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Summary Report

Project Purpose and Scope

The purpose of this project was to assess the water management impact on the flow the Syr
Darya River's tributaries, within the territory ofKazakstan, and to restore natural flow values
by different methods.

Project Results and Findings

Based on the assessment of human impact on the Syr Darya River's tributaries within the
Kazakstan territory, the following conclusions could be made:

•

•

•

•

•

The highest decline in flow, caused by man as opposed to a natural
decline, occurred on the Arys River after the introduction of the Arys
Channel, with an average decrease of55% (80% in dry years and 35%
in wet ones).

In the Keles and Bugun' river basins there were no significant
anthropogenic changes found within the observation period resulting
from an unchanged level of human activity.

In the Shayan River basin human impact is not significant.

The results of the three applied methods for assessing anthropogenic
changes in river flow and flow restoration to those under natural
conditions (statistical, water balance and mathematical modeling
methods) were similar. This confirms the validity ofthe results
obtained and the possibility ofusing the restored rows in hydrologic
estimates.

Given the decline in the quality of hydrologic observations, the
KazNIGMI mathematical flow model should be considered as the most
acceptable and proinising method for natural river flow restoration and
assessment ofhuman activity impact on water resources.

The main tributaries of the Syr Darya River are the Arys, Keles, Bugun and Shayan rivers,
located on the right bank part of the basin on the south-western slope ofthe Karatau range
and the western part ofthe Talassian Alatau. The rivers are mainly fed by melted snow
waters. The share of rainfall, ground and glacier input is considerably lower. The largest part
of the annual precipitation occurs in winter and spring. Snow cover used to be unstable and is
retained mainly on northern exposure slopes. The major volume ofthe flows occurs during
the period from February to May. Agriculture is known to be the main water user in the area.
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The Arys River is the second place for the catchment area in the examined region. The
catchment area of the basin is 14900 km2 with a prevailing western orientation. There are
about 300 main and on-farm channels within the Arys River basin. The major part of the
water consumed is used for regular and estuary irrigation. The area of irrigated farmlands
makes up about 50 thousand hectares, and the area suppliedwith water, about 435 thousand
ha. In 1965, the ArysMain Channel was put into operation with a release capacity of 45
m3/s. .

The Keles River basin down to the Akdjar node (catchment area of 1960 km2
) is comprised of

80 main channels. The Bugun River basin, down to the Krasny Most village (catchment area
2160 km2), is comprised of 20 main channels. The irrigated territory is 50 thousand ha and
the water supply area, 420 thousand ha. Within the Shayan River basin, down to the node
3.3 kIn below the Akbet River estuary (catchment area about 485 km2

), water related activity
is low with only one channel being operated.

For southern Kazakstan, with a typically dry climate and water restraints, assessment of the
water management activity impact on river flows is extremely topical. The problem is
complicated by the fact that most rivers of the region are subject to intensive human impact.
Under these circumstances, the task of river flow forecasting and the development of
hydroengineering facilities and irrigation systems become even more complicated. In order
to overcome these difficulties, it is necessary to restore the natural river flow, making it
available for hydrological forecasts, estimation of construction parameters and more
substantiated water planning and management.

Project Methodology

As a methodological foundation for the assessment of water management impact on water
availability in the rivers and river flow restoration, one of the standard statistical assessment
methods, the linear trend method, was used, as well as a simplified channel balance equation
method. We also used an improved conceptual mathematical model of mountainous river
flow formation, developed by the Kazak Hydro-meteorology Scientific Research Institute
(KazNIGMI, which is presently known as KazNIIMOSK) under the guidance ofV. V.
Golubtsev. The model was successfully adapted to a number of mountainous rivers of
Kazakstan. The model was also used for water resource vulnerability assessment under the
possible impact of anthropogenic changes of climate, implemented under the joint Kazak­
American Country Studies Project.

In the KazNIGMI model, a river basin is represented as three sequentially connected
reservoirs, located one above another and identified as surface water, deep and shallow
groundwater sources, and another reservoir, characterizing flow formation within the
hydrographic network. The model includes a description of some elementary water balance
processes such as snow stock formation and water inflow to basin surface, changes in water
stock, freezing and thawing of soil and grounds, total evaporation, surface water, and deep
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and shallow groundwater flow formation, formation ofwater inflow to river network, and
flow hydrograph at the rear node (i.e. a range ofmodels describing elementary watershed
process). The basic principles of the model were elaborated in works by A. N. Vazhnov, V. D.
Komarov, Yu. M. Denisov, and Yu. B. Vinogradov.

