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ASSESSMENT OF CHANGES AND USE OF WATER RESOURCES
IN THE SYRDARYA RIVER

Abstract

Rational use of water resources is of current importance in the integrated use and regulation of
flow. Therefore, a water management calculation is needed that will allow water resources to be
distributed efficiently and unacceptably, without allowing them to be overused. The article discusses
issues of assessing the water resources of the Aral-Syrdarya water basin. To analyze the hydrological
characteristics of the basin under study, series of annual water runoff were reconstructed and
chronological graphs of annual runoff were constructed. At calculating the parameters of the annual
runoff, total and difference integral curves were constructed, the values of the annual runoff were
determined using all sets of data from hydrological posts of the studied Syrdarya River basin. The
main statistical parameters of the annual river runoff, random errors in the mathematical expectation
and the coefficient of variation were assessed.

For water management calculations, data from the report of the Aral-Syr Darya Basin
Inspectorate on regulation of the use and protection of water resources for 2016, as well as the Scheme
for the integrated use and protection of water resources in the river basin, were used. Syrdarya for
2018.

Analysis of the water balance for the periods 2010-2018. takes into account that the incoming
part of the water balance of the Aral-Syrdarya river basin was 81,690.69 million m3, the outgoing
part was 82,446.35 million m3. Based on the data, a water balance was compiled and an analysis was
made that the flow decreased by 755.66 million m*, which naturally affected the decrease in the level
of the Aral Sea. Also, according to the water balance of the Shardara, Badamskoye, Bugunskoye and
Kapshagai reservoirs, accumulation was positive. But in the Koshkurgan reservoir, accumulation was
negative.

Key words: water discarges, annual runoff, statistical methods, water management
calculations, water balance of reservoirs.

Introduction

Rational use and protection of water resources in the Syrdarya river basin have been and remain
one of the urgent problems in the system of integrated use and protection of water resources in this
region. Increasing anthropogenic load is becoming more and more problematic given climatic
changes [1, 2].

As it known, in the lower reaches of the Syrdarya River already in the second half of the last
century water deficit was acutely felt and about 30 years ago in its mouth the runoff reduced to almost
zero. According to the results of scientific studies [3-5, p. 15-28], the annual runoff of the Syrdarya
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River over a multi-year period characterized by instability, which is due to both natural and
anthropogenic factors. In the present period, the influence of anthropogenic factor on the natural
ecological system is very high. One of the main negative factors is irrational use of water resources.

Over the last ten years, significant changes have occurred in the Syrdarya river basin, having a
significant impact on the runoff regime in the lower reaches of the river - the Koksarai counter-
regulator was constructed downstream of the Shardara reservoir with a capacity of about 3.0 km? and
a water mirror area of 465.0 km?. Due to this, a part of water that earlier left the reservoir into the
Arnasay depression irretrievably (where a reservoir with a length of more than 160.0 km was formed),
now returns to the Syrdarya river channel through the counter-regulator, which should eventually lead
to an increase in water flow in its lower reaches. (It may be noted here that the Koksarai reservoir
itself, having such a large area, annually evaporates up to 0.5-0.6 km?® of moisture into the atmosphere)

[6].

Irrigation and reclamation construction are also developed in the Syrdarya river basin. Irrigated
lands have increased from 1073 thousand hectares (up to the border of the Republic of Kazakhstan)
in 1913 to 3500 thousand hectares at present. The upper reaches of the Syrdarya River used for
hydropower purposes. A total of 25 relatively large regional and several dozen small hydropower
plants with a total installed capacity of 776.7 thousand kW have been built [4, p. 25-50]. Water
requirements of municipal, industrial and agricultural water supply and ponding sectors are
approximately 0.6-0.8 km3 of water per year.

Therefore, for effective use of water resources it is necessary to assess changes and use of water
resources of the Syrdarya River with the help of information-analytical data, characterizing their
changes in a multi-year section as well as calculation and analysis of hydrological characteristics of
the Syrdarya River.

Using observational data at hydrological posts located in the Syrdarya River basin, an analysis
of long-term changes in water flows for 1990-2020 was carried out according to Kazhydromet data.
Data on hydrological stations for which the flow change analysis was carried out are shown in Figure
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Figure 1 — Geographical location of the Syrdarya River basin

Observations of runoff characteristics at the hydrometric gauging stations accepted for
calculations have omissions of observations. The method of analogy was used to restore the omissions
and to calculate long-term average water discharge values. Correlation dependence between water
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discharge of the studied river and the river-analogue was determined in compliance with the
requirements of the absence of anthropogenic factors that distort the natural regime of the river. [8,
p.24;9,p. 7].

Methods and materials

A static series of hydrological observations at a specific river gauging station or observation
point is part of the general data set. Therefore, it is necessary to assess how the existing series or the
period selected for calculation (calculation period) reflects the typical pattern of runoff change over
time in the considered territory, i.e. how representative is the number of observations assumed for
calculation [8-10].

Estimation of average annual water discharges is carried out depending on the completeness of
the observation series and the reliability of the initial data using the methods described in [10, p. 29].
Statistical methods are widely used in the practice of hydrological research and calculations. In the
conditions of the study area, there are incomplete series of observations. The duration of observation
periods for average annual water discharges from 6 to 90 years.

