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IMPACT OF THE ZHAIYK RIVER ON CASPIAN SEA LEVEL
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The Caspian Sea is subject to multi-year, seasonal and short-period changes in level, especially
due to the influence of anthropogenic and climatic factors. The conducted correlation and
regression analysis of water level data of the river Zhaiyk river — Atyrau city and the Caspian Sea -
Peshnoy Station showed a fairly high linear relationship (r=0,93, R?>=0,87) between the long-term
average daily values of characteristics for 2006...2023. Rise in the Zhaiyk river - Atyrau city in
the period of low water is directly reflected in the sea level rise at the sea Peshnoy Station, which
was clearly seen in the current year. Thus, space images of Sentinel-2 L2 A satellite for April-May
2024 recorded the inflow of river water into the Caspian Sea. The assessment of the relationship
between the characteristics under consideration showed that high correlations are not the main
factor in determining the impact of the Zhaiyk river flow of the sea, for its northeastern part, other
factors of level change (storm winds, tidal events and others) should be considered in particular.
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INTRODUCTION

The coastal zones of seas and oceans are
key to ecosystems and human activities, including
for the 700 million people living in low-lying
coastal and island regions below 10 meters above
sea level (UN Chronicle, 2024; Sea Level Rise
and Coastal Inundation, 2024). These areas are
exposed to significant risks, including sea level
fluctuations, storm surges and coastal erosion.

As the Ilargest body of water in
Kazakhstan, the Caspian Sea has a significant
impact on the coastal regions of the country’s
west. The hydrometeorological regime of the
Caspian Sea is influenced by a range of factors,
including climate and human activity in the basin
main rivers. The observed climatic changes in the
sea area are characterised by an increase in mean
annual and seasonal surface air temperatures,
an increase in the frequency of extremely high
daily temperatures, the duration of heat waves
and changes in the precipitation regime. The
rate of increase of average annual temperatures
in the Caspian region ranges from 0,24 °C to
0,43 °C per 10 years, which confirms the high
rate of climate change. The maximum warming
is observed in the winter-spring period, which
may negatively affect the hydrological regime
of rivers such as the Zhaiyk, which is a key
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source of water inflow to the Caspian Sea. During
the conditionally natural period, the average
annual flow was 327 m?/s, while in subsequent
years this indicator decreased to 279 m?®/s and
294 m?/s, respectively (Dolgikh, 2021). Until
now, about 19 large reservoirs have been built,
which regulate the flow of the main rivers of the
Caspian Sea basin (Mitina, Malashenkov, 2013).

It’s notable that Caspian Sea main sources
of nutrition are the Volga, Terek, Zhaiyk (Ural),
Kura and other rivers, as well as precipitation
falling over the sea area (Caspian Sea, 2024). For
the observed Kazakhstan part of the Caspian Sea,
the Zhaiyk (Ural) is the main river flowing into
it, which occur between April and June, and a
decreasing trend in flow over recent decades.

The region has seen the number of days
with temperatures above 30 °C increase by 1...8
days every 10 years, and days with minimum
temperatures below 0 °C decrease by 2...5 days.
Positive changes of annual precipitation are also
observed at Peshnoy Station. (Ivkina et al., 2020;
Davletgaliev, 2015). In recent years (2020 to
2023) an increase in rainfall has been recorded,
especially in 2023 the rainfall totaled 214,6 mm.
Before that it was: 2020...89.4 mm, 2021...77,1,
2022...166,2 mm. (Data from the website CliWare
2.1.02)
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The northeastern part of the Caspian Sea is
included in the state protected zone in the northern
part of the Caspian Sea (Environmental Code of the
Republic of Kazakhstan, 2021), which establishes a
certain regime to preserve the ecological balance of
the region.

The present study examines the impact of the
Zhaiyk river (Ural) on the level of the Caspian Sea
in its shallow northeastern part during the 2024 flood
period.

MATERIALS AND METHODS

In this paper the dependence between the
level of the Caspian Sea in its northeastern part
near the Peshnoy Station and the water level on the
Zhaiyk river— Atyrau city with the use of data from
RSE «Kazhydromet» (Annual data on the regime and
resources of surface waters of land...rivers Ural, 2023;
Annual data on the regime of the Caspian Sea, 2022)
based on correlation and regression analysis of data
for the period 2006...2023.

