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ANALYSIS OF ATMOSPHERIC ARIDITY
IN THE TERRITORY OF ALMATY REGION
IN THE CONDITIONS OF MODERN CLIMATE CHANGE

This paper presents an analysis of the atmospheric aridity on the Almaty region based on the calcula-
tion of the Ped’ S aridity index according to air temperature and precipitation on seven stations, relatively
evenly located in the study area over the summer period from 1986 to 2016. Droughts are dangerous
natural phenomena, as they lead to the death of crops in vast areas, the massive loss of livestock due
to grass burning, extreme heat, dehydration and reduction of water reserves. All these actions reduce
electricity generation disrupt industry, transport, trade and the lack of drinking water causes hunger and
death in some areas. During droughts, oil and forest fires occur which reduce the soil-protective role of
forests, their water conservation value as well as reduce timber for industry and construction. Droughts
intensify the melting of glaciers and create conditions for the formation of glacial mudflows. They also
contribute to the drying and grinding of the soil, which in turn leads to its wind erosion. During the
period of drought, the upper horizons of permafrost thaw, the groundwater level drops, rivers shallow
and lakes, ponds and marshes dry out. Nowadays, droughts do not have such terrible consequences, but
require large monetary costs to protect and preserve the crop. In the course of this study, some interest-
ing indicators to characterize droughts obtained the number of cases with droughts of varying intensity,
the extreme values of the S index and the catalog of atmospheric droughts S.

Key words: atmospheric drought, aridity index, anomalies of temperature and precipitation, number
of cases with droughts, air temperature, amount of precipitation.
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Kasipri KAMMaTTbIH ©3repyi XafaanibiHAQ AAMaTbl 0OABICHIHDIH,
ayMarbIHAAFbl aTMOCEPAADBIK, KYaHLLUbIABIKTbI TAAAQY

Makanapa AAmatbl 0BAbICbIHbIH aiMarbl YiiH 1986-2016 >bIAAAP apaAbifbiHAQ >Ka3 Me3riAiHe
aTMocCepanblk, KyaHUbIAbIKTbIH TaAAdybl KEATIPIATE€H, SFHWM aya TemnepaTypacbl MeH >KayblH-
LALIbIHHBIH MOAIMETTEpi Heri3iHAe KapacTbIPbIAbIM OTbIpFaH ayMakTafFbl CAAbICTbIDMAAbl TypAe
6ipKeAki opHaAackaH 7 ctaHumsiFa [NeAbTiH KyaHLLbIAbIK, MHAEKCI S ecenTeAreH. KyprakWbIAbIK, KayinTi
TabuFn KyObIAbICTapFa >kaTaAbl, cebebi oAap: ayblA LAPYyaLbIAbIFbl AAKbIAAAPbIHBIH YAKEH aAaHAApPAA
KbIPbIAYbIHA, LIOMTEPAiH >KaHyblHa, KATTbl bICTbIFbl XXOHE CYCbI3AAHYbI CAaAAAPbIHAH MAAAbIH >Kannan
KbIPbIAYbIHA, CYy KOPbIHbIH a3atoblHa 9KeAeAi, OYA ©3 Ke3eriHAe IAEKTP 3HEPrusiCbiHbiH, OHAIPIAYiH
TOMEHAETEAI, BHEPKCIM, KOAIK, CayAa KYMbICbIH Oy3aAbl, aA keinbip ayAaHAApPAQ aybl3 CYAbIH 60AMaybI
AWTbIK, MEeH 6AIMAT TYAbIpaAbl. KyprakLLbIAbIK, Ke3iHAE OPMAHAAPAbBIH, TOMbIPAK, KOPFay POAIH, OAApPAbIH,
Cy KOpFay MeHiH TOMEHAETETIH, COHAAN-aK, OHEPKaCIiM MeH KYPbIAbIC YLIH afFall KOPbIH KbICKQPTaTbIH
MyHait >xeHe opMaH epTTepi nanaa 60Aaabl. KyprakbIAbIK MY3AbIKTApAbIH €pYiH KYLIEATEAI XKoHe
TASIUMAAAbI CEAAEPAI KAAbIMTACTbIPy YLWiH >Kafaai >kacarabl. OAap TOMbIPAKTbIH KypfayblHa >KoHe
yCaKTaHybIHa bIKMaA eTeAl, OyA 63 Ke3eriHAe OHbIH XKeA 3p03MsCbiHa 9KeAeAil. KyprakWbIAbIK, KE3eHIHAE
KM >KbIAABIK, KATMaPAbIKTbIH, XKOFapfbl KabaTTapbl €puAi, >Kep aCTbl CyAapbIHbIH, ©63€HAEPAIH AeHremi
TOMEHAEMAI, KOAAEP, CYy anAbiHAApPbl MeH GartnakTapaa keby npouectepi >kypeai. Kasipri yakpitta
KYPFaKLWbIAbIK, MyHAQM KOPKbIHBILLTHI 3apAanTapfra Me emec, Oipak, eHIMAI KopFay >keHe cakTay YLUiH
YAKEH akllaAai LibIFbIHAAPAbI TaAarn eTeai. Ocbl 3epTTeyAi opbiHAAY 6apbICbiIHAQ KEAEC HOTMXKEAEp
AAbIHAbBI: DPTYPAI KAPKbIHABIABIKTaFbl KYaHLbIAbIK, KaFAQMAQAPbIHbIH, CaHbl, S MHAEKCIHIH 3KCTPeMaAAbl
MBHAEPI, aTMOCEePaAbIK, KYaHLLbIAbIK, KaTaAOTbl KYPACTbIPbIAAbI.
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Tyiiin ce3aep: aTMOCepanblK, KypFakLWbIAbIK, KYPFaKLLbIAbIK, MHAEKCI, TeMrnepaTypa MeH >KayblH-
LUALBIHHbBIH, aybITKYAQPbl, KYPFAKLIbIAbIK, YKaFAAMAAPbIHbIH CaHbl, aya TeMrnepaTypachl, »KayblH-LIaLLbIH
COMachl.
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AHaAM3 aTMOchepHOi 3aCyLLAMBOCTH HAa TEPPUTOPUM AAMATHHCKOM 06AaCTH
B YCAOBUSIX COBPEMEHHOI0 U3MEHEeHUsI KAumara

