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FOREWORD

8. Evieev
Assistant Executive Director
Office of the Environment Programme
United Nations Environment Programme

Natural lakes and artificial reservoirs are fundamentally important in that they provide
drinking water for millions, fishing grounds for numerous communities, water for
agriculture and industrial development, and unigue recreational opportunities.

The rapid rate of socio-economic development in lake/reservoir basins has come to be
recognized increasingly as a major threat to the quality of the lake environment.
Agricultural growth, the demands for more Irrigation and drainage systems, the use of
fertilizers and pesticides, the clearing of forests, the building of factories and release of
untreated domestic and industrial wastes into the lake - all may cause environmental
damage to lakes and lake basins. Since, once they reach an advanced stage, problems
like eutrophication are virtually irreversible such problems need to be tackled at the
earliest stage possible.

The environmentally sound management of lakes should be considered as a key part
of sustainable development in almost every country. This requires that all uses and
functions of water resources should be considered simultaneously and all interactions
betwsen environmental conditions, ecosystems and human activities need to be
reviewed and tackled on a basin- wide appreach.

The second guideline book on “Lake Management" entitled "Socio-Economic Aspects
of Lake/Reservoir Management" should appeal to a wide range of readers from
administrators to NGOs, practitioners to academics. If is hoped that all concerned
readers will find this guideline book, which was prepared under a joint UNEP/ILEC
program, useful in their daily activities.
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SECTION 1

UTILIZATION OF WATER RESOURCES AND
PROBLEMS OF LAKE MANAGEMENT

Tatsuo Kira and Hidsko Sazanami

INTRODUCTION

The lake, with its clear-cut boundary, is one of the best-defined natural ecosystems
on earth. It is comparable with an island in that the naturai system within its shoreline
is fairly independent of related outside systems. That is why lakes and islands, if they
are sufficiently old geologically, tend to have highly specialized biota containing a
number of indigenous species.

In terms of the bio-geochemical flow of organic and inorganic matter, however,
lakes are by no means indepsndent of surrounding land systems. Water flows into
lakes from their catchment areas and is drained by outflowing streams. Lake
scosystems cannot survive without the inflow of water and its associated supply of
matter and energy. Therefore, the physiochemical and ecological attributes of the lake
system depend largely upon the natural environment, human population and activity
in the catchment area. A lake can only be environmentally stable as long as its
catchment area maintains ecologically sound conditions.

Among inland water bodies, lakes are relatively stable in contrast to rivers. This has
favoured local residents using the lakes to fulfill their needs for a number of resources
and services. Lakes and reservoirs are an important source of drinking water. They
are a source of water for washing, for agriculture and energy production. They provide
a mode of transportation, an opportunity for recreation and sadly a site for waste
disposal.

In the case of subsistence economies, the communities along the lake shores often
adapt themselves to the lake environment so clossly that very specialized lifestyles
develop. Thus the Inders dwslling on Lake Inle in the Shan States of Burma live by
fishing and vegetable farming on peculiar farms mads of long strips of root mats cut
from floating meadows of reed and other water plants. Their stilted houses stand in the
coastal shallow waters, with pagodas rising above the lake surface at the village



center. The well-known floating life of the Uros on Lake Titicaca is another similar
example from the Americas. Similar close bonds with lakes are common in many lake
shore communities throughout the world. The stable existence of the lake provides a
basis for the material and spiritual lives of the people in these communities who would
not trade their lakeside life for any other lifestyle in spite of the invading modernization
in recent years.

THE VULNERABILITY OF LAKE ENVIRONMENTS

The stability of lakes as water bodies is ironically responsible for the instability or
vulnerability not only of lakeside communities but also of lake environments in
general. Since inflowing water stagnates temporarily in the lake, all substances
carried into the lake with the water, be it silt, nutrients or toxic substances, tend to be
trapped in lake sediments or in the bodies of lake organisms, resulting in changes in
water depth, water quality and cther environmental conditions. The continuous inflow
of nutrients and organic matter is known to cause gradual eutrophication of lakes. In
artificial lakes the natural supply of organic matter alone may induce eutrophication,
even where human activity in their catchments is negligible. Thus lakes are extremely
sansitive to changes in tarrestrial environments in their watersheds.

In the past, water rescurce planning has tended to treat fresh water as an unlimited
resource that can be provided cheaply and in any quantity desired. Only recently has
it been reatized how fundamentally flawed this attitude is. Although adequate
quantities of water are available to meet projected needs throughout the glcbe in the
near future, poor management, lack of conservation, pollution and rapid increases in
localized demand are endangering supply in many areas.

The availabllity of uncontaminated water is perhaps the single most important factor
limiting the attainment of improved quality of life for almost two thirds of the world's
population. As the rate of development in developing countries continues to
accelerate, many lake basins have become susceptible to increased pressuras which
tend to give rise to a number of water resource management problems. These issues
can ne longer only be dealt with by specific water-related programmes and projects.
There is now a clear need to address the issuas on a basin-wide scale in a broader
socio-economic context. Three problems deserve spacial attention. The first is the
problem of environmental, economic and social effects of water resource development
projects. In the past planning for water resource developments has tended to
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concentrate on major construction projects such as dams and reservoirs, with little
consideration given to the environmental, economic and social effects on the basin
communities. Although benefits accruing from water resource projects are many and
at times substantial, a whole series of negative secondary effects may ocecur, including
involuntary resettlement and the consequent problems of adaptation to
environmentally differant sites on the part of the displaced population, the aggravation
and spread of waterborne diseases, and changes in the aquatic environment resulting
in the disruption of fisheries.

The second is the problem of access to, and allocation of, water resources among
competing users. Water resources are unevenly distributed in space and time and by
social group, leading to both over-abundance and shortages. Water resource
planning almost always invclves some form of allocation process of which the main
criterion has so far been economical efficiency. There is a clear tendency to divert
water resources to those areas and sectors where the maximum return can be
obtained with the minimum investment.

The third is the issue of environmantal and social problems arising from water and
land use interactions. Although a lake basin forms a convenient unit for water
resource development and management, the increasing use of land and water
resourcas in the basins can lead to potential conflicts between upstream and
downstream areas, and between different sectors such as agriculture and fisheries. In
most cases these conflicts occur because development in the lake basin proceeds
haphazardly with little or no regard for the impact on the lake environment.

THE NEED FOR EFFECTIVE LAKE MANAGEMENT

The lake environment is extremely sensitive to environmental changes in its
watershed and when phenomena like sutrophication and pollution occur, though they
may proceed slowly, the damage caused is correspondingly difficult, if not impossible
to reverse. Changes in land use patterns, alterations to the natural vegetation,
increases in population, industrial development and other human impacts on the
lake/reservoir catchment conditions may lead to a deterioration of lake/reservoir
environments. In addition, water development projects such as dams, canals, and
river/stream channelization programs may lead to a serious degradation of water
quality, displacement of population, destruction of farmland, the ruination of wetlands
and fisheries downstream, and may also contribute to species extinction through

3



habitat destruction. Different human activities have varying degrees of impact on the
lake and its environment. Changes in activity have their own cause-effect function.
Many such functions have already been identified, but many more remain unknown.
Little is yet understood regarding the interactions between the different functions and
how to assess their relative impact. Hence, there has been a growing awareness of
the need for a comprehensive strategy of sustainable development of lake resources
and catchment areas.

It is now commonly accepted that the concept of sustainable development of lake
resources and catchment areas requires a delicate balancing between human activity
and the environment, This can be attained only by integrated management of the
whole catchment area and the lake scosystem, based on sound evaluation of many
relevant cause-effect functions and their interactions. Increased emphasis should be
placed on preventive planning based on environmental impact assessment. These
policy approaches have been fairly successful when applied effectively. Other policy
issues, however, remain as yet unresolved. These include the problem of forged
resettlement and the qusstion of whether a large scale water resource project is more
beneficial to society as a whole than say a series of well-linked smallscale schemes.
These are hard political decisions and policy-makers would benefit greatly if more
information were to be availabls to help improve the decision-making process. This,
in part, explains the need for the production of a series of guidelines on the
environmentally-sound management of lake resources.

Environmentally-sound management sncompasses the management of human
influences on the lake environment and the corresponding feedback effects that can
occur in terms of health, economic effects and the general quality of life of local
inhabitants. A great deal of research has been carried out on the limneclogy of lakes,
the ecological management of terrestrial environment and soclo-economic aspects of
reglonal development, but the existing knowledge has not yet been synthesized into
environmentally sound principles for the use of resources in lake/catchment areas.
There is a clear need for the development of a management system for integrated
land/water ecosystems of the lake/reservoir environment in the context of social,
cultural and economic aspects and for easily understandable guidelines for
management strategies.



THE SECOND GUIDELINE ON LAKE MANAGEMENT

The papers presented in this guideline bring together the most important socio-
economic aspects of lake envircnment management. Topics covered range from the
development of an analytical framework for water resource management through to
description of the environmental and social problems related to particular
developments. There are four sections in addition to this introductory section.

The second section of this guideline deals with the problems of lake management
from the perspective of local residents and interest groups with case studies from
Japan and the United States. The third provides an analytical framework for water
resource management with papers on planning, implementation and management of
water resource projects, lake water monitoring, integrated land-water systems, and
also economic and other anaiytical appraisals of the impact of such activities. The
fourth discusses the environmental and social impacts of water resource development
projects with particular reference to reservoir and dam construction in developing
countries, resettlement and compensation issues, and water resource developments
in brackish lakes. The final section summarizes the main peints discussed in the
guideline and outlines a number of recommendations. Throughout this guideline two-
page summaries are provided to give the reader details on the situation at various
lakes and reservoirs in the world. The profiles also provide case studies for the
arguments presented in the main papers.

No excuses are made for the wide range of information and any possible
inconsistencies that may occur. These inconsistencies are thought to be a strength
rather than a weakness in that they reflact the complex reality where relatively simple
concepts are open to a wide range of interpretations influenced by cultural and
societal circumstances.
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SECTION 2.1

UNDERSTANDING THE STATE

OF THE LAKE ENVIRONMENT
FROM A SOCIO-CULTURAL PERSPECTIVE
- AN EXAMPLE FROM LAKE BIWA, JAPAN

by Yukiko Kada

2.1.1 Legends and Lakes

Once upon a time, thers was a young fisherman who lived on the shores of Lake
Biwa. One day, on the way back from fishing at the lake, he found some small children
teasing a snake. He angrily scolded the children and told them they should never treat
living creatures so cruslly. He then took the snake and let it go.

After a few days, he heard knocking at his door. He opensed the docr to find a
beautiful young women. She said, "Good sir, | have lost my way. Please can you give
me shelter for the night?" At first, the fisherman, who lived alone, hesitated but her
beauty overcame him and against his better judgment he allowed her to stay. One
night turned to two, two to three and still she did not leave. She cooked and took care
of him. They fell in love and got married. After a while a baby boy was born and his
wife asked him never to look in on her while she was feeding the baby in the nursery
room. The fisherman, however, could not resist the temptation. One day he peeped
into the room and to his great surprise he found a huge snake cradling the baby.

It turned out that his wife was the lake spirit and that her usua! form was that of a
snake. Changing into a lady, the lake spirit had coms to the young fisherman to thank
him for saving her from the children. Now that her real form was known she had to
return to the lake. With great sadness she departed leaving one of her eyeballs as
food for the newborn baby. Unfortunately, some time later the fisherman accidsntally
lost the important eye ball. He went to the lake and asked the lake spirit for another.
She gladly gave it too him. But without eyes she could not see the sun and plunged
into darkness she would not be able to keep track of the time. So in return for the eye
she asked that the father and the son ring the bell of the Mii Temple every morning
and every evening. Even today the bell of Mii Temple rings twice a day.

This legend originates from the middle ages and is well known throughout Japan.
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What sort of message does this story have for contemporary times? At least we can
say that people around the lake once had a mctherly image of the Lake Spirit and
that they communicated with the spirit through the toll of the bell.

Man’s image of the iake, however, is not always one of the caring mother. In other
stories Lake Biwa is portrayed as a harsh and uncontrollable entity. Such stories are
not limited to Japan. Similar fairy tales or legends are told in many Asian and
European countries. Although from a scientific viewpoint such stories are without
factual base they do help clarify our understanding of how people have traditionally
viewed lakes and other natural phenomena. They also reflect certain cuitural and
natural characteristics.

2.1.2 How and Why?

This paper aims to identify the factors which reconcile the cultural and historical
characteristics of the relationship between man and igke environment, and people's
attitudes and perception of that environment. The paper also identifies the need to
validate lake environmental management policy in the context of local socio-cultural
settings.

It is important here to distinguish between two key issues related to lake
environment management, namely "How?" and "Why?". The former focuses mainly on
techniques and methods for the "sound management" of the lakes based on the
scientific research and methodolegies. These processes are relatively easy to
communicate among people who are educated in the formulation of modern
technologlcal and scientific concepts. The latter, on the other hand, tries to find out
why particular aspects or certain problems are selected from a huge number of
possible standpoints and why a particular problem is considered to be a problem in a
given social and cultural context. In other words, "Why?" is strongly concerned with the
ways of thinking, experiences, value systems and behavicral patterns of ordinary
people in relation to the notions of a desirable environment and lifestyle. It is
recommended that the framework for a sound environment should be determined by
the local people because they are most affected by changes in the lake environment.
Policy-makers, scientists and planners should support this process.



2.1.3 Surveys of the Lake

People who live around a lake generally feel some kind of affinity (commitment)
with the lake environment. Identifying the pattern and structure of this relationship
from local production patterns and living conditions should be a basic requirement
when pursuing lake environmental management plans. Howsver, many such plans
seem to jump too quickly to the “How?" stage and set out to define rational,
scientifically based objectives. The “Why?" stage receives little attention and sven
worse the understanding of the problem and proposed sclutions are often imported
from another country without an assessment of their appropriateness. This occurs in
both developing and developed countries. Some Chinese scientists referred to this
problems as follows;

*....Countries and areas of differing development levels have different social and
economic conditions, therefore there are different balances among different water-use
purposes. China is a developing country and is facing increasingly obvious
contradictions between demand and lack of water resources during economic
development, and limited funds for treatment measures........ "(Xiangcan J., et al. 1990,

pp103).

Every lake possesses its own ecological conditions, and people have utilized or
developed the lake environment in relation to its ecological and historical conditions. It
is essential, therefore, to collect basic information about the lake's socio-cultural
conditions and local perceptions as well as natural conditions. There are two main
ways to collect socio-cultural information. One is to utilize historical documents,
administrative materials and statistics from published sources. The other is to gather
first-hand material on living conditions, attitudes and/or desires and possibly
conscious and unconscious knowledge about nature. The author of this paper and a
group of anthropologists, sociologists, geographers, historians and folklore specialists
conducted such field research at Lake Biwa and discoverad several important aspects
of the Lake's history (Torigoe and Kada, 1984, Torigoe 1989). This research was the
first of its kind in the Lake Biwa area. It is relatively simple to undertake and does not
require costly machines nor big organizations. The only necessary conditions are an
awarenass of the importance of this type of work and the questions it addresses, and a
deep curiosity about phenomena and behavior otherwise taken for granted. As
Kenneth Ruddle (based on years of experience of resource management research
and practice) states;



"Only a small part of what is known about the nature, utilization and sound
management of renewable natural resources in non-Western societies has besn
documented. Yet the users of such resources are an important and sometimes the
only source of information. Although many traditional empirical models of renewable
natural resource use are capable of further refinement and improvement, they can still
serve effectively as a basis for new, low-cost investment schemes in both tropical and
temperate lands and waters."(personal communication).

These traditional empirical models, however, perhaps have another more important
role. That is they provide increased opporiunities for local people to enhance their
awareness of the implications of everyday practices on living environment systems.
This awareness and the new information source it produces is an important input to
the lake management process. As the American physicist, Fritof Capra, says;

"we need to combine our rational knowledge with an intuition for the non-linear
nature of our environment. Such intuitive wisdom is characteristic of traditional, non-
literate cultures, in which life was organized around a highly refined awareness of the
environment. In the mainstream of our culture, on the other hand, the cultivation of
intuitive wisdom has been neglected. (Capra F., 1982, pp25)

Modern societies place too much faith in scientific knowledge and rational and/or
efficlent decision-making. But that very knowledge in most cases is only a partial and
limited understanding of the deep and stochastic nature of the social and
envirocnmental system.

2.1.4 Historical Changes in Lake Environment Activities
Each lake has a varied relationship with people and society. It provides, for
example, fishing opportunities, a source of drinking water and a route for

transportation. Taking the example of Lake Biwa, let us next overview the historical
changes in the relationship between lake and peopls.

2.1.4.1 Utilization of Aquatic Resources
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(A) Fishes and Shells

in ancient times, the first and foremost role of lakes was probably resource supply
for the subsistence of the local population. Around 10,000 years ago, when people
first settled near Lake Biwa, the staple diet included lake fish and shells, nuts, water
birds and game. |t is highly likely that the people who utilized the local fauna and flora
gradually acquired detailed knowledge about the availability and possible utilization
of those resources. For example, quite recently, evidence from a shell mound found at
the bottom of Lake Biwa showed that people at that time ate a variety of food
according to the seasonal changes, Shijimi shell in spring, fish in summer, nuts in
autumn, and ducks and some game in winter. This tells us that the lives of people in
those days were much more closely tied to the seasonality of nature than they are
now. In addition, only large Shijimi shells were discovered (no infants). There may be
a number of possible explanations for this but it does seem to suggest that the people
may have been concerned about resource preservation and thus did not gather the
infant shells. Such a system of aquatic resource utilization continued into the
agricultural stage. In the case of Lake Biwa, after rice cultivation was introduced,
resources obtainable from the lake and surrounding environments continued to be
utilized right up to modemn times.

Table 2.1.1 outlines the key changes in the environmental activities at Lake Biwa
from the ancient to modern times. In recent years, the relative importance of lake
fishing activities in relation to the total economic activity has been declining. The
number of fishermen declined from about 10,000 in 1900 to about 3,000 in the 1980's.
Figure 2.1.1 shows the recent changes in total amount of fishery catch. The amount of
fish caught has slightly increased whereas the amount of shells gathered has
declined since the 1960's. In addition to the quantitative changes, fishing at Lake
Biwa has experienced qualitative changes. For example, recently the emphasis has
been on catching certain types of fish in order to stock rivers all over Japan for sports
fishing rather than food ( this is especially the case for the Ayu fish, whose spawning
grounds in many rivers have been environmentally degraded ).

(B) Evaluation of Eutrophication and the Use of Water Plant and
Sediments

After the introduction of agriculture farmers began to use water plants and muds
from the lake bottom as fertilizers. In addition some reeds and water plants were
utilized as roofing or screens for houses or certain types of fixed gear for fishing.
However, these have now almost been completely replaced by synthetic materials.
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It is not known when the practice of using plants and lake muds as fertilizers first
started but at least in Edo period we can find written documents referring to the
utilization of these lake aquatic nutrients. This continued until the 1960's when
artificial fertilizers began to be used in the area. In addition to the lake water or lake
muds, domestic effluents from the kitchen or human nightsoils and cattle manures
were also used as fentilizers. This practice is thought to have helped prevent the
eutrophication of Lake Biwa itself. This is not to say that eutrophication is necessarily
bad. In fact in the context of water resource utilization in a subsistence economy, a
degree of eutrophication may be desirable. Jin Xiangcan states:

"Euthropic is not always harmful and dystrophic is not always beneficial, especially
in developing countries where protein demands are increasing and{such as when
producing the aquatic products) water bodies prefer relative euthropic to dystrophic.
{Xiangcan J., 1980, pp104)

(C) Social Institutions for Water Space Utilization

Aquatic resources are limited. Consequently, people living in the vicinity of seas,
lakes and rivers tend to invent certain customs or institutions to control aquatic
resource use. In this context the term  "Water Tenure” can be used. This concept has
been recognized by a number of scholars (Ruddle and Johannes, 1985). Before its
introducticn to water resource thinking most scholars thought that water space was
free in both access and utilization terms. A great deal of research has been carried out
on the subject of sea tenure, However, work on lake and river tenure remains in the
initial stages with very little information available. The concept of lake tenure is
however vitally important to the investigation of the relationship between lakes and
people.

Lake Biwa is one of the few cases where documentation is available and some of
the customs are stili on-going concems for the local pecple (Kada, J., 1984). The
earliest documents concerning fishing in Lake Biwa date from the 9th century A.D.
when the Emperor authorized a wier be constructed at the peint where the Seta River
flows out of the lake. Fishermen were given permission by the Emperor, local
aristocrats, shrines and temples to exploit the fishing grounds.

At the start of the feudal period fishing rights were given to each local community in
exchange for taxes. Although there were some variations according to the type of
fishing, these taxes were usually levied on fishing villages by the administrative units
{Shogunate or local fief). Inside the village, each fisherman or fishing group were
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allotted the rights by the village council. The nature of fishing rights in Lake Biwa in the
Edo Period was similar to a “right in rem" which allowed exclusive rights as well as
several methods for their transfer; sale, rental, pledging and/or inheritance. Similar
principles were applied in the relation to the use of water weeds, bottom muds and
reeds exploitation. This means that lake resources were managed by each village
community in the same way that the village land was managed. After the
modernization of Japan, when the national Fishing Law or Fishing Association Law
was established, the basic idea of local management of fishing resources was
inherited.

2.1.4.2 The lake as a Water Resource

Since ancient times human energy has been used to take water from Lake Biwa for
the irrigation of paddy fields. Initially the irrigated area was limited to the paddy
directly facing Lake Biwa and the canals. Inthe 1910's automated irrigation pumps
were first utilized around the lake and in the 1960's lake water was being pumped to
around 30% of the paddy fields in Shiga Prefecture (Fig. 2.1.2). As far as industrial
water is concerned, the textile industry began to locate at the shore of the lake in the
1920's and benefited greatly for the abundant supply of water of appropriate quality
for artificial textile production. In the 1960's, when Japan entered a period of rapid
aconomic development, the role of Lake Biwa as a water resource was identified by
local administrators and the general public. Domestic water use was switched from
well or river water to tap water systems (Fig. 2.1.3), and per capita water use
increased ten times from the early 1960°s to the 1980s. Fig.2.1.4 shows the
increases in the arsa where the population relies on water from Lake Biwa for
drinking usage from the 1960's to the 1980's. The water supply systems have been
geographically widened and now even people living far away from the lake rely on it
for water. The population relying on Lake Biwa water accounts for more than 13
million people in the Western part of Japan. Their attitude towards the lake, however,
Is one of indifference and lack of concern. This is one of main problems facing the
management of Lake Biwa and some programs are needed to enhance public
awareness of the importance of this water resource.

2.1.4.3 Lake as a Pollutant Reservoir
There are three main types of poliution threatening Lake Biwa's water quality. First
is pollution by toxic substances. Second is pollution by eutrophication, and third is
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poliution by waste or garbage. Pollution by toxic substances has tended to be very
localized although recently the use of chemicals in agriculture and at golf courses has
become more widespread. The use of toxic substances can be considered a
“civilization" specific problem. Pollution caused through eutrophication and waste, on
the other hand, can be described as “culture" specific problems. Eutrophication
means that the nutrients originally necessary for the growth of organisms are present
at levels over certain acceptable standards. The standards are determined by
human values which are in turn determined by the culture. Waste is created when a
thing is considered as unnecessary during a process of production or in life in
general. An empty can can be a resource when it is used as a water cap in an African
village or when it is recycled. But it is waste when discarded by visitors to the
lakeshore.

According to a survey in the surroundings of Lake Biwa, those who said "the lake
has become dirty lately" meant mainly that waste in the lake has been increasing. We
can find waste everywhere along the lakeshore. The things that are considered
waste include not only the recent industrial products such as empty cans and
polystyrene foam but also water plants which were once used as fertilizers and ditch
reed which was used for roofing. This tells us that the value we place on things is not
static but constantly changing,

Unfortunately as the amount of water use increase so does the amount of effluent
entering the lake. Accepting this effluent is also a role of Lake Biwa. One simulation
showed that seventy percent of the nutrients flowing intc Lake Biwa are deposited at
the lake bottom, and only thity percent flow downstream. Most of the sewage
treatment plants constructed to prevent eutrophication are near the lakeshore. A ¢ycle
has developed whereby the water supply department of the local government draws
more and more from the lake and the sewage treatment department has to construct
more sewage treatment plants. Both are following rational judgments based on the
social mechanisms involved. The consequance of which is the creation of more
effluent and the further eutrophication of Lake Biwa.

2.1.4.4 Role as a Traffic Network ,

The significance of the lake as a traffic route has been recognized from ancient
times: canoes were found in remains from the prehistoric age which suggests that the
lake was utilized as a traffic route. Historically, Lake Biwa was an important route for
the transportation of people and goods. The interchange of goods between the
northern and southern areas Japan was supported by a route from the Japan Sea
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via Lake Biwa to Kyoto and Osaka. In the Edo era it was estimated that there were as
many as 3000 ships transporting goods on the Lake. Agricultural products and sea
foods from northern Japan were transported te Kyote and Osaka, while finished goods
such as fabrics, mosquitc nets, and ceramics went in the opposite direction. The role
of Lake Biwa as a transportation route disappeared completely after motorization in
1860s. The only traffic on the lake now consists of sightseeing and leisure boats.

2.1.4.5 Generating Electricity

Hydropower in Japan began in Kyoto in the 1880°s. Kyoto used water from a
canal connected to Lake Biwa to produce electricity for the operation of the street car
system and to support industrial development. At the start of the 20th Century
additional hydropower generation plants were constructed in Uji and elsewhers.
These plants are still in operation. However, Lake Biwa's role as an energy supply
source daclined in significance from the1960°s onwards with the advent of major dam
construction programs in the mountainous areas of Japan. Few local residents are
aware that Lake Biwa is being utilized for hydropower generation.

2.1.4.6 Scenic Beauty

Lake Biwa once represented a place of beauty and mystery for the people of Kyoto
and has been the theme of many Japanese poems. One such poem is “Ausaka o
uchiidete mireba ouminomi, siramomen banani namitachiwataru” (After passing over
Ausaka Hill, | can see the beauty of the lake shore white as cotten flower). It was only
after the eight beauty spots in Omi Province (the old time provincial name for the Lake
Biwa area) were designated that the scenic beauty of Lake Biwa became known to the
majority of Japanese. Color prints of the eight beauty spots in Omi Province were
mass-produced in the middle of the Edo era. More recently, people have tended to
prefer the beauty of the mountains and the sparsely inhabited areas to the original
Omi beauty spots. Lake Biwa nevertheless has retained its scenic value and the first
sight-seeing boats appeared at the beginning of the 20th Century. After some ups
and downs in the history of tourism at the lake, at present, about cne million people
utilize the sightseeing boats annually.

For the local population familiarity with the scenery seems to breed complacancy. It
tends to be travelers and newcomers that recognize the scenic value of Lake Biwa.
The increase in water front development in the 1980°s, howsever, did serve to bring
the issue of preserving Lake Biwa's scenic beauty to public attention.
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2.1.4.7 Lelsure Actlvities

Leisure in this section refers to swimming, vachting, boating, sports fishing
activities and the like. The first bathing spot at Lake Biwa was established in
the1920s. Lake Biwa was important for the peopla living in the Kinki District as the
place for bathing and swimming. Yachting and boating also began in 1820’s. As
water leisure activities diversified in the1980°s, the lakeside at holiday periods
became more crowded with people enjoying yachting or surfing. Also in ling with the
current trend of resort construction in Japan, there is strong pressure for the
construction of marinas and hotels resorts in the lakeside area. This resort
construction boom, however, may result in some destruction of the living
environment: traffic jams, scattered waste and damage to fishery have become
serious problems in some areas.

2.1.4.8 Fear of Flood

Water from almost all of Shiga Prefecturs flows into Lake Biwa. There are as many
as 100 rivers flowing in whereas there is only one river flowing out, the Seta River.
Heavy rain in the rainy season or from typhoons can suddenly raise the water lovel of
the lake, causing flooding over fislds and houses at the lakeside. This is called
"Mizukomi" and is greatly feared by the local inhabitants. According to records of a
village in the Edo era, "Mizukomi” occurred on average once a year. The highest water
level ever recorded was +3.76 meters in 1896, when the present Otsu City and other
towns in the lakeside such as Hikone and Nagahama were flooded and about 20
thousand hectares of ricefield were damaged. To prevent damage from flood, the
villages in the Edo era prepared flood defenses, stored materials to fight the flooding
and monitored the state of the banks on rainy nights. When they thought that the bank
was in danger, they rang an alarm bell to cali all adult men aged 16 to 60 years from
the village to try to protect the bank. For the distribution of boiled rice and for the
support of people whose fields or houses were damaged, Shasoumi (corresponding
to the present mutual aid insurance) was offered. The procedures, expenditure and
construction work necessary for repair of the bank were supported at times by the
superior administrative organs but were mainly the responsibility of the villagers. The
villages which often suffered flood damage cooperated together to protect against
flooding, for example, by dredging the Seta River.

From the Msiji era onwards, prevention of flood damage has been one of the main
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concerns not only of the inhabitants in the lakeside but also of those living in Osaka
and other downstream areas. They dredged the Seta River, strengthened riverbanks
and constructed dams to control the water level (Nango Araizeki). Fig. 2.1.5 shows
the change of the water level of Lake Biwa in the past 100 years, suggesting that the
danger of flooding was reduced dramatically after the Nango Araizeki was
constructed.

2.1.4.9 Religious and Symbolic Meanings

As mentioned at the beginning of this paper, the legend of the Spirit of L.ake Biwa is
known throughout Japan. The Mii Temple in the story is the main temple of the Jimon
sect of the Tendal, an important sect of Buddhism, and the legend suggests that the
lake spirit and man communicated with each other via the bell of the temple. The
head temple of the Sanmon sect of the Tendai, another important sect of Buddhism,
which has often feuded with the Mii Temple, is located on Mt. Hiei in the south of
Lake Biwa. One of theteachings of the Sanmon sect is that the lakewater goes up Mt.
Hiei and then comas down back again to the lake. This idea may reflect the notion of
the transmigration of souls. Lake Biwa is a kind of holy place in Tendai teachings.
Lake Biwa, iike religion, holds a symbolic meaning for the people of Shiga Prefecture.
It Is a symbol of their unity (all rivers in Shiga lead to Lake Biwa) and as that symbol
has become increasingly threatened by envircnmental problems the unity of the local
population has increased. The symbolic meaning of the Lake has recently gained
greater significance in the media, schcol education and administrative campaigns.

2.1.5 Appropriate Management

An old man living in a village near the lake, my mentor, often warns me that the
relationship between the local inhabitants and the lake have not always been
harmonious nor beneficial. This suggests that management of water resources which
only aims to promote convenience for human beings may face significant problems in
the future. Water not only fulfills basic needs but alsc poses considerable dangers.

in the context of Lake Biwa, the water supply and sewerage system has in itself
contributed to the eutrophication of the Lake. The system has broken the link between
human-consciousness and the lake and increased reliance and belief in technology.
The lake as an appropriate source for public water supply, however, is not necessarily
appropriate for fishery. All of the functions of the lake (which are often conflicting) have
determined the present state of the lake and will likewise determine its future.
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Whether the resources of the lake should be managed by the residents themselves
or by national or administrative organs has been the subject of some discussion over
the last 10 years or so. It is not a matter of two mutually excluding alternatives but of
mutual concessions between the groups and opinions with different and various
cultural backgrounds. In planning the appropriate management of the lake
environment, it is important to be aware of the existence of the socio-cultural system
based on the recognition of the diversity of human and natural- scological systems
and their relationships. Attaining an ideal state of the lake environment is no simple
task because of the diversified demands involved. The point that | would like to lay
emphasis on in this paper is that management of water resources is a problem which
includss both the ecological system and human socisty. Moreover, the social-cultural
processes of the latter are specific to time and culture.
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Table 2.1.1 Historical Changes in the Environmental Activity of the Lake

Pre-Historic Ancient Medieval Feudal Modern Present
( -6C) (6C-12C) (13C-16C) (17C-19C) {19C-1960) :mmol )
Aquatic  fish/shell © © © © G 4
Resource waterweeds @) © © © ®] X
Use reeds, etc.
Water Resource A A A A O @}
Transportation A A @] (@) @] x
Pollutant Reservoir ? 2 ? ? A O
Generating Electricity X X X X A A
Scenic Space 2 A A © A A
Leisure Space ! ? ? ? A oe
Religious or
Symbolic ? O O Fa A ol
Activities
Food Control ? ? ? A @) O
Pollution
Eutrophication ? ? ? X X AD
Garbege pollution ? ? ? ? ? AQ
Toxic pollution ? ? ? ? ? AQ

Most Important Activity

Considerably Important Activity

Slightly Important Activity

Almost Nonexistent Activity

Very little information available as to extent of this Activity

~XDPOO
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Figure 2.1.2 Status of Water Use (1985)
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Figure 2.1.3 Change in Water Supply Provision in Shiga
Prefecture and Japan 1955 to 1985.

Source: Statistics for Water Supply, Ministry of Health
and Welfare
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Figure 2.1.4 Expansion of area whose population are relying con
Lake Biwa for drinking water - 1965 to 1985

Source:

1985 Division of Public Health, Shiga Pref., Division of
Drinking Water of each Municipal Town and Village.
1955 Observation by Lake Biwa Research Institute

18e



"JA0D |BUN]OBlaAg EBIYS :934nog
eMIg {e] 40 UOIlBIIRA [9AST J3lel JENUUY S|z a4nBig

(4e0h) 0861 0461 0961 0561 oh6L DEBL 0Z61l 0161 0061 0681
1 X 1 .

| W | I A L 1 A 1 1 1 s A

oggl 0481

(6€61) weo-L-

A B

(9681) w9L € (w)

18f



SECTION 2.2

INTEREST GROUPS INVOLVED WITH THE USE OF
WATER RESOURCES/ENVIRONMENT

Ken-ichi Nakagami

2.2.1. INTRODUCTION

In the past, water resource planning was concerned mainly with the percsived
adequacy of institutional arrangements and infrastructure developments. Recently,
however, concern has come to focus on intangibles, such as the notion of quality of
life, aesthetics and, to-some extent, spiritual values. Cne of the implications of this
change in perception is that non-physical factors like environmental amenities have
become more important in water rescurces planning. For this reason, the
environmental impact assessment (EIA) of the subject area is now an integral part of
water resource planning. Howevar, the concept of EIA has not been clearly
delineated as yet, nor can it be easily and concretely defined. For the purposes of this
paper the aim EIA is defined as the identification of the existing comprehensive
conditions in the subject area, the prediction of the likely impacts of policies, plans and
programs and the presentation of mitigating measures for any foreseen negative
effects. More generally, EIA seeks to provide the decision-maker with better
information on which to make his decision.

Although most of the decisions made in the planning process should be based on
the results of a reliable environmental assessment, three factors may limit an
assessment's reliability in relation to water resource developments:

1. The existence of complexity in the water resource environment and with water re-
source planning which incorporates the concept of environmentally sound manage-

ment.

2. The existence of uncertainty among those elements used in decision- making.
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3. The existence of different interest groups involved with water resources planning
and management and the role of local community participation in plan formation for
water resources.

This paper attempts to examine the rationality of local community participation and
interest group involvement with the use of water resources/environment (Nakagami
1883).

2.2.2. THE UTILIZATION SYSTEM OF WATER
RESOURCES/ENVIRONMENT

Understanding of the socio-economic context of river/lake basins has undergone
profound changes throughout history. Transportation along rivers has declined and
consequently this has reduced social and cultural interaction belween the upstream
and downstream communities.

The use of a river or lake basin as the territorial unit of planning has so far
remained immature with limited application. In order to fully develop the philosophy of
river/lake basin management as well as relevant planning methods, it is essential to
establish a set of rules for managing river/lake basin resources/environment with a
systematic inventory of their uses. A simplified systems diagram showing the
utilization of rivet/lake basin resources/enviranment is presented in Fig. 2.2.1.
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Figure 2.2.1 Utilization System of Resources and the Environment  As human history reveals,
conflicts of interests among individuals or groups of people (H) emerge over the use of resources (R) --
water, land and forests - in any river/lake basin {B). In order to ensure the rational and efficient use of
river/lake basin resources, goal-oriented actions such as planning and managemsent should be promoted
in an innovative/creative manner.

To be more precise,-planning for a river/lake basin involves the clarification of the
planning goals, who undertakes the planning exercise, the major planning variables
involved, where the planning is directed, how long the planning period is, and what
method of planning is to be used. On the other hand, management involves decisions
aimed at minimizing the gap between the planned actions and the current state of
resource use. Finally, creative actions involve a task of discovering, in an innovative
manner, a possible break away from the present situation where creation of new
resources is increasingly called for as a result of resources depletion and changes in
production methods and lifestyle.

in order to enhance the economic value of resources and the environment, it is
necessary to define an optimal state of resources/environment-use as well as to
develop a system whereby that state can be achieved. For the purpose of addressing
these tasks, a clear understanding of the relationship between resources/environment
and man is essential. In addition, a rational rule of decision making among interest
groups has to be established in order to guide the resources/environment-use
practices to an optimal state. What is called for is therefore not to seek an
advantageous position over others with regard to resources/environment-use, but to
search for a long-term collective management approach directed at conserving the
river/lake basin.

Man-water relations change as the local lifestyle and the method of production
changes. Also, the manner in which water is used varies according to the form In
which water resources are made available (such as lakes, rivers and groundwater).
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The manner in which people come into contact with water varies in accordance with
the size of settlements. Moreover, the relationship between human society and the
water environment has evolved over time. Changes in the water environment often
give rise to direct and indirect conflicts of interest among individuals and/or groups.
As a result of this process, interest groups are formed.

In recent years, a number of interest groups have formed centering around public
projects. Their goals and objectives are many and varied. In order to reflect the views
and opinions of these interest groups in the process of public decision making, a
coherent goal acceptable to all and a principle of collective action have to be
established. However, as the goals of interest groups change in response to the
group dynamics that take place under the strained situation, it may not be possible to
define a unified principle of action agreeable to all groups concerned. Thus It is
extremely difficult for interest groups to come up with a set of unified yet distinct views
and actions towards public policies including river/lake basin management.

Under certain circumstances in a particular river/lake basin, however, it may be
possible to establish a common principle of action among interest groups. While it will
certainly enlarge the scope of planned actions and policy tools to be applied, it
necessarily involves the difficult task of making a decision acceptable to conflicting
interests involved with plan formulation. An optimal state of resources/environment-
use in a river/lake basin from the socioeconomic viewpoint may be realized through
consensus forming among Interest groups concerned.

This, however, requires the institutionalization of mechanisms of social consultation
through which the views and aspirations of different interest groups can be
synthesized and reflected into public decision making. In order to make such a
mechanism effective, the following three points should be given due consideration:

1. An agreement must be made beforehand among interest groups on the role of
decision making with regard to the use of resources/environment in a river/lake basin;

2. Every effort must be made to come up with a unified goal of resource/environment
use among interest groups as well as coordination with other goals in order to reduce
conflict;

3. Every effort must be made to realize information sharing among interest groups so
as to enable them to make a collective decision on the rate of resource/environment

use.
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In order to resolve the problem of multiple interests in a rational manner, impartiality
(fairness) must be ensured among interest groups concerned while making sure that
realistic policies are formulated and concrete proposals of action articulated. In cases
where each of the interest groups involved is capable of independently making
decisions, the situation must be seen in a dynamic social context. Under such
circumstances, a simple mechanical method of deriving an optimal solution is no
longer viable. Technological progress coupled with development activities
undertaken under the policy of regional development have certainly given rise to
changes in the region-specific environmental conditions.

A proper understanding of these change processes analyzed in relation to the
performance of interest groups within the socioeconomic structural context may serve
as the first requisite for harmonizing the resource-use practices in a river/lake basin
with policy efforts towards environmental conservation.

The second requisite is to develop a system capable of reflecting peopie's views
and opinions in the process of river/lake basin management and planning, thereby
ensuring that the method of consensus formation will be accepted as a common
sense method. The prospect of realizing a harmonious balance between
development and environment may basically depend on the extent to which our efforts
are made in carefully observing the environmental changes as well as in devising
integrated approaches to problem-solving (Nakagami 1989).

2.2.3. THE PROCESS OF POPULAR
PARTICIPATION IN PLAN FORMATION

The viability of river/lake basin management and planning (RLBMP) may be
enhanced, provided a consensus is reached among the interest groups concerned.
Fig. 2.2.2 shows a process of popular participation in RLBMP. As RLBMP acts through
A: strategic level, B: tactical level, C: implementation level, and D: operation and
maintenance level, the focus of popular participation also shifts from conceptual
aspects, and sventually to monitoring and surveillance aspects (Nakagami 1889).
There are stages in the planning process where people's views and opinions are
crucial. Taking the planning process given in Fig. 2.2.2 as an example, decisions ars
to be made at stages x, y and z in the light of people's views and opinions. However,
popular participation takes various forms. What form of popular participation is to be
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adopted largely depends on the perception of decision makers.

A: Strategic B: Tactical C: Implementation D: Operation &
Level — —> Level — — Level —) Maintenance
,’\ Al, T Level
o Concept of B :Planning Y : Surveillance
R/LMBP Method
1. Feeling 2. Opinion 3. Planning 4, Creation

of Living

Figure 2.2,2 Popular Paricipation In RLBMP

An attemnpt is made below to examine the role of the local population in the process
of RLBMP. Those who are concerned with RLBMP may be divided into four groups as
given in Fig. 8 in accordance with their functional attributes {local people and
government agencies: both national and local) as well as their locational attributes
{upstream and downstream). Within this framework, let us assume a situation where:
1) R2 has a plan to develop water resources (O) for the purpose of promoting
aconomic and social development. [n view of the adverse effects on the community
life and productive activities of R1, 2) R1 submits a claim (D) to improve infrastructure
and social services in the watershed community.

In order to materialize the claim submitted by R1, A1 may request A2 to cover the
costs. If the costs have to be eventually shouldered by A2, the relationship between
A1 and A2 communities may become tense with the result of weakening solidarity
among them. Under these circumstances, it is difficult to harness, among the local
population, a collective sense of sharing resources and the environment in the ri-
ver/lake basin. At the same time, collective actions cannot be taken towards RLBMP.
Hence the government sector has to take a leading role in RLBMP.
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In order for the local population to play a leading role in RLBMP, the following
conditions should exist between R1 and R2:

1. The adverse effects of water resources development on the upstream community
must be fully recognized by the people in the downstream community. This implies
the need to generate relevant information be shared by all in the entire basin

community;

2. Efforts must be made to harness, among all in the basin community, a common
understanding about urgent policy issues such as water resources development and
conservation. Without this common understanding, unified goals of RLBMP cannot be

formulated; and

3. Efforts must be made to facilitate dynamic interaction between the upstream and
downstream communities in order to articulate issues and problems to be addressed
through RLBMP. This implies the need to establish a permanent organization for
promoting such upstream community interaction (Nakagami 1989).

