
Ijelwccii (Ivkes. the aquatic hoiuls willi llicii' lloodplíniís and 
llicir fíroiiiuiwatpr are spvcicd. I he s|i(iniic-l¡kc (|ual¡lics of IÍNCI' 
\all('\> are losl. and so is ilic |iícc¡iin.s lainwalcr dclixiTcd lo Ule 
land l)\ occanic lainclonds. 

( : L ( ) H I \ ( ; riiK CVCLK 

More sli-ikiiifíK dian an\ ollicr aspccl ol i'onlcrnpoiarx lile, 
inodciii (-¡lies i(d'lccl sociely s disquictini; anihix alcncc lowaids 
water, ihc life-giver. Clities aro liot. <liy and dusi\ places. ,Nol 
necessarilv Ijeeaiise of llie absence ol i'ain. huí heeause everv 
drop liilling rool's. sli'eeis and parkina'-lols is ineliculousK 
colleeled. sewered and diseharged downslreani. No ehaiiee lo 
rcIVesh llie air. lo lili iip tiie groundwaleí-. lo nonrisli a Iree. Rain 
is regardcil li\ eil\ planners as a pi'ohieni. as a nuisanee 
reqiiiring exjjensive iniraslnielni 'e lo elimiiiale. 

riie obvioiis idea lo inake use of rainwaier. lie il for 
wasliing. walering uin'<lens aiid parks or e\cn loilel flusliing, is 
not en fogiie willi iiiaiiislreaní waler engineers. Tokxd íor 
iiislanre. willi as nnirli as 2..~)Ü0 eiihie nielers ol rainlall per \ ca r 
— a \('r\ wi'l ciu indeed — uses \irlualU none ol ihis Iree gilí 
l'roni above. Inslead, 2,0ü() million cubic inelers of drinkiiig 
waler everv vear are imporled llirougli iniglih and ex|)eiisive 
]iipeliiies IVom disliuil reserxdirs iip lo 300 kilornelres awav. riie 
rain, needless lo sav, is svvilllv coiiducted baek lo llic sea. 

riip laek of res])ert for rain is resulling in e\<-r inereasing 
waler alislraelions íi-oin nalure. and has eosl iiiany of llie 
w o r l d s aqual ic ecos\stenis deariy. Today, oiu-e miglily lixers 
like llie (lolorado in iNorlIi ;\iiieriea or llie Indiis in Soiilli .\sia 
llardU inake il lo llie sea. I',\crv single drop lias beeii 
appro])rialed. alislracled and iised. Likewise. iiiidei-ground water 
reservoirs are beiiig e.xploiled al dis(|iiiet¡ng rales. All along the 
Medilerranean eoasl and oii iiiaiis islands. seawaier is now 
penelraling the sulisirata froni wliicli llie groundwaler has been 
piiinped. Once groundwaler becoines sallv. il is irretrievablv losl 
as a drinking waler rcsource. 

I' resliw aler is a linile resoiirce. Recognisiiig the limils 
re(|inres inaking lieiler use of everv litre of rain, everv liire 
pinnped Ironi rixcrs aml wclls. .\gricullure in parlieular holds a 
hiige polenlial hir grealer water efricieni'\. Irrigalioii alone 
ciirrenllv accounls for 80 per cení of all waler uses woiid-wide. 
^ el slill. spra\ irrigalioii is w idel\ ap|ihed allhiHigh in a hol 
clirnale less lliaii one fililí of llie water reaches ihe plaul rools. 
More so|)hisliealed lecliiiolog\ sucli as drip irrigalion eould 
easiU cul waler eolisuiiipliou in hall, (h'owing diduglil-resislanl 
crops siicli as niillel. lenliis. grouudnuls and ligs. inslead ol 
inai/.e and collón, coiild reduce waler deinand e\cn birlher. 

Kciising waler is anolher wa\ lo deal willi searce resourees. 
Hüwever, niosl waler users leax'e llieir hiiil hiotprinis: delergeiils 
froin hoiiseholds. agriíaihural peslicides. and induslrial 
cheniicals all end iip in waler. I lenee. used waler is iisualK 
regarded as wasle. collecli'd in sewcrs. Irealed and reliirned lo 
nalure in a doiiblful slale. 

In view ol llie scareiu ol Iresliwaier a\ailable on earih. 
hunianiu can no loiiger alford waler pollulioii. \\ e will liave lo 
learu llial waslewaier is acluallv a valualile resource ihat can be 
recxcled for irrigalion. induslrial purposes and inaiu ollier 
ap|)licalioiis. I lowever, in order lo be able lo |iurilv and reiise 
waslewaier. we musí kee|i il Iree of loxic and persislenl 

pollulanls. Already. sonie induslrial coiiipanies in Scandiiia\ia 
and (ianada are sliowing lile wa\ b\ inlrodiicing w asiew ater-free 
lechnologies which inlernally recvcle procesa water. 

