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1990-2011 FE£F B S IE X ik )| ZZ 4k 5912 B ia i
ER T, Ak,

CEM I EF TR PRI 2= B vk 5 AR S s BRAF5E T, 224 730000)

. AK30WH Landsat 5.7 TM.ETM+2 A0 4T 1990-2011 4E B4 1175 B B U6 X vk NN ZS A4 AE , 45 B 6 B
1990-2011 4E vk T A8 /D 16.83 km?, 3B 45 R AUN 0.65% , VKB ZF FAAAR IR . PSR AR EA IR | rhidenk
JZK Ui £ 2002-2004 4F- L) 661 m/a W EEZE[THE , 0120 02 ERBIPK)1 o 1991-1998 4F , S0 vk )1 I AL 11 9.47 k',
VKN K 3 L4 200 m/a B SRR AT HE , ANHERRA BRSh KNI REME . RS IR 2R T, K vk b iR
AR BGH CAFFEAS AR I 50 4K 5 980 AL VKOV BE CTERRBS N, oK) [ By iE 34, FR I
VKNSR 22 SRR o I A3 Hr S Gl s AN ), WF e IX Rt X AR B T L ek B 2 e e T
RBSZ VK 1558 48 1 JR R 22— 5 B 19 T IXUBR 3 5 DR B 22 IR K IR DX R R i R RS RIS vk T o8 2, th P RS2

UKV A R /N B

KB R VKR BRI A BT BRSO 5 BB IX
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L oK) D& S AR R R 7R a4 XU AEf
M SO A A R s S T S b P AR X
R IACTKN 5340 X, FE BRI R G Pl s &
BERIVEI o BG4 BRI 32 B2, R ]2 20
22 80 AF A LUK iy PRk 1 L, 1 75 7 s D vk R
iy 75 3T L4 1] 52 30 L PR AR 48 1Y) 3 G 1 =
45, 2004) 0 WL ok )1 B iR A2 A AT LT g vk 1 3l
ATFHEAT I, [R5 2, e Ll XA 28
LT AR AFL A E EEEL R L
(hER B 2R G RFAE ZZBA, 1998),

BT H e R PEAEEB BAA 1L P B, T2 A
SRICNMFNASE A5 29, R et i vk R AR Ak
Y ORINAR /L, 1) FH 28 BT BT e vk )1 AB AR IR 9
ANZ W (LMEAE, 2011; BB &S, 2004a; 174 F
4§, 2006), 1 B2 1L P B RS U X K )1 A2 A A i 58
TR R E . A SCEE X Landsat TM , ETM + 5%
8, 431 1990-2011 4F B2 0 XY k) 1 AB AR RRAIE S
HAHE 5, I B 456 vk A8 AL AT A8 i =R
S, BHE TN A 5 AR O R I I A
WrHs HEA:2012-08; f&ITHER: 2013-01.
BEEUWH : HFE A ARF 54 H (40871057, 41271024)

2 Bdls 57k

2.1 R XN

PG A 1L 7 7 s S P i 2% 1) R 2 STUE 1
DA ity e R L L L B — AR 7 6000 m LA L, T6F
PR 7167 m 1Y RS AR o = 06, R T Y b AR
FEV I SN 2 A 7 9 1 e K BRAR K 1
Mz —. vk ga B, P8RS 1A k1] 5485
2%, KN T AR 8817.78 km?, (5 B AN B A 1L vk 1 BT
T 3/4 L E (5 52 BhAE, 2000).

B A& X A7 T 35~36°N , 80~82°E 2 [a], At
WA=, UMELIR KRR UK )1 R 3 | e e b IE F
(). Hp el 12 232 0K)INEA FEF 8 R £
WEVK T, A B I R B RS K, v T AR A%
(R K RN BB R AR L A oK) 22— i85 1E R
I 26 B & ) B R VK e —— iy B A vk i (i AR
376.05 km?) il & 76X L, 12 DX S8t L 75 f4) A K i
R BB Wb oK) TARRAE A oK) 1 DX (R B2 B 77
LR AR EEBN, 1998),

XA EIES T 5 K 300 mm 2247,
AL AL B 2SI AE OCLAT , AR K B

YEHE BT 25 (1988-), Lo, Va7 A A58 A, RS 5 81 56T RS A1 GIS Byl vk 481k .
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Fig. 1 Location of the study area

BN, JE T HBEANA R X . R X k)]
SEACIE IR AT | v HEUHE AT ST gt Y SRR U
SRCBBESE, 1999),
2.2 HiEIR

A 5E A B 2 vk 1 22 4k 4 Hris i 2 1Y
Landsat [1 5 R4, E 2Ok A & M fH A R

(USGS)FI Lh B 22 e Wl o %77 dh & it R g it
¢ 1E it 1 1 S LT AL GE |, 9 HUFH DEM 246
AT T HOIEACIE , R b I A TE AR T4 1) b
A #2251 o5 2 0KS B 49 DEM %04 . DEM 0¥ 923
] 43984 4 30 m A 1 km, TM FI ETM-+F 5% 1F f
KI5 AR 1% 22 RMSE N i 33 50 m(Tucker et al,



550 oo R

S i 32%:

2004), A B EAIE USGS Ir i ny 855 1F 5 E
J& Landsat i J8% 52 18 B AH Y 5 iR IEAS FE (50
BRAE, 2012), BRI, A SCRAE#E— 2D R IE .
B 09 B3 5 & Path145/Row35 . Path145/Row36
(1990.,1999 2002 ,2004 . 2011)(F 1), B4 1Y 18 B
B o a8/ T 10%, 3 HIS 0] BEPkE 2 155 T4/)N
HIFZAZR , R T 52 25 IR 25 5 ) I 6 458 2% 1Y) 38 B2
B R AT AR A R 1),

HAbE G 45 i b F R R E X XA
TR ST AR AL A P 1 2 B £, BRI oK) 1 4 H
i % FH H 1976 48 H R 12 10 J5 A $5 0 Hb T2 1
197VAEI R 16 T B . RS G e fdiny
6 NG (FH FH | RE B ERT i P8
7£)1960-2010 4 ik FIFE K BT
23 BB TR
231 HHEHLA B 2E

