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rble world--f T UMANrry uses a little less than haif the water availe

H ;;;;lT; r..r..6 "f 
shortages and drougl_rts are causing famine

I I r"i air,*Ir-il;;;; ;r;"r,"rnd industriil and asriculrural by-

products rr. .orr,r*itr,i.i*"r.r supplies' Since the world's population

i.;;;;;ili; d";tt; ilrfi. next 50 y."'s, many experts think we are---

on th. brink of a widespread water crisis'-- g;ith"r do.rn't h*.io be the outcome. Water shortages do not have

,";dd;;[. *"'ia;i;;;;r;; r;luing *ate' more than we have in the

;;J;. J"; ,r *.-U.g"n to appreciate petroleum more-a{ter the 1970s oil

iiir.r, ioday *. ;;;;-;triiiooLlng. at *atrt.from a fresh economic

perspective. w. ."n-rt i;;il;ii;r? to consider water a virtually free

i.*irr.. of which we can uie as much as we like in any way we want'--il;;;;d; 
f* ,ii uses excepr the_domestic demands of the Poor'.gov-

.r;;;;1,,iould pri.. *rr.i* reflect its actual value. This means charg-

i'n 
" 

f.. for the *rt., itself as well as for the supply costs'.
"Gou.rn-.nts should also protect this resource by provtdtng water ln

Illor. ..orromically and envir-onmentally sound wa.ys' For.examplt' ?llt1
th. .h."p.rt way'to provide irrigation'water in the semi-arid troplcs ls

;h;.G[';rff-rl"i. iio;..,r, ,olh "r 
gathering. rainfall in depressions

and pumping it to .'.-r-tfi;;;i;"i- eo"tt'"iit'g large dams-' on the

;riier" h;;?-; ;fr* .r"r.r-i"rge-icale environmental damage and is more

;;p**";i,;; ;h. ;;orrinE . In.fact,.it is not economical for all regions

io'irrig"r.. So.n. .o"rliies *ould do better to import food than to un-

dertak"e very expensive water proiects.
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No matter what steps Eovernments take to provide

water more efficiently, they must change their insti-
tutional and legal apptoaihes to water use. Rather
than diffuse coitrol'imong hundreds or even thou-
sands of local, regional, and national agencies that
oversee various ispects of 'water use, countries
should set up central authorities to coordinate water
polic-v. Even some of the driest, poorest countries
ihat 

'have 
recently had significant population in-

creases, such as Chad, Mali, and Keny1, g6uld sup-

ply moie water to their people if they changed some

of their approaches to managing water.

Water, Water Everywhere

How much water is available around the world?
Soviet geographer M.I. I,'vovic!, ryho has done the

*ott.5*p"tehensive studies in the last two decades,

estimates that total annual global precipitation is
about 126,000 cubic miles.r That's some 44,000
times the a-nnual average flow of the mighty Colo-
rado River at Yuma, Ariz. Unforrunately, TS percent

of this precipitation, or almost 99,000 cubic miles,

falls ovir thi oceani and cannot be readily used. Of
' the remainderr 64 percent evaporates, leaving only

10.000 cubic milei available each year as surface
,onoff or groundwater. Most of that runs directly
to the sea iuring floods; rivers and reservoirs can be

counted on to store iust 3,000 cubic miles' Realist-

i."Un. that amount ihould be whittled down even

i;#r;;2,000'cubic miles, since 1,000 cubic miles

;;;-;;ii;tf. only in spa's.ly inhabited regions of
the world.--guirtit global picture does not tell the whole

stort; fo. *It.t is not always a. reliable commodity'
a#,;regions may experience.droughts for years, or
r."t""riaty tp.[t followed !v hgavy rains' Cher-

r"ounii. Asiam, in eastern India, for example, rec-

iiara'zz rn.t.it of rainfall in a year' Yet no rain

f.lli; one f4-year period at Iquique in.the Chilean

desert. Many ,r.rr'.rn count on receiving less than

half thbir annual 
^vera3e 

water supply in any one

vear.'-Mor, experts base their esdmates of how much

*rr.. is available on annual precipitation and water

f6;; Ho*.n.., the amounfof water available also

I.p..at ", ho# much-people are willing to pay for
itlwhich is determined by its scarcity. For example,

ir, ,i,. Middle East much more water has become

"rrifrUi. 
tince the 1950a because people have been

willine to Dav up to ten dmes more for it than res-

identiof *.tt.tili*ates. ln that arid region, water

is properly considered a very scarce resource, ancl

*5ri.'t rn. traditionally had'limited water supplies'
^But as money has been pumped into the area' many

