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Dynamics of changes in air temperature and precipitation in the Karaganda region

Abstract. The article examines the long-term variability of a number of meteorological parameters
in the Karaganda region. It analyzes reliable data from the site "Climate and Weather” of the
international databases SYNOP and METAR. The average annual air temperature and
precipitation for 1940-2020 were studied using the linear trend method. The results showed that
the climate of the Karaganda region changed significantly between 1940-2020, both in temperature
and precipitation. Over 80 years, the average annual temperature has increased by 1.1 © C, which
is high for the short term. Due to the warming of winter, the climate of the region has warmed up,
and the average annual precipitation has increased by 145 mm.
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Introduction

The issue of climate change is relevant not only now, but also in the future from a global and
regional perspective [1]. The results of instrumental meteorological observations and analysis of various
indirect data showed that the global climate is changing. It depends on temperature, precipitation,
evaporation, etc. determined by the average characteristics of the factors. In general, in the XX century,
the average surface air temperature increased by about 0.6 °C [2]. This is due to the increase in
greenhouse gas emissions, including carbon dioxide, due to the growth of the world economy [3].

World science has become more interested in research on climate change, and the study of the
dynamics of climate change in individual regions has come to the fore [4]. In particular, the authors'
views on changes in the average annual temperature in Kazakhstan were unanimous. For example,
many authors predict that the average annual temperature in Kazakhstan will increase by 1.4° C by
2030, by 2.7° C in 2050 and by 4.6°C in 2085 [5,6,7]. As a result, an increase in the average annual
temperature may have a negative impact on livestock and crops in the region, water resources [8].

By the middle of the XXI century, Kazakhstan is expected to increase precipitation in winter (9%)
and spring (5%), as well as increase the intensity and variability of precipitation. Some models predict
an increase in annual precipitation by 2% by 2030, 4% by 2050, and 5% by 2085, while other models
predict an average decrease in precipitation by 11% by 2085. In the case of increased greenhouse gas
emissions, the humidity zone is expected to shift 250-300 km to the north by 2085. In the latter case, all
the northern regions of Kazakhstan may become semi-desert [8].

Climate indicators have changed in the Karaganda region. Changes in air temperature also affect

the amount of precipitation in the region. The impact of precipitation and changes in air temperature on
the water resources of small lakes in the region is particularly significant. This is because most of the
small lakes in the region are fed by melted snow and rainwater [9].
The territory of the Karaganda region is of great strategic importance for the development of agriculture
and heavy industry in the cities located in the central region of the country [10]. However, in recent
years, a number of problems related to climatic phenomena in the region have arisen, in particular,
floods, abnormal droughts, and depletion of water resources [11]. Due to this, the area under crops has
decreased and grain yields have decreased. That is, forecasting the impact of climatic factors is
important for the sustainable development of industries and agriculture in the region.
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The article aims to study the dynamics of climate change in the Karaganda region on the basis of
meteorological indicators.

Materials and methods

In this study, the main meteorological indicators for the Karaganda region were taken from the
site "Climate and weather" [12]. The site uses actual data from international SYNOP and METAR
reports. This site provides information on temperature, precipitation, and humidity in the Karaganda
region from 1933 to the present. In this paper, the average annual air temperature and precipitation for
1940-2020 were studied using the linear trend method. The linear trend method accurately determines
whether the total air temperature changes in a positive or negative direction [13]. Methods for
calculating the arithmetic mean and the arithmetic mean error was used in compiling the average
annual trend of temperature and precipitation.

Karaganda region is located in the continental steppe zone of Western Siberia and in the middle of
the republic (Figure 1), bordered by Akmola and Pavlodar in the north, Kostanay in the northwest, East
Kazakhstan in the east, Zhambyl and South Kazakhstan in the south, and Kyzylorda in the southwest.
The area of the region is 428 thousand km2. The territory stretches 1300 km from north to south and 700
km from east to west [14,15].

The climate of the Karaganda region is sharply continental. The territory of the region is under
high air pressure throughout the year. In winter it is under the influence of the Siberian anticyclone, and
in summer this anticyclone completely disappears and merges with the eastern Azores anticyclone.
Therefore, open weather prevails throughout the year, with cold winters and hot summers [16]. There
are three main types of air masses in the region: arctic, polar, and tropical. Arctic air masses entering the
territory of Central Kazakhstan led to a decrease in temperature to 30-40°C. In the warm season, the
region is affected by the tropical air of Turan and Iran. This period is characterized by high
temperatures, low precipitation, and relatively dry air [5].
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Figure 1. The territory of the Karaganda region
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Research results

In this work, the changes in the average air temperature of the Karaganda region for the period
1940-2020 and every ten years were studied. The average seasonal temperature regime (winter, spring,
summer, and autumn) was also studied. Changes in air temperature, as well as seasonal and annual
precipitation regimes and amounts, were identified in the region. Particular attention was paid to
determining the air temperature and precipitation cycles over the past 80 years.