A 5 5 2 S R i B ER A A A A P %
FHARLHIR (P2 K N R Y T i o AR it P2 )
FHVKN 7E BT UG B i 5 Sz 5 2 FFE 21 40t B 1Y
S IR SRR SR B BRI X HAE B E 02 FHAE &
]z H 52 K 2 800 5% 45 N[5l (Bolch et al, 2010a,
2010b; Shangguan et al, 2007; Narama et al, 2010;
Pan et al, 2012; Paul, Kaab et al, 2002)., Bolch Z7£
Fiti = DR JE g e Fn b 1 b X 53 i B EU AR 7
TM4/TMS BER KBS T 80 45 5 5 LU(E VL 45
AN TEIESS R S50k 4 H 25 R A0 L, 1R
FHZEALA 0.8% ; ALK LK) 1 B2 H 2t SR 5 1 FL ok
2R 58 1 45 R AH H , AR AR 22100 0.31%(Bolch et
al, 2006). Paul(2000)iz F TM A% % b Wi B 4325
FAE MB35 | (B (B A5 A AT kO B B 6
25 5L 0 (B R L P RIOCR B A 5 45 A H L

F1BREEESF
Tab. 1 Utilized Landsat scenes for the study
BB S o3Pt
AEy FRICH 1 feilds
(Path/Row) R
1990 1990-11-15 145/35 ™

1991-10-17/1990-11-15 14536 ™™
1999 1999-12-18/1999-10-31/2001-02-06  145/35 ETM+
1998-10-4/1999-09-29/2001-10-20  145/36 ETM+

2011 2011-11-09/2011-08-05/2009-08-15  145/35  TM om
2011-08-05/2011-11-09 14536 T™
2002 2002-07-03 145/36  ETM+
2004 2004-09-10 145/36 ETM+

FHTM SRR vk [T A5 F SPOT /& 73 P850
BN THRIZE R L, dait 22 HA 1%,

A SCHE ] TM3/TMS B BE LU 2H &, 0 T 1
(BRI, AN R 58 A AN 6] A I, BB A
W] AT BE 5 5215 1 T 1t KN AR S 8 G (BN IR 4%,
2011). 7E A WF 5% o 4 F] ENVI R4 3 55 T™M3/
TMS, 193 LU 2AR , A DR SRR EAT23 28, 280
IR By 1.8 Fe A3l , 159 3N 0k 4] 25
FRIRAE R
2.3.2 HLfRE

TEIFENL A B 532 HEAE B k)1 £ e 4
Jilshp A% 2, 76 ArcGIS Hf H 40 5 Albers S R
AT VKN FUE T, G itok )1 TH AR AR AR, 1K
I A S & AR A 3 ok E R AT 35, X
BRI 2 BRI T vk )1, vk 5 Jo ] i 3%
Tt B2 5, X TN A 25 8 o 1 DX £ B A A 0
B4 8 # Google Earth B I 5L, S5 41, HiIBR
1A/ F 0.01 km? 19 X 35 (Bolch et al, 2010b; Nara-
ma et al, 2010; | B & HESE, 2004a), B /INETER Y
Z N %2 h 5 B #H P15 (Paul et al, 2002a), 7)
Hb, BB AMESE(2004a) 7E VY B LY BF5E A3, 1K
NS L /NF 0.01 km?, 87K 1S BE AR AL /N T 45
m, BN R & ok oK) 9 H B s 1
Ry UK N gt 32 R0 4 50 3k 7 v 1 i B 28 | Boleh 45
(2010b) & BLUK )1 2t H B8 A7 R AN TR 2 2 1) o
B, (HIE A A SCHIFFERAIE , oK) 2 H A3 A2 ]
FEMY o N T O, A OB VKO 1 4 H BE 1
F RN o3 AR B R I8 . 455 W B E A H
ARG A Sk SR LT 2, RS
/55 (Bolch et al, 2010a, 2010b; Hagg et al, in press;
Narama et al, 2010; Pan et al, 2012), & GLIMS i}
¥l (Global Land Ice Measurements from Space , 4= Ek
Fiti by oA 2 ] W 3R A7 SCPEAG B, N T
A 52 Bk TR S 35 A% 1 19 75 125 (Raup et al,
2007).

12 F B 5 43 B A AR N L K T AR b
TP Al Landsat 5243 194G B2 J2 0 3832 19 O ¥
(Bolch et al, 2006, 2010a; Paul, 2000; Paul 2002a,
2002b; HIFEFE4E 2012), Bolch %5(2010a) FH i 23 9t
A 25 AH X Landsat 5218 FUAE YR JEAT RS BE VA
R22 H+2.5% ; Paul(2000)i# i X Spot 5258 A THEHL
UK AR EE , A B TM 24805 21 14 oK) 1 T AR
WZE/INT 1%, TEASCH, AT S 7k, AR
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R 42,2004 4E 5 H Google Earth 14 205414 (43 9%
M 9.5 m)#E4T Landsat TM S2AR B0 AIE , 25 SR R B 1%
IR R£2.2%,

3 G50

30 kI ERAMKETHER

i 521X 2011 4F K1 #3618 R R 2979.9 k'
1990-1999 4%, A5 X pK I T R 13.1 ko, IR 45
FN 0.46% 5 1999-2011 4F, k1| Thi ALY /0 8.17 km?,
B ZE R4 0.3%51990-2011 4, vk 1| i AR 2L 16.83
km?, iR 45 %4 0.65% . HIEAT UL, B IX oK)

M%E’Jﬁéﬁ%u,i_ 5O A TS5 A —

BN 2004a; VR FIZE, 2006).

u?ﬁ—i%*ﬁﬁ%@ﬂﬂﬂmllE@/}E%%
fiE. 1990-2011 4F, 10 Z& 7K TR AR/ T 16.3 km®,
I R 0.25~3.93 km?, 1B 45 R 7F 0.26%~3.12%
ZIal, 1990-2011 4FH, P4 R S vk IR 4t bl , )

AL DR A3 vk N T AR i, e, S5 9K )1
Lk RASTK] 5Y641HO0067 AR S vk )1  Fht
5K 5Y641F0098 114K )1 7E 1990-1999 4F-H [a] 34 i1,

m{ﬂl DRIV A At AT T R s 5 #R AR /)

FREE I Bl 4 0.1~0.98 km?, T AR 162 0.18%~
0. 67%;?%%@@@% W vk 2 45 th e G 0%
X AL 1), 5Y641HO0073 ey )] 5L k)1
TE 1999-2011 4F [H] B GG I (3% 2), 3 3 4% 0K %2
ST ARTERE T DR (18] 1) e RS20 7k ) 1 A s
JEE AT AR RIS i — 20 A At s B 1Y) 18 J2 R
8, K BRAE 2002-2004 4[] i ok ) 1| Y A v 4 B 3
JNAT 1322 m, ARSI T 2.31 km?, 2% 0K 1K Ui
Ph 661 m/a #RTEFTHE . S VK1 7E 1991-1998 4F
T AR 0 9.47 km?, VK A I HTHE 1400 mo BRAEER
vk ZFE VK TE LR B E 2 2~3 4F N LU H I
W UK 105 LA i e miy k(0 I Wb e (BB
MR, 2005) , FRATTHEN gk ) 1 2L A5 BR B vk 1 9
FEAE o 5200 Pk 2R s 1 1 3 2 48 & 200 m/a, BT