.ort tti., have finanbed maior water-supply proiects'

Saudi Arabia, for example, has built extremely costly

plants to desalinate ocean water. Libya is spendtng

6iiiio"t to pump out "fossiliied" water that was

i.p.ti,.i ,,irt oi thousands of years ago under what

ffffn nOCfRS is rle Gordon McKay Professor of Enuironmental
Eniineeriog at Haruard, and professor of city planning in the uniuersity's-

l;;; i. ki""ndy School of'Gouernment. For 25 years.he has advised
'deueloping ,orit i"s on uater managet?rent and planning'
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is now desert. This water is expected to be trans-
ported to Trip.oli and coastal Libya beginning in the
early 1990s via d huge pipeline now under construc-
tion.

Consumers in areas wh'ere water is more plentiful
treat it as if it were virtually free, with plenty for all.
Indeed, adequacy of the water supply his historically
been a major componenr in the decision of where to
locate a town or industry. As a result, most cultures
do not assign a cost to the warer itself, in addition
to charging for storing, transporting, and treating it.

This omission obscures the comperition that exists
for water. In addition to basic human needs for wa-
ter, practically all industries rely on the resource. It
is used to produce electriciry and to dispose of
wastes. And there could be no agriculture witho_ut
water. In fact, far more water is uied for agriculture
than for any other purpose today. In thl United
States,-for example, agriculture accounrs for 83 per-
cent of the total annual warer consumption. Unior-
tunately, farmers often use water very inefficiently,
and governments frequently encourage these wastl-
ful practices by subsidizing the cost of irrigation.
, lor example, through its Salt River project, the
U.S. Bureau of Reclamation supplies waier to farm-
ers in the Phoenix , Ariz., area for highly subsidized
rates-as liale as $8 per acre-foot (the amount
needed to cover one acre a foot deep, about 32Sr000
gallons)._City residents and industiies would gladly
pay much more, since the public warer utiliry wiil
soon have to expand the municipal water supply at
a cost of more than $300 per acre-foot. But'the

PHOTOS: UNMD NATIONS, WORLD BANK

federal government granted farmers access to cheap
water to encourage farming long before Phoenix be-
came part of the Sunbelt boom.

The uncoordinated policies of myriad water agen-
cies also result in inefficient water use. Few countries
have clearcut policies concerning water- use and pric-
ing, rhe most effective means of promoting conser-
vation. Agencies often set water prices according to
political expediency rather than the costs of supply,
ing it. The United States, for example, has at least
27 f.ederal agencies involved with water authorities
in every state, more than 59,000 water-supply util-
ities, and thousands of counry and local organiza-
tions. Some oversee various kinds of actual water
use, while others focus on the origins of the water
supply, such as rivers or the ground.

Slipshod organization is also common in other
countries. In India, the use of surface water is ad-
ministered by the Central'lfater Commission, while
the Central Groundwater Board oversees ground-
water use. There is little practical integration of these
agencies' plans, despite a formal agreement to co-
operate. Each of India's 18 states also has its own
department of irrigation, which usually deals only
with surface-water supplies, while other depart-
ments focus on groundwater. In cities, municipal
water is a local responsibility, but many individuals
also sell water in small quantiries to households.
Rural households are almost always in charge of
obtaining their own supplies. The result of such com-
partmentalization is that agriculture, industry, and
municipalities use water inefficiently.
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Mishandling Irrigation Prices

i.