In general, in order to determine the changes in the average annual air temperature in the
territory of the Karaganda region, the average air temperature for 1940-2020 was analyzed. The study
was conducted using the linear trend method. As a result of this method of analysis, it is possible to
determine the increase or decrease in the average annual air temperature (Figure 2). An analysis of the
average annual air temperature from the 1940s to the 2020s revealed an increase in the average annual
air temperature. Based on the linear trend, the average annual increase in air temperature over 80 years
(1940-2020) was 1.2°C (Figure 2). The average annual air temperature in the study period (1940-2020)
was 2.2°C.

No constant cycles in temperature dynamics were found for the time period studied. The
maximum average annual temperature peaks range from 3.8 °C to 5.2°C. In general, the highest average
annual temperature was in 1940. (3.8°C), 1963 (4.7°C), 1983 (5.2°C), 1997 (5.1°C), 2002 (4.9°C), 2004-2005.
(4.5°C), 2008 (4.6°C), 2013 (5°C), 2017 (4.6°C) and 2020 (4.8°C). The intervals between these peaks are
gradually decreasing, namely: 23 years, 20 years, 14 years, 5 years, 4 years, 3 years, and 2 years. Over the
last 20 years, the peak values of the average air temperature have been uniform.

The annual average temperature increased at the lowest peak values, but the intervals between
the lowest temperature peaks decreased (from 3-4 years to 8-22 years). There is no information until
1940, but it is known that for 14 years from 1943 (1.7°C), to 1946. (1.5°C), 1949 (1.4°C), 1952 (1.6°C) until
1954 (0.8°C). The temperature often drops. Since 1960 (1.1°C) lower annual average temperature peaks
have been rare; 1969 (1.1°C), 1976 (1.9°C), 1984. (2°C), 1993 (2°C), 1996 (2°C), 2018 (2.3°C). After 1980, the
average air temperature did not fall below 2°C. Thus, the peak of the minimum annual average
temperature in 1954. (0.8°C) and the maximum value of the lower peak in 2018 (2.3°C).

The average annual air temperature in the Karaganda region showed a steady upward trend from
2.2°C in 1940 to 3.3°C in 2020. In other words, the average temperature has risen by 1.1° C for 80 years,
which is a huge increase in a short period of time.
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Figure 2. Dynamics of average air temperature for 1940-2020
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Figure 3 shows the average air temperature fluctuations between 2000 and 2020. From this we can
see that after the 2000s, the trend of rising temperatures not only persisted, but also increased
significantly compared to all periods under study. In addition, it can be seen that it has a certain
stability and no large deviations.

The study analyzed the average annual air temperature every 10 years for 80 years in order to
accurately determine the trend of rising average air temperature (Figure 4). As a result of the analysis, it
is clear that the average air temperature rises by about 0.5 °C every 20 years. In the first two decades of
the study period (1940-2020) (2.5 °C in 1940-1949, 2.3 °C in 1950-1959) the average annual temperature
was below 3 ° C, and in subsequent years it was 3 °C. C was high. In the 50s of the twentieth century
and the last 10 years, the average air temperature has slightly decreased. But the general trend is that
the temperature is rising.

Figure 3. Fluctuations in the average air temperature between 2000 and 2020
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Figure 4. Average air temperature every 10 years
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Fluctuations in the average annual air temperature do not fully reflect the overall heat regime of
the seasons. The average seasonal temperature fluctuates due to various anticyclones. For example, if
the winter is less cloudy and has clear frosts, the spring and autumn months may be characterized by
alternating warm or cold weather and precipitation [16].

The fact that part of the territory of the Karaganda region extends to the south, and the other part
to the north, contributes to the uneven temperature regime [14]. In this regard, the most objective
manifestation of deviations in air temperature is determined by seasonal analysis.

Analysis of the dynamics of average seasonal changes in air temperature showed their variability
throughout the year (Figure 5). Thus, the average winter temperature is characterized by its variability,
as shown in Figure 5. For example, the average temperature in winter increased by 3.1°C. However,
despite the fact that the average winter temperature has risen over the past 80 years, its changes have
not been uniforming. For example, in the 50s of the twentieth century, the average temperature was -
14.2°C, and in the 90s - -9.8°C. However, in recent years (2012-2020), the average winter temperature
has dropped significantly to -11.5°C. Based on these indicators, we can say that the average air
temperature fluctuated significantly, for example, the average winter temperature in 2012 was -19.6°C,
in 2016 -9.6°C, in 2018 -14.9°C, in 2020 -10, Showed 2°C.

