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Fig.1 Location of the study area and glacial distribution
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Tab.1 Landsat images used in the study

PHHE LAY RS % APERm AR
1977-08-20  160/34  MSS 0 80 iazs: 214
1978-07-18  159/35  MSS 5 80 AR
1978-07-19  160/35  MSS 13 80 iazs: 214
1990-08-07  149/34  TM 0 30 AR
1991-07-02  148/35 TM 26 30 PR
1993-07-07  148/35 TM 1 30 SHWAL
2001-07-21  148/35 ETM+ 6 30 R
2001-09-30  149/34  ETM+ 1 30 izt
2002-08-09  148/35 ETM+ 20 30 e
2013-07-30  148/35  OLI 5 30 SHAR
2014-08-18  148/35  OLI 17 30 fRERER
2015-08-28  149/34  OLI 12 30 izt
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4.1 KN ESREmRT

FFEIXAE 1978 .1991 2001 12015 4F () K ) 1| T
FEA3 5] A 1821.70,1753.47 ,1712.96 F1 1675.92 km?
(F2)o ATRAKEE, 2015 4F 5K 1 FUAL 1978 4F k2>

F2 1978-2015 ERFRXokIER T
Tab.2 Glacier area changes, 1978-2015

WAV xR AR IR AR ARRR IR/

Ay

km? km? (km?¥a) /% (%/a)
1978 1821.70
1991 1753.47 -68.23 -5.24 -3.75 -0.29
2001 1712.96 -40.51 -4.05 -2.31 -0.23
2015 1675.92 -37.04 -2.65 -2.16 -0.15

T R ARG g X AR b — S Beod 1w B 2 R
Bk TR Z 22, W 1978 AR T AR 4 5 4 xR Ak
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Fig.2 Distribution of glaciers of different size groups and

the glacier area reduction ratio in different time periods
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TR/ INFAE k] B8R ) vk A/ NERASE K
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4.4 AIEEIK)I T ILAFAE
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Fig.3 Distribution of glaciers in different slope directions and the glacier area reduction ratio from 1978 to 2015
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A S A AERTHEIRGE o 43 HT 25 AL vk T AR S 7E 3 AN
B0 T AR K R AR AR B AT (3 3), 27 Ab KT R
i, A7 2 A HE 1978-1991 4[] & A A ik, 9 b 7E
1991-2001 4E 6] & A= Rif ik, o4 16 40 347E 2001-2015
AR AR R . AT DL, 3T 40 AR RATF AT IX A A 1)
VKN HTE IR G R BT 2, HAE 2001-2015 4/ 2 .

BEAb, BTHE VKA X kN A i B AR AR 1)
End 4 2, 2001-2015 4E[EHF5E XN A 16 5
VKN A= wrE, B AR 9.21 km?, 1fif [R AT 5% X
VKON A 1o AR 4 AR 37.04 km2, /N T 1991-
2001 4F F03E 45 2 40.51 km2, 16 B &8 43 vk N 8% iy ik
WA T KN SRR R . 3Bk A,
1978-1991.,1991-2001,2001-2015 4 i #F vk 1] 1 4

B350 1.20 .1.81.,9.21 km?, vk 1| 1 AU R4k
B, AR T X AR VK R 40 2 R A 18 1 34
TR,

27 AR vy A PO | TR R, A s
PRGOS A iy L T BL VK
NIZRMNA %5 5Y654D0097 PK )1 (%iF 17 4% 3 1 8 .9 Al
19 S A B ST AR 2 R, s —25 40 b Hoft it
B 80T LLE (K 4): 8 45 VK I HE 1996-
1998 4F [i1] 2K s £ FE 3G T 1807 m, [ A3 fm 1
0.83 km?, 7K iy f{if #F # B 4 904 m/a; 9 5 UK )1 7E
2007-2009 4F [ AR i< BEG I T 892 m, IR Jin 1
0.59 km?, 7 %ty {if 1 3 B Ok 446 m/a; 19 45 VK )1 7€
1978-1990 4 [8] AR sy 1< BE 3 I 1 2859 m, [ ARG fin