Consider how several water management agencles

havi mishandled the pricing of irrigation water:
In the Sierra foothills near Sacramento, Calif',

stands the partially built Auburn Dam, conceived by

the U.S. Blreau of Reclamation in the 1950s and

expected to cost $200 million to $300 million' In
idgo, that agency proposed to average the cost of
,h. *rr.. fro'- the Auburn Dam with the cost of
the rest of the water it supplies to area farmers' That
would mean charging abbut $18 per acre-foot, even

though the actual-coit of the water s-upplied by the

,r.* f,"- is expected to be about $200 per acre-foot'
One can i,rsttfy irrigating almost any crop at $18
per acre-foot, but no cJops can be grown econom-

ically at $20Oper acre-fooi.-Construction was halted
on the dam in i984 

^fter 
public protest at subsidizing

such oroiects."-i;it;;e-g;E"" 
of Reclamation is looking foi

outside'p"ttn.tt to share the dam's cost. If the proj-
ect is finished, the water will likely sell at $200 per

acre-foot-not to farmers but to municipalities,
which should find that an attractive price since in-
dividuals need much less than farms. The bureau

had to obtain special permission from its commis-
sioner to realloiate thi water for domestic and in-

In the Indian state of Bihar, the charges for the

irrigation water that comes from river diversions and

daris are so low and the affempts to collect the fees

so feeble that the irrigation department is in serious

fin3ncial difficulty. titgZg, efforts to collect {ees for
*ate, cost 1L7 percent of the actual amount col-
lected. The irrigation department has had.to defer

maintenance beiause of low returns, and the water
system has deteriorated. Farmers have less incentive
to pry for poor.service, and a vicious circle has de-

veltpld. \rior.ou.t, the lo-w wajer charges have led

farmers to use water inefficiently. )

By contrast, in both the Puniab region in India
and'in areas of the United States that rely on water
from private wells, farmers arcfat more conservative

in how much they use because they.pay higher gSicqs,

('!(ell water costi mote because it is not subsidized')
Yet these farmers' crops aren't doomed to failure'
When the cost of pumping in the Punjab increased

in the 1960s, farmers began growing more water-
efficient cropi such as higL-yielding wheat- and cash

crops such is cotton, tobacco, and oilseeds.
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Such crop reallocations could benefit arid regions

around'the world. There is no reason why every

country should grow grain, *htj-! requires, per ton,

2,000 io 3,000 tons of water. 'Where there rs com- 
-

plirii"artittle water, it can have much higher value

for other uses.--i",.tn"rional 
trade can redistribute water-in the

form of grain-to nations that decide not to grow

il. Ir;; iubscribes to this practice, emphasizilg-val-
,rUi. c"tt, crops such as fruits, vegetables, and flow-

.i, fo. the European market. Countries that take

,tti. 
"orto"ch 

should maintain stockpiles of the basic

;;;i#: since even though these are costly and can

ieteriorate, replacing spoilage is.less costly than

eio*ing grain.'Such iadons Jhould grow a diversiry

3f ."tli."tops so changing prices cannot devastate

their economies.- 
In addition to changing the crops they grow, farm-

.r, *fio pay high iricis for water regulate. the

"*orrtt, 
oi water"th.y ot., depending on the dmes

*1,e" theit crops ,eed it most.-They build catch pits

to collect and recycle the run-off from irrigation sys-

i.-s. Sorne farmlrs in the Puniab even use lasers to

i.r.f tt Lit nelds so water won't collect in puddles'

f" to*. cases farmers who employ more efficient

watering mechanisms save so much of the resource

that the! can grow water-intensive crops such as rice

The efficient watering tec[nologies available to

farmers include drip, center-pivot, and spray sys'

;;- In drip irrigation, wateiflows through an un-

derground plastiJpipe to an.outlet near the root zone

,i J".f, plant. Crbps usually absorb more than 90

p.r..n, if th. watir in- this system, which is most

Lseful for crops spaced {at apart,.such as grapes'

Mot. than 70 peicent of the South African graPg

crop is irrigated in this manner.-- i.r,..pIrot irrigation systems c-o.nsis1 of large

pipes thairotrte on-*heels at ground level,.spraying
iul* Jo*nward in large circlis uP 19 a half-mile in

