DOI 10.31489/2020BMG4/131-137

UDC 551.5

G.M. Zhangozhina*, D.V. Czernykh

Altai State University, Barnaul, Russia
*Corresponding author: zhan_bastal@mail.ru

Long-term meteorological trends of atmospheric precipitation
in the Nura river basin (the Central Kazakhstan)

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 km’. The average perennial flow is 619 million m’. 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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t
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chang =

Where F(t,) and F(t,) are initial and final linear trend values of the estimated meteorological character-
istic (temperature or precipitation); #,,.. and ¢,,;, 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 » =+0.31 and » = +0.38 (Table 1).

Table 1
Analysis of trends of long-term changes in annual precipitation values
in the region of the Central Kazakhstan (1936-2019)
Station Periods 1 Precipiztation . ; .
Seasons Months | Years Trends r o Sr A OKI, %
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
Karaganda |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
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
Besoba |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) r'— correlation coefficient of linear trend with curves of actual long-term precipitation values; 2) o> — significance of
correlation coefficients; 3) Sr° — average quantity of a total atmospheric precipitation for the long-term period according to actual
data; 4) A* — module of change of actual value for the period under review, calculated on the basis of trend; 5) OKI, %’ 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 (» = + 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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Figure 1. Positive reliable trends in the long-term dynamics of atmospheric precipitation
by season (Karaganda weather station)
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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)
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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 epy 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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I""M. XKanroxwuna, /{.B. UepHbIix

Hypa o3eHni 0acceiiHinaeri atmocgepanbIk KaybIH-IIAMBIHHBIH Y3aK Mep3iMi
MeTeopoJIorusibIK ypaicrepi (Opraasik Kazakcran)

Tipi opraHusmuep YUIIH HETi3ri KOPCETKIIITEp TYPJIEPAiH Tipi KalyblH KaMTYAbl alKbIHAAWTHIH
METEOPOJIOTHSUIBIK JKOHE THAPONIOTHSUIIBIK TMapaMeTpieplaiH opramia MoHAepi Oombin Tabbuiagbl. Kasipri
yaKpITTa e3eHaep OacceiHaepini nanqmuadThIHAAFbl YPAICTEP Il OapIblK 3epTTey Ka3ipri yakbITTa jKbUIIaM
CepImiH/li e3repicTepre YUIbIPaWThIH KIMMATTBIH ©3repyiH Tajaaynan 0actaiybl THIC. 3epTTeyIiH MaKcaTbl —
Hypa e3eni anrapsl aTMoc(epachHBIH bUIFAJIBUIBIFBIHEIH Y3aK METCOPOJIOTHSIIBIK YpIICTepiH Tanmay.
¥Ycombirran 3eprreyne asropiap Opranblk Kaszakcranuery 1939-2019 xpuimap apanbIFBIHAAFEL €Ki
METEOCTAaHIMSICHIHBIH KYH CaibIHFBI MAJIIMETTepiHe Tanmay »kacaraH. Hypa eseHi OaccelHiHIH aymarb
BUTFJIIBUTBIFBI JKETKUTIKCI3 ydacKenepre xaraabl. ©O3¢HHIH epeKIIeNiri — >KbUIBIK aFbIHHBIH HETi3Ti Oeiri
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KOKTEMT'i Cy TaCKbIHBIHBIH KbICKa Ke3eHiHe (coyipaiH 6ackl — MaMbIp ailbIHBIH OpTackl, 4—5 aif) eteni. Hypa
e3eHi OacceifHiHAe aTMOC(epanblK IKAybIH-IUAMIBIHHBIE JKBUIABIK, JKapPTBDKBUIABIK JKOHE MayCBIMIBIK
KOJIeM/ICPiHIH alTapibIKTail e3repiCTepiHiH MIbIHAKBI YpAicTepi aHBIKTaNAbl. BapiblK aHBIKTaNFaH ypaictep
OH KepceTkimrepre ue. AjbiHFaH HOTIKenep Opranslk Ka3zakcTaHIarbl KIMMATTBIH ©3repyi TYPFBICHIHAA
aybUI [IapyalIbUIBIFbIH XKOCHapIIay YIIiH ailaaaHbuTybl MyMKIiH.

Kinm ce30ep: Hypa e3eni, Oacceiin, Opranbsik KazakcTaH, MeTeopoyiorHs, y3aK Mep3iMiai e3repicTep,
BUIFAJIIIBUTBIK.

I'.'M. XKanroxuna, J[.B. UepHbix

Joarocpounbie MeTeOPOJIOTHYECKHEe TEHAEHIIUN ATMOC(EepPHBIX 0CAIKOB
B 0acceiine pexu Hypsol (HenTpanbnbiii Kazaxcran)

Jl1s JKMBBIX OPraHM3MOB OCHOBHBIMH IIOKA3aTEJISIMHU SIBJIAIOTCS CPEJHUE 3HAYCHHMS METEOPOJIOTMYECKHX M
THJPOJOTHYECKUX TapaMeTPOB, ONPEEIIOMNX 0XBaT BDKUBAHUS BUIOB. B HacTosmee BpeMst Bce Hccie-
JIOBaHUS TEHJICHIMH B TaHxmadTe 6acceifHOB peK JIODKHBI HAUMHATHCS C aHAJM3a H3MEHEHUS KIMMaTa, Ko-
TOpOE B HACTOAIIEC BpeMs IIPETepIeBacT OBICTphIe IUHAMUUSCKUe M3MeHeHus. Llens nccnenoBanus — aHa-
JIU3 JUTUTENIBHBIX METEOPOJIOTHIECKHX TeHAEHINI BIaXXHOCTH aTMoc(eps! noauHsl pekn Hypel. B mpencras-
JICHHOM MCCJICZI0BAaHUM aBTOPBI NIPOAHAIM3UPOBAIIN €KEHEBHbBIC JaHHBIC IBYX MeTeocTaHluil LleHnTpanbHo-
ro Kazaxcrana 3a nepuox ¢ 1939 mo 2019 rr. Tepputopus 6acceiina peku Hypbl OTHOCHTCS K y4acTKaMm C
BBIPOXEHHOI HEOCTATOYHON BIAXHOCTBIO. OTINYUTENEHOH OCOOCHHOCTBIO PEKH SABIAETCS TO, YTO OCHOB-
Hasi 4acTh I'OJIOBOTO CTOKA IPOMCXOIHUT B KOPOTKHUIT IIEPUOJ BECEHHETO MOJI0BObs (HAYANO ampens — cepe-
nuHa Mast, 45 Mecses). B 6acceitne pexn Hypsl BEISIBICHBI TOCTOBEPHBIE TEHCHIUY CYIIECTBEHHBIX U3Me-
HEHUH TOJIOBBIX, MOIYTOMOBBIX U CE30HHBIX 00BEMOB aTMOC(EPHBIX 0CaJKOB. Bce BBIABICHHBIE TEHICHIUN
HMEIOT TTOJIOXKUTENbHEIE MToKa3aTeny. [oaydeHHbIe pe3ysIbTaThl MOTYT OBITH MCIIOIB30BaHbI IS ITAHHPOBa-
HUSI CETICKOTO X03s1iiCTBa B KOHTEKCTe M3MeHeHus kimmata B L{enrpansaom Kaszaxcrane.

Kniouesvie cnosa: pexa Hypa, 6acceiin, Llentpanpubiii Kazaxcran, MeTeoposorus, JOATOCPOYHbIE U3MEHe-
HHS, BIaXKHOCTb.
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