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COMPARATIVE CHARACTERISTICS OF THE LAKES
OF THE KARAGANDA REGION OVER THE PAST 50 YEARS

The paper gives a general overview of the lakes of the Karaganda region according to the main
hydrological characteristics. A comparative analysis of several morphometric indicators of medium and
small lakes in the region in 1968 and 2020 was also carried out. Over the past period, the total area of
small lakes has not changed, but some of the lakes were dry in 1968, so the total volume of water in
this group has increased by 19.7% since 1968. In medium and larger lakes, a significant change in the
total area and volume of water is observed: an increase in area by 4.12% and an increase in volume by
12.6%. In the largest lakes of the region (more than 20 km2), with an increase in the area of lakes by
6.5%, the volume of total water increased by 53%. Thus, despite the general increase in the average
annual temperature and changes in the precipitation regime in the region, the areas of reservoirs and the
volume of the total water mass have increased, while the dynamics of indicators depends on the specific
area of the reservoir.

Key words: lakes, hydrology, morphometric indicators, area of lakes, volume of water, Karaganda
region.
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Congbl 50 xbirparbl KapaFaHAbl 06AbICBIHAAFbI
KOAAEPAIH CaAbICTbIPMAAbI CMMaTTaMachbl

Makanaaa Herisri FrMAPOAOIMSABIK, cunaTTaMmasapbl 6oibiHwa KaparaHAbl OGABIChIHBIH, KEAAEpiHe
>KaAMbl WOAY XacaaraH. CoHaa-ak, 1968 >xaHe 2020-1bl XXbIAAAPbI apacbiHAA OOAbICTaFbl OPTa XKoHe
LIaFbIH KOAAEPAIH GipKaTap MOP(OMETPUSIAbIK, KOPCETKILITEPIHE CAAbICTBIPDMAAbI TaAAQY KACAAAbI.
OTKeH Ke3eHAe LIaFblH KOAAEPAIH >KaAMbl ayaaHbl (1-aeH 2 Km*-re aAeliH) ic >ky3iHAe e3repicci3
Kaaabl, 6ipak 1968 biAbl Kenbip KOAAEPAIH Keyin KeTyiHe 6aiAaHbICTbl OCbl TOMTafbl KOAAEPAETI
CYABIH, >KaAnbl keAreMi 1968 >xbiaFa KaparaHaa 19,7% ecti. OpTa XaHe YAKeH KeAaaepAe (ayAaHbl
4-teH 20 KM2-Te AeMiH) >KaAMbl ayAaHbl MEH CY KOAEMIHIH, aiTapAbIKTan e3repyi 6anKaraAbl: ay AQHHbIH,
4,12%-ra xoHe kereMi 12,6%-ra yaranraH. OBAbICTbIH ipi keAaepiHAe (20 KM>-AeH acTam) KeAaep
aymarbl 6,5%-Fa yAFaica, >KaAnbl cy keaemi 53%-ra apTTbl. OcCbiAalila, aiMakTarbl OpTalla XbIAAbIK,
TemriepaTypaHblH 6CyiHe XK8He >KayblH-LIallblH MEALLEPIHIH 63repyiHe KapamacTaH, KOAAEPAIH ayAaHbl
MEH >KaArbl CYy MacCCacblHblH, KOAeMi ecTi. Keaaepaeri Cy KOAeMiHiH apTybiHblH, €H bIKTUMaA cebebi
>KayblH-LIALbIH MOALLEPIiHIH, 8Cipece KbIC Me3riAiHAE.YAFalObI.

TyjiiiH ce3aep: KOAAED, TMAPOAOTUS, MOP(POMETPUSIABIK KOPCETKILLTEP, KOAAEP ayMaFbl, CY KOAEMI,
KaparaHAbl 0OAbICHI.
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CpaBHMTeAbHAsl XapaKTepucTHKa o3ep
KaparaHAMHCKMI 06AacTH 3a nocaeaHne 50 et

B pab6ote aaH obwmit 0630p o3ep KaparaHAMHCKOM O6GAACTM MO FAQBHbIM TMAPOAOrMYECKMM
XapakTepmcTrkam. Takxke OblA MPOBEAEH CPABHWUTEAbHbI aHAaAM3 psAa  MOPMOMETPUUECKMX
rokasaTeAein CpeAHUX M MaAbix 03ep 06AaacTv B 1968 roay 1 2020 roay. 3a UCTEKLIMIA TEPUOA CYMMapHast
nAoLLaAb MaAbIx 03ep (1 A0 2 KM2) MpakTUYeCKM He M3MEHMAACH, OAHAKO YacTb 03ep B 1968 roay ObiAa
nepecoxtiasi, No3ToMy o6LIMI 06bEM BOAbI, 3aKAIOYEHHbIN B 3TOW rpynne ¢ 1968 roaa, BbIpOC Ha
19.7%. B cpeaHux 1 6oAee KpyrHbIX 03epax (MAOLLaAbIo 0T 4 A0 20 KM?) HaBAIDAQETCS AOCTOBEPHOE
M3MEHEHMe CYMMapHOM MAOLLAAM M 00beMa BOAbI: YBEAMUEHME MAOWAAM Ha 4.12 % U yBeAMueHue
o6bema Ha 12.6 %. B cambix KpyrHbIX 03epax 06AacTu (6oaee 20 KM2) MpU YBEAMYEHUM MAOLLAAM O3ep
Ha 6.5% 0O6bem 06LMIA BOAbI YBEAMUMACS HA 53%. TaknM 06pa3om, HECMOTPS Ha obLee yBeAnyeHue
CPeAHEroAOBOW TEMIEPATYPbl M M3MEHEHMS PEXKIMMA OCAAKOB B 06AACTH, MAOLLLAAM BOAOEMOB 1 OOBEM
CYMMApPHOM BOAHOM MaCCbl YBEAMUYMAMUCH, MPU 3TOM AMHAMMKA NMOKa3aTeAer 3aBUCUT OT KOHKPETHOM
naoLaam Bopoema. Hanboaee BeposiTHas MpUUMHA YBEAUYEHWSI BOAbBI B 03epax - YBEAMYEHME OCAAKOB,

0COBGEHHO B 3VMHMI NEPHOA,

KAtoueBble cAoBa: 03epa, rMAPOAOTUS, MOPOMETPUUECKME MOKA3ATEAW, MAOLLAAL 03ep, 06bem

BOAbI, KaparaHanHckas o6AaCTb.