Ji"..,.t. Center-pivot'systems, which reach effi- 
,

.i.*i.t of more than 70 percent, have turned mlny

"i.rt of the Libyan desert green' Spray irrigation
rrir.*t spread water directly onto crops from. sta-

;il"*J ,lrrl.t at or above ihe plants' level' Plants

."n ,rt 50 percent to 75 percent;f the water applied

this way. -\.- 
itoodirg, one of the mo-st widely used irrigation

.rr-*, in"ihe Third'$7orld, is typicallymuch. more

#astef"l than other techniques. ltrhile flood irriga-



tion can work very well on level fields and with croos
such as nce thar need plenry of warer, plants ofri,
19 as iittle as s.0 perceit oiit ri,rpprrld. In furrowrngatlon, another common and wisteful technioue.
water is sent through furrows U.m.." ih;;;;J;
this,case the planrs"aU*.U ,rliirf. 

", 
i"ff the warer.No matter what rechnology is available, fa._.rs

should nor necessarily irriga% iir.ii Lpr_aespite
what government pla.rners" ana i"i.r""tional fu nd-lng agencles often think. Recent data collecrJ Uythe ITorld Bank on nln. ,rb-S"t.rrn nations_Keriya, Erhiopia. Somalia, ChrJ,-i.iig.r, Uoo..Volta, Mali, lvfauritania, airJd;Js;Lshow thatthe capital costs for tr.g. ir.igl;i;;;r-, and di-version projects are too expen'sive for the ;;;;.rarmers rn these countries would need to produce
about three rons more whea, ,nJ;;;;., irrigated
acre than per unirrigated acre ," lrrrifi *,. ,.?ll.irnvesrmenrs, a highly unlikely incrlase.'Tlr.;.';;l;1"
engrneermg projects probably would nor be ,*rrJ_
"r.....^l.i ::^l:]p farmers produce other cash crops.
.-,,:I::^" rluatron presenrc a development problim
fy]f .1-n,.r.ry 

answer. Countries ihat don,t pro_
ouce alt rhetr tood have ro buy it, but that ,.quir.,
income, which rural<ountri.r' g.n.rrt.1h;r;il;;.
Continued on page 39

Topt Spray lrrleatlon in
Colorado-. Thir tcchniquclr typically lcr werteiul
then lloodlng crop.. got.
tom: A Seudl Arablen irrl.

getlon sy3tem oontra.tr '

with the detert. lrlgetlon
ln dry.ro.. lr oftcn boil
urcd tor cnopt mora valu.
eblc then greln.
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t rg, dilm4
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undngraund,
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riculture. Their best option is to use many inexpen_sive, small-scale irrigai"n i..fr"iqr.i ru.t as small
p-u.pr that can prdvide irrigat-i-o;-for one or rwotarms apiece, to grow as m"uch f""J ,r- pr*itLl
I:r_fg in expeisiue ir.ig;ii;, ^ii"i.." 

such aspumprng sysrems that servite hunirejs 
"f i;;.;;only makes rhe economic situari;;;;f ;d;;;nations worse.

. Increases in water prices affect users differentlvdepending 
_on the originrt *r,., i;;: "lr-bi;:' ilDelworth Gardner of ihe urir.iril, ,i C"liforri" ,tDavis e.stimated thaq a^fO pei..ri *rr.r price in_crease in California's 

.San lorqrin V"ff.y *"ria
:i,T::,rly a 5 percent dedinl i"il"i.r'ure when theorlgrnal prlce was $4 per acre-foot. But in 

"r.", ofCalifornia where tl,. *"r.i inl;iiy";r, $17 peracre-foor, a L 0 percen, pri.. ,ire it ; ;il. year wouldresulr in a Zo j.r...,c j;;tilil." oo"'

Cooling Off Industrial Use

li*Trfl.":_.,:,"1y 5 to 10 percenr of alt water sup-plreo Dut snll reDresenrs an important ,.grn.nt bfdemand. That,s or.tty b;;;;'i'r;rri.i"r processespolhr te a disproptrtid.r;;;;;ili'irr.r. rn SaoPaulo, Brazil, and Seoul, ilil rio.Jr,'io, example,
119::1irl pottution tm tr.n.a-;;il ,t..r., 

"ndnvers rnto open sewers. Developing counrries should
!i.1? fu- the experience of ,fi. rj*,.JStates: it ismuch more exoensive to clean up polluted *;;;;than to avoid ioilutins in-it.'nri, ;i;:.. Nations

..'should ghargg. industries for treadng effluents socompanies will have an incenriv. to".oniroi-;ie-ii
porIuilon.

