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Introduction 
 
The Aral Sea is the largest inland body of salty reservoirs in the world. Situated in the centre of 
the Central Asian deserts at an altitude of 53 metres above the sea level, the Aral Sea functions 
as a gigantic evaporator. About 60 km2 of water evaporates per year. Aral Sea size and water 
balance are fundamentally determined by river inflow and evaporation from its surface. Until the 
1960s, the Aral was the world’s fourth largest lake in surface area. Over the past four decades, 
this water body has rapidly and steadily shrunk as countries in the Aral Sea Basin have 
increasingly taken inflow from its two influents, the Syr Dar’ya and Amu Dar’ya, for expansion 
of irrigation. The Aral’s diminution has directly and indirectly led to an array of severe problems 
in the surrounding region, ranging from degradation of major terrestrial and aquatic ecosystems 
to deterioration of human health and welfare. National, regional, and international efforts are 
underway to cope with these, but even their partial alleviation will be enormously costly and 
require many years. Full restoration of the Aral Sea to its former state is, at best, a remote 
possibility for the more distant future. However, rehabilitation of portions of it and adjacent areas 
that would partially restore former ecological functions and economic uses are feasible. 
 

Background  
 
The Aral Sea resides amidst the great deserts (Kara-Kum, Kyzyl-Kum, Betpakdala) of Central 
Asia (Figure 1). A terminal lake, it has surface inflow but no surface outflow. Therefore, the 
balance between inflows from two rivers, the Amu Dar’ya and Syr Dar’ya, and net evaporation 
(evaporation from its surface minus precipitation on it) fundamentally determine its level. Net 
groundwater exchange, which is difficult to measure, played an insignificant role in the sea’s 
water balance (Bortnik and Chistyaevaya, 1990, p. 38). In the recent geologic and historical past 
(last 10,000 years), the sea has endured significant level fluctuations, perhaps as much as 40 
meters (Micklin, 1991, p. 42-43; Kes’ 1978; Kes’, Andrianov and Itina, 1980; Kes and 
Klyukanova, 1990). The major level changes prior to 1960 resulted from diversion of the Amu 
Dar’ya westward so that it flowed into the Sarykamysh hollow (and sometimes farther through 
the Uzboy channel to the Caspian Sea after it overtopped Sarykamysh) rather than the Aral Sea. 
 
 
Figure 1. Aral Sea Basin map 
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These diversions resulted from natural events (sedimentation of the bed and subsequent 
breaching of the rivers left bank during spring floods) and from advertant human actions 
(destruction of dikes and levees, built to keep the river flowing to the Aral, during times of 
conflict). However, from the mid-18th century until the 1960s, sea level changes were less than 
4.5 meters (Bortnik, 1996). For the period of instrumental observation (1911-1960), the sea was 
unusually stable, with annual inflow and net evaporation never far apart (the average of each of 
these water balance components was around 55 km3 for the period) (Bortnik and Chistyaevaya, 
1990, p. 36; Micklin, 1994). Hence, the water balance was in long-term equilibrium with a 
maximum lake level variation of less than one meter. 
 
The Aral Sea’s drainage basin encompasses 1.8 million km2 falling within seven nations: 
Uzbekistan, Turkmenistan, Kazakhstan, Afghanistan, Tajikistan, and Iran. However, only 
Kazahstan and Uzbekistan are riparian on the Sea proper, with each possessing an approximately 
equal length of shoreline. The entire Aral coastline within Uzbekistan lies within that nation’s 
Karakalpakstan Republic. 
 
At slightly more than 67,000 km2, the Aral Sea, according to area, was the world's fourth largest 
inland water body in 1960. As a brackish lake with salinity averaging near 10 g/l, less than a 
third of the ocean, it was inhabited chiefly by fresh water species. The sea supported a major 
fishery and functioned as a key regional transportation route. The extensive deltas of the Syr 
Dar’ya and Amu Dar’ya sustained a diversity of flora and fauna. They also supported irrigated 
agriculture, animal husbandry, hunting and trapping, fishing, and harvesting of reeds, which 
served as fodder for livestock as well as building materials. 

State of the Lake and Basin Environments  
 
Over the past four decades the sea has steadily shrunk and salinized (Figure 2, Table 1 in 
Annex).  

 
The main cause has been expanding irrigation that diminished discharge from the two tributary 
rivers to a fraction of earlier volumes. The Aral separated into two water bodies in the end of 
1988 – beginning of 1989 - a Small Aral Sea in the north and a Large Aral Sea in the south. The 
Syr Dar’ya flows into the former, and the Amu Dar’ya into the latter. Between 1960 and January 
2003, the level of the small Aral fell by 13 meters and the large Aral by 23 meters. A channel 
(river) has intermittently connected the two lakes, with the flow from the Small Sea to the Large. 
The area of both seas taken together diminished by 75 % and the volume by 90%. Salinity in the 
small sea is estimated to have doubled whereas in the western part of the large sea it has 
increased by more than 6 fold. Within a year or two, the large Aral is likely to divide into two 
parts - a «deep» western lake and a «shallow» eastern lake.  

During the last 35 years, from 1960 to 1995, the sea received less than 1,000 km3 of river water, 
which led to the lowering of the sea level by 17 m, accompanied by a reduction of the volume of 
the water area by 75%.  

As a result of the complete stop of the AmuDarya and SyrDarya runoff and expansion of 
irrigated territories without any control of the Aral Sea and environmental needs, a serious 
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complex of ecological, social and economic problems was formed in the Pre-Aral area. These 
problems by origin and level of consequences have an international character. The sea has lost its 
fishery and transport importance. 
 
Ecological. Economic and Health Consequences of Aral Desiccation 
 
The mainly human-induced desiccation of the Aral Sea has had severe negative impacts 
(Micklin, 2000, pp. 13-23). These have primarily afflicted a zone around the sea of 100-200 
kilometers width and have not extended long distances inland from the former shoreline. The 
sizable reduction in the flow of the Amu Dar’ya and Syr Dar’y that has led to the sea’s drying 
also has caused considerable damage to the lower deltas of both rivers. Regions of Kazakhstan 
and Uzbekistan adjacent to the sea, particularly the Republic of Karakalpakstan in Uzbekistan 
and Kzyl-Orda Oblast in Kazakhstan, have suffered the most damage. Turkmenistan, although 
not abutting on the sea, has some territory in the Amu Dar’ya delta close enough to have suffered 
substantial damage. The other states of the Aral Sea Basin (Kyrgyzstan, Tajikistan, Afghanistan, 
and Iran) are so distant from the zone where intense effects are apparent that they have suffered 
no demonstrable harm from the drying of the sea. 
 
The substantial Aral fishing industries developed by Kazakhstan and Uzbekistan in the first half 
of the 20th century ended in 1983 as indigenous fish (20 species), which provided the basis for 
the commercial fishery, disappeared from the effects of rising salinity and loss of shallow 
spawning and feeding areas (Micklin, 2000, p. 16; Micklin, 1991, pp. 49-50; Williams and 
Aladin, 1991; Zholdasova et. al., 1998; Ptichnikov, 2002). However, all of these still survive in 
the deltaic lakes and Amu Dar’ya and Syr Dar’ya rivers, except the Aral salmon that has become 
extinct. A few of the introduced salt-tolerant fishes remain (e. g., flounder, sprat, and herring) 
mainly in the less saline small Aral. Some have even flourished as competition from native 
varieties for food disappeared. But all of these will vanish from the large Aral Sea by the early 
21st century as salinity rises. Flounder are both plentiful and edible but are not caught 
commercially. Because of the loss of the fishery tens-of-thousands were thrown out of work. 
Navigation on the Aral also ceased by the 1980s as efforts to keep the increasingly long channels 
open to the major ports of Aral'sk at the northern end of the sea in Kazakhstan and Muynak at the 
southern end in Karakalpakstan became too difficult and costly. 
 
The zone of significant damage stretches beyond the sea and its immediate shoreline. Moderate 
to severe consequences are apparent in an approximately 400,000 km2 region around the sea with 
a population of nearly four million. This region is commonly designated an «ecological disaster 
zone» (Russian: zona ekologicheskogo bedstviya). The rich ecosystems of the extensive Amu 
Dar’ya delta, primarily located in the Karakalpak Republic of Uzbekistan but stretching into 
Turkmenistan have been particularly hard hit (Micklin, 1991, pp. 50-52). Damage has also been 
done to the Syr Dar’ya delta in Kazakhstan. Greatly reduced river flows through the deltas, the 
virtual elimination of spring floods in them (owing both to reduced river flow and construction 
of upstream storage reservoirs) and declining ground water levels, caused by the falling level of 
the Aral Sea, have led to spreading and intensifying desertification. Halophytes, plants tolerant of 
saline soils, and xerophytes, plants tolerant of dry conditions, are rapidly replacing endemic 
vegetation communities (Novikova, 1996, 1997). In some places, salts have accumulated on the 
surface forming solonchak (salt pans) where practically nothing will grow. Expanses of unique 
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tugay (vegetation communities of trees, bushes, and tall grasses, including popular, willow, 
oleaster, salt cedar, and reeds) that formerly stretched along all the main rivers and distributary 
channels here have been particularly hard hit. According to Dr. Novikova (1996), a Russian 
expert, whereas Tugay covered 100,000 ha in the Amu Dar’ya delta in 1950, it shrank to 52,000 
ha by the 1970s and to only 15-20,000 ha by the mid-1990s. Tugay complexes around the Aral 
Sea are habitats for a diversity of animals, including 60 species of mammals, more than 300 
types of birds and 20 varieties of amphibians. 
 
Desiccation of the deltas has significantly diminished the area of lakes, wetlands, and their 
associated reed communities. Palvaniyazov (1989) estimated that between 1965-1986 the area of 
reeds in the Amu Dar’ya delta decreased from 500,000 ha to 1,000 ha. This has resulted in 
serious ecological consequences as these areas provide prime habitat for a variety of permanent 
and migratory waterfowl, a number of which are endangered (Micklin, 1991, p. 116). Diminution 
of the aggregate water surface area coupled with increasing pollution of the remaining water 
bodies (primarily from irrigation runoff containing salts, fertilizers, pesticides, herbicides, and 
cotton defoliants) has decimated aquatic bird populations. 
 
Irrigated agriculture in the deltas of the Amu Dar’ya and Syr Dar’ya has suffered from an 
inadequacy of water as inflow to the deltas has decreased owing to heavy upstream consumptive 
use for irrigation. Additionally, water that does reach the deltas has elevated salinity from the 
leaching of salts caused by repeated usage in the middle and upper courses of the rivers (World 
Bank, 1998, pp. 3-5). At times over 2 grams/liter, these saline flows have lowered crop yields 
and, in conjunction with inadequate drainage of irrigated fields, promoted secondary soil 
salinization. Animal husbandry, both in the deltas and desert regions adjacent to the Aral Sea, 
has been damaged by reduction of the area and declining productivity of pastures resulting from 
desertification, dropping groundwater levels, and replacement of natural vegetation suitable for 
grazing by inedible species. 
 
