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Abstract: This article examines the impact of climate change on the hydrometeorological state of some lakes
and reservoirs in the Akmola and North Kazakhstan regions. Time series with values of various climate
parameters for the period 1986-2023 are used for the climate analysis; the reliability of the results was assessed
using the Fisher criteria. Hydrometric indicators were studied using the ArcGIG program. Using GIS to
spatially analyze water climate data, 8-channel satellite images from 1995 to 2023 were used. During the study,
it was found that the area of the main lakes has undergone changes.
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1. Introduction

The Kazakhstan's water resources are a strategic asset due to its location and especially its
continental climate. The total surface water resources of the country are estimated at 100.08 km? per
year, of which 56.89 km? are formed within the republic and 43.09 km® come from neighboring
regions: China (Ili, Yertis), Uzbekistan (Syr Darya), Kyrgyzstan (Shu, Talas) and Russia (Ural, Tobol)
[1]. Kazakhstan has less water than the rest of the world (approximately 6,000 m?3), with 37,000 m? per
1 km2 and 3,650 m? per person annually [2]. However, by 2030, Kazakhstan's annual per capita water
availability is projected to decline to 2,300 m? [3].

Current water intake includes 20.18 km3 of renewable surface water [4], 2016; it is estimated that
total surface water abstraction will increase to 30.22 km? in 2040 [5]. Much of this increase is due to
increased withdrawals from the agricultural sector [3]. Modern water consumption for agriculture is
13.4 km3 per year (69.1%), of which 8.8 km3 per year (65.6%) is lost due to transport through canals
and only 3.8 km3 per year for regular be used for irrigation purposes. The average efficiency of canal
water supply systems is only 15-20%, compared to 70-90% in most developed countries [3]. Another
problem with the use of available water resources is water pollution [6]. In fact, 50-70% of
Kazakhstan's surface water resources are classified as “polluted” or “heavily polluted” in terms of
environmental status [4,7]. When it comes to water resources, Kazakhstan, where most of its water
comes from outside, is at high risk due to climate change. This is because climate change can increase
the physical, chemical and biological mechanisms that lead to deterioration. Climate change can
directly or indirectly alter water quality and even aquatic ecosystems through various biochemical
processes [8,9]. In addition, the specific impacts vary depending on the region and type of water body
[10]. Climate change is occurring against the backdrop of a number of rapid global trends, including
rapid population growth, increasing demand for energy and food, the development of new
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technologies, declining water resources, groundwater depletion, soil depletion, urbanization and
changing consumption patterns [11].

The Sixth Assessment Report developed by the Intergovernmental Panel on Climate Change
provides a more comprehensive regional analysis of climate change. In the coming decades, all
regions must expect worsening climate change. A 1.5°C increase in global warming will lead to an
increase in heatwaves, longer warm seasons and shorter cold seasons. According to the report,
extreme heat is more likely to exceed critical tolerance levels for agriculture and public health as
global warming increases by 2°C [12]. This could create risks that have a negative impact on the area
[13].

The work carried out to study the climate change in Kazakhstan also confirms according to M.
Karataev et al., that over the period 1950-2020, linear indicators of average surface air temperature
increased at a rate of 0.31°C per decade. All trends in the series of annual and seasonal values of
surface air temperature are positive and statistically significant, indicating a steady increase in air
temperature in Kazakhstan [14]. Another study conducted for the period 1941-2011 also notes that
trends of increasing surface air temperatures were observed in all seasons on the territory of
Kazakhstan. The average annual air temperature across the country increased by 0.28°C per10 years
[15]. A regional study of the Zhabay River basin predicts the highest temperature increase to 3.9°C at
RTC 4.5 and to 6.4°C at RTC 8.5 by the end of the century. The projected changes in annual
precipitation in the Zhabay river basin show a clear trend towards a moderate increase in all periods
and RTC of up to 11.5% by the end of the century [16].