In the article [11] analyses of the dynamics of water resources change in the Syrdarya River for
different periods (up to 1960, up to 1970, up to 1980, up to 1990 and up to 2000) were made. The
assessment of water resources change shows that in all stations there is a decrease in runoff compared
to previous periods. For example, in the Kyzylorda gauging station, the average annual discharge of
the river decreased from 673.6 m%/s in the period up to 1960s to 470.5 m®/s in the period up to 1980s
and to 456.2 m%/s in the period up to 2000s. Correspondingly, at the Kazaly gauging station - from
507.2 m3/s in the period up to the 1960s to 315.9 m%/s in the period up to the 2000s. The decrease in
runoff is 30-40%. Total water withdrawals in the river basin increased from 25.7 km3 in 1931-1960
to 49.8 km3 of water per year in 1986-1990.

The main water consumers are regular irrigation, hayfields, pastures, agricultural water supply,
pond farms, natural complexes and including the Aral Sea. The table of water consumption of all
indicators for the Aral-Syrdarya water basin is given below. The data were obtained in ASWB [12].

Table 1 - Water consumption in the total Aral-Syrdarya basin

Water consumption in the total Aral-Syrdarya basin, min m®

Indicators 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 2017 2018
Collectionof all | 86577 84%3,9 8938,9 85%1,2 924;2,5 90;7,1 8735,67 110%)2,61 906;1,93
surface 84494 | 8197,8 | 86902 | 8364.0 | 90236 | 8856,7 | 8513.79 | 10796,88 | 8871,92
4 3 9 1 0 8 4 6 6
Groundwater | 208,26 | 216,16 | 218,65 | 217,19 | 218,99 | 219.27 | 218,876 | 215,724 | 193,006
12666 | 21295 | 18702 | 15584 | 18511 | 20754 | 167449 2046,09
Transport losses 6 3 4 8 8 2 8 1717,155 9
Forced abstraction 1421’6 182,53 0 000 | 17212 | 000 0,000 | 1842,170 | 0,000
Usage. Total: 59519’4 6471,2 | 70387 70?22’7 7229'2 73%8'7 7055'17 7453285 701; 16
domes\tl'vgt‘i:'”k'“g 7123 | 7626 | 8356 | 7745 | 8492 | 94,82 | 88533 | 83633 | 69,781
production 4345 | 4362 | 4233 | 4401 | 4821 | 41,05 | 38,024 | 39,889 | 43,199
. 51376 | 5337,0 | 52401 | 56565 | 5811,3 | 66812 | 563865 5670,53
irrigation reg. 7 6 1 5 3 0 1 5967,004 5

hayfield irrigation. | 541,62 | 847,88 | 878,58 | 921,25 | 950,05 | 951,15 | 986,910 | 985,300 | 972,650

ag“c‘;l'}gg;‘;/water 86,4 | 87,33 | 79,93 | 7929 | 80,31 | 8041 | 80,741 | 80,361 | 77,886

pasture watering 60,05 60,05 62,05 62,05 63,05 63,05 63,050 63,050 63,050

'”'gat';’rr;ggree” 6,49 1,32 178 4,04 204 | 1989 | 2582 1,679 2133

fish ponding 18,63 18,77 20,19 20,19 20,19 5,14 14,349 7,797 7,380

other needs 0,36 0,23 630,17 | 157,92 | 158,29 | 125,08 | 145,332 | 224,572 | 110,552
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The following paper deals with the construction of reservoirs and their impact on river runoff.
The construction of reservoirs, especially for long-term water regulation, has a very significant impact
on runoff, including the maximum runoff, and reduces the risk of flooding of territories [13, 14].

Regulation of river runoff in the conditions of the Syrdarya River basin is of great water
management importance. The construction of reservoirs allows accumulating spring runoff, which
makes up most of the annual runoff volume, and increasing water availability for various sectors of
the economy. At present, 24 reservoirs with a total capacity of over 1 million m? are functioning in
the basin. The total usable capacity of the reservoirs is 7.32 km®.

The largest reservoir is the Shardara Reservoir on the Syrdarya River with a designed usable
capacity of 4,230 min m®. The Shardara reservoir is used for irrigation and power generation. Smaller
reservoirs with a usable capacity of 0.3 to 365 min m® are mainly used for irrigation.

In 2010, the Koksarai flood control reservoir with a usable capacity of 2.5 km?® was constructed.
It is designed to protect the lower reaches of the Syrdarya River from floods.

There are 136 hydraulic structures in the Aral-Syrdarya basin (in South Kazakhstan province -
102 HS, in Kyzylorda province - 34 HS). Of them, in republican ownership - 65, in communal
ownership - 52, in private ownership - 19.

Total number of reservoirs in the basin - 28, hydroelectric installations - 19, dams - 2, spillway
structures - 2, main canals - 74, protective dams - 2 (625.12 km long), ponds - 9. Table 2 shows the
main reservoirs of the Aral-Syrdarya water basin [12].

