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INTRODUCTION 

This repoft is addressed to those in government viho are 
concerned with the planning and management of water ,use, and to 
professionals engaged in related research, education and in-service 
training activities. It presents the principal findings of a Latin 
American regional enquiry designed to contribute to the improvement 
of planning and management of v/ater resources v/ith specific 
recognition of the need for reconciliation between'requirements for 
accelerated economic development and environmental protection. The 
project was commissioned by the United Nations Environment Programme 
(UNEP) in February 1975| with co-sponsorship of the Economic Commission 
for Latin America (CEPAL), and was carried out over the period 
September 1975 through December 1976 by CEPAL in collaboration with a 
number of national institutions and United Nations specialized agencies» 

1. Genesis of the pro.ject 

The study stems from a growing conviction among Governments 
and development specialists that greater attention should be paid to 
environmental quality in the pursuit of economic and social development 
objectives; that this requires, among other things, innovative 
approaches to natural resource management; and that such approaches 
are well illustrated by questions associated with water use. The 
1972 Stockholm Conference on the Human Environment focussed attention 
on what is now a widely recognized need to broaden the evaluation of 
development policies and projects to incorporate the behaviour of 
natural systems and certain socio-economic consequences which 
traditionally have been overlooked. The activities of UNEP over the 
past four years have prompted new interest in the relationship 
between the use of renewable resources and management of environmental 
quality and long-run maintenance of the services provided by man's 
life support system, and CEPAL has shared this heightened interest 
in the environmental dimension of development. 

/While the 
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While the broad concern has been-to generate among planners, 
managers and policy-makers in the natural resource field a greater 
awareness of the need to give more attention to environmental aspects, 
it was decided to select a single resource as'thé topic of a more 
focussed evaluation.' One can hardly claim any resource is more 
important than other. However, mismanagement of water may be 
expected to have moré far-reaching and critical consequences for 
society than many other resources. It appeared logical to start with 
water since it is pi'obably better studied and is more universally 
applicable in development than other resources through a wide range 
of public policy and management measures. It promised more immediate 
impact because of public interest in flooding, urban water supply, 
contamination, hydroelectric energy and food production from 
irrigation. In addition, a study of water provides a sound basis 
for expanding and deepening research on environmental management. 

The underlying questions of concern to both UNEP and CEPAL in 
the present study are: (a) what sort of modifications in analytical 
approaches and the decision-making structures may be feasible which 
would enable fuller consideration of environmental quality in the 
quest for accelerated economic growth through a more intensive use 
of water; (b) what would be the staffing and training implications 
of such modifications; and (c) what constructive directions could 
international assistance agencies pursue in this field in order to 
help to build national capacity to identify issues, and design and 
execute water development policies which take due account of quality? 
Since environmental aspects of water management in Latin America had 
not been critically evaluated, it was hoped that the results of this 
study would be of interest and value to government agencies which 
must confront these questions in their on-going management, planning 
and project design in relation to water use, and also to international 
development institutions. 

/2. Objectives 
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2. Objectives 

The prime purpose of the study was to examine past experience, 
current evidence and new ideas in Latin America as the basis for 
developing both improved information and practical guidelines useful 
to those engaged in planning, implementing and evaluating programmes 
for the use and development of water resources» Although the study 
was not expected to yield answers to environmental questions arising 
in water management, it was intended to identify avenues whereby 
planners and decision-makers may evaluate any given situation in a 
broader perspective, to identify a wider range of alternative actions, 
and to evaluate more systematically the short-run and long-run 
environmental implications of various options. ' 

Specifically, the objectives of the study were: 
(a) to analyse the main envirónmeñtaí effects, both positive and 

negative, of the management of water and associated resources 
(soils, woodis, etc.) in the region, on the basis of 
available information and the study of selected cases; 

(b) tó provide information which will assist in the introduction 
of new directions in planning for the exploitation of the 
abdve resources; 

(c) to present the results of the above work at a seminar and 
tó disseminate them in a report. 