Climate change has significant impacts on water resources. This influence manifests itself
differently in diverse water resources in different regions but is generally negative. According to Li
et al.,, for example, negative consequences of climate change in eutrophic inland lakes in China the
continuing expansion of algal blooms [17]. Previous studies show that the decrease in the surface area
of lakes in Kazakhstan is explained by various environmental and socio-economic factors, such as
climate change, land use, agriculture, human activities and tourism, which in turn threaten the
sustainability of lakes [18, 19].

Freshwater availability expected to decline in Central Asia. In fact, water problems in
transboundary rivers have expanded to the level of interregional water policies, with the Central
Asian region currently facing major challenges related to the water security crisis [20]. Kazakhstan
has limited water resources, which are unevenly distributed throughout the territory and are
characterized by significant intra-annual and long-term fluctuations in water flow. These
characteristics significantly complicate the management of the country's water resources, which
averaged 91.3 km? per year during the observation period 1974-2008 [21]. But Uanxuan Wang et al.
note that Kazakhstan has reached a relatively safe level (level II'), and the level of water security is
high [22]. Another study shows that the water resources of the river of the Republic of Kazakhstan
have decreased by 16.0 km?. According to forecasts, due to the expected decrease in transboundary
runoff, by 2030 there will be a further reduction in the republic’s water resources to 87.1 km?, in dry
years to less than 50.0 km? [20]. In works on the study of water resources in Northern Kazakhstan,
the main focus is on the endorheic lakes of SNNP “Burabay” and the Yesil river system [24-27]. The
geochemical, morphological and geochemical indicators of the remaining lakes and reservoirs have
been studied very little. Therefore, this work offers the opportunity to close these gaps. The purpose
of our research is to study the impact of climate change on hydrometeorological indicators of water
bodies in Akmola and North Kazakhstan regions. Research objectives are:

e Analysis of climate change in Akmola and North Kazakhstan regions in recent decades.

e  Assessment of the impact of climate change on the surface water bodies.

2. Materials and Methods

To study the air temperature and precipitation in Akmola and North Kazakhstan regions in the
period 1986 to 2023, we used the average daily data from Kazhydromet organization. As part of the
study, data from Kokshetau, Sergeyevka and Saumalkol weather stations were processed.
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Meteorological stations were selected to cover the area of the studied water bodies. Monthly averages
were calculated based on the average daily data. Statistical processing was used to compile seasonal

trends in air temperature changes.

2023
seasonalt
average t = Lioge seasonal b )
amount of years

To estimate the impacts of climate change on water levels and surfaces of lakes and reservoirs,
average annual climate data were collected for 10 years from 1986-1995, 1996-2005, 2006-2015 and
2016-2023.

Monitoring of the status of lakes and reservoirs was carried out based on 8-channel LandSat
images (4-5 for 1995 data, 7 for 2005 data, and 8-9 for 2015 and 2023). The satellite images were
selected from official US Geological Survey data and are georeferenced. The water areas were
determined by mixing the red, green and blue channels and by calculating the albedo of the earth's
surface using the following formula for LandSat 4-7 images:

_ 7Rd? 2
P E-sinf

where, 0 is the reflectivity (albedo), R - the intensity of radiation from an object that has reached
the satellite’s orbit, d - the distance from the Earth to the Sun, E - the luminosity coefficient for each
channel and O - the height of the Sun above the horizon.

For LandSat 8-9 images, albedo was calculated using a different formula:

_ 2:10°-0-0,1
sin@

where, Q - the raster model of the image.

The contours of water bodies were additionally checked using the Modified Normalized
Difference Water Index (MNDWI) using 3 and 7 channels of later image versions.

These operations identified and digitized bodies of water on satellite images. To calculate the
metric parameters of the area, an equal-area projection was specified and a cartometric calculation
was carried out using GIS. The height of the water edge was determined by overlaying the contours
of the lake on SRTM images. The height is determined by automatically calculating the grid cell value
corresponding to the points and lines of water bodies. A similar algorithm is used in ArcGIS by the
Sample function from the Spatial Analyst toolbox (Arc Toolbox).