Closing the cycles could draslicallv reduce water 
consuinplion. ,'\l llie same lime, il woiild reclilx oiie of llic main 
causes of marine polhilion. KÍNCIS world-wide carr\ millioiis of 
tons of luiwanled clienhi'als from nhniíig. induslrv. agricuilure 
and households iiilo coaslal waters. Il is a disgrace hir oiir 
centurv of technií'al firogress ihal we liave iiol slopped spoiliiig 
and injuring the eradle of all vvalers, the oceaii. 

I I I K PRKSK.NCK O F T I I K D R W 

\hin \ cullures aiiil religions belicNc llial e\cr\ moniiiig is a 
repetition of (^arlli s cn^aliou. a tangible ex|iression of the eteriial 
renewai of lile. Daw ii is adorned witli moi'iiing dew. a eloak of 
pearls seen shining in ihe firsi liglil. llien \aiiisliiiig. Dew is 
regarded as the silent niessenger of liigher powers. joiniíig ihe 
lilack of iiighl aiifl the briglil liglil of dav. bringing logelher skv 
and earlll. ocean and land. fdr eenluries. il used lo be liighlv 
rexered and protecled as the agen! re|jreseiiliilg birth and 
lieginning. Thmianilv musí realise llial in the 2 1 ^ ' cenlurv as 
wcll. llie presence of lile niorning dew is iinicli more llian a 
reliiíioiis sNiiibol of life. Il is llie \-erv essence oí s iu \ i \ a l . 

t 
A V O I D I N G W A T E R WARS A N D 

E N S U R I N G F O O D F O R ALL 

BY PROF M. S. SWAMINATHAN 

I. I N I R O D l C r i O N 

,\ receñí sludv carried oul b\ the I .\ (dmllns^ion on .\ulril ion, 
of which I ani a .Vlenilier. rexcals llie hillow ing íacls. 

(Ihildhood maiiiutrition, espeeially stunting, is closeK 
relaled lo polenliallv permanenl braiii daniage. Aboul 1 billioii 
childreii will sufler phvsical and menlal inipairmenl li\ 2020 . 

Aboul 1 billion ailulls in developiíig couiilri(>s are 
underwcMghl. Sucli adull malnulrilion impairs work capac iu . 
lowcrs resislance lo inh'clions and iiiarkedK amplilies ihe risk lo 
liilure geueralions. 

riiere is a fiindamenlal liiik bclwceii nialernal and 
ciiildhood malnulril ion and the snbsccjuenl siisceplibililx ol ihi-
cliild in ailiill life lo dielarx diseases. siicli as diabeles. Iiigii 
blood pressure. hearl disease and some c"aiicers. 

.New nnalvses reveal tliat 30 to 5 0 % of adulls iu Soiilh 
Asia ari' imderwi'ighl.- diere are aboul a billion malnouiished 
adulls Wdiidwide. 

Siich serioiis problems lai'ing iis as we approach a new 
milli'iiiiiiim can be soKcd onl\ b\ a new social conlracl belwcen 
goN'ernnieiils. civil socielv organisalions, mass media and doiior 
agencies which will cnsure water, food and saii¡lali(Hi lo evei'v 
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cliild. womaii and man. W ali'i'Dcciipirs llic lirsl posilioii aiuoiig 
lile ¡iipiils iircdcd loi' siislaiiialilc lood and li\cliliodd sci uritv. 
A.s walcr licciinii's scarce. llicic will be un ('x];)an.si(in ¡n llic 
miniher (if waler lords, water inarkcts and water ronllicts. 

Mdsi oí ilie watei' conriicts are local or ii'uiDiial. l'Or over 
a thousand vears, water cüníliels liave oeeured at tlie local level. 
Local level courts like the one operating at Valencia iii S|)aiii 
liaxc lielped lo r'esoKc sncli conllicts. As we approacli llie new 
millenniuní water conllicts at the local, natioiial and regional 
level are likelv to increase. Therc will also be ¡ntersectoral 
conllicts on tlie nse ol 'water. Henee, il will be piiideiO to slndy 
the pi-oblem in detail and develop an integraled sti-ateuy íof ihe 
sustainable harvesting., nse and allocalion of water. 

