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Abstract

Our glaciological studies were conducted for the periods of 1956-1989, 1989-2001 and 2001-2012 based on Land-
sat TM/ETM+ data analysis. Well-established semi-automated band ratio technique was applied for glacier mapping.
Result showed comparatively highest shrinkage rate (-1.02%) than in other glacierized areas of Central Asian moun-
tains, including Altai, Tien Shan and Pamir. We also analyzed long-term climatic and runoff fluctuation for the different
sub-basins of the Karatal River with various size of glacierized area. Positive trend in annual discharge was detected
in almost all glacierized tributaries of Karatal River during last half century.

Mountain glaciers are a sensitive indicator for climate change [IPCC, 2007] as well as essential water
storage areas on a seasonal, mid-term, and long-term time scale [5]. Various researches based on remote
sensing methods founded that Central Asian glaciers has accelerated their shrinkage at the last several dec-
ades [1, 4, 8], mainly those that are located on the peripheral regions of the Tien Shan [5, 10].

In spite of the glaciers’ importance to the economy, regular glacier mass balance and other ground-based
glaciological measurements were discontinued in the Karatal River basin, as well as in the entire Zhetysu
Alatau mountains, after the collapse of the USSR during the 1990s. The first detailed glacier inventory, the
‘Catalogue of Glaciers’ (‘GI’ USSR 1980), was published in 1980, and was based on airborne imagery from
1956. Cherkasov [2] compiled the second glacier inventory, using topographic maps on a 1:25000 scale,
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based on aerial photographs taken in 1972, and two more limited glacier studies were conducted for the
1990s and 2000s. These inventories, however, remained as unpublished reports [ 11]. Nevertheless, analyses
of the glacier changes for basins located in the entire Zhetysu Alatau were reported by several authors, who
estimated that the total decrease of the glacier area in Karatal River was 34.8% during 1956-2000 [7, 8, 11].
However, glacier changes in the Zhetysu Alatau, including Karatal River basin for last one and half decade
has not been published. Thus, glacier changes in surface area in Zhetysu Alatau, including Karatal basin
glaciers, are still poorly understood.
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Fig. 1 Geographical location of study area

The Karatal River Basin, which is the largest basin in Zhetysu Alatau, covers an area of 19,100 km2;
the total area of the four sub-basins studied here is 4370 km2 (Fig. 1).

Our glaciological studies were conducted for the periods of 1956-1989, 1989-2001 and 2001-2012
based on Landsat TM/ETM+ data analysis. Well-established semi-automated band ratio technique was
applied for glacier mapping. All of the selected Landsat TM, ETM+ images were in good condition, and
almost free of clouds and snow. Nevertheless, several images for each period were also used because of
different snow conditions and ETM+ image gaps. Images provided by the USGS were processed to Stand-
ard Terrain Correction (Level 1T), achieving systematic geometric and radiometric accuracy. Geodetic
accuracy of the images depended on the accuracy of the ground control points and resolution of the used
DEM (30 m).

In 1989, we found 243 glaciers with a total area of 142.8 km? that by 2012 had shrunk to 214 glaciers
with a total area of 109.3 km?—a decrease of 33.5 km? over 23 years or -1.02% per year. We also analyzed
the shrinkage rate of glaciers based on their differences in size, altitude and aspect of slopes, as well as other
topographic parameters in four sub-basins, where glacier shrinkage varied from 18% to 39% (Table 1).

Annual runoff of the almost all sub-basins showed increasing trend for different seasons for entire ob-
served time. Increasing discharge trend was statistically significant in more glacierized catchments (Kora,
Koksu and Terisakkan). Trends of runoff for the melting times were close to those in annual period (Table 2).
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Table 1
Changes in glacier area
Region Area change (%) /annual rate (%) Meap size
1956-89 | 1989-01 | 2001-12 1956-12 | 1989-12 (km?) in 1989
Terisakkan -40/-1.22 | -23/-1.96 | -20/-1.8 -63/-1.13 -39/-1.68 0.403
Koksu -31/-0.93 | -15/-1.24 | -13/-1.14 -48/-0.86 -26/-1.11 0.506
Chizhin -44/-1.32 | -15/-1.24 | -9/-0.79 -56/-1.0 -22/-0.97 0.445
Kora -28/-0.61 | -14/-1.03 | -7/-0.63 -35/-0.62 -18/-0.80 0.873
Total -28/-0.86 | -14/-1.20 | -11/-0.96 -45/-0.81 -23/-1.02 0.588
Glaciers <O.TKM" | 24104 | -681563 | 221199 | -83:149 | -75-325 0.031
in 1956
Table 2
Characteristics of sub-basins and changes in annual runoff
Glaciation, % azngﬂgf rTjig:"f I\él;a(lrr:];;:)- Basin area(km2)
Kora 14 3.32 14.1 484
Koksu 7 2.38 39.2 1590
Terisakkan 5 2.31 9.3 293
Chyzhyn 2 -0.43 11.6 479
Tekeli 0 0.86 2.2 193

But, streamflow for the cold months showed higher increases in entire observed time for all sub-basins,
but the absolute changes remained small. Less glacierized (Chizhin) and non-glacierized sub-basins (Teke-
11) show lower increasing trend in the melting season and annual time.

The area changes of the glaciers investigated in the Karatal River basin confirmed an expected and
widely published trend of glacier shrinkage [3, 8, 12]. However, with the shrinkage rate of about -0.8%
to -1% a-1 for the periods of 1956-1989 and 1989-2012, our results for this study area showed a highest
shrinkage rate shrinkage rate compared to other glacierized areas of Central Asian mountains, including
Altai, Tien Shan and Pamir [1, 4, 8, 9]. Regionally varying result to climate change implies that glacier
decrease is less influenced in the continental inner ridges than in the more moisture outer ridges.

The very high shrinkage rate is likely connected with a general trend of increasing temperature, small
size of glaciers and their location on the low altitudes of the outer Zhetysu Alatau ranges. Therefore, we
concluded that glacierized areas of the Karatal River basin were located in the most unfavorable conditions
for glaciation, and as a result showed comparatively highest shrinkage rate than in other glacierized areas
of Central Asian mountains, including Altai, Tien Shan and Pamir.
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Abstract

The comparative analysis of data on dynamics of water table depth was carried out in three peat cores with
different properties and age, collected in the southern taiga of Western Siberia. Obtained unidirectional synchronous
changes in water regime of peatlands are most likely the result of climatic change. Increase of water table depth is
noted for 450-700, 1300-1360, 1650-1750, 3500-4350 cal. yr. BP, decrease — 300-400, 1400- 1500, 4600-5200 cal. yr. BP
Differences in the reconstruction of the water table depth in the peat cores is the result of local endogenous processes.

[Taneoskonoruueckue UCCie0BaHus TOPPSHBIX OTI0KEHUH MO3BOJISIIOT PEKOHCTPYHPOBATH UCTOPHUIO
(dopmupoBaHus OOJOTHBIX MACCHBOB, OKPYKAIOIIUX MX JAHIMIA(TOB, a TAKXKe IMO3BOJISIOT MOTYyYaTh WH-
(opmManunio 0 MPOUCXOIUBIINX 32 BpeMs TOP(HOHAKOIIICHUS KIMMAaTHUECKUX U3MeHeHHsIX. OJJHUM U3 CTO-
cO0OB BBIJICICHUS KIIMMAaTHYECKUX CUTHAJIOB SIBJISIETCS] CPAaBHEHHE JTAaHHBIX O IMHAMHKE JIOKAIbHBIX YCIIO-

247