(©)

3. Results

3.1. Weather Stations Data Analysis

The study results were presented on the basis of data obtained from Kokshetau, Sergeyevka and
Saumalkol weather stations in the period from 1986-2023. The average annual temperature and
precipitation were analyzed. The trend lines of seasonal temperature changes showed that Kokshetau
experienced a gradual increase in average temperature during the period 1986-2023. Seasonal
fluctuations in winter from -8.9°C (2020) to -19.6°C (2012), with a warming trend, in spring the
temperature gradually increases from 0°C to 10°C, in summer the temperature fluctuates between
15°C to 20°C, with a warming tendency, gradually decreasing from 10°C to 0°C in autumn.

According to the seasonal trend analysis, the average winter temperature was -12°C, and the
average annual temperature over the past ten years (2016-2023) has increased by 0°C over the
previous ten (1986-1995). Over a ten-year period, the most notable increase was recorded in February
at +2.3°C. The average spring temperature is 4.9°C, an increase of 0.9°C over 10 years. The most
significant increase was in March at +1.0°C. In the summer months the trends are less pronounced
with an average temperature of 18.8°C, which corresponds to a temperature increase of 0.7°C over 10
years. The most significant increase was in June at +0.9°C. Autumn is characterized by relatively cool
seasons, during which the average temperature was 3.9°C. The trend line describes an increase of
0.9°C over 10 years. The most noticeable increase was observed in November at +1.3°C.

The average annual temperature as well as variations in temperature for each season can be
taken into consideration when analyzing Kokshetau climate data from 1986 to 2023. This makes it
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possible to identify trends such as warming or cooling and to estimate climate changes in the region
over the period under consideration.

During the winter season, there are fluctuations in average temperatures: first a decrease from -
12.9°C in 1986-1995 to -12.5°C in 1996-2005, then a sharp decrease to -14.2°C in 2006-2015, and an
increase to -12.3°C in 2016-2023. This suggests that the last period was slightly warmer than the
period from 2006 to 2015. Data for the spring period show a steady increase in average temperature
from 3.1°C in 1986-1995 to 5.4°C in the years 2016-2023. This is a clear sign of a warming spring season
in Kokshetau. The changes in summer temperature are minimal: from 18.9°C in 1986-1995 to 19.2°C
in 2016-2023. However, there is a slight upward trend in average summer temperatures. The average
autumn temperature also shows an increasing trend: from 2.8 C in the period 1986-1995 to 3.7°C in
the period 2016-2023. This indicates warmer autumns in recent years. Overall, the average annual
temperature shows an increase from 3.0°C in the period 1986-1995 to 4.0°C in the period 2016-2023.
This confirms the warming trend in the region.

It is evident from the analysis that Kokshetau experienced a warming trend over the studied
period. The shoulder seasons may be getting warmer as the most pronounced changes happened in
the spring and fall. Although the changes are not as dramatic, the summer has also gotten a little
warmer. Variability is evident in the winter season, although the most recent one was warmer than
the one that spanned from 2006 to 2015. The trend of global climate change is generally confirmed by
the rise in the average annual temperature.

By analyzing climate data in Sergeevka, it is possible to identify trends and changes in
temperature conditions. A clear cooling trend can be seen during the winter period: the average
temperature fell from -10.0 °C in the period 1986-1995 to -13.8 °C in the period 2016-2023. This is a
fairly significant and gradual drop in temperature. In spring, however, there is stable warming: the
average temperature rose from 2.7°C in the period 1986-1995 to 4.6°C in the period 2016-2023. This
suggests warmer springs in recent years. In summer, the temperature changes are not so noticeable,
but there is a slightly increasing trend: from 18.6°C in 1986-1995 to 19.0°C in 2016-2023. This could
indicate a slight increase in average summer temperatures. There is also a moderate increase in
average temperature in autumn: from 2.1°C in the period 1986-1995 to 3.2°C in the period 2016-2023.
Although temperatures have fallen slightly since 2006 compared to the previous period, the overall
trend points to warming. The average annual temperature shows slight fluctuations, starting at 3.3
°C in 1986-1995, increasing to 3.7 °C in 1996-2005, and then decreasing slightly to 3.2 °C in 2016-
2023. This suggests that the average annual temperature remains relatively stable despite seasonal
changes.