Introduction

In recent decades, the problem of water
resources in the Republic of Kazakhstan has become
especially acute in the light of the impending water
shortage, climate change, geographic location, and
anthropogenic impact [ 1]. The hydrographic network
and the number of reservoirs in most of the territory
are relatively poor, and therefore considering the
total area of surface waters, the dynamics of changes
in their morphological indicators is very important.
The concern of hydrologists and ecologists so far
has mainly been caused by changes in relatively
large reservoirs and rivers. However, insufficient
attention was paid to the state of medium and small
lakes. At the same time, lakes have a great impact
on the microclimate, the well-being of adjacent
ecosystems, and are of value for recreation and
economic importance [2].

Karaganda region occupies the largest area of
the territory of Central Kazakhstan. On average,
there are about 1910 lakes with a total area of 926
km?. Of these, with an area of less than 1 km? - 1779,
making up 14% of the water surface [3]. Medium
and small lakes have shorter water cycles, eutrophy
faster, dry up, their disappearance is often not
recorded in hydrological registers [4, 5].

The purpose of this work was to conduct a
comparative analysis of a number of morphometric
indicators of medium and small lakes in the
Karaganda region over the past half century.

Working hypothesis: It is assumed that over the
past decades there have been significant changes
in the indicators of surface waters in Central
Kazakhstan, particularly the Karaganda region, due
to a whole range of environmental factors. This
should be reflected primarily in the number of lakes,
the total area of water, the total volume of water
mass.

Materials and methods

We carried out expeditionary research in the
Karaganda region to obtain visual confirmation of
the number of existing reservoirs, their hydrometric
indicators, such as maximum and average depth,
water level.

Considering that the lakes of the region are
mostly shallow, measurements were carried out on
the water surface with a hand lot (a sounding lead)
from a boat at regular intervals of 10—15 m (for
shallow lakes) and 100 m (for lakes larger than 5
km?) [6, 7].

To calculate the area of lakes and the catchment
area, we used data from the Sentinel-2 series satellites
processed using the SNAP software belonging to
the European Space Agency and available after
basic processing on the specialized Internet portal
Copernicus Open Access Hub. Water surface area
calculations were carried out using SNAP v7.0
software. For this, the MNDWTI index was applied,
using data from the green range of the visible
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spectrum (for Sentinel-2 it is designated as B3) and
the mid-wave MI range (Middle Infrared - MIF, for
Sentinel-2 it is designated as B12). The Modified
Normalized Difference Water Index (MNDWI) was
described by Hanqiu Xu in 2006 [8]. The index is
calculated using the formula

MNDWI = (Green — MIR) / (Green + MIR),
where Green and MIR are the pixel values of the
raster (reflectivity) of the green range and the mid-
wave infrared range, respectively.

Index values can range from minus 1 to plus
1, where minus 1 with the maximum probability
corresponds to the land, and plus 1 to the water
surface. Further, based on the raster with the values
of the MNDWI index, water bodies were detected.
Detection was carried out using raster binarization
according to the criterion of exceeding the threshold
value of the index.

The volume of water in the lakes was calculated
from the depth and area of the lakes.
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In addition, for the purpose of comparison, we
used stock materials for the last century on research
of lakes in the Karaganda region, as well as literary
sources [9, 10, 11].

Characteristics of the object of study

Karaganda region is less rich in lakes than
other northern regions of Kazakhstan, while the
lakes are very unevenly distributed (Figure 1). The
numbers of the lakes correspond to the numbers in
Table 1. Over 68% of the lakes are concentrated
in the northern part of the region. The number
of lakes naturally decreases with an increase in
the dryness of the climate and an increase in the
infiltration capacity of soils. There are also fewer
lakes in the eastern and central highlands, where
local runoff accumulation conditions are less
favorable. With the exception of the Karkaraly
Mountains, where there are several deep natural
reservoirs [3, 12].
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Figure 1 — Distribution of lakes (more than 5 km? in area) of the Karaganda region

Small lakes are grouped along rivers, streams
and channels, large ones are confined to lowland
areas. A significant number (75%) of small lakes are
located in the northern regions of the territory, in the
basins of the Nura, Kulanutpes, Kon rivers and the
drainless basin of lake Karasor. Some of them are
located in the floodplains of large rivers, mainly the
Nura River (Figure 2) [3].

On average, there is 0.27 km? of water surface
per 100 km2. The northern Nura region is the richest
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in lakes, but even in it their water surface is 1.3 km?
per 100 km? of land [13].

In general, clayey soils are widespread in the
territory of the region and significant silting of lakes
is observed, therefore, water exchange between the
water mass of the lake and the soil of'its bed is usually
difficult. Filtration and groundwater inflow here
usually do not exceed 5-20% of evaporation [14].

