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Fig. 1 Location of the study area (Himalayas)
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Fig. 2 The extraction of debris-covered glaciers
W BARSRIE T MM A s (United States Geological Survey, USGS).
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4.1 KJI2EFRE Fig. 3 Glacier boundary and GPS measuring points

e . N N of Zhongni Glacier
BEAREWR YOI R IBARIER (R 3 ggpmr e mumins (Unied Sutes

2), TEAFEEN, BEHREFFEZES, Hh Geological Survey, USGS),
1990—2000 4, K JI| B9 T FH 46 Ik 891.02+15.45

km’; 2000—2010 4F, [ FLIB 45 900.11+22.22 km?; 2010—2015 4F, TH R 45 I 761.97+
15.33 km®, %R S S L vk IEAE IR s (K 4) . 53 5 53 i X
VKNSR B e 35— 7

4.2 KE AR ERET

B 3 AT, BFSE X UK 2250 A FEVE B, 2015 4F P4 Bz M DX oKk )1 9 43 A7 TR
10242.10+518.95 km’*, 2 iz B B oK) TR TAIAR Y 49.54+2.51%, HUCH T BEHBIX, TR B
KN AR N, AU 13.1740.54%

AR S a1, 25 AR AR BE . W BORVE Bet X vk )1 | 2 R BB 4 ey, (HIB 4R
A @ B DR AR Bo X vk ) TR AR YR 4 % 2000 0.48%/a, 3 /NI BHAFR TR 4 %
32 0.45%/a, 0.47%/a Fl10.64%/a, AR Bt X vk I IEZE R 46 5 @ W Bkl
TR AT R 45 R 24 R 0.41%/a,  XF I 3 A B B vk 1| B9 4% 24738 46 %5351 o0 0.37%/a 5
0.38%/a L 2 0.61%/a, B4E#AH G HREBZML; @ 1990—20154F PG BLyk) 1| 1 AR AYAE 1R 45
R 0.45%/a, AIRIATBEAFE IR 4 R A S 80 R i i K p ka3 25 Ak 7 Bt [X vk
JIA 2T AR 40 B A, R 2010—2015 4F R 4 19l 2l Ho i 3% . VAT, 1990—
2015 48] & SR L R B DX oK) 1 AR BB 4R ik, RO PYBEHLIX., H BN

®2 19902015 FEHERKJIERERIER
Tab. 2 Glacier area variations in 1990-2015

AEfy T A (km?) Il b d (k) IR (%) AR (Yol a)
1990 23229.27+997.28 - - -

2000 22338.25+981.83 891.02+15.45 3.84+0.07 -0.38+0.007
2010 21438.144959.61 900.11+22.22 4.03£0.10 -0.40+0.010
2015 20676.17+£944.28 761.97+£15.33 3.55+0.07 -0.71+0.007

BITAEEE - 2553.10+53.00 10.99+0.23 -0.4440.014
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19904E0K )11 & 2000467k )11 & 2010480k )11 & >2015480k)11 @ 2km

4 19902015 FE SR LFSKIIELE
Fig. 4 Glacier changes of the Himalayas in 1990-2015 (background is Landsat ETM+ image)
:: JEIEI2015/08/30 Landsat ETM+524%, Skl T- 35 =M1 25 )7) (United States Geological Survey, USGS).

R3 19902015 FESHMILFRE. PERMFRKIIEISTHHE

Tab. 3 Distribution characteristics of glaciers in the eastern, central and western parts in the Himalayas from 1990 to 2015

(P37 km?)
ARGy 1990 2000 2010 2015
[t 11551.69+546.82 11117.70+541.50 10671.78529.02 10242.10+518.95
i 8584.75+332.91 8267.95+324.35 7953.78+316.43 7711.22+313 .46
KRB 3092.83+117.55 2952.60+115.98 2812.58+114.16 2722.85+111.87
JsSan 23229.27+997.28 22338.25+981.83 21438.14+959.61 20676.17+944.28

