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HUMAN IMPACT ON WATER REGIME
OF THE SHARDARA WATER RESERVOIR

Abstract. Under rapid population growth, food demand and other human activities, water availability is pre-
dominantly becoming a common problem worldwide. This study considers Shardara water reservoir located on the
Syrdarya River within Kazakhstan and investigates changes on its water regimes under human activities. The Mann-
Kendall trend test was used to explore the contributions of human activities to changes in inflow and discharge in
Shardara water reservoir between 1980 and 2016. The results indicated that human activities, particularly agriculture
and power generation activities are the major governing factors of changes on water regimes of the reservoir. The
findings also indicated that, at significance level inflow and outflow of reservoir have positive trend. The inflow and
discharge fluctuation of water often leads to serious floods in settlements at lower reaches of Syrdarya River accom-
panied by severe socio-economic damages and losses.

Key words: Shardara water reservoir, Hydrological parameters, Inflow, Outflow, Aydar-Arnasay lakes system.

Introduction. The construction of dams or water reservoirs is important for human beings, since
reservoirs provide multipurpose uses which contribute significant value for the development of society [1].
The water reservoirs are among the most efficient tools for water resources development and management
[2]. They are very complicated facilities that enable to redistribute river flow in time [3]. The main role of
reservoirs is to control water resources in river basins [4], flood prevention and provision of water for
different water uses such as industry, agriculture and domestic purposes [S5]. Many natural, economic
systems and water complexes of Kazakhstan have been operating in a stable mode under production rates,
while intensification and anthropogenic impacts have become objects of environmental stress. Some of
these systems have been shifted from environmental stable level to environmental crisis and degradation.
The Syrdarya River Basin is one of such water management systems in Kazakhstan and Central Asia in
general [6, 7].

The Syrdarya River is one of the major irrigation sources in Central Asia [8]. Its regulation permits
the use for irrigation. Irrigation development in the Syrdarya River Basin has drastically changed natural
conditions within this area [9]. Initially, upstream—downstream issues in the Syrdarya River Basin
originated in the beginning of the 1960s [10]. Until that time, natural flow of the River met water needs of
users and environmental flow to the Aral Sea. The natural flow regime had high flow in summer and low
flow in winter [11]. This regime was suitable for irrigated agriculture; the main historical water user in the
region [12]. However, expansion of irrigated land in the basin from the 1960s stimulated the development
of large storage facilities for regulation of the River flow [13]. The Toktogul water reservoir was construc-
ted upstream of the Naryn River; others were Andijan water reservoir at the inflow point of Karadarya
River to Fergana valley, and Kayrakkum and Shardara reservoirs downstream of Syrdarya River.
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By 1988 was expansion of irrigated area to 3.36 min. hectares [14]. About half of this expansion was
made possible by the development of downstream and virgin land where irrigated area increased from 456
to 977 thousand ha. Water withdrawal for irrigation amounted to 85% of the total long-term annual river
flow against 40% before 1960 that significantly reduced the river inflow. This was the first manifestation
of upstream—downstream conflicts in the basin [15].

In a modern geopolitical situation in Central Asia, the necessity of existing system of river flow regu-
lation revision and safety measures provision of regions exposed to water flooding below Shardara dam
have occurred. It is mainly connected with change of regional water requirements in the context of
orientation on their own national interests and programs of their development. The centralized flow
regulation system and accident prevention system from water flooding while controlling the stream flow
using all regulating reservoirs of the basin that pre-existed until 1992 was completely changed. These
changes presently are resulting from regular spring emergency conditions on the territory of Kazakhstan
and winter difficulties in the context of situation of basic regulating reservoirs on territories of other
countries [15, 16]. Therefore, current problems of the Syrdarya River from the Shardara water reservoir to
its confluence are associated with floods and ice blocking phenomena mainly resulting from human
activities [17] and in order to prevent flooding of the lower reaches of the Syrdarya River, wasteful
discharges into the Aydar-Arnasay lakes system were required. Therefore, the purpose of the present study
is to analyze human impact on water regime of the Shardara water reservoir.

Study area. The Shardara water reservoir is located at the altitude of 252 m in the middle reaches of
the Syrdarya River in south Kazakhstan region and Syrdarya Region of Uzbekistan (figure 1). The reser-
voir is one of the largest reservoirs in Kazakhstan [18]. The reservoir capacity is 5.2 billion m® with a
useful capacity of 4.7 billion m® and dead water horizon of 244 m [19]. The area of the reservoir's surface
at the normal headwater level is 650 km? [20].

