ（StandardDeviaUon＝19.74)，on

averagefOrtenyearsuntiltheagriculturalcrisisocculredinthefiscalyear

l965,whichwasalmostatthesamelevelastheaverageof458.65grams(ＳＤ

＝２４９０）ｆｂｒｔｈｅｐｅｒｉｏｄｆｒｏｍｆｉｓｃａｌｌ９６７ｔｏｆｉscall994Howeverthe

consumptionlｅｖｅｌｕｐｔｏｔｈｅｍｉｄｌ９６０ｓｗａｓａｔｔａｉｎｅｄnotonlybydomestic

supplybutalsobyagleatdealofimportsoffbodgramsincludingfbodaid・

ImportsoffOodgrainswerealleadyfUllscaleinthelatterhalfl950s,ａｎｄthe

ratiooffOodgninimportstothetotalimportshasalwaysbeenabove10％

sincethel960s・Ｔｈｉｓmeantaplacingoftighterfbreign-curlcncyconstraints

onindustrializationAtthetimeoftheagriculturalcrisisinthefiscall966，

fbodgrainsoccupied3L3％ofthetotalimports・Ｔｈｅａｍｏｕｎｔｏｆｉｍｐorted

nceaccountedfOrlessthanl0％ofthetotalamountmarketeddomestically，

wheleasthatofwheatexceededlOO9I6ofthetotalwheatmarketed

domestically，andreached23096inl966・Thesefiguresdemonstratethe

scaleofimpactonthedomesticfOodgrainsupply-demandbalanceofthe

importoffbodgrains、

ThisimpliesthattheconditionsofthecountIy，seconomiccrisisinthe

midl960swercprepaIedinthelatel950swherｅｉｍｐｏｒｔｏｆｆＯｏｄｗａｓ
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rcstrictingtheamountoffOreigncurrencies・Consequently，thefbleign-

cuncncycrisisinducedbytheagriculmralcrisisdestroyedtheeconomy

Thismeansthatlndiafellintotheextemaltrapoftighterfbreign-culTency

lcstrictionscausedbythefbodgPainimport・

Thereasonthatlndiafellintotheextemaltrap,ratherthantheintemal

trap,liesinthelndiandoctrinewhichprimarilyfbcusesonstabilizingfbod

pnces・Foracountrythathasnotconductedanyrefbnnofthenotably

unequalprivateownershipstrucm1℃，povertyisthemostseriouspolitical

issue、Povertyinlndiaisquantifieｄｂｙｔｈｅｃｏｎｃｅｐｔｏｆｔｈｅ“povertyline，，、

Ｔｈｅｐｏｖｅｒｔｙｌｉｎｅｉｓｄｅｆｉｎｅｄａｓｔｈｅｅｘpenditurethatcancaterfbrthedaily

energyintakerequiledfbrmaintaininglife(2,400caloriesperadultmanin

ruralaleas,ａｎｄ2,100caloriesinurbanareas);householdswithexpendimre

underthislevelarereferredtoasthepovertyclass・Thepmportionofthe

povertylevelwａｓ55.2％inthefiscall960s，ａｎｄ37.4％eveninthefiscal

l983，implyingthatthelndianeconomyisstillquitevulnerabletothe

RicardianGrowthTrap・Toguaranteethelivesofthepovertyclassthathas

theleastmeansofcopingwithrisingfOodprices，thesupplyanddemand

imbalanceoffOodgrainshadtobeadjustedintennsofquantitybyimport

insteadofprice，Moreover，inlndia，wherediversesocialclassesand

provincesexistwithconflictingstakesandwheretheelectionsystemis

firmlyestablished,theGovernmentpoliciesinclinedtｏthePopulism・Under

suchcircumstances,increasesinfbodgrainpricehavetobeavoidedlthas

beenpointedoutonthebasisofexperiencethataninflationrateofmorethan

lO96canleadlndiatopoliticalcrisis・Thesesituationsmentionedsofar

havedrivenlndiaintotheexternaltrapinsteadoftheinternaltrap．

l-31ndustrialStagnation:ＴｈｅＬｏｓｔｌＯＹｅａｒｓ

Ｔｈｅｍｉｄｌ９６０ｓａｇｒｉｃulturalcrisislevealedthecontradictorynatureof

theattempttoadvanceimport-substitutionindustrializationonafragile

developmentfUndproculementbasis，Thiscontradictionwasnotlimited

onlytotheshort-tenncrisiscausebythedroughts,buteventuallyushereda
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long-tenneconomiccrisisthatcaｎｂｅｄｅｓｃｒｉｂｅｄａｓ“thelosttenyears,,、

Tablel-2showsthetransitionsoflｅａｌｇｒｏｗｔｈｒａｔｅｓｏｆｔｈｅｎｉｎｅｍａｌｏｒ

ｉndustrialsectorswithhighvalue-addedproductionbefOIc,during,andafter

thelosttenyears・

ThedeclinesofthegrowthratesareespeciaUyevidentintheheavy

industrysector（raw-materialmetals，metalproducts，andnon-electric

machinery)towhichthelndiangovemmentallocatedescalateddevelopment

fUnds,whiletheslowdownofthegrowthrateinfOodsandcottonindustriesis

relativelyblunt・Thisfactimpliesthatthedownturnｏｆｇｒｏｗｔｈｒａｔｅｓｗａｓｎｏｔ

ｏｗｅｄｔｏｔｈｅｉｎtemaltrapofwageconstraint．Ⅱｗａｇｅｓｈａｄ1℃strictedthe

growthoftheindustrialsector，thegrowthrateswouldhavemarkedly

declmedespeciallyinthelabor-intensiveindustriesincludingfbodand

cotton-productindustries・ThislcasoningshouldrefUtetheargumentthat

theStagnatingagriculturerestrictedthedemandfOrfinalconsumergoodsand

thatthelimitedsupplyofagriculturalpmductsasrawmaterialsconstrained

theindustrialsector，soutput・

Themajorcausesoftheeconomlcstagnationduringthisperiodcanbe

relatedtothelimiteddevelopmentfUndsduetotheconstraintsonfOreign

reserves・Thelesultsofthisbottleneckhadtwoaspects・First，itwas

obselvedasadecreaseinimportsofcapitalgoodsaswellasinthenumberof

technologicalcollaborationfromthemidl960s（Figurc1-5)．Theother

consequenceisthattheagriculturalcrisislcquiredapoliticalchangefrom

industriallyorientedtoagriculture-orientedstrategles，aswillbementioned

later・Theindustrialsector，srealcapitalfOnnationinclCasedrapidlyassoon

asthesecond5-yearPlanwasintroduced(Figure1-6),butitflounderedata

lowlevelduring“thelosttenyears，，fromthemidl960stothemidl970s，

whelCasthatoftheagriculturalsectorwasincreasinglnotherwolds,while

thesizeofdevelopmentfUndsitselfwasrestricted,moleandmorefUndswere

aUocatedtoagriculmreandtheindustnalsector，ｓｎａITowingpathtofUnd

souIcebecameobvious、

Why,then,didtheeconomicstagnationlastaslongastenyears？Ｔｈｅ
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reasoncanbesoughtagaininagnculture・Indianeededtenyearsafterthe

agriculturalcrisistogetoutoftheexternaltrapbymeansof‘`Green

Revolution,，thataimedatincreasingfbodgrainproductionThiswasnot

onlybecauseruinwasneededfbrthediffUsionoftheRevolutionThe

countlyneededtoimportchemicalfertilizerssmceagreatamountofinputof

themwasanecessaryconditionoftheGrcenRevolutionTheproportionof

importsofchemicalfertilizersplusfbodgrains("agricultural-relatedimports，，

hereafter)tothetotalimportswaslessthan20％befblCtheagriculmralclisis，

andincreasedto23,39I6infiscall964,ｔｈｅｎｔｏ25.49Wb，36.596,ａｎｄ33.2％in

thefbllowingthreeyears、TheaverageratefOrtheperiodfromthe

agriculturalcrisistofiscall975was２４％，whichmadethefbreign-reserves

constraintseve1℃rfOrimport-substitutionindustrialization

ltwentdownbelｏｗｌＯ％onlyinfiscall977，andsincethen，the

machineryimportindexandtechnological/Collaborationhavebeenleviving・

BefOrethispointisthelosttenyearsoftheextemalrelationshipsviewpoint・

Fromwhathasbeendiscussedhere，wecanconcludethatthe

statusesinbalancingbetweenpopulationandfOodsupplyhavesubstantially

affectedtheindustrializationstrategiesinIndia．

2．TurningtoAgriculture-OrientedPolicies：

GreenRevolutionandAgriculturalProblems

Theagriculturalsector，whichwasbeconnngaburdenonecononnc

growth，fOrcedthelndiangovernmenttochangetheirindustry-prefened

policytoanagriculture-onentedone・Whentheagriculturalcrisisoccurred，

theexploitationofarablelandwasapproachinglimit，andanyincreasein

cropshaｄｔｏｒｅｌｙｏｎｉｍｐｒｏｖｅｍｅｎｔｍｌａｎｄｐｒｏｄｕctivity、Duringthesame

peIiod，manyotherdevelopingcountrieswererelyingonimportsof

fbodgrainsalsotocopewiththepopulationgrowthTodealwithsuch

situations,anewagriculturalmethodbasedonthehighyieldingvarietiesof

-149-



wheatandrice，calledtheGreenRevolutionwasdevelopedhdiais

probablyoneofthecountriesthatreceivedthemostbenefitfromthismethod・

WiththeincreaseinfOodgrainoutputduetotheGreenRevolution，

IndiabegantodepartfromIclianceonfbodgrainimports・However，the

increasedproductiononlysubstitutedfbrimportandnofimdamentalchanges

wereobservedinthesupplydemandsituationofdomesticfbodgrains,given

thatthe1℃ｗｅｒｅnochangesintheper-capitadailyfbodgrainconsumption

betweenp1℃－andpost-revolutionperiodsMoreover,whiletakingitoutof

theRicardianＧｒｏｗthTrap，theRevolutioncreatednewproblemsinthe

lndianeconomy、Letusreviewtheprocessfromtheviewpointsofincleased

gapsbetweenprovinces(Section2-1)andfarmers，involvementinthemarket

economy（themarketnexus）（Section2-3)．Theseelementswillleadto

argumentslCgardingtwode-stabilizingagriculturalfactorsinthelndian

economy;farmers，movementaspressu1℃groupsandpotentialfbodshortage

ofthefUture,whichwillbediscussedinChapter3．

Z-1RegionalGaps

TheGreenRevolutionisrepresentedbythefarmingsystembasedon

thecombinationofmgh-yieldingvarletles,mlgatlonandchemcalfertilizers，

Theintroductionofthehigh-yieldvarieties，thatrequi1℃the

establishmentofagriculturalinfrastmcturebasedonirrigation,broughtabout

theagriculturalpolicyofpursuingefficiencyratherthanequalitylnother

words，itwasaconversionfromthedevelopｍｅｎｔｏｆｆａｒｍｉｎｇａｒｅａｓｂｙａ

Ｐｏｐｕlism-typeprincipleofequalitytoanintensiveagricultural-area

programme（1964/65）thatinvestsmainlyinthealcaswithrelativelywell‐

establishedinfrastrucmre・Thelandproductivitybyprovinceimpliesthat

theRevolutionspl℃adespeciallytotheareaswithilrigationsystems(Figure

l-7）Asaresult,granarieswerefOnnedinthenorthwestareasconsistingof

Punjab,HaryanaandthewesternpartofUttarPradesh,wherCirrigationcanal

networkshavebeenmaintainedsincethecoloniaLWhentheRevolution

hadmoreorlessspreadinthelatel970s（1978/79),PunjabandHaryana，
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togetheroccupyingonly5,5％ofthecountly,stotalfarmland,produceｄ２５％

ofthenationaloutputofwheatandnearlylO96ofthatofrice・Thesetwo

provincessuppliedabout７０％offbodgrainsprocuredbytheGovemmentfOr

itsbufferinventoryandlow-pncesaletothepovertyclasslndeed,these

provincesfeedlndia,ａｎｄａ[ethebaseofitsfOodsecunty

TheregionfUlybiaseddiffUsionoftheGreenRevolutionmeantwidened

regionalgaps・Letusseechangesinper-capitafOodgrainoutputbyprovince

(majorl5provinces)duringthefburperiodsincludingthepre-revolutionary

period（Tablel-3)．RapidincreasesinexcessamountoffOodgramsare

fOundinPunjabandHaryana(TheoldPunjabwasseparatedintothesetwo

provincesinl966.)．Forthisreason,thesetwoprovincesenjoythehighest

per-capitaincomelevel,withouthavinganymajorindustrialareasThe

coefficientofvariationoftheirper-capitafOodgrainoutputamongstatesof

lndiahasalsoincreasedto80now,upfrom36befOretheRevolution,causing

greaterdifferencesinexcessmarketablesurplusbetweenstates・

ＣＯmparisonoftransfersoffbodgrams(6thand7throw)betweenstatesbefOIc
andaftertheRevolutionrevealssubstantialincreasesofoutgoingfOodgains