Strong winds blow sand, salt and dust from the dried bottom of the Aral Sea, now largely a 
barren, salt covered desert with an area near 50,000 km2, onto adjacent lands. Since the mid-
1970s, satellite images have shown major salt/dust plumes extending 200 to 400 km, allowing 
dust and salt to settle over a considerable area adjacent to the sea in Uzbekistan, Kazakhstan, and 
to a lesser degree, in Turkmenistan (Micklin, 1991, pp. 48-49; Glazovskiy, 1990, pp. 20-23; 
Ptichnikov, 2002). One scientist, however, has asserted that very light, fine particles of dust and 
toxic salts are lifted several kilometers and travel 5-10 thousand kilometers before settling back 
to earth (Tursunov, 1989). 
 
Although dust/salt storms affect the entire Aral coast, the majority of the major storms occur 
with north and northeast winds, which most seriously impact the Ust-Urt Plateau to the sea’s 
west and the Amu Dar’ya delta at the south end of the water body (Bortnik and Chistyaevaya, 
1990, p. 27, Fig. 2.7). The latter is the most densely settled as well as economically and 
ecologically important region around the sea. Estimates of the total deflated material, which were 
made in the late 1980s, ranged from 13 million to as high as 231 million metric tonnes/year 
(Glazovskiy, 1990, p. 22). However, a careful study, completed in the mid-1980s, by well-known 
geologists and experts on the Aral concluded annual aeolian transport of salt alone from the dried 
bottom was around 43 million metric tons but would decrease slightly to 39 million metric tons 
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by 2000. Salts in dry and aerosol forms, the most harmful of which include sodium bicarbonate, 
sodium chloride, and sodium sulfate, are settling on natural vegetation and crops, particularly in 
the Amu Dar’ya delta (Bel’gibayev, 1984). In some cases, plants are killed outright but more 
commonly their growth (and for crops, yields) is substantially reduced. The salt and dust also has 
ill effects on wild and domestic animals by directly harming them and by reducing their food 
supply (Palvaniyazov, 1989). Local health experts also consider airborne salt and dust as a factor 
contributing to high levels of respiratory illnesses and impairments, eye problems, and possibly 
even throat and esophageal cancer in the near Aral region (Abdirov et. al, 1993; Tursunov, 
1989). More recent field work by a British led group indicates that salt and dust blowing from 
the dried bottom (and likely from irrigated farmland in regions adjacent to the Aral Sea) is laced 
with pesticides and heavy metals (O’Hara et. al., 2000) 
 
Owing to the sea’s shrinkage, climate has changed in a band up to 100 km wide along the former 
shoreline in Kazakhstan and Uzbekistan (Micklin, 1991, pp. 52-53; Glazovskiy, 1990, pp. 19-
21). Maritime conditions have been replaced by more continental and deseritic regimes. 
Summers have warmed and winters cooled, spring frosts are later and fall frosts earlier, humidity 
is lower, and the growing season shorter. Uzbekistani climatological experts also believe that the 
increase in the levels of salt and dust in the atmosphere are reducing levels of surface radiation 
and thereby photosynthetic activity as will as increasing the acidity of precipitation (Chub, 
1998). 
 
The population living in the «ecological disaster zone» suffers acute health problems (Micklin, 
1992; Medicins sans Frontieres, 2000). Some of these are direct consequences of the sea’s 
recession (e. g. respiratory and digestive afflictions and possibly cancer from inhalation and 
ingestion of blowing salt and dust and poorer diets from the loss of Aral fish as a major food 
source). Other serious health related problems owe to environmental pollution associated with 
the heavy use of toxic chemicals (e. g., pesticides and defoliants for cotton) in irrigated 
agriculture, mainly during the Soviet era. However, the most serious health issues are directly 
related to ‘Third World’ medical, health, nutrition and hygienic conditions and practices. 
Bacterial contamination of drinking water is pervasive and has led to very high rates of typhoid, 
paratyphoid, viral hepatitis, and dysentery. Tuberculosis is prevalent as is anemia, particularly in 
pregnant woman. Liver and kidney ailments are widespread; the latter is probably closely related 
to the excessively high salt content of much of the drinking water. Medical care is very poor, 
diets lack variety, and adequate sewage systems are rare. 
 
Health conditions in the Karakalpak Republic in Uzbekistan, with the possible exception of 
places in the formerly civil war torn Tajikistan, are likely the worst in the Aral Sea Basin. 
Surveys conducted in the mid to late 1980s showed the average infant mortality rate at more than 
70/1000 live births whereas several districts adjacent to the former seashore ranged from 80 to 
over 100/1000 live births (Micklin, 1992). These rates are three to four times the national level in 
the former USSR and 7-10 times that of the U. S. Although efforts have been made in the post-
Soviet period to improve health conditions here, it is doubtful these rates have declined in any 
substantial way. 
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Biological Consequences of Exotic Species Introductions and Aral Desiccation 
 
The ecological crisis of the Aral Sea has been widely discussed during recent years in both the 
scientific and popular literature. However, only the consequences of anthropogenic desiccation 
and increased salinitywere usually discussed with little note of the role played by introduced 
species in this ecosystem (Micklin, 1991; Williams, Aladin, 1991; Keyser, Aladin, 1991). Here, 
we review the role of introduced species during periods of varying salinity. 
 
The Aral Sea is a giant (66000 km2 in 1960) continental closed lake. This relatively young water 
body appeared in the early Holocene as a terminal reservoir of Syrdarya river (Fig. 3A). During 
the Pleistocene glacial epoch the Aral basin contained only small hypersaline ponds and marshes. 
After the Aral depression filled with water in the early Holocene, flora and fauna of Aral Lake 
derived from freshwater inputs of the Syrdarya river and then later of Amudarya river. The 
Amudarya had previously flowed into the Caspian Sea (Fig. 3A). Inhabitants of water bodies in 
the Aral depression during transgressions of the ancient Caspian Sea, when Aral was a gulf of 
Akchagyl or Apsheron seas (Fig. 4), completely died out when regression followed 
transgressions of the Caspian waters. At the beginning of Holocene, the Aral Sea aquatic fauna 
was of mainly freshwater origin with new invaders from the Caspian Sea and other saline water 
bodies of Central Asia appearing only later. 
 
Most ancient invaders from the Caspian Sea arrived at the Aral Sea via Uzboy about 5000 B. P., 
when run-off from the ancient Amudarya and Syrdarya rivers had filled the Great Aral. The 
Great Aral was a giant lake joining the depressions of Aral and Sarykamysh lakes, and its level 
was over +58-60 m asl (Fig. 3A). At this stage, water from the Great Aral drains to the Caspian 
Sea in the southwest from Sarykamysh depression (Fig. 3A). Ancestors of recent Aral thorn 
sturgeon, other relatives of Caspian fishes, and possibly some other Caspian hydrobionts were 
able to overcome the current in Uzboy and colonize the Aral Sea. At the beginning of the 1960’s 
anthropogenic desiccation of the Aral Sea begun. At that time the lake was inhabited by dozens 
of fish species and more free-living invertebrates (Table 2 in Annex). Note that some of these 
species were recently introduced by humans into the lake ecosystem. 
 
 
Figure 3. Evolution of Aral Sea. 
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The first introductions of exotic species into the Aral Sea occurred at the end of the 1920’s, when 
Alosa caspia (Caspian shad) и Acipenser stellatus (starred sturgeon) were introduced from the 
Caspian Sea. This introduction cannot be considered as successful because these fishes did not 
naturalize in Aral Karpevich, 1975). Furthermore parasites of starred sturgeon roe (Polypodium 
hydriforme) and gills (Nitzschia sturionis) passed onto aboriginal thorn sturgeon and caused 
strong epizooties. Thorn sturgeon before introduction of starred sturgeon did not suffer from 
these parasites because they were absent from the Aral Sea (Dogel, Byhowsky, 1934; Dogel, 
Lutta, 1937). Thus, the first attempt of exotic species introduction to the Aral Sea can be 
considered extremely unsuccessful. 
 
After the Second World War attempts to settle exotic species in the Aral Sea continued. The 
main basis of these actions was the idea that because there were few plankton-eating fishes and 
sturgeons in the Aral Sea, introduction of new consumers of plankton and benthos would 
increase fish productivity (Karpevich, 1947, 1948, 1953, 1960, 1975).  
 
More successful was the introduction (1954-1959) and acclimatization of Baltic herring (Clupea 
harengus membras). During the aforesaid planned introductions, many fish and invertebrate 
species were introduced accidentally. Among them were many non-commercial fishes. For 
example, six species of gobies, three of them – bubyr (Pomatoschistus caucasicus), monkey 
goby (Neogobius fluviatilis pallasi) and round goby (N. melanostomus officinus) naturalized 
successfully. Also, the successful introduction of silverside (Atherina mochon pontica) and 
pipefish (Syngnathus nigrolineatus) quickly invaded the whole Aral Sea. During planned 
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acclimatization of plankton-eating fishes in the Aral Sea, two shrimp species (Palaemon elegans 
and P. adspersus) were accidentally introduced and (P. elegans) acclimatized successfully 
(Karpevich, 1975). This established shrimp became a concurrent of aboriginal amphipod 
Dikerogammarus aralensis and gradually forced out it from the benthic associations (Andreeva, 
1989; Aladin, Potts, 1992). So, even before anthropogenic desiccation and increase salinity the 
Aral Sea ecosystem had undergone significant changes due to planned and accidental 
introductions of exotic species. 
 
As seen above, by 1961 the Aral Sea, its deltaic areas and estuaries had been transformed due to 
planned and accidental introductions. On the eve of oncoming ecological catastrophe connected 
with diversions of riverine waters for extensive irrigation development, the Aral Sea had been 
subject to many exotic species introductions. While biodiversity had increased by fourteen 
species of fishes and four species of invertebrates, only a few of these species had commercial 
value or could serve as a food for fishes. Many species of fishes were introduced accidentally 
and only increased the pressure on the nutritional chain without giving benefits to the fisheries. 
Promised increase of commercial catches and raised nutritional value of invertebrate associations 
did not occur. At the same time, due to predation by introduced fishes or competition with 
introduced invertebrates, two aboriginal species of zooplankton (Moina mongolica и 
Arctodiaptomus salinus) and one species of zoobenthos (Dikerogammarus aralensis) 
disappeared completely. Thus the whole series of planned introductions into the Aral Sea and 
deltas between 1927 and 1961 must be considered unjustified and in some cases even harmful. 
The scientific-journalistic expedition «Aral-88» in 1988 conducted after «perestroika» also noted 
the negative consequences of planned and accidental introductions at the Aral Sea during the 
aforesaid period (Seliunin, 1989). 
 
