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REGIONAL CLIMATE CHANGE IN THE ILE RIVER BASIN

This study analyzed the historical climate change in Ile River basin of Kazakhstan. The average annu-
al air temperature and precipitation of 13 meteorological stations covering the period of 1950-2016 was
used to detect the climate change employing Man Kendall statistical test. The results of the study show
the increasing trend in the average annual temperature in the areas of lle River basin. The intensity of the
temperature increase is higher (0,30-0,40°C/10 years) in the lower reaches and the lower increase in the
upper reaches of the river. Whereas, there is no statistically significant trend observed for precipitation in
the basin. The multi-direction changes (both increase and decrease) are observed for precipitation, most
of which the decrease in precipitation is observed in August and September. The results of this study are
helpful for water resources development, planning and management in the lle River basin.

Key words: air temperature, precipitation, anomaly, climate change, the test of Mann-Kendal.
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Ine @3eHi aAaObIHbIH, alMMaKTbIK KAMMATTbIK, ©3repici

Byrn Makanapa KasakcraH aymarblHAAFbl IAe ©3eHi anabblHAAFbl TapuXM KAMMAT e3repictepi-
He TaAaay >KYpridiaAi. KAMMaTTbIK, e3repicTepAiH YPAICIH HakTblAQy YLiH, 13 MeTEeOpOAOTUSAbIK,
cTaHums 6orbiHWwa 1950-2016 >KblIAAQP apaAbIFbIHAAFbI XKayblH-LIALLIbIH MEH aya TemrepaTypacbIHbIH
e3repici KapacTblpblAAbl. JKayblH-LIAlbIH MEH TemMrepaTypa TPEHA 63repiCiHiH MaHbI3AbIAbIFbI MaHHa-
KeHaaAAa CTaTUCTMKAABIK, TECTIHIH KOMEriMeH TekcepiAAi. 3epTTey HaTuxKeAepi GoiblHIIA [Ae e3eHi
anabbl ayaaHbIHAQ aya TemMnepaTypachl ©3repiCiHiH XXOFapFbl MOHI ©3€H aFbICbiHbIH aTbipayblHAa (0,30-
0,40°C/10 >KbIA) >K8He TeMeHri MaHi TayAbl ayAaHAApAa TipkeAreH. KapacTbipbiAfaH aiiMakTa XayblH-
LaulbiH YPAICIHIH e3repiciHAe CTaTUCTUKAABIK, MaHbI3ABIAbIFbI XKOK, >K8HE 8PTYPAI BaFbITTaFrbl TPEHA-
Tep (KoFapblAaybl >kaHe TemeHaeyi) 6aikanabl, Gipak, kebiHece TaMbl3 XKOHe KbIPKYMeK armAapblHAA
>KayblH-LUALLIbIHHBIH, a3alobl TipKeAreH. byA 3epTTey >KyMbICbIHbIH, HOTUXKeAepi |Ae e3eHi arabbiHbIH Cy
pecypcTapbiH 6ackapy, >KocrnapAay »oHe Aamybl YLIiH NaiAaAbl GOAbIN TabblAaAbI.

Ty#iH ce3aep: aya TemnepaTypachl, aTMOCQeEpPaAbIK, >KayblH-LLALlbIH, aHOMAAWS, KAMMAT e3repici,
ManHa-Kenaana Tecri.
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PernoHaAbHble MU3MeHeHUs KAMMmaTa B 6acceitHe p. Mae

