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Chapter 2. WATER – A CRITICAL RESOURCE FOR UZBEKISTAN  

2.1. Water and Land Resources of Uzbekistan 

2.1.1. General Information 

The Republic of Uzbekistan is one of the key Cen-
tral Asian countries in the Aral Sea basin in 
terms of its size, location, the wealth of its natural 
resources, and historical heritage. 

Uzbekistan is a cultural mosaic with its roots in 
the ancient Sogdian, Bactria, Margelan, Shash, 

Khorezm and Turan civilizations. At different 
times it has been influenced by Persia, Arabia, 
China, Greece, and other countries. Today it is an 
independent state with more than 130 ethnic, 
tribal, and linguistic groups in its population. The 
indigenous people are Uzbeks, making up more 
than 3/4 of the total population. 

Figure 2.1. Location of Uzbekistan 

Location: Central Eurasia: 37011´- 45036´N; 56000´- 730 10´E. 
Area 447.400 km2 
Comparable Area Germany and Portugal all together 
Administrative Division The Autonomous Republic of Karakalpakstan, 12 Oblasts, and 175 Rayons 
Population 26,021 mln. people, including 16,6 mln. people of rural population 
GDP (US$) 13,666,860,000 (WDI database, 2005) 
Gini Index (%) 26.08 (UNDP, 2005) 

General Information about the country 

Capital City Tashkent (2.2 mln. people) 
Historical Cities Samarkand, Bukhara and Khiva 



26 

 

Landscape 

The landscape of Uzbekistan is extremely diversi-
fied. There are plateaus, lowland plains, piedmont 
plains, mountain spurs and ridges (Figure 1.1). 

The north-western part of the country is occupied 
by the Ustyurt plateau and lowlands of the Aral 
Sea littoral zone. Adjacent to vast Kzyl Kum desert 
are flat plains known as steppes (Golodnaya, Karn-
abchulskaya, and Karshinskaya). These are 

wedged between mountain ridges far to the east. At 
their peripheries these steppes merge gradually 
into inclined piedmonts, linking the desert plains 
of the west and the highland spaces of the east. 
The main highland areas of the country are the 
mountain spurs and ridges of the western Tien 
Shan and Pamir Alay. The ratio of highland to 
plains in the republic is 1:5. 

Climate 

The climate of Uzbekistan (marked continentality, 
aridity, plenty of light and heat) is determined by 
its southern location within the vast continent 
and by its great distance from seas and oceans 
[97]. From May to October there is significantly 
more sunshine than in the Mediterranean or Cali-
fornia. 

According to the UNEP4 aridity index (from 0.05-
0.20 to 0.65) the territory of Uzbekistan (with the 
exception of the piedmont and highland areas) is 
classified as an arid zone which is subject to air 
and soil drought and is therefore susceptible to 
degradation and desertification. 

The average monthly air temperature for January 
ranges from +30С in the south (Termez) to -80С in 

the north (Ustyurt plateau); the maximum air 
temperatures in the summer months (July) reach 
45-490С, with the soil surface reaching 60-700С. 
The average precipitation in the desert zone of the 
country is less than 200 mm/year, while in the 
piedmont and highland zones it varies from 400 
to 800 mm/year with a maximum in the high 
mountains of up to 2,000 mm/year. Annual pre-
cipitation varies significantly in all zones and in 
some years it may be half the average. The coun-
try’s territory is divided into two agroclimatic 
provinces (plains and piedmont/highland), and 
10 agroclimatic zones which differ from each 
other in terms of natural moisture content, sum 
of the effective temperatures, duration of the 
frost-free period and other factors important for 
agriculture (Figure 2.2). 

4According to the UNEP aridity index (the ration of total precipitation to the potential evapotranspiration) the droughty regions 
of the world are subdivided into three regions: arid 0.05-0.20, semi-arid 0.20-0.50, dry sub-humid 0.50-0.65 

Soils 

The soils of Uzbekistan vary according to the lati-
tude and altitude zonality that is associated with 
climatic conditions and vegetative groups [55]. 

The soils of the desert zone, occupying 14 mil-
lions ha (32%), are formed in the most arid and 
harsh conditions. They all have low fertility, hu-
mus content (< 1%) and absorption capacity, high 
calcareousness and are subjected to salinization. 
These desert soils include the automorphic soils 
(gray-brown desert, sandy, and takyr soils), as 
well as their hydromorphic subtypes. 

The soils of the sierozem belt (light, typical and 
dark sierozem) with an area of 6.7 millions ha 
(15%) are common above the lower margin of 
piedmont plains from 200 to 700-900 metres 
above mean sea level. The sierozems have a 

higher humus content (up to 2-3%) than desert 
soils and are less subject to salinization (with the 
exception of light sierozems). The typical siero-
zems are valuable for rainfed and irrigated agri-
culture. The dark sierozems are similar to the 
typical ones, but with a broader distribution area 
of shallow, stony and leached soil types. 

The hydromorphic soils (meadow desert, and 
meadow alluvial types) occupy 3.8 millions ha 
(7% of total area). They are subject to natural and 
secondary salinization and water erosion and dis-
tributed in all regions of the country, although 
most are concentrated in the middle and lower 
river reaches, the Aral Sea littoral zone and is-
loated depressions. 
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Figure 2.2. Agroclimatic Map 

Vegetation 

The flora of Uzbekistan is made up of not less 
than 4,800 plant species, which represent 659 ge-
nus and 115 families. The floristic composition of 
the country’s south-western part includes many 
species peculiar to the Mediterranean. The xero-
phytic plants, which are specially adapted to se-

vere environmental conditions, are common 
across vast areas of the deserted north-western 
part of the country. The main plant groups are 
psammophytes (“sand plants”), halophytes (saline 
soil plants), and gypsophilas (stony and gypsum 

The chestnut, brown, and light brown soils of 
various depths occupy altitudes from 1,200 to 
1,600 metres above mean sea level. The soils of 
the mountain slopes are characterized by their 
high humus content (from 1.5 to 8%) and various 
degrees of erosion: up to 70% of brown soils are 
classified as moderately or severely eroded. The 
slopes are used as pasture due to their highly dis-
sected and steep nature. 

Saline soils (residual, crust-puffed, puffed, etc.) 
with a total area of 1.3 millions ha (3% of the total 

land area) prevail in the local depressions located 
in lowland plains, lake basins and between 
mountains. Within the saline soils only meadow 
and swamp soils have a humus horizon reaching 
1% of humus content. 

Sands cover more than 12.1 million ha (27.6% of 
the total territory), including more than 0.5 mil-
lions ha of blown sands. 

Source: CACILM, 2006 
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Hydrography 

Within the country’s highlands the hydrographic 
network consists of a large number of permanent 
water courses, which form river systems of vari-
ous sizes. In the piedmont zone the temporary 
water courses have created a rather dense hydro-
graphic network. There are 6,500 rivers with a to-
tal length of 2,800 km on the slopes of Fergana 
depression [40,97]. The density of the river net-
work here varies from 0.28 to 0.95 km/km2. The 
average density of the river network in the Surk-
handarya river basin is 0.52 km/km2. 

Significant variations in the density of river net-
works is observed in other of river basins and 
tributaries: in the upper reaches of the Zarafshan 
river its value is not more than 0.15 – 0.20 km/
km2, while in the lower reaches it is as high as 
2.3 km/km2; in the Kashkadarya river basin the 
average density of the river network is 0.32 km/
km2, and with its tributaries this value varies 
from 0.43 to 1.47 km/km2. In comparison: the 
average density of the river system in the Euro-
pean territory of the CIS is 0.37 km/km2, while 
that of the Ukraine is 0.27 km/km2. 

Lakes 

Natural Lakes. The largest natural lake is the Aral 
Sea. The drying up of this large water body has led 
to significant disruption of the ecosystems and is 
considered one of the 20th century’s global ecologi-
cal disasters (Box 2.4). Within the valleys of local 
rivers natural flood-plain and delta lakes are 
found. Highland lakes are usually of the dammed 
or glacier/morainal type with water storage capac-
ity of around 50 km3. 

Artificial Lakes are created as a result of human 
activity. They include the chain of lakes along the 
periphery of the Khorezm oasis and numerous 
lakes in the north-western part of the country and 
in the Kzyl Kum desert, which are used for dis-
posal of waste waters (Figure 2.11). 

269 lakes and desert depressions filled with water 
with total area of 739 km2  have been identified in 
the middle and lower reaches of the Amudarya 
river (Table 2.1). Some of these have no outflow; 
others (such as Sichankul, Dengizkul, Salty, and 
Karateren) are seasonally regulated in conjunction 
with the Amudarya river or with other lakes. 

The largest lake system in Uzbekistan is the Arna-
sai system located in the middle reaches of the 
Syrdarya river. It combines the Aidarkul, Tuzkan, 
and Upper-Arnasai lakes. The total water surface 
area of this system is 3,491km2 (2004). However, 
its constant growth due to winter releases from the 
Chardara reservoir is having a serious ecological 
and socio-economic impact (Box 2.2). 

Internal Wetland Ecosystems 

Uzbekistan has a rather unique combination of 
desert and wetland areas of both natural and 
man-made origin.  

The Natural Wetland Ecosystems. The Amudarya 
river delta with an area of 700,000 ha (Figure 2.3) 

is a natural wetland system but one which has 
been significantly changed. The reduction of wa-
ter inflow to the delta and recession of the Aral 
Sea from the coast line had caused irrecoverable 
damage to the ower reaches of the river which is a 

desert plants). Currently natural vegetation cov-
ers not more than 25-30% of the total area [60]. 

The floristic composition of tugai vegetation com-
prises 285 plant species, representing 105 genus 
and 35 families. Human activity has caused sig-
nificant damage to these species. The juniper for-
ests of the country’s highland territories are also 
characterized by degradation and comprise three 

juniper species: Juniperus seravschanica Komar, 
J. semiglobosa Rgl., and J. turkestanica Komar. 

Cultivated vegetation occupies the special place. 
A combination of field crops (such as cotton, al-
falfa, melons and gourds) together with trees 
planted beside roads, canals and along field 
boundaries and household gardens creates a 
landscape unique to oases. 
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Table 2. 1. The Desert Depressions of Uzbekistan 

Oblast Depression Water Level 
Elevation, м 

Volume 
km3 

Surface 
Area 
km2 

Kashkadarya 
Atchin 272.30 0.08 15.61 
Sichankul 247.50 1.30 69.00 
Deukhana 250.00 0.20 23.00 

Bukhara 

Dengizkul 184.00 3.50 310.00 
Khadicha 226.00 0.15 26.00 
Tudakul 223.50 1.20 210.00 
Salty 183.40 0.21 48.00 
Ayakagitma 187.00 7.60 870.00 
Karakyr 184.00 0.28 170.00 
Ayazkala 100.00 0.67 60.00 
Karateren 47.00 0.63 21.00 

Djizak, Navoi Arnasay 
system 247.00 42.8 3,491 

Karakalpakstan  

Source: Uzgipromeliovodkhoz, 2003 

Figure 2.3. The Natural Wetland Ecosystems of the Aral Sea Littoral Zone 

Source: CEF/WB, 2002 
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2.1.2 The Available Resources 

The Main River Basins 

The main water resources of Uzbekistan are the 
surface runoff, formed by the transboundary riv-
ers the Amudarya and Syrdarya with their tribu-
taries and also the Kashkadarya and Zarafshan 
rivers. The main flow of the Amudarya and 
Syrdarya rivers is formed in Tajikistan and Kyr-
gyzstan respectively. 

The surface water resources of the Amudarya and 
Syrdarya rivers are calculated from data collected 
at the river gauge stations located close to where 
the rivers come down from the mountains. How-

ever, each of these river basins has a so-called 
unaccounted flow that is formed by insignificant 
but numerous inflows from small streams, 
groundwater from mountains and piedmont areas 
and precipitation infiltration, which is not taken 
into consideration by the hydrometrical methods 
of flow estimation. The volume of surface water 
resources of the rivers calculated from the Uzhy-
dromet river flow data for the period 1932/33-
1998/99, and adjusted to the natural conditions 
is presented in Annex 2 [92]. 

The Syrdarya River Basin 

The total area of the Syrdarya river basin is ap-
proximately 345 thousand km2. The main 
Syrdarya river is formed by the confluence of the 
Naryn and Karadarya rivers. It is 2,8 km long, 
about 2,000 km out of the territory of Uzbekistan  
[40, 62, 87, 97]. 

The Syrdarya and its tributaries are glacier/
snowmelt fed rivers. The water resources of the 
Syrdarya average 41.6 km3. Approximately 70% of 
the main flow volume is formed within the upper 
watershed down to the river’s exit into the Fergana 
valley. Most of tributaries join the river along its 
right bank in the eastern part of the Fergana val-
ley. Numerous small streams with insignificant to-
tal flows join the river along its left bank. 

The total surface inflow to the Fergana valley from 
the highland area of 94 thousand km2 is on aver-
age 25,5 km3/year, including the Naryn river 
(45%), the Karadarya river (16%), and the right 
and left bank tributaries (39%). 

The Syrdarya river flow is characterized by signifi-
cant annual and long-term variability. The long-
term average volume of inflow to the Chardara res-
ervoir is 34.3 km3. In a dry year this value de-
creases to 24.3 km3. The natural river flow is sig-
nificantly distorted by the diversion of water for ir-
rigation and disposal of drainage water, as well as 
by reservoirs. These factors disturb the hydrody-
namic and hydrochemical balance of river.  

The Chirchik river is the biggest right bank tribu-
tary of the Syrdarya river. It is formed by the con-
fluence of the Pskem, Ugam, and Chatkal rivers. 
The river watershed is 14,240 km2 in area The 
maximum discharge (581 m3/s) of this glacier/
snowmelt fed river is in June, and the minimum 
in February (69.1 m3/s). Water from the river is 
diverted for irrigation into big canals (Bozsu, 
Karasu, Parkent). 

traditional nesting place for water-fowl and the 
habitat of many mammals and reptiles. 

Wetlands located within the valleys of large rivers, 
at the periphery of debris cones and depressions 
are very often difficult to distinguish from small 
lakes because during wet periods they are filled 
with water. During dry periods some of these 
lakes dry up and turn into wetlands. There are 
not many wetlands in the highlands and they are 
usually small.  

The Man-made Wetland Ecosystems. These sys-
tems are created mainly by artificial water bodies, 
which appeared as the result of drainage water 
disposal from irrigated lands or reservoirs con-
structed for regulating river runoff. 