Inhabitants Administrator
R1 -t—— Al
Upstream ¢ 1
Gap :
41
Downstream R2 Ll el —"d
A2

Claim from R2 to R1
Claim from R1 to R2
The Consciousness Gap between R1 and R2

Figure 2.2.3 Consciousness Gap Process of RLBMP
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2.2.4 INTERACTION AMONG INTEREST GROUPS
INVOLVED WITH THE USE OF WATER RESOURCES/
ENVIRONMENT OF LAKE BIWA

The objective of the Lake Biwa development project has shifted from that of electric
power development (1950s) to water resource development (1960 - early 70s), and
finally to a multi-purpose one (water use, flood control, environmental conservation).

The latest project ("The Lake Biwa Comprehensive Development project") was
established in 1972, Budgeted at 430 billion yen, it was to be implemented over a
ten-year period.

The shift in the aim of development projects is due to the persistent efforts of the
residents of Shiga Prefecture to become involved with the planning of projects
affecting their community. Their desire to preserve their environment is based on their
long history in the region. As the magnitude of development becomes greater, it is in-
creasingly difficult for residents to ensure a stable water supply to downstream
residents and industries as a number one priority. For this reason, the Lake Biwa
Comprehensive Development project had to begin with an overall definition of its
objectives, incorporating water quality and environmental conservation, as well as
development measurss,

The institutional framework for this project is unlike that of others of its kind.
Decisions are made according to a unique institutional mechanism. It is the governor
of the prefecture (and not the national authority) who has the ultimate power to make
decisions that concern parties, such as the govemors of neighboring prefectures.

However, this institutional peculiarity makes the decision-making process more
complicated. The governor becomes directly involved in the complex and dynamic
process of interaction between various interest groups. This interaction is
schematized in Fig. 2.2.4.

The position of the Shiga Prefectural Government is a pivotal one in this interaction.
The governor functions as the negotiator for different, often conflicting, interest groups;
he elaborates plans and implements them for a wide variety of management
purposes, from those of conservation to those of development (Nakagami 1983).
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PROFILE A:

DISCONTINUATION OF
THE LAKE SHINJI AND NAKAUMI PROJECT
- JAPAN

Keikichi Kihara

The Japanese government has promoted a policy of high economic growth since
the 1980s in the hope of developing the Japanese Archipelagoe. Many
comprehensive development plans were prepared throughout the country. One such
plan was a project for land reclamation and the creation of a fresh water supply at
Lake Shinji/Nakaumi located near the border between Shimane Prefecture and Tottori
Prefecture (see Fig.4.4.1).

The Ministry for Agriculture, Forestry and Fishery started this project in 1963 with
National Government subsidies. A water gate was planned to prevent the backflow of
seawater, thereby isolating Nakaumi from the Japan Sea. This would change both the
brackish Nakaumi and Shinji Lakes into fresh water lakes. The project sought to
reclaim approximately one-quarter of Nakaumi (2,542ha) to create new agricultural
land and to supply fresh water from these two lakes to the reclaimed land and
adjacent munigipalities for irrigation.

Local citizens feared the possible environmental destruction caused by this project
tor the following reasons:

1. Adverse impact on the water quality and the ecosystem of the lakes would  be
unavoidable. Turning the brackish water into fresh water could have diminished the
self-purification process. The absence of tides would have resulted in the stagnation
of the lake water, and the accelerated sedimentation of organic substances and
nutrients. In addition, the project would remove salt which presently inhibits the blue
tide, so that the lakes would have become prone to outbreaks of algae and resultant
water pollution, as found at Lake Kasumigaura in [baraki Prefecture.

2. Water pollution of the lakes was likely to degrade the quality of life for citizens living

in the coastal area, and cause economic loss in the tourism industry in the area,
including Matsue City, which is well known as an "Aqua-city".
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3.The land reclamation and desalinization projects were not expected to adversely
affect flood control as long as the Hii River, which flows into Shinji Lake, is diverted to
the Kando River during fiooding. It would, howsver, have bsen very dangerous to
operate the gate before the river diversion work was completed.

4. In relation to the economic effects on the local communities, the disadvantages
seemed greater than the advantages: the fishery at Shinji Lake with an annual
revenue of 4.1 billion Yen would have been seriously damaged because the project
could have destroyed the habitats of the major fish and shellfish species such as the
Yamato corbicula (Corbicula japonica) and icefish. The project could have damaged
the best lake fishery in the country.

5. Water pollution of the lakes could have serious impact on the tourism industry. The
agricultural activities conducted on the reclaimed land could have caused a heavy
debt burden among the farmers, because the calculated land prices were expected to
be very high. Rice production in Japan has recently been subject to regulation
because of oversupply and projects to create agricultural land run contrary to present
trends.

These likely adverse consequences of the project suggested that both
environmentally and sconomically this project was undesirable and unreasonable,
asserted the citizens.

The local Fishermen's Union (1,300 members) adopted a resolution to postpone
closure of the gate. In June 1982, citizens organized the Group for Conservation of
Shinji Lake. In July, the Matsue Young Men's Chamber of Commerce and Industry put
a one-page opinion advertisement in a newspaper and declared opposition to the
project. In Cetaber, the Group for Re-examination of the Project was formed, which
started a movement requesting the prefectural government to establish a
"Eutrophication Control Ordinance". In February 1983, the group sent an appeal for
the establishment of the ordinance to Shimane Prefscture with 24,406 signatures.
Furthermore, in 1984 the majority of the citizens in the coastal area, 320,000 persons,
signed a petition declaring their opposition to the project. In 1988, 43% of the
electorate in the coastal area asked the prefecture to formulate a Landscape
Conservation Ordinance. The Matsue Chamber of Commerce and Industry
announced its resolution to oppose the project. These movements were a clear sign
of opposition from the citizens and the local business community. Citizens who had
attended the Shiga Conference '84 on Conservation and Management of World
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Lakes from all over the country convened the Japan Water Environment Conservation
Conference in 1984. lts first annual meeting was held in Matsue City and it adopted a
resolution to support the local movements against national projects.

On the other hand, in August 1984 the Ministry of Agriculture, Forestry and Fishery
issued a report which stated that "the water quality of the lakes can be maintained at
the present level even after completion of the project", and asked Shimane and Tottori
Prefectures to agree with trial operation of the gate. Around this time, there was
extensive scientific debate about water quality and the environment between the
citizens and the prefectures.

In response to this situation, the governors of Shimane and Tottori announced in
1088, "it is desirable to postpone operation of the water gate". The next day, they sent
this opinion to the Ministry, which then declared the freezing of the project on July 5.
This freezing meant discontinuation of the project in actuality.

Thus the desalinization project of Lakes Shinji and Nakaumi, which had been 25
years in the planning and which cost 72 billion Yen, was abandoned. The
discontinuation of the development project due to strong opposition by local citizens
after the national and prefectural governments had invested a huge amount of money
was really spoch-making.

The leader of the citizen movement, Professor Takehlko Hobo, said, "Citizens
studied independently and could offer scientific arguments against the administrative
authority and the local assemblies and conducted their own scientific investigations to
make concrete proposals for decision-making. Thus, the citizens were always
leading, and local people in a variety of sectors showed very clearly and strongly their
own will against the project so that the administrative authority could not ignore them
any more'".

The group which played the central role in these movements, The Liaison Center of
Citizen Groups Against the Project, has started to re-examine the Water Quality
Management Plan for the Shinji and Nakaumi Lakes and actions for promoting
fisheries and establishing the Landscape Conservation Qrdinance. In 1989, the
center established the Brackish Water Research Center.
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SECTION 2.3

THE PUBLIC'S ROLE IN LAKE MANAGEMENT:
THE EXPERIENCE IN THE GREAT LAKES

John Jackson and Tim Eder

2.3.1. THE GREAT LAKES

The Great Lakes in the heartland of the North American continent are phenomenal
bodies of water. They extend over 1600 km along the Canadian- U.S. border. The
five Great Lakes comprise the world's largest body of fresh surface water. The largest
of these -- Lake Superior -- is almost half a kilometer deep, over 550 km long and
almost 250 km wide. The first Europeans described them as "sweet water seas".

The Great Lakes Basin is home to a diverse range of plants, fish, birds and animals.
Mare than 35 million psople live in the Great Lakes Basin -- 27 million on the U.S.
side and 8 million on the Canadian side of the Lakes.

As a result of human activities over the past 200 years, this Basin has endured
dramatic stress. Two-thirds of the wetlands have been drained, filled or bulldozed out
of existence (Weller, 1988). Massive quantities of toxic wastes have been belched
into the air, flushed into the water or buried in the ground. Along the Niagara River,
which is only 45 km long, lie over 160 old dump sites, many of which are leaking their
toxic burdens into the river (Gradient Corporation and Geotrans, Inc., 1988).

The legacy of these wastes is now haunting us. Numerous wildlife species living
near the shores of the Great Lakes, including bald eagles, osprey and mink, are
unable to reproduce. Other birds that eat Great Lakes fish, such as gulls and
cormorants, are giving birth to offspring with serious physical deformities such as
crossed bills. In some locations, 100% of some fish species sampled have cancer
{Colborn et al., 12990).

What are these toxics doing to the health of the human residents of the Great Lakes
Basin? The warning signs are clear. The evidence indicates that contamination in the
Great Lakes Basin is resulting in birth defects, cancers and subtle changes in the
immune system, metabolism and behavioral and sexual development of our children
{Colborn et al., 1990).
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One study of mothers who ate Lake Michigan fish found that their babies had
smaller birth weights and skull circumferences, and slower cognitive, motor and
behavioral development than did the babies of mothers who did not eat Lake
Michigan fish (Fein et al., 1984). A study conducted on the same children when they
were four years old demonstrated continued poor performance on short-term memory
tests. These results were associated with exposure to toxics (Jacobson et al., 1990).

The National Wildlife Federation in the U.S. found that levels of four contaminants
in Lake Trout 30 inches long caught in Lake Michigan were so high that eating just
one meal in an entire lifetime would result in an increased cancer risk of 1 in 100,000
(Glenn and Foran, 1989).

These sorts of evidence mean that individuals are confronted by frightening
questions: Should | eat the fish or wildlife? Should 1 breast feed my children? Should
| drink the water? |s it safe to swim in the Lakes?

2.3.2 ACTION TO CLEAN UP THE GREAT LAKES

These fears and concerns have led to a dramatic ise in citizen activism around
Great Lakes issues over the past decade. This is not surprising. Those living around
the Lakes are the ones most directly affected by them, who share in their use and
enjoyment and value the Lakes for their multitude of essential and delightful
characteristics.

As a result of public concern about the rampant growth of algase in major parts of the
Great Lakes, the U.8. and Canadian Governments signed the Great Lakes Water
Quality Agreement in 1972. Under this Agreement the two Federal Governments
committed themselves to take strong actions to clean up and protect the Lakes. This
Agreement was renewed and strengthened in 1978 and 1987 to take into account the
public's growing concern with toxics contamination throughout the Great Lakes
system.

The Great Lakes Water Quality Agreement is an outstanding, precedent- setting
document. It pledges the two countries to work together using an ecosystem
approach to rid the Great Lakes of toxic contamination problems. It espouses a
philosophy of zero discharge and virtual elimination for managing persistent toxic
substances.

As a result of commitments made In these international agreements, Canada, the
United States, and the Great Lakes Provinces, States and municipalities have spent
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billions of dollars over the past decade to clean up the Lakes. Despite progress as a
result of these programmes, the problems continue and many of them worsen.

2.3.3 THE IMPORTANCE OF ZERO DISCHARGE

The residents of the Great Lakes Basin are vehemently demanding that no more
toxics be dumped into their cherished environment. They fee! that the impacts and the
risks are already too great.

This call for zero discharge has focused on persistent toxic substances consistent
with Article 2 and Annex 12 of the Great Lakes Water Quality Agreement. Such
substances, once released, can remain in the Great Lakes for a very long time
because the Great Lakes have long flushing times. The largest and deepest of the
Groat Lakes -- Lake Superior - has a retention time of approximately 200 years
(Environment Canada-et al., 1987). If these substances settle in the sediments and
are recirculated later from the sediments into the water, the contaminants could remain
in the system for an even longer period of time.

This long persistence time combines with the high solubility of these compounds in
fat to create harmiful effects even from very low concentrations in water. The combined
processes of bioconcentration and biomagnification result in dramatic increases in the
concentration of contaminants. For example, PCBs increase in concentration 25
million times as they pass from water through the food chain to the eggs a herring gull
lays (Colborn et al, 1990).

As a result of this kind of information, citizens' groups are saying that production
processes must be changed to minimize the use of toxic substances and to avoid the
production of wastes. They are also calling for a move away from chemically-
dependent agriculture, and for the cleanup of the massive quantities of contaminated
sediments in the Great Lakes.

The citizens' calls for "zero discharge" are reverberating around the Basin and
reaching the ears of government and industry.

In the late 1970's and early 1980's zero discharge was all but written off as an
unrealistic, unattainable goal. People who called for zero discharge at Great Lakes
meetings were usually viewed as idealistic and extremist. Now, these words are a
part of the regular lexicon of government officials who deal with Great Lakes issues.
Even some industries have begun to endorse the concept.
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2.3.4 GREAT LAKES UNITED

The numerous activist citizens' groups in the Basin quickly realized that their voice
could be immeasurably strengthened by forming a coalition. As a result, Great Lakes
United {GLU) was formed in 1982,

This coalition is made up of almost 200 environmental, sports, labour and civic
groups. These groups have a combined membership of approximately half a million
people in Canada and the United States.

GLU is based on an scosystem understanding of the Great Lakes Basin. Its
membership reflects the need to transcend political boundaries and to work with the
full diversity of residents of the Basin. Its understanding of the Basin ecosystem is
reflected in a combined concern about water, air and land as pathways for pollutants.

GLU has played a central role in drawing together, articulating and strengthening
the voices of the Basin's concerned residents. It has helped citizens set the agenda
for govermment and industrial action.

2.3.5 THE RENEGOTIATION OF
THE GREAT LAKES WATER QUALITY AGREEMENT

The renegotiaticn of the Great Lakes Water Quality Agreement in 1987 was a prime
example of GLU's success in pulling together the Basin's residents to set the agenda.
The Great Lakes Water Quality Agreement between the U.S. and Canada was
negotiated in 1972 and 1978 under a veil of diplomatic secrecy. Hardly a soul knew
that anything was going on. In contrast, the citizens of the Great Lakes Basin played
an unprecedented role in the development of the 1987 changes to the Water Quality
Agreement. This role developed as a result of GLU's initiatives.

The terms of the 1978 Great Lakes Water Quality Agreement required that the
Agreement be reviewed in 1987. GLU decided that those mast capable of judging the
successes and failures of the Agreement were the residents of the Basin, Therefore,
GLU set up the Citizens' Hearings on Great Lakes Water Pollution. These hearings
were designed to give the public an opportunity to express their concerns and to
present proposals for improving the Great Lakes Water Quality Agreement. GLU
committed itself to convey these concerns to the government bodies responsible for
reviewing progress in implementing the Agreement.
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GLU organized 18 hearings in locations scattered across the wide expanse of the
Lakes between Duluth, Minnesota, Montreal and Quebec. Over 1200 people
attended the hearings. Three hundred and eighty-two made presentations or
presented statements by mail. The presenters came from a wide range of
organizations and backgrounds, including citizens' groups, Indian Bands,
environmental groups, long-term residents, fishing and hunting associations, school
children, wildlife groups, labour industry, chambers of commerce, clergy, academics,
political parties, employees of the International Joint Commission and federal,
provincial, state and municipal elected officials and civil servants.

The message conveyed by these people was virtually unanimous. The Lake's
residents called on the governments to be more aggressive in protecting the Lakes.
They condemned the governments for failing to live up to the excellent objectives in
the Great Lakes Water Quality Agreement and for, in some instances, not sven
enforcing their own laws and regulations. They saw zero discharge of persistent toxic
substances as an imperative for their future and the future of the Lakes. They also
insisted on being much more directly involved in decision-making on issues that affect
the quality of the Lakes and the quality of their lives.

As a result of the hearings, GLU concluded that the root of the problem is a lack of
political will. Intense, on-going public pressure is the mechanism that produces
political will. They concluded that lack of information and lack of mechanisms for
holding the governments accountable to the public have militated against the
generation of this public pressure.

GLU wrote up the findings from its hearings around the Lakes in a report entitled
Unfulfilled Promises: A Citizens' Review of the International Great Lakes Water Quality
Agreement. This report conveyed the concerns and hopes of the Basin's residents.
Unfulfilled Promises also detailed their ideas for cleaning up and protecting the Great
Lakes.

This report was strategically timed to come out just as the Canadian and U.S.
Governments were beginning to review the Agreement. In this way, the public took the
lead in setting the review agenda.

Several meetings were held between GLU and Canadian and U.S. officials to
review the public's concerns as expressed in Unfulfilled Promises and to discuss the
Government's plans for the review. As a result of GLU's persistent articulation of the
public's voice developed during the tour of the Lakes, copies of preliminary
Government proposals for amendments to the Agreement were released to GLU for
comment. The Governments also gave the public a chance to review drafts at seven
public hearings. No such hearings led up to the 1972 and 1978 Agreements,
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Finally, five representatives of environmental groups, three from GLU, ons from the
National Wildlife Federaticn {U.S.) and one from the Sierra Club (U.S.), were granted
observer status in the negotiations betwesen the Canadian and U.S. Governments.
This meant that members of the public were part of each negotiating team, helping
develop positions and strategies. They also sat at the negotiating table and wers
called on for comment and input during the negotiations.

This high degree of public input into usually secretive international negotiations
was virtually unprecedented. The unigueness of this situation was emphasized in a
lstter from Canada's Minister of the Environment to Canada's Secretary of State for
External Affairs. He wrote, "Although | realize that it is unusual to involve the public
dirgctly in government-to-government consultative sessions, | believe that ... the
presence of GLU would be useful® (McMillan, August 1987).

As a result of GLU's activities, the public adopted the Agreement, making it reflect
their hopes and expectations.

2.3.6 AFTER THE 1987 AMENDMENTS

The public was not focled. They knew that the Agreement was simply a piece of
paper and the energy they put into its renewal would be wasted if they sat back. They
recognized that the strength of the Agreement depends upon the public's
determination to ensure that the Governments follow through on their commitments.

Citizens realized the potential of the Agreement as a tool {0 organize around and as
a benchmark against which to judge government actions. What better measuring
mark than one that the governments themselves had signed?

The public's adoption of the Agreement is reflected In the increased number of
people using it. According to the Regional Office of the International Joint
Commission (IJC)* in Windsor, Ontario, requests for Agreement-related information
rose 162% in the two years since the 1987 amendments {Cole-Misch, 1990).

To assist citizens in playing this role, GLU prepared A Citizens' Guide to the Great
Lakes Water Quality Agreement. This 80-page booklet was intended to help citizens
understand the potential of the Agreement and the ways they could use it in their work
to clean up and protect the Lakes.
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2.3.7. THE 1989 INTERNATIONAL
JOINT COMMISSION'S BIENNIAL MEETING

Every two years, the |JC, government representatives, the media and a smattering
of scientists and citizen activists gather for a few days to assess progress under the
Great Lakes Water Quality Agreement on cleaning up the Great Lakes and to set the
agenda for action for the next two years.

* The IJC was established by the Boundary Waters Treaty of 1909. It Is composed of
six commissioners -- three from each country. lts authority in water quality matters is
limited to evaluating and providing advice and recommendations on the
Governments' progress at implementing the Agreement.
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The 1289 Biennial Meeting of the IJC, which was held in Hamilton, Ontario, was
quite different from previous mestings. It was no longer simply a mesting of the
insiders or of "the [JC family”, as it is often called. Over 300 concerned citizens from
communities from throughout the Great Lakes Basin attended the mesting.

To accommodate environmental groups' requests, the 1JC scheduled two
afternoons and one evening for public presentations at which citizens could express
their concerns about water quality and water levels. The demand to speak was so
great that the |JC added an extra morning for testimony. Over 125 citizens took the
opportunity to present 18 hours of testimony to the 1JC.

This high level of citizen participation at the 1JC's biennial meeting did not happen
by accident. Nor was it the product of good public outreach by the IUC. Rather it was
one more indication of the extent to which citizens throughout the Great Lakss have
gotten together in their determination to set the agenda for government actions on
Great Lakes issues.

Well in advance of the October IJC meeting, several environmental groups began
jointly planning input for that meeting. These groups included the Canadian
Environmental Law Asscciation, Great Lakes United, Greenpeace, Lake Michigan
Federation, Canada's Pollution Probe and the Program for Zero Discharge, an
international organization.

During August and September, these groups held sight citizens' workshops around
the Great Lakes. These workshops brought together citizens to form a Great Lakes
agenda and to prepare people to voice their concerns at the |JC meeting.

The common rallying cry at these meetings and at the subsequent [JC meeting was
"No Time to Waste: Zero Discharge Now." The citizens presented the [JC and the
Governments with a repont card assessing their progress. The IJC received a "D"
grade; the Basin's Governments received an overall "F" grade.

The groups also detailed their expectations for the next two years. The Great
Lakes' citizens expect the IJC to be an advocate for the Great Lakes. They made it
clear that if the Commissioners fail to takea strong leadership role in the following two
years, the public will pass harsh judgement on them.

The IJC heard the message. In a striking break with their usual pattern, five months
after their bienntal meeting, the IJC Issued a special report to convey to the Canadian
and U.8. governments the urgent message they had received.

The increasing level of public concern for the Great Lakes ecosystem and
insistence on governmental response to Agreement objectives were strikingly evident,
and outspokenly vented at the Commission's recent Biennial Meeting. Because of the
importance -- and the abundant evidence this occasion provided -- of public support
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and individual demands for government action, we concluded that we should deal
specifically with that meeting in this report (IJC, 1990).

The tone of this report is very different from previous 1JC Biennial reports. Rather
than cloaking expressions of concern and recommendations in diplomatic language,
the report presents the public's sentiments directly.

[Tlhere was virtual unanimity of opinion that real progress towards achievement of
the Agreement's objectives is sadly, If not totally lacking; further, that responsibility for
this fact must be faced and accepted by the Governments of the United States and
Canada who have the overall responsibility for ensuring that the objectives of the
Agreement are put into effect in order that its principles and purpose may be attained
(14C, 1980).

In part two of their report which was issued a month later, the Commissioners
concluded:

Despite the significance of the Great Lakes and our collective rhetoric to restore
and enhance them, we as a society continue to mortgage their future by poisoning,
suffocating and otherwise threatening them because of insufficient knowledge, other
priorities and short-sightedness.

2.3.8 THE BENEFITS OF A WELL ORGANIZED PUBLIC

The experience of the 1980's in the Great Lakes Basin shows quite clearly that
there is a growing active public. This public has greatly increased its strength by
learning to work together in coalitions. This has resulted in the active citizens in the
Great Lakes Basin being able to play the leadership role in setting the agenda for
Great Lakes clean-up and protection actions.

At the IJC meeting in 1989, Mark Van Putten of the National Wildlife Federation in
the U.S. summarized the results of the past decade of citizen activism. Addressing the
Commissioners, he stated: "You have a constituency that is concerned, that is
articulate and that is obviously organized and vocal. | think that is something that most
government agencies would relish" (1JC, 1989).

The public is an effective lobbying force to ensure the development and
implementation of programmes to protect and clean up the Great Lakes. Strong vocal
public support has resulted in increased government funding for essential programs.
In response to public concern over the well-being of the Lakes, the Canadian Federal
Government announced in 1988 a five-year $125 million Great Lakes protection and
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clean-up program. In the U.8., the budget of the U.S. Environmental Protection
Agency's Great Lakes National Program Office increased from generally steady levels
of around $5 million per year through the early and mid-1980s to nearly $11 mitlion in
the late 1980s.

Legislation, regulations and programmes to deal with many of the complex issues
confronting the Great Lakes do not exist. The public is facing difficult issues such as
how to achieve zero discharge, how to regulate and monitor very low levels of toxics,
how to deal with the problems caused by land run-off, atmospheric deposition and
contaminated sediments. Governments are facing the same challenges. The
recognition that in many cases there are not obvious, easy solutions has led to a
cooperative mutual search for solutions by citizens' groups and government.

There are numerous examples in the Great Lakes of the public working with
governments to develop new programs. On the U.S. side, due to pressure from the
National Wildlife Federation and others, the U.S. EPA launched its Great Lakes Water
Quality Initiative in 1989. The goal of this initiative is to improve implementation of the
Great Lakes Water Quality Agreement by integrating its requirements into regulations
under the U.S. Clean Water Act. Great Lakes citizens collaborated on a report to U.S.
EPA titled "Promises to Keep" (National Wildiife Federation et al., 1989). The report
coalesced citizen involvement around the EPA Initiative and played a central role in
defining the issues to be addressed. Citizens also have representatives on the
committees developing the Initiative.

Citizens have been active in a similar programme in Ontario. Since 1988, the
Ontaric government has been developing regulations to control direct dumping
through the Municipal-Industrial Strategy for Abatement (MISA), the goal of which is
the virtual elimination of persistent toxic substances.

The public has also become a vital socurce of support for the development of
increased scientific information. By emphasizing critical data gaps such as impacts of
toxics on human health and the effects of toxic deposition from the air, the public is
helping define government and academic research agendas. For example, citizens
are now on committees that are making decisions about which research projects will
be funded by the Great Lakes Protection Fund in the U.S.

Citizens have also been extremely effective at lobbying to ensure that research
budgets are funded. When the Canadian government tried to cancel its research
programme on toxics in herring gull eggs, a major public outcry arose that led to a
partial reinstatement of the programme. In the U.S., persistent public lobbying has
been essential in assuring ongoing funding for the Great Lakes research labs.
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Another benefit of an involved and committed public in the Great Lakes has been
the ability of citizens' groups to cut across the political boundaries that separate the
U.S. and Canada. Activists can be found lobbying on either side of the border
irrespective of their own nationality.

The presence of public activists working together on both sides of the border has
reduced the potential for one country to blame the other side for slow progress. The
citizens' groups refuse to accept political boundaries as legitimate reasons for
inaction. Also, by being experienced with both countries' legal and regulatory
systems, citizens are able to advocate the best elements of each side's system.

The public in the Great Lakes has set an example for the governments by
demonstrating that there is a commonality that transcends political borders. For
example, when Michigan officials attempted to locate a new pulp and paper mill on
the shores of Lake Superior, a steering committee of environmentalists was formed.
This steering committes was comprised of citizens from Michigan, Wisconsin,
Minnesota and Ontario -- all the jurisdictions surrounding the Lake. They requested
that they be provided access to information and the right to participate in all decisions
leading to the siting of the mill. Part of the strategy of involving citizens from all
jurisdictions was to let government and industry know that should they decide to leave
Michigan and build the plant elsewhere on Lake Superior, the concerns of the public
would be represented there also.

2.3.9 GOVERNMENT ROLE
IN SUPPORTING CITIZEN ACTION

The Lakes gain immeasurably from the actions of dedicated citizens' groups.
Unfortunately, governments often fail to recognize the incredible value of this work
and, therefore, fail to appreciate their own role in removing the roadblocks that can
result in considerably unnecessary expenditure of valuable citizen energy.

Funding for Citizens' Groups

Citizens' groups desperately need funds to carry out their work. A few of the Great
Lakes environmental groups have substantial budgets, but the overwhelming majority
of citizens' groups on Great Lakes issues have annual budgets of less than $1,000.
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As issues have become more technical and as the groups have begun playing
more aggressive roles, many citizens' groups have begun to seek greatly expanded
funding. These groups recognize that highly trained specialists such as lawyers and
scientists are needed to be effective Great Lakes advocates. The best example of this
is the National Wildlife Federation's Great Lakes Natural Resource Center. The office
is directed by an attorney who has litigated several Great Lakes cases. The office also
hires scientists at the PhD and Masters levels with expertise in environmental
toxicology, biclogy and public health, These specialists have worked on several
special projects, including a risk assessment-based consumption advisory for Lake
Michigan sport fish,

Most citizens' organizations are totally dependent on the generosity of their
members and supporters. Several charitable foundations, including Joyce, C.8. Mott,
Donner and George Gund, have provided substantial support for a dozen or more
Great Lakes organizations. Some large national organizations in the U.S. have made
major financial commitments to set up Great Lakes offices. But funding remains a
major struggle for all groups.

Despite the profound benefits of having a well-organized public, in the United
States very little government funding flows to citizens' organizations. The
governments in the U.S. usually refuse to even pay for travel expenses for citizens to
attend government meetings. The inability to cover travel costs often precludes
citizens from taking part in government decision-making.

In Canada, the Federal and Ontario governments provide more financial support for
citizens' groups. For example, travel costs for citizens to attend government meetings
are provided as a matter of course. Grants are also given to support citizens' groups’
projects. Great Lakes United has received project support from the federal
government, which will help it open an office in Canada.

Canadian support for advocacy efforts as extended to paying citizen groups to
directly challenge specific government proposals. Known as intervenor funding, this
system recognizes that citizens need access to lawyers and scientists to adequately
evaluate whether proposed projects are suitable. For example, Ontario provided
$840,000 over two years to support citizens who are challenging a proposed
provincial hazardous waste incinerator and landfill before an administrative hearing.

Access to Information
The ability of citizens in the Great Lakes to be effective is directly related to their
access to information. “Freedom of Information" laws in the U.S. and Canada have
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helped open up governments' files but the public is still not satisfied. During GLU's
hearings in 1986, government was often criticized for delaying the release of
significant information, for "sugar coating” bad news, or for making information
available in a form that is too technical to understand.

In the U.S., the power gained by public access to information has had dramatic
results in reducing the industrial use of toxics. In 1986, Congress passed the
Emergency Planning and Community Right To Know Act, which required the
preparation and release of a Toxics Release Inventory. Users of toxic substances
must report on the amounts of toxics stored and released into the environment. This
information must be made readily available to the public, including on a computer
data-base.

The news derived from the first Toxics Release Inventory that industries in the U.S.
had dumped 18 billion pounds of hazardous chemicals into the land, air and water in
1987 startled the general public (U.S. EPA, 1988). Using information from the Toxics
Release Inventory, citizens' groups in Ohio, New Jersey, California, Louisiana and
Massachusetts were able to obtain pledges from industries for substantial toxics
discharge reductions and have used the information to help create the public pressure
to pass state-wide toxics-use reduction legislation (Dean et al., 1989).

The Toxics Release Inventory has been a prime example of how arming the public
with information can result in substantial reduction of toxic emissions. Unfortunately, a
similar information base does not exist on the Canadian side of the Great Lakes.

Access to Decision-making

Substantial progress has been made in the past ten years in the Great Lakes
region in Increasing public access to decision-making forms. Citizens' groups have
learned much from their experiences over the past decade. They are not content 1o
react to government proposals. They are insisting on helping to set the agenda. Their
experience in the renegotiation of the Great Lakes Water Quality Agreement proved to
them the power that comes from this kind of approach.

This means that governments must be much more flexible and break down the
traditional boundaries between the bureaucracy and the public. Mechanisms must be
set up that allow the public to sit at the table as programmes and policies are being
developed and decisions are being made. The public must be involved in formulating
the scope of work, in choosing the consultants to do the work and in writing the first
drafts.
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The Great Lakes Basin is proving to be an excellent experimental area for the
development of these new mechanisms. The Remedial Action Plans being developed
in each of the Basin's 42 designated areas of concern or "toxic hot spots", as they are
commonly called, are experimenting with various forms of public advisory committess.
The Great Lakes Initiative in the U.S. has citizens on its committees -- committees that
in the past would have been made up entirely of government employees.

Governments must continue to open the doors to allow the public full access to
decision-making. Only in this way will the benefits that derive from an active public be
realized. The experience of the past ten years in the Great Lakes basin shows that the
public will give the governments no choice but to open the doors.

2.3.10 CONCLUSION

Over the past decade there have been two major areas of progress in the Great
Lakes. The one has been the increased awareness that the goal of zero discharge
that is enshrined in the Great Lakes Water Quality Agreement is a necessary objective
that must be translated from rhetoric into reality. The understanding of this concept
has grown to the realization that zero discharge necessitates changing production
processes and raw materials in order to dramatically reduce the use of toxic
substances. This is commonly referred to as "toxic use reduction® or "source
reduction".

The other major advance over the past decade is in the development of the citizens'
movement. The true strength of the Great Lakes environmental community has been
its ability to bring together individuals, grass-roots members, small community groups
and large national environmental organizations. This has meant that the expertise,
experience, financial resources and access of the large environmental groups has
been combined with the wisdom, the passion and determination of the grassroots to
forge an incredibly powerful force. This creates a voice that governments and industry
have no choice but to listen to.

Citizens' efforts in the Great Lakes are already having dramatic effects throughout
the region and will continue as long as the promises of the Great Lakes Water Quality
Agreement remain unfulfilled.
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PROFILE B:
LAKE BALATON

V. Istvanovics

Lake Balaton is the largest lake in Central Europe (596 km2). The Zala River drains

about half of the total watershed area of 5,778 km?2 into Basin I. The only outflow is the
Sio Canal from Basin IV (Fig.B1).

Industrial development of the watershed is moderate. Agricuiture fs significant;
more than half of the area is cultivated. Fertilizer use increased from 200 tons/yr in
1950 to 15,000 tons/year in the mid-1970s. Of applied phosphorus fertilizer, 1-3%
may be washed into the lake. In the sarly 1980s, 40 large-scale livestock farms
discharged 360-550 tons/yr of liquid manure, 5-20% of which was estimated to reach
the lake (Somlycdy and van Straten, 1986).

Lake Balaton is the most important summer resort in Hungary. Tourism increased
14 times between 1950 and 1978. Nowadays 40% of Hungary's gross tourism
income (39 billion Ft, $1 ~ 50-60 Ft) originates from this region. The number of
permanent residents in the 37 shoreline settlements is about 140,000. During the
relatively short peak season in July and August, 480,000 tourists spend eight days on
average on the shoreline. During summer weekends, 270,000 additional psople visit
the lake.

In the early 1960s phytoplankton production was 80 g C/m2/yr in the whole lake. As
a consequence of enhanced phosphorus loading, Lake Balaton has undergone rapid
sutrophication. For 1877, primary production Increased two times in Basin IV, three
times in Basins Il and I, and eight times in Basin . The southwestern area became
hypertrophic, whereas the northeastern parts remained mesctrophic. In 1982 an
exceptionally large bloom of Anabaenopsis raciborskii occurred in all basins of the
lake. Primary production reached 150-200 mg C/m3/h (Herodek, 1986). Increased
public attention and scientific pressure clearly contributed to a new government
decision about sutrophication control for Lake Balaton in 1983, after earfier decisions
in 1969 and 1979. The new decision principally tripled the water management budget
for 1986-1990 from that of 1981-1985.
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Between 1975-1981 the multiannual average biclogically available phosphorus
{BAP) load of the lake was 169 tons/yr. The total phosphorus (TP) load reached 314
tons/yr (Somlyody and Jolankai, 1986). In 1985 the first stage of the Kis-Balaton
reservoir started to operate on the mouth of the Zala River (Fig. 1). This resulted in a
15% BAP load reduction to Lake Balaton. Sewage diversion was finished by 1988 for
about two-thirds of the shoreline zone (52,000 m3/d, Fig.B1), and chemical
phosphorus removal has been introduced in the shereline sewage treatment plants

where sewage is directly discharged into the lake {29,000 m3/d). These projects
decreased the BAP load of the lake by 25%. Together with other measures {e.g.
closing up large-scale animal farms, changes in agricultural technologies,
amelioration programmes, emission control measures, etc.) the BAP load to Lake
Balaton has been reduced by 50-55%.

In spite of this significant load reduction, the sequence of management measures is
somewhat questionable. The approximate costs of the main projects implemented
and planned are as follows:

Total investment
project costs (million Ft) Ft/kg BAP/yr Ft/kg TP/yr

Implemented

sewage div., P removal 3,500 100,000 100,000
Kis-Balaton, 1st stage 440 20,000 1,000
Planned

P removal, Zalaegerszeg 60 4,000 4,000
Kis-Balaton, 2nd stage 1,600 100,000 8,000

It is clear that the most cost-efficient measure would have been the introduction of
chemical phosphorus removal in the sewage treatment plant of Zalaegerszeg, a large
town situated on the watershed {Fig.B1). The annual phosphorus emigsion from this
plant is 30 tons, 50% of which was estimated to reach Lake Balaton {(Joo, 1986). This
single source made up 9% of the BAP load to the whole lake, and 30% of the BAP
load to hypertrophic Basin | in the period 1975-1981. At present, 50% of the BAP load

to the Kis-Balaton reservoir (3.2g/m2/yr, 1986-1989) originates from Zalaegerszeg.
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Although this project should have been implemented by 1985 according to the
government decision of 1983, only upgrading and expansion of biological treatment

(25,000 m3/d) was finished by 1986. Since the total investment cost of the project is
one or two orders of magnitude lower than that of any other project, whereas its cost-
efficiency is the highest in terms of BAP load reduction, postponing of phosphorus
removal at Zalaegerszeg until 1991 could not have only direct financial reasons. The
reasons are multiple and cannot easily be elucidated due to a lack of appropriate
information. Conflicting interests may also be involved.

There are three regional Water Authorities which are responsible for planning,
implementation, and control of management activities concerning Lake Balaton. The
Central Transdanubian Water Authority (CTWA) coordinates the activities, and is
responsible for management measures on the northern part of the lake. The South
Transdanubian Water Authority (STWA) operates on the southern area, whereas the
West Transdanubian Water Authority (WTWA) operates on the Zala River
subwatershed. Due to serious economic problems in Hungary, the centrally allocated
budget for eutrophication control of Lake Balaton was 2-3 times less during the last
four years than that required for implementation of all approved projects. Central
distribution of the available budget is primarily a question of attitude to an optimum
combination of management measures, although the conflicting interests of the three
Water Authorities as well as other institutions and organizations may also have an
impact. The unity of the lake and its watershed has properly been emphasized during
the policy-making procedures (e.g. Lang, 1986). Practical decisions, however, gave
preference to management measures related directly to the lake. The CTWA and
STWA, for instance, could finish the sewage diversion and phosphorus removal
projects on the shoreline on time. In 1988 the budget for these measures was roughly
400 million Ft. The WTWA could invest the same amount of money into the second
stage of the Kis-Balaton reservoir only over a period of three years (1987-1989).

Furthermore, the scientific concept of Lake Balaton management included an
abortive hypothesis which stated that the short-term behaviour of the lake is
determined by its BAP load, but that the TP load plays a dominant role in long-term
changes in water quality. This did not cause problems during policy-making, since
priority was given to remedial ("short-term") measures concerning hypertrophic Basin
|. These measures included in the first place phosphorus removal at Zalaegerszet
(Joo, 1986; Lang, 1986; Somlyody and Jolankai, 1986). Later, when the water
management budget was cut down, the hypothesis, however, served as an argument
for reservoir building rather than phosphorus removal at Zalaegerszeg. In addition,
the cost-efficiency of the reservoir projects is higher in terms of TP load reduction. The
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consideration that reserveir building and phosphorus removal from the sewage on the
watershed are not complementary but alternative measures coincides with the
interests of the WTWA which gains more profit from the larger investment necessary
for reservoir construction.

The prescribed sewage effiuent standard on the Lake Bafaton watershed is 1.8 g
P/m3, Zalaegerszeg should pay about 400 million Ft/yr only for the excess of
phosphorus emissions. Although the fine is based on about 30 different effluent
standards, the WTWA imposed a fine of 40 million Ft on the community in 1988. The
difference is probably due to the fine reduction guaranteed for communities which
make efforts to improve the quality of their sewage effluent. For this purposs,
Zalaegerszeg invested 2.5 million Ft in 1288, without any financial support from the
WTWA. In this way the sewage fine system is not efficient enough in mobilizing the
interests of local residents. Moreover, the control system Is highly questionable. The
organization of an independent control system concerning any water management
activities is urgently needed.

The 50-55% BAP load reduction in Lake Balaton which has been achieved since
1983 in a rapidly deteriorating economic situation required great efforts from all
relevant institutions and organizations. This could not have been possible without the
proper organization of public attention, the extensive water guality monitoring data
provided primarily by the Water Authorities, as well as the solid scientific background
of the policy- making procedures.
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SECTION 3
ANALYTICAL FRAMEWORK FOR

WATER RESOURCE MANAGEMENT



SECTION 3.1

WATER RESOURCE MANAGEMENT:
PLANNING AND IMPLEMENTATION

M.M. Hufschmidt and D.S. McCauley

3.1.1. INTRODUCTION

Management of lakes and reservoirs is a sub-field of the broader domain of water
resource management, which usually includes consideration of entire surface water
and ground water systems as well as human demands for water-based services.
Accordingly, emphasis in this section will be on water resource management as
broadly defined, with the application to lake and reservoir management illustrated by
using specific cases of lake or reservoir management.

The term "water resource management", as used in this section, includes both the
planning phase and the implementation phase. This is in contrast to restricting the
use of the term to the construction and operation of water resource projects or
programs that have already been planned.

3.1.2 CONCEPTUAL FRAMEWORK

In discussing water resource management in a river/lake basin context, it is useful
to establish a conceptual framework as a basis for analysis. The framework shown
here has been adapted from reports by Bower and Hufschmidt (1984) and Hufschmidt
{19886).

As a start, water resource management can be viewed as a system in which natural
and human inputs are processed to yield useful outputs and environmental and
natural systems effects are generated. The schematic of this system is shown in Fig.
3.1.1. Water resource management itself is conceptualized as having three
dimensions:

1. The management process, involving the various steps involved in planning and
implementaticon;
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"Final"
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"Intermediate"

o Water for irrigation
(input te agri-
cultural production
activity}

o Water for municipal
use (input to
municipal water
systems)

o Water for self-
supplied and
industrial use
{input to domestic
and industrial
production
activities)

Figure 3.1.1 Schemalic of a Generalized Water Resource Management System
{Adapted from Bower and Hufschmidl, 1984)

2. Management system elements, consisting of physical facilities to be built and
operated, implementation tools, and institutiona! and organizational arrangements;

and
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3. Management activities required to achieve specific project purposes or outputs.

The three dimensions are brought together and shown as a cube, in Fig. 3.1.2.

