
tlie pilases ol knowledge (lí lilis "niaiiiic iiiaiiinial woiild he 

coiiiplelelv (lüTcrenl l'roin ilic cailli-hoiiiid crcaliiics llial \\e are, 

Mdileni scieiice orlginaleil ¡ii ohserx iiig llie skv. Man lias 

alwavs heeii lasciiiali-d l)\ |ieiii)(lir¡l\. bul wlial iiiiisl he 

reineiiibered is llial planels and siais niii\<' iii a xoid. \\ e can 

¡solale lile celeslial hiidies. \ \C can diseiiss ilie relation beUveen 

Iwo hodies (sue.li as Karlli-Sini) (ir aiiioni; lliree hodies (snch as 

Karih-Siiii-.liipileí-). 'I'liese ohserxaliniis ol llie sk\ proNÍded llie 

slai'linjí pi)iiil for llie classie laws ol iialui'e í'orimilated hv 

Caldeo. Kepler and .Wwloii. whli llieii' delerminisl desiiiplioiis 

and llie ari innalion ol an e(|nl\ alence lielwcen pasl aiid íiilnre. 

lí man were a •inaiine nianinial . llie deseri|)lioii o r n a l u r e 

woiild lie coíiipliieU diirerenl: lile \(i¡d wdiild he replaced h\ 

riillness. Iii addilion. in order lo deserihe lilis liilliiess il ih 

iieeessar\ lo aiíandon llie classie Newlonian laws. heaiiiif; iii 

niind water s resislaiice lo iiiovenienl: il is necessarx lo speak ol 

entropv and tiirlnilence. il would no liinger he possihie lor 

plienoinenolojíN lo rejecl llie dil'í'erence hi-lwi'en pasl and liiUire, 

a leinplalion lo wliicli classie scieiice succinnhed. Inslead oC the 

prolileni of Iwo hodies. niaii as "niariiie iiiaininal woiild be 

coiihdiiled h\ collecli\'e plienoniena. Iri'ex'ersibiliu and 

i'aiidoniness would he llie sunlinu- poinls l'or desciihing iialnre. 

riie possihililv oí siin|ilifii'd sclienialie siliialions. siicli as ihose 

ol' Iwo or lliree hodies. would oiiK be cleared up projiressivclv. 

rílese conclnsions ciiiioiisK coincide willi llie visión 

offered us duriiií; llie lasl lew deeades bv the science of 

(lisei|iiilihriuiii. lile plnsies of complete doniinalion of iiattire, 

situations of e(|iiilihriimi. delerminisl descriplions — diese are 

lile e.xceptions. \\ bal helter illnslratiou of lliese conclnsions llian 

llie plusics of waler? Vi aler is iiever in a slale ol e(|iiilihriniii. Il 

exists as a molecular formation hecaiise ol llie livdroüen bridjícs 

lliat iinite the water moleciiles. These formations are in a 

conslanl process of iransition. \\ aleí' is a iiniíjue siihslance. it 

leads US lo llie cnrrenl scienlific paradiííms conceriiinií coiice|)ts 

of (lise(|iiilibiimii. irreversihililv and randomness. 

I aiii pleased lo lorin a parí o( ibis celehraiion ol wiiler 

diirinji tile l'^^S Ijiiiversal f^.xliihilion in Lisbiin. W e mifíbl escn 

slale dial water Iranseends tbe opposition helweeu perinanencc 

and moxcinenl. \\ lien oiie looks al lile sea. oiie l'eeis Iwo 

sensalions: tlial of being before somelbiiig tlial has heen 

(ieruallv presenl since the origin of lile, and tlial of iiicessant 

and renewed iiio\cineiil. W bal helter sMiihol for oiir socieU iii 

Iransilion. in searcli of a form of (-oexistence hetween tbe 

custodv of tbe cultural treasiires of tbe past and tbe need for 

inox'ing tbe wdild loward a renoxatiou dial iii¡i;bl streuíílben 
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THE PASSAGES OF WATER 

KLAUS LANZ 

lluilassos. Ocennus. Molina nui. II innre. The sea. 