F3 HREXABKITAFE
Tab.3 Changes in area and length of typical glaciers in the study area

R %55 ZpEe e P’ Rk
1978-19914F 1991-20014F 2001-20154F  1978-19914F 1991-20014F 2001-20154F
1 5Y654D0068 36.068 76.355 -0.03 0.01 0.59 -0.33 0.21 1.60
2 N el 35.898 76.232 0.12 0.31 0.05 0.75 1.25 -0.32
3 ARWE vk 35.900 76.299 0.03 0.17 -0.13 0.22 111 -0.03
4 ARIrE VK| 35.907 76.255 -0.03 0.14 0.49 -0.56 0.61 1.37
5 ARIE VK 35.918 76.273 0.41 -0.33 0.22 1.28 -0.98 1.25
6 A K| 36.093 76.071 -0.07 0.12 -0.06 0.22 1.15 -0.06
7 il 36.036 76.205 0.04 0.07 0.53 0.29 0.68 0.83
8 Ak 35.982 76.325 0.10 1.06 -1.14 0.37 2.90 -1.90
9 XK 35.983 76.499 -0.12 -0.31 1.37 -0.50 -0.39 2.25
10 5Y654D0023 36.009 76.391 0.03 0.01 0.15 0.23 0.22 1.33
11 T K 35.967 76.456 0.11 -0.09 0.21 0.58 0.38 1.1
12 5Y654D0064 36.089 76.225 0.00 0.06 0.21 -0.61 0.16 0.95
13 5Y654D0064 36.083 76.229 0.06 -0.05 0.15 0.91 -0.54 1.37
14 N9l 36.083 76.269 -0.04 0.09 0.21 -0.40 0.65 1.40
15 EpiN=r2 vl 36.039 76.196 -0.48 -0.12 1.06 1.01 0.83 1.05
16 Epik=r2i vl 36.145 76.093 -0.07 0.28 -0.15 0.44 1.44 0.00
17 g9l 36.128 76.126 0.07 0.34 -0.14 0.39 1.04 -0.46
18 N9l 36.122 76.134 0.06 0.12 -0.06 0.23 1.22 -0.42
19 5Y654D0097 36.191 76.181 1.37 -0.33 -0.44 2.86 -0.03 -0.04
20 5Y654D0096 36.161 76.201 -0.12 -0.46 322 0.00 0.12 4.92
21 PR P 36.322 76.388 0.08 0.02 0.41 0.39 0.14 1.79
22 PR K| 36.324 76.398 -0.10 -0.18 111 -0.08 0.16 1.71
23 LGl 36.068 76.768 0.01 0.05 0.24 -0.09 0.07 1.18
24 Wi Tk 35.746 76.821 0.22 -0.09 0.46 0.55 -0.08 0.58
25 5Y654C0132 35.712 76.941 -0.40 0.47 0.05 -0.72 1.29 -0.02
26 FERIARBI UK 35.678 76.989 -0.02 0.10 -0.08 -0.47 0.91 0.19
27 5Y654D0077 36.129 76.313 -0.03 0.35 0.67 -0.18 0.52 0.84

TE ST B (AL AL S AR AR T A
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2005; FPITEKEE, 2012), AT HE FIR 3 b vKII KA T
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Fig.4 Images showing the advance of some typical glaciers

T WFFY (B A4S, 2005; Copland et al, 2011; 1%
i, 2015), A K R B AR s Dl A r 22 51, 3
SRR IER R . TSR RS B R
PR 25 5, DL ROSEAR T ok NBEN ik 25 57 R
[ B7F 5 5 % AH ] O T 2B A S 0 i 3R AN S8 42—
H(FE4),

