
Environmental Policy
and Technology Project

Contract No. CCN-0003-Q-08-3165-00

NEW INDEPENDENT STATES

REPORT
Amu Darya River Water Allocation Model

Applied Demonstration Project 1
December 20,1996

by Daene C. McKinney and Akmal Kh. Karimov
Delivery Order 08

Prepared for:
Central Asia Mission

U.S. Agency for International Development

Prepared by:
Central Asia Regional EPT Office in Almaty, Kazakstan

Environmental Policy and Technology Project
For the New Independent States of the Former Soviet Union

A USAID Project Consortium Led by CH2M Hill

}



ENVIRONMENTAL POLICY AND
TECHNOLOGY PROJECT

A Project Financed by
the U.S. Agency for
International Development

npOeKT qlllHaHclIpye~lblft

AreHTcTBo~1 no MeJK,.IYHapO.ilHO~IY

Pa3BlITilIO CllIA

Serving Countries of the
Former Soviet Union

C.\YJKlIT CTPaHa~1 6bIBluero
COBeTCKoro COlma

ENVIRONMENTAL POLICY AND TECHNOLOGY PROJECT
Central Asian Republics Regional Office

DPOEKT IlO llPl1P0400XPAHH0l1110j\l1Tl1KE 11 TEXHOAOfl1l1
PerI10H3.-\bHbIfi oqmc pecny6.\I1K CpeJHel1 A31Il1

This report was completed as part of Task B of Delivery Order 8.

This report has been reviewed for content and approved for distribution to
USAID.

Managed by CH2M HILL

nO,l PYKOIlO,lCTBO~1 CH2M HILL

EPT Regional Director

This report has been reviewed for content and approved for distribution.

Date

ttitltl'
~'I'•• ~

Ulitsa Abai 4, Suite 112, Almaty 480024, Kazakstan, Telephone: (7-3272) 65-46-95, Fax: (7-3272) 64-68-49

Ka3axcTaH 480024, AAMaTbI, yA.A6aH 4, KOMH.112, TeA.: (7-3272) 65-46-95, cDaKC: (7-3272) 64-68-49

o Printed on Recycled Paper



This is the English translation of the summary from an applied demonstration project report. The

original full-length report is in Russian and follows the English report.

5



Executive Summary

During the economic and political transition in the countries of the Aral Sea basin, it is very
important to develop water management practices at the international, national and local
levels which will be appropriate to the new conditions. Some practices from the western
United States can be used if adapted to ~eet local conditions, national culture and practices.
Some of the applicable approaches to water management include the establishment of a
drought water bank and support for a water market.

New institutional, economic and technical measures can be examined in the Amu Darya
River aliocation model which has been developed with both a regional and a local level. At
the regional level, the main issues addressed are the interstate allocation of water and the
improvement of the environment. At this level, different measures for increasing efficiency
in water use can be analyzed.

This report presents brief results and conclusions from the project. A full version of the
report in Russian, with extensive details on the project's findings, can be received from the
Central Asian Regional EPT office in Almaty or from the authors.
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Section 1
Introduction

Water management has had an important role in the Aral Sea basin since ancient times. The
very dry climate and variable river flow of the region have promoted the establishment of
relations between members of society regarding water allocation, water use, and water
diversion. Water users, communities and countries have participated in these arrangements.
These relations have not been constant over time and have been evolving along with the
development ofnew public interrelations.

The economic system of newly independent Uzbekistan is in the process of transferring to
market conditions. Farmers in the agricultural sector are a good example of this. Under these
conditions the tasks of developing water management strategies are very critical. The
creation of new, independent states in this region where the rivers are united requires the
development of interstate water management and allocation policies, that are closely
connected with legal, administrative, and economical policies.

Models of water allocation for the AInu Darya or Syr Darya Rivers, whose runoff is formed
in Kyrgyzstan and Tajikistan, and used in Uzbekistan, Turkmenistan, and Kazakstan, can be
very useful for the improvement of water management in the region. That is why the task of
the USAID Environment Policy and Technology (EPT) Applied Demonstration Project "AInu
Darya River Water Allocation Model" is very important. The approach to creating the model
was based on a comparative study of water management in Uzbekistan and the Western
USA.