All the existing wetlands are used for fishing. The 
ecological problems of wetlands are due mainly to 
the unstable regime of water inflow and the fact 
that they are poorly protected. As a result of this 
there are only limited possibilities to conserve the 
habitat and biodiversity of this ecosystem. 
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The Amudarya River Basin 

The Amudarya river is the largest in terms of run-
off which accounts for 2/3 of the total water re-
sources of the Aral Sea basin. The length of the 
Amudarya from the source of the Pyandj river to 
the Aral Sea is 2,540 km, including about 1,000 
km within the territory of Uzbekistan. The basin 
covers a vast territory (approximately 1,327 thou-
sand km2). After the confluence of the Pyandj and 
Vakhsh the river is called the Amudarya. Then the 
river flows along the border between Afghanistan 
and Uzbekistan, crosses Turkmenistan, returns 
again to Uzbekistan and disgorges into the Aral 
Sea, creating at the approaches to it a huge delta 
up to 300 km wide. Two large right bank tributar-
ies (Kafirnigan and Surkhandarya) and one left 
bank one (Kunduz) flow into the river in its middle 
reaches. Then there are no any tributaries on the 
way down to the Aral Sea. Over its course the river 
crosses deserts and semideserts flowing between 
the Karakum and Kzylkum deserts. While flowing 
through the plain from Kerki to Nukus, the river 
loses most of its runoff through evaporation, infil-
tration, and irrigation. The waters of the Amudarya 
river are the most turbid of any in Central Asia 
and among the most turbid in the world 
[40,62,84,97]. 

The Amudarya river is the glacier/snowmelt fed 
type of river and its water resources are 68,63km3 

on average. The main flow volume (85%) is formed 
by the Vakhsh and Pyandj tributaries. The share of 
the Surkhandarya, Kafirnigan, and Kunduz rivers 
is only 15%. 

The total calculated surface inflow from the water-
shed is more than 80.5 km3. The long-term vari-
ability of the annual runoff is not so high (the 
variation coefficient is 0.15), but its uneven distri-
bution through the year is well pronounced with 

77-80% and 10-13% of total runoff in April-
September and December-February respectively. 
Such runoff distribution is very favourable for irri-
gated agriculture. 

The Zarafshan River Basin. The total area of the 
Zerafshan river basin is 143 thousand km2, in-
cluding 131 thousand km2 within Uzbekistan. 
Runoff of the highland part of river basin is formed 
by the Zarafshan river (51%) and its tributaries 
(Fandarya and the others). The total length of the 
river is 576 km. 

The long-term average runoff of the Zerafshan river 
is 5.91 km3. Only 0.76 km3 of runoff is formed in 
Uzbekistan. The Zarafshan river basin is the re-
gion on the right bank of the Amudarya river with 
the lowest available water supply. It urgently re-
quires replenishment of its own water resources 
and improvement of water quality. 

The Kashkadarya River Basin. The Kashkadarya 
river, flowing from the western spurs of the Zaraf-
shan and Gissar mountain ridges, is 310 km long 
with a watershed area of 8,780 km2. The rivers 
Aksu, Yakkabag, Tankhaz, and Guzar contribute 
most to the Kashkadarya river runoff in the 
reaches between the mountains and the Karshi oa-
sis. The Guzar river that flows into the Kashka-
darya river immediately before the Karshi oasis is 
characterized by its negligible water supply and ex-
tremely unstable annual runoff. 

The long-term average runoff of the Kashkadarya 
river is 1.0 km3. Due to the intensive diversion of 
water for irrigation, not all rivers of the Kashka-
darya river basin have constant transit flow along 
all their length after leaving the mountains. 

Underground Water 

Underground water forms a significant part of the 
country’s water resources and plays an important 
role in supplying water for drinking, as well as for 
agriculture, including pasture irrigation. Under-
ground water of the Aral Sea basin, which lies 
within territory of Uzbekistan, is formed by pre-
cipitation and filtration from water bodies, river 
beds, canals, lakes, and irrigated territories.  

The total volume of natural underground water in 
Uzbekistan is 24.35 km3. Out of this amount 

20.79 km3, 2.92 km3, and 0.46 km3 lie in the 
Quaternary, Upper Pliocene-Quaternary, and Up-
per Cretaceous deposits respectively (Table 2.2). 

The regional replenishable underground water 
supply is 24.02 km3. Out of this fresh water ac-
counts for 8.95 km3 (up to 1 g/l). The available 
underground water supply by aquifers is pre-
sented in Annex 2 [62]. 
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Table 2. 2. Underground Water Resources of Uzbekistan 

River Basin  

Natural Underground Wa-
ter Resources 

Used Underground Water 

Total With mineralization 
up to 1 g/l 

km3 km3 km3 

Amudarya 10.73 9.93 3.11 

Syrdarya 13.62 14.09 5.84 

Total 24.35 24.02 8.95 

Source: Uzbekhydroingeo, 2001 

Return Waters 

According to the latest assessments the total vol-
ume of return waters for the period of 1990-2000, 
varies on average from 28.0 to 33.0 km3/year 
[62,77,98]. The total volume of return waters from 
various water consumers is 28.3 km3/year, in-
cluding 20.1 km3/year and 11.5 km3/year in the 
Syrdarya and Amudarya river basins respectively 
(Figure 2.4). These high volumes of return waters 
are associated with high infiltration losses from 
canals and irrigated fields. 

Irrigation water forms a significant part of the 
available water resources because more than half 
of it returns to rivers. However, the poor quality of 
this water is a serious threat to water resources 
and terrestrial ecosystems. The level of the average 
collector and drainage water quality (CDW) miner-
alization varies in the range from 1.5 - 2.5 g/l (the 
Central Fergana valley and Southern zone of Surk-
handarya oblast) to 5.0 – 6.0 g/l (middle reaches of 
the Amudarya river). 

To date 357 underground fresh water aquifers 
(with the exception of mineral and thermal wa-
ters) with a total supply of 0.021 km3/day have 
been explored. Out of this volume 0.010 km3/day 
is potable water. Only 267 aquifers out of the to-
tal number explored are currently in use leaving 
large reserves for the future development of 

drinking water supply in rural areas. Since 1965, 
the underground fresh water supply has reduced 
by 5.05 km3 (36%). This is due to extensive work 
on redistribution and diversion of the large water 
volumes from and disposal into the surface water 
courses, polluted return waters and untreated 
wastewaters. 

Figure 2.4. Distribution of Return Water Volumes by Various Water Consumers and Users 

Amudarya River Basin Syrdarya River Basin 

Source: GEF/WB WEMP, 2002 
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2.1.3. Water Resource Available for Use 

The long-term average volume of Uzbekistan’s in-
ternal rivers is 11.5 km3/year, or around 18% of 
the total water demand (Table 2.3). 

Around 82% of total water demand is covered by 
the transboundary water resources of the Amu-
darya and Syrdarya rivers. The total surface run-
off of these rivers is estimated as 123.08 km3 for 
the years with 90% probability (Figure 2.5). On 
the basis of this value and by the mutual agree-
ment of the Aral Sea basin countries, limits on 
water consumption and sharing of water amongst 
the states of the region have been established 
(Chapter 4). 

Although the estimated value of the available sur-
face runoff (123.08 km3) was adopted as the legal 
basis one for allocating transboundary water re-
sources, other values are also currently available 
such as those produced by SANIGMI (132.7 km3), 
SIC ICWC (116.6 km3) and component A1, 2001 
(123.08 km3). This suggests that additional stud-
ies are required to assess the total surface runoff 
within the Aral Sea basin [72]. 

According to the interstate agreement the volume 
of available water resources for Uzbekistan is 
63.02km3. This is based on seasonal Amudarya 
river flow regulation and long-term Syrdarya river 
flow regulation and takes into account 11.5 km3 
of runoff from Uzbekistan’s own rivers (Table 2.4). 

Table 2.4. Approved Volumes of Available Water Resources for Uzbekistan, km3 

River Main 
Course Tributaries Total Underground 

Waters 
Collector-Drainage 

Flow Total 

Syrdarya 10.49 9.2 19.69 1.59 4.21 25.49 
Amudarya 26.92 6.98 33.9 1.00 2.63 37.53 
Total 37.41 16.18 53.59 2.59 6.84 63.02 

Source: Integrated Water Master Plan for Syrdarya river basin (1983) and Amudarya river basin (1984), Sredazgiprovodkhlopok 

2.1.4. River Flow and Its Regulation 
River Flow 

River flow is characterized by the significant 
short-term and long-term variability. In dry years 
(with a 90% probability) it is 23 km3 less than in 
an average year. Wet periods (2-3 years long) oc-
cur every 6-10 years. Dry periods occur every 4-7 
years and they are typically lengthy (up to 6 
years) [62,73]. 

Variation of flow within these cycles is rather sig-
nificant. During a dry period of 8 years (1960/61-
1967/68) the Amudarya river flow was only 90% 
of its normal volume. During a 2 year wet cycle 

(1968/69-1969/70) it exceeded the average vol-
ume by more than 30% (Figure 2.5.). Variation of 
annual river flow is measured by the coefficient of 
variation: the higher the value of this coefficient, 
the bigger is the variation in flow (Table 2.5). 

The cyclical nature of river flow variation and the 
occurrence of long dry periods complicates the 
use of water sources in the national economy and 
makes it necessary to regulate flow using a sys-
tem of reservoirs. 

River Long-Term Average 
Runoff, km3 

Anudarya River Basin 4.82 
Surkhandarya 3.25 
Kashkadarya 1.06 
Zarafshan 0.51 

Syrdarya River Basin 6.65 
Rivers of Fergana Valley 1.50 
Rivers of Middle Reaches 0.36 

Chirchik, Angren 4.79 
Total: 11.47 

Table 2.3. National Surface Water Resources 
of Uzbekistan 

Source: Uzhydromet, NWG RUz, 2001  
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Figure 2.5. Long-term Trends of River Runoff Variations for 1932-1999 (GEF/WB, WEMP, 2002) 

Table 2.5. River Runoff of Various Probability, km3  

River - Site 
Probability 

Сv 50% 75% 90% 

Amudarya river basin 73.69 66.68 61.41  
Vakhsh-Tutkaul 20.17 18.44 17.00 0.13 
Pyandj-Lower Pyandj 33.84 30.92 28.50 0.12 
Kafirnigan-sum of rivers 5.56 4.91 4.38 0.18 
Surkhandarya-sum of rivers 3.72 3.22 2.89 0.19 
Kunduz river, down stream 4.11 3.57 3.57 - 
Kashkadarya- sum of rivers 1.04 0.85 0.70 0.29 
Zerafshan-Dupuli +Magiandarya-Sudji 5.25 4.77 4.37 0.14 

Syrdarya river basin (down to Chardara res) 34.32 28.86 24.62  
Nary-Toktogul 13.76 11.75 10.18 0.23 
Fergana valley rivers 11.61 9.69 8.22 0.25 
Chirchik, Angren, Keles 6.59 7.11 5.95 0.27 
Rivers of middle reaches 0.36 0.31 0.27 0.21 
Total 108.01 95.54 86.03  

Source: GEF/WB WEMP Project, Glavhydromet data, 2001 
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Flow Regulation of the Amudarya and Syrdarya Rivers 

The main channel reservoirs for the regulation of 
the Amudarya and Syrdarya river flows are lo-
cated beyond the boundaries of Uzbekistan, with 
the exception of the Andijan, Tuyamuyun, and 
South Surkhan reservoirs (Table 2.6). This system 
of reservoirs was designed for use in irrigation 
and energy production. Currently, only seasonal 
flow regulation is carried out in the Amudarya 
river basin (by the Nurek and Tuyamuyun reser-
voirs with a total capacity 10.5km3 and 7.3km3 
respectively) [62,92]. 

The Syrdarya river flow is regulated within a vol-
ume of 34 km3 provided the Toktogul reservoir is 
operated in irrigation-energy production mode. 
The Kairakkum reservoir in Tajikistan in the mid-
dle reaches of the river has a small available stor-

age capacity of 2.5 km3. The Chardara reservoir 
in Kazakhstan with a storage capacity of 4.7 km3 
operates in irrigation mode for water users in the 
lower reaches. 

The Toktogul reservoir located in the Kyrgyz Re-
public provides long-term regulation of the 
Syrdarya river flow. Although the Toktogul reser-
voir controls only 1/3 of total flow of the Syrdarya 
river, it has a significant storage capacity of 14 км3 
and if it is functioning properly allows the whole 
Naryn-Syrdarya cascade of reservoirs to operate 
efficiently. Together with the other reservoirs 
(Kairakkum and Chardara), Toktogul draws down 
up to 4.5-5.0 km3/year during the designed prob-
ability year (90%), including approximately 1 km3 
for hydropower generation. 

Table 2.6. Channel Reservoirs within Amudarya and Syrdarya River Basins 

Reservoir Useful volume, 
mln.m3 River 

Amudarya River Basin   
Nurek 4,500 Vakhsh 
Tuyamuyun 4,500 Amudarya 
Southsurkhan 700 Surkhandarya 

Toktogul 14,000 Naryn 
Chardara 4,700 Syrdarya 
Kaurakum 2,500 Syrdarya 
Andijan 1,750 Karadarya 

Syrdarya River Basin   

Source: NWG RUz, 09.2002 

2.1.5. Water Supply and Balance 

Based upon the availability of its own water re-
sources Uzbekistan is among those countries 
which experience serious water shortages that 
significantly hinder economic development and 
the improvement of people’s living standards. 
Schemes to transfer water for use within the 
Amudarya and Syrdarya river basins and current 
water use in Uzbekistan are presented in Annex2. 

The rough water balance of the Syrdarya and 
Amudarya rivers for dry year conditions (90% 
probability) is shown in Figure 2.6 [62,84,85]. 

Currently the available water limit for a year of 
90% probability does not actually exceed 59.2 
km3. In years with an increased water supply Uz-

bekistan consumes up to 63 km3, including 59 
km3 for irrigation. In the years with a reduced wa-
ter supply this index drops to 54.2 km3, including 
49.0 km3 for irrigation. This is significantly below 
the established limit for possible water consump-
tion, adjusted to the actual situation. The defi-
ciency of water intake during drought years is 
illustrated in Figure 2.7. 

The Syrdarya River Basin. Water availability in 
the Syrdarya river basin has dropped in recent 
years since the Toktogul waterworks changed its 
operational mode to hydropower generation (the 
total capacity of the reservoir is 19.5 km3). The 
hydropower generation mode of Toktogul reservoir 
envisages an increase in water release from 180 
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m3/s to 360 m3/s. These changes in the opera-
tional mode of waterworks within the Syrdarya 
basin has led to a reduction in guaranteed water 
supply volumes during the growing period of 4.5-
5.0 km3/year. Uzbekistan’s share of this reduc-
tion is up to 2.5 km3/year, including a water defi-
cit in the Fergana valley of up to 1.5 km3/year. 