A oA 3.93 km® B4R K 2.88%(F£ 2)0 B 3 1991-1998 4 [8] B 5245, BL R IE HOR N 7
T2 WX BBk 1| TS 1E
Tab. 2 Statistics of typical area changed glaciers
- 1990-1999 4 1999-2011 4 1990-2011 4
MAVEA /K IRV % mAVE/An  TERVERS %  WAVEA/Km' EAVERAR% AR AR /km
SRIKPKN -0.32 -0.89 -0.04 -0.11 -0.36 -1.00 +0.26
ezl -0.91 -1.05 -0.06 -0.07 -0.97 -1.13 -0.44
=5iau9ll| -0.05 -0.04 2.10 -1.66 2.15 -1.70 -0.46
FRFLKI -0.68 -1.26 -0.11 -0.20 -0.79 -1.46 -0.05
[ij=2ov ]l -2.48 -1.82 -1.44 -1.08 -3.93 -2.88 -0.92
VKNI -0.23 -0.16 22.20 -1.53 -2.43 -1.69 +0.03
(e 4 9]l -0.79 -0.60 -0.91 -0.69 -1.70 -1.29 -0.57
5Y641F0085 -0.28 -0.32 2291 331 -3.19 -3.62 -0.11
5Y641F0070 -0.41 -0.10 -0.09 -0.24 -0.51 -1.25 -0.25
v oll| -0.17 -0.17 -0.08 -0.09 -0.25 -0.26 +0.05
5Y641G0038 -0.12 -0.12 -0.06 -0.06 -0.18 -0.18 -0.43
5Y641F0073 -1.60 -5.63 +1.88 +7.02 +0.28 +0.99 -1.25
k)1 -0.62 -0.26 +2.31 +0.98 +1.69 +0.72 +1.02
HHEKI -0.63 2.26 +0.59 2.15 -0.04 -0.16 +0.09
SEKIN +9.47 +5.87 -2.19 -1.28 +7.28 +4.52 +1.14
Zgerk)1| +0.63 +0.25 -0.04 -0.02 +0.59 +0.23 -0.20
Bk +0.98 +0.45 -1.09 -0.49 -0.11 -0.05 -1.30
5Y641H0067 +0.10 +0.18 -0.21 -0.36 -0.05 -0.09 -0.21
ZREFDVKN +0.33 +0.67 -0.21 -0.40 +0.12 +0.24 -0.05
5Y641F0098 +0.28 +0.42 -0.26 -0.39 +0.21 +0.03 -0.27
e AV R IR 22 TE Fl (£2.2%)
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AR S5, T AN BEHERR 22 0 vk ) 1 2 BR 3l
PRI AT REME: , I ELI 250K 1 %) TSR in {24 A v
WK1 Y 4435 (1 2)

S0 | BRI IT 45 AR (R 3), 1
VK T AR A3 R A W 22 0, (R AR A i 3 —
FEM) o T FH 0 RS TR) e S AT 9 1) 41 PR
ARG 2 AG UK HEN I 22 31, R TRV X AR TR ok )1 |
AT 45 R I A e 22—

3.2 FEBEEBTH KISt

r [ PG A DX, D0 T e B L DX PR
25 1) [R) A7 72 VKON TR BE 36, AR SOR
TG T E AN AR P kT AR A 3

TIE B e o b6, | i kO S50 M e #(3R 4.5),
SRR, X B YK 2253 A0 7 e I L AR R
BB PUALTER Sl 2 DX, vK AT A R k)1 I
A A i R R Al Y oK 1 (P 1) M 20 T2 70 4F
RZ 21 22y, PO ER L XA A7 AR VK AT o T
KN B 2BOR T, 5 22 vKIE R HE oK) A8 5 e
Bl A, R LK) AT R 2 (R 4). i T
T 9K (e Ji 2 e S A g H LA 1L oK T RS e A
JIT 5 04 BL 3RO B K (FR 4), Wl B L b DX ik
KB F R IR B e R (R 5)o 3 4F SUOA BFIE ke LR
w B & A vk AT (Hewitt, 2011; Tturrizaga,
2011; Sarikaya et al, 2012), VK )1 4y i 5 88 1F - 1

2004 4F
AES

P12 P pk ] S5 D oA 1 i ]
Fig. 2 Map showing advanced Zhongfeng and Chongce Glacier

=3 BEUK)IEREUE R

Tab. 3 Comparison of different results about typical glaciers

KN4 R G 3 W AR IR AR fb/km SCHRR
SFIKHKN Landsat TM/ETM+ 1991-2001 +0.05 M4, 2011
1990-1999 -0.32 A
SR Landsat TM/ETM+ 1991-2001 -0.05 4555, 2011
1990-1999 -0.05 AL
5Y641F0085 Landsat TM/ETM+ 1989-2001 -0.29 EAWESE, 2004a
1990-1999 -0.28 AL
Rk )1 Landsat TM/ETM+ 1991-2001 -0.29 20545, 2011)
1990-1999 -0.62 'S
5Y641F0070 Landsat TM/ETM+ 1989-2001 -0.03 AR, 2004a
1990-1999 -0.41 AL
5Y641G0038 Landsat TM/ETM+ 1989-2001 -0.67 AN, 2004a
1990-1999 -0.12 A3
RPN Landsat TM/ETM+ 1991-2001 +0.02 ZMB4E, 2011

1990-1999 +0.33 AL
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Tab. 4 The number and area of the advancing glaciers in Western China

UKIN 2R IKNLEAEY . AR i ;
Sl POREHC e T e AR JERDRIR
Kili Kili 960/- 1962-2000 +224/- +23/- XA, 2006
AR LI7E B AR /- 1956-2000 +10/- -

ZRIAK IR i AR IR R 5 753/- 1966-2001 +198/- +26/-

F e A PR 14/- 1971-2001 +3/- +21/- EAMEAE, 2004a
VEELUKN AT EERIL 870/- 1970-2000 +119/- +13.7/- AR, 2008
JiliLiiibire s T R SR 999/- 1970-2001 +202/- +20/- Wi, 2004

