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Long-term meteorological trends of atmospheric precipitation  
in the Nura river basin (the Сentral Кazakhstan) 

For living organisms, the main indicators are the average values are meteorological and hydrological parame-
ters that determine the coverage of the survival of species. Currently, all research on the trend in the land-
scape of river basins should begin with an analysis of climate change, which is currently undergoing rapid 
dynamic changes. The purpose of the study is to analyze the long meteorological trends of atmospheric hu-
midity of the Nura River Valley. In the presented study, we analyzed the daily data of two weather stations of 
the Central Kazakhstan for the period from 1939 to 2019 within. The territory of the Nura river basin belongs 
to areas of pronounced insufficient moisture. A distinctive feature of the river is that the bulk of the annual 
flow takes place in a short period of spring flood (early April to mid-May, 4–5 months). Within the Nura river 
basin, reliable trends of significant changes in annual, semi-annual and seasonal amounts of atmospheric pre-
cipitation have been revealed. All identified trends have positive indicators. The results can be used for agri-
cultural planning in the context of climate change in the Central Kazakhstan. 
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Introduction 

A necessary prerequisite for studying climate change and its effects is the availability of meteorological 
data for the period of observation and information on their expected changes in the future. The purpose of the 
article is to describe the available in the free access of data arrays of modern meteorological observations in 
Russia, as well as a review of the results of calculations on hydrodynamic models climate, on the basis of 
which projections are built for the future [1–4]. The article considers two most important weather ele-
ments — ground-level air temperature and atmospheric precipitation. 

The modern ecological and geographical studies can cover any territory defined by both political and 
administrative or natural (landscape) borders, boundaries of river basins [5, 6]. For determination of the cli-
matic comfort in the river basin, it is necessary to evaluate the main long-term directions of the most im-
portant meteorological and hydrological parameters. Long-term changes in air temperatures determine 
changes in evaporation from the day surface, and, therefore, can lead to a decreasing or increasing in humidi-
fication in the regions [7–11]. 

The aim of our study was to analyze the long-term meteorological trends of atmospheric precipitation in 
the Nura river basin. 

Materials and methods 

The basin of the Nura river is the main basin of the Karaganda region [12]. The beginning of the river is 
three rills, which located on the north of the Konyrtobe Mountains at an altitude of about 1200 m. Nura flows 
into the drainless lake Teniz at an elevation 304 m. The total length of the river is 978 km; the catchment 
area is 58.1 thousand km2. The average perennial flow is 619 million m3. In the river basin there are 3 main 
weather stations (Karaganda, Czernigovka and Besoba), 2 of which are active. 

The daily data of two weather stations of the Central Kazakhstan is statistically analyzed for the period 
from 1939 to 2019; for Besoba weather station — only from 1992 to 2009. 

The amount of atmospheric precipitation for different periods (month, season, half-year, year) was cal-
culated as the sum of their daily amount for the necessary time periods. Using averaged data from the aver-
age daily air temperature, the average atmospheric air temperatures for the month, year, season and half year 
were calculated. On the basis of daily data, absolute maximum and minimum air temperatures were also de-
tected for different periods of the year [1, 12]. 
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For the obtained multi-year data lines, graphs of their multi-year movements are plotted and correlation 
coefficients between the actual data and their linear trends are calculated. In this case, only those correlation 
coefficients were used, the significance of which ranged from 90 % to 99.9 % [12]. The relative coefficient 
of change, expressed in percent, was calculated, which is calculated as the ratio of the module of change of 
trend values of temperature (or precipitation) over a long-term period to the module of amplitude of fluctua-
tion of actual (measured) values of this parameter in a long-term aspect: 
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Where F(tn) and F(t1) are initial and final linear trend values of the estimated meteorological character-
istic (temperature or precipitation); tmax and tmin are maximum and minimum actual (measured) values of this 
parameter (temperature of average, maximum, minimum or precipitation) for a multi-year period. 

Results and discussion 

The values of significant correlation coefficients for the amounts of atmospheric precipitation ranged 
from +0.09 (for the warm half-year in Besoba) to +0.38 (for the cold period in Karaganda); and the values of 
the changes in atmospheric precipitation themselves range from 122 to 547 mm. 

Significant reliable trends in the multi-year placement of annual, semi-annual and seasonal amounts of 
atmospheric precipitation were revealed for almost two analyzed stations of the Nura river basin; all of them 
are significant and positive (no negative trends were revealed). In both stations their reliable trends fluctuate 
within r = +0.31 and r = +0.38 (Table 1). 