B cTtatbe npuBeAeH aHaAM3 aTMOCEPHON 3aCyLIAMBOCTU AASI PErMOHA AAMATMHCKOM 06AACTM Ha
OCHOBE pacyeTa MHAEKCa 3acylAMBOCTH [lead S MO AaHHbIM TemnepaTypbl BO3AyXa M OCAAKOB AAS
7 CTaHUWI, OTHOCUTEAbHO PAaBHOMEPHO PACMOAOXEHHbIX HA MCCAEAYEMOW TEepPUTOPUM 3a AETHWUI
neproa ¢ 1986 no 2016 roa. 3acyxm OTHOCSITCS K OMACHbIM MPUPOAHbBIM SBAEHUSIM, TaK KaK OHMU
MPUBOAST K TMOEAU CEAbCKOXO3SMCTBEHHbIX KYALTYP HA FPOMAAHbIX MAOLLAASAX, MACCOBOMY MaAEXY
CKOTa M3-3a BbIrOpaHUsl TPABOCTOS, CUAbHOW >Kapbl M 06E3BOXKMBAHUS, YMEHbLLEHMIO 3anacoB BOAbI,
UYTO B CBOIO OYEPEeAb CHMXKAET BbIPAOOTKY IAEKTPOIHEPruM, HapylaeT paboTy MPOMbILLAEHHOCTH,
TPaHCNOPTa, TOPrOBAM, @ B HEKOTOPbIX PAiOHAX OTCYTCTBME MUTbEBOM BOAbI BbI3bIBAET FOAOA M CMEPTb.
Bo Bpem4 3acyx BO3HMKAIOT He(PTSHbIE M AECHble MOXKapbl, KOTOPbIE CHUXKAIOT MOYBO3ALUMTHYIO POAb
AECOB, MX BOAOOXPAHHOE 3HaueHMe, a Tak)Ke COKpaLLAloT 3arnacbl APEBECUHbI AAS MPOMBbILLIAEHHOCTH
M CTPOMTEAbCTBA. 3aCyXW YCMAMBAIOT TasHME AEAHMKOB M CO3AQIOT YCAOBMS AAS (DOPMMPOBAHMS
FASILMAAbHbBIX ceAeit. OHM CMOCOOCTBYIOT UCCYLIEHUIO U U3MEABYEHUIO MOYBbI, UTO B CBOIO OYEpeAb
NPMBOAMT K ee BETPOBOM 3p03un. B neproa 3acyxm OTTamBalOT BEPXHME TOPU3OHTbI MHOMOAETHEN
MEp3A0TbI, MOHMXKAETCH YPOBEHb IPYHTOBbIX BOA, MEAEIOT PEKM, BbIChIXAIOT 03epa, BOAOEMbI U 6OAOTA.
B Hallle Bpemsi 3acyxu He MMEIOT TakmMX CTPaLLUHbIX MOCAEACTBUIA, HO TPEOYIOT BOAbLLIMX AEHEXHbIX 3aTpaT
AASl 3aLUMTbl U COXPaAHEHMs ypoxkasi. B XOAe BbIMOAHEHWS AQHHOTO UCCAEAOBAHMS OblAM MOAyUEHbI
CAEAYIOLLME PE3YAbTATbl: YMCAO CAyYaeB C 3aCyXamMn PA3AMYHOM MHTEHCMBHOCTM, 3KCTPEMaAbHble

