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Dust and sand storms are common dangerous weather phenomenon
in arid and semi-arid regions of Kazakhstan, especially in its southern parts
with a great variety of desert types and are a powerful source of mineral and
salt aerosols. The dust and sand storms aredistributed in Kazakhstan un-
evenly, depending on the geological structure, wind speed and soil texture.

In this study was used long-term meteorological data on dust storms
recurrence and their regional division in Kazakhstan. On the basis of gen-
eralization and analyses of the numerous cartographic materials, meteo-
rological observations, we identified the powerful sources of dust storms.
The regions in Kazakhstan with the highest frequency of dust and sand
stormsis Aral Sea region (Aralkum and Kyzylkum deserts). The most ac-
tive source of dust and sand storms is located in sandy deserts or in areas,
which have suffered from human economic activity. They are particularly
dangerous for the environment and have a great negative impact on soil
conditions.

Key words: dust storms, deserts, arid region, Aral Sea.

LLlaHAbI )KoHe KYMAbI AQybIAAQP ©Te KayinTi TabuFaT KyOblAbIChI XKo-
He oAap KasakcCTaHHbIH KYpFak, »KeHe >KapTblAal KypFak, ayAaHAAPbIHAQ
Kesaeceai. KasakcTaHHbIH OHTYCTIK GOAIriHAE TapaAFaH SPTYPAI LUBAAEP
MUHEPAAAbI XKOHE TY3Abl a3PO30AbAEPAIH HEri3ri owarbl GOAbIN Tabbl-
Aaabl. KazakcTaHaa WaHAbI JKeHe KYMAbI AQYbIAAAP alMaKTblH FeOAO-
TMSIAbIK, KYPbIABICbIHA, >KEA >KbIAAAMAbIFbIHA XKOHE TorblparbiHa GanAa-
HbICTbI GipKeAKi TapaAMaraH.

ByA 3epTTey >KyMbICbIHAQ LLAHABI >KOHE KYMAbI AAybIAAAPAbIH,
KarTaAaHybl GOWbIHLIA Y3aK, MepP3iMAI METEOPOAOTUSIAbIK, MOAIMETTep,
COHbIMEH KaTap oAapAblH KasakcTaH TeppuTopUSCbiHAQ ayAQHAACTbIPbI-
AYbl TYPaAbl MafAyMaTTap KOAAAHbIAFAH. Ker>KbIAAbIK, METEOPOAOTUSIABIK,
GaKblAay MBAIMETTEPIH >KaAMbIAQY >KOHE TaAAAy HETi3iHAE LAHAbDI JKoHe
KYMAbI AQybIAAAPAbIH KyaTTbl OLLIAKTAPbl aHbIKTaAAbl. KasakcTaH Teppu-
TOpUSCbiHAQ APaA MaHbIHAAFbl APaAKYM kaHe KbI3bIAKYM LLIOAAEPI LaH-
Abl >K8HE KYMAbI AQYbIAAAPAbIH KalTaAaHybl (KMIAIAIri)>)KOFapbl GOAATbIH
owakTap 60AbIN TabbiAaabl. EH GEACEHA LIAHADBI KOHE KYMAbI AQybIAADI
arfMaKTap KYyMAbI LUOAAEPAE HeMece apaam opekeTi H6acbiM arnmakTapaa
lwoFblpAaHFaH. LLIaHABI >keHe KyMAbI AQybIAAQP KOpLUaFaH opTa YLiH eTe
31SH >KOHE OAap TOMbIPAKThIH, >KafAalbiHA YAKEH KEpi 8cep eTeAi.

TyHiH ce3aep: WaHAbI AQYbIAAAD, LLIOAAEP, KYPFaK, anMakTap, Apaa
TeHi3i.

[MblAbHbIE 1 MecyaHble Gypu — OMacHble MPUPOAHbIE SIBAEHUS, KOTO-
pble pacnpoCTpaHeHbl B apUAHbBIX U MOAYapuAbIX pervoHax KasaxcraHa.
IOxHast yacTb KaszaxcrtaHa nokpbiTa NyCTbIHIMW PAa3AMUYHOrO TUMa, KOTo-
pble SBASIOTCS MCTOUHMKOM COAEBbIX M MMHEPAAbHbIX aspo3oAeit. B Ka-
3axCTaHe MblAbHbIE U MecyaHble 6ypu B 3aBUCMMOCTH OT Fr€OAOMMUYECKOro
CTPOEHMS, CKOPOCTM BETPA M NMOUBbI PACMPOCTPAHEHbI HEPABHOMEPHO.