B AaHHOM MCCAeAOBaHMM MPOAHAAM3MPOBAHbI MCTOPUYECKME M3MEHEHUS KAMMATA B bacceriHe
pekun Man B KazaxcraHe. AAS yTOUYHEHNS TEHAEHLIMN KAMMATUUYECKMX M3MEHEHMIA MPEACTAaBAEH aHaAM3
roAOBOM TemrnepaTtypbl BO3AYXa M OCAAKOB MO 13 METeOpPOAOrMYecKnM cTaHumam B 1950-2016 rr., a
TakXKe 3HAaUYMMOCTb M3MEHEHMII TPEHAQ TeMMepaTypbl BO3AyXa M aTMOCKEPHbIX OCAAKOB ObIAM Mpo-
BEPEHbl C MCMOAb30BaHMEM CTaTMCTMUecKoro Tecta MaHHa-KeHpaAAa. Pe3yabTaTbl McCcAepAOBaHMA
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MoKasblBalOT, UTO MHTEHCUMBHOCTb TMOBbILIEHUS CPEAHe FOAOBOM TemrepaTypbl BO3AyXa B paioHe
6accerHa p. Mae nocteneHHoO BO3pacTaeT Mo HanpaBAEHMIO TEYEHUSI PEKM, TAE HAUMEHbLLEE YBeAnve-
HMEe TeMMEepaTypbl BO3AYXa NMPOM3OLIAO B BEPXHEM TEUYEHUM, @ HAUOOAbLLIEE YBEAUUEHUE — B HMXKHEM
TeueHnn pekn (0,30-0,40°C/10 aet). OAHAKO B pacCMaTprBAEMOM PalOHE CTaTUCTUYECKM 3HAUYMMOA
TEHAEHUMU AAS OCAAKOB B HE OTMeuaeTcs. B 0OCHOBHOM HAaBGAIOAQIOTCS pa3HOHAMPABAEHHbIE TEHAEH-
UMK (KaK yBeAMYEHME, TaK U YMEHbLLIEHUE) B XOAE OCAAKOB, HO BOAbLLE BCErO YMEHbLIAETCS B aBrycre
M ceHTs6pe. Pe3yAbTaTbl 3TOr0 MCCAEAOBAHUS MOAE3HbI AAS PA3BUTUS, MAQHUPOBAHUSI U YTIPABAEHUS

BOAHbIMM pecypcamu B 6acceiiHe peku Man.

KatoueBble cAoBa: Temnepatypa BO3Ayxa, aTMOChepHble OCAAKM, aHOMAAUS!, U3MEHEHUSI KAUMATA,

TecT MaHHa-KeHaana.

Introduction

The relevance of this work is determined by
the lack of knowledge of regional features of con-
temporary climate change and their consequences,
as well as practical needs for reliable information
on the state of the climate regime of the region, af-
fecting on the livelihood and productivity of natural
ecosystems. Among the most significant effects of
expected climate warming will be changes in water
resources and the water regime of rivers.

There now exist the large number of scientific
papers on climate change (Pachauri, 2007, Jones,
1994, Houghton, 2001, Perevedentsev, 2005,
Ramstorf, 2009), which confirms, on the one hand,
the importance and relevance of this problem for
civilization and, on the other hand, the lack of a sin-
gle, non-controversial assessment of climate trends
and the causes of them.

The problem of “climate change” remains one of
the most complex and confusing in earth sciences.
Since the beginning of the 70s of the last century, the
issues of climate change have been increasingly dis-
cussed in the world scientific literature. Already at
that time, a graph describing the expected change in
average air temperature in the Northern hemisphere
until 2070 was published. From this forecast, it fol-
lowed that in the 21st century, the air temperature
will rise by more than 2°C, that is, by an amount that
markedly exceeds the natural climate fluctuations
that have occurred over the past several thousand
years (Budyko, 1974:280).

At present, the increase in average, on a global
scale, air temperature is considered to be a well-
established fact. In accordance with the results of
studies (WMO Statement on the status of the Global
Climate in 2017, 2018) that the global average
temperature was 0,46 + 0.1°C above the average
for 1981-2010 years and approximately 1,1 = 0.1°C
above the pre-industrial levels. At the same time,
warming was incoherently: it was noted in two
periods — from 1910 to 1940 and from 1976 to 2000,
and a slight cooling was observed in the interval

1946-1975. Since 1976 the air temperature change
rates have approximately been three times higher
than those of the last 100 years in general (Solomon,
2007:14). The same periods of warming and cooling
were noted in the works of K.Y. Vinnikov (1986),
Willett (1950, 1974) and Mitchell (1961). And both
of these processes were more clearly expressed in
high latitudes. Willet (1950: 195) drew attention to
the fact that the cooling trend, first noted according
to data for high latitudes, gradually shifted to lower
latitudes. In the temperate latitudes of the Northern
hemisphere it appeared only in 1950-¢ years, and in
tropical and equatorial much later.

