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EVALUATION OF DYNAMIC CHANGE OF WATER LEVEL OF THE SMALL
ARAL SEA BASED ON DATA OF OPEN SOURCES

The study of the Aral Sea water level and volume dynamics is an urgent scientific task due to the
need to understand the mechanisms of natural, anthropogenic processes. In particular, the study of water
balance component dynamics of Small Aral basin is the most important task in planning scenarios of wa-
ter use, water protection in the region. In the proposed work, on the basis of machine learning methods,
two statistical models were developed: a model that takes into account the variability of the monthly
values of Syrdaria runoff and corresponding change in Small Aral water volume. In the low availability
conditions of data from field observations, obtained operational estimates, which compose water bal-
ance component are the most important source of information about ongoing changes in studied basin.
The proposed technique can used to obtain initial conditions in hydrodynamic modeling experiments, as
well as to calculate climatic scenarios for development of the Aral hydrological system.
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Kiwi Apaa TeHi3i cy AeHreiiHiH, AMHAMMKaAbIK e3repicTepiH

alliblK AepeK Ke3Aepi HeriziHAae 6araray

ApaA TeHi3iHiH Cy AeHreii MeH Cy KOAEeMIiHiH e3repy AMHAMMKACbIH 3epTTey 63eKTi MOCEAeAEPAiH
6ipi 60AbIN TabblAaAbl. COHFbI AAMbIC KbIAAQ TEHI3AIH CY JKOHE Ty3 TEHAECTIriHIH TyOereinai esrepyiHe
AAbIM KEATeH TaOMFU XKOHE aHTPOMOreHAIK MPOLECTEPAIH MEXAHM3MAEPIH TYCIHY KaXKeTTIAIr YAKEH
MaHbI3fa Me BGOAbIN OTbIp. AMMAaKTbIH Cy MalAaAaHy >XOHE Cy KOpFfay CLEHapUIMAEpiH >KocrapAay
kesiHae Kiwi Apa TeHi3i arabbiHbIH, Cy TEHAECTIr KypayLUblCbIHbIH AMHAMMKACBIH 3€PTTEY MaHbI3Abl
MIHAETTIH, 6ipi. YCbIHBIABIM OTbIPFaH XKYMbICTA MalLMHAABIK, OKbITY SAICI HEri3iHAE €Ki CTaTUCTMKAADIK,
MoAeAb a3ipAeHreH: Cbipaapust ©3€eHiHiH alAbIK, ©3eH aFbIHABICbI XkeHe Killi ApaA TeHi3iHIH Cy KeAeMi
MBHAEPIHIH e3repiciH eckepeTiH MoaeAaep. YAriaeyaiH HoaTumxeciHae CblpAapust ©3eHi aFbIHABICHI
MeH Kiwwi ApaA TeHI3iHIH Cy KOAEMiIHIH AMHAMMKAAbIK, ©3repicTepi aHbIKTaAAbl. AaAaAblk, GakbiAayAap
MBAIMETTEPMEH a3 KAaMTaMacbi3 eTiAy >KaFAAMbIHAQ AAbIHFAH Cy TEHAECTITiHIH Heri3ri KypayLbICbiH
KYPaTbIH LWYFbIA Garanay — 3epTTEAIN OTbIPFaH aAanTa eTin XKaTKaH e3repicTep TypaAbl MaHbI3Abl
aknapartTap Ke3i 00Abin TabblAaAbl. YCbIHBIABIN OTbIPFaH SAICTEME TMAPOAMHAMMKAABIK, MOAEAAEY
SKCMEPUMEHTTEPIHIH 6acTankbl WAPTTapblH aAy >KOHE COHAaM-ak, ApaA TeHi3iHiH TMAPOAOIMSABIK,
>KYyHMeci AaMybIHbIH KAMMATTbIK, CLIeHapUIAEPIH ecenTey YLliH KOAAQHbIAYbl MYMKIH.

Tywin ce3aep: Kili Apaa, TeHi3 AeHreni, MalMHAAbIK, OKbITY, ©3eH aFbIHAbICHI.
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OLI,eHKa AUHAMHUYECKOIo U3MEeHEHUS YPOBHS BOAbI MAAOIo Apa/\bCKOI'O MOpS Ha OCHOBe
AdHHbIX OTKPbITbIX UCTOYHUKOB