The Shardara water reservoir serves for multipurpose uses such as hydropower use, storage of
irrigation water, municipal and industrial water supply and fishing. The reservoir is formed by two dams;
one is in Kyzylkum canal on the Syrdarya River and the other overlaps the Arnasay-Aydarkul depression.
Arnasay dam is located on the border of Kazakhstan and Uzbekistan [21]. Unlike the reservoirs of
temperate zone of Europe, USA and Canada, it is filled in autumn and winter. From April/May to Septem-
ber/October, water from the reservoir is used for irrigation but reduces by about 12 m. At the maximum
drawdown, the reservoir covers only 11,000 hectares versa 90,000 ha of entire one [16].

The climate in this region is continental highly arid. There are typical large seasonal and daily heat
temperature variations. The summer is dry, cloudless and very hot. In July, the warmest month, the ave-
rage monthly temperature is 25-31 °C. From June to the first half of August, the maximum temperature
usually reaches 40 °C or higher. Average precipitation is 429 mm, the lowest in August is 2 mm in
average. Most precipitation falls in March, 75 mm in average [22]. There are solid masses of irrigated land
about 9,400 hectares along the Keles River, upstream the Syrdarya River from the reservoir at the study
area. About 136,000 hectares of agricultural land are located at the southern bank of the reservoir passing
the Dostyk canal at the territory of Uzbekistan. Water irrigation also occurs directly from the reservoir [22].

Data collection and Methodology. This study employed long-term data on the inflow and outflow of
the Shardara water reservoir for the period 1980-2016. The data of the Syrdarya River runoff (1980-2016)
and discharge of water from the Shardara into Aydar-Arnasay lakes system (1993-2016).

Then the statistical significance of trend in time series of water regime of the Shardara water reservoir
was analyzed by using Mann Kendall (MK) test. The Mann-Kendall test is a widely used test for detecting
trends in time series, and is very popular in hydrological studies [23]. The MK test is a non-parametric test
for linear trend, based on the idea that a lack of trend should correspond to time series plot fluctuating
randomly about a constant mean level, with no visually apparent upward or downward pattern [24].

In MK trend test, each data value is compared to all subsequent data values. Mann Kendall statistic
(S) for a time series X;, X», X3 ..., and X, [25, 26] is calculated as follows:

S =Ysgn(xj— x;) €Y
Where sgn
(Xj - xi) = 1,lf (X] - xi) >0
(Xj— xi) = O,if(Xj— xi) =0
(Xj - xi) = —1, lf (XJ - Xl') <0
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Figure 1 — The Shardara water reservoir and Aydar Arnasay lakes system within Syrdarya River Basin
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The probability associated with S and the sample size, n is then computed to statistically quantify the
significance of the trend using normalized test statistic, Z is formed using the equation as follows:

asi-1 .

SD—Isl,lfS >0
z={ 0, ifs=o0

si—-1

Tlsl,lfs <0

While the standard deviation is computed as:

SD|S| = \/% (n(n — 1)(2n + 5) (2)

Where n is the number of data points.

Remote sensing. Generated using Normalized Difference Water Index (NDWI) we calculated chan-
ges on water area of the Shardara water reservoir. Surface water mapping with multi-spectral remote-
sensing images is based on the difference of the absorption and reflection of light between water and other
features in different frequency bands. As reflections from water of the visible to infrared bands are
gradually weakened, the surface water on an image can be delineated with the (NDWI) by the contrast of
the visible wavelength with the near-infrared and short-wave infrared wave lengths [27]. The NDWI was
first suggested by to detect surface waters in wetland environments and measure surface water dimensions
[28].The NDWI index was calculated with the following equations

band — band
NDWI = GREEN NIR

bandcppeny + bandy;r

Where GREEN is a band that encompasses reflected green light and NIR represents reflected near-infrared
radiation

Results and discussion. Water regimes of the Shardara water reservoir. The problems of the Syrda-
rya water flow release are associated with flood and subsequent material damage and human losses. While
the construction of Shardara reservoir enabled to avoid floods in the lower reaches of Syrdarya River
almost completely during the seventies and eighties of the last century. But at present, the flow volume
entering Shardara reservoir and lower reaches of Syrdarya River is determined by operation regime of
higher reservoirs cascade and, mainly the largest ones, designed for long-term and seasonal regulation
[29]. The highest inflow rate in Shardara reservoir and outflow from reservoir to river can be observed in
the first decade (1980-1989). In this period, inflow is equal tol1 892, 3 mln m® per year (figure 2), the
outflow is equal to 10211, 4 mln.m’ per year (figure 3).
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Figure 2 — Dynamics of the inflow to the Shardara water reservoir
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Figure 3 — Outflow dynamics from the Shardara water reservoir

These indicators decreased in the period of 1982-1986. The lowest inflow and release rate
was between 1985 and 1986 with inflow equal to 8745, 9 min.m’ (figure 2) and outflow of about
7156, 5 mln.m’ (figure 3).