3HaueHUs nHAeKca S, KaTaaor aTMocepHbIX 3acyx S.
KatoueBble cAoBa: atMoccepHasi 3acyxa, MHAEKC 3acCyLUAMBOCTM, aHOMAAMM TemrepaTtypbl 1
OCAAKOB, YMCAO CAyYaeB C 3aCyxaMu, TemrnepaTtypa Bo3Ayxa, CyMMa OCAAKOB.

Introduction

The concept of “drought” has become so
organically incorporated into geographical and
agronomic practice that one could unwittingly get
the impression that there is a clear, unambiguous
understanding of its nature. Meanwhile, it is not yet
possible to talk about the presence of a generalized
model of drought set at the level of its most
significant features.

The concepts of “drought” and ‘“aridity”
commonly used linked together. Drought defined
as an abnormal weather condition that can manifest
itself in any region, while aridity is a characteristic
of the climate of certain areas. A different
understanding of the essence of the phenomenon
led to the emergence of many definitions and
approaches (Buchinsky, Rauner, Uteshev, Ped’,
Drozdov). For example, WMO identifies six
types of droughts: meteorological, climatological,
atmospheric, agricultural, hydrological and public
(Abisheva, 1995).

In Kazakhstan, as well as it has been seen around
the world, there are sharp climate fluctuations
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caused by both natural and anthropogenic factors.
Thus, over the past 15 years, air temperature
extreme values beaten in Kazakhstan where there
has been a tendency to increase in average annual
air temperatures and a decrease in precipitation in
the warm half-year.

Most of the territory of Kazakhstan represented
by semi-arid and arid flat landscapes characterized
by low biological productivity and a weak ability to
restore disturbed vegetation, in which the processes
of desertification are most clearly and diversely
manifested. Therefore, in Kazakhstan a particular
importance should be given to the effective and
rational use of natural resources environment in
dry years. When solving these problems, complex
ecological and geographical studies of specific
territories and analyses of the development and
dynamics of their landscapes under the influence of
droughts are necessary (Chernysh, 2012).

Atmospheric droughts in Kazakhstan create
a special environmental stress of soil conditions,
since the evaporation rate of soil moisture is directly
dependent on the lack of air humidity. The reaction
of different soil types is not uniform, however,



Akhmetova S.T. et al.

lowering of moisture is common to all, which
significantly reduces the wind resistance of the
soil and enhances desertification and deflationary
processes. Therefore, dust storms are usually
destructive companions of droughts and they cause
great damage to all sectors of the economy (Salnikov
etal., 2015).