T a b l e  1  

Analysis of trends of long-term changes in annual precipitation values  
in the region of the Central Kazakhstan (1936–2019) 

Station 
Periods Precipitation 

Seasons Months Years Trends r1 α2 Sr3 ∆4 ОKI, %5

Karaganda 

year 1–12 83 + 0,21 0,22 122 142 33,5 
warm half-year 4–9 83 + 0,02 0,22 364 47 12,9 
cold half-year 10–3 83 + 0,38 0,22 210 108 51,4 
spring 3–5 83 + 0,13 0,22 152 40 26,6 
summer 6–8 83 + 0,11 0,22 219 16 7,3 
autumn 9–11 83 + 0,18 0,22 123 23 18,6 
winter 12–2 83 + 0,30 0,22 126 52 41,2 

Besoba 

year 1–12 61 + 0,07 0,25 230 2 20 
warm half-year 4–9 61 + 0,04 0,25 28,7 1 1,8 
cold half-year 10–3 61 + 0,31 0,25 11,7 3 8,5 
spring 3–5 61 + 0,18 0,25 21,3 10 7,6 
summer 6–8 61 + 0,16 0,25 33,9 4,6 3,1 
autumn 9–11 61 + 0,08 0,25 17,1 5,4 7,5 
winter 12–2 61 + 0,13 0,25 8,5 3 9,6 

 
——————— 

Note: 1) r1– correlation coefficient of linear trend with curves of actual long-term precipitation values; 2) α2 — significance of 
correlation coefficients; 3) Sr3 — average quantity of a total atmospheric precipitation for the long-term period according to actual 
data; 4) ∆4 — module of change of actual value for the period under review, calculated on the basis of trend; 5) OKI, %5 is the per-
centage of change in actual average precipitation values calculated as the ratio of the module to the module of the average parameter 
value (in %) 
 

For the weather station (Karaganda) a low (r = + 0.18; Table 1) reliable seasonal trend in autumn  
(9–11 months) and also the correlation coefficient was revealed in the weather station Besoba, where a relia-
ble seasonal trend falls in spring (3–5 months) (Fig. 1–3). 

For the weather stations under consideration, with trends of long-term changes in annual and semi-
annual amounts of atmospheric precipitation, significant trends are also characteristic for various seasons of 
the year. The main dynamics in seasonal redistribution of precipitation is their unconditional increase in win-
ter (1–2, 12) and partly in autumn (9–11) (Fig. 4). 
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1 — precipitation of the spring period (3–5 months); 2 — precipitation of the summer period (6–8 months);  
3 and 4 — precipitation of the autumn-winter period (9–11 and 1–2, 12 months) 

Figure 1. Positive reliable trends in the long-term dynamics of atmospheric precipitation  
by season (Karaganda weather station)  

 

 

1 — total annual rainfall; 2 — precipitation of the cold half-year (1–3, 10–12 months);  
3 — precipitation of the warm half-year (4–9 months) 

Figure 2. Positive reliable trends in the long-term dynamics of atmospheric precipitation  
for the year of the Karaganda station 
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1 — precipitation of the spring period (3–5 months); 2 — precipitation of the warm half-year (4–9 months);  
3 — precipitation of the cold half-year (10–3 months); 4 — precipitation of the winter period (1–2, 12 months) 

Figure 3. Positive reliable trends in the long-term dynamics of atmospheric precipitation  
by season (Besoba weather station) 

 

 

1 — summer precipitation (6–8 months); 2 — autumn precipitation (9–11 months) 

Figure 4. Positive reliable trends in the long-term dynamics of atmospheric precipitation  
by season (Besoba weather station) 

Thus, the trend of a noticeable significant increase in atmospheric precipitation over the year for the re-
gions of most of the Nura River basin of еру Central Kazakhstan was revealed. For most of the Nura River 
basin, a significant increase in annual precipitation occurs mainly due to the cold half of the year. For a 
smaller part of the weather station of the Nura River basin located east (Besoba), a significant increase in the 
annual amount of atmospheric precipitation occurs due to the autumn-summer period. 