Vast. Liinitless. Deptlis lievond imaginatiou. Rrijibl and dark. 

División and connection. faieiux and proxider. Depending oii 

|jerspective. tbe oceaii iiia\ represeiil llie ultiinale ohstaele or 

eterna! proniise. 

Despite centtiries of sealariiig. tales and poelrw science 

and measurement. tbe ocean s truc nature still escapes ilie 

linman mind. Rven lodav. in the age of iristaiit global 

comnninication and space Iravel. we know surprisingK bule ol 

llie iiiiier workings of tbesií immeiise hodies of water. A most 

slriking example is ibe (¡nlf Streain. tlial massive marine river 

piisbiiig wariii water froiii tbe (iull of México iiilo llie .\orlli 

Atlantic. Scientisls understand now ibat this l'low of beat saves 

Scandinavia despite its high latitiide from (he late of a Siberian 

climate. But no-one can explaiu wlial exaclly regúlales ibis water 

movement oi' predici bow ibis delicale .Atlantic liealer will reacl 

lo cbanges in cliinale. 

Anotber marine myslery has heen christened VA .Niño: an 

exiraordinary warming of snrface water in the soiitb-easlerii 

Pacific. ¡I luriis global wcalber patterns iipside down. causing 

lloods in dr\ reaions like Sudan and Keuva and briiiainsí 

drougbl lo Indonesiau rainforesls hv altering monsoon pathwavs. 

Tbe ocean lurns out lo he an oi'ganisni. wilb ils difl'erenl seas 

connected and listening lo eacti other. An organism wilb \-eiiis of 

currenls carrying the sim s warnitb from tropical seas lo 

lemperale latitudes and niitrients from coasts lo the high seas. 

rile oceans also charge the winds lliat blow across llieir 

siirbice wilb moislure. extending llieir reacli iiilo llie lerresirial 

lliird of tbe eartli. 1 ogether witb tbe sim s ravs. marine moislure 

carried across the eontinents is tbe iiiosi imporlanl regulalor of 

tbe laiid s heal biidgel. Il hriiigs cool relief to pari-bed fields. il 

melts ice and snuw after long winler monlhs. Witbonl 

alniospberic moisture., the stm's desert heal and llie space colil of 

an arclic iiiglii wiiiild reiider tbe eartli as nninhahilahle as llie 

i i ioon. 

T I I K C i l A l . L R N C r í O F T H E I .AND 

Vi liere llie waler in llie oceans comes from is an aiicieut 

(|ueslioii. And wli\ diere is lillle or no waler ou ibe iiiooii and oii 

tbe olber planets of oiir solar svslem. Scientisls are slill debaling 

wbelber the water in tbe primeva] oceans was formed bv a 

cbemical reaelioii from bxdrogen and ox\gen formerb hoiiud iii 

rocks, or whetber the earth has heen Ijombarded (and slill is) 

witb millions of ice meteors from outer space. over aeons lilling 

tbe lower parís of ihe eartli s siirbice wilb waler. 

Lillle douht is lel't tliat lile was boru iu ihe oceans. .\ud 

dial il evolved ibere l'or bimdreds of millions ol years belore llie 

l'irsi lile íorius dared lo eslahlisb llieir place on laiid. In lacl. 

w hile tbe greening of coaslal wetlands and esluaries commenced 

wilb tbe l'irsi primilive plants, life in die ocean liad already 
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iiialini'cl lo a iiiii\ci'sc (]( liliic ariil iíii'cii aliíac. (JI iiiiisscls. \\al("r 

siiails aiiil ('\('ii |>íiiiiili\ (• lisli. 

riie fcasDii Idf lilis (l('la\ iii Irircsirial ¡iilialiilalioii is 

simple. Plaiils and aiilinais wcic cxpdscd Id a liai'sii and lioslilc 

('ii\ irdiiinciil dii laiid. ParticiilarK. IIICN liad Ki cdiic willi 

irregular and sometinies lailiiig supplies ol wíiler. \\ hile llieir 

marine cdimlerparts were convenientlv l'ldalini; in llie primexal 

hrinc of ilie dceans, sdKing llic waleí' j)rdl)lem heeame oiic ni ihe 

main challenges Cor lile on land. Even ií' waler was presenl. it 

fell IVoni llie sl<\' and was markedlv dilTerenl IVoni sea waler. 