The studied lakes are located in different
structural and lithological conditions: they are
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laid both in loose sedimentary formations of the
Mesozoic-Cenozoic and in rigid igneous rocks of
the Precambrian and Paleozoic. Back in the 1960s
and 1970s, it was established that four types of
lakes occur in this area in the formation of basins:
hydrogenous, suffusion-karst, eolian, and tectonic
[15, 16, 17].

According to the chemical composition of
the water, 66 lakes belong to the chloride type
(77.7%), 16 to the hydrocarbonate type (18.8%),
and 3 to the sulfate type (3.5%) [18]. The total

65°0°0"E 70°0'0"E

number of fresh and conditionally fresh lakes
(with the sum of ions in the summer low water
up to 2.5-3 g/l) was 32%, weakly brackish (up to
9-10 g/1) - 22% and strongly brackish (up to 25
g/l) - 13%, the remaining 32% are O.A. Alekin
to the hydrochloric group (over 25 g/I). When
hydrometeorological conditions change, some
lakes move from one group to another [19].

The depth of the lakes ranges from a few
centimeters (drying water bodies) to 3-4 m, rarely
more.
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Figure 2 — Hydrographic network of river basins in Karaganda region

At the same time, fresh and slightly brackish
water bodies are in most cases deeper than saline
(mineral) ones. Salt lakes (Karasor, Karakoin, etc.)
predominate on the territory. Fresh lakes are located
mainly in the north, in the Nura river basin and in
the Karkaraly mountains [3].

On all lakes, the rise in the level from the influx
of water during the period of spring snowmelt begins
at the end of March and ends mainly in 10-15 days.
The height of the spring rise in the level varies from
year to year and can exceed 2 meters. The lowest
water level in the lakes is set in October. The annual
amplitude of water level fluctuations averages 0.6-
0.8 meters [20].

The lakes of the region, with rare exceptions, are
endorheic and stagnant. Only some floodplain lakes
in the basins of the Nura and Kulanutpes rivers,
as well as the lakes of the Karkaraly Mountains
(Pashino, Ulkenkol, Ashchykol), are flowing.

Results and Discussion

We collected data on the number and morphometric
parameters of lakes in the Karaganda region according
to available scientific sources for 1938, 1968 and 1973.
And compared them with the data of our research. The
results are collected in table 1.

In general, out of 109 lakes studied by us, 34
water bodies have an area of 1 to 2 km?, 32 (29%)
lakes with an area of 2.0 to 4.0 km?, 15 (13.5%)
lakes with an area of 4.0-6.0 km?, 21 (19.2%) lakes
with an area of 6.0 to 18.6 km? and 7 (6.4%) lakes
larger than 20 km?.

If we do not consider numerous small lakes
with an area of less than 1 km?, then because of
the study of everything, we described 109 lakes,
information on which has also been preserved since
1968. In earlier periods, such systematic work was
not carried out.
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Table 1 — Morphometric indicators of the lakes of the Karaganda region
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Table continuation

o A g 2 =
5o |2k g | BB | 8225 |52E| 25,00
Ne Titles 83 S« %DE Rk 585 |[535| € [€E7;| Coordinates
L@ z8 o 55 S s [BoE| 8@ |2e8
s |- S5 | < ES “E| OB S5
1968 1.9 2.7 1.1 - P 7.7 010'73 €7
21 | Bozkol 303 | 48°10723.6°N
2020 1.95 2.6 1.09 - 7.56 70°01°20.17E
1968 5.8 4.0 2.0 0.9 (1.3 5.0 14.3 ©20°08.8”
22 | Kabyrshakty (1.3) 916 48020,08'8,,N
2020 5.8 3.8 | 202 0.8 (1.3) 462 | 129 69°31'15.4°E
- 1968 6.5 43 2.4 (0.1) P 11 o 48°05°01 3”N
1esoygan om 1 .
Ve 2020 6.6 | 436 | 24 0.05(0.1) | 033 | 114 69°31’56.3"E
1968 2.9 2.4 1.7 0.5 P 13.7 ©42°32.9"
24 | Kumkol ©.3) 203 48°42'32.9"N
2020 1.6 1.7 1.1 0.1 (0.5) 0.16 9.3 70°36°32.3"E
1968 4.0 2.7 2.0 - - 8.3 000313 17
25 | Sasykkol By 49°00'33.1"N
2020 4.0 2.6 2.1 0.2 (0.6) 0.8 8.1 71°27°17.0"E
1968 155 | 435 | 73 1125 160.0 | 103.0 ©52°30 17
26 |Karasor @5) 8750 49052’30.1”N
2020 147 | 392 8.2 1.1 (5.0) 161.0 | 107.0 75°21°48 8"E
1968 | 265 | 68 6.0 2.6(3.8 69.0 | 255 °47°36.3”
27 |Balyktykol G5 s65 | 49°4736.3N
2020 | 287 | 63 6.1 2.6 (3.8) 746 | 254 75°56°07.2"E
1968 9.5 5.5 2.3 3.2 170 | 16.3 °44°08 O°
28 | Katynkol 62 364 | 9744°089N
2020 | 162 | 72 2.3 2.0(5.5) 324 | 28.1 75°09700.8”E
1968 6.5 3.6 2.7 2.7 9.0 13.3 °0256.3”
29 | Saumalkol @7) 107 | 20°02'56.3"N
2020 6.6 3.3 29 13(2.7) 8.6 16.9 75°59°46.2"E
1968 3.0 4.0 1.1 0.15 P 9.2 46724 8"
30 | Tuzkol 0.15) 39 | 49°467248°N
2020 | 295 | 38 | 136 0.1(0.4) 0.29 | 10.0 75°39724.27E
1968 | 145 1.7 1.5 12 1.0 4.8 ©29°34.6
31 | Ashchykol (1.2 10 49029,34'6”N
2020 | 1.25 1.3 1.06 0.6 (1.1) 0.75 43 75°13°05.0"E
1968 1.4 1.9 1.0 2.8 2.1 4.5 °©30°07.7"
1 | Zhartas @2-3) 61 49°30°07.7°N
2020 1.3 1.8 1.1 1.5(2.8) 1.65 6.5 75°14°40.7°E
1968 1.1 1.4 1.0 0.3 P 4.8 031741 &%
33 | Shengel 0.3) 33 | 49%3D4LSN
2020 | 1.12 1.7 1.02 1.1(2.8) 12 5.0 75°09°07.7°E
1968 3.0 4.0 1.4 0.05 P 10.3 ©43°20 4”
14 | Karakol (0.05) 178 | 49°43°204N
2020 | 2.17 | 1.96 | 1.3 0.1 (0.5) 0.21 5.7 76°18°11.3"E
1968 | 1.15 | 23 0.8 1.0 0.5 55 036708 3°
35 | Baytarkol (1.9 43 49036,08'3,?\1
2020 | 1.76 | 2.4 1.4 2.0 (3.5) 3.52 7.3 75°13°08.9"E
1968 12 1.4 1.0 1.1 0.8 3.7 035725 67
36 |Koytas a.n o | 49°35°25.6°N
2020 1.7 1.67 12 0.8 (1.3) 1.36 5.5 75°08°19.6"E
1968 | 223 | 23 1.5 3.0 (4.6 6.8 6.3 03257 8”
37 | Ozero Bolshoe @5 24 49022,57'8”N
2020 1.9 1.8 L5 3.0 (4.6) 5.7 6.0 75°30°46.47E
1968 1.0 1.8 0.6 0.4 P 45 0467401
18 | Akkol 04 15 | 49°4640.1°N
2020 | 1.01 1.7 0.7 0.3 (0.6) 0.3 4.7 75°17°07.7°E
1968 | 132 | 52 4.0 1.75 133 | 168 ©48°47.6”
39 | Saumalkol ( ) 307 49048,47'6,,N
2020 | 134 | 52 3.9 1.0 (2.7) 134 | 16.6 74°59°24.0”E
1968 1.9 2.7 0.9 (0.05) P 8.2 49°34°01 3"N
40 |Dogalan Karaso 56 02204 1%
& Y 2020 | 203 3.3 0.9 0.1 (0.15) 0.2 8.2 76°53°40.1"E