In accordance with observational data on the
world meteorological network, in the past ten to
twenty years there has been a clear trend in the
increase in global air temperature, the reason for
which most climatologists consider the increase
in “greenhouse gases” CO, concentration in
the atmosphere as a result of human economic
activity The Synthesis Report (WMO Statement
on the Status of Global Climate in 2017, 2018)
states with 95% confidence that human activity is
the main cause of global warming. According to
the Intergovernmental Panel on Climate Change
(IPCC), global temperature will inevitably rise over
current century.

However, the “greenhouse” concept of climate
change is a unilateral one (Kondratyev, 2001:124).
In the view of A. S. Monin (2000:122) the main
cause of warming is not the technogenic activity,
but also the strengthening of external influences.
The anthropogenic impact, certainly, is and will
be present in the future, but humanity, through its
economic activity, is not yet able to influence such
gigantic flows that lead to climate change. In the
work of Y.V. Kazantsev (2001:126) it is shown
that the absence of the “greenhouse” effect on the
Earth, and the observed increase in air temperature
is the result of increased solar activity. Having
carefully considered the thermal and radiation
balance of the Earth, Pabat A.A. (2006:42) came
to the following conclusion that “the increased
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greenhouse effect due to anthropogenic increase
in carbon dioxide concentration is not confirmed
by the theoretical radiation and thermal balance of
the Earth”. Moreover, this effect is not confirmed
by experimental studies, it allows to raise the issue
of insolvency the concept of anthropogenic global
climate change. The detailed critical analysis of
the greenhouse effect is given in the monograph
of E.A. Leonov (2010:352). In his opinion, the
global warming has been caused by superposition of
technology-related and cosmogenic causes.

Also V. Zharkova reports that (2015), recently,
there has been the decrease in solar activity, and
by 2030, this activity, expert forecasts that it may
decrease by 60%, which is sufficient to start a
“mini-ice age” similar to that observed in mid-
1645 to 1715. During this period of time, known
as the “Minimum of Maunder,” a long-term and
approximately thousand-fold decline in the number
of sunspots was recorded, coinciding with a period
of significant cooling and even freezing of some
water bodies, both before and after this event that
remained untouched by ice. At the same time,
Zharkova claims that the new cooling will last
much less than the previous one — for three 11-year
cycles, after which the temperature will start to rise
again. In the expert’s opinion, the cooling will be
especially noticeable in the Northern Hemisphere
and may even lead to a lack of food.

In the author’s view S.K. Alamanov, (2006:41)
global climate variations observed in the 20th
century, characterized by mainly two periods of
warming, have a similar response in the regional
climate of the countries of Central Asia. At the
same time, local climatic conditions, especially in
mountainous areas, varied widely in temperature,
when its growth in terms of 100 years in some areas
reached 2,5°C, which means much more than for the
Earth as a whole. Precipitation averaged over the
territory could almost not change, but in some areas
there was both their growth from 1-2 to 20-30%,
and ever greater fall to 40-45%. All this points to the
heterogeneity of local responses to global and even
regional climate change and the mandatory practical
need for local climate change assessments.

Kazhydromet reported that the territory of
Kazakhstan located in the center of the Eurasian
Continent and remote from the ocean at a
considerable distance (2000 — 3000 km), is warming
at a significant pace than the globe average, and the
same rate as on the average Northern hemisphere. For
the period 1976-2016 the coefficient of linear trend of
average annual air temperature for the Earth stood at
+0,18°/10 years, +0,34°C/10 years for the Northern
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hemisphere and +0,34°C/10 years for Kazakhstan
(contribution of the trend in the dispersion of 25 %)
(Annual Bulletin of monitoring of state and changes
in climate of Kazakhstan: 2016, 2017:3).

Research methods

In the works devoted to the study of climate
change, the temperature and air precipitation
fluctuations are mainly studied, as these elements
contain the longest and most reliable series of
observations. The accumulation of long-term series
of instrumental observations makes it possible to
objectively analyze climate fluctuations that have
occurred in recent years.

When studying the internal dynamics of
temporary meteorological series, it is often required
to reveal the presence of the tendency in changes in
the time series, either as the linear or the parabolic
trend. By the type of trend with a certain degree of
reliability, it is possible to predict the future behavior
of the time series. (Tudry, 2009: 34).