3' Study organization 

Four main steps were taken in the research. First, discussion 
were held with specialists in national and international agencies to 
gather information and ideas on applicable methodology and key 
questions which would guide the relative emphasis in determining the 
scope of the study, as well as suggestions on possible cases to be 
examined. Second, working papers were prepared on the state of 
knowledge, in the field of environmental quality analysis and its 
relation to economic development and to the more restricted area of 
water resource management. Third, an extensive effort was made to 
assemble data on water availability, past, present and projected uses 

/of water 
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of water and administration of water resources in Latin America. Two 
special studies of water quality and legal and institutional aspects 
of water use were undertaken by the Centro Panamericano de Ingeniería 
Sanitaria y Ciencias Ambientales (CEPIS) and the Argentine Instituto 
Nacional de Economía y Legislación de Aguas (INELA) respectively. At 
the outset It was planned that the first three steps v/ould enable 
selection of a set of cases for detailed examination to illustrate 
the more important environmental issues in water management in the 
region. The preparation, of data relating uses to specific water 
bodies proved to be a much larger task than anticipated. Accordingly 
it became necessary to initiate the fourth and most important step, 
the case studies, on the basis of the first two steps alone. Finally, 
the evidence and ideas assembled in the previous steps were reviewed 
and evaluated in the preparation of the present report. 

The case studies constitute the main empirical basis for the 
analysis contained in the report, though additional evidence from 
other projects and sources has also been used. Originally it was 
planned to include four cases in the study. However, it became 
apparent that, a viider range of situations should be examined if the 
study were to capture the more important resource and institutional 
settings existing in the region. It was decided that execution of 
these studies should be handled by national consultants, in a range 
of disciplines, allowing considerable msirgin to each in the 
specification of the system examined and in the evaluation of 
environmental questions. It would have been impossible to impose a 
single analytical formula on such a diversity of situations or to 
obtain standardized quantitative data, for comparative purposes.1/ 

The Latin America and Caribbean region covers an area of 
20.million km2 extending 10,000 km between latitudes 55° South to 
30° North, and comprises 38 countries and territories with a combined 

1/ The consultants submitted independent reports and are in no way 
responsible for the interpretation of the case experiences 
reflected in this document. 
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populatiqn in the order of 325 million (1975)« It is therefore 
evident that water management in the region is characterized by a 
wide diversity of natural resource, .economic,, cultural and 
institutional situations. A study of published information and an 
analysis of a limited number of cases cannot pretend to offer a 
formula for all scenarios. Nevertheless, it is believed a few 
general principles can be assessed which may be useful in suggesting 
new policy directions, and which may offer a point of departure for 
cumulative evaluation aimed at progressively improving the guidelines 
for water management decisions. 

Scope and method 

The enquiry is concerned with improving water management 
practices in Latin America through a fuller consideration of 
environmental questions. This calls for an exploration of how water 
resources have been developed and used in the past, and of the 
management issues which arise from this experience. Such an exploration 
provides a basis for identifying the nature of possible improvements 
in planning and management, and how such improvements might be 
incorporated. 

The water management environmental quality relationship centres 
on two interrelated questions: (a) the impact of management of the 
xirater system on the environment; and (b) the impact of management 
decisions in the environment which either directly involves water 
services, or indirectly affect the quality or quantity of water in 
the system.^ The definition of the water system and the 
environment will vary according to the role of the particular decision-
maJcer. In formulating the scope of the present study, the limits were 
set by the needs of managers and institutions closely concerned with 
these two aspects. 

^ It will be evident that, depending on how a particular water 
system is defined, management decisions may have an impact on 
water resources outside the system. 

