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Abstract. The current challenges in water use, including climate change, are increasing water con-
sumption and degradation of aquatic ecosystems, necessitating the search for sustainable solutions in water
management. Under these conditions, reservoirs continue to be the main and, in fact, the only effective tool
for regulating water flow in the long-term outlook. Their importance is especially growing under conditions
of arid climate and high variability of river flow, which are characteristic of the Syrdarya River basin, one of
the most vulnerable regions in terms of ecology and water management. Hydraulic structures provide reg-
ulation and distribution of runoff, which is the basis for sustainable water supply for various sectors of the
economy, including drinking water supply and ‘green’ energy. In this regard, there is an increasing need for
regular assessment of the water balance of reservoirs as a tool for optimising water distribution and reducing
water risks. Within the framework of this study, calculations on water resources management were analyzed,
and the results showed a positive water balance in all Shardara, Badama, Bugun, Kapshagai, and Koshkurgan
reservoirs, which indicates the accumulation of water resources and confirms the effectiveness of reservoir
systems. Reservoirs function at the limit of their regulating capacity, which requires the introduction of flex-
ible and adaptive management regimes. In this connection, there is a growing need to improve methods of
water regulation, optimise resource allocation, and regular monitoring of water balance, taking into account
changing natural, climatic, and anthropogenic conditions within the basin under consideration.