Since 1961 anthropogenic regression of the Aral Sea has continued unabated except for a single 
year in 1968, when water input was enormous (Fig. 5). Only in that year total amount of river 
run-off and precipitation exceeded evaporation from the surface (The Aral Sea, 1990). This rapid 
anthropogenic desiccation and salinization of the Aral Sea prompted efforts to introduce 
euryhaline species able to endure constantly increasing salinity. 
 
At the end of 1970’s and in the beginning 1980’s the last attempt to introduce sturgeons in the 
Aral Sea was undertaken. In this case Russian sturgeon (Acipenser guldenstadti) was introduced 
(Lim, Markova, 1981). But this attempt could not be successful because the salinity of the Aral 
Sea reached 18-20 g/l, which is very high for this species. Besides, natural anadromous 
migration for spawning was prevented because the deltas of Amudarya and Syrdarya had 
become very shallow. 
 
At the end of 1980’s the history of planned and accidental introductions in the Aral Sea was 
ended (Table 3). Since then, only natural colonizations, unconnected with human activity, have 
occurred. 
 
In 1989 continued desiccation of the Aral Sea led to its division into two lakes (Fig. 6), which 
have evolved in different ways. The Small Aral Sea, located in the North, receives run-off of the 
Syrdarya River and began to overfill due to positive water balance. The surface area of this lake 
is small, and evaporation from its surface is less than inflows from the Syrdarya, atmospheric 

 8 



The Aral Sea 

precipitation and ground waters. As for the Large Aral Sea in the south, its water balance is 
negative, and evaporation from its huge surface is still higher than the small inputs of the 
Amudarya River, atmospheric precipitation and ground waters (Aladin, Plotnikov, Potts, 1995). 
These difference in the hydrological regimes of the two new lakes has led to stabilization of the 
Small Aral Sea level and continued desiccation and salilnization of the Large Aral Sea. 
 
The salinity of the Aral Sea was about 28-30 g/l. at the moment it divided into two lakes at about 
+40 m asl (Aladin, Plotnikov, Potts, 1995; Aladin, 1995) and their fauna and flora were similar. 
But biological differences between this two water bodies appeared very quickly due to different 
hydrological regimes. In 1961 before anthropogenic desiccation and salinization the Aral Sea 
was a brackish lake with average salinity 8-10 g/l, and its level was about +53 m asl (Zenkevich, 
1963). Its ecosystem was characterized by low biodiversity and biological productivity. With 
salinization and level fall biodiversity and productivity decreased and the ecosystem was 
transformed from brackish water into mesohaline where surviving aboriginal and introduced 
euryhaline and marine species of fishes and invertebrates predominated (Plotnikov et al., 1991). 
At the time dividing into two lakes, only 7 species of fish, 10 common zooplankton species, and 
11 common benthos species were present. 
 
After division in 1989 the Small Aral Sea stabilized at +40 m asl and began to rise due to 
positive water balance (Aladin, 1995; Aladin, Potts, Plotnikov, 1995). As a result waters of the 
Small Sea began to flow southward into the Large Aral. This outflow did not occur over all the 
surface of the dried bottom of former Berg’s strait but only in its central part, which was earlier 
dredged. This dredging had begun in 1980’s when water level in Berg’s strait has fallen so much 
as to cause troubles for shipping. At that time a navigation canal was cut between the northern 
and southern basins. In spring 1989, this canal was visible and a slow southward current was 
present in autumn. This flow was due to declining lake levels in the Large Aral. The flow sharply 
increased with continuing desiccation of the Large Aral and reached 100 m3/sec as the Large 
Aral level fell to +37.1 m, a difference between the two lakes reaching 3 m. This strong stream 
eroded the bottom and threatened to almost completely drain the Small Aral Sea (Aladin et al., 
1995). To prevent this, the canal between the Large and Small Aral was dammed in July-August 
1992 and the flow stopped. In the next years this dam in Berg’s strait was partly destroyed by 
floods and restored several times. The dam existence allowed to raise the Small Aral Sea level up 
to +42.8 m at April 1999 and to decrease salinity from 29.2 g/l (at division) to 18.2 g/l. 
Unfortunately, in late April 1999 the dam was completely destroyed by waves due to the rise of 
Small Aral level. After 7 years the level returned to the mark +40 m. Dam restoration has not 
been undertaken and waters of Small Aral are again flowing out to the south. They do not reach 
the Large Aral and are lost in sands and salt marshes north of past Barsakelmes Island. Now the 
Large Aral has dried so much that its modern shoreline here is far (many km) from the modern 
Small Aral Sea (Fig. 4). 
 
After the dam was built in 1992 rising lake levels and declining salinity partially restored the 
Small Aral. Biodiversity increased, desiccated Bolshoy Sary-Cheganak gulf was filled with 
water again, and rehabilitation processes began in Syrdarya delta. Reeds (Phragmites australis) 
began to grow again, forming an environment for hydrobionts and amphibiotic animals (Aladin, 
1995; Aladin, Plotnikov, Potts, 1995). Increasing depth of Syrdarya delta resulted from the Small 
Aral level raise and allowed for aboriginal and introduced freshwater fishes to forage in the 
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estuary as before. The peak of such foraging was at the end of 1990’s when the Small Aral level 
reached more than + 42 m. The foraging of fresh water fishes also was favored by the average 
salinity decrease to about 18 g/l. Before the dam in Berg’s strait was built the Syrdarya estuary 
was poorly developed, and the zone of fresh and saline water mixing practically absent because 
most of the fresh water moved directly to the canal between Small and Large Seas. After 
construction of the dam, fresh water was retained in the Small Aral and its average salinity 
decreased down to 11 g/l. 
 
In spite of the significant decrease in salinity which allowed fishes from Syrdarya to forage in the 
Small Aral, the number of fish species resident in the Small Aral remained at seven, the same 
ones present at the prior partitioning of the Aral Sea. Of these only plaice is of commercial value. 
Some fishes from Syrdarya, pike-perch (Lucioperca lucioperca) for example, that can now 
forage in a large part of the Small Aral cannot be considered as the salinity of the Small Aral is 
still high for reproduction of these fishes. 
 
Level raise and salinity decrease were favorable not only for ichthyofauna of Small Aral, but for 
its zooplankton and zoobenthos as well. Thus, two species of Cladocera: Moina mongolica and 
Evadne anonyx reappeared, and the number of Podonevadne camptonyx increased. Appearance 
of E. anonyx could be explained by peculiarities if its life cycle. Cladocera from family 
Podonidae, to which E. anonyx belongs, have latent (resting) eggs, sinking in water and capable 
of surviving under unfavorable conditions for some years in a stage of diapausing embryos. 
Before the Aral Sea division E. anonyx was observed for the last time in the northern water area 
in summer 1988 when salinity exceeded 25 g/l. Later this species was not found in zooplankton 
during some years. But, when in 1993 salinity of Small Aral decreased below 25 g/l, E. anonyx 
probably hatched from resting eggs surviving on the sea bottom. 
 
At the end of 1990’s, when the average salinity of Small Aral decreased to 18 g/l, larvae of 
Chironomidae appeared in the benthos again. Before anthropogenic desiccation and increased 
salinity some species of Chironomidae were main components of the zoobenthos. Now, 
following more than 30 years absence, larvae of Chironomus halophilus have re-appeared 
(Aladin et al., 2002). In the near future, larvae of other Chironomidae may appear in the Small 
Aral, as the deltaic water bodies of Syrdarya and others saline water bodies of the Aral Sea 
region contain many species of Chironomidae, imagoes of which are able to actively (flight) or 
passively (aeolian transfer) reach the Small Aral area and lay eggs. Return of Chironomidae 
larvae into Small Aral (natural reintroduction) is a sign of increased benthic productivity. The 
>10 g/l salinity decrease that occurred during the period of dam in the Berg’s strait, positively 
affected other components of the zoobenthos as well. Other species not only survived, but also 
increased in abundance and biomass despite active predation by plaice, providing further 
evidence of increased benthic productivity. 
 
Thus, the zoobenthic community of the modern Small Aral rose to 10 species; three recent 
invaders (Abra ovata, Nereis diversicolor and Palaemon elegans), one ancient invader 
(Cerastoderma isthmicum), three euryhaline species, two new species of Ostracoda (Eucypris 
inflata and Heterocypris salina), and Chironomus halophilus. Thus, the portion of recent 
invaders in the zoobenthos has increased slightly to 60%. 
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The dam collapse in late April 1999 reestablished outflows from the Small Aral Sea and the 
Bolshoy Sarycheganak bay practically dried up and the straits connecting Shevchenko and 
Butakov bays with Small Aral became shallow. Nevertheless, there is no threat of the Syrdarya 
changing course to flow into the Large Aral, as in the arly 1990’s, because in the late 1990s the 
Syrdarya had its flow artificially channeled and it enters the Small Aral north of its former 
natural mouth. Meanwhile, quick restoration of the dam in Berg’s strait is required to maintain 
and enhance biodiversity and productivity of the Small Aral. 
 
After division in 1989, the Large Aral Sea level continued to decline due to a negative water 
balance and salinity rapidly increased. After the dam in Berg’s strait was built in 1992, the Large 
Aral level declined slightly faster, because inflows from Small Aral ceased. Nevertheless, the 
increased rate of desiccation due to dam construction was small as indicated by comparative 
measures of Large and Small Aral levels by satellites. The increasing salinity is negatively 
impacting the biota and biodiversity is decreasing. 
 
The recent salinity increase in the Large Aral has caused extinction of almost all marine and 
euryhaline fish and invertebrate species except a few remaining halophiles. Of seven fish species 
present at partition of the Aral Sea none were present in autumn 2002 when salinity exceeded 70 
g/l. Along the shoreline there were a lot of dead decaying bodies of plaices and silversides. But 
there is a possibility that in Chernyshov and Tsche-Bas bays and near Aktumsyk cape, where 
there is increased outcome of freshened subterranean waters, adult plaices still may survive 
during some years. Unfortunately, the output of ground waters is so little that it has influence on 
the salinity only near the bottom; so, plaices will die sooner or later. However, it is possible to 
say with certainty there is no natural reproduction of fishes in the Large Aral. 
 
Of eleven invertebrate zooplankton species only the widely euryhaline rotifer, Brachionus 
plicatilis has survived. However, three new halophylic species appeared apparently due to 
aeolian transfer; the cladoceran Moina mongolica, the brine shrimp Artemia salina and of the 
infusorium Fabrea salina. Thus only four species remain in the Large Aral Sea zooplankton. In 
contrast to the Small Aral, Moina mongolica has became a permanent component of summer 
plankton in the Large Aral, but has not settled over the whole water area. Artemia salina has 
invaded the Large Aral Sea and in some areas reaches high abundance. There is no doubt that the 
Large Aral may become an important center of harvesting brine shrimp cysts for use in 
aquaculture and thus provide economic value. 
 
