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Introduction

In order to assist in the development of the activities and discussions related to
the United Nations Water Conference, in 1977 ECLA prepared a regional report
entitled "The Water Resources of Latin America". This report has long been out of
print and it was decided that a new edition was timely and could form a part of the
first review of the progress made in Latin America in the application of the Mar’

del Plata Action Plan adopted at the United Nations Water Conference to be under-.
taken by the Sessional Committee on Water at the Twentieth Session of the Commission.

The Action Plan itself is a diffuse and wide~ranging collection of recommen-
dations and resolutions . covemng all aspects of the development and administration
of water resources. It is difficult to summarize because of the breadth and detail
of its coverage. It can be said, howewer, that emphasis is placed on better
knowledge respecting the supply of water through improvements in the assessment of
the resource, on greater eff:.c:.ency in use, paz'tlcularly “through the employment of
pricing and other economic incentives for 'thls purpose ; on the evaluation of the
environmental consequences of the use of the resource and related health effects,
the fuller development of national policies and employment of planning in the use,
management and conservation-of water; on the strengthening of programmes to reduce
losses from natural hazards; on improvements in public information and education
programmes in water resources; and, finally, on the need to increase both r'eglonal
and international co-operation in the development of the water resource. ‘

In the years sin_ce the Conference, rapid demographic and e'conomic growth has
continued in all parts of the Latin American region. This growth has led to a
continuing increase in the demand for water, particularly on the part of the
metropolitan regions and the associated industrial complexes.

At the same time, the region oontinues to exhibit a very hetemgeneous pattem
of income levels and economic activity; a pattern again reflected in the nature of .
the demand for water. The requirements of the peasants of the Altiplamno in Peru or
Bolivia are very different from those of the urban middle and workJ.ng classes of
Sao Paulo, _Buenos Aires or Mexico City. On the one hand, there are increasing
demands for water for recreation, but it remains the case, despite the progress
that has been made, that too many babies die from exposure to contaminated water,
At the same time, pollution of water resources from both domestic and industrial
sources grows apace. Some progress has been made in the treamment of waste water,
but much remains to be done before pollution can be said to be under control.

Latin America has the most abundant water resources of any region of the globe
but it also has some of thé most arid zones in the world. The different combination
of requirements and reSouroes creates, therefore, very different national and
regional conditions, There are, however, desprte the dlffenenoes, features which
bring the countries of the region increasingly together in co-operative efforts to
discuss and resolve the water manageme nit issues that challenge them, Perhaps the
most positive feature of the years since the United Nations Water Conference has
been the increase in co-~operative activities in such areas as the International
Drinking Water Supply and Sanitation Decade, the signing of multilateral agreements
to safeguard the more important regional seas and their related resources and a
general increase in activity concerned with shared water resources.

/Chapter I



Chapter 1. .

. ASSESSMENT .OF WATER RESOURCES

During the 13813 twenty years, meteorology ‘and hydrometry have received oonsiderable
stimulus in all the cowmtries of the region and much has been learnt’ of the ‘hatyre
of the hydmloglc systems. This stimulus has led to an appreciable mcreeéé no']:
only in the number and sophistication of meteorological and hydrometric¢’ statmns
but also in the capaclty of the region to survey and analyse its water resources.,

In general, 11: ean be clalmed that the emphas:.s in reoent year-s has been
placed on the ratianal:tzet:.on of the hydrometric angd- meteomlogicel networfcs of the
region and.a deepening.of the knowledge ,qf the hydmlog:.cal cycle on a reglonal, _
national and local basis, rathér than simply on the expansion of station networks.
Because of the nature of the distribution of the populatijon of Latin America,
however, there .are ‘important river ‘basins in’ ~vhich even the basm elements necessary
to calculate the water balance are not knowm :

) A_.. C‘harac-terisfics of tha physi'ggl'euppli e

Latin Amenca is basically a humJ_d rvegs.on although J.t contams ‘Sofie very arid areas.
In consequence, on the whole the regzon poa;sesses a very abundant supply of water
resources, The average annual pmc:.pltatmn ‘in Latin America is estimated to be