Keywords: reservoir storage, water-balance method, water management calculations, flow regulation,
water distribution
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AnHotanus. Cy naiinanaHy cajachlHIArbl 3aMaHAayd ChIH-KaTepsep, COHbIMET KaTap KJIMMATThIH
e3repyi, Cy TYTHIHY/BIH OCYIH jKOHE Cy SKOXKYHeNIepiHiH AerpaJallusachiH eCKepe, Cy pecypcTapblH 6ackapyaa
TYPaKThI MISIIIMICPI 1311 KaXKeT eTei. byt xkarmaiia cy KoiManapsl y3aK Mep3iMIi IEPCIIEKTHBA A Cy
aFbIHJIBIHBI PETTEYIH HETI3T1 KoHE IIBIH MOHIHJIE JKAJIFBI3 THIMAI Kypajbl 00Jbim Kaja Oepemi. OmapasiH
MaHbI3bl dcipece KyprakK KIUMAT jKaFJailblHIa jKOHE ©3€H aFbIHIBIHBIH KOFapbl ©3TEPrillTIri jKaFbIHAH €H
ocan aiimakrapabiH O0ipi — Ceipaapust e3eHiHiH anaOblHa TOH apThIN Kenedi. [ MapoTeXHUKaIbIK KYpbUIbICTap
aFbIH/IBI CYJIap/Ibl PETTEY/1 JKOHE 06yl KaMTaMachl3 eTir, OyJI SKOHOMUKAHBIH OPTYPJIi callajlapblH, COHBIH
IIiHJE aybl3 CYMEH >KaOIBIKTAy/Ibl OHE <OKAchUl» JHEPreTUKAaHbl TYPAaKThl CyMEH KaMTaMachl3 ETYIiH
Heri31 Oousbin TadblIaabl. OcklFaH OalIaHBICThI Cy TapaTylbl OHTAMIAHABIPY JKOHE Cy TOYEKeNAEepiH a3aTy
KYypajbl peTiHIe Cy KOMMalapbIiHbIH Cy OadaHCBIH YHeMi Oarajay KaXeTTuriri apTein kenemi. Ochl 3epTTey
neHOepinie eHipAiIH Heri3ri cy KoiimManapsl OoibIHIIA Tangayiap *Kypriziain, Hotwkenep lapaapa, banawm,
beren, Kanmraraii sxone Komkopran cy kKoWManapbiHIa OH OajaHCBIH KOPCETTi, OYJI Cy pecypCTapbIHBIH
KUHAKTAJIFAaHBIH KOPCETIN, Cy KoiMalapbl >KyHenepiHiH THIMIAUTITH pactaiiasl. Cy Koimamapbsl UKeMIl
XKoHe Oelimaenrim 6ackapy peXKUMIEPiH SHIi3y/l Talal eTeTiH peTTey KaOleTiHiH MIeTiH e )KYMBIC 1CTeH .
Ocpiran 0alIaHBICTHI Cy HIAPYALIBUIBIFBIH PETTEY 9MIICTEPIH KETUIAIPY, pecypcTap/bl 06yl OHTAIaHIbIpY
JKOHE KapacThIPbUIBIN OTBIPFaH Cy anaObl MIETiHAETi e3repMelni TaOUFU-KIUMATTHIK JKOHE aHTPOMOTEHIIK
KaraaiIap/abl €CKepe OTBIPHII, Cy OaTaHChIHBIH TYPAKThl MOHUTOPUHTT KQXKETTLIIr apThII Keei.
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AnHoTauusi. CoBpeMeHHbIE BBI30BBI B c(hepe BOJIONOIB30BaHMs, BKIIOYasi U3MEHEHUE KIIMMaTa, pOCT
BOJIONOTPEOICHHS U ACTPAIAlMI0 BOJHBIX 3KOCUCTEM, 00YCIIaBIMBAIOT HEOOX0AUMOCTh IOUCKA YCTOWYHMBBIX
peleHHii B yIIpaBlIieHUH BOJHBIMHU pecypcamMu. B 3THX yCIOBUSAX BOJOXPaHMIUIIA MPOJOHKAIOT OCTaBAThHCS
OCHOBHBIM U, 1O CYTH, €IMHCTBEHHBIM 3(P(PEKTUBHBIM HHCTPYMEHTOM pETrYJIMPOBAHHUS BOJHOTO CTOKA B
JI0JATOCPOYHOM mepcrnekTuBe. X 3HaueHMe 0cOOEHHO BO3pAcTaeT B YCIOBUSAX 3aCyLUIMBOTO KIUMara M
BBICOKOM M3MEHYMBOCTH PEUHOT0 CTOKA, XapaKTepHBIX I OacceiiHa pexku ChIpaaphs — OJHOTO U3 Hauboee
YSI3BUMBIX B OKOJOTMYECKOM W  BOJOXO3SHCTBEHHOM OTHOIIEHHWH PErHoHOB. ['MIpoTexXHHUYECKHUe
COOpY’KEHHsI 00eCIeUnBalOT PEryJIMpPOBaHUE U PACIIPEesIeHHe CTOKA, YTO SBISETCS OCHOBOW yCTOMYUBOTO
BOJI000ECTICUEHUSI PA3JIMYHBIX OTpacieil SKOHOMHUKH, BKJIIOYas MUTHEBOE BOJOCHAOKEHHE U «3EJICHOW»
sHepretuke. B 93TOH CBA3M BO3pacTaeT HEOOXOIMMOCTh DETYJSIPHOM OIEHKHM BOJHOIO OayiaHca
BOJIOXPAHWIMI] KaK HMHCTPYMEHTA ONTHUMH3AIMHU BOJOPACIPECIICHUS] M CHIKEHHS BOIHBIX PHCKOB. B
paMKax JaHHOTO MCCIIEAOBAHU OBbLIM MPOAHATM3UPOBAHBI PACUETHI 110 YIPABICHUIO BOJHBIMU PECypcamMu, U
pe3yabTaThl MOKA3alM IOJIOKUTENbHBIA BOJIHBIA OaaHC BO Bcex Bopoxpanuiumax — llapmapuHckow,
banamckom, byrynckom, Kanmaraiickom u Komkypraackom, 4To CBUAETEILCTBYET O
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HaKOIJICHUM BOJHBIX pECypcoB M  MNOATBEpXkaaeT dS(P(EKTHUBHOCTH CHCTEM  BOJOXPAHMIIMUIL.
Bopoxpanunuma ¢GyHKIMOHMPYIOT Ha Ipejese CBOEH perynupyrouieid crnocoOHOCTH, uTo Tpelyer
BHEJpEHHs IMOKHMX M QJalTUBHBIX PEKUMOB yMpaBieHUs. B cBs3M ¢ 3TUM Bo3pacTaeT HEOOXOIUMOCTh
COBEPILEHCTBOBAHMUS METO/OB BOJIOXO3SHCTBEHHOTO PEryJMpOBaHUs, ONTHUMM3ALUU PACIPEICIICHUS
pPECYpCOB U PErysIipHOrO MOHMTOPUHIA BOJHOrO OajaHca € Y4eTOM H3MEHSIOIUXCA MPUPOIHO-
KJIMMAaTUYECKUX U aHTPOIIOTEHHBIX YCIOBHI B IpejiesiaX paccMaTpuBaeMoro Oacceiina.