I I . R V O L l TIOiN O F T I I K C O N C K P T O F F O O D 
. S F C l i R l T Y 

The coiice|il of lood secnritv has been Lnidergoing rellneinent 
dining (he last 50 vears. jinniediatelv al'ter World \\ ar II. h)od 
secnril\ rneanl building eniergencx gi'ain reserves and cnsniing 
\\\i' pliysicdl availabiiitv oi lood in the niarket. Al'ter tiie onset 
of the green revohilion in the late si.xties. ¡t becanie obvioiis that 
í'conoiiiic access to lood is e(|nall\ iinpoit¿uit loi' ensni'ing lood 
secnritv at the household level. Dnring the eighties. it becaine 
evident that the geiider dimensión of lood seciiritx shonid receive 
attention. in \ ¡ew of the gi'owing fenhnisation of po\(MtN and 
agi'icidlure. I his was highiighted at the X̂ orid Coiilerence on 
\\ omen lield al Beijiíig in IW.'J. The principie oí' socidl aecpss., 
w illi i'cler'ence lo wdiiKMi and marginalised conimnnilies was 
henee added to the conce|.)t of food seciirit\-. Finallv. al'ter the 
l 'N Conlerence on Environnient and Development held at Rio de 
.laneiro in l ' ' ' )2. ihere has been an increasing imderslanding of 
the iiile of eiiviromnental factor's In lood secni'ity. The ecological 
fomidations essential for snslained agricnitnral progress are 
increasingb nndei' sti'ess duc lo hnman acti\ilies. .Agenda 21 of 
I ! \ ( ; F D addresscs tliese itonccrns. \\ ithonl safe drinking water 
and en\ iromneiital Ingiene. the biolíjgical absorplion and 
retentioii of hiod will bi' poor. Thns. ciiriidiiiiiciiltii (icccss lo 
food becomes iinportanl. 

Basi'd on the abose coiisideralions. the Science .Vcademies 
Siimniit held iii ,lul\ I')<)() al lile .VI S Swaminalhan Research 
Foundation. Madras. India, ¡n prcparation hir llie World |-'ood 
Simimil coiuened b\ l ' \ \0 in Romc in Noxcmber l'f'X). pioposed 
llie following comprelieiinixc dcnnition of lood secmiu . 

I'olicies and technologies for Snstainalile Food Secniitv 
shoiild ensiire: tiíat eveiv individual has llie plusical . econoinic. 
social and cii\ ¡roiiincntal access lo a balaiii'cd dii-l llial inchides 
the neccssaiN inacro — and micro-milrients. sah' drinking water, 
saihlalion. einiromneiital hvgiene. priinar\ lieallh care and 
ediicalion so as to lead a healtln and prodiicii\e lile, and that 
food originales l'roin efl'ieient and environmenlalK benign 
|)rodiict¡on technologies that conserve and enlumce the nainral 
resoiirce Ijase of crop.s. animal Inisbandry. forestrx. iuland and 
marine fisheries. 

I I I . W'ATFR A . \ D F O O D S K C l RITV 

A. Pliysicdl ,'lrrc.v.v 
Flunianity iiow uses o\i 'r one-half of the total accessible 
freshwater riinoff. Projected growlh rales in irrigaled arcas are 
significanllv lower iban in the recent |)asl. Iiir the wiiild as a 
whole, the irrigaled área is projected to grow al ().() perccnl per 
year. as eoinpared lo \ .Wa dnring 1')(S2-<).'?. Onrrenl global 
water use is aroiind 4500 ciibic kilomelers. I lowexcr. Ircshwalcr 
is distributed nnevenly across the globe. Ooimtries witli 
freshwater resonrces in the range of 1 ()()()-1.")()() ciibic melers per 
capita per year face water stress, parlicnlarlv in dronghl xcars. 
.•Vgricnllnre is by lar the liiggesl iiser of water, accomiting hir 
more iban 70 per cent of water w itlidrawals worldw ¡di- and 
more iban ')() per cení waler withdrawals in several low income 
developing coimlries. Po|iiilalion rich and land Inmgrx conntries 
like India and Ohiiia. luuc no o|ilioii iwcepl lo produce inore 
food and ollier l'arin commodilies l'rom less per capila arable 
land and irrigalion water availabiliu in llie conhiig millenniíim. 
rile largesl incrcases in irrigaled arcas dnring llic comiiig 

decades are e.xpected in India and (nhna. I lowever. e\-en in 
India, the projected 199.5 to 2020 rale of growth in irrigaled 
arcas of 1.2 per cení per vcar is w i'll below lile rale of 2.0 per 
cení per \ ca r acliie\cd diniíig 1982 to 199-3. .Vliicli of the 
additional irrigalion water comes l'rom groiindwaler and ihis 
sonrce is beiiig increasingb exploiled in aii iinsiisiainable 
maiiner. Major irrigalion |)rojecls are rnnning lulo scrioiis 
enviromnenlal and social |irol>lenis. 