A specific feature of the KazNIGMI model is that even with limited information available, it is
possible to simulate river flow from each of the altitude zones, various landscape parts of the
basin and mountain slopes ofdifferent exposition. Model parameters could be changed,
depending on the elevation of the area, angle and exposure of the mountain slopes, and the
profile of the underlying surface (bare, forested, glacier covered, etc.).

The main input data used for flow hydrograph modeling were daily precipitationtotals and
average daily air temperatures. The data were obtained through observations at
meteorological stations, located within or in proximity of the basin. The KazNIGMI flow
model makes it possible to estimate water inflow to the watershed area, flow amounts during
different calendar periods (10 day period, month, year), and flow hydrograph at the rear node
ofthe basin.

During the adaptation ofthe model to the conditions in the basins concerned, the
characteristics of the processes ofthe freezing and thawing ofsoils and grounds, snow stock
formation, precipitation gradient and air temperature were assessed, depending on area
elevation, dynamics of parameters throughout the year, and hydrographic and gypsographic
characteristics ofthe basin with due consideration to the different slope exposures.

Initiation of significant flow changes was identified by plotting integral curves of the type:
~(Q)=<p(~ID (1)
~(Q) =<p(t) (2)

where ~(Q) is the incremental total of flow values from the beginning ofthe observation
period, and (~m is the incremental total of simulated values of the water inflow to the surface
of the.basin, and t - time moment.

The statistical significance of the water management activity impact on the flows ofthe rivers
was determined on the basis of the results ofthe studies of observation rows for the presence
of trends and homogeneity. Homogeneity was assessed according to the criteria of
Wilckokson, Fischer, Student and Z-criterion. Independence (incidence) of the initial
aggregates was determined by the calculation of the autocorrelation coefficient and the
Neiman criterion.

Based on the assessment of the Arys River it may be assumed, that the homogeneity and
independence of measured flow data are rejected according to all the criteria of the hypothesis.
To this end, significant homogeneity disturbance in the series of integral curves became visible
in 1965. The disturbance was caused by the introduction of the Arys Channel into operation.
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There was no trend observed in the Shayan River's flow, and the homogeneity hypothesis
was acceptable according to almost all criteria, meaning that water management activity did
not have a significant impact on the flow.

Integral curves plotted for the Keles and Bugun' rivers did not allow us to identify the period
of distinct flow disturbance, despite a long history of water withdrawal from the rivers. A
series of analogous tests offlow for the observation period revealed their homogeneity and
absence of trends. Hence, it can be assumed that the anthropogenic load on Keles and
Bugun' flow is of a continuous character, without pointed changes during the observation
period. These conclusions are confirmed by dual integral curves plotted for the water inflow
to the watershed surface of the Keles (down to the Akdjar node) and the Bugun' (down to
Krasny Most village node) rivers, estimated by means of the flow model and the measured
flow.

As it was indicated above, natural river flow's restoration was made by means of three
principally different methods:

•

•

•

A statistical method, based on linear trend method for the Arys, Keles,
Bugun and Shayan rivers

A simplified channel balance equation for the Arys, Keles, and Bugun
rivers

Modeling, carried out on the Arys River, the largest tributary of Syr
Darya River within Kazakstan, and the Shayan River, the flow of
which according to preliminary estimates, did not experience any
significant man-made impact

Calculations based on the linear trend method has shown that the estimated flow of the Arys
River has been declining since 1951, for an average value of 1.79 m3/s annually. By 1990, it
had declined by 35.4 m3/s, or by 43% of the initial estimated flow of 84.5 m3/s. The annual
decline for the Bugun' River for the period of 1966-1990 was 0.12 m3Is; for the Shayan for
the period of 1951-1990,0.016 m3/s; and for the Keles for the period of1960-1990, - 0.08
m3/s. In relation to the initial estimated flows, the decline is 14%,4% and 5%, respectively,
remaining within flow measurement accuracy limits. Hence, statistic assessment of water
management activity impact on the flows of the rivers revealed significant changes only for
the Arys River flow.

Flow restoration in natural conditions by means ofchannel balance equation was made
through summing up the difference between water intake and discharge values, based on
monitoring data, and river discharge values during the flood period.

Model flow hydrographs for the Arys and Shayan rivers for the period of 1951-1990, were
produced as a result of numerous experiments on the flow model, and estimations of the
spring flood volume values.
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Flow rows, restored by two or three methods; were subject to statistical analysis. They were
examined for homogeneity, independence and presence of trend. It was revealed, that there
was no trend in the rows, and all statistical evaluations (except the Fischer criterion) were
within the imposed limits with a 5% significance. The values of spring flood volumes ofthe
Arys River during the period of 1966-1985, restored by means ofa simplified channel
balance equation (Qb), flow model (Qrn) and linear trend equation (Qt) were found to be in
proximity to each other. Correlation coefficients between Qb and Qrnr = 0.95 +1- 0.02, and
between Qb and Q(r = 0.94+1- 0.02. Hence, we may assume that natural flow restoration was
made with sufficient reliability, and the flow rows could be used for estimation of the various
hydrologic characteristics and water availability forecast.