The most consistent methodological side of
evaluation of the linear trends described in the works
of I. I. Polyak (1975, 1979), where for estimation of
the linear one is proposed to use the least squares
adjustment for independent observations.

The required regression equation in case of
linear relationship is (1):

yi=ax;+b (D

wherea—coefficientofthelineartrend, characterizing
the rate of change of the studied quantity; x, — time,
year; b — series level at the initial time.

The essence of the least squares adjustment is to
determine the calculated parameters a and b, at which
the sum of the squared deviations of the observed
values of y. from that calculated by formula (1) will
have a minimum value (Sickan, 2007:138).

More informed conclusions could be obtained
by applying statistical criteria for the detection of
monotonous trends. When analyzing meteorological
data, we can use a Mann-Kendall test (Mann-
Kendall test). Mann Kendall test is the statistical
test commonly used for the analysis of trend in
climatologic time series (Mavromatis, 2011:13). The
advantages of this test are the following indicators.
First, it is a non-parametric test that does not require
the normal distribution of data. Secondly, due to non-
uniform time series, it has low sensitivity to abrupt
interruptions. (Tabari, 2011:128). According to this
test, the null hypothesis H; implies the absence of
the trend (the data are independent and randomly
ordered), and this is tested on the alternative
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hypothesis H,, which assumes the presence of the
one (Onoz, 2003:247).

The computational procedure for the Mann
Kendall test considers the time series of n data
points and T, and TJ. as two subsets of data where
i=1.23,..., n-1 and j = i+l, i+2, i+3, ..., n. The
data values are evaluated as an ordered time series.
Each data value is compared with all subsequent
data values. If a data value from a later time
period is higher than a data value from an earlier
time period, the statistic S is incremented by 1. On
the other hand, if the data value from a later time
period is lower than a data value sampled earlier,
S is decremented by 1. The net result of all such
increments and decrements yields the final value of
S (Drapel, 1997:133). The Mann-Kendall S Statistic
is computed as follows (2,3):

S = YRT1 Xfker 58N (X — Xi) ()
+1if(Tj—T,) >0

sgn(T;=T) =1 0if ()= T;,) =0 3)
~1if (Ty=T,) <0

where T, and T, are the annual values in years j and
i, j > 1, respectively[10].

If n < 10, the value of |S| is compared directly
to the theoretical distribution of S derived by Mann
and Kendall. The two tailed test is used. At certain
probability level H is rejected in favor of H1 if the
absolute value of S equals or exceeds a specified
value S ,where S is the smallest S which has the
probability less than 0/2 to appear in case of no trend.
A positive (negative) value of S indicates an upward
(downward) trend [40] For n > 10, the statistic S is
approximately normally distributed with the mean
and variance as follows: E(S)=0

The variance (¢?) for the S-statistic is defined

by (4):

0_2 _ [n(n—l)(2n+5)—2tt(t—l)(2t+5) 4)
18

in which ti denotes the number of ties to extent i.
The summation term in the numerator is used only if
the data series contains tied values. The standard test
statistic Zs is calculated as follows (5):

S%‘lfor5>0
0forS=0 ®)

S+1

TfOTS<0

Zs =

The test statistic Zs is used a measure of
significance of trend. In fact, this test statistic is

used to test the null hypothesis, H . If | Z | is greater
than Z ,, where o represents the chosen significance
level (eg: 5% with Z 0.025 = 1.96) then the null
hypothesis is invalid implying that the trend is
significant (Drapel, 1997:133).

Results and Discussion

The Earth’s climate in a century has changed
both globally and regionally. At the regional level,
they differ significantly from global and have its
own characteristics in each region. This article
focused on characteristics of regional differences in
climate change in the Ile River Basin. The Ile River
is the main watercourse in the Balkhash-Alakol
water basin. One of its tributaries is Tekes river rises
in Kazakhstan, in the North-Eastern slopes of the
Terskey Alatau and then flows through the territory
of China, where it merges with the rivers Kunes and
Kash, at 205 km from the confluence, it again enters
Kazakhstan within the abounding river and at 1001
km flows into the Lake Balkash. (Surface Water
Resources of the USSR, 1970, 1977; Dostay, 2012).

Research on climate change in the Ile River
basin is important both for Kazakhstan and China,
as future allocation of water resources between two
countries is based on forecasts of precipitation and
air temperature (CMIP 5).