The zooplankton of the modern Large Aral Sea includes four euryhaline species, widespread in 
the region. Brachionus plicatilis and reintroduced Moina mongolica cannot be considered 
invaders, as they were present before anthropogenic desiccation. However, Artemia salina and 
Fabrea salina are invaders and constitute 50% of the zooplankton species. 
 
Of eight zoobenthic species only two species of widely euryhaline gastropods from the genus 
Caspiohydrobia and one euryhaline species of ostracods Cyprideis torosa remain. All other 
bottom inhabitants, present at partition of the Aral Sea, such as Gastropoda, Polychaeta and 
Decapoda, have disappeared due to increased salinity or are near extinction. As in the case of 
zooplankton, the Large Aral Sea zoobenthos was enriched by aeolian transfer of new halophylic 
invaders. Euryhaline ostracod Eucypris inflata and halophylic protozoans appeared in 
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zoobenthos and along with larvae of halophylic Chironomidae. Thus, due to new invaders the 
number of dominating species has reached six. 
 
Higher zoobenthic biodiversity in Tsche-Bas and Chernyshov bays deserves special note. Here 
and probably near Aktumsyk cape biodiversity is higher than in the rest of the Large Aral Sea. 
As mentioned above, near the bottom of these bays and at Aktumsyk cape, inflowing 
underground freshwaters from under cliffs of Ustjurt plateau occur and reduced salinity provides 
more favorable benthic conditions than in other areas of Large Aral. Field samples collected 
from these bays in August-September 2002 contained not only species of Caspiohydrobia, 
Chironomidae and euryhaline ostracod Cyprideis torosa, but also some recent (Abra ovata) and 
ancient (Cerastoderma isthmicum) invaders. Also in Tsche-Bas bay, where salinity was 
somewhat lower than in Chernyshov bay, adult Cerastoderma isthmicum and Abra ovata were 
present. Also, the presence of A. ovata juveniles suggests continuing reproduction of this species. 
However, Nereis diversicolor was not found on any stations in Tsche-Bas bay. As for more 
saline Chernyshov bay, no bivalves were present, but Nereis diversicolor was found. 
 
These data indicate that after partition of the Aral Sea, the southern part was quickly transformed 
from a mesohaline to a hyperhaline water body. Biodiversity of Large Aral changed with typical 
hyperhaline species becoming dominant and most of its former inhabitants, including fishes, 
extinct. The phytoplankton of modern Large Aral is the halophylic alga, Dunaliella, which has 
become the dominate autotrophic organism of this hyperhaline water body. This alga came into 
Large Aral from neighboring hyperhaline water bodies. As in the case of Small Aral, the Large 
Aral fauna is enriched mainly by aeolian transfer of resting stages of hydrobionts from other 
water bodies of Aral region. 
 
The rapid decline of the Large Aral level actually destroyed the delta of Amudarya. Unlike the 
delta of Syrdarya, where, natural rehabilitation processes began after the dam was built, rapid 
degradation of Amudarya delta continues. Moreover, deltaic water bodies of the Syrdarya are 
near the Small Aral and are regularly fed with fluvial waters, while those of Amudarya are far 
from the Large Aral and receive no regular flows. Thus the ecological situation in the south is 
more complicated than on the northern Aral Sea. 
 
Restoration of the Small Aral is possible and depends on construction of a new dam with water 
locks. Increased biodiversity and productivity would accompany rising lake level and decreasing 
salinity. Apparently, natural migration of euryhaline species with fluvial waters from artificial 
and natural water bodies located in the delta and lower reaches of Syrdarya will also occur. It 
could be expedient to speed up this natural process by the introduction of food species of some 
valuable of invertebrates from lakes Kamyslybas, Zhalanash, Tuschibas etc., directly into the 
Small Aral. Many aboriginal and introduced species that perished in Aral survived in deltaic 
water bodies and, after the dam restoration, could be re-introduced into the Small Sea. However, 
one must stress that these actions could succeed only after the average salinity of Small Aral 
decreases to below 14 g/l. Reintroduction at higher salinity is of no avail. 
 
Continued desiccation of the Large Aral is almost assured. In a few years its water area will 
inevitably be divided into at least 3 parts separate lakes (Fig. 3B). Tsche-Bas bay will soon be 
separated in the north, with a deep basin in the west and a shallow water body in the east basin. 
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The latter could dry up completely by 2010 or even earlier. Separated Tsche-Bas bay will 
become saline slowly more, if underground fresh waters income noted by some authors 
(Radjabov, Tahirov, personal communication) are significant. Nevertheless, sooner (2020) or 
later (2025), Tsche-Bas bay will salinize anyway, because low mineralized underground waters 
in arid climate lakes couldn’t compensate evaporation for the long time. 
 
The deepwater basin of the north will obviously exist the longest, because it has the largest water 
volume and the lower area/volume ratio, and as with Tsche-Bas bay, has some subterranean 
inputs from Ustjurt plateau. Such inflows were found at Aktumsyk cape (Radjabov, Tahirov, 
personal communication). It is also probable that analogous underground inflows occur at other 
points along the steep shore of Large Aral, but as usual in arid climate lakes ground waters 
couldn’t compensate evaporation for the long time. So, year after year the last part of the Large 
Aral will become smaller and more saline until the stability will be reached. 
 
Before salinity increases to 200-300 g/l in all these water bodies, there will be only euryhaline 
halophylic species, and their number will decrease as salinity increases. As salinity reaches 300-
350 g/l, only bacteria will survive. No introductions into the Large Aral are necessary or 
warranted. All hydrobionts able to survive in it are already present or could easily come into it 
naturally, as resting stages or by aeolian transfer or with migrating birds. It is well known that 
flamingos, eating zooplankton of hyperhaline lakes, often transfer cysts of euryhaline 
hydrobionts on its feathers and muddy feet. 
 
Restoration and rehabilitation of Large Aral is practically impossible as it would require large 
amounts of both the Syrdarya and Amudarya waters which are diverted for irrigation. Syrdarya 
inflows to the Aral Sea have been greatly reduced and almost nothing remains of Amudarya 
inflows because all countries in the upper basin continue to divert almost all of its flows for 
irrigation. The withdrawal of river water during the next years will increase, as peace and 
economic development return to Afghanistan bringing further development of irrigated 
agriculture in this country. 
 
Interest in restoration of Large Aral Sea is decreasing not only because of deficit of Amudarya’s 
water, but also due to the discovery of large oil and gas deposits in this region. Extracting 
mineral resources is easier and cheaper from playas than from marine platforms. Economic 
benefits of oil development in Kazakhstan and Uzbekistan have reduced their interest in 
restoration and rehabilitation of the Large Aral. 
 
Another evidence that interest to restore the Large Aral is low is coming from recently published 
documents on the project of river Ob’ redirection to the Central Asia. In this project, strongly 
supported by Moscow major Yu. Luzhkov, all water is giving only for irrigation and social 
needs. Absolutely nothing left to the Large Aral Sea itself. 
 
Finally, Large Aral reconstruction is complicated by political division stemming from belonging 
to two countries and intergovernmental accords require much time. 
 
Fortunately, the situation at Small Aral lying entirely within Kazakhstan is not so despairing and 
there is a real possibility of rehabilitation. We hope that the dam in Berg’s strait will be restored 
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and that Small Aral will rise again. Rising water and decreasing salinity result in increased 
biodiversity due to natural and possibly intentional reintroduction of fishes and invertebrates 
from deltaic water bodies of Syrdarya. If these plans are realized, in some distant future the 
Small Aral could be a donor to any restoration of the Large Aral. Such a possibility is testified to 
by medieval desiccation. In 15-16th centuries the Large Aral was desiccated as now due to 
irrigation development, but by the 19th century had returned from +30 m to the +53 m. Let us 
hope that future generations could admire not only Small Aral but also Large Aral Sea. 

 

Situation Assessment  

Policy Framework 
 
Concerns to create a mechanism for regional collaboration in organizing and financing water 
resources management have arisen since independence. Recently, the political level of decision 
related to water and environmental sectors in the region belongs only to the Board of IFAS. The 
most important issues can by decided only at the meetings of the heads of states followed by 
their recommendations/approval for IFAS. 
 
Finally the existing structure of the interstate organizations responsible for water resources 
management evolved over a considerable period (1991–1999), and the division of their 
responsibilities was confirmed by the heads of states in an agreement dated April 9 1999, signed 
in Ashgabad (Turkmenistan). These are the following (see Figure 4). 

• International Fund for Saving the Aral Sea (IFAS) 
 The board members are the deputy prime ministers of five states. This is the highest 
political level of decision-making before approval by the heads of state (if appropriate). 

• IFAS Executive Committee  
 This is a permanent body that includes two representatives from each state and 
implements the IFAS Board decisions through the IFAS National Branches. In addition, the 
executive committee of IFAS, on behalf of the Board, can establish agencies for various regional 
projects and programs implementation.  
  

• The Interstate Commission for Water Coordination (ICWC) 
  
The ICWC took over responsibilities for water management in both basins directly from the 
former Soviet Ministry of Water Resources, but with appropriate changes reflecting the creation 
of five new independent states (ICWC booklet 2002). The SIC of the ICWC is responsible for 
preparing all the technical, institutional, financial, and legal proposals in close cooperation with 
ministries and members of the ICWC. Those proposals should be address the improvement of 
general activities in water use and environmental sustainability, and should then be approved at 
ICWC meetings and submitted to IFAS. In addition, the SIC provides the ICWC’s organizations 
with information, maintains international exchanges, prepares and implements technical and 
scientific programs of regional importance, handles and updates the regional database, issues 
bulletins and ICWC publications, and supports the ICWC Training Center. 
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Institutional Framework at the National Level 
 
 Though all the countries began from the same level in 1991, trends, rates of economic 
transformation, and transition from the command system to market economy have differed 
widely (SIC ICWC 2002). 

Kazakhstan 
 
Kazakhstan has been a pioneer in the application of market principles to all economic sectors, 
including water management. Water regulation, management, and operation have already been 
privatized at all hierarchical levels. The whole institutional framework from the bottom to the top 
is self-financing, excluding the State Committee for Water Resources. Representation of the 
water sector in the government via the Ministry Agriculture, without delegation of economic and 
financial functions to the committee, is inadequate. Evidently, the status of the committee should 
be strengthened in the nearest future.  
 