Further downstream in Syrdarya and Djizak 
oblasts the situation is similar. The discharge ca-
pacity of the main water course, the South Golod-
nostep canal, is 330 m3/s which is insufficient to 
meet demands for irrigation of 450 thousand ha 
land in the Golodnaya and Djizak steppes. Cur-
rently not more than 65-70% of this area is sup-
plied with water. 

The Amudarya River Basin. Guaranteeing water 
delivery for irrigation in the Amudarya river basin 
is also problematic. For example, water is delivered 
to the irrigated lands of the Karshi steppe and 
Bukhara oasis by the pumping stations of the Kar-
shi and Amu-Bukhara cascades. However, the 
head intake structures of these cascades are lo-
cated in Turkmenistan. Out of the total intake 
limit from the Amudarya river allocated for this 
zone (10 km3), only 8 km3 is being taken. This 
represents an annual deficit of 2 km3 of water.  

The following situation is in the downstream of 
the Amudarya river - the system of Tuyamuyun 
barrage, consisting of three consequently located 
water reservoirs (Kaparas, Sultansandjar and Ko-
shbulak) has useful capacity of 4,5 km3, as the 
filling is provided consequently, reaching of de-
sign capacity is not possible. This is because the 
Kaparas reservoir with a storage capacity of 0.55 
km3 provides water only for municipal and drink-
ing purposes, and the dam of the Sultansandjar 
pond (with an available storage capacity of 1.65 
km3) is in a very poor state of repair. In addition, 
the long exploitation of the Tuyamuyun reservoir 
has led to silting of 1 km3 reducing its available 
storage capacity to 3-3.5 km3. This limits the 
guaranteed water delivery to the irrigated lands of 
Khorezm and the Republic of Karakalpakstan. 
The current deficiency of water is estimated at 
between 1.5 to 3.0 km3 depending on water avail-
ability in a given year.  

Thus, the total water deficit in the Republic of 
Uzbekistan is an estimated 2.5 km3/year in the 
Syrdarya river basin, and between 1.5 to 3.0 km3 
in the Amudarya river basin. depending on water 
availability in a particular year. 

Inflow of river flow and 
drainage water: 

4.901 km3 

Amudarya water 
resources inflow 
to territory of Uz-

bekistan: 
49.319 km3 

Losses from 
river bed and 

reservoirs 
3.04km3 

Intake for irrigation: 
32.76 km3 

Releases to 
Aral Sea: 
3.15 km3 

Amudarya River 

Figure 2.6. Rough Water Balance of the Syrdarya and Amudarya Rivers for Dry Year Conditions 
(90% probability)  
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Inflow of river flow and 
drainage water :  

 7.68 km3 

Water resources 
at Toktogul-

Uchkurgan sites:  
15.49 km3 

Losses from 
river bed and 
reservoirs: 
0.56 km3 

Inflow to Chardara 
reservoir:  
7.96 km3 

Intake to Fergana valley: 
5.44 km3 

Intake into middle reaches: 
9.21 км3 

Syrdarya River 

Source: Integrated Water Master Plans for Amudarya (1984) and Syrdarya (1985) river basins [84,85,87] 

Figure 2.7. Actual Use of Water and Intake Limits from the Amudarya River by Uzbekistan 
(1992-2005) 

Source: BVO Amudarya, 2006 
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Uzbekistan, the birthplace of irrigation possesses 
a huge irrigation infrastructure. Having passed 
through the stages of direct irrigation from 
streams without dams and oasis irrigation, by the 
end of the 20th century the water infrastructure 

of Uzbekistan consisted of a  huge complex of irri-
gation and drainage networks, hydropower facili-
ties, and municipal and drinking water supply 
systems5. 

2.1.6. Irrigation and Drainage Infrastructure 

Irrigation in Uzbekistan Before Independence 

The water management policy of tsarist Russia, 
and subsequently the Soviet Union, was aimed at 
making Uzbekistan the largest center of cotton 
production. The extensive development of virgin 
lands (the Golodnaya, Djizak and Karshi steppes, 
among others) took place in the period from the 
1960’s to 1985-86. From an engineering view-
point the technical level of construction of these 
irrigation systems was very high. In addition the 
managerial and technical basis for the operation 
of large water complexes and an irrigation and 
drainage infrastructure (I&D) network, was being 
established through the training of qualified local 
staff and the development of essential infrastruc-
ture. 

All these activities produced highly impressive 
results. The area of irrigated land was increased 
from 2.57 million ha in 1960, to 4.22 million ha 
by the mid 1980’s. (Figure 2.8). Raw cotton pro-
duction increased from 2.95 to 5.37 million tons 
[38]. Performance of the constructed systems and 
water use productivity was high: the overall effi-
ciency of irrigation canals in the new irrigation 
zones reached 0.80-0.85; the technically perfect 
systems were maintained in proper operational 
condition. 

However, the issues of sustainability and distur-
bance of the ecological balance were often ignored 
during the process of wide-scale development of 

5The beginning of the main canal construction is attributed to the early 20-th century. The oldest canal (Zang) was constructed in 
1912 from the Surkhandarya river. Large scale construction work for irrigation of the Fergana valley was carried out in the 
1940’s (SFC, NFC and BFC). At the same time the Tashsaka and Suenli canals in the lower reaches of the Amudarya river were 
commissioned. Construction of canals began in the 1960-70’s (Ecki Angar, Karshi, South Golodnostep canals), as and the irriga-
tion infrastructure in the Fergana valley continued to expend (BAC and BNC). Amongst the first reservoirs was the Kattagurgan 
off-river reservoir on the Zarafshan river (1941) and the Kamashi reservoir on the Kashkadarya river (1945). 

Figure 2.8. Trends in Irrigated Area and Water Intake in Uzbekistan from 1900 - 2020 

Source: SANIIRI, 2005 
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Problems of Irrigation and Drainage during Transition Period 

At independence, Uzbekistan inherited not only a 
huge water infrastructure comprising large struc-
tures, pumping stations, dams, canals, etc., but 
also a number of urgent problems associated with 
its deterioration, worsening performance and the 
breakdown of the water delivery and distribution 
system. This contradictory combination of good 
and bad, modern and old, improved and outdated 
systems characterized the irrigation and water 
management situation in Uzbekistan at the mo-
ment of independence [76]. 

Since the mid 1980s, the development of new 
lands was suspended, with the exception of small 
on-farm increases in cultivated area. However, 
the area of irrigated land per capita decreased by 
approximately 25%, from 0.23 ha to 0.16 ha. As a 
result of land degradation and lack of water, the 
productivity of arable land decreased by 23% 
while agricultural inputs and labor costs in-
creased by 23%. 

Such a complicated inheritance proved difficult to 
improve during the first stage of reform. For eco-
nomic reasons, the Government could not provide 
adequate support to the water sector that re-
quired substantial investment. 

From 1991 to 2001, the state share of investment 
in agriculture was reduced from 27% to 8%, and 
capital investment in the water sector was re-
duced by almost 5 times. At the same time pay-
ment for electricity consumed by pumping sta-
tions increased from 13.6% to 48% [72,88,93]. 
Around 20% of the total energy consumption in 
the country and 70% of the MAWR budget is 
spent on electricity used for pumping stations 
and drainage. Allocation of recurrent funds for 

the operation and maintenance of the I&D infra-
structure were sharply reduced, the volume of 
repair works and desilting of collectors and drains 
decreased, and works on the reconstruction of 
canals and water structures stopped. Financing 
for the maintenance of the water infrastructure 
was reduced from 191 (2000) to 184 billion sum 
(2003) in real terms [100]. 

To date, deterioration of the fixed assets of the 
irrigation system is 30-50%; the level of reliability 
of irrigation services for one ha per year with an 
average water supply probability is around 30-
31%. This indicates that there are major prob-
lems with the functioning of irrigation systems. 
According to WB assessments (2003) deteriora-
tion/loss of the resource base for agricultural 
production costs the country approximately $1.0 
billion annually. 

The total requirements for the rehabilitation of 
the water management infrastructure can be 
summarized as follows: 

• 32.1% of the total length of the inter-farm 
and main canals (22,300 km) require recon-
struction, and 23.5% are in need of repair; 

• More than 42.1% of the on-farm irrigation 
network (149,500 km) requires reconstruc-
tion, and 17.4% needs repairing; 

• Out of 42 intake structures with discharge 
capacities in the range of 10 to 300 m3/s, 18 
require replacement and modernization of the 
hydro-mechanic equipment, and 5 require 
reconstruction; 

irrigation, although at the beginning of these ac-
tivities scientists drew attention to possible future 
impacts. The future development of the water sec-
tor had been outlined in the “Integrated Water 
Master Plans” of river basins (IWMP), taking into 
account the interests of water users, consumers 
and the requirements of sanitary water releases 
to the Syrdarya and Amudarya river deltas. At 
that time these solutions were based on the pos-
sibility of transferring water from the Siberian 
rivers (Ob and Irtysh) to the region. This was al-
ready expected to have happened by 1990-95. 

With the beginning of perestroika in the USSR 
(1985), achievements in the area of land irrigation 
and amelioration, as well the whole program for 
development of irrigation and the construction of 
water infrastructure in the Aral Sea basin were 
criticized. This led to negative attitudes of govern-
ment and society towards the water sector.  As a 
result, many water management organizations 
were closed down, and capital investment in the 
sector was reduced.  The funds allocated from the 
state budget for maintenance of the I&D infra-
structure were sharply reduced causing its rapid 
deterioration. 
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2.2. Water Use and Water Resources Protection in Uzbekistan 

2.2.1. Use of Water Resources by Sectors of the Economy  

In the current conditions Uzbekistan has at its 
disposal 11.5 km3 of surface runoff from internal 
rivers and 42.0 km3 from transboundary rivers, 
as well as 9.43 m3 of return and underground wa-
ter. Fig. 2.9 below shows the use of water in 
2000, by economic sector measured. 

The largest user of water resources is irrigated 
agriculture which accounts for 84% of the total 
volume used. 

• The majority of pumping stations supplying 
water to more than 2.1 million ha have al-
ready worn out. Out of a total of 1130 sta-
tions, 76 are large (>100m3/s), 496 are me-
dium (up to 10m3/s), and 561 are small (less 
than 1m3/s). In general, 80% of large, 50% of 
medium, and 30% of small pumping stations 
require repair and reconstruction; 

• Unfortunately, the sharp increase in prices 
for energy carriers and in equipment costs 
means that gravity irrigation is now a priority; 

• Out of the 27 inspected reservoirs, 11 are al-
most completely silted up, and at 5 other res-

ervoirs the silt has almost reached the level of 
the outlet structures [72]. 

• Around 19 thousand km of the open on-farm 
drainage system require desilting, 11,500 km 
of open and sub-surface drains require recon-
struction and repair, and up to 50% of the 
sub-surface horizontal drainage system is 
operational [93]. 

In the current situation the operational life of the 
infrastructure will further decrease and may 
reach critical limits. 

Municipal & Drinking Water Supply  4.05 

Industry 1.20 

Rural Water Supply 0.91 

Irrigation 57.00 

Energy 4.07 

Fishery 0.37 

Other  0.10 

Total: 67.70 

 

 

 

 

 

 

 

 

Sectors km3 % 

The use of water by consumers is based on the 
principle of equal water supply. Priorities in water 
delivery amongst the sectors of the economy are 
as follows: 

• Drinking and municipal water supply; 

• Industry; 

• Agricultural and rural water supply 

• Water users approved by special government 
decision; 

• Sanitary releases to irrigation systems and 
small rivers. 

 

Figure 2.9. Use of Water by Sectors of Economy, MAWR,2000 
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Drinking and Municipal Water Supply. The distinc-
tive feature of municipal water use is the strict 
requirements for water quality, especially drink-
ing water. Amongst non-irrigation water users 
this sector is ranked first in terms of volume of 
intake, consumption and disposal of sewage wa-
ter from cities and settlements. For drinking and 
municipal needs 4.05 km3 are used annually. 
This is half of the total water consumption by all 
the non-irrigation sectors of the economy. The 
municipal sector consumes 1.97 km3 of water an-
nually. 

A significant proportion of municipal and drink-
ing water supply is provided by underground wa-
ter. Out of 6.205 km3/year of underground water 
extracted for all economic purposes, municipal 
and drinking water supply for urban areas ac-
counts for 1.142 km3/year. Supply to rural areas 
totals 1.423 km3/year. 

Although significant efforts have been made to 
improve drinking water supply, one third of the 
republic’s population still drink water which is 
below acceptable standards [63]. Survey results 
indicate that 34.4% of the total samples taken in 
2000, from all sources of surface water in 
Khorezm oblast was below the national standard 
for microbiological safety, and 15% showed the 
presence of cholera vibrios [83]. As a result of hu-
man activity, 40% of explored sources of under-
ground fresh water had become unsuitable for 
drinking purposes [63]. Due to the uneven distri-
bution of underground fresh water reserves, some 
regions of the republic have a shortage of drink-
ing water (e.g. Karakalpakstan, Khorezm, Buk-
hara, western rayons of Samarkand, Kashka-
darya, Djizak and Surkhandarya oblasts). 

Water by Industry. Uzbekistan’s industry with-
draws 1.2 km3 of water annually, of which only 
0.58 km3/year is consumed. Almost half of the 
withdrawn water is returned in the form of indus-
trial effluent that poses an ecological threat to the 

environment. 502 industrial enterprises dispose 
into surface water bodies around 0.14-0.17 km3/
year of poorly purified effluent containing heavy 
metal salts, fluorides, phenol, petrochemicals, all 
nitrogenous groups, biological and other pollut-
ants specific to particular industries. 

Water for Agricultural and Rural Supply. The agri-
cultural and rural water aims to meet the drinking 
and municipal water demands of the rural popula-
tion and the productive demands of agriculture 
(not including irrigation). Many of the problems 
faced by rural water users are similar to those en-
countered by urban municipal users, but more 
sensitive. For agricultural and rural supply pur-
poses 0.906 km3 of water are used annually, al-
most 90% of which is consumed. Therefore, this 
sector produces only a neglible volume of effluent. 

Water in Irrigated Agriculture. Out of the total 
volume of water consumed irrigation accounts for 
more than 84%. Taking into account the impor-
tance of agriculture to the national economy and 
the fact that 16.579 million people in rural areas 
are directly dependent on it, for their livelihood, 
incomes and welfare, ensuring an adequate water 
supply to this sector is extremely important. 

