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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecrniybnukacbl ¥nmmbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibIMOap Cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze kKabbindaHraHblH xabapnaldbl. byn uHdekcmerny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MeKemesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHadbl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMOap 6olbiHWa KoHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, 4ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu U mexHu4eCcKux
Hayk» bbln npuHsam O uHOekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Usesecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpuUpyem Hawy nNpueepXeHHOCMb K Haubosee akmyarbHOMY U 8/1USIMEIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam O5isi Hawezo coobujecmea.
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DYNAMICS OF MULTI-YEAR CLIMATIC CHANGES
OF PRECIPITATION DURING THE VEGETATION PERIOD
IN THE NORTH OF KAZAKHSTAN

Abstract. In the context of modern climate change, that is determined by both natural factors and human
economic activity, can have a significant impact on various processes. Some of the most significant climatic changes
for the agricultural sector are the change in average monthly temperatures and precipitation, especially during the
growing season. Since North Kazakhstan is the main agricultural region of Kazakhstan, that ensures country’s food
independence and security, the problem of climate change and their effect on agricultural production in the region is
relevant and important.

This article considers the dynamics of long-term climatic changes in precipitation during the vegetation period
in the north of Kazakhstan. The changes in the mean multi-year precipitation values for the period from 1936-2017
were analyzed. After, a comparative analysis of the changes in the mean multi-year values for the observation period
relative to the baseline was made. Due to the intensification of global warming in the second half of the 20th century,
especially in 1991-2017, precipitation variability was analyzed. The paper also examines the relationship between
atmospheric precipitation and the yield of grain crops in Northern Kazakhstan during the vegetation period.

As a result of this study, it was found that (1) the average multi-year precipitation standards tend to grow at
all stations considered in Northern Kazakhstan since 1991 with a significant change observed in the cold season;
(2) according to average precipitation values the during the growing season, June and July are the most rainy months,
and the least is April; (3) atmospheric precipitation regime and their supply during the growing season affects the
yield of grain crops in the region.

Key words: precipitation, the territory of Northern Kazakhstan, vegetation period, precipitation dynamics,
precipitation anomaly, asymmetry, kurtosis, correlation, productivity, crops, provision of precipitation.

Introduction. In recent years, the attention of scientists around the world has been attracted by the
growing frequency of abnormal natural phenomena, such as floods, drought, excessively humid periods,
severe frosts, etc., which are causing ever-greater economic and social damage to society.

In the current climate change regime, which is determined by both natural factors and human econo-
mic activity, can have a significant effect on various processes that affect the vegetation and soil cover.
Observed climate changes affect both the yield and its characteristics, for example, the interannual yield
amplitudes.

Areas of risky farming are particularly sensitive to climate change, since environmental systems are
in an unstable equilibrium and even small, but prolonged changes in precipitation or temperature rise can
lead to irreversible consequences. It is clear therefore, that the analysis of possible climate changes in the
North Kazakhstan region has not only scientific but also practical interest.

The relevance of research. North Kazakhstan is the main agricultural region of the Republic that
provides food independence and security to the whole country. Therefore, the problem of climate change
and their effect on agricultural production in the region is relevant and important. As a part of the task of
implementing the food security program, one of the most important tasks is to assess the dynamics of
climate change in the region and their effect on agricultural production for the coming decades, especially
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in the growing season. Knowledge of the expected changes will allow to develop an optimal strategy for
adapting the industry to new climatic conditions and minimize possible losses.

From climatic changes, the average monthly temperatures and precipitation, especially during the
growing season, are the most significant for the agricultural sector. Because of the lack of precipitation,
the region of the Northern Kazakhstan is generally classified as the zone of risky agriculture, where only
three years out of every five are yielding.

Study area. The study area was a large part of the territory of Northern Kazakhstan, which included
North Kazakhstan, Pavlodar, Akmola and Kostanay regions (picture 1).

4 Russia

SOLK a_z" akhstan

.{'r
-

A by |

_ J s+ Uzbekistan | e ey
R B 1 o2 Kyrgyzstan o

Picture 1 — Research area

The length of the region from west to east is 1300 km, and from north to south — about 900 km [1, 2].

The territory is located in the center of Eurasia, and the great distance from the oceans, primarily
from the Atlantic Ocean, causes large amplitudes in annual course of air temperature and relatively low
precipitation.

Materials and methods. To analyze the dynamics of atmospheric precipitation, two widely used in
meteorology methods: statistical analysis and deviation from the climatic norm were applied.

Data of long-term observations (from 1936 to 2017) of monthly and annual precipitation amounts at
five meteorological stations located in the forest-steppe and steppe zones in Northern Kazakhstan were
used in this study. The stations were Petropavlovsk, Kostanay, Astana, Kokshetau and Pavlodar.