B 3Tnx nMccaep0BaHMsX ObIAM MCMOAb30BaHbI AOATOCPOYHbIE METEO-
POAOTMYECKME AQHHbIE MO NMOBTOPSAEMOCTH MblAbHbIX/MECUaHbIX Oypb 1 1X
paioHnpoBaHmne Ha Tepputopmnm KasaxcraHa. Ha ocHoBe 0606uieHns m
aHaAM3a MHOTOUYMCAEHHbIX KapTorpamnyeckmx MaTepuaroB, METEOPOAO-
rMYeckux HabAIoAEHUIA BbIAK ONPeAEAEHbl MOLLHbIE MCTOYHMKM MbIAbHbIX/
necuatbix 6ypb. Ha Tepputopun KasaxcraHa [Npuapaabs nycTbitm Apas-
KyM 1 KbI3bIAKYM SIBASIIOTCSI MCTOUHMKAMM MbIAbHbIX/MECUYaHbIX OYpb C UX
BbICOKOM 4acToToi. Hanboaee akTUBHbIE MCTOUHMKM MbIAbHbIX M MEecya-
HbIX BYpb HAXOASTCS B MecYaHbIX MyCTbIHAX MAM B paiioHaX, rae B GOAb-
e YaCTU AOMUHMPYET XO39MCTBEHHAs AEITEABHOCTb YeAoBeka. [biAb-
Hble/necuyaHble 6ypy OYeHb OMacHbl AAS OKPY>KAIOLLE CPeAbl M UMEeT
GOAbLLIOE HEeraTMBHOE BAUSIHME HA COCTOSIHME MOYBEHHOrO NMOKPOBa.

KAtoueBble CAOBa: MbiAbHble Oypu, MYyCTbIHW, APUAHbBIE PErMOHbI,
ApaAbCKoe mMope.
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Introduction

A dust event is a meteorological phenomenon common in
arid and semi-arid regions and arises when a gust front passes
or when the wind force exceeds the threshold value where loose
sand and dust areremoved from the dry surface [1-2]. Dust storms
sources usually are associated with arid and semi-arid areas of the
temperate, tropical and subtropical latitudes, where the mean annual
precipitations are below 200-300 mm [1]. According to a large
number of researchers dust storms are the result of turbulent wind
systems entering particles of dust into the air, when the visibility is
reduced to below 1000 m [3-5].

Dust, sand and salt storms are common events that occur in the
arid and semi-arid regions of Kazakhstan and Central Asia. Central
Asia and the Southern Kazakhstan is a region with a high frequency
of dust, sand and salt storms. The region is characterized by strong
winds, scarcity of vegetation cover, continental climate with long
and dry summers, frequent of soil and atmospheric droughts. Many
Kazakhstan drylandsare represented by sandy and solonchak deserts
of natural and anthropogenic origin, which are the powerful source
of mineral and salt aerosols [6-7]. Sandy deserts and other types of
deserts identified like active source areas of dust and sand storms. A
powerful source of dust and salt aerosols is the dried bottom of the
Aral Sea, which for millions of years was the receiver of the salts of
the Aral basin [8-10].

The deflation process as a sand and dust storms are dominate in
the Aral Sea region with solonchak, gray-brown, takyr, takyr like
and sandy soils. Starting with theintensive development of irrigation
in the Aral Sea basin at the beginning of the 1960s andirrational
use of water resources, significant areas of secondary saline soils
and anthropogenicsolonchakhave been appeared. These areas are
source of salt transfer and these salts havenegative affect on the
environment and living conditions of local population. White or
saltstorms are formed as a result of the deflation of the solonchak,
salt deposits, and other looserocks that saturate the air by dust
particles. Salt is an indispensable component and companion of
dust [9, 11]. Salt/dusttransfer and their deposits affect the air and
soil surface quality, ground water includingdrinking water, quality
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of agricultural and livestock products. By 2000
42.000 km?of theseabed was exposed resulting in
a new Aralkum Desert (Man-Made Desert) became
activepowerful source of dust/salt storms and
transfer during last two decades of the 20"century.
The desiccated seafloor is a huge open often bare
surface rich in salt. The amount of saltsfrom the
exposed bottom of the Aral Sea reached 15-75*10°
t p/year and raised considerableconcerns of the
impact on human health [12].