33



Comparative characteristics of the lakes of the Karaganda region over the past 50 years

Table continuation

o . £ E £ =L
sy 58 |2 | BE| 8225 |s2f| £2 |05
Ne Titles i Sy | 25 Rl 555 |828| B€ |€E75| Coordinates
=7 22 | 37| B2 | 2°EE (PR 7|78k
= =z < ES gl ©O8 S &
1968 1.5 3.1 0.8 0.07 P 8.0 034717 17
41 |Sarykol (0.07) 31 | 49BN
2020 12 234 | o0. 0.08 (1.0) 0.09 8.3 76°51°03.4°E
1968 3.0 3.1 1.8 0.05 P 7.5 °00°11.7"
42 |Karasor ( ) 149 50000,11'7,}\1
2020 40 | 286 | 2.15 0.5(1.2) 2.0 8.42 76°59°54.6"E
1968 7.2 5.2 23 0.5 - 17.2 ©29°53.67
43 |Sarykaska 66 50°29'53.6"N
2020 7.8 5.8 2.6 0.07(0.5) | 0.54 | 172 77°00729.1"E
1968 | 1.68 | 2.0 1.3 - - 7.9 °40°00.17
44 | Kokozek 49 50040,00'1”N
2020 1.8 2.1 1.4 0.3 (1.0) 0.54 8.3 77°02°50.6"E
1968 3.2 33 1.5 - - 8.7 03709 27
45 |Baltabek g2 | 20°37°09.2°N
2020 3.0 333 | 1.55 0.2 (0.9) 0.6 9.0 77°04°02.4°E
1968 | 12.0 | 43 3.5 2.0 (2.9 240 | 125 °18°52.0"
46 |Barakkol 2.9) o | 49°18'520°N
2020 | 118 | 42 35 2.0(2.9) 23.6 | 13.6 67°16°29.7°E
1968 5.0 2.8 2.2 1223 7.0 8.0 °31°01.7"
47 | Koskol (2:3) s6 | 49BU0LTN
2020 | 472 | 28 2.1 1.2(23) 5.6 8.12 67°03°29.8”E
1968 | 16.0 | 6.2 4.2 0.8 (1.4 120 | 196 °15°56.1"
48 | Ashchykol .4 7 | 49°15S6eIN
2020 | 16.0 6.6 4.0 0.8 (1.4) 120 | 183 67°31'11.9"E
1968 | 753 | 163 | 83 - - 65 90736 8"
49 | Karakoyin 612 46007,36'8”N
2020 | 77.1 12.4 8.5 0.1 (0.3) 7.71 70.5 68°39’52.3"E
1968 5.9 4.0 1.8 2.0 3.0 9.3 °12°49.0”
50 |Burshyktykol 20) 76 49°12°49.0"N
2020 6.3 4.0 | 1.86 0.5 (2.0) 315 | 109 67°37°26.3"E
1968 1.5 1.5 1.0 0.3 P 4.9 01799027
51 |Kishkenekol ©3) 39 49017,20'2”N
2020 2.1 1.9 1.2 0.2(0.3) 0.42 7.0 67°39°40.8"E
1968 2.5 2.4 1.3 (0.5) P 6.0 49°17°54.5”N
52 | Tomarmyskol 36 04RSP
‘ 2020 2.3 1.97 1.5 0.2 (0.5) 0.46 5.9 67°43°45.0"E
1968 3.0 2.5 1.6 - - 6.5 003710 9%
53 | Basbaytal 50 49003,19'2”N
2020 2.9 2.3 1.7 0.1(0.4) 0.1 6.4 67°17°34.0"E
1968 | 10.1 | 4.7 3.1 0.6 0.9 12.5 °34709.4”
54 | Kamystykol ©.6) 303 | A3404N
2020 4.8 30 | 1.85 | 0.09(0.6) 0.4 8.4 67°04°08.8”E
ss | Baveu 1968 6.5 4.3 2.4 (0.1) 11.0 o 48°05°09. 1”N
aysuigen on1° 29
i 2020 6.4 4.2 2.3 0.05 (0.1) P 11.1 69°31°39.9"E
1968 | 1.64 | 2.0 1.0 - - 5.0 045756 37
56 |Igilik 58 47°45'563"N
2020 1.17 | 1.65 0.7 - P 43 65°00739.3”E
1968 | 122 | 22 0.7 - - 4.8 48°45°47.7°N
37 | Koga 4T | 65°11°44.0°E
2020 | 2.0 2.8 0.9 - P 6.5 :
1968 | 475 | 3.8 1.9 - - 9.3 059758 g7
58 | Obala 03 48°52'58. 8"N
2020 59 3.9 2.1 - P 10.1 65°07°39.0"E
1968 1.8 1.7 1.6 - - 52 05793() 0%
59 | Shoshkaly 47 | 47°527309°N
2020 0.6 1.7 0.7 0.05(0.1) | 0.03 5.6 64°37°51.2"E
1968 | 132 | 44 3.7 1125 13 16.2 °31°30.4”
60 | Koktenkol @5) 2584 | 4873130.4"N
2020 | 124 | 47 4.0 1.1 (4.0) 136 | 141 72°06°13.8”E
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Table continuation