In the current conditions the irrigation of 4.3 mil-
lion ha of land requires an average of 57 km3 of 
water annually. The specific water consumption 
in the Syrdarya river basin is 10.4 thousand m3/
ha, while in the Amudarya basin it is 12.5 thou-
sand m3. The irrational and inefficient use of wa-
ter are the main factors restricting the develop-
ment of irrigated agriculture. The main reasons 
for low efficiency is the significant loss through 
infiltration from the main canals, on-farm irriga-
tion networks and directly from field irrigation 
water application. Only a small fraction of water 
withdrawn from its source is used purposefully 
(Table 2.7). 

Table 2.7. Water Losses in Irrigation Application 

Losses/Use Volume 
(‘000 m3/ha/year) % of Total Intake from Source 

Losses from canals 2.68 20 
Other inter-farm losses 650 5 
On-farm canals: 

Transportation losses  
Operational losses 

  
3.10 
3.10 

  
24 
24 

Field water application: 
Leaching 
Irrigation 

  
770 
2.70 

  
6 
21 

Total 12.90 100 

Source: GEF, WEMP, Component A1, Final Report, 2001 
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Over recent years the Government has adopted a 
number of measures aimed at increasing the effi-
ciency of the main canals, improving water deliv-
ery, and so on. Optimal approaches to irrigation 
and water management mechanisms at various 
levels and in various regions of the country are 
being demonstrated by international organiza-
tions and donor countries (Chapters 1 and 5). 
However, the introduction of the results of these 
activities on a wide scale is limited by the lack of 
funds and problems in the existing agriculture 
system. Meanwhile, pollution of water and its 
consequences are growing. This hampers the 
transition to sustainable development and the 
achievement of food security. 

Ecological Releases and the Aral Sea Demand. 
Before the early 1990’s the demands of the Aral 
Sea were met in accordance with the residual 
principle (delivery of water volumes which re-
main after all economic needs are covered). With 
the adoption of intergovernmental agreements 
the Aral Sea and its littoral zone are now inde-
pendent water consumers (Chapter 4) [101]. The 
dynamics and pattern of ecological releases and 
water delivery to the Aral Sea are illustrated in 
Figure 2.10. 

Water in Hydropower Generation. The country’s 
energy system is a component of the Integrated 
Power System of Central Asia (IPSCA) with 42% of 
the total installed capacity of the system.  Opera-
tion of the IPSCA is carried out on the basis of the 
agreement “On parallel operation of the power 
system of Central Asian countries”, as well as in 
accordance with agreements concluded with 
neighboring countries.  

Uzbekistan’s power system is based on 9 thermal 
and 28 hydro power stations. The total installed 
capacity of this sector is 11.58 million kWh, in-
cluding 9.8 million kWh from thermal power sta-
tions, and 1.4 million kWh from hydro power sta-
tions. The electric power sector is in fact a water 
user. Out of 4.1 km3 used for hydropower genera-
tion, only 0.15 km3 is consumed.  

However, only 11.3% of the total capacity of Uz-
bekistan’s rivers is currently used. The 28 operat-
ing hydropower stations are located on rivers and 
large canals. Some 10 small scale hydropower 
stations with a total installed capacity of 26 MW 
were taken out of service due to problems with 
outdated equipment and lack of spare parts. This 
situation represents a serious problem for eco-
nomic development. Significant inputs and in-

vestment will be required to restore the existing 
energy capacity and develop future capacity in 
order to meet the needs and improve the living 
standards of the 26 million population. 

Water for Fisheries. One of the serious conse-
quences of the Aral Sea disaster is the loss of the 
country’s largest fishery that once provided 20 
thousand tons of fish annually. The relocation of 
the fishery from the sea to the lake system of the 
Aral Sea littoral zone has not prevented a steady 
decline in the region’s fish catch. 

As a result of this relocation the fishery has been 
reoriented to pond fish breeding and all the suit-
able water bodies are now used for this purpose, 
particularly the Aidar-Arnasai lake system. At the 
same time there has been a change in the roles of 
fishing and fish breeding. A significant decline in 
fish production (51%), occurred between 1992 
and 1995, due to the economic difficulties. The 
droughts of 2000-2001, aggravated the situation. 
The most catastrophic losses in the history of 
fisheries in the Aral Sea littoral zone were ob-
served in 2003, when the fish catch decreased to 
131.6 tons. 

The increase of water mineralization and pollu-
tion by the toxic substances resulting from the 
disposal of irrigation return waters and indus-
trial effluent into water bodies has a significant 
effect on fisheries. Despite the fact that the fish-
ery sector is considered a water user rather than 
a consumer, it does consume around 60% of the 
0.368 km3 of annual water intake. 

Water for Recreation. Recreational water use is 
based on the natural and artificial ecosystems, 
which include the piedmont and highland re-
gions, floodplains of the large rivers, and shores 
of reservoirs and canal banks. Water bodies are 
among the most attractive landscapes for recrea-
tion purposes. However, their natural conditions 
are of little use for the recreation purposes and 
require the significant volume of works for recrea-
tional development and nature protection. 

The main recreation areas are the Amudarya (the 
floodplain, reservoir shores, and canal banks), the 
Zarafshan (the entire length of the river), Tash-
kent (Chatkal and Chirchik rivers, shores of the 
Charvak reservoir), Karadarya (Karadarya and 
Syrdarya rivers and shores of the Kairakkum res-
ervoir), and Fergana (piedmont and highland 
reaches of small rivers). The potential recreational 
capacity is 45 thousand people and this could 
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Figure 2.10. Satisfaction of the Aral Sea Needs and Ecological Water Releases for  1992-2005 

Source:: BVO Amudarya, 2006 

increase to 170 thousand with further shoreline 
development. Practically all the recreational facili-
ties are water users with only negligible consump-

tion for drinking and municipal purposes. 

2.2.2. Water Resources Quality 

The current quality of the country’s water re-
sources remains extremely unsatisfactory. The 
highest level of mineralization and pollution is 
observed in the middle and lower reaches of the 
main rivers. This presents a serious threat to the 
life and health of the population and to the con-
servation of habitats. The main polluter of surface 
and underground waters is agriculture. Industrial 
effluents are slightly smaller in volume, but due 
to the level of their toxicity they are more danger-
ous and harmful. 

For the integrated assessment of water quality the 
water impurity index (WII) is used. This calculates 
the arithmetic mean value of six hydrochemical in-
dices expressed as fractions of the maximum allow-
able concentration (MAC). These indices are the 
content of dissolved oxygen, biochemical oxygen 
demand (BOD) and any other four pollutants with 
the highest above average concentrations). There 
are seven classes of water quality by the WII [107]. 
A brief assessment of water quality based on the 
data of the State Statistics Department is provided 
below (2001). 

Surface Water Quality 

The hydrochemical regime of rivers is influenced 
by the natural and anthropogenic factors. In the 
upper watersheds the regime of river water miner-
alization is determined by water availability, du-
ration of high and low water periods and the 
other natural peculiarities of the water sources. 

The surface runoff of rivers has changed signifi-
cantly under the influence of human activity. In-

takes into irrigation canals and losses from river 
beds cause a reduction in river runoff, and the 
disposal of collector and drainage waters worsen 
its quality. Analysis of data indicates that over the 
period 1932-1999 water mineralization increased 
significantly in the lower reaches of the Amudarya 
and Syrdarya rivers and is 1.2-1,9 g/l on average 
(Fugure 2.11). 
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In 1996, WII class I (clean) water was observed in 
the Amudarya river at the Termez site. At the rest 
of the sites the water quality corresponded to the 
class III (moderately polluted). By 2000, predomi-
nately class III water was found by the WII along 
the entire length of the river. Water from the Surk-
handarya river from its source to its estuary was 
also evaluated as moderately polluted (class III). 
Water mineralization in the Kashkadarya river in-
creases along its course from 0.19 g/l in the upper 
reaches to 1.22 g/l in the lower reaches. The level 
of pollution by petrochemicals ranges from 0.4 to 
8.2 of the MAC. 

The quality of water at Syrdarya river sites is also 
class III (moderately polluted). Some improvement 
in water quality is observed at the site upstream 
from Bekabad city where the WII indicated class II 
water. 

The chemical composition of water in the Zaraf-
shan, Kashkadarya, Chirchik and others rivers is 
heavily dependent on wastewater from industrial 
enterprises and the municipal sector. According 
to the WII, the quality of water in the Akhanaga-
ran river falls to class III. Environmental protec-
tion measures have improved the situation some-
what in the Chirchik river. At the site down-
stream from Chinaz town the water quality is 
class II on the WII. 

Analysis confirms the steady increase of surface 
water mineralization along the river courses from 
source to estuary and pollution of river water by 
the industrial effluents, especially in the large in-
dustrial zones. 

Figure 2.11. Long-term Trends of River Runoff Mineralization by Their Sites (GEF/WB, 2002) 
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Table 2.8. Mineralization of Drainage Water by the Main Collectors on the Right Bank of 
Amudarya River 

Collector 
Discharge 
Capacity, 
million m3 

Mineralization, 
g/l Water Disposal Point /Body 

Dengizkul 429.80 5.30 RBDC (existing section) 
Southern 26.40 8.00 Dengizkul 
Main Karakul 75.50 7.10 RBDC (existing section), Amudarya 
Central Bukhara 286.10 3.50 Salty lake, Amudarya 
Western Romitan 80.20 3.90 Salty lake, Amudarya 
Northern 343.50 3.40 Karakyr lake 
Ayakagitma 120.80 2.30 Ayakagitma depression 
Karaulbazar 109.40 9.00 Khodicha depression 
Parsankul 367.90 5.10 Amudarya 
Dul-dul 117 2.50 Ayakagitma depression 
Central 50 1.80 Zarafshan river (used for irrigation) 
Source: WB, 1998. Drainage Project. MMTU-Uzgipromeliovodkhoz 

Collector and Drainage Water Quality  

From irrigated areas of the Karshi steppe on aver-
age 1.2 km3/year of drainage water (with minerali-
zation up to 8 g/l) are disposed through the South-
ern and Sichankul collectors into the Amudarya 
river. From irrigated areas of the Bukhara oblast up 
to 1,5 km3 of the CDW with mineralization of 
around 4 g/l are disposed into the Amudarya river 
(Table 2.8). 

The content of nutrients (nitrogen and phospho-

rus) and pesticides in the collector and drainage 
water is significantly higher than in the surface 
water, and concentration of trace elements is in 
the same range (Annex 2). 

To prevent pollution of the Amudarya river a 
package of measures on drainage flow manage-
ment along the right bank of the river has been 
developed within the framework of the Drainage 
Project (Box 2.3). 

Underground Water Quality 

In the east of Uzbekistan, 60% of the total re-
serves are underground. In all but a few areas 
this water meets the Uzbek State Standard (O'z 
DST) 950 for “Drinking Water” (2000). 

Reserves of underground water in the western 
part of the country (in the lower reaches of the 
Zarafshan river and the western part of the 
Kashkadarya, Syrdarya, Amudarya and Central 
Kzylkum basins) are highly mineralized and hard. 
The fresh underground water lenses formed along 
the large watercourses (Amudarya and irrigation 
canals) and used to supply drinking water to the 
Khorezm oblast and Karakalpakstan are below 
standard due to an increase in mineralization and 
hardness. This is a cause of serious concern and 
necessitates urgent decisions and measures, be-
cause the population of the lower river reaches 
has restricted access to other sources of water. 

Around 50% of the total volume of underground 
water extraction in the republic takes place in the 
Fergana Valley. However, here, as in the other 
regions, depletion of underground reserves and 
degradation of its quality due to unbalanced wa-
ter consumption and environmental deterioration 
is typical. Aquifers in the lower part of the Sokh 
alluvial cone are practically unusable. As a result 
of economic activities and pollution of water 
sources associated with these activities, out of a 
total fresh underground water reserve of 20 m3/с, 
only around 10-12 m3/s concentrated in the cen-
tral part of the Sokh alluvial cone. In order to im-
prove protection of the current and potential 
sources of drinking water in the country, the 
status of area of national environmental impor-
tance has been given to eleven zones of fresh un-
derground water formation (including the Sokh 
aquifer). 
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2.2.3. Water Problems by River Basins  

Shortage of water and degradation of water and 
land resources are apparant throughout the coun-
try. A significant proportion of irrigated land suffers 
from salinization, waterlogging and water erosion, 
agricultural biodiversity losses and other especially 
dangerous processes6. This restricts development of 
agriculture and other sectors of the national econ-
omy and aggravates the problems faced by the rural 
population with low incomes. Various studies con-
ducted in the rural areas (WB, 2002; ADB, 2005) 
show that the percentage of the population with low 
incomes is clearly associated with the unreliable 
supply of water for irrigation and land degradation 
(i.e. soil salinity and waterlogging). The annual loss 
of agricultural production in Uzbekistan due to land 
salinity/degradation is estimated at $31 million, 
and losses caused by land abandonment (due to its 
high salinity) are approximately $12 million [65]. 

There is a close interrelationship between water 
quality, health, and the percentage of the popula-
tion with low incomes. Almost a quarter of the 
population (more than 6 million people) over 
many parts of the country are effected by polluted 
water [27]. These problems cover large enough 
groups of population in many parts of the coun-
try. The most vulnerable people are those in the 
regions where natural phenomena (droughts, and 
desertification) and anthropogenic factors associ-
ated with improper water and land resources 
management, overlap. A summarized assessment 
of the current problems associated with water use 
and water availability in the Syrdarya and Amu-
darya river basins is provided below. 

6Currently around 53% of irrigated lands suffer from secondary salinization and more than 1.0 million ha of them are classified as moder-
ately and severely saline.  Around 0.8 million ha of land is subject to water erosion and more than 2.3 million ha suffer from wind erosion.  
Specific losses of humus layer over a season due to erosion reach 80 t/ha. The area of pasture subjected to degradation due to overgrazing 
and human activity is 7.4 million ha and  losses of nutrition capacity are estimated as 21% on average. More than 5 million ha of pasture are 
subject to deflation of sands due to deforestation and loss of more than 15 % of the valuable species diversity.  Around 54% of the surveyed 
soils are polluted by pesticides; more than 80% have increased content of magnesium chlorate, etc. 

Syrdarya River Basin 

Fergana Valley 

The Fergana valley is an ancient oasis called “The 
Golden Valley” because of its favorable environ-
mental -climatic conditions and fertile lands. This 
is the most populous region not only of Uzbekistan 
but within Central Asia (6.8 million people): the 
density of population in Andijan oblast is ten times 
higher than the national average. 

Irrigated lands with a total area of 907 thousand 
ha are the main source of livelihood and employ-
ment for the rural population of more than 4.5 mil-
lion people. The area of irrigated land for each ru-
ral inhabitant is 0.19 ha, as compared with 0.27 
ha in the rest of Uzbekistan. However, production 
of cotton and wheat from each unit of irrigated 
area here is 1.3-1.5 times higher then the national 
average. 