inPuniab，HaryanaandUttarPradesh，wheretheGreenRevolution

pcnetrated，andoverallincreaseofincomingfOodgrainsinotherstates、

Needlesstosay,thedifferenceSofilrigationratesarethemajorfactorofsuch

changes、

Figurel-8comparesthedistributionofper-capitaexpendituresofland

ownersandagriculturallaboreｒｓｉｎｔｈｅｔｗｏａｄｖａｎｃｅｄｐｒｏｖｉｎｃｅｓｉｎｔhe

northwesta1℃a,ａｎｄＢｉｈar,knownasthepooreststate,duringtheperiodwhen

theRevolutionmadeadegreeofprogress・

Ｉｎａｎｙｏｆｔｈｅｓｅｓｔａｔｅｓ，Cultivators,incomesarehigherthanthe

agriculmrallaborers，,displayingthegapsbetweentheclasseswithineach

state，asisoftenpointedout、However,molcattentionshouldbegivento

thefactthateventheexpendituredistributionoftheagriculturallabolCrs(the

poorestruralclasscomposing3096ofthetotalagriculmralpopulationof

lndia)inthcnorthwestareaalmostoverlapsthatofBihar，scultivators、Ｔｈｉｓ
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tellsusthescaleoftheRevolution，simpactonruralcommunities,whichcan

bealsoobservedintheratesofpopulationsbelowthepovertyline(Tableｌ‐

4)．TherateofthepovertyclassisalreadyunderlO96inPunjab,whilethat

inBiharisquitehigh-onlysecondtothatinOrissa、Further,therateofthe

below-povertylinepopulationamongagriculmrallaborersinthenorthwest

provincesislessthantherateofcultivatorsinBihar(Tablel-5)．

ＷｅｎｏｗｓｅｅｔｈｅｏｕｔｃｏｍｅｏｆｔｈｅｓｅｌｆＬｓｕfficiencyinfOodgrain-supply

attainedbyIndiaTheselfsufficiencyinfbodgrain-supplyachievedthrough

theGreenRevolutionmeansonlynoimportoffOodgrains，andthe

abandonmentofthevastpovertyclasssufferingfromfOodshortagesThe

process,ｉｎｗｈｉｃｈｃonsiderableinequalitywasmaintainedindistributionof

land-basedassetswithouttakinganyeffectivemeasures,wastobecomea

factordisturbingthelndianeconomy・ThispointwillbediscussedfUrtherin

thefbllowingsections．

２－２１rrigationinlndia

Thegreatestcauseofregionalgapsisthedifferencemproglessofthe

GreenRevolution，behindwhichdifferencesinirrigationrateexist，

However,irrigationratesalonecannotexplaintheprogressoftheRevolution・

ＡｓｓｈｏｗｎｉｎＴａｂｌｅｓｌ－６ａｎｄｌ－７,dulingthe20yearsfromfiscall970tofiscal

l990，theirrigationratefOrwheatproductionimprovedby25percentile

points，whereasthatfbrriceproductionroseonly7points・Theratesof

increaseinplantedareａｓｆＯｒａｎｄｏｕｔｐｕｔｏｆｗｈｅａｔａＩＣａｌｓorelativelyhigh

lndeed,theGreenRevolutionwasarevolutionofwheaL

Whatthenmadethedifferencebetweenriceandwheat？Thegreatest

lCasonisthatthehigh-yieldingvarietiesofricelequiremoleintensivewater

managementthanthoseofwheat・Thelcfbre，theGreenRevolutionwas

successfUlfbrriceonlyinthefieldswhercwatermanagementwasgood、As

observedfromFigurｅ1-7,thelandproductivityfOrwheatreaches3tonper

hectarewhenthelandisfUllyirrigated,ａｎｄｃａｎｂｅＬ５ｔｏ２ｔｏｎｅｖｅｎａｔ２０ｔｏ

４０９６・Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，whiletheproductivityfbrriceis3・Ｓｔｏｎｐｅｒ
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hectareoraboveinPubjaborHaryanawhelctheimgationrateisnearly

100％,ｉｔｉｓａｓｌｏｗａｓｌｔｏｌ・Stonwherctheirrigationrateis５０％・Inother

words,theimgationeffectonriceisrelativelygreater,meaningthatriceisa

croprequiringintensiveirrigationTherefbre,theGreenRevolutionstarted

withintroducinghigh-yieldingwheat，ａｎｄｉｔｗａｓａｐｐｌｉｅｄｌａｔｅｒｔｏｒｉｃｅｔｈａｔ

requilcmorewatermanagement・

Toenablegoodwatermanagementonacertamscaleoffarmland,canal

irrigationandtubewellsareeffectivemethods、Forcanalirrigationto

fUnctionproperly,awaterusersassociationnecessaryis,managingallocation

ofwaterandcollectingwatercharges．However，maintenanceand

managementofcanalirrigationinvolvesanumberofoutstandingproblems

andnotinlndiaalonelnreality,waterchargescollectedcannotevenreach

5096oftherequirement、Furthennore，constructionofcanalsrequiresa

g1℃atdealofpublicinvestment,andthisissueisatdeadlockinanlndiathat

suffersfromabudgetdeficit,aswillbementionedlater・FortheseIcasons，

tubewells，thatenableefficientwatermanagement，areessentialfbrthe

introductionofhigh-yieldingvarietiesespeciallyofrice・InlCcentyears，

increasesinlandproductivityhavｅｂｅｅｎｏｂservedinpoorprovincessuchas

WestBengalaroundthelower-reachesoftheGanges，andBihar・Thisis

becausetubewellshavebeenconstructed・

AlsoessentialfOrefficientilTigationarelandconsolidationof

farmlandsOneofthebottlenecksoflndianfanningisthefragmentationof

landholdings、Thisistheobstacleagainstconstructionoftubewellswith

someeconoｍｙｏｆｓｃａｌｅ，andimpedesefficientuseofwaterresourcesby

makingoperationandmanagementofcanalsdifficult・Thenecessityofland

consolidationhasbeenpointedoutsincebefOreindependence，andsome

effOrtsbegantobemadeintheoldPunjabincludingHaryanaintheBritish

colonialera・ThismovementexpandedtoafUll-scaleprqject,whichhad

beencompletedbythel960sinPulljabandHaryana,sothatthesestateswere

rcadytomeetthesystemrequi正mentsoftheGIeenRevolution・lInBihar
andWestBengal,however,landconSolidationhashardlymadeanyprogress．
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Moreover,whilethenorthwestprovincesstandardizedtheunit-lotasone

squareacresqualethroughlandreadjustmentfOrexchangesand

consolidations,thebestattemptedbythedownstreamGangesareawasonly

exchangesoflandsandnostandardizationwasmadｅｉｎtennsofthefOnnsof

fmTnland

Naturally,therectangulationoffieldsallowseffectivedesignofcanals，

whichthenmakeswaterdistributionmoleefficient，andenables

mechanizationeffectiveButwiththcstatusquo,wherelandownershipis

multi-layeredasｔｈｅｒｅｓｕｌｔｏｆａｎａｔｔｅｍｐｔｔｏｅｖａｄｅｔｅｎantfarmingproblems

andlandlefOn、laws，theeconomicallyefficientprOjectsofland

consolidationhavehardlymadeanyprogress2・Thus，inthedownstream

Gangesareas，fbodproductionhasbeenincreasedmainlybyfarmerswho

haverelativelysufficientfUndsandlargefarmlandsuchastoenablethe

installationoftubewells・Ｔｈｉｓｓituationimplieslimitationsoninc1℃asein

productionandinvolvestheriskofdrawingtheincomedistributioninthe

mralconmunitiestowardsfUrtherinequality．

Z-3FannersandMarketNexus

TheGreenRevolutiondrewthefarmersthroughvariouspathsintothe

newwodd-amarketeconomy・Lctusdiscussthefanners，marketnexus

(thedegreeofinvolvementinamarket）intennsofproductsandinput

１℃sourceS

Figurel-9showstheratebyscaleofwheat(wintercrops)marketedby

farmersinPubjab,atthetimethediffUsionoftheGIeenRevolutionwas

almostcompleted・TheratebecomesposiUveatabout0.4haoflandholding，

reaches509I6atthescaleofabout0.6ha,ａｎｄthen９０％atabout3ha・Since

theaveragesizeoflandholdinginPubjabis3､77ha,almostallfamlersarc

consideredtomarkettheirwheat・Becausethisregionisnotarice-eating

one,mostoftheirrice(sunmercrops)istransportedtootherstates・These

tendenciesaremo１℃orlessthesameasinHaryanaandwestemUttarPradesh

lntheseregions，newlyemergingwell-offfannershavingmarketsurplus
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havefmnedanewsocialclass・SuchdataarenotobtainablefiFommost

otherstates,soletusreviewtheresearchdataofBihar(Tablel-8,Research

conductedinl979-81),fbrexamplelnlto2haoffarmsize,surpluscrops

fOrmarketingarenotgenerated、ＥｖｅｎｆＯｒｔｈｅｆａｌｍｅｒｓｈａｖｉｎｇｌＯｈａｏｆ

ｆarmland,therateofmarketablecropsisonly６７％、Inviewofthefactthat

theaveragefarmingareainthisprovinceisonlyＯ８６ｈａ，ｏｎｌｙlessthana

quarterofthatinPunjab,anditsproductivityisonlyathirdthatinPunjahit

isclearthatevenanaveragefarmerhasdifficultiesinselfLsufficiency、Ｔｈｅ

ｔにndofthemarketpriceofcropsmustbｅａｍａ]orconcernfOrthefarmers

withsurpluscrops,butthemarketnexusinthefOnnofsaleofsulpluscrops

isgleatlyaffectedbythefarmlandareａｓｍａｎａｇｅｄｂｙｆａｒｍｅｒｓａｓｗｅｌｌａｓｔｈｅ

ｒegiontheybelongto・

Accordingly,thefarmers,reactionsagainstthemarketpricesofcrops

varydependingonthedegreeofthemarketnexus

Letusnowleviewagriculturalinputs・Tablel-9comparesthe

production-coststructuresfOrriceinthedevelopednorthweststatesand

Bihar・Theproportions,againstthetotalproductioncosts,ofmodeminput

resources,thatrequirecashexpenditurefOrfannequipment,seeds,chemical

fertilizers,insecticides,andirrigation,ｉｓ59.47％inPunjaband43､87％in

Haryana，ｗｈｉｌｅｔｈａｔｉｎＢｉｈａｒｉｓｏｎｌｙ19.53％・Thedegreeofthemarket

nexuswithregardtoinputsmodernisalsohigherinthenorthwesternareaof

India,andlowerinpoorstatesincludingBihar・Consequently,thefarmers

promotingtheGreenRevolutionfeelglcaterconcernoverthetrendofprices

ofthemodeminputs,whichareaffectedby,agriculturalpolicies

AttentionshouldbepaidtonotonlyincreasedfOodproductionasan

effectoftheRevolution,butalsothestrengthenedmarketnexusoffalmersin

tennsofbothmarketablesurplusandmodeminputssuchaschemical

fertilizer・Themarketnexus,inconjunctionwithregionaldiffeIencesin

diffUsionoftheRevolutionandthesizeoflandholding,diversifiedstakesof

farmersinvolvedintheagriculturalpolicies、Apolicyofraisingmarket

pricesofcrops，fbrexample，couldpleasethefarmersinthenorthwestern
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India,butwouldnotinduceanyincreaseinproductionbytheBiharfarmers

withnomarketablesurpluscropsMo１℃over,suchapolicywouldimpose

higherlivingcostsonnon-selfLsupplyfannerswhohadtobuyfOodgrains、

WhilepursuingeconomicgrowthwithoutanypoliticalrefOnnrelatedto

agriculturalproduction，suchaslandlcfOnn,Indiawasconfrontedwithnot

onlythelimitedproculcmentofdevelopmentfUnds,butalsodifficultiesin

tryingtoadjustdiffelcntinterestscausedbythegapsbetweenorwithin

lcgionsarisingfromtheGreenRevolutionTheseproblems,combinedwith

otherpoliticalissues,becamede-stabilizingfactorsinthelndianeconomy、

TheincreaseinfOodgrainproduction,thatbeganinthemidl960sdue

totheGreenRevolution，evenmallypulledtheIndianeconomyoutofthe

strucmreofdependenceonfOodgrainimports・Nonetheless，ｇｉｖｅｎｔｈａｔｗｅ

ｃａｎｓｅｅｎｏｃｈａｎｇｅｓintheper-capitadailyfbodgrainconsumption，the

increasedoutputoffbodgrainsonlyreplacedimports，withoutbringingany

fUndamentalchangeinthedomesticsupplyanddemandfOrfbodgrains・

Sincethenewagriculmralmethodreliedonchemicalfertilizers，the

proportionofagricultural-relatedimportsincludingchemicalfertilizers

againstthetotalimportshadbeenrelativelyhighuntilthefiscall977，and

thiscrowdedoutimportsofcapitalgoodsandtechnologiesnecessaryto

promoteindustrialization・

Thiscanbeconfinned,fOrexample,bythefactthattheUSdollarbased

indexofmachineryimportsdroppedaftertheRevolution,andwasunableto

revivefOrsometiｍｅ(Figulc1-5)．Thus,fromtheagriculmralcrisistillthe

latel970s,theIndianeconomyexperiencedtheso-called“Losttenyears,，of

stagnation，ｃａｕｇｈｔｉｎｔｈｅ“externaltrap''3．Theratioofimportsof

agriculturalresourcestototalimportsstartedtodecline,thankstotheGreen

Revolution,ｉｎｔｈｅｌａｔｔｅｒｈａｌｆ1970s・Ａｔｔｈｅｓａｍｅｔｉｍｅ,thelndianeconomy

finallygotoutoftheextemaltrap，andstartedtoprepaleconditionsfbrthe

freeeconomytocommenceinthel980s4．
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3．SecondAgriculturalRefDrmandFarmers，Movement