Table 2 - Information on the main reservoirs of the Syrdarya River [15]

NN Name of Watercourse or place of Volume by project, min. m3 Water level mark, m
reservoir reservoir formation Full Useful NSL DVL

1 Shardara r. Syrdarya 5200 4230 252 244
2 Koksaray r. Syrdarya 3000 2500 2129 206
3 Akylbeksay r. Keles 25 24 326,5 316
4 Badamskoe r. Badam 61,5 59 649,4 644
5 Kapshagai r. Shayan 34 32 451,6 435

r. Bogen with feeding

6 Bogen from the Arys River 370 363 259,8 247,6
7 Koshkurgan r. Karashik 37,3 36,3 381 369

The study of consequences of large reservoirs formation is of great scientific interest and has
important practical significance in solving problems of rational use and protection of water resources.
The basis for its solution is the study of regularity of water resources formation in reservoirs, their
influence on river runoff and characteristics of reservoir water balance.

Water balance calculations, based on which quantitative and qualitative indicators of current
and future state of water resources in reservoirs are formed, are an effective means of solving water
problems in different water management administrations and economies.

Along with graphical methods, the tabular method of flow regulation calculation is applied,
which is reduced to solving the reservoir balance equation. For time interval At, the balance equation
is as follows:

£ AV = QaAt =(Qinf-Q) At=[Qinf-(Qu+Qc+Qioss)] At

where AV - change in reservoir filling (accumulation). A plus sign corresponds to an increase
in reservoir filling, a minus sign to a decrease (drawdown); Qa - accumulation runoff rate, i.e. the
difference between the inflow runoff rate Qinrand the regulated gross flow rate Q; Qu - used runoff
rate; Qiaf- idle discharge flow; Qioss - total flow rate of water losses and withdrawals from the reservoir
[16, p. 189].

Results and discussions

During the statistical analysis of the source data, observation gaps in the annual runoff
observation series were reconstructed using data from analogue rivers. For each hydrological station
under study, several methods were tested and the most effective was selected. The correlation
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coefficients of the average annual water discharge of the studied river and the analogue river were
high: 0.87-0.98.

As a result of the restoration of observational data, the duration of series at many hydrological
stations increased.

At choosing analogues for calculating the flow rate and assessing the errors in its determination,
the generally accepted recommendations set out in [17] were taken into account.

In the runoff formation zone and in the lower reaches of the Syrdarya River basin, water is used
for water supply to the population, development of horticulture, generation of electricity, for grazing
livestock, technical and other purposes.

Information on the reconstructed series of annual water discharges, regression equations,
correlation coefficients and analogue sites is presented in Table 3.

Table 3 - Information on the reconstructed series of annual water discharges, regression
equations, correlation coefficients and analogue sites

River — gauging Observation Regression Correlation Reconstructe d, .
; . : L Analogue - river
stations period equation coefficient, r d years %
Syrdarya river -
downstream of the 1961-1963 Syrdarya river —
Shardara 1965-2020 y =089x-3,09 0,91 1964 4,76 Z Tor)r:enaryk
Reservoir
Syrdarya river — 1976-1994 1961-1975 Syrdarya river —
s. Koktube 2000-2001 y=0,91x + 42,7 0,87 1995-1999 4,74 5. Tomenaryk
2014-2020 2012-2013
. Syrdarya river -
Sptaatve - | 0604990 | y-osme2s2 | oss | 29I |53 | soumsmeamor
Shardara Reservoir
Syrdarya river — 1962-1990 1960-1961 Syrdarya river —
5. Kergelmes 1994, 2000- | y=0,92x-13,1 0,98 1991-1993 5,57 s. Tomenaryk
2020 1995-1999
Syrdarya river — 1961-1994 Syrdarya river —
ys. TZsbuget 2003-2020 y =0,96x +102 0,91 1995-2002 711 )sl Ke?/gelmes
Syrdarya river — 1961-1992 _ Syrdarya river —
s. Karaozek 2006-2020 y=137x+732 0,97 1993-2005 16,2 s. Kergelmes
Syrdarya river — 1981-1992 1961-1980 Syrdarya river —
s. Zhosaly 2009-2010 y=1,13x + 6,75 0,98 1993-2008, 22,7 s. Karaozek
2012-2020 2011
N 5. sy
yrdarya river — : - _ y yrdarya river —
s. Kazaly 1999, 2004- | ¥~ LITx+35,7 0,93 é%%%lg%%g 1,23 s. Tasbuget
2020 i

The main characteristic of river water resources is the average long-term water discharges or
runoff rate. The grouping of runoff into low-water and high-water phases indicates the presence of a
connection between the runoff of nearby years.

The study area belongs to areas of insufficient moisture, characterized by low precipitation
and high evaporation values.

Chronological graphs of annual runoff were constructed (Figure 2); from the graphs, it can be
seen that the fluctuations are cyclical in nature, which is expressed in the sequential change of low-
water and high-water groups of years. These periods vary both in their duration and in the degree of
deviation from the average. Some cycles are expressed quite clearly, while in others there is no
obvious trend.
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Figure 2 — Hydrograph of average annual runoff of Syrdarya river - s. Tomenaryk

To compare the results of the calculated characteristics of river runoff in the considered water
basins for the calculation periods and for 1961-2020. The annual runoff values were determined using
all sets of data from hydrological posts in the study basin. At table 6 shows the main statistical
parameters of annual river flow, random errors in the mathematical expectation and coefficient of
variation, which for values of Q should not exceed 15%, and for Cv - 20% [17].