This analytical framework is a diagnostic tool which allows one to gxamine
management in terms of specific tasks that can be analyzed along the three
dimensions depicted in Fig. 3.1.2 (Hufschmidt 1986). The analysis of any specific
case of management can proceed by starting with one dimension, for example
management process, and for one component of that dimension -- planning, for
example -- examining the components of the other two dimensions -- management
activities and management system elements.

Thus, for the planning phase, we can examine the management system element
dimension for specific tasks required for management and operation of the
laka/reservoir in terms of the physical facilities and operating rules ("things to be
done"), implementation tools (*ways of getting things done™) and institutional and
organizational arrangements needed to "get things done". The framework depicted in
Fig. 3.1.2 will be used as a basis for analysing water resource management strategy
at the planning and implementation stages, taking full account of institutional and
organizational factors. Before discussing the details of the water resource
management process, however, we take up the issus of appropriate spatial units for
water resource management.

3.1.3 RIVER/LAKE BASIN APPROACH
TO WATER RESOURCE MANAGEMENT

It is clear that management of lakes and reservoirs must be carried out in the
context of the riverflake basin of which the lake or reservoir is a part. In fact, the
concept of river basin management has a long history, for exampie, going back to the
early twentieth century in the United States (Holmes, 1972). But we are concerned
here with more racent efforts for effective management of small to medium-sized
watersheds or river/lake basins. Hamilton (1985) defines these as basins of up to 1
millicn acres (4050 km2), roughly comparable to the Citanduy river basin in Indonesia
and the Lake Biwa watershed in Japan.
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Figure 3.1.2 Analytical Framework for Lake/Reserveir Management
{adapted from Hufschmidt, Chap. 2 in Easter, Dixon and Hufschmidt, 1986)

Regardless of scale, the watershed or river basin can serve as an excsilent spatial
unit for a scientific understanding of natural processes. "It is an ecological unit;
linkages based on physical processes make it work" (Hamilton 1985). The watershed
is a functional region Involving key interrelationships and interdependencies of

56



concern for land and water management (Easter and Hufschmidt, 1985). Although
there may be very little uniformity of landforms or vegetation within a watershed, key
natural processes such as precipitation, stream flow, erosion, sedimentation and
infiltration have major influence on landforms, ecosystems, streams and lakes from the
headwaters to the coastal areas.

Use of the watershed as a unit for planning enables planners to consider all
relevant facets of resource deveslopment including on-site and off-site changes and
impacts (Fig. 3.1.3). This systems perspective accounts for the entire complex of
biophysical, social, economic and institutional factors that bear directly on the
development of sustainable management programs. For example, the watershed
allows for ready assessment of most environmental impacts, including the effects of
land use activities on upstream and downstream ecosystems. Thus the effect of
upland disturbances, which often trigger a series of downstream consequences, can
be readily examined within a watershed context (Easter and Hufschmidt, 1985).

However, the watershed approach can lead to problems when used at the
implementation stage of water and land management. Rarely do administrative and
pcolitical boundaries coincide with watershed boundaries. When management
programs cut across these man-made boundaries, success depends on close
coordination among the different administrative and political units. Also, a watershed
management program ray cover only part of a county or province:; the result may be
complaints from those outside the area to be benefited leading to possible delays in
implemeantation.

The solution to these problems appears to lie in planning the programs on a
watershed basis but implementing them using administrative or political boundaries.
This will require some overall responsibility for coordination at the implementation
stage, but if this need is recognized when programs are planned, effective
coordination arrangements can be developed.
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Figure 3.1.3 A Natural and Social System Schematic of a Watershed {from Hamilton and King, 1984)

It is clear that effective management of water resources must come to terms with the
physical realities of the hydrologic cycle, including the bio-physical, economic and
social linkages of the river/lake basin. But how to do this effectively remains an
unresolved issue. In spite of the theoretical advantages of managing water resources
developments on a river/lake basin or watershed basis, cases of successful
application of basin-wide management are relatively few. Most water resources
developments are undertaken on a sectorial basis, for irrigation, hydroslectric power,
domestic and industrial water supply, or other purposes, with the individual project as
the dominant element. Although the river/lake basin or watershed is often the spatial
unit used by public agencies for collecting and analyzing physical data and preparing
broad- brush, perspective water development plans, there are few examples of
detailed, integrated basin-wide management programs, involving both planning and
implementation.

Part of the problem is the question of scale. At one extreme, there are the huge
river basins typified by the Yangtze in China, the Mekong in southeast Asia, the
Ganges in South Asia and the Amazon in South America. These large river systems
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have many tributary watersheds, each of which may be a sizable managesment unit.
Furthermore, some of them are internaticnal in scops. Detailed integrated
manhagement of such large river basins is probably administratively unfeasible and
may hot be dasirable in any event.

At the other extreme are many small watersheds composed of tributaries and sub-
tributaries of larger river/lake basins. Although detailed management of such
watersheds is administratively feasible, in most cases management on a watershed
basis has been limited to basic data collection and planning, with implementation
continuing to be done by public or private agencies on a project or sectorial basis.

3.1.4 THE WATER RESOURCE MANAGEMENT PROCESS

As shown in Figure 3.1.2, the management process has two broad divisions:
planning and implementation. Each of these can be subdivided into a number of
steps, as discussed in detail in the sections to follow. It is recognized that in many
management situations, the planning and implementation phases are not strictly
sequential but may overlap or be undertaken simultanecusly. However, it is
convenient to treat them as separate steps in this discussion of management strategy
because of important differences between the activities and tasks involved at each of
these stages.

3.1.5 WATER RESOURCE PLANNING

The process of water resource planning can be dslineated as four sequential
stages as shown in Fig. 3.1.4. The process begins with an inception or "plan for
planning" stage during which water resource problems, needs, and opportunities are
identified, geographic and temporal scope are determined, planning objectives and
criteria defined, and the conditions for and approach to the studies and analyses are
established. The outputs of this stage are a workplan, and statement of planning
objectives and criteria for use in the plan formulation stage.

The next stage consists of three interrelated background studies and analyses of 1)
macro-economic and social conditions and projects; 2) water- using and water-related
human activities; and 3) the natural and human-influenced water and related land
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resource systems. The outputs of this stage are estimates and projections of human
activities, associated water resource demands, problems and impacts, and water and
related land resources supplies, availabifity, and quality.

The third stage is concerned with formulating aiternative water resource plans or
strategies in a systematic manner, directed toward meeting water- use demands and
resolving water-related problems as identified in the preceding stage. Plans or
strategies include physical measures, implementation tools and institutional and
organizational arrangements. Plan formulation involves 1) identification of specific
projects or water management activities, 2) preliminary screening of such projects and
activities, and 3} formulation of alternative integrated water resource plans or
strategies composed of combinations of promising projects and activities. Formulation
and analysis of alternative water resource projects and plans would be on a systems
basis, using appropriate computer-based models. Preliminary screening and detailed
plan formulation would apply planning criteria derived from the applicable multiple
planning objectives. The economic efficiency objective and associated criterla as
embodied in social bensflt-cost analysis would play a key role in the choice process.
Environmental objectives would be fully considered along with other multiple
objectives. The output of this third stage would be one or more integrated water
resource management plans or strategies.

The fourth and final stage would be 1) the detailed review and evaluation on a
systems basis of the alternative plans or strategies; using social benefit-cost analysis
and analysis using other multiple objectives and associated choice criteria, and
including application of sensitivity analysis, and 2) the presentation of the results of
the review and evaluation to decision-makers for selection of the preferred plan or
strategy.

As shown in Fig. 3.1.4, the planning process is iterative, with feedback of
information from later stages to earlier stages. Thus, if the decision- makers do not
accept any of the alternative plans or strategies, action returns to the plan formulation
stage. In addition, further background studies and projects may be called for.
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Figure 3.1.4 The Water Resource Planning Process.

boundaries such as river/lake basins or groundwater aquifers, special attention must

&1

be paid to the linkages between portions of the hydrologic region, e.q., river/lake
basin, or groundwater aquifer, that are outside the management region and those
portions inside the region (Dixon and Easter, 1986). Where the choice of planning
area is still possible, a general rule for choice is: 1) where administratively and



politically feasible, the planning area should be co-terminous with the surface water
and groundwater gydrologic region or regions; where this is not feasible, planning
should take account of hydrologic linkages to areas outside of the planning region.

b. Elsction of planning objectives

Planning objectives will vary from case to case and are a function of the specific
political-institutional situation in the country involved, including relationships of the
country with outside agencies such as the World Bank and other donor or technical
aid organizations. Accordingly, water resources managers or analysts are not free to
specify these objectives a priori, but should seek to identify them from the political
process.

Almost always, there will be more than one relevant objective. The most common
objectives are economic development (technically defined as economic efficiency in
the benefit-cost literature), equity (sometimes measured in terms of income
distribution), regional or national self-sufficiency, and environmental quality. The
objective of sustainability has emerged recently as important to water resources
planning. As pointed out in Hufschmidt and McCauley (1990) it should be possible in
most cases to achieve sustainability in water resources management along with
achieving other satisfactory levels of objectives.

¢. Selecting multiple purposes

Multiple purpose planning of water resources has been recognized for almost a
century. By the 1930's in the United States, five major purposes for water resources
development were considered to be relevant: navigation, flood contrel, irrigation,
hydroelectric power and domestic and industrial water supply. By the early 1950's this
list had expanded to include a number of what are now considered "environmental”
purposes such as fish and wildlife, water-based recreation, watershaed management,
grosion control and water pollution control, as shown in Table 3.1.1. In almost ali
water management situations, more than one purpose is involved, although in only a
few cases would all of the purposes listed in Table 3.1.1 be present. At least in
principle, a water resources management strategy should be broad In scope so as to
accommodate all relevant purposes. In somse cases, single-purpose projects are
appropriate, but even in these cases account should be taken of the relationship of the
single-purpose project (such as an irrigation development) to other purposes in the
river/lake basin or region involved.

A brief review of the UNCRD/ILEC case studies (Hufschmidt and McCauley, 1990)
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reveals that all of them deal with several water resources management purposes. For
example, Table 3.1.2 shows that the Lake Victoria cases includes 11 of the 13 listed
purposes, followed by the Yahagi basin with 10 purposes and Lake Kasumigaura with
8 purposes. For all 9 cases, the average number of purposes is 7.

Background Studies and Projections
a. Macro-economic and social studies

These studies include analyses of current population, urbanization and macro-
economic activities, and one or more projections of future population and economic
activity levels, and their spatial distribution. These scenarios of the future, for one or
more time horizons, are based on a combination of underlying naticnal goals and
policies as expressed, for example, in nationai development plans. As such, the
scenarios are a composite of national and regicnal goals and realistic estimates of
what is likely to happen, on a macro-economic and social basis.

These summaries and underlying studies provide the basis for projecting demands
for water resources by major sector, such as agriculture, energy, and industry, as wel
as environmental impacts of such sectors on water and land, e.g. soil erosion,
sedimentation, water pollution.
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Tabkle 3.1.1

Elements of a Water Resources Plan

(adapted from U.S. President's Water Resources Policy Commission, 1950, p.47)

No. Element

Purpose

o~

10.
11.
12.

13.

Flood control

Irrigation

Hydro-electric power
Navigation

Domestic and indus-

trial water supply
Watershed management,
soil conservation

and erosion control
Recreational use of

water
Fish and wildlife

Pollution abatement

Insect control
Drainage
Sediment control

Salinity control

Flood damage prevention or reduction,
protection of economic development,
ccnservalion storage, river regulation,
recharging ground water, water supply,
development of power, protection of life
Agricultural preduction

Provision of slectric energy for economic
development and improved living standards
Transportation of goods and passengers
Provision of water for domestic, industrial,
commercial, municipal, and other uses
Conservation and improvement of the soill,
sediment abatement, run-off retardation,
forests and grassland improvement and
protection of water supply

Increased well-being and health of the
people

Improvement of habitat for fish and wildlife,
reduction or prevention of fish or wildlife
losses associated with man's works,
enhancement of sports opportunities, provi-
sion for expansion of commercial fishing
Protection or improvement of water supplies
for municipal, domestic, industrial and
agricultural use, and for aquatic life and
recreation

Public health, protection of recreational
values, protection of forests and crops
Agricultural production, urban development,
and protection of public health

Reduction of silt load in streams and
protection of reservoirs

Abatement or prevention of salt water
contamination of agricultural, industrial,

and municipal water supplies
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Table 3.1.2
Water Management Purposes in the Nine UNCRDY/ILEC Cases
(from Hufschmidt and McCauley, 1990)

flood imiga- hydro-  naviga-  water watershed
Case Study control tion power  tion supply  management
1. Lake Dianchi, x b X
China
2. Lake Victoria x X X X X
basin, Kenya
3. YahagiRiver x X X X
basin
4. Laguna Lake x X X
5. Songkla Lake x X
6. Lake X X
Kasumigaura
7. Brazil X
Reservoir
8. Saguling X X X
Reservolr
9. Leke Biwa X X
Number of Cases 7 4 3 1 5 5

Table 3.1.2 (cont.)

recrea- fish&  pollution insect sediment salinity  numberof
tion wildlife control control  drainage conirol control  purposes

1. Lake Dianchi, X 4
China

2. Lake Victoria x X X x X X 11
basin, Kenya

3. Yahagi River x X X X X X 10
basin

4. Laguna Lake X X 5

5. Scongkla Lake x X X X X 7

6. Lake X X X X X X 9
Kasumigaura

7. Brazil X 3
Reservoir

8. Saguling X X X X 7
Reservoir

9. Lake Biwa X X X X 7

Number of Cases 5 7 8 3 3 5 4 63

b. Projections of human activities as related to water
Information from the macro-economic and social scenarios is used to project the
levels and spatial distribution of water uses and impacts by major sectors, such as
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agriculture, aquaculture, urban domestic, commercial, transpor, industry and energy.

These projects, which may be expressed as ranges rather than as point estimates,
provide information on the demand side of the supply-demand equation. For
example, in terms of lake or reservoir management, these projects would provide
information on possible water quantity and quality demands for fisheries, water-based
recreation as well as for irrigation, domestic and industrial water supply and
hydroelectric power.

As pointed out in Hufschmidt and McCauley {1988) for the Bsijing-Tianjin water
management case, such demand projections should not be taken as givens, but
should be considered as variables which are subject to reduction through demand
management measures. Nonstheless, these projections provide useful starting
values as inputs to the plan formulation stage of planning, when both demand and
supply management options are formulated and evaluated as elements of alternative
water resource management plans or strategies.

¢. Biophysical water and land system analysis

In this section natural and man-made water resource systems, that constitute the
“supply” side of water resources, are analyzed. Included are the water quantity
elements -- precipitation, streamflow, groundwater flows and levels, extreme
hydrologic events -- as well as water quality, both surface and groundwater, and
related physical processes such as erosion, sedimentation and channel degradation.
Included also are the existing man-made water use and control works -- dams,
reservoirs, canals, pumping plants -- that provide the infrastructural basis for current
water resource management.

The details of these natural and man-made systems are covered elsewhere,
especially in Volume 1, Principles of Lake Management (Jorgensen and Vollenweider,
eds., 1988} of this Guideline series, and are not discussed further here.

Plan Formulation
a. Selection of candidate projects

As pointed out by White (1969) it is important to use a broad range of choice in
selecting candidate projects for a water resource plan or strategy. Thus, in addition to
considering supply-side projects for meeting assumed or projected water-resource
demands -- capital intensive projects such as storage dams and reservoirs, diversion
dams, canals, groundwater pumping plants -- demand-side projects are also
considered as an integral part of the water resource plan. These include technical,
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regulatory or economic ways of reducing per capita and per-unit demands for water.
Drip or sprinkler irrigation, recycling of industrial water, wastewater reuse including
dual water supply systems, and water-saving commercial and household equipment
are examples of technical measures which can often be achieved via economic
incentives and regulation. Metering accompanied by increasing block rate volumetric
pricing Is an example of combining technical and economic incentives to reduce water
use. Examples of such demand options are shown in Millikan and Taylor (1981}, and
Hufschmidt et al. (1988).

Multiple means involving a broad range of choice can also be used to deal with
problems such as flood damages and pollution. Flood plain zoning, flood insurance,
flood warning systems can be used along with physical measures such as flood
proofing, dams and levees to reduce flood hazards. Similarly, regulatory and
gconomic incentives can be used to reduce generation of gaseous, liguid and solid
residuals.

b. Preliminary screening and formulation of alternative plans

At this stage of planning, the multiple objective approach plays a key role. The
approach is to formulate alternative plans which show different mixes of achievement
of objectives. For example, cne plan would emphasize the economic development
objective with less emphasis given to the objectives of equity, environmental quality
and economic development. The important point is that all relevant objectives would
be seriously considered from the very start of plan formulation. At least at the outset of
planning, each objective would be given consideration in plan formulation, so that
information on trade-offs among objectives would be available to planners and
decision-makers.

A major problem of the multiple objective approach is incommensurability;
measurements of achievement of the various objectives usually cannot be made in
common units, such as dollars or yen. Although some ingenious sclutions have been
proposed (Haimes et al., 1875), the most practical approach is to formulate alternative
plans with different levels of achievement of objectives, and compute the trade-offs
among objectives. Under this approach, cne can compute the loss (or opportunity
cost) to one objective caused by achieving a second objective, with effects on sach
objective measured in appropriate monetary or physical units. Thus,' economic
analysis can be used to estimate the contributions in monetary terms to the economic
efficiency objective, as well as the distributional (equity) consequences. This
information on trade-offs would be used in the decision-making process to rank
alternative plans and ultimately to select a preferred plan. As discussed in detail by
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Dixon in Section 3.4, social benefit-cost analysis is an essentia! element of multiple-
objective analysis.

¢. Evaluation and plan selection

The outputs of the Plan Formulation stage, in the form of alternative water resource
plans or strategies, are subjected to detailed and intensive review and evaluation by
the planning staff with inputs from the affected publics. At this stage there is dstailad,
full-scale application of social benefit-cost analysis, as discussed in Section 3.4, along
with relevant multiple-objective analysis. The results of these analyses are then
presented to the decision-makers in the form of a recommended plan or alternative
plans.

Typically, decision-makers may be a national Ministry of water resources or public
works, or the head of the national government -- Prime Minister or President --
sometimes subject to approval of the Legislative Branch.

In cases where decision-makers do not accept any of the alternative plans, or
require major modifications before acceptance, action returns to the plan formulation
stage for further planning and evaluation. And, if considerable time has slapsed in the
initial plan formulation and evaluation stages, revised background studies and
projects may be required before the second round of plan formulation can proceed.

Important Factors in Planning

Experience has shown that success in water resource planning is related to several
important factors, including the extent to which there is detailed planning for
implementation, local pubiics are closely involved in planning, and the planning team
is multidisciplinary in makeup (Hufschmidt and McCauley, 1990).

a. Planning for implementation

Because of the close relationship between project plans and related water and land
management technology, on the one hand, and the ease or difficulty of implementing
projects on the other, it is necessary to make specific and detailed plans for the
implementation of projects during the plan formulation stage. Typically, such an
implementation plan will be a package of implementation tools, consisting of
regulatory measures, monetary incentives, technical assistance and extension
education, to insure that the land and water users and managers take appropriate
actions to achieve project success (Easter, 1986b). As discussed in more detail
below, the water users and land managers who will play key roles in implementing the
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project should participate in the combined project design and implementation
planning. Of course, any initial implementation plan can only be a first draft, subject to
change as experience is gained during implementation.

Any implementation plan will be developed initially in terms of an existing set of
institutional and organizational arrangements. Where these arrangements are found
to be inadequate or constraining the implementation plan may propose changes in
these arrangements.

b. Local participation

Plan formulation involves local participation in two ways: First, farmers, fishermen,
villagers, lake shore residents, and others who will use the water resources or will be
affected by development projects should be involved in the planning and design of
projects. Second, the implementation plans that are developed should have specific
roles or tasks for the water users and affected people. For example, an
implementation plan for an irrigation project would define the roles and
responsibilities of water users in canal management, water distribution, operation and
maintenance and financial management. According to a recent study of medium-
scale irrigation systems in Northwest Thailand: "The (government) should adopt the
concept of farmer involvement at all stages of irrigation development, from site design
through O & M. The concept should be institutionalized in a Standard Operating
Procedure, which establishes clear rights and responsibilities for farmers at all phases
of system rehabilitation and operation (Johnson et al., 1989).

An outstanding example of local involvement in water resources planning is the
Yahagi River basin whose local agricultural, fisheries and water supply groups
continue to participate actively in the planning and policy process (Naito et al., 1989).
Local citizens ars also actively involved in water management decisions on Lake
Biwa, especially as they concern water quality (Imai et al., 1989). On the other hand,
community participation in planning and decision-making for Laguna de Bay is still in
an embryonic stage. lts weakness is seen as a challenging problem facing the
Laguna Lake Development Authority {Fellizar et al., 1989).

¢. Mullidisciplinary planning team

Formulating water resource management plans is far more than a technical
exercise involving the services of hydrologists and civil engineers. In fact multiple
objectives -- economic, social and environmental -- multiple purposes -- irrigation,
hydreelectric power, domestic water supply -- multiple options -- demand-side and
supply-side management options -- and muitiple elements -- physical measures,
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implementation tools, and institutional and organizational arrangements -- are all
involved in planning. Effective performance of planning tasks requires the services of
people with training and experience in the social and biclogical sciences as well as in
engineering and the physical sciences. Perhaps as important as the services of
people covering the full range of these fields of knowledge and experience is the
interdisciplinary composition of the leadership of the planning activity.

The Cisadene-Cimanuk Integrated Water Resources Development study is a good
example of effective use of a multidisciplinary planning team (Delft Hydraulis and
Indonesian Ministry of Public Works, 1988). The Delit Hydraulics team leader was a
multidisciplinary-trained water resource planner. His team represented a broad
spectrum of engineer/planners and natural and social scientists, including a system
analyst, computer modeller, civil engineer/planners, hydrologist, economist,
sociologist, water quality scientist, fisherles scientist, agronomist and irrigation
engineer.

3.1.6 IMPLEMENTATION

The planning activities discussed above are directed toward assuring that an
integrated water resource plan is prepared that meets the economic, social and
environmental objectives of the society.

There remains, however, the chailen'ging task of implementing the plan. As shown
in Figure 3.1.5, implementation is generally divided into three stages: 1) Construction
or Installation of projects, 2) operation of the water resource system, and 3)
maintenance of the physical facilities and natural slements of the water resources
system.

These stages are usually sequential, as shown in Fig. 3.1.5, although at any one
time, installation or construction, operation, and maintenance may be under way con
different projects of the plan or program. As implementation proceeds, monitoring and
evaluation of activities and results are undertaken, and the results are fed back to the
water resources managers, as shown in Fig. 3.1.5,
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To Planning Phase

__________________ > Project [nstallation
e v e m m o or Construction

Monitoring 1.

and o] > Operation
Evaluation S

__________________ » Maintenance

Figure 3.1.5 The Water Resource Implementation Process

In the following discussion of implementation, five major factors of management are
advanced as of special importance at the implementation stage. These are: 1)
integrated financial plan, program and budget, which is important not only at the
construction or installation stage, but also for operation and maintenance; 2) local
involvement in implementation; 3) implementation tools; 4) effective operation and
maintenance; and 5) monitoring and evaluation.

Integrated financial program and budget

The integrated water resource plan which is the output of the planning stage
typically will consist of a number of individual physical projects to be built or installed
and individual management activities to be carried out by different agencies.

Whether this integrated financial program and budgst is to be provided as a lump
sum to a single ministry or department for allocation among individual agencies, or as
separate appropriations to individual ministries or departments, it is necessary that the
integrity of the programs and budgets be maintained throughout the budgetary and
appropriation process. This can best be done if 1) the multi-year programs and
annual budget are prepared jointly by all relevant agencies, 2) the basin-wide or
region-wide programs and budget are kept intact as identifiable categories throughout
the budgetary and appropriation process, and 3) administration of the program and
budget during the implementation stage is a shared task of the relevant agencies.
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Local involvement in implementation

The scope, form and method of local involvement in implementation will vary from
case to case, and these factors, in turn, will affect the relsvant strategy for public
involvement. In some cases, such as irrigation, rurai water supply, fisherigs, and
watershed management, the water or land users play key roles in project operation
and maintenance. In other cases, where project construction and operation involve
temporary or permanent displacement of people from the project site, or otherwise
adversely affect local people, these people have an obvious stake in how the project
is built and operated. Also, in some riverflake basins the general public, although not
directly affected by project activities, will have an interest in how the water resources
are managed because of indirect or secondary effects on environmental, social and
economic conditions in the region.

Appropriate strategies for public involvement for these cases range from direct
involvement in project construction and operation, as for irrigation water distribution
and on-farm water spreading facilities, and close consultation and collaboration, as in
the relocation of displaced people, to a strong advisory role on implementation in
general, as in the case of citizens groups organized on a river/lake basin basis.

As summarized by Howe (1986), water resource implementation should involve
sufficient public participation at regional and local levels so that "(a) valuable local
information and technical inputs are identified and utilized, (b} the interests of all
affected groups are identified and taken into account, and (c) local water users feel a
part of the river basin program and accept their responsibilities for operation and
maintenance."

The key role that public participation plays in implementation of watershed
management is discussed by Easter (1986b). Important issues of concern identified
by Easter, Hufschmidt and McCauley (1985) are 1) how to build local capacities for
implementation; 2) the need to pinpoint the obstacles to effective participation in water
management at the policy, agency and local levels; 3) importance of examining the
lessons of successful participatory approaches used in other areas of natural resource
management and rural development; and 4) finding out what can be learned from
traditional systems of resources management that could be applicable to modern
water resources management.

Implementation tools

The importance of appropriate tools in an implementation strategy has been
discussed under Planning for Implementation above. What is appropriate depends
upon the individual situation or case and is often a function of 1) the kinds of physical
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management measures of concern, e.g. farm terraces, irrigation canals, and 2) the
institutional setting, e.g. land tenure, water rights. In theory, there is an appropriate set
of implementation tools for each specific combination of management options and
insitututional arrangements. Sometimes, in the précess of implementation, it is
necessary to change the mix of management options or the institutional arrangements
to attain a workable combination of these with the implementation tools.

There are four general classes of implementation tools: regulatory "command and
control" arrangements, monetary incentives or disincentives, technical help, education
and research, and diract public installation and operation (Easter, 1986b). Most
implementation strategies will use a combination of these classes. Each has its
advantages and disadvantages. Direct "command and control" methods, involving
regulation of land uses, forest harvesting, water withdrawals or polluted effluents,
although potentially effective, often do not work well, especially on privately owned
lands in rural areas. Economic incentives, in the form of grants or subsidized loans,
are often expensive, and, once incentives are stopped, the desired management
actions also stop. Economic disincentives, such as effluent charges are most effective
for industrial water users, especially when used in conjunction with appropriate
poliution control regulations. Technical help via extension services, supported by
oducation and research, for water and land use and control practices have great
potential for long- range effectiveness, but the immediate pay-off is usually
disappointing. Direct construction and operation by public agencies is most
appropriate for large-scale multiple-purposes such as dams, reservoirs, levees and
canals. But such projects are often very costly, and in many cases still require the
participation of irrigators and other water users, such as fishermen, in operation and
maintenance to achieve project outputs.

In the Lake Dianchi Basin, China an attempt has been made to provide an
integrated package of management measures and implementation tools through the
"Ordinance for Lake Dianchi Protection" passed by the Kunming Municipal
Government in May 1988 (Zhang and Liu, 1989). Included are provisions for
regulations, effluent charges, water use fees and public construction and operation of
facilities for water supply, water poilution control, watershed management, erosion
and sedimentation control and fisheries management.

Operation and maintenance

A major weakness in the implementation of many water resource plans in
developing countries is the failure to provide adequately for the operation and
maintenance of projects once construction or installation is completed. Where projects
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are funded by loans or grants from international development banks or bi-fateral aid
agencies, funds are provided only for construction, with the project sponsor -- usually
a naticnal water resources agency -- expected to provide for on-going operation and
maintenance. With few exceptions, water user fees and assessments are not
adequate to pay for operation and maintenance of projects; in many cases, water
services are provided free to users; in other cases, where fees are levied, as for
irrigation water, the rate of collection is very low. As a result, operation and
maintenance activities must seek funds in national water resource agency budgets --
a difficult task when competing against more politically appealing projects.

In addition to being underfunded, coperation and maintenance activities suffer from
the low professional prestige accorded to the staffs who undertake what are
considered to be mundane tasks. In some cases, unprofessional performance in the
operation of irrigation systeams, especially in the allocation of water, is prevalent
(Chambers, 1988),

According to Howe and Dixon (1285) operation and maintenance problems stem
from a series of distortions that start with project formulation and selection in the
planning stage and continue through the project design, construction and operation
stages. These distortions have their roots in decisions by donor/lenders and host
countries and include adoption of inappropriate technology, highly capital intensive
systems that are difficult to operate and maintain, little or no involvement of affected
local people in project planning and implementation, and inadequate funding and
lack of staff incentives for good operation and maintenance.

To overcome these deficiencies it is necessary to develop and carry out an
operations and maintenange plan which has for its objective the continued production
of the outputs of the project on a sustainable basis. This requires that adequate funds
be provided con a sustained basis, in the integrated multi-year financial program and
annual budget. To the extent practicable, funding should be provided from user
charges and assessments on project benseficiaries. In addition, water users should
participate in project operation and maintenance, especially for irrigation, rural water
supply and watershed management activities. Special attention should be given to
the effectiveness of project operation and to the adequacy of maintenance staffs,
including those involved in monitoring and evaluation, and to participating water
users. Incentives could be in the form of professional training, technical guidance, pay
increases, professional recognition, higher status in the management agency, and
security of tenure.
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Monitoring and evaluation

As implementation proceeds, from construction to operation and maintenance, as
shown in Figure 3.1.5, monitoring and evaluation of the performance of the water
resources plan and program is an essential management activity. As pointed out by
Easter (1986a) monitoring and evaluation is a continuous process designed to inform
project or program managers what has happened or is happening while a project is
being implemented. Accordingly, an effective monitoring and evaluation system will
provide the kind of information that managers need in time to enable them to make
necessary changes in project operations.

According to Easter (1986a) important components of an effective monitoring and
evaluation system are: 1) carefully designed baseline studies of physical and socio-
economic conditions; 2) strong support of the system by project and program
managers; 3) realistic targets for project inputs, activities and outputs; 4) local
participation in the monitoring and evaluation, especially of outputs and impacts
affecting local people; 5) appropriate measures of effectiveness; 6) timeliness and
accuracy of information generated by monitoring and evaluation; and 7) effective
communication of results to planners, managers and decision-makers.

3.1.7 INSTITUTIONS AND ORGANIZATIONS

Because proper institutions and organizations are so important to successful water
resources management, they are given separate treatment in this Section. Here we
distinguish between institutions and organizations. Institutions as used here are the
formal and informal rules of a society which define property rights to land, water and
other natural resources, and spell out the rights and obligations of individuals and
groups. As such, the definition also includes the rules under which organizations
operate. Organizations are ordered groups of people in administrative or functional
structures, such as private firms, non-profit public entities, and governmental agencies
(Gibbs, 1986).

institutions: Desirable characteristics

In general terms, water resource management institutions should promote or, as a
minimum, not constrain the achievement of the multiple objectives of the water
resource management plan -- in particular, the economic development, equity,
environmental quality and sustainability objectives. More specifically, the rights and
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obligations of water, land and related resource users should be clearly defined and
consistently administered so as to allow efficient and equitable use of resources on a
sustainable basis, with appropriate account taken of unavoidable adverse
environmental and social consequences. These essential characteristics of clarity of
definition and consistency in administration may take somewhat different forms for
streams, lakes, estuaries, groundwater, fisheries, forests, grasslands, rainfed and
irrigated agricultural lands.

Turning first to agricultural lands: In general, security of tenure is the prime
institutional characteristic contributing to productivity of agricultural lands on a
sustainable basis. High security can take the form of outright private ownership of
land as in Japan or the United States or long-term leasehold tenancy arrangements,
with rights of renewal, whether with private owners or with the Government, as In
many developing countries. Less secure are short-term tenancies with or without
renewal rights, and customary land use rights, with no legal ownership or tenancy
status. For rainfed agricultural fands, secure rights to land is the important
requirement but for irrigated lands, security of water rights is needed as well,

As pointed out by Nickum and Easter (1989) difficulties arise in achieving security
and transferability of water rights because of: 1) interdependencies among water
users, 2) high degree of variability of supply, 3) economies of scale of large water
projects, 4) high social value of agricultural water supply relative to economic value, 5)
conflicting soclal values concerning use, and 6) high transaction costs where many
water users are involved. Given these difficulties, water markets for irrigation will be
severely constrained by governmental action. One type of government-issued water
use right is a permit to withdraw a specific quantity or proportion of available water.
Also irrigation water users pumping from a common groundwater pool may have
restrictions placed on their pumping rates which depend upon groundwater recharge
rates.

Fisheries in freshwater lakes present a special type of open access problem. As
shown in the Laguna Lake case (Fellizar et al., 1989) some form of government
regulation of fishery sites and rates of use was required to control adverse
externalities and limit overall fish takes to sustainable levels. Here too the problem of
"government failure” to regulate effectively an open-access resource becomes an
important issue. The example of fishing rights in Tokyo Bay, described in Dixon and
Hufschmidt (1986, Chapter 6) is a case where government acted effectively to 1)
provide rights that were specific and transferable, 2) restrict access to members of
user organizations (the fishery unions), and 3} vest decision-making rights in the
fishery unions, with full participation by the users. In contrast, the Laguna Lake case is
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a less fortunate example of ineffective government and user performance (Fellizar et
al., 1989).

In cases of market failure involving spillover effects such as water pollution, erosion
and sedimentation, salinization, and flooding, government will usuaily intervene with
regulations or economic incentives to correct such distortions. As pointed out by
Nickum and Easter (1989), bargaining among affected private parties could, in theory,
lead to a socially optimal level of cleanup. However, when, as is usually the case,
many actors are involved or information on technical relationships is faulty, the
transaction costs of bargaining are so high that this method becomes unfeasible, and
government intervention is resorted to.

In the case of water pollution from urban areas, industry and agricuiture, regulation
can take various forms: effluent standards and ambient streams or lake standards.
Economists advocate the use of effluent charges or tradeable permits as means of
achieving economically efficient outcomes. Banning the use of chemicals in areas
where water leaches quickly to the groundwater may be necessary.

Control of erosion and sedimentation from watersheds compossed largely of
agricultural, grazing and forest lands presents special problems. Except in special
situations, government regulation is not an effective approach, in part because of high
transaction costs, Promotion of institutions that foster collective action and internalize
off-site impacts, along with strong tenure arrangements, are more appropriate actions.
These, along with technical help and economic incentives to landowners and tenants,
can lead to successful watershed management programs (Easter, 1986b; Gibbs,
1986).

Organizations: Desirable characteristics

The United Nations report on integrated River Basin Development (1970)
concluded:

There certainly is no single correct way to organize and administer a river basin
programme. The plan of organization must in each case be fitted into the general
governmental structure and into the cultural patterns and political traditions of the
countries and regions which are involved.

This is still the case today. Accordingly, in developing the organizational dimension
of a water resource management strategy, a good approach is to look at a number of
desirable characteristics that an organizational arrangement should have. How to fit
these characteristics into an existing or proposed organization for a specific river/lake
basin or other management region is a separate and challenging task that is beyond
the scope of this Chapter.
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Following are four impertant desirable characteristics for organization:

a. Regional or river/lake basin focus

The organizational structure should have an appropriate regional focus. This is
obviously the case with a river basin authority such as the Tennesses Valley Authority
in the United States, the Damodar Valley Autheority in India, and the Lake Victorfa
Basin Development Authority in Kenya. Regional focus can also be achieved by
establishing a strong reglonal or river/lake basin coordinating mechanism such as an
inter-agency committes, preferably with independent leadership, or alternatively with
leadership by a sectorial agency.

b. Integration of objectives, purposes and means

Along with a strong regional focus, organization for water resources management
must achieve effective integration of the various multiple objectives, multiple purposes
and multiple means that are part of management. Even where a river/lake or regional
authority exists, achievement of such integration is far from a routine exercise and
requires sophisticated administrative skills. The problem is especially difficult in the
usual case where responsibilities for water resources activities are divided among
many sectorial agencies. Whatever the particular form or mechanism for integration, it
is important that it be in place at the early stages of planning when some of the crucial
decisions concerning scope, objectives and purposes of the water resource plan will
be made.

¢. Management effectiveness

Regardless of the particular organizational structure for management, the basic
compenents, such as sectorial agencies, must have the legal authority and
administrative capability to perform effectively the management tasks within their
areas of responsibility. This is particularly important during the implementation phase
of management. Management of open access resources such as lake fisherigs, as in
the Lake Laguna and Saguling Reservoir cases, groundwater aquifers, and
communal forestlands and grasslands requires rigorously fair and consistent
enforcement of restrictions on use. Otherwise, regulatory failure can lead to inequities
and conflicts among resource users, widespread evasion, and deterioration of the
resources. Government administration of regulations and economic incentive systems
for control of water pollution, erosion, sedimentation, salinization and flooding must
alsc be equitable and consistent. Almost always, effectiveness of administration is
enhanced if the local resource users ars closely involved in the administration, often
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through water user organizations.

d. Decentralized management via local user organizations

Although a considerable degree of centralization of activity is appropriate at the
planning stage of management, a high degree of decentralization is usually desirable
during implementation, especially when many water and land resource users are
involved. Such decentralization of sectorial agency staffs to the project or sub-
watershed lavels is most effective when combined with devolution of responsibility to
water user organizations, as in the case of irrigation projects, watershed management
and lake fisheries. Administration of water rights, and economic incentives or
regulations on pollution, sedimentation and groundwater withdrawals are often best
accomplished through such water or land user organizations.
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SECTION 3.2

EFFECTIVE MONITORING OF LAKE WATERS

by Asit K. Biswas

3.2.1. INTRODUCTION

Monitoring has always been an integral component of all planning and
management processes, and thus, in this sense, monitoring has been as old as
management itself. No sustainable water resources system can be efficiently
planned, designed and managed without adequate and reliable data on the system
parameters, and lakes are no exception to this rule.

With ever-increasing human and animal populations, more and more water is
required for their survival and maintaining a certain quality of life. Lake waters are
therefore coming under direct pressure in terms of their availability and use for
domestic consumption and for agriculiural, industrial and navigational purposes. In
addition, lakes are often used for waste assimilation, directly through point sources for
domestic and industrial waste discharges and/or indirectly through non-point sources
like agricultural and urban runoff. Lakes, especially in developing countrigs, are also
an important resource for fish production. Optimum management of any lake thus
requires careful balancing of all these demands, many of which are contradictory. For
example, use of lakes as waste assimilators means that water quality continues to
deteriorate, which could seriously restrict the use of water for domestic, agricultural
and Industrial purposes and reduce fish productivity.

Signs of stresses on lake management are becoming increasingly evident in many
countries, both developed and developing. Lake managers are thus faced with the
complex task of devising and implementing appropriate strategies which would
optimize the use of lake waters to satisfy the needs of the human population but
simultaneously ensure that this could be done without endangering such resources
for continuing use in the future. The art and science of properly balancing the various
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possible uses of lake waters on a sustainable basis can be termed as lake
management.

Lakes can only be managed efficiently if the information on which management
decisions can be based is available to the decision-makers on a regular and timely
basis. Unfortunately, however, for a majority of the lakes of the world, managers stil
have access to surprisingly limited information on which sound decisions can be
based. The only way to ensure that managers have ready access to the information
they need is to institute a functional monitoring system, which will regularly provide
them with the data which they so badly need.

3.2.2 LAKE MONITORING

In the context of the present chapter, lakes include both natural and man-made
lakes, and monitoring is defined as the continuous or periodic collection, collation and
analysis of data and information for purposes of effective management of lake waters.
Data includes both physical and socio-economic data which are required for proper
management and optimum use of lake resources. Since the primary purpose of
monitoring is to achieve efficient and effective management of lakes, it shouid be
considered as an integral part of the management information system. Accordingly
monitoring should be a regular internal activity of any institution responsible for
managing lakes,

It should be clearly recognized that monitoring by itself will not be enough. Data
collected must be used in a timely manner to get a clear picture of the status of any
lake, both in terms of quantity and quality of its water, its availability and use, and
overall effective management. Periodic evaluations need to be carried out.
Evaluation in this context may be defined as a process which determines
systematically and objectively to the extent prossible, the impact, effectiveness and
relevance of lake management in terms of their agreed objectives.

It can be persuasively argued that if the existing performance paiterns of lake
management in terms of achieving their objectives are to be improved significantly, it
would be essential to ascertain that monitoring and evaluation become an integral
component of the management process in order first to determine their achievement
levels and then to identify what adjustments and corrective actions may be necessary
to ensure that the future stream of benefits accrue to the appropriate users and target
groups.
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Some form of monitoring and evaluation is often carried out for many lakes. For
example, if the water of a lake is used for human consumption, agriculture or
navigation, its water level is generally monitored frequently. Often some limnological
paramenters are also monitored. However for a vast number of lakes, regular
monitoring of essential water quality parameters is not generally carried out, or if
carried out, the data are not available to planners and managers on a regular and
timely basis. Reliable infomation on fish productivity {both total amount of fish caught
annually and their types) is available only for a few select lakes. When one moves
from physical factors to socio-economic factors, the status of their monitoring usually
gets worse. One would indeed be hard-pressed to identify more than a handful of
lakes anywhere in the world where their impacts on the lifestyles of the intended
beneficiaries like farmers, fishermen and domestic water consumers have been
properly evaluated at regular infervals.

It should be noted that regular and reliable monitoring of lakes is not an easy task
under the best of circumstances. There are methodological problems which need to
be resolved in order to find a cost-effective and reliable approach that can be used for
monitoring within the resources and expertise available to the institutions responsible
for lake management. Ready availability of funds and trained manpower are
generally critica! issues for nearly all developing countries. Even when such
methodological issues and resource problems can be overcome, there are other
important barriers like institutional inertia, which have to be effectively overcome,
before a regular monitoring and data management system can be established, which
could become an integral component of the management process.

It should be noted that the various reasons for instituting proper lake monitoring are
generally not mutually exclusive since they are often interrelated. Equally it is not
snough to identify and monitor the various technical, social, environmental and
sconomic parameters; it is essential to review institutional arrangements and
constraints, since it is the institutions concerned which in the final analysis have to
develop and implement appropriate policies for lake monitoring and then use the
information obtained for sustainable lake management.

