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Glaciers are among the world’s best recorders of, and first responders
to, natural and anthropogenic climate change and provide a time perspec-
tive for current climatic and environmental variations. According to our
previous results, glaciers in the Karatal river basin shrinking faster than
other glacierized catchments of Central Asian mountains, including Tien-
Shan, Altai and Pamir. In our investigation, we consider and discuss the
possible factors of dramatically decreasing glaciers in the Karatal river
basin, and their role in glacier fluctuation. We conclude that considered
glacierized basin are located in the most unfavorable conditions for glacia-
tion, and as a result showed a higher shrinkage rate than other glacierized
regions of the Central Asia from 1956 to 2012.

Key words: glacier shrinkage, Karatal river basin, topographic factors,
climate change.

My3AbIKTap AYHMEXY3IHAEr eH Y3AIK pernmcrpaTopAapAbiH, Oipi
60AbIN  Tabbinaabl. Oaap TabuFM >K8HE aHTPOMOreHAIK CuMaTTarbl
KAMMaTTbIH ©3repyiHe 6ipiHLi 60AbIN xxayan 6epeAi, COHbIMEH KaTap yakbIT
6oWbIHLLIA Ka3ipri Ke3Aeri KAMMATTbIK )KOHE SKOAOTMUSIAbIK, ©3repiCTepAiH
aAparbl epbyiH kepceTeai. Bi3AiH aAAbIHFbI 3epTTey HaTMXKeAepimisre
conkec KapaTtaa e3eHi anabbiHAarbl My3abikTap 6acka OpTanbik A3us
TayAapblHAQFbI, COHbIH iwiHAe TaHb-LLlaHnb, AaTai xeHe [MammpaiH cy
JKMHAy aAanTapblHAAFbl MY3AbIKTapFa KapaFaHAQ Te3 epin >aTkaHbl
GankaAAbl. ATaaFaH 3epTTey >KyMbiCbiHAQ Kapartaa e3eHi anabbiHAAFbI
MY3AbIKTAPAbBIH,  XXbIAAAM  €pYiHiH  (DakTopAapbl  >K8He  OAapAblIH
MY3AbBIKTAp aybITKYbIHAQFbl POAI KQPaCTbIPbIAbIN, TaAAAHAbBI. 3epTTeAin
OTbIPFaH MY3AbIKTbl alMak, eH KOAAMCbI3 >XXafAarAa OpPHAAACKaHAbIKTaH
1956-2012 >binpap apasbiFbiHaa OpTaAbik, A3Msiaarbl 6Hacka My3AbIKTbl
aMaKTapAblH ilWIHAE >KOFapbl >KbIAAAMADBIKTA KbICKApPYyFa YllblpaFaH
AEreH KOPTbIHAbIFA KEAAIK.

Tyviin ce3aep: My3AbIKTbIH as3aiobl, Kapataa e3eH aAabbl, Tornorpa-
pusAbIK, hakTOpAAP, KAUMATTbIH, ©3repyi.

AEAHVKM 9BASIOTCS OAHMMM M3 AyULIMX B MMPE PerncrpaTtopos
M MepBbIMM pearMpyloT Ha MW3MEHEeHWe KAMMAaTa MpPUPOAHOro U
QHTPOMNOreHHOro XxapakTepa, MOKa3blBAIOT MEePCNeKTUBY COBPEMEHHbIX
KAMMaTMUEeCKMX W 3KOAOTMYECKMX M3MeHeHW BO BpemeHu. CoraacHo
HalMM MPeAbIAYLLIMM pe3yAbTaTam, AeAHMKM GacceiriHa peku Kapartaa
COKpALLLAIOTCS  ObICTPEE, HEXEAU AEAHVMKU APYrMX BOAOCOOPOB rop
LleHTpaabHoM A3mn, B TOM umncae TaHb-LLaHg, AaTas n [Nammpa. B AaHHOM
MCCAEAOBAHMM PACCMOTPEHbl M OOCY>KAEHbI BO3MOMHbIE  (hakTopbl
PEe3Koro COKpALLEHWUs AEAHMKOB 6GaccemHa peku Kapataa u mx poam
B KOAeBaHUI AeAHMKA. Mbl MPULIAM K BbIBOAY, UTO pacCMaTpUBaeMblit
OAeAEeHEeHHbI 6accernH PacrnoAOXKeH B CaMbiX HEGAArONPUSTHBIX YCAOBMUSAX
AASl OAeAeHeHUs. B pesyabTaTe OH MmeeT GOAee BbICOKYD CKOPOCTb
COKpaLLLeHNSs, YeM APYrMe OAeAEHEHHble pernoHbl LleHTpaabHOM A3nn ¢
1956 no 2012 roa.