3-1ChangeinAgriculturalPolicy

AsshowninFigulcl-4earlier，despitethestrainedsupplydemand

situationinfOodgrainsduringandbefOrethel960s，thetennsoftrade

betweenagriculmreandindustrymoveddisadvantageoustoagricultureunder

theindustly-orientedeconomicpoliciesinwhichfOodgrainprices，aswage

goods，ｗｅｒｅｋｅｐｔｌｏｗｂｙｍｅａｎｓｏｆｉｍｐｏｒｔｅｄｆＯodgrains・Butthetennsof

tradebecameincreasinglyadvantageoustofalmingaftertheagricultural

crisisasgovemmentmeasurespromotedtheGree、Revolutioninwhich

agriculturalsubsidiariesincleasedandthebuyingpncesoffOodgrainswere

raised

Theconversｉｏｎｔｏａ印icultural-orientedgovenⅢnentpolicieschanged

theareas，suchasthenorthwestlndia,withestablishedinfrastrucmres，into

thegranariesofthecountry・Partoftheresultcanbeobservedinrdationto

institutionalcMittoAgriculture（Tablel-10)．TheratesofbolTowings

frompublicfinancialinstitutionsinPunjabandHaryanaarerelativelyhigh，

asweUastheshaleofagriculmralcapitalinvestmentinthetotalloans・Asa

resulttheexpendituresfOrfixedcapitalfOrmationarethegrcatest、The

fixedcapitalfOrmationperfanninghouseholdwereRs915inPunjaband

Rs652inHaryana,whereasthoseinBiharandWestBengalwereRs43and

Rs54respectively・Thisishowthecloserelationshipstartedbetweenthe

newlyemergingwell-offfarmingclassandaGovernmenttakingthe

agriculture-orientedpolicies-throughthesupporｔｐｎｃｅｓｙｓｔｅｍａndvarious

subsidialies・

TheGreenRevolutionresultedindrasticdecreasesoffbodgrain

imports,ａｎｄsavedlndiafromtheRicardianextemaltrapSuchsubsidiary

policies,however,wouldprovokeafinancialcrisis、

Takingthissituationintoaccount，TheCommitteeonTaxationof

AgriculturalWealthandlncomerevealedthatPunjaUsagriculturaltaxation
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ｗａｓｏｎｌｙ0.42％ofitsagriculturalincome,andproposedanincometransfer

fromwealthyfarmersbytaxation、Theproposalwasnotacceptedbya

provincialgovemment，thatpossessedtheauthoritytoimposetaxesbut

fea【edwealthyfarmers，resistance、Underthecircumstances，thecentral

govemmentwasfbrcedtoreduceagriculmralsubsidiesandreviewthecrop

pncesystemAsaresult，thepricesofmodeminputsrose，andlEal

farmgatepricesoffbodgrainsatfelLAccordingly，thetennsoftrade

becameincreasinglyunfavorabletoagricultureinthelatterhalfl970s,ｗｈｅｎ

ｔｈｅｒｅｗａｓａｌｍｏｓｔｎｏｎｅｅｄｏfimportedfbodgrainsThismeansthata

favorableenvironmentwaspreparedfOrindustrialization，whichledto

lCsumingliberalizationofeconomy・Thistrendnaturallyprovokedwealthy

farmers,resistanceasreducingtheirlcvenues,andinmediatelyputanendto

thegoodldationshipbetweenthenewwealthyfarmingclassandthe

CongrcssThePunjabriotsandassassinationofPrimeMimsterlndira

Gandhiinthel980salctheextensionofthisculTent．

3-2FarmersTurningToP1℃ssureGroups5

Asthetennsoftradebetweentheagriculturalandindustrialsectors

werebeconungdisadvantageoustoagriculture，theNewFarmers，

MovementsgrewactivcThecolcofthesemovementswerenotthe

peasants(traditionalfarmers)butthemodernfarmers(commercialfarmers）

ｗｈｏhadmarketablesurplusandwereinvolvedinthemarketeconomyas

pumhasersofmodemagriculmralinputs・Thecommonfeamresofthenew

fanners,movementswelc‘`anti-state，,ａｎｄ“anti-urban，，，ａｓｓｙｍｂｏｌｉｚｅｄｉｎ

"India(Urbanhdia)vsBharat(RuralIndia)”－thesloganofSharadJoshi，

whowastheideologicalmainstayofthenewmovements・Thesloganofthe

fOnnerfalmers，movementsbefbretheGIcenRevolutionwas“Landtothe

Tiller，,，andtheirpoliticalissuesconcernedlandrefbnnorthetenancy

problems、Butthel970snewfalmers，movementinvolvedissuesrelatedto

themarketnexussuchaspriceofcropsandmodeminputs,orsubsidies,ａｎｄ

encouragedlobbyingactivities
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Withthel977generalelection,theJanata(People，s)Partycameinto

power,defeatingtheConglcss、

Notsurprisingly，Janatainvolvedthewealthyfalmingclass

representingthenewfmmers，movements・Thisperiodwasthetuming

pointfbrhdia，sagriculturalpolicies・UnlikethefOrmerrulingparty，the

JanataPartypursedpolicyoperationsstronglycharacterizedbythePopulist

typestrategiesduetoitsweakpoliticalbaselnthosedays,policiesinfavor

ofagriculture,especiallycommercialfarmers，interests,hadbeenemployed，

Thenewfarmers，movementswereevenmoreconspicuousinprovincial

govemments．Theactivists，however，maintainedtheirpositionof

belongingtonopartyorfaction,andextendedtypicalrent-seekinglobbying

activitiesinwhichtheychangedthepartiestheysupportedaccordingtotheir

requirements・Asthefarmers,movementscametodirectlyaffbctoutcomes

ofelections，thegovemmentbecamereluctanttotakepoliciesthatmight

conflictwithfarmers，interests・Asaresult，itprocrastinated，cutting

agriculturalsubsidiariesdespitethefactthatthefbod8minbufferinventory

hadalreadyexceededtheappropriatelevelandthebudgetdeficitwas

deteriorating6．

However,asdiscussedearlier,thedegreeofthemarketnexusvarious

considerablydependingonclassesoftheruralconmunitiesoronregions・

so,thefarmers，movementshavebeendiversifiedwithoutbeingconfinedto

thesimple“urbanvs、rural，，framework・Inrecentyears，localpolitical

partieshavemaderemarkableprogressonlndia，sgeneralelections,andthis

trendisconsideledasrepresentingdiversifiedfarmerinterestsSincethe

demiseoftheCongressParty，smonopolisticadvantage,Indiawentintoan

eraofcoaliUonsfallingintopoliticalchaos・IfthereasonsfOrthesituation

includeconflictmginterestsderivingfromthemeasuresagainstagricultural

problems,thedisolderoflndianpoliticswillnotbeeasilyresolved・

RisingmarketpricesoffOodgrainswouldnotonlyrevealtheproblems

ofRicardianGrowthTrap，butalsoprovokeconsumerlCsentment，which

wouldleadtoparliamentaryreshuffles、Onthcothcrhand,fallingcropprice
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atfalmgatewouldlepelconⅡnemialfarmers,andleadtopoliticalinstability、

Standingbetweenproducersandconsumers-thetwoclasseswithconflicting

intelests，－theGovemmenthasbeencompelledintopopulistpolitical

operations，ａｎｄｈａｄｂｅｅｎｆｂｒｃｅｄｔｏｐｕｒｃｈａｓｅｖａstamountsoffbodgrain,ｉn

ordertomaintainthelevelofthefarmgatecroppnces，despitethelecord-

highlcvelofthebufferinventoryandgrowingconcernsovertheexcess

stocks・TheGovemment,sbufferstockslevelsfroml980tol997(recolds

asofJanuarylsteachyear)averagedl721milliontons(SD626nllion

ton),andthepeakwasashighas3654milliontons(Junel995)．Thescale

ofthebufferstocksshouldbeevidentinviewofthefactthatthefbodgrain

outputfbrtheperiodwasl53.1milliontons(SD1738mlliontons)andthe

rateofmarketablecropswasabout409b

Thiscannotbeexplainedbyanyeconomiclogic,butisprobablythe

rCsultofpressulCfromthenewfarmers,movementsandtheirlobbying

activities・ThefbodgPainsboughtbytheGovemmenthavebeensoldtothe

povertyclassatpriceslowerthantheGovernment，sbuyingpricesatmorc

than400,000"fair-price，，shopsunderthePublicDistributio、System(PDS)，

andthenegativesp1℃adissubsidizedbyincreasingthebudgetdeficit・

Althoughthebufferstocksareabovetheappropriatelevel，therationing

pricesalcstiUkeptloweveninthel990swhilethegovemmentbuyingprices

continuetorise・IndiastartedtoimportfOodgrainsinthelatterhalfl980s，

butinviewofthevastpopulationbelowthepovertyline,thiscouldbecalled

"hungerexport，,、Nonetheless,reductioninthefbodgrainpricebyreleasing

theexcessstockstothemarket,whichwouldpleasethepoor,wouldplovoke

theangeroffarmerswithmarketablesulpluses，widenthenegativespread，

andincleasethebudgetdeficit・Ｉｎｄｉａｉｓｉｎａｄｉｌｅｍｎａｓｕｃｈｔｈａｔｉｔｈａｓto

maintaineconomicallyinappropriateagriculturalpolicieswhiletheinventory

tendsinevitablytoaccumulatefUrther・MolCover,theconsiderableamount

ofexpenditureonagriculturalsubsidiaries，generatedfbrpoliticalreasons，

hasbroughtaboutbudgetdeficitaswellasadistortionofthemarketsrelated

toagriculmralproduction，andmayhamperestablishmentofthecountry，ｓ
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competitivenessintheinternationalagriculmralmarket・

Ｃｌ巳ａｔｅｄａｎｅｗｐｒｏｂｌｅｍｉｎａｓｍｕｃｈａｓｐｕｂｌｉccapital

agriculturalsectorisdecreasing．

Inaddition，ithas

fbnnationonthe

４ProblemsinAgriculturalFixedCapitalFormation

4-1DeterioratingBudgetDeficit

Aseconomicliberalizationwasproceedinginthelatterhalfofthe

l970s，thetradedcficitduetoincreasedimportswasbeginningtoexpand・

Earlyinthisperiod，IndiastillheldlClativelyabundantfbreignexchange

reserves，sinceitsagriculturalimportshadａlreadyfallen，andmoneywas

beingにmittedfromlndianlaborersworkingabroad，Ｆｏｒexample，its

remittancereceiptsinfiscall980/８１ａｍｏｕｎｔｅｄｔｏＵＳ$2.7billion，which

playedanimportantroleasbufferagainstthetradedeficit(US$７３８billion

fbrthefiscall980/81)．TherefOIc,thetrendofldaxingimportregulations

wasmaintained,increasingtheimbalanceofinternationalpaymentsthathad

becnmoreorlessbalancedtillthen(Figurel-10)．Inthisprocess,Indiawas

hitbytheleanharvestsofｌ９７９ａｎｄｌ９８０（ａ17.6％negativegrowthof

fOodgrainproductionfromayearearlier)andtheeconomiccrisisprovoked

bythesecondoilcrisis・

TherulingJanataParty，unabletocontroltheeconomicdisolders

collapsedafterinternaldisagreements,andinl980IndiraGandhiretumedto

power・Heradministrationwas，however，alsobuiltonavulnerablebase，

havingtofOllowpoliciesinclinedtothepopulismbasedonthesubsidiesof

theJanataera・Asaresult,centralgovemmentbudgetdeficitagainstGDP

onlycontinuedtoincrease,anditsproportionrcachedabout89Mnthelatter

halfofthel980s・Inthemeantiｍｅ,theGovemment,soutstandingdomestic

debtsexceeded5096theGDPinthelatterhalfl980s,ｕｐｆＴｏｍ３５,696infiscal

l980/81,significantlyderailingthecountlyfrombalancedfinance

Likewise，thetradedeficitswelledconsiderablygleat，witharecord
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worstratiototheGNP,withhdiraGandhiwasbackinoffice(SeeFigurel-

1)．SheattemptedtoovelcometheeconomiccrisiswithUS$5billionloans，

bｙｍｅａｎｓｏｆｔｈｅＳＤＲ（SpecialDrawingRights),fromthemdFExtended

FacilityFunｄ－ｔｈｅｇｒｅａｔｅｓｔａｍｏｕｎｔｔｈｅｌＭＦｈａｄｅverlenttomember

countries，TheExtcndedFacilityFundoffersconditionalities，thereby

variousliberalizationmeasureswereintroducedinindustrialandtrade

policies・UnfOrtunately,suchliberalizationconflictedｗｉｔｈtheselfreliance

spirit，whichispartofIndianeconomicphilosophy、Thosemeasu1℃s，

togetherwiththebitterexpenencesinthelatterhalfofthel960s,provoked

strongresistanceinthecountly・Againstthisbackground，thebasic

frameworkofthecontrolledeconomysystem1℃mainedThus，ｔｈｉｓｐｅriod

canbecharacterizedbyliberalizationoftheeconomywhileasystemof

controlledeconomywasmaintained

Whilstthemanufacturingsectorachievedarelativegrowthrateof

about79I6throughoutthel980sintheprocessofeconomicliberalizatio､,the

tradebalancewasdestinedtostaｙｉｎｔｈｅｒｅ｡，inexchangefbrtheimport-

substitutionindustrializationThetrade‐deficitrateofGNPduringthis

perioｄｗａｓａｓｍｇｈａｓｍｉｄｌ９６０ｓｌｅｖｅｌｓ（SeeFigulC1-llThecurrent-

accountdeficitsinthefirsthalfofthel980swerefinancedmainlybyaids

fromabroad，ｗｈｅｒｅａｓｉｎｔｈｅｓｅｃｏｎｄｈａｌｆｏｆｔｈｅｙｅａr，thepropomonof

borrowingfiomoverseaslndians,depositsandfbreigncommemialbanks

graduallyincreased・TheaidfromfblcigncountliesandｂolTowingsfOr

extemaltrademadethedebtserviceratiosurge，and，ｉｎｔｈｅｍｉｄｌ９８０ｓ，

exceed２５％,whichisthecriticalleveLMoreover,overseaslndians，(NRD

depositslargelytendtobehotmoney,sothefUndswererccalledonalarge

scaleatthetimeofthel991economiccrisis,makingthesimationevenworse・

Withthegrowingcurrent-accountdeficit，Amacroeconomlcenvironment

wasgraduallyfOnned,justlikethatofThailandimmediatelybefOIcthel997

monetarycrisis・

WiththedefeatoftheCon厚essinthel987generalelection,politics

alsohasgonefmmoneunstablecoalitiongovemmenttoanother．
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Letusbrieflyreviewthebackgroundofthemacroeconomicimbalances

