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INTRODVCTION

A history of man's acuunes relaiine to water would constitute a relativelv
~ .

comprehensive history of civil izat ion itself. Any attempt to analize the role of water in
socio-economic development is not fixed but assumes different meanings at different times

and locations. The objectives of development include, at a minimum, a reduction of pain
and suffering are associated with faetors sueh as inadequate water suplly and health
conditions, or a reduction in what has been ealled illfare. Experienee in programs intended
to accelerate development in developing nations and lesser developed regions of
developed nations bas emphasized the complexity of the water management process and
the uniqueness of individual national and regional situations.

Although the total amount of water on earth is generally assumed to have remained
virtually constant, the rapid growth of population. together witb the expansion of irrigated
agrieulture and industrial development, are stressing the quantity and quality aspects of
natural systems. Due to these increasing problems. society has begun to realize that it can
no longer follow the philosophy of use and discard - either with water resources or any
other natural resources. Morever. a rise in per capita water withdrawal ma)' occur while
the condition of the poorest segment, which may represent a significant proportion of a
population, remains unchanged or even deteriorates As a result, the need for a consi stem
policy of rational management of water resources has become evident

\\'ATER'S CRISIS IS A RESULT OF THE LO\\' PROFILE USE MODELS

Rational water management should be founded upon a fully understanding of water
availability and use models or traditions.

When the 20th Century began, the world was home to about 1.6 billion human
inhabitants. Although water pollution and environmental degradation have been cornmon,
the problems were local. The world as a whole seemed vast, with huge regions virtually
untouehed by its human inhabitants. As a result , the exponential model of the Industrial
Revolution was based on the idea that stoeks of water and other natural resourees were
unlimited and/or unlimited were the environmental capacity to reduce impacts on water
quantity and quality eharacteristies.

By mideentury, eommunications systems had begun to shrink distances and bring the
peoples of the world, now 2.5 billion, into closer eontact. Industrial and urban population
growth have multiplied per capita eonsumption of natural resources - and per eapita
pollution- in almost ali countries. As result, a compensating model appears, in which
some rieh peoples sponser good aetions eonceming the environmental protection. similarly
to the past philosophy in whieh eathedrals were constructed as reparation for a deadly sino

As the 1970s begin, the ecological approach induces fundamental changes, but
theirs scientific basis still remain very weak. Currently, the world's envi ronmental dilemma
is that the scale on which natural resources are being consumed and wastes are being
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produced is already imense, in spite of that many poor countries still lack and desperarely
need the benefits of industralization and economic development How this dilemma should
be resolved is likely to dictate our planet's prospects for the corning century.

Our human world of 6 billion must make room in a finite environment for another

human world, in whichthe population could stabilize at 10 billion sometime next centurv,
according to United Nations projections

One of the most chronic problem areas involves inefficiencies in domestic water
supplies and sanitation. For example, economic problems, especially those arising from
externaI debt, have played a major role over the past two decades in constraining the
ability of Brazilian government to respond to social concerns.

Initially, pol1ution from domestic wastes and the sanilization of irrigation systerns
were the major problems. To them must now be added concem about heavy metals,
nitrates and organic micropol1utants. Morever, many of the regional and local water
supply and sanitation problems are the result of ill-planned development, lack of domestic
sewage treatment, or others forms of private and public mismanagernent; others arise from
the combination of urbanization pressure and land use tenure problems. Thus, much
untreated domestic wastewater is discharged into rivers making the water unsuitable for
drinking, even after conventional treatment. Another source of desease or other health
hazards is untreated waste water used to irrigate vegetables grown for urban food
supplies. Serious water shortages at certain geographic locations may be simultaneously
accompaigned by major flooding at other locations. Mismanagement of drought-related
problems may contributed to far-reaching social and political consequences. As a result,
the need for a consistent policy of rational management of waier resources has become
evident.

The approach must be gradually expanded in order to cover not only hydrological
processes considered in interrelationship with the environment and man activities, but also
the ecological aspects of multi-purpose utilization and conservation of waier resources to
meet the needs of economic and social development.