The western states in the U.S. have a long history of water management under market
economic conditions. Different kinds of water management have been developed there -
from centralized state systems like California to local water management in Texas. Studying
the history of water allocation development between the western states in the Colorado river
basin and between the USA and Mexico in the Rio Grande basin can be very useful for the
Aral Sea basin countries. The task of the authors in this study was not to evaluate the practice
of the US water sector, but to define applicable measures and instruments that may be useful
(taking into account special local situations - social, economic, technical, and legal) for the
water sector in the Central Asian Republics.
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Section 2

Water Management in the Western USA and Uzbekistan

The Nukus declaration of the Central Asian Republics regarding the problems of sustainable
development in the Aral Sea basin asserted that sustainable development is the main subject
of human activity in the basin (September 21 1995, " East Truth"). This declaration was
signed by the heads of states of the Republics and it points the way for:

• a transition to a more balanced agricultural and forest economics

• increasing irrigation efficiency through development of economical
mechanisms of water use

• promoting long term water and land use

Especially important at the present time for the Uzbekistan water sector is the need to transfer
economics to a market system. That is why the experience of the water sector of the western
states of California, Arizona and Texas, in the U. S., were studied.

Most of California occupies three river basins; the Sacramento, San Joaquin and Colorado
Rivers. The state may be divided into two parts, the North, with rich water resources, and the
South, with frequent droughts. A united water system, where water transfers are used widely,
was developed in California to provide for user demands. Arizona is in a desert zone with
small rivers and very expensive water available from the Colorado River. This has motivated
the development of an extensive ground water management system. In Texas a system of
rivers and canals that combines the state into one water system is absent, and water
management exists at the local level. The state has a very active financial system for
supporting water conservation.

Comparative analysis showed that the Uzbekistan water sector management is closer to the
California system than to the Arizona or Texas systems, because in both cases centralized
water management systems exist. But some differences also exist such as:

1. Differences in water users structure.

Environmental demands in California comprise about 30% of surface water
use. The agricultural sector is not dominated by a single crop. Usually each
crop represents less than 10% of the total use, with the only exception being
alfalfa, which in the southern part of the state occupies about 30% because of
its meliorative function.

Uzbekistan has made definite steps toward a more suitable crop structure
during the last few years. By 1996, the area under grain cropping was
increased to by several times up to 1.4 million hectares. Recommended crop
rotation includes 20-22% grain and 20-22% of alfalfa. The next steps will be
to promote sustainable agrolandscape.
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2. Differences in approaches to water conservation.

Uzbekistan has developed an approach to water conservation based on the
regulation of water use. Water law and legal documents define the payments
and administrative measures for exceeding permitted water use. In California
water users have rights for water use and water transferring. The result is that
water users can conserve water and sell it in a market. They have the choice to
sell their water use rights Dr to use the water to produce goods and services. In
Uzbekistan water users also have rights for water use and water transfer, but
since there is no price on water, water users are not interested in water
conservation.

3. Differences in financing of water services. The water supply services of the
western states in the U.S. have funds for concrete projects and then they must
(in principle) produce profits from the project results for further functioning.
For example the Texas Water Development Board has funds which provide
for:

• loans for water supply projects (Water Supply Account)

• loans for wastewater facilities (Water Quality Enhancement
Account)

• loans for flood control projects (Flood Control Account)

• state purchase of an interest in regional water supply and
wastewater projects, reservoirs, and flood retention basins
(State Participation Account)

• loans and grants for water supply projects and wastewater
facilities in certain defined areas (Economically Distressed
Areas Program Account)

• loans for agricultural water conservation projects (Agricultural
Water Conservation Fund)

• wastewater treatment, storm water pollution control, and non
point source pollution control projects financed with a
combination of federal capitalization grants and state funds
(State Revolving Fund)

• loans for water, wastewater treatment, and flood control
projects (Water Assistance Fund)

• loans for water, wastewater treatment, and flood control
projects (Storage Acquisition Fund)
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• water research and regional water, wastewater treatment, and
flood control planning (Research and Planning Fund)

In Uzbekistan, by law, water services may have beneficial loans for water conservation
projects, but when payment for water is absent, users are not interested in water conservation.
The availability of financing for water service is connected with the volume of water use.