On the basis of reviews of monitoring of lakes in many countries, it is clear that very
few paople are satisfied with the present status. The problems appear to be many-
faceted, among which are the following:

Decision-makers often claim that they have no clear idea as to the total real
benefits accruing from lakes, nor do they have precise information on the anticipated
beneficiaries from the resources of the lakes or even on the nature and extent of the
real beneficiares.
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Planners point out that they have no objective information on how past planning of
the use of lake resources has fared, and without any reliable feedback they cannot
improve the existing planning process to any significant extent.

Managers state that they cannot make appropriate timely decisions since the
information they receive is ofton somewhat general, and as such unusable and of
fittle assistance (too little, too much, irrelevant, unreliable or too fate).

People who monitor feel that their works do not receive proper attention, and what
Is more they are not given enough resources or time fo carry out thair tasks efficiently.

A realistic assessment of the current status of monitoring of iakes would indicate
that virtually everyone asscciated feels that monitoring is essential and beneficial, but
in reality the rhetoric overwhelmingly exceeds actions. Organizations, especially in
developing countrigs, appear to embark more upon pilot exercises and training
programmes on monitoring rather than carry them out properly on a long-term basis.
This unsatisfactory situation must be improved.

3.2.3 MONITORING AND EVALUATION REQUIREMENTS

There are some fundamental requirements for designing any monitoring and
evaluation system for an irrigated agriculture project. Among the primary
requirements are the following:

1) timeliness;

2) cost-effectivensss;

3) maximum coverage;

4) minimum measurement srror;

5) minimum sampling error;

6) absence of bias; and

7) identification of users of information.
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Timeliness

Most management decisions have a time dimension, even though the timeliness of
making some decisions may be more important than others. For example, if the water
of a lake is of inappropriate quality for drinking or for use in agriculture, or if the fish
production deteriorates for whatever reasons, it is necessary that these problems be
identified as soon as they bagin to surface and then necessary remedial measures
are undertaken to rectify such problems. If not, the health of the people depsnding on
lake waters would suffer, and the income foregone by the farmers due to the loss of
agricultural productivity will never be recovered. Thus, it is essential that information
collected from monitoring reaches the appropriate decision-makers on time, so that
rational decisions can be made in time based on the data monitored. Accordingly, for
a rational management system, monitored information should be channelled in a
timely fashion so that it can be converted into decision and action.

It should be noted that the management success depends not only on the
timeliness of the information but also on the quality, extent and the form in which the
information is channelled into the decision-making process. A problem often arises
because even if the required information has been collected, it could not be
channelled into the decision-making process since it is either in a diffused or
inappropriate form or could not be obtained and analysed within the timeframe by
which decisions should be made. f information from lake monitoring does not reach
its potential users in time, monitoring can at best only have a limited impact on overall
lake management.

The danger is that if monitoring information does not reach the managers on time, it
is likely that one or more of the following consequences, which are not mutually
exclusive, may occur:

- wrong action may be taken;

- decisions taken may not be optimal on a long-term basis;

- no action may be taken when one is desirable;

- decisions taken may result in irreversible damage; or

- decisions taken may unnecessarily increase the cost and timeframe
required for the resolution of a specific problem.

It is therefore essential that a lake monitoring programme be set up in such a

fashion that relevant information in usabie form reaches the people who need it on a
gontinuing and timely basis.
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Cost-effectiveness

Information collection, processing, analysis and scaling requires financial
resources, expertise, manpower and equipment. Since the ready avaitability of all
these resources is limited, especially in developing countries, any monitoring system
designed for lakes should be cost-effective. This essentially means a sensible trade-
off between the depth and context of information to be collected as well as between
amount, relevance and accuracy. As a general ruls, it can be said that the overall
value of information collected in terms of use should exceed the cost of obtaining that
information.

For most projects, from a management viewpoint at any specific time, the value of
information generally increases with the increasing extent and the accuracy of
information available. Value of information, however, for most decisions generally
approaches a plateau at a certain stage, beyond which it increases only marginally. In
contrast, the cost of obtaining information continues to increase with more coverage
and higher accuracy. This is diagrammatically shown in Fig. 3.2.1.

Maximum Val_ue
of information

Cost or value

Coverage and accuracy of information

Figure 3.2.1 Cost-effectiveness of Monitoring and Evaluation of Information
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The shaded area in Fig. 3.2.1 is the cost-effective zone, beyond which the cost of
obtaining information will rapidly exceed its intrinsic value. Exactly where within a
shaded area a decision should be made depends on a variety of factors such as type
of projects, management experience and potential impact, but such trade-off
considerations are often made on the basis of valus judgements.

There is often a tendency to collect more data than necessary. For any monitoring
and evaluation process to be efficient and cost-effective, it is essential to have a clear
idea about who is going to use the data, what types of data are necessary, how the
information would be used, and when and in what form they shouid be made
available. Without such a clear focus, unnecessary and non-essential data may be
collected, which is an expensive luxury all countries can do without.

While data collection processes need to be carefully integrated within the
monitoring framework, consideration and desire for scientific rigour should be
balanced with the need for timely information. This in reality often translates into a
trade-off between accuracy and reliability with cost. In the final analysis, the value of
information for the management process becomes the key factor in resolving this
trade-off.

Maximum coverage

For monitoring of lakes, especially large ones, a major difficulty arises from the fact
that a wide area may need to be covered, including the lake catchment area, since
land use patterns and other human activities will have a major impact on water
reaching a lake as well as its water quality. Thus, maximum coverage taken literally
may prove to be an expensive, complex and time-consuming process.

As a general rule, sociologist and anthropologists prefer to have as much breadth of
coverage as possible. However, given the high resource costs of manpower, time,
transportation, and other related factors, as well as high opportunity costs, a decision
may often be necessary to have limited coverage of selected variables, and then use
the balance of available resources to obtain more detailed information on specific
aspects and/or areas that are critical from a management viewpoint. Accordingiy,
maximum coverage in the present context should be interpreted to mean colection of
maximum data that are necessary and will be used for management purposes, subject
to resources (funds, manpower, expertise, equipment and time) availability.'
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Minimum Measurement Error

The level of accuracy and reliability of any data that will be collected is an important
consideration for any monitoring process. Generally engineers and physical scientists
are more concernsd with the accuracy of measurements and data collected than
sociologists and anthropologists. For example, if the presence of certain toxic
chemicals in lake waters is to be considered, often these are to be measured in terms
of parts per billion. Under these circumstances "minor” errors could have significant
implications.

Minimum sampling error

Since It is neither necessary nor desirable to monitor all possible developments in
the project area, sample surveys are essential. Lake management covers numerous
issues and diverse disciplines, and accordingly there is no straightforward or uniform
solution as to what may constitute suitable sample size. For example, for analyses of
rainfall, one rain gauge per square kilometer will be considered to be a very dense
network, and thus totally unnecessary unless very exceptional circumstances warrant
it. In contrast, the identical sample size would be totally unacceptabls to sociclogists.
In the final analysis, determination of sample size will depend upon the type of
information to be collected, and the use that will be mads of it.

Absence of Bias

Monitoring of lakes often suffers from biases of people performing the task. This
happens because monitors, often due to their disciplinary orientation, expertise and
past experiences, may have the tendency to concentrate on specific issues at the cost
of other issues which may be of similar importance. For example, a common bias
often is to concentrate on limnological factors and not other issues.

it should be noted that in a real world, an issue is an fssue. It is often labelled
limnoloegical, engineering, economic, social or legal depending upon an individual's
discipline, experience, and ways and means of approaching it. Thus, ideally,
monitoring should be carried out by multidisciplinary people, who may specialize in
one discipline but are knowledgeable in other disciplines. They should be flexible,
observant, sensitive, eclectic and constructive. They should be capabie of intermixing
freely and questioning sympathetically and inventively. Since, in reality, such qualified
and experienced individuals are very difficult to find, one may have to depend on who
is available. To a certain extent, the problem can be resolved by carefully choosing a
multidisciplinary team, which may offset biases of individual members by the
juxtaposition of the insights of various disciplines. Howsver, it should be noted that
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past experiences indicate that use of multidisciplinary teams for monitoring of lakes,
where team members are not familiar or do not have established working
relationships with each other, generally do not produce an integrated multidisciplinary
approach.

Identification of Users of Information

If the results of any monitoring are to be actually used, it is necessary to identify who
are going to be the users of the information and their information requirements before
designing a monitoring sytem. At the different levels of management, the hierarchy of
information needs is different. For example, at a certain level of management,
detailed information on a specific aspect of an irrigated agriculture project may be
necessary, whereas at other levels (generally higher), aggregated information may be
required. lt is necessary that the right type of information is provided to the
appropriate levels.

For any utilization-focused monitoring, after identification of relevant information
users, it is desirable t0.1) actively involve the users in ways that would increase their
commitment to the utilitzation of evaluation finds; 2) train users to increase their
understanding of evaluation and make it possible for them to play a useful role in the
evaluation process; and 3) provide genuinely useful information to the users so as to
reinforee thelr future commitments to evaluation.

Trade-off between the Requirements

The principal requirements discussed above should not be considered individually
in isolation since some may reinforce each other and thus are mutually supportive but
others may be in conflict. The quality of any monitoring system is determined by not
any one of the requirements but rather how effectively all these factors are integrated
in one system. For example, there is always a trade-cff betwesn maximum coverage,
minimum sampling error and cost, and these trade-off decisions are generally case
specific. There is no one single universal clear-cut solution.

3.2.4 FRAMEWORK FOR LAKE MONITORING

Monitoring of lakes is a complex process since a large number of regular and
specific tasks have to be performed, both concurrently and sequentially, in a
coordinated manner, by a variety of professions, within available expertise, time and
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resources. Thus, designing an efficient lake monitoring system, and making it work
properly on a continuing basis is a complex task under the best of circumstances.

One important issue is worth pointing out here. This pertains to the physical
boundary within which monitoring should be carried out. While lake boundaries may
be comparatively easy to defing, they may not be the boundaries within which all
monitoring efforts should be confined for sound lake management. This is because
what happens outside the lake boundaries may have direct impacts on the quantity
and quality of water available and lake productivity. For example, if land use patterns
around a lake change, and increasing emphasis is given to agricultural activites, part
of the runoff which normally used to reach the lake, may have to be diverted for
irrigating crops. Equally, water from the lake may have to be used for irrigation. This
could mean that the water balance of the lake would change radically, In addition,
increasing agricultural activities around a lake would mean accelerating use of
fertilizers and pesticides, a significant part of which may leach to the lake water. This
could increase the eutrophication problem, and water use for domestic consumption
may have to be curtailed. This type of information, which Is from outside the lake
boundary, is necessary for sustainable lake management. Thus, it is not an easy task
to define the boundary within which lake monitoring should be confined.

In terms of rational lake monitoring, no one single system can be proposed that
would be valid for all lakes anywhere in the world. It is thus essential that an effective
monitoring system be desigend for each specific lake based on the requirements
discussed earlier. Qverall, however, four interrelated levels of a monitoring framework
can be proposed, which naturally would have to be somewhat general. Within this
conceptual framework, managers of each lake should develop their own spegific
monitoring system in terms of identification of the parameters that need to be
monitored, and frequencies and locations of monitoring each parameter.

Within this overall context, the following four levels of lake monitoring should be
considered:

1) water quantity monitoring;
2) water quality monitoring;

3) biological monitoring; and
4) environmental monitoring.

Three important aspsects should be noted. First, the four levels of monitoring are not
sequential: they are generally simultanecus. Second, these levels are interrelated.
For example, quantity of water has a direct bearing on water quality, and water quality
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parameters are likely to have direct impact on biological and environmental factors,
and vice versa. Third, for many parameters, there could be seasonal, or in some
cases even diurnal variations. It is thus essential that the monitoring system designed
should be able to specifically consider such variations.

Water quantity monitoring

For both natural and man-made lakes, monitoring of appropriate variables like
inflows to a lake, outflows, water withdrawals and losses from the lake, and water
levels need to be monitored. A clear knowledge and understanding of the lake water
balance is essential for its sustainable management.

Of all the four levels, water quantity monitoring is generally the most simple and
straightforward. The number of variables involved is not only easily identifiable but is
also limited. The monitoring techniques are fairly simple, which means that they can
be carried out with limited expertise. Expensive equipment and a fully-equipped
laboratory are not necessary. For these reasons, some form of water quantity
monitoring for the most part is generally carried out for many lakes.

Water quality monitoring

Water quality monitoring is significantly more complex than water quantity
monitoring for many reasons. First and foremost is the fact that the potential number of
water quality parameters that could be monitored are numerous. Literally it is not
possible to put an upper limit to the number of water quality parameters that could be
monitored. This is because the number of man-made chemicals and other products is
increasing exponentially. For example, if only pesticides are considered, prior to
1939, only a few natural products like derris, pyrethrum pand nicotine were used
along with largely inorganic counpounds such as lead arsenate, sodium arsenite,
copper in various forms, sulphur and mercury. In 1950, the British Ministry of
Agriculture, Fisheries and Food had in its Approvals List of pesticies fifteen chemicals,
used in nearly 300 formulations. By 1975, the number of chemicals used had
increased to 200, and the number of formulations to just over 600. At present there
are over 600 chemicals and more than 1800 formuiations. Since pesticides would
leach into any lake around which modern agriculture is practised, the number of
pesticide parameters alone that could be monitored could theoretically run into
hundreds. Monitoring such a large number of pesticides would undoubtedly be a very
expensive and time-consuming task. Furthermore, such indiscriminate monitoring will
not be a cost-effective process. Hence, considerable thought must be given to which
pesticides should be monitored and how often. Some criteria have to be developed
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on the basis of which such rational decisions could be taken. For example, one
criterion could be the identification of major pesticides which are used extensively
around a lake. Thus, in contrast to water quantity monitoring, where the choice of
parameters to be monitored are almost automatic, water quality parameters that
should be monitored have to be carefully selected.

Secondly, there is a time dimension to the parameters that needs to be monitored.
Bscause of the changing patterns of use of chemicals and other compounds, and
since type of industry and effluents produced in an area generally vary with tims, the
list of water quality parameters that need to be monitored should be reviewed
periodically. Often some new parameters have to be added to the list, and equally
some old ones may have t¢ be deleted. Thus, the water quality monitoring process is
not as simple or automatic as water quantity monitoring: it requires significantly more
thinking and deliberation.

Thirdly, collection and analysis of water quality data requires considerable
expertise, rascurces and time. Expensive equipment in a functional laboratory is an
indispensible requirement. This often becomes a serious problem in most developing
countries, where availability of trained manpower, adequate resources and
sophisticated equipment are serious constraints. Equally maintenance of complex
analytical equipment due to lack of spare parts, foreign exchange and trained
repairers is generally a serious problem, which cften disrupts the continuity of the
manitoring process.

There are certain water quality paramenters which need to be monitored for nearly
all lakes that need to be managed. Among these are dissolved oxygen (DO),
biochemical oxygen demand (BOD), chemical oxygen demand (COD), pH,
temperature, coliform, P and N.

Biological monitoring

Biological monitering can provide information on the overall status of the aquatic
ecosystem of a lake as a whole since aquatic organisms can integrate the various
factors affecting their surrounding environment. Accordingly, biological monitoring, if
carefully designed and carried out, could be an important component of any lake
management information system. :

There are, however, a wide range of organisms and communities which could be
included in biological menitoring of lakes. For example, information on planktons
could be important to assess the quality of lentic systems. Benthic macro-
invertebrates are preferred for lotic systems since they have limited mability and thus
are comparatively sasy to sample Equally they cover large number of species which
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are differentially sensitive to water quality.

Monitoring of fish populations should be an integral part of any effective lake
management for two important reasons. First, both natural and man-made lakes are
important sources of food in terms of fish catch, especially in developing countries
where protein consumption is generally low. Thus, managing a lake efficiently often
requires maximizing fish catch on a sustainable basis. Second, fish act as bio-
accumulators of many undesirable contaminants, and thus could be used as a proxy
for the overall problem.

In order to integrate various biological parameters, some indices like a diversity
index have been proposed by some scientists. However, none of the indices
proposed satisfactorily provide a summary of the biological parameters that are
monitored in a lake. Accordingly, use of any index is of very limited value to lake
management.

Environmental monitoring

Many environmental-parameters may have to be monitored for a lake. The decision
as to which parameters should be monitored can be taken in the context of only a
specific lake. This would require identification of environmental parameters that are
important for the management of the lake concerned.

For example, if the lake is in a geographical region where vectors of water-borne
diseases Iike schistosomiasis, malaria, filariasis or onchocerciasis could be present, it
would be essential to institute a monitoring system which will provide appropriate
information to managers in order that disease incidents could be under control.
Equally, if a specific health issue is not a concern in an area, thers is not much point to
using scarce resources for wasteful monitoring. For example, for any lake in India, it is
totally unnecessary to have a monitoring system that considers schistosomiasis, since
it does not occur in the country. However, if a monitoring system is to be designed for
a lake in Kenya, Brizil or in southern Africa, where schistosomiasis is prevalent, it must
be monitored.

3.2.5 CONCLUDING REMARKS

Monitoring is an integral component for management of any lake. However, this
does not mean that if monitoring is carried out, efficiency of lake management will be
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automatically improved. In fact, on the basis of a review of lake monitoring carried out
in many parts of the world, it can be said that the general situation appears to be that
monitoring is having far less impact on lake management processes than expected or
even possible.

There are many reasons for this unfortunate state of affairs. One of the main
reasons for this is that often parameters that are monitored may not be the most
important ones on which managers would like information. Scientists often monitor
what they wish to monitor in terms of their need for scientific research, and not what
the managers would like to see monitored. Equally, the managers may not receive the
monitored information in a form that would facilitate decision-making, or may not
receive required information in a timely and regular manner.

If a cost-effective monitoring system can be designed for lakes that specifically
addresses the interests of managers, then unguestionably the present status of lake
management can be improved substantially.
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SECTION 3.3

INTEGRATED LAND-WATER SYSTEMS AND
THEIR POSSIBLE MODERN APPLICATION

by Heinz Loffler

3.3.1. INTRODUCTION

Integrated land-water systems represent zones where interaction exists between
terrestrial and aquatic components as represented, for example, by lake pastures
where aquatic plants are grazed by cattle, horses and other livestock. Very often they
are typical of the so-called ecotones which are the marginal zones of ecological units
such as ecosystems and in this context very often for example the littoral zones of
stagnant or running water. In a more sophisticated way they comprise the cycling of
aquatic and terrestrial compounds as exemplified by the mulberry dike - carp pond
resources systems in China.

Many of the integrated land-water systems have an old tradition and have
developed along with irrigation, the culture of paddies (at least since 6,000 years B.C.)
and marsh cultures like the most sophisticated one of the Marsh Arabs in the Shatt el
Arab Region. Most recently many of the old integrated systems have increasingly
attracted general interest and in addition new devices of integrated land-water
systems have been established. In this section an overview of relevant activities will
be given.

3.3.2 LAKE- AND MARSH-PASTURES AND THE MARSH ARABS

The use of aquatic plants for livestock has a long tradition in semi-arid and arid
areas but has been given only little attention in recent times. A paradigmatic example
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of this kind s offered by the highly unstable Hamun Lake in the eastern Persian
province of Seistan and expanding into Afghanistan. In this shallow lake, area of
4000km?, and its catchment area, the culture of the "Gaw-dars” (cow-herdsmen)
developed some thousand years ago. A variety of aquatic macrophytes, cattail (Typha
sp.) presents the main source of nutrition for cattle (zebus). It is also used for the
construction of huts, for thatching, rafts ("tutins”), mats ete. As fodder for livestock it is
usually harvested and transported to villages by the rafts. On the other hand, the herds
may at times be driven to the macrophyte stands (Loffler, 1956). In addition, fishery
plays a major role in Hamun Lake with Schizothorax sp. being the main species (300 -
500 metric tons per year). At present the water budget of the lake is greatly affected by
the use of water from its main inflow, the Hilmand-Rud, for irrigation.

Similarly the luxuriant submerged vegetation in the shallow lakes ("lagunas"} of the
Titicaca-area are an important pasture for cattle during the dry season when fodder
resources are restricted to these aquatic sites {Loffier, 1968).

Most recently (Northcote et al.,, 1989) the socio-economic importance of the
macrophytes in Lake Titicaca itself (Punc Bay and the shallow parts of Lago Pequeno)
have been analyzed. The following section is an extract of the chapter on the socio-
economic importance of macrophyte extraction in Puno Bay by Levieil et al. (in
Northcote et al., 1989). Shore dwellers find the so-called "llachu” {mainly submerged
macrophytes such as Elodesa potamogeton, Myriophyilum elatinoides and
Potamogeton strictus) most useful as livestock fodder and sometimes for handicrafts
(e.g. mattress stuffing) or as fuel. Livestock may graze directly on "llachu” growing in
water less than one meter deep from July to February {sometimes August to January)
when there is no grazing left in the terrestrial pasture land.

Sometimes the "llachu" is harvested directly or from a boat. "Llachu" harvesting is
open 1o all shore dweliers; however, the "llachu" beds are divided into zones and
belong to different shore communities. Among "llachu”, Elodea Is considered the best
fodder. Its dry matter contains 15-29% protein. Obviously the algae (periphyton)
growing on them may contribute to its nutritive value. Apart from "llachu", the totora
bulrush (Scirpus tatora) is used as "totora verde" for livestock fodder and harvested in
much the same manner as "llachu" except that livestock are never allowed to enter the
totora beds in order to avoid any damage by trampling. The exploitation of totora,
unlike that of "llachu", is severely restricted and most tolora plots are privately owned.

Transplanting and sowing of S. tatora takes place to a certain extent and may
become intensified in the future. Due to its digestibility and protein content (8-15% of
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dry weight) totora verde is a good fodder which is easier to transport (e.g. as rafts)
than "llachu". *Totora amarilla®, the maturation stage of S. tatora, is used for the
construction of boats ("balsas”) similar to the "tutins" of Hamun Lake, for mattresses,
mats and roofing. After its harvest and before its use it is left to dry in the sun for one
or two weeks. Over the last decades, due possibly to the increased demand for "totora
verde*, "balsas" and mattresses it is increasingly difficult to find good quality "totora
amarilla® in Puno Bay. In addition to totora verde and amarilla, the rhizomes of S.
tatora ("sacca" and "siphi", young and tender and mature rhizomes respectively) as
well as its stalk base serve as food resources for people at the end of the dry season.
Finally, in dry years when the lake leve! is down, the exposed totora plots are tilled:
the preparation of the rhizome areas for this procedure is usually done by pigs and the
mixture of mud, rhizomes and decaying organic matter, called "kille", if dried, floats on
the surface of the lake. Large chunks of "kille" are the raw material of the well known
floating islands of the Uros. Otherwise "kille" serves as organic fertilizer.

Both "totora" and "llachu" contribute greatiy to the productivity of Lake Titicaca.
They provide a substrate and protection for eggs and young fish. Birds, particularly
ducks, also consume several species of macrophytes and almost all feed on
invertebrates that live in the "llachu" and "totora " beds. On the other hand, both fish
and birds contribute to the economy and diet of shoreline communities, particularly
that of the inhabitants of the Uros islands.

Aquatic pastures for terrestrial livestock of the kind described above exist in many
regions but virtually nothing is known about their origin and traditional roots. Quite a
few of them could have derived from Arab traditions (in the cases of Titicaca via the
Spanish Conquistadors) but many probably came about accidentally. The Pulvar
Lake marsh area in Southern lran, a vast valley obviously dammed by a land-slide,
may belong to the latter group. All these cases suggest that the improvement of
existing technology at sites of this kind and the establishment of new aquatic pastures
are highly desirable especially in semi-arid regions and at the same time, with respect
to their construction, rather economic.

To some extent the large marshes of the lower Euphrates, Tigris and Shatt el Arab
may also be considered as an aquatic river-lake pasture system used mainly for water
buffaloes. In this region, however, it is the most sophisticated reed culture existing on
our planet and created by the Marsh Arabs which dominates. With the design of
different buildings such as the "raba", the "sarifa’ and the "mudhif" built of reeds and
matting (Thesiger, 1964) it is an example of an old and outstanding amphibic lifestyle.
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Rice cultivation is believed to have originated in Southeast Asia 6,000- 8,000 years

ago, dispersed independently in West Africa much later and only recently has
developed in the temperate zones of Europe. At present the total area amounts to
about 1.5 million km2, and contributes to the cultivation of other aquatic plants, fish-
ponds, ponds for recreation etc., as man-made wetlands. Obviously, from the earliest
onset of these activities man took advantage of the animals which became abundant
in these artificial ecosystems. These included certain insects (e.g. Dytiscus sp.,
Belostoma sp., etc.), shrimps, fish, amphibians, reptiles, birds and mammals. In
particular, fishery (some thirty species are involved) in combination with rice cultivation
was given increasing attention.

it is most likely that the so-called "Minipadi" system in Western Java has evolved to
the highest level of such combined activities including dams for terrestrial cultivation
(Ruddle, 1980). The concurrent cultivation of rice and fish results in two crops of rice
and eight harvests of fish (mainly fry and fingerlings of carp (Cyprinus carpio) but also
a fow other species). This system is strongly linked with fish and pond production: six
of the harvests resulting from rice field activities such as field preparation and flooding,
including the repair of dikes and ditches for fish culture, serve for pool stocking
whereas the last two harvests serve as table fish for both household consumption and
sale. The latter fish harvests take place during the weeding processes and the first
harvest of rice. The last fish yield amounts to about 80-100 kg-ha which corresponds
roughly to US § 80.

Another system in Indonesia, again in West Java, is the "Surjan". This system puts
more importance on the dikes which here are wider, in order to support dryland crops
such as beans, chili peppers, and cucurbits. In contrast to the minipadi, polycultural
fish production is practiced in the surjan (Cyprinus carplo, Barbus goniotus,
Oreochromus mossambicus, Clarias batrachus etc.) (Ruddle, 1980).

Ruddle (1980) claims that in addition to economic and distary benefits to the farm
household and the use of more available niches -- despite higher input costs - the
joint cultivation of rice and fish in paddies generally enhances both the yisld of rice
and fish. '

The author also points out that there are certain aspects of rice technology which
are inimical to fish raising, and vice versa some facets of fish cuitivation that are
detrimental to the rice crop. Among the risks for fish, pesticides of various kinds, high
N application and the selection of fast-growing rice (105-125 instead of 160 days) may
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be mentioned. On the other hand, fish sometimes damage young rice plants though
normally rice yields improve if fish are present and even more under polyculture of fish

species (Ruddle, 1980). Among others, improved aeration and increased soil fertility
enhanced by the decomposition of fish excrement contribute to increased rice yields.

At present, the principal constraints for fish cultivation in paddies are the toxic
agricultural chemicals and of course -- very often so -- the provision of a regular water
supply (Ruddle, 1380).

As a consequence of these constraints a decline in the area and productivity of rice
field fisheries is observable throughout Southeast Asia. In response, and despite
greater investment required, the importance of freshwater fishponds has been
increasing although in many cases pond and paddy field culture of fish still play their
complementary role (Ruddle, 1980). It is hoped therefore that in the future rice-fish-
terrestrial plant systems will be given more adsquate attention.

If the hydrological features of a river (low and high water levels) tend to be similar,
the establishment of paddies within a floodplain is a common practice. A good
example of this is the inner delta of the Niger where, before the impact of irrigation
projects, the paddy yields amounted to 235 g/100 m3 of water (Drijver and Marchand,
1986). After upstream damming and increased irrigation, not only was the water
volume available for flooding but also the timing and duration of floods profoundly
changed. Although the paddy harvests went up to 5,000 g/100 m3 of water, other
essential resources were lost. Cattle herds, which came from distances of more 200
km to survive on the former grassland available during the dry season in the
floodplain, can no longer be supported there on a full scale. Likewise, the well-
adapted floodplain agriculture no longer functions. Thus, for example, a special type
of sorghum was planted at the end of the flooding: the fast-growing roots of this
sorghum variety are able to follow the rapidly-receding water table down to 2.5m. The
fishery suffered even more disturbance during the onset of the flooding and when the
water was draining back. Fishing during these periods needed a minimum of effort
and investment. Drijver and Marchand (1986) demonstrated impressively that,
despite increased rice production, due to the loss of meat, milk (migrating caitle herds)

and fish the net margin of profit per 100 m® was $0.49, but due to the costs of

construction and interest this value was distinctly less (- $0.77). Morscver the
increased paddy area attracted the immigration of pecple and therefore led to
intolerable deforestation.
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In 1953, a new type of integrated system was introduced in the area of Szarvas. In
order to economically use the solontchak {salt-soil) plains, which were otherwise
known for their high ecological value, large parts of them were flooded and stocked

with fish (Cyprinus carpio, Ctenopharyngodon idella, Hypophthalmichthys molitrix and
a few Siluris glanis). The fingerlings are then put into ponds until fall when they are
transferred to hibernation basins where they finally gain their selling weight of about 1
kg. In this way, 300-350 t/ha of fish can be produced annually. During the time when
the ponds are stocked with fish, ducks and chickens are put into the ponds to attain
their selling weight of 3kg after 48 days. The total amount of yield per year attains
some 1,000 kg/ha.

After five years' use, the lakes are drained and the improved soll is now ready for an
agricultural period of four years. During the first season It is used for corn, glover, stc.,
part of which is used for fish food and fertilizing. Afterwards three seasons serve for
rice cultivation. Theé planting of young rice is performed under dry conditions during
the middle of April. Afterwards the water level is kept at approximately 10 cm. After
the drainage of the paddies, the harvest of rice is carried out at the beginning of
September, and the yield may amount to 3 t/ha per year. After these agricultural
activities another fish-duck season is introduced. Meanwhile this type of integrated
system has also been successfully introduced in CSFR.

All of the integrated systems mentioned so far have been evolved in the Old World.
There exists, however, a great variety of wetlands, one example of which is the tree
swamp type in North America whose potential has not been fully used yet. Protein
harvest, timber improvement of water quality as a consequence of slowly growing
trees, and flood/storm absorption are only a few items which make those tree swamps
extremely important sites (Odum, 1982; Day et al.,, 1982; Patten and Matis, 1982).
Terrestrial and aquatic components abound in these systems, which in Europe have
almost completely disappeared. However, the optimum strategy for ecological as well
as economic design has not yet been achieved for most of these North American tree
swamps, which present a valuable potential.

In contrast to the tree swamps of USA and Canada, the "Chinampa" system
(derived from twigs, brushwood and faggots) was developed during the pre-
Colombian time in Mexico, and not only still is in existence but has become one of the
important MaB activities and is expanding at proper sites. The latter comprise mainly
fens and generally minerotrophic wetlands very often in the neighbourhood of lakes
and rivers. Small lots of land are confined by channels whose walls are consolidated
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with twigs, poles etc. The excavated material Is to raise the level of the lots and at the
same time fertilization is provided by the channel material. The channels provide for
transportation and fishery whereas the chinampas serve for a variety of vegetables
such as beans, spinach, corn and others. The yield of the different agricultural

products is generally high. Thus about 54 t/ha of celery could be harvested after 150
days. Some of the chinampas are located in wet tropical forests, which offer
additional technclogies; some others -- as already mentioned -- are close to the rivers
which allows for additional irrigation. Obviously the chinampa system can be applied
in any proper area within the tropics.

The last example is devoted to one of the most reknowned integrated systems, the
mulberry dike - carp pond resource system of the Zhujiang (Pearl River) Delta in
Southern China (Ruddle et al., 1983; Ruddle, 1985a; Ruddie, 1985b; Guangzhou Intst.
Geogr., 1980; Chung Kung-Fu, 1979; Luo Kaifu et al., 1980).

In China different types of wetlands cover an area of approximately 100,000 km?2 (=
165 million mu) (Huang Xichou, 1980). Many of these wetlands still have their natural
character, but quite a lot have been transformed into grazing land by means of
drainage. In contrast to these simple types of reclamation the Zhujiang Delta of South
China is an example of an old established and elaborated integrated system, which
has evolved over the last two millennia and is operated on a geographic and
economic scale unmatched elsewhere in the world (Ruddle, 1985). The system

covers an area of approximately 1,600 km2 and supports an estimated population of

1.8 million people. About 280 km?2 are occupied by fishponds and about 130 km?2

provide for plantations of mulberry trees, sugar cane, rice and others like vegetables
and mushrooms. The fishpond system came into existence only shortly after the T'ang
Dynasty whereas silk cultivation has existed at least since the Han Dynasty.

The size of the dams varies between 0.2 and 0.5 ha and their depth between 2-3 m.
The dams rise above the pond level from 0.5 to 1.0 m and their breadth attains 6-20 m.
Mulberry leaves are harvested eight or nine times during a year and their yield
amounts to 30, sometimes even up to 75 t wet weight'ha/year. With this food for the
silk worms (Bombyx mori) available 2-5t/ha can be collected annually. Wastes from
the silk worm culture, agriculture and households are dumped into the ponds and
excessive sediment from the ponds is returned as fertilizer to the dams. In order to
achieve a maximum yield of fish the ponds are stocked with china carps and Cyprinus
carpio, which prefer different food resources. For the upper layer of the pond mainly
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bigheads (Hypophthalmichthys) and striped bigheads (Aristichthys nobilis) are
applied. In the deeper parts it is mainly grass carp (Ctenopharyngodon idella)
whereas the bottom resources are mainly used by carp (Cyprinus carpio).

3.3.4 CONCLUSIONS

In summarizing, it becomes obvious that many of the old integrated systems (very
often the ecotone type) have been almost forgotten or not given proper attention. The
few examples mentioned are only a fraction of the integrated systems which will
increasingly play an important ecological and economic role.

It should, howsver, not be forgotten that many of the integrated systems involve
heaith risks. Thus in Puno Bay diarrhea diseases ars of concern, and fishes of Puno
Bay in general have rich parasitic fauna. A survey of 159 shore-dwelling families
within the city of Puno showed that nearly a third of these were tested positive for
intestinal helminthiasis (census March 1983; Sanchez et al.,, 1989). Much less is
known about Lake Hamun, which sometimes becomes rather alkaline and
consequently poor in vectors like snails. In paddies the increasing application of
pesticides is a major obstacle with respect to the use of fish and other animals., Sincs,
however, many of the integrated systems can be controlled with respsct to waterborne
diseases the variety of health risks may be reduced by chemical treatment of rice
fields. Hopefully new and less harmful technologies may be developed in the near
future.
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SECTION 3.4

ECONOMIC ANALYSIS OF
WATER RESOURCE DEVELOPMENT

J.A. Dixon

3.4.1. INTRODUCTION

Economic analysis of water resource development within the context of
lake/reservoir management is concerned with the analysis of alternatives and the
allocation of costs. Consider a dam and its reservoir. Economics plays a major role in
the initial decision on whether or not to construct a dam, where to locate it, how to
construct it, how big to build it, and how to operate the associated reservoir. The
tochniques of project analysis, usually some form of social benefit/cost analysis (B/CA)
or cost-effectiveness analysis, are used to assess the initial design options.

Once built, however, a dam is a classic case of what economists call a "sunk cost";
the dam cannot be moved and probably has no alternative use other than impounding
water. How the dam and reservoir are managed, however, is an important variable
and economic analysis can play a useful role in this process.

A natural lake is also a fixed asset. Other than draining it, a lake is not easily
changed, although its water can be polluted and degraded or used in various ways
and at different rates.

However, whether man-made or natural, management of both lakes and reservoirs
has many common features in terms of purpose of use and environmental effects.
Allhough ex-ante economic analysis of major investments is primarily relevant to
dams and their associated reservoirs, economic analysis of operation and
maintenance is common to both reservoirs and lakes.

This section considers economic analysis of water resource developments
including both dams/reservoirs and lakes. In particular, the environmental dimensions
will be emphasized and how these aspects can be handled within an economic
analysis. Broader issues of multiple objective analysis are covered in Section 3.1,
Water resource management: planning and implementation.
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3.4.2 ANALYSIS OF INVESTMENT DECISIONS

The economic analysis of major capital projects like dams is a well-developed
technique. Whenever such major investments are undertaken it is important that
careful estimates be made of expected benefits and costs. Dams are public
investments made to serve multiple purposes including irrigation, water supply, flood
control, navigation, and hydropower generation. Public decisions shouid be analyzed
in a social benefit/cost analysis {B/CA) framework, rather than in a financial analysis of
private return that is appropriate for individual decisions. The social B/CA uses
measures of social costs and social benefits to analyze alternative projects, design
formulations, or management strategies. This approach is therefore an integral part of
the planning process as shown in Fig. 3.1.4 on planning and management activities.
The mechanics of this approach are found in standard references including the
UNIDO Guidelines (1972), Little and Mirrlees (1974), Squire and van der Tak (1975),
Gittinger (1982), and Dixon and Hufschmidt (1986).

It is not possible to present the details of project analysis here. Dams are frequently
mega-projects costing hundreds of millions, if not billions of dollars and often take
years to plan, design and construct. Anticipated benefits may or may not be realized
depending on changes in demand; prices of both inputs to the project and the desired
outputs may change in the interval between analysis and project implementation.

Because of the long time horizon over which these projects are implemented,
therefore, it is important that sensitivity analysis be carried out on key paramsters to
see how a change in a parameter will affsct the economic viability of the project. For
example, if a dam is designed primarily for hydropower generation, sensitivity analysis
could be done on both the future price for electricity (higher? lower? than initially
forecast) and on the future seasonal availability of water in the reservoir. These are
commonsensical suggestions that are usually done as part of the analysis of any dam
projects.

There may also be important environmental or resource effects associated with
dams that need to be taken into consideration. These impacts can take place above
the dam/reservoir, at the dam itself, or downstream. When they are beneficial these
impacts should be included as benefits in the social welfare analysis of the project;
when they are harmful they need to be included in the costs of the activity.

Environmental and resource impacts are important considerations both before
construction begins, and in the management of existing facilities or lakes. A recent
World Bank Technical Paper, Dams and the Environment: Considerations in World
Bank Projects (1989), discusses the economic and environmental issuss involved.
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Fig. 3.4.1 presents the chain of main events related to storage dams and the
environment. A number of upstream evants ars listed as "effect of the environment on
the reservoir'; most of the impacts occur in the dam or reservoir/lake site or on the
downstream "service areas', in this case irrigation, domestic and industrial water
supply, and power.

Each of these effects or impacts has associated consequences (also indicated in
Fig. 3.4.1). These consequences can frequently be valued in monstary terms, and
hence economics enters the picture. The valuation of environmental effects of dams
and their reservoirs is discussed next. Although some of these effects are uniqus to
dams, many are also encountered in the management of lakes.

3.4.3 ECONOMIC ANALYSIS OF ENVIRONMENTAL EFFECTS OF
STORAGE DAMS AND RESERVOIR/LAKE MANAGEMENT

A traditional economic analysis of a dam project includes the construstion and
operation, maintenance, and replacement (OM and R) costs as well as the expected
benefits in terms of hydropower generated, irrigation water provided, flood damages
averted, and water supplied for domestic and industrial use. In some cases,
recreational and fisheries benefits may be important. In addition, there are associated
environmental and resource costs and benefits that must also be taken into account.

The logic for a wider analysis has several dimensions. First, given the key position
of a dam in a regional investment strategy and of a lake as a regional resourcs, it is
prudent to safeguard such investmants and resources by taking appropriate actions to
pravent loss of direct project benefits -- the water and power provided by the dam or
lake. Fig. 3.4.1 present environmental factors both caused by the dam and that affect
its
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functicning. A number of these are adverse, such as a high rate of soil erosion in the
upper catchment leading to sedimentation of the reserveir or lake, and degradation of
water quality. There may also be second-order effects such as soil salinization or
waterlogging in newly irrigated areas or the proliferation of human parasites in
perennial irrigation areas made possible through water storage. These environmental
impacts directly affect the generation of project benefits over time. Since most of these
are costs they reduce the financial and aconomic attractiveness of the project.

Similarly, any direct environmental benefits, such as a new reservoir or lake fishery,
a tourism industry, or the reduction of the suspended matter content of the water,
should be counted as benefits.

Second, there may be important indirect effects created by the operation of the dam
and associated reservoir/lake and associated environmental impacts. Fisheties, both
downstream and in coastal areas, may be hurt by changes in water quantity and
quality including a lowering of water temperature. If there are migratory fish species
within the river (e.g. salmon, sturgeon), their productivity or very survival may also be
affected. There can also be significant indirect environmental benefits of dam/reservoir
or lake operation. Changes in stream flow after dam construction can result in reduced
saltwater intrusion in coastal areas, depending on how water releases are regulated.
When environmental benefits occur, they should be included in the economic analysis
in the same way as environmental costs.

Third, there are important social impacts chiefly associated with dams. These
include the major problem of involuntary resettlement for those people living in the
reservoir area and the spontansous voluntary movement of settlers into the watershed
(reservoir basin) above the dam. In-migration is often accelerated by the improved
access provided during dam construction. (There are even reports of new settlement
in the proposed reservoir area in hopes of receiving compensation when it is flooded.)

Other social impacts are caused by changing economic patterns as a result of dam-
induced developments, both upstream and downstream. The net effect of these
factors may be to increase or decrease the economic returns from the dam project.

In order to conduct a wider, more environmentally sound appraisal of dam/reservoir
or lake management projects, several conditions must be met. First, it must be
accepted that environmental costs and benefits are real costs and benefits that must
be included in the economic analysis. Under-gstimating or ignoring environmental
costs is no longer acceptable. Second, the identification of the likely environmental
impacts requires the skills of a mix of disciplines.

Fourth, environmental effects change over time and monitoring is required, both to
evaluate on-going activities and to identify potential problem areas and take
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appropriate action. Ideally, monitoring must start before construction to establish
baseline data. See UNEP (1989) for a discussion of monitoring and evaluation for
water resource development projects.

The tools of economic analysis are well developed for carrying out standard financial
and sconomic evaluations of dam and lake management projects. In the past two
decades, much work has also been done on applying economic analysis to
environmental effects of development activities (Hufschmidt et al., 1983; Dixon et al.,
1988). For some categories of effects, the analysis is quite straightforward; for others,
the appropriate techniques are still evolving.

Consider the case of soll erosion and reservoir/lake sedimentation, The physical
processes have been extensively studied; it is know that soil erosion and
sedimentation are the result of both natural and man-made processes. The costs due
to lost reservoir storage capacity are also very large if live storage is curtailed. (Most
dams have dead storage built into the reservoir design for storags of sediment. In fact,
sediment usually affects both live and dead storage. The important question is the
distribution of sediment between the two.)

In a recent World Bank technical paper on reservoir sedimentation, K. Mahmood
(1987) estimated the replacement cost for lost reservoir capacity of major world dams
at some $6 billion per year. While part of this lost capacity is due to natural erosion,
part is created by human activities. In addition, this annual cost is expected to increass
over time. As Mahmood point out, "in many basins, additional sites are hard to find,
and in general, remaining sites for storage reservoirs are more difficult, and, hencs,
more expensive to develop."