S ST AL Feb BRI 36/95.45 1965-2001 +5/+0.92 +13.9/+0.9 LA, 2006
5V FLAT i 4 75/213.26 1965-2001 +2/+0.74 +2.6/+0.3
T 17/68.5 1965-2001 +5/42.7 +29.4/+3.8
BT VK T i 64/274.2 1971-2000 +16/+5.1 +25/+1.8 XIAFERAE, 2004
2 pKig 65/165.6 1971-2000 +38/+3.7 +59/42.2
50822B0123 =i H A -/25.4 1980-2001 -+0.4 -/+1.5 XIAFERAE, 2005
50822B0136 -/10.6 1980-2001 -/+0.5 -/+4.8
BRI Z/S
PR -/140.9 1980-2001 /415 -+1.1
R 2153 1980-2001 -/+8.9 -/+4.1
Tt
=5 B ERHKIIKEST
Tab. 5 The length of the advancing glaciers in Tibetan Plateau
luSLIEA S JUT R X3, PRI BE /km WA IR A BE /km KB L% FORLA R
K 150K EREHE 2.7 1957-1982 +0.80 +30 FRADLEE 1999
3.5 1997-1998 +0.01 +0.10
Wk kN Mg 1L 5.0 1959-1971 +0.73~+0.93 +18.60
5.9 1971-1982 +0.07 +1.20
6.0 1982-1998 +0.28 +5.60
5J352E0022 YR IX 3.0 1966-2000 +0.08 +2.60 XIAFARAE, 2002
5J352E0023 2.3 1966-2000 +0.08 +3.40
eyl 7.7 1966-2000 +0.38 +5.00
5K451F12 KA 5.4 1969-2000 +0.68 +12.5 BEHAE, 2005
5K451F1 1.1 1969-2000 +0.54 +49.36
5J351D26 B X 1.6 1969-2000 +0.31 +19.60
5J351D20 73 1969-2000 +0.38 +5.26
5Y663E14 s e 8.6 1963-2001 +1.76 +20.40 T EAMAE, 2004b
5Y663E8 IR I 9.4 1963-2001 +0.44 +4.60
5Y656127 6.5 1963-2001 +0.94 +14.40
5Y656122 2.1 1963-2001 +1.41 +67.10
5Y654D48 wen 1 6.1 1976-2000 +2.15 +33.60
5Y654D77 53 1968-2000 +0.91 +17.20
5Y654D78 2.8 1968-2000 +0.14 +5.00
5Y654D97 10.7 1968-2000 +2.0 +18.70
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(Bolch et al, 2012; Gardelle et al, 2012), ke A% %
TFF5E 3, AR IR b DX K ) T B8 0 T R 22 44 i P
/N, H 53 IE W) 5T F i (Yao et al, 2012)., B 4
(2012)8F 57 & B, 2000-2011 4F 35 A0 i WA 16 5%
UK)NHTE . ARVK 2216 1E R F , Houghton 1Y
TFF 5% 2 W PR BV 3508 19 120 7K s B4 22 iy i ik vk 1|
(7] EEHE XA, 2006) ; T80 PG == M X PG 62 111 4%
NSRS B R, 76 20 405 20 4E 3 st pk
NG B S B i i 728 42 (Chinn, 1996).

4 DRNZEA R AT 5

KNSR 1), A AR A IR 255 S vk
IR, FERRER T, MK S H X R R
FE A (FERET S, 2011), R, A SCFE B <R
FREK AL

P T e iR b ], M R %, AR AR A
BAZHN EHNTAEE RN 2ER . GER
LML 2 Bt 7 - L v L s b X SR RN R K AR AR
BRI HTAIE ST DX BRI 052 3 i B BB O, 3 15 iy L
e VKU 7T 485 SR X 78 X S AR A i b A A 72
R
4.1 Tk F R 1

T BELUHE VKOS R I 5T BE A5 48 7 1 e T Hh R A
VYEB AR B AR RRAE , VKU T S5 A R /K 28 Al 2
YE AR 3t B K AR A T i FLSE A 48 A
(W 45, 1994; WAL A% 45, 1999), B F 4%
(1999)/3H1 iy BLHEVK B DO 0 5% i , 20 T4 80 4F
RV AR T &, I B2 50 45 K fe 5 20 ) — K .
HEA 2020, BEK 2 o RIS (1994) 7By
HAE VST 25 R o, A 20 2 LU, SR
SR TV PEREE BRI SR . A LR vK
b3, VKGR BERHE 7R 1975-1992 4F 8] 47 %5 9 55 B 1R
FAR A REKIE M3 | A FEHEXEE, 2006) o BEHEIAR
SE(1999) %) ity HUME B 4 RUBE K i AR A R i 55 285
FW], 20 204 LR BEK A W i3S A
42 5 EBSH

AN B 71X T i1 b DX A A< 5 v s A G v
Al AHE CFHECRE B ERT. HTESE
SRR K B VKN AR AR PRI 2 s B 2 (F
BE RS, 2011). ASSCHMHT T 1960-2010 4R34
Z PR AR K i 2 2R K AR

TE LG B b i 2 0 X h e A AR AR 1R

20 g 80 AR UG , AR X SR AN -1
SR EFHIE 3 K 4), 20140 60-80 4FAY, T I B
T ST I A 247 3R N B R AR R PR B T R R
FoAh ok o5 B R OR AR s R g,
TR E |, 1960-1980 4, I AS A A B S mg i e
15, 1980 4 J5 FHE I . 3X 5 I A VG A B
FEHE IR, I BN R e R O AR e A &
(BRIELE 2003; FHIZE, 2010), 4K K 3000 m 2247
(BB AT SR 0l T e 7 K XA AR AR A ARRAE , I
HR] LUE Y, 3T 40 A1 ke AR Ath s 1 0k B
K FEBE S G212 38 (2 R BOR I &, A 10 47
Y BHA LR E T 10 4ESRAE YR AN E AR H
ES BN i ST (RN

B K B IR T UE AR oK = i 2
R K A TR i (5 3 K 4) . 7R EEURIT Y
SRR K LA R, BRI R . T
LA KOS R FE 25 SR R, A 20 tHE 22 B K AT
WA (A 514, 2002),