KAtoueBble cAoBa: coKpalleHue AeaHMKa, bacceiiH peku KapaTtaa,
Tonorpacuueckme @akTopbl, U3MEHEHME KAMMATA.
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Introduction

Mountain glaciers are a sensitive indicator for climate change
[1] as well as essential water storage areas on a seasonal, mid-term,
and long-term time scale [2]. Various researches based on remote
sensing methods founded that Central Asian glaciers has accelerated
their shrinkage at the last several decades [3-5], mainly those that
are located on the peripheral regions of the Tien Shan [2,6]. Glacier
retreat will continue to be a crucially important topic during the next
century in regards to the hydrological regime of the Central Asian
regions. It is more important when the mountains are surrounded
by deserts and oases, where irrigation time usually relies on glacier
melt [2]. In the Karatal river basin (KRB), these situations can be
found, where the water is formed mostly in glacierized catchments
that drain into dry lands. The runoff generated in KRB is used for
hydropower production at four hydroelectric power stations and fur-
ther downstream for irrigation in south-eastern Kazakhstan.

The area changes of the glaciers investigated in the Karatal river
basinconfirmed an expected and widely published trend of glacier
shrinkage [7,8]. However, with the shrinkage rate of about -0.8%
to -1% a’! for the periods of 1956-1989 and 1989-2012, our results
for this study area [12] showed a highest decreasing rate and it com-
pared to other glacierized areas of Central Asian mountains, includ-
ing Altai, Tien Shan and Pamir [3,4, 9,10].

The purpose of this investigation is comprehensive discussion
of shrinkage rate of glacierized regions of Central Asia by compar-
ing the glacier’s climatic condition, their topographic and geometric
characteristics.

Reasons for glacier shrinkage
Glacier shrinkage and climate

Ofall the factors contributing to glacier variation, climate change
may be the most important [11]. Glacier fluctuations on timescales
longer than a century are controlled mainly by temperature,not
precipitation. Glacier fluctuations on timescales shorter than 10
years, or in a limited spatial scale, are determined by precipitation

[11].
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The linear trend analysis [12] of average annual,
summer (JJA) temperature from close Taldykorgan
station showed that the mean rate of temperature in-
crease was 0.43 °C (10a)-1, while the summer (JJA)
temperature rose 0.28 °C (10a)-1. However, from
1960 to 2007, records at the same station displayed
a slight decrease in annual precipitation. Increase in
temperature results to: (1) rising energy available
for glacier- and snow-melt; (2) less snow accumula-
tion; and (3) lower albedo of the glacier surface [11,
13,14]. The temperature increase caused the rainfall
rate to increase, rather than snowfall in the high al-
titude glacierized areas, leading to a reduction of
accumulation and the acceleration of ablation, espe-
cially during the summer. Between 1960 and 2007,
two climatic factors — increased temperature and
slight decreased precipitation — led to significant
glacier area loss[12].