Partly- because of water_pollution regulations thattook effect in the early i9zos,.U.S, irarrr* ;;;rerycling its warer an average 
"i 

z.iri*.rJ;i;;?
and 'srest 

German industry"haa I ,i.iiri "rlrirlrl
rate.Japanese industry, which *", ,ubi.o i" f1*.i
p:1ra]!.. for pollution, used ir, *"i.. 

"nti"lJ il;;lltore returning it to the environment. U.S. indus_rrlal recycfing rat€s would improve even more ifpflces tor rndustrial water, much of which comesfrom municipal taps, 
"troior.. 

-:' v' I

Most electric udlities, which are maior industrial
users, _use their cooling water inefficienily be;;
they obtain it free.*..it f", *. ."rr;ffifi;;
flom an ocean orriver. tonria.i*l,r;;dijEd.;
it a,typicalU.S. utility nra to p"y;;;; i;, this water.If the water itself *ere p.icei ;r;-;-.-r"y o.l.;, ;;;1,000.gallons, the plant *o"ld'.-pioy ;;o"I.-
through" cooling, *hi.h ur., jo gri'fJns for evervKrrowan-hour ot electricity produled. If the pricl
increased to 5 cents p.. i,doo grii*r, the utilitvwould build a cooling torir, *h"i.h-wJuil-;;il4
jusr 0.8 gallons of 

-witer f*;".h-[ir.*"":n.Ir.i
elect,clry.. I hus, a fivefold price increase would leadto more than a S0-fold reduction in _at r. f thiprice of warer rose to $.g per 1,000 ;;io"r; *; ,iifirywould use a dry cooling to*.., ;hi;h L a closed-crrcurt water :.yst:T that uses a condensor to coolarr mechanrcally. The price of electricity from planis
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Only a rmall Percentage
of the world'e rural PoPu'
lation has adequate clean
water luDDller and
wmtcdiiiosal lacilitiee.
Ilear righi: PeoPle bathe
In the Rivcr Gangea in ln'
dia. Center! ln 1973'
when Senegal had been
cxperiencing a drought
toi five YeirSr watet de'
mand w-as grCat at one of
the lew active wells lelt
in the Sahelian desert.
Far fight: A girl draws wa'
ter lron a new PumP in
the Congo.

with cooling towers would rise only slightll' , -. ,
Ioseoh H"arrineton of the Harvard School of Pub-

lic"Health has dolumented more efficient water use

bv several industries in Sao Paulo in response to price

in.r."r.r. The industries, including pharmaceutical
and food-processing compahies, reduced their de-

mand for water by 4O percent when the water utility
started charging for treatment.

The abilit! tJ make such sharp responses to price

ihould make industry extremely iautious when proj-
icting its water "needs." If countries raised industrial
*"t.i and wastewater charges, more industries
would adopt innovative technologies guch ?.s dty
booling tooi.ts, and would use low-quality saline. or
reclairied se*"g. water for cooling purposes rather
than drinking-qualitY water.

Cutting Household Demand

Researchers have found that in a number of coun-

iriit-tttrtl, Canada, Great Britain, and the United
States-houiehold water demand drops by 3 percent

to 7 oercent when prices rise 10 percent. But too
often'water authorities set prices that are as low as

possibl*usually accordin$ to.the average cost of
iupnlvine the water from a variery of sources'

tfi.1.r"*oold be used far more efficiently if it were
priced accor<iing to the cost of producing it at the
^n.*.rt dam or Jther supply sourle. This would also

indicate how much crriiom.rs really wanted addi-

tional supplies in the future. Since the water from
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older sources would not cost that much to 
^produce'

