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LINKING ECOLOGICAL AND DEVELOPMENT OBJECTIVES:
TRADE-OFFS AND IMPERATIVES

JANUSz KINDLER

Institute of Environmental Engineering Systems, Warsaw University of Technology, ul. Nowowiejska 20,

00-653 Warsaw, Poland

Abstract. This paper addresses the too often separated insights of ecologists and re-
source managers, linking the biophysical and socioeconomic dimensions of some freshwater
issues. It begins with a brief exposure of fundamentals of the method of multi-objective
analysis, underlining that evaluation of trade-offs between objectives is never a purely
mathematical or quantifiable undertaking. To varying degrees, it is based on subjective
value judgments reflecting economic, social, cultural, and aesthetic preferences accorded
by a society to different objectives. But how far can different objectives be traded? I attempt
to answer this question using as an example the environmental and economic problems of
the Aral Sea Basin in Central Asia. Simple water balance calculations are presented to
illustrate the specific situation of the basin. Next, a few critical issues of the Aral Sea Basin
are discussed to show that linking environmental and economic objectives is not an easy
task if one takes a short time perspective.

Key words: Aral Sea Basin; ecology; economic development; institutional improvements; multi-
objective analysis; natural environment; poverty reduction; trade-off; transboundary resources; water;

water conservation, wetlands.

INTRODUCTION

Throughout most of history, the interactions between
water and its natural environment as well as between
water and development have been rather straightfor-
ward and of a local character. But the complexity of
these interactions is increasing. What were once well
understood questions of nature preservation vs. eco-
nomic growth, now involve complex economic and en-
vironmental linkages. As pointed out more than ten
years ago by Clark (1986), humanity has entered an
era of a large-scale interdependence between economic
development and the natural environment. This inter-
dependence will intensify as the number of people on
earth, the demand for agricultural products, and in-
dustrial production increase. A major challenge for the
coming years is to learn how to manage our freshwater
resources in such situations.

This paper is concerned with the economic and en-
vironmental dimensions of water resources manage-
ment, which are complementary and mutually rein-
forcing in the long term. However, difficult choices
between them must often be made in short and medium
terms. My purposes are to introduce some fundamen-
tals of multi-objective analysis, discuss the case of the
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Aral Sea, and comment on the linking of economic and
environmental objectives.

THE FUNDAMENTALS OF MULTI-OBJECTIVE
ANALYSIS

Water as well as environmental issues and problems
are characterized by multiple objectives, mutiple cri-
teria, multiple decision makers and multiple constitu-
encies. An ‘“‘objective” is what a decision maker seeks
to accomplish or obtain by means of a decision. A
““criterion” is a rule or standard against which to mea-
sure the extent to which an objective has been met or
to rank the alternative courses of action.

The choice of socially relevant objectives is a dif-
ficult task. It requires judgment by all involved in the
decision-making process: decision makers, managers,
environmentalists, scientists, and other stakeholders. In
the past, engineers responsible for water resources
planning and managing often considered this to be a
technical issue primarily in their domain, and to be
decided by them. With changing social and environ-
mental attitudes this perception is changing rapidly.

At present, objectives identified as important for
analysis of water problems include: economic efficien-
cy, environmental quality, distributional (equity) ef-
fects, regional growth and stability, national self-reli-
ance, and risk considerations of robustness, resilience,
and other measures of system performance. Three ob-
servations seem to be appropriate. Firstly, most objec-
tives are not defined using the same units of measure;



592 INVITED FEATURE

A4 Objective Z,

Increasing
preference

. SET OF .
Equipreference

 NONINFERIOR
SOLUTIONS  p \_ curves
— >
Objective Z,
FiG. 1. Fundamentals of multi-objective analysis.

they are noncommensurate. Secondly, priorities among
objectives depend on the particular problem setting.
For example, societies affected with widespread mal-
nutrition and disease, high infant mortality, low life
expectancy, high illiteracy level, and endemic unem-
ployment are not likely to place the same value on
degradation of the natural environment as societies
where such problems have been overcome. Thirdly, the
presence of multiple objectives usually promotes con-
flict. Objectives conflict when the solution satisfies one
objective but differs from the solution that best satisfies
another objective.