Table 4 — Probabilistic values of the annual river runoff of the Syrdarya water management

basin
River-aaudin Calculation Main statistical characteristics of
Ne sta%iong g eriod river runoff sQ oCv
P Qcp, M¥/c Cv
30.4 0.04
1961-2020 459 0.36 6.6% 10.5%
Syrdarya river - 1961-1990 407 0.40 52.7 0.06
13.0% 14.8%
1 | downstream of the 226 0,04
Shardara Reservoir 1991-2020 511 0.26 4.40% 13.5%
104
A 25 7%
31.2 0.04
1961-2020 455 0.36 6.9% 10.7%
54.0 0.07
, | Syrdaryariver - 1961-1990 402 0.44 13.4% 14.9%
s. Koktube 22.5 0.04
1991-2020 507 0.26 4.4% 13 4%
105
A 26.2%
32.0 0.04
1961-2020 407 0.39 7 9% 11.1%
53.0 0.07
3 | Syrdaryariver - 1961-1990 347 0.45 15.3% 15.1%
s. Tomenaryk 19.8 0.04
1991-2020 466 0.32 4.2% 13.4%
118
A 34.20%
Syrdarya river — 32.0 0.05
4 s. Kergelmes 1961-2020 362 0.41 8.8% 11.6%

191




I3nenicrep, Hotmxkenep — MccnenoBanus, pesynsratsl. Ned (100) 2023, ISSN 2304-3334

1961-1990 312 0.54 2 2
1991-2020 412 0.25 oD 04
’ a1 5%
1961-2020 298 0.53 Ve 207
;| sy Lg,:tr ) 1961-1990 232 0.58 2?3/0 1%%0
' 1991-2020 363 0.34 S o
’ 55,56
1961-2020 256 0.84 12(.)_5;/0 1%_._15&
6 Syrgalrg/;zgl\),/er _ 1961-1990 181 0.99 321—1-2% 1%%{;/{)
' 1991-2020 332 0.68 e 22
’ a3 5%

As a result of calculations of annual runoff and analysis of chronological graphs over the last
30 years (from 1990 to 2020), an increase in river runoff is observed in the Syrdarya water basin
compared to the previous period 1961-1990 by 1.5-2 times. The findings also indicate that the runoff
of water in the river largely depends on lateral inflows, in particular on the runoff of water flowing
into the Syrdarya and tributaries and climate changes.

Therefore, an analysis and assessment of hydrological and water management calculations in
the areas under consideration is required. The objects of the study are the southern regions, which are
more prone to variability in climatic factors and densely populated areas. Due to the increase in
population every year, the use of water resources increases accordingly, which can lead to
desertification and land degradation.

Measure calculations take measures to manage water resources more efficiently, allowing
water to be allocated between different needs, such as agriculture, industry and public water supplies.

Thus, river runoff rates provide significant information for reducing the risk of desertification,
and their observation and analysis are key components of strategies to combat desertification and
manage water barriers.

Table 5 - Areas of regular irrigation and water withdrawal in the Aral-Syrdarya basin [12]

Years Regular irrigated area, ha Water withdrawal for regular irrigation, min m*
2004 451075 6909,64
2005 424580 6566,82
2006 446271 6861,45
2007 429041 6724,21
2008 392710 5777,63
2009 408367 6412,81
2010 412316 6286,68
2011 543420 6716
2012 420600 6759,19
2013 415405 6899,81
2014 483334 7126,22
2015 495358 7439,99
2016 497184 7083,84
2017 489549,6 7450,1
2018 498020 7465,872
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Water resources of the Syrdarya River are formed mainly in the upper and middle parts of its
basin [11], on the territories of the Kyrgyz Republic and partially the Republic of Uzbekistan,
Republic of Tajikistan. In the Republic of Kazakhstan, the Syrdarya River is fed by its right-bank
tributaries Keles and Arys rivers, as well as a few small watercourses within the Karatau Range.

In the Aral-Syrdarya water basin 1/3 of the irrigated land fund of the Republic of Kazakhstan
is located and the socio-economic and ecological situation of the region and food security of the
republic as a whole depends on how effectively it is used. The lands of the Aral-Syrdarya water basin
due to high heat availability have the highest productivity potential in the republic and under
favourable reclamation regime on these lands it is possible to obtain very high and sustainable yields
of various agricultural crops [14].

Table 5 shows the dynamics of changes in regular irrigation of the Aral-Syrdarya basin for the
period 2005-2018. The figure shows that the irrigated area increased in 2011 by 543 thousand ha and
the following years 2012-2013 decreased by about 20%. Starting from 2014 the irrigated area
increased by 68 thousand ha and the following years was approximately 490 thousand ha. But
according to the data of the state registration of the total in the project area as of 1 January 2017 in
the basin irrigated land amounted to 798.98 thousand ha: in South Kazakhstan province - 558.993
thousand ha, of which used under crops 499.935 thousand ha, not used for various reasons 59.058
thousand ha; in Kyzylorda province 239.987 thousand ha, of which used 168.077 thousand ha and
for various reasons not used 59.424 thousand ha.. [12, 15]

For a number of reasons, in recent years about 100 thousand ha of irrigated lands have not been
used in agricultural production, which is associated with the deterioration of land reclamation
condition, as well as with the state of irrigation and collector-drainage network. The main reasons for
such situation on irrigation systems are organizational and economic conditions, as well as practically
uncontrolled situation of meliorative degradation of irrigated lands.
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Figure 3. Dynamics of changes in water consumption in the total Aral-Syrdarya basin