2-3
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Section 3
California Water Bank

In 1991 the California Water Bank was conceived as California entered a fifth year of drought
conditions. The responsibility for organizing and implementing the bank was assigned to the
California Department Water Resources (DWR). A water purchase committee was formed
by DWR to negotiate the terms and conditions of a model water contract.

To protect the water rights of sellers and to encourage their participation, several pieces of
legislation were enacted. Assembly Bill 9 gave water supplies explicit authority to enter into
contracts with the DWR or other water suppliers for the transfer ofwater outside their service
area. Bill 10 stated that no temporary transfer of water for drought relief in 1991 and 1992
would affect the standing of any existing water rights. The transfer of water was deemed to
be a beneficial use of water on the lands from which it was transferred, it did not affect, and
was not a basis for any loss, of these rights.

The water bank acquired 820,665 acre-feet of water through 348 contracts. Fifty percent of
water came from 325 fallow farmland contracts (i.e., not planting or irrigating a crop), thirty
two percent from 19 ground water substitution contracts (using ground water instead of
surface water), and eighteen percent from 4 surface water contracts (transferring water from
local reservoirs).

A total of389970 acre-feet was purchased from the 1991 Water Bank by 12 entities. Three
jurisdictions, the Metropolitan Water District of Southern California, Kern County Water
Agency and the San Francisco Water District, accounted for over 80 percent of the purchases.
Roughly 80 percent of the 1991 Water Bank sales were for municipal and industrial uses.
The difference between total purchases and total allocation was used for environment needs
or stored for the next dry year.

3-1
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Section 4
Interstate Water Allocation of Common Water Resources

Afganistan

Kunduz
river basin

Turkmenistan

Vakhsh,
Pyandzh and
Kafirnigan
river basins

Tajikistan

Surkhan Darya
river basin

Uzbekistan

Kyrgyzstan

International water allocation is very important for the Aral Sea basin (see Figure 1).
In this basin there are two main rivers, the Amu Darya and Syr Darya, whose flow forms in
the mountain zones of Kyrgyzstan and Tajikistan and is used in the valley and desert zones of
Turkmenistan, Uzbekistan, and Kazakstan. For this reason the experience of the western
states in the U.S. in the water allocation of two river basins, the Colorado and Rio-Grande
Rivers, was studied. It must
be pointed out that this
analysis was not done to
provide an evaluation of the
water allocation between
Western USA states or
between USA and Mexico.
For us the more important
point is the process of
historical development, which,
over time, led to cooperation
and understanding.

,
,
,

Middle
Amu
Darya

Murgab,
Tedzhen,

Atrek
river basins

,
.... <-

"\ AraI Sea
" ,,,,

Kashka Darya
river basin

Zerafshan
river basin

Kazakstan

This analysis showed that
when there is water allocation
from international rivers, there
is a need to develop a basis for
international water law that
will regulate the partners'
relations, their rights and
responsibilities, and
coordinate their measures for
international river basin
administration, data collection
for water allocation and
common planning needs.

Figure 1. Amu Darya River Basin
with international borders shown

4-1
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4.1 International Water Law

The main task of international water law is to define the common interests of the affected
countries. The law should decide the question about the extent or boundaries of international
waters, this may be all or part of a basin, including ground water. In many cases it is very
important to include reservoirs in international water, when two or more countries are
interested in the reservoir's operation, or when a natural lake or reservoir that has an
important role for the basin environment.

Shares in international river flow can be defined in 3 different ways:

1. Main river and tributary flow can be divided between upstream countries, and
the water volume of international reservoirs can be divided in relative
quantities. In this way, the shares for each country are known in the upstream
river. This helps to account of long-term flow variation and the upstream and
downstream countries will be in the same positions in dry and wet years. For
application of this approach, an international hydrological station should be
placed in the upstream river.

2. River flow can be divided between countries by international boundaries in
relative shares. In this case, problems may be created by upstream water
diversion and international reservoir operation, because upstream countries
may wish to manage their shares for purposes which are in conflict with
downstream uses, e.g., power production in up-stream countries may conflict
with irrigation demands in the middle and downstream countries.