Changes in mean multi-year values were analyzed for the main period of observations (1936-2017).
The World Meteorological Organization (WMO) recommends the use of the period 1951-1980 as a
reference period, but due to climate variability, the period 1961-1990 was taken as the reference period
[3, 4]. A comparative analysis of the change in the mean multiyear values of the main period relative to
the reference period was made. Due to intensification of global warming in the second half of the 20th
century, especially in 1991-2017, the variability of atmospheric precipitation was analyzed.

Long-term change trends of atmospheric precipitation are obtained by calculating linear trends, and
analysis of the linear trend equation.

To assess the climatic characteristics of precipitation in [5-8], 82-year period (from 1936 to 2017)
was taken. As a result of statistical processing, a number of characteristics such as annual precipitation
sums, standard deviation, asymmetry coefficients, kurtosis and variations were obtained.

In recent decades, the problem has worsened due to global warming, which, according to most scien-
tists, is caused by intensive emissions of greenhouse gases into the atmosphere. Areas of risky farming are
the most sensitive to such changes, since there is no margin of stability. Therefore, in addition to the
statistical analysis of the series of precipitation for July-September 1936-2017 [9], which made it possible
to better understand their internal structure, the dynamics of precipitation [10-12] in the region, including
the harvesting period, was studied for the period from 1936 to 2017.
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Results and discussion. The study of the regime of long-term changes in atmospheric precipitation is
one of the most important problems. Atmospheric precipitation, like other elements of climate, varies
significantly both in time and in space. The variability of the mean and anomalous values of precipitation
is related to the physical and geographical conditions, the time of the year and the atmospheric circulation.
A large number of studies have been devoted to the study of the regime of perennial fluctuations of global
air temperature and precipitation fields [13-18].
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Picture 2 — Dynamics and linear trends of annual sums of precipitation (a), precipitation of the warm period (b),
precipitation of the cold period (¢) for the period 1936-1990 and 1991-2017 at considered stations in Northern Kazakhstan:
1 — Petropavlovsk, 2 — Kostanay, 3 — Astana, 4 — Kokshetau, 5 — Pavlodar
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Precipitation refers to the category of phenomena that can affect both positively and negatively. The
rains with 30 mm of precipitation or more fall per day are considered as abundant, and are dangerous for
economic activity [19-21]. On the one hand, precipitation of high intensity leads to flushing of the soil and
damage to man-made structures. In some areas, rain floods are accompanied by flooding of settlements.
Long and intensive rainfall makes it difficult to carry out agricultural and construction works, motor
transport, aviation, etc. On the other hand, abundant precipitation contributes to a significant moistening
of the soil, which favorably affects the life of plants.

Northern Kazakhstan is the main agricultural region, grain production is also concentrated here,
ensuring the food security of the Republic. Among the early cereals cultivated in Northern Kazakhstan, the
leading place belongs to spring wheat. High food value of spring wheat and relatively low requirements to
climate conditions made this culture widespread in most territories of Kazakhstan.

Long-term fluctuations in the annual amount of precipitation of cold and warm periods for 1936-2017
were used for statistical assessments, and the changes in the long-term precipitation mean values for the
main period of observations (1936-2017) were analyzed (picture 2).

Data averaging for obtaining norms is considered in many in climate studies [22-24]. For the period
1936-2017, the annual precipitation amounts at all considered stations vary from 267 mm (station
Pavlodar) to 348 mm (station Petropavlovsk). In their distribution, zonality, one of the general geographic
regularities, can be observed. Along with zonality, the annual precipitation in the region decreases from
west to east from 332 (Kostanay) to 267 mm (Pavlodar), with the continentality of the climate increasing
in this direction. The northern regions of the country are more susceptible to the influence of the
northwestern and western air masses. The annual course of precipitation depends both on the general
circulation of the atmosphere and on local physical and geographical conditions. For this specific region,
the continental type of annual precipitation with a maximum in summer and a minimum in winter is
typical. So, within the greater part of the northern half of the country (forest-steppe and steppe), 60-80 %
of the annual precipitation amount falls on average in the warm season (April-October), and only 20-40 %
are in the cold season [25, 26].

Trends of long-term changes in atmospheric precipitation were determined by calculating linear
trends (picture 2) and analysis of the linear trend equation (table 1).

With a significance level a=0.05, the correlation coefficient (r) for the periods are: r=0.22 for 1936-
2017; r=0.27 for 1936-1990; r=0.35 for 1961-1990; r=0.37 for 1991-2017.

Table 1 show that the amount of precipitation during different averaging periods has certain
differences. For the periods from 1936 to 2017 significant changes were noticed for Pavlodar station in the
warm period, as well as for all stations in the cold period. Comparison of the annual amount of precipi-
tation for the main period (1936-2017) with the base period (1961-1990) shows that there is a significant
reduction in precipitation up to 12 and 13 mm for stations Petropavlovsk and Astana, respectively. In the
period 1991-2017, compared with the period 1936-1990, an increase in annual precipitation values is
observed in the range from 30 to 62 mm at all the stations under consideration.