A big step forward will be to decrease the influence of managerial control and reinforce 
organizations within the eight basin water administrations covering the main basins. These 
organizations distribute water among water users, grant water licenses, set water supply limits 
and reservoir operating regimes, keep water accounts, and so on. Provinces have also Republican 
State Enterprises for water management (RSE) and municipal sanitation services (MSS) 
reporting, first, to the Committee for Water Resources and, second, directly to the Provincial 
Akimiyats (local governments). Both these organizations made rayon water organizations as 
their branches and are based on self-financing and administrative management.  
 
Charges have been introduced for water as for a resource and for organization and management 
of water systems, networks and structures. State budget support is provided only for works 
connected with water cadastre and potable water quality. Financing, both in municipal services 
through public associations and water users cooperatives and in irrigated agriculture through 
Water Users Associations, is insufficient for sustainable support of all activities, particularly 
drainage and water supply works. As a result a large portion of the capital stock is out of 
operation (almost 1,200 km of rural watercourses, a million hectares of irrigated land, and 
several hundred vertical drainage wells).  
 
Although the government has proclaimed that water is public property, the privatization of some 
major hydroelectric power stations (HEPS) has caused problems for effective water management 
(Chardara HEPS, etc.). This situation can be fundamentally improved through partial 
government support of water users associations, especially assistance for vertical drainage and 
rural watercourses by municipal and government shares in joint-stock companies and 
cooperative household and irrigation organizations. The first steps in this direction have been 
taken by governments through some loans of the International Bank for Restructuring and 
Development (IBRD), ADB for rehabilitation of drainage and irrigation systems with proper 
government guarantees and participation in cost charring (in the Mahtaaral and Turkestan 
region). In the future coverage of costs by water users can be increased, while government 
subsidies can be decreased as agricultural profits and personal incomes increase. 
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Kyrgyz Republic 
 
The Kyrgyz Republic has adopted a more moderate development of water management: the 
transition to market rules is accompanied by government support for water networks’ operation 
and rehabilitation, particularly at inter-rayon and inter-provincial levels. The former Ministry for 
Water Resources has been amalgamated with the Ministry for Agriculture to form the Ministry 
for Agriculture, Water Resources and Processing Industry. This state structure provides water 
governance through a self-supporting Department for Water Resources under the leadership of a 
deputy minister. This department directly controls irrigated agriculture, and this creates certain 
sectoral contradictions in water use. Other state structures are the Ministry for Nature 
Conservation, Glavgidromet (the main hydrometeorological service), the joint-stock company 
Kyrgyzenergo, and others. Restructuring to combine state, municipal and business property was 
conducted at lower managerial levels. Though the Ministry for Agriculture and Water Resources 
established basin organizations, their managerial functions are still based on the provincial level. 
The government plans to set right of ownership and control over various strategic structures, 
such as dams, reservoirs, HEPS, and main canals. At the same time it is expected to privatize 
water management and irrigation systems and gradually reduce the state share by establishing 
joint stock companies. Hydroelectric power production has not been privatized yet. However, the 
government are planning approaches to privatization that involve shared ownership of both large 
and small HEPS, and, at the same time, Kyrgyzstan is developing and constructing new 
reservoirs with HEPS, such as Kambarata-1 and Kambarata-2, using private capital and loans, 
including foreign investors and stockholders. Urban water supply and sanitation are also tending 
towards privatization and cooperative forms, with priority given to transferring operation and 
maintenance of these systems to private ownership. 
 
In effect, all water management on the level of former kolkhozes and sovhozes has been 
transferred to water users through the creation of a network of water-user associations (WUAs). 
Accepted Law about WUA permits to transfer next level (rayon and even inter-rayon) to 
responsibility of WUAs Federation. 
 
A considerable shortcoming is that the Zjogorku Kenesh (Parliament of Kyrgyz Republic) has 
jurisdiction over price policy regulation and water tariffs setting. This has politicized the 
economic mechanisms for water management, which are insufficiently flexible, and incapable of 
maintaining water and irrigation systems at an appropriate level. Though state legislation has 
solved most legal issues concerning WUAs in advance, a range of issues on their establishment 
and functioning has not been settled in legal or institutional terms. 

Tajikistan  
 
Tajikistan manages the water sector through the Ministry for Water Resources. The country has 
been slow to adopt privatization due to four years of war, but at present is developing in the same 
way as the Kyrgyz Republic. The principal difference is in irrigated agriculture since the 
government canceled government contractual works and is now trying to keep collective farms 
as a basis for the cooperative development of private initiative and for support of irrigation 
systems. Although a new code adopted in 2000 declared renovation of capital stock in the water 
sector as one of the main areas for improvement, much remains to be done here. First, while 

 16 

Chris
What are “inter-rayon levels”?

Chris
What does “set right of ownership” mean? Assert its own rights, or distribute the rights \(if so to whom\)?

Chris
Can you define “kolkhozes, sovhozes”?What is “accepted law”What is “rayon level”?Have rephrased the first sentence as “In effect, all water management on the level of former kolkhozes and sovhozes has been transferred to water users through the creation of a network of water-user associations \(WUAs\).” Is that correct?I do not understand the second sentence.

Chris
What does “cancelled government contractual works” mean?



The Aral Sea 

seeking ways to restructure agriculture, one should take into account the shortage of irrigated 
lands (only 0.10–0.12 ha per capita). Under such conditions privatization of the water sector and 
agriculture must meet principles of social equality. Particular features of Tajikistan’s policy are 
licensed water use on a chargeable basis, and rights granted on a tender basis to manage 
waterworks within irrigated area through contracts between khukumat (local administrations) and 
water users. There is also a need for a transition to water management on a hydrographic basis in 
view of intersectoral interests and possible privatization of other water-using sectors, such as 
hydropower engineering, communal services, and recreation. The country has big concern in 
privatization of such HEPS as Ragun, Dasht&Djun, and the like. 
  
Turkmenistan  
 
Turkmenistan has a specific approach to water as a public social resource. This is reflected in 
management structures. The main water-related managerial organ is the Ministry for Water 
Resources. The government has retained direct control of water management in all sectors, 
including irrigation, water supply, and hydropower. Water, electricity, and gas are free of charge 
for the population. Consumers only pay if they exceed the established limit, in the form of a fine 
for irrational use of natural resources. There are some options for privatization in irrigated 
agriculture. This can be done in form of concessions that ensure fulfillment of a government 
requirement for certain crops; any produce beyond the required level can be sold at market 
prices. Private water supply and sanitation services are also possible in water supply sector, 
while in hydropower privatization of small hydroelectric stations is allowed. 

Uzbekistan 
 
Uzbekistan is gradually moving to a market economy in the water sector, as well as in other 
economic sectors. At the same time it keeps substantial budget subsidies to ensure the 
sustainability and maintenance of the huge capital stock created previously. However, situations 
in water supply, irrigation, and hydropower are different. In the water supply sector, the end has 
been towards transfer of services to cooperative organizations and joint-stock companies. The 
government controls the hydropower sector, apart from small hydroelectric power stations. The 
government proposes to privatize the latter on a small to medium scale, and to construct new 
HEPS through public investment. It will enable the private sector to develop micro and small 
HEPS. It has now been decided to reform the power engineering sector by separating power 
generation from power transportation.  
 
Irrigated agriculture in Uzbekistan presents a more complicated problem. Besides WUAs 
organized at lower hierarchical levels, the government plans to move from administrative system 
to hydrographic, which would keep responsibility as a public water sector for water delivery, 
operations and maintenance of irrigation systems at a level of former collective farms. In some 
cases amalgamation of their responsibilities is possible during privatization of rayon water 
organizations. Transfer of irrigated lands to private companies through concessionary contracts 
also takes place as in Turkmenistan. 
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Priority is given to the future transition to basin and system water management subordinated 
directly to the national level, to the involvement of water users, and to the introduction of 
integrated management principles similar to French or Spanish models. 
 
Some principal questions of policy framework that need to be explored in more detail relate to 
public participation, public awareness, and the influence of local (administrative and municipal) 
bodies on water allocations. 
 
Although in the Soviet era the water management organizations were mostly closed for public 
participation and very limited to public awareness (only in frame of one side interests). The 
situation has since changed to a considerable extent, but not to the same degree in all states. 
More broad, open public awareness of water and land issues has been found in Kazakhstan and 
the Kyrgyz Republic, less in other three states.      
 
Improvement Efforts for the Aral Sea and Region 
 
Programs to improve the Aral situation were launched by the Soviet Union in the late 1980s 
when that government finally admitted the existence of a serious problem (Micklin, 1991, pp. 
68-81). The fundamental aims, but not the major players, have remained remarkably consistent: 
improve medical and health services for the people living near the sea, ensure safe drinking 
water supplies, improve ecological conditions in the delta of the Amu Dar’ya, diversify the 
economy and improve local food supplies, and rebuild irrigation system to raise their efficiency 
in order to deliver more water to the Aral Sea. 
 
After the collapse of the USSR in 1991, the new states of the region (Kyrgyzstan, Uzbekistan, 
Turkmenistan, Kazakhstan and Tajikistan) assumed responsibility for dealing with the Aral 
situation. As the first step - the Interstate Commission for Water Coordination (ICWC) was 
established in accordance with the “Agreement on collaboration in the sphere of joint water 
resources management within interstate water sources” dated February 18 1992, and approved by 
the heads of states on March 23 1993 (ICWC Booklet, 2002). The ICWC is a collective body 
that manages transboundary rivers and is responsible for: water allocation among countries; 
monitoring; and preparing preliminary assessment of proposals on institutional, ecological, 
technical and financial approaches, based on decisions mutually agreed by all sides. The two 
BWOs (Amudarya and Syrdarya), the Scientific-Information Center, and ICWC Secretariat are 
executive bodies of this Commission (SIC ICWC, 1998). 
 
As it was mentioned above, on March 23 1993, the presidents of the five republics signed an 
agreement to promote cooperation in solving the key basin problems (SIC ICWC, 1998). It 
established the Interstate Council on the Problems of the Aral Sea Basin (ICAS) 
[Mezhgosudarstvennyy Sovet po problemam basseyna Aral’skogo mory]. A major purpose of the 
new organization was to facilitate assistance from the World Bank and other international donors 
as well as assume responsibility for various Aral Sea Basin assistance programs. The presidents 
also created an International Fund for the Aral Sea (IFAS) [Mezhdunarodnyy fond spaseniya 
Arala] with the responsibility to collect revenue from each basin state for financing of 
rehabilitation efforts. ICAS was abolished in 1997 and merged its functions into a restructured 
IFAS. The leadership of IFAS rotates in a two-year cycle among the Central Asian Heads of 
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State; starting from October 2002, Emomali Rakhmanov, the President of Tajikistan, heads the 
Fund. 
 