Glacier shrinkage and location

Regionally varying result to climate change
implies that glacier decrease is less influenced in
the continental inner ridges than in the more mois-
ture outer ridges. Results among previous stud-
ies showed big variations in different parts of Tien
Shan: -0.76% a!' (mid-1970s - mid-2000s [10]) in

western Tien Shan; -0.38% a! (1963-2003[15]) and
-0.76% a' (1963-2000 [16]) in northern Tien Shan;
-0.11% a' (1975-2008 [17]) in central Tien Shan
and -0.35% a!' (1963-2000 [5]) in eastern Tien Shan.
This intensive decrease of glacier area is in close
agreement with previous researches, which showed
that the most glacierized area loss happened in the
outside ridges of the Tien Shan and the peripheral,
lower altitude ridges close to heavy urbanized areas
[6]. The study by Aizen et al. [15]for 1977-2003 in
the inner region of Tien Shan and [18] for 1971—
2002 in the western Tien Shan indicated a glacial
decrease of 8-9% or 0.26-0.29% a!, while in the
peripheral ranges of the northern Tien Shan shrank
remarkably faster. For instance, a study by Bolch
[3] for Zailiyskiy (Ile) and Kungey Alatau found a
shrinkage rate of -0.73% a! for 1955-1999. The re-
search by Kokarev and Shesterova[19] studied gla-
cier areas in the southern part of Zhetysu Alatau in
a region close to our study area, and the shrinkage
rate was also quite high, at about -0.86%per year.
[2] mapped glaciers in the Big Naryn basin during
the year 2007. By comparing their results with the
Soviet glacier inventory (1955), they reported that
the rate of decrease varied from -0.27% to -0.81%
a’! between mountain ranges, showing an increasing
shrinkage rate from the inner to outer parts.
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Figure 1 — Sand/dust movement direction in the southern Pre-Balkhash deserts [24]
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The glaciers in the outer ranges of Tien
Shan that receive the highest precipitation
volumes are particularly sensitive to climatic
changes due to their large mass-turnover rates.
Glaciers in the inner ranges react with larger
time lags to climate change, because accumu-
lation and thus mass turnover of the mainly
cold glaciers are relatively small [6,20]. The
relative insensitivity of glaciers in the inner
ranges is further accentuated by the higher av-
erage altitude, as the ELA varies from 3500
to 3600 m a.s.l. in the outer ranges to 4400 m
a.s.l. in the inner ranges.

a) Before climate change

Valley Glacier

Glacier shrinkage and topography

Although climate warming has been the main
cause of glacier changes during the last 56 years, the
topographic factor also plays an important role. An
additional reason for greater area loss may be the
lower elevation of the glaciers in the Karatal com-
pared to other regions of the Tien Shan. A rise in av-
erage temperature, with no change in precipitation,
will result positive change of the ELA by about 150
m for each degree [25]. At lower elevations, such an
upward shift of the ELA raises the risk of the entire
area of glaciers falling into the ablation zone (Fig. 2).
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c) After readjustment to climate change
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Note: a) For a given climate, the ELA has a specific altitude (ELA1), and all glaciers have a specific size;b) Due to a temperature
increase, the ELA shifts upwards to a new altitude (ELA2), initially resulting in reduced accumulation and larger ablation areas
for all glaciers; c) After glacier size has adjusted to the new ELA, the valley glacier (left) has lost its tongue and the small glacier
(right) has disappeared entirely