5 vk)NARAL IR B AL P

5.1 kNTEHSESS

SR ZE XU 3 2 e B VE R , B
KM O )RR BR A, A2 M oK | A3 il o (2
TS, 2013; BBESE 2014), H T AP 9 R R
T VA M DX SR 3 A A/ T S R 1 s ] 1 A
S, PR IR BRI 9T DX AT B RE A 36 It IX sk S A AR Ak
AISEAT IR T IR 2R L4 3 Al S R s
AT . BT B 2R AR AR K 5 0K ) 1 2ER AR
156 &R B V) (2 L5 45, 2013), A L34 1 1960-
2013 AF AL AR K R 21 2R K Y
ACRHIE (] 5-6) HARMTF : QKR FFR L
1960-2013 4745 3l ;5 Y AE ) <l 5 B AR 30
B3 LI ER, WA R T R SR AR
R T i 3 )R 0.255.0.263 .0.316°C/10 a3 &
ZeH 3R T R 40 1) 4 0.170,0.187,0.229°C/10 a.
FE AT AR T R Bh il B R, R ARy
55 2 SRR R R . QKR AR bR AR
b0 1960-2013 4[] £5 3 £ (AR K 1 5 1 22K
AR LI ER . WA ER T R

F4 HEUK)IKEEUERT

Tab.4 Comparison of change in length of typical glaciers

KINAFR P Lz W B KA K /km He
AWrE vk 35.982 76.325 1990-2000 4F: 2.72 EAEAE, 2005
1991-2001 4F 2.90 AL
TR E K 36.128 76.126 1990-1995 4£ 1.50 Copland et al, 2011
1991-2001 4£ 1.44 AL
5Y654D0023 36.009 76.391 2001-2009 4F: 0.92 W, 2015
2001-20154F 133 ES'S
5Y654D0097 36.191 76.181 1977-1990 4F 2.77 R A, 2005
1978-1991 4F 2.86 AL
5Y654D0077 36.129 76.313 1990-2001 4F 1.41 A 2015
2001-20154F 0.84 ES'S
5Y654C0132 35.712 76.941 1990-2000 4F 1.50 Copland et al, 2011
1990-2001 4F 1.29 A
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Fig.5 Average annual precipitation and annual temperature of three stations, 1960-2013
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Fig.6 Average summer precipitation and temperature, 1960-2013
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Variation of glaciers in the Shaksgam River Basin, Karakoram Mountains
during 1978-2015

XU Aiwen, YANG Taibao’, WANG Conggiang, JI Qin
(Institute of Glaciology and Ecogeography, College of Earth and Environmental Science, Lanzhou University,
Lanzhou 730000, China)

Abstract: Based on Landsat MSS/TM/ETM+/OLI images of 1978, 1991, 2001, and 2015, glacier boundaries in
the Shaksgam River Basin, Karakoram Mountains were extracted using computer aided image classification and
visual interpretation methods, and the changes of glaciers in the study area were analyzed. The results show that
the total area of glaciers in the study area was reduced from 1821.70 km? to 1675.92 km? during 1978-2015, by
145.78 km?, or 8% of the total area of glaciers. Under the background of climate warming, however, the rate of
glacier retreating shifted from fast to slow in nearly 40 years. In the study area, the glacier retreat rate on the
southeastern aspect was significantly higher than on the northwestern aspect. Glacier retreat rate decreased with
the increase of scale of glaciers. There were 27 typical glaciers that clearly progressed during 1978-2015, with
areas and lengths significant increased. Among these, the velocity of change for the western side of the Wood
stark glacier was 904 m/a during 1996-1998, the velocity of change for the eastern side of the K2 glacier was
446 m/a during 2007-2009, and the velocity of change for the 5Y654D497 glacier was 238 m/a during 1978-
1990, respectively. These three glaciers seem to be the surge-type glacier. By analyzing the climate records and
glacier variation in the study area, it was concluded that higher temperatures led to the glacier retreat of the study
area, but increasing rainfall to some extent inhibited glacier retreat. Topographic condition and the scale of
glacier were key factors for glacier changes as well.

Key words: glacier change; remote sensing; glacier surging; Shaksgam River Basin