4.3 E. desEk)IBy L

1990 4F- . 2000 4F- . 2010 412015 4Fpg 3 vk 1 AR T ALAN R 4 i o 32548k, ™
e pk ) TR 2R B0 K U/ 1 B B, 1 1990 4E 1Y 14451.25+583.40 km® Ui /)N 3] 2015 4E
13082.14+555.72 km®, FL8/N T 1369.11+27.68 km®, XFI 3 AN B, oK1 1 R4 5o 2
T 477.42411.40 km® 5 431.79+9.74 km’ LA 2 459.90+6.54 km®, H &5 =W Bk I 4E R
455 0.68%/a, LR TRITEIFEE (0.33%/a50.31%/a) . HIATAL, 325 4F 3 midk vk
IIE A S P EE RS s AN e N O) <5

ST, 1990—2015 4735 S AfE L b3k vk )1 T ARAS WIS, AS [RIisk Be vk 1 iR 4
EF R . AT B S5 — it B k) A 4808 T 413.60+£4.05 km? Fl1468.32+12.48
km?, JEEVKIGRAEINE; 25 = At Bk ARS8 302.0748.79 km?®, S RGN BOA
Fo, AT BAEY B4R R SRRl 25 LA, 1990—2015 455 ShR A L b3k vk 1 Jin s
B4
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b3 . RAbBATEAL Y . 20154E AR ES 19902015 EEDEHIRE. RRMERK

e oAb RIS APEICHE M vk oA NI E R AR EE

E‘ jF/[:{ ﬁ?}' %IJ IE 2015 ﬁg ‘(]k J ,I )é\ i */[:{ E/‘J Fig. 5 The annual average retreat rate of glaciers in the eastern,
12.97% . 16.47% . 14.91%%[] 14.42%. Itlfé middle and western parts of the Himalayas during1990-2015
SRPE R DK S0 A TR D, 35008 9.72% 1 9.46% o Gt AN IRI i BEIFFE X 45 1] 7K
NASAE KB (1 6b), 1990—2015 4F-4% ik Be 2 i ] Kk N P R B B 45 254, JoHUE
UTSAER, INEURAG AN RE . 3ANEBR . AR IR k)1 T BUR 4 S, 7Y
PURg . ARdEE T, AUFIPY e k) IR 45 .
4.5 IEEEK)IEZEL

AWFFE TR B3 vk, FIH DEM B, 78 ArcGIS 25 [al /- Mr ol S 5 F
I3 Hr e ShREHE LU AN [R1 3 BE K T8 23 AR b L EIR SO0 (7)o ARl B, k) NHE#S 3
6] B A RRE—3, L2015 4E 0], vk 223 A TE 5°~25° 2 ), 249 i 2015 4F- 5 ThhiiHfE
L TR Y 52.00% o Hrft 100~15YE Rl KT oA T BUR R, 2970 14.00%, HRh
50~10°, #913.79%; >45°JuRINUKN A AR D . SUATI S, BEA B R HE ok
A TR S I/ N

R4 19902015 FE DL EEK)IERS RS HIBEL

Tab. 4 Ice covered area and variations of the southern Himalayas from 1990 to 2015

Ay TR (km?) b (km?) IR 2(%) HEAAL R (Yol a)
1990 14451.25+583.40 - - -

2000 13973.83+572.00 477.42+11.40 3.30+0.08 -0.33+0.008
2010 13542.04+562.26 431.79+£9.74 3.09+0.07 -0.31+0.007
2015 13082.14+555.72 459.90+6.54 3.40+0.05 -0.68+0.010
It - 1369.11£27.68 9.47+0.19 -0.38+0.013

&5 1990—2015 FEDRFE L ALk EFR S AR N

Tab. 5 Ice covered area and variations of the northern Himalayas for 1990-2015

A 1A (km?) I/ 2 (k) IBEHH(%) AEIEALA (%)
1990 8778.02+413.88 - - -

2000 8364.42+409.83 413.60+4.05 4.71£0.05 -0.47+0.005
2010 7896.10+397.35 468.32+12.48 5.60+0.15 -0.56:0.015
2015 7594.03+388.56 302.07+8.79 3.830.11 -0.77+0.022

Bt - 1183.99+25.32 13.49+0.29 -0.54+0.019
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Fig. 6 Distribution and retreat of glaciers in different aspects from 1990 to 2015
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Fig. 7 Coverage and retreat of glaciers on different slopes from 1990 to 2015