Environmental impacts may alsc be a major contributing factor to construction
delays or even outright cancellation of projects. Just as a heavily sedimented reservoir
imposes large costs on socisty, a delayed or canceled project can be equally costly in
terms of project benefits foregone and lost capital investment.

A proper environmental and social analysis, therefore, can help assess whether or
not the benefits are larger than the costs (including environmental damages). With
this analysis, some proposed projects may not prove to be socially desirable. In that
case, alternative projects or management strategies should be considered in the
search to find the best way of supplying the desired water and power benefits.
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3.4.4 ANALYTICAL TECHNIQUES

Recent work has expanded the list of environmental or resource impacts that can
be evaluated in tangible (monetary) terms and included in the economic analysis.
Many of the most useful approaches rely on changes in productivity that can be
valued using market prices. Table 3.4.1 lists some of the environmental aspects of
dam/reservolr projects, their economic impacts (both benefits and costs) and selected
valuation approaches that can be used to value them. The table does not present an
exhaustive list; it is merely indicative of whers one can start.

As seen in Table 3.4.1, many of the environmental effects and their economic
impacts can be valued using change in productivity techniques or preventive costs or
replacement costs approaches. All of these appreaches rely on use of actual
expenditures (or in some cases potential expenditures) valued at market prices. With
proper identification of the cause-effect relationships, there is little doubt that these
impacts reflect real welfare changes -- sither positively, In the case of benefits, or more
commonly negatively, in the case of costs.

Other approaches used to value environmental benefits and costs rely on
"surrogate markets" such as the travel cost and property value approaches. Health
care costs and loss of earnings technigues may be used to value health-related
effects. In all cases the aim of the analysis is the same, - to properly identify likely
environmental benefits or costs arising from the dam project and incorporate them into
the overall economic analysis of the project. The actual process of valuation of
snvironmental effects requires their translaticn into monetary terms. Considerable
literature exists on the valuation process; discussion of techniques and examples are
found in Sinden and Worrell (1979), Krutilla and Fisher (1982), Hufschmidt et al.
(1983), Dixon and Hufschmidt (1986), Dixon et al. (1988), and Dixon et al. (1989).
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Table 3.4.1

Selected Environmental Effects and their Economic Impacts

Environmental Effect

Economic Impact

Representative

Benefit (B) Valuation

Cost (C}

Technique

Envirechment on Dams
1. Seil erosion - upstream
sedimentation in ressrvoir

Reduced reservoir capacity,
change in capacity, change
in water quality, decrease

in power

Dams on the Environment

1. Chemical water quality -
changes in reservoir

2. Reduction in silt load,
downstream

3. Water femperature
changes (drop)

4. Health - water related
diseases (humans and
animals)

5. Fishery - impacts on fish
irrigation, spawning

6. Recreation - in the
reservoir or river

7. Wildlife and
biodiversity

8. involuntary resettiement

9. Discharge variations,
excessive diurnal
variation

10. Flood attenuation

Increased/reduced treatment
cost, reduced fish catch,

Loss of fettilizer, reduced
siltation of canals, better
water control

Reduction of crop yields
(esp. rice)

Sickness, hospital care,
death; decrease in meat and
milk production

Both loss and increase in
fish production

Value of recreation opportu-
nities gained or lost, tourism

Creation or loss of species,
habitat and genetic resource

Cost of new infrastructure,
social cosls

Disturbs flora and fauna,
human use, drownings,
recession agriculture

Reduces after flood cultiva
tion, reduces flood damage

B,.C

B.C

B.C

B.C

B.C

B,C

B.C

B,C

B.C

Change in production,
preventive expenditures,
replacement costs

Preventive expenditures,
changes in production.

Replacement costs,
preventive expenditures
avoided,

Changes in production.

Loss of earnings,
health care costs.

Changes in production,
preventive expenditures.

Travel cost approach,

Opportunity cost approach,
tourism value lost,
replacement costs

Replacemert cost approach,
"social costs”, relocation
cosis

Relocation costs, changes

in production.

Changes in production,
flood damages avoided.

Source: Dixon, Talbot, Le Moigne (1989)
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3.4.5 STARTING THE ANALYSIS

Among the hardest tasks for the economist or project analyst is to decide which of
the environmental and resource impacts are important and how to measure them and
include them in monetary terms. There is no "cookbook" answer; the analyst must
think through each problem, identify important impacts, make decisions, and make all
assumptions explicit. Among the various environmental effects of dam projects some
general guidelines that should be of help in setting up the analysis follow:

Start simply with the most obvious, most easily valued environmental impacts.
This may mean looking for impacts on the environment that result in changes in
productivity and that can be valued using market prices. (Sometimes market prices
are distorted and one has to make appropriate adjustment via use of shadow
prices.) Table 3.4.1 listed categories of major effect dams/reservoirs and their
economic impacts. Secondary effects may be very important, both ecologically and
economically, but the-analyst would do best to start with the effects that have directly
measurable productivity changes that can be valued by market prices. Secondary
effects can then be incorporated to the extent knowledge, data and resources
permit.

Thers is a useful symmetry in benefits and costs: a benefit foregone is a cost
while a cost avoided is a benefit. A reduction in dam height, for example, may
mean that fewer people need to be resettled from the reservoir. This reduction in
resettlement costs is a benefit of the decision. Of courss, the reduced height also
creates "costs" due to reduced hydropower, irrigation or flood control benefits.

All assumptions should be stated explicitly. This is particularly important in
valuing effects on the environment because other analysts may wish to critically
review the rasults and can only do so if the assumptions and the data are clearly
presented. The analysis should be carried out in a with-and-without-project
framework. That is, the analysis must compare the likely future situation without the
project with what is expected to occur with the project. In many areas, existing
forces are leading to growing environmental degradation {and poverty) and this
process would continue or even accelerate without the project. In this. case, the
with-project situation must be compared to a detetiorating without-project scenario.

Given the wide range of potential valuation techniques, some of which are
listed in Table 3.4.1, this section cannot present any in detail. Rather, brief reviews
of two commonly used approaches are presented. The change in productivity
approach uses market prices to value a change in production while the

115



replacement cost approach is a cost analysis technique that uses estimates of
potential expenditures to value an impact on the environment.

Changes in productivity

Techniques using changes in productivity as the basis for measurement are direct
extensions of traditional benefit-cost analyses. Physical changes in production are
valued using "economic” or accounting prices, usually based on market prices for
inputs and outputs or, when distortions exist, appropriately modified market prices (i.e.
shadow prices). The monetary values thus derived are then incorporated in the
economic analysis of the dam or lake management project. This approach is based
directly on nec-classical welfare economics. The benefits and costs of an action are
counted regardless of whether they occur within the project boundaries or beyond
them.

Several steps must be taken in order to use this technigque:

1. Changes in productivity caused by the project have to be identified both on-site and
off-gite. In the case of dams, in addition to direct project outputs (e.g. hydropower,
irrigation, water supply, flood control) there may be other indirect on-site effects such
as the benefits of a reservoir fishery or a tourism/recreation industry. Changes off-site
{both positive and negative) include various environmental or economic externalities.
These off-site effects must be included to give a true picture of project impacts.
Various lake management regimes may also result in impacts that can be measured
using this approach.

2. Assumptions will also have to be made about the time over which the changes in
productivity must be measured, the "correct" prices to use (e.g. shadow prices) and
any future changes expected in relative prices.

The change in productivity approach can be used for various on-site and off-site
effects: fisheries and draw-down cultivation in the reservoir or lake area, changes in
crop production, and changes in fishery production, both in-stream and in affected
coastal areas. Upstream environmantal effects, such as changes in land use patterns
and assoclated soil erosion/sedimentation will also affect the economic productivity of
the reservoir or lake. These latter impacts may be difficult to measure for the "without
project” scenario due to rapidly changing rural settlement patterns, These costs can
also be valued by the change in productivity approach.
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Replacement cost approach

The basic premise of the replacement cost approach is that the costs incurred in
replacing productive assets damaged by a project can be measured, and that these
costs can be interpreted as an estimate of the benefits presumed to flow from
measures taken to prevent that damage from occurring. The approach can thus be
interpreted as an "accounting procedure” used to work out whether it is more efficient
to let damage happen and then to repair it or to prevent it from happening in the first
place. With the assumptions given below, it gives an estimate of the upper limit of
damages that can be ascribed to the project but does not really measure the benefits
of environmental protection per se.

The assumptions implicit in this type of analysis are:
1. The damages are measurable;

2. The replacement costs are calculable and are not greater than the value of the
productive resource destroyed, and therefore it is economically efficient to make the
replacement. If this assumption is not true, it would not make sense from an economic
perspective to replace the resource lost (although there may be social or political
reasons to do so); and

3. Any secondary benefits (i.e. benefits other than those for which the project or
management action was undertaken) associated with the preventive expenditures
should be included as benefits in the analysis. For example, reforestation of an upper
watershed to control erosion may result in development of a tourism industry or a new
wildlife habitat.

In dam and reservoir projects this approach can be used to evaluate various
environmental effects and alternative mitigation measures. The simplest example is
the problem of resetilement. Resettlement of people displaced by a reservoir and
construction site, whather rural farmers, residents of small villages, or inhabitants of
larger urban areas, is a costly and difficult process. The costs of replacing lost
facilities and recreating viable economic-social systems in another location are
calculable. These are a form of replacement cost and should be considered in
assessing the overall profitability of the project. The impacts of alternative dam
heights and associated reservoir levels on replacement costs must be considered as
well as the implication of dam height and reservolr levels on construction costs and
generation of power, irrigation or flood control benefits. Although lakes are usually
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less variable in level, in some cases management actions can result in lowering or
raising the lake lsvel resulting in similar effects.

An instream fishery may be threatened by a dam that intercepts a natural migration
path. In this case the replacement cost to protect and maintain the fishery may consist
of fish iadders and other means to permit some degree of migration and natural
biological cycles. These costs are then compared to the cost of allowing the fishery to
disappear or suffer reduced productivity. In this example the dam project is debited
with the amount of the replacement costs (if these are less than the value of the fish
that would be lost) or the value of the lost fish (assuming replacement costs are larger
than this).

In general, the replacement cost approach can be useful when an effect on the
environment has caused, or will cause, resources to be spent on replacing a physical
asset. When that asset is a road, dam or bridge, the technique is straightforward.
When it is soil, water or aquatic life its application is the same but the problems of
measurement are greater. The change in productivity approach can also be useful in
these cases. When impacts on the environment result in measurable changes in the
level of goods and services produced this approach can frequently be used to bring
these "economic externalities” into the analysis,

3.4.6 ANALYSIS OF MANAGEMENT
OF RESERVOIRS AND LAKES

In addition to pre-construction decisions and the explicit inclusion of environmental
impacts, economic analysis serves a useful function in the analysis of management
options. Whether a lake or a reservoir, there frequently is more than one user of the
water (joint users), and decisions must be made on how to allocate costs over the
various users (allocation of joint costs). This issue is discussed in some detail in
Section 3.5.

Management to serve one purpose may well impose costs on another user. In the
case of a reservoir that both generates power and provides irrigation water, it may not
always be possible to meet both needs 100% throughout the year. If there has been a
drought and the reservoir level is down, does one use the stored water to generate
electricity or meet irrigation needs? There Is no simple answer. Saving the water for
one use rather than the other will impose economic costs on the affected sector. An
economic analysis can compare expected productivity effects from shorfalls of either
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elactric power or irrigation water. Depending on the economic situation, one option
may be clearly preferred.

In Egypt several years ago, a major drought reduced inflows to the reservoir of the
Aswan High Dam. In this case the decision was made that irrigation supplies were of
prime importance and the reservoir was managed to meet agricultural needs. Power
generation was reduced as a result of this action, but this decision was made after
welighing the bensfits and costs {social and political as well as economic) of each
alternative.

Lakes present similar situations, particularly when there are several competing
users for the available water. Recreation (including swimming) may be one important
(if seasonal) use while lakes are also commonly used as a source of potable water, for
cooling or power plants, for fishing, for navigation, and as a raceptacle for industrial,
agricultural or urban wastewater. Obviously conflicts arise and not all uses can be
accommodated at their maximum level.

Economic analysis can be used to examine the implications of alternative
scenarios. In general, the larger the lake, the more complicated the analysis. With
increasing size of the water body there usually is an increasing number of inputs and
outputs and increasingly complex ecosystem interactions. Knowledge of the physical
system and of cause-effect linkages decrease rapidly with increased size and
gomplexity.

Still, economic analysis may be useful to eliminate certain options. For example, if
a lake (or a reservoir) is to be used for a potable water supply but is presently
contaminated by industrial wastewater inflow (or natural run-off from agricultural or
urban areas), two major options are possible. One is to reduce contamination of the
water body by imposing stringent effluent control standards or by using physical
means to prevent, or redirect, inflows. Alternatively, one can examine the costs of
troating the water abstracted from the lake (or reservoir) to meet potable standards.
As a result of an initial analysis the economically efficient option may become quickly
apparent. If pollution control costs, for example, would be $100 million over & 10-year
period and water purification costs were $10 million over the same period, one would
probably choose purification. If the numbers were reversed, then control would be
preferred.

Of course, the analysis becomes more complicated when the number of uses and
users increases as well as the number of potential sources or pollution. In addition,
even if the economic analysis points out the least-cost alternative, it does not specify
whether that option is socially desirable or politically feasible. A multiple-obiective
analysis may be required to determine this. Governments frequently become involved
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as both analysts and regulators; taxes, fines or subsidies are commonly used to
influence the actions of individuals and firms.

Economic incentives (and disincentives) can be powerful management tools in
promoting changes in water use or water resource development. Pricing of water
resources can help promote more efficient allocation of water. Although the traditional
approach to water quantity problems has been supply augmentation, the use of
economic policies to manage demand can be equally effective in helping reach a
water supply/water demand equilibrium. (The use of economic analysis and water
pricing to manage demand may have the additional bensfit of raising revenuel)

3.4.7 CONCLUSIONS

Economic analysis of water resource development plays a ussful role both in
making investment decisions on design and construction of dams and reservoirs as
well as in developing management options for existing lakes and reservoirs.
Environmental and soclal impacts are associated with both project design and
resource management and these impacts need to be taken into account in the
economic analysis.

The theory and techniques of economic analysis are the same whether they are
used for guiding investment decisions on new water resource developments, or
developing management plans for lakes or reservoirs.
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SECTION 3.5

COST SHARING FOR LAKE/RESERVOIR
MANAGEMENT:
ISSUES AND PRINCIPLES

K. William Easter and John J. Waelti

3.5.1. INTRODUCTION

Among the perennial questions arising in public endeavors such as water
resources development and management is "who pays for it?" In his classic article on
cost allocation, Ciriacy-Wantrup (1954) reminds us that issues such as repayment are
among those intricately connected to the allocation of costs. Cost allocation refers to
the apportioning of costs (particularly, joint costs) of multiple purpose projects to
individual project purposes. In contrast, cost sharing (which we use as synonymous
with "repayment") refers to the division of responsibility for the climate burden of
furnishing real resources used in building, operating and maintaining a given project.

To clarify the relationship {(and difference) between cost allocation and cost sharing,
consider the following example. A public water development project may have costs
allocated between water supply and flood control purposes as a basis for determining
the rate of return for each purpose. Yet it may be decided that the beneficiaries of
water supply share in paying for the project, but the beneficiaries of flood control do
not. The allocation of costs to a spacific purpose does not necessarily imply sharing of
the costs by the beneficiaries of that purpose.

Who should pay for the lake/reservoir development and management? The
objective of this section is to delineate key issues, and offer some rationale and policy
guidelines for answering this perennial controversial question.

The Social Criteria

Reservoirs, lakes and streams are generally considered to be public resources.
Consequently we begin with the premise that these resources should be used for the
maximum net benefit to society, rather than with criteria such as maximum net
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monetary profits to a private entity, or maximum net benefit to a local government unit.
While use of the broader criterion of net social benefit entails measurement problems,
this complication does not warrant changing the criterion for mere convenience.

While economists are concerned with efficient resource allocation to maximize net
social benefits, they also consider equity -- faimess in the distribution of income -- to
be important. In a representative democracy, equity is refiected, however imperfectly,
in the political process. Thus, social economic efficiency and political feasibility (the
latter as a proxy for equity) are the criteria on which we base the policy guidelines
suggested for cost sharing.

Efficiency, Equity and the "Benefits Received" Principle

A good starting point is Ciriacy-Wantrup's 1854 contention that: "It appears
economically justified and politically equitable that beneficiaries from public resource
development pay for the bensfits received -- provided such bensfits are practically
assessable and provided that enough incentives is left for beneficiaries to participate
in resource development" {p. 116).

In some cases, this may mean that beneficiaries repay more than the share of total
costs allocated to “their" project purpose, such as irrigation or hydroelectric power.
However, the point that beneficiaries pay something is paramount. In practice, there
may be cases where it is administratively unfeasible or otherwise impractical to
assess beneficiaries for some specific purpose. Cases may also occur where the
repayment should be extracted indirectly so that the repayment does not have
unwarranted impacts on the incentives to more fully use the resource.

3.5.2 IDENTIFYING BENEFICIARIES

If cost sharing is to be based primarily on benefits recelved, then we must be able to
identify beneficiaries and measure the benefits they receive. For many goods or
setvices, this is not a problem. Consumers pay x amount for goods or services and
consume them. The benefits they receive are equal to or greater than the amount they
pay, and they have exclusive use of the good or service. Problems arise in valuing
goods or services when they are either not exchanged in the markst, or there is no
exclusive use.
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Non-exclusive/Exclusive Goods

A difficult problem arises in the case of non-exclusive goods, i.e. where no one can
be excluded from using the good or service (see Table 3.5.1 for discussion of terms).
Since by definition people cannot be excluded from uss, it is also likely to be very
difficult to directly collect user charges or fees. If you cannot exclude people from
using the good or service, how can you collect fees for such use? Consequently,
these goods or services, in most cases, must be financed by the public sector or
private foundations. The only question usually involved is that of the ievel of the
public sector to share the costs (local, state or national). Many types of recreation and
some commercial fishing fall in this category, paricularly if the costs of exclusion
and/or user fee collection are considered.

Non-rival/rival goods

Many of the goods or services which are non-exclusive are also non-rivai goods
(sometimes called public goods), where one person's use of the good or service does
not decrease its value to others who use the good or service (Randall, 1987). Flood
control is a good example of a non-rival and non-exclusive service. Rival goods or
services are just the opposite (my use precludes your use). They include most of the
normal market goods as well as water supplied from a lake/reservoir for domestic or
industrial users.

Since non-rival goods are not consumed (in the traditional sense) when used, they
can continue to provide the same benefits to everyone as long as they are not
damaged or congested. Thus, the more they are used, the larger is the bensfit stream
they produce. As long as there are no costs to society for added use, then use should
not be discouraged. This suggests that the economically efficient user price would be
zero because the marginal cost of serving another user is zero. However, this does
not mean that the beneficiaries of a non-rival good should not mgke some payment for
the good. A payment scheme can be devised which is unrelated to the amount of
service obtained, so that the payments will not influence the consumption decision.
The marginal price will still be zero.

This is an efficient policy as long as there is no congestion or other costs associated
with increased use, i.e. too many peopie at a recreation site or added management
costs. Once congestion costs occur, user fees need to be charged, based on the
congestion costs that one or more user imposes on the other users. The marginal cost
is no longer zero for another person to use the resource. The marginal costs is equal
to the marginal congestion costs, plus any added management costs.
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Table 3.5.1
Types of Goods or Services and Cost Sharing Rules 1 (Randall, 1987)

Non-exclusive goods® Exclusive goods
Non-rival Lump sum payments by the Lump sum charges to
goeds government unit closest beneficiaries.

to beneficiaries.

Rival Charges based on amount of Fees charged to beneficiaries
goods good or service provided based on amount of services
and paid by user-group or or goods received.

government unit closest to
beneficiaries.

1) The cost sharing rules assume no congestion. If congestion occurs, the user charges
need to include this cost.

2) Definitions:

Non-rival, non-exelusive goods: goods for which one person's consumption does not reduce or subtract
from the value obtained by others consuming the same good. In addition, users cannot be excluded from
consuming the good.

Rival, non-exclusive goods: goods for which consumption by one persan precludes consumptioh by
others. However, individuals cannot be excluded from its use.

Non-rival, exclusive goods: again, goods for which one person’s consumption does not detract from any
other person's consumption of the same good. However, if one so desires, individuals can be excluded
from using the good.

Rival, exclusive goods: 1his is the typical good that is best provided by the private markel. One person's
consumption precludes consumption by other consumers and individuals can be excluded from using
the good.

Lumpy benefits

A closely related problem involves the provision of many non-rival goods in large
lumpy units. In such cases, the consumer does not have the opportunity to purchase
different levels of the good or service. Usually, only one level is provided. The user
cannot be charged based on quantity consumed, because only one quantity is
provided. It is also likely to be difficult and expensive to determine how much each
individual benefits. Flood contro! is an example of such lumpy goods. A given area is
provided with a set leve! of potential flood protection. This can be varied somewhat by
providing more or less reservoir storage through control of the lake/reservoir level, but
the range of flood control is constrained by the physical siorage capacity of the
lake/reservoir and its other uses for storage.
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3.5.3 DISASSOCIATION OF BENEFITS AND COSTS

Another area of concern involves cases where the benefits from a management
activity accrue in a location removed from where the activity (cost) takes plage. In
other words, one group's or individual's activities create externalities for others. Soil
conservation activities in the watershed above a lake/reservoir is a classic example. If
upstream farmers or foresters implement soil conservation practices, many of the
benefits accrue to those using the lake/reservoir downstream. To get the upstream
resource users to apply the socially optimum amount of soil conservation, the
downstream interests must develop ways to share in the cost of the practices.
Otherwise, sedimentation and pollution levels are likely to be high in the
lakefreservaoir.

The problem is one of sharing the costs between the pollutee and the polluter. If the
rights are clearly specified, it may not be a difficult task. When the users of the
lake/reservoir have the rights to clean water, then the polluter must pay to prevent the
pollution. In contrast, if the polluter has the right to discharge soil into the
lakefreservoir, then the pollutee must pay enough of the costs of pollution control to
get the polluter to stop or reduce discharges. The polluter may receive some benefits
from increased future production, due to reduced soil erosion, and be willing to pay
some of the costs while socisty, or those damaged, pay the rest.

When the rights are unclear, then cost shares among pollutees and polluters should
be based on the benefits received. This assumes that the bensfits can be estimated.
Measuring downstream benefits from reduced soil erosion Is not easy, but methods for
measuring these benefits, such as contingent markets, travel costs and changes in
productivity, are available (Hufschmidt et al., 1983; Easter et al., 1986).

3.5.4 COST ALLOCATION

Recall that cost allocation and cost sharing (repayment) for project costs are
related, but separate, issues. Cost sharing for a specific purpose, while dependent in
some measure on cost allocation, may well exceed the costs of a project attributable
for that purpose. To illustrate this relationship, consider an example of a multi-purpose
water development project costing $100 million for irrigation, hydroelectric power, and
flood control. The project includes features which are directly attributable to irrigation,
such as the distribution canals. It also includes features, such as the generator and
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turbines, which are directly attributable to power generation. However, a major part of
the project, such as the dam, and the opportunity costs of the land flooded by the
reservoir, are necessary for all three purposes, and hence are not assignable
exclusively to either of the three purposes. This is essentially a problem of joint
production, and there is no single theoretically best way in which to assign these costs
to specific purposes. If beneficiaries anticipate that they will pay for the project in
proportion to costs assigned to specific purposes, they have an incentive to apply
political pressure to apportion costs to other purposes.

How might such joint costs be apportioned? One method which is fairly consistent
with principles of equity and efficiency, and is reasonably simple and operational, is
the "separable costs - remaining benefits" method of cost allocation. One of the basic
ideas behind this approach, when used for cost sharing, is that repayment and ability
to pay are related to benefits received (see Easter and Waelti (1980) for more detail).

In this method of cost allocation, the first step is to calculate the costs of the project
without each of the individual purposes. This process yields the separable costs
which are assignable to each purpose. In our example of a project costing $100
million, assume that $20 million is directly attributable to irrigation, and $40 million is
directly attributable to hydropower generation. This leaves $40 million for joint costs --
costs which, for purposes of cost allocation, must be assigned with some degree of
arbitrariness to the specific project purposes of irrigation, power generation, and flood
control.

Under this method of cost allocation, the separable costs for each purpose are
subtracted from the benefits for sach purpose to attain what are called remaining
benefits. (These benefits are sstimated as a pant of the initial economic feasibility
study.) To illustrate the method, assume that the benefits are $40 million for irrigation,
$80 million for power, and $40 million for flood control, for a total of $160 million.
Subtracting the separable costs for each purpose leaves ($40 - $20), $20 million for
irrigation; {$80 - $40), $40 million for power; and ($40 - 0}, $40 millicn for flood control,
for a total of $100 million in remaining benefits. The proportion of remaining benefits
for each purpose to total remaining benefits is then used as the proportion to be
allocated the $40 million in joint costs: in this case, (.2 x $40), $8 million to irrigation,
(.4 x $40), $16 million to power, and {.4 x $40}, $16 million to flood control. The
amount of the joint costs, plus the separable costs for each purpose, constitute the
total costs of the project allocated to each purpose, i.e. $28 million for power and $16
million for flood control.
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Another approach would be to allocate costs so as to minimize distortions caused
by cost sharing requirements that total revenues equal or exceed total costs of a
purpose, rather than marginal benefits equal marginal costs (Eckstein, 1958). This
method Involves allocating costs in inverse proportion to the elasticity of demand for
outputs of each purpose. The rationale for this method is that those outputs with the
smallest elasticity (steepest demand curve) will have greater price flexibility without
causing much change in the quantity demanded. For "a given price change to cover
project costs, those outputs which have the lsast elastic demand will be purchased in
the least diminished quantity relative to those with higher elasticity. This suggests that
those outputs having low elasticity can be allocated a greater proportion of the costs
and priced accordingly for repayment purposes" (Easter and Waelti, 1980, p.45).

This method might be difficult to implement, since the elasticity of demand would
need to be estimated for each purpose involved in the cost sharing. Furthermors, if
the cost sharing is also used to allocate the resource rather than just for repayment,
ong may want to change levels of use. |f this is the case, then allocating costs to
purposes with the smallest elasticity may not be as desirabis.

Again, we stress that the aflocation of costs to a specific purpose does not
necessarily imply that the beneficiaries of each purpose should be assessed for
benefits received. In some cases, beneficiaries may not be directly assessed at all,
white in other cases, beneficiaries might be asked to repay considerably more than
the costs allocated to a specific purpose of the project. In fact, in the U.S., repayment
has varied widely over time by project purpose (Waslti, 1984).

What factors, other than pure politics and political pressure, might account for what
could be construed as different repayment obligations for various purposes? The
apparent discrepancy is accounted for by factors discussed earlier in this section --
namely, differences in the ease of identification of beneficiaries, and the differences in
the efficacy and practicality of collection from beneficiaries of various project
purposes.

3.5.5 ALTERNATIVES FOR COLLECTING COST SHARES

Once the cost shares have been decided by purpose or type of good, the next
question is how should the shares be collected. The method most frequently
discussed in the literature is that of user charges. They can be used primarily to
collect some of the economic rents (benefits) users receive, or to pay all or some of the
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project costs. The user charges can also be employed as a means to regulate or limit
use of the good or service. The type of user charge best suited for a particular
situation will depend on which of the above functions is most important. 1f regulating
use is important, then the user charge must be tied in some matter to the quantity
used. As more is used, the amount paid by the user must go up. This increase in
payment creates an incentive for users to conserve the resource.

On the other hand, if we are dealing with a non-rival good and no congestion, and
the main function of user charges is repayment, then there is no economic efficiency
reason to tie charges to quantity used. All users might be charged the same amount,
or the charge might be a percentage of their land or property tax. The users still pay,
but the quantity used would not influence the payment directly. For flood control, large
scale land owners could pay more land taxes than the small scale owners, but the
payment would not be directly tied to the amount of flood protection provided.

In some cases, either because the good is non-exclusive or the cost of collecting
from users is too high, user charges are not imposed. For these situations, some lavel
of government and/or some community group must pay for that management service.
When most of the benefits are very local in nature, then local governments are best
positioned to decide on the leval of service and to pay for it. In contrast, when the
service provides benefits for users over a wide area, the state or provincial
governments should pay some or all of the costs. Again, the share which each level of
government pays could be based on the relative share of the benefits which accrue to
local users as compared to users from the rest of the state or country.

Local user groups might also pay a share of the costs for non-exclusive goods that
mostly benefit a given area, such as an area protected by a flood control project. A
flood control district or a soil conservation association are good examples of such
groups that could pay their share of costs.

3.5.6 COST SHARING FOR SPECIFIC PURPOSES

What does all this mean in terms of specific management purposes for
lakes/reservoirs? It is clear that the products and services provided by
lakes/reservoirs vary from rival goods to non-rival goods, some of which are more or
less exclusive, whereas others are non-exclusive. But how can the general rule
concerning rival and non-rival goods be applied to lakes/reservoirs? To answer these
questions, we will examine products and services provided by lakes/reservoirs in
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more detail, including water supply, irrigation, hydropower, navigation, recreation,
fisheries, environmental quality and flood control.

Water Supply

Water supply for municipal and industrial purposes is a rival good from which
others can be excluded from use. The product can be precisely measured and sold in
discrete units. A charge can be fevied and collected, and the system can be designed
so that service can be cut off if payment is not forthcoming. The major exception
oceurs in cities where open taps or stand pipes are provided for anyone to use free of
charge, or where meters have not been installed.

Since beneficiaries may continue to receive a valuable product long after the
project costs are repaid, there is no reascn not to continue assessing for the product
after the costs allocated to water supply are repaid. There will continus to bs
operation and maintenance (O&M) costs associated with water delivery, and funds
colflected in excess of O&M can be used as a sinking fund for major new investment
which may be required. This may be especially important for developing countries
where capital Is in short supply. Finally, in cases where both the demand for water
and the marginal cost of new supplies are ingreasing, economic efficiency indicates
that users should be charged the long-run marginal cost of supplying water
(Seagraves and Easter, 1983),

Electric Power

Many of the above conditions for water supply apply to the sale of electricity.
Beneficiaries receive a quantifiable product for which a charge can be levied and
collected. In fact, the record in collecting from electric power users is generally much
better than those from direct water users. The counterpart of stand pipes does not
exist for electricity, so it is more difficult to gst free electricity. Also, since slectricity is
generally not considered a basic right as, in some countries, is water supply, it would
be easier than it would be for water to charge users the full long run marginal costs of
new supplies.

Irrigation Water

Some of the same conditions for municipal and industrial purposes also apply to
irrigation water, since it is basically a rival good as long as return flows are not
important. What makes irrigation water different, particularly large gravity flow systems
from lakes/reservoirs, is the difficulties involved in monitoring water delivered to the
numerous users, and in excluding others from illegally using the water. The water
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delivery system can be designed, at a cost, so that the product can be measured and
sold in discrete units. A charge can be levied and collected, based on amounts
received, if the appropriate measurement and institutional arrangements are made.
Finally, the system can be designed so that the product can be cut off if payment is not
forthcoming. however, for large gravity flow irrigation systems from lakes/reservoirs,
water deliveries and charges are very difficult to monitor and enforce. With many
small scale farmers, as one finds in developing countries (1 ha average), it is
expensive to design a large system that allows the control and measurement of water
delivered to each farmer's fleld. Consequently, it Is difficult to assess water users
according to quantities received. The case is quite different, however, for small
systems, particularly those supplied by wells,

To get around these monitoring and enforcement problems, new institutional and
organizational arrangements may need to be established so that measurement and
control is done at a higher leve! of aggregation than the individual farm. Ideally, water
user organizations can take control of the water and enforce water delivery schedules
and payments. In many developing countries, this may be essential if irrigation
officials expect irrigation users to repay their cost share.

Navigation

Navigation is a less clear cut situation, since it is a non-rival good unless
congestion exists. The output is easily identifiable as generally lower cost
transportation. Beneficiaries include producers who can ship at lower costs, and
consumers who may benefit through lower product prices. In developed nations, to
the extent that shipping is done by a few large firms, it is feasible to help pay for public
navigation projects through a fuel tax or a charge per vessel or amount of cargo. In
developing countries, if beneficiaries are widely dispersed, such means may be
impractical. Further, broadly dispersed benefits resulting from lower cost
transportation, and its non-rival nature, may mean that no attempt should be made to
collect costs from shippers. However, as soon as congestion occurs, fees for use of
the navigation channels are justified as a means to reduce congestion costs. Also, if
locks and dams are involved, then the cost of an additional vessel is positive, and fee
collection can be done at the locks. Furthermore, the existence of locks provides a
means of exclusion for those who do not pay.

Flood Control
As discussed earlier, flood control is a non-rival and non-exclusive good provided
in large lumpy units. The benefits of a particular flood control project are the real
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resources saved, and the increased production resulting from a reduction in flood
damages. Some of these benefits will accrue to land and other property owners
through increased productivity, which is capitalized into land and other property
values. Thus, a tax on land and real estate is one means of capturing some of these
gains if repayment of project costs is an important objective. M the fees are based on
the value of land and buildings, then payments will be directly related to benefits
received, since increases in property value are dependent on the degres of flood
protection provided.

Two aspects of fiood control deserve mention. First, given that flood controi is
provided for a specific area, it becomes available to every one in that area. Provision
for one person cannot be accomplished while excluding someone else in the area. A
fee for service on a voluntary basis is, therefore, impossible. In addition, if sconomic
activity increases in areas outside the flood plain because of the flood protection, a
land and property tax in the flood plain would miss these beneficiaries. It may also
miss some other bensficlaries in the flood plain.

Second, provision of flood control for the purpose of reducing flood damages can
have perverse effects. The mere existence of increased flood protection may increase
economic activity in the “protected" region. Since no flood control measure is
absolute, the occasional (and inevitable) "record flood" might cause more damage
than before "protection”, because of the increased leve! of economic activity induced
by the perceived protection. The net result is that if investmant in flood control is to
achieve its intended goal of reduced flood damages, other policy tools will be needed.
The so called "non-structural" tools such as zoning will be required to restrict
economic activity in the flood plain. This is especially important if benaficiaries of
flood protection are not asked to share the costs, in full, of benefits received. If the
general public has to pay most of the costs for flood protection in a given area (with
the predominant share of benefits going to beneficiaries in the protected area), it is
reasonable for that same public to insist that the area not be placed at greater risk
through increasing economic activity in the protected area. This is particularly
important when the general public is expected to provide disaster aid for flood victims.

In practice, beneficiaries seldom share fully in costs of flood protection, probably
through a combination of political pressure and the difficulties involved in collection.
Greater efforts at restricting economic activity in the flood plain that usually
accompanies flood control projects would, in our view, move in the direction of
improving both economic efficiency and equity.

132



Recreation, Fish and Wildlife

With these goods and services, we move into a group which vary considerably both
in ease of identifying beneficlaries and ease of fee collection. Certain recreation
activities are non-rival in nature, while others are rival. Some are non-exclusive, and
congestion is a big problem for many popular recreation activities, particularly during
peak vacation time periods (weekends and holidays}).

For activities such as power boating, it is relatively easy to identify beneficiaries and
to exact payment through a boat license of other forms of user fees. With sport fishing
and hunting, exclusion and fee collection is more difficult except through a hunting or
fish license fee collected by the state. A portion of such fees could be allocated to a
specific project to help finance it. Similarly, it may be possible to collect fees for
maintaining public camping facilities. For activities such as hiking, biking, bird
watching, or swimming, it may be impractical to collect fees. Even if beneficiaries can
be identified, the costs of collection may not be justified in light of anticipated revenues
from fee collections. Furiher, the efficacy of collecting fees for such activities may be
circumscribed by local custom and tradition and the fact that they are non-rival. For
example, the father taking his son fishing is celebrated in American folklore. Similarly,
in many parts of the world, the idea of coliecting fees for certain activities relating to
water and land use may run counter to cultural values.

Yet, fees can be charged for using areas that are set aside for recreation, such as
national, state or local parks. As long as entrance can be restricted and fees can
cover the costs of collection, a user fee for lake/reservoir recreational services is
feasible. The implementation depends on managemsnt objectives, the demands for
repayment and the level of congestion.

Commercial Fishing

If there is only a small amount of recreational fishing in a lake or reservoir, then it is
relatively easy to identify the beneficiaries of commercial fishing. Once the
commercial fishing interests have been identified, charges can be imposed through
boat licenses or catch fees. The former would be the easier of the twe to impose and
collect, but has the disadvantage of being indirectly related to benefits received. Boat
licenses could also be varied by size of boat to account for differences in potential
catch rates.

Charging fees based on fish caught has the advantage of relating payments directly
to benefits received by fishing firms. Fee collection would require close monitoring to
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determine how much each firm was catching at different points in time. The task
would be much easier if only a few ports exist on the lake or reservoir. Monitoring and
collection costs could be high if there are numerous small fishing firms and ports, and
if the fishing firms do not cooperate. Such cooperation is most likely when firms know
that the fees are used to help pay for the lake or reservoir management, including fish
management and improvements in the fishery.

Environmental Protection

In environmental protection, we approach the classic case of the non-rival good,
where its provision to one party automatically includes provision to all parties. One
person's use within the protected area does not exclude another's use. In addition,
the beneficiaries are, in most cases, not those who cause the pollution. However, for
many lakes, pollution by lake shore owners will eventually damage all users of the
lake. The pollution is not carried downstream as it is in a river. Thus, lake shore
owners would receive some benefits from reducing their own poliution discharges.

Examples of environmental protection include watershed protection through
enhanced vegetative cover or reforestation, and preservation or enhancement of
species of fish, plants and wildlife. These benefits may be difficult to measurs in a
quantitative, scientific sense. However, inconvenience in measurement neither
diminishes the importance nor the magnitude of such benefits where they exist. And,
as pointed out above, improved techniques for estimating these benefits are available
(Hufschmidt et al., 1983).

Since much of the environmental damage, particularly in the case of soil erosion,
occurs downstream or downwind, there is a disassociation of benefits and costs. A
prime example of this is the high sedimentation rates in many Asian reservoirs coming
from upstream watersheds (Easter ot al., 1886, Ch. 15). If the upstream land users are
to use conservation practices, cost sharing arrangements must be provided or
regulations imposed. Otherwise, the pollution will continue. This means devising
institutional arrangements that allow cost sharing by soclety or by those being
damaged. In some cases, this might even involve outright management of upstream
watersheds by downstream groups. For example, a downstream community might
rent or purchase an upstream area and reforest it. This is a means of internalizing the
external costs and should lead to an optimum level of soil conservation. Those
damaged by the erosion would have an incentive to reduce the erosion to a level
where the marginal bensfits from reduced damages is equal to the marginal costs of
added protection.

A number of approaches have been tried to internalize upstream erosion
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externalities. Bsefore 1820 in Japan, “irrigation associations and municipalities
downstream were very active in improving the deteriorated watersheds at their own
expense... The most common measures taken by the water users downstream were
the acquisition of critical watersheds and profit sharing plantations on alien lands"
(Kumazaki, 1982). Later on, municipalities and power companies shared the costs of
upland plantation projects. As water use increased, however, prefectural
governments took over more responsibility and "leased the privately owned
watersheds and planted tree(s), with financial cooperation for the water users
downstream, who in turn enjoyed a certain share of the revenues from the plantations”
{(Kumazaki, 1982).

Thus collective action and cost sharing by all beneficiaries of lake clean-up efforts
can be an important way of improving lake water quality and quantity. The level of a
country's economic and institutional development, and the degree of pressure on the
resource, appear to play major roles in determining the organizational and
institutional forms adopted. Early on, formal and informal private and collective
actions may be the primary impetus for water quality improvement. As government
agencies become technically more capable and efficient, they can play a larger role in
protecting water resourcses.

One of the key components of such collective action is a good understanding by
downstream water users of the benefits they receive from conservation activities
upstream. Given this knowledge, then institutional arrangements need to be in place
that allow them to assist in conservation activities. If they are cost sharing, then they
need to know that the funds will be efficiently used for the desired purposes. When
they want to have more direct control, they need to have the option to lease or
purchase easements in the upper watershed.

Cost sharing by downstream interests would be considered fair by upstream land
owners, since the downstream interests get many of the benefits. These activities may
gven encourage upstream land owners to engage in more conservation practices.
This would be an application of the principle of reciprocity (Sugden, 1984). Since
downstream users are installing and cost sharing on conservation practices, the
upstream owners may feel they should do their share.

3.5.7 CONCLUSION

In summary, the general principle of the "the beneficiary pays" is usually compatible
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with both efficiency and equity goals of public lake/reservoir management. However, it
is more practical to collect on a "benefits received® principle for those goods
approximating "rival goods". For goods which more closely resemble non-rival goods,
or for which bensficiaries are more difficult to identify and assess on a "bensfits
received" basis, there are good theoretical grounds as well as a strong "common
sense" basis for financing them from other sources or with indirect taxes. These
sources would include state or local governments, water user organizations and the
central government if the lake/reservoir generally bensfits the whole community.
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PROFILE C:

THE MANAGEMENT OF LAKE DIANCHI - CHINA

Liu Hongliang and J. Zhang

Lake Dianchi is a fresh water lake located within the jurisdiction of Kunming
Prefecture, the capital of Yunnan Province in southwest China. Approximately 100

years ago, it was recorded that the lake surface was more than 500km?2. Nowadays,

this has been reduced to 307km2. This decrease in surface area has been caused by
deforestation in the upper stream catchment area, which resulted in soil erosion and
siltation. Anocther cause of the reduction of the lake capacity can be directly blamed
on the misleading policy in the period from the 1950s to the 1970s which overly
emphasized grain production. This resulted in government-organized land
reclamation from the lake and the surrounding marsh for grain farming. The same
policy overly stressed economic growth, promoting the development of heavy industry
and ignoring the environment's capacity for recovery. The rapid development of
industry and the expansion of the urban population without consideration for pollution
control resulted in a drastic increase in untreated wastewater discharged into the lake.
Land reclamation and deforestation affects the storage capacity of the lake and
weakens the function of rainfall collection and storage in the whole catchment area.
Water shortage is therefore a vital problem in Kunming Prefecture, which is
complicated by the daterioration in water quality In general.

Past experience shows that the neglect of environmental factors in economic
planning may cause irreversible damage to the natural system, which may in turn
restrict further development.

