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According to world research, over the past decades there has been a tendency for air temperature
to rise and an increase in the frequency of extreme weather events. The study of the climatic
predisposition of individual regions to extreme events, in particular fires, is an urgent problem
of our time. The main purpose of this study was to define current trends in air temperature in
Eastern Kazakhstan on an annual, seasonal and monthly scale. The non-parametric Mann-
Kendall test and Sen’s slope estimation were used for the analysis, and the co-kriging method
was used to interpolate the data to obtain areal distribution. As a result of the study, it was
revealed that in most of Eastern Kazakhstan, there has been an increasing trend in average and
maximum temperatures significantly. It was also noted that the main statistically significant
changes are observed in the spring and summer seasons. Changes at some stations were reached
from 0,2 to 1,0 °C in ten years. The most consistent and significant trends in temperature

increase were recorded in March and April.
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INTRODUCTION

According to the world climate literature,
there has been a trend of rising air temperatures
and an increase in the frequency of extreme
weather events in recent decades (Change, 2023,
Perreault-Carranza, 2024, Valavanidis, 2023).

In the IPCC’s sixth assessment Report on
the physical basis of climate change, it was noted
that human activities, mainly due to greenhouse
gas emissions have caused global warming. The
report showed that the temperature of the earth’s
surface between 2011 and 2020 was 1,1°C, higher
than between 1850 and 1900. It was also noted
that the global temperature of the earth’s surface
has risen faster than in any other 50-year period
since 1970, according to the data of the last 2000
years (IPCC, 2021).

Climate risks are potential risks that may
arise as a result of climate change (physical risks)
or measures to minimize its effects (transitional
risks) (Bank of Russia, 2022). The key factors that
cause a high degree of vulnerability may be due to
a number of geographical factors — for example,
the presence of territories in different climatic
zones.

In global research on climate change,
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especially changes in air temperature trends,
it includes various methods, depending on the
objectives of the study, the data used, and the time
and spatial scale. In various works (Ceyhunlu,
2024, Costa, 2024, Mudelse, 2018) changes in
air temperature were calculated using the linear
regression method, the trend reversal analysis
method, automatic and cross-correlation analysis,
etc. In this study, the Mann-Kendall test and the
Sen’s slope estimation were selected for analysis.

In the works of many researchers (Faquseh,
2024, Hossen, 2023, Rahdari, 2024), it was noted
that the Mann-Kendall test is especially effective
in assessing monotonous trends such as air
temperature, precipitation, snow cover height, etc.

This nonparametric test is used not only in
meteorology but also in various fields of science
and medicine. The Mann-Kendall test allows us to
calculate the trend toward an increase or decrease
in the values of meteorological parameters, as well
as to assess the statistical significance of these
changes (Neel, 2018).

The Mann-Kendall’s statistics depend on
the functions of the observation ranks rather than
their actual values, which mean the method does
not depend on the actual distribution of data and is

39



Scientific article

Makhambetova, Satir, Nyssanbaeva. Present trends in air temperature...

less sensitive to outliers. Nonparametric statistics are
usually much less affected by outliers and other forms
of abnormality and are an indicator of monotonic
linear dependence. A statistically significant trend
identified using a nonparametric model, such as the
Mann-Kendall test (MK), can be supplemented by
an estimate of the slope of the Sen to determine the
magnitude of the trend (Yadav, 2014).

One of the manifestations of climate change is
an increase in air temperature, which is continuously
associated with an increase in the incidence of extreme
weather events such as droughts and fires and other
dangerous phenomena. It should be noted that in the
east of Kazakhstan, which is the object of research,
there are forests important for the ecosystem, the area
of which decreases every year and suffers from forest
fires. The fire that occurred in 2023 in the territory of
the Abad region destroyed more than 60,000 hectares
of forest, which is a major disaster on a global scale
(Wikipedia contributors, 2023).

In this regard, the purpose of this study
was to analyse trends in changes in the average and
maximum air temperature in the Eastern Kazakhstan
associated with an increase in extreme weather events,
in particular wildfires.

