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Abstract

Thereis enough waterin theworld ror alithehuman needs. butnot enough for thehuman greed. Thus. the
watercrisis is mainly a resultof the inefficient practices thathavebeenadopted worldwide. Society mustbegin
to realize it can no longer follow the philosophy of useanddiscard of water. Everywhere. pricing. marketing. and
regulatory actions must beusedeffectively to promote conservation, efficiency, andsustainable wateruse. As
a result, groundwater mayincreasein importance inworld watersupplies, inpart, as a response to the growing
costs andotherconstraints in storing andtreating surfacewaterandpartly because the advantages of
groundwater are becomíng betterunderstood. Formany countríes thisapproach is notmerely another
alternative, buttheonly oneavailable. Water should notappear as constraint in the overall planning processin
themajority of the countries. ratherrealistic development andproduction targets should be matched to its
availability. Thus, instead ot theoldsaying ''water is life" leadsus to say wewill haveIife for humans, and even
for animais andvegetation where hasbeen rational watermanagement.

/ntroductíon

Theplanet is passing through a period of dramatic growth andwide changes. Water problems are growing
rapidly. in partbecause of population growth, butmainly because people are using anddegradating morewater
percapita everyyear. Although, during the lastdecades, population growth is comrnonly assurned to be directly
responsible for thewater crisis, especially under condítions of poverty. In some cases the crisis has been
related to drought-, in others, to increased demand-, andeverywhere, to water pollution. In fact, in the majority
ot thewor1d thewatercrlsís deals more with per capita resource depletion and qualíty degradation than census
figures.

An important feature of thewatercrisis is its regional nature. Manycountries in the Northern Hemisphere,
especially moredeveloped onesin Europe, are facing a spectre of impending scarcityandwaterquality
degradation. Theresult is thatmany prospecting studies andglobal programs. which are usually carríed outby
institutíons strongly influenced by thenorthem countries. fail to adoptthiskind of approach andproposals. In
many coun1ries fhepriority of development strategies mustimprove 1he quality of life through sanifafion andgood
health, ratherthanpromoting the development of industry andírrigation for exporto

lhe efficientuse of surtace andground waterand thesafe reuseof waste water are themosteconomical and
oftenthe only sources ot addítional waterand, at the same time. themosteffective ways of controlling water
pollution.

Bafancing Resources and Uses o( Water

As onlya small percentage of theworld's totalwater is available to humans as fresh-water in rivers and lakes
(0.009%), thewater-business lobby nas usedthisfigure as a symptom of scarcity.

A1though. the fact thatwateruse is a recurring activity means íhat themostsignificant measure of water
availability is therate atwhich a particular treshwater sourcereplenishes itself through theprocesses of the
hydrologic cycle. lhe global average replacement timefor waterin rivers is 18-20days. With rivers renewing
50 rapidly, humans have access to morethan40,000 km3 peryear, as presented in Table 1.

Theyear 2000projection of thevolume of water withdrawn fromfreshwater sources bymankind averages a per
capita rate of about 700 m3 annually, or around 11 % of the total per capita supply. This dataindicates thatin
general terms of quantity. supply exceeds demand andthatin the foreseable future therewill be no major



problems.

AJthough overall river runoff in a region may behigh, seasonal fluctuationscan result in water scarcities during
parts of theyear. Thus, írom aneconomic poínt of view, groundwater storage is particularly important because
ít remains practicallystableovertime. Estimates ot the amount in storage above 4,000 meters indepth range
between 8.4 to 10.5million km'. Groundwater resources require several years. sometimes overa thousand
yearto renew, but theiraverage world's díscharge to streams representsabout 13,000 km3 peryear. It should
beemphasized that groundwater díscharge values, whichcharacterize thenatural productivity of aquifersar
aquifer systems, are the main indicator ot groundwater resources availablein anarea.

Moreover, the long-term experience in ground water development nas shown that itis good management
practice to overdraft aquifer systems duríng prolonged drought, becauseuseof partof theír volume of water in
storage may befar more beneficiai than maintaíníng normal water levei in rivers. In many areas ot theworld,
exceeding the"safe yield" for periods as long as 10to 15years is not injurious to the volume of water in
storage, because eíther alior nearly ali ot theoverdraft canbemade up in the firstyearor two of normal rainfall.