The indicators worsened within this period (1982-1986) likely due to the facts that, there was
shortage of water in the region and that, specific water consumption decreased to 35.1 thousand m’/ha,
then after irrigated land expanded to 199 thousand hectares. While the volume of discharge required for
irrigation has reached 7 km®/year [30]. Accordingly, the runoff of Syrdarya River decreased between 1982
and 1986 (figure 4).
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Figure 4 — The runoff of the Syrdarya River (Source:[20]).

The increasing indicators are observed in the period between 1987 and 1989 with higher trends
between 1980 and 1989. The inflow to Shardara reservoir in 1987-1989 amounted to 16 917,9 mln.m’/year
(figure 2), and the outflow from reservoir is also high, amounting to 15555 mln.m*/year (figure 3). In this
period, the runoff of Syrdarya River is increasing (figure 4). In the first decade (1980-1989), discharge
water from Shardara reservoir was no more than 10508, 6 mln.m’ per year (figure 3) and the inflow was
12119, 6 mIn.m*/year (figure 2). Then during the second decade of 1990-1999, there are slightly fluctua-
ting inflow to the reservoir (figure 2) and the release from reservoir (figure 3). The highest rates of inflow
and discharge are particularly observed within the period 1992-1994 in particular.

The inflow rate within this period is 23411, 4 mIn.m’ (figure 2) and discharge rate is 20744,4 mln.m’
per/year (figure 3).
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Since 1992, for economic reasons, Kyrgyzstan has changed the purpose and mode of the Toktogul
reservoir into energy regime. As a result of the transition to the energy regime, winter and summer
changed places and this led to floods in winter and, in summer, artificial water scarcity [31]. As electricity
needs increase in winter, inflow rate to the reservoir from higher reservoirs increases as well [32]. Inten-
sive use of water resources for power generation, along with changes in the Toktogul operating regime
created serious problems in the Syrdarya River in both summer and winter periods. That regime differs
significantly from the irrigation regime, although until 1993 its regime was underlined to the irrigation
schedule, according to which the reservoir was filled from October to March and discharged from April to
September. The simultaneous inflow and discharge is supposed depending on the flow rate in winter
regime of Shardara reservoir operating in the energy regime of the upper reservoirs. Water was supplied
from January to March. Slightly higher consumption is observed at the beginning and end of the freeze-up,
and decreased during vegetation period [33]. We observed that since of changing purpose of Toktogul
reservoir the inflow of Shardara reservoir decreased in vegetation period and raised in non-vegetation
periods, but outflow raised in the vegetation, non-vegetation periods (figure 5).

During the 1980-2016 period, the discharge rate is equal to 9129, 8 min.m’ and inflow rate is
6338 mln.m’ annually in average in vegetation period (figure 5). But outflow rate is 6060, 7 mln. m® and
inflow 10 478.9 mIn.m’ annually in average in non- vegetation period (figure 5). The inflow rate higher in
non-vegetation period than vegetation period, which explain because for economic reasons, Kyrgyzstan
has changed the purpose and mode of the Toktogul reservoir into energy regime. The Toktogul reservoir
began intensive use of water in non-vegetation period. The Toktogul reservoir saved water in vegetation
period, accordingly the inflow of the Shardara reservoir is low. But outflow of the reservoir lower in non-
vegetation period than in vegetation period. Because during vegetative period, demand for irrigation water
grows in the lower reaches of the river and discharge rate is quite high accordingly. As well as we can see
changes on water area of the Shardara reservoir in vegetation, non-vegetation periods in figure 6.
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Figure 5 — Dynamics of inflow to the reservoir Shardara outflow from the reservoir in vegetation and non-vegetation periods
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Figure 6 — Changes in the water area of the Shardara reservoir 1987-1988, 1992-1993, 2009 within
in vegetation (A) and non-vegetation (B) periods generated using NDWI

In the third decade period 2000-2009, there are slightly fluctuating inflow to the reservoir and the
release from the reservoir (figures 2, 3). The largest inflow and release rate was in the period of 2002-
2005 where inflow rate to the reservoir is 24540 mIn.m’ (figure 2) and discharge rate from the reservoir is
20330 mln.m’ per year (figure 3). As a result, Shardara reservoir began to fill up at critical level, and water
was discharged to the Syrdarya. That caused flooding in this region [34, 35].

Accordingly, the river flow rose (figure 4). Stable inflow and discharge rates in the reservoir are
observed in fourth decade (2010-2016). Only from 2010 to 2014, inflow and outflow parameters showed
high level (figures 2, 3).