If we compare surface waters from different years, we can see an increase in 2017 of
approximately 22% compared to 2010. But the use of water for irrigation in 2017-2018 shows a small
increase of about 12%. also, if we compare the water used in total with 2010 and 2018, we can see an
increase of 18%. but the result of the water balance in the following table shows a lack of flow.
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Table 6 - Water balance of the Aral-Syrdarya river basin, min m?® for the period 2010-2018

Water inflow Water outflow
Surface water 79764,56 Transport losses 16189,26
Groundwater 1926,126 Forced water withdrawal 3628,45
Total usage 62628,64
Total 81690,69 Total 82 446,35
-755,66

Analysis of the balance for the periods 2010-2018 allows to note the following. The main source
of water supply is surface water. Taking into account the dynamics of surface water change 79764.56
min m3, groundwater amounted to 1926.126 min m®. Also, water losses during transport 16189.26
mln m?, and forced water withdrawal amounted to 3628.45 mIn m?, and 62628.64 min m? were used
(all water users are included).

The inflow part of the water balance of the Aral-Syrdarya river basin for the period 2010-2018
was 81690.69 min m?, the outflow part was 82,446.35 mIn m2. Taking into account the above data, it
is possible to draw up a water balance and analyze that the flow has decreased by 755.66 min m?,
which naturally reflected in the lowering of the Aral Sea level.

Table 7 - Dynamics of water releases to the Aral Sea, min m® [12]

Years 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016

Annual
water
releases
to the
Aral Sea | 10,1 9,89 6,76 6,62 3,69 4,11 9,2 4.6 4,58 411 |5,13 |554 | 5,15

Analysing annual water discharges according to [12] the runoff of the Syrdarya River into the
Aral (Small) Sea for the last six years was recorded in 2010. - 9198 mIn m®. In 2011, the annual runoff
was 4636 mIn m3, such a decrease in runoff is apparently due to water withdrawal to irrigated lands
in summer-autumn time in sufficient quantity. Analysis of data for 2012...2014 showed that the values
were 4,106...5,134 min m°.

According to the results of data from Kyzylorda Centre "KazHydromet" the value for 7 months
of 2015 was 3.473 min m?, for the 8th month of 2016 was 2600 min m?, there is a tendency to decrease
every year, but in the current period of 2018 there is a decrease in runoff to a minimum value,
associated with the construction of a bridge on the Syrdarya River in Kazaly district. [3].

Table 8 - Water balance of the Shardara reservoir for 2016 full volume-5200 min m?

Ne Components of balance min. m3
1 Reservoir volume at the beginning of the period 3276
2 Inflow to the reservoir 16148
3 Evaporation and filtration losses from the reservoir 735

Release from the reservoir 16007
including to:
Kyzylkum MC (including for fishery needs) 968
Release through HPS turbine 8642
Discharge via CWS (idle spillway) 6067
Arnasay depression 22,86
4 Makhtaral section 280,22
State Enterprise "Communal Service" of Shardara city 1,20
NSS (National Socialist Society) Khantaniri 5,24
NSS (National Socialist Society) Turar 4,40
NSS (National Socialist Society) Kazbek 4,53
NSS (National Socialist Society) Tilek 8,09
NSS (National Socialist Society) Bars 4,08
5 Reservoir volume at the end of the period 3227
6 Total + AV=141
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The analysis of the Shardara reservoir water balance for 2016 shows that the main part of the
reservoir filling (99-100%) depends on the inflow to the reservoir 16148 min m3, and in the discharge
part of the flow is the release from the reservoir, namely irrigation of BMK and sanitary releases and
losses along the channel 16007 min m® (98%) of which evaporation and filtration losses is 735 min
m3 (4%), reservoir accumulation (drawdown) = AV= 141 mIn m3. Disconnect +141 min. m*

Table 9-Water balance of Badam reservoir for 2016 full volume-61.5 min m?

No Components of balance min. m3
1 | Reservoir volume at the beginning of the period 48,146
2 | Inflow to the reservoir 72,54
3 | Evaporation and filtration losses from the reservoir 5,05
Discharge from the reservoir 57,403
4 including for:
Large main channel (LMCh) irrigation 12,992
Sanitary releases and losses along the channel 44,411
5 | Reservoir volume at the end of the period 48,986
Total + AV=15,137

The analysis of the water balance of the Badam reservoir for 2016 shows that the main part of
the reservoir filling (99-100%) depends on the inflow to the reservoir of 72.54 min m®, while the
discharge from the reservoir, namely irrigation of the LMCh and sanitary releases and losses along
the channel of 57.403 mIn m3 (79%), and in the discharge part of the flow is the release from the
reservoir, namely irrigation of LMCh and sanitary releases and losses along the channel 57.403 min
m3 (79%) of which evaporation and filtration losses are 5.05 mIn m* (6.9%), reservoir accumulation
(drawdown) = AV=15.137 mIn m®. Disconnect +15.137 mIn m*

Table 10 - Water balance of the Bugun reservoir for 2016 full volume-370 min m®

Ne Components of balance min. m3
1 Reservoir volume at the beginning of the period 190,46
2 Inflow to the reservoir 980,65
3 Evaporation and filtration losses from the reservoir 96,38
Discharge from the reservoir 898,53
4 including for:
Irrigation 490,62
environmental releases 407,90
5 Reservoir volume at the end of the period 189,27
Total + AV=82,12

The analysis of the water balance of the Bugun reservoir for 2016 shows that the main part of
the reservoir filling (99-100%) depends on the inflow to the reservoir 980.65 min m? and the outflow
part of the flow is the release from the reservoir, namely irrigation and environmental releases 898.53
min m® (91%), of which losses for evaporation min m3, and in the discharge part of the flow is the
release from the reservoir, namely irrigation and environmental releases 898.53 min m® (91%) of
which evaporation and filtration losses are 96.38 mIn m® (9.8%), reservoir accumulation (drawdown)
+ AV=82.12 mIn m3, Disconnect +82.12 min. m?