In China, changes in the main climatic parameters
in the Ile River basin are considered in (Huilan Sun,
2010:652), in which, according to 7 meteorological
stations (MS) in the upper Ile River, it was shown
that precipitation increased significantly in the
summer and winter months, and the air temperature
also rose from the mid-1980s to the present. In
another study (Ye, 1997:46), the nature of changes
in precipitation and air temperature in various low
and high mountainous areas in the Ile River basin
in the Tien Shan mountains is analyzed in detail.
There is the close link between precipitation and air
temperature with altitude above sea level has been
revealed; thus, in high-altitude areas, precipitation
grows, and the value of the air temperature gradient
in summer is much greater than in winter.

In our territory, regional climate change in the Ile
River basin was not considered separately, but there
are many works that assess the impact of climate
change on the river flow and on modeling HBV
(Galaeva,2013:108, Choduraev, 2016:43). The papers
consider the results of research on the possibility of
using the HBV model for the Ile River. The model
was calibrated and adapted for a specific catchment
area using the observed data on air temperature,
precipitation, runoff and evaporation for the base
period (1961-1990). The results of calibration and
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adaptation of the HBV model showed that the model
gives good results when modeling the flow of the Ile
River for the base period, and therefore can be used to
model the runoff for the future.

The aim of this work is to study the features of
spatial-temporal distribution of air temperature and
atmospheric precipitation in the studied basin. The
initial meteorological information to meet the tasks
was the monthly average, most complete, time series
of ground-level air temperature and precipitation for
the period 1950-2016 through 13 representative

METEOROLOGICAL STATIONS

Q0
R

|
J o

BALKHASH
= (=

MS covering the entire length of the Ile River in
the Kazakhstan part on the basis of which the map
was created (figure 1). Also, to study the temporal
variability of temperature and precipitation, the
Mann-Kendall statistical test was used to determine
the approximate time of the beginning of the trend
or trend change points in time series and check its
statistical significance. For the statistical test, 5 MS
out of 13 representative ones were selected with
the observation period from the opening of the MS
station until 2016 (figure 1).

Figure 1 — Map of the location of meteorological stations (. ) of the Ile River basin

In the basin of the Ile River, to identify the
long-term dynamic of meteorological parameters,
the rolling five-year graphs of changes in average
annual air temperature and annual precipitation were
constructed. For a visual representation of the trend of

ISSN 1563-0234

the observed parameters, trend lines were plotted on
the charts. Changes of average annual air temperature
and precipitation (°C/10 years and mm/10 years) over
the period 1950 — 2016 are presented in figure 2 (6
MS are shown as an example).
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Figure 2 — The multiyear course of air temperature and precipitation in the Ile River basin (five-year rolling average)

The average annual temperature for all
meteorological stations in the Ile River basin has the
positive trend, but the temperature increase is uneven.
The greatest increase in temperature over the past 66
years has been observed at meteorological stations
located in the Ile Delta area: the MS Aksengyr — 0,36
°C/10 years, the MS Aydarly — 0,33 °C/10 years, the
MS Bakanas — 0,36 °C/10 years, the MS Kuygan —
0,37 °C/10 years, as well as on the MS Almaty — 0,37
°C/10 years, and least in mountainous areas of the
basin: the MS Esyk — 0,25 °C/10 years, the MS Ulken
Almaty — 0,16 °C/10 years, the MS Narynkol — 0,27
°C/10 years, the MS Kyrgyzsay — 0,19 °C/10 years.

In most of the meteorological stations in the
river basin under consideration over the past 66
years, there has been the statistically insignificant,
multidirectional trend in annual precipitation.
(figure 2). The statistically significant drop in
precipitation occurs in the MS Issyk — 15 mm/10
years, as well as on the flat territory of the Ile River
basin at most meteorological stations are marked
not significant decrease in precipitation. The rise
in annual precipitation for the period 1950-2016 is
observed on the MS — Kyrgyzsay — 9 mm/10 years,
the MS Almaty — 7 mm/10 years, the MS Zharkent
and the MS Kegen — 4 mm/10 years.
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For the more detailed analysis of regional
climate change, the anomalies of air temperature
and precipitation are calculated over decades
(tables 1 and 2). When calculating the air

temperature and precipitation anomalies, the
average long-term values of meteorological
parameters for the base period 1981-2000 were
taken as the climatic norm.