Thus, the average long-term precipitation rates at all the considered stations of Northern Kazakhstan
have been increasing since 1991, with a significant change observed in the cold season. Thus, at the
stations Petropavlovsk and Astana, the long-term norm of precipitation in the cold period increased up to
40-42 mm, and at other stations, it varied within 20-29 mm. In the warm half-year, a positive deviation
from the norm at the stations under consideration varied from 6 to 33 mm.

The analysis of the structure of precipitation series was carried out at five stations of Northern
Kazakhstan for the period from 1936 to 2017 (82 years). To analyze the time course of precipitation, an
anomaly of precipitation was used and a comparison of the signs of the anomaly for the study period was
carried out. In addition to that, the mean values of the positive and negative precipitation anomaly were
presented during the vegetation period. The results are in tables 2 and 3.

Table 2 shows that the number of cases with negative precipitation anomalies slightly prevails over
the number of cases with a positive anomaly at all considered stations, which may serve as a first
approximation to the estimation of the trend of precipitation change.

The analysis of the trend of changes in precipitation over the vegetation period in the north of
Kazakhstan presents great practical interest. For illustration, the time course of the precipitation anomaly
for the growing season is shown for three stations: Petropavlovsk, Kostanay, Astana (pictures 3-5).
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Table 1 — Long-term dynamics of precipitation over different averaging periods in Northern Kazakhstan

Periods, years
1936-2017 1936-1990 1961-1990 1991-2017
g
Stations g :E; 5 g g g
: w5 | 82| E| 3| 5E| E|ws | BE| Elps| B
- s S S < - < S < - s S O < - |2 2 s
E TE | 52| E| 2| %E| E |BE | %E| E|EE| BE
g 238 8 s g 2| S 2 |28 8= 2238 8=
year
Petropavlovsk 348 79.7 1.71 328 72.1 | 2.29 360 60.7 1.43 390 | 79.5 | 0.52
Kostanay 332 69.0 0.76 321 65.1 | 0.56 326 64.2 1.18 353 | 72.5 1.81
Astana 299 65.6 1.25 285 65.1 | 1.99 312 51.9 -0.15 | 323 | 59.8 1.08
Kokshetau 301 82.2 0.84 291 77.5 | 1.04 307 75.9 -0.54 | 321 | 89.2 1.23
Pavlodar 267 68.1 1.57 246 60.5 | 1.72 264 51.8 3.43 308 | 64.6 1.37
warm period
Petropavlovsk 264 62.2 0.48 257 60.0 | 0.41 265 522 0.04 278 | 655 0.52
Kostanay 241 63.1 0.28 237 623 | 0.14 237 61.6 0.81 249 | 652 | 0.98
Astana 221 56.9 0.31 219 57.8 | 0.63 229 52.3 -1.25 | 225 | 558 | 0.64
Kokshetau 243 73.0 0.29 240 70.9 | 0.38 246 68.2 -0.53 | 250 | 78.0 | 0.59
Pavlodar 192 58.0 0.74 181 51.0 | 0.62 185 45.1 2.05 214 | 659 | 0.58
cold period
Petropavlovsk 84 40.2 1.24 70 374 | 1.89 95 29.8 1.39 112 | 303 | -0.10
Kostanay 91 28.2 0.48 84 273 | 041 89 28.8 0.37 104 | 254 | 0.83
Astana 78 34.8 1.10 65 304 | 1.36 83 25.0 1.10 105 | 282 1.56
Kokshetau 58 23.8 0.54 51 19.8 | 0.66 61 19.1 -0.01 71 259 | 0.66
Pavlodar 75 289 0.84 65 26.8 | 1.10 80 223 1.38 94 22.6 | 0.79
Table 2 — Number of cases with positive (N+) and negative (N-) precipitation anomalies from 1936 to 2017
) April May June July August September
Station
N+ N- N+ N- N+ N- N+ N- N+ N- N-+ N.
Petropavlovsk 35 47 37 45 28 54 35 47 31 51 31 51
Kostanai 35 47 37 45 37 45 34 48 33 49 29 53
Kokshetau 31 51 36 46 31 51 36 46 34 48 28 54
Astana 30 52 41 41 28 54 37 45 30 52 28 54
Pavlodar 32 50 29 53 36 46 38 44 37 45 34 48

Table 3 — Average values of positive and negative precipitation anomalies during the growing season

Station Positive anomalies Negative anomalies
Petropavlovsk 6.8 -7.3
Kostanai 7.3 -7.2
Kokshetau 8.6 -8.6
Astana 55 -6.8
Pavlodar 6.6 -5.4
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Picture 3 — The time course of precipitation anomaly
and the trend line during the vegetation period from 1936 to 2017 on MS Petropavlovsk

Thus, an analysis of the time course of precipitation anomalies in the MS Petropavlovsk during the
vegetation period shows that positive anomalies were observed during the period between 1938 and 1950;
mainly negative anomalies were observed from 1951 to 1965; only positive anomalies were observed from
1966 to 1971; only negative anomalies were observed from 1972 to 1975; and in 1976, before the end of
the period under consideration, both negative and positive anomalies were observed.