This can be due to the compensating reservoir constructed in Kazakhstan in early 2011, which took
the first 2 bln.m® of water. Since flood occurred in South Kazakhstan region in spring of 2008 [36], the
compensating reservoir enabled to reduce the forced discharge rate to Aydar-Arnasay lakes system [30].
After that, there is stable decrease of the inflow and outflow (figures 2, 3) and river runoff of the Syrdarya
(figure 4). Using statistical tests for estimating Mann-Kendall slope, such a fluctuation in the indices
showed that at significance level the inflow and outflow of reservoir have positive trend (figures 2, 3).
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Conclusion. The changes on water regimes of Shardara reservoir was investigated in this study, with
use of statistical tests of the Mann-Kendall slope estimation. Results revealed that between 1980 and 2016,
the trend of inflow to reservoir Shardara and outflow from reservoir to Syrdarya River at significance level
have positive trend. The results also indicated strong fluctuation of indicators (inflow and outflow or
discharge) for the period (1980-2016). These indicators increased significantly only in the period 1992-
1994 and amounted to 23 411, 4 mln.m® of inflow and 20 744, 4 mIn.m’ of discharge per year. Accor-
dingly, the river runoff of Syrdarya river, and that occurred because in 1992, the Toktogul reservoir, which
located in the upper part of the Syrdarya River was switched to the energy regime. As electricity needs
increase in winter, the inflow to the reservoir from the upper reservoirs increases as well. As a result, the
ice is formed in the lower reaches of the river in the non-vegetation period that brings the floods in the
region. The analysis of Mann-Kendall trends long-term data for the period of 1992-2016 showed that at
significance level overall trend release from Shardara to Arnasay lake system is decreasing. During this
period, 1899, 5 mln.m’ of water was discharged from the reservoir to the lakes system. The highest rates
(9193, 3 mIn.m’) are noticed between 1993 and 1994 while the lowest rates (0 mIn.m’) are observed in the
period 2012-2013.
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IIBIFBIHIAPFA OKEIT COFYBI MYMKIH.
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BJIMUAHUE YEJJOBEYECKOTI'O ®AKTOPA
HA BOJHBII PEXXHUM IHAPJAPHUHCKOI'O BOJJOXPAHUJIUILA

AHHoTanus. B ycroBmsx ObICTpOTro pocTa HaceJIeHHs, CIIPOca Ha MPOJOBOIBLCTBUE U IPYTHX BHIOB JAEATENb-
HOCTH YeJIOBEKa JOCTYITHOCTH BOJBI CTAHOBHUTCS BCe OoJiee pacpoCTpaHEHHOU MpobieMoii BO BceM mupe. B cratse
paccMaTpuBalOTCsl M3MEHEHHs BOAHOro pexkuma lllapmapuHCKOro BOIOXpaHWIMINA B PE3yNbTaTe AEATEIbHOCTH
4eJioBeKa, KOTOpbIN pacnonoxeH Ha peke Coipaapus B Pecny6muke Kaszaxcran. Tect Tpenma Manna-Kennanna
WCTIOJIb30BAJICS JIJIsl U3YUYEHUS BJIUSHUE YEJIOBEUECKOW NeATeIbHOCTH B M3MEHEHHH MpHUTOKa W oTToka B lllapaa-
puHckoe Bojgoxpanuwiunie B nepuoj ¢ 1980 mo 2016 roa. Pe3ynbrarsl ncciaenoBaHus MOKa3all, YTO YeJIOBEUECKast
JIESITEFHOCTh, 0COOCHHO CEIbCKOE XO3AHCTBO M MPOU3BOJCTBO JIICKTPOIHEPTUH, SBISIOTCS OCHOBHBIMH OIIpEJIe-
JSIOMMMU  (PAaKTOPaMU W3MCHEHHUI B BOJIHBIM DPEXHME BOJOXPAaHWIUINA. Pe3yipTaThl Takke IOKa3aiW, 4TO Ha
YpOBHE 3HAYMMOCTH TMPUTOK M OTTOK BOIOXPAHIIJININA MMEIOT IOJIOKUTEIbHYI0 TeHAeHIuio. Konebanne BOIbI B
MPUTOKE U cOpoce BOIBI YaCTO MPUBOIUT K CEphE3HBIM HABOJHEHUSIM B HACEICHHBIX ITyHKTAaX B HU30BBAX PEKH
CrIpnapusi, COPOBOXKIAOIINMCS CEPhE3HBIMH CONMAITEHO-I)KOHOMHYECKIMH TIOTEPSIMH.
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