Obviously, a generalized evaluation of resources ona continental scale, aspresented in Table 1, is not an
adequate basis for describing the water silua1ion inany individual nation or region due 10 significantvaria1ions in
supply among nations and within individual regions. Inaddition, surface or ground water availability and
population distribution donotcoincide. Interms of continents, Asia, for example, will have 58% of theworid's
population. butonly 26% of theaverage total riverdischarges. South America enjoysthemost abundant
freshwater riverdischarges. If the ratio of total riverdischarge to total land area is used as anindex, Soutf1
America hastwice the runoff of ali the other continents taken together. Afríca, wíth a runoff índex of onlyhalf the
global value, hasthe least abundant f1ows. Rivers in North America and Asia correspond to the mean and
Europe's indexes aresomewhat higher.

An integratedapproach - integrated in terms of surface and ground water resources, economic and social
patterns for riverbasin planning - offersthe bestopportuníty to provideequitableaccess to adequate quantities
of water of appropriate quality for ali users and to protect theenvironment. Seeking a dynamic balance between
water availability and demand, taking into account that the supply varies with 1ime and space, will enableusin
broad terms to reach sustainable development.

Jnefficient Water Practices

Despite the progress made duringthepast few decades, mismanagement is likely to increase íhe frequency and
severity of water-related problems, byencouragíng theurbanizatíon, industrialization and irrigation in criticai
areas. Forexample, irrigation is usually considered the engine of economic growth in arid and semi-arid
regions. but withoutappropriate andreliable water control and management, sustainable development is simply
notpossible.

Waterquality issues are much more serious than anyone had anticipated before. Initially. pollution from
domestic wastes and the sanilzation of irrigation systems were the majorproblems. Concem about heavy
metais,nitrates and organic mícropollutantsmust now beadded. Morever, many of the regional and local water
supply and sanitation problems are the result of i1l-planned development, lack of domestic sewage treatment, or
other torms of prívate and public mismanagement; other problems arisefrom the combination of urbanization
pressure andlanduse tenureproblems. Thus, much untreated domestic wastewater is discharged intorivers
making the water unsuitable for drinking, even after conventional treatment. Another source of disease ar other
health hazards is untrealed waste water used to irrigate vegetables grown for urban food supplies.

Table 1shows, of the 4,660 krri' of water withdrawn for urban domestic use, by the year 2000 , some 2,000 km3

of wastewater willbereturned to rivers and other freshwater sources. Wastewater is sometimes treated before
it is retumed to rivers and other freshwater resources, but ali too otten it is returned without treatment. mainly in
developing countries. Even when it hasbeen treated, wastewater usually needs to bediluted to reduce
concentrations of pollutants still further before the water is tit for reuse. The potential for dilutionof wastewater
is increasinglyIimited because as water withdrawals increase, theamount of clean water remaining decreases
and the volume of wastewater grows. Globally, wastewater can bediluted byclean water in a ratioof 1:25, but
by the year2025 this ratio is projected to worsen slightly in Europe and substantially inAsia. Infact, Europe,
North America, and the former U.S.S.R. together produce 55% of the world's wastewaters. In Africa and Asla,



s~b:tantja l Withdrawals for írrigatíon res~1t in grea!er consumptive use (71 and 76%, respectívely. of
wJtlldrawals. By theyear 2000, developlng countnes are projected to increase industrial use and to decrease
the reíafive proportion of consumptive useto 56-70% (WRI, 1990).

Inmany urban areas, groundwater canprovide the most appropriate solulion to lhe population's water neecs.
because it canbeusedinexpensively to supply a large volume of good qualitywater. However, in most cases
when ~uria ce waters?urcesare exhausted or degraded, the decision makers prefer to invest considerable
funds In the consrucãon ot newdams and pipelines to bringwaterfrommore remote sources.

Another of themost chronic problemareas involves inefficiencies in domestic water supply systems. For
example, in lhe greatcitiesot Brazil, breakages (and subsequent waterlesses)are commori, vAth frequent

dropsin pressure increasing the amount of leakage andthe risk af contaminatian ot waterJines. At the same
time, waterpolicies do not encourage conservation. Urban water supply systems in Brazil present water loss
rates between 40 and70%(IBGE, 1991).

Worldwíde, the average waterlosses from distribution networks reachas much as 50%, while at themost
efficientleveis of use, thesevalues are approximately 15%(Gardllno. 1994). Improving the efficiency ot
resource use comprises onemeans of meeting sustainable developments goals. Althougl1, it wasnotuntil the
early 70s, during the severedroughts thataffected the southwestern United States, thatactions to increase
water useefficiencyemerged in urban context (Van Dyke et aI., 1990). Recommendations to ímprove water
use efficiencyinclude: metering With reductions of water lossesor wastage of up to 25%, leakage repair(9%),
tariffs (1 0%), saving devices (at least 10%), regulations (10%), restrictions (10to 20%), reuse (25%),
education (5%), (Grisham andFlemmíng,1989).