The Pearson correlation coefficient is one of
the main tools for assessing the linear relationship
between river levels and sea levels. The correlation
between the levels of the Zhaiyk river and the level of
the Caspian Sea shows peculiarities depending on the
season. Summer months are characterised by a lower
correlation, which is explained by a decrease in river
flow due to evaporation and lower precipitation.

Correlation analysis makes it possible to
determine whether there is a relationship between
the characteristics under consideration, as well as to
identify the degree of association between them:
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where, X is the value of the actual variable, X - the
mean or norm of the actual variable, y. is the value
of the variable being compared, (y) — the mean or
norm of the variable being compared;

Regression analysis was used to determine
the nature of the relationship between the
characteristics and to construct a regression
relationship.

RESULTS AND DISCUSSION

Because of its shallowness, the north-
eastern part of the sea is subject to frequent
changes in sea level, both perennial and seasonal,
as well as short-term changes under the influence
of strong winds and tides.

During the period of systematic
observations at the Peshnoy Station for
1929...2023, the sea level fluctuated around minus
27,67 m (BS — Baltic system), with a maximum
of -26,04 m (BS) and a minimum of -28,86 m
(BS) (Figure 1). The sea level data at Peshnoy
Station were taken from the General Catalogue of
the Caspian Sea Level available at the official site
of CASPCOM (http://www.caspcom.com/index.
php?razd=sess&lang=1&sess=17&podsess=61).
Since 2006 the sea level at Peshnoy Station has
been on a downward trend and by 2023 it has
decreased by 1,67 m compared to 2006 to minus
-28,72 m (BS).

Therefore, further calculations were made
for the current period of sea level fall (2006...2023).

In turn, the intra-annual variation of sea
level showed that over the multi-year period, the
maximum is observed in May-June (39 % and
31 %, respectively) and the minimum in November-
December (25 % and 19 %, respectively) (Fig. 2).



Hydrometeorology and ecology No4 2024

historical maximum -26.03 m (1929)

sea level, m BS

~

' historical minimum -28.86 m (1977)

1
AN A
[aUsg]
AN DN
— —

1995 [
1998 L
2001 [
2004 |
2007 [
2010 |
2013 [
2016 |
2019 [
2022 |

Fig. 1. Graph of changes in mean sea level at Peshnoy Station for 1929 to 2023

The location of the Peshnoy Station near
the mouth of the Zhaiyk river (Ural) results in
the fact that the hydrological characteristics
of the sea in this area are affected by the
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river, which is noted by its influence on sea
level, temperature regime and salinity values
(Yeltay, Galayeva, 2020; Ivkina et al., 2020).

Fig. 2. Intra-annual variation of mean sea level at Peshnoy Station for the period 1929...2023

The correlation between the average daily
values of the considered characteristics for April-
June separately for each year showed that the
closeness of the relationship between the data on
average for the period 2006...2023 amounted to
0,54, in some years it ranged from 0,03 (2014) to
0,96 (2023). Looking at the correlation coefficients
for individual months, they ranged from -0,11 to
0,92 in April, -0,55 to 0,79 in May, and 0,17 to
0,92 in June.

The conducted correlation analysis of
average daily data for 2006...2023 showed that
sea level variability near Peshnoy Station is not in
direct dependence on the level of the Zhaiyk river

(Ural) near Atyrau city.

In this regard, for further assessment of
the impact of river runoff on the sea, the data
of multiyear (2006...2023) average daily values
of the characteristics under consideration were
applied. Analysis of long-term average water
levels on the river and in the sea showed that
the levels have a fairly high level of correlation,
r=0,93. Regression analysis showed that the
coefficient of determination is equal to 0,87
or 87 %, indicating that the data of water level
in the river by 87 % explain the relationship
between them and sea level data (Figure 3).
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Fig. 3. Graph of relationship between the water level of the Zhaiyk river - Atyrau city and the Caspian Sea near
Peshnoy Station