A characteristic of the irrigation network in the 
valley is its high density and branching. The many 
large and small systems are crossed by connecting 
canals, which feed the systems with additional wa-
ter from the Naryn, Karadarya, and Syrdarya rivers 
(Figure 2.12). The irrigation network is inefficient: 
more than 57% of the main and inter-farm canals 

and 90% of the on-farm canal network have soil 
beds and require reconstruction, repair and proper 
maintenance. 

From 1994 the change in the Toktogul reservoir 
operational mode caused a sharp reduction in the 
summer irrigation water releases and an increase 
in winter releases. According to MAWR data 
(2005), in Namangan oblast alone there is a sum-
mer water deficit of 0.9 km3. During a year with 
average water availability the water deficit varies 
from 57-61% (June-August) to 85% during the au-
tumn. At the same time, the Naryn river flow dur-
ing autumn-winter period is more than two times 
higher than its natural flow and 1.9 times smaller 
than its natural value during the summer months. 
The unbalanced water supply has a negative effect 
on the operation of canals and water structures, 
forcing them to operate continuously in extreme 
conditions which leads to their premature deterio-
ration. 

During the summer period intakes into the North-
ern Fergana Canal (NFC), Big Namangan Canal 
(BNC), Big Fergana Canal (BFC) and Akhunbabaev 
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Canal are especially problematic. The total area 
with critical water availability during the growing 
period is 200 thousand ha.  

As a result of low water supply, losses of wheat 
yield vary from 0.04 to 0.06 t/ha, and those of cot-
ton from 0.07 to 0.1 t/ha; the income of farmers 
and dekhkan decreases, and orchards and vine-
yards become dry. Meanwhile, unsatisfactory sup-
ply of agricultural products and raw materials to 
meet the rapidly growing demands of the food 
processing industry causes serious socio-economic 
tensions. The economic problems make it difficult 
for the government to rehabilitate the existing I&D 
infrastructure which is already outdated and in 
need of significant investment. According to the 
BVO Syrdarya assessments (2001), the annual 
funding required for the operation and mainte-
nance of the basin’s infrastructure is $1.4 million 
on average. Restoration of the BFC will require 
$21.6 million, and there are around ten such ca-
nals in the Fergana valley. In order to stabilize the 
current situation, the Government is carrying out 
urgent engineering measures to increase water 

availability in Namangan oblast (Box 2.1). 

The other serious problem for irrigated lands lo-
cated on the right bank and central part of the val-
ley is the rise of the groundwater table and associ-
ated processes of waterlogging and soil saliniza-
tion. The main reasons for this are the high infil-
tration water losses from the adjacent higher lands 
(especially the Burgandin massif in the Kyrgyz Re-
public and adyr land in the Fergana valley), and 
the inadequacy of the existing water infrastruc-
ture. Due to continuous waterlogging agricultural 
lands are being abandoned and houses and other 
buildings destroyed. The situation is particularly 
bad in the Rishtan, Bagdad, and Altyaryk rayons, 
where during the growing period the groundwater 
table outcrops at the surface. 

This causes significant pollution of fresh under-
ground water and the disturbance of aquifers in 
the lower part of the Sokh alluvial cone. The nega-
tive impact on the central part of the alluvial cone, 
where fresh underground water remains, is grow-
ing. Mineralization and hardness of water have 

Figure 2.12. Irrigation Systems of Fergana Valley [88] 
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increased here. The loss of many of the remaining 
aquifers limits the access of 1.5 million people to 
high quality drinking water. In addition, due to the 
expected growth in population the demand for 
fresh underground water from the Sokh aquifers 
for municipal and drinking water supply will in-
crease 1.5-1.6 times. 

This year at the request of the Government, the 

World Bank has begun implementation of the 
“Water Resources Management in the Fergana Val-
ley” project. The strategic objective of this project is 
to develop technically reliable and cost efficient 
solutions aimed at improving water supply and 
water use practice in three rayons of the Fergana 
oblast and protecting underground water sources 
in the lower part of the Sokh alluvial cone.  

Box 2. 1 

“Construction of the Rezaksai Reservoir in the Namangan Oblast” Project 

In order to mitigate the impact of the severe drought of 2000-2001, the Government of Uzbekistan commenced con-
struction of a dam on the off-channel Rezaksai reservoir with a total capacity 0.2 km3 . This will be filled by the BNC. It 
also constructed two other outlets into the Syrdarya river and NFC (20-40 m3/s), and other elements of infrastructure 
(maintenance roads, etc.). In perspective the volume of the reservoir will be increased up to 0.66 km3 by filling up 
through the BNC and pumping stations cascade from the NFC. These technical measures will increase the level of water 
availability for irrigated agriculture and industrial and municipal water consumption, and therefore, mitigate economic 
and sanitary/epidemiologic tension in the Namangan oblast, especially during dry years. In addition, these measures will 
ensure the partial withdrawal from Naryn river winter releases of the Toktogul reservoir that will mitigate problems with 
their accumulation in the Chardara reservoir. The net benefit from the project interventions at the command area is an 
76.6 billion sum, and also it will be commissioning the additional water management facilities (46.3 billion sum) and ad-
ditional workplaces for over one thousand people. [Feasibility Study of the Rezaksai Reservoir, 2005]. 

The Middle Reaches 

The middle reaches of the Syrdarya river include 
the Golodnaya and Djizak steppes on its left 
bank, and the piedmont plains and Tashkent oa-
sis on its right bank. There are three large admin-
istrative oblasts in this territory: Tashkent, 
Syrdarya, and Djizak. The total area of irrigated 
land is 985 thousand ha, including 390.9, 293.6 
and 300.5 thousand ha in the Tashkent, 
Syrdarya and Djizak oblasts respectively. The 
Syrdarya is the main source of water resources 
for the Golodnaya and Djizak steppes, with minor 
contributions from the mountain streams of the 
Djizak steppe. The sources of water for the Tash-
kent oasis are the Chirchik, Angren, Akhangaran, 
and Syrdarya rivers.  

As was mentioned above, due to misuse over the 
years the water infrastructure of the Golodnaya 
and Djizak steppes has come to the end of its 
useful life and requires major renovation. As a 
result over 30% of irrigated land is waterlogged 
and more than 38% of land is classified as moder-
ately or severely saline. Yields of cotton in the 
Syrdarya oblast have decreased two to three times 
from 3.2-3.6 t/ha to 1.4-1.6 t/ha. In some areas 
with high levels of land salinity and waterlogging 
cotton yields do not exceed 1.2 t/ha. Every year 
up to 8.8 million tons of salt is deposited in de-

pressions and around 2.3 million tons are dis-
charged into the Syrdarya river causing pollution 
and posing a significant ecological threat to the 
aquatic and terrestrial ecosystems [92]. 

Over recent years new ecological and socio-
economic threats, associated with increased water 
releases from the Chardara reservoir into the Ar-
nasai lake system, have arisen (Box 2.2). 

To protect agricultural lands and rural infrastruc-
ture and to ensure human and ecological safety 
around the Arnasai lake system, the Government 
completed the construction of the Arnasai reser-
voir with a storage capacity of 600 million m3 and 
a water surface area of 140 km2. It has also built 
protective dams and structures. Management 
bodies within the oblast are also taking urgent 
measures to stabilize the situation. 

International organizations, such as the Asian 
Development Bank, EC-TACIS, USAID and the 
French Government provide significant assistance 
to help solve the above mentioned problems and 
improve water management. The French Govern-
ment has helped to improve drinking water sup-
ply and increase water availability for 405 thou-
sand ha of irrigated land in the Syrdarya and Dji-



49 

 

zak oblasts. The “Modernization of the South 
Golodnostep Canal (SGC)” project, financed by 
credit from the French Board of Treasury, has 
completed its second stage. Adaptation of the 
SCADA system for the South Golodnostep canal 
has now been accomplished. Since 2003, with 
support from ADB the project “Development of 
Agriculture in the Akaltyn rayon of Syrdarya 
oblast” has been implemented. One of the main 
tasks of this project is “Support to the develop-
ment of infrastructure and to restructured 
farms”. 

These investment projects and pilot programs, in 

Box 2.2 

Problems of the Arnasai System of Lakes 

The Arnasai system with an area of 2,000 km2 , was formed in 1969, as a result of discharge of 21 km3 of water from 
the Chardara reservoir, located in the Republic of Kazakhstan. By the beginning of the 1990s, inflow of collector and 
drainage waters stabilized the water level at 237 m above sea level, but from 1993, further releases from the reservoir 
caused a rise in the water level of 8.7 m. Today Arnasai is the largest system of lakes in the Republic of Uzbekistan 
comprising Aidarkul, Tuzkan, and Upper Arnasai lakes. By the summer of 2003, the total area of this lake system 
reached 3,491 km2 with a volume of inflow of up to 3.0 km3/year on average. As a result 180 thousand ha was flooded 
(2004) in the Djizak and Navoi oblasts The water covered paddocks and pastures, sheep-folds and insemination sta-
tions, wells and mineshafts, tens of kilometers of roads, electric power lines, gas pipelines and other installations. Parts 
of the Baimurat and Koshkuduk settlements with a total population of approximately 2,5 thousand people are threat-
ened with flooding. The cost to Uzbekistan of the damage caused by this flooding is estimated at $700 million annually. 
(Arnasai Feasibility Study, 2005, Uzhydromet, 2004) 

The Amudarya River Basin 

There are more than 23.5 million ha of agricul-
tural land in the Amudarya river basin, including 
2.38 million ha which are irrigated. More than 
11.4 million people (43% of the total population) 
live in this region, 70% of which live in rural ar-
eas. The ancient oases of Samarkand, Bukhara, 
Khorezm, Kashkadarya and the Republic of Kara-
kalpakstan surrounded by the vast sandy deserts 
of Kzylkum and Karakum are located here. Irri-
gated agriculture and other economic activity in 
this region traces its roots back to 2000 BC, sur-
viving many ups and downs. However, the eco-
logical disaster of the 20th century may prove to 
be the heaviest burden for the present and future 
generations. 

The Surkhandarya oblast with a total irrigated 
area of 0.33 million ha is located in the upper river 
reaches and consists of piedmont slopes and river 
valleys. Inefficient irrigation of the slopes with the 
excessive tail escapes and infiltration has led to 
waterlogging of lower land and the deterioration of 
surface and underground water..  In the south of 
the oblast 36-80% of the drinking water does not 
meet the State Standard (GOST) “Drinking Water”. 
In the Saryassiya and Denau rayons the environ-
mental situation is particularly bad due to harmful 
emissions from the Tajik aluminium plant. The 
level of infant mortality here is on average 54 / 
1,000 people which is even greater than in the epi-
center of the Aral Sea crisis (the Republic of Kara-
kalpakstan and Khorezm). 

various rayons of this region with support from 
donors will contribute greatly to the improvement 
of water management and development of the 
WUAs at both project area and national level. At 
the same time, it is obvious that the current inputs 
and investments are insufficient to cover the needs 
of the region for improvement of water manage-
ment and the rehabilitation of infrastructure at the 
national and regional levels. According to assess-
ments of the BVO Syrdarya (2001) the restoration 
of the Dustlik canal (former Kirov canal) alone 
which serves irrigated lands in both Uzbekistan 
and Kazakhstan would require $4.03 million.  

The Middle Reaches 

The country’s large economic regions, the Samar-
kand, Navoi, Bukhara, and Kashkadarya oblasts, 
with a total irrigated area of 1.28 million ha are 

concentrated in the middle reaches of the Amu-
darya river. This river is the main source of water 
for the Karshi steppe and the Bukhara and Navoi 
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oblasts. Other sources of water here are the Zaraf-
shan and Kashkadarya rivers (Figure 2.13). The 
total population is around 9 million of which 73% 
are rural inhabitants. 

One of the main peculiarities of water delivery to 
the irrigation systems in these Amudarya reaches 
is the use of pumping stations or lift irrigation. The 
Karshi main canal (175 m3/s) with a cascade of 6 
pumping stations, and the Amu-Bukhara main 
canal (350 m3/s) and pumping station are the 
largest lift irrigation systems. The intake struc-
tures of both canals are located in Turkmenistan. 
Both systems have off-channel reservoirs. 

As in other regions of the country the I&D infra-
structure, operated for more than 35 years without 
proper management and maintenance, and has 
now reached the end of its intended useful life. Op-
eration and maintenance funds for the irrigation 
infrastructure cover only 55%-66% of the total re-
quirement. Deterioration of pumping station 
equipment limits water intake from the Amudarya 
river by 2 km3 during conditions of seasonal regu-
lation. Deterioration of the network and water 
structures has led to significant water losses, poor 
irrigation water application and increased land 
degradation. In turn this has caused a consider-
able decrease in yields and farmer income. Cotton 
yields have fallen from approximately 2.7 t/ha 
(1992) to 2.4 t/ha (2004). Although the wheat yield 
has increased from 2.3 t/ha (1991) to 4.2 t/ha 
(2004), it still remains low for irrigated cultivation. 
According to ADB assessments (2005), it is ex-
pected that with further deterioration of the I&D 

network the irrigated area may be reduced by 20-
25% over the next 30 years. 

As was mentioned above discharge of collector and 
drainage waters into the Amudarya river pollutes 
river flow that is used by the delta population for 
drinking purposes and irrigated agriculture.  The 
main regions, which discharge salt into the Amu-
darya river, are the Karshi steppe (6.43 million 
tons/year) and Bukhara oblast (5.6 million tons/
year). Disposal of return waters into the desert de-
pressions damages the fragile terrestrial and 
aquatic ecosystems of deserts. Dozens of water 
bodies of various volumes and sizes have appeared 
recently in this region. These include Dengizkul, 
Salty, and others (Figure 2.13). At the same time, 
the existing volume of water in desert depressions 
is very small and insufficient for long-term use. 
The infiltration losses and groundwater from irri-
gated lands contribute to the emergence of a large 
number of drainage lakes, which present a serious 
ecological threat. 

In order to withstand the problems associated with 
the pollution of the Amudarya river, since 1990 the 
Government of Uzbekistan has taken steps to re-
habilitate the existing drainage systems and con-
struct off-take collectors (Box 2.3). From this year 
within the framework of the GEF Initiative of the 
Central Asian Countries on Land Resources Man-
agement (ICACLRM) the ADB credit funded project 
“Land Improvement in the Bukhara, Navoi, and 
Kashkadarya oblasts” will be launched (Chapter 5). 
However, this project does not address the prob-
lems associated with the main collectors and alter-

Figure 2.13. Water Infrastructure and System of Lakes and Depressions on the Right Bank 
of the Amudarya River (WB, 1998) 
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natives for withdrawal and/or decrease of collector 
and drainage water (CDW) discharge into the Amu-
darya river. Implementation of these measures is 
financed from the state budget. Donor support for 
improvement of water quality in the Amudarya 
river and regulation of the CDW within this region 
is extremely important. 