- . g g “t o 2
. 5o |2k g | BB | 8225 |52E| 25,00 |
No Titles i Sy | 28| E£ 555E |E28| 2€ |<.2 g| Coordinates
5‘-3‘55 Eg o g;g 5o s & Boa Sgb —C 8
= |- =% | T ES "E| S8 | 8%
1968 5.4 4.5 1.7 1.4 2.4 12.0 °47°55 47
61 | Alakol a4 s | 49°UTSSAN
2020 4.7 4.1 1.6 0.5 (1.4) 23 10.8 70°29°18.7°E
1968 2.0 2.4 12 1.8 1.2 8.5 ©59°07.0”
62 | Sasykkol a8 p | 49°59°07.0N
2020 | 214 | 23 0.9 0.5 (1.5) 1.07 | 7.0 70°22°40.9”E
1968 55 4.6 1.8 0.7 1.9 11 051°51 7"
63 | lzendy 07 17 | 49SUSLTN
2020 5.8 4.1 22 0.3 (0.7) 1.7 10.4 70°58°13.3"E
1968 5.0 3.0 2.6 (1.0) 2.95 9.0 49°55°29.3"N
64 |Karatomar 41 013 A%
2020 4.6 3.1 1.7 0.6 (1.0) 2.76 8.5 70°57°13.4E
1968 3.6 2.6 1.8 0.5 P 9 056753 Q7
65 | Tuzkol 0-5) 35 | 49°56'53.9°N
2020 3.8 2.6 1.5 0.1 (0.5) 0.38 10.6 70°48°48.6"E
1968 2.0 2.1 1.4 0.3 P 5.9 050713 17
66 | Alabas 03 5| 4IBIN
2020 | 2.03 | 2.0 1.4 0.1(0.4) 0.2 6.2 70°50°28.17E
1968 1.3 1.7 12 0.15 P 4.6 00219 0
67 | Seitkazy (0.15) 4 | 50°02120°N
2020 1.6 1.7 127 0.1(0.3) 0.16 5.2 70°49°20.9”E
1968 | 1.12 1.6 0.9 - P 4.4 07754 O
68 |Zhaykopa )8 50°07°54.9"N
2020 125 | 1.54 13 0.1(0.2) 0.12 55 70°53°31.3"E
1968 | 1.51 1.8 1.3 0.9 (2.2) 1.4 4.5 50°08°20.8”N
69 | Arvkty 3B | 70°56'54.2°E
2020 1.5 1.4 1.3 0.9 (2.2) 1.35 6.3 :
1968 | 165 | 2.0 1.5 (2.0) 1.4 6.6 50°20°31.6"N
70| Arykty 41 1021°48.0°E
2020 1.8 1.7 12 0.9 (2.6) 1.6 5.9 :
1968 6.2 4.5 2.5 2.0 6.5 12.8 °08°44.9”
71 | Karaukamys 29 94 50008 ,44'9”N
2020 8.4 49 2.7 1.1 (3.0) 9.2 17.05 71°01’51.8"E
1968 7.2 4.4 2.0 0.6 2.2 11.0 °11°46.2”
72 | Ashchysor 0.6) 157 50011,46'2,,N
2020 6.9 43 1.8 0.3 (0.6) 2.07 11.2 71°05°26.0"E
1968 6.5 3.8 1.8 12 2.7 10.5 ©12°39.9”
73 | Karatay 12 go | S0°12'39.9°N
2020 6.7 3.9 2.3 0.4 (1.0) 2.68 11.2 71°11°02.47E
1968 | 155 1.6 12 0.3 P 5.6 010749 €
74 | Taskol ©3) o | S0°1042.6N
2020 1.7 1.65 13 0.3 (0.9) 0.5 5.8 71°16°07.3"E
1968 9.1 4.9 2.8 1.7(3.0 16 12.3 °08°25.6’
75 | Kumkol G0 107 | S00823.6°N
2020 9.6 4.4 2.9 1.5 (3.6) 144 | 13.1 71°15°19.8"E
1968 1.3 1.5 12 2.0 1.3 43 005743 €7
76 | Zhamankol 2.9 31 50005 ,43'6”N
2020 1.6 1.6 12 1.0 (2.0) 1.6 4.8 71°2523.0"E
1968 3.0 2.8 1.8 1.3 2.1 6.5 or702] 5
77 | Bayatarkol (1-3) 66 49027,3 1'5”N
2020 22 1.9 1.5 0.5 (1.0) 1.1 5.6 71°17°41.4E
1968 2.9 2.5 1.9 1.0 (2.5) 2.8 7.0 50°03°22.1°N
78 | Saryala 33 Ittt
2020 3.7 2.7 1.8 0.9 (2.7) 33 9.3 71°46°08.0"E
1968 22 2.3 1.1 1.0(25 22 6.2 °00°39 7"
79 | kurenala @.5) 29 | 30°00:39.7N
2020 3.7 3.09 1.7 1.0 (2.5) 3.7 8.2 71°42°38.1"E
1968 | 160 | 5.7 3.0 0.4 P 33.8 °45°10.9"
80 | Kultansor 09 134 | 49745710.9°N
2020 | 11.3 3.9 2.6 0.05 (0.4) 0.6 | 27.8 71°27°55.8”E
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Table continuation