Following independence, international aid donors began to play a major role in promoting 
cooperation in the management of the transnational water resources in the Aral Sea Basin 
(Micklin, 1998, 2002). The World Bank (International Bank for Reconstruction and 
Development - IBRD) was the first major agency to become involved. In the early 1990s, the 
Bank formulated an Aral Sea Basin Assistance Program (ASBP) to be carried out over 15 to 20 
years at around 250 million USD, later upped to 470 million USD. The main goals of the 
program were (1) rehabilitation and development of the Aral Sea disaster zone, (2) strategic 
planning and comprehensive management of the water resources of the Amu Dar’ya and Syr 
Dar’ya, and (3) building institutions for planning and implementing the above programs. The 
Bank encouraged the basin states to create ICAS and IFAS and has worked with and through 
these organizations to realize the ASBP. Afghanistan was invited to join the ASBP but did not 
respond to the overture (World Bank, 1998, p. 9). 
 
The latest aspect of the Bank effort, supported through the Global Environmental Facility (GEF), 
is the Water and Environmental Management Project (World Bank, 1998, pp. 19-34). It is 
planned to run from 1998-2003 at a cost of 21.5 USD million. In line with a new emphasis on 
regional responsibility for the ASBP, the Executive Committee of IFAS is managing the 
program, with the Bank playing a cooperative/advisory role. Key task are (1) improvement of the 
management of water and soil salinity related to irrigation practices, (2) development of low-
cost, local, on-farm water conservation measures, (3) reduction of the amount of irrigation 
drainage water flowing back into rivers, (4) strengthening the existing interstate water sharing 
agreements, (5) improving public awareness of critical water problems, (6) enhancing dam and 
reservoir management and safety, (7) monitoring of water quality and quantity at transboundary 
river crossings, and (8) implementing a program to restore wetlands in the lower Amu Dar’ya 
delta, particularly Lake Sudoch’ye, which is a RAMSAR (wetland of international importance) 
site. 
 
A number of other international donors, directly or indirectly, have been contributing to Aral Sea 
region improvement. The United States Agency for International Development (USAID) funded 
the Environmental Policy and Technology (EPT) project, running from 1993 to 1998, which 
financed measures to improve drinking water supplies in the Amu Dar’ya delta, aided in the 
formulation and implementation of regional water management policies and agreements, and 
provided advice on water management issues to specific governments (Micklin 1998). A 
smaller-scale follow-up project in 1999 and 2000 provided further assistance. 
 
USAID initiated a new, major effort in 2001 known as the Natural Resource Management 
Project (NRMP). This is a 5-year effort focusing on providing assistance to Kazakhstan, 
Kyrgyzstan, Turkmenistan, Uzbekistan and, to a lesser extent Tajikistan, to improve 
management of water, energy, and land. 
 
The European Union (TACIS) initiated a major aid program for the Aral Sea Basin states in 1995 
known as the Water Resources Management and Agricultural Production in the Central Asian 
Republics Project (WARMAP) (Aquater, 1997). Key objectives of the program were to assist the 
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five former Soviet republics to develop policies, strategies and development programs for 
utilization, allocation and management of the water resources of the basin; and to assist at the 
regional level with the establishment of the institutional structure for allocation and management 
of interstate waters. Phase 1 was completed by mid-1997 and phase 2 in February 2000. Major 
accomplishments of this program were development of a GIS (Geographic Information System) 
based land and water database for the basin (WARMIS), providing help to the World Bank and 
IFAS in their efforts to improve and legally codify the 1992 interstate water sharing agreement 
among the new states of the basin and funding of training seminars and workshops, and an 
attempt to gather detailed data on irrigated water use at the farm level through a Water Use and 
Farm Management Monitoring Survey (WUFMAS) (SIC ICWC/IWMI, 2002). Now there are 
negotiations between IFAS and the EU about possible continuation of the WARMAP project. 
 
The United Nations has been providing assistance on the Aral Sea Crisis since 1990 when a joint 
UNEP/Soviet working group on the Aral was formed (Micklin, 1998). This aid has continued 
and expanded in scope in the Post-Soviet era. UNESCO (United Nations Educational, Scientific 
and Cultural Organization) funded a research and monitoring program for the near Aral region 
from 1992-1996 focusing on ecological research and monitoring in the Syr Dar'ya and Amu 
Dar'ya deltas (UNESCO, 1998). The overall intent was to model the terrestrial and aquatic 
ecosystems of the study area in order to provide a scientific basis for implementation of 
ecologically sustainable development policies. The project relied mainly on the expertise of 
scientists and technicians from the Central Asian Republics and Russia with limited involvement 
of foreign experts. The main results of the UNESCO group in the form of “Water Vision – 2025 
for the Aral Sea basin” were submitted to the 2d World Water Forum in the Hague, The 
Netherlands in March 2000 (SABAS-UNESCO, 2000).  
 
The UNICEF (United Nations Childrens’ Fund) launched the Aral Sea Project for Environmental 
and Regional Assistance (ASPERA) in 1995. It provides assistance to the disaster zone around 
the sea and focuses on health, nutrition, health education, water and environmental sanitation, 
and support to NGOs. 
 
UNDP (United Nations Development Program) has also been very active in Aral Sea region 
activities. This organization has had two primary foci: strengthening regional organizations that 
have been established to deal with the Aral Crisis (earlier ICAS and IFAS, now the reconstituted 
IFAS) and promoting sustainable development to improve conditions for the several million 
people in the parts of Kazakhstan, Uzbekistan, and Turkmenistan which are closest to the Aral 
Sea. UNDP also convened the International Conference on the Sustainable Development of the 
Aral Sea Basin, held in Nukus, Karakalpakstan in September 1995 which led to the signing by 
the five Central Asian presidents of a Declaration of Central Asian States and International 
Organizations on Sustainable Development of the Aral Sea Basin. The document commits the 
five states to pursue sustainable development in the management of land, water, biological 
resources and human capital. Another important UNDP project was addressed to creation of the 
model of socio-economic development (UNDP, 2000). Recently this project got additional 
support from NATO for Peace program. 
 
The North Atlantic Treaty Organization (NATO) also has become involved in Aral Sea region 
activities through its Scientific and Environmental Affairs Division. The first NATO sponsored 
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event was an Advanced Research Workshop (ARW) titled «Critical Scientific Issues of the Aral 
Sea basin: State of Knowledge and Future Research Needs» held in Tashkent, Uzbekistan during 
May 1994 (Micklin and Williams 1996). A second NATO ARW with an Aral theme took place 
in Wageningen, the Netherlands in January 1995 (Dukhovny and Bos 1996). The focus was on 
irrigation, drainage and the environment in the Aral Sea Basin. 
 
Since 1995, the NATO Science Division has been a main sponsor of work (along with the 
German Remote Sensing Center in Munich, Department of Geography, Western Michigan 
University, Kalamazoo, Michigan, Institutes of Geography and Water Problems, Russian 
Academy of Sciences, Moscow, and Department of Geography, Karakalpakstan State University, 
Nukus, Uzbekistan) to develop a comprehensive land and water GIS for the Amu Dar’ya delta 
and Aral Sea. This system is intended to serve as a key tool for decision-making on land, water, 
and environmental management in the delta. The project also has been cooperating closely with 
the government of Karakalpakstan to establish indigenous GIS capabilities through establishment 
of a GIS center in the republic and training of local specialists and scientists in GIS techniques. 
The Science for Peace program of the Science Division has in recent years supported 
continuation of this work along with another project to develop an environmentally appropriate 
water management regime for the larger lakes/wetlands that have been created or restored in the 
Amu Dar’ya delta (INTAS/NATO, 2002).  

The Future of the Aral Sea 
 
What could the future hold for the Aral and its adjacent area? Can the sea be returned to its pre-
1960s size and it as well as the severely impacted adjacent zone, particularly the delta of the 
Amu Dar’ya, restored to their former ecological condition? If not, what improvement measures 
are rational and feasible to undertake. 
 

Aral Sea Restoration 
 
From 1911-1960, discharge to the Aral from the Amu Dar’ya and Syr Dar’ya averaged 
approximately 55 km3/yr and supported the sea at around 53 meters above msl (mean sea level) 
with an area around 67,000 km2 (Table 1). This is generally accepted as the modern (i. e., pre-
desiccation) state of the lake, although, a longer historical perspective shows the Aral in one of 
its high phases during this period. Beginning in the mid-1960s, river inflow to the sea started a 
persistent decline owing to both natural and human influence, with the latter far and away the 
dominant factor (Micklin, 1991, pp. 44-45). The Aral shrank in parallel with the decrease in 
inflow. During the 1980s, discharge to the lake averaged only 6 km3- 11% of the 1911-1960 
figure. For most of the 1990s, the Aral Sea basin experienced a return to a high-flow cycle. 
Average combined discharge of the two rivers exiting the mountains averaged 104 km3 for 1990-
98, compared to a 40 year (1959-98) figure of 94 km3/yr. Estimated inflow to the sea for this 
period averaged 14-15 km3. Severe drought affected the mountainous, flow generating regions of 
the Aral Sea basin from 1999 through 2001. (Agrawala, 2001). Average annual discharge to the 
Aral Sea during this period was probably no more than 2 km3, with most of the water entering 
the small Aral from the Syr Dar’ya and practically nothing flowing to the large Aral from the 
Amu Dar’ya. Assuming continuation of basin withdrawals typical of recent years, and average 
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annual outflows from the zones of flow formation typical of recent decades, a conservative but 
reasonable estimate of long-term average annual future inflow to the sea is around 10 km3 
(«business as usual» scenario). 
 
Under the business as usual scenario, restoration of the Aral to its size in the first six decades of 
the 20th century would require raising average annual discharge to the sea by approximately 45 
km3, or 450 percent, bringing total inflow to 55 km3. Supporting the Aral close to 50 meters 
above msl with an area near 59,000 km2, according to historical, literary, and cartographical 
evidence, the lowest and smallest the sea was in the 200 years prior to the early 1970s, would 
entail raising inflow to 43 km3, an increase of 33 km3 or 330% (Bortnik, 1996). To stabilize the 
sea at its January 2003 size of 17,400 km2 would require an increase in inflow to near 16 km3, 
60% above the business as usual figure. Even during the higher flow period of 1990-1998, after 
upstream withdrawals, there was insufficient inflow to the Aral to stop the sea’s recession. In dry 
cycles such as most years in the 1980s and 1999 through 2001, practically no water reached the 
sea and desiccation proceeded alarmingly rapidly. 
 
In a regional context, the only realistic means for substantially increasing inflow to the Aral is 
reducing the consumptive use of water for irrigation in the sea’s drainage basin. The reason is 
simple: this water intensive activity, conducted on around 7.9 million hectares and the basis of 
agriculture here, accounts for 92% of withdrawals and an even larger share of consumptive use 
(Ruziev and Prikhod’ko, 2002;). The largest irrigated hectarage in the basin is found in 
Uzbekistan, and Turkmenistan; these two nations, respectively, account for 54% and 22% of all 
irrigation withdrawals (Micklin, 2000, p. 37). It is irrigation that has depleted the flow of the 
Amu Dar’ya and Syr Dar’ya and led to the great reduction in discharge of these rivers to the Aral 
as well as the consequent desiccation of the water body with all its attendant negative 
ramifications. 
 