GLOBAL NEEDS VERSUS RESOURCES

Water resources are those that can be used by people. They include practically ali
the waters of Earth: river, lake, oceans, groundwater, soil moisture, etc. They may be
freshwater, that is, with total dissolved solids content (TnS) less than 1.000 mgfL, or
mineralized (salinated). The latter is difficult to use directly without removing the salts, an
expensive and highly energy-consurnptive processo An estimate of the World's water
volume would reveal that saltwater ofthe oceans accounts for 97.3 percent ofthe total 1.4
billion Km3. Although the oceans water can not be directly used as drinking water, they
are important for several purposes such as navigation, cooling water supply, and mainly by
regulating the environmental conditions.

Of greater immediate significance for many water-using activities are freshwater
resources (2.7 percent). However, most of the continental's fresh water is contained far
from the most human populated areas, in ice caps and glaciers (29 million Km3). Most of
the fresh water with potential for use is in the form of groundwater, with estimates of the
amount in storage above 4,000 meters in depth ranging between 8.4 million to 10.5 million
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Km3. At any given time, the quantit iy of water contained in fresh W31 er lakes and strearns
is estimated around 0.2 mill ion Km3. and only 0.01 3 rni llion 1\.m3 of warer is in the
atrnosphere (Peixoto and 0011. 1990)

Since only a small percentage (0.009%) of world's total water is available to humans
as freshwater in rivers and lakes, water-business branch has used this fac! as a symptorn of
scarcity.

Although the above data are of general interest in defining the physical dimensions
of the water resources, the fact thar water use is a recurring activity means that the mos!
significant measure of water availability is the rate at which a particular fresh water source
replenishes itself through the processes of the hydrologic cycle.

Nevertheless the availability of freshwater vari es widely with geographic locat ion.
Earth's water cycJe is an abundant provider. The replacement times for water at various
stages in the cycle differ greatly. The global average for water in rivers is 18-20 days, but
the atmospheric moisture is replaced even more rapidly- every ]2 days. With rivers
renewing so rapidly, humans have access to more than 40,000 Km3 per year. Deep ground
water requires several hundred years or more to renew, but its average world's discharge
to streams ranges between less than 10 percent in arid-semiarid zones and more than 50
percent in the humid tropical belt. Although overall river runoff in a country ma)' be high,
seasonal fl uctuations can result in water scarcities during parts of the year. Thus, from an
economic point of view, groundwater storage is particularly important because it remains
stable over time.

Traditionallv, groundwater is divided into nonrenewabl e reserves and renewable
resources. The division is somewhat artificial because ali ground water is conserved and is
thus renewable, although not ali on a human time scale. Thus, if the amount of water
locally withdrawn fro m rivers and aquifers does not exceed its renewal , humans can use ali
sources of freshwater indefi nitely. Distribution of river runoff among continents is highly
variable as indicated in Table 1.

Table 1- River runoff and its use (cubic kilometers per year)
Elcrncnts Europe Asia Africa North South Ocania U.S.S.R World

Arnerica Arneri ca Total
Total Rivcr 2,32 1 10,485 3,808 6,9-t5 10,377 2.01 1 4.35 0 40.673
Runoff
Groundwater 845 2,879 1.464 2,222 3,736 483 1,020 12,689
Disc. toRivers
SurfaceRunoff 1.476 7,606 2.720 4,721 6.64 1 l.5 28 3,33 0 27.984

Year 2000 projection
4.6 60Water 404 2,160 289 946 293 35 533

Withdrawal
Consumptive 158 1,433 201 434 165 22 286 2,69 9

Use
Waste and 246 727 88 512 128 12 247 1,96 0

Rcturning
Waters
Use (% of total 17 21 7 14 3 2 12 11

river runoft)
Source: WRI-World Resources Institute, 1990
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Obviouslv, uencralized evaluation of runoff on a continental scale as presented in
Table 1 is not an adequare basis for describing the water situation in anv individual nation
due to signifi cam variation in supply among nations and within individual nations
Although the above data are of general interest, total renewable supplies have been

estimated to be adequate for meeting the needs of five to ten times the year 2000
projection water withdrawal. Table 1 shows that South America enjoys the most abundant
freshwater river discharges. If the ratio of total river discharges to total land area is used

as an index, South America has twice the runoff of ali the other continents taken together.
Mica, with a runoff index only half the global value, has the least abundant flows. Rivers
in North America and Asia correspond to the mean, and Europe's indexes are somewhat
higher.