Figure 4 shows a graph of the course of
multiyear average values of water levels and
for individual years, which shows that the daily
course of levels is generally similar. Thus, increase
of the level on the Zhaiyk river near Atyrau city
during flood period directly reflected on sea level

changes near Peshnoy Station. This highlights
the significant impact of river runoff on water
exchange and sea level changes in the north-
eastern Caspian Sea. It is essential to consider this
when assessing the water balance and forecasting
hydrological processes in the region.
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Fig. 4. Graph of level progress on the Zhaiyk river — Atyrau city and Caspian Sea - Peshnoy Station

In the current year, between 11 April
and 10 May, a gradual increase in sea level was
observed in the Peshnoy Station data, reaching
a maximum of 125 cm (from -28,72 m (BS) to

-27,47 m (BS)). From 11 May to 27 June, there was
no further increase in sea level, with the level in
the Peshnoy area averaging around -27,29 m (BS)
(or 71 cm). However, despite the observed sea
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level rise in Peshnoy by 1.25 m, no significant
sea level change was noted at other sea stations
along the Kazakhstan coastline during this period.

Sentinel-2 L2A satellite space images

for April-May 2024 (Figure 5) show the spread
of river water on the northeastern part of the
Caspian Sea (Copernicus browser, 2024).

May 22, 2024

Fig. 5. Space images of the Caspian Sea water areas in April-May 2024
(Copernicus browser, 2024)

In April-May of the current year, the
relationship between the water level on the river
and Peshnoy Station have a very high correlation
coefficient (r=0,99), according to regression

analysis, the data of the Zhaiyk river — Atyrau city
on 97 % explain the relationship between them
and sea level data (Figure 6).
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CONCLUSION

In conclusion, it should be noted that sea
level changes in the Caspian Sea are the result of a
complex interaction of natural and anthropogenic
factors. Observations carried out during the
2024 flood period showed that the increase in
water level in the Zhaiyk river caused a localized
increase in sea level in the vicinity of the Peshnoy
Station settlement.

Analyses of the relationship between
water level data in the Zhaiyk river and sea level at
Peshnoy Station settlement revealed a significant
straight-line relationship with a high correlation
coefficient based on multi-year averages (r=0,93).
However, despite the detected correlation, the
results of the regression analysis do not allow
reliable forecasting of future sea level changes.
This is due to the fact that in the area under
consideration the sea level is subject to short-
term and periodic fluctuations caused by wind and
other local factors.

In the current year, the change of water
level on the Zhaiyk River in the first decade of
April by 131 cm and its further increase during the
flood period resulted in sea level rise in the area of
Peshnoy station by 125 cm (from 11 April to 10
May). It is also worth noting that rainfall during
this period was 0,4 mm in April and 27,7 mm in
May.

Sea level rise during the flood period may
exacerbate the impact of surge events, which may
lead to increased wave heights and other negative
impacts on coastal areas. Thus, for a more
accurate risk assessment and the development of
effective measures to protect coastal zones, it is
necessary to conduct continuous monitoring and
comprehensive analysis of sea level in the area
where the Zhaiyk river flows into the Caspian Sea,
taking into account both natural fluctuations and
the impact of anthropogenic factors.
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Kacnuit TeH131 AeHreuiHiH y3aK Mep3iMl, MayChIMIBIK oHE KbICKa MEp3IMIl e3repictep-
re yuiblpaybl, 9CIpece aHTPOIOIeH/IIK JK9HE KIMMATTBIK (akTopriapra OaislaHbICThI OOIaabl.
2006...2023 xpl1gapra apHajfaH curarramanapra coiikec JKailblk ©3eH1 — AThIpay Kajlachl
MeH Kacnuit TeHi31 — [lenmHoit cTaHIusACH Cy JEHTei1 IepeKTePiHIH KOPPEISIITUSIIBIK )KOHE pe-
I'PECCUSIIBIK TaJJaybl KOIHKBUIIBIK OpPTAallla TOYIIKTIK MOHEP apachIH/a alTapibIKTal )KOFaphl
CBI3BIKTBIK OaimanbicThl (1=0,93, R?=0,87) kepcerti. Cy TacKbIHbI Ke3eHiH e YKaiiblk e3¢HI —
ATbIpay Kajachl CybIHbIH KOTEp1Iyl OMbUIFbI KbUIbI [Ie1IHOM TEeHI3A1K CTaHUUACHIHAAFBI TEHI3
JEHIei1HIH KOTepllyiHeH allKbIH KepiHic TanTbl. Ocbunaiiia, 2024 KbUIAbIH COylp-MaMbIp aii-
napbiHa apHanFad Sentinel-2 L2A cnyTHMTIHIH FapbIITHIK CypeTTepl ©3eH cyblHbIH Kacnuit
TEHI131HEe KYHbUTYbIH TipKeal. KapacThIpbUIblll OTBIPFAH CUIIAaTTaMajap apachlHIarbl OaililaHbl-
cThl Oaranay JKaiblK ©3€H1 aFbIHBIHBIH TEHI3r€ 9CEPIH aHBIKTayJa KOFapbl KOPPEJSILHUSIHBIH
Heri3r1 (pakTop 0oJbIn TaObUIMANTBHIHBIH KepceTTi. Kacnuil TeH131HIH CONTYCTIK-LIIBIFBIC OOIIr1
YUIIH TEHI3 JIeHreiiHiH e3repyine 0acka GakTopiaapablH 9CepiH (Haybll KeIaepi, TOTKbIH/IBIK
KYOBUIBICTAp koHE T.0.) epeKIlie eCKePy KaKeT.