Among all the regions of Kazakhstan that are
relatively homogeneous in climatic characteristics,
the Almaty region is notable for its lush diversity.

The area stretching between the Balkhash Lake
and the mountains of the Ile Alatau, combines five
climatic zones. Here it is equally well possible to
develop agriculture and cattle breeding. This region
includes five climatic zones, which cause a large
variety of ecosystems, and has two reserves and five
natural parks. However, such picturesque paintings
risk becoming outdated if climate risk management
methods are not applied at the state level as soon as
possible.

The territory of the region belongs to the
Balkhash and Alakol watershed. A characteristic
feature of the basin hydrography is a dense river
network in the mountainous part and rare in the
plain. The bulk of surface water formed within the
high mountain ranges flowing to the north-west of
the region.

Physical and geographical conditions of the
Almaty region are favorable for the cultivation
of grain and vegetable crops as well as for the
development of animal husbandry. The territory
occupied by agricultural production (plant growing
and animal husbandry) is 16,423.3 thousand
hectares. In the total structure of agricultural land
in the Almaty region, pastures account for 89.5%,
arable land — 6.6%, hayfields — 3.9%. Sown area of
crops is 861.6 thousand hectares. The soil-climatic
conditions of the Almaty region are favorable
for growing wheat, barley, corn, sunflower, oats,
sugar beets, tobacco, potatoes and rice. For this
purpose, snow retention, the creation of forest
shelterbelts, ponds and reservoirs in ravines and
beams, harrowing of soil and other agro-measures
are carried out (Sekenova et al., 2016).

The climate of Almaty region characterized
by high air temperature during the growing
season, insignificant precipitation, and low relative
humidity, evaporation of moisture by the soil and
water surface, which contributes to the development
of drought and wind erosion.

Drought is one of the most dangerous natural
phenomena in the warm half-year, causing enormous
material damage to agriculture and reducing the
yield of grain crops and pastures. Drought in spring

and summer is especially destructive. The purpose
of this study is to calculate and analyze the aridity
parameter on the territory of Almaty region, since
most of it used for the cultivation of crops, which in
turn is important for the economy and agriculture of
our republic.

Great attention is paid to drought forecasting.
Moreover, developed countries are trying to predict
it not only on their own territory but also on the
territory of other states, which, depending on the
aridity of the year, can either import or export grain,
livestock and other agricultural products (Radzka,
2015).

Baseline data and research methods

A different number of scientific works are
devoted to the problems of climatic and circulation
conditions of occurrence and preservation
of droughts. One of the widely used drought
characteristics (1) in practice is the hydrothermal
coefficient of G. Selyaninov (HTC):

HTC = 10 SR/St, (1)

where,

>R — the amount of precipitation in mm dur-
ing the growing season with air temperature above
10°C;

>t is the sum of air temperatures in ° C for the
same period.

Following Selyaninov G.T., moistening of the
vegetation period is excessive when HTC is> 2.0,
dry when HTC is <1.0 and dry when HTC is <0.5.
Long periods without rain, high temperatures and
low relative humidity of the air lead to the fact that
the plant has absorbed moisture reserves in the soil
are exhausted and soil drought occurs. While atmo-
spheric drought occurs rapidly and develops inten-
sively, the soil moisture reserves are depleted gradu-
ally. The transition from sufficient soil moisture to
the state of soil drought is relatively slow (Uteshev,
1959).

Recently, many researchers have used the pa-
rameter Si, proposed by D.A. Ped’ (2):

AT oR
Si= —= — @
ol AR
Si is the intensity of atmospheric-soil drought
at the i-th station, AT, AR is the deviation from the
normal values of air temperature and precipitation,
oT, oR are the standard deviations of the indicated
meteorological values. Then the following criteria
are used:
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Si > 0 — atmospheric drought

Si < 0 — excessive moisture.

According to the degree of intensity, droughts
are divided into weak (0.0 < Si < 1.0), medium (1.0
< Si <2.0), strong (2.0 < Si < 3.0) and catastrophic
(Si > 3,0) (Sadokov et al., 2001).

