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The article considers the nature of long-term and storm surge fluctuations in the level on the
Balkash Lake. Statistics are presented and their seasonal distribution in different parts of the
lake is described. It is noted that a change in the level entails a change in the morphometric
characteristics of the lake; there is a tendency to reduce the area and, accordingly, the water
volume of lake. The most vulnerable is the southern coast, which is a low-lying accumulative
sandy plain. With wind surges, the coast is flooded in a strip from several hundred meters to
several kilometers. Even fluctuations in the lake level (20...30 cm) lead here to significant
displacements of the coastline. Surge phenomena in this area are the main factor in the for-
mation of the relief. The amplitude of surge fluctuations of the Balkash Lake level signifi-
cantly exceeds the annual amplitude of changes in the filling of the lake. The highest ampli-
tude of surge oscillations is observed in Western Balkhash and at the end sections of the lake.
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INTRODUCTION

Balkash Lake is the second largest
reservoir in Kazakhstan. It is located in the
vast Balkash-Alakol Basin at an altitude of
340 m above sea level. Balkash Lake is one
of the largest inland water bodies in the world.
It consists of two parts - Western Balkash and
Eastern Balkash, which are connected by the
Uzun - Aral Strait. These parts differ in depth,
volume and water mineralization. The area of
the Balkash Lake at an elevation of 342,5 m
is 19224 km?, its length is 605 km, its width is
9...19 km in the eastern part and 74 km in the
western part. Saryesik Peninsula, located in the
middle of the lake, hydrographically divides it
into two very different parts. The western part
is relatively shallow and almost fresh, and the
eastern part has greater depth and salt water.
Through the Uzynaral Strait formed by the
peninsula (wide is 3,5 km) water from the western
part fills the eastern part. The depth of the strait

is about 6 m (Assessment of the current and
forecast dynamics of the Balkash Lake, Caspian
Sea and Aral Sea hydrological regime, 2012).

Lake depression consists of several small
depressions. In the western part of the Balkash
Lake, there are two depressions with a depth of
7...11 m - one of them stretches from the western
coast of Tasaral Island to Cape Korzhyntubek,
the second one stretches south from Bertys Bay,
which is the deepest place in Western Balkash.
(Large Asian Lakes in a Changing World.
Natural State and Human Impact, 2020). The
depth of the basin of Eastern Balkash reaches 11
m, the greatest depth of the entire eastern part
is 27 m. The average depth of the entire lake is
5,8 m, the total volume of water is about 106
km?® (Actual hydrometeorological problems
of the Balkhash Lake and its region, 1995).
The western and northern shores of the
Balkash Lake are high (20...30 m) and rocky,
composed of Paleozoic rocks (porphyries,
sinter deposits, granites, shales, limestones)
and have traces of ancient terraces.
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The southern shores, from the Karashagan
Bay to the Ele River Delta, are low (1...2 m)
and sandy, pe-riodically flooded by high water
(which is why they are dotted with numerous
small lakes), in places there are coastal hills
with a height of 5..10 m. The coastline is
very winding and divided by numerous bays.

RESEARCH MATERIALS

For the research, the material used

observations about water level and wind
characteristics of the Kazakh National
Hydrometeorological Service (RSE

«Kazhydromety) for the period from 1938 till
2021,aswellasliterary sources. Starting materials

for calculating the average annual values of the
Balkash Lake water level served «Annual data
abouttheregime and resources of surface watersy.

Due to gaps in the series of observations,
it became necessary to restore the water level
according to regression equations. The longest
gauging station is Balkash - Balkash City. Table
1 shows the equation of the dependence of the
water level measured at this station (y) with
the water levels measured at Algazy, Mynaral
and Saryshagan stations (x). The work also
used water level data for 1939, restored by
G.R. Yunusov and in 1949...1950 restored by
Hydroproject (Resources of Surface Waters
of the USSR, Vol. 13, Central and Southern
Kazakhstan, Issue 2, Balkhash Lake Basin, 1970).