1990—2015 AF-AF 5% DX oK ) 1 T AR 4 R B3 1 978 £k 52 S B J5 s/ N ka3, £ 25y
AAAE 20°~40°2Z [8], 7E 25°~30°VE [ N vk IR 4R e bl , HA oM 30°~35°, 31 B >60°41 [l Py
VKRS et . ml UL, 20°~40°9E il A IO IR 4 A b, T 761 22 b I i ) [X 3,
RGNS . SRR B B vk AR 4 %efg ir 22 5%, (HEMATI 5, 2010—2015 4F 7K1
AEIR A8 38 i T AL A BB
4.6 RIEMEZESIERFBEZRIKIIIBNITL

FA P B T VK1 B T Al R 5 R 2 R UIAOG, B S 3R w2 R E>0.1 mi),
R —E BB L RES AN vk w0245 RN 0.02 mis, Fefii 2 A MORREEAN
MK @k, i AR a] RAWOSCE 2 R BRAR ST, s vk et BT X R i i h &
B, NTH—2 T HE SR LRI EERTER , FoATE 5T X k)1 5 s
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®6 19902015 FHARRAFZEK)IKERSHEEW
Tab. 6 Area and change of glaciers in situations of Himalayas during the period of 1990-2015

. PR o Bl 20
e TR (km?) #H JUBE (k) TR (km?) #H B (km?)
1990  10269.37+303.66 749 13.71+0.41 12959.90+693.62 11462 1.130.06
2015 9733.22+298.79 754 12.91+0.40 10942.95+645.49 12004 0.91+0.05

FH 2 6 AT H1 5 Sh e L et 7 o A0 k)N B9 8 B /b, 1990 4R 4647 749 2%, i vk)i|
BAUE 6.13%, 2015 4FERERE N, A 754 %%, HXTRIEHI EEGE 5.91%, R IZIEHR
VKNEE H D, BT, 70000 44.21%F147.07%. @16 H P RRERLK )1 1)
SERRR L B, R R T ALK SRR R AR R B S ALK, DL 1990 4F A 4]
FIE AN 13.71£0.41 km?, J5 M 1.13+0.06 km?,

A3 HTIE 25 Ak KAt 78 w5 AR R i ) 7 55 B vk 1R 4 SRR AR ZE ], AP R
TR BB 45 553 91 R 536.15+4.87 km® F12016.95+48.13 km?, 1B 4554394 5.22% Fl
15.56%, JaFm R TaiE, W ULE DR L X R mi e — 2 LR RE S I vk 1 i
Al BEAN, AN RPN XS5 S I, B O BRURR™ BRI, PRSI B ok )1 S B R 1 22
ST AR R BER TR 55 A VKO AT LR/ IR 4 B 9 OB i A

RN AR B R R AR, BT 1990—2015 AR5 X K fisi 78 55 7 vk
It X AL AR AR (7)), 45 Rt BEEm X A iR 4 a3, 5 —mt
B, FtiX LD T 80.65 km?, AFHJIRATHR 0.38%/a; 55 B, it IX 1 AR Ik
YN 39.44 kim?, AERRAEER (0.19%/a) DNTEH— B 8 =B, AR 4
37.40 km'’, AEMIRAEREKTHENAE B, BN TH 0B
4.7 KN T B0 E =&

20 40 SO AR Lok = A L X AR AR S 0 B L T #a s, AR TR] DX 3 A ]
FIME LM A AN . 20 T2 70 A0 LUK = S R0fE L 9 7330 B TH T 1.00°C, 29 4[]
HAAb Pk b 45 5 X HORIF . (0.60 °C) FOPIAE™; 19712004 4T [H) B X A 2 P
Wy bR, AR R TR E, HAHREE (0.23 °C/10a) & TF4Ek (0.13 °C/
10a) 25 1973—2005 4F: =] 5 [ 55 P9 5 S hr HE L A B g AR Je e b X AT 34 < e 35 T
T B 22 AR AR B T R 0.30°C/10a, 5 T-ERIBHEIX 2 AN, 1960—2002 4%
() 5 Sh R LU AR BEER ORI 2 S S e s R I, R AORE B, HE AR
A8 VLI B B Ol B Y BRI, Salerno ZERUA3 T T 1994—2013 4[] & Sy hy A L BR g
i XAERE K R, I X B K R R S TR . BRGS0 RN, v &R
AR R K e B . TAERYFR AR, VKOOSR BB R G SR R AR UG RH G L AR
TFF5E X [ K S AR 3427 ] L e L vk TR 4R 1R nT BRI & . Bk /b3t