According to the data of air temperature T and
precipitation R for 30 years from 1986 to 2016, and
D.A. Ped’s formulation, the aridity index S for 3
summer months was calculated for 7 stations of Al-
maty region, relatively evenly located throughout its
territory (Fig. 1).
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Figure 1 — Location of meteorological stations in Almaty region

The average monthly data on precipitation and
air temperature from tables TM-1 were used as the
starting material.

Results and discussion

Table 1 shows the standard deviations of tem-
perature (oT) and precipitation (cR) for the period
of 1986-2016 in the summer period of the year at
seven stations of the Almaty region.

Following table 1, the standard deviations of
temperature o at stations in all summer months
vary slightly from 0.7 (Chilik in August) to 1.6 (Tal-
dykorgan in June).

The standard deviations of 6R precipitation vary
in the range from 6.9 (Chilik, August) to 31.2 (Al-
maty, June).
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From the calculations of the aridity index of
Ped’, table 2 shows the extreme values of the aridity
parameter (Smax) observed in the study area from
1986-2016.

Analysis of the data in Table 2 shows that a
severe drought observed throughout the study area.
At the same time, Smax varies from 2.4 (at Bakanas
station in August) to 4.7 (at Narynkol station in July).

In June, the average Smax value for the territory
of Almaty region is 3.1. The maximum is observed
in Chilik (Smax = 3.6) in 2008, the minimum in
Bakanas (Smax = 2.6) in 2008.

In July, the average Smax value for the territory
of Almaty region is 3.8. The maximum is observed
in Narynkol (4.7) in 2015, and the minimum value
is in Chilik (2.6) in 2015. At the remaining stations,
the Smax values range from 3.5 to 3.9.
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Table 1 — Standard deviations of temperature (6T) and precipitation (6R)

Station June July August
o, o, o, o, o, o,
Almaty 1,4 31,2 1,2 30,2 1,2 21,8
Bakanas 1,2 16,3 1,1 12,9 0,9 10,6
Kapchagay 1,3 26,7 1,2 28,8 0,9 11,4
Narynkol 1,0 23,6 0,8 24,7 0,8 20,2
Taldykorgan 1,6 22,3 1,2 27,5 1,2 16,4
Uzunagach 1,3 29,3 1,1 30,8 1,0 19,1
Chilik 1,0 9,6 1,7 24,6 0,7 6,9
Table 2 — Extreme values of the drought parameter during droughts Smax
Station June July August
Almaty 3,5 (2008) 3,9 (2015) 3,0 (2012)
Bakanas 2,6 (2008) 3,5(2015) 2,4 (1987)
Kapchagay 2,9 (1990) 3,8 (2015) 3,1(1987)
Narynkol 3,4 (1990) 4,7 (2015) 3,2 (1987)
Taldykorgan 2,9 (2008) 3,9 (2015) 2,2 (2014)
Uzunagach 2,7 (2001) 3,9 (2015) 2,7 (2012)
Chilik 3,6 (2008) 2,6 (2015) 3,3(2012)
Standart 3,1 3.8 2.8

In August, on average, for the territory the value
of Smax is 2.8. The highest value is noted in Chilik
(3.3)in 2012, while at other stations the Smax values
range from 2.2 to 3.2.

It should be noted that in all summer months
in the study area, extreme values are observed in
the last decade, and it can also be noted that at all
stations under consideration in July, the extreme
values decrease in 2015.

G.K. Turulina and G.T. Suleimenova studied
droughts in various regions of Kazakhstan also
showed that droughts of low intensity most often
observed, moderate droughts are less common, and
severe droughts are very rare. Extreme values of
the aridity parameter Smax can also be observed
throughout the study area and reach 2.4-4.1.
(Turulina et al., 2001)

According to the results of research by the
authors (Sal’nikov et al., 2015; Sal’nikov et al.,
2016), over the most part of Kazakhstan 5 dry years
were also observed (1991, 1995, 1991, 2010, 2012
and 2014), droughts occurring for two and three
months in a row.

Table 3 shows the number of cases with droughts
of varying intensity, observed in the territory of
Almaty region from 1986-2016 in the summer
period at 7 stations.

As can be seen from table 3, for the period under
review, the total number of cases with droughts of
varying intensity was 348.