1 500 mm, over 50% above the world average, and the average annual runoff

=370 000 m3/second- is some 31% of the total’ world land surface drainage entering
the oceans, - Of the three subregions into whlch the region can be divided, South
America, with an average annual precipitation of 1 560 mm, has the h1g11est rain fall
of any continent in the world; Central America and the Caribbean are also, however,
above. the world average. The d:.stmbut:.on of pmc:.pltatlon is very uneven across
the region and this creates some very arid areas; the Atacama Desert, for example ,
is the driest area in the world. The seasonal’ dls’tmbut:.on and annual variations
in precipltation are also irregular in a large part of the reg:m and there are
areas whlch have excees:we water availability in certain seasons. and severe dmught
in others, There is also ablmdent gm\mdwater. and thJ.s is an increasingly
important source of supply. . . ;

_ The hydmlo&ic systems of Latin Amemca .

The main omgraphlcal system of the zeglon ~const1tuted by the Andes mountain chain
and its.continuation norrthwards into Central American mountain ranges and the main
ranges in southermn and western, Mexico- separates the Pacific and Atlantic (including
the Caribbean Sea) watersheds’ and also accounts for the exa,stence of some enclosed
dramage baems. The basic physical division gives rise to three major types of
river systems: the large systeme flowing to the Atlantic Ocean ahd adjacent seas;
the short rapid streams of the Paciflc watershed; and the inteyrmittent streams that
drain internal areas. To these. three types canh be added the rivers of the Caribbean
islands, which despite hlgh levels of ramfall do not have large volumes of flow
(see table De ..,
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Table 1

LATIN AMERICA: ESTIMATED TOTAL SURFACE FLOWS AND THE HYDROLOGICAL

CHARACTERISTICS OF THE MAIN RIVER BASINS

L[%

+

/Table 1 (cont.)

Cee _ . Area Average flow
River basin Country " (thousands of discharge
o o -~ of km2) (m3/sec)a/
Total surface flow Latin America 20 492 181 370 127
Total surface flow Mexico and Central -
' America 2 492 784 31 572
Bravo Mexi co 238 b/ 150
Usumacinta~Grijalva Guatemala-Mexico 131 3 300
lerma=-Santiago Mexico 127 364
Balsas Mexico 110 387
Panuco Mexico yin 600
Yaqui Mexico 50 b/ 110
Papaloap®n Mexico 47 = 1 300
San Juan Costa Rica=Ni caragua 39 161y
Fuerte Mexico - 3y e 150
Coco Hon duras -Ni caragua 27 951
- Patuca Honduras 26 825
Ulfa . Honduras 23 526
Coatzacoal cos Mexico 20 600
Grande de Matagalpa 'Ni caragua s ' 20 763
Lempa Guatemala-Hon duras-El Salvador 17 380
Motagua Guatemala~Honduras 16 252
Total surface flow Caribbean 528 3 175
Artibonite Haiti-Dominican Republic 9 240
Cauto Cuba 9 1590
Yaque del Norte Dominican Republic 8 140
Total surface flow South America 17 795 299 335 380
Amazon Brazil-Colombia-E cuador-
Peru-Venezuela-Bolivia=-
Guyana 059 180 000
River Plate Brazil-Bolivia-Argentina-
Paraguay-Uruguay 092 22 000
Orinoco Colombia-Venezuela 982 33 000
Tocantins Brazil 864 17 000
Sao Francisco Brazil 631 3 900
Pamaiba Brazil 352 4 800
Magdalena Colombia 284 6 000
Essequibo Venezue la-Guyana 155 5 000
Negro Argentina 122 1 050
Pindaré Brazil 9y 1 100



Table 1 (concl.)