o . £ E £ =L
sz | 55 |2, | BE| 9225 |s2%| 85|80
Ne Titles i Sy | 25 Rl 555 |E28| 2€ |<£E 4| Coordinates
25| 28 | 87| EE| 2785 |PeE| 52|78 L
= =z < ES gl ©O8 S &
1968 4.0 32 1.5 (1.3) 2.5 9.3 49°46°46.5"N
81 | Tatyrsor 71 IO
2020 5.3 3.32 1.8 0.5(1.3) 2,65 | 12.0 71°28°26.4"E
1968 6.4 34 2.7 - P 9.3 079990 47
82 | Shoptykol 175 | 30°227294N
2020 6.1 3.4 2.7 - P 9.7 71°34°05.17E
1968 | 1.15 | 2.3 0.8 2.0 P 5.6 °50°46.7"
83 | Kobykol 2.0) 31 | 49°50°46.7N
2020 1.0 | 206 | 08 0.2 (1.1) 0.2 5.6 71°53°40.0"E
1968 33 2.5 1.6 1.2 L5 7.3 °47°36.8”
84 | Tapalkol (12 4o | 49M4T368N
2020 3.1 2.35 1.6 0.4(1.2) 12 75 70°39°33.7°E
1968 3.2 32 1.6 1.0(23 3.5 10.3 °26°01.5”
85 | Balykty 23) 214 | 49726°0LSN
2020 | 265 | 2.11 1.5 1.0 (2.3) 2.6 7.24 71°39°12.7°E
1968 2.5 33 1.2 - P 7.8 05617 97
86 | Alabotaly g | A95671T9°N
2020 5.3 436 1.6 1.2(2.8) 6.3 11.0 70°5338.0"E
1968 2.4 3.1 1.2 - P 8.8 051797 1
87 |Baysal 62 49°51°22.1I"N
2020 3.8 34 2.1 1.4(3.2) 53 9.6 71°08°51.57E
1968 | 165 | 7.6 2.6 (1.7) 80 | 373 49°50°26.7°N
88 | Tassuat 67 o
2020 | 18.6 7.9 33 0.4 (2.3) 7.5 29.6 71°18°19.1°E
1968 | 1.66 | 1.7 1.6 0.7 0.7 5.0 °05°46.8”
89 | Balykshy ©.7) 4 | S0°05468N
2020 2.1 171 | 153 0.4 (0.6) 0.84 6.1 71°40°34.37E
1968 2.0 2.7 1.6 1232 23 7.3 °02°30.5”
90 | Zharlykol 62 so | 20°02730.5"N
2020 1.9 1.8 | 156 1.7.(3.5) 3.2 6.4 70°29720.4"E
1968 2.0 2.2 1.4 0.4 P 6.0 043700 47
91 | Sarybulak 04 2y | 49°43°024N
2020 2.1 2.2 1.4 0.05 (0.4) 0.1 6.2 71°36726.3"E
1968 | 258 | 24 1.7 1.7 1.9 8.0 °28°10.3”
92 | Saumalkol (4.7 56 50°28°10.3"N
2020 3.1 2.5 1.7 0.8 (1.7) 2.4 8.4 71°38°07.8”E
1968 1.1 1.6 0.8 (0.35) P 3.9 50°21°12.5"N
93 | Baywgan 34 1 J102632.37E
2020 1.2 1.6 09 | 015(035) | 0.8 | 42 :
1968 2.7 2.9 1.2 0.15 P 6.9 051753 9"
94 | Sulukamys ©13) 17 | doess3oN
2020 2.8 28 | 127 | 0.1(0.15) P 6.93 71°21°38.7°E
1968 2.4 2.5 1.3 - P 6.8 001714 8
95 | Dosantomar 29 50001’14'8”N
2020 2.0 2.3 1.2 0.06(0.3) | 0.12 6.8 71°09°30.2”E
1968 | 1.08 | 2.7 0.6 - P 6.7 016747 £
96 | Aysakol 25 50°16°42.6"N
2020 1.2 2.7 0.6 0.02(0.4) | 0.02 6.9 71°39°02.7°E
o7 |sor 1968 | 5.15 | 3.0 2.4 (0.6) 1.3 8.7 ol 50°14°58.5"N
2020 5.7 326 | 25 0.3 (1.05) 1.7 9.3 71°19°39.0”E
1968 8.8 5.8 2.4 - P 20.5 057718 57
98 | Ostemir 127 | 49°52718.5N
2020 8.1 5.9 2.2 0.05 (0.5) 0.4 19.6 70°41°11.97E
1968 1.2 1.6 1.1 2.5 1.2 43 030757 37
99 | Korpesh 25) 67 | 3030573IN
2020 1.3 1.6 1.1 1.0 (2.5) 1.3 4.6 71°31°31.0"E
1968 | 275 | 28 1.4 1.7 (2.7 43 7.3 °09°14.6”
100 | Agashtykol 2.7 9% 30°09°14.6"N
2020 1.88 23 12 1.5(2.7) 2.82 6.0 72°01°21.97E
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Table continuation