R7T 19902015 FZ LR HELRBREARSHESELERL
Tab. 7 Debris covered area and changes in the Himalayas during the period of 1990-2015

AEy T A (km?) W (km?) IR (%) AR AL (Yol a)
1990 2116.69+158.95 - - -

2000 2036.04+154.10 80.65+4.85 3.81+0.23 -0.38

2010 1996.60+151.04 39.44+3.06 1.94+0.15 -0.19

2015 1959.20+148.27 37.40+2.77 1.87+0.14 -0.37

B AR - 157.49+10.68 7.44+0.50 -0.30
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km®, A 7] B B2 X6 g DX I AS A 5 4 B oK 1 43 AT TR AR A 4135.73 km®, . AHZE 1.3%;
Randolph VK)I1 4 H "0 T & SR RS oK), (HRFH 1998—2013 4F1% B¢ 14 /i
PEOKN A, 7T HA A e, [ EL T 2010 4F £ 45 B9 Randolph 7K )1 4 H £ 4
(3084.19 km®) SAMFRZER (3031.68 km*) HEATXTHL, T FHMZE1.7%, W AW HE
I KON 30 A v LA R R 2

5

(1) 1990—2015 4 (0] = SR HE ok ) iR 4, JUHORIT Sk, nstR 46 54t
poRTEN

(2) BRIV R ZE AR B 5O~25°Vi I N o 3T 25 AP0 45 i B S vk ) 1| ¥ 7
B4, 25°~30°7E [l N VKR 4 4 B 5, W CEEBE I 58 25 SF- 2 b DX v | 110 IR 400 TR A 18

(3) VKINESASE M AL 040, 5. b, db. vEALIE vk 20 A i AL A K
BV VKN 2 RGPS R, R, R, B PURSBm kR gl db
[iE[es %3N

(4) B el Femm s Rk B B 8>, (AR, 3L 25 AF ok Rt
SR AN IEIR 4, HJE A MR AR TR R R, RIS X R A — e R
L REAE AR

Bigt: RftFRE RS LFR BN ETEN, B E R RS FHIEHIE T
A USGS AW 3B, ERFEHFHEPCEZIHPES RN % B HELARE
B B R k&3 o 32 4% Randolph — 5 & 7 Bft

5 Z 3k (References)
[ 1] 22T, A7, T ko, 5. [ Bruk vk B OIS sl 24 F0 3 [ ok vk R 5 i AR 5 e 2. 7 AU 244, 2006, 17(6):
649-656. [Qin Dahe, Xiao Cunde, Ding Yongjian, et al. Progress on cryospheric studies by international and chinese

communities and perspectives. Journal of Applied Meteorological Science, 2006, 17(6): 649-656.]
[2] A, 208, K2, 45 A ERukNRIFIUR A 1284k BT 2017 42 KA1 1945 6 Jit Randolph K114 H . vk L,



103 W OBE 4. 1990—2015 4F = ChRAE L 7K 125k At Je el 2413

2018, 40(2): 238-248. [Mu Jianxin, Li Zhongqin, Zhang Hui, et al. The global glacierized area: current situation and re-
cent change, based on the Randolph Glacier Inventory (RGI 6.0) published in 2017. Journal of Glaciology and Geocryol-
ogy, 2018, 40(2): 238-248.]

3] WRARIAR, XIS, SR, S5 S U v 1S TR 45 R HX P ALK SRR S . A R4, 2004, 36(6): 535-543.
[Yao Tandong, Liu Shiyin, Pu Jianchen, et al. Recent glacial retreat in High Asia in China and its impact on water re-
source in northwest China. Science in China, 2004, 36(6): 535-543.]

[ 4 ] Polash B, Mrinal K G, Ratika P. Identification of essential descriptors in spatial socioeconomic impact assessment model-
ing: A case study of highway broadening in Sikkim Himalaya. Journal of Geovisualization and Spatial Analysis, 2019, 3:
1-18.

