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SPATIAL-TIME CHANGE IN THE CLIMATIC PARAMETERS OF THE DRAINAGE 
OF THE RIVER BASIN ILI

Abstract. In order to analyze climate change on a spatio-temporal scale, proceeding in various physical 
and geographical (geomorphological) conditions of the catchment area of   the Ili River basin, we used the 
average annual air temperatures and annual precipitation for the period 1948-2020 of the meteorological 
stations Narynkol, Inin, Zharkent, Aidarly, Bakanas and Kuygan. For the quantitative assessment and 
forecasting of climate change, statistical methods were used based on studies of long-term fluctuations in 
climatic indicators, where they were made in Microsoft Excel for forecast calculations and graphing using a 
linear trend.

At the same time, there is simultaneously a significant increase in the average annual air temperature 
and the stability of annual atmospheric precipitation in the long-term section as a whole, which is probably 
related to the geographical location of the catchment area of   the Ili River basin: runoff formation zones in 
the mountainous zone (eluvial facies), runoff transformation (transeluvial facies ) in the foothill zone and the 
weakening of the transformation rate and the appearance of signs of runoff accumulation (transaccumulative 
facies) in the foothill plain zone with the close location of the Kapshagai reservoir and runoff accumulation 
(superaqual and subaquatic facies) in the plain zone of the activator of Lake Balkhash, which are determined 
by the formation of a specific climatic profile.

Key words: climate, catchment of river basins, average annual air temperature, annual precipitation, 
change, linear trend.
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ІЛЕ ӨЗЕНІНІҢ СУЖИНАУ АЛАБЫНЫҢ КЛИМАТТЫҚ ӨЛШЕМДЕРІНІҢ 
КЕҢІСТІКТІК-УАҚЫТТЫҚ ӨЗГЕРУІ

Аннотация. Іле өзенінің сужинау алабының әртүрлі физикалық-географиялық (геоморфологиялық) 
жағдайларын ескере отырып, климаттың өзгеруін кеңістік-уақыт масштабында талдау үшін 1948-2020 
жылдар аралығындағы Нарынқол, Инин, Жаркент, Айдарлы, Бақанас және Құйған метеорологиялық 
бекеттерінің орташа жылдық ауа температурасы және жылдық атмосфералық жауын-шашын 
пайдаланылған. Климаттың өзгеруін сандық бағалау және болжау үшін климаттық көрсеткіштердің 
ұзақ мерзімді ауытқуларын зерттеуге негізделген статистикалық әдістер қолданылды және болжамды 
есептеулер мен сызықтық трендттердің сызбалық сұлбаларды тұрғызуға Microsoft Excel бағдарламасы 
пайдаланылды.

Жалпы, ұзақ мерзімде ауаның орташа жылдық температурасының және жыл сайынғы атмосфералық 
жауын-шашынның тұрақтылығының айтарлықтай жоғарлауы байқалады, бұл, мүмкін Іле өзенінің 
сужинау алабының географиялық орналасуымен байланысты: таулы (элювиальдық фация) аймақтағы 
ағын  сулардың қалыптасуы, тау бөктеріндегі (трансэлювиальдық фация) аймақтардағы ағын 
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суларының тасмалдануы және тау бөктеріндегі жазықтық (трансаккумулятивтік фация) аймақтарда 
ағын суының тасмалдануының әлісреуі және жазықтық (супераквальдық және субаквальдық фация) 
аймақтағы ағын суларының қорлануының жақын орналасқан  Қапшағай суқоймасының және ағын 
суларды қорлайтын жазықтық (супераквальдық және субаквальдық фация) аймақтағы  Балқаш көлінің 
әсерінен, айрықша климаттық бейненің қалыптасуын айқындайтын секілді.

Түйін сөздер: климат, өзеннің сужинау алабы, орташа жылдық ауа температурасы, жылдық жауын-
шашын,  өзгеру, сызықтық тренд.
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ПРОСТРАНСТВЕННО-ВРЕМЕННОЕ ИЗМЕНЕНИЕ КЛИМАТИЧЕСКИХ 
ПАРАМЕТРОВ ВОДОСБОРА БАССЕЙНА РЕКИ ИЛЕ

Аннотация. Для анализа изменения климата в пространственно-временных масштабах,  
протекающей в различных физико-географических (геоморфологических) условиях водосбора 
бассейна реки Иле использованы среднегодовые температуры воздуха и годовые атмосферные осадки 
за период 1948-2020 годов   метеорологических станций Нарынкол,  Инин,  Жаркент, Айдарлы,  
Баканас и Куйган. Для количественной оценки и прогнозирования изменения климата использованы 
статистические методы, основанные на исследованиях многолетних колебаний климатических 
показателей, где для прогнозных расчетов и построения графиков с использованием линейного тренда 
были произведены в программе Microsoft Excel.