Tyiiin ce3mep: AeHreH, KOPPEISIHS, PETPECCHs, ©3TepicTeP, CONTYCTIK-IIBIFBIC OOITI.
BJIMSIHUE PEKH )KAMBIK HA YPOBEHb KACIIMICKOI'O MOPSI

A.I. Enraii PhD, I. M. lllumkuna, H.H. Karnaposa, JI.b. ba3zap6aii*

PI'TI «Kazeuopomemp, Acmana, Kazaxcman
E-mail: bazarbay l@meteo.kz

Kacnuiickoe Mope MmoJiBepKEeHO MHOTJIETHUM, CE30HHBIM M KOPOTKO- MEPUOTUYHBIM HU3MEHEe-
HUSIM YpOBHS, B OCOOCHHOCTU U3 32 BIUSHUS aHTPOMOTEHHBIX M KIMMATUYECKUX (PaKTOPOB.
[IpoBeieHHBINM KOPEISIIMOHHBIN U PErpeCCUOHHBIN aHAIN3 JaHHBIX YPOBHS BOJIBI peku XKaiibik
— 1. Ateipay u Kacniuiickoe Mope — cranuus [lemHoil moka3an JOCTaTOUHO BBICOKYIO TIPSIMO-
auHeMyto cBs3b (1=0,93, R?>=0,87) Mex Iy MHOTOJCTHUMHU CPEAHUMHU CYTOYHBIMH 3HAYCHU-
samu xapaktepucTuk 3a 2006...2023 rr. [loBeimenue Ha peke JKailbik — I. ATbIpay B MEpUOJ]
MOJIOBOJIbSI HETIOCPEICTBEHHO OTPAXKAETCS Ha MOBBIIICHUN YPOBHS MOPSl Y MOPCKOM CTaHIIUU
[lemHOM, 4TO OTYETAMBO ObUIO BUAHO B TEKyIIeM roay. Tak KOCMUYECKHE CHUMKH CITyTHH-
ka Sentinel-2 L2A 3a anpenb-mait 2024 rona 3adUKCUPOBAIM MOCTYIJIEHUE PEYHOU BOJBI B
Kacnuiickoe mope. [IpoBeieHHast OLIEHKA CBSA3M MEKIY PacCMaTPUBAEMBIMH XapaKTEPUCTHKA-
MU TI0Ka3aja, YTO BEICOKHE KOPPENSIIMOHHBIE CBSI3U HE SBIISIIOTCSI OCHOBHBIM (DAKTOpPOM oripe-
JIeJIeHHsI BIUSTHUS cToKa peku JKaiblk Ha Mope, /Jisi CeBEpPO-BOCTOYHON €ro 4acTh B 0COOEH-
HOCTH JIOJDKHBI paccMaTpHUBaThes JIpyrue (akTopbl U3MEHEHUs1 YPOBHA (IITOPMOBBIE BETpa,
MPUIMBHBIE SIBJICHUS U IPYTHE).
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KiioueBble c10Ba: ypOBEHb, KOPPEISILIUS, PErPECCHsi, U3BMEHEHHS, CEBEPO-BOCTOYHASI YACTh.
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