Thus, over the past 80 years, we can see a gradual increase in winter temperatures, and the
frequency of the coldest winters decreased from 2 to 28 years: in 1943. (-16.3°C), 1945 (-16.2°C), 1947 (-
16°C), 1954 (-17.3°C), 1969. (-19.4°C), 1974 (17.9°C) 1984 (-18.1°C) 2012 (-19.6°C). Therefore, it
corresponds to the following intervals between the cold winter seasons: 2 years, 2 years, 7 years, 15
years, 5 years, 10 years, 28 years.

As can be seen in the graph (Figure 5), there were large fluctuations in the average air
temperature in the spring. In general, fluctuations in air temperature at this time are normal. The
relatively warm spring months were replaced by very cold weather. Temperatures below 0°C were
recorded twice (0.9°C in 1954 and -1.2°C in 1960) during the study period. Since the 2000s, the average
air temperature has not dropped below 3°C. In total, the average spring temperature for eighty years
has increased by 1.1°C.

Based on the graph, the dynamics of changes in the average air temperature in autumn can be
formulated as the spring season. The average air temperature during the study period was 3.2°C, while
in the last twenty years (2001-2020) it was 3.9°C. In comparison, between 1940 and 1960, the average air
temperature was 2.2°C. This suggests that the overall autumn season is also an indicator of rising
temperatures. Compared to the winter season, the average seasonal air temperature has not changed
significantly. The average air temperature increased by 0.9°C during the study period.

Spring and autumn temperature trends coincide. At the same time, it can be observed that the
trajectories of temperature rise and fall are similar in both seasons, ie in autumn and spring, the peak
and low peak values of the year are repeated. The intervals between high and low-temperature peaks
correspond to the overall annual average temperature.
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Figure 5. Dynamics of average seasonal changes in air temperature
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The annual distribution of the average seasonal temperature in the summer months was more
uniform than in other seasons, which indicates the relative stability of the summer weather. This process
is clearly shown in Figure 5 through a vertical straight line. In general, the average summer temperature
during the study period was 19 °C. The largest fluctuations in air temperature occurred in 1940-1970 of
the twentieth century. registered between. Specifically, 1946-1972. 16.3 °C and 1947. 16.1 °C, the average
air temperature decreased by 3 ° C. In general, the average summer temperature in the studied period
exceeded the norm by about 0.3 ° C.

In general, the dynamics of summer temperatures do not show an increase in temperature during
the study period, ie it can be said that the summer was not hot. However, the frequency of years of
rising summer temperatures has changed according to the above-mentioned average annual
temperature trend, namely: the intervals between hot summers from 1940 to 2020 decreased from 5-15
years from 1940 to 1990, and from 2-3 years after 2000.

It was found that the average precipitation between 1940 and 2020 has increased in recent years
(Figure 6). The linear trend showed that the average precipitation increased from 275 mm to 420 mm, ie
by 145 mm. No regular precipitation cycle was observed. The average annual rainfall during the years
under study was 346 mm. Over the past twenty years, the average annual rainfall was 414 mm, which is
64 mm higher than the average. The lowest average annual precipitation was 123 mm (1951) and the
highest was 548 mm (1958) in the 1950s.
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Figure 6. Dynamics of annual precipitation for the period 1940-2020

Based on the linear trend, some differences were identified when considering the amount of
seasonal precipitation in warm (April, May, June, July, August, and September) and cold (October,
November, December, January, February, and March) (Figure 7). The linear trend showed that in the
warm season, the amount of precipitation increased from 175 mm to 220 mm, ie 45 mm. In general, the
average precipitation in the warm season during the study period was 202 mm.

The increase in precipitation in the cold season can be clearly seen in Figure 7.

The linear trend showed that in the warm season, the amount of precipitation increased from 90
mm to 195 mm, ie 105 mm. For eighty years, the average rainfall was 145 mm. Over the last twenty
years, the average precipitation has increased to 186 mm, exceeding the average by 41 mm. A significant
increase in precipitation in the cold season compared to the warm season can be attributed to the
increase in average air temperature in the winter months. Thus, the trend of precipitation in the cold
months showed a sharp increase compared to the precipitation in the warm months.
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Figure 7. Dynamics of atmospheric precipitation in warm and cold periods
Conclusion

In conclusion, we can clearly see that the climate of the Karaganda region from 1940 to 2020 has
changed significantly, both in terms of temperature and precipitation. Due to the warming of the winter,
the climate of the region was significantly warmer and there was an increase in annual precipitation. In
this context, the following conclusions can be drawn:

1. From 1940 to 2020 there is a steady increase in average annual temperature by 1.1 C;

2. The increase in the average annual temperature is associated with an increase in winter
temperatures;

3. The frequency of positive trends increases, while the frequency of negative trends decreases. In
particular, the last eighty years have seen frequent warm winters;

4. The positive trend of average annual air temperature has reached its maximum level and has
not changed in the last 20 years;