The data shows that in Sergeyevka there is a trend towards colder winters and warmer springs
and autumns, while the changes are less significant in summer. This could indicate the influence of
climate change, manifested in increasing contrasts between seasons. The average annual temperature
shows relative stability throughout the study period, which may indicate that annual temperature
fluctuations balance each other out.

Let's consider seasonal climate indicators in Saumalkol to determine the main trends and
temperature fluctuations for a specific period.

In winter, the temperature starts at -13.9°C between 1986 and 1995, then increases slightly to -
13.6°C between 1996 and 2005, then falls sharply to -15.2°C between 2006 and 2015 and rises again to
-13.1°C in the period 2016-2023. This shows that the latest period has become warmer compared to
the previous one, although it remains colder compared to 1986-1995 and 1996-2005. In spring there is
a stable and noticeable increase in temperature: from 2.6°C in the period 1986-1995 to 4.4°C in the
period 2016-2023. This indicates significant warming during the spring months in Saumalkol. There
is a slight fluctuation in average temperatures in summer: from 18.2°C in 1986-1995 to 17.8°C in 2006~
2015, followed by a slight increase to 18.1°C in 2016-2023. Overall, the changes are not significant,
but there is a slight tendency for temperatures to fall in the middle of the period, followed by a slight
recovery. There is a trend of increasing temperatures in autumn: from 1.9°C in 1986-1995 to 3.2°C in
2006-2015 and a slight decrease to 2.7°C in 2016-2023. This suggests warmer autumn months in recent
years, despite a slight decline in recent years. The average annual temperature shows a general
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upward trend: from 2.2°C in the period 1986-1995 to 3.1°C in the period 2016-2023. This indicates
moderate but stable warming in Saumalkol during the reporting period.

From the data it can be concluded that a trend towards moderate warming is observed in
Saumalkol, which is particularly noticeable in spring and autumn months. Winter temperatures have
also shown an improvement since the cold period of 2006-2015. Summer temperatures remain
relatively stable with minor fluctuations. Overall, these changes could indicate a changing climate in
the region, characterized by milder winters and warmer off-seasons.

Table 1. The average air temperature by season and annual (°C) for 1986-2023.

Kokshetau
Years winter | spring [ summer [ autumn | average
1986-1995y. -12,9 3,1 18,9 2,8 3,0
1996-2005y. -12,5 3,8 18,8 3,5 3,4
2006-2015y. -14,2 4,7 18,7 4,2 3,3
2016-2023y. -12,3 54 19,2 3,7 4,0
Sergeevka
Years winter | spring | summer | autumn | average
1986-1995y. -10,0 2,7 18,6 2,1 3,3
1996-2005y. -9,9 3,3 18,5 2,9 3,7
2006-2015y. -12,7 4,2 18,8 3,7 3,5
2016-2023y. -13,8 4,6 19,0 3,2 32
Saumalkol
Years winter | spring | summer | autumn | average
1986-1995y. -13,9 2,6 18,2 1,9 2,2
1996-2005y. -13,6 3,3 18,0 2,7 2,6
2006-2015y. -15,2 4,2 17,8 3,2 2,5
2016-2023y. -13,1 4,4 18,1 2,7 31

Figure 1 shows data on trends in average annual temperature in the city of Kokshetau for 38
years (1986-2023). The average annual temperature for this period is 3.4°C. There is a gradual increase
in average temperature. Over 38 years, the average temperature increased by 0.7°C compared to the
long-term annual average temperature of 2.7°C. The linear trend shows that the average temperature
in Kokshetau will continue to increase.

A 4

? y =0,0252x + 3,3728 ! 5 !

’ﬁ/\vl ~ N

- \%4

o B N W M U1 O

temperature, °C

\\. Q*‘ ’\’*. v*. b*‘ cb\\’ A' *. A.Q@*- %\\. Q*‘ *. A. *- \\. *‘ *.