The other regions under ecological threat are the 
Zarafshan and Kashkadarya river basins. The 
Zarafshan river provides water for irrigation, in-
dustry, drinking and municipal use for a popula-
tion of more than 3 million 67% of which are rural 
inhabitants. The total water consumption by all 
sectors of the economy within the Zarafshan river 
basin is 6 kmЗ/year which exceeds the natural 
river flow into Uzbekistan. The shortfall is covered 
by using collector, drainage, and return waters in 
the downstream river reaches which leads to prob-
lems of water pollution. 

According to the Statistics Department (2002), wa-
ter in the upper reaches of the Zarafshan river has 
low mineralization, but is contaminated by nitrites 
and heavy metals (mercury and antimony) from 
ore mining and processing in Tajikistan. Mercury 
content in the surface flow of the Fanadarya river 
(Tajikistan) is 9 times higher than the MAC in 
some years. In its middle and lower reaches the 
Zarafshan river becomes a collector that receives 
industrial effluent, municipal wastewater, and col-
lector and drainage water from the Samarkand 

and Navoi oblasts. Downstream from the Cheg-
anok collector inflow, the content of ammonium 
nitrite and nitrate nitrogen increased by up to 19 
times the MAC, and that of phenols and petro-
chemicals by up to 74 times the MAC). Along the 
entire river length the concentration of pesticides 
is up to 18-30 times the MAC. 

The ecological load on the Kashkadarya river be-
gins in the upper reaches. From its middle reaches 
the river turns into a collector that takes in up to 
0.3 km3/year of collector and drainage waters, and 
municipal wastewater polluted by nitrates, salts, 
phenols, petrochemicals and other harmful sub-
stances. The main source of river pollution is the 
left bank collectors –Shakarbulak and Karasu 
(Guzardarya) with a total annul flow of 67.4 million 
m3 (1996) and average mineralization up to 8-9 g/l 
and more. As a result, water mineralization of the 
river downstream from the Karasu inflow reaches 
2.0-2.2 g/l with a maximum of 3.0 g/l in some 
months, and the river is categorized as 
“dangerous” on the basis of its mineralization com-
position and content. This has a negative effect on 
the sanitary and hygienic situation in the settle-
ments and in the areas adjacent to irrigated land. 
The problem is aggravated by a lack of water qual-
ity monitoring, although more than 50% of the 
oblast’s population is concentrated here. 

The main water management problems are con-
centrated in the Amudarya river delta which is 
the centre of an ecological and economic disaster 
(Box 2.4). The Khorezm oblast and Republic of 
Karakalpakstan have a total irrigated area of 776 

thousand ha and population of more than 3 mil-
lion people (including 63% living in rural areas). 
The population of this region, located in the 
lower river reaches, uses water polluted by the 
upstream water users and suffers from acute 

Box 2.3 

Right Bank Collector (RBC) 

A detailed feasibility study for the Right Bank Collector was developed by the Sredazgiprovodkhlopok institute in 1990. 
This project envisaged that the RBC would intercept discharges into the Amudarya river from all collectors and divert 
them directly into the Aral Sea. Construction of the RBC commenced in 1993, but its implementation was slow due to 
lack of funds. In 1994, at the request of the Government, the World Bank provided financial assistance for the prepara-
tion of the feasibility study, including a preliminary economic analysis of RBC. The project identified several alternatives 
to the RBC, which had not been studied before. Subsequently, the MAWR initiated the project for assessment of all 
possible options and scenarios. Between 1996 and 1999, the World Bank financed Stages 1 and 2 of ecological assess-
ment (EA) for the Preparation Study of Uzbekistan’s Drainage project. Implementation of the “Drainage, Irrigation and 
Improvement of Wetlands in the Southern Karakalpakstan ”project, which is funded by WB credit/loan, has recently 
begun. (WB, DIWIP Project, 2003) 

Lower Reaches of the Amudarya River 
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shortages of water, especially during dry years. 
The issues of coastal and aquatic ecosystems 
desertification, associated with the desiccation of 
the Aral Sea are presented in various assess-
ments [47]. 

The Aral Sea disaster which threatens the life, 
health and habitat of the population is well-
known all over the world due to the efforts of the 
region’s countries as well as public, and interna-
tional organizations, especially UNDP, GEF, GTZ, 
UNEP, WB, and others [33]. Although measures 
have been taken with support from international 
and regional institutions, all these efforts have 
failed to mitigate the ecological problems, im-
prove water quality, correct the imbalance in wa-
ter use/consumption and ensure the well-being 
of the population and the viability of the natural 
ecosystems in the region. Water which is unsuit-
able for agriculture and municipal needs with a 
mineralization of 1.5-1.8 g/l and hardness of 2 
times the MAC, continues to be used by water 
user/consumers in the river lower reaches. At 
the Kuzyldjar site the concentration of calcium is 
more by 240%, magnesium 420%, hydrocarbon-
ates 120% and sulphates 620% compared with 
the upper watershed. The population of these 
oblasts has practically no access to good quality 
drinking water that meets the State Standard 
(GOST) [97]. 

According to UNDP assessments (2005), the river 
water in the Republic of Karakalpakstan is un-
suitable for drinking during 10 months in the 
year due to high mineral residues. The reserves 
of clear water in the sand lenses along the large 
canals have disappeared or become contami-
nated by agrochemical and other pollutants. 
However, part of the rural population continues 
to use lenses along canals, which lost drinking 
water quality, as the only source of drinking wa-

ter. The proportion of drinking water with a 
quality below GOST standards varies from 30 to 
100% in some rayons. 

The inefficient irrigation network and inadequate 
drainage systems cause high infiltration from 
canals and irrigated fields and lead to soil water-
logging and salinization. The situation is aggra-
vated by the use of polluted collector and drain-
age waters (CDW) with levels of mineralization 
up to 3-4 g/l for leaching irrigation. Analysis 
shows that from 1995, the area of land with a 
groundwater depth of 0.5-1.5 m represented 
more than 75% of the total irrigated area in the 
northern zone of Karakalpakstan. In southern 
Karakalpakstan and Khorezm such lands are 
widespread (95%). The proportion of land with  
medium or severe salinity ranges from 41-48% 
(Karakalpakstan) to 55% (Khorezm). More than 
95% of the irrigated area in southern Karakal-
pakstan suffers from soil salinity. Every year up 
0.367 km3 of the CDW is withdrawn from the 
irrigated zone of southern Karakalpakstan. Part 
of this volume (0,27km3) is discharged through 
the Beruni collector into the Amudarya river, 
and the rest of it is disposed beyond the irrigated 
zone (Figure 2.14). In recent times this rayon, as 
well as others in the delta have experienced se-
vere drought and water shortages. In 2001, the 
gross production of the three main crops – rice, 
cotton, and wheat, was reduced by 75%, 11%, 
and 52% respectively compared with 2000. 

The “Drainage, Irrigation and Wetlands Improve-
ment Project” (DIWIP) was launched in southern 
Karakalpakstan in 2003 with a total budget of 
$60 million, funded by a World Bank loan and 
IDA credit. This was the first stage of the general 
strategy for improving the efficiency of the exten-
sive I&D infrastructure and stabilising the eco-
logical and socio-economic impacts along the 

Box 2.4 

Aral Sea and Its Littoral Zone: Some Facts 

Up to the middle of the 20th century, the Aral Sea with an area of 66,085 km2 and a volume of 1,061km3, fed by the 
Amudarya and Syrdarya rivers, was one of the largest lakes in the world. The wide-scale development of new lands in 
the Aral Sea basin over the second half of the century drastically disturbed its hydrological regime and caused the onset 
of its gradual desiccation. Mineralization of water in the Aral Sea increased from 10 to 30 ppm making it an unsuitable 
habitat for the majority of endemic species. The Amudarya river delta (around 700 thousand ha) no longer functions as 
a normal delta ecosystem. As a result of the Aral Sea recession from the coast-line more the 50 freshwater lakes have 
dried up, the area of tugai has been halved and that of reeds and brushwood reduced by 6 times. Simplification of the 
vegetation cover pattern through halophytic (saltwort, sea-grass, etc.) vegetation overgrowth is taking place. The Aral 
Sea bed exposure and reduction of the natural vegetation cover has intensified wind activities, and aggravated aridity 
and continentality of climate. Wind blown salts and dust from the dried up bed threaten the Amudarya river delta and 
adjacent rayons of the Kzylkum desert. The mixture of salt and sand which settles on irrigated land aggravates the proc-
ess of salinization. (NEAP,1999).   
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Figure 2.14. Overall Location of the Project Area (WB, DIWIP, 2004) 

right bank of the Amudarya river. This project is 
implementing one of the technical alternatives 
from a package of measures aimed at improving 
water quality in the Amudarya River which are 
identified within the framework of the Drainage 
Project of Uzbekistan (Box 2.3). 

The main tasks of the DIWIP are: (i) to increase 
irrigated agriculture productivity, employment, 
and incomes in Karakalpakstan, which has one 
of the Central Asian regions lowest per-capita 
incomes; (ii) to improve water quality in the 
Amudarya river through safe disposal of drain-
age flow and improvement of wetlands quality in 

the Amudarya delta; and (iii) to establish organi-
zations for the improvement of water resources 
management, operation and maintenance of irri-
gation and drainage systems, as well as for the 
development of sustainable irrigated agriculture 
through integrated management. 

One aim of this project is to close the Beruni 
pumping station that pumps mineralized drain-
age water into the river, and redesign the Beruni 
collector so that it disposes drainage water by 
gravity flow towards the Aral Sea. Water users 
and consumers and the natural ecosystems in 
the north and south of Karakalpakstan, as well 
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2.2.4. Water Resources Monitoring and Information Systems 

Monitoring of the chemical composition and pol-
lution of natural waters within of Uzbekistan is 
carried out by specialized departments in vari-
ous agencies: Uzhydromet, Goskompriroda, 
MAWR,  Goskomgeologia, and Minzdrav. 

An extensive observation network existed in Uz-
bekistan before the end of the 1980s. This net-
work was part of a unified system of hydro-
meteorological and climatic monitoring in the 
Aral Sea basin (Box 4.3). After independence Uz-
hydromet managed to retain the existing infra-
structure, facilities, database and observation 
system. Uzhydromet’s observation network com-
prises 78 meteorological, 131 hydrological, 89 
agro-meteorological and 2 avalanche stations. 
More than 100 stations carry out observations 
on the condition of agricultural crops and pas-
ture vegetation. Observations on air pollution are 
carried out in 38 settlements. They comprise 68 
monitoring points in 26 cities and one station for 
background monitoring in the Chatkal reserve. 
Observations are also carried out at the high-
altitude meteorological complex located on the 
TV tower in Tashkent.  

Since 1996, due to economic difficulties there 
has been a steady reduction in the hydro-
meteorological observation network and scope of 
observations. The deterioration of equipment, 
instruments and other infrastructure has also 
led to problems. A similar situation exists with 
underground water monitoring, control over use 
of water and land, sources of pollution and other 
types of observation. Despite this Uzbekistan 
does have the capacity to develop a sustainable 
information system for the management and use 
of water, hydropower and land resources. The 
country’s managerial structures are well devel-
oped (Ministry of Emergency Situations, Uzhy-
dromet, MAWR, and other organizations). With 
support from international institutions (EC-
TACIS, GEF/WB, USAID and others) the infor-

mation systems WARMIS-WARMAP, WUFMAS, 
ISEAM have been adapted, and GIS and remote 
sensing technologies introduced. A number of 
interrelated simulation and optimization models 
have been developed at regional and national 
levels (Chapter 4). However, organizations at 
oblast and local levels lack management tools, 
efficient information systems and reliable data-
bases.  

The national organizations develop the special-
ized databases on water resources, but they do 
not relate to each other in terms of methodolo-
gies, systems and programs, and have been de-
veloped for specific tasks. The available WARMIS 
information system on water and land resources 
of the Aral Sea basin comprises a large volume of 
data (more than 100,000 data units). However, 
the limited time and funding for its development 
did not allow regular and reliable data collection 
or updating at the local level. Besides, access to 
this information for stakeholders is restricted, 
and complete information about the databases is 
not widely available 

Introduction of GIS and remote sensing tech-
nologies within the above mentioned projects 
makes it possible to identify changes in ground 
cover and land use under the influence of the 
existing water use practice at various levels. 
However, lack of funds and poor coordination of 
studies impede the broad introduction of these 
technologies at oblast and local levels. A survey 
conducted by the NCSA (2004), in various re-
gions of the country confirms that there is a lack 
of technical resources and qualified specialists, 
poor methodological basis and access to data, 
and insufficient awareness at the local level of 
the possibilities and advantages of GIS and re-
mote sensing technologies for reliable impact 
analysis and assessments [46]. 

as the Aral Sea itself will benefit from the project 
interventions. 

In implementing this project the Government of  
Uzbekistan is fulfilling the bilateral Agreement 
on the joint and rational use of the water re-
sources of the Amudarya river, concluded be-
tween Uzbekistan and Turkmenistan on January 

16, 1996. Article 9 of this Agreement specifies 
that both parties should have stopped disposing 
of drainage waters into the Amudarya river from 
1999. 
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2.3. Future Water Supply and Demand 

The “Millennium Declaration” adopted at the UN 
Millennium Summit in September 2000, identifies 
the action plan and target tasks for achieving 
sustainable development as a platform for build-
ing bridges between sectors and directions. One 
of the eight goals of the MDGs for Uzbekistan is 
the eradication of poverty and hunger. This de-
fines the need to solve the urgent problems limit-
ing human safety and the sustainability of envi-
ronmental sustainability. The harmony of hu-
mans and nature is considered supreme wisdom 
in the Orient [56]. A change in the way of thinking 
and a restoration of the respect for water and 
land indigenous to the ancient civilizations are 
prerequisites for future progress. The Aral Sea 
disaster suggests that these changes are yet to 
happen. 

The priorities for environmental protection activi-
ties in the mid- and long-term adopted by the na-
tional action programs and plans (NEAP, 1999, 
NSDS, 2000 and the others) are: 

• creation of favorable living conditions for the 
population; 

• rational use of natural resources; 

• careful conservation of the biosphere. 