При этом, одновременно наблюдается значительное  повышение среднегодовой температуры 
воздуха и стабильность  годовых атмосферных осадков  в многолетнем разрезе  в целом, что связано, 
вероятно, с географическим местом  водосбора бассейна реки Иле: зоны формирования стока в горной 
зоне (элювиальная фация), трансформации стока (трансэлювиальная фация) в предгорной зоне и  
ослабления скорости трансформации и появления признаков аккумуляции стока  (трансаккумулятивная 
фация) в предгорной равниной зоне с близким расположением Капшагайского водохранилища и 
аккумуляции стока  (супераквальная и субаквальная фация) в равниной зоне активатора озера Балхаш, 
которые определяются формированием специфического климатического профиля.   

Ключевые слова: климат, водосбор речных бассейнов, среднегодовая температура воздуха, 
годовые атмосферные осадки,  изменение, линейный тренд.

Introduction. The formation of hydrological runoff, as an environment-forming system, is a very complex 
multifactorial natural process, which is a function of the climatic components of the physical and geographical 
conditions of the catchment area of river basins, that are, atmospheric precipitation and evaporation. 

Therefore, to solve the problem of sustainable management of water resources in the catchment area of the 
Ili River basin, it is necessary to study changes in climatic conditions on a spatial-temporal scale to identify 
regional features of the formation of natural processes.

The forecast of the impact of climatic changes on natural processes is very complicated, it is only possible 
to judge in general terms how the components of the natural system can react to one or another scenario of 
climate change. In this regard, to assess the spatial and temporal changes in the climatic parameters of the 
catchments of river basins and to ensure their reliability requires, firstly, the formation of an information and 
analytical research base and, secondly, the construction of graphs using a linear trend based on Microsoft 
Excel.

Purpose of research – study climate change in the Ili catchment area in spatio-temporal scales in order to 
create a database for making effective decisions on the necessary adaptation actions.

Object of research - the catchment area of the Ili River basin, which is the main waterway of the Balkhash 
Lake basin, which originates on the Muzart glaciers in Central Tanirtau (Kazakhstan), the source of the Tekes 
River and then flows through the territory of the People’s Republic of China (PRC), where it merges with the 
Kunes and Kash rivers, at 250 km from the confluence it again enters the Republic of Kazakhstan, at 1001 
km it flows into Lake Balkhash [1].
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Research methods and materials. The work used materials of the reference and information portal 
“Weather and Climate”, the World Meteorological Organization (WMO) and the RSE “Kazhydromet” where 
the main criterion when choosing meteorological stations located in the catchment area of the Ili River basin 
is the duration of a series of observations of climatic indicators, which is more than 70 years [2; 3].

For a quantitative assessment and forecasting of climate change, statistical methods were used based 
on studies of long-term fluctuations in climatic indicators, based on information and analytical materials of 
standard hydrometeorological observations for a long-term period and linear trends.

The choice of meteorological stations located in the catchment area of   the Ili River basin is due to the 
possibility of assessing climate change on a spatio-temporal scale, proceeding in various physical and 
geographical (geomorphological) conditions, that are, Narynkol in the zone of runoff formation - a mountainous 
class of landscapes (eluvial facies), Inin and Zharkent in the zone of runoff transformation - a foothill class 
of landscapes (transeluvial facies), Aydarly and Bakanas in a zone of weakening transformation rate and the 
appearance of signs of runoff accumulation - a foothill lowland class of landscapes (transaccumulative facies) 
and Kuygan  in a runoff accumulation zone - a lowland class of landscapes (super-aquatic and subaquatic 
facies), which were carried out according to two meteorological indicators: average annual air temperature 
and annual precipitation [4-20]. 

Research results. To assess the long-term changes in meteorological parameters in the catchment area of 
the Ili River in the mountainous and foothill zones, chronological graphs of changes in the average annual 
air temperature and annual precipitation were plotted at the Narynkol meteorological stations in the runoff 
formation zone - a mountainous class of landscapes (eluvial facies), Inin and Zharkent in the zone runoff 
transformations - of the foothill class of landscapes (transeluvial facies) (Figures 1 and 2).