Assessment of flow changes, caused by human impact, has shown that the highest changes
were found in the Arys River flow. According to the data obtained through the flow model,
the average decline amounted to 37%. At the same time, water withdrawal during the period
of 1951-1964 was substantially lower at only 5%. After the Arys Channel was put into
operation, the volume was increased up to 55%. Flow changes assessment through channel
balance equation, decline thereof amounted to 38% in average, and for the indicated periods ­
8 and 54%, respectively. Measured flow values as compared to the ones calculated by linear
trend equation, were on average lower by 40%, and for the periods of 1951-1964 and 1965­
1990 by 13 and 56%, respectively.

The restored and measured Shayan river discharge values have good similarity. The average
water discharge for the period of 1951-1990, calculated through the flow model was 5.36
m3/s, linear trend equation, 5.58 m3/s, and according to the hydrometric monitoring, 5.30
m3/s, confirming insignificant water management impact on the Shayan River flow.

Anthropogenic changes in the Keles and Bugun' rivers' flow were relatively low. Calculated
by two methods, the average decline was 5-6% for the Keles River (20% in dry years, 1-2%
in wet-years) and 11-15% for the Bugun' River (50% in dry years, 1-2% - in wet years).
There were no trends found in these changes.

Taking into consideration the substantial man-made changes in the Arys River flow, a
method was developed for the calculation of water intake volumes, depending on the water
availability of the year.

Practical Recommendations and Applications

The following recommendations can be made:

• With the current massive consumption of water in the southern regions
ofKazakstan, surface water evaluation should begin with the
identification of river flow, which is subject to anthropogenic impact,
as it was made under the project. This would avoid significant errors
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•

being made during water management planning and forecasting, as
well as in the construction design process.

The restored flow rows could be used in the development ofwater
availability forecast methods, based on regression schemes, where the
stationary character of the rows is of fundamental importance.

In general, the results of the study could be used for and by:

•

•

•

•

solution of water and water quality management tasks for the
establishment of optimal water use and consumption regimes in the
basin of right-bank tributaries of the Syr Darya River within the
territory ofKazakstan

planning for the agricultural lands used for grain and technical crops,
the dimensions of irrigated areas, and the water use regimes in years
with different water availability

hydrologic and environmental scientific-research institutes, ministries
and committees responsible for water quantity and quality monitoring,
water allocation and use (Le. Ministry ofEcology and Bioresources,
State Committee for Water Resources, Kazak Hydrometeorological
Survey), as well as design institutes, for carrying out engineering and
hydrological calculations for construction design ofhydroengineering
facilities in the area

implementation ofmultipurpose optimization model for water
allocation in the Aral Sea region (RIMDESS)

Policy Recommendations:

Project results could be used on:

•

•

the national level for substantiation ofpopulation numbers and the
elaboration of a concept for employment of manpower which is
required for the development of industrial capacities of the region

the regional level for the development of interstate agreements between
Kazakstan and Uzbekistan on water sharing in the Syr Darya River
basin
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Potential Project Impacts and Regional Cooperation .

Results of the work were used by KazNIIMOSK for the development of water availability
forecast methods for the Arys, Keles, Bugun' and Shayan rivers, and are currently being used
by the Kazak Hydromet Survey in their water availability forecasts, both monthly and during
flood periods. The introduction of corrections on the anthropogenic impact into the
prognostic values, allowed the State Committee for Water Resources to correct water
management activity accordingly.

The main conclusions of the research were reported at the Third Joint Conference on
hydrologic and hydrogeologic problems of environment protection, named "Water as Critical
Resource: Problems of Conservation, Use and Management" (September 22-26, 1996,
Tashkent) and were recommended for publication in the Proceedings of the Conference.
Practical orientation of the studies and the obtained results could assist water management
experts in other countries to take them into consideration and make appropriate adjustments.

The mathematical model for river flow's formation made by KazNIGMI and used for the
assessment ofthe impact of human activity on the water availability in the rivers and flow
restoration in natural conditions, is a universal one and could be successfully applied for the
same purpose on other water bodies of the Aral Sea basin.

The project is closely linked with ADP on "Probability Forecast for Aral Sea Levels" since
data on the flow of the Syr Darya tributaries below the Chardara Reservoir, is used for the
forecasts of water inflow to the Aral Sea and the level of its separate parts
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