Droughts of weak intensity S =0 — 1 are most of-
ten repeated. They account for 50.9% or 177 cases.

The greatest number of cases with droughts of low
intensity is observed at Bakanas station (29 cases) and
the least number of cases at Almaty station (24 cases).

The recurrence of droughts with an intensity of
S =1-2.1is equal to 30.5% or 106 cases of the to-
tal number of cases with droughts. The highest fre-
quency of occurrence is also observed at Bakanas
station (19 cases), and the least frequency at Almaty
station (11 cases).

The recurrence of severe droughts S = 2-3 is
even less and amounts to 13.2% or 46 cases. The
highest frequency of occurrence is observed at the
Almaty station (9 cases), and the lowest frequency
at the Bakanas and Chilik stations (5 cases).
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Table 3 — The number of cases with droughts of varying intensity for the study period

Station Drought Total number
Almaty S (0-1) S (1-2) S (2-3) S (3-4) cases
Almaty 24 11 9 3 47
Bakanas 29 19 5 1 54
Kapchagay 27 15 8 2 52

Narynkol 20 13 6 5 44
Taldykorgan 26 18 6 1 51
Uzunagach 26 14 7 2 49

Chilik 25 16 5 5 51
Amount 177 106 46 19 348

% 50,9 30,5 13,2 54 100

Catastrophic droughts with S = 3-4 are much

less common. Their repeatability is only 5.4% or 19
cases of the total.

Table 4 shows the catalog of dry years from S =
0-1 by months of the summer period in the territory
of Almaty region from 1986 to 2016.

Table 4 — Catalog of dry years with S> 0 over the summer period in the territory of Almaty region (1986-2016)

Months Years
June 1990, 1991, 1994, 1995, 1996, 1997, 2000, 2001, 2004, 2005, 2007, 2008, 2010, 2011, 2012, 2014
July 1986, 1991, 1994, 1996, 1997, 2000, 2005, 2007, 2008, 2009, 2011, 2012, 2013, 2014, 2015
August 1987, 1989, 1994, 1998, 1999, 2001, 2002, 2006, 2008, 2010, 2012, 2014

According to the data of table 4 it can be seen
that, during the period under review, 4 dry years
(1994, 2008, 2012 and 2014) were observed in the
Almaty region, during which a weak drought was
observed throughout the summer period.

There are droughts observed for 2 consecutive
months in 1991, 1996, 1997, 2000, 2005, 2007,

2011. It can also be noted that at the same time in
June and August, droughts were observed in 2001
and 2010.

For agricultural production, droughts are
dangerous when S> 1. Such droughts were observed
in the following years and months and are given in
table 5.

Table 5 — Catalog of dry years with S> 1 over the summer period in the territory of Almaty region (1986-2016)

Months Years
June 1990, 1995, 2001, 2005, 2008, 2012, 2014
July 1991, 1997, 2005, 2008, 2012, 2014, 2015
August 1987, 1999, 2002, 2006, 2008, 2012, 2014

Following data shoen in Table 5, a drought with
S>1 was observed for 3 consecutive months in 2008,

Droughts with the index S>2 are the most
dangerous for the life of people and for the economy

2012 and 2014. Also, at the same time in June and
July a drought was noted in 2005.
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ofthe republic, since they cause catastrophic damage
to the local economy (Table 6).
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Table 6 — Catalog of dry years with S> 2 for the summer period
in the territory of Almaty region (1986-2016)

Months Years
June 2001, 2008
July 2015
August 1987, 2006, 2008, 2012

Data analysis of table 6 showed that drought
with S>2 in Almaty region was observed in June
and August in 2008. Mostly severe droughts with

an index greater than 2 are observed after the
2000s.

Table 7 shows the deviations from the norm of
the average monthly air temperature (AT °C) and the
amount of precipitation (AR, mm) in droughts at sta-
tions of the Almaty region.

Also, here, the total for AT and AR is given the
number of cases for which they were averaged.

Analysis of the data in table 7 shows that for
droughts with intensity S (0-1) there are small air
temperature anomalies from 0.1 to 0.3°C and pre-
cipitation anomalies from -9.8 to -4.6 mm.