The a(le(|nate availabiliu and e(|inlable and cfficienl nse 
of irrigalion water are essential for comer t ing the green 
revohition into an crcrovee/í reroliilio/i. A stiidv in eighl .Asiaii 
coiinlrics re\caled that of the additional I 17 million loii.> of rice 
piddnced belween 1905 and 1988. -i-f million loiis can be 
direclb allribnled to irrigalion. Fveii the remaining altribnled 
to new \arietics and h'rlil¡/cr WíJiild iiol lia\c bi-en possible 
wilhonl waler. Irrigalion waler lias liel|)ed lo increase nol onl\ 
crop prodnclivitx' bul i'roppiíig inlenshv. llu'rebv leading lo an 
increase in \ ield per da \ . In llie Iropics and siib-lropics. wliere 
lliere is abimdanl smislhne dnring mosl ol llie \i 'ar. nmlliple 
cropping lechni(|iies lia\'e spread lasl. bolli becaiise ol irrigalion 
projecls and the a\a¡labilil\ ol pliolo-inleiis¡li\c crop \arielies. 
Tliis has facilllaled crop-liveslock inlcgration. lliidiigh llic 
introdiiclion of fodder crops in llie rolation. 

Some of lile ingeiil sleps ni-edc<l in llic arca of irrigalion 
water conservalion and sustainable use are: 

¡Idircsl and conser\e rain waler: 
l'/diiKilc coiijiicl¡\i' waler use ol rÍNcr. rain, grouiid. sea 

and sewage waler. in appropriale combinalions: 
l'ivrciil unsnslainable e.xploilalion ol llie a(|uiler: 
Ensiiiv efficicncs. econoim and c(|uil\ in waler use ihroiigh 

cooperalive manageinenl of walersheds and coinmand ai'cas: 
llfgiildl)' the expansión of waler markels and water loi'ds: 
Inlrodiicf proacli\ i ' measiires lo ax'oid walcr conllicls. 

li. F.coiioiiiic If cc.v.v 
(iovermuem priciiig policx. parliciilarb w ilh rcl'erence lo 
eleclricily lor pmuping groiind waler. olleii residís in inefficienl 
and luisiislainable e.xploilalion of precioiis waler resonrces. On 
llie ollicr haiiil. prixale ownership of groiind water resonrces 

file:///arietics
file:///arielies


leads 10 the cniergenee, ol' walcí- loi-ds aiid walcr- niai'kdh. A 
natioiial ]3olifv relating lo (icccsx lo ifalcrjur all slioiild be 
desigiKMl iii siicli a inaiiiicr dial Fií'sl. iirigatioii (loes nol resiill iii 
Inng lenii harin KJ soil licallli and .scroiid. gender and social 
e(|iiitv iii sliai'iiig ihe availahlc waler ¡s eiisiired. Participaloiv 
nuuiagenieiu oí ¡nigalion waler rcsoiii-ces. iiicluding syslems of 
rolalioiial dislriliiilion of waler. will lielp lo losler llie equilabie 
and elTieienl use oí' waler. Prieiiig polieies shoiild signa] llie 
inler-geiieralioiial ei|u¡l\ aspeéis ol water use. 

irrigalion has heen an ini|)orlant tactor in |)overlv 
alleviation in severa! developing eounlries. When water is 
availahle. there is nol oiil\ crop seciiiily Inil also opportnnities 
for nuilli|)le cropping. nii.xed cro])ping and agro-loreslrv sv.steins 
ol' land use. Irrigalion has a niultipiier effecl on eniplovnient 
liolli al ihe |)rodu<iion and posldiarvest pilases of agricullure. Il 
niakes Inlegraled Inlensive l''arining Systems (lIFS) ])ossiljle. 
Irrigation waler thiis enhances purchasing power. 

C. Enriroiurieii/til Acrcs.s 
This again is a niulli-raeeled issue. Sewage and indnsirial waler 
recNcling. ineliiding iheir inidipoiiilion in coniueiiNc waler use 
svslenis will i'onl'er holh public lieallh and eeononiie lienefils. 
Ecological probieins associated willi iinscienlilic water use siicli 
as waler logging. salinisalion and soil erosión are wcll known. 
Serious nuirilional prolilems suelí as arseihe poisoning. diie lo 
the tapping of the deeper laxcrs ol' llie a<]uirer. Iia\e been 
reponed in Bangladesh and llie Slale ol \\ esl Bengal in India. 