MATERIALS AND METHODS
The study area. The climate of the east of
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Kazakhstan is very diverse and in this regard, the
climatic risks of different regions of Kazakhstan are
also not the same. The key factors that cause a high
degree of vulnerability may be due to a number of
geographical factors — for example, the presence of
territories in different climatic zones.

The study area is the East of Kazakhstan,
which includes the Abai and East-Kazakhstan regions.
It is located between latitudes 45,32 and 51,43 north
latitude and 76,47 and 87,19 east longitude, has a
maximum length of 760 km from east to west and
610 km from north to south, covers an area of
283,300 km?, altitude ranges from 121 meters to 4350
meters above sea level. On the territory of the east of
Kazakhstan there are both vast flat areas and high-
altitude areas where the Altai and Saur-Tarbagatai
mountains are located (Egorina, 2014).

The state of Kazakhstan’s forest lands is of
particular concern. Occupying only 4 % ofthe country’s
territory, they are the habitat of the most valuable and
rare species of animals, 90 % of the species of higher
plants known in the republic. The forest cover of
the entire republic is mainly in the east and north of
Kazakhstan, for each region the total forest cover is
14 % (Makeeva, 2022). The most important forests for
the republic are located in the studied area, and climate
change can affect changes in the ecosystem and forest
cover in this area.
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Fig. 1. The map of object of the study — the east of Kazakhstan
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To conduct this study, data were taken

from the archive of urgent observations of RSE
Kazhydromet for the period 1978...2023 from 24
meteorological stations (Kazhydromet, n.d.).
The non-parametric Mann-Kendall test was used
to analyze the data, which allows us to identify
trends and determine the statistical significance
of changes in time series. It is important to note
that these methods are resistant to emissions and
are used to identify significant climatic trends,
which makes them optimal for this type of data
and they are justified in the context of analyzing
temperature trends.

According to this test, the statistics of S
and Z, Kendall’s tau (1), the p value, etc. were
evaluated. Also, the values of Sen’s slope were
determined to assess the trend. All calculations
were created using the Python programming
language (Python Software Foundation, n.d.) in
the Jupyter Notebook software (Project Jupyter,
n.d.).

The Mann-Kendall test. The MK test is
a nonparametric test for detecting trends in time
series data. The S statistics for the MK test are
calculated using the following formulas (1...2):

S=%r1 Xk sgn(X; — Xy.), (1)

sgn(X; — Xi) = (if (X; —Xi) =0,0), (2

where, n is the length of the dataset, Xj
and X _are the data values at times j and k, and
sgn is a signed function that takes values -1, 0
and +1. The value of t from S shows uptrends or
downtrends in climate datasets:

n(n-1)(2n+5)— Lh_, tic(tg—1) (2t +5) 3)
18 >

Var(S) =

where, p is the associated group, and tk is
the number of observations in the k group.
The standard Z statistic for the Mann-Kendall test
is calculated using the following formula:

( s-1
Jvar(s)’
0,5=0 s (4)

S+1
l,/Var(S) $<0
where, Z, shows the significance of the
trend. Then, standardized test statistics are applied

>0

Zs =

to test the null hypothesis, H, if Z, > Z /2 and o
shows the confidence level.

The Sen’s slope is calculated using the
following formula:

Q="5* ks, 5)
-k

where, Xj and Xk are the values of
meteorological parameters at time j and k
(Gulakhmadov, 2021).

Data visualization. The co-kriging method
was chosen to visualize and calculate the spatial
distribution of data. Co-kriging is an advanced
kriging technique that is used to interpolate spatial
data using multiple interconnected data. The co-
kriging method has been extensively studied
by various researchers and adapted to different
practical scenarios. The advantage of co-kriging
is that it shows more accurate results (Giraldo,
2020). In this paper, Mann-Kendall statistics and
the height of the earth’s surface were used for co-
kriging.