Table 1
Information about the restoration of the average annual water level
Calculation
Station The equati.on Correlgtion period equations Refurbished years
dependencies | coefficient R (number of
years)
Balkash - 1,0136 13?1; 11994514“1345‘2,
y = 2 X b b 2
S h 0,99 49
, larys igi‘,n 11,7061 1958...1960,
raillway station
Y 1998...2007, 2010
1938, 1941...1948,
Balkash - 1951...1954, 1956,
s y = 0,9699x
Mpynaral railway 0,986 53 1958...1961,
. +2,4025
station 1998...1999,
2004...2007
1938, 1941...1948
Balkash - y =0,9642x ’ ’
Al Island 54841 0,985 56 1998...1999, 2006,
a. an -
gazy’s . 2015..2021
RESULTS there were 10...12 gauging station on the

Water level monitoring. Water level
observations of the Balkash Lake began in
1912...1918. (Karashigan Bay), from 1932 to
the present at the Balkash City gauging station,
which operated in past years un-der various
names (Bertys Bay, PBS pier). In 1954...1960
there were 4 stations operating on the lake,
relatively evenly distributed over the lake, which
made it possible to calculate the average water
levels for the lake for this period. In 1960...1967

Balkash Lake, which made it possible to increase
the accuracy of determining the average water
level of the lake (Skotselyas L.I. et al., 2003).

At present observations RSE
«Kazhydromet» conducts hydrological
monitoring at 4 lake hydrological gauging

station: Balkash - Balkash City; Balkash
- Saryshagan Railway station; Balkash -
Mynaral Railway station; Balkhash - wv.

Karakum (opened instead of the gauging
station of Algazy Island). According to them,
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the average water level
of the lake is calculated.

It should be noted that due to the vast
size and dissection of the lake depression, the
difference in the water balance of individual parts
ofthelakeandtheimpactofwind,thewatersurface
of the Balkash Lake is almost never horizontal.

As a result, differences in the water
levels of individual sections of the coast are
manifested not only in the average daily,
but also in the average monthly, average
annual, and even in the long-term average.

Long-term fluctuations of the water level.

In the course of a long-term analysis of changes

in the average level of Balkash Lake, it can
be noted that in the period from 1938 to 1952.
From 1953 to 1961 the level began to rise quite
intensively and reached its maximum value in
1961, which was 342,99 m, and at the Saryshagan
Railway station — 343,03 (Fig. 1). From 1962 to
1068 the amplitude of fluctuations was 17 cm.
Starting from 1970, the water level began to
decrease sharply, which is associated with the
commissioning of the Kapshagay Reservoir, and
in 1987 it reached a minimum of 340,66 m. Since
1988, the water level of Balkash Lake began to
rise slightly and, from 1998 to 2005, there was
a sharp increase. By 2005, it reached 342,6 m.
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Fig.1. Average annual fluctuations in the level of the Balkash Lake for the period
1938 ... 2021.

This was due to an increase in the
inflow of water into the lake due to an increase
in this period of humidification of the area, air
temperature and the inflow of an additional
amount of water into the Ele River due to the
degradation of mountain glaciation (Galaeva
A.V., 2014). Since 2006, the lake level began to
decrease again, in the high-water year 2011 the
situation changed, the lake level imme-diately
increased by 36 cm. (Burlibayev M.ZH. et al.,
2017). In 2018, the low-water phase has begun.
The decrease in the level in 2021 compared to
2020 was 33 cm. At present, the level fluctuates
around the mark of 342,18 m Baltic System (BS).

A change in the level entails a change in
the morphometric characteristics of the lake. The

areas and volumes were calculated according to
the method proposed by A.P. Braslavsky and
S.P. Chistyaeva (Chistyaeva S.P., 1977). Based
on aerial photographs of the Balkash Lake, they
derived the de-pendence of the water surface area
(Fig. 2) and volume on the lake level (Fig. 3).

Table 2 shows the calculated areas and
volumes of the Balkash Lake for the last 10 years.

As can be seen from this table, over the
past 11 years (from 2010 till 2021), the water
surface area, depending on the water level,
ranged from 19,1 (2015, 2021) to 20,2 (2011)
thousand km2, and the volume water — from
117 (2015) to 126 km3 (2011...2012) . There
1s a trend towards a decrease in the area and,
accordingly, the volume of water in the lake.
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Fig.2. Curve of the surface area of the Balkash Lake, constructed from the data
A.P. Braslavsky and S.P. Chistyaeva.