Table 11 - Water balance of the Koshkurgan reservoir for 2016 full volume-37.3 min m®

Ne Components of balance min. m3
1 Reservoir volume at the beginning of the period 20,081
2 Inflow to the reservoir 164,09
3 Evaporation and filtration losses from the reservoir 2,63
Discharge from the reservoir 182,29
4 including for:
Irrigation 37,33
Sanitary releases and losses along the channel 144,96
5 Reservoir volume at the end of the period 18,345
Total + AV=18,2
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The analysis of the water balance of the Koshkurgan reservoir for 2016 shows that the main
part of the reservoir filling (99-100%) depends on the inflow to the reservoir 164.09 min m?, and in
the discharge part of the flow is the release from the reservoir, namely irrigation and sanitary releases
and losses along the channel 182.29 min m® (110%), which reduces the accumulation of the reservoir,
and of these losses on evaporation and filtration is 2.63 min m3 (1.6%), reservoir accumulation
(drawdown) = AV=18.2 min m. Disconnect - 18.2 mIn. m*

Table 12 - Water balance of Kapshagai reservoir for 2016 full volume-34.0 min m®

No Components of balance min. m3

1 Reservoir volume at the beginning of the period 22,390

2 Inflow to the reservoir 129,477

3 Evaporation and filtration losses from the reservoir 2,006
Discharge from the reservoir 125,201

4 including:
Shayanov water supply 2,655
Irrigation 27,967

5 Sanitary releases and losses along the channel 94,579
Reservoir volume at the end of the period 22,58
Total + AV=4,276

Analysis of water balance of Kapshagai reservoir for 2016 shows that the main part of filling
(99-100%) of the reservoir depends on inflow to the reservoir 129.477 min m?, and in the discharge
part of the flow is the release from the reservoir, namely irrigation and sanitary releases and losses
along the channel 125.201 min m3 (96%), which exceeds the reservoir drawdown, and of these losses
on evaporation and filtration is 2.006 min m*® (1.5%), reservoir accumulation (drawdown) =+
AV=4.276 mIn m3. Disconnect -+4.276 min m*

Conclusion

Runoff rate is one of the indicators that reflects soil moisture and water availability for
vegetation. Low runoff rates may indicate a lack of moisture, which may increase the risk of
desertification.

The flow rate is associated with seasonal and prolonged droughts. Reduced flow rates during
drought periods can have an adverse effect on agricultural conditions and water supply.

As a result of the above calculations on water balance of reservoirs, shows increasing
accumulation of the following reservoirs as Shardara reservoir (+ AV=141), Badam reservoir (+
AV=15.137), Bugun reservoir (+AV=82.12), Kapshagay reservoir (+AV=4.276). But decrease of
reservoir accumulation shows in Koshkurgan reservoir for 2016, where accumulation is (AV=- 18.2
mln m?), which shows large discharge for irrigation, sanitary releases and losses along the channel.

The land fund of the planned zone allows increasing the area of irrigated lands to a great extent,
but the chronic deficit of water resources in the Syrdarya basin is a constraining factor. In turn, the
results of the water balance of the Aral-Syrdarya river basin for the period 2010 - 2018, where taking
into account the above data was drawn up water balance and analysed that the runoff decreased by
755.66 mIn m®, which naturally reflected in the lowering of the Aral Sea level.

Prospects for the development of irrigated agriculture in the region urgently require its scientific
support, since the associated disruption of the existing ecological balance of natural systems
necessitates the development of a comprehensive set of measures for the directed formation of
ecological balance of a certain type, which serves as a prerequisite for the creation of agrolandscapes
(and as a part of them - agrocenoses) with given properties.

It is also necessary to keep in mind that the solution of the whole set of issues of this complex
problem is closely connected with the results of transboundary water allocation of the Syrdarya river
flow between the Republic of Kazakhstan and the Republic of Uzbekistan. This is important not only
within the framework of national interests, but also under the conditions of regional planning of
optimal nature use.
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OILIEHKA N3BMEHEHMI U NCIIOJIb30BAHUS BOJIHBIX PECYPCOB
PEKHU CBIPJAPBU