5 e itie

() s A R SR, RS IR SIX
1990-2011 4F K 1| i AR /b 16.83 kn?, 1B 47 %
0.65% . AHE T 7k ey S LA B IX, B2 e DX vk 1|
IR AR B w71 o W] B A LI AP B Ll R IDAKIR
1o SR A2 B G XU I A 52 S A AR B,
mil B 1 k)1 A 32F (Hewitt, 2011; Tturrizaga, 2011;
Sarikaya et al, 2012), 7KJ1] 4 /5 & 30 1F F-4 (Bolch et
al, 2012; Gardelle et al, 2012), YaoZ5(2012)IA A1
SR A VY R SR T I 2 A REK AR MADK JR L X k1|
Yy R IAETAE . VORI IR AE TR R L Rk R
Pz — , Fomasm sk S 3OF 5T X R K 34 0, I HOA
Gk GO K ORI LR H BFSE DX S 2
X HREK G . FEIRT = R 5T FEK
S AR 1 oK 2 Rl R REEESE X KT
IR i B2 35/ D PR 22— 5 [Tk fh T BRI X ok |
SRR Bl B KO, XS5 AR AN R B9 XK
FIAEIR, % S A8 Ak iy e 1 288 /N 45 DL LR
ZRAVE U X VK ) RAF IR B3/ e 249K, 7K
N AR 5 S5 Z (R AE A S 2 B BILAR] , L) O¢G
R — PRV .

(2) WEFE XA 53 UK N HE 1990 4F 2 1999 4F [
RS, 7 ot 9 1) B2 S vk 1 A T AR S hnE e KR



555

T

41Y)

. Dol Bfsedy Ou/BRI51 4 T8 O/ HRET T .%.m % mm [x]
M T - m m M % m % m
& 8 R
b
- < s g A
g g 7 { S ] i S =
: S z =S EZ X m
5 2 a 8 » X &
S : |8 5 & g2 5 o ey K
8 g s 3 £ S = . ¥ = B
¥ s |2 £ = 3 w B p AR
m S - m/ o g g — < WA .Al @
-3 X - £ -
4] ) — g o D /
X & T =R LE
S § 2 S s S % w & =
| ) 3 E S kE
s N VS — < \ s = ST X %HWWA
2 N e, 2 g & m (e /A:
* TEEEEs : g : ¥E S5 EE
a a8 IEﬂ:ﬂ Wm i w3 e g = 71 W/ e 7 .WMX rm m ﬂﬂ %B -
.ﬂM m QBRI T L @ e ) Ip m %
o IH 3 < = "
s ¥ Z i oz: ERCOR
W 3 - v X & $
g = & g m B & I3 =
. : = E g z TOEE O yiERik
E s r s e N =
= s | = ol R g M=
= I =g E s moa ,
- g | & E f x5 ERIELEK
& 5 €2 cHER
EL T S g & s
5 g |o= z 8 R
B - |EE q E e = m = Eroy &
R _ e 2 ‘w i & m M ) .Wm t%
_ % E E 8 E 227
g - = 8 X 3 = £ Dk
“ w3 g 7 i nm v~
il ° OB TS N S R o & =
: g hogos 3 8 8 5 8 ST 1 * oo
g Bl & .2 —
£ : ERR g
g S < s HEE
an I B>
2 g = < g A my R
s 2 2 = _A.i 0 r ﬁ
£ £ £ - § R D=
. 2 ) g wm/. m R 2
Ca ) N — " ESY
: > = -
£ Tz
MWM e e n.nlmu .WVA ﬁﬁ
i2 2 2 ° K E R
Ex g E =
%, 3 - - _,E nﬂE >
s =
s 3 = z 2= X = i .Ew
- w4 S B EIK

IR Y SLEAS =5 41

pEt
H

N

B RTBEUK) 5 BOR i

{8, J2 3T AF B K A BRI 3 . Wang 25

B
(0115, BEIK 5t 13

1980-2000 4F- /5 47 H

i
JEAEHR

ol e

9

=}
=]

BV ek

)

H ] R Atk S A X ok

HEIG Tt HE XUZE (2006)BF 58 261, 75
AL HE 2 AR R I X Pk ZE 46 TR B /N T 1%

B,



556 oo R

E S 32%:

B2 S BOE = AR 2 vk HE 1970-2000 415 )R
s ATHE R . Gordon 25:(2008) 178 & 1 , F§ T+ iR
IVl DX Y R R VA R A A AR SRR e T vk
X S 2 e o 1 ATL i A 4 b DX oK R 4
P P O B =Rl - ] i
Hewitt(2005) i 5% & 81, LA R 50 s it 25 50
AR A 3G IR B 2 ) N R I T RS k)T
Yy AR R . ARSCR B, BV RGBSR 1
PEA PR R TR G0 0 10 ARAE B IR N E 2 2
PRBE LA R B A, I HLF 7K R A 1960-2010 4F-73
SN 3 AT RS F A UG DX UK TR 40 1 B A/, B
FE VK1 H B ) SR

(3) HIg VKR 56 7E 2002-2004 L 661 m/a Fr) 3
T, AT e LA BRBN VK A RRAE o S5 K )1 R ity
TE 1991-1998 4E[A] LA 200 m/a (13 /i , 76 125
T oK TR N T 9.47 ko 30K A T Hiu T A G
TG RS UG DX R 3, K B e ) A Bt bR
FORIEZ , th FHUE I i, HA R X E 5 b4 i
FETE VKN B R ZE 2R, T BE 2 vk HTHE Y
JRR Z— o 55 Ak, S5 vk )1 4R 6000 m Ab < iR
F1-60.5°C , Ay 4 X000 1) %) 7 9 v AR R AR A (R
IRl Be 7 6 e B 25 5 2 B 45BN, 1998), (IR 5%
A RIF RN R, ol R vk RTHERY 73 ok —4
R o R TR I A5 0 R AR, S0 K ) 1 A sty i 3k
R TR 25 PR AN REHERR HAl R BR vk
JNEATREME . A 5T 2 BAE v B A k)1 XA
A ERBVK)NAEAE , AR FOE S G B Rl R
1L B B A 1L U VY AR A S ) e B B 0 P
PR R BT JE ED IR L XA R (E8 T KA,
2012; XIS, 2009; | B A& H#EAE, 2005; 17 255,
2003), T T E KR T UK R, vk
JUNE 3350 & A AR A8 Ak, R F ok RS i & A=
(EAHESE, 2005), BEE A R fT e
FI A LR A3 UK 7E 1966-1981 4F & Az BR 81 1) J5E [H] 2
VKNI FUR L AR RE AR L , 55 4 i e
LT HK (B4, 2003) W0 B 11 BR B vk )1 il
RO B AR T R R 2 24 i T A
S A57Y 5 (Iturrizaga et al, 2011; Hewitt, 2005), H1lg
VROV RIE I vk N #2 f LA vk A, kS
R S (R HF 3K B R 21 700 m 2 A7, HL KO AR S vk 1
TEHAE | XS BR B K 1 il B RURRAE

it PRALARBEFRR A £ SR LT,
(BT RAE AL E 2 K F R4 Landsat %1%,
T S

5% Xk (References)

Bolch T, Kamp U. 2006. Glacier mapping in high mountains
using DEMs, Landsat and ASTER data. Grazer Schriften
der Geographie und Raumforschung, 41: 37-48.