Irrigation in the Aral Sea basin is inefficient. Substantial improvements to it, technical, 
economic, and institutional, could save considerable water. Attempts are underway to implement 
improvement measures, but the substantial and comprehensive program needed would be 
extremely costly and faces concerted opposition from forces within governments and from 
segments of the public. Taking costs as an example: complete renovation of irrigation systems on 
6 million hectares could likely save 12 km3/year but would cost at least 16 billion USD (Micklin, 
2002). To reach the maximum potential savings of 28 km3 (based on technically, economically, 
and institutionally reforming irrigation on the «Israeli» model) would cost multiples more. These 
figures are far beyond the willingness and ability of the basin states, in combination with 
international donors, to pay. Furthermore, the technical condition of irrigation systems in the 
basin, far from improving, is steadily deteriorating owing to inadequate funding for, and lack of 
management responsibility over, operation and maintenance activities. 
 
Switching to less water intensive crops (e. g., from cotton and rice to grains, soybeans, fruits, and 
vegetables) and reduction of the irrigated area are other means of significantly reducing water 
usage in irrigation (Micklin, 2002). The former strategy is being employed. Between 1990 and 
1998, the area of cotton as a percent of the total irrigated area dropped from 45% to 25% percent 
while the area of winter wheat rose to 28%. This probably was a major factor in the drop in 
irrigation withdrawals from 109 to 92 km3 (16%) at the same time the irrigated area increased 
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10%. However, there are limits to such a program as the two primary irrigating nations 
(Uzbekistan and Turkmenistan) are intent on keeping cotton as a major crop since it plays a key 
role in earning foreign currency. Reductions in the irrigated area are unlikely in the near to mid-
term future. All the former Soviet republics, except Kazakhstan, intend to expand irrigation, 
mainly to meet food needs for a growing population. 
 
Considering the above, it is extremely doubtful that the Aral could be restored to 53 meters (the 
1910-1960 average) or even 50 meters (the pre-1970s 200 year minimum) in the foreseeable 
future. The former would require increasing average annual discharge to the sea by 45 km3 over 
the estimated future inflow figure of 10 km3. This would mean decreasing basin wide 
consumptive usage by a somewhat larger amount to compensate for natural losses of the net 
additions to flow before they reached the sea. Accepting an estimate of these at 14% (ICAS, 
1996, chapter 7, Tables 7.1 and 7.2) means that the reduction in basin wide consumptive use 
would need to be 52 km3. Similar figures to support a 50-meter sea level are 33 and 38 km3. 
These amounts are far above even the most optimistic and costly scenario of water use efficiency 
improvements and could only be met by a major cut-back in irrigation that would wreak 
economic and social havoc on the countries of the basin that are the major users of water for 
irrigation. To sustain the sea at its January 2003 level, on the other hand, would necessitate an 
increase in inflow by 6 and a decrease in basin-wide consumptive usage of 7 km3. This, with a 
concerted effort, is certainly within reach. 
 
Of course it is possible to bring water to the Aral Sea from outside Central Asia. During the latter 
part of the Soviet period, water managers in Moscow and in Central Asia proposed diversion of 
massive flow, up to 60 km3, from Siberian rivers to the region as the panacea for perceived water 
shortage problems (Micklin, 1991, pp. 60-68). The initial stage of this project would have taken 
27 km3 from the Irtysh-Ob river system in the Western Siberian region of Russia. It was on the 
verge of implementation when stopped by the Gorbachev regime in 1986. Although real and 
serious potential ecological threats (of regional, not global magnitude as claimed by some 
opponents) were given as the chief reason for canceling the project, economic considerations 
were the fundamental factors in this decision (Micklin, 1987). 
 
This grandiose scheme continues to be discussed and promoted in Central Asian water 
management and governmental circles and in more recent years has, again, found a sympathetic 
ear among some water management professionals and bureaucrats in Russia, including N. N. 
Mikheyev, the First Deputy Minister of Natural Resources (Mikheyev, 2002; Polad-Zade, 2002; 
Temirov, 2003). However, implementation of this project in any but the far term, if ever, seems a 
pipe dream. Costs would be enormous, at least 30 billion USD by latest estimates, and even if 
Russia were willing to help finance the project, it is doubtful sufficient funds could be 
accumulated for construction (Temirov, 2003). International donors, such as the World Bank, 
given their newfound sensitivity to environmental concerns, would be highly unlikely to approve 
of, or fund, such a project. Finally, there is tremendous opposition among Russians to sending 
water from their precious Siberian rivers to Central Asia where, in their view, it would be 
wasted. Even if implemented, much less than the 27 km3 diverted, probably less than 15, would 
reach the Aral owing to substantial evaporation and exfiltration losses in the transfer system, 
withdrawals along the route for irrigation and other purposes, and usage in Central Asia for 
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irrigation. Certainly, it would be more rational to spend precious capital and effort on improving 
regional water management rather than importing water from Siberia (Kamalov, 2003). 

 

Mitigation scenarios 
 
Although restoration of the Aral to, or near, its pre-1960s level and ecological state is not viable 
in the foreseeable future, partial restoration and rehabilitation of sections of the sea are feasible 
as is improvement of environmental conditions in the Amu Dar’ya delta. The primary candidate 
for restoration is the small (northern) Aral (Aladin and Plotnikov, 1995). Its level has been 
relatively stable (several meters variation) since its separation from the large, southern Aral in 
1987. Because its area is much smaller than the large sea, an inflow of 4.5 km3 on an average 
annual basis (for 1987-98 the figure was around 4 km3) could within 7 years (by 2011, assuming 
implementation of the project in 2004) raise its level to 45 meters and area to near 4,000 km2, 
while lowering salinity to less than 15 g/l (Table 1). By 2025 (Fig. 3), the sea could reach 47 
meters, have an area of 4310 km2, and reach salinity below 10 g/l (similar to 1960). This would 
provide habitat conditions for the return of indigenous fishes from the Syr Dar’ya with the 
concomitant restoration of a commercial fishery; restoration of limited commercial navigation 
might also be possible. With more inflow the sea could be restored in a shorter time and 
sustained at a higher level. If Syr Dar’ya water that has been periodically dumped into the 
artificial desert Lake Arnasay, averaging 3.6 km3/yr for 1993-1997, were to be added to the 
flows reaching the small Aral, it should be no problem to maintain discharge to this waterbody at 
an average of 4.5 km3/yr and probably considerably higher. 
 
Realization of this project would entail a considerable and expensive construction effort First of 
all, the flow from the small to large sea must be controlled. Local Kazakh authorities in the early 
1990s constructed a crude dike to block the channel (river) that had formed between the two 
seas. However, the dike in the ensuing years periodically washed away. In 1997, they replaced 
this makeshift facility with a 20 km long, 26-meter wide dam that raised water levels by several 
meters by early 1999 (Optimism rises…, 1999). The existing dam was «overtopped» by wave 
and wind-running action in April 1999 and breached with a significant loss of water 
(Conversation …, 1999). Secondly, the channel downstream of the Chardara reservoir on the Syr 
Dar’ya is incapable of handling heavier flows, particularly in winter when it is ice-choked, and 
must be cleared and improved to allow flows now sent to Arnasay to be diverted to the small 
Aral. The World Bank has approved funding (64.5 million USD) for construction of an 
engineeringly sound dike, a control gate and channel from the small sea to the large sea, and for 
improvements to the Chardara dam and lower Syr Dar’ya channel below Chardara, but by 2002, 
construction work on this project had not been initiated (World Bank, 1998, p. 10; Eurasianet, 
2002). 
 
The southern, large Aral Sea is a different story. To even stabilize the Large Aral Sea at its 
January 2003 level of 30+ meters and area of around 17,400 km2 would require increasing flow 
to 17-18 km3, 10-11 km3 above the average annual discharge for 1987-2002 of 7-8 km3. 
Attainment of such an increase of inflow from the Amu Dar’ya is highly improbable in the near 
or even mid-term future. Even if the Large Aral Sea could be stabilized at its present level, its 
salinity is so high that it has no significant ecological or economic value (Table 1). Many of 
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those who have studied the Aral’s plight, including this author, believe it wiser to use the 
residual flow of the Amu Dar’ya for rehabilitating and preserving deltaic ecosystems owing to 
their natural, economic and human benefits rather than being dumped into the large Aral Sea to 
uselessly evaporate. As noted above, rehabilitation and partial preservation of the Amu Delta and 
its wetlands has been a priority since the late 1980s, first by the Soviet government and 
subsequently by the new states of Central Asia and international donors. 
 
Experts have estimated that 4-5 km3 of water (mainly relatively clean river flow supplemented 
by irrigation drainage) are needed to support minimally acceptable «hydroecological conditions» 
in the lower delta of the Amu Dar’ya, including the natural and artificially created lakes and 
wetlands there (MKVK, 2002, p. 39). Thus, some water would be left, most years, to send to the 
large Aral Sea. If modest increases in flow to the lower delta could be implemented, allowing 
flow to the large Aral to average 7-10 km3/yr., there would be the possibility to separate the deep 
western part from the shallow eastern by a dike of modest proportions, direct the flow of the 
Amu Dar’ya into the western part (a channel already exists for this, but would need considerable 
enlargement) and, over time, freshen and partially ecologically restore it by allowing a controlled 
flow of saline water to the eastern portion. The eastern part would then rapidly shrink into a 
residual brine lake. One scenario for this is shown on Figure 3. This alternative has been little 
studied so cost estimates are highly speculative, although it would likely be more expensive than 
the project to rehabilitate the small Aral Sea. Also, the range of potential negative environmental 
consequences is unknown (e. g., would the shrinking eastern sea leave a much larger «salt 
desert» that would significantly aggravate the problem of salt/dust storms? 
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Lessons Learned and Recommended Initiatives 
 
Water has been perceived primarily in the context of social and ecological values and interaction 
between human beings and nature. Unfortunately, until now in the region, priority has been 
given to the basic needs of human beings for water and satisfaction of economic needs. As a 
result we can see the disaster of the Aral Sea and its coast: the lake has lost about 70 percent of 
its volume and 60 percent of its surface area, while water salinity has risen from 8 percent to 60 
percent since 1960. There are huge processes of desertification (over an area of 1.6 million 
hectares). There have been heavy losses of biodiversity occurred: more than eighty common 
species have disappeared from the water fauna and flora. 
 