MccaepoBaHe AMHAMMKKM YPOBHSE U 0ObemMa BOAbI ApPAAbCKOrO MOPSI SIBASETCS aKTYaAbHOM
Hay4YHOM 3aAauert B CUMAY HEOOXOAMMOCTM MOHMMAHUSI MEXaHW3MOB MPUPOAHbBIX M AHTPOMOreHHbIX
MPOLLECCOB, MHAYLUMPOBABLUMX PAAMKAAbHOE W3MEHEHWE €ero BOAHOrO M COAeBOro 0GaAaHCOB 3a
MOCAEAHME LLECTbAECST AeT. B YacTHOCTM, UccAepaOBaHME AMHAMMKM KOMIMOHEHTa BOAHOrO 6aAaHca
6acceiiHa Manoro ApaAbCkoOro MOpsi SIBASIETCS BakKHeWLIen 3aAadeit Npu NMAaHMPOBaHUM CLieHapUeB
BOAOTMOAb30BaHMs M OXPaHbl BOA B pervioHe. B npeasaraemoit paboTe Ha OCHOBE METOAOB MaLLMHHOIMO
06yueHus ObiAn pa3paboTaHbl ABE CTAaTUCTUYECKME MOAEAW, YUMUTHIBAIOLLME M3MEHUMBOCTb MECAUHbIX
3HaYeHuit peyHoro ctoka pekn CbipAapusi M COOTBETCTBYIOLME M3MEHEHUSI oObemMa BOAbl Maaoro
Apana. Mo pe3syAbTaTaM MOAEAMPOBAHMS ObIAM MOAyYEHbl AMHAMUYECKME M3MEHEHUS CTOKA pPeKu
Cbipaapus n ob6bema Boa Maaoro Apaabckoro Mopsi. B ycAoBusix Manoi obecreyeHHOCTU AQHHbIMM
HaTypHbIX HAOGAIOAEHMIA MOAyUEHHble OMnepaTVBHblE OLEHKWM, KOTOPble COCTABASIIOT KOMMOHEHT
BOAHOrO 6aAaHca, ABASIOTCS BaXKHENLIMM MCTOYHMKOM MH(OPMAaLMK O MPOUCXOASLLMX M3MEHEHMSIX B
nccaeayeMom baccerie. MNMpeararaemas METOAMKA TakKe MOXKET ObITb MCMOAb30BaHA AASI TIOAYYEHUS
HaYaAbHbIX YCAOBUI B 3KCMEPUMEHTAX NMAPOAMHAMMYECKOTO MOAEAMPOBAHMS, a TaKXKe AAS pacyeTa
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KAMMaTMUeCKMX CLieHapueB pa3BUTUS TMAPOAOTMYECKON CUCTeMbl ApaAa.
KatoueBble cAoBa: Manbiii Apaa, ypoBeHb MOPS$I, MalMHHOE OOyYeHne, PEYHOM CTOK.

Introduction

The research of the water level and volume dy-
namics of the Aral Sea is an urgent scientific task
due to the required to understand the mechanisms
of natural and anthropogenic processes that have in-
duced radical changes in water and salt balances of
sea over the past 60 years.

Since the late 60s the sea volume has decreased
by 90 %, the salinity have increased by an order of
magnitude (Zavialov, 2005). The research of the hy-
drological cycle processes of the Aral Sea has ham-
pered by the almost complete absence of data from
modern measurements of the water balance compos-
ing. Since the 60s, the Aral Sea has been undergo-
ing irreversible changes in the water level and salt
regimes, cardinal changes have affected not only the
ecosystem of the sea itself, but also affected its entire
basin. Over the past 15 years, the tendency to separate
of the Aral Sea from water bodies has deepened the
deep-water western and shallow eastern basins of the
Greater Aral, the Small Aral Sea (Figure 1). Thus, the
eastern basin of the Greater Aral Sea in recent years
has virtually ceased to be a permanent reservoir, be-
coming an ephemeral lake, whose existence are de-
termined by the magnitude of the seasonal water run-
off of the Amudarya River. The northern basin of the
Aral Sea almost lost contact with other basins - both
due to natural causes of drying up of the western and
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eastern basins, and due to the construction of a dam
designed to minimize water exchange between the
basins (Izhitskiy et al. 2016a).

The Syrdarya provides an inflow of water in the
Kazakhstani part of the Aral Sea. Syrdarya from
source to mouth, i.e. Tien Shan zones of runoff for-
mation to the North Aral Sea can be noted that this
watercourse is a carrier of life-giving moisture, a
source of energy.

Today, intensive irrigation of cotton and rice
fields takes a significant part of the river runoff,
which dramatically reduces the water runoff into
their deltas and, accordingly, into the Aral Sea it-
self. Precipitation in the rain and snow form, as well
as underground sources give the Aral Sea much less
water than it has lost by evaporation, because of
which the water volume of the lake-sea decreases
and the level of salinity increases (Sambaev 2017).