RESULTS AND DISCUSSION

In many studies (Bisai, 2014, Latrech,
2023, Liyew, 2024) that the non-parametric Mann-
Kendall test was used, calculations have shown
that the trends to increase of the air temperature
is statistically significant. For example, in studies
conducted in Morocco from 1970 to 2019, the test
results showed that air temperature has seasonal
trends and revealed a trend towards an increase in
temperature in spring and summer (Qadem, 2024).

In studies in India, the results were also
obtained, according to which there is an increase
in the number of warm days and nights and the
number of cold days and nights decreases. The
authors also noted that the observed growing
warming trends may lead to floods in India in the
future (Frimpong, 2022).

The Mann-Kendall test was also used to
study trends of changes in average temperature
values across the territory of Kazakhstan.
According to the results of this study, the authors
note that there is a tendency for a significant
increase in air temperature in Kazakhstan. The
average annual temperature over the past 50 years
has increased by an average of 0,034 °C per year.
In all four seasons of the year, there were trends
towards an increase in the corresponding average
temperatures, especially significant changes were
in spring, summer and autumn (Farooq, 2021).
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The same results, i.e. significant trends in
temperature increases in spring, summer, autumn
and minor changes in winter, were obtained
according to the study over the Kyzylorda region
of Kazakhstan (Abdolla, 2024).

Mann-Kendall statistics in the east of
Kazakhstan. As mentioned above, their average
and maximum values were taken to study trends in

air temperature changes. The analysis of changes
in the temperature range in the east of Kazakhstan
over the past 45 years was carried out. Tables 1...3
provide Z-values calculated for the average and
maximum air temperature. Table 1 shows annual
and seasonal Mann-Kendall statistics on average
and maximum temperatures for 24 meteorological
stations.

Table 1

Seasonal Mann—Kendall statistics (Z-values) for average (a) and maximum (b) temperatures (in °C)
for the period 1978...2023 in Eastern Kazakhstan

Average air temperature Maximum air temperature

MS Ann. | Spr. | Sum. | Fall ‘ Wint. | Ann. ‘ Spr. ‘ Sum. ‘ Fall ‘ Wint.
Aksuat 3,97* 3,94 2,97 1,82 1,18 3,95 4,14 2,78 1,44 1,26
Aktogai 249 3,15 2,33 0,70  -0,06 2,61 2,98 3,14 1,09 -0,26
Ayagoz 327 3,95 2,91 0,91 0,24 245 3,63 1,41 0,32 -0,42
Bakty 329 3,59 3,67 1,34 -0,33 3,61 3,77 4,01 1,21 -0,14
Barshatas 2,89 3,60 2,02 0,70 0,04 1,30 3,11 0,53 -0,27  -0,44
Dmitriyevka 1,77 3,26 2,21 0,20  -0,50 1,83 3,39 1,77 0,15 -0,54
Kainar 2,11 3,31 0,66 -0,40 0,00 2,15 3,79 1,24 -0,04  -0,71
Karaaul 1,58 3,60 1,37 -0,30  -0,49 1,68 3,92 1,54 -0,08 -0,67
Katon-karagai 2,41 3,49 3,69 0,22 -0,56 1,96 3,11 2,17 -0,13  -0,49
Kokpekty 3,18 3,98 3,36 0,90 0,92 3,41 3,28 3,44 0,86 0,93
Kurshim 2,05 3,05 3,01 0,05 0,09 321 3,38 4,19 0,91 0,65
Leninogorsk 1,43 4,08 3,02 -0,41  -0,86 0,30 3,04 2,30 -1,41  -2,00
Zapovednik Markakol 3,70 4,36 4,24 1,08 0,97 4,47 4,94 4,91 1,35 1,48
Samarka 2,83 3,32 2,85 0,66 0,64 2,48 3,21 2,55 0,26 -0,10
Semey 1,73 3,54 1,66 0,39 -0,34 2,42 4,17 2,22 0,59 -0,38
Semiyarka 1,60 3,57 1,65 0,39 -0,26 2,67 3,96 3,25 0,84 -0,38
Shalabai 1,36 3,30 1,59 -0,14  -0,64 1,37 3,38 2,64 0,31 -1,72
Shar 1,72 3,50 1,87 0,09 -0,44 2,21 3,90 2,67 0,63 -0,57
Shemonaiha 2,39 3,88 2,47 0,67 0,13 2,66 4,42 3,18 0,92 -0,46
Terekty 1,57 3,28 2,47 -0,16  -0,73 1,87 3,05 1,91 -0,09  -0,06
Ulken Naryn 1,6l 2,61 2,45 0,59 -0,49 2,19 233 2,25 0,33 0,62
Urzhar 0,30 2,49 1,44 -0,64  -2,55 0,37 2,13 0,39 -0,01  -2,09
Zaisan 2,63 3,56 3,13 0,40 0,17 1,20 2,92 2,50 -0,42  -0,91
Zhalgyztobe 1,76 3,57 2,07 0,22 -0,59 1,64 3,51 2,53 0,24 -1,17