The second problem is salinization and waterlogging on the irrigated area (approximately 5 
million hectares require artificial drainage). Irrigation creates a return flow, which is a source of 
environment threats. This polluted water constitutes more then 30 percent of totally available 
water resources in the region. As a result there is growth of river water salinization, sometimes 
up to 1.5–2.5 g/l. A worsening of ground water quality, especially through the actions of the 
chemical industry, has also occurred in the region. All these factors have resulted in the 
proliferation of various diseases and an increased mortality rate in downstream reaches of the 
Syrdarya and Amudarya rivers, along with losses of natural productivity. 
 
Competition for limited water resources occurs between agricultural, rural, urban, industrial, and 
environmental users in the region. On the one hand, irrigated agriculture is a major source for 
food security and simultaneously the biggest water consumer (about 90 percent of total water 
resources used for irrigation). On the other hand, there are growing ecological, industrial, and 
municipal needs. 
 
Water allocation approaches inherited from the Soviet Era do not take into account possible 
changes in the priorities of the former republics, which are now independent states. They all have 
distinctive water and land reserves and demands, sharply differentiated due to current – and 
especially future – issues related to securing per capita indices. The view of the Kyrgyz Republic 
and Tajikistan is that they were held back in Soviet times in developing irrigation, and that they 
need to reassess their future water share. Downstream countries wish to take into account 
environmental constraints, particularly water quality in the middle and lower reaches. In addition 
to this there is the possibility that growing water demands from Afghanistan (after stabilization 
of the situation in that country) could cause new requests for reallocation. 
 
From this point of view there are a number of fields of potential conflict over water management 
in the region. Among countries these relate to water sharing issues: quantity, delivery schedules, 
and shares of expenses to cover water management costs within the basin, including upstream 
and downstream relations. Among sectors (irrigation, power generation and environment) there 
are concerns over water allocation, use of water reservoirs, and water sharing for the Aral Sea 
coastal zone and the rivers themselves (sanitary and ecological flows). 
 
In order to avoid these conflicts, it is necessary to create an efficient framework for the use of 
water, including a legal and institutional basis for the fair and equitable sharing of the beneficial 
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water, with equally strict regulations for all WMOs in their activity on operation, management, 
and maintenance. 
 
Water is already a limiting factor (not only in terms of volume, but also in terms of quality) for 
some zones in the Aral Sea Basin today. This means that future sustainable development is under 
some stress. Also there is uncertainty about the possible impact of global climate change on 
water resources in the region. Over the last thirty-five years, the average temperature has 
increased by 1 oC and the size of glaciers in the Pamiro-Alay system has been reduced by 22 
percent. Different scenarios predict a greater water deficit by the year 2020 as result of 
evaporation increase and a decrease of water resources of between 6 and 20 km3 annually (or 5–
15 percent of total water resources). In this context, conflicts in water management could arise as 
the result of different national approaches to the planning of national development scenarios. It is 
desirable to establish proper interstate cooperation to promote unanimity in the conduct of the 
planning process. 
 
A specific field of potential conflict is the prospect of increase water consumption by two states 
that are not presently members of the ICWC: Afghanistan, which different assessment indicate is 
the source of from 9.5 up to 13.4 km3 of water resources connected with principal rivers, and 
China (Tsincjen), which about 0.8 km3 of water originates in the upper watershed of the 
Karadarya river. These aspects require future negotiations between members of the ICWC and 
the two states. There are strong arguments for involving Afghanistan in the activities of the 
ICWC. 
 
Of course, it is beyond the scope of this report to attempt to define the scale of such diversion 
from rivers, because no agreements between former Soviet Union states and Afghanistan or 
China cover such problems. In our view, this potential problem may become reality in ten or 
twenty years time, when the economic situation in Afghanistan has stabilized. China is not so 
important in this aspect, taking into account the small amount of water that originates in its 
territory. 
 
It should be noted that there are factors that obstruct conflict resolution in the region. Among 
them are the lack of information transparency and lack of proper communication systems among 
different levels of water related players: 

● on the inter-sector level in each country and in region 
● on the interstate level between water specialists and water users 
● between water organizations and NGOs. 

Existing shortcomings in water management within the Aral Sea basin can be eliminated and 
effective water use can be achieved via real regional partnership and integration of efforts in the 
following six directions: 

● Integration of the countries’ efforts in water basin management and conservation through 
partnership at interstate (regional) level. 

● Integration of economic and environmental interests through inter-sector partnerships in 
each state that take account of environmental requirements. 
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● Integration of water management system hierarchic levels through vertical partnership in 
the chain: “state-water system-territorial water and administrative bodies-water users and 
water consumers.” 

● Integration of water users and water management organizations through the involvement of 
water users at all levels of the water management hierarchy, as well as partnerships 
between governmental and non-governmental bodies. 

● Integration of knowledge and practice through partnership of science with water users and 
water organizations (using such tools as base of knowledge, training, consultation, and 
extension services). 

● Integration of international donors and regional bodies though coordination and partnership 
of international financial organizations and the region’s countries. 

For regional partnership coordination, the establishment of an “Aral Sea Basin Water Council” is 
envisaged under IFAS through ICWC and CSD attraction, with the participation of power, 
ecological centers and NGOs. The recommended scheme of partnership is shown in Figure 5. It 
is necessary to agree the ASB Water Council’s status and powers of regulation among all parties 
concerned. 
 
Under the aegis of the ASB Water Council, it will be expedient to organize thematic groups 
(including leading specialists of the region) to seek agreed decision about integrated water 
resource management and use. Taking into account the existing regional problems, it is proposed 
to create four thematic groups relevant to ICWC working groups. 

● technical aspects 
● legal questions 
● institutional issues for the creation of a water partnership 
● financial aspects. 

According to this proposal, each thematic group would assess a problem and work out an action 
plan and develop general recommendations to decision makers for its realization. Their proposals 
would be widely disseminated to the general public. It is expected that the ASB Water Council 
will include democratically elected leaders of thematic groups and that stakeholders at all levels, 
including those providing funds, will be represented. 
 
The regional and national water strategy and its monitoring can be successfully developed and 
coordinated with existing scientific potential. This work is to be done, and the necessary 
scientific and public expertise provided, by the ICWC, CSD and SABAS group supported by 
UNESCO. Special attention should be paid to these programs’ financing and coordination, as 
well as to organization of seminars and conferences for the free exchange of opinions and 
achieving of consensus. Science in turn, together with public awareness and participation, should 
promote rational water use and management. 
 
An IT-based communication system among all participants of the regional partnership is a 
necessary precondition for successful activity. Including in electronic communication, except 
ministries and national centers, province and system organizations, major NGOs and then WUAs 
will enable a free opinion exchange through “electronic conferences,” to inform regularly the 
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200 to 250 organizations concerned. This will encourage trust among the partnership 
participants. 
 
Thus, problems of Aral Sea Basin cannot be introduced in any reports. Many books, 
investigations, and surveys have tried to do that. Our aim here has been to summarize it from a 
point of view that emphasizes the viability of peaceful processes and collaboration on matters 
concerning water, with mutual respect for the rights of every state and every person in the region 
to food, water, and a decent environment. 
 
Our conclusions about the first urgent measures for such survival are summarized below. 
Successful development of the region should be supported by appropriate institutional, legal and 
financial provisions, both at the level of interstate relations and at the level of national policy. 
(See Figure 5). 

At the National Level 

• Reversion to powerful inter-sectoral structures of water management at the state level, 
responsible for strict enforcement of water protection and water use policy of the state. 

• Extensive and all-round implementation of integrated water resource management, free 
from the administrative influence of local authorities, in which all interested provinces and 
districts will be represented and enjoy equal rights to participate in basin, sub-basin, and 
system organizations of water management. 

• Participation of water users, alongside the state, in management and funding of operational 
activity (as land profitability increases, the state share is to be reduced). 

• Facilitating the establishment of WUAs in agriculture and WUOs in other branches of 
economy. 

• Establishment of extension services in water management and agriculture with a network 
of training centers and field demonstrations as a major tool for water saving and 
conservation. 

• Introduction of water use charges in accordance with increasing block rate tariffs: 
minimum payment for water use within the limits of crop biological water demand 
(technological demands of production), which increases within the limit and multiplies 
iteratively in the event of overuse. 

• Payment for pollution of water sources. 
• Implementation of mandatory water accounting at all levels of water hierarchy. 
 
• Mandatory introduction of water recycling. 
• Development of legislation that promotes water conservation and environment protection. 
• Establishment of extensive transparent information practices and access to information 

system, databases and the knowledge base. 
• Mandatory introduction of water recycling. 
• Development of legislation that promotes water conservation and environment protection. 
• Establishment of extensive transparent information practices and access to information 

system, databases and the knowledge base. 
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At the Interstate Level 

● Assume the “common use” doctrine as a basis for inter-sectoral water relations. 
● Strengthen regional bodies of the ICWC along the lines of enhancing their rights, authority, 

and responsibilities. There should be mandatory provisions to include in these 
organizations not only representatives of water management from the countries of the 
region, but also hydro-energy, water-delivery specialists, ecologists, and others. They 
should be granted them diplomatic status and freed from requirements to follow decisions 
taken by the country they are staying in. 

● Reliable financial support by the states for all water management agencies, 
hydrometeorological services, and nature conservancy authorities in flow formation and 
delta zones. 

● As a substitution for fuel/energy–water exchange, implement payments for flow regulation 
in reservoirs (annual, seasonal, or some other period) with participation by all countries of 
the Aral Sea Basin in covering expenses for flow formation, as well as protection of the 
deltas. 

● Set well-defined limits on water withdrawal from the basins, taking into account 
ecologically viable volumes of water in the river, and allocate them among the countries in 
an equitable and reasonable manner. 

● On the basis of these limits, implement payments for exceeding the set levels of water 
withdrawal at the rate that reflects the price for water as a resource, and utilize this money 
for development in the basin of joint water saving activities; 

● Conclude a set of agreements that strictly regulate procedures and interactions among the 
countries as to water resources management, use and protection (unfortunately, this process 
has been delayed for several years).  

● Establish well-defined regulations for operating regional organizations under various 
conditions and in different situations (water scarcity, floods, etc.); make these activities 
equitable, multinational, and transparent. 

● Equip all head-works of BWOs with automatic control and management systems 
(SCADA), preventing any possibility of uncontrolled water withdrawal from the river. 

● Lay down regulations for joint design, construction, and operation of multi-objective works 
(similar to Kambarata, Ragun, etc.), which will ensure that these complex hydro-structures 
will not be used in the interests of only one country. 

● Develop systems of education, professional improvement and training, and the like. 
● Work out regulations setting limits for transboundary return waters management. 

Countries of the region have acquired broad experience of mutual interaction and understanding 
of their responsibilities, combined with political will. The abandoned ambitions could allow to 
region not just to survive, but to become an example to the world of rational water resource use 
in a large-scale transboundary basin. 
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