NEAP envisages a complex of measures guaran-
teeing maximum socio-economic and ecological 
benefits at minimum expense. On this basis, pri-
ority actions aimed at eliminating unfavorable 
environment impacts on the health and well-
being of the population (pollution of water, air 
and foodstuffs) were identified. The second prior-
ity task is the measures aimed at overcoming the 
economic consequences of land and water re-
sources depletion, especially those associated 
with the reduction of fresh water reserves the in-
crease in their mineralization, soil salinization 
and erosion, and others.  

2.3.1. Future Water Demand 
Development Approaches and Scenarios 

Future water demand outlined within the frame-
work of the “General scheme for development of 
irrigated agriculture and water management of 
the Republic of Uzbekistan for the period up to 
2015”, and the “National Plan for Water and Salt 
Management” (NPWSM, WEMP, 2002), meets the 
Millennium Development Goals (MDGs) for the 
harmonious management of water and energy 
resources and environment and the prevention of 
natural and man-made disasters [92]. The com-
mon task of these program documents is to meet 
the demand for water from the rapidly growing 
population, prevent ecosystem degradation, and 
overcome changes that may disturb the environ-
ment’s capacity to regenerate biomass and sus-
tain life. The programs and planned measures are 
not restricted by the national borders. They envis-
age regional strategies for cooperation and strong 
mutually beneficial partnerships in the joint man-
agement of water and energy resources in the 
Aral Sea basin, drawing upon existing experience 
and international achievements.  

In the regional context of water and energy re-
source management the specific objectives of 
WEMP are to: 

• Provide an approved set of policies, strategies 
and action programs for the basin in regard 
to: (i) protection of water resources and de-
crease of soil salinity; (ii) rehabilitation and 
improvement of the irrigation and drainage 
systems; and also (iii) improvement of the 
operation and maintenance of the main and 
on-farm systems. 

Develop the conceptual basis for the preparation 
of international agreements in regard to:  (i) 
mechanisms of water distribution and standards 
for river water mineralization, (ii) investment in 
the national and regional water infrastructure, 
and (iii) financing of organizations within the ba-
sin responsible for water resources and infra-
structure. 

In order to retain the long-term productivity of 
society and the ecosystems supporting life the 
National Plan for Water and Salt Management 
(NPWSM) has adopted three scenarios for the fu-
ture development of the country’s water sector 
interrelated with the other sectors of the econ-
omy: 
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• "Deterioration Scenario" “Minimum” (I)- low 
level of macro-economic development and 
reform, and minimum investment in the ex-
isting water infrastructure and agriculture; 

• "Strengthening Scenario " “Optimum” (II) – 
accelerated stabilization and structural re-
form of the economy supported by external 
investments and measures for the mainte-
nance of economic activity; 

• "Restoration Scenario" “Maximum” (III) – 
maximum level of macro-economic develop-
ment and structural reform of agriculture, 
irrigation and drainage, supported by sub-
stantial internal and external investment.  

Taking into account the social needs of the popu-
lation by 2025, (40 million people) and the need 
for sustainable development of all sectors, the 
future demand for water is an estimated 72.4 
km3. This corresponds to the total available water 
resources established by the Interstate agreement 
of 1992. The NPWSM is aimed at ensuring reliable 
water delivery and distribution of the available 
resources and economical and rational use of wa-
ter at all levels of the irrigation system. This re-
quires joint efforts and actions by all stakeholders 
in promoting reform and institutional reorganiza-
tion. 

Costs of Rehabilitation and Improvement of Water Use 

According to the NPWSM (2002) assessments the 
required investments for the rehabilitation of the 
I&D infrastructure and the improvement of irri-
gated lands in the mid- and long-term is in the 
region of $24.5 billion, excluding the cost of de-
veloping new lands. According to the I&D strategy 
(World Bank), the value of investment is approxi-
mately $23 billions including $12 billion that 
should be covered by water users [88]. This strat-
egy involves a two-stage implementation 
(“Consolidation and Urgent Actions” and 
“Reconstruction and Modernization”). Each stage 
is a combination of investment, institutional re-
form and strategic reform. It is clearly necessary 
and important to carry out the restoration of irri-
gation systems jointly with the local beneficiaries. 
However, the possibilities of private and dekhkan 
farms are very limited due to their low income 
levels.  

According to ADB assessments (2005), at this 
stage that function should be taken over by the 
Government, considering that there are around 
15 million rural inhabitants, farmers and 
dekhkan. Installation of effective water metering 
equipment in an area covering 4.3 million ha is 
also an expensive measure but one which is cru-
cial if reform is to be achieved.  It appears that 
the government agencies authorized to deal with 
the local communities, scientists and NGOs 
must work symbiotically to find optimal solu-
tions to the problems and achieve the planned 
objectives. The end result of these actions would 
be the prevention of further environmental pollu-
tion, and more responsible water users with a 
better understanding of the economic value of 
irrigation water. 

2.3.2. Water Use Perspectives by Economic Sectors 

The measures planned by various sectors of the 
economy are described below. Implementation of 
these measures faces serious difficulties because 
progress in developing the approved set of strate-
gies, mechanisms and international agreements 
on water management and sharing at the basin 
level within the framework of the WEMP project 
has been very slow. This impedes realization of 
the vitally important interventions aimed at re-
ducing the socio-economic tensions and prevent-

ing the negative consequences of water shortages 
in the various regions of the country. At the same 
time the agreements mentioned above between 
the countries in the region and other Central 
Asian initiatives within the framework of EAEC, 
SOC, CACO, especially the establishment of the 
water and energy consortium in, Central Asia, 
provide the basis for the successful development 
of water relationships in the Amudarya and 
Syrdarya river basins. 
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River Basin 

Areas and Water Demands by Development Scenarios 

2010 2025 

Minimum Optimum Maximum Minimum Optimum Maximum 

mln.ha km3 mln.ha km3 mln.ha km3 mln.ha km3 mln.ha km3 mln.ha km3 

Amudarya 2.3 37 2.6 34 2.9 33 2.3 27 2.9 35 3.9 39 

Syrdarya 1.8 22 1.9 21 2.0 20 1.9 22 2.0 20 2.3 20 

Total 4.1 59 4.5 55 4.9 53 4.2 59 4.9 55 6.2 59 

Measures for Ensuring of the Guaranteed Water Supply 

In order to ensure guaranteed water supply the 
Government of Uzbekistan has adopted a number 
of Decrees on improving the safety and reliability 
of operation of the large and most important wa-
ter management facilities through their rehabili-
tation, repair and on the construction of new 
compensating reservoirs [9]. 

In Uzbekistan’s Syrdarya river basin the Arnasai 
reservoir has been constructed with a maximum 
capacity of around 1.0 km3. The Rezaksai reser-
voir in the Namangan oblast with a capacity of 
0.2 km3 is under construction. These compensat-
ing reservoirs can provide 1.0-1.2 km3 of water 
during the growing period. The current total defi-
cit is 2.5 km3. In order to cover the remaining 
1.5-1.3 km3 discussions must continue within the 
framework of bilateral and multi-lateral agree-
ments on additional releases from the Toktogul 
reservoir. 

In the upper watershed of the Amudarya river ba-
sin the Tupolang reservoir with a total capacity of 
0.5 km3 is being constructed. To ensure a guar-
anteed water supply to the Republic of Karakal-
pakstan, including the demands of the delta sys-
tems, it is planned to construct the Shorbulak 
reservoir with a total capacity of 3.6 km3 in the 
lower reaches of the Amudarya river. 

Realization of this complex of measures would 
increase the efficiency of water use within the es-
tablished limits and possibilities for annual flow 
compensation but will not satisfy the total water 
demands. These problems have a regional dimen-
sion and should be resolved at interstate level. 
Experience of joint water resources management 
in other river basins of the world shows that in 
the short-term, regional cooperation in parallel 
with improvement in water use efficiency and 

guaranteed water supply at the national level, 
would bring significant benefits even in the cur-
rent economic situation. 

As was noted above, more than 2.1 million ha of 
irrigated land in the country use lift irrigation with 
water intake from the sources of local and trans-
boundary importance. All systems urgently require 
staged rehabilitation and modernization of pump-
ing stations and the auxiliary infrastructure. Reha-
bilitation of the Amu-Zang canal is being funded 
by ADB credit. Restoration of the Karshi pumping 
stations cascade with a total budget of $145 mil-
lion that was supposed to be financed by World 
Bank and other donors credit has been suspended 
due to intergovernmental disagreements. In this 
connection, the Government has undertaken the 
reconstruction of 8 pumping stations (with small 
and medium capacities). 

Irrigated Agriculture. Irrigated agriculture, remains 
the main user of water resources and one of the 
country’s leading economic sectors providing people 
with employment and  social security. Future water 
demands for irrigated agriculture according to the 
three development scenarios are provided in Table 
2.9. 

A combination of technical, water management 
and environment protection measures is envis-
aged in the sector of irrigated agriculture. These 
include the reconstruction and maintenance of 
the irrigation and drainage network in order to 
reduce losses from canals and irrigated fields, 
water conservation and increasing the availability 
of water to rayons with low supply. Under the 
“Optimum” scenario the efficiency of irrigation 
systems should be increased to 0.70 by 2010, 
and to 0.75 by 2025. 

Table 2.9. Development Irrigation and Water Demand for Irrigated Agriculture 

Source: WEMP, A1 Component. NWG Final Report, 2002 
Note: Scenarios do not consider changing of dietary habits 
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Special importance is attached to improving agro-
nomic practice through crop diversification, im-
provement of land tillage, use of fertilizers and 
seed quality as well as through the introduction 
of water conservation, safe irrigation technology,  
and methods of soil moisture retention, and plant 
protection. Efficiency of the irrigation water appli-
cation methods is planned to increase on average 
up to 0.69 in the nearest future, and up to 0.74 
by 2025. 

Activities aimed at the management of return flow 
and the reconstruction of the main collectors and 
disposal tracts, are important in combating land 
degradation and pollution of water and ecosys-
tems. Resource saving (through conversion of die-
sel pumping station to electric power, transition 
to gravity irrigation, etc) is also of great impor-
tance. 

At the same time, insufficient financing of meas-
ures for the “Minimum” scenario may lead in the 
coming 5-7 years to the loss of 200,000 ha of irri-
gated land and a reduction of farmers’ income 
and a decline in their standard of living. These 
losses will be caused by, among other factors, in-
crease of land salinity and the deterioration in the 
level of maintenance of the I&D infrastructure 
maintenance. 

Drinking and Municipal Water Supply. The future 
task of this sector is to provide the entire popula-
tion with good quality drinking water and meet 
the municipal water demands of cities and settle-
ments through centralized water supply systems 
that differ only in their scale and methods of wa-
ter supply to a particular settlement. 

Future demands of this sector in the short and 
medium-term are as follows: 6.2 km3/year (2010) 
and 8.1 km3/year (2025 

Agriculture Sector Water Supply. This sector will 
be mainly reoriented to meet the technical, agro-
chemical and other needs of agriculture and live-
stock production. Future demands are as follows: 
1.5 km3/year (2010) and 1.7 km3/year (2025 

Industrial Water Consumption. As part of the re-
structuring of the country’s economy, industrial 
water consumption will be oriented to closed cy-
cles of water use that will allow a reduction in 
consumptive water use by up 24-25%. Total in-
take for industrial needs will be increased by up 
to 1.4 km3/year by 2010, and 1.6 km3/year by 
2025, from the current level of not more than 

1.202 km3/year. 

Fishery. In the future the fishery sector of Uzbeki-
stan will be oriented towards the development of 
pond fish breeding, and the active stocking with 
fish of the existing natural and artificial water 
bodies (reservoirs, drainage ponds and treated 
wastewater, etc,).  

There are good prospects for fisheries in the use 
of water bodies within the Aral Sea littoral zone – 
the Mezhdurechenskoe (interfluve) reservoir to-
gether with the adjacent river bed, bays and lakes 
in the Amudarya river delta (Figure 2.3), as well 
as the Arnasai system of lakes in the middle 
reaches of the Syrdarya River. A number of water 
engineering and fish conservation facilities are 
planned for the regeneration and growth of stocks 
of commercially valuable fish species. An impor-
tant direction for fishery rehabilitation is the crea-
tion of complexes for fishing, and storing, proc-
essing and marketing fish products. The expected 
catch and commercial fish production in Karakal-
pakstan for the period up to 2010, is 10,230 tons. 

As a result of this increase in capacity, the total 
water demands of fishery will rise sharply. By 
2010, demand will rise to 2.1 km3/year, and by 
2025 it will reach 2.4 km3/year from the current 
level of 0.4 km3/year. 

Recreation. In the whole country around 18,000 
km2 or 4% of the land area is suitable for recrea-
tion. Approximately half of this area can be cur-
rently used for recreation without special develop-
ment (i.e. availability of sites for construction, op-
timal environment, climate and landscape, good 
sanitary and other conditions). Ecological and 
recreational water needs are included in water 
supply to a number of non-irrigation and irriga-
tion sectors. 

Hydroelectric Power Sector. The future development 
of hydropower in Uzbekistan will be aimed at 
maximizing the capacity and efficiency of one of 
the most important renewable energy sources. The 
balanced operation of the country’s energy system 
will be ensured through implementation of meas-
ures aimed at improving the efficiency of generat-
ing capacity, energy saving, etc. This will lead to an 
increase in the reliability and safety of the system 
which is vital  for the support of communities and 
protection of the environment. 

The plan in the near future is to restore and de-
velop the existing hydro and thermal power sta-



59 

 

Table 2.10. Planned New Hydropower Generation Capacities 

 Capacity (MW) Cost, mln. USD 
(at USD800,000 per MW) 

Thermal Electric Power Stations (TPS) 3,930 3,140 

Hydroelectric Power Stations (HPS) 1,250 1,000 

Source: GEF/WB, WEMP, А1 Component. Regional Report 2, 2001 

Ecological Demands of the Aquatic Ecosystems 

Aral Sea and Its Littoral Zone Demands. The an-
nual inflow of water to the Aral Sea and its littoral 
zone from transboundary water courses will be 
carried out within the approved water intake limits 
of not less than 14.5 km3/year. This includes 10 
km3/year for the Amudarya River and 4.5 km3/
year for the Syrdarya River. Compliance with these 
limits depends on water availability in a given year 
as well as the ability to implement measures aimed 

at the rational use of water by water users. 