*In the table, values in bold represent Mann—Kendall results that are significant at p < 0,05

Calculations show (Table 1) an increase in
the annual tends of the average temperature at 13
stations out of 24 and the maximum temperature
at 15 stations, which was statistically significant
(p value < 0.05). At the same time, none of the
stations showed negative dynamics.

During the spring season, significant
positive temperature changes were observed
at all meteorological stations. There was also
a significant positive trend during the summer
period, with the exception of a few stations such

as Shar, Shalabai, Semiyarka, Karaaul and Kainar,
for which temperature trends were insignificant.
In autumn and winter, no significant trends were
detected at the stations.

The average annual and seasonal trend
of maximum temperature repeats the average
temperature.

Table 2 shows the results of the statistical
Z values of the Mann—Kendall test for the average
temperature by month.
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Table 2

Mann—Kendall statistics (Z-values) by month (in °C) for the period 1978...2023 in the eastern
Kazakhstan for average temperature

Average air temperature

Zapovednik Markakol 0,30 1,81 2,61 3,35
Samarka 0,15 1,65 2,79 2,53

Semey -0,55 0,80 2,85 2,69
Semiyarka -0,56 0,73 2,99 2,44
Shalabai -1,34 0,66 2,99 2,99

Shar -0,70 0,87 2,96 3,12

Shemonaiha -0,47 1,23 3,28 2,99
Terekty -0,80 0,71 3,17 2,61
Ulken Naryn -1,28 0,14 2,77 1,89
Urzhar -1,49  -0,20 2,07 2,11
Zaisan -0,37 1,12 2,76 2,96
Zhalgyztobe -0,87 0,71 2,96 2,95

Station ‘ Jan ‘ Feb ‘ Mar | Apr ‘ May | Jun ‘ Jul | Aug | Sep ‘ Oct ‘ Nov ‘ Dec

Aksuat 0,08 2,12* 3,22 2,60 0,78 1,89 1,14 2,555 0,65 2,32 1,67 0,44
Aktogai 0,15 1,18 2,72 2,42 093 1,64 1,39 1,34 027 1,44 032 -0,50
Ayagoz 0,00 1,55 346 3,18 1,10 1,85 1,43 1,82 093 1,40 0,55 -0,67
Bakty -0,04 1,12 2,94 2,94 0,88 3,05 2,09 2,09 1,41 1,84 0,12 -0,68
Barshatas 0,28 1,53 332 2,70 1,08 1,50 0,23 1,68 0,09 1,50 0,05 -0,42
Dmitriyevka -0,58 0,55 2,99 2,89 1,00 1,45 031 1,72 -0,09 1,09 0,15 -1,33
Kainar -036 1,17 3,13 225 099 08 013 1,16 -0,75 041 -0,24 -0,64
Karaaul -0,83 098 320 25 076 098 -0,10 099 -0,72 057 -0,17 -1,64
Katon-karagai -0,64 0,62 292 2,67 041 2,05 1,83 3,24 -0,02 1,08 0,05 -1,62
Kokpekty -0,01 146 3,51 2,70 093 2,26 1,55 1,88 -0,03 1,14 0,90 -0,08
Kurshim -0,40 1,09 241 2,83 -0,17 1,74 1,67 1,84 -040 025 042 -0,65
Leninogorsk -1,25 0,70 3,13 2,79 0,76 1,55 1,13 225 -0,84 0,64 -0,40 -1,88