.i.-riirity iould return the windfa! nrofit to the

.o-*ot ity in an annual lgmg s"-*' N.o municipality
h;;;; s#itched to this kind of pricing, but some,

ir.friiirs To.rorr, Santa Fe, and Denver, have saved

;ig"iil;, r*ount, of watir by increasing dome-stic

*"rt.t charges somewhat above the average cost ot

supplying it.
'STater meters atso limit domestic demand because

consumers are more conscious of how much they

;;;-i.g, 
"nJ 

therefore horv much they are sPend-

i"n. Ooiin s, a L3-vear study in Boulder, Colo''

-Et...d hoiseholds'used up to 49 percent less water

", ,-ti.ii l-"*t t than those without meters who paid

fl;r-G. Bans on lawn watering and car washing

usually do not reduce domestic water use- perlna-

;;t* Bans, which are rypically imposed during

Ir""gt,t ot p."k demand periods in summer, reduce

domJstic *itei use by about L5 percent, bqt-con-

Jrim;,i", leveis rise again after the bans are lifted'--ftf'*v 
a.veloping cduntries restrict household wa-

,.i 
"t.-6y 

,rpptyirig it intermittently thro-ughout the

arr HO#.".it, *ft.-n the pressure on the disuibution
,ur,.rn drops,'water from outside the pipes leaks-in,

"dding 
bacieiial -and other contamination' Another

,r"UfJ* is that wealthy customers often build stor-
'rn. **.*s on the roofs of their homes' These in-

;;; a;and when water is available and are

;;;th..-t;;;.. of .ont"mination. The result: even if
, .itv ptouides its residents with high-quality water,

il,.v'.ila up using heavily contaminated and Poten-



=tiitil
11,,g

..:l

,,fI

r"Jl

tially dangerous water
Developing countries generally charge about the

same for domestic wateias deviloped-nations. For
example, in 1978 water in Surabayj, Indonesia, cosr
an average of $L per 1,000 gallons-about the av-
erage U.S. price. The effect is that water charges take
a bigger bire out of family budgets in Indone"sia and
other developing counrries, be&use they have more
p_o9r residents. Gilbert'White of the tiniversiry of
Colorado found that middle-income workers in Nai-
robi spend as much as 8 percent of their income on
water-more than they spend on fuel, transport, or
household furniture and-appliances. Therefore en-
couraging. yajer conservarion by increasing prices
for household supplies could be very regreisire in
developing counrries. Since domesdi use accounrs
for only a small percenrage of total water consump-

Lo-n, .rn exception-should be made for the pooi..
Ifhat's more, residents of Third \il7orld countries
need to consume more, rather than less, water from
good supplies to improve their health. 

.

Water Supplies and Health

Some 86 percent of the world's rural population-
more. than 2 billion people-lacks an adequare sup-
ply..of-clean warer, *nrile gZ percent lacks'adequaie
facilities for waste disposal. A wide variery of dir-
eases, from cholera and ryphoid to guinea worm,
threatens these people.

Ironically, some of the major water projects built

in the past century have spread diseases. The classic
case is the increase in schistosomiasis in Egypt that
resulted when the Aswan Dam was built in tlie tgeOs
for irrigation water. This debilitating disease, which -

currently infects more rhan 200 million people
worldwide, is carried by a. snail that lives along ihe
banks of reservoirs or in canals with slow-moving
water. Schistosomiasis worms hatch in humans aftei
larvae enter blood vessels through the skin.

To combat water- and wastewater-related dis-
eases, the United Nations has set 1.980 to 1990 as
the International Drinking W'ater Supply and Sani-
tation Decade. The obfective is to ensure "clean
drinking water and sanitation for all." This goal is
too ambitious to be reached by the end of the decade,
but it could be achieved by the turn of the century.

\Vhether the goal can be met depends on how
much money the world is willing to put forward.
The ttrTorld Health Organization esrimared in 1.984
that'it would cost $22 billion per year in capital
investments-or $10 billion more per year than rhe
Third World counrries now spen? on warer and
wastewater facilities-to supply a latrine and anout-
door standpipe for every few households, and ro
collect excrement nightly. (That's the level of water-
supply and sanitation facilities in Bombay.)