% SRV AN OO B O A
P PP PSP FFPIITNRDP Y
N TR R RN AR AR ADT AR AR ADT AT A

"

©
%

N

Figure 1. Trends in changes in average annual temperature in Kokshetau.
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The average annual temperature in Sergeyevka has tended to decrease over the past 38 years. In
2023, the average annual temperature is 2.4°C higher than in 1986. Over 38 years, the average
temperature fluctuated between 1.4°C (2011 and 2018) to 5.1°C (1995). In 2020 there was an unusually
high increase in the average annual temperature of up to 5.0°C. To analyze the trend of the average
annual temperature in Sergeyevka using the regression equation provided, we can look at the
temperature change over time.

The regression equation states that the average annual temperature decreases by 0.0071 degrees
each year compared to the previous year, starting from a base value of 3.2496 degrees in the initial
year of measurement (where \ \ (x=0\)). This equation assumes a linear decrease in temperature over
time, which may not accurately reflect long-term climate change due to natural climate fluctuations
and the possible impact of global warming.

However, if you look at the trend in the data, you will notice that the average annual temperature
fluctuates, with a significant increase of up to 4.6 degrees, last year, suggesting that the actual data
varies significantly may deviate from the linear trend predicted by the equation. This may indicate
nonlinearity of climate change in Sergeyevka (figure - 2).
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Figure 2. Trends in changes in average annual temperature in Sergeyevka.

From 1986 to 2023, the average temperature in Saumalkol ranged from 0.4°C (1996) to 4.4°C
(2020). There is also a gradual increase in average temperature. The trend line shows the average
temperature trend. The average temperature in 2023 is 3.1°C higher than in 1986 (figure — 3).
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Figure 3. Trends in changes in average annual temperature in Saumalkol.

The last 38 years have seen both record low and record high temperatures. The coolest years
were 2011 and 2018, with annual average temperatures below 0.9°C. At the same time, 2020 and 2023
were the hottest years with temperatures exceeding 4°C. Particularly noteworthy is the year 2020,
when it was unusually hot: the average annual temperature exceeded 4°C, which is the highest value
for the entire observation period.
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It should also be noted that significant changes can be observed in the seasons. Winter is
becoming shorter and less severe. The number of days with thaws is increasing. Spring comes earlier.
Temperatures rise in March and April. Summer is getting warmer. The number of days with
extremely high temperatures is increasing. Autumn is getting shorter. Temperatures rise in
September and October.

To analyze climate data for precipitation in Kokshetau, Sergeyevka and Saumalkol from 1986 to
2023, we can consider changes in average precipitation by season, as well as general changes in
annual averages. This will allow us to identify trends and possible changes in the climate of these
regions.

Kokshetau experiences an increase in rainfall during the winter season from 36.1 mm in the
period 1986-1995 to 45.3 mm in the period 2016-2023. This suggests that winters are becoming wetter.
Spring precipitation shows fluctuations, initially increasing from 50.5 mm to 68.8 mm in the period
20062015 and then decreasing to 53.8 mm in the later period. The maximum amount of precipitation
fell in the period 2006-2015. Fluctuations are also observed in summer: the highest amount of
precipitation was recorded in the initial period (1986-1995) - 161.2 mm, after which there is a decrease,
but in 2006-2015 the amount of precipitation again increases to 157 mm, and then decreases in the
period 2016-2023 to 146.6 mm.

The most significant increase in precipitation is observed in autumn - from 50.7 mm in the period
1986-1995 to 81.3 mm in the period 2016-2023 (Table 2). This indicates significant moisture in the fall.
The average annual precipitation also shows an increasing trend: from 299 mm in the period 1986-
1995 to 330 mm in the period 2006-2015, after which there is a slight decrease to 327 mm in the last
period.

Table 2. Precipitations.