Table 2
Calculated areas and volumes of the Balkash Lake for the period 2010...2021

Year | Water Level, m BS | Lake area, thousand km? | Water volume, km?
2010 342,39 19,5 121
2011 342,76 20,2 126
2012 342,73 20,1 126
2013 342,57 19,8 123
2014 342,37 19,5 120
2015 342,16 19,1 117
2016 342,27 19,3 119
2017 342,68 20,0 125
2018 342,73 20,1 126
2019 342,69 20,1 125
2020 342,52 19,7 123
2021 342,18 19,1 118
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Fig.3. Curve of the water volume of the Balkash Lake, built according
fo the data.
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Seasonal fluctuations of the water
level. The water level Balkash Lake is
subject to intra-annual fluctuations. Figure
4 shows graphs of the average monthly
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levels of Balkash Lake for high-water years:
before the construction of the Kapshagay
Reservoir — 1965, after the construction
and commissioning of the reservoir — 2011.
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Fig.4. Intra-annual variation of the Balkash Lake levels for 1965 and 2011.

As can be seen in Fig. 4, the maximum
level values in 1965 are in May (305 cm), and
the minimum level values (264 cm) are in
October. The range of level fluctuations was
41 cm. The intra-annual level distribution for
2011 shows that the maximum and minimum
levels occur in June and January, respectively,
the peaks are smoothed out, and there is an
increase in the level in the spring-summer
period, which is extended in time. This is
due to the commissioning of the Kapshagay
Reservoir and the regulation of the flow. The
maximum level values averaged over 3 posts
are 289 cm, and the minimum values are 255
cm. The range of level fluctuations was 44 cm.

Storm surge phenomena. Balkash
Lake is characterized by intense wind activity.
Winds from the northern (in the western part)
and northeast (in the eastern part) directions
prevail. Winds cause constant strong excitement
on the lake, in certain directions storm surge
phenomena are formed. Max-imum wind
speeds can reach 28 m/s and gusts up to 40
m/s. In the western part of the lake, strong
winds are observed less frequently than in the
eastern part. But sometimes the wind speed
reaches hurricane values (Ivkina N.I., 2011).

Balkash Lake level, due to its

vast size and shallow water in the ice-
free period, is subject to frequent and
significant fluctuations (denivelations) due
to the effect of wind on the water surface.

Not in all parts of the Balkash Lake
there is a body of water open for wave dispersal.
In the eastern, deeper, narrower and dissected
part, there are no conditions for the formation
of significant storm surge phenomena.

The western part of the lake is shallow,
which also contributes to the formation of
storm surge phenomena, since with a decrease
in depth, the surge wave becomes steep and
even a weak wind blowing for a long time
over a large body of water can cause more
significant excitement than a strong short-term
wind on a small water surface. At the same
time, the western and northern shores are rocky
of the abrasion type, and a storm wave cannot
go deep into the shore and flood considerable
distances. Stormy waters cause a sharp rise
in water levels and this can contribute to the
formation of standing waves. Also, as a result
of the impact of surge waters and unrest, the
destruction of bedrock occurs. (Natural Hazards,
section « Natural hazards of large water
bodies», Report on scientific research, 2011).

10
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The most vulnerable is the southern
coast, which is a low-lying accumulative
sandy plain. With wind surges, the coast
is flooded in a strip from several hundred
meters to several kilometers. Even fluctua-
tions in the lake level (20...30 cm) lead here
to significant displacements of the coastline.
Storm surges phenomena in this area are the
main factor in the formation of the relief.

The amplitude of storm surge level
fluctuations in the Balkash Lake significantly
exceeds the annual amplitude of changes in
the filling of the lake. The largest amplitude
of surge oscillations is observed in Western
Balkhash and at the end sections of the
lake. In the deeper, narrower, and more dis-
sected eastern part of the lake, they are much
smaller. Storm surge statistics on the Balkash
Lake, performed according to the data of the
stations of Balkhash, Algazy, Saryshagan
and Mynaral, shows that an average of 8...10
storm surge events of varying intensity occur
here per month. In the winter period (January-
February), these phenomena are insignificant
(7...13 cm), in the ice-free period they increase
to an average of 40...70 cm, however, under
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extreme wind conditions (winds of the eastern
quarter), their magnitude can reach 1,5 m in the
south-west and west coast. For different parts
of the lake, the characteristics and frequency
of such phenomena are different. It should
be noted that surges of 30...50 cm can cause
coastal flooding in a strip of several kilometers.