The World Bank estimates rhat supplying indoor
plumbing and water-based flush toilets in- regions
without them would cost $350 billion to $550 bil-
lion in capital investments. That would represent an
annual cost of $150 to $650 per household, includ-
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ins interest payments and operation and mainte-

"r"nii 
fees.'Tke price would depend on local

circumstances such- as population density and to-.
posraphy. Needless to iay, those prices would be a

ir.fr tirn. fraction of totil family income in devel-

opire rri'tiont, and it seems doubtful that consumers

c6uld afford to spend so much.
ifi. less costly project--su.pplling latrines and

standpipes-is mori realistic, 6ut it is unlikely that
internriional funding agencies will be wil-l-ing to pro-
vide the additional {unds even for these efforts, given

the Third lforld debt situation. Instead, these coun-

iii." *ill have to relv on domestic banks and local

contractors and suppliers' and they will have to
make this goal a piiority. Unfortunately, even

thoogh pubfic healtir is vital to economic- develop-

ment] mlst politicians would rather spend the money

on military-hard$are. -
Yet despite the diseases associated with. poor water

sources and sanitation, some of the world's-poorest
nations should first invest in other projects that genl

erate irrcome more directly. True, many health
- orofessionals believe that the benefits of clean water

iupplies relate directly to the si2e of the investmelt'
Th& point to the signiicant improvements.in public
h.afth that coincide? with the widespread introduc-
tion of clean water and sanitation facilities in the

industrialized countries. But Hillel Shuval of the

Technion Israel institute of Technology maintains
that the potential health benefits from such proiects- 
p"irty dJpend on a popula-tion's income, education,
il"bs'rtrutt re, and iniiial health. This suggests.that
public health in very poor countries can be little
improved by investing only in communiry water suP-

pliis and disposal facilities. Prog?ms -to improve
^nutrition, education, and primary health care must

accompany the water and sanitation efforts' Most
.oontrie, ipottsot these other plograms, but it is

difficult tb integrate them with schemes-to improve
water qualiry bEcause they are managed by different
agencies. :eFurthermore, 

a program focusing on just one goal,
i such as providing safi drinking water but not san-

itation facilities, may not reduce-people's exposure

to infection sources-enough to be worthwhile' In
Bangladesh, for example, irore than 100,000 wells

werl dug during the 1950s and 1970s to protect

village oi"t.t supplies, but there was no sanitation
Drogram to provtde latrines and training in hygiene'

the"project 
^did 

not lead to commensurate improve-

ments in people's health.- Ci;; t'his iituation' many of the poorest countries

should probably invest in industry, transPortgtl.on'

;;t;h'.t proiicts before-water programs' If they

disperse thiir money too widely-even into projects

of great social worth-these countries cannot gen-

;;"?;";gh income to Pay back their loans and to

il;;#te for added 
^deueloptnent' Such a policy.

L"y not be attractive polidcally, but it makes sense'

This does not mean that these countries cannot ac-

;;rh;h a sreat deal by continuing programs such

as building litrines in some areas. But nations should

,L..' .i.ri of massively redirecting their domestic

,oti.i., and undertaking large-scale engineering sys-

iems until they can afford them' It is countrles such

"r 
fftriir"d, Malaysia, the Philippines, Indonesia'

"nJr.n", 
,hr, "t. , ti.p above ilie very Poor that

*orld piobably benefit most from inve-sting in cap-

ital-intinsive water-supply facilities and wastewater

treatment plants.'^ \rilii#;;y Jeuelopit g nations have inadequate

*";;;il;ii.J, ina"t,iialized countries face aloss of
;;;;t trppti., from chemical contamination' Gov-

.rn-.ntt ihould act as swiftly as possible to -s!oP
*"i.t p.tttii,on from agricultural and industrial by-
prodoits, some of whlch have no previous inde-

i."J.", existence in the natural environment' Treat-

I* .o"r"-inated water is much more costly'

irt' 1r.r, because of the cost, it's not realistic to

' ,r* all iontaminated water. Municipalities should

il.an only the *ater needed for personal consump-

;i;;;;;;. ih. .ot,t are small iompared with the

*"i.t;t real value. -For example, the use of $r{nu;
iri.J ".ii"",.d 

charcoal to purify water,- a methodl

;h;a;;;kt well for most toxic chemicals and has

become popular in Europe, would increase water

."r" i, iJ,S. .ott -unitiei 'between 20 and 40 per-

cent. Such increases'would raise domestic water rates

to less than half those paid by consumers in com-

;";;al. i"ropean citiesl After-all, in. 1983 the citi-
i."t of Boston paid $1 per 1,000 gallons of water'

;hi]. i[. r..ia!"tt of Frankfuft, Germany, paid

$2.82.