The fundamentals of multi-objective analysis are il-
lustrated graphically in Fig. 1 (Munasinghe, 1994). As-
sume that a project or policy has two noncommensur-
able and conflicting objectives, Z, and Z,. Z, could be
hydropower production in the upstream river reaches
and Z, some index of ecological ‘*health’ in the down-
stream delta. Assume that alternative projects A, B,
and C have been identified. Point B is better than A in
terms of both Z, and Z,, because B produces more
hydropower and provides for a more ecologically
healthy delta relative to A. Thus, alternative A may be
discarded. More difficult is the choice between solu-
tions B and C, because B is superior to C with respect
to objective Z, but inferior with respect to Z,. Solutions
such as B and C form a set of noninferior solutions,
which sometimes are also called nondominated, poly-
optimal or Pareto optimal solutions.

The characteristic feature of each noninferior solu-
tion is that it cannot increase satisfaction of one ob-
jective without decreasing satisfaction of other objec-
tives. But which one of a set of noninferior solutions
should be selected as “‘best’’? This involves choices
among different objectives and the degrees to which
each of them is satisfied. Because many of the objec-
tives are noncommensurate, value judgments must be
involved in evaluating trade-offs among objectives and
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selecting the best compromise. Choosing the best com-
promise solution requires additional information on
trade-offs among objectives. Articulating this infor-
mation is difficult and usually based on subjective judg-
ment reflecting economic, social, cultural, and other
preferences and the associated criteria of individuals
and groups involved in the problem-solving process.
Information on trade-offs may be given in different
form, such as functional relations between different
objectives (utility or preference functions), hierarchy
of objectives, preferred proportion curves, etc. In my
example (Fig. 1), the best compromise solution that
provides the greatest utility (preference) occurs at the
point of tangency D between the best preference curve
and the curve of noninferior solutions.

How far can different objectives be traded? Satis-
fying some objectives at least at a minimum level is
imperative, especially when dealing with the basic life
support systems such as freshwater aquatic environ-
ments. A commonsense notion is that minimum re-
quirements exist for many things in life. Our bodies
need some minimum input of water if we are to survive.
Many production processes likewise have irreducible
minimum input levels, e.g., as fossil fuel in electricity
generation. But in water projects, water volumes rel-
evant to minimum requirement levels are seldom ar-
ticulated or discussed. The true ‘‘requirements’’ for ag-
riculture and industry are usually only a small portion
of observed or planned water use and are less than large
projects are built to supply.

At higher water use levels, several activities can sub-
stitute some other input for water. In industrial cooling,
physical capital can be substituted for water by con-
struction of closed cooling systems with non-evapo-
rative towers. In agriculture the irrigation system can
be improved by lining the canals, changing from flood-
ing to sprinkler or drip methods and investing in the
optimal timing of water application to match plant
needs and soil moisture. The notion of a minimum
water requirement should not ignore the possibilities
of substitution and adjustment that can be implemented
as water demands and costs go up.

Linkages between different objectives are discussed
below using as an example the problems of the Aral
Sea Basin in the Central Asia. Discussion is based on
the preparatory work undertaken for the development
of a regional water management strategy in the Aral
Sea Basin. The work is administered and coordinated
by the Executive Committee of the International Fund
to save the Aral Sea (EC of IFAS) with the support of
The World Bank, United Nations Development Pro-
gramme (UNDP), the Global Environmental Facility
(GEF), the European Union (WARMAP Project). and
several bilateral donors. More detailed analysis, in-
volving application of multi-objective modeling meth-
ods to provide policy makers with decision guidance
will most probably be initiated in 1997.
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F1G. 2. The Aral Sea Basin.

THE ARAL SEA BASIN
Background

Water plays a vital role in the economic and social
life of the arid Aral Sea Basin in Central Asia. Over
the last 35 years, intensive cotton farming in the 1.55
X 106 km? basin has diverted so much water from the
two main rivers, the Amu Darya and Syr Darya (Fig.
2), that the shoreline of the Aral Sea (large freshwater
lake) has retreated by more than 120 km in places. Vast
salted tracts appeared on the former seabed over an
area of ~2 X 10° ha. Salt deserts have replaced marshes
and freshwater lakes over an area of 50000 ha in the
Amu Darya delta alone. Benthos biomass decreased on
average from ~200 g/m? to 13 g/m>. Mean zooplankton
contents was reduced from 160 g/m? to 15 g/m?. Only
patches of Tugay woods and bushes remained in the
Amu Darya and Syr Darya deltas. They were replaced
by moss, which in turn was replaced by turang grasses.
Most of the nesting grounds of migratory birds have
disappeared. Local wildlife and climate have been al-
tered.

The environmental degradation due to the excessive
use of water and related land resources extends over
the entire Basin. Since the 1960s the upper Basin has
lost ~50% of its forest cover. Soil erosion has inten-
sified to reduce agricultural productivity and silt res-
ervoirs. Massive discharges of drainage water from ir-
rigated lands drastically increased water salinity. Soil
salinization and waterlogging is a serious problem

throughout the Basin (Micklin 1991, 1992, Glazovsky
and Mainguet 1992).