Two maximums of positive anomalies were observed in 1994 (20.4 mm) and in 2001 (20.2 mm), and
two minimums of negative anomalies were observed in 1936 (-21.1 mm) and in 2010 (-18.6 mm).
Analyzing the graph of the time course of precipitation anomalies and the trend line at Petropavlovsk MS,
we can see the evidence that precipitation over the period under study has a growth tendency.
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Picture 4 — The temporal variation of precipitation anomalies
and the trend line for the growing season from 1936 to 2017 on MS Kostanay

An analysis of the time course of the precipitation anomaly in MS Kostanai during the growing
season shows that in this period both negative and positive anomalies were observed.

Two maximums were recorded in 1969 (17.1 mm) and 1990 (17.9 mm), and the minimum was
observed in 2010 (-21.0 mm).

Two maximums of precipitation anomalies were in 1969 (19.0 mm) and 2013 (15.6 mm) on MS
Astana during the vegetation period.

Two minimums were observed in 1951 (-22.3 mm) and in 1955 (-24.5 mm). The trend line at the MS
Astana shows that from 1936 to 2017 there was an increase in the amount of precipitation.

Thus, the territorial distribution of precipitation trends in the summer period coincides with the
distribution of annual rainfall trends. At all considered stations of Northern Kazakhstan, the precipitation
during the period of study has a growth trend.

The most important, or so-called basic climatic characteristics expressing the main properties of
climatological series are mean values, standard deviation, asymmetry coefficients, kurtosis and
variations.
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Picture 5 — The temporal variation of precipitation anomalies
and the trend line for the growing season from 1936 to 2017 on MS Astana

The results of calculations of statistical characteristics of precipitation in the vegetation period for the
considered stations of Northern Kazakhstan are given in table 4 below.

Table 4 — Statistical characteristics of the regime of atmospheric precipitation
in the vegetation period in the north of Kazakhstan

Station Characteristics Months
april may june july august september

Rep 19.7 30.9 454 62.3 473 29.8

o 12.8 19.7 26.0 34.6 25.1 18.8

Petropavlovsk As 0,. 0.9 0.6 1.2 0.9 1.3
Ex -0.04 0.9 -0.1 2.4 1.4 2.4

Cv 65 64 57 56 53 63

Rep 222 29.9 40.5 54.9 37.0 26.1
c 15.6 20.4 26.8 359 23.1 19.9

Kostanay As 1.3 0.9 0.9 0.7 0.7 1.0
Ex 2.5 0.4 0.4 -0.3 -0.3 0.2

Cv 70 68 66 65 62 76

Rep 19.2 32.6 34.5 52.1 34.5 23.1
o 12.3 19.7 22.5 36.1 28.3 16.0

Astana As 1.0 1.2 0.04 1.0 1.5 1.2
Ex 1.2 2.4 0.8 0.4 3.7 2.3

Cv 64 60 65 69 82 69
Rep 17.0 28.7 414 70.6 41.4 234
c 13.2 16.1 26.3 46.3 27.3 14.4

Kokshetau As 1.3 0.3 0.9 1.3 0.8 0.9
Ex 1.9 -0.8 -0.02 1.2 0.03 0.5

Cv 78 56 64 66 66 62
Rep 14.5 23.5 32.8 48.5 29.7 19.9
o 10.4 17.9 21.7 30.6 20.1 13.4

Pavlodar As 0.9 2.7 0.6 1.3 1.0 0.9
Ex -0.2 12.5 -0.6 2.4 0.9 0.5

Cv 71 76 66 63 68 67
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According to the table, it can be seen that the mean values of precipitation during the vegetation
period at considered stations of Northern Kazakhstan vary from 14.5 (Pavlodar station) to 70.6 mm
(Kokshetau station). And so, in April, they vary within 14.5-22.2 mm, in May -23.5-36.6 mm, in June -
32.8-45.4 mm, in July - 48.5-70.6 mm, in August -29.7-47.3 mm, and in September -19.9-29.8 mm.

Thus, it can be concluded that June and July are persistently rainy months, and the less rainy is April.