Figure 2 — Schematic of three types of glaciers located at different elevations, and their response to an upward shift of the
equilibrium line altitude (ELA)(from IPCC [25])
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In our study [12], all elevations showed a re-
duction of glacier areas during 1989-2012; how-
ever the largest area changes occurred on the
western and north-western aspects. South-facing
glaciers were not widespread in the study area,
but individual glaciers showed a remarkable re-
duction in glacier area. Previous researches pub-
lished that the most active decreasing is moni-
tored at the ice bodies situated on the southern
aspects, while ice bodies on northern aspects are
more steady [9,10], because of south-facing as-
pects get a more part of radiation and a more part
of energy for glacier melt [7]. Moreover, because
of the greater incoming solar radiation, especial-
ly on the southern aspects, because of the gen-
eral trend of increasing temperatures after the
late 1970s [21]. Additionally, most ranges of the
Zhetysu Alatau, which are oriented to the west
(Fig. 1), are also under the influence of summer
warm westerly that originate over the deserts lo-
cated to the south of Lake Balkhash [22,23]. The
exposition to moisture air masses and dominat-
ing wind directions are strongly controlling the
ELA elevation on ice [2]. Furthermore, the west-
erlies are long distance carriers of fine-grained
loess from the deserts of Central Asia to Tien
Shan (Fig. 1)[23, 24], which pollutes glacial sur-
faces, intensifying the melting rate [21]. Espe-
cially glaciers located on the western slopes that
face strong winds and dust storms from the de-
sert could be contaminates more intensively. The
frequency of dust storms directed to part of the
Zhetysu range has increased during the last few
decades (Fig. 1) [24], so the shrinkage rate of our
study area, located in the western Zhetysu Ala-
tau, is almost three times as severe (-0.86% per
year) as the Bortala River in the eastern Zhetysu
Alatau (-0.32% per year) [11]. Ice melting can be
significantly altered by debris on glacier surface.
However, due to low elevation in the eastern part
of Tien Shan thick debris cover on glaciers of
KRB almost absent.

Glacier shrinkage and size

Regions with mostly small-sized ices are
more sensitive to change due to smaller glaciers
have a shorter response time to climate change
[26,27]. It is also reported, that smaller glaciers,

with a greater area-to-margin-length ratio, de-
creases quicker than bigger ices under the same
melting speed [28]. In the Karatal river basin,
the vast majority of glaciers were small, with
sizes less than 1 km? Small glacier areas cov-
ered more than half of the total area, which is
usual in mid-latitude ranges. Our results [12]
indicated that the mean size of the glacier area
in the Karatal river basin was 0.588 km?* The
difference in the shrinkage rates of glacier ar-
eas among the sub-basins in our research terri-
tory can be explained by the difference in mean
size and aspect. For example, Terisakkan had the
highest rate of shrinkage, reaching -39% from
1989-2012. The mean size of the glaciers in Teri-
sakkan was almost two times smaller than those
in the Kora sub-basin, where the shrinkage rate
was -21% for the same period.

Other factors

A misclassification of snow patches as gla-
ciers leaded to the overestimation of losses in
number. Due to the delineation of first Catalogue
of Glaciers is neither published in detail nor re-
producible, this possibility cannot be validated
[2]. In previous published works [29,30], where
original images of the Catalogue of Glaciers
were available, researchers have re-calculate
glacierized area and found around 5% of differ-
ences between their calculations and the Cata-
logue of Glaciers. Errors in the Catalogue of
Glaciers may also be the reason of more number
rate of vanished ice bodies.Nevertheless, this
results fluctuates widely, depending on the used
image quality, human impact and debris on gla-
cier surface [30]and therefore is not necessarily
representative for the whole Catalogue of Gla-
ciers [2].

It is also reported that [6], intensive ur-
banized areas can impact negativly on gla-
ciers fluctuation. Investigated glaciers located
closely to urbanized areas, the distance be-
tween the glacier and Tekeli town is aproxi-
matly only 40 km.

All listed factors (Fig. 3) together made the
most unfavorable conditions for glaciation in the
Karatal river basin, thus led to significant area
loss.
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Figure 3 — All factors of shrinking glaciers

Conclusion

The rapid shrinking rate was likely connected not
only to the location of our study area in the periphery
of the Zhetysu Alatau, which had less favorable
climatic conditions than the inner ranges, but also
to the comparatively smaller glacier sizes with a
complete absence of debris cover. The differences
in glacier area shrinkage among the close basins
can be explained by variations in sizes, orientations,
and local climate conditions. No glaciers advanced

during our periods of investigation.

Climatic condition play basic role on glacier
status. Two main climatic factors, statistically
significant temperature increasing and precipitation
slight decreasing, played the main cause in the
glacierized area loss in the Karatal river basin.

We conclude that glacierized areas of the Karatal
river basin are located in the most unfavorable
conditions for glaciation, and as a result showed a
higher shrinkage rate than other glacierized areas of
the Tien Shan.
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