/The first 
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The first category of decision-makers, and principal clients 
for this report, are those responsible for planning and management 
decisions on design, construction and operation of works for the 
control and use of water, such as: diversions for urban, rural, 
industrial, mining or agricultural use, flood-control dams or dykes, 
ground-water extraction, drainage, navigation channels and dams and 
associated hydroelectric and irrigation works. The environmental 
consequences of management decisions related to such works are of 
major concern in the study. Here the environment may be interpreted 
in its broadest sense. Thus, manifestations of énvironmental 
degradation may range from reduced capacity of other components of 
the natural ecosystem (e.g. fish, soils) to yield goods and services 
demanded by man, to social issues such as income distribution or 
cultural questions like the extinction of endangered species. 

The decisions and decision-makers in the second category, i.e. 
those outside the water system who áffect the functioning of the 
system, are considerably more difficult to define. The point of 
departure taken for establishing the important management decisions 
of this group is evidence of environmental damage in the water system. 
This may be divided into two classes: (a) changes in the chemical, 
biological or physical properties of water due to discharges from 
the urban, industrial, mining and agricultural sectors; and (b) changes 
in flow regime and sediments due to management of agriculture, 
forestry and construction (e.g. roads, urban infrastructure) in the 
catchment area. In the case of water quality the issue of control 
over discharges into water bodies is the concern of agencies 
concerned with downstream uses of water. On the question of sediments 
control over use of the catchment area may be assigned to agricultural 
(and forestry) ministries and regional or river-basin authorities. 
Decision-makers in agencies concerned with both aspects are also 
considered clients for the study. 

It is relatively straightforward to trace the cause-and-effect 
relationships, providing one_is prepared to accept that the cause is 
the physical intervention in the water systém for development purposes, 

/or indirect 
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or indirect effects as outlined above. However, it may be argued 
that one cannot leave the causal relationships between use of water 
(or related resources) and manifestation of environmental change at 
this level. The implication here is that thé environmental manager 
must move back one step in the decision-making hierarchy and question 
why the decision to develop a specific water system was made in the 
first place. He would need to' examine the structural roots of 
environmental degradation iSuch as poverty, and patterns of income 
distribution, production and consumption which influence the choice 
of technology and spatial distribution of population and economic 
activity. However, policies for fundamental changes in the 
development style, required to rectify perceived environmental 
damage (and its attendant harmful economic and social consequences) 
in the water system, are considered beyond the scope of this enquiry. 
While national and regional planners are assumed to be among the 
audience for the report, their decisions clearly depend on 
considerations of a higher order than those analysed here. 

Practical measures for introducing new directions which 
incorporate environmental dimensions in the planning and management 
of water resources in the region must be based on empirical evaluation 
of experience. Accordingly, the key element of the study is a series 
of case studies dealing with the mginagement of intensified use of 
water systems. The cases were selected in the first instance on the 
ground that they have already been studied and reflect the thinking 
of regional research and water management institutions concerned 
with environmental dimensions." A second criterion for selection was 
a balanced representation of the two broad classes of environmental 
concern: water quality due to waste discharge from large urban-industrial 
complexes, and changes in natural ecosystems and socio-economic systems 
as a result of water diversion and regulation structures. 

/The cases 
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The cases were chosen as a purposive sample - a representative 
sample from which, statistical inferences might be drawn would 
obviously be impossible. Their principal characteristics are 
summarized in table 1, and locations are shown in map 1. The 
interrelationship between the cases analysing the disparate experience 
within a general river-basin framework is illustrated in figure 1. 
The common threads are the technical considerations in assessing the 
need to modify approaches for corrective or preventive action for -
environmental protection, and institutional capability to identify • 
and respond to environmental degradation. 