5. In general, the average annual precipitation has increased by 145 mm over 80 years;

6. Precipitation in the cold months (105 mm) increased sharply compared to the warm months (45
mm).
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Kaparanabl 00ABICBIHBIH aya TeMIlepaTypachl MeH JKaybIH-IIAIIbIH KOPCeTKIMTepiHiH e3repy
AVHAMMKAaChI

Anpaarmnia. Maxkasaga Kaparanabr 004bICBIHAaFRI OipKaTap MeTeOpOAOIMABIK ITapaMeTpAepaiH
y3aK MepsiMAi KyOblamaabpiapiFsl 3eprreadi. SYNOP sxone METAR xaablkapaablK AepeK KOPBIHBIH
«Kammar um mnoroga» caliThiHaH aAbIHFaH ceHiMAlI aepekrepi TaagaHAbl. 1940-2020 >xwragap
apaAbIFbIHAAFBI OpTallla KbLAABIK aya TeMIlepaTypachl JKoHe >KaybIH-IIIaIlIbIH MOAIIepPi CBI3BIKTHIK TPeH/,
9/iciH KOAAaHY apKBIABI 3epTTeaai. AabiHFaH HoTIKeAep KaparaHabl 004bICBIHBIH KauMaTsl 1940-2020
KblAJap apaablfblHAa TeMIlepaTypada Aa, KaybIH-IIaIlIbIHAA Aa aliTapAbIKTall e3repreHiH kepcetti. 80
KblA iIIiHAe opTama SKblAABIK TeMmepaTypa 1,1°C-ka ecTi, Oya KbIcka Mep3iM VIIIH >KOFaphbl
KoepceTKinl. KpICTBIH >KBLABIHYbIHA OaliaaHBICTBI OOABICTBIH KAMMATHI OiplllamMa >KBIABIHBII, OpTallla
>KBLAABIK >KaybIH-IIAIIbIH MeA1lepi 145 MM-re apTKaH.

Tyiin cesgep: Kanmar, KauMatTelH e3repyi, TemIlepaTypa, >KayblH-IIIAIIbIH, CBISBIKTBHIK TPEHJ,
Kaparanabr 00ABICHL

BECTHVK EHY umenu .H. Tymuaesa. Cepus Buoroeuueckue nayxu Ne 4(141)/2022 85
BULLETIN of L.N. Gumilyov ENU. Bioscience Series


http://www.pogodaiklimat.ru/

Dynamics of changes in air temperature and precipitation in the Karaganda region

A.X. AxbGaesal, E.M. Ilanraames’, D. Aracoit?, H.C. MamerroBa®, H.K. KoGeTaesna!
IEspasuiickuti Hayuonarorwii yuusepcumem um. /A.H. I'ymuresa, Acmana, Kasaxcman
2Ynusepcumem bypca Yayoaz, bypca, Typuus
SKasaxcxuti ynusepcumem mextorozuu u ousneca, Acmana, Kasaxcmarn

AuHaMuKa M3MeHeHNsI II0Ka3aTeAeli TeMIlepaTyphl BO3gyxa u ocaagkos Kaparananmckon
o0aacTu

AnaHOTamms1. B craTee mccaejoBaHa A0ATOCPOYHAsl BOAATMABHOCTL psiga METEOPOAOIMIeCKUX
napameTpos B Kaparanaunckoit odaactu. [IpoanaansuposaHbl 40CTOBepHbBIE JaHHbIe MeXAyHapOAHOM!
6a3pr ganHpix SYNOP 1 METAR c caitta «Kanmat u moroaer». Cpeanerogosast TeMneparypa Bo3lyxa 1
KOAMYECTBO 0caakoB B Iepuo ¢ 1940 mo 2020 rog msydaamch ¢ MCIOAB30BaHMEM MeTOAa AMHENHOTO
TpeHa. Iloayuennrsle pesyabraThl IOKasaam, 4To Kammar KaparaHgmHckoll o0aacTy B yKa3aHHBIN
Iepuoy, CyIIeCTBeHHO M3MEeHMAC KakK II0 TeMIlepaType, Tak U II0 ocagkaM. 3a 80 aeT cpeaHerogosas
Temreparypa Beipocaa Ha 1,1°C, 4TO sBAseTCA BBICOKMM IIOKa3aTeaeM 3a KOPOTKUil Cpok. B cesasu c
3MIMHIM IIOTeIL1eHMeM KAMMAaT 004acTy HecKOABKO II0oTeIllel, a CpesHeroloBoe KOANYEeCTBO 0CaAKOB
yBeANunAoCh Ha 145 MM.

KaroueBble caoBa: KAuMaT, M3MeHeHUe KAUMaTa, TeMIlepaTypa, OCaAKl, AVMHENHBII TpeH4,
Kaparanannckas o6aacrs.
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