(tradedeficitandbudgetdeficit）thatweretoleratedTraditionally,India

tookso-calledstop-gopoliCiestomamtammacroeconomicbalances,butthis

equilibriumprinciplebegantocollapseinthelatterhalfofthel970s、Ｔｈｅ

logicbehinditcanbeexplainedasfbllows、ＴｈｅＧ1℃enRevolutionbrought

farmersintoｔｈｅｍａｒｋｅｔｅｃｏｎｏｍｙｗｉｔｈｔｈｅａｉｍｏｆｓｅlfLsufficiencyinfOod-

supply,andfbnnedamulti-layeredwealthyfarmingclass(positionedasthe

middleclassintheoverallsocialstructure)sensitivetopricesThepoverty

classalsobecamesensitivetothepriceoffbodinthepublicdistribution

systembywhichfOodgrainswerｅｓｕｐｐｌｉｅｄａｔｌｏｗｅｒｐｒｉｃｅｔｈａｎｔｈｅｍａrket

priceConsequently，asthesubsidiesincreased，farmersandthepoverty-

classpeopｌｅｔｕｍｅｄｉｎｔｏ“rentseekers,,throughdemocraticelections・This

processwasthephenomenonthatissaidtohavebroughtaboutpolitical

awakeningaswellaspoliticaldecay,andsuchlmt-seekingcommunities,as

calledbyKruger,spICadintheagriculmralsectorandamongthelow-income

groups．Ａstherulingpartiesinrccentyearshavenopossessedfilm

monopolisticadvantagesincethelatterhalfl970s，thepoliticaloperations

havebeenmolcandmoreinclinedtowardspopulismwithsociety

inc1℃asinglyinpursuitofrent、Govemmentexpenditurehasnotbeen

appropriatelycontrolledandthemacroeconomicimbalanceshavebeen

revealedWhilemanyargueaboutdevelopmentanddemocracy（or

developmentdictatorship)，inthedemocracyinIndia，negativeaspects

affectingitsdevelopmenthavecometothefOre．

4-2TrendsofAgriculturalFixedCapitalFonnation

ThetrendofagriculmralfixedcapitalfOnnationisoneofthecentral

disputesovertoday，slndianagriculmre(FigUrel-11)．Onthisissue,itis

argued（１）thatthegrowthofrealcapitalfbnnationintheagriculturalsector

stumbledinthel980s，ａｎｄ（２）thattheprivatesector，scapitalfOnnation

begantoincrcase,whelcasthatofthepublicsectorstartedtodeclineinthe

midl980s,sothattherebythegrowthrateoftheagriculturalsector,scapital
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fmnationismoreorlessedgingup

Aspublicandprivateinvestmentshadparalleleduntilthemidl980s，

publicinvestmentwassaidtoinduceprivateinvestment，andtherefOre,the

ceiling,thatcapitalfOnnationbypublicinvestmentmighthitwasfearedto

exertnegativeeffectontheprivateinvestment7．

However，、ewtheorieshavebeenrequiredtoexplainthedivergent

tIendsofcapitalfbnnationbypublicandprivateinvestmentssincethelatter

halfl980s・Specialattentionshouldbepaidheｒｅｔｏｔｈｅｆａｃｔｔｈａｔｅｖｅｎ

ｔｈｏｕｇｈｎｏｓｉｇnificantchangeswerefbundinthetcnnsoftradebetween

agricultureandindustrythatwelcdisadvantageoustothefbnnerinthelatter

halfofthel970s,agriculmralfixedcapitalfOnnationbytheprivatesectorhas

beenincreasingsincethelatterhalfofthe1980s．

Theprivatesector，scapitalfOnnationtentativelysurgedupwardinthe

latel970s・Butifweregardthatperiodasananomaly,theincreasehaskept

relativelyconstant、1,1977,theJanataPartycameintopower，andthc

Congrcsswentout・TheJanataPartywascompelledtotakestrongly

populism-orientedgovemnentpoliciesduetoitsweakpoliticalbase、

FurthennolC,iｎｔｈｅｃｏｌｅｏｆｔｈｅｐａｒｔｙｗａｓＣｈaranSmgh,thereplcsentativeof

thewealthyfanningclassofthewesternUttarPradeshgranarybelt8・He
evenservedastheVicePremierandFinanceMinister,albeitfOrashorttenn

lnthosedays，thegovemmentpoliciestumedinfavorofagriculture，

especiallytheinterestsofcommercialfarmers、０netypicalexamplewasthe

increaseofsubsidiariesfbragricultureincludingcredit9・Sincesuch
subsidiesbecomevestedinterestsfbrthebeneficiariesonceintroduced，the

ratcheteffectimpededeffOrtstoreducethemAfterall,theNewCongress

Party,backinoffice,ｗａｓｎｏｔａｂｌｃｔｏｅｎｇｉｎｅｅｒａｎｙreduction,nomorethan

theirpredecessor・Howmuchimpactthcpoliticalmeasureshadonpnvate

capitalfbnnationintheagriculturalsectorhasnotbeenidentifiedHowever，

inviewoftheproportionoftheagricultural-instimtionalloanstothetotalof

privatefixed-capitalfOnnationfOrtheagriculturalsector，whichsurgedto

60％ｉｎｔｈｅｌ９８０ｓ，ｕｐｆｒｏｍ２９％ｉｎｔｈｅｌ９７０ｓ，ｉｔｉｓｏｂｖｉｏｕｓｔｈａｔｔｈｅ
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Government,sfinancialsupporttoprivatesectorcapitalfbnnationhas

increased（Figurel-12)'0．Nonetheless，thebudgetdeficit,becomingfUll

scale，fOrcedtheGovemmenttocutdevelopmentexpenditures，andprivate

andpubliccapitalfOrmationsstartedtodivergeintheagriculturalsectorfrom

thelatterhalfl980sonwardsI1・Thecentralgovemmentseesproblemｓｉｎ

ｔｈｅｒｅductionofpublicinvestmentfOragriculturalfixedcapitalfOnnatio､,ｂｕｔ

ｉｔｒｅｇａｒｄｓｔｈｅｍａｓ“underthecontrolofthestates'''2．Stategovemments，

financialstatusesare,however,evenworsethanthatofcentralgovernment，

andmanyprqjectsfOrcanalconstructionarestumblingattheplanningstage・

Theprivatesector,sfixedcapitalfbnnationisconcentratedonsuch

capitalgoodsastube-wellsandtractors,typicaUywithlittleextcmaleconoｍｙ・

Ontheotherhand,publiccapitalfOnnationisdecreasing,whichissupposed

tobeeffectivefOrtheestablishmentofagriculmralinfrastructureabletoexert

extemalimpact，suchascanalirrigationetc・Thistendencymayendanger

lndia，slong-termfOodsecurity,evenifweignoreitslowfarmlandirrigation

rate,whichisonlyslightlyabove3096．

5．FoodProblem-NoLongeraPoliticallssue？

Thelndiangovemmentis，ｉｎgeneral，quiteoptimisticaboutthe

country，sselfLsufficiencyinfOod-supply，Thisoptimismisbackedbythe

bufferinventorylevel,whichwasmarkedarecordhighthankstorecentgood

monsoons・Ofcourse，thepossibilityofresumingimportoffOodgnPains

cannotbeexcludedbecauseoftheirlcgularadventsofmonsoonsthatare

experiencｅｄａｔｔｉｍｅｓ、Butlndia，sselfLtbufficiencyinfOod-supplycanbe

presumedtobesufficientontheshort-andnd-tennbasis、Theissueisthe

long-termsupply・

AmongthefOrecastsoflndia，sfUturedemandfOrfOod，thosefOr

fbodgrainsfbr2010varyintherangebetweenｔｈｅＬ９１ｔｏ２､O5milliontons，

thefOrecastbytheWorldBanktothe２．４３ｔｏ２．５９milliontons,fbrecastby
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Ｇ・SBhalla'3．ThelowvaluesreplesentedbytheWorldBank，sfOrecastare

basedontheassumptionthatdemandfbrfOodgrainswilldiminishalongwith

econonucgrowthＯｎｔｈｅｏｔｈｅｒｈａｎｄ，Bhalla,shighfbrecastvalues

plesupposeincreasesindemandfOrfeedcropsderivingfiomdemandfbr

milk,dairyproducts,meatandeggs,allwithanincomeelasticitygreaterthan

LexpectedtoriseinlinewitheconomlcgrowthVerificationofthose

estimatesisbeyondthescopeofthisreport,butthefbllowingfactsmustbe

considered

Figurel-13showsper-capitafOodgrainconsumption(riceandwheat

separated)ofeachexpendituregroupinthemajorstates,whereasTablel-11

displaystheexpendituleelasticityofmajorfbodgrain（riceandwheat）

consumptionl4・ThesedatademonstratethefOllowingthreepoints・Firstly，

elasticityintheruralareaisO4Z，whichissignificantlyhigh・mmustbe

notedthatfOodgrainsarenotinferiorgoodsevenfOrthehigh-expenditure

(i､ｅ,high-income)groups,thelefOre,thehighrateofincreaseindemandfOr

fbodgrainsregardedaslikelytocontinuefOratiｍｅｉｎｔｈｅｐｒｏｃｅｓｓｏｆｔｈｅ

ｅｃｏｎｏｍｉｃgrowth、Inthelow-incomestates，theconsumptionofminor

celealsincludingmilletandmaizeissecondgreatest・Increasesinincome

mayshiftthedeｍａｎｄｆｒｏｍｓｕｃｈｃｅｌｍｌｓｔｏｔｈｅｍａｊｏｒｆＯodgrains、Ｆｏｒ

example，theexpenditureelasticityisunusuallyhighinKamatakaand

GUjarat・Thisisbecausetheconsumptionofminorcerealsmentionedabove

isglCaterthanthatofriceorwheat,andsuchminorcerealsbecameinferior

goodsfbrthehigh-incomegroups，shiftingtheirconsumptiontoriceａｎｄ

ｗｈｅaL

TakingthissortofshiftintoacCount,ｉｔｉｓｖｅｒｙｌｉｋｅｌｙｔｈａｔｔｈｅＷｏｒｌｄ

ＢａｎｋhasundercstimatedthedemandtrendSecondly，theprcsenceof

substantialdifferencesinfOodgrainconsumptionbetweengroups（classes）

willradicallychangewidelythestnlctureofdemandfOrfOodgrains，as

incomedistributionvariesintheprocessofecononucgrowth・Thirdly，

expendimlcclasticityinfOodgrainconsumptionisrelativelyhighiｎｔｈｅａｒｃａｓ

ｗｈｅｒｅｒｉｃｅｉｓｔｈｅｓｔａｐｌｅｆｏｏｄ，so，ifotherconditionsremamconstant，ｔｈｅ
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demandfOrrice,notfOrwheat,isexpectedtomclcase，