2,17 3,21 2,00 3,06 0,71 1,46 0,26 0,07

0,60 1,83 1,04 1,77 -0,63 1,28 0,85 -0,22
L,LI5 1,07 -0,28 1,71 0,14 1,12 0,04 -1,37
1,17 0,83 0,11 1,79 -0,27 1,18 0,28 -0,92
0,47 1,17 0,13 1,03 -0,04 0,49 0,08 -1,49
0,72 1,39 0,20 1,15 -0,09 0,76 0,06 -1,42
1,13 1,35 0,99 1,89 0,20 1,15 0,55 -0,63
0,04 1,90 0,66 147 -0,37 0,80 0,09 -1,44
-0,32 1,62 0,83 1,13 -0,99 0,64 1,07 -0,09
0,30 1,22 0,57 0,62 -1,16 -0,23 -0,09 -1,52
0,58 2,04 1,72 2,13 -0,06 0,64 0,72 -0,46
0,60 1,62 0,65 1,37 0,00 0,83 0,17 -1,56

*In the table, values in bold represent Mann—Kendall results that are significant at p < 0,05

It was found that in the period from 1978
to 2023, there was a tendency for temperatures to
rise in most months. However, not all months have
equally significant trends in temperature increase.
During the cold period of the year (September-
February), negative trends are also noted, but
they are not significant. The most consistent and

significant trends in temperature increase were
recorded in March and April. In summer, in
June and August, a significant positive trend was
recorded only at 5...6 stations.

Table 3 shows the results of the statistical
values of the Mann—Kendall test for the maximum
temperature by month.
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Table 3

Mann—Kendall statistics (Z-values) by month (in °C) for the period 1978...2023 in the eastern
Kazakhstan for maximum temperature

Maximum air temperature

Station ‘ Jan ‘ Feb ‘ Mar ‘ Apr ‘ May | Jun ‘ Jul ‘ Aug ‘ Sep ‘ Oct ‘ Nov ‘ Dec

Aksuat 0,68 1,99* 3,20 3,32 1,48 2,31 1,59 2,16 0,28 1,30 1,52 0,24
Aktogai -0,24 0,44 2,43 2,11 1,33 2,28 1,58 1,38 0,34 1,21 0,93 -0,56
Ayagoz -0,54 1,29 3,11 2,68 0,88 1,59 0,68 0,62 -0,43 0,68 0,58 -1,27
Bakty 0,17 1,36 3,15 2,54 1,53 2,94 2,16 2,53 0,72 1,27 0,80 -0,70
Barshatas -0,46 0,88 2,73 2,49 1,07 1,03 -0,80 0,47 -1,16 0,39 0,02 -1,20
Dmitriyevka -0,84 0,97 3,13 3,03 1,13 1,19 0,37 1,28 -0,03 1,15 -0,00 -1,77
Kainar -0,44 0,98 2,92 2,57 1,80 1,14 0,06 0,77 -0,72 0,52 -0,13 -1,55
Karaaul -1,04 0,90 3,20 2,94 1,49 1,66 0,30 1,15 -0,53 0,72  -0,19 -1,94
Katon-karagai -0,48 0,93 2,72 2,03 0,31 1,57 0,70 1,68 -0,35 1,06 -0,20 -1,65
Kokpekty 0,44 1,68 3,08 2,34 1,19 2,62 1,55 2,21 0,02 1,00 0,89 -0,08
Kurshim 0,09 1,46 2,38 2,66 1,13 2,50 2,86 3,21 0,88 1,07 0,67 -0,26
Leninogorsk -1,56 0,25 2,69 2,04 0,65 1,93 1,11 1,95 -0,89  -0,05 -1,31 -3,01
Zapovednik Markakol 0,62 2,40 2,88 4,26 2,87 3,70 3,04 4,11 1,62 1,52 0,47 0,38
Samarka -0,09 091 2,30 2,57 1,05 2,28 0,99 1,47 -0,09 0,74 0,59 -0,69
Semey -0,62 1,17 3,08 3,49 1,54 1,37 0,31 1,97 0,20 1,47 0,09 -1,44
Semiyarka -0,71 0,63 3,16 3,18 2,13 1,75 1,29 2,68 0,27 1,73 0,27 -0,92
Shalabai -1,56  -0,19 2,06 3,17 1,18 1,84 1,24 1,75 0,42 1,06 -0,06 -2,21
Shar -0,87 0,78 2,79 3,40 1,15 195 0,99 1,81 0,31 1,48 0,33 -1,47
Shemonaiha -0,69 1,00 3,22 3,55 1,60 2,13 1,86 2,34 0,59 1,60 0,46 -1,18
Terekty -0,33 1,29 2,85 2,52 0,69 1,81 -0,01 1,86 -0,05 0,82 -0,17 -0,95
Ulken Naryn -0,30 1,06 2,27 1,80 0,47 1,82 0,35 1,21 -0,66  -0,15 1,02 0,27
Urzhar -1,50 0,10 1,84 1,71 0,25 0,58 0,03 -0,15 -0,97 0,35 0,06 -1,43
Zaisan -1,23 0,45 2,42 2,44 0,31 1,93 1,37 1,38 -0,45 0,03 0,08 -1,21
Zhalgyztobe -1,11 0,57 2,78 3,22 0,74 1,94 0,98 1,42 -0,08 0,96 -0,01 -2,06