In this paper, we have emphasized the research
of the water volume dynamic changeability of the
Small Aral Sea. In the recent years, after minimizing
its water discharge with other parts of the sea, it be-
gan to establish a relatively stable water-salt regime,
similar in characteristics to the “conditionally-nat-
ural” regime of the Aral Sea. Nevertheless, the sig-
nificant shortage of these direct observations of the
water balance component for this region is sorely.
Modern field observations on all parts of the Aral
Sea are episodic, lacking monitoring hydrological-

© 2020 Al-Farabi Kazakh National University



G.V. Ayzelet al.

meteorological stations and stations ceased to exist ~ work we used the database of indirect water level
in the first half of the 1990 year. That is way in this  observations as well as climate reanalysis database.
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Figure 1 - Satellite image of the Aral Sea in July 2014 (left), satellite image of the
Small Aral in August 2014 (right)

The main goal of this work is to research  which is located in arid conditions by using the
the possibility of modeling the dynamic data of indirect measurements of open sources
changeabilities of the water volume of basin, (Fig. 2).

Figure 2 — Study area: the Small Aral Sea and the Aral Sea basin

Key modeling concept has based on implemen-  Typical Decision Tree model is a «white box» con-
tation of a simple Decision Tree model in case of  sists of the range of boolean classifiers which split
regression task (Ayzel, 2017; Breiman et al., 1984).  our samples to tiny «leaf» nodes where all samples
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constantly refers to the one target value (Hastie et
al., 2005). Single tree-based implementation of De-
cision Tree is algorithm faced with the case of over-
fitting and robustness lack that lead to limited using
in real world examples (Freund, Schapire, 1997).
In our work, we used three cutting-edge machine-
learning techniques based on ensemble approach to
predictions: Random Forest, Extra Trees and Gra-
dient Boosting (Ayzel, 2017; Mason et al., 2000;
Zhang, Hsieh, 2017). All of them are based on group
of simple Decision Tree models and provide useful
trick such bagging, bootstraping, prunning etc. that
totally reduce overfitting and make our models suit-
able to provide robust dynamics (Friedman, 2001;
Kohavi, 1995; Schapire, Freund, 2012).

Materials and methods

The research material has selected as the analy-
sis period from 2002 to 2014, all daily (reanalysis)
and decadal (water level) measurements have taken
to monthly values. Below is given more specific de-
scription of used the data:

1. Sea level variability based on satellite al-
timetry data from 1992 to 2014 (decadal values),
DAHITI project (Schwatke et al., 2015);

2. River runoff of Syrdarya river (gauging sta-
tion Kazaly), historical monthly values from 1979-
1986, Global Runoff Data Center (GRDC) (www.
bafg.de);

3. Atmospheric forcing: reanalysis Era-Interim,
resolution 1x1 degree, daily values (Deeetal., 2011).

A hypsometric relationship between the sea sur-
face layer and the water volume was obtained for the
entire range of sea level variability according to the

River runoff, m3/s

1980

1981

1982

DAHITI data for the period under research based on
a detailed bathymetric map of the Small Aral (Izhits-
kiy et al., 2016b).

As a model linking the average monthly rates of
fluctuations in climatic characteristics with the dy-
namics changeability of river runoff values (Ayzel
and Izhitsky, 2016), a regression model of solving
trees was chosen, which in general is a nonparamet-
ric model of machine learning - a simple model of
the “white box” solutions, which can be described
by a set of simple Boolean functions. Advantages of
the regression model of decision trees are: interpret-
ability, quick learning, high tolerance for incomplete
data. As shortcomings, usually distinguished: high
ability to retrain, instability with the dominance of
one decisive class, the difficulty of finding the exact
structure of the tree.

Results and discussion

Based on the described method, two statisti-
cal models were developed: a model which shows
dynamic changeability of water level correspond-
ing changes of water volume of Aral Sea and the
variability forecast of the water volume of the Small
Aral. In the first model, the predictors used air and
precipitation values for the current and previous six
months averaged over the entire Aral Sea basin. The
model was trained on the period from July 1979 to
December 1985 according to the monthly values of
the river runoff at the gauging station Kazaly (Figure
3). As a result, it was used to simulate river runoff
values for the period from January 1986 to Septem-
ber 2015 - for this period, the actual measurements
of the river runoff were not available (Fig. 4).