Environmental problems began to build from 1927
to 1960 as irrigated lands increased from 2 to 5 X 10°
ha (Interstate Council 1996). Water withdrawals from
the rivers increased, groundwater levels rose in irri-
gated areas, and chemicals began to accumulate both
in the soil and the sea. But the problems were not
apparent during those years and irrigated lands again
were expanded by one-third after the mid-1960s. Water
withdrawals nearly doubled and water and soil salinity
substantially increased. By the late 1980s, the Aral Sea
Basin exhibited perhaps the most serious environmen-
tal problems in the world—environmental degradation
in the upper and middle watershed, desiccation of the
Aral Sea, and destruction of wetlands which had served
as an important habitat for wildlife. These changes led
to a loss of livelihood and gradual increases in poverty
and illness, especially for the 3.5 X 10°¢ people living
in the two river deltas and in the coastal zone.

The average population density in the basin is only
in the range of 20 persons per 1 km?, but a very high
percentage of the basin is empty desert. In the irrigated
land, population density is much higher, on the order
of 300 persons per 1 km?. Population growth is a major
issue in the social and economic structure of the basin
(Interstate Council 1996). In the 1960s and 1970s, the
population growth rate in the five countries averaged
2.7% per year; Turkmenistan experienced a growth rate
of 3.4% per year. Between 1990 and 1994 these growth
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rates dropped almost by one-half. The two main factors
for the decline have been emigration and a lower birth
rate owing to the deteriorating economic situation.
Even so, by 2010 the population is expected to ap-
proach 50 X 10%, compared to ~37 X 10 in 1994 and
16 X 10° in 1960 (Fig. 3). Provision of adequate food
to the growing population is a major consideration in
national agricultural plans.

The basin is primarily an agricultural area. About
92% of total water use irrigates ~8 X 10° ha (Interstate
Council 1996). In terms of the surface area, this is one
of the world’s largest irrigation systems; twice that of
Egypt and one-half that of the Indus system in Pakistan.

At present, the economic and social situation in the
Basin states is difficult. The past was marked by eco-
nomic inefficiencies, legislation without adequate en-
forcement, and a number of ineffective institutional
arrangements. Independence in 1991 has brought the
prospect of greater national self-sufficiency and gov-
ernance, but also contributed to a decline in economic
integration among the former republics of the USSR.

1990 1994 2010

Water balance and population and irrigation growth rates in the Aral Sea Basin.

Increased customs barriers, new obstacles to fund
transfers, rupture of procurement and supply contracts,
and a sharp rise in transportation tariffs are features of
the region. Since the Aral Basin states became inde-
pendent, in some years their economies experienced
inflation rates well over 100%, serious credit shortages,
and declines in GDP (Gross Domestic Product) from
15% (Uzbekistan) to >50% (Tajikistan).

While effective water management is critical, it com-
petes with other priorities for human and financial re-
sources. Timely action on some water issues, especially
those related to agriculture, ultimately may assist the
stabilization process and benefit the basin as a whole.
Water decisions must be made rationally given the se-
vere institutional, human resource, and financial con-
straints over coming years while the basin’s economies
strive to recover their former levels.

Recognizing the severity of social and environmental
concerns, the heads of state from Kazakstan, Kyrgyz
Republic, Tajikistan, Turkmenistan, and Uzbekistan
met in January 1994; they approved an Action Plan to
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TABLE 1. Water balance in the Aral Sea Basin in cubic kilometers (Interstate Council 1996).
1994
1990 Actual 2010
_Af_t_lii_ Amudarya  Syrdarya Calculated Calculated
Total Aral River River Total Aral Total Aral Total Aral
Sea Basin Basin Basin Sea Basin Sea Basin Sea Basin
Resources
Surface water resources 112.7 80.3 41.2 121.5 121.5 115.6
Groundwater resources
(recharge) 11.6 6.2 7.8 14.0 14.0 18.0
Return drainage water 41.2 31.3 14.6 45.9 45.9 40.0
Interbasin transfer 1.0 0.0 1.0 1.0 1.0 1.0
Total resources 166.5 117.8 64.6 182.4 182.4 174.6
Uses
Unaccounted losses
from river channels 9.8 7.0 3.2 10.2 10.2 10.2
Surface flow losses due to
groundwater withdrawal 7.0 4.2 33 7.5 7.5 10.6
Unused discharge of
vertical drainage water 2.2 1.6 1.0 2.6 2.6 4.0
Transfer to other basins 1.0 1.0 0.0 1.0 1.0 1.0
Summary withdrawal by
all economic sectors 117.5 66.0 45.7 111.7 151.8 160.0/131.6%
Diversion of return waters
to Aral Sea and natural
depressions 14.5 13.6 2.8 16.4 16.4 12.0
Water withdrawal by
Afghanistan 2.0 2.0 0.0 2.0 2.0 5.0
Discharge into Aral Sea
by main streams 12.3 21.7 9.8 31.5 31.5 19.0
Total uses 166.3 117.1 65.8 182.9 223.0 221.6/193.2
Balance +0.2 +0.7 -1.2 -0.5 —40.6 —47.0/—18.6