For better understanding of soil/land degradation
and deflation processes, it is necessaryto reveal the
regional divisions in the Aral Sea region, which are
mostly prone to the dust/sand/salt storms. The aim
of this study is the detection of dust/sand/salt storms
sources, finding the causes of this phenomenon,
based on consideration and analysis of numerous
cartographic materials, data from weather stations
hence providing the accurate picture of frequency of
dust and sand storms in the Aral Sea region.

Study area

Aeolian sand and dust transportation is a natural
process. Its intensity and impact can beamplified
in regions where anthropogenic components are
added. This is especially, the case in the Aral
Sea basin, located mostly in the Central Asian
countries of Kazakhstan and Uzbekistan. The basin
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is characterized by natural sandy deserts like the
Pre-Aral Karakum, Kyzylkum and Karakum, and
the Usturt Plateau (Fig. 1). Annual precipitation is
less than 100 mm in the central lowlands near the
Aral Sea and in the Kyzylkum and Karakum deserts
[13-14]. Unlike many other arid areas, the Aral Sea
basin is also intensely cultivated.

The climatic conditions of the Aral Sea region
are mainly governed by relatively low elevation [15].
Based on a variety of synoptic processes, rainfall
patterns, annual and inter-annual temperatures,
the Kazakhstan part of the Aral Sea belongs to the
northern climatic province, which is characterized by
cold and dry continental patterns of a Central Asian
climate. Mean annual temperature is between 5 and
11 °C. Total rainfall varies between 80-200 mm[16].
Chemical composition of the soil is sulfate-chloride
[9], formed on the sandy and loam maritime soils.

Most parts of the Aral Sea region are
predominantly covered by fine sands and soils, which
is highly prone to wind erosion and the formation of
aeolianlandforms [17]. Grain sizes average from 90—
160 um on the desiccated seafloor, and are smaller in
young territories (desiccation 1980, 1990, 2000) and
larger in old ones (1960, 1970). Adjacent desert areas
(former coastal dunes, former islands, sandy deserts)
have an average particle size of 170-270 pm, which
make them highly susceptible to wind transportation,
especially across long distances [17-18].
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Figure 1 — Study area

Materials and methods
Dust/sand storms appear in the condition of

some critical thresholds of wind speed, depending on
topography and soil structure when unrelated particles
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areless than 250 microns, high soil dryness, and scarcity
of the vegetation cover and so these thresholds vary
from region to region [5, 18].Dust storm observations
were made at meteorological stations located in
particular areas of interest in Kazakhstan.
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For the analyses, we used data of the “Dust
storm climatology for Kazakhstan database”. Our
database is the archive data collections contained
in the “Reference Books of Kazakhstan climate
(2003)”. This database contained the monthly 39
years average number of days with dust storm for
each weather station (30 weather stations) and their
frequencies. We have analyzed seasonal frequency
of dust storms in different regions in Kazakhstan
according to average number of days with dust
storms in different months for the period 1966-2003.
Long-term (many years) variability of the dust
storms frequencies wasanalyzed using data from
1971-2010.

Results and discussion

Aral Sea region is the main dust, sand and
salt storm source. Dust and sand storms are
common events in the arid and semi-arid regions
of Kazakhstan [18- 19]. According to observations
of the meteorological stations, the high wind speed
regime and scarcity of vegetation cover, frequent of
soil and atmospheric droughts and for the continental
climate of Kazakhstan, dust storms are typical for
continental climate of Kazakhstan almost all over
territory of the republic. However, the distribution
and frequency of dust storms in Kazakhstan is
heterogeneous and spotty within the territory of
Kazakhstan and is characterized by large diversity.
Sandy and solonchak deserts such as Naryn, Pre-
Aral Karakum, Kyzylkum, Aralkum and Southern
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pre-Balkhash in the southern part of Kazakhstan are
main source of dust and sand storms.