Kokshetau
Years winter spring summer autumn average
1986-1995y. 36,1 50,5 161,2 50,7 299
1996-2005y. 42,5 57,65 141,5 58,6 300
2006-2015y. 38,5 68,8 157 65,7 330
2016-2023y. 45,3 53,8 146,6 81,3 327
Saumalkol
Years winter spring summer autumn average
1986-1995y. 70 86 150 92 397
1996-2005y. 72 93 171 98 433
2006-2015y. 119 114 178 115 526
2016-2023y. 93 86 168 131 478
Sergeevka
Years winter spring summer autumn average
1986-1995y. 59 67 144 81 352
1996-2005y. 59 96 151 91 396
2006-2015y. 57 97 161 86 401
2016-2023y. 61 77 158 92 388

Analysis of rainfall data in Saumalkol shows a significant increase in winter rainfall from 70 mm
in 1986-1995 to a peak of 119 mm in 2006-2015, after which rainfall decreased to 93 mm in the most
recent period (2016-2023). This indicates significant fluctuations in winter precipitation, with the
largest increase occurring in the middle of the observation period. There is also an increase in rainfall
in spring from 86 mm in 1986-1995 to 114 mm in 2006-2015, but in the subsequent period there is a
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decrease to 86 mm. This shows the variability of spring precipitation with a maximum value in the
third period. Summer precipitation shows an increasing trend from 150 mm in 1986-1995 to 178 mm
in 2006-2015, after which there is a slight decrease to 168 mm. This indicates a general increase in
summer rainfall in Saumalkol. There is also a steady increase in precipitation in autumn from 92 mm
in 1986-1995 to 131 mm in 2016-2023 (Table 2). This is the most noticeable and consistent increase of
all seasons.

The average annual rainfall shows a significant increase from 397 mm in the initial period to 526
mm in 2006-2015, followed by a decrease to 478 mm in the later period. Despite this decrease, the
overall trend indicates an increase in the amount of rainfall in Saumalkol during the period under
review.

The data shows a general increase in the amount of rainfall in Saumalkol in all seasons, especially
noticeable in the summer and autumn.

In Sergeyevka, winter precipitation remains relatively stable across all periods, starting from 59
mm in 1986-1995 and slightly increasing to 61 mm in 2016-2023. This shows the stability of winter
precipitation in Sergeevka. There is a significant increase in precipitation in spring, starting with 67
mm in the first period and peaking at 97 mm in 2006-2015, followed by a decrease to 77 mm in the
last period. The spring season has the greatest fluctuations of all seasons. There is also a trend towards
an increase in precipitation in summer, from 144 mm in the period 1986-1995 to 161 mm in the period
2006-2015 and a slight decrease to 158 mm in the last period. This suggests that summer in Sergeyevka
will be wetter. Autumn rainfall also shows an increasing trend from 81 mm in 1986-1995 to 92 mm in
the recent period. This indicates wet autumn months in the periods considered.

The average annual precipitation increases from 352 mm in 1986-1995 to 401 mm in 2006-2015,
after which there is a slight decrease to 388 mm in 2016-2023. This suggests a general trend of
increasing rainfall in Sergeyevka, although there has been a slight decrease in the recent period.

Therefore, all three regions show an increasing trend in average annual precipitation over the
period under review. This may indicate a change in climatic conditions towards humidity. The largest
fluctuations in precipitation occur in spring, which may indicate that this season is different in the
amount of precipitation across the region. The data shows that in Sergeyevka and Saumalkol there
iwill be a general increase in atmospheric precipitation, which will be especially noticeable in the
summer and autumn months, in Kokshetau a noticeable increase will be observed only in autumn.

Kopa lake | Shagalaly

water reservoir

The coastline
¢ }in 1995
~in 2005

in 2015
. 1in2023

Figure 4. Map of changes in the shorelines of Lake Kopa and Shagalaly Reservoir.

We analyzed how air temperature and precipitation affect the area of water resources over a 10-
year period from 1986 to 2023. After studying the data on changes in the area of Lake Kopa depending
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on the amount of precipitation and average temperature for different years (1995, 2005, 2015, 2023),
it is possible to analyze the influence of these factors and their correlation with the area of Sees. The
area of the lake decreased from 14.4 km? in 1995 to 13.2 km? in 2015 and then increased slightly to
13.53 km? by 2023. The amount of precipitation tends to increase from 299 mm in 1995 to 327 mm in
2023. The average temperature also shows an increase from 4.6°C in 1995 to 5.4°C in 2023 (figure — 4).