On the northern coast, as analysis
of data from Balkhash station shows,
storm surge phenomena (more than 30 cm)
are observed from March to December
(Fig. 5). They reach their highest height
in  April-June and September-November.

At the same time, the frequency of
storm surges is not the same. Here, wind set
down phenom-ena is most often observed,
on average by 35%. This is due to the
predominance (about 40% per year) in this area
of northeasterly winds. Winds set down events
are usually the most intense and their height
often exceeds 60 cm. The most active months
for wind set up phenomena are May, August
and October. Winds set down phenomena are
more often observed in the period from June
to September. March is the quietest month.
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Fig.5. Recurrence of the dangerous storm surges phenomena during the year.

As noted above, the largest

amplitude  of level  fluctuations  is
observed at the end sections of the lake.
The frequency of storm surge

phenomena in the ice-free period is almost
the same in all months (10 ... 15%). The
exception is March-April (up to 7%), however,
in April they reach their highest height.

On the west coast, the most active
wind set up months are May, July and
October. Winds set down over 40 cm are

most often observed in June and August.
Significant wind distortions of the level are
observed along the axis of the Western Balkash:
during wind set down at the Balkash post —
wind set up at the posts of the southwestern

coast; during a wind set up at the posts of

the western and southwestern coasts — wind
set down at the Balkash post. Often, storm

surges phenomena lead to the formation of

single-nodal seiches in the Western Balkash.

11
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CONCLUSIONS

Thus, Balkash Lake is characterized
by significant level fluctuations, which entail
a change in the morphometric characteristics
of the lake. There is a clear trend towards
a decrease in the area and, accordingly, the
volume of water in the lake. At present, the level
fluctuates around the mark of 342,18 m BS.

In the intra-annual context, the
maximum and minimum levels are recorded
in June and January, respectively. An increase
in the level is observed in the spring-
summer period and is extended over time.
In addition, the lake is characterized by surge
fluctuations in water levels (1 m or more),
and their amplitude significantly exceeds the
annual amplitude of changes in the filling of
the lake. On average, their value, depending
on the time of year, is 7..70 cm, but under
extreme wind conditions it can reach 1,5 m,
especially on the southwestern and western
coasts. These phenomena must be taken into
account when designing settlements and other
coastal facilities, as well as when constructing
protective dams and ramparts on low-flooded
shores, since surges ofeven 30... 50 cm can cause
coastal flooding in a strip of several kilometers.
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Maxanana bankam ke neHreniHiH KOIDKbIIBIK KOHE JKEeNIIerepMe-KeIKoTepMe Tepoerti-
CTepiHiH cHIaThl KapacTelpbuirad. CTaTHCTUKAIIBIK MOJIIMETTEp KENTIPUTIM, )KOHE OJapablH
KOJIIIH OpPTYPJIIi O0TIKTEPiH/Ie MayChIMIBIK TApaTybl CHIIaTTaaFaH. JleHreiaiH e3repyi KeIiH
MOP(HOMETPHSIIBIK CHITaTTaMaIapbIHBIH ©3TepyiHe OKeJIeTiHI aHBIKTAJIbI; KOJI CYybIHBIH ay/ia-
HBI MEH KOJIEMiH1H 23310 TeHICHIMCH Oaiikanaabl. EH Ker 3apaan meKKeH OHTYCTIK )Karaay.
Temen opHamackaH aKKyMyJISI TOPIIBI KYM/IbI ’Ka3bIK OOJIBIT KEJIETiH OHTYCTIK JKarasiay eH ocall
6o TaObuTaAbR!. JKeakeTepMe Ke3iHe sKaraay/sl OipHeIe xKy3 METpACH OlpHeIle MIaKbI-
pBIMFa JCHIHTI JKOJaKIeH ¢y 6acasel. TinTi ke aeHreiiniy aysITKysl (20...30 cM) xaranay
CBI3BIFBIHBIH aUTAPIIBIKTAN BIFBICYBIHA OKee . JKemmerepMe-xKelKkoTepMe KyObUThICHI OYIT
aiimakTa >xep Oe1epi KaabITacybIHBIH HET13r1 (hakTopbl. bamkant ke qeHrelineri xKeie-
repMe-KenKkeTepMe KyObUTBICTapBIHBIH aMIUTUTYAACHI KOJII1 TOJITHIPY ©3TrepiCTepiHiH KbLI-
JIBIK aMIUTATY/TaChIHAH A TapIIBIKTal )KOFaphl. EH YIIKeH xemnmerepMme-KenKeTepMe KyOblTbI-
CTapbIHBIH aMITUTyAackl bateic bankamira »oHe cOHFbI OesieKTepiHe KoaiH 0alKanaibl.