Much of the water that is withdrawn is later retumed to its source, say, a river and
thus can be withdrawn several times during its joumey in continents. As the Table 1
shows, ofthe 4,660 Km3 ofwater withdrawn for human use by the year 2000, some 2,700
Km3 of water are for consumptive use; the remaining 2,000 Km3 of wastewater are
returned to rivers and other freshwater sources, frequently in a polluted condition.
Wastewater is sometimes treated before it is returned to rivers and other freshwater
resources, but ali toa often it is returned without treatment, mainly in developing
countries. Even when it has been treated, wastewater usually needs to be diluted to reduce
concentrations of pollutants still further before the water is fit for reuse. The potential for
dilution of wastewater is increasingly limited because as water withdrawals increase, the
amount of clean water remaining decreases and the volume of wastewater grows. This
returned water is often reused farther downstrearn. Globally, wastewater can be diluted by
clean water in a ratio of 1:25, but by the year 2000 this ratio is projected to worsen
slightly in Europe and substantially in Asia (WRI, 1990).

lt is important to distinguish between withdrawals and consumption. Consurnptive
uses of water include evaporation from irrigation systerns 01' industrial cooling towers.
Irrigation is extremely water intensive and, until recently, irrigation contributed littl e to the
pollution of water basin. But lhe wide application of fertilizers and pesticides has heavily
polluted irrigation returned flows, presenting a significant threat to the aquatic
environment. The importance of livestock to water quality and quantity problems would
seem to be less than other sectors ofthe economy.

EVALUATING WATER MANAGEMENT NE EDS

Additional perspective for evaluating water problems and needs is provided by
considering the annuaJ per capita potentiaJ of long terms average river discharges to satisfy
current and future per capita demands. During the past three centuries, the amount of
water withdrawn from freshwater resources by mankind has increased more than 35-fold,
reaching the current average per capita rate of 660 cubic meters annually (domestic 8~ó ,

industry 23% and agriculture 69%). In the second half of the 20th Century, water
withdrawals increased 4-8 percent annually. Water use is still growing in the developing
world but is stabilizing in the industrial countries, with the result that the withdrawal rate
increase is slowing, Withdrawals are expected to rise anil' 2-3 percent annually from now
until year 2,000 (WRI, 1990).
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The nature and extent of water management problerns are related to the scarcitv or
water degradation levels within the area under consideration For exarnpl e. despire the
high per capita annual water availabi lity in South America 05,000 cubic meters), dornestic
waste problems are especially criticai, because Iittle if any of the urban sewage is treared,
and twice as rnany rivers as in other regions have fecal coliform counts of more than
100.000 per 100 rnl The World Health Organization (\VHO) recommends a coliform
count of°per 100 ml for drinking water.

Morever, in Brazil, for example, if the ratio of monthly billing water volume to total
treated water volume injected in the network supply is used as an index, water supply
compagnies have very low efficiency, between only 30 and 60 percent.

As the Figures from I to 4 show, the amount of fres hwater per capita that is
withdrawn (taken for use) from surface and subsurface sources is not correlated with
either a country's economic wealth or the size of its internaI renewable water resources.
Many arid countries, such as Afghanistan, Sudan, Egypt, Republic of Yemen, Republic of
Iran and Iraq, annually withdraw over 1,000 cubic meters per capita; most of this water is
used in irrigation. Countries that use almost all or even more than their total renewable
freshwater include: Egypt, Libya, Israel, Qatar, Saudi Arabia, United Arab Emirates,
Republic of Yemen, and Malta. Some temperate and developed countries also use large
amounts of freshwater. The United States, for example, uses 2,162 cubic meters per capita
annually; its total use is higher than any other country. Canada, the Netherlands, Portugal.
Bulgária, Romania, Australia use over 1,000 cubic meters per capita annually. In South
Arnerica only Argent ine and Chile use more than 1,000 cubic meters per capita annually.