Eii\ iroiiinenlal and social probieins are also serious in 
several niajor iniilli-purpose irrigation projecls. I'or e.xaniple. 
Cliina's Tliree (Jorges Dain o\cr llie Nanglze rÍM-r will help lo 
hait l'loods in die South ol'í xilina and bring irrigalion waler lo 
the northern parí ol llie counlrw However. environiiK-nlalists 
llave several coneenis. Similaiiv. llie \ a r i n a d a projeel in India, 
designed lo pro\ ¡de drinking waler lo 4() nhllion |jeople and 
irrígale 1.8 inillion lia. will lead to the displaceinent of nearlv 
'i.'iO.OdO people and lo inundalion ol' 1 1^.()()() heclares ol' land. 
il is obvious tlial everv nal ion will llave lo weigli careíullv llie 
pros and cons of large mullipurpose water projects and ciioose 
ihe ones wliicli conl'er ina.ximnni social benefil wilh llie least 
ecological lianii. 1 Itere is need for large lunnbers of professioiíals 
Irained in (¡reen .'\iidit procedures wilh reference lo irrigalion 
projecls. ()ppo^¡ng unsiislainable dexclopinenl alone is nol 
enougli: diere must be e(|iial emphasis on proposing suslainable 
ojilioiis. This is goiiig lo be a inajor challenge in tlie next 
cenliuN wilh relerence lo irrigalion projecls. 

I). Social Ircc.v.v 
riiis again has se\ei'al diineusions. Oender ine(|uil\ is niosi 
serious in the case of drinking waler, siiice wonien are invariablv 
entrusted with llie responsibiliu of felcliing waler for doineslic 
use. iíestruclion of h)resis leading lo llie disriiplion ol 
ludrologic cM'les has allecled adverseh ihe niilrilion and 
li\elilioo(l securiu of wonien. 

Social cohesión and coopei-alion in ihe har\( 'sling. sloi-age 
and use of water will help enorniously lo slrengthen irrigalion 
water securilv. In a receñí sliidv. pubhshed iiiider ihe lille 
"Dyiug Wisdoin ". Añil AgarwaI and Sunila .Narain (1')()7) [1] . 
illustrale llie power of social aclion. chai'aclerislic of ihe past bul 
fasl, vanishing now, wilh llie l'ollowing e.vainples. 

a) .laisahner. .A disiiicl in ihe Ihar deserl of Rajasllian. 
India. Aniuial raiid'all is 10(1 niin. Diiring (he droiighl \ c a r o f 
1987. the t iovennnenl s piped waler siijjplv ran drv. Bul diere 
was enoiígh water for the peojjle who stuck to their rainw aler 
harvesting struclures called kiinds (sinall water conservalion 
structures). 

b) ('.herrapunji. Meghalava. .\ \illage in llie noriheasl wilh 
ainnial rainfall of 1.~).()(I0 iiini. \ el lliis \illage snfh'is froni 
water slorage diiriiig sumiller monlhs. 

Thus. peoples parlici|)alion in waler harvesting. 
conservalion and efficieiil use will hisler bolli suslainable food 
and flrinking waler securitv. l lowever, there will be no 
coojieration in waler saving imless there is eqnitv in water 
sharing. Irrigalion \\ aler delixerv svstems and on-larní 
managenient of water can be niade more elficienU if comniunitv-
centreil svstems of water management are promoted. (doballv. 
more llian ."SO"/) of the cultivaled área will coniimie lo depeiid on 
rainfall and henee, rainwater management is vital for suslainable 
food securilv. In ihe pasl. lamines were invariablv associated 
with the failtire of rainfall. Irrigalion svsiems liave helped lo 
reduce variabililv in prodiiclion froin vear lo \'ear and llave 
provided iiisulalion against total cro|) lailure in vears of droiighl. 

IV. co.MFiynxc DKMANDS FOR WATER 

('ui'reniK. water use goes to h)ur niajor scM'tors — domeslic 
needs including drinking water, agriculliiie. iiidustrv and 
ecosysleni coiiservation. In niost calculalions, the need for water 
lo mainlain ecosysleins, partictilarlv those rich in biodiversilv, is 
nol laken iiilo (•onsideralion, For example, manv inangro\'e 
loresl ecosysleins. whicli occiir in llie estuaries of niajor rivers, 
are adversely afh^cled when llie flow of fresh water goes down. 
Salinity then goes up and nol all mangrove species can 
withstand a high degree of salinitv. Indiscriminate deforeslalion 
disnipls liydrologic cveles antl increascs the l'reqnenev of l'loods 
aiid droiighl. I lence. waler allocation polieies should inehide 
ade(|uale |)rovisioii h)r safeguardhig the integrilv of critical 
ecosvsteins. Disniplion of hydrologic cveles haslens the process 
of deserlificalion. as is evidenl í'rom the ravines of the sub-
Himalavan zone. There is need to standardise methods for 
ealculaliiig the water requiremenls hir llie (•onservation and 
suslainable management of forests and natural ecosvstems, so 
llial lilis need can be inlegraled intf) seetoral assessinents. 