. T L 1l Area ‘Average flow
River basin T Country " (thousands of discharge
. L ) of km2) (m3/sec)a/
Doce . Bragl ‘ 85 1 000
Courantyne’ Guyana-Sumname o 79 127300
Maroni ) | “Suriname-~French Guiana 69 2 500
Jequitinhovha . . . mﬁrazﬂ T o T RS0 T
Jaguaribe " Brazil o 70 P YT 7600
Paraguagu Brazil e 60 .. ;v .., ,650 .
Paraiba do Sul ». " Brazil et en 56 900
Contas e Brazil o 55 500
Piranha wt Brazil s g 300
Itapicurti ", Brazil S g7 = et 850
Atrato " Colombia R ¥ 2700
Guay as Ecuador B 35 1 500
Baker . Cthile 33 1 500
Oiapoque w Brazil-French Guiana 31 1 000
Cat atumbo o Colombia-Venezuela - 31 350

" Source: ECLA, on the basis of national data..

Note: The geographlcal names used above do not imply ay ‘opinion on the demarcation
of frontiers or borders on the part of the United Nations Secretariat,

al. The volume at the outlet is estimated on the basis of hydmlogical information,
B/ Refers only to the Mexdcan parts :' ool .

-4
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The slope towards the Atlantic Ocean and Caribbean Sea is the most extensive
and represents 84% of the total area of the region. Most of the main river basins,
including the Orinoco, Amazon and Plata -the three largest, accounting for two=
thirds of the total regional runoff~ are in tropical areas covered with dense
vegetation and have gradients of less than 0.5 per thousand. These rivers maintain
a relatively constant flow in the lower reaches but there are great variations of
flow in the tributaries. There are broad flood plain areas subject to regular
flooding, as in north—eastern Argentina and Paraguay, and areas with scant drainage,
as in the lower reaches of the Orinoco,

The Pacific watershed, which is equivalent to only 11% of the total area of
the region, is characterized by viver basins with steep gradients and many are
partly bare of vegetation cover, The rivers have marked variations in flow and
many of them carry large quantities of sediment.

Some 5% of the total area of Latin America has no direct drainage into any
ocean. Most of these basins are found in the high central plateau within the
Andean mountain system; and as they are small, have very little vegetation cover
and receive very low annual precipitation, their rivers have highly irregular, and
often intermittent, pattermns of flow.

The majority of Latin American rivers are entirely rainfed, and it is only
south of latitude 28° S that even the upper basins of rivers rising in the Andean
cordillera receive a substantial quantity of water from glaciers and snow-melt.

In consequence, variation in rainfall has a significant impact an streamflow,
although direct impact is modified and even reduced in the complex flow régimes of
the very large river systems.,

The three largest river systems in the region are the Amazon, Orinoco, and
River Plate (see map 1), and their conbined flow represents more than two-thirds of
the total rmoff of the region., These systems, all located in South America, drain
towards the Atlantic, The river systems on the Pacific slope of South America in
contrast are very much smaller and, due to the aridity of the mid-latitude zecne,
account for a relatively small proportion of the region's total runoff, Still less
runoff is contributed by the interior drainage basins of the Altiplano and Argentina,
The region of greatest variation in stream flow, however, is the 700 000 km2 of
north-~eastern Brazil. The rivers of this region are characterized by extreme
variation in stream flow not only between the wet and dry seasons but also from one
yvear to another,

In Mexico and Central America the division of the land mass between the
Pacific and Atlantic drainage basins is more even, 1.04% and 1.08 million km2
respectively, with an additional 300 000 km2 in the interior basins of Mexico. Due
to the aridity of the Pacific basing the stream flow is still unevenly distributed,
however, with 70% of the runoff flowing to the Gulf of Mexico and the Caribbean,
The most significant contrasts appear in Mexico where the rivers of the southeast,
the Papaloapén, Coatzacoalcos, Tonald, and Grijalva-Usumacinta concentrate about
half the total stream flow in less than 10% of the land area of the country.