Domestic and municipal water needs have always been modest in relation to others.
accounting for only about 7 percent of total withdrawals. Only about 4 percent of the
world population uses as much as 300-400 liters per day per capita, or between 100 and
150 cubic meters per person annual ly. By the year 2,000, a projected 17 percent of the
population will be using more than 300 liters per day, however 30 percent, some 1.8
billion people, wil1 stil1 be using fewer than 50 liters per day (WRI, 1990).

The structure of the water economy differs among countries, depending on natural
c1imatic conditions; the availability, accessibility, and quality of water resources; and the
economic and social developrnent of a country. As Figure 5 shows, the lowest annual per
capita wa ter availability leveis in the drought zone of Brazil (States of Ceará, Rio Grande
do Norte, Paraiba and Pernambuco) are, in average, twice the per capita Germany's
availability (1.1 00 013), and are similar to values in many others countries in Europe.
Nevertheless, total annual per capita withdrawals in those countries are three times higher
than in the brazilian States.

Attempts to correlate the need for water management activity and the levei of water
demand have been undertaken on the basis ofEuropean water-use experience (Falkenmark
and Lindh, 1976).This analysis indicates that few water problems occur and little
management activity is needed when water demand is less than 5 percent of the long term
average total river discharges. When demand is in the range of 5 to 10 percent of the total
runoff, certain areas may encounter suplly difficulties although overall conditions are still
considered favorable. Water supply commonly becomes a significant problem when
demand is in the range of lOto 20 percent of the total runoff, and a need arises for water
planning and investment in water supply facilities. If demand exceeds 20 percent of
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averaae annual river discharges, severe water supply problems can be expected that
requi;e intensive management activity and increasingly heavy investrnent ,in, ~Iannin g a~d
construction of facilities . Under these conditions, water supplv rnay be a limiting fartar In

economic development. Of course, such generalizations are subject to limitations because
of variations in conditions among geographic locations. Nevertheless. listing exarnples of
current water problems only suggests what is urgently needed is the forrnulation of long­
term development policies, on a sustaining basis, that reflect changing water supply and
demand pattems, consistent with more rational and better management practicies.

Projections of water demand are not generally available at a levei of detail adequate
for meaningful assessment ofthe adequacy of supply. The Figure 6, however, indicates the
potential for water-related problems. The extent to which such potential problems actually
develop depends on water management activities undertaken to reach opportunities or
mitigate problems. Mismanagement are likely to increase the frequency and/or severity of
water problems. Such deficiencies can take severaI forms, including technical
inadequacies, funding limitations, and institutional weaknesses.

In a number of countries there is a need for the formulation of a national water,
policy within the framework consistent with the overall economic and social policies of the
country concerned, with a view to helping raise the standard of living of the whole
population.

CONCLUSIONS

Water management consi sts of ali actions taken within a given society concerning
the interface of that society with the water resource. These actions include adjustments in
indi vidual and social behavior in response to water resource conditions and, in ali but the
earliest stages of socio-economic development, involve attempts to improve the natural
relationship between man and water by enhanching the positive attributes of water and
controlling negative attributes. As demands for water-related services continue to increase
in relation to a resource that is relatively fixed in supply and subject to degradation from
many sources, water management efforts will become even more significant.

To conclude, the major problem in the area of water resources is not one of
Malthusian spectre of impending scarcity, but one of instituting more rational and better
management practicies, Water resources of different regions for which adequate data are
not available have to be assessed, and based on such assessment, long-term development
and management plans have to be established. Water and land should not appear as
constrainrs in the overall planning process of a country, rather realistic development and
production targets should be matched to their availability. What is urgently needed is the
formulation of long-term development policies, on a sustaining basis, that reflect changing
water supply and demand pattems, consistent with efficient use, and better understanding
of the social and environmental implications so that adverse impacts can be minimized
(Biswas, 1978). Water resource management is not an end in itself and generally cannot
ensure socio-economic development in the absence of a variety of other conditions on
which development depends. On the other hand, water shortage or other adverse water
resource conditions can become a major constraint on the development if not adequat ely
considered within a given development programo

490



REFERENCE S

Biswas, A. K., 1978, Water developmcnt, supply and management, Vo1. 2. Oxford
p 7-23.