The need h)r policv inaking and iniplenienlalion structures 
lo (leal wilh waler allocalion and use issiies in a liolistic maiiner 
is beconiing urgenl in manv countries. This will be clear l'rom 
the recent decisión of llie Iniernalional Irrigalion Management 
Inslilule (ll.Ml) in Sri Eaiika lo change its ñame lo 
•Iniernalional Waler .Vlanagemeiil Inslitiile (l.Vll) in order lo 
eiiable il lo look al water probieins in ils lolalitv. River basins 
are highly integrated hydrological svstems with the same waler 
tlowing and recycling ihrough the agrieultural, doniestie, 
industrial and enviromnental sectors. 

The l'ollowing aspeéis will need integrated attenlion wliile 
developing a holistic approach to water nianagenient. 

DeiiKiiui. While glol)al deniand projections are useful. w hal 
mallers lo ¡ndi\ idiials is llie local availability of waler. The 
need for water for houseliold use and for agricullure. iniliistry 
and ecosvstein conservalion will have lo be assessed boih localK 
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aiul nationallv. The qiiulitativo aspects oC water slioiild receive 
('(|iial alleiilion. 

Sii/i/jlit'/i: DinVrenl inelhods ol' eiilianciiig water availabililv 
will llave to be proiiioted al the local aii(J rejíioiial level. Aii 
a|)pio|)riate niix of iiiajor. iiiediuin aiid miiii-irrigation projects 
will llave to be fostered. (^onjunctive use of different sources of 
water siich as rain, river, groiind. sea and wast.e water will have 
to be pronioted. as is being done effectivelv in coutitries like 
Israel, (loinputerised svstems of water manageinenl and delivery 
need popularisation. Water Information Shops can be started in 
áreas characterised bv severe water scarcitv. 

Management: Ef'ficient systems of water nianageinent, 
inchiding equitv in distribution and llie ciiinrol of poiliition, will 
have to receive attention. Seasonal l'liictiiations in deinand will 
have to be addressed throiigh stiitaljlc nianagement protocols. 

(\)nflict resolnlion: (¡onflicts are likelv to grow at the 
national and regional levéis 011 sharitig water. At the local level, 
conflicting ¡nter-sectoral deniands, of the kind described later, 
will have to be resolved. Siiitable institutional sirucliires will 
have to be developed for a proactive resohition of einerging 
confliclH. riie Water (lourl operating in the clty of Valencia in 
Spain for nianv centuries is a good exaniple of a local initiative 
in resolving conflicts arnicablv. In the new iiiillenninm, conflicts 
are likelv lo arise between the need of water for human use and 
ihat needed for irrigation. There are also possibilities of 
cotdlicts between countries, if changes in precipitation and 
temperature occur as a resiill of cliniate change induced by 
greenhouse gas einissions. The Frainework Convention on 
Climate provides a mechanism for cooperation ainong countries 
in preventing adverse changes in rainíall, temperature and sea 
level. 

'l\'(:linology derelopnwnl aiid disseiiiinalion: Tliis has to 
retxíive high priority, since technologies are iiow available to 
harvest every drop of water and use it econoniically and 
efficiently. Local level water users' associations can help to save 
and share water based on the principies of equity and ef'ficiency. 

Public aivareness, social mobilisation and informafion 
einpowerinent: Fhis is an área of great importance, particularlv 
in countries where a majoritv of farmers opérate small holdings. 
In India and China, for example, the average size of holding is 
less than one hectare. Group cooperation will be essential under 
conditions of small and fragmented holdings for both water 
harvesting and efficient use. Without equity in water sharing, 
cooperation in water saving will not be forthcoming. 

Resources: The requisite managerial , institutional and 
financial resonrces will have to be mobilised for achieving the 
above objectives. Institutional structures will be needed for 
deinand-forecasting and niaiiagement and for advice on efficient 
water use. 

Neiv Parlnerships: Ooalitions of all concerned — scientists 
and engineers, political leaders, niass media, civil society, farm 
families, prívate sector industrv, womens ' organizations and 
bilateral and multilateral donors — will fiave to be forined to 
lackle water problems on an one-by-one basis. 