3. Same as (2), but shares can be defined in absolute quantities. When river flow
is divided between countries by international boundaries in absolute quantities,
it is very important to calculate the river flow exactly and provide measures
for water allocation for wet and dry years. According to the downstream
needs it is important to include the use of drainage and wastewater flow.

Water allocation in the Amu Darya river basin has of course been developed
differently. As a result, each republic has a quota on water withdrawals which
depends on any given year's conditions. However, when water demands are
deeply incompatible among countries and among fields of the economy, it is
extremely difficult to agree upon quota amounts. In this case, the use of water
"shares" would more accurately respond to the current situation and encourage
long term cooperation. Quotas on water diversions require the entire basin's
close cooperation in planning economic development.

4.2 River Basin Administration

The river basin administration organizational structure and functions should be defined by
international water law. This is connected with the desires of each country to evolve to

4-2
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international water management.

In our case the analysis showed that in principle the Rio-Grande River and Aral Sea basins
have developed the same structure. In the case of the Aral Sea the tasks of the Water
Commission are more complex, because there are five countries and there exists a great need
to improve the legal basis and the monitoring system. The North American Commission's
tasks include encouraging the joint economic development of boundary territories.

4.3 Data Collection for Water Allocation

Water allocation modeling can be executed only if correct data about river flow and user
demands are available. Unfortunately, a measurement error of more than 5% exists for river
flow. If we include this and the time needed for data collection, we will see it is possible to
allocate water only for a ten day period and not for shorter periods.

In the southern California's Imperial Valley there is experience with system operation for 24
hour water allocation and demand satisfaction. This system is a pioneer for other districts of
the Western USA. Their measurement and transfer system consists of a high velocity radio
network that covers the entire district. Information about water diversions in the main and
lateral channels is transmitted to dispatchers, where real time operation of the district
reservoirs and water allocation for users needs is accomplished.

An acoustic method is used for water measurement in the All American Canal. Solar powered
measurement systems are used in the lateral canals. About 80% of the canals have this
system. Automatic water measurement is used in about 20% of the farm water allocation
systems.

A united information system involving cooperation of users and water supply services of all
the basin countries will be very effective in the Aral Sea basin.

4-3



Section 5
Amu Darya River Water Allocation Model

The model has three main parts (see Figure 2): a manager program to prepare the network
model connecting the supplies with demand sites, an optimization model built on the GAMS
software base, and a data base built on the GIS (geographical information system) coverages.

Managing Program

Water Allocation
Optimization Model

GIS
Data Base

Figure 2: Structure of the water allocation model

There are two levels of detail - regional and local. On the first (regional) level, monthly water
allocations are assigned to administrative regions or irrigation zones of each country. The
water demands of zones and countries are known from the input data. At the local level, there
is a monthly water allocation for irrigation zones. The irrigation demands are calculated
within the optimization model by types of soils, crops, climate and the quality of delivered
water.

The organizational and legal aspects described above are the basis for water allocation
modeling. Optimization was use~ as the modeling method. The optimization module
underlying the model is formed by the function of purpose, by the construction of the system
and by its restrictions. The basin's distinctive feature is its international nature, which forces
the model to address multiple criteria.

Regional water allocation is calculated in two steps. In the first step, the benefits of each
country are optimized with consideration for environmental stability in the region and
regional needs, such as drinking water supply for the population which has been decreed by
international agreement. In the second step the optimal variant is calculated based on water
allocation agreements when water demands are incompatible. Methods for curtailing water
supply cause either a relative or absolute decrease in the maximum possible impact on each
country.

Table 1 shows the data used for calculating each country's share of the Amu Darya river flow
and international reservoirs. These amounts were determined by upstream cross sections.
Reservoir water shares refer to initial water storage in the reservoirs.
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Table 1

Distribution of the Amu Darya River's Flow

(with 50% probability of receiving at least these amounts annually,

given in million cubic meters)

Water resources Kyrgyzstan Tajikistan Uzbekistan Turkmenistan
(mill. cubic m.) -

Upper river flow

Amu Darya flow 58501.63

Pyandzh 32822.37 1685

Bakhsh 20103.72 172 2936

Kafirnigan 3156.00 2286

Surkhandarya 2419.54 230 2189

Kashkadarya 736.93 985.93

Zerafshan 4860.94 291 4392

Amu Darya flow 49003.63

Middle river 10446 18210

Amu Darya flow 20347.63

Lower river 13387 4488

Amu Darya River flow 2472.00

5-2
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The objective function for each country includes benefits from using the international water
flow combined with other water resources (surface and ground) at present and the
effectiveness of water accumulated in the reservoirs by the end of the calculation period.