Hweassumethatthenational-averageexpenditureelasticityin

fbodgrainsisO4,ａｎｄｔｈａｔｔｈｅａｎｎｕａｌｇｒｏｗｔｈｒａｔｅｏｆｐｅr-capitarealincome

remainsat596,thendemandfOrfCodgrainswouldincleaseatarateof２％per

annum、Consideringthe1.9％ofthepopulationgrowthrate,thetotalrateof

inclcaseindemandfOrfOodgrainsisexpectedtobeabout４％・Thisratewill

doublethedemandoveｒｓｏｍｅｌ８ｙｅａｒｓ、Ifincomesrise,theelasticitywill

naturallyfalLＯｎｔｈｅｏｔｈｅｒｈａｎｄ，ifdemandfOrfeedcropsincreases，

derMngfromriseindemandfOrmeat，ｍｕｃｈreductionintheelasticity

cannotbeexpectedlntalkingaboutthefOodprobleminlndia，its

populationhasgenerallybeenfbcusedonIfthecountry,seconomy

continuestogrow,however,incomeeffectwillbeamatterofconcerngreater

thantheincreaseindemandfbrfOodgrains、

ＷｏｕｌｄｉｔｔｈｅｎｂｅｐｏｓｓibletoincleasefOodgrainproductｉｏｎｔｏｍｅｅｔ

ｄｅｍａｎｄｉｎｔｈｅｐｒｏｃｅｓｓｏｆｅconomlcgrowth？ThediffUsionofhigh-yield

varietieshasbeenalmostcompletedintheadvancedfarmingstates，and

muchextensionofcultivatedarｅａｃａｎｎｏｔｂｅｅｘｐｅｃｔｅｄｉｎｌｎｄｉａ－ａｎｄｎot

merelyinthenorthwestregions、Accordingly,farmingproductivity（land

productivity)needstoberaisedintheagriculturallybackwardstates,inolder

tocaterfOrlndia,ｓｄｅｍａｎｄｆＯｒｆＯｏｄ、Withoutgreaterproductivity，the

demand-supplyimbalancebetweenstateswouldinclease，andregions，

conflictingmterestswouldbemoreserious,narrowingthechoiceofpolicies・

Theincreaseinproductionofriceinrecentyearsinthestatesalongthe

lowerreachesoftheGanges(WestBengaLBihar,andOrissa)isadesirable

tendency、Theincreasedproductionhasbeenachievedbyconstructionof

tubewel1s、Thereisdoubt,however,astowhetherthistlendwillcreatea

granarybeltintheseareasasisseeninthenorthwestoflndia・

Consideringthissituation，ifafbodcrisisisimpending，Indiawillbe

compelledtoincreasefOodproductionintheareasbackingsufficient

agriculmralinfrastructure,includingirrigationandlandconsolidation．

Ⅱｔｈｉｓhappens，thccountrywillhavetoconfrontthedifficultiesof
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increasingyieldinanenvironmentwhichisdifferentinqualityfiomthatof

themidl960s，ｗｈｅｎitcouldresorttotheinfrastructuresinheritedfrom

Britishlndia、Inthiscontext,thestatusquocontainsincorporatessenous

problemsfbrlong-tennfOodsecurity,withagriculturalinfrastrucmremainly

builtthroughprivateinvestmentwithoutmuchextemaleconomy，ａｎｄwith

thepublicinvestmentwhichcouldexertextemaleconomythrough，fOr

example,constructionofcanalsdecl巳asing．

6．EconomicLiberalizationandAgriculturalProblems

ThedisequilibriumoftheIndianmacro-economyledtotheeconomic

crisisofApriL1991inwhichthefO1℃ignexchangereservedroppedaslowas

atwo-weekshaIeoftheannualimportslndiaattemptedtoovercomethis

gravesituationbyStructuralAdjustmentLoan（SAL）fiPommFandthe

WorldBankTheloanｗｉｔｈconditionalitieseventuallyfOrcedtheeconomy

intoliberalization，Ａｔｔｈｉｓｐｏｉｎｔｉｎｔｉｍｅ，India,sbudgetdeficitwasatthe

criticalleveL

ThefirstchapteroftheEconomicReviewl99LFiscalPolicy,，beganas

fOllows

Thefiscalsituation，whichwasunderstrainthroughoutthel980s，

reachedacriticalsituationinl990-91withasharpdeteriorationinthe

revenuedeficit・Fiscaldeficitsgeneratespressureoninflationaswellason

thebalanceofpayments，ThegrossfiscaldeficitoftheCentralGovemment，

whichmeasuresthetotalresourcegap,ｈasbeenmorethan9percentofGDP

sincel985-86,ascomparedwith6percentatthebegｉｎｎｉｎｇｏｆｌ９８０ｓａｎｄ４

ｐｅｒｃｅｎｔｉｎｔｈｅｍid-1970s・Suchfiscaldeficitareunsustainableandwould

leadthecountryintoadebt-trapTheunabatedgrowthofnon-plan

expenditureandpoorretumsfrominvestmentsmadeinthepublicsectorhave

beenthemaincontributoryfactorsinthefiscalcrisis、

Sincethemajorcauseofthefiscaldeficithasbeenthesubsidiestothe
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agriculmralsector（chemicalfertilizersandfOods)，anycutinsuch

expenditureswouldprovokevested-intelestgroups,Iesistance、This

problemwouldnotbeeasilysolvedwithoutarulingpartywithamonolithic

majorityFromanotherpointofview,subsidiesfOrfbodtomaintainthe

publicrationingsystemcanbeconsideredasprovidingthevastpovertyclass

withasafbtynet、Eventhoughprovisionofthesafety、etmayconnictwith

themarketmecha､ism，itisbasedonpoliticalideologyinthecontextof

lndiansociety・

Removinggovemmentinterventionmaymagnifyeconomicefficiency・

Butiftheintervention，ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，isenhancingsocialwelfare，its

removaLi.e､,economicliberalization,mustbebalancedwithsomemeasures

tocomplementthelossofwelfare・

Despitetherecord-highlevelofitsbufferstocks,theGovemmenthas

beenunabletoreducethepurchasingpriceoffOodgrains,fOrfbaroffarmers,

resistance、Inspiteoftheexistenceofthevastpopulationunderthepoverty

line，neitherhasitcuttherationingpriCe，asanysuchlcductioncould

augmentthebudgetdeficit、Solvingthisgreatestdilemmaofagricultural

policyshouldbethecriticalissuefOrlndianagricultuleintheyearstocome．

Note：

Aswellaslandconsolidationoflands，levelinghasbeenundertaken・

ThisisanimportantinfrastructureprqjectfOrenhancingefficiencyof

irrigation

Forexample,therateofconversiontothehighyieldvalieties(rice)was

aboutl596inthemidl970s，andevenmallyreached30％ｉｎｔｈｅｌａｔｔｅｒ

ｈａｌｆｏfthel980s・ＡｓｆＯｒｗｈｅａｔ,wherewatermanagementiscasily,ｉｔｓ

ＨＹＶｒａｔｅｒｏｓｅｔｏ７０９６ｉｎｔｈｅｍｉｄｌ９70s，buthassincestagnated

Meanwhile,theHYVratesofbothwheatandriceinPunjabhadalready

attained909i6inthemidl970s．

1．

Z．
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A1thoughthispaperexplainsthestagnationoftheindustrialsectorby

examiningoftheagriculturalSector,thelatterisonlypartofthecause・

Fordetailsofcontroverciesovertheindustrialstagnation，referto：

3．

AhluwaliaLJ.， lndustrialGrowthinlndia：Sta2nationsincctheMid

里2L止旦,Delhi,OxfOrdUniversityPress,1985．

EconomicReviewl977holdsfbrthquiteanoptimisticprospect：“The

shortagesoffOodandfbreignexchangeholdings,thathaveimpededour

econoncgrowth，willnolongerbeanyconstraint.,，Thisisalsothe

dominantfOrecastfromauthoritativeculTentgovernmentspokespersons・

JoumalofPeasantStudies,ＶＯＬ２１，No.3/4,April/July，１９９４givesextra

spacetospecialarticlesonthepeasants，movements・Ａｌargepartof

thedescriptionsinthisplesentpaperisowedtothisissue、

Forfarmers，lobbying，ｓｅｅＫａｒｎｉｋＡ．＆LalvaniM，“hterestGroups，

SubsidesandPublicGoods-FannLobbyinlndianAgriculmre,，，

4．

5．

6．

,Ｍａｍｈ３０,1996,ｐｐ､818-820.Ｐ「】、【

7．Ｆｏｒexample，ｓｅｅＲａｏＣ．Ｈ､， DｗｔｎＲｕｒａｌＰＣ

OxfOrdUniversityPIcss，Delhi，

inAgricultu1℃，BriefReviewof

】ｅａｄ３ｔｌｒ

1994,andShetty

RecentTrends，，，

ＳＬ.，‘`hvestment

，ＶＯＬ25．No.7＆8，ｄＰｃDII【

Feb.,1990,ｐｐ､17-24.

8．CharanSingh,whocriticizedtheUrban(India)biasedpoliticalstrategies，

andfbughtfbrRuralcommunities，(Bharat)benefits,maintainedananti-

CongressPartystance,andservedasagovernorofUttarPradeshLater，

heledtheBharatiyaLokDalParty,calledseveralotheranti-ConglCss

PartyfOIcestogether,andfOnnedtheJanataParty,whichthcnreplaced

theCongressPartytoheadtheFederalGovemmentfroml977tol980

9・Ｎｏｔｏｎｌｙｉｎｌｎｄｉａ，butalsoinmanyotherdevelopingcounmes，

pementagesofdebtcoUectionunderruralpolicyfinanceisonlyjustover

５０％,asfarmerstendtoregardtheloansassubsidies，

１０．MishraS.Ｎ・andRamashChand,“PublicandPrivateCapitalFonnation

inhdianAgriculture-CommentsonComplementarityHypothesisand
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Others,,， ,Ｊｕｎｅ24,1995.ppA64-A79.…Ｐ［DIU【

１１．ThebudgetdeficitrateoftheGDPwasabout596inthel960sandl970s，

８％inthefirsthalfofthel980s,ａｎｄ１℃achedlO9I6inthelatterhalfofthe

1980s・ＳｅｅＪｏｓｈｉＶ.＆ＩＭＤ・Little，Jndia-Macmeconomicsand

,WorldBank,Washington,１９９４DｎｏｍｖＩ９６４

12．Govemmentoflndia，

13．Fordetails、ｓｅｅＧＳ

３udEetl995/96.NewDelhi,1995.

Fordetails，seeGSBhalla，‘`GlobalisationandAgriculturalPolicyin

India,， ，ＶＯＬ50,No.１，Jan‐ｉＩ』■【】、【n組【】【】l皿、皿Ⅱ

March，1995,pp7-26・BhallafOrecaststhattheeconomic厚owthrate

fbrtheperiodwillbe3to5.596．HisfOrecastsofthepopulationgroｗｔｈ

ａｒｅｌ､94％fOrtheperiodfroml991through200１，ａｎｄ1.80％from2001

through2011・

Bothdataofruralareas・Thisisbecauseurbanareasconsumeagreat

dealoffbod,ｓuchasfOodgrain-processedfbodsormeats,whichgenerate

derivativedemandfbrfeedcrops,andnodataisavailabletoconvertsuch

consumptionintotheunitoffOodgrains．

1４．

－１７１－



Table１．１BorrowmgsandDeficitFinancefOr
●

５－YearPlanonitsEarlyStage

ComDositionoffUnds:先

3rdPhase

l961-66

ZndPhase

l956-61

lstPhase

l951-56

2４６30.835.0DomesticLoans

20.4 1３．２DeficitFinance 1７．０

28.29.6 22.5FblcignCapital

,annuaMssue．SouICe:ReserveBankoflndia， ＲｅＤｏＴｔｏｎＣｍ己mｃｖａｎｄＦｍａｎｃｅ

Table１．２AnnualAverageGrowthRateofRealValue-Added

inMajorManufMuringSector

Tmnspon-
ation

equipmen（

０．１１

０．０１

０．０８

1951/52-63/64

1966/67-75/76

1976/77-89/9０

RateofValueAdded(兜）

８．０１
￣

7.97

1951/５２
￣

1980/8１

Datafbr【hemidl960s,whentheeconomywaschaotic,aIBnotincludedNote：

SouIcc： ｏｎｏｍｎｃａｎｄＰ【ＤＩＩｃａＩＷｅＥｋＩCalculationbasedon“NationalAccoumtsStatisticsoflndia-4'０，

DecemberJ995.
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Tablel-3Per-capitaImdgrainOutputbyState(kg）

ShipmentsofRice
andWheattoother

States

（LOOOtons）

Irrigation
Rateof

Planted

Area(96）

1984

‐8６

1990

-92

1960

-62

1972

-74
State

Punjab(PJ)and
Haryana(ＨＡ）

UttarPradesh(ＵＰ）

Bihar(BD

WestBengal(ＷＢ）

Assam(AS）

Orissa(OR）

AndraPradesh

(ＡＰ）
Jammuand

KaShmir(』＆K）
andHimachal

Pradesh(ＨＰ）

Raiasthan(RJ）

GUjarat(GU）

MadhyaPradesh
(ＭＰ）
Maharashtra

(ＭＡ）

Karnataka(KA）

Kerala(KE）

84.9

-663１７６．９

卸
一
姫
一
ｍ
一
通
一
”

-８１２１３６．９ １２３．４１５８６ 1４００

‐1９７ -1017１７８．８151.0

‐269217.1200.】

52.0

27.6

皿
一
浬
一
叫
一
岬
一
叫
一
釦
｜
“

‐209］１０．１１０３

‐1８４１６９．２１８５０１６１．６

‐1２９９３０１６１９

－８１３］４３．４１４６．６１６０．９TamilNadu(ＴＮ）

AverageofMajor
States

Coefficientof

Variation

34.6

Note：nuefbodgrainoutputsareaveragesfbTeachthree-yearpe｢i０．．T11efiguresfbrPunjaband
Haryana,ａｎｄｆｂｒＪ＆Ｋ（JammuandKashmir）andHimachalPradeshalctotalsfbrthe
combinedstates、

Source：T11edatainthefirsttothethirdcolumnsarebascdonUtsaPatnaik,``PoliticalEconomyof
，Ｍａｙ17-24,1997.EconomicandPoliticalWeeldStateInterventioninFoodEconomy，,，

sｔｒａｃＬ１９６７ａｎｄｌ９８９T11eshipmentsoffbodgrainsfbuowGovemmentoflndia,StatisticalAb
Theotherd2tzu2rethesameasthoseinTablell-1
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Table１．４ProportionofPopulationUnderPovertyLine