Falkenmark, M. and Lindh, G.,1976, Water for a starvinc world, Westview Press

Peixoto, J. P. et Oort, A. H., 1990, Le cycle de reau et le c1imat, La Recherche,
Na 22 1, VaI. 21, p 570-79.

WRJ -World Resources Institute, 1990, World resources 1990-91 , Essential data
on 146 countries, Tab. 22.1, p 330-31.

491



__ _ ~ 0- •• • _ __ • • • • • ••_~ - - - - - _ . - •• • • _-- - . _ . - - •

I
I

, I

iRIVER DISCHARGE

1-- .. I

'._ - )

1 I
I W ITHDRAWAL ! i

• • _ o • • _ -- - - - - - . . - - - - _ . I

I

I
I
I

I
I
I
I

I t-J' I j

1 E 61E5

l . . I I ·f I 114 1 -- + j . .

· 1

......._... ._..-._... - - ~ ....•. . . .

.! . I· I ~ !! 11

.•.J

_ • . . · 1

. ]

.: ::.-:.-.:.-'

• ..0)

_ _ o . _ .. • __ • • _ . _ . : . : ••• - : :-:

-= -.-' -.-=-:-_-.. I

- _.._.- .._._ - ,.. - . ... . _. . '

100 1~ 1E4

Total River Flows (per capi ta m3/yr)

EUROPE
FRESHWATER RESOURCES ANO WITHORAWAL

Total W ithd rawal (per capi ta m3/yr)
100 1000 1E4 1E5 1 E6

1 I I 1 1 I I11 'I I -III HI ..- I· I II\ II I.!
.: ::::.::.:::::-:.~.:.:.:':.....:::': :::::::::::.:.:.::::.:.._: ::=:::::"'-:::::.= .:.:::::..::.::::J I
:::::::::::::.: :.:: ::.: .: .: :::: .::::::.= :t::::--::::=..--.-:= I

- ..~.:-: '.- -.-- . :: .. . .- :: J I

10

10

. I---l .- 10 "+++1 . i,11 . ....l-~ .l . J-l U J l - ~ -4 I· ·I I H II
.. . ._......_...._-- .. .. .... -_-_'_'0_0' ... _ _ o . .. ..- .. ._ . _.-..

-
_ __ o . ..•. _.. .. .. .- ..

_o. . .- _.. .- ._ - _.
- . .__...- . • ' _0 . _ .--_....- .- --

· --- - -_.. --- _..- -. 0_0 • -._.__._- .. - _. -. - - -- --- .- ---.._-
- _o. _ _ _ o -_.._- - .- . . -- - - ...

- . -- - - . .. - .. -

· - - . - ..-.---- . - - ..- --- . . .. 0·_- - ..

-~ -
_. .. - -- -- - .- - - _ o·- .--- -- - - _ . ..- -

. f- . .... .__.- ._ -.. . .- ... -- - ..-
. . ..- - .._.- .-. . - . _. -- ---- - .- -

- . .. .- ....- ... ._.. -
' 0-- .•- _. - .• -_. - - _. - o .- .-._ '.- --

- . _ o -. - .-
. ..- -_._- - -- --- - - .--_ .- . --- - - - .. . _. .

- .. ..- - _._- ._..._- ..-- 00 ... .. ..... o ·

o

_.

- ..

.- .. -_.-.._. .-. ....-._...._..... ...__..
- . .. . . .... .._. .. .•. ...- ..

_.._- .. . ..- - ._-- - .-- _.. -- _.. .• .-_ .- - .._0. .._....-.-

- 1= -o
_.- --- .. . - _ o ..- __ o -- ..--- - . - . . - -

- 1=- 0-. .. --.-.. .- .- -. _.._- ._- _.- .. . - -.--_ .-. -- ..._-

- . - _.