For the river basins of the steppe zone of Russia and Kazakhstan, over the past century, there has been a 
tendency to redistribute atmospheric precipitation towards their increase in the cold half-year, which contrib-
utes to a change in soil and soil conditions in floodplains and watersheds [13, 14]. 
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Conclusions 

Based on stock data and our own analysis of multi-year materials, the following conclusions can be 
drawn. The territory of the Nura river basin belongs to areas of pronounced insufficient moisture. A distinc-
tive feature of the river is that the bulk of the annual flow takes place in a short period of spring flood (early 
April to mid-May, 4–5 months). 

For both weather stations of the Central Kazakhstan within the Nura river basin, reliable trends of sig-
nificant changes in annual, semi-annual and seasonal amounts of atmospheric precipitation were revealed; all 
revealed trends have positive indicators. 

The article has been prepared as a part of complex survey of river valleys of the Karaganda region (the 
Central Kazakhstan) carried out within the framework of cooperation between E.A. Buketov Karaganda 
University and Altai State University (Barnaul). 
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Г.М. Жангожина, Д.В. Черных 

Нұра өзені бассейніндегі атмосфералық жауын-шашынның ұзақ мерзімді 
метеорологиялық үрдістері (Орталық Қазақстан) 

Тірі организмдер үшін негізгі көрсеткіштер түрлердің тірі қалуын қамтуды айқындайтын 
метеорологиялық жəне гидрологиялық параметрлердің орташа мəндері болып табылады. Қазiргi 
уақытта өзендер бассейндерiнiң ландшафтындағы үрдiстердi барлық зерттеу қазiргi уақытта жылдам 
серпiндi өзгерiстерге ұшырайтын климаттың өзгеруiн талдаудан басталуы тиiс. Зерттеудің мақсаты — 
Нұра өзені аңғары атмосферасының ылғалдылығының ұзақ метеорологиялық үрдістерін талдау. 
Ұсынылған зерттеуде авторлар Орталық Қазақстанның 1939–2019 жылдар аралығындағы екі 
метеостанциясының күн сайынғы мəліметтеріне талдау жасаған. Нұра өзені бассейнінің аумағы 
ылғалдылығы жеткіліксіз учаскелерге жатады. Өзеннің ерекшелігі — жылдық ағынның негізгі бөлігі 
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көктемгі су тасқынының қысқа кезеңінде (сəуірдің басы — мамыр айының ортасы, 4–5 ай) өтеді. Нұра 
өзені бассейнінде атмосфералық жауын-шашынның жылдық, жартыжылдық жəне маусымдық 
көлемдерінің айтарлықтай өзгерістерінің шынайы үрдістері анықталды. Барлық анықталған үрдістер 
оң көрсеткіштерге ие. Алынған нəтижелер Орталық Қазақстандағы климаттың өзгеруі тұрғысында 
ауыл шаруашылығын жоспарлау үшін пайдаланылуы мүмкін. 

Кілт сөздер: Нұра өзені, бассейн, Орталық Қазақстан, метеорология, ұзақ мерзімді өзгерістер, 
ылғалдылық. 

 
Г.М. Жангожина, Д.В. Черных 

Долгосрочные метеорологические тенденции атмосферных осадков  
в бассейне реки Нуры (Центральный Казахстан) 

Для живых организмов основными показателями являются средние значения метеорологических и 
гидрологических параметров, определяющих охват выживания видов. В настоящее время все иссле-
дования тенденций в ландшафте бассейнов рек должны начинаться с анализа изменения климата, ко-
торое в настоящее время претерпевает быстрые динамические изменения. Цель исследования — ана-
лиз длительных метеорологических тенденций влажности атмосферы долины реки Нуры. В представ-
ленном исследовании авторы проанализировали ежедневные данные двух метеостанций Центрально-
го Казахстана за период с 1939 по 2019 гг. Территория бассейна реки Нуры относится к участкам с 
выраженной недостаточной влажностью. Отличительной особенностью реки является то, что основ-
ная часть годового стока происходит в короткий период весеннего половодья (начало апреля — сере-
дина мая, 4–5 месяцев). В бассейне реки Нуры выявлены достоверные тенденции существенных изме-
нений годовых, полугодовых и сезонных объемов атмосферных осадков. Все выявленные тенденции 
имеют положительные показатели. Полученные результаты могут быть использованы для планирова-
ния сельского хозяйства в контексте изменения климата в Центральном Казахстане. 

Ключевые слова: река Нура, бассейн, Центральный Казахстан, метеорология, долгосрочные измене-
ния, влажность. 
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