T The value of 160.0 km? corresponds to water demands of Uzbekistan calculated in 1993. In 1996, Uzbekistan revised its
future irrigation water demands, bringing the total demands in the basin to 131.6 km?.

improve the environmental situation for social and eco-
nomic development over the next three to five years.
Following the request of the five Basin states for as-
sistance in implementing the plan, the United Nations
Development Programme (UNDP), the United Nations
Environment Programme (UNEP), and the World Bank
supported them in the preparatory phase for developing
the Aral Sea Basin Program (ASBP). The Program es-
tablished in 1994 will lead to strategy formulation, pri-
ority actions, and pilot projects, all aiming at basin-
wide impacts and requiring regional cooperation and
coordination.

The water balance calculations

In spite of the difficulty of collecting and standard-
izing data, the preparatory phase of the project has
produced several water balances for the Aral Sea Basin,
including balances for 1990 (a dry year) and 1994 (a
wet year), and some projected balances for the year
2010. To present the overall water situation in the basin,
the balance for 1994, based on actual data, is presented
and discussed below in more detail (see column 1994
Actual in Table 1).

On the resources side, total resources available con-
sist of four elements: surface water, groundwater re-

charge, drainage water returning to the system (return
water) and interbasin transfers. The surface water re-
sources in 1994 were equal to 121.5 km?. Based on the
national reports, some 14.0 km? were available in 1994
(groundwater recharge). Return drainage water is sig-
nificant in the Aral Sea Basin. Return water of 45.9
km? in 1994 is the sum of drainage water collected
from irrigation (42.7 km?) and wastewater discharged
by industrial enterprises and municipalities (3.2 km?).
A large volume of the collector-drainage water (~36%
or 16.4 km?) is totally lost (see Table 1: Uses); it is
discharged into natural depressions and evaporates.
The extent of water reuse (that is, irrigation water reuse
and drainage water discharged into rivers) ranges from
45% in Turkmenistan to 100% in the Kyrgyz Republic
and Tajikistan.

Taking into account relatively small interbasin trans-
fer, the total resources in the basin were ~182.4 km?
in 1994 (the mean annual water availability is ~176
km?). Total uses, according to Table 1, were some 182.9
km?, for a slight deficit.

The first major categories of water use in the basin
are water losses, whether from river channels, ground-
water withdrawal, or drainage water. A considerable
amount of water is lost in riverbeds, although the
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TABLE 2. Water use in cubic kilometers by five Aral Sea
Basin states, 1990 and 1994.

Change
Country 1990 1994  Change (%)
Kazakhstan 11.9 10.9 -1.0 -8.4

Kyrgyz Republic 52 5.1 -0.1 -0.02
Tajikistan 13.3 13.3 0.0 0.0
Turkmenistan 24.4 23.8 -0.6 -2.4
Uzbekistan 63.3 58.6 -4.7 -7.4
Total 118.1 111.7 -6.4 -54

Note: There is a slight discrepancy between the 118.1 km?
total water use for 1990 given in these figures and the 117.5
km? total usc reported in the 1990 regional water balance.

amount is difficult to estimate, especially for certain
sections of the two main rivers Amu Darya and Syr
Darya. Observations of high water losses are not sup-
ported by climatic and hydrological factors.

Of the total water use by all economic sectors in
1994 equal to ~111.7 km?*, ~91.6% was for irrigated
agriculture, 3.6% for domestic and household purposes,
1.9% for industry, 1.6% for rural water supply, 0.8%
was used for fisheries, and 1% was given to other uses.
The importance of irrigated agriculture in both water
use and economies in the region makes consideration
of irrigation and land use patterns essential to a regional
water resources management strategy.