-~. - ...- • .- . -- 0_. .. . .._-- - .. .._..

o . --_... . -_....._- . ••4
o -

__ o - -
- _ .-. .- __ _ o ... . - - -

- : .- .. o .

- f-- .. - - - -.... _. _. ....- -_.- o .-
_. -.-

I- - 0- .._-- • . .. .. ..~ .. _ o,

- - .. . o - - -...- -- - - -,

-
·. 4·. _ _ . - -"--.. o --_._._. _._- -_.. .... .. - ::J, - _... 0-

-- .. - ---- .- - -- - - -
._ - ,

- -
_.._---- - ..- .-.. .. --

· - . .. _... -._. .. ..- _.

- . --~ ....~ -. .._.._-_.....-..-... .. .. - .._..

.. . :':f ~ ·F !+I ! I r- r.:' ·'F:, F1 H:- .+ + +0 I I H I I

Iceland
Norway
Finland

Sweden
U.S.S.R.

Ireland
Austria

Switzerland
Yugos lavia

Greece
Portugal

Italy
Albania
France
Spain

Luxembourg
Denmark

United Kingdom
Bulgaria

Czechoslov.
Romania

Germany F.R.
Poland

Germany D. R.
Belgium

Netherlands
Hungary

Malta

In
Ql0I:....c
::::J
o
U

- - ------- - _._----- - ---_•• - - - _ . . . - - - • . • _ • • _ _ o • • - - - - _ _ o _._ .

F j gure 1. Annual per cap í ta ri ver f l ows and wi thdrawal in Eu r ope ( d a t a :from WRT, 1990 )



_ ___ ____ _ ______• -- . - - - • • • - - - - • • - - - - .-------.-- •• - - . - - •• _ - o • • • _ • • • · 0._ _- . . ._. __ ... ._

NORTH AND CENTRAL AMERICA
FRESHWATER RESOURCES ANO WITHORAWAL

. 0 _.0 -. _ :. _ o .=-_.-._. -:"0'

r-r ==--;.._- _ 0_...-_. -,
,

. I

I 'RIVEOR DISCHARGE i
I I !

iI W':HDRAWAL_

I

1E61E5

i
!

I
i
I

.. + - ;- 1-I-·J1 q I·o_ +- -1-- 1 J-H-1 1!

0· 1

.. 1

. I

-- I

- - I

Total Withdrawal (per capita m3/yr)
10 100 1000 1E4 1E5 1E6

-+.H-+H+f· .... + .oH+H-++1 --- ..!--, -.J ++H

..:.:_o..'. .. :: .~: o=o_:::..=~ :~-:l

-+=o+ ·-+++H-i-R- .O·T · !O. fO!':~ if-= ;- 1-I- 1,+ 't_o---j - - I-- I-I+j I!}-
1 10 100 1000 1E4

Total River Flows (per capita m3/yr)

0\ -l I I I I I I
, 1 -1-f--+-H+ fH-o-+

.-
r--..- ._ _ 0- "- - - - - - .- _. -- .- - - - - .-

- I- i i

r-- - - - _.- - ._ 0.,.-.---- - .._-. 0 - .0_. ._- 0_- 0- . _.

- f-

o..- _. .- o.
f---- - --- - - - -- - --- - ._ .. _ ._~ ._ - o-

- I-
,

_. --
r-- -- -- _..- ---- -- - - - -- - - - .-- - -0- -- - - -- - 00

- , i
- - ... -

- - - - - - --- - .- - -- - _. - - _. --
- - - - - - -- .-

f-------- _ o - - - - .- _.
-

- - ---- ._- ------ ----
_ _ o - _ . - --

- ;

.. __ _ o

- -- _..- ---- - -_.... _- -- ---- ._- _. - - .- ---.
_ .- .. -- - --

- ._ - - ·_0- - - - - - - - _.- _...• . - .. --- - - - .- --
- _0_-- .- -

--- ._- - - - -- - -_. . -- .. - -- - .. . ..- --- .-, ,
---

r-. .- .. .. ..