Table 7 — Deviations from the norm of the average monthly air temperature AT and the total precipitation AR for months with

droughts on average for the period from 1986 to 2016

Intensity of drought

Station S(0-1) S(1-2) S(2-3) S(3-4)
AT AR n AT AR n AT AR n AT AR n
Almaty 0,2 -9,8 24 1,0 -20,3 11 1,5 -28,9 9 2,7 -37,7 3
Bakanas 0,1 -4,6 29 0,9 -9,8 19 1,7 -11,5 5 2,6 -14,7 1
Kapchagay 0,2 -9,6 27 0,8 -13,2 15 1,7 -20,8 8 2,6 -20,4 2
Narynkol 0,1 -6,8 20 0,5 -19,5 13 1,1 -25,5 6 2,0 -29,7 5
Taldykorgan 0,3 -6,4 26 1,0 -15,1 18 1,9 -20,2 6 3.4 -28 1
Uzunagach 0,2 -8,5 26 0,9 -19,5 14 1,6 -23,4 7 2,5 -41,1 2
Chilik 0,2 -7,4 25 1,0 -8,7 16 1,5 -11,9 5 1.4 -10,7 5

Droughts with intensity 1<S<2 are characterized
by higher temperatures and insignificant monthly
precipitation. AT ranges from 0.5 to 1.0 °C, and AR
precipitates from -20.3 to -8.7 mm.

Severe droughts with intensity S (2-3) are uni-
versally characterized by higher temperature anom-
alies and significant precipitation deficits. Tem-
perature anomalies vary from 1.1 °C to 1.9 °C and
precipitation anomalies range from -28.9 to -11.5.

Catastrophic droughts with an 3<S<4 index are
characterized by even higher temperature anoma-
lies and significant precipitation deficits. Thermal
regime anomalies range from 1.4 °C in Chilik to
3.4 °C in Taldykorgan, and precipitation anomalies

range from -41.1 mm in Uzunagach to -10.7 mm in
Chilik. Almaty, Narynkol and Bakanas also have
large temperature anomalies and low AR values.

Besides, on the example of the drought in July
2014, atmospheric processes forming this danger-
ous phenomenon for the territory of Almaty region
have been considered. The initial material was the
combined-kinematic maps of natural-synoptic peri-
ods (n.s.p.) and the average maps of H500.

In July 2014, a drought of average intensity cov-
ered almost the entire territory under consideration,
and this year was selected for analysis, since droughts
were observed throughout the summer period and
mainly with the values of the index 1<S<2 (Table 8).

Table 8 — Distribution of the parameters S, T (°C) and R (mm) in July 2014 over the territory of Almaty region

Stations Almaty Bakanas Kapchagay Narynkol Taldykorgan | Uzunagach Chilik
S 1,9 0,7 1,6 1,2 1,7 1,2 1,0
T 24,9 25,2 25,9 16,6 25.4 23,0 25,6
AT 0,8 -0,6 0,9 0,4 0,9 0,2 0,6
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Continuation of table 1

Stations Almaty Bakanas Kapchagay Narynkol Taldykorgan | Uzunagach Chilik
R 9,0 2,4 12,5 44,9 4,5 16,3 7,1
AR -37,4 -15,9 -22,8 -15,8 -27,6 -31,3 -15,9

In accordance with table 8, droughts of me-
dium intensity were observed at all stations of
the study area, with the exception of Bakanas sta-
tion. Here, the index was 0.7 which corresponds to

droughts of weak intensity. Practically at all sta-
tions, rather high temperatures (16.6-25.9 °C) and
a small amount of precipitation (4.5— 44.9 mm)
were noted.
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Figure 2 — Average field H500 for July 2014

Figure 2 shows the synoptic processes of
July 2014. They are characterized by a vast area
of high pressure, covering almost the whole of
Europe, the North Atlantic, and the western part
of the ETR. The axis of the high ridge is oriented
from the Black Sea through Ukraine and Belarus to
Finland. As a result, dry and hot weather prevails
here. At the same time, to the east of this ridge,
cyclonic circulation prevails, usually accompanied
by abundant precipitation. The territory of Russia
and Kazakhstan is located in the region of a deep
altitude hollow, whose axis is directed from north
to south from the Arctic Ocean through Tyumen
and Astana to Tashkent. This ravine extends to
greater heights and the formation of cold air at
heights contributes to its formation. Central Siberia
and Mongolia are influenced by the high ridge. The
crest has been stationary for a long time and it has
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a blocking effect on the access of cold air from the
north and north-west to its territory. As a result,
the moisture content is reduced and dry and hot
weather is maintained.