Table 1 — Air temperature anomalies for different periods

Air temperature anomalies for different periods (°C)*
M
S s | 16 | o | e | sy | 20002009 | Gy
Narynkol -1,57 -0,62 -0,51 -0,25 -0,05 0,29 0,23
Kegen -1,39 -0,95 -0,54 -0,30 -0,07 0,34 0,45
Kyrgyzsay -0,90 -0,54 -0,44 -0,29 -0,07 0,36 0,18
Zharkent -1,80 -1,03 -1,00 -0,41 -0,05 0,47 0,11
Shelek -1,62 -1,14 -0,86 -0,40 -0,13 0,53 0,36
Esyk -1,05 -0,75 -0,66 -0,46 -0,04 0,45 0,36
Almaty -1,36 -1,05 -0,94 -0,65 -0,19 0,75 0,77
Ulken Almaty -0,54 -0,44 -0,44 -0,38 -0,05 0,38 0,41
Aksengyr - -1,45 -0,97 -0,31 -0,14 0,50 0,21
Aydarly -1,53 -1,05 -0,68 -0,46 -0,18 0,65 0,30
Bakanas -1,72 -1,20 -0,87 -0,36 -0,11 0,53 0,56
Auyl-4 -1,46 -1,10 -0,84 -0,25 -0,25 0,54 0,31
Kuygan -1,56 -1,25 -1,17 -0,44 -0,26 0,66 0,35

* Anomalies are calculated relative to the base period of 1981 —2010.

Table 1 clearly shows the increase in temperature
in all regions over the past twenty years. The
temperature anomalies presented in the table show
the fairly well-defined period of warming, which was
located in the time period 2000-2009. Mostly large
negative anomalies cover the period between 1950
and 1969. Analysis of changes in air temperature
anomalies for individual stations allows to identify
differences in features of the physical-geographical

Table 2 — Precipitation anomalies for different periods

location. Thus, at high-altitude meteorological
stations (the MS Narynkol, the MS Kegen) the
positive temperature anomaly is lower compared
with meteorological stations located in the lower
part of the basin.

Changes in the signs of precipitation anomaly
over decades are not constant, but a phase with
the positive anomaly after the 2000s is clearly
distinguished (table 2).

Precipitation anomalies for different periods (mm)*
VS 1950-1959 | 1960-1969 | 1970-1979 | 1980-1989 1990-1999 2000-2009 | 2010-2016
Narynkol 51,5 -10,7 -39,4 -30,8 16,3 8,6 12,9
Kegen -31,5 4,5 -2,4 4,4 -18,8 13,8 22,0
Kyrgyzsay -19.4 -33.8 -49.,5 -18,8 2,9 1,5 42,9
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Zharkent 3,7 -26,9 -5.3 -4,9 -8,4 1,5 37,9
Shelek -19,6 -2,1 -2,4 -18,2 -19,6 15,9 16,2
Esyk 29,9 87,0 31,9 25,7 -55.5 10,0 16,4
Almaty -32,8 -12,9 -41,7 6,6 -50,0 353 32,2
Ulken Almaty 29,2 36,6 -70,0 -11,9 -38,8 26,9 64,2
Aksengyr - 0,8 -9,7 -23,6 -13,4 16,7 26,4
Aydarly 10,7 7,9 -10,1 -18,3 15,9 11,0 18,4
Bakanas 17,8 27,9 1,4 1,3 -14,9 7.3 21,9
Auyl-4 13,9 13,4 4,6 14,2 -11,2 -6,6 0,9
Kuygan 6,9 10,6 5,6 2,2 -9,1 3,7 36,8

* Anomalies are calculated relative to the base period of 1981 — 2010

Until the 2000s, often changing multidirectional
anomalies of precipitation do not allow to distinguish
“wet”and “dry” periods. However, in the area of the Ile
River delta (MS Bakanas, MS Aul-4 and MS Kuygan)
there is mainly a positive anomaly, which is only 1990-
2000 is below normal. The visual analysis of the data
suggests that long-term averages for meteorological
parameters tend to decrease or increase. More robust

findings can be obtained by applying statistical
criteria for the detection of monotonous trends.
Mann-Kendal nonparametric test is most commonly
used for climate data. Meteorological parameters are
characterized by an uneven intra-annual distribution,
therefore the test was applied on the monthly basis.
Summary test results for analyzing data trends are
presented in table 3.