The model's constraints consist of water/salt balance equations which connect supplies
(rivers, reservoirs, ground water) and demands (irrigation zones, power stations). Reservoirs
and water transfers can be used for surface water management. For ground water
management, underground reservoirs, ground water resources and drainage flow can be used
jointly with surface water.

The river node water balance equation is:

I(v(tp,t),Q(v;c)*(l-av)) - I(v(t,tp),Q(v;c)) + Y(t;c)-I(;,Q(t,;,'&")-V(t;c) =0, [1],

where
t - river nodes,
'&" - piece time,
v(tp,t) - water movement direction, <

Q(v,'&") - river flow in the direction v,
av - losses in the direction v,
Yet,'&") -local water sources in the node t,
Q(t,~,'&")-water diversion for user ~ in the node t,
Vet,'&") - flow regulation in node t.

Total water diversion in node t should be less or equal to the state "share" in river flow:

I((t,~), n(t,~,'&"»)$Rv(o,t) ~ !1 (0)

where
Rv(a,t) - link between node t and the state (a)
!1 (a) - the "quota" or "share" of the state.

[2],

II

The model's limitations are reservoir volume, construction parameters and other data. All
these data are available from the GIS data base. The model allows calculation of water
diversions for each irrigation zone and reservoir release for each month. The present model
can be applied in river basin administrations with international water.
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Section 6
Kashkadarya River Water Allocation Model

The water allocation model's goal is the optimal distribution of the basin's water resources to
maximize the effect of water use while considering environmental protection and the
preservation of water resources.

The model's operational goal is formed by the following aspects: the effect of irrigation, the
effect of water accumulation in reservoirs and aquifers for future benefits, and the damage
inflicted by water diversions. The impact of crop irrigation is estimated from the reduction in
yield caused by water scarcity and soil salinization.

The model's resulting nonlinear objective function is:

Zir=MAX(~(t,~',,;),P(t)*a*(Q(t,~',,;) + U(t,~,,;)) !Tr(t,,;))**uw*Na(t)**uE
**exp(-Q>w*Na(t)-<I>E*(Q(t,~',,;)+ U(t,~,,;)) !Tr(t,';)))) [3],

where:
~' - irrigation,
a, UW,UE,Q>W,Q>E - parameters,
P(t) - soil fertility,
Na(t) -land salinity
Tr(t,';) - irrigation demands in zone (t).

This expression represents soil productivity based on a given year's water supply and the
degree of soil salinization under the current level of soil fertility. This expression had been
used earlier by F. Serebryannikov in 1986.

Thus, for each of the system's "units" producing a water demand, water/salt balances are
calculated for aeration zones and areas of water saturated fine earth. According to Myatiev
Girinsky, water flows vertically in such zones. These flux points are supplemented by
horizontal surface and ground water flows.

The Kashkadarya water allocation model complements the regional model. Its distinctive
features include the following:

• a more detailed use of GIS to accumulate and manage a data base.

• calculation of water demand within the water allocation distribution module.

The following water management options are used to determine optimal water allocation
scenarios, depending on natural conditions:

1. Surface water:

• water flow transfers within the basin-- looking at all possible options given the
existing canals.
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• river flow regulation in reservoirs.

2. Ground water is managed through methods of regulating ground water storage and the
artificial replenishment of aquifers. This measure is efficient both for irrigation and
non-irrigation needs.

3. Water use also results in return flows, and one indicator ofthe degree of optimization
reached in water allocation is the-effectiveness with which this return water is used.

Part of this flow, in accordance with water quality requirements, is reused in
conjunction with surface water and pumped water.

During model development, an expert evaluation was conducted on water management
methods. Management methods and targeted water uses are proposed for each ground water
source.

The standard software for optimization calculation (GAMS) was used in constructing the
model. The methodical approach to optimization used here, together with the management of
all components of water resources and water demands based on GIS, should be broadly used
in planning the water economy and system operations.