Of the 155.4 X 10° ha in the Aral Sea Basin, some
32.6 X 10° are considered suitable for irrigation while
~7.9 X 10° ha are actually irrigated. Cotton still dom-
inates the agricultural crops in the area, followed by
cereals and fodder. For a wide variety of reasons, in-
cluding the high cost of inputs, increasing soil salinity,
and disrupted markets, the levels of both yields and
production of major crops have fallen significantly in
every country since 1990.

Out of the total net irrigated area of 7.9 X 10° ha in
the Aral Sea Basin, >5 X 10¢ ha requires man-made
drainage, but only ~4.4 X 10¢ ha has such drainage.
At the end of 1990, the total length of collector-and-
drainage networks was ~174 572 km, with >9262 tube
wells. Of this total length, ~89% is on farms, with
11% on inter-farm networks. Closed horizontal drain-
age is used for ~11.3 X 10° ha, mostly on newly ir-
rigated lands.

The two major land quality problems in the basin
are the interrelated issues of salinity and waterlogging
caused by high groundwater levels. Only ~50% of the
land in the basin is classified as nonsaline. The extent
of the problem varies; in the upper reaches of the Amu
Darya and Syr Darya, <10% of the land has average
or strong salinity, while in downstream parts of the
basin ~95% of the land is saline. Salinity is of course
closely tied to drainage conditions. Moreover since
1985, a growing water shortage, lower water quality,
and the decay of enterprises responsible for the drain-
age system has resulted in secondary soil salinization.

The final use of water in the basin mentioned in Table
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1 is discharge into the Aral Sea of 31.5 km® in 1994.
This was a huge increase of flow into the sea over the
relative trickles in the late 1980s and early 1990s,
which were comparatively dry years. In 1990, this fig-
ure was put at 12.3 km?*.

In Table 1, the 1994 water balance (wet year) is
contrasted with the 1990 balance (dry year) for an over-
all picture of developments in the four years since in-
dependence. Total resources in 1990 were reported at
166.5 km* vs. 182.4 km® in 1994, and total uses at
166.3 km* vs. 182.9 km* in 1994. On the use side, the
most relevant figures for comparison are the economic
withdrawals of water (mostly for irrigation), which
were ~5.8 km* lower in 1994 than in 1990. Most in-
teresting in this regard was a 2.4% decrease in water
use in Turkmenistan (Table 2) despite a 31% increase
in irrigated area (Table 3). Uzbekistan reduced its water
consumption by 7% with a slight increase in irrigated
area. The decrease in water use in 1994 in these coun-
tries was largely because of a switch from cotton to
cereal cultivation that was mandated by policy.

Another interesting difference between 1990 and
1994 is the volume of water discharged into the Aral
Sea. In 1990 this was only 12.3 km? in 1994, it was
31.5 km?*. It is apparent that in the dry years, while
irrigation use remains fairly constant, the Aral Sea re-
ceives far less water. The relatively wet period in the
first years of independence has masked the continuing
desiccation of the sea, which has been treated as a
residual, rather than an active, user of water.

In addition to 1990 and 1994 actual water balances,
Table 1 presents calculated balances for 1994 and 2010.
Comparison of the balances for 1994, shows that the
calculated summary demand of all economic sectors
(taken from the national reports) is 40.1 km* higher
than the actual withdrawal. This is the additional vol-
ume of water that according to the national reports
would be needed in 1994 to supply all the existing
irrigation systems at a level compatible with the present
national norms of specific water use per hectare per
year. Providing actual water withdrawals in 1994 are
at the level of those calculated, the water shortage in
the basin would approximate 40 km®. Since ~92% of
the total demands are irrigation water demands, reas-
sessment of irrigation norms is fundamental for the next
stage of investigations for the regional water strategy.

TaBLE 3. Irrigated area in thousands of hectares of five Aral
Sca Basin states, 1990 and 1994.

Change

Country 1990 1994 Change (%)
Kazakhstan 781.8 786.22 4.4 0.6
Kyrgyz Republic 423.7 4299 6.2 1.4
Tajikistan 709.1 719.2 10.1 1.4
Turkmenistan 1329.3 1744.1 414.8 31.2
Uzbcekistan 4222.0  4286.0 64.0 1.5
Total 74659  7965.4 499.5 6.6
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Regarding future water demands, Table 1 shows two
alternative estimates depending on the irrigation water
use in Uzbekistan. Still, even under the lower demand
scenario (that can be achieved at a cost which has not
been defined so far), the shortage of water in the basin
is in the order of 18.6 km¥yr (assuming very low inflow
to the Aral Sea, which cannot sustain the sea even at
the present level). All estimates of available resources
and future water demands will be subject to further
investigations in the next stage of work on the regional
strategy.