This chain of events has gradually slowed down since the establishment of
environmental agencies at all government levels in the late 1970s and the setting up
of & monitoring and inspection system of the entire water system including ditches and
pipes for wastewater discharge. The accumulation of environmental data through
monitoring and various research projects has improved the understanding of the
entire water system. This has encouraged the establishment of a basin-wide eco-
management strategy, which was legislated in early 1988 as the Ordinance for Lake
Dianchi Protection.
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In order to implement the ordinance, the Outline of the Comprehensive Plan for the
Renovation of Lake Dianchi was formulated one year later. The outline presents the
cbjectives of the renovation plan in three stages for a period of 20 years. At the end of
this period, the water quality of the lake should achieve grade 3 of the national surface
water standards through ambitious pollution control programs including a total
discharge control program, the implementation of effluent standards and effluent fees,
construction of five sewage treatment plants, and dredging. With respect to water
supply, the outline proposes various water resource development projects and a large
scale afforestation project in order to meet the projected demand in the yesar 2010.
Institutional arrangements are also specified. Up to 10 sectorial plans with strong
environmental considerations shall be drawn up; 17 regulations and measures for the
enforcement of the ordinance are to be formulated; and a new organization named the
Lake Dianchi Protection Commission directly subordinate to the prefectural
government is to be established to achieve the unified management of the water
system. Consequently, it is expected that the coordination between sectors related to
water use and protection will then be strengthened. On the demand side, the new
policy promotes metered water fees and will set water quality standards and water use
permits. Even tradeable water rights and effluent rights are under consideration.

Some of the above-mentioned renovation projects have been accomplished, and
many others are in the planning stage. Although large major efforts are still reguired,
the management of Lake Dianchi has been substantially redirected in a positive way.
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PROFILE D:

LAKE BIWA

N. Nakamura

Lake Biwa, the largest lake in Japan, is located in the uppermost reaches of the
Yodo River Basin in central Honshu island and occupies one-sixth of the of Shiga
Prefecturs. In the downstream reaches of the basin are the metropolises of Kyoto,
Osaka and Kobe and other smaller municipalities in Kyoto, Osaka and Hyogo
Prefectures, with a total population of 13 million, for which the lake supplies water for
domestic, industrial, hydroelectric and irrigation purposes.

The lake measures 63.5 km in the north-south direction and is divided into two
subbasins at the constriction point approximately 16 km from the southern end. it has

a total surface area of 674 km2, a volume of 27.5 billion m3, and a shoreline length of
235 km. Its catchment area is 4.7 times the lake itself, which corresponds closely to
the prefectural boundary. The catchment area consists of forest-covered hills and
mountains (60%), paddy fields and other farmlands (25%) and urban and industriai
areas. The prefectural capital, Otsu, has an approximate population of 240,000 and is
located at the southern end of the lake.

Throughout history, there have been conflicts in water use and managment
between upstream Shiga and downstream areas, first with respect to flood control and
then to water resource development and more recently to water quality management.

As for flood control, the communities in the immediate surrcundings of Lake
Biwa suffered from many severe floods for centuries before the central government
finally agreed, approximately a century ago, to carry out major dredging work in the
Seta River, the only outflowing river from the Lake. Seta Weir, the only artificial water
flow controt facility of the lake outflow, was also constructed at about this time. With
these and other flow control measures introduced over the past century, flooding is no
longer a major threat either for Shiga or for downstream areas.

As for water rescurce development, the demand for lake water by the
downstream megalopolises in the 1960s led to the Lake Biwa Comprehensive
Development Plan in 1972, in which development of a new water resource amounting
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to 40 m3/sec was agreed upon by Shiga and downstream prefectural and municipal
governments, as well as by the National Government. This additional amount of water
is to be made available upon complstion by 1892 of all the lakeshore reinforcement
works and other compensatory public works projects for Shiga Prefecture. There is
uncertainty, however, whether the projects will be completed on time and whether the
water can in fact be made available in time, despite the claim by the downstream
governments.

in the meantime, the lake water quality has been worsening over the past
several decades due to population growth and various development activities within
the catchment area. Some environmentalist groups have blamed the Comprehensive
Development Project itself. Shiga Prefecture is now under pressure to improve the
lake water quality through various wasteload reduction measures as well as in-lake
clean-up attempts. It has also been airing its frustration recently by arguing that the
downstream governments should bear, in addition to the amount paid within the
framework of the Comprehensive Development Project, part of the cost incurred for
improving the lake water quality, since most of the benefit accrues to the downstream
users. It has received so far a rather cool response to this unofficial proposal.
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SECTION 4
SOCIAL AND ENVIRONMENTAL PROBLEMS
OF LAKE/WATER RESOURCE DEVELOPMENTS



SECTION 4.1

LOCAL SOCIAL AND ENVIRONMENTAL IMPACTS
OF WATER RESOURCE DEVELOPMENTS

Antoine Sendama Mulashi

4.1.1. INTRODUCTION

To the majority of people, large dam-construction and associated man-made lakes
conjure up an image of unleashed potential for socio-economic development. They
see in this a quick and guaranteed source of clean and cheap hydro-electric power, a
means of controlling flooding in regions downstream of the dam, a source of abundant
fish supply and a national status symbol symbolizing wealth, powser and feats of
technological achisvements,

Rarely do people associate the construction of a man-made lake with such
undesirable consequences as extensive cultural destruction, increased diseases and
costly environmental damage. Seldom indeed does it seem to occur to people that
unless stringent snvironmental considerations are taken into account, those for whom
the dam is said to be buill are bound to suffer unnecessarily, and that the huge
investments ploughed into the project may never be recovered.

This paper, which draws on current information and data on man-made lakes in
Africa, examines the social and environmental impacts of the lakes on the local
population living in the immediate environs of the lake.

4.1.2 LOCAL SOCIAL AND ENVIRONMENTAL IMPACTS
OF WATER RESOURCES

Displacement of Population

Ideally, dams ought to be constructed cnly in areas that are either uninhabited or
that are sparsely populated. Clearly this often cannot be possible. Therefore prior to
flooding, the people who live in earmarked dam sites have to be moved and resettled
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elsewhere. As Table 4.1.1 shows, it can be seen for example that establishment of six
African lakes has led to thousands of pecople being displaced.

Though such a displacement has its inherent unwelcome aspects, it also carries
with it {if well planned) an opportunity for the authorities concerned to make available
to the relocatees better housing and social amenities that would improve their lives.
However, this can only be possible if resettlement of these people is thoroughly
planned, not carried out in haste, and if the necessary financial and human resources
are available. The evidence available suggests that in most cases to date, the
resettlement process has been anything but well plannad.

For instance, with the construction of Lake Masinga on the Tana River, an estimated
4,000 to 8,000 persons were displaced (Rogerri, 1985). These suffered different fates
depending on which side of the river they had been living on before the flooding.
Those on the left bank of the Tana River had been living on government trust lands;
prior to the construction of the Masinga dam they were moved by the government to
new lands; an evaluation was made of their crops in the fields and the improvements
made to the land and they were compensated for these losses. However, they were
not compensated for the land since this was state land. As for those on the right bank
of the river -- which was freehold land -- they received compensaticn for their land and
were also compensated for the crops in the field and for the improvements made to
the land. But how and where to ssttle was for them to handle. One would have
expected that those settled by the government on new lands would have been helped
to establish new homes but this was nof the case. The displaced had to organise
themselves in order to find or build new homes.

Table 4.1.1
People Displaced by the Construction of Six African Lakes
(Rogerri, 1985; Goldsmith, 1986)

Lake GCountry Number of people displaced
Masinga Kenya 4,000 - 6,000

Kariba Zambia/Zimbabwe 86,000

Volta Ghana 80,000

Cabora Bassa Mozambique about 25,000

Masser Egypt 120,000

Kalnji Nigeria 50,000
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What was clear was that though the construction of the dam brought about the
displacement of thousands of people, the authorities responsible for the construction
of the dam did not plan any resettlement programme worthy of the name (Roggsri,
1885). This is disappointing given the fact that by the time of the complstion of
Masinga dam (1961), abundant information existed relating to the problems of forced
displacement of people by man-made lakes and clearly detailing mistakes madse in
the past. Therefors, the replication of similar mistakes could have been easily
avoided.

If those displaced by Masinga Lake seam to have gotten off lightly this was not the
case with those displaced by the creation of Lake Kariba almost two and a half
decades before. The creation of Lake Kariba caused the displacement of 86,000
peopls, mainly of the Tonga tribe. They violently protested and struggled to keep their
homelands, but in vain. They were made to abandon their rich alluvial valley and
were resettled on less fertile upland soil which was hardly enough for them. In
addition, during the. process of their relocation, due consideration was not given to
existing cultural differences between the relocatees and host communities. Displaced
communities were simply split up and people from different sthnic backgrounds and
speaking different languages with different social customs were lumped and settled
together without due regard for these differences. Thus the ressttlement caused
resentment and conflict between the two communities because of these differences
{Linney and Harrison, 1981).

Following this disastrous resettlement programme, it smerged that in actual fact no
detailed study had ever been undertaken to assess the best areas for resettlement of
the displaced persons {Goldsmith and Hildyard, 1984). Thus again, inept planning
subjected tens of thousands of displaced persons to sufferings and relocation stress
that could have been otherwise avoided.

Though the constraint of space dees not allow a more detailed examination of this
question, it is a fact that elsewhere on the continent where large man-made lakes
have been constructed the scenario remains much the same. It is characterized by
little or no attention being paid, by the authorities responsible for dam construction, to
the social impacts of the lake on the local people.

Even in the few instances where the relocation of the displaced persons had been
planned for to some degree, other factors mitigated against this. One such interesting
example is Lake Volta. In this case, thorough advance planning through the Voita
Lake Preparatory Commission had been dene prior to improvement. Hence there
was no reason why the 80,000 persons displaced by the creation of the [ake should
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not have been properly resettled. Yet this is exactly what happened. It had been
envisaged that the displaced persons wers to be resettled in 52 resettlement sites
over a period of 3-4 years before the closing of the dam. However, a hitch developed
as the cost of resettlement had been grossly underestimated and by the time of
resettlement, only 2 years were available for doing so. The siting of the settlement
had taken the wishes of the people into consideration and located the resettiement
towns on their traditiona! lands (Linney and Harrison, 1981), but not enough good
land was available for the farmers. Land disputes and outbreaks of violence became
increasingly common as the resettlement scheme got under way (Goldsmith and
Hildyard, 1984).

The picture that emerges from these limited examples suggests that the hundreds
of thousands of people forcefully displaced by the construction of dams in Africa, have
had to endure undue hardships and suiferings occasioned in the main by poorly
planned resettlement programmes. Further, even where thorough resettlement
programmes had been worked out, underestimation of the cost of resettlement and
bad timing have negated the gains that would have been otherwise made. Given the
extensive knowledge gathered from the mistakes of the past, there was no justification
for repeating them.

It should therefore be the policy of donor agencies and recipient governments to
ensure that, in all cases of dam construction, comprehensive resettlement
programmes constitute an indispensable facet of the project.

4.1.3 DRINKING WATER SUPPLY AND SANITATION

The most obvious effect of dam construction is the creation of a reservoir of water;
yet surprisingly, information related to dams' impact on the drinking water supply of
local communitiss in the environs of man-made lakes, and on sanitation, is almost
non-existent. This absence of such information could lead to the assumption that the
provision of safe water and adequate sanitation to local communities has always
constituted an integral part of all dam-construction projects and thus need not be dwelt
on at length.

However, available evidence suggests that certainly this has not been the case. On
the African continent for example, major man-made lakes like Volta, Kariba, Cabora
Bassa, Nasser, Kafue and Kainji were either constructed for hydro-electric power
production or for flood control and use in irrigation. In general there are no drinking
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water supply networks constructed on the sites of these lakes (Rogerri, 1985). In
. addition, as already indicated, even the people displaced by the construction of the
lakes and relocated elsewhsere, are inadsquately supplied with drinking water supply
networks. Hence, the local communities living around these lakes have to supply their
water themselves; they do so by using water obtained directly from the lakes for their
drinking and other domestic needs.

tt can therefore be seen that in general the establishment of man-made lakes in
Africa has not helped improve the water supply to the local communities living around
the lakes. This becomes even more evident given the fact that the lakes are built on
permanent rivers,

What may not be clear is that several factors tend to render a large water reservoir
unsuitable for human use without treatment. For example, dam construction seversly
reduces the rate at which water flows; this tends to encourage the proliferation of
micro-organisms, many of which are injurious to human health. In addition, dam water
tends to be polluted with all kinds of pollutants like human excreta, chemical fertilizers
and solid matter particles brought in by the river.

The creation of 2 man-made lake without the corresponding provision of clean and
adequate water to the local population living around the lake not only loses a great

" opportunity, but also exposes the population to the risk of all sorts of water-borne and
water-related illnesses. Yet dubious economic considerations seem to have made
those responsible for dam projects in Africa do just that. Rarely have steps to reduce
the risk of the spread of diseases, and to better the lives of those who live in the areas
around the lakes (for example by supplying them with drinking water supply networks
and sanitary facilities), been incorporated in the construction of dams on the continent.

4.1.4 HEALTH

If planned correctly, the construction of a large dam can have bensficial effects on
the health of the local population. However, it could also render a region more
vulnerable to disease. The large mass of water created can carry many
communicable diseases serving both as a transfer-medium and as -a habitat for
vectors and intermediate hosts. Diseases which did not previously exist in an area
may appear with dam construction, while the prevalence and intensity of some that
appeared only at low levels may increase.

Unfortunately, the current record of African dams indicates that dam construction
has largely had only detrimaental effects on the health of the local population. For
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instance, the construction of the Aswan High Dam led te a sharp increase in
schistosomiasis (bilharzia), Schistosomiasis is a water-related disease transmitted by
aquatic or amphibious (living both on land and in water) snails. After the completion
of the Aswan Low Dam, the number of persons attacked by bilharzia in the local
community rose from 21 to 75 percent; with the completion of the High Dam this rose
to 100 percent in some areas (Lanoix, 1958). Nor were these isolated pockets
infested with the disease. Four carefully selected areas for study indicated that with
completion of the dam the number of persons attacked by bilharzia had risen from 10
to 44 percent; 7 to 50 percent; 11 to 64 percent, and 2 to 75 percent (Biswas, 1980).
To date bilharzia remains endemic in vast areas of Egypt even where it was unknown
before the construction of the Aswan Dam (Linney and Harrison, 1881).

The creation of Lake Volta, like that of Lake Nasser, largely had negative effects on
the health of the local population. Its construction was followed by the escalation of
schistosomiasis brought about by a combination of factors. Abundant nutrients in the
young lake led to a bloom of aquatic weeds that provided a habitat for the vector
snails. In addition, fishermen, many of whom were already infected, migrated to the
lakeshore with the completion of the lake. Despite this, the increase in the incidence
of the disease would have been limited if the people resettled with the construction of
the lake had been provided with adequate drinking water supplies. Since this had not
been the case, most of them had to resort to lake water for their needs. This increased
human contact with water caused infection rates to increase greatly. In different areas
around the lake, the infection rate rose from 1% and 5% to 60% and 100% (Rogerri,
1985).

The experience of Lakes Nasser and Volta is by no means unique; the construction
of Kariba in Zambia/Zimbabwe, Kainji in Nigeria, Cabora Bassa in Mozambique,
Masinga in Kenya, Kafue in Zambia, and Kossu in Ivory Coast have all led in some
degree to a marked increase in the incidence of bilharzia in the local community. In
many of these cases the prevalence of some other water-borne or water-related
diseases, for instance malatla, elephantiasis, dysentery and at times river blindness,
has also increased.

The cause of this increase is easy to appreciate. Dam construction creates
conditions favourable for the proliferation of mosquitoes that transmit malaria and
elephantiasis. Further, as already seen, the construction of man-made lakes leads to
the displacement and relocation of thousands of people. Yet rarely is the relocation
thoroughly planned for and properly implemented, with the relocatees supplied with
adequate sanitary facilities. This lack of adequate sanitation facilities in the vicinity of
the lake leads to the contamination of the lake water with human excreta and a

147



consequent increase in the water-related diseases like dysentery. In the cass of
Kariba Lake, its construction also led to increases in the prevalence of sleeping
sickness within the Tonga community who on displacement were relocated to an area
infested with the tsetse fly.

Large dams have more often than not had deleterious effects on the health of the
local population by bringing about a sharp increase in the prevalence of water-borne
and water-related diseasses in the local populations. Yet measures to combat the
spread of the diseases were largely ignored even where pre-impoundment studies
had clearly shown that such an increase was likely to occur.

Due to *economic" considerations, basic preventive measures such as improving
the lakesides, mounting information and education campaigns, and implementing
basic sanitation programmes, all of which would have shielded the local population
from much suffering, were neglected. This therefore brings into contention the claim
that large water-development projects are aimed at the improvement of the local
peoples' well-being. Those involved in the planning, design, financing and
construction of large man-madse lakes in Africa would do well to ensure that the
projects actually serve to uplift the peoples' well-being.

4.1.5 AGRICULTURE AND FOOD SUPPLY

Every nation strives to achieve food sufficiency for its people, but for many countries
in Africa this goal has remained elusive with the increase in food production failing to
keep pace with population growth. The reascns for this failure are complex; however,
ong important hindrance to the expansion of agricultural production is lack of sufficient
moisture in the soil. Therefore, since a dam makes it possible to irrigate land lacking
in moisture, it can have far-reaching effects on the food security of a region or country.

A dam can exert influence on an area miles away from its site, but in this paper oniy
its impacts on agriculture and food supply in its surroundings will be examined. As
Table 4.1.2 shows, the most dramatic impact of dams on agriculture has been the loss
of vast areas of land submerged under water and the displacement of thousands of
those who worked it. When this loss is followed by resettlement on less fertile and
insufficient land, as has often been the case in Africa (Section 4.1.2), agricultural
productivity and local food supply is adversely affected.

Silt entrapment within the dam has considerable impact on agricultural productivity
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as well. Before the construction of the Aswan dam, the Nile floods spread tonnes of
silt downstream. The silt was a renewing source of fertility and riverine agricultural
productivity was high. With the construction of the dam, artificial fertilizers now have to
be used to maintain the fertility of the soit downstream at a staggering cost of about
$100 million {Goldsmith and Hildyard, 1984).

Table 4.1.2
Land Submerged and People Displaced by the Construction
of Four African Lakes

Hectares submerged

Lake (approximate) Number of people displaced
Nasser 400,000 120,000
Volta 848,200 60,000
Kariba 510,000 66,000

Cabora Bassa 380,000 25,000

However, some increase in local agricultural productivity has at times been
achieved with the construction of dams. A case in point is Lake Volta where farming
has improved and diversified around the lake shores. The shores of the lake are
seasonally flooded and then exposed; this has enabled farmers to grow a number of
crops such as maize, seat potatoes and vegetables, even at times when lack of rainfall
makes farming impossible slsewhere.

But this is in contrast with the area surrounding the lakes of River Tana in Kenya
{(Masinga, Kamburu and Kindaruma). The purpose of these lakes is simply te produce
electricity. Nevertheless, it would be expected that the areas around the lake should
be well provided with water so that crops can grow normally irrespective of seasonal
changes. But in a study conducted there {(Rogerri, 1985) it became clear that the
ground water is at levels well below the reach of the root system and thus this dam
has had no beneficial effects on agricultural production.

With regard to fish production, dam construction has led to increased fish yields,
though this increase has been inconsistent. As is characteristic of new man-made
lakes, the bloom of nutrients in the first few years of impoundment led to a rapid
increase in the fish population, then with the stabilization of the lakes productivity
decreased and the fish population dropped until it stabilized at an equilibrium
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generally well below the peak.

Thus, for instance, five years after the formation of Lake Kariba, 3,628 tons of fish
per year were being caught. Besides being a sourcs of protein to the local population,
this was important to about 2,000 fishermen working the lake. However, with time this
yield declined and ten years after the closure of the dam only 807 tons of fish were
being caught. By 1978 the fish catch had fallen so much that only a small section of
the local population was engaged in fishing (Goldsmith and Hildyard, 1984).

On the Volta Lake the pattern was similar, the 1968 estimated catch was 60,000
metric tonnes, but the level has now dropped off to 42,000 tonnes, a level well below
the peak, though still several times more than the catch from the rivers (Obeng, 1977).
The decline in fish yield in the man-made lakes in Africa is at times also associated
with poor management of the fishing industry besides the decline of nutrients in the
lake. For instance, the decrease in the fish caught in Kamburu Lake (Kenya) within a
year after the completion of the dam (-37%) seemed to have occurred as a result of
improper and uncontrolled fishing; fishermen in the region operating unhindered
used very fine nets and even poison to increase their catch (Rogerri, 1985).
Understandably, this had a devastating effect of the fish population in the lake.

Storage of large quantities of water by dam construction may make it possible to
bring land downstream under irrigation and hence, if well-handled, increase a
region's agricultural production. However, for the local people to substantially benefit,
irrigation projects at the lakes must be implemented and the supplementary funding
required for this budgeted for. These expenditures, measured against the total cost of
the dam, and the fact that they would enable the local communities to obtain their food
throughout the year regardless of the climatic conditions, are negligible. Nonetheless,
where irrigation forms part and parcel of the dam project, necessary measures have to
be taken to protect soils and the local populations from its destructive impacts.

With the construction of man-made lakes, the fishing industry viewed as a whole
seems to have made some gains. But when these are weighed against the overall
soclal, economic and ecological destructions occasioned by the dams, they pale into
insignificance.
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41.6 PLANT COVER, EROSION AND SEDIMENTATION

Soil erosion commonly takes place in an area where forests have depleted, plant
cover is inadequate, soils are organically poor, farming methods are improper and the
rains are heavy. When erosion takes place, the run-off water carrying the soit particles
may end up in a river. |f the rains are heavy and rivers flooded, these sediments --
usually rich in nutrients -- carried by the river are deposited in its flood plains. This Is
of agricultural importance since it helps the soil renew itself.

The damming of a river therefore prevents the sediments and other solid matter
carried by the river from flowing downstream. This makes the sediments accumulate
in front of the dam. Consequently, soils situated downstream are deprived of the
nutrient-rich sediments and their fertility has to be maintained by use of fertilizers.
Further, due to this impeded flow of sediments, the dam's reservoir gradually fills up
with the sediments. This not only affects the quality of ks water but also reduces the
period during which it remains usable. By filling, or silting up, a dam's usefulness with
regard to flood control, water supply, navigation and hydro-electric power production
is diminished.

Given the present level of deforestation in Airica due to the usage of wood for fusl
and the nead to increase available land with increasing population, dam siltation
poses a serious problem. Thus the construction of Kariba dam and its trapping of silt
from the river's catchment area have caused the recession of the delta 80-100 km
below the dam (Linney and Harrison, 1981).

The Akosombo Dam on Lake Volta retains even more sediments and the effects of
this are more pronounced. Before the construction of the dam, the Volta River, which
flows into the Gulf of Guinea,used to carry sediments from its catchment areas right up
to the Ghanaian coast. The sea spread these sediments along the coastline right up
to Togo, thus making up for erosion by sea waves. With the complstion of Akosombo
Dam much of the siit is retained in the lake and the coastline has been significantly
eroded.

The effect of siltation of Lake Nasser on the fertility of the soil downstream, and the
huge sums of money that this costs Egypt, has aiready been mentioned and needs no
further elaboration (Section 4.1.5). But even relatively smalier dams -- for instance
Lake Kamburu {Kenya) -- are not immune from this danger of siltation. Lake Kamburu
now gets 5.6 million tonnes of sediments -- eight times as much sediments as had
been assumed in working out its useful lifespan at its conception (Odingo, 1979).
Clearly this indicates the degree of the erosion of the catchment area and of the bank
of the River Tana. Despite the magnitude of the problem and the fact that the
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authorities are quite well aware of the problem, no reforestation or embankment policy
has been established in the areas through which the river and its tributaries run
(Linney and Harrison, 1981).

One other impact of man-made lakes in Africa that cannot be ignored is the
submersion of forests and vegetation which indeed are sometimes difficult to replace
(Ahmad, 1962). Although figures are not available for the total loss of forests and
vegetation in Africa to dam projects, these have caused the drowning of thousands of
acres of forests and vegetation. Thus, for instance, the area now submerged by Lake
Volta was mainly under the cover of riverine forests of varying width and savannah
woodland. Given that approximately 848,200 hectares of such vegetation was
submerged under the lake the impact of dams on forests and vegetation becomes
clear,

Lake Volta was no isolated case. Others, like Cabora Bassa,which submerged
about 360,000 hectares of land, or Lake Kariba, which led to the submerging of
510,000 hectares of land, illustrate the point further.

To a certain extent each man-made lake on the continent is under the threat of
siltation. This has serious implications since the construction of man-made lakes
involves the expenditure of large, usually borrowsed, sums of money. Furthaermore,
being such a costly undertaking with fér-reaching soctal, economic and environmental
impacts, maximum bensfits ought to accrue if their construction is to be at all justified,
Yet siltation can bring a dam's useful life to a quick premature end, reducing the tims
in which the dam has to pay for itself.

Since soil erosion and especially the erosion of the river's banks and catchment
area greatly affects the rate of siltation of the lake, it would make good economic
sense to include programmes for soil conservation and re-afforestation into dam
construction projects. However, this can only be achieved if donor agencies and
recipient governments consult more and arrive at decisions related to dams jointly.

Sound economic and environmental considerations call for the intagration in the
dam schemes of those measures that increase the chances for the recovery of the
funds invested in the project and conservation of the continent's basic natural
resource, its soil.
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4.1.7 HYDRO-ELECTRIC POWER

The primary purpose of large dams in Africa has usually been for hydro-electricity
production; in 1980 Africa was producing 3,207 billion KWh and had an estimated
3,210 billion KWh in the process of development or soon to be developed (Biswas,
1983).

To begin with, from the 70's onwards, the price of ¢il has been sharply rising, and
thus a number of countries have been looking for ways of reducing their dependency
on oil, as it consumes a large portion of their hard currency earnings. However, water
being a national resource, hydro-electricity production ensures that a country has a
reliable and stable source of energy produced locally. Further, relative to diesel,
steam or nuclear forms of energy, the cost of producing electricity is low.

Unfortunately, the hydro-electricity generated is generally used to supply towns or
industries at the expense of the rest of the country. In fact, whereas electricity is seen
as an essential form of energy in the developed countries, in most African countries it
is a luxury (Wabulengo, 1989},

There are several reasons why rural electrification has not taken off in Africa
despite the fact that the electrification of these areas has been the declared intention
of many African countries for many years. To begin with, rural areas of Africa are not
usually densely populated; settlement areas are scattered widely and are not
industrialised. This makes it difficult to supply electricity to these areas at a
reasonable price. Further, since rural people are to a large extent poor, the agencies
supplying electricity fear that they would not recover their investments easily if they
were to embark on a programme of rural slectrification.

In general, therefore, electricity generated as a result of the construction of the
major dams in Africa is channeled to the national grid and then distributed to towns
and other electrified areas. For instance, the electricity produced at Akosombo Dam in
Ghana is used by Kaiser aluminium mines and also exported to neighbouring
countries; that from Lake Kariba is used for coal and copper mines in Zambia; that
from the Inga Dam in Zaire is meant for the Shaba mine; and the 174MW of electricity
from the lakes on River Tana is supplied mainly to towns.

In terms of electricity, as in most other aspacts, the local population stands to benefit
little. Governments in most cases opt to supply the urban centres and industrial towns
with electricity, since these consumers can be reached easily and are able to pay
installation and maintenance costs. This is in marked contrast with some developed
countries where the areas around lakes are supplied with electricity free of charge, or
according to praferential rates (Rogerri, 1985).
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4.1.8 CONCLUSION

It is not possible in the confines of this paper to fully examine the impacts of dams
on their immediate snvironments and on the communities living around them.
Nonetheless, the picture that emerges from this brief study merits the attention of
donor agencies, recipient countries and other interested parties such as local
communities and NGOs,

To begin with, It is evident that the local community benefits little from the presence
of such man-made lakes. This is true, be it a matter of availability of drinking water,
electricity, sanitary facilities, or the improvement of housing and agricultural
production. Furthermore, where families were displaced, they were in most cases
improperly resettled, and the regions in which they were resettled had or came to
have high incidences of bilharzia, malaria and other water-borne or water-related
diseases.

Yet these problems could have been anticipated. Indeed, in many cases the
problems were known both to donor agencies and recipient governments, but it was
expedient not to deal with them.

What this points to is a need for a more realistic approach to cost-benefit analysis --
one that includes both social and environmental conservation measures and impacts
at the local level in the dam preject appraisals. If man-made lakes are to be of benefit
to the local communities as it is purported, and if their record of disaster with regard to
their impacts on the environment is to be curbed or minimized, the way in which they
are planned, developed and maintained is of fundamental importance.

Failure to give adequate recognition to the need to integrate social and
environmental factors in the implementation of the dam projects will continue to be a
recipe for disastrous consequences.
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PROFILE E:

THE SOCIAL IMPACTS OF THE
CREATION OF LAKE KARIBA

C.H.D. Magadza

1. INTRODUCTION

The sacial impacts of the construction of Lake Kariba can be divided into those that
immediately became manifest in the early stages of the project, and those that have
taken a much longer.time scals to unfoid.

Prior to the inundation of the Gwembe valley, the Valley Tonga lived astride an
international border as a single social group, making extensive year-round use of the
flood plain of the Zambezi River (Scudder, 1971). Their population was estimated at
86,000 people, with 55,000 in Northern Rhodesia and 31,000 in Southern Rhodesia.

Lake Kariba divided the Tonga into two separate political populations. There were
no provisions to give the Tonga families choice as to which side of the lake they would
prefer to settle on so as to retain the coherence of their family groupings.

2. PRIMARY IMPACTS

The resettlement areas to which the Tonga were moved consisted of mosaics of
Karoo sandstone derived soils and ailuviums with a high frequency of sodicity and
poor rainfall. In these areas only one rain-fed crop per year could be raised. The
frequent occurrence of droughts and uneven seasonal distribution of the rain resulted
in unreliable production systems.

In addition, the remoteness of their settlement from central services meant that there
were limited state services. The Gwembe Valley has endemic diseases such as
malaria (plasmodium), sleeping sickness (Tyrpaosoma rhodesiensis), and filarial
elephantiasis (Filaria bancrofti).
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The combination of these factors led to famine, whose severity has been
reconstructed by Weinrich (1977). Thus the immediate impact of the displacement of
the Tonga were:

1. Disruption of social structure by separation of closely related family groups, leading
to the collapse of peer support systems. Colson (1971) records suicidal deaths
among young wives due to lack of elder support in crises.

2. Loss of a flexible flood production system which minimized famine risk.

3. Lack of alternate employment to offset the losses incurred by the displacement,
coupled with a lack of state support services, leading to a general psychological
despair.

The overall effect was to produce an embittered national minority that, above all,
possessed neither the institutional nor the political facilities through which to seek
redress.

3. SECONDARY IMPACTS

It is not possible here to give a comprehensive account of the second generation
social impacts of Lake Kariba as these are still unfolding. Two major factors have
been responsible for the shaping of the secondary social impacts of Lake Kariba. First
is the eradication of the tsetse fly, Glossina morsitans, in the belief that this would
remove a major constraint to food production by enabling the introduction of cattle for
draft power. The second factor was the unpredicted entrepreneurship opportunities
the lake would create for those with disposable incomes to invest in exotic ventures
such as tourism.

The eradication of the tsetse flies from the Zambezi valley not only enabled the
Tonga to keep livestock, but opened opportunities for land-hungry communities on the
plateau to move into the valley, thus intensifying environmental stress In this fragile
ecosystem (Magadza, 1986). The use of DDT in the control of tsetse flies and
mosquitoes has resulted in the accumulation of this pollutant in the Lake Kariba
aquatic ecosystem (Magadza, 1989; SEMG, 1987).

The transmigration into the valley also abruptly introduced a cash economy,
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resulting in a sudden increase in the cost of living (FGU-Kronberg Consulting and
Engineering GMB, 1988), all of which has gone into making the Tonga an alienated
minority in their own areas. The relatively high unemployment rate has also led to an
upsurge in sexually transmitted diseases.

The overall impact of these factors is that thirty years after the creation of Lake
Kariba the original inhabitants of the Zambezi valley are still an impoverished people,
accounting for the greatest proportion of malnutrition related morbidities reported at
Kariba District Hospital.

Furthermore, the destruction of the plant cover by uncontrolled fires as well as
clearing for cultivation has resulted in high silt loads in the rivers flowing into Kariba,
as well as converting perennial streams to seasonal ones.
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SECTION 4.2

PROBLEMS AND ISSUES IN COMPENSATORY
MEASURES RELATED TO
WATER RESOURCE DEVELOPMENTS

Saburo Matsui

4.2.1. PROBLEMS AND ISSUES

Among the various types of water resource development projects, dam and
reservoir construction have perhaps the most significant social and environmental
sffects. These projects often create problems of involuntary resettiement due to the
Inundation of houses as well as land. People dislocated by a large project may lose a
variety of assets such as properties, employment opportunities, fishing waters,
irrigation works, standing crops, and trees. In the case of the very poor, even the loss
of assets or opportunities that are not normally evaluated as an economic value may
be disastrous. Such opportunities include the collection of roots, berries or leaves for
dietary supplement or sale.

The adverse consequences of displacement can be summarized into the key
dimensions of the improverishment risk model: 1) landlessness, 2) joblessness, 3)
homelessness, 4) marginalization, §) food insecurity, 6) morbidity, and 7) social
disarticulation (Cernea, 1990). The key dimensions often interact with each other and
even tend to reinforce each other. [t is therefore necessary to find solutions which
avoid the unnecessary displacement of people or reduce the number of people who
are displaced to a minimum. In cases where displacement is unavoidable, it is
necessary to find ways of mitigating the adverse effects on the displaced people.

Government laws and regulations relating to expropriation of property by the stats
are generally used to define the procedures for valuation of, and compensation for, the
property lost in cases of forced resettlement. However, such national laws and
regulations governing compensation are sometimes outdated, or lacking in precision
or appropriate mechanisms, and therefore very often do not prevent serious hardship
and suffering of the dislocated people.

The World Bank guidelines point out that "experiences with the resettlement of
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large populations tend to show that payment of cash compensation alone is often a
very inadequate strategy for dealing with the dislocated; in some instances, the entire
compensation has been used for immediate consumption purposes, leaving the
dislocated with nothing to replace their lost income-generating assets and
opportunities." The World Bank concluded that the "land for land" approaches are to
be firmly supported instead of "cash compensation” {Cernea, 1988; Cernsa, 1987).

In resettiement planning, housing at new sites, sanitary facilities, drinking water
supply systems, schools, health care facilities, etc. are another major component in
addition to compensation for private assets. When the population of the dislocated
group is large, the compsensatory measures to the group as a whole become complex.
Pepending on the situation, a variety of measures to provide infrastructure are needsd
to support reconstruction of a new social organization in the new place.

Another essential component of the ressttlement planning process is the need to
provide support program for the host community. In the situation where the ratio
between the incoming resettled population and the host population of the recsiving
areas is high, the host population may face increased pressures on its society as well
as on the area's natural resources. Compensatory measures to the host population
are also necsssary in this case.

4.2.2 JAPANESE EXPERIENCE OF COMPENSATORY
MEASURES FOR SOCIAL AND ENVIRONMENTAL
EFFECTS OF WATER RESOURCE DEVELOPMENTS

It may be worthwhile to begin by brigfly reviewing the history of Japanese water
resource development in terms of compensatory measures and to try to analyze the
problems.

First of all, historically the New Constitution and the Imperial Constitution
established the rights of private property which are at the foundation of the
compensation system. In water developments projects there have always been
conflicts between new and existing water rights. Thus the construction of a new
inevitably creates new conflicts and the new for contlict resolution. This conflict
resolution in relation to water rights is usually a long and protracted process involving
a number of bureaucratic systems of central and local governments, and various water
users. Only after the settlement of these conflicts can the water development project
be initiated.

In parallel with the history of the development of water resources in Japan,
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institutional and organizational compensatory measures began with irrigation projects
and gradually expanded to water supply and hydroelectricity projects in the period
from about 1870 to 1920s. The industrialization of Japan increased the demands for
electricity, which in turn fostered the development of water resources projects. The
need to coordinate the competition among various water demands led to
comprehensive planning of water resource developments, including compensatory
measures for social and environmental effects, in many river basins.

At the end of World War [I, Japan implemented programs to try to restore its
infrastructure, farm lands and for flood control and afforestation. The ensuing water
resource development projects followed the example of the Tennessee Valley
Authority (TVA) development projects, introducing multi-purpose dams. During the
19680s and 70s, rapid industrialization and urbanization in many cities created new
large-scale demands for water resources. However, many cities faced water
shortages due to the delay of water resource development projects. Utilization of
groundwater for industry induced subsidence of ground levels in many cities which
still continues to date. -

Japanese society has developed in a number of complex stages which in part
explains the present complexity of laws and regulations. The organisation responsible
for undertaking a particular water development project, in addition to its efforts to deal
with the conflict resolution process, must clear many hurdles related to these laws and
regulations before construction can begin. Furthermors, the project undertaker must
negotiate a compensation deal with those people who may lose their property of
livelihood as a direct consequence of the development project. In the past, the
negotiation period was normally less than 20 years. But more recently, 20 years or
more is the norm with further delays expected in future.

Table 4.2.1 shows the number of dams constructed during different periods by
different organizations for water resource development. Suitable catchment areas for
the construction of new dams have recently become very difficult to find.
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Table 4.2.1
Number of Dams Constructed under Water Resource Development Projects
in Japan (Takebayashi, 1981)

Organization pre-1950 51-60 61-70 71-80 Total
National Government 1 19 16 16 52
Water Resources Development o] o 4 9 13

Public Corporation

L.ocal Governments and 8 29 34 49 120
others (multi-purpose dam)

Local Governments and 0 2 7 35 44
others (flocd control dam)

4.2.3 NEED FOR SOCIAL AND ENVIRONMENTAL
MEASURES FOR THE DEVELOPMENT OF
RESERVOIR AREAS IN JAPAN

Construction of new reservoirs created the following problems in Japan:

1. Development of large-scale reservoirs often involved the involuntary resettlement of
people, and the loss of their property as well as their community structure, which in
turn affected various socio-economic conditions of neighbouring communities.

2. The communities which are involuntarily resettled are usually mountain or farming
villages which suffer from depopulation and an aging population. It was difficult to find
new land and employment opportunities for the relocated people.

3. Benefits from the construction of new reserveoirs usually accrued to the pecple who
live downstream, while those who lived in the catchment area bore most of the costs.
Those upstream people called for mare reasonable compensation measures to offset
their sacrifices.

The Ministry of Construction in Japan has developed the following approach to
measures related to reservoir development:
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1. prevention of the depopulation of the communities in reservoir areas;

2. financial aid for the local governments which care for the resettled and host
populations;

3. coordination between the costs on upstream and the bensfits for downstream
populations; and

4. special compensatory measures for re-establishing dislocated people by naticnal
and local governments (Takebayashi, 1988).

4.2.4 CLASSIFICATION OF VARIOUS COMPENSATORY
MEASURES PRACTICED IN JAPAN

Various compensatéry measures for reservoir areas practiced in Japan can be
classified into three major categories as follows:

1. re-establishing dislocated people;
2. provision of infrastructure around reservoir areas; and
3. aid to local governments.

Each category can be further sub-divided into different levels.

1. Re-establishing dislocated individuals is supported at three different
levels:

- Dam enterprises are required to directly support those affected individuals through
compensation, as defined in the General Compensation Order (1962), and/or by
special funds, depending on the situation.

- Local governments in the reservoir's catchment area and the downstream
organizations which obtain benefits from the construction of the reservoir should
support those individuals by various direct and indirect methods, including the
provision of new land, new jobs, attracting enterprises to areas downstream of the
reservoir, and providing low interest loans to assist those individuals to obtain new
land. The "Fund for Special Measures for Reservoir Area Development' has been
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established recently.
- Reduced taxes on the compensation money.

2. Provision of infrastructure around reservoir areas is conducted
at four different levels:

- Dam enterprises should compensate for infrastructure destroyed by the construction
of the reservoir as defined by the Infrastructure Compensation Order (1967), and/or
should conduct direct replacement construction, and provide necessary infrastructure
around reservoir areas.

- Provision of infrastructure defined by the Act for Special Measures for Reservoir
Areas Development, and the Act for Provision of Infrastructure Around Regions of
Power Generation Fagilities.

- Local governments in the catchment area and the downstream crganizations which
obtain benefits should also provide various types of infrastructure, if necessary. They
can use the "Fund for Measures for Reservoir Areas Development" for necessary
infrastructure construction.

- Local governments can support various undertakings initiated by the dislocated
people based on, for instance, the Act to Promote Mountain Villages Development,
the Act for Special Measures to Promote the Development of Depopulated Areas, and
various other acts related to the development of local areas and exploitation of forest
resources owned by the national government.

3. Financial and taxation aids for local governments are conducted
by the following two levels:

- Local governments (cities and towns) in the reservoir areas can put a fixed assets tax
on a dam enterprise.

- Prefectural governments can charge an electric enterprise for utilization of stream

water.

The above-stated measures can be grouped and compared based on the amount
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of money used, as shown in Figure 4.2.1.

Key to Figure 4.2.1

1.

3.
4,
5.

Money supported by dam enterprises

Money supported by national government, local governments, and
downstream organizations

Money calculated according to the General Compensation Crder
Money calculated according to the Infrastructure Compensation Order
Money prepared according to the Act of Special Measures for
Reservoir Areas Development, and the so-called "Three Acts for the
Development of Power Resources"

Money provided according to various acts relating to locai
development and exploitation

Money supported-by the Fund of Measures for Reservoir Areas
development and various taxation systems

Figure 4.2.1 Classification of Money used for Social and Environmental Measures for Reservoir Areas
Development in Japan, according to sources and responsible organizations (from Cernea, 1987).
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Key to Figure 4.2.1

1. Money supported by dam enterprises

2. Money supported by national government, local governments, and
downstream organizations

3. Money calculated according to the General Compensation Order

4. Money calculated according to the Infrastructure Compensation Qrder

5. Money prepared according to the Act of Special Measures for
Reservoir Areas Development, and the so-called "Three Acts for the
Development of Power Resources"

6. Money provided according to various acts relating to local
development and exploitation

7. Money supported by the Fund of Measures for Reservoir Areas
development and varicus taxation systems

4.2.5 THE ACT FOR SPECIAL MEASURES
FOR RESERVOIR AREAS DEVELOPMENT

The Act for Special Measures for Reservoir Areas Development (ASMRAD) was
enacted in 1973. It was the first act In Japan with which effective measures could be
provided to cover varfous problems arising from water resource development projects,
such as the construction of dams and the regulation of lakes and marsh water levels.