The high frequency and long duration of dust
storms is a feature of arid regions, including the
Aral Sea region. Arid climatic conditions and open
surfaces with fine grain sizes are quite favorable
for the development of dust storms in the region.
Formation of dust and sandstorms in the Aral
Sea region contribute to unfavorable (adverse)
weather conditions and the state of the soil surface.
Strong winds are often recorded in the region,
with mean wind speeds reaching 6 to - 7 ms! at
the meteorological stations of the region. In the
summer, the maximum wind speeds can reach
20 to - 25 m s[18, 20].These natural factors
determine the high vulnerability of the territory to
the development of deflation processes as a dust
and sand storms. The frequency ofdust and sand
events between 1971 and 2010 at three Kazakhstan
meteorological stations alongthe Aral Sea region
was shown in Fig.2. Active deflation processes
were observed at MS in 1972-1979, 1985-1991,
2001-2005 (Fig.2).

The most frequent storms were observed in the
northern Aral Sea region (Aral Sea MS), where their
long-term average frequency reached 36 to - 110
days per year, compared to 9 to - 33 days per year in
the east (Kyzylorda MS, Zhusaly MS).

The largest dust/sand storm sources were the
Pre-Aral Karakum(Aral Sea MS) and Kyzylkum
deserts, where dust/sand storms occur from 40 to -
110 days out of the year (Fig.2).
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Figure 2 — Long-term dynamics of dust and sand events in the largest dust storm source of Aral Sea region for period of 1971-2010

Additionally, the Aralkum Desert is the main
source of dust, sand and salt storms. The arid
climate, open surface with fine grain sizes are
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favorable for the development of regular dust, sand
and salt storms in the man-madeAralkum Desert.
In the Aralkumregion the frequency of dust storms
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has increased since the 1980s and since 2000 almost
all meteorological stations in Central Asia are
registering an increase in the dust storm activity
[13,21].

The seasonal distribution of dust and sand
storms in the Aral Sea region. Kazakhstan is a large
region of variability of geographical and climatic
features, therefore dust storms activities vary with
annual and inter-annual scales. In general, the
Kazakhstan dust storms outbreaks are common
in the spring and summer seasons. According to

averagenumber of days with dust storms in different
months for the period of 1966-2003, we found
peak from April-July (Fig. 4). Due to the drastic
risein the temperatures and high wind speed in the
spring, the southern deserts surfaces sufferfrom
rapid evaporation of precipitation, which together
with strong winds favors the development of dust
events. The Kyzylkum, Pre-Aral Karakum are the
main regions of Kazakhstan, where dust storms are
common, especially duringApril-October and April
through August respectively (Aral Sea MS).

Kyzyvlorda region

@
>: 15
10 —
x e ——
% I I I v v VI VII VIIT X X P X
E MONTH

—— Aral sea Zhusaly Kyzylorda

Figure 3 — Seasonal frequency of dust storms in the Aral Sea regionfor the period of 1966-2003

Conclusion

The vast expanse of deserts across Kazakhstan
and Central Asia experience dust storms of
different frequencies, intensities and durations.
The frequency of dust events varies over a wide
range of 5-146 days of dust storms per year. Aral
Sea region is most prone to the dust, sand and salt
storms. Human activities have changed the level
and volume of the Aral Sea. Syrdaryaand Amudarya
rivers regulation,provoke land/soil degradation and
contributed to the development of intensive deflation
and desertification processes.Analysis of the data on

dust and sand storms shows that the northern parts
of the Aral Searegion exhibited dust storms more
frequently than the eastern parts. Nevertheless, in this
region the anthropogenic causes are playing major
role in the origin of the dust, sand and salt storms.
The Aralkum (Man-Made Desert) and Kyzylkum
Deserts became active and main powerful sources
for aeolian dust, sand and salt storms and transfer in
the Aral Sea basin. The powerful source of aerosols
have a great affect on the climate and environmental
situation in the Central Asia and Kazakhstan. These
aerosols can seriously pollute the air and water lead
to the soil salinization and vegetation degradation.
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