Table 3 — Mann — Kendall test (Z-statistics) for monthly and annual air temperature (T) and precipitation (R) trends

Test Z

Time series MS Almaty MS Esyk MS Zharkent MS Kyrgyzsay MS Bakanas
(1921-2016 yy.) (1938-2016 yy.) (1923-2016 yy.) (1935-2016 yy.) (1936-2016 yy.)

T R T R R T R T R
January 4,12 2,45 -0,39 1,63 4,23 -0,05 1,39 1,39 1,99 0,27
February 2,88 2,33 0,19 0,99 2,99 0,52 0,50 2,36 2,67 1,16
March 3,02 1,81 1,89 -0,75 3,05 0,48 1,87 0,86 2,54 0,20
April 2,79 1,43 2,27 0,51 2,98 1,52 2,14 1,57 2,88 -0,98
May 2,37 0,60 2,01 -0,88 2,59 0,24 0,87 -0,20 1,78 -0,42
June 4,18 0,79 4,09 -0,45 3,85 0,42 3,15 1,06 3,18 0,60
July 2,82 -0,44 2,55 0,24 1,99 1,45 0,40 1,07 0,13 1,42
August 2,73 0,45 3,31 -0,29 1,92 0,15 0,61 0,83 2,18 -0,47
September 3,35 -0,30 3,44 -1,27 3,91 -0,21 2,20 -1,07 3,02 -0,04
October 1,06 -0,12 2,82 -0,06 2,29 1,36 0,71 2,80 3,31 0,68
November 3,28 1,11 2,44 0,14 4,30 0,57 2,94 1,85 3,43 0,82
December 3,50 2,26 0,35 0,88 3,18 -0,07 1,95 1,99 2,24 0,19
Annual 6,64 2,80 4,75 0,00 6,79 1,29 4,27 2,44 5,84 0,60
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The results of the monthly tests of the trends
showed that in the course of the year, the change in the
average monthly values of air temperature is uneven
for different seasons of the year and non-uniform
for the studied region. It is common that the most
intensive warming is observed in the winter months
and in June at almost all meteorological stations were
being considered. Intensive warming in the winter
months also affects the hydrological regime of rivers
in the region, which is confirmed by previous research
(Alimkulov, 2016:227), where there is a shift in the
timing of the beginning of the flood to an earlier date.
In the spring (April-May) and autumn (September-
October) months, warming occurs evenly throughout
the region under study. Test results for monthly
precipitation data show a combination of positive and
negative trends for all MCs. Significant negative trends
are observed at the MS Esik, the decrease in the amount
of monthly precipitation can be traced in six (March,
May, June, August, September and October) months
out of twelve. The slight growth in precipitation occurs
on the MS Almaty and Kyrgyzsay. At the remaining
stations, the slight rise in precipitation is observed in
the cold period and the decline in the warm period of
the year.

Conclusions

The study showed that at the regional level there
is a significant spatial and temporal heterogeneity

in the trends of changes in meteorological
parameters. It is shown that the intensity of the
increase in the average annual air temperature in
the area of the Ile River basin gradually rises in
the direction of the flow of the river, which means
on high mountain MCs, the temperature growth is
not significant, and in the region of the river delta
the temperature increase stands at 0.30-0.40 ° C /
10 years. In the majority of meteorological stations
under consideration, there is the statistically
insignificant, multidirectional trend in the annual
total precipitation.

The decay temperature anomaly over the decade
demonstrates a well-marked period of warming,
which is located in the 2000-2009 time interval.
Deviations from the norm of the annual amounts of
precipitation until the 2000s were mostly well below
the norm, and in recent years, positive anomalies
have prevailed.

The results of the Mann-Kendal test show that
the most significant warming is typical for the
winter months of the year, and it does not occur
evenly throughout the entire region under study.
In the spring and autumn months, warming occurs
evenly throughout the MS.

Changes in precipitation within the year over
the multi-year period include negative and positive
trends, most of which the decrease in precipitation
is observed on the main MSs in August and
September.
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