5« Some underlying concepts 

There can be no doubt of the accelerating pressure that will 
be placed on water resources in Latin America as a result of 
development, nor that this increase in intensity of use will bring 
environmental consequences. Between 1975 and 2000 the population 
of the region will almost double.^ Projections of growth in gross 
output are in the range of 5 to 7 per cent annually and in per 
capita output 2.5 to 3.5 per cent, which implies a four-fold increase 
in production over the 25 year period.^ 

Given the fluid state of knowledge and debate on the 
relationship between development and environment, and environmental 
impact assessment, it is important to outline a number of concepts 
which qualify the approach taken in the present enquiry. A further 
discussion of various approaches to environmental impact assessment 
(as applied to water resources) is given in annex C. 

y "Boletín Demográfico", año IX, NQ l8, CELADE, Santiago, 
July 1976, p. 11. 

V See "The Future of the World Economy", (ST/ESA/if^f), United 
Nations, New York, 1976. 

/Map 1 



Noí8 : The focf thai this map shows specific boundaries doos nof maon that thay ara sencíloned or occeptsd by 

the Unitsd Nations 





Table 1 
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The field of environmental quality management is clearly-
dynamic and there remains ample scope for the interpretation of terms» 
It would be difficult to sustain that there is :an "accepted" approach; 
there are still contradictions, controversies and unresolved issues» 
There is a tendency to interchange the use of "ecological", "natural 
resource", "ecosystem" or "environmental" in qualifying the term 
"management". It is not always clear that the purposes of 
environmental management are anthropocentric. There is uncertainty 
about the relative weight that should be assigned to the welfare of. 
the current generation vis-li-vis future generations, and about how • 
far thinking should be oriented towards a pl^anning frame of hundreds 
of years as opposed to the typical 25/^0-year horizons of traditional 
project analysis. Another issue is whether anything can be done to 
improve the quality of the environment through a marginal adaptation 
of existing institutions and decision processes, or whether a 
thoroughgoing revision of national and international institutions 
is á necessary precondition.^ 

Here the environmental quality considerations relevant to 
water management are taken to include socio-economic and institutional 
elements as well as physical and biological characteristics of water 
and related natural resources. It is teiken for granted that 
management is anthropocentric and that inherent in the concept of 
environmental quality is a concern for the long-run capacity of 
natural systems to provide goods and services for the present as , 
well as future generations. The analysis adopted here is directed ' 
towards improving the planning and management of water resources by 
existing institutions in the region; it is focussed on modifications 
and adjustments which could be made in the short-run rather than on 
major structural reorganization. 

2/ See "Declaración de Cocoyoc", Simposio sobre•Modelos de Utili-
zación de Recursos, Medio Ambiente y Estrategias de Desarrollo, 
organizado por PNUMA y UNCTAD, Cocoyoc, México, 8 a 12 de 
octubre de 197^ (miraeo), pp. 3-6; and Ignacy Sachs "Ambiente 
y Estilos dé Desarrollo", Comercio Exterior, Vol. XXIV, NQ 4, 
abril de 197^, pp. 360-375» 

/In the 
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In the final analysis, environmental management may be considered 
global in scope. For practical management purposes, it is necessary 
to abstract from reality if workable guidelines are to be provided 
for introducing environmental factors into the decision-making 
structure. Abstraction from complex systems inüst be somewhat 
arbitrary and reflect the values of those who do the abstracting. 
In any study of environmental issues the methodology, choice of 
"objectives, assumptions and definition of the bounds of the system 
addressed immediately expose the subjective judgements of the 
analyst. 

The approach adopted in this study reflects a widely-held view 
of the importánce of broadening the range of alternative courses of 
action considered in water planning and management through 
increasingly explicit provision in feasibility studies and management 
plans for avoiding or ameliorating undesirable environmental effects. 

Management questions connected with the environment only arise 
where there is existing or foreseeable competition for water services, 
and environmental degradation only becomes an issue when it appears 
that the technical and institutional means for taking corrective or 
preventive action may become available. 