Bolch T, Menounos B, Wheate R. 2010a. Landsat-based inven-
tory of glaciers in western Canada, 1985-2005. Remote
Sensing of Environment, 114(1): 127-137.

Bolch T, Yao T, Kang S, et al. 2010b. A glacier inventory for
the western Nyaingentanglha Range and the Nam Co Ba-
sin, Tibet, and glacier changes 1976-2009. Cryosphere, 4
(3): 419-433.

Bolch T, Kulkarni A, Kaab A, et al. 2012. The state and fate of
Himalayan glaciers. Science, 336: 310-314.

Cai D H, Ma J H, Nian Y Y, et al. 2006. The study of glacier
change using remote sensing in Mt.
of Lanzhou University: Natural Sciences, 42(1): 13-17.
[SEIAE, W, 4EHE =, 55, 2006. 51 Bk )11 7%
PREEFTE. 2Nz AORRRF AR, 42(1): 13-17.]

Cai Y, Li D L, Tang M C, et al. 2003. Decadal temperature
changes over Qinghai-Xizang Plateau in recent 50 years.
Plateau Meteorology, 22(5): 464-470. [255%, 254528, 1
KA, 4. 2003, 7 R ST 50 4R AR AR BR 2B 1k
RSB, 22(5): 464-470.]

Cao B, Wang J, Zhang C, et al. 2011. The remote sensing in re-

Muztagta. Journal

search of modern glacier changes. Remote Sensing Tech-
nology and Application, 26(1): 52-59. [#F, £, 5k4k,
5. 2011, JBIEHARTE BRI AL D5 Y . 28
AR, 26(1): 52-59.]

Chinn T J. 1996. New Zealand glacier responses to climate
change of the past century. New Zealand Journal of Geol-
ogy and Geophysics, 39(3): 415-428.

Gardelle J, Berthier E, Arnaud Y. 2012. Slight mass gain of
Karakoram glaciers in the early twenty-first century. Na-
ture Geoscience, 5(5): 322-325.

Gordon J E, Haynes V M, Hubbard A. 2008. Recent glacier
changes and climate trends on South Georgia. Global and
Planetary Change, 60(1): 72-84.

GuoWQ, LiuSY, XulJL, et al. 2012. Monitoring recent surg-
ing of the Yulinchuan glacier on north slopes of Muztag
range by remote sensing. Journal of Glaciology and Geoc-
ryology, 34(4): 765-774. [ 55 J3 4K, XIHH4R, VA& A, 4.
2012, ARFEEAS VAL A1 )1 BRI B . o)1



44 AT A 1990-2011 44 B DX vk 1 AR A Fry e 5t 0 557

%, 34(4): 765-774.]

Hagg W, Mayerb C, Lambrecht A, et al. in press. Glacier
changes in the Big Naryn basin, central Tian Shan. Glob-
al and Planetary Change. doi: 10.1016/j.glopla-
cha.2012.07.010.

Hewitt K. 2005. The Karakoram anomaly? Glacier expansion
and the "elevation effect", Karakoram Himalaya. Moun-
tain Research and Development, 25(4): 332-340.

Hewitt K. 2011. Glacier change, concentration, and elevation
effects in the Karakoram Himalaya, Upper Indus Basin.
Mountain Research and Development, 31(3): 188-200.

Hou S G, Qin D H, Yao T D, et al. 2002. Recent changes of
the environmental information recorded in the ice core in
Tibetan Plateau. Chinese Science Bulletin, 47(20):
1588-1591. [543 5it, ZE KT, WRARA%, 5. 2002. 7 #
Jst vkt AR O 0 k. B o7l AR, 4720):
1588-1591.]

Iturrizaga L. 2011. Trends in 20th century and recent glacier
fluctuations in the Karakoram Mountains. Zeitschrift fiir
Geomorphologie, Supplementbénde, 55(3): 205-231.

Ji P, Guo H D, Zhang L. 2011. Landsat-based dynamic area
change of the glaciers to the north of the Guozhacuo
Lake, 1991-2009. Remote Sensing Technology and Appli-
cation, 26(2): 202-208. [42115, SR4E 7R, &%, 2011. B F
Landsat %40 (9 55 L A5 b 1 vk 13 20 45 F i AR g 2748
LRI, SRR AR 5P, 26(2): 202-208.]

Jiao K Q, Yao T D, Li S J. 2000. Evolution of glaciers and en-
vironment in the West Kunlun Mountains during the past
32 ka. Journal of Glaciology and Geocryology, 22(3):
250-256. [ 45 v ), WRAEAR, 212K, 2000, PYER 210 32
ka SRAGVKN SIS, vK)IR L, 22(3): 250-256.]

Jin R, Che T, Li X, et al. 2004. Glacier variation in the pumqu
basin derived from remote sensing data and GIS tech-
nique. Journal of Glaciology and Geocryology, 26(3):
261-266. [ 81, 4V, ZEH, 45, 2004, 1T 32 BN GIS
P14 74 S it A K 1 A AR B Y PKOIR e, 26(3):
261-266.]

Liu J S, Wang D. 2009. Glacier surge in Karakorum Moun-
tains of upper Yarkand River during summer 2009. Jour-
nal of Glaciology and Geocryology, 31(5): 992. [XI| 5 A,
Tt 2009. 2009 4F B e R 1L R IE i A AR
UKINERSH. VKR 1, 31(5): 992.]

Liu SY, Ding Y J, Li J, et al. 2006. Glaciers in response to re-
cent climate warming in the western china. Quaternary
Sciences, 26(5): 762-771. [ X B4R, T 7k &, 2= 5, &
2006. Fv ] P AR PO AT I 3 A A A 1 Py i L. 55 D 20 B
5%, 26(5): 762-771.]

Liu SY, Lu A X, Ding Y J, et al. 2002. Glacier fluctuations

and the inferred climate changes in the A'Nyémaqgén
Mountains in the source area of the Yellow River. Journal
of Glaciology and Geocryology, 24(6): 701-707. [ X!] fif
R B2, Tk, A 2002, BT R 2 R 0 L X
VKN 552k, vk 1, 24(6): 701-707.]