Annomauus

PannonanbHOoe HCHONB30BaHME BOJHBIX PECYpPCOB HMMEET aKTyaJllbHOE 3HAYeHHE B
KOMILIEKCHOM HUCIIOJIb30BAaHUU U PETYIHpoBaHuu cToKa. [loaToMy, HE00X01UM BOIOXO35IIICTBEHHBII
pacuer, KOTOPbIA MO3BOMUT 3PPEKTUBHO M HEMPHUEMIIEMO pacHpeeNiaTh BOIHBIE PECYpPChI, He
JIOITyCKasi UX Iepepacxoja. B cratbe paccMOTpeHBI BOMPOCH! 00 OIEHKE BOJHBIX PECYypcoB Aparo-
ChIpIapMHCKOTO BOJIOXO3AMCTBEHHOr0 OacceiiHa. [l aHanm3a TUAPOJIOTHYECKUX XapaKTePUCTHUK
n3ydaeMoro OacceifHa OBLTM BOCCTAHOBIICHBI PSJIBI TOJOBBIX PACXOJOB BOJBI U IOCTPOCHBI
XpOHOJIOTHYECKHe rpaduKu ToA0BOro cToka. [Ipu pacyere mapameTpoB ToA0BOT0 CTOKA MOCTPOECHBI
CyMMapHble M Pa3HOCTHBIE WHTETPAJIIbHBIC KPHUBBIC, OMPEEICHBl 3HAUYEHUS TOJOBOTO CTOKA C
UCIOJIb30BaHHUEM BCEX COBOKYITHOCTEH JAHHBIX T'MJIPOJIOTHYECKUX IMOCTOB HCceayeMoro OacceiiHa
peku Coipaapusi. O1ieHeHbl OCHOBHBIE CTATUCTUYECKUE TTapaMEeTPhl TOJJOBOTO CTOKA PEK, CIydyalHbIe
OITMOKY MaTEeMAaTUYECKOTO OXKHIAHUS U KOIPPUICHTA BapHAIIHIH.

Jlis  BOIOXO3AMCTBEHHOTO pacueTa OBLUIM HCIIOJNB30BaHBI JaHHbIE oOT4eTa Apano-
CrIpaapbUHCKON 0aCCEeMHOBOW MHCIIEKIIMU T10 PETYJIUPOBAHUIO MCIOIB30BAHUS U OXpPaHE BOIHBIX
pecypcoB 3a 2016 rog, a Taxke Cxema KOMIIEKCHOTO HCIIOIb30BaHUS M OXPaHbI BOJIHBIX PECYPCOB
Oacceiina p. Ceiprapus 3a 2018 rog.

Amnanus Bojoxo3siicTBeHHOro 0ananca 3a nepuo sl 2010-2018 r.r. yuuThIBaeT, 4To MPUXOAHAS
4acTh BOJOXO3SMCTBEHHOTO Oananca Apano-CheIpIapuHCKOTO pEeYHOTOo OacceifHa COCTaBJIsI
81690,69 miH M3, pacxojiHas yacTh 82 446,35 MiH M2, TIo TaHHBIM COCTABJICH BOIOXO03MMCTBEHHBIN
GanaHc ¥ cleTaH aHAJIM3 YTO CTOK YMEHBIIMICS Ha 755,66 MIH M, 4TO €CTECTBEHHBIM 00pa3oM
OTpa3uJics Ha MOHMXEHUE YPOBHA Apanbckoro Mopsi. Taxoke mo BogHomy 6anancy Illapaapunckoro,
banamckoro, byrynsckoro u Kanmaraiickoro BoJoXpaHUIUIIA aKKyMYJISIIUS ObUla MOJIOKUTEIbHA.
Ho B Komrkypranckom BoIOXpaHHUIUIIE aKKYMYJISIHS ObLTa OTpUIIATEbHOM.

Kniwueevie cnoea: pacxom  BOIBI, TOJOBOM  CTOK, CTaTUCTUYECKHE  METO/IBI,
BOJIOXO3SIIICTBEHHBIE PacUeThl, BOJHBIN OallaHC BOIOXPAHIIIUIIL.
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S Unoicunupune orcone scoeapvr mexnonozusnap kiacmepi, ano — Papabu amvinoazvl Kaz¥y,
Kaszaxcman, Anmamer k., omirzhan.taukebayev@kaznu.edu.kz
CbIPJAPUS O3EHIHIH CY PECYPCTAPBIHBIH O3T'EPYI MEH
MAUJIAJTAHBLTYBIH BAFAJIAY
Anoamna
Cy pecypcTapblH YTHIMIBI MaiilaaHy aFbIHABIHBI KEIIEH/I1 MaliJalaHny MEH PeTTeyAe ©3€KTi
MoHre ne. COHIBIKTaH Cy PeCypCTapblH apThIK IIBIFBIHIAMAMN, THIMIII KOHE KOJIAWJIBI YJIECTIpyTe
MYMKIHIIK OepeTiH cy MIapyallbUIbIK ecenTeynep Kaxker. Makanaga Apan-Celpaapust cy
apyanibUIbIK aTadbIHIa CY pecypcTap/Ibsl Oaraiay Moceenepl KapacThIpblUIFaH. 3€PTTEIIN OThIPFaH
ayianTa TUAPOJIOTHSIIBIK CUTIaTTaMallap/bl Tajay YIIH KUK Cy OTIMIAEp] KaTapiapbl KalmblHA
KENTIPIIAI ’KOHE KBUIIBIK aFbIHIBIHBIH XPOHOJOTUSIIBIK TpadUKTEPl TYPFBI3BIIABL. JKBUIIBIK aFbIHBI
KaTapyapbl apaMeTpiiepiH ecenTey Ke3iHJe JKUBIHTBIK JKOHE albIPBIMABIK WHTErpan KUCBHIKTAPhI
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TYpFbI3bUIIbl.  ChIpaapus ©3€¢Hl amaObIHAaFbl OapiibIK THUAPOJOTHUSIIBIK OeKeTTeperi OapibiK
MONIMETTEpiH TMaijalaHa OTBIPBINT JKBUIIBIK aFbIHIBI  IIaMajapbl aHBIKTAIIBL. O3eHAep
arbIH/IBICBIHBIH HEri3rl CTaTHCTUKAIBIK IapaMeTpiiepi, MaTeMaTUKaJblK KYTIMHIH Ke3JIeHCOK
KaTenikTepi, Bapusiuus koddduumentrepi 6arananmpl.