The mean square deviations show the scatter of the actual data about the mean. The more the
characteristic varies, the greater the magnitude of the standard deviation, and vice versa, with a weak
variation in the characteristic, the mean square deviation will be smaller. In this case, the standard
deviation during the growing season varies from 10.4 to 46.3. At all considered stations of Northern
Kazakhstan, the greatest variation (30.6-46.3) is observed in July, and the smallest (10.4-15.6) is in April.

The asymmetry coefficient almost at all stations is far from normal for almost 100%, except for the
station Astana (June), which is considered normal, and for Kokshetau (May), which is considered
moderate.

The kurtosis is even more different from the normal, but there is a peculiarity: about 70 % of the
distribution is leptokurtic, and only 30 % of the distribution is platykurtic. Platykurtic distribution of
precipitation was observed at stations Petropavlovsk, Kokshetau and Pavlodar in April and June.

The coefficient of variation is a measure of the relative spread of a random variable; shows how much
the average of this value is its average spread. The greater the value of the coefficient of variation, the
greater the scatter. In the statistics, the following estimate of the sign of the test is adopted for different
values of the coefficient of variation: up to 10 % - weak variability; 10-25 % - moderate variability; over
25 % - strong variability [27]. In the period under consideration, there is a strong variability in precipi-
tation at all the stations of northern Kazakhstan.

When assessing the influence of atmospheric precipitation and climatic factors that have an impact on
agricultural production, it is necessary to take into account the requirements of agricultural crops at
various phases of its development. This may allow to determine the degree of risk of hazards dangerous
for agriculture, that will allow to determine how the climate of the region meets the requirements of
production. Yield fluctuations, both in time and in space, are determined by the nature of the variability of
the crop structure.

In this article, the relationship between atmospheric precipitation and productivity of grain crops of
Northern Kazakhstan for the growing season 1975-2017 was considered (picture 6).

Picture 6 (a) shows that during the period 1975-2017, the yield varies from 4.7 c/ha to 15.6 c/ha. It should
be noted that low yields were mainly observed in years with low atmospheric precipitation (1975, 1991,
1995, 1998, 2010, 2012) and the highest in years with heavy precipitation (1979, 1992, 1999, 2001, 2009, 2011).
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Picture 6 — The amount of precipitation (mm) during the vegetation period
and the annual yield (c / ha) of cereal crops (a) and relationship between them (b)
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Due to aridity in the growing season in 2010, the minimum yield of cereal in the region (6.9 c/ha)
was observed. On the contrary, in 2011, the highest yield of cereal (15.6 c/ha) was observed. This can be
explained by abundant precipitation during the growing season in that year.

In Northern Kazakhstan, the amount of precipitation and the dynamics of their distribution during the
vegetation period is the main factor in crop yields.

For the period from 1975 to 2017, the amount of precipitation during the vegetation period was the
highest, in 1979, 1992, 1999, 2001, 2009, 2011 (255-296 mm), and in 1975, 1991 and 2010, the smallest
amount of precipitation (102 -145 mm), which affected the yield.

Between the atmospheric precipitation and the yield of grain crops, calculated correlation coefficient
revealed a good connection between them 0.67 (picture 6, b). This is because the yield depends not only
on precipitation, but also on many factors, for example, on air temperature. Therefore, we examined the
correlation dependence on the main factors (air temperature and precipitation), affecting the yield.

For a three-dimensional normally distributed random variable (z, x, y), the multiple correlation
coefficient is a measure of the relationship between one quantity to the other two. It is between zero and
one. For R,~=1, the relationship between the quantities z and (x, y) is functional, linear: the points (X, y, z)
are located in the regression plane z on (X, y). For R,=0, the one-dimensional random variable z and the
two-dimensional random variable (x, y) are independent (by the normality of the distribution) [28].

During the period under consideration (1975-2017), the multiple correlation coefficient of yields (x),
precipitation (y) and air temperature (z) are Rx=0.69, R,=0.68, R,=0.42. From this it can be noted, during
the growing season, the role of precipitation is higher than air temperature.

Thus, in North Kazakhstan over the past 43 years due to aridity (102-145 mm of precipitation) in
1975, 1991 and 2010 there was a minimum yield (5.1-6.9 c/ha) of grain crops, and, on the contrary, in
1979, 1992, 1999, 2001, 2009 and 2011 have the highest yield of 12.2-15.6 c/ha of grain, which can be
explained by heavy precipitation during the growing season.

The dependence of the yield of most crops on the quantity and timing of precipitation is most
noticeable in areas of insufficient moisture, it is especially pronounced in drought-resistant varieties. The
spring crops are the most sensitive to arid phenomena during the growing period “going into the tube -
flowering”, which in most cases is observed in June.