-- - .- -
1-• . _ ._.- - - - ..._- .0-- .0 ..0 _ _ o - ... _. ·00,

--o - .-
-- .. _ .-_ . -,- - _ _ o - - . - --

-- --- .. - -._. - o ••

lf--_. ._ .-- -- - --- - - - _. .__ . - _ . - .-- - .. - _..

-I-

._-
1

Canada

Panama

Nicaragua

Costa Rica

Honduras

Guatemala
.:>o
co fIt United State stAl Q)

'I:.-c: Mexico;:,
o
U Trindad Tobago

EI Salvador

Cuba

Jamaica

Dominican Rep.

Haiti

Barbados

__~,. 00 -

Figure 2. Annual per capita river flowB and wi thdr awaJ in No r t h and Central Amerj ca ( da t a from WR T. 1990)



AFRICA
FRESHWATER RESOURCES AND WITHDRAWAL

1990

WITHDRAWAL

, RIVER DISCHARGE:.

1E61E5

- :-- ~-~ - - ' - -- ' : - --== -.~': - - ""
• • • 0 _:_ : :. : . __ . _ . _ _ .~_ --: :~ =-~ -:'

. _ ~ _ • • 0 •• _ _ ••"

- _._' .~=-_::_--:":' ~ ": -:"

: .

==
I . ; i . . . L

Tota l W ithdrawal (per capita m3/yr)
100 1000 1E410

UI."'!.
1
--1

f!.J..

t:
1:
~- -

~~ ..:.. --.

-s .
=1':-
iii . .-
=t--
-!-- -=r .._-

l ··..
l
~ç

~l

cn
eu
'c....
c
~

o
O

1 10 100 1000 1E4
Total River Flow s (pe r capita m3/yr)

1E5 1E6

,- - -._ -- - - -- _ . - -- . - -- - - - --- -. -- . - -- - - --- -- - - .._--.

Figure 4. AnnuaJ per c a p i ta r i ver fJ ows and withdrawal in Afr i c a (data f r om WRT, 1 9 90)



·_ - - - - - - - -- - - - - - - - - - - --- _.- - ..-- ..--.• . -- -_. _- - -- _..__. _-

WATER RESDURCES DF BRAZIL
WITHDRAWAL I RESDURCES

1990

~==l----- · ·····--l
I ~ . . I
I RIVER DISCHARGE :

Iw:':rH~R_AWAL_ . _ ..

- - - : · ° 1

--==::=.:-.::=.::':.===:.::=-":=:;:::-::::'===-=.~

-- - _ .._- - --- ==-=--=::=:-=:=:::":1

- ---- __..._ - --- .= =:-=- . = ,
; i

--------------:-.=:::.-~·==.:-=' -I

- - - - - _ _- -:- _.0_ _ - _ •._- - . ._ . . •-=: .~ -::,

_ ..__._.._._.__ -==-= .:= = _-=:.::::: '.: 1

_ _ ~_ " ---=- . _ _.__ . ~ -==-:-:=-'-=-:.~~.-.-. =:=::--. .- :'::-: - :""1,
__ ___ ._ .__---,.__ .._.__. ~. __ , . ::=:: ' ~:::-- ==_ --: .. __-:- _.-::- -._0 .-.: --..-. - --." . : :- -:- . 1

- - _ _ ~_ .__ - 0-_.- __- .- _. -=:-:- - ,

______ ___ ___ _____ ___ _ .-:-7==-==-_=-0.:= ' 1
. ,

_ .__ . .__._.__.~.-.:=---= .=:~... .=...==_-=..:.J
- 1- ---._ - - ----, . _ -- ._---_:~= - '":.:-::- ". -:::".:'....--:.-:-:-,