o ) g “ =R
5o |2k g | BB | 8225 |52E| 85,00
Ne Titles 8 3 S » %DE =5 5855 |828| 2 S5 Coordinates
L@ =g k) 55 >o &8 |2oF 8%0 a2 3
s |- S5 | < ES "E| OB S5
1968 3.0 2.6 1.6 1.8 (4.5 53 6.5 °56°5] 7"
101 | Zhamankol @.5) 65 49056,51'7,’N
2020 409 | 3.08 | 1.85 1.7 (4.5) 6.9 8.55 72°01°39.3”E
1968 | 2.87 22 1.5 1222 2.8 6.5 °07°06.5”
102 | Marzhankol (22) 64 50007 ,06'5,’N
2020 | 265 | 2.1 1.4 0.9 (2.2) 24 6.1 71°53’31.47E
1968 2.9 2.8 1.5 1.5 2.0 7.0 ©97°56.2”
103 | Taldykol 15 37 20°22°56.2"N
2020 | 346 | 3.07 | 1.58 0.6 (1.0) 2.07 7.7 72°07°51.27E
1968 2.1 22 1.5 1.0 P 5.7 053219 1
104 | Taldykol (.0 5 | SSTI2IN
2020 2.5 2.4 1.52 - P 6.58 73°01°02.4°E
1968 6.2 32 2.8 2.0 (2.8 12 10.7 ©39°37.9”
105 | Toksumak 2.8 68 50039’37'9”N
2020 46 2.9 2.1 2.0 (2.8) 9.2 8.3 72°30°13.1"E
1968 | 7.15 4 2.3 2.0 (3.0 150 | 125 °048°42 9
106 | Karakol 3.0 160 | 0°487429"N
2020 | 8.49 48 | 247 2.0 (3.0 169 | 132 73°17°23.47E
1968 | 196 | 2.0 1.3 0.1 P 4.0 °49°00 2
107 | Shoptykol . 48 50042,00'2”N
2020 3.8 2.8 | 204 | 0.03(0.3) 0.1 8.2 73°20°55.67E
1968 1.0 1.6 12 0.5 P 43 096718 37
108 | Kochkarnoe ©.5) 22 50026,18'3”N
2020 1.0 1.66 12 0.03(0.5) | 0.03 4.9 72°37°12.3"E
1968 | 36.0 8.7 5.4 0.15 P 22.6 ©34°04.1”
109 |Shybyndy ©.15) 617 | S034041N
2020 30.1 8.5 5.2 0.2 (0.5) 6.0 21.2 73°40°56.4”E

Note: P (parched lake) - lakes dried up at the time of the study

Of the 109 lakes studied, 63 lakes (58%) are
non-drying and 46 lakes (42%) are ephemeral. Non-
drying lakes in the studied region retain their water
mass throughout the year, while in drying lakes, by
the end of summer, the water level sharply decreases
until the formation of medium and small puddles.
Of the drying lakes in 1968, 38 out of 46 lakes were
dry, and in 2020 only 8 lakes out of 46 lakes were
dry.

The catchment areas of lakes vary from a few
square kilometers for very small water bodies to
several thousand square kilometers for large lakes.
In the north of the region, in the Nura river basin,
there is an average of 80 km? of drainage area per 1
km? of the lake surface, and 320 km? in the Sarysu
river basin, that is, 4 times more. The catchment
area of the lake Karasor is approximately 8750 km?.

Most lakes, including large ones, have an
average depth of 1 to 1.5 m. The maximum depth of
lakes varies on average from 4.3 to 8.5 m.

For the convenience of the analysis of water
surface areas and water volumes, all studied lakes

were divided into 5 groups by area. The variation
in the depth of lakes was not considered, since
the vast majority of lakes have a similar origin,
are located on a more or less uniform relief, and
therefore the dependence of the depth and area
of most lakes have similar values. But the total
volume of water was calculated separately, which
is determined by the average depth and area of
the lake. As a result, area-volume water charts
for 2020 were compiled (Figure 3). At the same
time, a diagram for 1968 was compiled for the
same lakes, where the areas of lakes had other
indicators (Figure 4).

The first group includes 34 lakes up to 2 km?
in area, which is 32% of the total number of water
bodies. The total area of these lakes in 1968 was
53.03 km?, and in 2020 their total area has remained
almost the same - 50.1 km?. However, some of the
lakes were dry in 1968, so the total volume of water
contained in this group in 1968 was 30.12 million
m?, while in 2020 it was 36.06 million m?. That is,
the volume of water increased by 19.7%.
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Figure 3 — Water volumes in different groups of lakes for 2020
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Figure 4 — Water volumes in various groups of lakes for 1968

The second group consisted of lakes with an
area from 2 to 4 km? — 32 lakes (29.3% of all lakes).
At present, this group is experiencing a relative
increase in the share of water compared to 1968,
with an absolute increase of 11.52 million m?® - from
31.7 million m® to 43.22 million m?. The total area
of these lakes increased accordingly from 83.44 km?
in 1968 to 89.88 km? in 2020.