/Map 1



Map 1
) ‘\X;‘"‘,iﬂ T LATIN AMERICA AND THE CARIBBEAN
il \ - ‘
N4 A ff\,:’ u\f’ an . : Average annial stream flows

Source:

Note:

Intemational frontiers

Capital of country .
Rivers navigable by ocean-going ships
Rivers navigable by rivercraflt

SCALE

Cubic metres per second

50 00 K00 100 K000

ECLA, Water Management and Environment in
Latin America.

The fact that this map shows specific frontiers
does not mean that they are approved or
accepted by the United Nations.
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2, Groundwater

The total availability of groundwater in Latin America is very difficult to
determine, as is even the amount extracted amnually. Some countries have made
inventories of wells, others have estimated the volumes of water extracted annually,
but there is still much to do to establish the availability and use of groundwater
in Latin America, Recent improvements in the state of knowledge of groundwater in
the countries of South America has permitted the production of an indicative map of
the hydrogeologic provinces of South America, but nothing similar is available as
yet for Central America or the Caribbean (see map 2). Various countries have
completed or have under way hydrogeologic mapping exercises, for example, El
Salvador and Trinidad and Tobago., In Mexico, detailed investigations of groundwater
have been made.

Despite the incomplete state of knowledge about the groundwater resource the
use of groundwater is fundamental in many important areas of Latin America. For
example, Havana, with a population of some 2 million, is almost exclusively supplied
from karstic aquifers; in Mexico 328 000 hectares, in the North Pacific and Central
region alone, are irrigated from growndwater; in Perl industry uses some 96 million
cubic metres a year, In addition, the extensive arid and semi-arid regions of
Argentina, Brazil, Chile, Peru and Mexico are forced to depend on groundwater owing
to lack of surface supplies. It must be borme in mind that traditionally, thousands
of rural communities in the Andean valleys in Bolivia, Colombia, Chile, Ecuador,
Peru and Venezuela have always relied on springs for drinking water for man and
beast znd also to irrigate small areas of agricultural land.

The principal means of utilizing groundwater is by the drilling of wells to
reach the aquifer and their subsequent equipment with pumps., The number of wells
should provide, therefore, a good indication of the amount of use of groundwater,
Unfortunately, information on wells is very scarce. Some basic information is
provided in table 2 on the volumes of water extracted and the number of wells for
selected countries,

One particular aspect of groundwater is thermal water, ALl along the Andean
chain thermal waters are to be found in quantity. In many places spas have been
created ranging from sophisticated hotels to simple reservoirs to store water,
Much remains to be done, however, to develop the full tourism potential of this
particular resource,

B, A review of the state of assessment of the water
resource in Latin America

Eleven countries of the region had carried out complete studies of the hydrologic
characteristics of their superficial water rescurces prior to the United Nations
Water Conference, including Argentina, Chile, Colombia, Cuba, Ecuador, Mexico, Peru
and Venezuela, as well as the countries of Central America, and five more have done
so since, In some cases these national surveys have been made in connection with
the production of a national water resources plan, but in others they have been

the by-product of plans for the expansion of the generation of hydro-electricity

or irrigation, as in Argentina, Chile and Colombia.1/

/Map 2
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" "Map 2
HYDROGEOLOGIC PROVINCES OF SOUTH AMERICA
~ Diagrammatic Division

Provinces

@ Andean-Pacific Watershed

@ Altiplano
(3) Andean-Atlantic Watershed
@ Northern Shield

@ Amazonas .
@ Orinoco

'(7) Central Shield

@ Parnaiba

@ Sao Francisco

. [
Eastern Shield | Qz

@ Centre-West. of Brazil

13 Pantanal-Chaco— .e"f
= Pampeano

(1:3) Parana *g:g

a3
@_ Southern Shield . .i., X = 1 s The scale of the map is approximately
o
kS

~w —.— National frontiers

Boundaries of hydrogeologic
provinces

Q@ Patagonia N 4 1:40 000 000 -
@ Coastal Areas s o
Source: UNESCO, Second Sub-regional Meeting on Co~-ordination - 'Hydrogeologic
Map of South America. '
Note:  National frontiers and boundaries of hydrogeologic provinces are purely
indicative,
/Table 2
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Table 2