Even with the current imperfect information, it is
clear that there is not enough water in the basin to meet
the requirements of all the states. With the exception
of Kazakhstan, every country in the region plans to
expand irrigated agriculture by the year 2010, by a total
for the basin of >1 X 10° ha demanding additional
water on the order of 18 km?® The countries of the
region seem to recognize the problem of shortages by
frequently raising the issue of importing at least 20 km?
from outside the Aral Sea Basin (transfer from the
northern Siberian rivers). The difficulties of importing
this vast amount of water are well known. The basic
alternatives appear to be either conserving water in a
variety of ways or revising national social and eco-
nomic goals and policies (or both).

Water conservation generally means on the one hand
reducing losses, and on the other, conserving as much
from use as possible. The countries of the region es-
timate that overall, 12.7-18 km?® can be saved in the
basin. This level is substantial, but it would come at a
cost, involving large amounts of money which would
be a substantial burden on any national budget in the
region. Therefore, countries and regional organizations
must carefully set priorities for water conservation,
rather than covering a wide number of solutions with
inadequate funding for any one program.

Conserving water should begin by improving the ef-
ficiency of the present irrigation networks and intro-
ducing better irrigation practices. Of ~7.9 X 10° irri-
gated hectares, ~ 2.5 X 10° ha have new systems in
good technical condition, but the rest were built 25—
30 years ago and are coming to the end of their life-
span. During the first years of independence, budget
problems meant that funds for operation and mainte-
nance of irrigation systems declined every year. The
basic question is what can be done to avoid irreversible
damage to these irrigation and drainage systems when
over the next five to six years the overall economic
situation will still be difficult? According to national
estimates, reconstruction or modernization of the irri-
gation and drainage networks may cost ~$3000/ha.
Again, considering budget limitations, priorities must
be established.

All national reports recognize the importance of eco-
nomic incentives that must be introduced for any ef-
fective water conservation. One of the reasons for in-
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efficient use of water is that it is still a free good. All
of the basin countries have introduced charges for mu-
nicipal and industrial water supplies. but introducing
charges for irrigation water is much more difficult. Ex-
periments so far in the region indicate that the main
problems are (1) the lack of flow measuring devices,
(2) the lack of appropriate laws and regulations, and
(3) the lack of appropriate institutional arrangements
to implement and enforce a system of charges for water.
The model under discussion across the Basin is a two-
rate tariff, consisting of a basic per hectare fee and in
addition a progressive fee per cubic meter of water
above an assigned volume. This issue is closely related
to reforms in the agricultural sector.

The question of whether any potential savings in
water via increased irrigation efficiency should be
available to countries or to the Aral Sea has been raised.
The riparian countries have agreed that the Aral Sea
will be regarded as an independent water consumer. Its
share of regional water is to be determined according
to a mutually approved strategy. National reports have
not presented any quantitative assessments of the en-
vironmental demand for water, but preliminary esti-
mates indicate that the minimum demand for water by
the Aral Sea and its coastal regions in the near future
is in the order of 30 km¥yr, of which 22 km*yr might
come from the Amu Darya and 8 km*/yr might come
from the Syr Darya. Table 1 indicates, however, that
in dry years (such as 1990) such an inflow to the Aral
Sea could be secured only at the expense of reducing
irrigation water withdrawals.

TRADE-OFFS BETWEEN OBJECTIVES

The root cause of all environmental problems in the
Aral Sea Basin is similar throughout the entire area:
the unsustainable development practices adopted in the
past. The irrigation system was expanded beyond the
ecologically sound potential of Amu Darya and Syr
Daryarivers (UNEP [United Nations Environment Pro-
gramme] 1992). It confirms that economic, social, and
environmental objectives of the regional water man-
agement are so inextricably linked that none of them
can be considered in isolation from the others. For
instance, although >90% of water is used in irrigation,
this sector cannot be looked at alone. The poor quality
of drainage water has serious consequences on prac-
tically all facets of life in the basin. Thus social welfare
and health are intimately linked to irrigation and drain-
age practices. Similarly, the disputes between upstream
states that are primarily interested in operating storage
reservoirs for hydropower production and the down-
stream states interested primarily in irrigation water
supplies appear to be an interstate two-sectoral issue,
but each specific solution or alternative has a number
of consequences that extend well beyond these two
sectors.