Popiilalion: With everv increase in population, there is a 
decline in per ('apita availabilitv of water, a sittiation which can 
be altered only bv new technologies such as solar desalination of 
sea water. For example. water availabilitv per capita in India 
was over .5000 ciibic melers (m.3) |)er anuinn in 1950. It now 

stands at Iiardlv more than 2000 cubic meters per capita. By 
voar 2025 , per capita availabilitv is projected at onlv 1500 cubic 
meters (F ig . l ) . Such quantitative data alone are not adequate to 
get a real picture of the water availabilitv status. Pollution 
affects water qualitv both in rivers and ground water. Also, 
there are gross inequalities between basins and geographic 
regions. Water markets , if thev are organised in a non-
exploitative manner , can help to meet the minimum household 
and agricultural needs. 

V. MANAGING COMPETING DEMANDS 

Sandra Postel (World Watch Paper 132. September 1996) has 
described the problems faced in dividing waters for different 
uses. In a more recern paper (December 1997) , Mark W 
Rosegrant of the International Food Policv Research Institule 
and Claudia Ringler of the International Irrigation Management 
Institute, have dealt with the global impacts of water 
reallocation from agricultine on food pi'oduclion. riieir 
calculations indicate that the projected reductions in agriciiltural 
water availabilitv will be substantial bv 2020. The reduction 
can be as much as 24 percenl in China and 21 percent in India. 
Their model also suggests that reallocation of water out of 
agriculture can have a dramatic impact on global food markets. 
In developing countries, vield growth for all cereals will slow 
from 1.20 percent annuallv lo 1.07 percent per year during the 
period 1993 to 2020. The área decline during the same period 
will be from 0.29 to 0.23 percent. Rice will suffer inost, since it 
needs larger quantities of irrigation water. Consequentlv, the 
average price of rice is projected to increase by 68 percent 
between 1993 and 2020 . 

In addition to direct iinpacts on agricultural production, 
water transfers can negatively affect business activities, fishing 
and hydropower generation. Under conditions of scarcity. water 
markets grow. 1^hev can be of benefit to those who do not own 
a well or other source of water, if they fimction in a regulated 
environment, where making profit out of water scarcitv becomes 
unethical. Rosegram and Ringler recommend policv reforms 
such as the establishment of secure water rights to users, the 
decentralization and privatization of water itianagement 
fimctions to appropriate levéis, pricing reform, markets in 
tradeable propertv rights, and the introduction of appropriate 
water saving technologies. While developing public policies for 
specific agro-ecological and socio-economic conditions, the 
trade-offs among various policv options will have to be carefully 
considered. 

Often, local solutions will have to be íound to inanage 
water scarcity. Contingencv plans and altérnate cropping 
strategies will have to be developed for different water 
availabilitv situations. Crop-saving irrigation methods will help 
to optimise yield under conditions of water scarcity. Most of 
these methods will require the active cooperation of all the 
families residing in a watershed. Management procedures 
relating to inter-sectoral availabilily of water shotild keep in 
view the needs of women. It is women who are mostlv in charge 
of fetching and inanaging water at the household level. Henee, 
the gender dimensión shoiild be internalised in all technological 
and policy issues relating to water. 



V I . M E E T I N G T I I E C H A L L E N G E 

"rrciuls iii wiilcr consuniplioii iudicate that demand for water for 
houseliold and industrial uses in developing countries could 
dotible as a proportion of total water demand in llie next 25 
years. Scope for water snpply expansión will al tlie sanie time 
he limited because development of irrigation and m-ban water 
supplies ¡s becoming increasingly expensive, and often involves 
liigli eosls in lerms of environmental dcgradation and human 
resettiement. l l i e countries experiencing water stress now as 
well as estímales of water withdrawai for different pin-poses are 
shown in figures -i and ó. Water quality problcms such as 
arsenic contamination of ground water are increasing in Taiwan, 
Chile. .México, Clhina, Bangladesh and the West Bengal part of 
India. Vi uhoui fundamental reform of water management , the 
rapid growlh in urban water demand will require large transfers 
of water froni irrigated agriciilluie, thereby threatening food 
secinitx. 1 lence. waleí' supply and demand should be managed 
in an integrated fashion, considering simultaneously all uses and 
sources. Particular atlention will have to be paid to avoiding 
water pollulion. 

How can we accomplish this objective? At the global Icvel 
several initiatives like organisation of a Global Water 
Parlnership and a World Water Council have been taken in 
i'ecent vears. .Al a meeting held at Valencia in Spain in 
December ')7. ihe participants recommended the establisliment 
of an liilenidlioiKil Udler Cení re foi' undertaking research, 
anaivsis. appraisai. inforinalion dissemination, training and 
consullancx aclivilies. Such a (Centre could also specialise in 
water laws and help ui resolving water disputes througli analysis 
and infonnalion. Il was fell that we iirgcntly need a 
newinslriunenl for jiroinoting sustainable water securily in llie 
woi'ld. 