*In the table, values in bold represent Mann—Kendall results that are significant at p < 0,05

The monthly statistical values of Mann—
Kendall for maximum temperature have a similar
pattern to the average temperature. Significant
changes were also detected in March and April, and
anincreaseintemperatureisobservedatall stations.

Visualization of the current trend in air
temperature in the East of Kazakhstan. According
to the statistical data of the Sen’s slope estimator,
interpolated data were calculated using the co-

kriging method and maps of the spatial distribution
of air temperature changes in Eastern Kazakhstan
were visualized using the ArcGIS desktop
environment. On a seasonal scale, statistical
values varied within different limits for each
season, which made it difficult to use a single scale
for data visualization. Because of this difference,
each season has its own specific scale (Fig. 2).
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Fig. 2. Annual and seasonal changes in average temperature (in °C/year) in the eastern Kazakhstan

Figure 2 shows maps with interpolated
values of Sen’s slope (in °C/year) on an annual
and seasonal scale for the average temperature.
Trend calculations of annual mean temperatures
show an increase of 0,2...0,4 °C over the decade.
The map shows a significant increase in the plains
of eastern Kazakhstan. Minimal changes were
recorded in the highlands.

Among the four seasons of the year, the
greatest temperature increase is observed in
spring and summer, and the minimum change is
during the cold season.

The smallest change was recorded in
autumn, during this period the trend varies
between 0,1...0,2 °C per decade. In spring, the
temperature increase varies between 0,6...1,0 °C
over ten years, changes with maximum values
are localized in the high-altitude area. In summer,
you can also see a significant positive increase
in temperature, in the range of 0,2...0,4 °C per
decade.

The calculated data based on the maximum
temperature were shown in the following maps

(Fig. 3).
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Fig. 3. Annual and seasonal changes in maximum

Trend calculations of annual maximum
temperatures show an increase of 0,2..0,5 °C
over the decade. The map shows that a significant
increase was recorded in the mountain area of
eastern Kazakhstan.

Among the four seasons of the year, the
maximum temperature has a similar pattern to
the average temperature. The greatest increase is
observed in spring and summer, and the minimum
in winter and autumn.

The smallest change was recorded
in autumn and winter, during this period the
trend varies between 0,1...0,2 °C per decade. In
spring, the temperature increase varies between
0,6...1,0 °C over ten years, changes with maximum
values are localized in flat terrain. In summer,
you can also see a significant positive increase
in temperature, in the range of 0,2...0,8 °C per
decade.

