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Fig.1 Location of the study area, distribution of meteorological

stations and glaciers
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Table 1 Meteorological stations used in this study

i % ZE SR WREE () BORHRE (4F)
PR 100°49°E  38°27°N 2272 1960-2005
it 100°15°E  38°11°N 2789 19602005
T 99°37°E  38°50'N 2311 19602005
iRy 99°21°E 38°37'N 3180 1960-2005
Exetil] 98°25°E  38°48'N 3368 1960-2005
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GLIMS (Global Land Ice Measurements from Space)
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Fig.2 Example of the glacier outlines in 1950s/1970s and 2003
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Fig.3 Relative changes in glacier area of different area classes from

1950s/1970s to 2003 in the Heihe River Basin
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Table 2 Distribution of the glaciers and their changes in the sub—basins of the Heihe River Basin for the periods of 1950s/1970s and 2003

1950s/1970s 2003 4 KNAE A,

SCIRAAFR B WSEC VNTERL PKIISE dONERD S8 AR AR KEAE L ARk

(k) (km’) (k) (%) (m) (%)
pLil 5y421 8 2.53 8 2.05 0 -0.48 -19.0 -88 92
JE B RGN S5y422 13 3.67 13 332 0 -0.35 -9.6 -59 -7.8
AT} 5y423 12 3.36 12 2.73 0 -0.63 -18.6 -72 -10.3
AT Ay HL YA 5y424 51 19.19 50 12.31 -1 -6.88 -35.9 -273 -333
S Mok 5y425 75 21.37 65 13.10 -10 -8.28 -38.7 -281 -40.0
S RT3 5y426 36 6.64 36 4.84 0 -1.80 -27.1 -172 -26.0
A4 el ] 5y427 61 17.02 61 12.81 0 —4.21 -24.8 -163 -23.1
FRIR 5y428 30 16.41 30 12.24 0 -4.16 -25.4 -255 -20.2
e 5y429 49 19.15 47 13.53 -2 -5.62 -29.3 -518 —474
JESTN 5y42 335 109.35 322 76.94 13 -3241 -29.6 -258 -31.0
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Fig.4 Variation of mean temperature (June to August) in summer,

annual and winter precipitation (November to March) for 1960~2005 in

the five meteorological stations of the Heihe River Basin
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Table 3 Changes of stability indexes of glaciers with different sizes in the Heihe River Basin

TS L) 1950s/1970s

2003 4

(km’) IIE4ER TeEPER R IHERL FsE TR A s
<0.10 1.9761 0.4761 1.3342 0.1658 0.3103
0.10~0.50 1.6193 0.1193 1.3569 0.1431 -0.0238
0.50~1.00 3.5280 2.0280 3.3568 1.8568 0.1711
1.00~5.00 1.5798 0.0798 1.4632 0.0368 0.0429
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Table 4 Grey correlation analysis of glacier ablation and

morphological factors
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Table 5 Comparison of glacier changes in western China in recent decades
i IX 191 UIIIES 3 mu"}f% R
(k) (%)
AR A B (A e i) 1960s/1970s-2002 244 -29.85 -28.97 X JyuE™
AR 2 1L v B (TR k) 1950s/1970s-2003 335 -32.41 -29.60  AHHTE
ABIEE 1Ly B (SRInT B A= YA AL 4K 1956-2003 165 -16.22 2571  PHB3 &
AR L PG B (B R] S TR] AU PR HE)  1956-1990 1731 -151.90 -10.30  XUAPERAEY
B X 1960s/1970s-2002/2006 1800  -437.40 1170 25
TRt 1970-2001 278 -10.00 -0.40  Shangguan et al.*
R 1963-2000 70 -7.00 -13.00 Lietal™
B BT it ) 1960s/1970s-1999/2001 7665  -574.09 -3.30  Shangguan et al.™
VU i 4k 19802001 797 -131.24 -8.89  FrEIAEY
TS I P4 1969-2000 - -14.91 -1.70  HLHE
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Glacier Changes in the Heihe River Basin over the Past 50 Years
in the Context of Climate Change

WANG Puyu™?, LI Zhonggin™?, GAO Wenyu?, YAN Donghai’,
BAI Jinzhong?, LI Kaiming"®, WANG Lin"*

(1. State Key Laboratory of Cryospheric Sciences/Tianshan Glaciological Station, Cold and Arid Region Environment
and Engineering Research Institute, Chinese Academy of Sciences,Lanzhou 730000, China;
2. College of Geography and Environment Science, Northwest Normal University, Lanzhou 730070, China;
3. Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The Heihe River basin, located in the middle part of the Qilian Mountains, is the second
largest inland river basin across the arid area of northwestern China, east to the headwaters of
Xidahe of the Shiyang River, west bounded by the Heishan and Shulehe, and the upper reaches
almost across the Hexi Corridor. Glaciers, acting as a huge alpine reservoir that regulates annual
runoff, are considered a reliable water source for oasis, benefiting the sustainable development of
the environment, industry, and agriculture in this region. During the past decades, glaciers in the
Heihe River basin have been experienced rapid shrinking due primarily to climate change. Impacts
of the glaciers shrinkage on water resources have drawn much attention. Using the image
interpretation method provided by World Glacier Monitoring Service (WGMS), historical data
were retrieved for comparison with remote sensing images in order to reveal changes in glaciers in
the Heihe River basin during the past 50 years. To compare recent changes in the glacier areas, 5
scenes of Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) images
with spatial resolution of 15 m for visible and near-infrared bands acquired from June to September
in 2003 and 24 topographic maps (1:50 000) derived from aerial photographs acquired during
1956-1978 (18 in 1956, 1 in 1957, 3 in 1966, and 2 in 1978) by the Chinese military geodetic
service were jointly used and comprehensively analyzed. It is found that from the 1950s/1970s to
2003, the total area of the investigated glaciers (335) was reduced by 29.6%, with a mean reduction
of 0.10 km2 for the individual glacier. The glaciers retreated by 258 m at a rate of 31.0%. The
glacier changes exhibited obvious spatial differences, indicating that the reduction rate of glaciers
to the west of the mainstream of the Heihe was larger than the east. In addition, rapidly rising air
temperature is likely the major factor causing the shrinkage of the glaciers in the Heihe River basin.
Compared with other glaciers in western China, glaciers in the Heihe River basin appeared to be
decreasing more rapidly. Moreover, the glacier changes showed remarkable differences in the
eastern, middle and western Qilian Mountains mainly due to climatic conditions and glacier sizes.

Key words: Remote sensing; Glacier change; Regional differences; Heihe River basin; Middle
Qilian Mountains
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