The planetary altitude-frontal zone (PAFZ)
is located in such a way that dry transformed air
from Turkey and Iran passes through their territory,
passing through the southeastern part of Kazakhstan,
and the territory of Almaty region is influenced by
the western periphery of the anticyclone, which
causes a dry climate considered territory. During
such processes along the AFZ, high-pressure cores
invade from the Black Sea regions, as well as from
the northern regions of the ETR, which initially
carry with them dry arctic cold air. As they move
to the south and southeast, the air in these nuclei
warms up, and they themselves gradually increase
to anticyclones (Fig. 3-5).
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Figure 3 — CKM for 29.06-04.07.2014

Figure 4 — CKM for July 05-11, 2014

Figure 5 — CKM for July 17-20, 2014
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Droughts are characterized by processes leading
to stable anticyclogenesis over the study area —
crests or small anticyclonic formations that have
been present for a long time are formed in the
surface layers.

Conclusions

The territory of the Almaty region, therefore, is
a zone of risk farming, where droughts often occur.
And therefore, to predict them, besides the climatic
characteristics of droughts, it is necessary to take
into account the peculiarities of the circulating
processes of the Northern Hemisphere, leading to
the occurrence of droughts.

As a result everything above the following
conclusions arise:

1) extreme values of the aridity parameter during
droughts Smax varies from 2.4 (at Bakanas station
in August) to 4.7 (at Narynkol station in July). It
should also be noted that in all summer months in
the study area, extreme values have been observed
in the last decade, and it can also be said that at all
stations under consideration in July, the extremes
fall in 2015.

2) droughts of low intensity (0<S<1) most often
recur. They account for 50.9% or 177 cases. The
recurrence of droughts with an intensity 1<S<2 is
equal to 30.5% or 106 cases of the total number
of cases with droughts. The recurrence of severe
droughts (2<S<3) is even less and amounts to 13.2%
or 46 cases. Catastrophic droughts (3<S<4) are
much less common. Their repeatability is only 5.4%
or 19 cases of the total.

3) during the period under review, 4 dry years
(1994, 2008, 2012 and 2014) were observed in the

territory of Almaty region, during which a drought
was observed throughout the summer period. Also,
there are droughts, occurring 2 months in a row in
the years 1991, 1996, 1997, 2000, 2005, 2007 and
2011.

4) severe droughts are almost universally
characterized by high temperature anomalies and
significant precipitation deficiencies.

5) droughts are observed under the anticyclonic
weather regime, as shown by synoptic maps for July
2014.

6) July 2015 was the driest month for the
territory under consideration.

From the data of the Annual Bulletin of
Monitoring the State and Climate Change in
Kazakhstan for 2015, it is known that in 2015
global warming reached record levels as a result of a
prolonged rise in global temperatures caused mainly
by greenhouse gas emissions from human activity,
combined with El Nino phenomena. The global
average near-surface temperature in 2015 was the
highest, with an obvious margin from the ever-
recorded values, according to data sources analyzed
by WMO. The global average temperature this year
was higher by almost 0.76 + 0.09 °C compared
with the average value of the period 1961-1990.
and approximately 1 °C above the period 1850—
1900. Global average temperatures above the land
surface indicate that the highest temperatures in
the history of observations were observed in 2015,
2005, 2007 and 2010 are comparable. The global
average temperature at the sea surface in 2015 was
equal to the record value for 2014. As a result of the
combination of high temperatures on the land and
sea surfaces, 2015 was a total record year (NITS pri
RGP «Kazgidromet», 2016).
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