Cy mapyambuiblK ecenreyiep yirin 2016 xputFa Cy pecypcTapbiH MMaiaaganyapl peTTey MeH
Kopray OolibiHma Apan-Celpiapus ananThblK HHCICKIHSICHIHBIH MolliMeTTepi skoHe 2018 xbplnra
Ceipmapusi e3eHi anaObIHBIH Cy pecypcTapblH KelIeHl MaijanaHny MeH Kopray cyji0achl
Al T TaHbUI/bI.

2010-2018 xpurnapra cy mapyaribLIbIK OamaHCcThl Tanaay Apan-Ceipaapus ©3¢H aJaObIHBIH CY
TeHaecTirinin kipic Gemiri 81690,69 mmu M3, an mbiFbic Oemiri 82 446,35 muH M3 Kypaizbl.
Kunanran monimerrep OoibIHIIA Cy IIAPYaIIBUIBIK OalaHC jKacaiibl )KOHE HOTUIKECIHIE aFbIHIbI
755,66 muH M3 azaiiran, Oyi1 Apan TeHi3i qeHreiinin Temenaeyine okennui. [llapnapa, bagam, beren
xoHe Kanmaraii cy KoiiManap/IbIH Cy TEHIAESCTIT1 OoMbIHIIA OH akKyMmyJisinusra ue. bipak Komkypran
Cy KOMMAacChIH/Ia Tepic aKKyMYJISIHS OaifKaibl.

Kinm ce3dep: cy oTiMi, XbUIIBIK aFbIHJbI, CTaTUCTUKANBIK OAICTEp, CYy MIapyallbUIbIK
ecenrTeyep, Cy KoMMalapablH Cy TCHIECTIT1

MPHTHU 68.47.15 DOI https://doi.org/10.37884/4-2023/22
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OIIEHKA 3KOJOTMYECKOT' O COCTOSIHUS MIOMMEHHBIX JIECOB PEKH
INAPBIH U HEOBXOJUMBbIE MEPBI 110 UX BOCITPOU3BOJACTBY

Annomayus

Pexa Illapeia — kpynHeiimmuii nputok p. Wie. Ilnomans 6acceitna pexn 7720 km?, amuHa 427
kM. McToku pexn u ee npaBoOepexHbIe PUTOKU PACHOIOKEHBI Ha I0KHOM cKJIoHe KeTMeHckoro
xpebta. Haubosnee MHOTroBOJIHBIN ee JieBoOepexxHMil mputok (peka Kapkapa) ¢opmupyer cTok ¢
CEBEPO-BOCTOUHBIX OTporoB Tepckeii-Anaray n Kynrei-Anaray. IlapblH OTHOCHUTCS K pekam
CMENIAaHHOTO THUIAa MUTaHHs (C MpeodsIalaHueM CHErOBOIr0), ¢ PACTAHYTHIM TEPHOJOM BECEHHE-
JIETHETO T10JIOBO/bS (AIIPEIIb- MIO0JIb) U3-3a PA3HOBPEMEHHOIO TasHUS CHETA B Pa3JINYHBIX BHICOTHBIX
30Hax. DOpMHUPOBAHKME CTOKA MPOUCXOIUT B OCHOBHOM B BBICOKOI'OPHOM M CPEIHETOPHOM 30HaX
Gacceifna.

Moitnakckas I'DC ObL1a BBeZieHa B akciutyatanuio B 2012 roay B BepxHelt yactu pexku Llapbin.
Co3nanue THIpOdIEKTPOCTAHIIMM U3MEHUIIO MOTOK peku lllapeiH, HIKE MO TeUeHHIO OT 00BEKTa
Mpou3pacTaeT siceHoBas pomia Ha mrom@aau 5014 ra. flceHoBas pomia MMeEET CTaTyC MaMsITHUKA
IPUPOJIBI PECITYOIMKAHCKOTO 3HAYSHHS. 37€Ch KPOME SICEHS COITMAaHCKOTO PacTyT TypaHra
CU30JIUCTHIN, B3 MEPUCTOBETBUCTHIN, Oapbapuc WINKHCKUA, o0Jenuxa u Ipyrue.

Xot4 Obl1a MPOBEZIEHa HEKOTOpasi padoTa MO yIpaBJIEHUIO BOJHBIMU PECYpPCaMU, 10 CHX TIOP
He paspabotaH [lnan ynpaenenust BogHeiMU pecypcamu peku [lapsin. B pamkax uccnenoBaHuit
IIPOBEJIEHA OLIEHKAa COBPEMEHHOIO COCTOSIHUS IOMMEHHBIX JIECOB, CTENEHU MOKPBITHS
PaCTUTENBHOCTBIO M YPOBHS YBIAQXKHEHHOCTH MOKWMBI B quHamuke 3a 2000-2018 rr.
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