１９７２ﾉ7３１９７７〃８】９８３ 1987/8８

StatesintheGangesBasin
Punjab
Haryana
UttarPradesh

Bihar

WestBengal

HimachalPradesh

JanmuandKaBhmir

Assam

AndhraPradesh

Orissa

Rajasthan
Gujarat
MadhyaPradesh
MahamRhtra

Kam2t2ka

Kerala

TamilNadu

Average

元
羽
ね
羽
、
犯
羽
馴
幻
切
羽
伽

９
３
３
０
７

９
４
４
４
６

６

６
１
９
０
４
９
３
３
３
６
１
５
８
１
３
９
６

４
１
２
４
３

１
２
１
４
２
１
２
３
２
１
３

２

10.24

19.20

3607

52.22

58.59

8.48

11.74

32.60

50.54

48.64

13.89

13.89

36.83

52.24

60.96

1106

10.50

21.63

18.74

50.29

24.67

14.92

37.15

34.28

27.81

27.05

40.71

22.72

24.38

38.81

29.15

62.54

25.99

31.52

5308

54.27

38.37

4147

48.34

11.75

17.78

34.73

40.77

6692

34.56

40.12

53.25

56.74

34.27

51.73

4597

42.93４０．１２３１４０

SCU『cc:DepartmentofStatistics,MinisIryofPIauming,Govcmmentoflndia,§旦些些幽ﾕ２，Vol2,Ｎ0.3,1986；
Ｖ01.15,Ｎ０．１，ｌ９９Ｌ

Tablel-5ProportionofPopmationUnderPovertyLineby
ClassinRuralcommunities(1983,％）

Agricultural
laborers

VilliageworkersCultivators

StatesinthcGangesBasin
Punjab
Haryana
UttarPradesh

Bibar

WestBengal

HimachalPradesh

Jammuandkashmir

AsRam

AndhraPradesh

Orissa

Rajasthan
Gujarat
MadhyaPradesh
Mahamshtm

Karmt幻kzn

Kerala

TamilNadu

Average

18.73

24.53

51.83

73.85

74.50

“
７
７
２
４
５
７
６
４
３
８
３
６
９
４
５
０
６

３
０
３
８
１
３
０
８
３
６
０
３
７
９
０
７
６

７
２
０
７
７
２
８
３
８
９
８
３

６

Ⅳ
酔
佃
ｍ
ｎ
ｌ
２
４
２
６
３
２
５
４
３
３
５

４

３．２７

8.72

32.64

42.43

35.82

“
“
α
刈
列
仰
岻
駈
扣
刃
扣
氾

４
２
８
８
８
６
７
４
２
１
１
６

１
２
３
２
６
３
２
５
５
４
４
５

'3.99

11.72

24.41

16.69

51.14

30.04

21.63

2734

32.12

24.44

23.99

34.82

49.3630.43

SouI℃c：DepartmentofStatistics,MinistIyofP1anning,Govemmcntoflndiag旦些k§h墾旦,Vol､13,Ｎ0.1,1989.
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Tablel-6Transiti⑪､sofPlantedAreasfOrRiceandWheat

（unit:millionha)andIrrigationRate

１９８０/８１ １９８５/8６ 1990/91

19.2(45.1）

19.3(79.8）

39.5(37.8）

1970/7１

16.4(40.5 ７４３０）Ｒｉｃｅ
－

Ｗｈｅａｔ̄

Total

Food2rains

14.4(38.4）

15.6(69.7） 17.5(763）9.9(54.3）

35.8(33.8） 385(372）28.1(27.6）

Note：Theinigalion【atcsaXEshowninbrackets、
SCU1℃e：EconomicSuwcv､1993/9４

Tablel-7ProductionofRiceandWheaｔ（unit:milliOnton）

WheauＲｉｃｅ WheaVRice(兜）

31.39

３１８１

56.44

67.70

74.22

80.76

２０．５８1950/51

1960/61

1970/71

1980/81

1990/91

1995/9５

11.00

３６３１

65.50８１１０

Source：EconomicSurwW､1995/96.

Tablel-8SizeofLandholdingandRatesofMarketable

SurplusinBihar

ＡｖｅｍｇｅFarmingArea

Marketable-

Surplus/Output

Rate(％）

48.845.1 67.242.242.4-3.3-18.5

,MiltalPublications,Delhi､１９８９．MaTketzDb1eSumlusandMarketPe『fbnnanGeRcIe唾､Ce：Pmsad,』．
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Tablel-DComparisonofProductionCostfOrRice(IMIa）

Bihar

(1987/8ｍ

Haryana
(1989/90）

Punjab
l989/9０

二二i豊二'二三i菫ｉ

二二i鑿些上二i鑿ｉ

童

５１１．８７

657.50

1169.37

1042.98

７１５９１

1758.89

990.15

４９２０６

１４８２．２１

28.46

519,61

548.07

0.04

168.19

168.23

10.14

３．２７

13.41

146.70

177.21

261.52

438.75

152.98

626.36

37.66

664.52

２４２３４

67.15

309.49

０００

42.68

49.15

2278.87

894.24

95.55

989.79

１９２．１６

１１２Ｌ2５

１１８．１５

４６１４．９１

sour℃e:MinistryofAgricultuに,Govemmentoflndia,聖２２ﾕ§_gL1hニーEg-gpEulm2型LEg§L§=型g
PricesonPncePolicVfbrCmpsSowninl991‐g2scasoIMmdl992‐g3seasoILNewDelhi，1993.
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Tablel-10FaImers，BorrowingSandlnvestmentsinFarming
Rateof

lnvesUnentin

Agricultural
Capitalto
Borrowings

（兜）

Amountof

Capital
lnvestment

Per
HousehoId

（Ｒｓ）

Rateof

BoITowmgs
homFonnal

lnstitutions

（96）

FixedCapital
Formationper
Household

（Rs）

AndhraPradesh

Assam

Bihar

Glliarat

Haryana
HimachalPradesh

JanmuandKashmir

Karn2mk2

KeraIa

MadhyaPradesh
Maharashtra

Orissa

Punjab

Rajaslhan
UttarPradesh

WestBengal
lndiaTotal

３
７
７
１
５
２
２
４
４
６
８
６
７
６
４
５

５
３
８
６
３
４
８
７
７
４
７
４
７
４
２
３

●
Ｃ
Ｏ
●
●
●
●
●
●
●
■
●
■
■
●
●

３
０
８
１
０
３
５
８
８
７
７
３
６
２
９
５

４
２
４
７
８
７
４
７
７
６
８
８
７
４
５
６

38.11

18.28

３５．６７

47.70

６５．３１

36.52

１９．２３

64.62

168.60

52.58

47.70

44.79

61.57

36.24

48,34

34.59

１
３
４
３
２
９
７
１
１
０
５
０
６
５
３
６

馴
苑
側
脚
力
皿
蒟
加
、
“
ｗ
循
羽
兜
距
⑲

１
１
１
１

２

187

５１

４３

３２２

６５２

１０３

１１３

２５３

１３５

１５１

３０４

３８

９１５

２３４

１７８

５４

１７６

Note：Theabovefiguにs雁presenttenant-fannersonly，SystcmfmancialinstitutionsincludecommerCialbanks・
FinancialinstitutionsherCincludelandowners,moneylmdcrs,ａｎｄにlativcs･

SCU｢cc：Gov､ofhdia・sarvekshana,VolXI,No.1,1987.
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Table１．１１ExpenditureElasticityinRiceandWheatConsumption
（1998）

Coefficientof

Determination
Elasticity T-valuc

AndhraPradesh

Assam

Bihar

GUjarat

Haryana
HimachalPradesh

JammuandKashmir

KamzDIak2

Kerala

MadhyaPradesh
Mahamshtra

Orissa

Punjab

Rajasthan
TamilNadu

UttarPradesh

WestBengal

AveragefbrlndianRural
Areas

AveragefOrlndianUrban
Areas

弘
印
偲
氾
犯
苑
刃
閉
⑲
お
い
㈹
“
個
窕
刀
⑪

●
●
●
０
０
ｐ
■
●
●
６
巳
●
●
●
◆
●
●

０
０
０
０
０
０
０
０
０
０
０
０
０
０
０
０
０

Ｒ
Ｗ
Ｒ
Ｗ
Ｗ
Ｗ
Ｗ
Ｒ
Ｒ
Ｗ
Ｗ
Ｒ
Ｗ
Ｗ
Ｒ
Ｒ
Ｒ

２
３
９
５
５
５
６
８
２
０
９
０
６
２
２
４
８

９
７
８
９
９
８
８
８
９
８
８
９
８
９
９
９
８

●
■
●
●
⑪
Ｏ
Ｂ
■
●
●
●
●
●
●
■
Ｃ
ｅ

０
０
０
０
０
０
０
０
０
０
０
０
０
０
０
０
０

11.12

５．２８

9.22

1398

13.92

７．５２

７９１

８４３

１０４７

６．２８

９．１１

９．４５

7.69

10.88

1102

12.50

９．５３

７．９６0.42 0.86

0.25 ０８９ 9.22

Ｎｏｔｅ：ＲａｎｄＷｄｅｎｏｔｅ[iceamdwheat，EIasticityisobtainedbythefbIlowingequahon
log(PCr-capitaconsumptionof【iccamdwheat)＝a+bIog(Per-capitaexpenditu”)．
Sinccdataonincomesisnctavailable,expenditu応ssubstimtcsfbrthefbmmer、

Sou【℃e：mesameasfbrFiguに２－１３．
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Figurel-1 TradeDeficitRateofGNP
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Figurel-2 RatiooflmportstoForeignExchangeReserves
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Figmrel-3RicarddsGrowthTrap
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Figurel-4TransitionofTermsofTradebetweenAgricultureand

Industry
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Figurel-5MachinelmportsinUSDoUa願ａｎｄTechnology/
CapitalTie-upApprovallndex(1965/66=100）
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Numbe「oftechnology/capitaltie-ups：EconomiclnにlligmceService，
IndianEconomv･VoLLAUlndiq,1989．However,thedalalmmfisca

ExtemalTrndeOrganization，‘`JETROWhitePaper，Ｖｏｌｕｍｅｏｆｍ
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Figurel-6TransitionofRealCapitalFormationmManufacturing
andAgriculture

（unit:100millionrupecsbasedonthel980/８１price）
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mgure１．７１rrigationRateandLandProductivity(Rice）

1992／9３
４０００

(kg/ha）

３５００ PＵ
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汕
皿
知
皿

２
２
１
１

易一一デー］○コロ。出色已皀再曰

ＨＡ

500
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８０l00
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6０2０ 4０0

(Ｗheat）
４０００
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Tablel-8Par･capitaExpendhturesofAgriculturalHouseholdsinBihar

(rupees/month)(1982）
(96）

3０

2０
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0

－１０－２０－３０－４０－５０－６０－７０－lOO-l50abovel50

Note:Ｐ:Punjab,Ｈ:Haryana,Ｂ:Ｂｉｈａｒ

Ｆ:Landownerfalmers､Ａ:Agriculturallaboに応

Souにe：CalculatedbascdonDepanmentofStaIistics,MinistIyofPlanning,Govemmentoflndia,且awekshana、
ＶＯＬⅣ,No.l-2July-Oc【obe「1982.

-184-



Figurel-9RateofMarketableWheatbyPlantedAreaofFarming
HouseholdinPunjab
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Productivity；3,500kgs/ha；Avemgewheat-plantedaIEa（RabiPeriod??)：８０％・TheにfOに，maIketable

surPlusisgcnemtedbyamwemgefaIminghouseho1dwhentheplantedaI℃aisatleastO､38ha．

Note：

Source:ＣＣＶ・ofPunjab,BoardofEconomiclnqumy，
1988/89.
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Figu正l-10Exports,Imports,TradeBalances,andmreign
ExchangeReserves

(unit:millionUSdollars）
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Figu祀１－１１TransitionOfRealFixedCapitalFormationin
AgriculturalSector

（unit:１０millionrupeesbasedonthel980/８１price）
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Figurel-13hodgminConsumptionbyExpenditureGr

Per-capitaRiceConsumptionperExpenditureGroup(RuralalCas）
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Introduction

Theincreaseintheworldpopulationinthe21stcenturywillbea

criticalconstraimngconditiononimprovementofourlivingstandards,and，

togetherwitheconomicdevelopment，willmakesubstantialimpactonthe

resoumesandtheenvironmentoftheEarthTheincreaseintheworld

populationitselfis,ｉｎturn,constramedbytheresoulcesandtheenvironment・

ＡＳＴ．Ｒ・Malthuspredictedintheendofl8thcenmry，theincreasein

populationmustbe“checked,,eitherinapositivewayorinapreventiveway

atsomepoint・Despitethefactthatfreshwaterisessentialfbrhumanlife

todayaspotablewater,oneoftheindispensablelesourcesfOrfbodproduction，

orindustrialwater,theissueofwater(shortage)hasnotbeenseenasagreat

constrainingconditionofresoulces,exceptinsomecountriesindesertzones、

However，theworldpopulationtowardsthe21stcenturywillbenearly

doubledinｔｈｅｃomingfiftyyears，whichwillnecessitatetheinc泥asein

irrigationwaterfOrmorefbodproductionandtheriseinthedemandfOrwatcr

fbrdaily-1ifeuseandmdustrialuseduetoindustrializationandurbanization

Thus，ｗａｔｅｒｉｓｖｅｒｙｌｉｋｅｌｙｔｏｂｅｃｏｍｅａｓｃａｒceresourceinmanycountries、

ThisessaywillreviewfUtureprospectsfbrthepopulationsinmaJorregions，

anddiscusstheextentstowhichwaterresoulCescanbeaconstrainton

populationgrowthinthosemajorregionsoftheworld．

１．WorldPopulationProspects

(1)EstimatesofFutulePopulationbyUnitedNations

Theworldpopulationwillreach6billionnextyear、Althoughthe

populationgrowthratehasbeendecliningsincehittingitspeak,2.04％per

annum,intheperiodbetweenl965andl970,itisstillashighas1.37％ｐｅｒ
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annumtoday(1995-2000)．Especially,thegrowthrateinthedeveloping

countries，thataccountfOr79％oftheworldpopulation，ｉｓstill1.65％per

annum・Someextremstssaythateventoday,slevelofworldpopulationis

nolonger``sustainable，,(1)inviewofglobalenvimnmentincludingresources，

energies，andfOodsupplies，andthattheEarthmayfaceacatastrophe

dependingonhowfarthewoddpopulationcontinuestoexpand・

AccordingtothelatestUnitedNationsPopulationPrqjections(medium

vanantofthel996version)(2),theworldpopulationisestimatedtolcach8
billionin2025,9.4billionｉｎ２０５０，１０．４billionin2100,ａｎｄ１０．８billionin