The regional water management strategy is beyond
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the scope of this paper, which is based on the results
of the preparatory work carried out by the Interstate
Council and funded by GEE More detailed analysis
will come later. Thus, the purpose of this section is
only to reflect on the strategy objectives and their link-
ages. Discussed below are a few examples of the dif-
ficult choices that must be made in the Aral Sea Basin.
Restoration of environmental vitality of the sea and of
its basin must be seen as a multi-objective problem
characterized by a number of challenges and con-
straints.

The Aral Sea.—By 1994/1995, the level of the sea
had dropped by 15 m and lost ~50% of its surface.
Water salinity had increased from ~10 g/L in 1960 to
almost 30 g/L. as volume had declined to about one-
third of its 1960 level. As shown in Table 1, an ex-
cessive volume of irrigation water withdrawn from its
tributaries, which approximately doubles the pre-1960
withdrawals, is clearly the leading cause of the sea’s
demise (there was a series of wet years in the early
1990s and the Aral Sea inflows somewhat increased as
shown in Table 1). Increased water use efficiency is an
obvious need. In this respect, it should be recognized that
during the last fifteen years, per hectare irrigation water
use decreased substantially, from 18200 m* - ha ' - yr !
in 1980 to 12200 m* - ha~" - yr="in 1994. This decrease
was achieved primarily by limiting water use by the
Interstate Commission for Water Coordination. Be-
cause of the shortage of funds, limiting water use was
not accompanied by necessary technological improve-
ments. Introduction of economic incentives (payment
for water) was proposed several times, but it was (and
still 1s) difficult to implement under the prevailing eco-
nomic conditions.

The per hectare water use reduction has not caused
any dramatic reduction of the total irrigation water use
in the Basin. This is largely due to the expansion of
irrigated farming area. Furthermore, deterioration of
drainage facilities demands that more water must be
used for soil leaching (desalination) purposes. This is
a direct consequence of the deterioration of the overall
economic conditions and lack of adequate funds for
operation and maintenance of drainage facilities. The
potential for further water savings in the Aral Sea Basin
is estimated at the level of 15%-20% of the current
use (combined effect of economic, regulatory and tech-
nological incentives). This level is substantial, but it
would come at a cost. It is clear that money needed
for implementation of any large-scale water conser-
vation program would be a substantial burden on any
national budget in the region.

Unfortunately, saving 20% of the current irrigation
water use is insufficient for restoration of the Aral Sea
to its former levels (although it is of great importance
for other water uses in the basin, including instream
ecological requirements). Even preserving the sea at a
present level would call for regular water inflows ~3
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X higher than the dry year inflow under the present
conditions (~12 km?*). Such level of inflow is rare,
except in wet years, and would require the commitment
of Basin states to treat the Aral Sea as a water user at
this level of *‘consumption” (~30 km¥yr). Such a
commitment is unlikely because of the population
growth, calling for an increase of water supply and
local food production as well as for creation of new
employment opportunities in the region. Theoretically,
the problem could be solved by economic restructuring
of the region at least partially away from irrigated farm-
ing. This would, however, require substantial invest-
ment outlays and probably too much time for any def-
inite reversal of deterioration processes currently at
force. Furthermore. reduction of local food production
is politically always difficult to justify in the situation
of rapidly growing population. It is anticipated that if
the current water use patterns in the basin continue, in
~20 yr the sea will be little more than a few highly
saline lakes.

The long-distance water transfer options (e.g., from
the Siberian rivers) are beyond the scope of this paper.
The potential environmental effects and economic costs
make them very unlikely. For the foreseeable future,
the basin has no choice than to rely on its own water
resources.

With reference to the multi-objective analysis dis-
cussed in the beginning of this paper, decision makers
in the region face a difficult task involving articulation
of trade-offs between restoration of the sea and food
production, i.e., the extent of irrigated farming. Iden-
tification of the minimum levels of food production
(imperatives) will most probably be left to the political
process (see, for example, Lubin 1995, Starr 1996),
where the responsibility properly resides.

Coastal wetlands.—The desiccation of the Aral Sea
has caused the degradation of the wetlands in the deltas
of both Amu Darya and Syr Darya. These deltas have
historically been the biologically richest parts of the
Aral Sea ecosystem. While the Aral Sea cannot be re-
stored to a healthy ecosystem in the foreseeable future,
many of the detrimental effects of the sea desiccation
can be mitigated by creating a wetland belt in the most
ecologically and sociologically important river deltas.
A wetland belt would halt the desertification in the
delta; provide opportunities for the sustainable use of
natural resources, particularly fishing; and restore the
functioning of the region as an important staging and
breeding ground for migratory birds.