Liu S'Y, Shangguan D H, Ding Y J, et al. 2004. Variation of
glaciers studied on the basis of RS and GIS: A reassess-
ment of the changes of the Xingingfeng and Malan ice
caps in the northern Tibetan Plateau. Journal of Glaciolo-
gy and Geocryology, 26(3): 244-252. [ X B4R, I B 4
WE, Tk #E, 4. 2004. 3£ T RS 5 GIS (k)11 25 (k5%
T e JEAE 7 75 0 5 T 22 KR AR A R FEVEAS. 2K )1
7R+, 26(3): 244-252.]

Liu S'Y, Shangguan D H, Ding Y J, et al. 2005. Glacier varia-
tions since the early 20th century in the Gangrigabu
Range, southeast Tibetan Plateau. Journal of Glaciology
and Geocryology, 27(1): 55-63. [XIR4R, B 4HE, Tk
A, 4. 2005. 20 tH 2050 LUK 7 5805 5 A< e 0 H I Af
IR Ak, Pk #R, 27(1): 55-63.]

LuA X, Yao T D, Wang L H, et al. 2005. Study on the fluctua-
tions of typical glaciers and lakes in the Tibetan Plateau
using remote sensing. Journal of Glaciology and Geocry-
ology, 27(6): 783-792. [ 5 ‘4, WAE Mk, T 4L, 2.
2005. 7 7 e S AL i) 1 FNIA AL AL TR . VK1
&+, 27(6): 783-792.]

Narama C, Kaab A, Duishonakunov M, et al. 2010. Spatial
variability of recent glacier area changes in the Tien Shan
Mountains, Central Asia, using Corona (similar to 1970),
Landsat (similar to 2000), and ALOS (similar to 2007)
satellite data. Global and Planetary Change, 71(1-2):
42-54.

Pan B T, Cao B, Wang J, et al. 2012. Glacier variations in re-
sponse to climate change from 1972 to 2007 in the west-
ern Lenglongling Mountains, northeastern Tibetan Pla-
teau. Journal of Glaciology, 58: 879-888.

Paul F. 2000. Evaluation of different methods for glacier map-
ping using Landsat TM. Proceedings of EAR-
SeL-SIG-Workshop Land Ice and Snow. Dresden, Germa-
ny: June 16-17.

Paul F, Kddb A, Maisch M, et al. 2002a. The new remote-sens-
ing-derived Swiss glacier inventory: 1. Methods. Annals
of Glaciology, 34(1): 355-361.

Paul F, Huggel C, Kddb A, et al. 2002b. Comparison of
TM-derived glacier areas with higher resolution data sets.
Proceedings of EARSeL-LISSIG-Workshop: Observing
our Cryosphere from Space. Bern, Germany: March
11-13.

PulJ C, Yao T D, Wang N L, et al. 2004. Fluctuations of the



558 oo R

32E

glaciers on the Qinghai-Tibetan Plateau during the past
century. Journal of Glaciology and Geocryolgy, 26(5):
517-522. [, WO, £ 7725, 45, 2004, 3T 7T 4R K
T SO [ HERAE . PR)IR A, 26(5): 517-522.]

Raup B, Racoviteanu A, Khalsa S J S, et al. 2007. The GLIMS
geospatial glacier database: A new tool for studying gla-
cier change. Global and Planetary Change, 56(1-2):
101-110.

Sarikaya M A, Bishop M P, Shroder J F, et al. 2012. Space-
based observations of eastern Hindu Kush glaciers be-
tween 1976 and 2007, Afghanistan and Pakistan. Remote
Sensing Letters, 3(1): 77-84.

Shangguan D H, Liu S Y, Ding Y J, et al. 2004a. Glacier
changes at the head of Yurungkax River in the west Kun-
lun Mountains in the past 32 Years. Acta Geography Sini-
ca, 59(6): 855-862. [ L 'F A #%, X INf4R, T Kk £, 45
2004a. LI AR X 32 4R vk )1 AR Al 38 B . i
BEEEHR, 59(6): 855-862.]

Shangguan D H, Liu S Y, Ding Y J, et al. 2004b. Monitoring
results of glacier changes in China Karakorum and Muz-
tag Ata-Konggur Mountains by remote sensing. Journal
of Glaciology and Geocryology, 26(3): 374-375.[ F.'E &
W, KB AR, T, 2. 2004b. FEE M ALt
FE M Z% L L B pfT A M 0 45 2R oK1 5, 26
(3): 374-375.]

Shangguan D H, Liu S Y, Ding Y J, et al. 2005. Surging gla-
cier found in Shaksgam River, Karakorum Mountains.
Journal of Glaciology and Geocryology, 27(5): 641-644.
[EE 20, XA, Tk, 45, 2005, w4 1l v i)
T A AT AR OR A BLAT BR B vk 1L kIR £, 27(5):
641-644.]

Shangguan D H, Liu S'Y, Ding Y J, et al. 2007. Glacier chang-
es in the west Kunlun Shan from 1970 to 2001 derived
from Landsat TM/ETM + and Chinese glacier inventory
data. Annals of Glaciology, 46(1): 204-208.

Shangguan D H, Liu S'Y, Ding L F, et al. 2008. Variation of
glaciers in the western Nyaingéntanglha Range of Tibet-
an Plateau during 1970-2000. Journal of Glaciology and
Geocryology, 30(2): 204-210. [ I B & #%, XIHH4R, TR
K&, 4. 2008. 1970-2000 45 27 5 437 11 Bk P4 B vk 1|22
1k, vk)I% 1, 30(2): 204-210.]

Shi Y F, Liu S Y, Shangguan D H, et al. 2006. Two peculiar
phenomena of climatic and glacial variations in the Tibet-
an Plateau. Adances in Climate Change Research, 2(4):
154-160. [itiFfE X, XIBTER, 4R, 4. 2006. T 30aF
e J M S U A b A PR R R LA M1k
WL, 2(4): 154-160.]

The Comprehensive Scientific Expedition to the Qinghai-Xi-

zang Plateau, CAS. 1998. Glaciers and Environment of
the Karakorum-Kunlun Mountains. Beijing, China: Sci-
ence Press: 19-32. [F[EI B} e 75 ol i oL 255 5 B oA 5 4%
BA. 1998. memfil B 4 11— B & Lt X vk )1 5 3005 L e
Blf R 19-32.]

Tian H Z, Yang T B, Liu Q P. 2012. Relationship between cli-
mate change and glacier retreat over the last 40 years in
Lenglongling Range of eastern Qilian Mountains. Re-
search of Soil and Water Conservation, 19(5): 34-38. [ H
HERE, R, XD . 2012, 31T 40 4F 5 14 Jo 04 1l IX 7k
IR 45 A0 A A2 Al 1 OC FRL K L AR 35 F 5T, 19(5):
34-38.]