2150(SeeTablel)．TheClubofRome，ssecondreportfbrecastthatthe

populationwouldbecomestableatthelevelof77billioniftheworldbirth

ratelCachedther巳placementlevelinl990,andthatthenextcenmryatleast

willseenocatastrophe(3)．TheworldpopulationbasedontheUN，smedium

variantjhowever,isobselvedtogrowatapacewhichexｃｅｅｄｓＴｈｅＣｌｕｂｏｆ

Ｒｏｍｅ，ｓ``sustainable，,levelinabout2020

Althoughthepopulationsofdevelopedcountriesa1℃notexpectedto

expenencemajorchanges,thoseofdevelopingcountrieswiUlikely厚ow

fUrtherby3､６９ｂｉｌｌｉｏｎｔｏ８・Zbillionby2050(4)．Theabsolutevalueofthe

populationincreaseinAsiaislelativelygreat；itisexpectedtoriseby20

billion,ｆｒｏｍ３．４４ｂｉＵｉｏｎｉｎｌ９９５ｔｏ５・科billionin2050・Inparticular,the

populationsofChinaandIndia，ｔｈｅworld，smostpopulousnations，will

increasebetweenl995and2050,fTomL22billiontol.５２billion,andfrom

O93billion1.53billion妃spectively、Meanwhile，therelativepopulation

growthisthegreatestinAfrica,wherethepopulationwillinclcasｅｂｙｌ８０９６，

from0.72billionto2・O5billionduringthesameperiod,andwillaccountfbr

21.8％ofwoddpopulationin2050

(2)OptimismaboutWorldPopulation

Whiletheworldpopulationisexpectedtocontinuetogrow

substantiallyinthe21stcentury，ｔｈｅＵＮ，sbiennialestimatesinthel990s

havelCviseddownwardstheirfigulesfOrtheworldpopulationm2025and
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Z050eachtime;from８．５０billionandlOO2billion(estimatedin'92),to828

billionand958billion(estimatedin‘94),ｔｏ８０４ｂｉｌｌｉｏｎａｎｄ９､３７billion

(estimatedinp6)(5)．Ittranspiresthatpopulationgmwthandfertility(the

majordeterminantofthefOrmer)ｉｎthedevelopingcountrieshavedeclined

morethanexpectedeveryyear・

Ｉｎｔｈｅｌ９６０ｓａｎｄｌ９７０ｓ,pessimismwasdominantinfUtureprospects

fOrbirthratesindevelopingcountries・Duringthoseyears,ｏｎｌｙａｆｅｗｓmall

nationswithadvancedeconomlｃｓｔａｔｕｓｗｅｒｅａｔｔｈｅｔｕｍｉｎｇｐｏｉｎｔｏｆｔhe

fertilitytransition，soitwaswidelyheldthatfertilitytransitioncouldnot

occurwithoutmodemizationHowever,fromthel980sthroughthel990s，

fertilitybegantodeclineinmanypopulouscountries，includingChina,ｅven

thoughtheylackedeconomicprogress,andthistendencyis“notanexception

butthenorm，，inthedevelopingcountries(6)．Thefertilitystartedtodecline

evenintheso-calledextremelypoorcountriesofSouthAsiaorsub-Saharan

Africa,andthisdemonstratesthatwell-managedfamily-planningprograms，

aswellassocialdevelopmentpmgrams(suchastheeliminationofpoverty，

expansionofprimaryhealthcare,extensionofbasiceducation,improvement

ofwomen，sstatus,etc)canbepmmotingfactorsinreducingthebirthrate

2．WaterSupplyandWaterShortage

(1)SupplyofWater

ThetotalamountofwａｔｅｒｏｎｔｈｅＥａｒｔｈｉｓａｂｏｕｔＬ４ｂｉｌｌｉｏｎcubic

ki'ometers(km3)，whichconsistsof965％ofsaltyseawater,ａｎｄonly2.53％

(approx、３５millionkm3）offreshwater・Moreover，６９６％ofthefresh

waterontheEarthislockedinglaciers,etc.,leavingｏｎｌｙ30.,％(,0.5ｍi,,iｏn

km3）undergroundandO･34%(119,000ｋ㎡）inrivers,lakesandmarshes,
etc(7)．

Approximatelyll3,ＯＯＯｋｍ３ｏｆｗａｔｅｒｉｓｓｕｐｐｌｉｅｄｔｏｔｈｅｌａndareaas
rainfallbythewaterci1℃ulationsystem・Ofthisamount,63.7％ｏｒ720,000
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km3goesbacktotheatmospherethroughevaporationandtranspiration,ａｎｄ

only36.3％ｏｒ41,000ｋｍ３ｉｓｌｅｆｔｉｎｒｉｖｅｒｓ，lakesandmarshes，orunder

groundThetotalreplaceablewaterresourcesperannumwhichcanbeused

byhumanbeingsis4LOOOkm3.

Thefiguresincolumns（１）ａｎｄ（３）ofTableZshowregionalwater

lcsourcesavailableTheproportionsofutilizablefreshwaterinAfrica,Asia，

andLatinAmerica,whichconsistmainlyofdevelopingcountries,ａｒｅ１０％’

27％ａｎｄ２９％ｏｆｔｈｅｗｏｒｌｄ,stotalrespectively・Hwecomparethis

distributionwiththedistributionoftheworldpopulationbyregion(Column

(4)ｏｆＴａｂｌｅ２),considerablegapsarefOundbetweenthesupplyofandthe

potentialdemand(ｉｃ.,population)fOrwater・ThewatersupplyinAsiais

remarkablysmallcomparedtothepopulation,ａｎｄEurope(exceptingRussia）

andAfricaalsodisplaythistendencymoleorless・Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ,the

watersupplyinOceania，SouthAmerica，NorthAmerica，andRussiais

strikinglygleat(evenrelativetotheirrespectivepopulation)．

(2)Falkenmark，sMeasulementof"WaterShortage，，

Falkenmarkdefinescountriesintheconditionof“nowatershortage,，as

thosehavingl,700,3（＝ｔｏ､）ormoleofutilizableamountofannually

lcplaceablefreshwaterpercapita;countriesinthe“ｗａｔｅｒｓt１℃ss，，condition，

asthosewithl,OOOtonsandabovebutlessthanl,700t０，s;andcountriesin

the“watershortage，，conditionasthosehavingunderl,OOOton(8)．

Basedonthesedefinitions，ｔｈｅｗｏｒｌｄｏｒｔｈｅｍａｌｏｒｒｅｇｉｏｎｓａｓａｗｈｏｌｅ

ｗａｓｉｎ“nowatershortage,，conditioninl995（Column（５）ｏｆＴａｂｌｅ２)．

Reviewingthefiguresbycountry，however，therewereeleven“water

stressed，，countries(Z70nllionpeople),ａｎｄｌ８“watershortage”countries

(166millionpeople),whichｍａｋｅ４７％and2996oftheworldpopulation

respectively(9)．Themajorityofthemarelocatedindesertzonesofthe
MiddleEastandAfrica・

Although，despitethepopulationgrowth，awatershortageof“the

wodd”ｏｒ“themajorregions”isnotexpectedatleastuntil2050,ａｎｅａｒ
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``waterstress，,conditionisanticipatedregionalｌｙｉｎＡｆｒｉｃａａｎｄＡｓｉａａｓａ

ｗｈｏｌｅｉｎｔｈｅlatterhalfofthe21stcentuly、Ｏｆｔｈｅｔｗｏｗｏｒｌｄ,spopulous

nations，Indiawilllikelyfallintheconditｉｏｎｏｆ“waterstress，,inthefirst

quarterofthe21stcentury，ａｎｄＣｈｉｎａａｌｓＯｂｙ２０５０，Ｂｙ２０５０,therewill

likｅｌｙｂｅｌ５“waterstressed”countries（Z3billionpeople),ａｎｄ３９“water

shortage”countries（L7billionpeople),accountingfOr24％ａｎｄ２８％ofthe

worldpopulationrespectively('0)．

3．MaxiInumAllowablePopulationinviewof
WaterResources

(1)Cohen，sMaximumAllowableWorldPopulatioｎ（inviewofwater

rcsources）

Cohencalculatedthenumberofhumanbeingssustainablebythe

utilizablereplaceablefreshwaterperannumontheEarth,ontheassumption

thattheuseofwaterisrestrictedtominimumdaily-liferequirementssuchas

drinkinga､dimgationfOrproductionofgrains('1)．Hiscomputationisas
fOllows

First,Zkgsofwheatisrequiredtoproducelkgofflour、Assumingthe

transpirationrateis50096,1,000kgsofwaterisneeded(＝Ｚｋｇｓｘ５００＝１，３

＝１ton)．OnekilogramofHourgeneratesaenergyvalueof3,500ＫｃａＬＩｆ

ａｐｅｒｓｏｎｃｏｎｓｕｍｅｓｌ,OOOkcaladay，ｔｈｅａｍｏｕｎｔｏｆｆｒｅｓｈｗａｔｅｒｔｏｐｒｏｄｕｃｅ

wheatthatcansupplytherequiredenergyfbrayearis,therefbre,１００ton

TheamountoffreshwaterneededfOrapersontotakeinthenecessaly

amountofenergyfbrayearfromgrainsproducedbyilTigationagricultule

(Ｗｒｍ３)canbeobtainedbythefbllowingequation

，
Ｗｒ＝

[ｌ０ｘＵｘＵ－Ｌ)］

ｗhe1℃，
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Ｄ＝Energy(kcal)requiredbyapersonfOrhisactivityperday

lO＝ThecoefficienttodenotethatlOOtonofwatergenerates

l,OOOkcalofenergypercapitaperday．

Ｕ＝Aconsumptionrateofutilizablelcplaceablefreshwaterper

annum(％）

Ｌ＝Ａｒａｔｅｏｆｇｒａｉｎｌｏｓｔｉｎｔｈｅｐｒｏｃｅｓｓｅｓafterproductionandbefbre

consumption

lnthisequation，theamountofwatertoproducegrainsthatcangenerate

energylcquiredbyapersonfOrdailyactivitiesfOrayear(Ｘ＝Ｄkcal/[(1,000

kcal/day/percapitaperyear)／100tpercapitaperyearDisobtainedfirst・

Then,basedontheperson，sconsumptionrateoffreshwater(U),therequired

amountofwater(X/U)iscalculatedLastly,takingintoaccountthelossof

grains(L),therequi妃damountofwater[(X/U)/(1-L)]isobtained

Thus，ｂｙａｄｄｉｎｇｔｈｅａｍｏｕｎｔｏｆｆｒｅｓｈｗａｔｅｒｒequiredfOrdomesticuse

(37㎡)('2)totheobtainedvalueofWr,theamountoffiCshwaterneededfOra

personfOrfOodanddailylifefOrayearisobtainedFinally,themaximum

allowablepopulationunderaparticularconditionofwaterlcsourcesis

obtainedas：

Ｗａ
Ｐｍａｘ＝

(Ｗｒ＋３７）

ｗｈｅｌＣＷａ＝Anamountofreplaceablefreshwaterhumanbeingscanutilize・

Cohencalculatesthemaximumallowablepopulationsoncombinations

ofthefOllowingassumptions．

①Uiseither20％(arelativelyrealisticlevel)('3)orlOO9Mhegreatest
maximumvalueavailablebutanun1℃alisticlevel)．