\ffhat Should Be Done

Iust because we have not managed water supplies in

i[;;;;ppropriate ways so far does not mean that

;;;;;";';iju'st. Nadons should set uP.small, cab-

inet-level authorities responsible for reviewing, tor-
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S* pr*
cutntrizs
should, rely on
smnll-scalz
inigatim,
techniqucs
rather tlmn
fugt,
expensiue
dilms.

mulating,.and coordinating water policy, with the
power to force other 

"genci-es 
ro ir.rilemi;, th. pJ

icy. These authorities-are needed io-pro.rro,.^th.
broader qu.blig's welfare or., ,t . political influence
of powerful alliances-the so-calleil;iiln t iar,gles,;
consisting of particular water users, agenciesiand
legislarors.
' _.The central authorities should thorouehlv analvze
all water uses and supplies ," tir. ou.r"i-f ;.;;;;;
picture becomes clear. They also should require wa-
ter agencies to base the price of water on ih. .ori,
of.supplying and treating it using t-heir newesr fa_
cilrtres, and to include. a charge for the water itself.
And each utiliry should have tJcharg. ,tt *"r.r rr..,
excepr poor households the ,"*. pii...

In countries that promote a frel-market system,
users should be allowed ro sell and buy waterrights
f19ely. For example, farmers near phoe'nix shoulf,Le
allowed to sell to the city,s wa.ter utiliry their righti
to.byr irrigation warer from rhe Sali-Rire, proji.t.

Y?ny people argue that we can solve our warer
!..-o_bl.-r,partly b.y avoiding large supply projects,
srnce smaller developments have 

-fewef 
inriiorrmen-

tal effects and tend tb be more..o"o*i."t. i;i;;;;
projects can somerimes be made economical aridtheir environmental impacts ."n-t.-minimized
through careful planning ind desitn. ihe snails that
harbor schrstosomiasis in the Aswan Dam would not
survive if water flowed through the irrigation chan_
nels more quickly or the *"t., l.u.i-#", .hr;;;d

,.
regularly, for example. 'We 

should avoid-knee-ierk
negative reactions to large projects just because they
are big.

As in alternative to building large dams, water
can be stgre-d underground in rfie s6il and pr-p.J
up as needed. To infiltrate the wa-tifinto ttre $oun4 ,

it may be necessary to scour dry riverbeds oc"casionj.
ally so that they will absorb floodwater, or ro dredge
channels so that floodwater will be diverted inio
gravel pits and other pervious areas. Not only do' underground reservoiri cost nvo-thirds 

", rnu.h 
",reservoirs and dams built above ground, but they

prevent the loss of warer throueh eiaporaiion. The"
do not cieate habitats that can-spread *ater-relaiii
diseases, and people do not have io be displaced from
their homes. An underground reservoiris main en-
vironmental impact is to decrease the nutrients that
runoff would normally deliver to the ocean. An un_ :

derground storage scheme is now being used to sup-:.
ply some of the warer to Los Angel6s and is the
reason the once "mighty Santa Anal, Rivdr-which
used to run during flishfloods-is always dry now. , '

The water problems that the world fices are not
unexpected, given the common perception of water
as a free and unlimited resourc.. lt i, 

" 
great temp-

tation to believe that the problems have 6een ."urid
by others, .but ea,.ch inAviauat;;;d, d6;;;trr.

. water's real economic value. Only then wiif we use
water differently and avoiJ i.rLG r[;;;;;#,il;
human suffering they entail. D

TECHNOLO"'*',,* ii *