The aim of ASMRAD is to promote special measures to stabilize the life and
promote the welfare of people affected by the construction of dams and water level
regulation facilities, through the preparation of infrastructure around the reservoir
areas and with a plan for the protection of the reservoir's water quality.

The application of ASMRAD invclves the designation of reservolr construction
projects or regulation facilities according to conditions described by ASMRAD. Any
reservoir construction project which will cause the inundation of more than 30 houses
or 30 ha of farmland (in Hokkaido Prefecture, 60 ha farmland) can be designated. Any
project to construct a facility for regulating water levels which will benefit more than
two prefectural governments by creating large reservoir surface areas can also be
designated.

Since enaction, 65 projects have been designated under the law, including the
Lake Kasumigaura Comprehensive Development Project and the Lake Biwa
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Comprehensive Development Project. The designated reservoir areas are located in
more than 33 prefectures. The development undertakers include the Ministry of
Construction; Ministry of Agriculture, Forestry and Fisheries; prefectural governments;
Water Resources Development Public Corporations and Power Resources
Development Corporations.

Various types of infrastructure were constructed with the support of ASMRAD,
including forestry conservancy, flood control, land improvement, road construction,
water supply, sewerage systems, night soil treatment facilities, solid waste treatment
facilities, land creation, public housing health centers, nursery schools, elementary
schools, junior high schools, civic centers, fire stations, sport facilities, public gardens,
and cable broadcasting facilities.

Of these infrastructure provision investments, the largest amount of money was
allocated for road construction (about 50%), followed by afforestation and flood control
(about 12%), land amelioration, afforestation and forest roads (about 19%).

It was argued that ASMRAD's coverage needs to be expanded to include joint
management facilitios for the modernization of farming, afforestation and fisheries,
museums of folklore and archaeology, homes for the elderly, children's homes,
children's gardens, recreation facilities, and radiotelephone facilities. ASMRAD was
amended to expand its coverage to meet the above points in 1978.

ASMRAD was also amended in 1979 to increase the amount of subsidies for the
construction of infrastructure when the size of a project becomes larger than the
following limits. Whan the construction of a reservoir or a water level regulation facility
is expected to cause more than 150 houses or 150 ha to be inundated, the subsidy
must be increased. Likewiss, when more than two prefectural governments
downstream obtain benafits from a project, and more than 75 houses or 75 ha of land
are inundated, the subsidy by ASMRAD is also increased.

Thus ASMRAD has been amended to meet new problems arising from projects of
construction of reservoir areas.

4.2,6 THE ACT OF TAXATION FOR THE DEVELOPMENT OF
POWER RESOURCES,THE SPECIAL ACCOUNT ACT OF
MEASURES FOR THE DEVELOPMENT OF POWER
RESOURCES, AND THE ACT OF PROVISION OF
INFRASTRUCTURE AROUND REGIONS OF POWER
GENERATION FACILITIES
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"Three Acts for the Development of Power Resources" were established to promote
the development of electric power generation in Japan. These are the Act of Taxation
for the Development of Power Resources (ATDPR), the Special Account Act of
Measures for the Development of Power Resources (SAAMDPR), and the Act of
Provision of Infrastructure around Regions of Power Generation Facilities (APIRPGF).

ATDPR authorizes spending of a portion of electric power rates for the promotion of
projects for power resource developments so that the national government can charge
consumers a tax on power rates for the development of power resources (500 Yen /
1000 kWH). Based on the tax, the national government can set up special accounts
within the national budget for measures to develop power resources authorized by the
SAAMDPR.

A portion of the accounts is allotted for local governments which receive power
resource development projects related grant support. Local governments can use the
grant support to set up infrastructure in the regions of power generation facilities
authorized by APIRPGF. Local governments which have power generation facilities
inside their administrative boundary providing excess electric power beyond the
boundary, can also accept additional grants which can be used to create jobs for the
people around the power generating facilities Local governments which have hydro-
power generating facilities within their administrative boundary in operation for more
than 15 years, can accept grant support when conditions mest the requirements set by
the Ministry of International Trade and Industry. The grant-in-aid can be used to
mitigate social and environmental effacts arising from the hydro-power facilities.

It is obvious that good coordination must be arranged between the measures
supported by the ASMRAD and the APIRPGF. The arrangement of the acts obviously
needs the following considerations:

1. The area in which ASMRAD-supported infrastructure is built should be as small as
a group of several lot numbers, which can meet various small demands of
infrastructure by local residents. Instead, APIRPGF supports rather large
infrastructure construction conducted by local governments.

2. The projects supported by ASMRAD must be decided prior to any decision on the
projects by APIRPGF.

3. When projects supported by ASMRAD are planned, a combination of other national
grant support can be introduced, depending on the type of infrastructure. APIRPGF
projects cannot be combined with other national grant support for the construction of
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infrastructure.

4.2.,7 THE FUNDING OF MEASURES
FOR RESERVOIR DEVELOPMENT AREAS

Water resource development projects create, to a greater or lesser degree, so-
called "upstream and downstream problems", In order to resolve these problems,
financial devices need to be created in addition to the measures supported by the
national government. Coordination of benefits and costs beiween upstream and
downstream areas has been practiced in the past for water resource development
projects with the introduction of various financial systems.

For example, in 1965 the Shiga Prefectural Afforestation Public Corporation was
founded with the support of the Shiga Prefectural Government and cther neighbouring
local governments in the lower reaches of the Yodo River, to conserve forests in the
mountains around Lake Biwa, upstream of the Yodo River. In 1973, relating to the
Lake Biwa Comprehensive Development Plan, the System of Financing of Lower
Reaches, and the Shiga Fund of the Managsment and Adjustment of Lake Biwa were
founded. Furthermors, in 1974 the System of Bearing Costs of Lower Reaches was
set up. These systems of funds and cooperation pionsersd the development of water
resource projects in river basins in Japan. Later, another 15 funding systems were
founded for other water resource development projects, including the Fund for Yahagi
River Water Resources (1978).

4.2.8 OTHER MEASURES AND NECESSITY
FOR FURTHER IMPROVEMENT

People who live in the catchment areas affected by water resource development
projects tend to experience the negative costs and need the understanding of the
people of the lower reaches of the stream. The "upstream and downstream" problem
should be resolved through a combination of various measurss, including central
government aid and financial aid by local governments from the lower reaches.
Ancther important way is to organize communication between the peaple from
upstream and downstream, to promote a sense of sclidarity amongst the residents of
the river basin.
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The following activities are practiced in Japan:

1. People from the lower reaches go to the reservoirs and clean up the water and the
shorelines.

2. Marine products and souvenirs from the lower reaches are distributed to the people
in the reservoir areas free or at discounted prices.

3. Agricultural products from the reservoir areas are periodically purchased by the
people of the lower reaches.

4. Recuperation and recreation facilities in both the reservoir areas and the lower
reaches can be opened for both the upstream and downstream residents.

5. In compulsory. education, water resources problems are taught with relevant
materials and children are encouraged to visit the facilities of the water rescurces
project.

6. People downstream are informed of festivals and events held by the people
upstream and are encouraged to actively participate in them.

7. Public education on the importance of water resource development projects is
promoted.

Although both the General Compensation Order and the Act for Special Measures
for Reserveoir Areas Development can cover many necessary measures for re-
astablishing the life of dislocated people, compensation is usually made in cash.
Substitute land for resettlement has been provided with the aid of local governments.
However, it has been difficult to provide substitute land for continuing agriculture and
afforestation. There are still improvements needed in the operation of the projects.

It has been more and mors difficult to find new reserveir areas in Japan due to
many natural, economic and social conditions. [t is now mere important than ever for
the responsible project organizers to collaborate with concerned local governments
and organizations which represent the people downstream who benefit from the water
resource development project.
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4,29 CONCLUSION

The construction of reservoirs creates many problems, including the resettlement of
dislocated people. In developing countries, institutional and organizational systems
for the problems of involuntary resettlement have not been well established. The
World Bank's experiences in financing water rescurce development projects for
developing countries can give us important insights into resettlement operations.
Japanese experiences of institutional and organizational systems to respond to socio-
economic problems arising from reservoir construction are also important. Japanese
compensatory measures were developed in a context of rapid industrialization and
urbanization on the one hand, and rapid depopulation of mountain villages on the
other hand. Similarly rapid industrialization and urbanization is taking place in many
developing countries today. Japan's experiences may be a good example for those
developing countries. which are following a similar course of socio-economic
development.
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PROFILE F:

AMAZONIAN RESERVOIRS - BRAZIL

J. G. Tundisi

1. INTRODUCTION

The Brazilian Amazonia covers 60.44% of the territory of Brazil and is the largest
hydrographic basin in the world. The region is covered largely with tropical rain forest,
and about 5% of it is occupied by floodplains along the Amazon River and some of its
tributaries. Theoretjcally, the Amazon region has an enormous economic hydropower
potential with unique environmental conditions, and a disperss, very limited economic

development with a population of only 3.12 inhabitants/km? (Juras, 1990). Recently,
the Amazon region has been subjected to intensive exploitation of its forest and
mineral resources, with considerable environmental disruption.

The exploitation of the hydroelectric potential of the Amazon region started as far
back as 1968. There are now four power plants in operation {Tuevrni, Samusl,
Balbina and Coaracy Numes) and nine planned. Fig. F1 shows the existing and
planned reservoirs. The four installed reservoirs were located in areas mainty
consisting of tropical rain forest (not removed prior to construction).

The reservoirs in the Amazon region present many problems of environmental
disruption of the biogeophysical system, but can also produce many changes in the
economic and social systems. Therefore, this is an important case study because of
the uniqueness of the region, its main mechanisms of ecological functioning, and the
need to balance economic and social development with the exploitation of natural
resources. On the other hand, the construction of reservoirs in the Amazon region can
be an important agent for regional development, removing pressure from areas to be
preserved to maintain the traditional low-scale economic activity.
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Figure F1i. Map of the Amazonian Region with Existing and Projected Reservoirs (from Juras, 1990)
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2.THE GENERAL ENVIRONMENTAL EFFECTS
OF AMAZONIAN RESERVOIRS

Due to the special characteristics of the Amazonian region, the construction of
reservoirs which occupy enormous areas (owing to the low declivity of the rivers)
produce several problems in the biogeophysical, economic and social systems.
These problems have been addressed by, for instance, Goodland (1977) and Tundisi
et al. (1990).:

Chemical effects:
Aerobic decomposition, anaerobic decomposition, oxygen reduction, chemical
pracipitation, sutrophication, production of hydrogen sulphide, increased acidity.

Physical effects:
Reduction of vertical circulation, mechanical interfereance with dam, mechanical

interference with multiple use.

Biological and human effects:
Loss of environmental "services", loss of valuable timber, loss of wildlife habitats,
impaired water quality, proliferation of water needs, increased disease vectors.

Economic and social effects:

Disruption of low-scale economic activities and introduction of new types of economic
activities, relocation of populations and increased urbanization of the dam site,
relocation of Indian population {Amerindians), increase of tropical waterborne
diseases such as malaria, loss of cultural identity of indigenous population and native
non-indigenous population, loss of valuable archasological information.

Generally, after the construction and filling up of the dam, a relatively large
migrating human population arrives at the dam site, in the hope of obtaining
employment or for the possible further exploitation of the aquatic environment
(fisheries, navigation, exploitation of submerged timber). This aggravates the social
conflicts and the public health problems. The exploitation of fish biomass is very
intensive after filling up (some species of fish, such as the Cicchla ocelaris, grow very
quickly after the dam is closed).

Another problem of chemical origin which has a biological and social effect is the
discharge of bottom hypolimmetric water which causes extensive fish kills and
produces a water of poor quality which cannot be used for any purpose.
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Thus the downstream effects can be very severe as regards the river dwelling
population.

3. PERSPECTIVES

The exploitation of the Amazonian hydropower is a complex problem. The export of
ensrgy outside the Amazeonian reservolr is very high, at around 80%, due to the
extraregional dependency of the Northeast and Southeast systems. Thus, on top of
the above-listed problems, the region exports its hydroelectric potential to the other
maore developed regions. To solve this problem, recently a system of royalties was
devised so that part of the generated hydroelectricity is returned to the original region
in the form of investments and correction measures.

Solutions to the problems related to the construction of future Amazonian reservoirs
reside in revisions to plans for hydroelectric power and the siting of reservoirs in
selected hydrographic basins. On the other hand, the complex social conflicts
generated by dam construction have to be solved by extensive negotiations which
include upstream/downstream communities, Amerindians, and general users and
inhabitants. This is a long process. The revision of the 2020 Brazilian plan for
hydroelectric generation has already started. Public pressure, international pressure,
and the active participation of the scientific community generated this revision.

As for the existing reservoirs, measures to mitigate the general effects on the
ecosystem have been taken. Although not completely satisfactery, these measures
show a disposition to work in the direction of large-scale mitigation activities. These
" include a public health policy to provide health care and preventive measures against
endemic diseases, and a relocation policy to provide possible resettlement with
extensive social studies of the area before dam construction. Preservation of social
interrelationships and the cultural identity of populations is a vety important and
fundamental problem in this region. Another complex prablem is the Indian community
which needs special types of compensation which have to be established through
negotiations.

The exploitation of the Amazcnian hydropower depends on a great deal of skilled
capabilities in several sectors invoived in the planning, construction and operation of
the dam. There aiso remains a strong need to improve the environmental awareness
of the specialists and the general public to solve these conflicts through mutual
understanding.
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SECTION 4.3

SOCIO-ECONOMIC AND
CULTURAL APPROACHES
TO INVOLUNTARY POPULATION RESETTLEMENT

Michael M. Cernea

4.3.1. INTRODUCTION

Population ressttlement is one of the least researched components of the creation
of man-made lakes and of lake management in general. This is unfortunate since, in
real life, population resettlement occurs frequently and is very important for the
successful completion of dam building projects, which create such man-made lakes.

The present paper attempts to place population resettlement in the context of the
practical socio-seconomic and cultural problems that must be addressed by programs
that create reservoir lakes. These problems must be dealt with both before the lake is
created, as well as after the new body of water is accumulated and requires
environmentally-minded management. The paper will briefly describe the size of the
resettlement problem, its nature and socio-economic consequences, and will
recommend guidelines that can be used by various agencies involved in dam
construction and/or lake management. These resettlement guidelines are based on
the policy regarding involuntary resettlement in development projects prapared by the
World Bank for the programs it finances when such programs cause involuntary
relocation. The guidelines suggested in the prasent paper can be adapted, refined
and specified, depending on the lccal circumstances that vary from one country to
another. A more detailed presentation of the World Bank's resettlement policy and of
its sociological and technical guidelines can be found in a special publication issued
by the World Bank {Cernea, 1988).

4.3.2 THE MAGNITUDE OF DISPLACEMENT

The number of people displaced by dams varies according to population density,
ecological conditions and reservoir elevations. In many cases these numbers are
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quite high, and tens or hundreds of thousands of people are affected. Even when the
overall number of peaple to be relocated is small, the severity of the consequences of
displacement inflicted at the level of the individual families affected is essentiaily the
same. Moreover, in the case of smaller countries, where a relatively small number
may represent a high proportion of the population, resettlement could strain national
resources even mors,

The statistics prove convincingly that forced displacement is far from being a minor
or secondary problem. Here are some figures: in Indonesia, the large reservoirs
recently created by the Saguling, Kedung Ombo, and Cirata multi-purpose dams have
dislocated, respectively, some 65,000, 30,000 and 57,000 people {assuming an
average family size of 5.5 people). In China, the Gezhouba Dam dispiaced "only"
some 20,000 people but the Dienjangkou reservoir displaced -- 383,000 people. In
Brazil, the Sobradinho and the ltaparica dams dislocated 65,000 and respectively,
40,000 people. [ndia is currently the developing country with the largest dam
construction program and correspondingly with the most massive involuntary
displacement: for instance, the series of dams being built under the Gujarat Medium
Irrigation projects | and Il are displacing about 150,000 people. The Srisailam dam
alone in Andhra Pradesh state dislocated some 100,000 people, while the ongoing
Andhra Pradesh Irrigation Il project is displacing and must resettle 80,000 people. In
Togo, the Nangbeto dam completed in 1988 displaced some 12,000; given the small
size of the country, this represents a displacement 20 times bigger than what the
displacement of 90,000 people by the famous Narmada Sardar Sarovar dam in India
represents vis-a-vis India's total population (Cemnea, 1990). The new Nangbeto lake
is one of the largest man-made lakes created in the '80s, with an area of over 1,800

km?2.

4.3.3 DISRUPTIVE CONSEQUENCES
AND THE NEED FOR RE-DEVELOPMENT

There is no doubt that the submergence of land by a reservoir causes major
economic losses and socio-cultural disruption. Farming systems are destroyed,
arable lands and forests are lost, land improvements disappear, social support
networks are dismantled. As a result, many small and medium-scale farmers,
landless laborers, and other people are impoverished. Sociclogical studies have
revealed increased psychological and socio- cultural stress and higher mortality and
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morbidity rates. Environmental degradation, including loss of forest and grazing
lands, is compounded and expanded if the sites to which people are relocated cannot
sustain both the population already living there and the newly arriving people.

Although compulsory resettlement is not desirable and is extremely difficult to
implement, projects that make relocation inevitable are usually of critical importance
for national or regional development. When national long-term interests conflict with
the immediate interasts of local groups affected by such projects, the former usually
prevail. Therefore, preventative and mitigatory steps taken early in the project are
essential to minimize the adverse effects of forced resettlement and to reconcile
conflicting interests. Because those who bear the consequences of resettlement are
rarely those who receive the greatest benefits from the dams constructed by those
projects, it is incumbent upon policy makers in each country, and upon project
planners, to provide resettled populations with opportunities to re-establish and
improve their previous productive potential and living standards.

Despite the great economic and social losses caused by submergence, many of the
costs of dam construction have often not been correctly reflected in the pre-project
economic analyses and planning. There have been insufficient efforts to minimize the
human and eccnomic costs, particularly to avoid or minimize people's displacement,
to mitigate the unavoidable short-term impact of the resettiement, and to prevent long-
term marginalization and destitution. As recent studies have shown, even now, in
many countries, the handling of involuntary resettlement is often flawed by a lack of
social planning and insufficient financial and technical resources (Fernandes and
Thukral, 1989; Meugeot). Resettlement of people inhabiting the future rim of the
reservoir is sometimas omitted from the program's design and consequently from the
institutional arrangements and financing. Other times, resettlement implementation is
entrusted to second-rank agencies which usually are not adequately staffed,
equipped, or funded to carry out the task.

4.3.4 THE ENGINEERING BIAS IN RESERVOIR PLANNING

A phenomenon known as engineering bias can occur when an overwhelming
concern to complete the civil construction blinds planners to the social needs of
resettled people. For instance, in a number of World Bank-assisted dam projects,
particularly during the 1960s and early 1970s, the relocation provisions were limited
only to land expropriation and compensation; thus, the Bank's own engineering bias
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resulted in a lack of adequate social planning for relocation. Many consulting firms
that undertake the economic and engineering design or major dams leave out
resettlement planning from their design and planning proposals, as If it were not
relevant to the design and cost of the dam system itself. At other times, they allow only
for compensation for land expropriation, but include no project investment for the
agricultural re-establishment of the people whose productive activities were disrupted.
Even well intentioned plans can suffer from an engineering bias and sociological
naivete. For instance, too many projects have provided for new houses, roads and
water without account being taken of how people will earn a living at the new group
site, if the resettled village does not have farming land available around the new
settlement.

Examples of engineering bias are, unfortunately, easy to find. Technical designs for
the Manantali dam in Mali (some 10,000 people displaced), and Nangbeto in Togo
(12,000 people) prepared by European consulting companies, underestimated both
the needs and the costs for resettiement. An international engineering consortium
charged with designing a major dam in Pakistan managed to produce a nine volume
study that was exclusively concerned with the technical/economic aspects. |t omitted,
however, resettlement planning for some 80,000 people that would be displaced by
the project, and proposed that somebody else do such planning. The design for the
Baardheere dam project on Somalia's Juba river, prepared by technically outstanding
ltalian consulting companies, was equally neglectful of resettiement. Again there was
no mention of what would happen to the significant number of farmers and other
inhabitants who would be forced to move by reservoir submergence.

The manner in which reservoir populations are resettled around the rim of the
newly created lake also has long-term consequences on the future management of
the new lake. One typical planning pitfall is the tendency to ignore the host population
at the reiocation sites, thus setting the stage for accelerated environmental
degradation.

The World Bank has come to the conclusion that leaving resettlement out of a
project's design and costing produces defects in the scheme’s economic analysis.
This is misleading both to policy makers and financing agencies. On the one hand,
systematic under-accounting of resettlement requirements leads to a parallel under-
accounting of assets lost to the project and an incomplete analysis of benefits
foregone from submerged farmland. On the other hand, if project planners do not
know the scale of resettlement involved in a project, resettlement programs will be
chronically underfinanced. A sound approach dictates that feasibility studies for
projects that create man-made lakes should be considered for financing only if they
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include planning for the socio-economic re-establishment of the people to be
relocated.

Improved social, technical and economic procedures can help much in preventing
and/or mitigating resettlement difficulties in the early stages of a reservoir
development project. Among such procedures are:

- tracing on the ground the reservoir profile at maximum flood level and at the
normal operating level, to identify all the impacted settlements and lands;

- a careful calculation of reservoir backwater effects on inhabited areas;

- an analysis of the trade-offs between dam height or location and the scale of
resettlement caused by the different options; and

- designing projects so that irrigation, power, and other benefits are  channeled to
the resettled communities as well,

Project managers and engineers are becoming increasingly aware that improved
resettlement planning is in the best interest of the scheme itself. Often when adequate
resettlement is not provided, development projects that should have been welcomed
by populations as beneficial instead become rallying points for political opposition
(Oliver-Smith, 1990). For example, inadequate resettiement proposals for the Chico
river projects in the northern Philippines generated such protest among the highland
tribes, that all four envisioned dams and reservoirs were eventually abandoned. The
recent Subernarekha reservoir area in India has similarly been the site of
demonstrations, and the turmoil surrounding resettlement in Guatemala's Chixoy dam
project eventually became so severe that the entire area was declared a national
emergency zone.

The sobering contrast between the technically elaborate dam design technology
and the sociological inadequacies of resettiement components calls for improved
policies, a greater allocation of resources for resettlement, and an insistence that
resettlement standards meet the same exacting criteria that are required for other
aspects of dam construction.

The first requirement to the planners of future reservoir lakes must be to explore all
the technical options for avoiding population displacement or reducing its scale.
Depending on the topography of the reservoir area, sometimes small increments in
dam height and reservair level can greatly increase the number of people affected by
the larger lake area. Conversely, small decreases in height may significantly reduce
this number. For instance, the planning for the Saguling lake reservoir in Indonesia
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has demonstrated that such trade-offs may provide substantial reduction of human
dislocation at relative little loss of benefits. The initial feasibility studies proposed a
maximum flood level at elevation 650m, but the final decision selected elevation 645m
in order to minimize displacement. The higher elevation (650m) would have entailed
a displacement almost double compared to 645m (some 12,600 families or over
60,000 people were affected at elevation 645m). It was determined that the objective
of generating electricity can be achieved satisfactorily, even though at a slightly
reduced level, at the lower elevation. This way, considerable additional social,
economic, and environmental disruption was avoided {Soepartemo and
Tjiptohandojo, 1988).

4.3.5 THE BASIC GUIDELINES
FOR RESETTLEMENT PLANNING

Policies governing involuntary resettlement must embody a number of basic
principles about: 1) government responsibility; 2) resettler rights; 3) protection of host
population interests; 4} environment pfotection, together with 5) a clear definition of re-
establishment objectives.

Although the presence of national policies and legal frameworks for population
displacement and relocation is essential for providing guidance to resettlement
activities, many developing countries lack such policy frameworks. Only some
governments in the Third World (e.g. Indonesia, Turkey, China, and a few other
countries) have issued an explicit national policy, setting the basic norms to be
observed in forced population displacement. That the number is so limited represents
in itself an indication of underestimation. In India, some of the state governments have
adopted policy frameworks, but a national policy for the entire country is long overdue.
Recently, a group of Indian voluntary organizations prepared a draft proposal for such
a country policy (National Working Group on Displacement, 1989). The absence of
policy response by the state allows for unregulated and unsatisfactory practices.

Even in countries where a policy framework exists, national agencies only rarely
possess the skilled staff needed for resettlement. Social planning skills must be
brought into the early preparation of resettlement projects. Anthropological and
sociological resettlement expertise is necessary to design resettlement operations so
that they are compatible with the resettlers' and hosts' socio-cultural institutions. For
instance, when hydropower dams and reservoir lakes are created in remote areas, the
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resident population may be ethnically, cuiturally, and politically distinct from the rest of
the country's society. Professional expertise is necessary to deal with such situations.
Support for relocating cultural clusters (village units, neighborhoods or extended
families, and so on) protects an important social resource (the existing patterns of
group organization) and this cushions the disruption caused by resettlement.

The fundamental principle in the World Bank's resettlement policy is that, because
involuntary resettlement dismantles existing production systems, all displacement
programs must at the same time be development programs. in all cases where a
project causes resettiement, the project should ensure that the displaced people
improve or at least regain their previous living standards. Circumstances must be
created in which the people negatively affected by a project can also share in some of
its benefits. Resettlement operations should not only return resettled populations to
their former living standards, but also, they should enhance peoples' welfare in
environmentally sustainable ways.

The planning framework for displacement and resettiement should include five
main components:

- the development "packages" and alternative options;

- compensation;

- new habitat;

- the social organization of resettlers; and

- the host population and the environmental protection of the
relocation area.

Whenever the creaticn of a man-made lake is contemplated, and the settled
population must be relecated, the core of the resettlement plan must be a specific
"development package". That is the set of provisions aimed at reconstructing the
production base of those relocated. Payment of cash compensation alone is usually
inadequate to meet the objective of providing the displaced even with the level of
livelihood they had before the development intervention, let alone for improving It.
Direct financial compensation must be viewed as only part of the packages of options
available to displaced families. Lessons derived from dam-related dislocation in
Thailand, Indonesia, Kenya, India, Brazit and other countries show that it is necessary
to examine the situation of each category of displaced people, landholders, and the
landless. The development package must offer sufficient opportunities and resources
for their economic and social re-establishment as self-sustaining producers or wage
eamers.
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Two basic strategies may be pursued for the socio-economic and cultural ro-
establishment of those dislocated from rural settings:

- fand-based strategies; and
- non land-based strategies.

In urban and peri-urban settings, those displaced usually depend on non land-
based sources of livelihood (e.g. the service sector, industrial employment, self-
employment, etc.) but sometimes they may possess also some farming lands. The
approach to their situation should take into account, in addition to their need for new
house plots, their access to employment opportunities and, when warranted, to some
land for farming or gardening.

Depending on local (rural, urban or peri-urban) circumstances, a combination of
land-based and non land-based strategies may be adequate.

In land-based strategies, adequate financial compensation for lost property is of
course important, but providing economic opportunities to re-establish the displaced
populations as agricultural producers, rural artisans, etc. is the crux of any viable
resettlement. Technically feasible agricultural production packages are likely to be the
main avenue to restoring the production systems of dislocated rural groups. More
specifically, it is necessary to initiate and finance land reclamation activities, irrigation
schemes, tree crops development, fisheries, commercial or social forestry, vocational
training, off-farm employment, and other kinds of lasting income-generating activities.
Reforestation schemes are of particular importance not only for their income
generating potential, but also for mitigating some of the environmental losses usually
caused by submergence.

Land, rather than compensation in cash, is the crucial factor in re-establishment
strategies, since the vast majority of those displaced by reservoirs tend to be farmers
or agricultural laborers. The reconstruction of their productive potential essentially
depends on availability of land. However, the experience in many reservoir projects is
not very encouraging, since technical agencies are often reluctant to take all the steps
necessary for making land available to those dispossessed of their land.. Sometimes,
land unavailability s a real and serious constraint, given existing population densities.
Usually, however, it is the result of 1) poor project planning, 2) lack of effort to identify
land reserves, 3) lack of political will to use government authority for providing land
that may legally be made available, or 4} lack of imagination to design proper
solutions. The resettlement plan for rural populations should, therefore, start by
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establishing the basic indicator: the amount of land necessary to re-establish those
displaced on a productive base. This requires having defined targets, economically
and technically viable sites acceptable to relocatees, and timetables for obtaining and
preparing new farming land.

Non land-based strategies may also be needed, however, for some of those
displaced, even when land is available. Moreover, such alternatives become a must
in situations of extreme land-scarcity. Opportunities then need to be opened up for
those displaced to re-sstablish themselves in the industrial or service sectors of the
local or regional economy. Job creation through new investments may become
necessary, because vocational training alone, without actual employment of those
displaced in their newly acquired skills, does not restors income.

The use of the newly created lake itself as a productive resource for the
displaced/resettied population is also a non-land based strategy, which must be put to
work more systematically in all new dam reservoirs. An innovative and successful
approach was taken at the Saguling lake in Indonesia through the promotion of
floating net aqua-cuiture as a productive activity for displaced families who lost their
rice lands to the reservoir. At project appraisal, it was estimated that about 1500
families could benefit from this option within five years after reservoir impounding.
Achievements to date indicate that this estimate will be achieved and possibly
exceeded. By 1987, two years after impounding, some 550 families, owning more
than 1200 fioating net units, were producing common carp at a rate of over 6,000 tons
per year, a value of US$6,000,000 annually, in the Saguling laks. Significantly, the
market value of fish production exceeded by far the value of the rice produced in the
area, prior to reservoir filling. The same effort for introducing floating net aqua-culture
is going on at the Cirata lake as well (Scemarwoto, 1889; Zainal et al., 1989).

Development-oriented planning for resettlement should also tend to enhance the
prior housing standards and the physical infrastructure and services at the new
relocation sites, rather than allow only for the same standards. Sociological studies
have documented that self-built houses are usually preferred by resettlers over
government-buiit housing. Therefore, planning of the village site with suitable
infrastructure, provision of model plans, building materials, and "construction
allowances" (for income foregone while building their houses) will afford more
freedom of choice to resettlers in building their houses. Planning for site infrastructure
and services should take into account population growth over one or two generations.

Most displaced people prefer to move in groups, as part of a pre-existing
community, neighborhood, or kinship group. This is to be encouraged, because it
reduces social disarticulation. The settlers' social and cultural forms of organization
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should be supported, protected and maintained whenever possible. Retaining access
to cultural property {temples, pilgrimage centers, etc.), often by relocating it, can
increase the acceptability of a resettlement plan, and moderate the social
disarticulation caused by resettlement.

4.3.6 RESETTLEMENT AND LAKE MANAGEMENT

Adequate socio-economic approaches to resettlement will facilitate the subsequent
work for lake management, after the reservoir lake has been created.

Many hydropower or irrigation dams create lakes of considerable size, which
significantly modify the ecology of the area. The size of the lake varies. For instance,
data from 36 dam construction projects financed by the World Bank between 1978-
1989 indicate that the average size of the new man-made lakes were, by region, as
follows: -

Africa 31.673 ha
Asia 15.347 ha
S. Europe, N. Africa, Middle East 12.038 ha
Latin America 36.095 ha

When people are dispiaced by the reservoir, they often tend to move to higher
ground, in the area which will become the catchment zone of the new lake. Therefore,
the resettlement plan must foresee possible "second generation" adverse
environmental effects in the relocation areas around the future lake. The planning
process must rely on well mapped boundaries of the relocation areas, and must
calcutate likely incremental population density per land unit. This will permit the timely
adoption of measures to avoid subsequent soil erosion, further deforestation, and
general overload of the carrying capacity of the relocation arsas. Similar caution must
be exercised in the health-care and sanitation domains by planning facilities and
sarvices that will prevent the spread of water-borne disease around the new lakes.
Reservoirs in sub-tropical and tropical areas are prone to facilitate an increase in the
incidence of such diseases as malaria and schistosomiasis (bilharzia). On the other
hand, to take advantage of the new capacities for fishing, tourism, and recreation
possibilities created by the new lake, the planning may envisage the establishment of
small fishing villages along the lake shore, ferry crossing pointé with adjacent trading
center, etc., which offer some employment potential for those displaced.
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The tendency to ignore the host population and allow excessive pressure on the
environment is a frequent and serious pitfall that affects adversely the outcome of
resettlsment. For instance, the feasibility study for a dam in Madhya Pradesh (India)
called for three or four displaced villages to be consolidated with one already existing
village outside the reservoir area. The combined residents of the relocated villages
would have numbered 1,500-2,000 people. Together with their 6,000-8,000 head of
livestock, all the people were supposed to fit within the existing perimeter of the
receiving village, which was already at capacity with its own 300 people and their
cattle. Such propositions spell quick impoverishment and economic, social, and
scological disaster for newcomers and hosts alike around the newly created lakes.
These plans were corrected, but the fact that they could come out of a pfanning office
shows how rudimentary relocation planning may still be sometimes.

Confusion sometimes occurs between the socio-economic issues of population
relocation and the physical environmental aspects when involuntary resettlement is
dealt with under the common heading of environmental problems. Such lumping
together happens, perhaps, because environmentalists have traditionally been those
who have expressed the strongest criticism about the adverse effects of dams, and
thus have helped to increase public awareness about human relocation too. But, by
its very nature, resettlement is a socio-cultural/feconomic process that happens first to
people, rather than to their physical environment. Correctly understanding the
sociological nature of involuntary resettlement, with its cultural, economic, and
psychological ramifications, has strategic consequences, for it leads to a different
course of action than if it were regarded only as an environmental problem. When
agencies, planners, and project managers fully understand the complex social nature
of involuntary resettlement, they are more likely to address it with the tools and
resources of social research. Rather than seeking only to mitigate unavoidable
damage, they would aim to relaunch the socio-economic development process.

In sum, comprehensive socic-economic plans for resettlement could result only
from the harmonious integration of civil engineering and social engineering.
incorporating production-based development packages, adequate compensation,
provisions for habitat and new setilemsnt infrastructure, health and environmental
protection measures, and so on, will lead to a constructive response to the upheaval
inflicted on people by involuntary relocation. Programs that include such plans (and
provide financing for them) are thus in a position not only to re-establish people in an
environmentally adequate manner, but will also create good socio-economic premises
for the future management of the newly created lakes.
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The views and interpretations expressed in this ssction are those of the author and
should not be attributed to the institutions with which he is associated.
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PROFILE G:

SRINAGARIND DAM - THAILAND

Brendan Barrett

1. INTRODUCTION

The Srinagarind Dam and its associated hydro-power plant are located on the
Quae Yai River north west of Bangkok in the Ban Chao Nen area (see Fig. G1). This
multi-purpose dam, which is 135m in height and 610m in length, was developed by
the Electricity Generating Authority of Thailand (EGAT) and supported by funds from
Japan's Overseas Dévelopment Aid and the World Bank. The project took
approximately six years to construct, from 1974 to 1980, with a total cost of $235
million {a 30% increase on the planned construction costs). Some $142 million
{roughly 60%) of the project's financing came from overseas sources.

The most serious problems associated with the construction of the Srinagarind

Dam were the resettlement and compensation of the inhabitants of the 419 km?2 that

now makes up the water surface area of the dam. In total, 65 villages were located in
this area prior to the construction of the dam, with 80% of the people living in Srisawat
District in close proximity to the Quae Yai River. The remaining 10% lived in the mors
hilly areas above the 150m elevation. More than 10,000 people (960 families) were
affected by the development and thus subject to resettlement and compensation. In
addition, four temples, ten schools and a district office had to be relocated.

The families affected were compensated for their land rights, plantaticns, housing
and transportation costs and a total of 52.052 million Baht was paid in compensation.
A small town called New Srisawat was developed on the east side of the new
reservoir. Each family received 20 Rai of land from which 18 Rai was allocated for
agricultural purposes and 2 Rai for the new house. Prior to resettlement, however, the
average area of land ownership was around 35 Rai. New public facilities and
infrastructure were constructed, including schoals, temples, twelve wells and a 75 km
main access road, 100 Km of agricultural roads and 58 km of 22kV electricity power
lines. The total cost of the resettlement and compensation program was
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approximately 130 million Baht. The resettlement of population was completed by
August 1977 with the exception of the Karen Tribe (inhabitants of the more hilly areas)
which was completed by 1978,

In 1976, the Ban Chao Nen Cooperative was formed and EGAT gave them 10
million Baht to use as loans to support the farming activities of local villagers. At first
some 475 families joined this cooperative (by 1988 this had risen to 628). For 475
families they were able to lend each family 10,000 Baht. EGAT did not ask for interest
payments on the loan to the cooperative. The cooperative, however, set a 6% interest
rate on its loans to the farmers.

In 1975, EGAT started a pilot farm to experiment with the production of corn,
sesame seed and beans. Furthermore, in 1977 the agricultural promotion program
was established by the Department of Agricultural Promotion.
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Figure G1 Location of Srinagarind Dam
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PROFILE H:

THE SAGULING DAM PROJECT - INDONESIA

Edy Brotoisworo

1. INTRODUCTION

Compensation for lost property has become one of the major social problems
associated with dam construction. Assets considered in the calculation of
compensation usually include land, houses and crops. Cash compensation is the
usual practice. Saguling is not an exception. Interviews with the affected people
revealed that most of them indeed expected cash compensation, while only a small
section of them expected land. After receiving the compensation, most of them
wanted to buy new land outside the inundated area, while also wanting to use some
part of the money as capital for businesses in non-agricultural sectors or for other
purposes.

2. LAND COMPENSATICN

At the early phases of the project development, there were rumors about the
project. Since the pecple did not exactly know about the project planning, what land
areas would be affected, and how much they would be compensated for their land
and houses, there was some confusion at first. This was followed by a decline in
property value, and land speculation became prevalent. The confusion was
enhanced by the local government's prohibition of land transactions in the area.
These govermnment measures were actually designed to prevent difficulties which
might arise during the payment of compensation due to changes of ownership, and
also to eliminate the opportunities for land speculators to cheat the local populace.

The land compensation was carried out as the construction phase drew nearer.
The key problem faced during the compensation process was that the land ownership
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system was still traditional, without land certificates. This resulted in conflicts among
people and among family members in determining their share of the cash
compensation. Even now, five years after the impoundment, there are still people who
have not received compensation, and who do not know how to get it. This problem is
considered very important, since it will create dissatisfaction, and mors importantly
reduces the people's capacity to cope with the problems they face during the
resettlement process.

The rate of compensation differs for each land use type, and the rates are usually
decided by the government considering the local price of the land. Therefore the rate
Is commonly acceptable, though higher compensation was usually expected. The
problem was that during the compensation process there was a significant increase in
land prices (25-50% higher) in the surrounding areas. This was particularly due to the
high demand for land. As a consequence, there was a decrease of landholdings
among the displaced population, since they could not afford the same extent of land
as they previously owned, or even could not afford to buy new land at all. An
inventory carried out in 1987 in Saguling showed that the percentage of the displaced
people who could buy new land was only 41%; the others could not afford new land
(33%), and the rest were sharing with their parents or families.

Particular problems arose because at the time the people did not have any clear
idea about what the resettlement program entailed. Many people used the money
received to purchase consumer goods. This was aggravated by retailers who visited
the houses selling goods which for the most part were non-essential. Soon after the
payment of the cash compensation, many people bought new radio cassetts, TV sets,
mini-bicycles, motorcycles, or even cars. Utilization of the cash compensation for such
purposes clearly could have adverse effects on their ability to overcome the long term
problems during their resettiement process.

3. COMPENSATION FOR OTHER PROPERTIES

Compensation for houses was usually calculated by considering the standard price
for various types of houses and rates of depreciation. Therefore, the people received
smaller amounts of money than the actual prices of their houses. This caused
difficulties for some people since they could not afford the same quality of house using
solely the compensation for their former house. A number of them, however, did buy
better quality houses, but this was by sacrificing other properties.
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Transportation costs were not considered In the compensation, except for the
people who joined in the government interisland resettlement program, which is
known as the transmigration program. For the transportation costs, the people had to
use other means, or try to reduce the costs by selling part of their properties at a
cheaper price. The problem was that in the new place they had to buy the same
equipment at a higher price. This again reduced their abliity to face various problems
in the new place.

4. ADMINISTRATIVE COSTS AND TAX

The cash compensation was usually subject to administrative costs and tax.
Although in this case the amount was not much, most of the people complained about
this. In a normal transaction such costs and tax are applicable, but for involuntary
resettlement this should actually not be applied.

5. LOSS OF JOBS

The compensation policy did not consider compensating for the loss of jobs.
Therefore, farm workers, share cropping farmers, and other peopte who do not own
land and houses did not receive any compensation, while they are actually the
poorest group of the population. Displacement may cause their living standards to
drop even further. Compensation for such population groups is still difficult to describe
in price terms. However, they are the most aggrieved group in the local population.
Therefore, they should have been given priority in access to newly created job
opportunities, or new job opportunities should even be created for them.

The State Electric Company reported that 612 people had been trained in various
sectors for construction work, but only about 200 people were really absorbed. The
low rate of their involvement in the construction work was caused by several factors,
which included 1) the tendency of contractors to use their own workers, 2) the tight
construction schedule which made contractors hesitate to use local workers who may
delay the progress of the work, and 3) delay in the training of local workers which
meant that when the construction began, they were not yet ready.
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6. CONCLUSION

For those sectors of the population with the lowest level of education and the lowest
socio-economic status, displacement may cause serious problems. Cash
compensation for the more economically developed sectors will cause fewer
problems compared to the low income groups, though generally both groups will be
adversely affected. In many cases, if no measures are taken, the living standards of
the displaced population will decline.

Therefore, beside payment of cash compensation, the people should receive some
guidance on how to use the money to maintain their living standards, and be given
options for their resettlement, including provision of new job opportunities within the
context of community development.
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SECTION 4.4

WATER RESOURCES DEVELOPMENT
AND WATER QUALITY MANAGEMENT
IN BRACKISH LAKES

H. Harasawa

4.4.1 OUTLINE OF BRACKISH LAKES

A brackish lake is a semi-enclosed water body that forms where fresh water is
mixed with and diluted by sea water. In general, the brackish lake is characterized by
a high productivity of fishery resources and the development of transportation {Hobo,
1989). Tidal flow into and out of the lake forms a complex hydraulic condition,
resulting in a lake ecosystem full of variety. The brackish lake generally forms a fragile
environment that can respond dramatically to minor changes in sediment and
pollution load, and sea level.