②Diseither2,350kcal(theaverageintakeofenergy)('4)or10,000kcal

（theaverageconsumptionintheUS）

③LiseitherlO96(quiteefficientbutunrealistic)ｏｒ４０％(theworld

averagelevel）

④Ｗａｉｓ４１,OOOkm3（thetotalamounttheworld，sutilizablefresh
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water)，14,000ｋｍ３（theestimatedceilingoftheamountoffiesh
wateractuallyused),ｏｒ9,000ｋｍ3(theestimatedfloorvalueofthe

saｍｅ）

Themaximumallowablepopulationinthecaseofthegreatestwater

consumption(Ｕ=20％,Ｄ=10,000kcal,ａｎｄＬ=40％)is,therefOre,４９billion，

1,7billionｏｒ1,1billiondependingonthevalueofWa・Needlesstosay,the

actualworldpopulationisfaraboveanyofthesefigulcsThisimpliesthat

itisalmostimpossible,inviewofthewaterresoumes,fOrallthecountriesin

theworldtoelUoyasluxunousdietarylivesastheUSoftodayOnthe

otherhand,intheconditionoftheleastwaterconsumption(Ｕ＝100％,Ｄ＝

2,350kcalandL＝２０９６),thePmaxvalueisl375billion,４７billionｏｒ３０．２

billiondependingonthevalueofWa・However，ｉｔｉｓｉｍｐｏｓｓｉｂｌｅｔｏｕｓｅ

ｌＯＯ９６ｏｆｕｔｉｌizablefreshwater,andthesefiguresaresounrealistiｃｔｈａｔｔｈｅ

[realistic]maximumaUowableworldpopulationwould,ｏｆcourse,bemuch

belowthem・

Inthestandardconditionwhichcanbeconsideredrelativelyclosetothe

currentsituationoftheworld，swaterconsumption（Le.，Ｕ＝２０％，Ｄ＝

2,350kcal,ａｎｄＬ＝４０％),thePmaxvalueis205billion,７ｂｉｌｌｉｏｎｏｒ４７

ｂｉｌｌｉｏｎＡｓｆａｒａｓｔｈｅｃｏnditionofwaterresourcesisconcerned，ｔｈｅ

ｍaximumallowableleveloftheworldpopulationisnotspeciallyhigh，

whichimpliesthattheworldasawholemayfacetightconstraintsinthe21st

century,dependingonefficiencyinuseofwaterresources．

(2)MaximumAllowablePopulationsofMajorRegionsinthe“standard

condition,,ａｎｄthe``75％efficiency-improvememcondition,，

ｃｏｌｕｍｎ(2)ofTable3showsthemaximumallowablepopulationsof

theworldmajorrcgions,obtainedbytheaboveCohenequationwhereU＝

20％,Ｄ＝2,350kcal,Ｌ＝４０％ａｎｄＷａ＝ａｎutilizableamountofreplaceable

freshwaterperannum(41,OOOkm3iffOrtheworldasawhole)．

Ⅱｗｅｃｏｍｐａ1℃themaximumallowablepopulationiｎｒｅｇｉｏｎｓｉｎｔｈｅ

"standardcondition，，withthepresentandfUturepopulations(ｃｏｌｕｍｎ（１）ｏｆ
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Table４),thel995populationsinalltheregionsarebelowthemaximum

allowableleveLIn2050,however,thetotalAsianpopulationwillbe５．５４

billion,exceedingitsallowablemaximum(5.40billion),andthatinAfrica

willbe205billion,approachingitsallowablemaximum(2.101billion)．As

fOrtheworld，stwomostpopulousnations,thepopulationoflndiainl995is

alreadyequivalenttothemaximumallowable(0.93billion)andisexpected

toexceedthemaximumallowablelevelby600million，andthatofChina

willalsoexceedthemaximumallowablelevel（１４０billion）evenbefOIc

2025,andwillbeinexcessofitbyl20millionin2050

InCohen，sequation,ｂｏｔｈＵａｎｄＬ1℃presentutilization-efficiencyrates

ofwaterresourcesColumn(3)ｏｆＴａｂｌｅ３(Condition2)ａｎｄＣｏｌｕｍｎ(2)of

Table4showthemaximumallowablepopulationsobtainedbythesame

calculationbutwiththeassumptionthatthecombinedefficiency,Ｕ(1-L)has

beenimproｖｅｄｂｙ７５％(Conditionwith7596improvedefficiency)．Bythis

assumption，themaximumallowablepopulationsｏｆｔｈｅｗｏｒｌｄａｎｄｏｆｔｈｅ

ｍａｌｏｒｒｅｇｉｏｎｓａｒｅ７２９６ｇｌｃａｔｅｒｔｈａｎｔｈｏｓｅｉｎｔｈｅ‘`standardcondition,，，and

bothofthepopulationsofAsia(includingChinaandlndia)andAfricawiUbe

belowthemaximumallowablelevelthroughoutthe21stCentury．

(3)Assumption:２０％ofenergyintakeisfrommeat・

Ｉ､takeoflkcalofenergyfrommeatlequirestentimestheamountof

plants(i､e､,landandwateraswell)neededtotakeinlkcalfromgrains．Ⅱ

theproportionofmeatincreases，therefOre，ｔｈｅ“waterstress,,becomes

gleater・Assumingthat20％ｏｆ2,350kcalisobtainedfrommeat，the

constantoftheCohenequation,10,isreducedto82(＝１０ｘ０．８＋ｌｘＯ２)．

Themaximumallowablepopulationsｉｎｔｈｅ“standardcondition,，ａｎｄ``75％

improvedcondition，，correctedbythisnewcoefficientaｒｅｓｈｏｗｎｉｎＣｏｌｕｍｎｓ

(4)and(5)ofTable3,andColumns(3)and(4)ofTable4・

Ｉｎｔｈｅｃｏｒｒｃｃｔｅｄ“standardcondition，，（20％takenfiommeat)，the

maximumallowableworldpopulationisl６．９billion，andestimatedfnture

populationsarebelowthislcvelin2050，ａｎｄｅｖｅｎ２１５０（108billion)．
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However,theAsianpopulationwillexceeditsmaximumallowablelevel(4.5

billion）ａｓｅａｒｌｙａｓ２０２５，andtheAfricanpopulationwillalsoexceedits

maximumaUowablelevel（1.7billion)ｉｎ２０３０１ｎ２０５０,thepopulationsin

AsiaandAfricawillexceedtheirmaximumallowablelevelby990million

and320millionrespectively・Thel995populationsoftwomostpopulous

nations(Chinaandlndia)arealreadyabovetheirmaximumallowablelevels

(1,150millionand760millionrespectively)．

Inthemeantime，ifassumingthatthewaterutilizationrateis7596

greater(with209i6energystilltakenfrommeat)thanthestandardcondition，

neitherofthefUturepopulationsinAsiaandAfiFicaexceedstheirmaximum

allowablelevel（7.7billionand30billionrespectively)．AsfOrthetwo

mostpopulousnations，china,spopulationwillnotexceeditsmaximum

allowableleveLbutlndia，spopulationwillexceeditsmaximumallowable

level(1.32billion)ｉｎ2025,andtheexcesswillreach210millioｎｉｎ２０５０

Conclusion

Eveninthe21stcentury,waterresoumesandfOodsuppliesal巳unlikely

tobelimitingconditionsonpopulationsinOceania，NorthAmerica，ａｎｄ

Europe,whicharelargelydevelopedregions,orinSouthAmerica,mainlya

developingregion-onthewhole,andapartfrompartialvariations・

Inthoseregions，waterresourcesaremorethansufficientevenunder

quitesevereconditions（Condition3ofTable3)．InSouthAmerica,let

alonethedevelopedregions,watershortageareunlikelytooccurevenafter

takingintoaccounttheincreａｓｅｉｎｄｅｍａｎｄｆｂｒｗａｔｅｒｔｏｂｅｃａｕｓｅｄｂyits

fUrtherindustrialization,urbanization,andimprovementoflivmgstandards、

However,inAsiaandAfrica,whelethepopulationstogethermakeup

threequartersofthewoddtotal,andwillexceed80％ofthesameinthe21st

century，securingwaterresourceswillbethema】orpoliticalissuefOr

govemments・EspeciallyinAsia，manyWestAsiannationsarealreadyｉｎ

－１９９－



the“waterstless，，condition・Whereassomecountriesaleattempting

improvementsbydesalinationofseawaterorothermethods，thewater

shortageintheworld,stwomostpopulousnations,IndiaandChina(together

accountingfbr3896oftheworldpopulation）willhampertheireffbrtsfOr

morefOodproductionandindustrialdevelopmenLMoreover，theirwater

shortagecouldexertconsiderableinfluenceupontheworldfOodsimation

throughdemandintheintemationalgrainmarket('6）

BothChinaandlndiahaveadoptedthemarketeconomysysteminan

attempttoimprovetheirlivingstandards，ａndaretryingtopromoterapid

economicdevelopment・Intheprocess,however,thetwocountriesrunthe

riskoffallingabmptlyintotheconditionsofwaterstressorwatershortage，

duetothepopulationgrowthandtheimprovedlMngstandardsassociated

withincreasesindemandfbrfOod，ａｓｗｅｌｌａｓｉｎｄustrializationand

urbanizationassociatedwithincreasesindemandfbrindustrialanddaily-life

water・BothcountrieswillneedtomakepoliticaleffOrts,inplanningfUture

developmentstrategies，toenhancetheirwater-intakeefficiencyby

constructingmoredamsandcanals,etc.,converttheiragricultuIeorindustry

tothesystemswithhigherefficiencyofwaterconsumption，andtoplcvent

watercontammation,andsofOrth．
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TablelPopulationTrendsoftheWorldandbyMaiorRegion

（unit:milIion）

1９５０１９７０１９９５２０２５２０５０２１００２１５０

World

DevelopedRegions

DevelopingRegions

Amca

Asia

China

lndia

LatinAmericaand

Caribbeanlslands

NorthAmerica

Europe

OtherthanRussia

Russia

Oceania

2,524

８１３

１，７１１

224

1,402

５５５

３５８

１６６

5,687

１，１７１

４，５１６

719

3,438

1,220

９２９

４７７

3,702

１，００８

2,694

３６４

２，１４７

８３１

５５５

２８４

8,039

1,220

6,819

1,454

4,785

1,480

1,330

６９０

9,367

1,162

8,205

2,046

5,443

1,517

1,533

８１０

1０，４１４１０，８０６

2,646

5,850

1,535

1,617

８８９

2,770

6,060

1,596

1,669

９１６

172２３１２９７３６９３８４４０１４１４

５４７６５６７２８７０１６３８５７９５９５

４４５５２６５８０５７０５２３

１０２１３０１４８１３１１１４

１３１９２８４１４６４９５１

Nole:UnitedNations,WoTldPopuIationPrDspects:T1Bel996Revision’１９９６．UnitedNalions,WoddPopuIation
Pmjectionsto2150,1998.
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"UtilizableAmountofAnnualReplaceableFreshWater，，，

‘`Population，，ａｎｄ“Per-CapitaAmountOfFreshWater'，of
theWorldandbyMajorRegion

Table２

fiifHiilifLiiilji71iiii
Region

World

AfiPica

Asia

China

lndia

LatinAmericaand

CaribbeanIslands

NorthAmerica

iililliJil;ilIillll
5,379.0

6,438.0

2,395.0

4,043.0

2,011.0

Europe

OtherthanRussia

Russia

Oceania

TheamountsoffreshwateraIcassumedtobeunchangedlmmI995through2050．

PopulationsaJEbasedonthcnB脆祀nceusedfbrTableLTheamountsofftCshwaIeraIchomWorld
Resou正elnstituIe,WorldResouTccsl994-95,OxfbrdUnivcrBityPIEss，1994.

Ｎｏｔｅ：

(RefC配､cc）
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Table3MaximumAllowablePopulations(Pmax)oftheWorldandby
MajorRegioninviewofWaterResources

(UnitofPopulation:lOOmiUion

（１）

Ｗａ(km3）

（２）

Pｍａｘ

（３）

Ｐｍａｘ

（４）

Pｍａｘ

（５）

Ｐｍａｘ

(Conditi･iml)(C・ndiUon2)(淫謡總)(淫謡總）
World

AfiPica

Asia

China

India

LatinAmericaand

Caribbeanlslands

41,000

4Ｊ84

10,781

2,800

1,850

205.5

21.0

５４０

１４．０

９．３

５９．９

354.7

３６．２

９３．３

２４．２

16.0

103.3

169.1

17.3

４４．５

１１．５

７．６

４９．２

292.6

２９９

７６９

２０．０

１３．２

８５．２11,943

NorthAmerica 38.4

460

179

28.9

14.4

27.0

32.3

12.0

203

10.1

22.2

26.5

９．９

１６．７

８３

5,379

6,438

2,395

4,043

2,011

46.5

55.7

20.7

35.0

17.4

Europe

OtherthanRussia

Russia

Oce2nia

Ｎｏｔｅ:Ｗａ＝UtilizableamountofAnnuaIReplaceableFi巳ｓｈＷａにr(ｉｎｋｍ３)．CondiIionlis"S[andardcondition"，
Condition2is“Conditionof75鉛improvementinutiIizationofwaにr",Condition3（ｏｆＣｏｌｕｍｎ(4)）and

Condition4（oｆＣｏｌｕｍｎ(5)）arcthcGHain-Meatratioof80兜ｔｏ２０％addedtoConditionsIand2

正spectively．
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Table4DifferencesbetweenMaximumAUowablePopulationsby
ConditioninviewofWaterResourcesandCurrent

Population(19D5yFuturePOpulationEstimates(2050）

hTliJlilii
（２）

（Pmax(2)-P）

1９９５２０５０

（３）

(Pmax(3)-P）

1９９５２０５０

（１）

(Pmax(1)-P）

1995２０５０

World

Ahica

Asia

China

lndia

LatinAmericaand

CaribbeanIslands

NorthAmerica

Europe

OtherthanRussia

Russia

148.6１１．８

１３．８０．５

１９６‐0.4

１．８－１２

０．０‐6０

５５」５１．８

297.8261.0

29.0１５．７

５８９３８９

１２．０９．０

０７０７

９８．５９５．２

112.2７５．４

１０．１－３．２

１０．１‐9.9

‐０７－３．７

‐１７‐7.7

４４．４４１．１

24.023.2

25.0２５．９

６．２６８

１８．８１９．２

８．６９．６

４３５４２．７

４８．４４９．３

１４．９１５．５

３３．７３３９

１７．０１６．９

1９．９1８．４

１８．７２０Ｊ

4.1４．７

１５．２１５．６

8.0７．８

35.434.6

38.739.6

12.112.7

27.427.8

14.1１３．９Oceania

Note：Pmax(1)to(4)…PmaxinConditionslto4,妃spectiveIy．
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