CONCLUSION

Climate change in the studied region has
a significant impact on the ecosystem, agriculture
and economic stability. In this work were calculated
an annual, seasonal and monthly air temperature
changes in the territory of eastern Kazakhstan and
the following conclusions were made:

temperature (in °C/year) in the eastern Kazakhstan

1. There is an increase in the average and
maximum temperature in most of the territory of
eastern Kazakhstan. Calculations show an increase
in the annual tends of the average temperature at 13
stations out of 24 and the maximum temperature
at 15 stations, which was statistically significant
(p value < 0,05).

2. A significant increase in the average
air temperature was in the flat terrain of eastern
Kazakhstan and minimal changes were recorded
in the highlands.

3. The spatial distribution of changes in
the maximum temperature has a diametrically
opposite distribution of the average temperature,
a significant increase in it was recorded in
mountainous areas.

4. According to the Sen’s slope estimator,
annual increases in average air temperature were
in the range of 0,2...0,4 °C over ten years. For the
maximum temperature, the changes were in the
range of 0,2...0,5 °C over ten years.

5. In spring and summer, there was a
significant increase in the average and maximum
temperature at all stations, the changes ranged
from 0,6...1,0 °C over ten years in terms of average
terms of maximum air temperature.
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In conclusion, it can be noted that
statistically significant temperature changes with
an upward trend have been observed in recent
decades. The observed changes may lead to
an increase in the frequency of natural hazards
associated with high temperatures, in particular
fires, droughts and floods in the studied region.
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KA3AKCTAHHBIH HIBIFBICBIHAAFBI AYA TEMIIEPATYPACBIHBIH
ATBIMJATBI YPAICTEPI

M.M. MaxamberoBa'’, O. Illateip? PhD, A.C. Heican6aeBa' 2.2.x.

'an-@apabu amvinoaser Kazax ynmmuix ynusepcumemi, Aimamol, Kazaxcman

? FO3ynuy Hun Yuueepcumemi, Ban, Typxus

E-mail: meruyert.makhambetova22@gmail.com

OJIEM/IIK 3epTTEYJepPre COMKEC, COHFBI KbUIIAPhI aya TEMIIEpaTyPAChIHBIH KOFaphLIay TEHICH-
IIUACHI )KOHE DKCTPEMAIbl aya paiibl KyOBLIBICTAPBIHBIH KUUIITIHIH apTyhl Oaiikamyaa. OHip-
JIEPJIiH SKCTPEeMaJIJIbl KyOBIIBICTapFa, aTal alTKaH1a OpTTepre KIMMaTThIK OeHIMIUIITIH 3epT-
Tey Ka3ipri 3aMaHHBIH ©3€KT1 MocenenepiHiy 01pi 6ombin TabbIaAbl. by 3epTTeyain Mmakcarsl
KazakcTaHHBIH HIBIFBICBIHIAFEI aya TEMIIEPaTyPaChIHBIH JKbUIABIK, MAyChIMIBIK KOHE alIbIK
ayKbIMJaFrbl Ka31pri 3aMaHfbl TPEHATEPIH 3epTTey Oonbin Ta0bu1aabl. Tanaay ymin Manu-Ken-
JAJUIIBIH TapaMeTpIIik eMec ChIHaFbl )koHe CeHHbIH e3repy TpeH 1H Oaraliay ofici KOJJaHbLI-
JIbI, aJl iepeKTepi Busyanuzanusiay yuriH ArcGIS-te ko-kpuruar omici Konaanbuiasl. Ochl
3epTTey HoTKeciHae KazakcTaHHBIH HIBIFBICKIHAAFBI YJIKEH ayMaKTa opTalla KOHE €H YKOFa-
pBI TEMIIEpaTypaHbIH KeTepity Ypaici OalikanraHbl aHbIKTan1bl. CoHal-aK, HEeT13r1 CTaTUCTU-
KaJIBIK MaHBI3IbI ©3repicTep KOKTEM MEH ka3 Me3ruiiepine OailkanaTeiHbl aTan eTuial. Ka-
PaCTBIPBUIBIN OTBIPFAH Ke3eHJe KeOip cTaHuusiapaarsl e3repictep oH kbl iminae 0,2-1eH
1,0 °C-ka neitin xeteai. TemnepaTypaHblH KOTEPUTYiHIH €H JTOWEKTI )KOHE MaHBI3Ibl TEHICH-
usiIapbl HAyphI3 XKOHE Cylp aillapblHa TIpKeIl.