Figure 1- Graph of changes in average annual air temperature for meteorological stations Narynkol (1), 
Inin (2) and Zharkent (3) for 1948-2020 and its linear trend.

As can be seen from Figure 1, in the mountainous runoff formation zone (eluvial facies) of the Ili River 
catchment area, according to the Narynkol meteorological station for the period 1948-2020, located on the 
Muzart glaciers in Central Tanirtau, an increase in the average annual air temperature is observed, which is 
2.016°C in 73 years.

The change in the average annual air temperature for the study period 1948-2020 in the foothill zone 
of runoff transformation (transeluvial facies) at the meteorological stations Inin and Zharkent (Figure 1), 
respectively, are 3.1104°C and 2.700°C in 73 years.

Figure 2- Graph of changes in the average annual air temperature for the meteorological stations Aydarly 
(1), Bakanas (2) and Kuygan (3) for 1948-2020 and its linear trend



105

Reports  of the Academy of Sciences of the Republic of Kazakhstan

The study of the change dynamics in the average annual air temperature in the foothill plain zone, the 
weakening of the transformation rate and the appearance of signs of runoff accumulation (transaccumulative 
facies) show (Figure 2) that there is an increase in the average annual air temperature for the studied period of 
1948-2020, that is, according to the Aydarly meteorological station is 2.2784°C and for Bakanas is -2.592 c.

Analysis of the change in the average annual air temperature in the runoff accumulation zone - the lowland 
class of landscapes (super-aquatic and subaqual facies) according to the Kuygan meteorological station for 
1948-2020 is 2.5632°C.

The trend of changes in annual atmospheric precipitation in the mountainous zone of runoff formation 
(eluvial facies) in the period 1948-2020 is positive (Figure 3) and, according to the Narynkol meteorological 
station, annual precipitation increased by an average of 0.39 mm/year, in the foothill zone runoff transformation 
(transeluvial facies), their values increased on average for the meteorological stations Inin and Zharkent, 
respectively, by 0.75 mm / year and 2.90 mm / year (Figure 3).

 

Figure 3 - Graph of changes in annual atmospheric precipitation for meteorological stations Narynkol (1), 
Inin (2) and Zharkent (3) for 1948-2020 and its linear trend.

At the same time, the change in annual atmospheric precipitation in the foothill plain zone, a weakening 
of the transformation rate and the appearance of signs of runoff accumulation (transaccumulative facies) 
according to the Aydarly meteorological station shows (Figure 4) that there is a decrease over the studied 
period of 1948-2020 at a rate of 0.027 mm / year and in the transition zone of the plain class of landscapes 
(super-aquatic and sub-aquatic facies), according to the Bakanas meteorological station, 0.0575 mm / year 
increases for 1948-2020. 

Figure 4- Graph of changes in annual atmospheric precipitation for the meteorological stations Aydarly (1), 
Bakanas (2) and Kuygan (3) for 1948-2020 and its linear trend.

The change in the annual atmospheric precipitation in the plain zone, the accumulation of runoff (super-
aquatic and sub-aquatic facies) according to the Kuygan meteorological station for 1948-2020, increases by 
0.615 mm / year.

   Assessment of the statistical significance of the linear trend of long-term fluctuations of meteorological 
parameters at a reliable level of 95% indicates the non-stationarity of the average annual values of air 
temperature and annual precipitation for the study period, since a significant increase in average annual 
air temperatures and an insignificant increase in annual precipitation by 2020 in all studied meteorological 
stations located in the catchments of the Ili River basin.
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To identify the periods within which the average long-term values of air temperature and annual 
precipitation are unchanged, the analysis of the statistical homogeneity of the time series of the investigated 
meteorological parameters was carried out in the following sequence: the graph of the difference integral 
curves, the graphical analysis of the integral curves and checking the significance of the trends of the studied 
characteristics within the statistically selected homogeneous periods.

To assess the interconnectedness and interdependence of the average annual air temperatures and annual 
precipitation in the catchment area of the Ili River basin, integral difference curves were constructed (Figures 
5 and 6), which show that according to the difference integral series, the regular structure between them does 
not appear. 

Analysis of the difference integral curves of average annual air temperatures showed that in all 
meteorological stations there is a tendency for their value to increase (Figure 5), and in annual atmospheric 
precipitation, fluctuations in their temporal spaces with certain patterns are observed (Figure 6), characteristic 
of the catchment area of the Ili River basin.