KiroueBbie cjioBa: AKKYMYJISLIHS BOJIOXPAHWINIIIA, BOJIHO-0aJ1aHCOBBIN METO/I,
BOJIOXO3SIIICTBEHHBIE PAaCUEThl, PETYJIMPOBAHUE CTOKA, BOJOPACIIPENEICHHE

Jsa uurupoBanusi: Hap6aesa K.T., TaupoB A.3., Ucmannosa I'.K., Manenosa @.b., ToncTtukos
A.B. (2026). Ananu3 BogHOro OanaHca BogoXpaHUIHIL peku ChIpJapbsi B YCIOBUSAX BOJIOXO35HCTBEHHOTO
ctpecca // Research, results — I3nenictep, notmxkenep — Mccnenosanus, pesyibrarel. T. 28. Is. 3. Number
111. Pp. 169-179. https://doi.org/10.37884/3-2026/14 [In Eng.].

KoH(pIMKT HHTepecoB: aBTOPHI 3asBISAIOT 00 OTCYTCTBUU KOH(MDIMKTA HHTEPECOB.

Introduction.

In recent years, more and more attention has been paid to nature-oriented approaches aimed at re-
storing and maintaining natural water exchange processes. However, implementation of such solutions does
not provide full functional coverage of flow regulation and distribution tasks, especially in regions with pro-
nounced water stress (Dukhovny, 2001).

Under these conditions, reservoirs, as engineering structures, continue to be the main and, in fact, the
only effective tool in river flow management, providing the possibility of both inter-seasonal and multi-year
regulation. Their importance is especially growing in arid and semi-arid regions with high inter-annual and
seasonal variability of water flow, which includes the Syrdarya river basin. The region is traditionally char-
acterised by a high level of anthropogenic pressure on water resources and vulnerability of water balances
(Rakhmatov, 2023; A. Karimov et al., 2010).

Taking into account climatic changes, tendencies to decrease natural runoff, and increasing water de-
mand, regular assessment of the water balance of reservoirs becomes an important feature. Such assessment
is necessary to optimise water distribution regimes, improve resource management efficiency, minimise water
risks, and adapt to new climatic realities (Sorg et al. 2014).

The construction of reservoirs, especially for long-term water regulation, has a very significant impact
on the runoff and reduces the risk of flooding of territories. As a result, a long series of observations turns
out to be inhomogeneous. The current situation and the degree of flood hazard are characterized by the 2-end
part of the series after the creation of a large reservoir or its entire cascade. In the following work, the issues
of reservoir construction and their effect on the maximum runoff as well as on the flooding of territories are
considered (Kasabekov et al., 2023; Burlibayev et al., 2001; Zaurbek, 2016).

Therefore, to ensure the efficient utilization of water resources, it is essential to evaluate the water
balance of the Syrdarya River reservoirs using information-analytical data that reflect their annual variations.
Also requires optimizing water allocation for irrigation, reducing losses through evaporation and seepage, and
coordinating reservoir operations across national borders to ensure equitable and sustainable water distribu-
tion. The geographical location of the research area is shown in (Figure 1).
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Fig. 1. Scheme of the Aral-Syrdarya watershed and the location of main reservoirs in the basin

The largest reservoir is the Shardara water reservoir on the Syrdarya river with a designed usable
capacity of 5200 mIln m3. The Shardara water reservoir is used for irrigation and power generation, where
smaller reservoirs with usable capacity of 0.3 to 365 mln m? are mainly used for irrigation (Water resources of
Kazakhstan, 2012; Toqeer et al., 2021).

In 2010, the Koksaray 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.

Ponds ]

Main canals 74

-
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Fig. 2. Number of hydraulic structures of the Syrdarya River

There are 136 hydraulic structures in the Aral-Syrdarya river basin (in South Kazakhstan province -
102 HS, in Kyzylorda province - 34 HS), among them, in republican ownership - 65, in communal ownership
- 52, in private ownership — 19, which can be seen in (figure 2) (Mussina et al, 2023).

Materials and methods.

The study of the consequences of large reservoir formation is of great scientific interest and has import-
ant practical significance in solving problems of rational use and protection of water resources. The solution is
based on the study of the 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 the current and
future state of water resources in reservoirs are formed, are an effective means of solving water problems in
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difterent water management administrations and economies.
The balance equation for some time interval At is as follows (Ismaiylova, 2024; Kuznetsov, 2018;
Arseniev, 1993):

Q+X-E=tAW (1)

where Q - river runoff; X - precipitation; E - evaporation from the water surface; AW - change in wa-
ter volume over the same time period.

It follows from the equation that if the inflow part of the balance is less than the outflow part Q+X<E,
the water volume in the water body will decrease in time (i.e., AW<O0), while at the other ratio (Q+X>E) it
will increase (i.e., AW>0).