- LATIN AMERICA AND THE CARIBBEAN (SELECTED COUNTRIES):
VOLUMES OF GROUNDWATER EXTRACTED ANNUALLY
AND NUMBER OF WELLS

Jamal o unber
Country extraction o ST -+ of wells
groundwater drilled
- (millions of m3) PR
frgentina 4 700 300 000
Cuba Lo 5 200 -
Chile a/ 1 690 2 507
El Salvador S : 149 1 685
Mexico 16 565 -
Peru o 1 289 11 290
Trinidad and Tobago . ' 62 -

Source: ECLA, on the basis of.national'réports.

a/ Deep wells only.

In general, countries have developed centralized institutions to co-ordinate
the inventory of the water resource, It is not necessarily the case that these
institutions are responsible for the collection of the hydrological and hydro-
meteorological information itself; rather they establish norms and standards for
the specialized institutions such as hydroelectricity companies, irrigation
authorities, water supply institutions and meteorological offices and other public
and private bodies., It is, however, these centralized institutions that are
responsible for the maintenance of the basic inventories of the water resource.

A 1list of them is given in table 3,

" The use of remote sensing is making it possible to increase the establishment
of measuring stations in unpopulated watersheds, difficult of access. It is true
that the density of measurement stations still falls short of international
recommended minimums in some countries, but progress is continually being made
(gee table %), |

/Table 3
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Table 3

LATIN AMERICA AND ‘THE 'CARIBBEAN: INSTITUTIONS RESPONSIBLE

FOR HYDROLOGIC STUDIES

Countpy.- . - . . .-

mmm “'Insti"tu‘ticn'

Centr‘a_’l. Amemca and Mexico

Costa Rica
El Salvador
Guatemala

Honduras
Nicaragua

Panama

Mexico
Caribbean

Antiagua and Barbuda
Bahamas

Barbados

Belice

Cuba: -

Dominica

Dominican Republic
Grenada

Guyana |

Haiti

Jamaica

St. Vincent and. the Grenadines R

St. Lucia .
Suriname
Trinidad and Tobago

South America
Argentina

Bolivia L

Brazil
Chile
Colombia

ATIRE

”h_-mg.cm&n General de Recursos Naturales

Lt L R T T S TR S

;»Instltuto MeteorolSgico Nacional

Instituto de Sismologia, Vulcanologia,
Meteorologia e Hidrologia (INSIVUMEH)
Direccifn de Recursos Hidricos
Instituto de Recursos Naturales y del
Ambiente (IRENA)

Instituto de Recursos Hidr#ulicos y
Electrificacidn (IRHE)

Secretaria de Recursos Hidr&ulicos (SRH)

Antigua Public Utilities Authority
Waterworks Department

" Instituto de Hidrveconomia ~ -
" Dominicda Water Authority

 Département. de 1'Agriculture, Ressources
_Naturales et D8veloppement Rural. (DARNDR)

St, Lucia Central Water Authority.

.+ Instituto de: CJ.enc:La y Técnica Hidricas
. (INCYTH) .
. Servieia. Naf:-lonal dse Meteomlogia e
Hidrologfa (SNMH) :

Direccién General de Aguas
Instituto Colombiano de Hidrologia,
Meteorologfa y Adecuacidn de Tierras
(HIMAT)

/Table 3 (cont.)
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Table 3 (concl.)