Mathematical calculations show that the correlation with lake area and precipitation is 0.37,
indicating a weak positive correlation. This means that with increasing rainfall there is a slight, but
not strong, increase in the lake area. The correlation coefficient between lake area and average
temperature is -0.61, indicating a moderate negative correlation. This indicates that as the average
temperature increases, the lake area tends to decrease.

Thus, the change in the area of Lake Kopa probably depends on a combination of many factors,
among which temperature and precipitation play a significant role. The negative effect of
temperature may outweigh the positive effect of precipitation and lead to an overall reduction in the
lake area. Observed correlations indicate that climate changes such as rising temperatures and
changes in precipitation, may have significant impacts on water resources such as lakes, requiring
further study and possibly adaptive management of water resources and ecosystems.

Analysis of data for Lake Saumalkol shows that the area of the lake changed from 21.1 km? in
1995 to 21.5 km? in 2023, with a slight decline and subsequent recovery over this period. Rainfall
increased from 398 mm in 1995 to 478 mm in 2023, showing an overall upward trend. The average
temperature also increased from 2.2°C in 1995 to 3.1°C in 2023 (figure - 5).

Saumalkol lake]

The coastline
()in 1995
.~ in 2005
in 2015
7 in 2023

Figure 5. Map of changes in the shorelines of Lake Saumalkol.

The correlation of r=-0.28 between lake area and precipitation suggests a weak negative
correlation. This may seem counterintuitive, as increased rainfall due to higher water levels is
generally expected to increase the area of bodies of water. However, the weak connection suggests
that other factors may play a more important role in changing the Saumalkol Lake area. Especially
groundwater, as groundwater sources used to be involved in feeding the lake. However, under the
influence of anthropogenic influences, these springs became clogged. In recent years, underground
springs have begun to burst through and fill the lake.

Since lake area and average temperature have a correlation coefficient of 0.28, this also suggests
a weak positive correlation. This means that as the average temperature increases, there is a slight
increase in lake area, which may be due to various climatic and hydrological processes, including
changes in evaporation and precipitation.
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Thus, changes in the area of Lake Saumalkol are weakly correlated with both precipitation and
average temperature, indicating the complex nature of interactions within the aquatic ecosystem. To
gain a deep understanding of the processes affecting the lake area, it is necessary to take into account
other factors, such as geological, hydrological and anthropogenic changes.

The area of the Sergeyevka reservoir fluctuates with slight changes: the maximum value in 2005
(94.84 km?) and the minimum in 2015 (93.33 km?). The latest data for 2023 shows a slight increase
compared to 2015 to 93.4 km?. These changes may indicate small natural fluctuations in water levels
or the result of human influence (figure - 6).

To estimate the impact of climate change on the Sergeyevka area, mathematical calculations
were carried out. Thus, the value of the correlation between the reservoir area and precipitation was
-0.01, which indicates that there is practically no dependence of the area on precipitation. This
confirms the assumption that fluctuations in reservoir area are not directly related to precipitation.
The correlation between area and mean annual temperature is above 0.7, indicating a moderately
positive correlation.

Sergeyev X
water reservoir

The coastline
¢ ) in 1995
1 in2005
in 2015
in 2023

Figure 6. Map of changes in the shorelines of Sergeyevka reservoir.

4. Discussion

Our results were derived from historical data on precipitation and air temperature in three
regions: Kokshetau, Sergeyevka and Saumalkol, spanning the years 1986 to 2023. Studies have been
conducted on temperature change trends over time. In addition, photos of lakes and reservoirs were
selected using remote sensing to assess changes in water areas during the low water period. Then,
the correlations between the area of water resources and the average annual and temperature
precipitation total were calculated. This allowed us to assess the impact of changes in the surface of
lakes and reservoirs on 10-year climate data.