Tyiiin ce3nep: bankam ke, ACHreHIIH y3aK MEP3IM/Il aybITKYBI, KEJIIETePME-KEITKOTEPME
KYOBbUIBICTAphl, Cy OETIHIH ayldaHbl, Cy KeJIeMI.

KOJIEBAHUA YPOBHS BOJbI HA O3EPE BAJIKAIII B COBPEMEHHBIN MTEPHUO/]

H.U. UBkuHA' KaHI. TEOTP. HayK

'Pecnybnuxanckoe cocyoapcmeennoe npeonpusmue «Kazeuopomemy, Anmamet,
Pecnyonuxa Kazaxcman
E-mail: ivkina_n@meteo.kz

B crarbe paccMoTpeH XapakTep MHOTOJIETHUX M CTOHHO-HaroHHBIX KOJICOaHWH ypOB-
Hs o3epa bamkam. IlpuBeneHbl cTaTHCTUYECKUE NAaHHBIC M OMHMCAHO MX CE30HHOE pac-
npeziesieHue B pa3HbIX YacTsax ozepa. OTMEUYEHO, YTO M3MEHEHHE YPOBHS BJICYET 3a CO-
00if u3MeHeHne Mop(poMEeTpUUECKUX XapaKTEPUCTUK 03epa; HAOIIoAaeTCss TCHACHIUS K
YMEHBIICHHUIO TUIOIAAN M, COOTBETCTBEHHO, 00beMa BOAbI o3epa. Hambonee ys3BUMBIM
SIBIISICTCS I0KHOE MOOEPeKbe, KOTOPOE TPEACTABISET CO00 HU3MEHHYIO aKKyMYJISTHB-
HYIO TIeCHYaHyl0 paBHUHY. [Ipy BEeTpOBBIX HaroHax MOOEpPEKbE 3aTATLTUBACTCS IMOJIOCOU
OT HECKOJBKO COT METPOB JI0 HECKOJIBKMX KHJIOMETpPOB. Jlaxe KomeOaHus ypoBHS 03epa
(20...30 cM) mpUBOAAT K CYIIIECTBEHHBIM MEepeMeIIeHHsIM OeperoBoit muHnnu. CroHHO-Ha-
TOHHBIE SIBJICHHSI B 9TOM paiiOHe SBISIOTCS OCHOBHBIM (hakTopoM (popMHUpOBaHus penbeda.
AMIUTHTY1a CTOHHO-HAaroHHBIX KojieOaHWi ypoBHs bankamra 3HaAYUTETFHO TPEBOCXOIMT
TOJIOBYIO aMIUTUTYLy M3MEHEHHS HallOJTHeHUs o3epa. Hanbompias aMIuTy1a CroHHO-Ha-
TOHHBIX KoseOaHMil HaOmronaeTcs B 3amagHoM bakaie u Ha KOHIIEBBIX y4acTKax 03epa.

KuroueBnle ciioBa: O3epo bankani, MHOTOIETHHE KOJIE€OaHHs YPOBHS, CTOHHO-HATOHHBIE SIBJIC-
HUS, TIJIOIA/(b BOTHON TTOBEPXHOCTH, 00BEM BOJIBI.
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