Total Withdrawal (per capita m3/yr)
1 10 100 1000 1E4 1E5 1E6 1E7

~~~._it_iiliiiii_ilii.._itili__iiiii_iiiii_~iilii__iilii__iliij._~. ~;.;.:!=_~~~=t,.__.~;;-·:t~~.tL'J.~tt;~;l~~~-~:-i~-tl! I~:.;t; . :t~~l_ !:tpt~;,+- '-1-- f -j 1ft!
Roraima

Amazonas
Amapa

Acre

Mt. Grosso ~---...--__~--::-=cPara
Rondonia

Goias
Mt.G.do Sul

R.G.Sul
Maranhao

til Sta Catarina "liII---...----'----..-.----
.! Parana ~-~·-=-~· ·· · ··::- ..:.. -:: - - - ,

~ Minas Gerais li----...-----'--
Piauí

Esp. Santo ~~~~~~~~=====--=.-=-.=~-=-~..:.-::-::J
Bahia

Sao Paulo
Ceara

Rio de Janeiro
"lI---....-----L...--­R.G.Norte

O.f.
Alagoas ~ .... ~

Sergipe
Paraiba

Pernambu co

'---- - ---- - ---------- --_ ..._ --- - - - ---------- -- --- - - '- ' - - - - - - . ._--- ----- ' - -'
Fi gure 5 . AnnuaI per capita river f Iava and withdrawaI in Brasil



-- ._ - -- - - - _ . - - - -_.- ._-- - - --- - .. -------- _._ -------- -- ----- - _._.._--- --- --

NEEDS FOR WATER MANAGEMENT ACTIVITY
TOTAL WITHDRAWAL I TOTAL RIVER FLOW

1990

.- . !

>20%

VI
"O
Cas
E 10 - 20%
Q)

"O...
i
"­o
CIl

ã) 5 - 10%
>.s

--- - - --- - - -- - --- ._- ----.--- -- -- --- - - ------ . .--- _.- - -- - - ------ - - -_.- - -- '-1
I

criticaI

intermediate

low

<5%

_ ._---- - - ---_. --- - - - - --- --- ----- -- --\
-t------,--- --,-------r- - ----, - - --- .-- , - - - " - T -- - - - . --- ---, .- . - ! -

o 20 40 60
Countries percent distribution

80 100

Figure 6 . Ne e ds for water manageme nt activjty o n a cont i ne nt a l s cales (data rrom WRI , 1990)



- - - - - - - _ ..- _ ._---_.- . -- . .. .. --_. ._- -- . .. . _-.._._-- -- -_. . . _ . ._---. _.

SOUTH AMERICA - 1990
FRESH WATER RESOURCES AND WITHDRAWAL

. - . . _ ]

!

I

...__ _. . .1

RIVER DISCHARGE

W ITHDRAWAL

r -"-l
! 1

I
I-- --. ---- --- -. -- .---: i

. I

1E6

1E6

1E5

1E5

-- i

- -- .-- . .. " - '1

100 1000 1E4
Total River Flows (per caplta m3/yr)

. . . ::-. I

Total Withdrawal (per capita m3/ano)
100 1000 1E4

--_ .- - --- - . . . .

-----_.-~~ --===~.._... ~-= ----~: ~ .'.._--:-~~-_--:- _-- -~ -...I

I I I I I I I

10

10

. --_. ~ ' - ' ] .
- - - - - - I I 1"11 1=-~++t_i_Hf=~-j-H · -f-1 ~·H-iT·=-.--. + - -1- H · !. I-"i - --· 1··-+-- 1. I· j-J 11+- ..--+ - - I - I. 1_1+ 1.1

-- - - .- . ..- - .. - :.'. - ~.' .~ :. :- _=- . .:=. .1_•. . _ _ . --:-- . __ . _ _ . _ 0 . _

~----...,..__--.------ . ._.~.._.~_ ~ ._ -__ ._.__ ~_ .__.~ _._~-_: _-.~J

-_ _---- - -- - -- _ -

..- ...._----.-_. . --

1.- . . - . _ . . -_- . . . _ . .__ . . . . . •.. .. . . _

1

Suriname

Guiana

Venezuela

Bolívia

~ Chile
<O
-..l

li)
CI) Brasil0I:....
c
:J
o Colombia(J

Equador

Paraguai

Argentina

Uruguai

Peru

1
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