To assess the dynamics of the state studied water body in time, the balance equation (1) is used as:

B"T=W_(n+1)=Q ntW n+X n-E n-V n 2)

where, BT — water balance; W_(n+1) — volume for the design year; Q n — annual inflow volume;
W_n — volume for the previous year; V_n — total runoff withdrawal volume; X n u E_n — precipitation and
evaporation volumes depending on the water surface area of the object; n - design time series (year).

In equation (2), precipitation falling on the water surface (X) and evaporation from it (E) can be re-
placed by evaporation (E_e).

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+Qloss)] At 3)

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 runoffrate, 1. e. the difference
between the inflow runoff rate Qinf and the regulated gross flow rate Q; Qu - used runoff rate; Qidf- idle
discharge flow; Qloss - total flow rate of water losses and withdrawals from the reservoir (SCIWRM. 2008;
MSCWRB, 1981, Bakhtiyarov. 1961).

Results and discussion.

Reservoirs in the study area mainly serve to provide water to irrigated fields. Irrigation contributes to
an increase in soil fertility and, accordingly, an increase in yield. But it is necessary to take into account the
fact that the irrational use of water and land resources (super-large anthropogenic load) can negatively affect
the entire ecosystem and lead to land degradation and biodiversity loss.

In this regard, options for regulating the accumulated flow into the Shardara water reservoir are
considered: conditions of multi-year and seasonal water regulation. The calculation results can be seen in the

following (tables 3).
Table 1 — Shardara reservoir in the conditions of multi-year water regulation, mln m?
Inflow to the Parameters of the water reservoir Total water consumption, in-

water reservoir F 7 E cluding environmental runoff | Balance
Years
2000 14460 730,0 252,3 788 13100 13600
2001 13730 545,8 250,0 589 13100 630
2002 21910 383,2 2484 414 12600 9310
2003 27990 730,0 252,3 788 12300 15690
2004 23890 730,0 252,3 788 12900 11000
2005 22920 730,0 2523 788 12500 10420
2006 16910 730,0 252,3 788 12700 4210
2007 18700 730,0 252,3 788 13000 5700
2008 12790 730,0 252,3 788 11700 1090
2009 15400 710,0 249,2 767 12400 3000
2010 25780 620,8 250,8 670 12600 16180
2011 13960 730,0 252,3 788 13600 360
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2012 18720 420,8 250,7 454 14200 4520
2013 14340 730,0 2523 788 14100 240

2014 18410 400,0 248,7 432 14100 4310
2015 15470 730,0 2523 788 14400 1070
2016 13080 500,0 249,8 540 14100 -1020
2017 23290 3249 2445 351 14300 9000
2018 15850 730,0 2523 788 14400 1450
2019 14840 715,0 250,5 772 14500 340

* The table does not include the indicators that are constants, but are taken into account when
calculating the water balance, such as: non-rechargeable volume of the reservoir in the volume of 0.5 min
m?, as well as the runoff of formation above the design site. Regulation parameters: F — surface area, km?; Z -
water level, m; E - evaporation volume from the reservoir surface, min m?.

The graphical representation of changes in the water level of the Shardara reservoir is not very clear,
as the graph is combined and is primarily intended for general visualization of the calculated data. However,
actual fluctuations in water levels do exist and are significant. The water level of the Shardara reservoir does
not remain constant throughout the year or between years.

The relationship between water level and area and volume is regular (correlated), which is typical
for any water object. For example, according to Table 3, in 2007, at a level of 252,30 m above sea level, the
reservoir surface area was 730.0 km?, while in 2014, the level dropped to 248,70 m above sea level (by 3.6
m), the area decreased to 400.0 km2, i.e., it decreased by approximately 1,8 times. This is illustrated in Figure
3, which shows how the balance in the water reservoir varies depending on the parameters, and it can also be
seen that the reservoir level does not change much, but the surface area changes depending on the inflow to the
reservoirs. So, we can say that the balance depends on the inflow and outflow of the reservoirs.

mln m3
£00000 12000
700000 16000
600000 14000
12000
300000 10000
400000 2000
300000 6000
300000 ' 4000
2000
100000 J 0
0 -2000
A T ot A O I N b A B D
FEEEFELEFELL I F ST
mm F-surface area m J-water [Bvel s E-evoporation AV-balance

Fig. 3. Changes in the water balance of the Shardara reservoir depend on the parameters of the water reservoir

In the case of multi - year regulation of river flow, the water deficit during the 10 years was 12100
mln m’, and in the case of seasonal regulation - 16400 mln m?. The difference is 1.4 times more noticeable.
Consequently, multi-year regulation of the Syrdarya river flow allows for more efficient management.