[ 5] Richter K, Marzeion B, Riva R. The effect of spatial averaging and glacier melt on detecting a forced signal in regional
sea level. Environmental Research Letters, 2017, 12(3): 034004.

[ 6 ] Immerzeel W W, Van Beek L P H, Bierkens M F P. Climate change will affect the Asian water towers. Science, 2010, 328
(5984): 1382-1385.

71 2T, AL, 84, 45 VERVK . Jb st BleF A, 1986. [Li Jijun, Zheng Benxing, Yang Xijin, et al. Glaciers
in Tibet. Beijing: Science Press, 1986.]

[ 8 ] Bhambri R, Bolch T, Chaujar R K, et al. Glacier changes in the Garhwal Himalaya, India, from 1968 to 2006 based on re-
mote sensing. Journal of Glaciology, 2011, 57(203): 543-556.

[ 9] Paul F. Changes in glacier area in Tyrol, Austria, between 1969 and 1992 derived from Landsat 5 Thematic Mapper and
Austrian Glacier Inventory data. International Journal of Remote Sensing, 2002, 23(4): 787-799.

[10] 323 1990—2015 4F# R LL vk 1172 (b B R AR SRR RE. 22 M 22 MR85, 2018. [Ji Qin. Gla-
cier variations in response to climate change in the Himalaya during 1990-2015. Lanzhou: Doctoral Dissertation of Lan-
zhou University, 2018.]

[11] Bolch T, Yao T, Kang S, et al. A glacier inventory for the western Nyainqgentanglha Range and the Nam Co Basin, Tibet,
and glacier changes 1976-2009. The Cryosphere, 2010, 4(3): 419-433.

[12] Vincent C, Wagnon P, Shea J] M. Reduced melt on debris-covered glaciers: Investigations from Changri Nup Glacier, Ne-
pal. The Cryosphere, 2016, 10: 1845-1858.

[13] B4R, 25T 3S A& BT S sskvk ) 1 A5 Ak i RIS, 22 M o (R} 2 g S8 IX R X BR B 5 T RR AR S r i 2407 38
3, 2007. [Shangguan Donghui. Application research of glacier changes in tarim river basin based on 3S. Lanzhou: Doc-
toral Dissertation of Cold and Arid Regions Environment and Engineering Research Institute, 2007.]

[14] Silverio W, Jaquet J. Glacial cover mapping (1987-1996) of the Cordillera Blanca (Peru) using satellite imagery. Remote
Sensing of Environment, 2005, 95(3): 342-350.

[15]Ji Q, Yang T B, Dong J, et al. Glacier variations in response to climate change in the eastern Nyaingéntanglha Range, Ti-
betan Plateau from 1999 to 2015. Arctic, Antarctic, and Alpine Research, 2018, 50(1): e1435844.

[16] Ye Q H, Zong J B, Tian L D, et al. Glacier changes on the Tibetan Plateau derived from Landsat imagery: Mid-1970s-
2000-13. Journal of Glaciology, 2017, 63(238): 273-287.

[17] Wang X, Siegert F, Zhou A, et al. Glacier and glacial lake changes and their relationship in the context of climate
change, Central Tibetan Plateau 1972-2010. Global and Planetary Change, 2013, 111: 246-257.

[18] ZRE2, 5K 3CHL, T RAR. FLARIEH X BRI SRS B A R H ik, 1985. [Su Zhen, Zhang Wenjing, Ding
Liangfu. Modern Glacier in the Tomur Region. Urumgqi: Xinjiang People's Press, 1985.]

[19] FIHERE, 1 K AR, XDHE. 1976—2010 4FAR i LI BEp A 2K 1 4 915 Lok IR 4 AU 2 AL B G R DI, T IXHE
5 EREE, 2012, 26(7): 41-46. [Tian Hongzhen, Yang Taibao, Liu Qinping. Climate change and glacier retreat in Gang-
geexiaoheli, middle Qilian Mountains using remote sensing data, 1976-2010. Journal of Arid Land Resources and Envi-
ronment, 2012, 26(7): 41-46.]

[20] Hasnain S L. Status of the glacier research in the HKH region. International Journal of Computer Applications, 2000, 68
(23): 24-30.