Wetland creation and rehabilitation has been rec-
ognized as a priority in the Aral Sea Basin for quite a
long time. It is an important way to create new em-
ployment opportunities for the local population. Fur-
thermore, it will help to preserve international biodi-
versity, including a highly endangered species of mi-
gratory birds. Establishing a wetland buffer zone is also
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an efficient and innovative way of combating deserti-
fication.

But again some difficult trade-offs are involved, this
time concerning reservoir release scheduling. Maxi-
mizing the value of hydropower production calls for
winter reservoir releases, while biodiversity objectives
in the delta requires adequate flow in the spring and
the summer. Analysis of trade-offs between these two
objectives presents additional difficulties since hydro-
power plants and delta wetlands are located in different
countries.

Upstream watersheds.—The upstream watersheds of
the Aral Sea Basin, which are the source of ~70% of
all water resources available in the basin, are charac-
terized by complex land and water management prob-
lems which are causing cumulative impacts in the lower
watersheds as well as in the immediate area. The most
important of these impacts are salinization and pollu-
tion of water bodies used for drinking and irrigation
in the lower watersheds, increased peak flows and low-
er minimum flows due to deforestation and erosion,
and siltation caused by increased erosion. The popu-
lation in this area suffers from severe poverty due to
the declining productivity in agriculture and industrial
production. Public health problems also have intensi-
fied due to the increased environmental risks. Because
all of these impacts are related to land use, improving
water management in the upper watersheds will require
effective land management involving all major land
users and other key stakeholders.

The long-term objective is to reduce environmental
degradation and promote sustainable land and water
resource management in the upper watersheds of the
Aral Sea Basin. Related programs can play important
roles in developing national awareness of upper wa-
tershed problems and demonstrating ways to deal with
them. This can only occur if they are organized as
national programs. The significance of the overall ef-
fort, however, is regional; the cumulative effects of
local and national efforts to manage land and water in
the upper watersheds will result in downstream im-
provements in water quality and increased, moderated
flows.

Implementation of the upstream watershed improve-
ments is positive from the point of view of all program
objectives. Improvements in land and water use effi-
ciency will increase productivity (economic gains), re-
duce environmental pollution downstream (ecological
gains) and benefit rural populations (social gains). The
only problem is the availability of necessary funds and,
if they are limited, priorities will have to be established
concerning their allocation in time and geographic
space. With the limited budget, allocation of funds be-
tween the upstream and downstream parts of the basin
will involve difficult choices. Again, trade-off analysis
will be required.

To summarize, it should be recognized that this paper

FRESHWATER SYSTEMS

599

reports on the results of the preliminary phase of strat-
egy development only. At the moment, there are no
formal models developed for analysis of trade-offs be-
tween different strategy objectives. There are numerous
models and techniques available that are consistent
with a multi-objective analysis, but their application in
the unusually difficult context of Central Asia will be
a real challenge. The modeling work will be carried
out in the next phase of the project funded by the Global
Environmental Facility.

LINKING ENVIRONMENTAL AND EcoNOMIC
OBIJECTIVES

The time to address freshwater challenges is running
out. A sense of urgency must be brought to the inter-
national debates on development and environment. The
fundamental question to be asked is what are the short,
medium, and long-term impacts of water resources de-
velopment and economic development on the bio-
sphere. Answers to this question are not easy, es-
pecially because the scale of human activities has in-
creased substantially and many environmental prob-
lems take time to fully unfold (30 yr in case of the Aral
Sea). Impacts must be examined with the related un-
certainties and risks taken into account. Values should
be placed upon risks taken or not taken, and explicit
statements made as to the benefits from risk reduction.
Decision criteria must obviously extend beyond engi-
neering and economics.

In the Aral Sea Basin, increasing recognition of en-
vironmental problems, in particular desiccation of the
Aral Sea and the related human impacts coincided in
the early 1990s with initiation of economic reforms,
almost complete utilization of water resources, and
population growth pressures. The problems inherited
from the past had to be addressed within a radically
different new political and economic setting. Under
current circumstances, highest priority must be given
to the policies that exploit the complementarity be-
tween poverty reduction, economic efficiency, and en-
vironmental quality. Any strategy that aims at sustain-
able management of earth’s natural resources must
build on the positive links between development and
environment and seek to break the negative links. In
the long run both components are essential, and the
Aral Sea Basin provides a dramatic example of the
economic, social, and environmental complexities in-
volved in restoration of a freshwater system. Sustain-
ability does not necessarily imply preservation of a
natural state, but rather maintenance of the resilience
and capacity of the economic, social, and ecological
systems to adapt to change.
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