It was found that the average air temperature of Kokshetau and the surroundings of Lake Kopa
are negatively correlated with each other. This suggests that rising temperatures may lead to greater
evaporation, which may reduce the lake's water volume and therefore its area. This connection
appears to be stronger than that with precipitation, which could explain the trend of shrinking lake
area despite increasing precipitation. Precipitation and lake area have a positive relationship, which
could be explained by the fact that more precipitation causes the lake's water level to rise, thereby
increasing its surface area. However, the weak correlation suggests that precipitation is not the only
or dominant factor affecting the lake area.

The Saumalkol data indicate weak correlations between lake area and the climate factors
studied, suggesting that changes in the Saumalkol Lake area cannot be explained by precipitation or
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average temperature alone. The lake area may also be influenced by factors such as seasonal
fluctuations in water levels and changes in groundwater. The weak correlations highlight the
complexity of the interactions between climate variables and hydrological properties of the lake. This
confirms the need for an integrated approach to the study of aquatic ecosystems that takes into
account a variety of factors.

Vadim Yapiyev et al. find that the area of endorheic lakes in SNNP “Burabay” is mainly
regulated by climate variability. Evaporation from lakes dominates the water balance of lakes during
the period 2000-2013. During most of the period, evaporation from the lakes increased, resulting in
a steady decline in the levels of Lakes Shortandy and Ulken Shabakty. After the last drought in 2012,
lake levels began to recover due to above-average rainfall [26].

Regarding climate change in Kazakhstan, the studies conducted mainly confirm an increase in
the average annual temperature. Vitaliy Salnikov et al. argue that during the study period (1941-
2011) trends in increasing surface air temperatures were observed in all seasons on the territory of
Kazakhstan. The average annual air temperature across the country increased by 0.28 C/10 years. The
greatest warming occurred in winter at a rate of 0.35 C/10 years, and the least warming occurred in
summer at a rate of 0.18 C/10 years [28].

The apparent increase in air temperature in the region, especially in winter, spring and autumn,
leads to increased evaporation and changes in freeze-thaw cycles. One noticeable effect is a decrease
in winter precipitation in the form of snow and an increase in rainfall. This is accompanied by a
general decrease in the total amount of annual precipitation. There is no consensus among
researchers about changes in total precipitation. However, the observations of many authors do not
show a significant trend towards a decrease in annual precipitation [29].

5. Conclusions

For regions with limited water resources, such as North Kazakhstan and Akmola regions,
studying the impact of climate change on the amount of water resources is very important. The
studies used analysis of temporal trends in temperature and precipitation. Remote sensing images of
the examined waters were processed using GIS technologies.

The average annual temperature in Sergeyevka has tended to decrease over the past 38 years.
At the same time, the average temperature in Kokshetau increased by 0.7 °C over a period of 38 years
compared to the long-term annual average temperature of 2.7 °C. The linear trend shows that the
average temperature in Kokshetau will continue to rise.

In Saumalkol there is a tendency towards moderate warming, which is particularly noticeable
in the spring and autumn months. Winter temperatures have also shown an improvement since the
cold period of 2006-2015. Summer temperatures remain relatively stable with minor fluctuations.
Overall, these changes could indicate a changing climate in the region, characterized by milder
winters and warmer shoulder seasons.

The average annual precipitation also shows an increasing trend in all locations. There is a
significant increase in rainfall in autumn, especially in Kokshetau and Saumalkol.

Mathematical calculations between the area and the average annual temperature in the
Sergeyevka reservoir and Kopa Lake showed a moderate relationship. A weak correlation was found
at Lake Saumalkol. The correlation between the amount of precipitation and the area of water bodies
is also weak.

As the impacts of climate change on water resources in the North Kazakhstan and Akmola
regions were found, a forward-looking response is critically important to ensure the sustainability of
water resources. Promoting the conservation of water resources is fundamental considering the study
results. Efforts to promote efficient agricultural, industrial, and urban water use can help reduce
pressure on water resources. It will also be necessary to encourage a change in public behaviour,
using a combination of public awareness and educational efforts. Of course, continuous monitoring
of hydrometeorological data by the responsible authorities is essential, which will guarantee the
accessibility of robust data for informed decision-making.
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