Country _ _ Institution
Ecuador - - S G : Instituto Nacional .de .Meteorologia e
N e Hidrologia (INAMHI)

Paraguay S - Direccidn de " Metéorologia
Peru ' ' S N Servicio Nacional de Meteorolosia e

: - .- .. - Hidrologia (SENAMHI)
Uruguay I Direccidn de Hidrografia
Venezuela B Comisidn del Plan Nacional de Aprovecha-

Y ST T mientd de los Recursod Hidrduldcos
(COPLANARH ) _ '

/Table 4
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Table 4

..LATIN AMERICA AND THE CARIBBEAN: HYDROMETRIC NETWORKS =

ERET Stationas
GesnnETeT o pluviometric  Evaporimeters Fluviometric
‘ 'Area -7 -Density Density Density
Country (‘thousends" ' (number/ (number/ (number/
of km2) "+ thousand thousand thousand
' "~ No.  km2) No. km2) No, km2):
Central America and .
Mexico
Costa Rica 50,7 524 10,3 12 0.2 763 1,6
El Salvador 21.4 186 8.7 17 0.8 56 2.6
Guatemala 131.8 375 2.8 15 0.1 87 0.7
Honduras 112.1 232 2.1 54 0.5 87 0.8
Nicaragua 130.0 au9 2,7 pL! 0.6 72 0.6
Panama 77.1 310 L0 Lo 0.5 g6 1.1
Mexico 1 972,5 576 2.3 2 610 1.3 1 300 0.7
Caribbean
Antigua and Barbuda 0.4
Bahamas 1.4
Barbados O. 4
Belice 2,3
Cuba 114. 5 929 25.6 57 0,5 79 0.7
Dominica 0.8
Dominican Republic L8 7 300 6.2 80 1.6
Grenada 0.3
Guyana 215, 0 225 1.0 12 0.06 46 0.2
Haiti 27.8 60 2.2 2 0.07 11 O. 4
Jamaica 11.0 395 35.9 88 8.0
Sts Vincent and the
GBrenadines 0.4
St. Lucia 0.6
Suriname 136. 0 191 1.4 6 005 98 0.7
Trinidad and Tobago 5.1 153 30.0
South America
Argentina 2 776 6 7858 1.4 300 0.1 702 0.2
Bolivia 1 098.6 7 0.3 6 0. 005 63 0.086
Brazil 8 512.0 028 0.5 68 0.008 2 412 0. 3a/
Colombia (1976) 1 138.9 187 0,7 219 0. 2 376 0. 300.5)b
Chile 756.9 011 1.3 130 Q.2 391 0.5 -
Ecuador (1981) 283.6 413 1.5 24 0-08 231 0.8
406. 8 64 0.2 19 0-05 10 0.02

Paraguay (1981)

/Table 4 (cont.)
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Table 4 (concl.)

Stations
o : . Pluvionetoic _E_vagommeters Tluviometric
Country . ‘ ~ Area Density Density = Density
o (thousands (number/ (number/, . (number/
of km2) . thousand = thousand ..  thousand
‘ _ _ No, km2 = No. km2 . No. km2
Peru 12852 790 0.6 66 ~ 0,05: 391¢/ 0.3
Uruguay _ 186, 9 947 5.1 19 0.1 - 0.5
Venezuela 912.1 1 377 1.5 -~ '180.% 0,1 700 © 0.8
Recommended minimum o L o o ‘ '
density d/ _ . oo L6 0.03 0.6

Source. ECLA, on the basis of na'tlonal reports prepared for the thited. Natlons
Water Conferenoe 1977. For some countries, information has been updated
and/or extended from other sources. :

a/ Maintained by Departamento Nacional de Aguas y Energia Eléctrica.
: b/ Minus Amazon Basin., '
c/ 1981, ' '
d/ World Meteorological Orgam.zatzon, Guide to Hydrological Practices, No, 168,

1. Recent advances in intemational co~operation in
- water resources assessment

A recent significant advance in the study of the water resource in South America
has been the preparation under the UNESCO International Hydrologic Programme of

a "Methodological Guide for the Elaboration of the Water Balance of South America",
The purpose of this Guide is to establish, as far as is possible, standardized
principles and methods that can be applied in.the countries of South America to
-permit the .calculation of. the atmospheric and superficial water balances.