In practice, the management of water systems Will be qualified 
by social, cultural arid economic circunstancéS in each particular 
situation. The differences are likely to lie in the importance given 
to environmental quality among the objectives towards which development 
might be directed. Positive effects are taken for granted, since 
they constitute the sole justification for development intervention. 
Concern is then with the range of possible harmful effects. The 
critical relationship in environmental management is' between the 
intensity of water use and the capacity of the environment to sustain 
such use. 

The question addressed in environmental management is what can 
and should be done to reduce environmental degradation. Environmental 
costs due to extraction or waste discharge are not anomalies in the 
economic system but rather are inherent in the production and 

/consumption processes. 
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consumption processes»^ The intensity of the effects on the 
environment will vary with the l^yel of development and productivity 
and population growth. The choice is not between degradation and no 
degradation; rather, the objective is to-find either the level of 
degradation or the level of resources devoted to envirohmental 
protection which- is accepta,ble and consistent with the allocation of 
society's scarce resources to alternative activities (alterna:tive 
to environmental protection) which also yield social utility» 

The environmental manager's attention is directed to stress 
imposed on the natural system through populatibn concentration and 
economic activity generated in the development prócéss and which may: 
(a) extract excess biological productivity from the ecosystem; 
(b) over-load the system with waste or artificial stimulants to 
biological productivity; and (c) disrupt biologi<:al processes through 
the intrusion of wholly foreign substances.?/ 

Within this context the water manager is concerned with 
intensified water use as both a cause and a consequence of development. 
Environmental dimensions enter via the two interconnected aspects 
discussed above (impact of changes in"water systems on the environment 
and impact of disturbances in the environment on water systems). It 
follows that intervention in water systems have consequences for 
human welfare in social and cultural, as well as economic, terms 
which cannot be ignored by the resource manager. Interdisciplinary-
teams may assist him in the evaluation and design of alternatives, 
but the choice between economically and ecologically efficient 

^ See: Allen V. Kneese and Ralph C. d'Arge "Pigovian External 
Costs and the Response of Society", in The Analysis and Evaluation 
of Public Expenditures: The PPB System. A compendium of papers 
submitted to the Subcommittee on Economy in Government of the 
Joint Economic Committee, 91 Cong. I Session, 1969» pp. 87-115» 

7/ Barry Commoner, "The Environmental Costs of Economic Growth", 
in Energy, Economic Growth and the Environment, S.H. Schurr (Éd.), 
John Hopkins Press, Baltimore, 1972, p. 
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management options which result in different distributions of 
benefits and costs between groups in society and between generations, 
is governed by moral and ethical considerations. 

6. Structure of the report 

This introduction has explained the background of the enquiry 
which underlies the report - its origins, objectives, scope and' 
methods. In chapter I recent and projected use of water is compared 
with availabilities in order to yield a qualitative overview of 
where and what environmental issues, stemming from intensified water 
use, may be expected to arise in the región. The current institutional 
ai3.d legal framework within which Water is administered in the tégion 
is also,reviewed. The chapter is entirely descriptive and makes no 
attempt at. a; diagnosis of the causes and consequences of environmental 
problems whi^h may be attributed to some aspect of water resource 
administration and use; its principal purpose is to identify areas 
of potential stress on water systems in order to place the case 
studies in a broader regional perspective. 

The bulk of,the analysis is contained in chapters II andlll. 
Chapter II is devoted to examination of the spéctrum of critical 
environmental issues in management water systems which arise from 
intensification of use through flow diversion and regulation. In 
chapter H I a similar analysis is made of the issues in systems 
dominated by large urban complexes. Evidence for this 'analysis is 
draym from the material on 19 cities in Latin America with a population 
of over one million, and from the case studies of Rio de Janeiro, 
Bogotá, Sao Paulo and Santiago. 

The general conclusions and recommendations which emerge from- -
the juxtaposition of the specific analysis in chapters II and III ^ 
and the overview of the Latin American situation are drawn together 
in chapter IV, Although no attempt is made to identify environmental 
quality issues as problems, and much less to propose solutions, these 
issués are discussed in the context of their proper relation to the 

/information, analysis, 
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information, analysis, professional capabilities, and institutional 
modifications which would enable environmental dimensions to be 
more effectively incorporated into x^ater management decisions. 