Theagricultural sector ís the largest consumerof water resources. It accountsfor about 80%of ali water use in
many countries. Futhermore, agriculture is recognizedas an essential componentof sustainable development
in many countries. Today, irrigation systems cover approximately 275 millíon hectaresandaccountfor around
50%of theworld's food production. In the driveto expand irrigation, however, comparatively IittJe attention has
been paidto theefficiency With which irrigation systems operate. Worldwide, the efficiencyof irrigation systems
is eslimated to average37%andonly a few reach leveis of around50% (FAO. 1990). Of the totallosses, it is
estimated thatevaporation accounts for 5%, leaks 30%, seepage 30%, andpoor operation 35%. Much ot the
lesses are rendered unproductive or become severely degraded in quality as thewater picks upsalts, pesticides
andtoxic elements trem land (Postei, 1986).

Evaluating Water Management Needs

Human welfare andenvironmental protection mustbe considered as prioritíes to be achievedthrough lhe
efficientuse of water and the safe reuse of wastewater, in planning economic development. Citizen
participation should be encouraged in thewaterresources planning and implementation processo

Water use is still growing in lhe developinq worldbut is stabilizing in lhe industrial countries, with the result that
theworldwithdrawal rate increase is slowing. Withdrawals are expected to rise only2-3 percent annuallyfrom
nowuntil lhe year 2000. Nevertheless,onlyabout 4 percent ot lhe world'spopulation uses as much as 100-150
cubic meters per person annually. or 300-400 Iiters per dayper capita. Bylhe year 2000. a projected 17
percent of the populationwillbe using ore than 100 m" per capita per year, however 30 percent, some '1.8 billion
people, \A1Í1I still be usingless than 20 m3 per capitaperyear, or around 50 liters per capita per day(WRI I 1 990).

An additional perspective for evaluaünqwater availabilityandneeds is provided by considering the annuaí per
capita potential, in terms of average riverdischarges to satisfyper capita demands. As Fiçures 1and2 show,
the amount of freshwater percapita withdrawn (taken for use) is not correlated with eithera country's economic
wealíh or the slze ot its internai renewable water resources. Moreover. in several partsof theworld,water
demands are fast approachingthe Iimits of resources. Annual withdrawof 1 000 m"per capita seems to be the
water use sustainable levei reached in themostharmonic andrelatively developed societies.

In about 30%of the European countries wuhorawal of 1000 m3 per capita per year ls approachingthe limit of
their resources. TheUnited States, for example,uses2,162m3 per capita annually; its totaluse is hlgher than
anyothercountry, butonly 20%of thecountry wi"suffer occasionally fromsevere watersupply resmcüons,
mostof whichwill occurin the arid andsemi-arid regions of thesouthwest (Maddaus, 1987).



Canada, The Netherlands, Portugal, Bulgaria, Romania, Australia Pre using around 1,000013 percapita
annually. InSouth America only Argentina and Chile usearound 1,000013 percapita annually, certainly as a
result of their irrigation activities.

The nature and extent of water problems arenotrelated to thescarcity within thearea under consideration. For
example, despite the high percapita annual water availability in SouU, America (35,000 013 percapita peryear),
domestic waste problems are especially criticaI. becauselittle, if any, of theurban sewage is treated. Asa
resut, twice as many rivers as inother regions have fecal coliform counts of more than 100,000 per 100 mi.
The World Health Organization (WHO) recommends a coliform count of°per 100 011 for drinking water.

Inmany cases, a more efficient useof existing water resources, including groundwater resources, is feasible.

Other things being equal, aridand semi-arid regions require a greater efficiency of water usethan humid zones

Conc/usions

As demand for water-related services continues to increase inrelation to a resource that is relatively fixed in
supply and subject to degradation from many sources. water management efforts will become even more
signifícant.

The approach must be gradually expanded in order to covernotonly hydrological processes considered in
interrelationship with theenvironment and human activities, butalso theecological aspects of multi-purpose
utilization and conservation of water resources to meet theneeds of economic and social development. In
many areas thegroundwater resources arehuge, and their occurrence and hydrological significance cannot be
neglected inwater management and planning.

The objectives of development must íncude, at a minimum, a reductíon of paín and sufferíng associated with
factors such as inadequate water supply and health conditions, or a reduction inwhat hasbeen called illfare.

Waterand land should notappear as constraints intheoverall planning process for themajority of countries, if
realistic development and production targets had been matched to their availabílity. Whatis urgentJy needed ls
theformulation of long-term development policies, ona sustaining basis, which reflect changing water supply and
demand patterns, consistent with efficient use, and better understanding of thesocial and environmental
implications.
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