The greatest need for water supply and available nutrients for spring wheat is manifested in the period
from tillering to earing, when (in the exit phase) the fruiting organs are laid, and in the period from
flowering to milky ripeness when the grain itself is formed. The lack of productive moisture in the soil
during these crucial periods of water supply often leads not only to a decrease in yield, but also to its death
[29] (picture 7).
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Picture 7 — Average monthly precipitation in 2011 (a) and 2013 (b) years
in the north of Kazakhstan during the growing season
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Considering the dynamics of precipitation in 2011 (picture 7, a), which was considered the harvest
year (15.6 c/ha), it can be seen that the maximum amount of precipitation during the growing season fell
in June (69.4 mm), which had a favorable effect during the development of “going into the tube -
flowering” stage, on spring grain crops.

For comparison, the year 2013 was taken as an example (picture 7, b), where it can be seen that
although there was a sufficient amount of precipitation (273.6 mm) during the growing season, in June
there was a minimum precipitation of 15.8 mm, which is not favorable for the period in the development
of grain crops (11.0 c/ha). Based on the foregoing, it can be concluded that for North Kazakhstan during
the growing season, a sufficient amount of precipitation is crucially important in June, i.e. in the period of
development, “going into the tube - flowering”.

The productivity of crops with a sufficient amount of heat and the favorableness of other factors is
mainly determined by the provision of moisture.

For the calculation of annual amounts of precipitation with varying degrees of supply, the materials of
long-term observations in this area were used. The dependence of the amount of precipitation and yield of
grain crops in the north of Kazakhstan was studied on the example of the station Petropavlovsk (table 5).

Table 5 — The dependence of the precipitation security and yield of grain crops

. Supply (%) / yield (c/ha)

Station

[e) O o~ o0 N [«] — (q\] on < v O

S (=) (=] S () — — — — — — —

Years & & & & & & & & & 5 & &

Petropavlovsk 49 38 30 33 32 98 7 28 28 43 13 20

clropaviovs 110 | 144 | 150 | 122 | 144 | 96 | 209 | 115 | 124 | 13.8 | 155 | 14.8

Precipitation amount, mm | 261 | 278 | 294 | 287 | 289 | 143 | 366 | 297 | 297 | 271 | 337 | 315

An analysis of the precipitation supply at Petropavlovsk station shows that 2011, 2015 and 2016 are
excessively wet, with a supply less than 25 %, and vary between 7-20 %. The year 2011 is particularly
notable, with 7 % supply at 366 mm of precipitation (at a rate of 273 mm), when the average yield of grain
crops was 20.9 c/ha.

In 2010, when there was a shortage of precipitation, the availability of precipitation was 98 % with a
precipitation amount of 143 mm, which affected the yield of grain crops this year (9.6 c/ha).

Thus, the mode of precipitation and their security during the growing season, affects the yield of
grain crops in the region.

Conclusions. As a result of the work done, the following was obtained:

— since 1991, at all considered stations of Northern Kazakhstan, the average long-term rainfall stan-
dards tend to grow with a significant change observed in cold season. Thus, at the stations of Petropav-
lovsk and Astana, the long-term norm of precipitation in the cold period increased up to 40-42 mm, and at
other stations, it varied from 20 to 29 mm. In the warm half-year, the positive deviation from the norm at
the stations varied from 6 to 33 mm;

— the territorial (spatial) distribution of precipitation trends in summer period coincides with the
distribution of annual precipitation trends;

— from the average values of precipitation in the vegetation period at the stations of Northern
Kazakhstan, it can be concluded that the June and July are the most rainy months, and the less rainy is
April;

— the largest variation in the standard deviation (30.6-46.3) is observed in July, and the smallest (10.4-
15.6) in April. The asymmetry coefficient at almost all the stations is far from normal at almost 100%. The
kurtosis coefficient differs most strongly from the normal distribution: about 70 % the distribution is
extreme, and only in 30 % the distribution is platykurtic. The coefficient of variation shows that at all the
stations of Northern Kazakhstan under consideration there is a strong variability in precipitation;

— in Northern Kazakhstan for the last 43 years due to aridity (102-145 mm) in 1975, 1991 and 2010,
the minimum yield (5.1-6.9 c/ha) of grain crops was observed, and in 1979, 1992, 1999, 2001 , 2009 and
2011, the highest yield is 12.2-15.6 c/ha of cereals, which is explained by the abundant precipitation
during the vegetation period;
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— the productivity of crops with sufficient heat and other factors is mainly determined by their
moisture supply. For North Kazakhstan, a sufficient amount of precipitation is especially important in June
in the period of "exit into the tube - flowering";

— the regime of atmospheric precipitation and their supply during the growing season, affects the
yield of grain crops in the region.