Haiii is virliiulK l'ree cií llie salís and miiierals neicssarx l'dr llii' 

making and ruiielioning of biological eeils. The new li'iresirial 

orgaiiisms liad lo e\dl\c' slrategies Id ihrixc on freshwaler aldiie 

and to gel llidse \ilal i'lements from olher soiirees. 

TüdaN'. aiidlher cdiiple of himdred inillidii sca ' s oí 

evdlnlidii laler. Iwo dilferenl wdilds e.\isi — s e a anil land. 

reireslrial plañís and animáis have a reversed hiologw riiev 

iidw depeiid on freshwaler. and for all of llieni — w illi llie 

exceplidii di a lew sall-loleraiU specialisls — die sallwaler ol (he 

oceans is iiseless or excii lo.xie. Some. like l'rogs or croeodiles. 

need a eonslaniK wel en\ ircinmeiil. Deserl nideiils. iiii ihe oilier 

liand. ne\('j ' diiiik. I he\ siii'\¡\'c on ihe waler in iheir Food and 

can e\cii produce waler from almosplieric o.xvgen and ihe 

li\ílidgeii eonlaiiied in (lr\ seeds. Soine desiM'l plañís as wcll 

have lakeii llieii' iiidependeuee IVoiii regular waler sup|)lies 

seriousK. Tlieir seeds will survive dormanl for vears wilhoul a 

drop di waler. Bul ihi" lirsl sliower will make llieiii hiirsi inlo ihe 

hrilliiuil lildom of deseil flowers. 

I l umans as well depend on freshwaler. needing ahoiil 

ihree litres everv ilav. \\ lien Ncnliiring inlo walerless áreas, ihe 

neeessilv lo earrv lliree kilograms di waler for everv dav of 

travel places severe resiriclions on ihe dislances thal can be 

CdNcred. Deserl dwellers like llie Beddiiins of .Xraliia l ia \c 

develo])ed waler conservalidii lo a fine ar l . Their caravans can 

travel for davs withoiil having lo find fresli waler sujiplies and 

can lliiis c-rdss llie nídsl hdslile Iracis iif land — e\cn llie 

inlanidus Riili" al Kliali. llie lúiipU Qiiarler of soiilherii 

.'Vrahia. 

KRF.SIIW A T K R I I A R V K S T 

Despil<' lile aliimdance ol waler oii onr hliie plani'l. siirprisingK 

litlle is availalile lo siislain life on laiul. llie oceans wilh iheir 

sahy waler make ii|i ')7.2 per cení of ihe global waler balance: 

aiidlher 2.1.") per ceiil is Idcked iip in giaciers and polar ice caps. 

Of llie reniaining ().()5 per cení, niosl is deep groimdwaler 

biiried, inaccessible. hundreds of meters below ihe siirface. 

Sd lile waleí' df all ihe springs. poiíds. piiddles and 

slreams. llie ílow üf rivers, tíie rain. snow. ihe moisliire of ihe 

soil. llie cloiíds. tile water ihat hiimans have eollecled in pipes, 

calíais and reser\(iirs: all ihis accounls for liardK a fiflh ol O n e 

per cent of waler on earih. ,\llogelher bul a h'w dew drops 

coiidensed from llie ocean s brealli. 

\'el mil e\('ii lile arrixal ol ihe dew can be relied dii 

ever\ wliei'c. llie dislribiilidn ol rainlall on land is niosi uneven. 

\\ hile peoplc in lile Iriipical bell can sel tlieir clorks waiting for 

lile da¡l\ downponr. ollicr laliliidi's inay see no rain Idr xcars. 

.Vianv regidiis siiffer from slrongb' erratic and imprediclable rain 

[lallerns, evidence llial the climate zones are slowly shifling. Tlie 

arid belts bdiilering ihe deserls are e.xpanding. leaxing millions 

of people withoiil water and lood. 