The analysis of the water balance of the Badam water reservoir indicates that its filling is almost
entirely dependent on natural inflow, which amounted to 60,14 mln m? (2021) and 61,27 mln m?* (2022).
The total discharge from the reservoir was 52,96 min m? (2021) and 54,11 mln m? (2022). A proportional
breakdown is illustrated in Figure 4, and the distribution of water balance of the reservoir is as follows: 7,18
mln m? (2021) and 7,16 mln m? (2022).
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Fig. 4. Water balance of Badam water reservoir for 2021-2022 full volume-61.5 mln m?

This distribution reflects a relatively balanced system, with moderate storage increase, highlighting the
reservoir’s efficiency in managing water for irrigation while maintaining reserve capacity.
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Fig. 5. Water balance of the Bugun water reservoir for 2021-2022 full volume-370 min m?

Similar to the previous cases, the water balance analysis of the Bugun water reservoir shows that
the primary source of reservoir filling is the natural inflow, which constitutes the main share of incoming
water. The outflow primarily includes irrigation withdrawals and environmental (ecological) releases from
the reservoir. The reservoir accumulation (AV) for the reporting period is positive, the water balance of
the reservoir are 150,6 mln m? (2021) and 209,7 mln m?* (2022), indicating a net gain in stored water. The
proportional distribution of the water balance is shown in Figure 5. This balance reflects effective water
management practices, with the reservoir successfully retaining a portion of the incoming water for future use.
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Fig. 6. Water balance of the Koshkurgan water reservoir for 2021-2022 full volume-37.3 mln m?

As in previous reservoir analyses, the Koshkurgan reservoir demonstrates positive accumulation in
2021-4,6 mln m* and 4,7 mln m?in 2022. Thus, the proportional distribution and water balance of the reservoir
image are shown in Figure 6.

The results of the reservoir analysis show a moderate increase in reserves, which highlights the
effectiveness in managing and regulating irrigation systems while maintaining reserve capacity.
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m 2021 B7,93 34 BB 53,05
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Fig. 7. Water balance of Kapshagai water reservoir for 2021-2022 full volume-34.0 mln m?

The calculation of the water balance of the Kapshagai reservoir shows that the total inflow was 87,93
million m? (2021) and 79,37 million m3 (2022), while the total discharge was 34.00 million m? in 2021, but in
2022 it was almost 50 % more — 77.76 million m®. The proportional distribution of the water balance is shown
in Figure 7, and the results of calculations of the water balance are as follows, in 2021-53,05 mln m?® and in
2022 — 1,61 mln m®.

These figures reflect the very effective regulation of the water balance in 2021 and the relatively

balanced operation of the reservoir in 2022, which indicates effective management in these hydrological and
climatic conditions.

Conclusions.
Due to the harsh continental climate in the Republic of Kazakhstan, especially in the southern regions,
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evaporation from reservoirs and soil moisture 1s expected to be higher than normal. Theretore, evaporation
from the surface of reservoirs, depending on the volume of water, shows within 5-10%. Irrigation and sanitary
releases account for the largest outflow from reservoirs.

According to the results of calculations, the water balance for the reporting period, a positive accu-
mulation of water resources was noted in all reservoirs of the region. This indicator indicates a favorable hy-
drological environment and confirms the effectiveness of reservoir systems. The positive values of the water
balance indicate rational and efficient management of water resources, ensuring the successful accumulation
of part of the supply waters. This, in turn, creates additional opportunities for their subsequent targeted use in
various water management sectors, increasing the sustainability of water supply and the adaptive potential of
the regional water infrastructure.

The effectiveness of reservoirs as elements of flow accumulation and regulation is largely determined
by inter-annual variability of water inflow. When inflow decreases, for example, below 15.0 km?, as it was
observed in some years at the Shardara reservoir, the risks of water resources deficit increase significantly.
This is true even if the design parameters of the reservoir, such as area or water level, are maintained. Under
such conditions, the reservoir functions at the limit of its regulating capacity, which requires the introduction
of flexible and adaptive management regimes.

Evaporation from the water surface is a significant source of water loss, especially in years of high
reservoir occupancy. Taking into account current climatic trends, we can expect an increase in this process,
which will lead to an increase in the overall water shortage in the basin.

Therefore, a consistent decrease in the water balance can be expected. In this regard, there is a growing
need to improve methods of regulating water resources, optimize resource allocation, and regularly monitor
the water balance, taking into account climate change and anthropogenic pressure.

Data availability

The data used in this study were obtained by the authors from the following sources: Aral-Syrdarya
water basin inspection for regulation of water resources management and use.
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