Charilv begins at lionie — wliile global mechanisins and 
insliiulions are importanl. il is essenlial that everv countrv sets 
u|) inslilulioual siruclures lo ilcal wuh uational aiul local level 
problcms. Iniernalional Conflicls over watei' are ol'ten 
precipitalcd hv a failurc lo meel local, provincial, national and 
regional waleí' demands foi' household, agriciilture and industrial 
uses as well as for environmental / ecosvstem serviees. 
The various sources of water and sectoral needs are indicated in 
Eig. 2. 

An iiislitulional structure for dealing with the múltiple 
dimensions of waleí' maiuigement al the countrv Icvel is 
]}roposed ¡n Eig .'i. I have snggested ihe lillc "National Water 
Initil" uislead of ihe commonlv used lerm National Water 
Áutliorily. lo eni|)has¡se ihal water managemenl should be 
carried oiil in llie Iruslecship mode. We nuisl ronsider onrselves 
lia Inislees oj water sources and iiol as oirners. Tliis will help to 
inslill ihe feeling ihal inanagemenl of water should not only be 
in the inleresis of llie presenl generalioii bul also of ihe 
generalions vet lo be born. riiiis. ihc guiding |)rinci|)le for the 
work of ihe National Waler Trusl will be inira- and inler-
gcneraleil cíiiiiu . 

Provincial and local level units of the National Water Trust 
can be organised, according lo necds. The Nalional Water Trust 
will serve as ihe liiib of a grid of insliiulions hicluding policy 
making bodies. Il will ihiis serve as ihe flagship of a nalional 
svslem for sustainable water seeuritv. 

V I L W A T E R S E C ü R I T Y ; B R I D G E T O 
A MILLENNIUIVI O E I I O P E 

1998 niarks the bicenlenarv of Thomas .Vlallhus's essay on 
popnlalion. In 1798. .Vlalthus wariied "the period when ihe 
nuniber of men surpass the means of subsislence has long since 
arrived"'. When Malthus wrole bis essay, the global po|)ulalion 
was less ihan ihe currcnl popnlalion of India alone, namelv 970 
million. There is ade(|uale food in ihe world lodav at current 
levéis of purchasing ¡jower. Hunger is ])resentlv more related to 
economic access than phvsical access. Irrigation water 
availabililv and managemenl have plaved a pivolal role in 
keeping .Vlallhusian prediclions al bav. Oiir abilitv lo niaintain 
a satisí'actorv balance belween po|)ulalion and food production 
will depend both iipoii popnlalion policies and food production 
strategies. Everv nalion will have to develop an appropriale mix 
of water supph aiigmenlalion and demand managemenl through 
socially and ecologicallv conslrncled |)olicies and technologies. 
Comprehensive ])()licv reform ihal promoles efficient use of 
existing water sujiplies will be needed ¡n most counlries. The 
.National Waler Trusl |)rop(jsed in ihis paper woiild be of help in 
integraled plaiming and decisión making. 

Above all. cooperation belween countries sharing the same 
river or water source will becoine increasinglv importanl . This is 
also truc for States within a countrv having a federal 
conslitulion. Differing perceptions on the valué of arlificial 
raiimiaking is a case in point. National and interiiational 
mechanisms for proactive action on |)olenlial water conflicls will 
have to be pul in place. International cooperation Is also 
essential for avoiding adverse changes in climate, pariicularlv 
precipitation and sea levéis, arising from the accinnulalion of 
greenhouse gases hi (he almosphere. A major slep in lilis 
direction has been taken al llie Coid'erence of Parties to the 
Eramework Gonvemion on (f iníale (Jliangc held at Kvoto in 
December, 9 ? . Meanwhile. il will be prudent for all countries to 
be prepared for different weather probabilities based on 
Computer simnlation niodels. Bolh avoidance and miligation 
strategies should be developed. Il will be apjirofjriate in this 
context to recall the words of Mahalma (íaiidhi. 

"Nature provides for everybody's need bul nol h)r 
everybody's greed' ' . 

\OTl-:s 

[1] A îiiAVül Aiiil aiKÍ Sunilii Naraiii (i-(ls)( I')')-?). Oyin^ V¡ ií-doiii : IÍÍM'. ÍÍIII aiid 
potrnliai ni India ^ iTadiliimal walcí liar\f"sl¡ii<í svslcms." (Iciitrc for Science .and 
t',n\ itdtuneiu. New Dellii |)|).404 
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S K I F F S 

JOSÉ BEJARANO 

Along the beach sl^iiting Ceuta s luna-í'ishing grounds, the only 
sonnd to be hcard at that time of dav was that of the waves 
genlly lapping the sand laden with the smell of diesel oil left by 