At the same time, there is simultaneously a significant increase in the average annual air temperature 
and the stability of annual atmospheric precipitation in the long-term section as a whole, which is probably 
related to the geographical location of the catchment area of   the Ili River basin: runoff formation zones in 
the mountainous zone (eluvial facies), runoff transformation (transeluvial facies ) in the foothill zone and the 
weakening of the transformation rate and the appearance of signs of runoff accumulation (transaccumulative 
facies) in the foothill plain zone with close locations of the Kapshagai reservoir and runoff accumulation 
(transaccumulative facies) in the plain zone of the activator of Lake Balkhash, which are determined by the 
formations of a specific climatic profile.

Figure 5- Graph of differential integral curves of average annual air temperatures for meteorological 
stations Narynkol (1), Inin (2), Zharkent (3), Aydarly (4), Bakanas (5) and Kuygan (6) located in the 

catchments of the Ili river basin

Figure 6 - Graph of differential integral annual atmospheric precipitation for meteorological stations 
Narynkol (1), Inin (2), Zharkent (3) Aydarly (41), Bakanas (5) and Kuygan (6) located in the catchment area 

of the Ili river basin.

To determine statistically homogeneous periods of meteorological parameters, the integral curve method 
was used, where, on the basis of graphical analysis, rectilinear sections of integral curves were identified, 
which were carried out according to the average annual air temperature and annual atmospheric precipitation 
(Figures 7 and 8).
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The time series of the mean annual air temperature and annual atmospheric precipitation of the 
meteorological stations Narynkol, Inin, Zharkent, Aidarly, Bakanas and Kuygan, located in the catchments of 
the Ili River basin, covering 1928-2020, obey the normal distribution law. 

Figure 7 - Change in the running sum of average annual air temperature values at meteorological stations 
Narynkol (1), Inin (2), Zharkent (3) Aydarly (41), Bakanas (5) and Kuigan (6) located in the catchments 

of the Ili river basin.

Figure 8- Change in the running sum of annual values of atmospheric precipitation in meteorological 
stations Narynkol (1), Inin (2), Zharkent (3) Aydarly (41), Bakanas (5) and Kuygan (6) located in the 

catchments of the Ili river basin.

Therefore, the assessment of the significance and violation of the homogeneity of the samples under 
study was carried out according to parametric and nonparametric criteria at a significance level of 5%, 
which confirmed the reliability of the graphically established violation of the homogeneity of the series of 
meteorological parameters. The results of the analysis of the statistical homogeneity of the time series of 
meteorological parameters of the catchment area of   the Ili River basin are shown in Table 1.

By comparing the average values of meteorological parameters in the first and last of the statistically 
homogeneous time periods located in chronological sequence, the increase in the average annual air 
temperature and annual precipitation in the meteorological stations Narynkol, Inin, Zharkent, Aidarly, 
Bakanas and Kuygan, located in the catchments of the Ili river basin.

Table 1- The results of assessing the statistical homogeneity of time series of meteorological parameters 
of the catchment area of the Ili River basin
Meteorological stations Average annual air temperature, оС Annual precipitation, mm

Statistically homogeneous period Average value Statistically homogeneous period Average value
Narynkol 1928-1970 2,68 1928-1970 389,0

1971-2020 3,78 1971-2020 393,0
Inin 1928-1970 8,10 1928-1970 265,0

1971-2020 9,50 1971-2020 285,0
Zharkent 1928-1970 8,80 1928-1970 179,0

1971-2020 10,30 1971-2020 201,0
Aidarly 1928-1970 8,90 1928-1970 245,0

1971-2020 10,0 1971-2020 232,0
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Bakanas 1928-1970 7,70 1928-1970 197,0
1971-2020 9,00 1971-2020 190,0

Kuygan 1928-1970 6,70 1928-1970 142,0
1971-2020 8,00 1971-2020 140,0

According to the results of the studies carried out to study climate change in the spatio-temporal scales 
of the catchment area of the Ili River basin, it can be stated that the trend of change in the average annual 
air temperature is positive and significant, and the change in the quantitative values of annual atmospheric 
precipitation in the mountain and foothill zones is significant and in the foothill plain and plain zones - 
insignificant, which are determined by a significant degree of activity of natural mountain and water bodies.

Conclusions: The current trend of climate change in the Ili River catchment area shows that on a spatio-
temporal scale, the average annual air temperature is gradually increasing in comparison with annual 
precipitation, which in the future may lead to a change in the areas of geographical zones with an increase in 
the aridization of the region’s climate.
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