The Guide describes methods of evaluating the main components of the water
balance, analysing the basic information required, in particular cartographical,
hydrometeorological and aerological data, as well as the reliability and precision
of the parameters., It presents the major hydrographic basins and watersheds of
South America, and suggests the application of the superficial balance equation in-
open and enclosed basins, with or without sufficient data, in addition to the
application of the aerological balance equation. Lastly, the Guide shows how
texts, tables, figures and maps should be presented, and suggests recommendations
for ensuring the use of the methodology and the harmonization of the results
obtained. .

'I‘he Guide has begun to be applied in water balance studies in a number of
countries, mclud.mg Argentina, Bolivia, Brazil, Paraguay and Peru, In Chile in
1981-1982, using the methodology recommended, the water balances for all river
basins between 340 8 and 4298 were calculated, verifying its applicability., It is
hoped to be able to use the Guide in Central America and the Caribbean.

/Similarly, groundwater
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Similarly, groundwater studies have also benefited from intemational
co~operation programmes. .The United Nations.. Development. Programme has given large-
scale support to groundwater research and development by different international
organizations .for. many.years in.Latin. Amemca, and.has financed pmjects in
21~ countries of the- region, as well &8’ ‘regional projects, UNESCO is co-ordinating
a pm:;ect for the preparatlon of a Hydmgeolog:.cal Map of South America on a scale
of 172 500 000, for publicatmn in 19853 the progress made in individual countries
up to July 1983 can ba’seen in table 5. Apart from this project, Mexico and El1
Salvador have .drawn.up their. hydrogeolog:.cal. maps as. pax't of their national plans .
for ut:llzatmn of their water resouroes.

Oonoem for wa't;er quality and ennmnmental protection is increasingly g1v1ng
rise to further need for information on the water resource beyond the demands for
knowledge required for estimating the water balance, Measurement of water ‘quality
in the most densely populated, urbanized and industrialized river basins has made -
considerable advantes, particularly ih ‘Argefitina, Brazil and Mexico. In these three
countries systematic studies have been made of ‘the pollution problems of many water
bodies and elsewheré progress hasé been made. Much of this:effort has been assisted
by the programmes of the Pan American Centre for Sanitary and Environmental
Engineering (CERIS) and the United Nations Envircnment Programme (UNEP). ‘An impor-
tant advance has been the establishment, under the leadership of (EFIS, of a reg:.onal
information system in the envmronmental health aspects of water management
(REPIDISECA), RNV - .

Table 5

SOUTH AMERICAY STATE OF PROGRESS OF HYDROGEOLOGIC MAPS

_Scale ; ‘
bon E ‘Existing - - Definitive - APPFOXimate
untry. h L RN  date of

ydrologic naticnal ublication
maps (provisidnal) " map © P ¢

Argentina 1: 500 000 : 500 000 1985
Bolivia "1:°1°000 000 - "1:-1 000 000 - 198y
Brazil ‘ 1: 2 500 000°  *  1: 5 600-000° -~ 1983
Colombia - "' 1: 3 000 000" " - 1r 1 500 000 - 1983
Chile - 1t 100 000~ 1f. 250-000 ° ‘. n.d.a.
Ecuador 2 1: 2 500 000 - ‘1: 1 0000000 - 1978
French Guiana’ - ' P ; B P ned, a
Guyana =~ Ao » 13 - 500-000- " 13 2 ‘500 000 ‘ned,a.
Paraguay T 'several i 77 1r 100G .000 ‘n.d.a.
Peru T LR sevepal ~© i ¢ ‘4r 1000 000 . 1984
Suriname 1: 500 000 1: 500 000 1985
Trinidad and Tobago several 1: 100 000 n.d,a,
Uruguay | ST wTniT T fy 500 000 1s 500 000 n. d, a,
Venezuela -~ = UG8 e 1: - 500 000 - a2 1500 000 ‘neduds’

TS S [ o ORI M S .