6-2
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Section 7
Conclusions and Recommendations

• International water law in the Aral Sea basin should be developed. This law should
define shares, rights and responsibilities of each country in international water. Water
saving practices within a republic, and a water bank, will be more effective if an
international water law determining each nation's water shares has first been
established.

• The comparative analysis of water management in the western states in the U.S. and
Uzbekistan showed that the following measures can be applied in the Uzbekistan
water sector

1. A legal base for water use should be created that includes conditions
that will promote the implementation of economical mechanisms in the
water sector and raise the interest of water users in water conservation.
It is necessary to develop the Uzbekistan law "About water and water
use". In particular, the following should be added:

To Article 24:

Water users have rights for water use and for water transfer for
a defined price or rent to other users directly or through a water
bank. If the water transfer is outside of the local water supply
agency, permission from the committee that is responsible for
water use rights is needed. If the water transfer is within an
administrative district the local water agency must simply be
notified.

The transfer of water does not affect and is not a basis for any
loss of water rights if the transferred water does not cause a
decrease in river flow. This savings or transfer can be
considered a beneficial use of the water in the land from which
it was transferred.

To Article 31:

Short term water use can be applied only in special conditions
as a temporary measure.

Both actual water users and water user associations can be
considered "water users" in this context (water user
associations seem to be effective during the transition of
establishing such users as farmers). Water management on the
local level will thereby be characterized with the functions of

7-1



two structures; a water service which has the right to regulate,
protect and supply water while reimbursing its expenses, and an
association or group of water users, which has the right to use
and transfer a defined amount of water.

2. A water bank should be established. The objective of the water bank is
to raise the interest of water users about water conservation and the
selling and purchasing of water. Water users will have two
alternatives:

• They will have water use rights without payment

• With additional payment water users may participate in
the water market when they wish

The water bank can be established in river basins or by administrative
regions (oblasts).

3. Direct agreements between different users for selling and purchasing
water should be promoted. This will result in conserved water from
one region being transferred to other regions where payments are
possible.

4. Implement pricing for the last 10%-15% of irrigation's water supply as
an initial step.

5. Full payment for natural resources use should be applied in the second
step. This measure allows a sharp increase in the efficiency of natural
resources use, and it will decrease all types of unproductive losses of
water.

6. Ground water management zones should be established. These
agencies can be established under the hydrogeological services which
have highly skilled specialists. This measure is possible and will be
effective in zones where there are important needs for ground water
protection and artificial ground water recharge.

7. The interstate basin water organizations can adapt the experience of the
Imperial Irrigation District in solving issues of interstates water
allocations.

• The Amu Darya and Kashkadarya river water allocation models should be applied by
the Basin Water Management Association (BVO) Amu Darya and in the Water
Survey of the Kashkadarya oblast. These regional and oblast level water management
organizations should test the models and input any necessary additional information.

• A Single Information System in the Aral Sea basin should be developed to include the
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existing data bases of the hydrogeological and hydrometeorological services, the
ministries of melioration and water management, planning and research institutes, and
institutes ofhigher education.

• GIS should be used more broadly in water management.
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product allocation. The resolution of the Cabinet of the Ministers under the President of the
Republic of Uzbekistan of June 29, 1992', No.303.

3. On water use limiting in the republic ofUzbekistan. The resolution of the Cabinet of the
Ministers of August 3, 1993, No. 385.

4. California Water Update. Vol. 1. Department Water Resources, Sacramento, 1994, p. 273.

5. Jay R. Lund, Morris Israel, Richard Kanazawa. Recent California Water Transfers
Emerging Options in Water Management. University of California, Davis, 1992, p. 195.

6. Water ofTexas, Today and Tomorrow. Texas Water Development Board. 1990, p.4-46.

7. Joint Surface and Ground Water Use for Irrigation (S. Sh. Mirzaev and A. K. Karimov)
Tashkent, 1989

8. "Optimization of Calculation of Effectiveness of Water Resource Use." In transactions of
the International Congress "Ecowatch-96," Moscow, 1996.

The result of research carried out by A. Karimov on the ACCELS funded project "Study of
the History of the Development of USA's Water Sector" and on his dissertation
"Optimization of Water Management of the Republic of Uzbekistan" have been used in this
report.
























































































