This section deals with five typical brackish lakes; Lake Kasumigaura, Lakes
Nakaumi and Shinji, and Lake Kojima in Japan, Lake Songkhla in Thailand, and
Laguna de Bay (Lake Laguna) in the Philippines. Lake Kasumigaura, Lake Laguna
and Lake Songkhla are typical brackish lakes, which were selected as case studies
for the UNEP/ILEC/UNCRD jointly organized research project. Lakes Nakaumi and
Shinji are naturally brackish lakes in which a desalinization project has been
postponed indefinitely in recent years. Lake Kojima was once part of a goastal bay
and was reclaimed and desalinated later. Some characteristics of these typical
brackish lakes adopted in this chapter are summarized in Table 4.4.1, the their
geographical features are shown in Fig. 4.4.1 at the same scale.
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Table 4.4.1

Characteristics of Five Lakes

Kasumi- Nakauri/
gaura Shinji Kofima Songkhla Laguna
Country Japan Japan Japan Thailand Philippines
Catchment area (kmz) 2,157 667/1,369 544 8,020 3,811
Surface area (km?) 220 96.9/80.3 10.9 1,082 891
Mean depth (m) 4 5.4/4.5 1.6 1.5 2.8
Max. depth (m) 7 8.4/6.4 9 >6 7.3
Lake volume 800 521/366 18 1,600 3,200
{million m3)
Salinity (mg/l) 48('87) 3100-15000('88) 200-300 0 ~ 3000 =100
/400-3700('86)  (85)
COD (mg/l) 8.1('87 3.8(86)/ 10('B5) - -
4.2('86)
T-N {mg/l) 0.96('87) 0.40('88)/ 2('85) Luang;0.77 0.89
0.48(86)
T-P (mg/l) 0.06('87) 0.052('86)/ 0.2('85) IP,Sap P
0.048('86) 0.1~015 0.068('87)
Population B5('85) 16.2('88)/ 59.8('86) 120('80) 238('80)
(thousands) 27.4('88)

Brackish water is defined as natural water which contains more than 0.5 g/l of salt.
However, salinity at any one point may vary from that of fresh water (0.2 to 0.5 g/l) to
that of sea water (16.5 to 20.0 ¢/l}) during the course of tidal fluctuation.

characteristics of brackish lakes are summarized as follows (Ohtake, 1982): .

1.  Such lakes are generally shallow and connected with the open sea through one

or more narrow channels.

2.  They are located at river mouths and are rich in nutrients because of the inflow of

197

Some



the pollutant load of organic materials and nutrient salts.

3.  Due to their shallow depth together with their nutrient richness, aquaculture in
these lakes can easily utilize solar energy, resulting in high productivity.

4. Lake water tends to be stagnant and can be considered as a natural
sedimentation tank. Sedimentation of more pollutants on the lake bottom accelerates
water pollution, especially sutrophication.

5. Tidal cycles exert a great influence on these lakes. Alternate tidal flows
exchange pollution materials in the lake water with sea water. These phenomena
may possibly be considered as one of the major capabilities of purifying lake water
haturally.

6. The ecosystem is composed of a variety of aquacultures. Some originate from
brackish water and cthers from inland water and sea water.

7. Hydraulic conditions in these lakes are highly complicated because of the
location usually In the transition area from land area to coastal sea, which forms a
vulnerable lake ecosystem.

4.4.2 WATER RESOURCES DEVELOPMENT

The five lakes treated in this section are located near large urban areas, so they are
generally considered potentially valuable fresh water sources for human activities, if
brackish water could be changed to fresh water by salinity barriers or other hydraulic
structures. These lakes have large-scale water resources development plans, whose
stages differ in response to the national and regional socic-economic situations.
These development plans were designed to supply sufficient fresh water to various
water uses and users such as municipalities, industries and agricultural lands in the
watersheds.

In Lake Kasumigaura, the Hitachigawa Gate salinity barrier was constructed in
1963. Now this gate is the most important facility of the Kasumigaura Comprehensive
Development Project, which is one of the largest water resources development
projects in Japan. In Lakes Nakaumi and Shinji, a land reclamation and salinity
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barrier project was initiated in 1963. Though almost all the related facilities were
completed the project has been halted (see Lake Profile A). In Thailand, the same
sort of desalinization plan for supplying fresh water to farmland was designed in Lake
Songkhla. This project has not been realized yet, mainly because of changing
national policy, doubtful economic efficiency, and its environmental effects on the lake
ecosystem.

The outlines of established or planned water resources plans for the five lakes
under study are briefly summarized in Table 4.4.2. The brackish waters of Lake
Kasumigaura and Lake Kojima have already been changed to fresh water completely.
Water resources developments of these five lakes are briefly explained below
together with some specific features of those lakes.

Lake Kasumigaura {Kasumlgaura Study Team, 1989)

The Hitachigawa Gate was constructed in 1963. At the time, lakeshore residents
and farmers were suffering from frequent flood damage due to heavy rains and
typhoons, and crop damage due to salinity penetration during the drought seasons.
To prevent these damages, the gate was planned at the mouth of the Hitachigawa,
which is the sole affluent river of the lake.

In 1970, the Kasumigaura Comprehensive Development Project was established
and implemented. The major works consist of the construction of lake embankments
(3.0 m above sea level) and the propsr operation of the Hitachigawa Gate so as to
prevent flood damage and create new water resources at the rate of 43 m3/sec.
Newly produced water is intended for the Kashima Coastal Industrial Zone, growing
urban areas and agricultural lands in the drainage basin of the lake and the Tokyo
metropolitan area. This project basically aims to change a natural brackish lake into a
fresh water reservoir for various water needs.

Since this project was initiated, various adverse effects have been noted on the
existing facilities such as Intakes of agricultural water and harbor related facilities. At
the same time, the water quality of the lake deteriorated rapidly. To cope with these
negative effects and to improve the water quality of the lake, the Water Source Area
Consolidation Program was initiated in 1975 based on the national law which was
enacted to prevent disruption of water source areas.
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Table 4.4.2

Water Resources Developments

L. Kasumi L. Nakaumi
gaura & L. Shinji L. Kojima L. Songkhla L. Laguna

Purpose flood control, land land irigation flood control,
frrigation, reclamation,  reclamation, irrigation,
tap& indus irrigation irrigation navigation
trial water

Period 1971-1991 1963-1988 -1956 planned 1982-
(gate:1963)

Major facility salinity salinity embankment, salinity hydraulic
barrier bariers, land  waler gates  barrier struclure,
lake lovee reclamation floodway

Water resources 43mY/sec 1.3m¥sec 1.3m3%fsec

{4,700ha) (5,101ha)
Organization Water Resour.  Ministry'of Ministry of Ministry of
Public Corp. Agriculture, Agriculture, Public Works

Forestry and  Forestry and

Fisherles Fisheries
Open fishery 8,200 ('86) 17,500 345 ('84) 7,000 19,000
{tons/yr} ('78-'81) (1,088 ha)

including

corbicula
Fish culture 5,100 ('86) 14,400 63,000
(tonsfyr)

A new water supply plan for farmland in the western part was launched in 1979,
and two water conveyance works were begun in 1984 to transport relatively clean
river water from the nearby rivers to the lake to rehabilitate the poliuted lake water.
The latter work is intended to produce new water resources simultaneously. The total
cost of the Kasumigaura Comprehensive Development Project amounts to over 1
trillion Yen and this project has become one of the largest national water resources
developments in Japan,

200



Lakes Nakaumi and Shinji

The first plan for a land reclamation and salinity barrier project in Lakes Nakaumi
and Shinji was announced in 1254 as a comprehensive development plan for thess
lakes. The initial purposes of the plan were 1) construction of a multi-purpose dam, 2)
construction of a floodway to release excess lake water to the sea, 3) reclamation of
two lakes with a total area of 5,000 ha, and 4) construction of salinity barriers. In 1963,
the national government allotted a budget for this project, which was partially revised,
and the Ministry of Agriculture, Forestry and Fisheries started work on it.

In 1970, the basic national policy for agriculture was changed dramatically. The
national government adopted a new policy to constrain farmland development and
reclamation works, resulting in curtailed rice production. The plan has been revised
several times to reflect changes in the socio-economic situation. At present this plan
includes 1) land reclamation of 2,542 ha {equivalent to about one-fourth of the lake) in
Lake Nakaumi for agricuiture, 2) construction of salinity barriers, and 3) works for fresh
water supply to the coastal farmland and newly reclaimed farmland. Since the start of
this project, 25 years have passed and a total of some 72 billion Yen has been
invested in it.- However, in May 1988, the trial closure of the salinity barriers as the first
step of desalinization was stopped.

Some opposition o this project was raised at its outset. In 1972, one of the interast
groups, called the "Lakes Nakaumi and Shinjl Nature Conservation Association,
which was later renamed the "Shimane Nature Conservation Association", was
organized. The members of this group consisted of local residents, fishermen,
researchers etc. This group has insisted consistently that the land reclamation and
desalinization project has no meaning as a regional economic development plan
based on cost-benefit analysis (Hobo, 1988). Moreover, it has potential for providing
significant adverse affects on the lake ecosystem. These were their major concerns,
and the public movement leading this group to protect the lake ecosystem against the
development was the major driving force behind the abandonment of this project.-

Lake Kojima

Lake Kojima is the first artificial freshwater lake in Japan {Kawahara et al., 1989).
Though this lake was originally a part of the Kojima Bay, land reclamation for farmland
had proceeded gradually. Finally, to prevent salinity penetration and to supply fresh
water to farmland near the lake, most of the water area was reclaimed and separated
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from the bay by a water gate and embankment in 1862, The water quality of the lake
did not change remarkably for several years after its closure, but later it rapidly
deteriorated. The lake was very polluted and eutrophicated at the time when water
quality monitoring for public water bodies was started, based on the implementaticn of
environmental standards.

The national and local governments have carried out various measures to purify the
lake water, such as conveyance of clean water into the lake and intensive removal of
sediments from the lake bottom and river bed as well as construction of a sewerage
system. But these efforts have nct improved the lake water yet. The causes of
eutrophication of the lake are 1} an increase in the pollution lead flowing into the lake,
mainly caused by the growing population In the drainage basin and changes in life-
style, and 2) the closure or desalinization itself. Though the desalinization project of
Lake Kojima has served to prevent salinity intrusion and produce fresh water for
farmland, it also caused adverse effects on the lake such as poor water quality.

Laguna de¢ Bay

Laguna de Bay, the largest lake in the Philippines, is southwest of Metro Manila, the
capital. The lake has a rather complex configuration and is very shallow (mean depth
2.8 m). Since it is categorized as a tropical lake, water temperatures are mostly stable
throughout the year, forming a good environment for the growth of aquacultures (see
Lake Profile K).

As the lake is situated close to Manila, it is greatly affected by the growing
population in the urban areas, and the increasing effluent from factories along the
lake. For example, housshold effluent is directly discharged into streams, rivers and
the lake without any treatment. While night soil discharged from households is treated
and disposed of properly in developed countries, in developing countries it flows into
water bodies directly. The household sffluent accelerates pollution and eutrophication
of the lake as well as poor sanitary conditions for residents. Lake eutrophication
brings about an excess growth of harmful aquaculture such as blue green algae and
water hyacinth, which in turn affect fishery and transportation.

To lessen possible flood damage to Manila, the Napindan hydraulic control
structure and the Mangahan floodway were constructed in the early 1980s. The
former facllity functions as a salinity barrier to prevent salt water intrusion through the
Pasig River which connects the lake with Manila Bay. These facilities still could not
prevent flood damage, mainly due to insufficient design and improper operation, and
as a result led to serious conflicts between fishery and agriculture. For instance,
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fishermen prefer higher salinity because an increase in the brackish fish catch with its
higher market value brings them more income. On the other hand, farmers need fresh
water to irrigate their farmland,

At present, the lake water is considered a source of valuable tap water for the
Manila metropelitan area. However, eutrophication and pollution by heavy metals and
chemicals are major obstacles for such a project. Ancther serious problem is the
conflict between big fish culture investors and small fishermen described by Cardenas
et al. (1989).

Lake Songkhla

Lake Songkhla is a brackish lake located in the southern part of Thailand. This
lake is composed of four shallow lakes with varying water quality, hydraulics and
ecosystems. The pollution load from its drainage derives mainly from rasidential
areas and agricuitural lands. Thus the growing population has become a serious
environmental concern. Like the previously mentioned Laguna de Bay, almost all of
the pollution load flows directly into the lake without any treatment.

A desalinization project was designed and two surveys were carried out on this
lake. As the'result of the first survay, three alternative locations for a salinity barrier
were proposed and compared from a cost-benefit standpoint. Two further alternatives
were selected and investigated in relation to their significance and effects on the lake
environment. On the basis of these survey results, it was said that the final decision
would be mads by the national government. However, the decision has not been
made yet.

The construction of the salinity barrier is controversial because it may cause 1)
acceleration of eutrophication, 2) disruption of the valuable lake ecosystem, 3)
obstruction of flood control, and 4) problems concerning the gquestionable economic
value of supplying water to farmiand in the lakeshore area. Since there are some
valuable bird sanctuaries at the lake, these would surely be aifected and disrupted by
the construction of the barrier if any alternative were adopted. In 1988, a heavy rains
caused a serious flood resulting in tremendous damage to the southern area. After
this flood, the importance of proper management of forest area was keenly recognized
and at the same time this incident also served to heighten the awareness of local
residents concerning the salinity barrier project for Lake Songkhla as well as the
environmental problems.
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Various effects of desalinization projects on brackish lakes

Though a desalinization project can produce new water sources for human uses, it
has numerous effects on the lake environment. The advantages and disadvantages
of a desalinization project are described below on the basis of the experience mainly
obtained in Lake Kasumigaura.

Major benefits are: 1) development of new water resources for municipalities,
agriculture, factories and so on encourages various human activities in the drainage
basin; 2) promotion of industries increases regional employment, the income of
residents and also contributes to national domestic production; and flood control
decreases damage to fishery and agriculture. There is little doubt that water
resources development and accompanying activitios have promoted various industrial
activities and raised local income levels.

Unfortunately, water resources development and related human activities have also
resulted in unfavorable and unexpected changes and effects on the lake environment,
both direct and indirect. These are listed below and depicted in Fig. 4.4.2.

a. direct effects
1. Change of fish species, decline of commercially valuable brackish fish.

2. Wide variations of lake water level decrease and diminish water plant growing
areas at lakeshores such as wetlands and marshes where sporing and growing of fish
takes place.

3. Disturbance of back flow of sea water into the lake decreases the possibility of
lake purification and dilution by sea water and sedimentation of particulate pollutants.

4. Change in residence time increases the possibility of excess growth of
phytoplankton, such as the harmful biue-green algae microcystis.

5.  Deterioration and disappearance of good lake scenery. Uniform design of lake
embankments changes possibly diverse natural scenery into an artificial and
monotonous one.

6. Decreases in sandy shoreline, closure of swimming areas, decreases in the
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natural purification capacity and adverse effects of the construction of lake
embankments oh marsh and water reed.
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Indirect changes
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Figure 4.4.2 Relation Between Various Changes in Environmental Factors Caused by Desalinization of

Brackish Lakes
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b. indirect effects
1. Deterioration of water quality, eutrophication due to primary production of algae.

2. Disturbance of adequate usage of existing intake fagilities.

4.4,3 ENVIRONMENTAL EFFECTS
OF DESALINIZATION PROJECTS

Various effects of desalinization projects of brackish lakes are summarized here
based on the case study works conducted for Lake Kasumigaura and other brackish
lakes. A similar desalinization project in Lakes Nakaumi and Shinji was suspended in
1988 as mentioned previously, because the project was considered to have no
economic value and to have a potential for disrupting the lake environment. From the
experience and findings obtained through an international lake comparative study
(Nakagami et al., 1990), the effects of desalinization of brackish lakes are described
below from the standpoints of 1) water quality, 2) ecosystem, 3) scenic beauty and
amenity, 4} flood control and 5) economic value of projects.

Water quality

Complete closure of a salinity barrier reduced the natural purification capability due
to tidal cycles and the lengthened residence time of the lake. The longer residence
time heightens the possibility of poliutants such as organic matter, nitrogen and
phosphorus settling at the lake bottom, resulting in accelerated organic pollution and
eutrophication.

New water resources produced by the salinity barrier have promoted human
activities in the drainage basin, which in furn have increased the pollutant load.

Lake ecosystem

The change from brackish water to fresh water has a great impact on brackish fish
and shellfish species directly. The death of corbicula in particular, which has a higher
market value, is one of the major argumenits that the public movement puts forth in its
efforts to conserve Lakes Nakaumi and Shinji.

Desalinization does various kinds of damage to any lake ecosystem composed of a
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variety of aquacultures such as zoo- and phyto-planktons, bacterias and fish species.
The direct and indirect effects of desalinization cannot be identified and evaluated
scientifically because of the sheer complexity of the problem.

Scenic beauty and amenity

In Lake Kasumigaura, a tall embankment, 3m above sea level, has been
constructed along the lakeshore for flood control and water storage. This concrete
embankment disturbs human access to the lakeshore and compromises the lake's
- excellent scenery. Conservation of natural scenic beauty and amenity has been a
controversial point in the cases of both Lakes Nakaumi and Shinji.

The embankment also affects the lakeshore ecosystem where aquatic plants such
as ditch reed grow. Lakeshore marshes and wetlands provide a good environment for
fish as sporing and growing areas. The functions of ditch reed are prevention of
lakeshore ergsion, provision of sporing area and maintenance of good scenery and
natural water purification capability.

Flood control

The Hitachigawa Gate was originally constructed to prevent farmiand and
residential areas from damage by flooding and salinity intrusion. After its construction,
rapid economic growth forced the gate to become one of the major facilities for
developing new water resources in Lake Kasumigaura.

Though the gate and many dams and reservoirs constructed in the upper
watershed of the Tone River have decreased the fearful damage by floods, the gate
together with the Tone River Weir is said to degrade the water quality of the lake,
although this remains to be proved. In the case of Lakes Nakaumi and Shinji, flood
management in the reclamation and desalinization project did not coincide with the
basic flood cantrol policy established by the Ministry of Construction.

Economic value of project

As to the project planned for Lakes Nakaumi and Shinji, Hobo (1989) pointed out
that, though a project to reclaim the lakes for farmland and supply fresh water may
have been necessary in the 1960s, there was no nead to pursue this project any more
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considering the national agricultural policy and the current regional socio-economic
condition.,

Since the Kasumigaura Comprehensive Development Project is still ongoing, the
related national organizations and the lbaraki Prefectural Government consider that
there is no need to evaluate it at present. The third expansion phase of the Kashima
Industrial Water Supply project has almost been completed so as to meet further water
demand by factories located in the Kashima Marine Industrial Zone. However, the
water supply rate of the existing facility is presently low and a sufficient amount of
water is still available. Additional supply capacity is no longer reasonable and is a
heavy financial burden on the prefectural government. This failure of the large-scale
water resources project was brought about because this project lacks the flexibility to
meet changing socic-economic conditions such as a demand-supply relation mainly
caused by external forces.

The desalinization project, which is accompanied by the rapid development of
industrial and urban areas in the drainage basin, has accelerated the deterioration of
the water quality and natural snvironment of the lake. Recently, a public movement
has insisted that opening of the Hitachigawa Gate can rehabilitate the lake
environment remarkably. Its opening will certainly be beneficial for fisheries because
intrusion of salt water into the lake increases production of brackish fish and shelifish.
On the ather hand, the possible failure of gate operaticns will cause a high salinity
intrusion of irrigation water and damage to the water supply for urban areas and
factories.

In highly developed lakes like Lake Kasumigaura, environmental measures which
result in a drastic change to the lake environment such as the opening of the gats,
should be discussed from the viewpoint of not only water quality improvement but also
water uses. Considering the recent indications of rehabilitation of the water quality
during the winter seasons, the complete opening of the gate should be carefully
determined after intensive discussion about its impacts on the lake environment and
human activities as a practical measure. Close cooperation between the
organizations concerned and local residents is necessary to establish such water
guality management policies in the future.

4.4.4 LESSONS FOR BETTER MANAGEMENT
OF BRACKISH LAKES
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Importance of infrastructure development

Natural disasters have caused severs damage to the environment and our daily life
and property. Suitable control of floods and forestry conservation is needed to
encourage sound development and environmental management. Improvement of
sanitary conditions in urban and local residential areas should also be stressed.

Flexibllity of large-scale and long-term water resources development

The basic policy of water resources development noted in the national plan has
been revised in response to social and economic changes. Though it is difficult to
predict future possible changes at the planning stage mainly dus to the lack of basic
data and scisntific knowledge, flexibility should be integrated into an implemsntation
plan to incorporate drastic changes in the socic-economic situation. The water
resources development plan is generally established as a far-reaching national plan.
Once this kind of plan gains momentum, it is very difficult to change policy directions
quickly. On the contrary, if the plan were made in a combination of medium- and
small-scale projects, it could be more readily adapted to comply with unexpected
changes.

Lake eutrophication

Once lakes are polluted, it is very difficult to recover their water quality, and it costs
more to implement various measures than to conduct pollution prevention measures.
Envircnmental impact assessment in both the planning and project stages is
necessary to incorporate careful environmental consideration into the project and
work in an effective manner.

Cooperation of local governments, local residents
and researchers for better lake management

Pollution abatement is not so difficult. People themselves can reduce pollutants
from their households with careful attention to the environment. A research report
indicates that about 10 to 20% of organic matter can be eliminated by changes in
residents' life-style by, for example, proper use of detergents and saving water.
Education campaigns are needed to encourage pollution abatement at the grass-
roots level. Strengthening these fundamental activities will play an important role in
sound lake management. Environmental education for the present and future
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generations and training of civil engineers must be initiated to promote their
understanding of the necessity of environmental management and information
gxchange with the administration.

Comprehensive management of lakes

From now on, management of non-point or dispersed poliution sources should be
given more attention as stated in the Lake Water Conservation Plan formulated based
on the Clean Lakes Law. The idea of carrying out the various measures in an
integrated and planned manner is widely recognized today, but it is a difficult task due
to the lack of knowledge and experience. Recent new technology such as small
sewerage systems, combined septic tanks and application of natural purification
capability have developad, and may well be crucial measures. However, these
applications of new technologies should be considered as supplementary tools, and
fundamental and applied research also should be conducted as well as research on
systematic application of a variety of measures.
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PROFILE I:

LAKE SONGKHLA - THAILAND

Sunthorn Sotthibandhu

1. INTRODUCTION

In 1984, the National Economic and Social Development Board (NESDB) and the
Office of National Environment Board (ONEB) jeintly initiated the Songkhla Lake
Basin Planning Study, aimed at the formulation of a comprehensive and integrated
program for socio-economic development of the Basin, while at the same time
ensuring pragmatic management of the Basin's natural resources and environment.
The study was conducted by a UK/Australia/Thailand consulting team (John Taylor
and Sons et al., 1985) and took 14 months to complete. Taking all of the essential
factors into account, the consultant recommended that an Induced Deveiopment
Scenario was preferabie to either a Natural Growth or a Rapid industrialization
Scenario. This comprises a Natural Resource Management Plan, a Socio- Economic
Development Plan, and an Environmental Management Plan. Nine priority projects
under the three plans were chosen for implementation, and these are summarized in
Tabls 1.

2. ENVIRONMENTAL PROBLEMS

The principal environmental degradation in the lake occurs from the
urban/industrial zone, consisting of Hat Yai/Sonkhla and the corridor between the two
cities. The issues of concern are liquid waste discharge and solid waste disposal into
the streams/rivers, and directly into the lake system (Taneerananon et al., 1989). The
major sources of air pollution are industry, power generation plants, and vehicles. At
present, there is little industry in the coastal zone. There are plans for small industrial
areas near the fishing port and the newly established deep sea port. Songkhla port is
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the largest fishing port in Thailand. It is also used by the Navy, coastal freighters and
barges, support vessels for Union Oil's offshore gas fields, and a large number of

small craft for lake

Table H

Songkhla Lake Basin Priority Projects (Songkhla Province Office)

Plan/Project

Alm of Project

Status

SOCIO-ECONOMIC PLAN

1. Mixed farming
system

2. Seawater system
for marine
prawn culture

3. Bridge over
Pak Ro

NATURAL RESOURCE
1. Salinity

2. Khlong Sadao's
Water

3. Groundwater
development

Improve overall yields of
agricultural produce, e.9.
rice, fish, vegetables,

fruit trees, pigs, fowl.
Promote cultivation of
marine prawn at Sating-Pra
peninsula

Facilitates transport and
communication between lake-
shore dwellers on East and
West sides of the lake.

MANAGEMENT PLAN
Store freshwater for agri-
cultural activities in the
north-eastern part of the
lake.

Secure water supply for
economic expansion of Hat
Yal/Songkhla. Expected
capacity fs 30.8 million m3.
Supplement freshwater supply
for irrigation.

ENVIRONMENTAL MANAGEMENT PLAN

1. Improvement of
sewage treatment
system of Ha
Yai municipality

2. Lake-side vil-
lage sanitation

3. Information
system for
natural resour-
ces in Songkhla
Lake Basin

Reduce waste disposal into
Lake Songkhla.

Solve problem of faecal
contamination.

Store and retrieve
information for future
development projects of the
basin.

Demonstration project
at Ranot and Sating-
Pra. Yield increased
threefold.
Government approved of
the project. Enginee-
ring, economic and
environmental studies
being undertaken,
Engineering design
completed. Project to
be finished by 1891.

Not yet approved by
government,

Engineering design near
completion. Site not
yet fixed.

Under investigation.

Overall plan completed.
Await government's
approval.

Feasihility study being
conducted.
Organizational structure
completed, Substantial
support in equipment,
personnel required. Not
yel in operation. transport.
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The intense activity around the harbor has led to environmental degradation: fish
wastes, sanitary wastes, floatables, bilge-water, and engine oil have been dumped
directly into Thale Sap Songkhla. In addition, unsanitary drainage from the Songkhla
urban area is directed into the harbor waters (John Taylor and Sons et al., 1985).

There are over 20 main Khlongs (rivers/streams) in the Songkhla Lake Basin, of
which Khiong U-Tapao near Hat Yai Municipality is the most important. The Khlong U-
Tapao extends at least 200 meters into the lake. It shows a significant level of faecal
contamination with some evidence of bacterial die-off in its middle reaches between
Wat Chonpratan Prasit (a monastery) and Ban Hua Sapan. There is a marked
contrast between stream bacterial levels and the low levels observed in the lake. This
has serious implications for lake-shore aquacultural activities as the geometric means
of total coliform counts should not exceed 500 MPN/100 mi in aquacultural areas in
order to ensure that fish for human consumption are nct contaminated.

Three main types of industries are represented in the Basin: fish canning,
beverages, and rubber factories. There are 25 rubber processing plants, 7 fish
canning and frozen fish factories, 5 fishmeal factories, and a soft drink factory
(Taneerananon et al., 1985). As a consequence of these activities, Khlong U-Tapao --
a source for raw water before purification -- is being heavily polluted by floatables and
other forms of waste materials originating from urban domestic waste water. Poor
solid waste management practices in Hat Yai Municipality seems to be the principal
cause of pollution. As a result, the Khlong banks are used as dumping grounds for
solid wastes and the floatable materials contained in the solid wastes are washed into
the Khlong, and eventually reach the lake (see Fig. 11).

3. SOCIAL PROBLEMS

Lying within two provinces, Pattalung and Songkhla, the Basin is the home of 1.25
million inhabitants. Approximately 740,000 reside in Songkhla and 510,000 In
Pattalung. From a study conducted by the Prince of SongkhlaUniversity (PSU) Team
in 1987, it was found that the main occupations of the basin's population include rice
growing, fishing, mat-making at Thale Noi, etc. (Ratanachai and Suwannatachote,
1989). It was also found that the lake water is an extremely valuable resource socially
and economically for the lakeside communities, especially for rice growers and
fishermen.
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Between 1967-1968, rice growers badly needed freshwater due to an extreme
dryness of the area. The situation became aggravated because of an occasional
intrusion of sea-water from the Gulf of Thailand. A pumping house and canal system
were built by the Royal Irrigation Department to alleviate the situation. It was
calculated that this scheme had the capacity to irrigate 31,000 ha of paddy fields.
However, currently only 9,600 ha can be supplied with freshwater. It is to be noted
here that some khlongs around Ranot area used to allow free passage of waters
between the upper lake (Thale Luang) and the sea. In order to pravent any intrusion
of seawater into the lake system and partly into the paddy fields, these khlongs were
closed around 1952,

In response to further demands of rice growers in particular, the Royal Irrigation
Department has proposed that a salinity barrier be constructed across Thale Luang at
Site A (see Fig.12) in order to convert a portion of the lake into a permanent freshwater
reservoir. The proposal has created environmental concern and become the subjsct
of controversy between economists and conservationists. As mentioned earlier,
fisheries and aquaculture are very important activities in the lake as well as rice
growing. Recently, the marine prawn industry has entered the scene with the strong
support of rice growers from around Ranot, although concern over a possible drop in
the market and possible salting of farmland is noted.

Actual conflicts over the use of lake water among interest groups have not yet
arisen. However, grievances of rice growers have been echoed by the government
from time to time. In late 1989, fishermen living along the north-west coast of the lake
Thale Luang appealed to the Ministry of Agriculture and co-operatives asking for the
opening of Pak Rawa dam at Rahot which prevents the seasonal influx of seawater
from the Gulf of Thailand, making Thale Luang brackish which was suitable for
fisheries. Closing the inflow of seawater is believed to cause a decrease in fish
production. A recent survey by Sunthorn (1990) showed that there was a shift of
interest among interest groups, particularly rice growers and fishermen. When
questioned on the salinity barrier issue, 87 percent of the fishermen opposed the
proposal, while only 52 percent of the rice growers were in favor of the project. This
may be attributable to the introduction of the marine prawn industry which gives more
economic return to the farmers as compared to rice growing.
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PROFILE J:

LAKE KASUMIGAURA - JAPAN

H. Harasawa

Lake Kasumigaura, the second largest lake in Japan, is located in the Kanto plain
near the Pacific Ocean. The surface and drainage basin areas of the lake are 200

km? and 2,157 km?2 respectively. The lake consists of three parts; Nishiura (West
lake), Kitaura (North lake), and Sotonasakaura (Quter lake). It is a shallow lake with
4m mean depth and 7m maximum depth (see Table J1 and Figs. J1 and J2). Though
the lake water was originally brackish, the Hitachigawa Gate, which works as a salinity
barrier, was built in 1963 at a site 23.5 km south-east of the end of the lake (Nishiura
basin) and 18.5 km upstream from the river mouth (see Fig, J1).

Table Jt
General Hydrological Data of Lake Kasumigaura

Water catchment area 2,157 km@

Lake surface area 220 km?2

- Nishiura Basin 171 km@

- Kitaura Basin 34 km?

Mean depth 4m

Maximum depth 7m

Lake volume 800 million m3

Annual rainfall 1,370 mm

Inflow water volume 1,400 million m3

Mean lake water leve YP.+1.00m(=T.P. + 0.16 m)

Note: Y.P. +/- Om is equivalent to T.P. - 0.8402 m, where T.P. +/- O m
means the mean seawater level at Tokyo Bay

The initial purposes of the gate were flood control and mitigation of salinity
intrusion. With ongoing industrialization and urbanization in the drainage basin, the
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lake became an important freshwater source for irrigation, fishery, domestic and
industrial uses. To respond to the growing water demand, one of the largest national
water resource developments projects, called the “Kasumigaura Comprehensive
Development Project”, was launched in 1970 and is still on-going. The primary
purpose of this project is to supply lake water to the Kashima Coastal Industrial Zone,
the Tokyo metropolitan area, and other nearby regional developments in Ibaraki and
Chiba prefectures. Consequently, the earlier gate has been almost completely closed
since 1974, except during heavy floods. The chlorine concentration of the lake has
decreased since then and is now at the same level as that of other freshwater lakes.

On the other hand, eutrophication has grown severe due to nutrient loading from
settlement areas and many factories in the drainage basin, and has given rise to
blooms of biue-green aigas. Every summer, the lake has extensive blooms of the
blue-green algae microcystis, which does serious damage to cultured carp, gives tap
water a bad odor, and undermines the value of the lake.

To rehabilitate the deteriorated lake water, the [baraki Prefectural Government
enacted the Kasumigaura Eutrophication Prevention Ordinance in 1981, and has
since promoted various measures to reduce nitrogen and phosphorus loads from the
drainage basin. In addition, after the Clean Lakes Law was enacted in 1984, the lake
was designated as a lake for Implementation of various measures in a comprehensive
and planned manner. To respond to this requirement, the prefectural government
established a lake management plan, and has made concentrated efforts to clean up
the lake. The construction of sewerage systems and the strict regulation of factory
effluents are stressed in the plan. Over the past several years, high transparency has
bsen observed at the central part of the lake in winter. Though the water quality of the
lake has seemingly gradually improved owing to various measures, there is no
scientific evidence to explain this new symptom at present. However, some interest
groups strongly insist on opening the gate to purify the lake water further.
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PROFILE K:

SOCIO-ECONOMIC PROFILE OF
THE LAGUNA LAKE BASIN - PHILIPPINES

Enrigue P. Pacardo

The Laguna Lake basin includes the provinces of Rizal and Laguna, two towns in
Batangas province and part of Metro Manila. With a land area of 290,000 ha and
90,000 ha water surface, the basin holds a population of 2.6 million (Table K1).

Between 1960 and 1980, the annual growth rate in the basin was 5.22%. This was
due mainly to the natural birth rate and in-migration from other provinces. Assuming a
continued annual birth rate of 5.22%, the basin's estimated population now is around

4.3 million, and the population density is 14,995/km2. Females outnumbered the
males by 9,941 (1,312,203 v. 1,302,262), registering a sex ratio of 99.24.

Table K1
Population In Various Census, 1960-1980 (in thousands)
(National Census of Statistics Office, 1980)

Annual Doub-

Growth ling
Area 1960 1970 1975 1980 1960- fime,

1980 years
Philippines 27,850 36,684 42,071 48,098 2.91 24.0
Laguna Lake Basin 945 1,645 1,855 2,614 5,22 13.4
Batangas 78 108 120 135 2.78 25.2
Cavite 44 70 109 134 6.71 3.3
Laguna 472 700 804 973 3.68 19.0
Quezon 17 23 23 26 1.98 35.4
Rizal 174 307 414 556 5.58 117
Metro Manila 160 437 485 791 8.34 8.4
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The total number of households was 472,684, 63.4% of which are in the urban
sector and 36.6% in the rural sector. The close proximity of the basin to Metro Manila
accounts for this. Table K2 shows the age composition of the population. About 58%
are within the working age group (14-64).

Table K2
Age Compasition, Rural-Urban, 1880 (in thousands)
(National Census of Statistics Office, 1980)

Age group Total Urban Rural
all ages 2615 1,916 689
0-14 1,017 724 203
15-64 1,519 1,137 382
65 and above 79 55 24

Based on 1975 data, the majority of households (60.1%) depended primarily on
wages and salaries for their livelihood. Of those households engaged in private
ventures, 24.9% were engaged in agriculture; 2.6% of the total households were
dependent on fisheries as their main livelihood. However, this number declined from
13,000 in 1964 down to 8,620 in 1983 (Table K3). This may be attributed to the
increase in fishpens which

Table K3
Estimated Number of Fishermen in Laguna Lake

1962-64 1968 1983
full time 6,511 7,674 3,184
part time 6,489 2,139 5,436
total 13,000 9,813 8,620

proliferated so fast that in 1983 an area one-third of the lake was covered with
fishpens. At present the fishpen area has decreased to less than 10,00Cha. It could
also be presumed that the number of open-fishing fishermen has also declined due to
lake pollution.
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With regard to the income profile of the families, the only available data are from
1975; the are as follows:

Income group percent
below 2,000 17.6
2,000 - 10,000 62.1
above 10,000 20.3

About 66% of the total income is earned by only 20% of the population. In other
words, there are a higher number of poor families than there are of the middle income

group.
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SECTION 5

CONCLUSIONS AND RECOMMENDATIONS

by Michio Hashimoto

5.1 Conclusions

The management of integrated land/water ecosystems of the lake environment
requires a comprehensive identification and appreciation of the social, cultural and
economic issues involved (Kada, section 2.1). An understanding of the
interdependency of various elements based on the natural and social history of the
environment of lakes and reservoirs is a prerequisite for good management,

The planning and implementation of water resource developments and
management policies is, however, influenced by the wide range of perceptions and
interpretations of particular issues by the intersst groups involved (Nakagami, section
2.2). Moreover, competition and even conflict belween communities, social groups
and sectoral human activities over the use of water resources further complicates the
management process. Such conflicts include those between agriculture and fisheries,
up-stream and down-stream areas, local versus regional versus national interests and
s0 on.

The local population and NGOs have an important role to play in water resource
planning and management. Environmental and other pressure groups from outside
the lake/reservoir or water development area can also play a key role by requesting
further consideration of environmental matters and modification or suspension of
development projects where unacceptable environmental effects can be anticipated.
The case of Lake Shinji in Japan provides an example of how environmental groups
can effectively participate in the decision-making process to prevent environmentally
harmful projects from taking place. NGOs can also make a major contribution by
functioning as a mediator to correct the sometimes biased power balance between
pro- and anti-development interests groups. International NGOs are becoming
increasingly involved in lake/reservoir environmental management issues (Jackson
and Eder, section 2.3, Sendama, section 4.1).
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A conceptual framework for the composition and dynamics of water resource
management (Hufschmidt and McCauley, section 3.1) is an important part of the water
resource planning process and provides a useful background when overviewing the
problems posed by lake/reservoir management. Another prerequisite for effective
planning, design and management of sustainable water resources is the availability of
adequate and reliable data (Biswas, section 3.2). Unfortunately, at present, managers
of lakes and reservoirs around the world have in many casss limited data on which to
base their decisions. The mass media can play an important role here by providing a
timely and useful analysis of the content of the information produced and its relevance
to the decision-making process. In addition, education and information programs can
work to raise the awareness of local citizens in relation to the quality of the lake
environment and its impertance.

When planning, managing and monitoring water resource developments it is very
important to use the most up-to-date technology and scientific knowledge. However, it
is also necessary to refer to traditional practices related to integrated land-water
systems and their potential modern applications (Loffler, section 3.3). Public policy
decisions for investment should be analyzed in a social benefit and cost analysis
framework (see 3.4, Dixon). Alternative projects, design formulations and
management strategies can be developed through the consideration of various
options for cost allocation and sharing related to water resource development
planning and implementation (Easter and Waselti, section 3.5). Furthermore, economic
principles concerning the efficiency of resource allocation and social principles of
equity, In the context of the distribution of benefits and costs related to water resource
development and management, play an important role in determining the issus of cost
sharing.

In the past significant economic and social losses have been incurred by
communities in close proximity of major water resource developments. Large dam
construction projects have failed, in some casses, to bring about anticipated major
improvements in the socio-economic conditions of the local population. This has been
clearly shown with the papers on African dams (Sendama, section 4.1), on
compensation in Japan (Matsui, section 4.2) and on the problems of involuntary
resettlement {Cernea, section 4.3). Many of the costs of dam construction and water
resource developments, in general, have often not been correctly reflected in the
project economic analysis and planning process. There is a lack of basic research on
these problems and no clear social policy framework for water resource development
projects.
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Manpower development, recruitment policies and programs are vitally important at
the project implementation and operation stages. Infrastructural development, project
construction and operation can be achieved smoothly if capable manpower can be
recruited. In the case of projects where bilateral assistance is involved a major
weakness has been the failure to adequately provide funds for the operation and
maintenance of the project once construction and installation is completed.

The issues related to brackish lakes were presented in four of the eleven lake
profiles (Lakes Shinji/Nakaumi, Songkhla, Laguna and Kasumigaura) and in one of
the main papers (see Harasawa, section 4.4). These lakes have very particular
characteristics and the problems and experiences of brackish water lakes and
desalinization projects are well documented in the papers presented in this volume. In
addition, the other seven profiles show the range of socio-economic factors affecting
lakes and reservoirs throughout the world and some of the associated lake/reservoir
environmental management issues. Although each case is unique some interesting
similarities can be observed for different stages of development and with a variety of
different political, economic, cultural and and social backgrounds.

5.2 Recommendations

The range of possible recommendations based on the papers included in this
volume is very wide. Consequently, this section seeks merely to highlight some of the
most imporiant points raised. These are as follows;

[1] Alternative options for planning and management strategies for the lake
environment should be derived through the identification of the different perceptions,
conflicting interests and policies among the individuals and organizations involved.

[2] Policy decisions in relation to water resource developments and investment should
be analyzed in a benefit/cost analysis framework.

The policies for cost allocation and cost sharing should be critically ‘examined
based on the criteria of economic efficiency, social equity and political feasibility.
Guidelines should be developed to cover these matters with consideration of the
tradeoffs which may be necessary.
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[3] A more long-term view, one that includes the socio-economic costs, needs to be
applied when determining the financial needs of the project plan. In addition, local
agencies (with sufficient funding} need to he set up to manage the development
project from the initial design stage, through implementation to operation and
maintenance. If possible, administrative, management and technical functions should
be delegated to these aganciss.

[4] Public participation procedures are an essential part of the development process
and of the integration of social, cultural and economic factors into policy-making.
Farmers, fishermen, villagers, lake-shore rasidents and other water resource users,
and those people affected by development projects should be encouraged to
participate in the planning and design of local projects and in policy development.

[5] Institutional channels shouid be set up to handle local complaints and for the
arbitration of pollution disputes within a lake/reservoir environment as a
transboundary zone.

[6] Effective monitoring systems (hard and software) need to be developsed to cover
not only the physical quality and quantity of the water but also socio-economic and
cultural parameters. The menitoring programs themselves should also be subject to
periodic evaluation in terms of cost-effectiveness, data priorities, feasibility and
sustainability.

[7] Environmental education programs should be targeted at schools, community
groups and other pressures groups so as to increase the local citizens” ability o
participate in the water resource development process.

[8] A legal framework for the rights of land ownership/tenure, water use, timber and
fishing rights etc., needs to be developed by the national administrations involved.
This should include detailed consideration of the method of compensation for any
perceived losses. Relatively smooth implementation of the project can be achieved if
the project planner, from the start of the initial design stage, aims to ensure that the
affected population improve, or at least regain, their previous living standards and set
up mechanisms to achieve this goal and to include socio-economic and cultural
factors in their preliminary planning. These include adequate consideration of the
following;
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* method of compensation,

* quality of the new habitat,

* social organizations of the resettlers,

* interaction with the host population and environmental protection of the relocation
area, and

* creation of new employment and training cpportunities.

All displacement and resettlement programs and costs must be integrated into the
development program for the initial stage.

[9] Manpower development and recruitment policies and programs are an extremely

important part of the successful implementation of a development project. Training
programs need to be organized to overcome recruitment problems.
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