Tyiiin ce3nep: aya remneparypacol, napameTpiik emec ManH-Kenaasn TecTi, Ko-KpUTHHT 9Iici.

TEKYIIUE TEHAEHINU TEMIIEPATYPBI BO3/1YXA HA BOCTOKE KA3AXCTAHA
M.M. Maxamb6eroBa'’, O. Illateip? PhD, A.C. Heican6aeBa' x.2.1.

'Kaszaxcxuil nayuonansholil yrusepcumem umenu aiv-Dapadu, Anmamer, Kazaxcman

*Vuusepcumem KO3ynxy Hun, Ban, Typyus

E-mail: meruyert.makhambetova22(@gmail.com

[To naHHBIM MUPOBBIX HUCCIEIOBAaHUM, 32 MOCIEIHUE NECIATIICTHS] HAOMIOAAeTC TeHICHIIHS
MOBBILICHUS] TEMIIEPATYPBI BO3/lyXa U YBEJIMYEHHUE YACTOTHI IKCTPEMAJIbHBIX IMOTOJIHBIX SIBJIE-
HUW. M3yueHne KiMMarndyecKor MpeapacioaoKeHHOCTH OTAEIbHBIX PETMOHOB K 3KCTPEMAJIb-
HBIM SIBJICHUSIM, B YACTHOCTHU TOXAPOB, SIBJISIETCS aKTyaJlbHOM MPOOJIEMON COBPEMEHHOCTH.
[{enpr0 JAHHOTO HKCCIIENOBAHUS SBISIETCS M3yYEHUE COBPEMEHHBIX TPEHAOB TEMIIEPATYPHI
BO3JlyXa Ha BocToke KazaxcraHa B T0/I0BOM, CE30HHOM U MeCSAYHOM Maciutade. [[ns ananuza
OBLIM MCIIOJIb30BaHbI HenapameTpuueckuil Tect ManHn-Kennamia u onenka HakinoHa CeHa, a
JUTSI BU3yaJI3alliy JAaHHBIX ObLT MCIOIB30BaH METOJT KO-KpuruHr B ArcGIS. B pesynbrare nan-
HOT'O MCCIeOBaHus1, ObUIH BBISIBIIEHO, YTO Ha OOJblIeH TeppuTopun BocTtoka Kazaxcrana Ha-
OJrofaeTCsl 3HaUUTENIbHAS TEH ICHIIMS K TOBBIIICHUIO CPEeIHEN 1 MAaKCUMAaIbHOM TeMIIepaTyphl.
Tak ke ObUIO OTMEUEHO, YTO OCHOBHBIEC CTATHCTUYCCKH 3HAYNMBIC U3MEHEHUS HAOIFOMAIOTCS
B BECEHHUE U JIETHUE CE30HBI. B 3TOT nepuol U3MEHEHUS HA HEKOTOPBIX CTAHIUAX JOCTUTAIOT
ot 0,2 1o 1,0 °C 3a ngecsars net. Hanboiee mocneaoBaTebHbIe U 3HAYUMBIE TEHJICHIIUN K I10-
BBIIIICHUIO TEMIIEPaTyphl ObLTH 3a(DUKCHUPOBAHBI B MApPTE U aripelie.

KiroueBble cjioBa: TeMieparypa Bo3ayxa, HemapaMmerpudeckuil Tect ManH-Kennanna, MeTo Ko-KpUruHra.
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