-Meleorologists describe llie global waler c\cle from whicli 

all rain originales as a mosl delicate organism. Tlierefoi'e. the 

greeiiliouse ericcl wilh its niarked rise in global tpiii|3eratures 

brouglil aboiil b\ biirning fossil fiiels. will IÍIHI its mosl tangible 

expressidii in clianging pallerns df precipitalidu. (4)m]>uler 

models predict llial drv regióos will become even drier and wet 

regions weller. \\ iiids will be slronger and rains more lorcefnl. 

resiilliiig in iiicreased llooding and erosión. 

( ; i A R D I A N S O I- • | i l K R A I . \ 

rile bi'si iiisiiraiice againsl llie li\drological ha\()c ol climate 

cliaiige is lieallli\ landscapes. -Natural \cg(ial ion reflecis ihe 

local ion s geologv. climate. altitude and. mosl imporlaniK'. its 

water balance, in turn. the plant cover profoinidlv modérales the 

l'ldw of waler. l'Or'ests store lar more rain lliaii grassiaiids; dial s 

whv springs are righlfiillv called danghti ' is of the íoresl. I he 

older and maliirer a forest. llie more elíicienl it becomes in 

calchiiig the rain, in sloring waler. in moislening llie air in dr\ 

spells. 

^ el foresls are on ihe decline world-wide ldda\ . In ihe 

wide and gciille \ a l l e \ s along low land rixcis. llie\ lia\(' 

disappeared \irliiall\ e\ ervwhcre. lliex liaxc liad lo make |)lace 

for pasture, arable land. slreets. rai lwa\s and cilies. Likewise. 

wcllands and swanip\ plaiiis aldiig llie ri\crs were drained. 

fiiriher acceleraling the flow of water. In the liighlv develdped 

ri \er plains df niodeni iMirope, liardlv a flrop of rain or dew is 

allowi'd lo l'ollow ils naliiral palli. Before il has a chance to 

moisten the soil or be absdibed b\ planl rools. it is finmelled 

inlo a (Irain. dilch or canal and conducted inlo llie nexl river. 

I Imnaniu scems ill-prcpared lor climate change and ihe 

violeni rains likelv lo accdinpan\ il. (loinpiiler inodeis for 

climate change predict ihat while rains will become stormier. 

shoiler and liarder. llie\ won I be iiKire prolibc. In combiiialion 

wilh lasler run-dll lilis ineans llial less water wciiild b<' 

polenlialK a\ai lable iban is ihe case todav. 

I Idldiiig dii lo the precioiis li(|iiid cndowcd lo llie land b\ 

ihe ocean s nioisi breatli is not loo liard a lask. 'brees are one 

crucial factor, grdimilwater lite otlier. In a dense forest. liardlv a 

driip df rain fiíids ils wa\ to the gromid direclK. W aler dii|)S 

from branches. leaves and ncedles. m u s down tree Irmiks to be 

slowK' absorbed bv ferns, brusli and niosses. I leavier rains will 

reacli llie foresl l'loor and replenish llic gldiindwaler. especialK 

in winter wlien trees and olher vegelation in lemperale zones are 

al resl. riie waler eollecled underground diiring the cold and 

wet nidiilhs will keep springs and slreams niiirinuring and 

singing llirdughdiil the liottest sinnmer. 

Rixers pla\' an eijiialK ini|)drtanl role in modiijatiiig ihe 

ti'ireslrial waler c\cle. I lieir lldddplains are poleiil biillers lor 

heaw rains, and al the same time siislain a veritable corridor df 

life. 1 limdreds of species of birds. fisli. ainpliibians and insects 

llirixc on s<'asdnall\ lldcided habitáis aldiigside rix'crs. 

Like foresls, rivers have an inlimale relationsliip wilh 

groiindwaler. Thev are accoin|)aii¡ed b\ a iniicli slowcr sliadow 

ri \cr imdergrdiiiiil wliicli lliex leed al high water, and b\ wliicli 

llieir l'ldw is aiigmcnled in limes of droiiglit. W here rivers are 

narrowed and slraÍ!íhteiied, where Üieir waters are confined 
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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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