The 3rd group of lakes with an area from 4 to 6
km? included 15 reservoirs. In this group of lakes,
similar changes in the total area and total volume of
water occurred, namely: 74.5 km? and 54.77 million
m?-in 1968 and 75.11 km? 63.53 million m* in 2020.
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Lakes with an area from 6 km? to 20 km? were
included in group 4 (19.2%). This group of lakes
(with a total area of 193.91 km? in 1968 and 201.39
km? in 2020) contains the largest amount of the
total volume of water: 185.5 million m® in 1968 and
199.47 million m? in 2020.

Particular attention is drawn to the lakes of the
5th group (over 20 km?in area), with the exception
of the largest lake Karasor. This is a small group
of lakes (5.5% of all water bodies), the total water
surface area of which increased from 193.26 km?
in 1968 to 206 km? in 2020. At the same time,
there was also a significant increase in the volume
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of water from 109 million m* in 1968 and 166.81
million m? in 2020. That is, with an increase in the
area of lakes by 6.5%, the volume of total water
increased by 53%.

Lake Karasor, as the largest body of water in the
Karaganda region, should be considered separately.
In 1968, the area of the lake was 155 km?. For half
a century, the area of the lake has slightly decreased
to 147 km?, the volume of water in the lake has
accordingly decreased from 160 million m* to 151
million m?. Lake Karasor is fed by the waters of 14
rivers, and the main reason for the decrease in water
content in this lake against the background of an
increase in water content in the region in general,
most likely, is the drying up of these rivers in the
summer.

Thus, in medium and larger lakes (from 4 to
20 km? in area), there is a significant increase in
both the area and volume of water: 366.38 km?
(area) and 306.22 million m? (volume) - in 2020
compared to 351.85 km? (area) and 271.97 million
m? (volume) - in 1968. This in percentage terms
is: an increase in area by 4.12% and an increase in
volume by 12.6%.

As can be seen from the diagram (Figure 3), the
increase in the volume of water in lakes with different
areas occurs unevenly. The slowest increase in water
volume occurred in lakes of the 4th group - by 7%,
and at a faster pace there was an increase in water
content in lakes of the 5th group - by 34%.

It should be noted that lakes of the 4th group are
mainly northern lakes, where a denser hydrographic
network and precipitation have always been more
abundant than in the southern regions [21].

In the 5th group, the lakes have a larger area and
greater depth, which contributes to less evaporation
of water volumes, and more precipitation has begun
to fall in these areas over the past period. At the
same time, the increase in precipitation falls on
the winter period, in one of the main seasons of
water accumulation for lakes of this type in Central
Kazakhstan [22,23].

The greatest variability from year to year has an
inflow from the surface of the watersheds. In some
high-water years, it can exceed the norm by several
times, contributing to the rapid filling of lakes.

In general, the picture of the distribution of all
water in the lakes of the Karaganda region showed
that from 1968 to 2020, the total area of all lakes
slightly increased from 753.1 km2 to 769.4 km2,
that is, by 2.1%. The total volume of water in the
lakes, respectively, in 1968 was 229 million m3, and
in 2020 it amounted to 235.6 million m3, that is, it
increased by 2.8%.

In dry years, the surface inflow can be 5-10 times
lower than the norm. However, 1968, according to
Philonets and Omarov [9], was not a dry year, and
2020, in terms of the amount of winter and summer
precipitation, does not belong to a high-water period
in the region [Pogoda and Klimat], that is, the
indicators of these years are not extreme. Therefore,
there are grounds to assert that the results obtained
by us reflect the general trend of changes in the
morphometric parameters of lakes.

An increase in the indicators of drying up of
lakes, areas and volume of water in lakes can be both
evidence of cycles in water content, and, most likely,
evidence of a change in the precipitation regime in
the region. According to the official website “Climate
and Weather” in the Karaganda region over the past
decade, due to the warming of winter, the climate
of the region has warmed significantly and there
has been an increase in annual precipitation. The
positive trend of the average annual air temperature
has reached its maximum level and has not changed
over the past 20 years. In general, over 80 years, the
average annual rainfall has increased by 145 mm.
At the same time, the amount of precipitation in the
cold months increased sharply by 105 mm compared
to the warm months, with an increase of 45 mm [24,
25,22].

Conclusion

We carried out a comparative analysis of several
morphometric indicators of medium and small lakes
in the Karaganda region from 1968 to 2020. Neither
1968 nor 2020 are periods of high water or low water.
It was assumed that over the past decades, there
have been changes in the hydrological indicators
of surface waters in the Karaganda region. The
study of the number of lakes, the total area of water,
the total volume of the water mass confirmed this
assumption.

Thus, based on the results of our work, we can
draw the following conclusions:

Compared to 1968, in 2020, the total area of
small lakes remained practically unchanged: 53.03
km? in 1968 and 50.1 km? in 2020, however, some
of the lakes were dry in 1968, so the total volume of
water group has grown by 19.7% since 1968.

In medium and larger lakes (from 4 to 20 km? in
area), there is a significant change in both the total
area and the volume of water: an increase in area by
4.12% and an increase in volume by 12.6%.

In the largest lakes of the region (more than 20
km?), with an increase in the area of lakes by 6.5%,
the volume of total water increased by 53%.
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Thus, with a general increase in the average  volume of the total water mass increased, while the
annual temperature and changes in the precipitation = dynamics of indicators depends on the specific area
regime in the region, the area of reservoirs and the  of the reservoir.
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