A. K. Kekcenbaena, A. C. HeicanbaeBa, M. O. TypcymbaeBa
On-Oapadu areigarel KazYV, Anmarel, Kazakcran

COJITYCTIK KASAKCTAHJA BET'ETAIIUA KESEHIHIAET'T
KAYBIH-IHAIIBIHJAAPABIH KOIIKBIJIABIK KIMMATTBIK O3T'EPY JTMHAMMUWKACHI

Annotanusi. KiimmarTeiH TaOuFy QakTopiiapMeH 7€, JKOHE aJaMHbIH IIapyallbUIbIK dpEeKeTIMeH Jie Kasipri
e3repyi JKaraaifbIH/Aa SPTYPJI IpoLecTepre auTapibIKTail acep Tyl MYMKiH. AybUIapyaniblIbiFbl ©HEpKaciOl YImiH
€H MaHBI3[bl KIMMATTBIK e3repicTepiH Oipi, acipece Bereraunus Ke3eHIHIET] opTalla aijbIK TeMIlepaTypaHblH XKoHE
JKaybIH-IIAITBIHAAPABIH OpTamra MemepiniH esrepyi. Conrycrik Kazakcran pecnmyOimKkaHBIH HETI3Ti aypuImIapya-
IIBUTBIK aiMaFbl OOJFaHIBIKTAH, a3bIK-TYINIK TOYENCI3MIri MEH Kayilci3miriH KaMTaMachl3 eTeTiHIIKTeH, KIIMMATTHIH
e3repy Moceleci xoHe OYI1 e3repicTepaiH aiiMaKTarsl aybUIIIapyalibUIBIK OHIIpiciHe Kajai acep eTyi Ka3ipri Tanaa
MAaHBI3IBI )KOHE 03€KTi OOJIBIN TaObLIAIBI.

Maxkanana Ka3akcTaHHBIH CONTYCTITIHAE BEreTalMsUIBIK KE3CHIET] )KaybIH-IIAIBIHIAPABIH KOIDKBUIIBIK KITH-
MATTHIK ©3Tepy AWHAMHUKAChl KapacThIpeUIagsl. 1936-2017 oK. Herisri 6akpiiay Ke3€HIHAETi opTaimia KeIDKBIIIBIK
MOHJICPIHIH 63repyi, COHBIMEH KaTap 0a3aiblK Ke3eHI'e KaThICThI HEri3ri Ke3eHerl opTalla KeIKbUIIBIK MOHICPIIH
@3repyiHiH CalbICTBIPMAIIbl TaJIaybl KYprizinai. XX FacelpIblH €KiHIII jKapThICBIHAAFEL, acipece 1991-2017 xbui-
napaarbl sxkahaHIBIK JKBUIBIHYJBIH KYLICIOiHE OaiIaHbICTBl aTMOC(epasblK >KayblH-IIaIBIHAAPAbIH ©3TePTillTiri
3eprrenai. Makanana consiMeH Katap Contycrik Kasakcrangarsl BereTauusulblK KE3eHET] kKaybIH-IIAIIBIHAAD MEH
JIOH]TI JAKBUTIAPIBIH OHIMILIITT apachIHAaFsl OaiIaHbIC KaPaCTHIPEUIIBL.

3eprrey Hotmwxecinge Conrycrik Kazakcranmarbl OapiblK KapacThIpbuFaH cTaHIMsuiapiaa, 1991 k. Oacran
JKayBIH-IIAIIBIHAAPIBIH KOIDKBUIABIK OpTalla HOPMachIHBIH 6Cy TEHIICHIUSICHI, SCipece MaHbI3/Ibl ©3Tepyi CYBIK Me3-
ringe 6alkairaH; BETeTAMIBIK Ke3SH IET1 JKaybIH-IIAITBIHAAP IBIH OpTaIla MOHIepi OOMBIHINA TYPAKTHI )KaHOBIPIIBI
aiimap OOJIBIN - MayCchiM MEH IMIUIJE, ajl Coyip aiibl a3lay >KaHObIPJIbI OOJIbIN TaObLIaabl; aTMOChEpaNbIK KaybIH-
MIAIIBIHAAPIBIH PEXKUMI JKOHE OJapIbIH BEreTAlMsUIbIK Ke3eHIErl KaMTaMacChI3AbIFbl aiMaKTaFbl AOHII JaKbULaap-
JIBIH OHIMZIITITIHE 9Cep eTei.

Tyiiin ce3aep: xaybiH-mambiHaap, Conrycrik Kasakcran aliMarbl, BereTalMsUIbIK Ke3€H, JKayblH-IIAIIBIHIAP-
JIbIH, JIMHAMUKACHI, JKaybIH-LIAIIBIHIAPIbIHAHOMAIMSCHI, ACHMMETPUS, SKCIECC, KOPPEIsIns, OHIMIUIIK, IoHAI Ja-
KbUIL/1ap, JKaybIH-LIAIIBIH AP AbIHKAMTaMAaChI3IbIFbI.