NG I D R i R P 77‘,7:- S LAt

Source: UNESCXD. TP B . S

ne d. 3. ¥ no. data avallable.
/Chapter 2
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Chapter 2
WATER USE AND EFFICIENCY

The pattern of water use in lLatin America, given the overall size of the region,
can only be described as spatially sporadic and highly concentrated in relatively
few areas. In general, the impact of human water use on the hydrologic cycle takes
the form of flow regulation and changes in land use, and therefore, in vegetation
cover. Much use is concentrated in coastal areas, and the coastal water systems,
estuaries and bays are widely used for the reception of effluents. In contrast,
only in the last twenty years have the major river systems begun to be affected by
land-use changes or control structures both in upstream basins and at points of
discharge, A further important general characteristic of the pattem of water use
is the concentration of human activity in the relatively drier portion of the
region, Over 90% of the population of Latin America live in areas which receive
less than 2 000 mm average annual precipitation and three major metropolitan regions
are found in areas with 500 mmm precipitation or less, i.e., Lima-Callao, Santiago
and Mexico City (see table 6), The most humid areas, about 40% of the land mass,
with between 1 500 mm and 4 000 mm average annual precipitation, are contrastingly
much more lightly populated.

A, Overall patterns of water use

The gross geographical product of Latin America has grown at an average annual rate
of 4.7% in the years since the Mar del Plata Water Conference. More important

than the overall growth of the regional economy, however, from the point of view

of water use, have been the changes in the internal structures of the economies of
the countries of the region, These changes have continued in the direction of a
growing emphasis on manufacturine industry and services in contrast to primary
production, both agriculture and mining. Equally important has been the continued
extension of the development or modernization process into rural areas and areas
historically of very low population demnsity. Furthermore, the population of the
region is still increasing rapidly, even if at a slower pace than in the recent past
-approximately-by 2% per year- and reached 364 million in 1980. At the same time,
the region's population, reflecting the change in the structure of the economies, is
increasingly urban (see figure 1).

Mention has already been made of the concentration of high density water use;
this is illustrated by the distribution of the most densely populated areas, which
tend also to be the areas with the highest levels of income and economic productivity
and, therefore, with the biggest demands for water (see map 3). These densely
populated areas can be divided into three types., These are:

i) Metropolitan areas growing rapidly in population, through both natural
increase and immigration, and in economic activity, including agriculture;

ii) Rural areas with high rates of natural population growth not outweighted
by emigration;
/Map 3
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Map 3
LATIN AMERICA AND THE CARIBBEAN
Location of cities with over 100 000 inhabitants, 1975

R National frontier

Cities with over 100 000
inhabitants

Population density over

25 inh/Km2

Rivers navigable by ocean-going
ships ‘ _

Rivers navigable by river

craft :

Note: The fact that frontiers are shown on this map does not mean that they are approved or
accepted by the United Nations,
prea /Table 6
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Table 6

LATIN AMERICA: MAJOR METROPOLITAN AREAS AND RAINFALL

Population Annual average
Metropolitan area latest year rainfall b/

(thousands)a/ (mm)
Lima-Callao 4 715 29
Sentiapgo 3 853 322
Mexico City 14 750 589
Monterrey 2 019 714
Caracas 2 8uy8 820
Guayaquil 1 116 922
Guadalajara 2 468 953
Bogota 2 855 986
Buenos Aires 9 910 992
Montevideo 1173 1 050
Havana 1 861 1 157
Sao Paulo 8 732 1270
Porto Alegre 1 221 1291
Fortaleza 1 307 1 401
Medellin 1 159 1410
Recife 1 433 1437
Belo Horizonte 1 937 1 562
Brasilia 1 306 1576
Rio de Janeiro 5 539 1 590
Salvador (Bahfa) 1 501 1 892

a/ United Nations, Demographic Yearbook, 1980, New York,
b/ Alberto R, Martfnez, '"La meteorologia e hidrologfa para el desarrollo de los
recursos hidrfulicos de Am€rica Latina", CEPAL/TA/24, December 1973.

/Figure 1