/Chapter I 
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Chapter I 

PATTERNS AND TRENDS - THE RELATIONS BETWEEN WATER, 
DEVELOPMENT AND ENVIRONMENT IN LATIN AMERICA 

In Latin America as a whole, the demands placed by human 
activities on the water resource have been expanding at a very rapid 
rate in recent years. Important factors in this growth have been the 
increase in population, at 2.8 per cent per year, and the expansion of 
production, results at almost 7 per cent per year. This expansion in 
demand has been accompanied by an equal, if not more significant, 
change in the structure of the demand for water and in the water-using 
technology. Unfortunately, the nature of the change cannot be measured 
directly but some appreciation can be gained by the consideration of 
two continuing specific economic and social developments. The first is 
changes in the structure of the economies of countries in Latin America, 
and the second, shifts in the spatial distribution of population and 
productive activity. 

The most important change in economic structure from the viewpoint 
of water use has been the increasing role played by manufacturing 
industry in most economies of the region. Since I960, in Latin America 
as a whole, while total production more than doubled the contribution 
of the manufacturing sector has risen from 21.7 per cent of the gross 
national product to 25.9 per cent in 1973. At the same time as the 
importance of manufacturing has increased, the structure of the sector 
has changed. The value added by the manufacture of intermediate and 
capital goods had become equal to that of food and other non-durable 
consumer goods in industries by 1971.^ 

The expansion and structural change in the industrial sector has 
paralleled a significant shift in the distribution of population from 
the countryside to the city. Depending on the definition taken, it 

S/ United Nations, CEPAL, La industrialización latinoamericana en 
los años setenta, Cuadernos de la CEPAL, Santiago, 1975. 

/can be 
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can be claimed that Latin America is nov/ at least as urbanized a 
continent as a rural one; by 1970, over kO per cent of the population 
lived in urban centres with more than 20,000 inhabitants.9/ The 
nature of the change in population distribution has not been the same 
in every country and in many, even without change in the distribution 
of population, the growth of population alone has led to change in the 
relationship between man and his environment» In many parts of the 
region population pressure has increased in rural areas, as densities 

• • . - . I 
rose by more than 50 per cent between 1950 and I970o This is 
particularly true in the poorer, less developed countries of Latin 
America and, within those countries, the regions of least development» 

The effect of these multiple changes in the magnitude, spatial 
distribution and structure of both economic activity and population has 
been felt on the water resources through a change in the magnitude of 
man's interference with the hydrologic regime and the aquatic ecosystem. 
The most important changes have been in the impact of. human activities 
on water quality through the expanding use of waterborne waste disposal 
systems for both domestic and industrial wastes, the regulation of 
stream flow, and the exteinsion of urban and agricultural arenas. 

Two-thirds of the storage capacity in reservoirs has,been built 
sinc^ i960. 

I The creation of artificial lakes and the consequent chapges in 
stream flow patterns have environmental consequences which at times may 
be more far-reaching than the transitory impact of pollutants. Stream 
regime is not, however, only affected by regulation; irrigation and 
drainage have their impact, as do changes in land use. The expansion 
of human activity tends to bring inore land area into urban uses, expand 
arable and- pasture lands at the expense of natural grassland's and forests 
and, on the whole, increase the rapidity of run-off. Moré rapid run-off 
tends to increase extremes in stream flow, raise sediment lands and, in 
general, offset the benefits sought by means of greater regulation. 

9/ The proportions were 25.2 per cent in 1950, 32.7^-per cent-in I960 
and ^1.2 per cent in 1970. CELADE, Boletín Demográfico.r . 
especial NQ 1, April 1976. . f, 

/The extent 