RandomForest
ExtraTrees
GradientBoosting
—— Mean

observed

1984

1983 1985

Time, years

Figure 3- Training of the model of river runoff formation for the period from July 1979 to December 1985
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These data, together with reanalysis data (air
temperature, wind speed, precipitation) were used
to train the second statistical model for predicting
Small Aral volume fluctuations on satellite altim-
etry data for the period from October 1992 to No-
vember 2014 (Fig. 5).

In conclusion, a modelling was made for the
monthly values of the Small Aral Sea water volume

160
140
120
100

River runoff, m?/s

1999
Time, years

for 2015 (Figure 6). Analysis of the significance of
the signs showed that the parameters of mean tem-
perature, precipitation amount and total evaporation
are most significant for the results of constructing
the model of decision trees, so only they were cho-
sen as changeability of the final model - this made
the model less susceptible to noise (robust), and also
minimized the risk of retraining.

2004

Figure 4 - Simulation of monthly river runoff values for the period from January 1986 to September 2015

28

27
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25

Volume, km?

o4 S
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RandomForest
ExtraTrees
GradientBoosting
—— Mean

May Jun Jul Aug Sep

Time, months

Figure 5 - Training model for forecasting the water volume of the Small Aral Sea, the period from October 1992
to November 2014
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Figure 6 - Modeling of monthly values of the water volume of the Small Aral Sea in 2015.

Annual river runoff of Syrdaria River in the
lower reaches over a long period of time is charac-
terized by instability, which is due to both natural
and anthropogenic factors. At present, the influence
of the anthropogenic factor on the natural ecological
system is very large. One of the main negative fac-
tors is the irrational use of water infrastructure.

The Syrdarya River in the first half of the last
century was significantly regulated. Since then, the
largest monthly water discharge has been character-
istic of the beginning of spring, the minimum - for
the entire summer period.
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This distribution of river runoff is due to
large volumes of water for irrigation of agri-
cultural fields in the upper and middle reaches.
Spring floods in the lower reaches of the river.
The Syrdarya usually begins in late March - early
April. Then, in connection with the filling of over-
lying reservoirs and water intakes, a recession be-
gins in April.

The lowest monthly water discharges (in some
years - 6-10 m?/s) at the mouth of the river (Kazaly
gauging station) has observed in the summer months,
when irrigation of agricultural land is in full swing.

e 2006
e 2007

2008
2009
2010

2015
—2016

Figure 7 — The annual runoff distribution of the lower reaches of the Syrdarya river
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Figure 8 — Monthly distribution of runoff of the lower reaches of the Syrdarya — Kazaly gauging station for 2016 year

The dynamics of the average monthly annual
runoff in the lower Syrdaria River is following: the
loss of river runoff in the section from Kazaly to Ka-
ratereni (86 km), depending on the month, ranged
from 55 to 358 m®. Such a difference between runoff
at the Kazaly and Karateren hydroelectric facilities
is associated with the filling of lakes in the coastal
zone. Losses associated with the transformation of
runoff in the riverbed and floodplain of the river
are to a large extent recoverable, if we consider
not a short time interval, but a long period during
which the water of detention in the section can drain
through the lower closure target. Along with such
losses, there are irretrievable losses of water in the
area under consideration for filling numerous flood-
plain lakes and old lakes that do not communicate
with the river, infiltration into the soil in the flood-
plain and evaporation.

Lower Syrdaria River in the second half of the
last century, acutely felt a shortage of water, and
about 30 years ago, runoff at its mouth decreased
almost to zero. However, at the end of the 80s on the
territory of the former USSR, people’s views on the
state of the environment changed dramatically, and
the Syrdaria River delta became more careful about
water resources. As a result, already in the early 90s,
water along the river. The Syrdaria River began to
flow regularly into the northern part of the Aral Sea.
Although the volume of this water was about 2-4
times less than the amount of natural runoff (14.9
km?), it was enough to flood a significant part of the
modern “Small Aral” and there the desalination pro-
cess began.

Conclusion

As a result, it should be noted that despite the
serious shortage of these direct measurements of
the main components of the water balance, such as
the sea surface level and river runoff, the proposed
method makes it possible to accurately predict the
volume of waters of the Small Aral on the basis of
open databases. The introduction of the factor of in-
fluence of the Kokaral dam into the model will help
improve the quality of the forecast. The proposed
technique can be used to obtain initial conditions in
hydrodynamic simulation experiments, as well as to
calculate climatic scenarios for the development of
the hydrological system of the Aral Sea. Directions
of further studies of the dynamics of the water vol-
ume of the Small Aral Sea are seen in the use of
episodic data of field measurements for verification
and more detailed adjustment of the model used,
Syrdarya for the restoration of the values of natural
water inflow into the Small Aral Sea.
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