Tucker C J, Grant D M, Dykstra J D. 2004. NASA's global or-
thorectified landsat data set. Photogrammetric Engineer-
ing and Remote Sensing, 70(3): 313-322.

Wang L, Xie Z, Wang X, et al. 2011. The glacier area changes
in the Qangtang Plateau based on the multi-temporal grid
method and its sensitivity to climate change. Journal of
Mountain Science, 8(6): 882-893.

Wang N, Li D L, Zhang J. 2010. Research advance of surface
temperature change over Tibetan Plateau. Journal of Arid
Meteorology, 28(3): 265-269+290. [ E i, ZEHRZE, KA.
2010. 7 98 J5U S AL RO BIFFE g T 54, 28(3):
265-269, 290.]

Wang PY, Li Z Q, Gao WY, et al. 2011. Glacier changes in
the Heihe River Basin over the past 50 years in the con-
text of climate change. Resources Science, 33(3):
399-407. [E3EE, 2= 08, =T, 55 2011, KAk
o ML 50 4R PRIANIAL B vk )1 B IR A RRAIE 31T B¢
TERME, 33(3): 399-407.]

XuJ L, Liu SY, Zhang S Q, et al. 2006. Glaciers fluctuations
in the Karamilan-Keriya River watershed in the past 30
years. Journal of Glaciology and Geocryology, 28(3):
312-318. [VFAF, XU HR, KSR, 45, 2006. 35 KA
b T 2 oK 22 3] o BEURE TR I P B X AT 30a 2k 1) k1|
ARAEISE. vk 1, 28(3): 312-318.]

Yang J P, Ding Y J, Liu S Y, et al. 2003. Glacier change and its
effect on surface runoff in the source regions of the Yang-
tze and Yellow Rivers. Journal of Natural Resources, 18
(5): 595-602. [IHE-F-, T /KA, X, 4. 2003 KT H
TR DX VK 1 8 A B R 1A i B 5. AR B U5
%, 18(5): 595-602.]

Yao T D, Jiao K Q, Yang M X. 1999. Trends and features of
precipitation changes in the past 400 years by the Guliya
ice cap. Progress in Natural Science, 9(A12): 1161-1165.
[ A8 A, £ o 0, A M2, 1999, ol HELAE iGEs o ¢
400a [% K 725 1k BF 55, H AR B 2 JF R, 9(A12):
1161-1165.]



41 ZERLFE 25 1990-2011 45 P4 B 06 DX UK AR A 1) Ja s 559

Yao T D, Thompson L, Yang W, et al. 2012. Different glacier change since Little Ice Age in the ice core of the Guliya
status with atmospheric circulations in Tibetan Plateau ice cap. Journal of Naturnal Science of Hunan Normal
and surroundings. Nature Climate Change, 2(9):663-667. University, 22(1): 80-84. [ 25 ¥, W& 5, ifi 4E K, 5.
Yao T D, Yang Z H, Liu J S. 1994. Recent warming as record- 1999. 7y FUAE IOt H /N ok A LR i S A A8 fk id 5% i e
ed in the ice core, Tibetan Plateau. Chinese Science Bulle- IR A SRRk, 22(1): 80-84.]
tin, 39(5): 438-441. [WkEHE, G 4L, X5 7. 1994. 7K Zheng B X, Zhao X T, Li T S, et al. 1999. Features and fluctu-
0 S T 48 TR 0 T R R R T R B 22 ), 39(05): ation of the Melang Glacier in the Mainri Mountain. Jour-
438-441.] nal of Glaciology and Geocryology, 21(2): 145-150. [ %
Zeng L. 2012. Glacier variation in the eastern Pamirs Plateau AR R A5 T, AR, 4. 1999, Mg HLES 11 B Ak vk )1 Y
during 1972-2011 based on remote sensing data and GIS FRE 5481k, vk %1, 21(2): 145-150.]
techniques [D]. Lanzhou, China: Lanzhou University. [ Zheng D. 1999. Physical-geography of the Karakorum-Kun-
F. 2012, FE T RS Fl GIS 19 AR K IR w85 B VK 1A 40 4F lun Mountains. Beijing, China: Science Press: 28-47. [
KRHYAZEAEHIETE [D]. 22 22K ] JE. 1999. il G 1 —R-A 1 X [ SR EE. b AT B
Zhang X P, Yao T D, Shi W L, et al. 1999. Record of climate 2 kL 28-47.]

Variation of West Kunlun Mountains glacier during 1990-2011

LI Chengxiu, YANG Taibao, TIAN Hongzhen
(Institution of Glaciology and Ecogeography, College of Earth and Environmental Sciences, Lanzhou University,
Lanzhou 730000, China)

Abstract: Mountain glaciers are a potential climate indicator because they are sensitive to climate changes. The
water released from Kunlun Mountains glaciers is the major source of stream flow to the Tarim Basin and nearly
6.3milion people who live in the oasis of Tarim Basin rely on the glacier runoff. Remote sensing has proved to
be the best method of investigating the extent of glacial variations in remote mountainous areas. Using remote
sensing (RS) and geographical information system (GIS) technologies, we analyzed glacier changes in the West-
ern Kunlun Mountains on the Northwestern Tibetan Plateau. The satellite images (Landsat TM, ETM+) from
1990 to 2011 were used to extract the extent of the glaciers. The results indicated that there was no significant
change in glacier area in the study area as a whole, and the glacier area decreased about 16.83 km*(0.65%) over
the 22 years. But the glacier changes were not homogeneous. The changes in single glacier area have differed
among the study regions, and some glaciers advanced while other glaciers retreated. ZhongFeng glacier ad-
vanced at 661 m/a from 2002 to 2004 and we infer that the ZhongFeng glacier is a surge glacier. Chongce gla-
cier advanced at 200 m/a from 1991 to 1998 and the glacier area increased 9.47 km’. This glacier is characteris-
tic of surge glacier. The temperature showed an increasing trend from 1960 to 2010, while precipitation in-
creased slightly. The Guliya ice core indicates that the temperature and precipitation increased after twenty centu-
ry. The increase in air temperature resulted in the slight glacier recession. The low retreat rate of the glaciers
may be due to two factors: the large scale of the glaciers and the increasing precipitation accompanied by
strengthening westerlies.

Key words: glacier change; remote sensing monitoring; advancing glaciers; surge glaciers; West Kunlun Moun-

tains