To protect delta and coastal ecosystems from the 
threat of damage Uzbekistan envisages the crea-
tion of artificially regulated ponds to replace for-
mer littoral and intra-delta lakes and sea bays 
along with a set of forest amelioration measures. 
For this purpose it is planned to release up to 3.0 
km3 of the country’s available water in an average 

tions. Amongst the hydroelectric power facilities 
planned for construction in the medium term is 
the Pskem hydropower station. This will have an 
installed capacity of 450 MW and a long-term av-
erage power generation of 0.92 billion kWh. Also 
envisaged is the design and development of 25-28 
small-scale hydropower stations with a total in-
stalled capacity of 267 MW and power generation 
of 1.19 billion kWh. Thus, by 2010, use of the 
country’s hydropower capacity will increase by up 
to 13.5%, and expected power generation may 
reach 60 billion kWh. It is planned to attract 
credit from the international financial institutions 
for the reconstruction of electric power facilities. 
EBRD credit has already been obtained for the 
reconstruction of the Syrdarya thermal power sta-
tion. 

In the long-term it may also be possible to con-
struct three more hydropower stations on the 
Pskem River (the Karapchitugay, Upper-Pskem, 
and Mullalak hydropower stations) with a total 
installed capacity of 800 MW and a long-term av-
erage power generation of 2,135 billion kWh. The 
operation of these hydropower facilities will be 
coordinated with the irrigation-energy operation 
mode of the Charvak hydropower station. These 
measures will allow 35-40% of the country’s hy-
dropower capacity to be exploited by 2025, in-
cluding the development of small-scale hydro-

power facilities generating up to 10 billion kWh. 
Total use of water resources by the hydropower 
sector by 2025 will be 4.04 – 4.15 km3/year. The 
planned new hydropower generation capacities 
are presented in Table 2.10. 

The system of measures aimed at reducing power 
consumption pays special attention to: (i) develop-
ing energy resources, (ii) expanding the combined 
cycle for generation of heat and electric energy, 
and the share of new and renewable energy 
sources, and (ii) creating economic mechanisms 
and incentive measures for streamlining power 
generation. on the aim is to achieve an energy 
saving of up to 30% by 2010. 

The share of coal in energy consumption is 
planned to increase to 17% by 2010 compared 
with the current level of 4.5%. Gas and oil pro-
duction will remain at the current level, but there 
is a plan to improve the quality of petrochemicals 
through the introduction of efficient oil-
processing technologies and diversification of 
products. Successful implementation of these 
measures will help reduce СО2 emissions in Uz-
bekistan. 



60 

 

year from the Amudarya river downstream from 
the Kzyldjar site.  

Aquatic Ecosystem Demand. Ecological regula-
tion, aimed at maintaining a sustainable interre-
lationship between communities and natural eco-
systems, also means that internal and external 
rivers, lakes and other aquatic ecosystems need 
to be recognised as “water consumers”. Nature 
should be an equal partner in the use of water 
resources. If water is not released then the 
aquatic ecosystems will lose their essence and 
functions. The key priorities for decision makers 
and for society as a whole should be: 

• Observance of ecological discharges from wa-
ter courses to ensure their long term viability 
or ability to self-purify; 

• Maintenance of flood discharges and accept-
able river water quality; 

• Observance of sanitary releases for the dilu-
tion of harmful ingredients, 

• Satisfaction of river delta demands, etc. 

Recognising the ecological demand for water also 
implies protection of aquatic ecosystems with rare 

endemic species, valuable biodiversity, and land-
scapes of special aesthetic importance. It is im-
portant that both small and large rivers are able 
to maintain their natural flora and fauna and at 
the same time keep their primordial beauty. 

For the protection of local ecosystems special at-
tention should be paid to the following measures:  

• Maintaining flow in water bodies that are fed 
by drainage water only; 

• Maintaining a water mineralization level not 
exceeding 5 g/l and a water depth in winter 
time not lower than 1.5m in lakes with im-
portant fisheries; 

• Preventing sharp drops in water level during 
the spawning period and sharp rises in win-
ter; 

• Maintaining shallow water zones for growing 
canes, reeds and lake aquatorium which can 
provide fodder for fish, birds, etc. 

2.3.3. Change of Water Demands due to Climate Change 

The last decades have been characterized by 
global climate change and an increase in the 
number of extreme weather and climatic phenom-
ena (droughts, heavy precipitation, floods, storms, 
etc.), causing serious damage to people, the econ-
omy, and habitats (Figure 2.15).  

Assessment of the recent data shows that there 
has been a general reduction in glacier area. Gla-
ciers have already lost 115.5 km3 of their reserves 
(»104 km3 of water). This is approximately 20% of 
the total reserve at the level of 1957. It is as-
sumed that the current rate of reduction in gla-
cier area approximately 1% per year) will continue 
in the future. Reduction of glacier area will lead to 
the creation of numerous moraine lakes that will 
in turn increase the probability of breakout floods 
and mudflows. 

According to the research data in the near future 
variations of water resource volume within the 
natural range from +3% to -2-7% are expected 

[73]. A large proportion of the precipitation will be 
in the form of rain. The share of total annual pre-
cipitation which falls as rain will increase from 8-
12% to 15-25%. This will lead to floods, increased 
mudflows and other degradation processes. In 
Uzbekistan the maximum discharge of mudflows 
resulting from rainfall will increase by 30-35% on 
average by 2030, compared to the current level7. 

Rising air temperatures will lead to changes in 
the time of spring flooding on rivers. This is not 
desirable either for agriculture or the operation of 
waterworks. The expected increase in total evapo-
ration and water requirements of crops will cause 
a 5-10% increase in the normal levels of leaching 
irrigation and pre-irrigation water application. 
There will also be a 10% increase in net irrigation. 
The intensity of salt transfer processes within the 
zone of aeration will be also increased, especially 
in areas with high groundwater table. This will 
lead to an increase of soil salinization and land 
degradation. An increase in the severity of 

7According to ADB data (2004) out of total mudflows number in CAR, 75% occur in Uzbekistan. 
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droughts will lead to declining yields of the cur-
rent varieties of agricultural crops. 

Thus, with the expected growth of human activity 
and the increased use of water for irrigation, the 
development of irrigation should be based on the 
retention of soil moisture and the saving of the 
available water resources. This can be achieved 

through the adaptation of highly efficient technol-
ogy and know-how, safe water and energy saving 
methods and efficient energy use, as well as in 
the area of agricultural production and food 
safety [73, 97]. 

Figure 2.15. Multi-Year Trend Change of Global and Average Air Temperature in Uzbekistan 

2.3.4. Economic Incentives and Mechanisms of Efficient Water Use 

Economic Mechanisms of the Natural Resources Use 

Under the Government “Program for the introduc-
tion of scientifically sound economic and norma-
tive mechanisms for nature protection and the 
use of natural resources up to 2010” (1996) the 
staged development of the legal basis for a system 
of payments for environment pollution, within 
and outside agreed norms, is being carried out. 
Currently, in accordance with the adopted bylaws 
up to 80% of collected funds are directed to the 
state budget, and 20% to the nature protection 
funds [11,12]. A system of payment for irrational 
use of natural resources will be introduced by 
2010.  

The current mechanisms for nature protection 
management and the use of natural resources 
from the fund mobilization viewpoint are subdi-
vided into the following categories: 

• ecological payments: direct payment for 
emissions or disposals of pollutants into wa-
ter, air or soil; 

• user payments: payments for municipal ser-
vices (water supply, wastewater purification 
and municipal solid waste utilization); 

• taxes on production: payments for products, 
which pollute the environment in the process 
of their manufacture, consumption or dis-
posal;’ 

• tax on water resources use; 

• payment for the use of natural resources: ex-
traction of mineral resources and fossil fuel, 
water intake or use of biological resources; 

Source: Uzhydromet, 2000 
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User Payments 

User payments are directed at municipal services, 
i.e. water supply and wastewater treatment ser-
vices and solid waste disposal service. The main 
purpose of these payments is to compensate re-
current and overhead costs, as well as the capital 
costs of these services. However, due to social 
considerations the amount of payments are kept 
below the level of complete pay back, charges are 
controlled by the local authorities and they are 
not fixed. The Decree of the Cabinet of Ministries 
of the Republic of Uzbekistan (No. 54, dated 
7.02.94,) envisages a staged transition to self-
sufficient municipal services with an average 10% 
annual reduction of the state subsidy level to 
home owners and flat tenants.  

Tariffs for water use depend on the type of user 

and water body. Prices are established at a level 
that allows the recurrent costs to be covered, al-
though in practice they are totally insufficient for 
this purpose. Social difficulties and the general 
economic situation impedes liberalization of 
prices. Profitability of the water supply organiza-
tions has decreased due to people’s low income 
levels or their unwillingness to pay. As a result 
local authorities allocate subsidies from their 
budgets in order to cover the most urgent costs 
(staff salaries and urgent repairs). 

Households and enterprises connected to the 
sewage system, pay the municipal water manage-
ment organizations (Vodokanal) for wastewater 
treatment. Currently only 50% of the population 
has access to the sewage system. 

Payments for Use of Natural Resources 

Payments are made for water consumption and 
use, extraction and use of mineral resources, land 
and forest use, as well as for hunting and fishing. 

Payments for the use of surface and underground 
water are mainly regulated by the Law on Water 
and Water Use and Decree on Limited Water Use. 
Tariffs depend on the source (underground and/
or surface water) and water user. Tax rates for the 
use of mineral resources and prices for water are 
established every year in accordance with the 

Cabinet of Ministers’ decree on the macro-
economic indices and state budget prognosis.  

The cost of delivering water to agricultural pro-
ducers is included in the water tax that producers 
pay as part of the land tax. This procedure simpli-
fies the work of tax agencies, but does not reflect 
either the cost of water or the real cost of operat-
ing and maintaining the water infrastructure. 

Tax for Water Resources Use 

Over the period 1996-2000, tax on the use of water 
resources made up around 5% of total resource 
taxes or 36% from the total income to the budget. 
Rates of this tax differ according to the economic 
sector. In 2001, they were in the range from 11 
tiyin to 2.92 sum for 1m3. According to the MAWR 
data, in 2000, tax was paid on only 10% of the wa-
ter volume used by enterprises and the population. 
It is not paid by people or agricultural enterprises, 
which switched to a unified land tax, or by trade 
and public catering enterprises, which selected the 

simplified system of taxation. 

Payment for water collected from the WUAs (from 
$0.5 to $4 per ha) is significantly lower than cost 
of operation and maintenance of the water deliv-
ery system. The infrastructure for servicing the 
agricultural good producers had not been created 
in rural system (procurement for the agreed 
prices of products produced by farmers and 
dekhkans, supply to them the necessary goods, 
tools, materials, etc.). In this context the eco-

• a deposit system: a payment (deposit) is 
made when certain products are purchased 
and this is reimbursed when a used product 
or its container is returned; 

• payment for violation of ecological legislation: 

penalties imposed for the contravention of 
certain laws;  

• subsidies: all types of financial assistance to 
polluters or to natural resource users 
(grants, tax credits, tax exemption, etc.). 
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On the Issue of Charge for Water Delivery 

Market reforms, carried out in Uzbekistan, have 
brought water charges to the fore as one the most 
important tools of rational water use in times of 
water shortage [72]. However, the existing scien-
tific approaches and recommendations on water 
charges require improvement taking into account 
world experience and lessons learned in the re-
gion over recent decades [36,81]. 

Management of demand has huge scale in regard 
to the on-farm water use. As was mentioned 
above, privatization of agriculture and the estab-
lishment of WUAs, which are currently being in-
troduced will lead to a fuller understanding of the 
relationship between water use and water charg-
ing. There is currently no special water charge, 
but a small fee for water use is included in the 
unified land tax. 

According to ADB assessments (2005), in the cur-
rent financial conditions it is estimated that the 
price of cotton and wheat should be increased by 
25% - 30% to cover O&M costs of the on-farm 
I&D network, and by up to 75% to cover O&M 
costs of all elements of the I&D infrastructure, 
including pumping costs. It is also necessary to 
note that farmers will pay for irrigation water only 
if a satisfactory and efficient service can be en-
sured. Therefore, demand management will make 
sense only if agriculture will become profitable 
enough to be able to pay for water delivery and if 
this payment will not represent an unjustified fi-
nancial burden. 

Experience from other countries indicates that 
farmers with low income are ready to pay for a 
good quality water delivery services which will 
increase and stabilize their income. In the major-
ity of countries the government subsidizes the 
cost of water management services for agricul-
tural producers. The scale of these costs varies 

and depends on the natural, social, economic, 
technical and technological conditions of agricul-
tural production. 

In this connection, there is a need for a more de-
tailed analysis of farm budgets under alternative 
scenarios of prices, yields, and type of crops, as 
well as reliable calculation of the O&M costs of 
the on-farm and inter-farm I&D network that may 
be covered by farmers, and also the level of gov-
ernment subsidies that required to cover the 
costs of the O&M and the whole I&D network. 
After identifying a procedure for the reimburse-
ment of production costs, the program for the 
gradual introduction of a water charge system 
managed by the WUAs network can be prepared. 

Special attention should be paid to the installa-
tion of metering instruments and other equip-
ment in the irrigation system to measure the vol-
ume of water supplied to farms. From the on-farm 
management viewpoint, this equipment can also 
be used to measure volume of water supplied to 
every field. This process is not simple and re-
quires significant human and financial resources, 
as well as support from the government. 

In the course of time, adoption of market princi-
ples in irrigated agriculture should significantly 
improve the quality and efficiency of irrigation 
and drainage services. This initiative should also 
take into account the international experience on 
introduction of water use rights and the market 
principles in water use. The improved efficiency of 
water use may create a market for excess irriga-
tion water that WUA can sell to those farmers 
wanting to expand their irrigated land. Creation 
of efficient, equitable and transparent mecha-
nisms of the production costs reimbursement for 
financing of O&M with using both government 
and WUA/farmers funds is a prerequisite for the 

nomic incentives and mechanisms of efficient wa-
ter use in the irrigated agriculture predetermine 
the necessity for improvement of the economic 
reforms in agriculture. 

Studies of the WUAs operation experience in vari-
ous countries, conducted by the World Bank, in-
dicate that the legal basis of WUAs should be 
supported by distinct provisions, such as appro-
batory legislation, provisions of WUA charter and 
agreement on transfer of assets, etc. Therefore, 

WUAs should be considered as fully-fledged pro-
duction and economic entities in the area of water 
use and agricultural activity with perspectives for 
development. 

Mechanisms for increasing water use efficiency in 
the non-irrigation sectors of the economy are im-
proved through tariffs for primary water users 
and system of the agreed obligations of water 
management organizations. 



64 

 

sustainable development of irrigated agriculture 
in Uzbekistan. 

To ensure guaranteed water delivery from the 
transboundary water courses it is extremely im-
portant to strengthen mutually beneficial coop-
eration and develop sustainable mechanisms for 
joint water use at the regional level. Today the 

countries located in the upper watershed of trans-
boundary rivers increasingly consider water as an 
economic commodity that has value and may be 
sold. What this concept implies and the problems 
associated with it will be discussed in Chapter 4. 