A. K. Kekcenbaena, A. C. HeicanbaeBa, M. O. TypcymbaeBa
KazHY um. anp-®apadu, Anmater, Kazaxcran

JTAHAMMKA MHOT'OJIETHUX KJIUMATHYECKHX KOJEBAHU OCAJIKOB
BET'ETAIIMOHHOI'O IIEPUOJA HA CEBEPE KA3BAXCTAHA

AHHOTanMs. B ycnoBuAxX COBpeMEHHOro M3MEHEHHUS KJIMMaTa, KOTOPBIE OMPEAENsIoTCa Kak NPHUPOIHBIMU
(hakTOpamHu, TaKk U XO35HCTBEHHON AEATEIHHOCTHIO YEJIOBEKA, MOTYT OKa3bIBaTh CYLIECTBEHHOE BO3JCHCTBHE HA pa3-
JMYHbIe Tpouecchl. M3 Haumbosnee 3HAYMMBIX KIMMAaTHYECKUX H3MEHEHHH Ul CElIbCKOXO3SHCTBEHHOH OTpacin
SIBIISIETCSl U3MEHEHUE CPEJHHUX MECSUHBIX TeMIIepaTyp M CPEeJHEro KOJMYECTBa OCAJKOB, OCOOCHHO B BEreTallMOH-
Helii nepuon. Tak kxak CesepHblii KasaxcraH sBISIeTCS OCHOBHBIM 3€MIICIENIBYECKUM PETHOHOM PECITyOJIHKH,
obecrieunBasi IPOJOBOJILCTBEHHYIO HE3aBUCHMOCTh U O€30MacCHOCTbh, MPOOIeMa H3MEHEHHs KIMMaTta, U TO, KaKk 3TH
W3MEHEHHS MOTYT MOBJHATH Ha CEILCKOXO3SMCTBEHHOE NMPOM3BOACTBO B PETHOHE, SIBISICTCS HA CETONHSIIHNN ICHb
aKTyaJIbHOM M Ba)KHOM.

B craree paccMmaTpuBaeTcs OUHAMHKA MHOTOJIETHHX KIMMAaTHYECKHX KOJIOaHMH OCAJKOB BETETAL[HIOHHOTO
nepuona Ha ceBepe KazaxcraHa. AHaIM3MPYIOTCS M3MEHEHMs CPEIHHX MHOTOJETHHX 3HAUYCHHH 110 OCHOBHOMY
nepuony HaOmromeHuit 3a 1936-2017 Tr., MpOBEJCH CPaBHHUTEIBHBIA aHAIM3 U3MCHCHUS CPEIHHUX MHOTOJICTHHUX
3HAQUEHMH OCHOBHOI'O NEPHOJA [0 OTHOIIEHHI0O K 0a30BoMy. B CBs3M ¢ ycuieHHEM TIJI00aNbHOTO IOTEIJICHUS
KJIMMaTa Bo BTopoi nosoBuHe 20 Beka, n ocoberHo 1991-2017 rr. aHanM3upoBajach U3MEHUUBOCTH aTMOC(EPHBIX
ocankoB. B pabore Takxke paccMaTpuBaeTCsl CBSI3b MEXIY aTMOC(HEpHBIMH OCaJKaMH M YPOXKaWHOCTBIO 3€PHOBBIX
kynbTyp CeBepHoro Kazaxcrana 3a BereTalluOHHBIN EPHOA.

B pesynbrare npoBEAEHHOTO HMCCIIEIOBAHUS MOMYYEHO, YTO CPEAHHUE MHOTOJIETHHE HOPMBI OCAJIKOB, Ha BCEX
paccmarpuBaeMblx craHusx CesepHoro Kaszaxcrana, HaumHast ¢ 1991 roga, MMEIOT TEHICHLUIO POCTa, NMPHIEM
3HAYUTEIBHOE M3MEHEHNE OTMEYACTCsl B XOJIOJHOE BPEMs Toja; MO CPEIHUM 3HAYCHUSIM OCAJKOB BET€TallMOHHOTO
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MEPHOAA YCTOHUMBO O ITMBBIMU MECSILIAMH SIBJISIIOTCS HIOHB M UIOJIb, 2 MEHEE JOXKIIUBBIM — alpellb; PEKUM aTMO-
c(epHBIX 0CAaZKOB U UX 00ECIICYeHHOCTh B BET€TALMOHHBII NEpHOJ] BIUSIET HA YPOXKaWHOCTh 3€PHOBBIX KYJBTYP B
peruoHe.

KiroueBnble cinoBa: ocanku, Teppuropus CesepHoro KasaxcrtaHa, BereTaliMOHHBIN MEpUOJ, JUHAMHUKA OCAJ-
KOB, aHOMaJIMsl OCAJIKOB, aCUMMETPHSI, SKCIIECC, KOPPEISIHNs, YPOKAHHOCTb, 36PHOBBIE KYJIbTYphI, 00€CIIEUeHHOCTh
OCAaJIKOB.
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