[21] ML, sRE L, sk, 45 BRAE B HD 0 b DX T 34 A7k S A b, M3 2= 4, 2006, 61(7): 687-696. [Yang Xuchao,
Zhang Yili, Zhang Wei, et al. Climate change in Mt. Qomolangma Region in China during the last 34 years. Acta Geo-
graphica Sinica, 2006, 61(7): 687-696.]

[22] FRYERA, X i B, I PR, A5, 7 80 e Ji e FE M A A Jm) 578 Ak, dbmt: Bl2# i hikt, 2017. [Chen Weiming, Zhao Shang-
min, Ye Qinghua, et al. Pattern and change of Alpme landform in Tibetan Plateau. Beijing: Science Press, 2017.]

(23] iR, IR, BB AN, S5 T 30a T U5 oI AR AL i A PR RFER L G2 UL ALRIT ST HEJE, 2006, 2(4):
154-160. [Shi Yafeng, Liu Shiyin, Shangguan Donghul, et al. Two peculiar phenomena of climatic and glacial variations
in the Tibetan Plateau. Advances in Climate Change Research, 2006, 2(4): 154-160.]



2414 o B WE 5T 394

[24] Salerno F, Guyennon N, Thakuri S, et al. Weak precipitation, warm winters and springs impact glaciers of south slopes
of Mt. Everest (central Himalaya) in the last 2 decades (1994-2013). The Cryosphere, 2015, 9(3): 1229-1247.

[25] WhARIAR, BEroh, Al 45, iA 2 viO R B aiid SR 2 400a 2 B 52 22 KUK A5 4k, o ERE: D 4, 2000, 30
(6): 619-627. [Yao Tandong, Duan Keqin, Tian Lide, et al. Accumulation record of Dasop Ice Core and Indian Summer
monsoon precipitation variation in the Past 400 Years. Science in China: Series D, 2000, 30(6): 619-627.]

[26] Kaspari S, Hooke R L, Mayewski P A, et al. Snow accumulation rate on Qomolangma (Mount Everest), Himalaya: Syn-
chroneity with sites across the Tibetan Plateau on 50-100 year timescales. Journal of Glaciology, 2008, 54(185): 343-
352.

[27] B i 80, WRAEAR, {2, 5%, 5 S e LI b DXy 1 R S0 10 33 18 2 XU A 0 A L2 I 1 i 7. ok 3 41, 2002, 46
(19): 1508-1511. [Duan Keqin, Yao Tandong, Pu Jianchen, et al. Response of monsoon precipitation recorded by glacier
accumulation in the Himalaya to climate warming. Science Bulletin, 2002, 46(19): 1508-1511.]

[28] Xu B Q, Cao J J, Hansen J, et al. Black soot and the survival of Tibetan glaciers. Proceedings of the National Academy
of Sciences, 2009, 106(52): 22114-22118.

[29] Chen J Z, Qin X, Kang S C, et al. Potential effect of black carbon on glacier mass balance during the past 55 years of
Laohugou Glacier No. 12 Western Qilian Mountains. Journal of Earth Science, 2020, 31: 410-418.

[30] Hu Z F, Kang S C, Li X F, et al. Relative contribution of mineral dust versus black carbon to Thifd Pole glacier melting.
Atmospheric Environment, 2020, Doi: https://doi.org/10.1016/j.atmosenv.2020.117288.

Glacier variations in the Himalayas during 1990-2015

JI Qin"?, LIU Rui"’, YANG Taibao®
(1. School of Geography and Tourism, Chongqing Normal University, Key Laboratory of GIS Application,
Chongqing Municipal Education Commission, Chongqing 401331, China; 2. Institute of Glaciology and
Ecogeography, College of Earth and Environmental Sciences, Lanzhou University, Lanzhou 730000, China;
3. Chongqing Comprehensive Economic Research Institute, Chongqing 401147, China)

Abstract: Based on the Landsat remote sensing information, visual interpretation and ratio
threshold method are adopted to analyze the specific characteristics of the glacier area and
changes in the Himalayas from the beginning of 1990 to 2015. The results demonstrated that
the glacier area in the study area decreased by 2,553.10 km® for the past 25 years, with an
average annual retreat rate of 0.44%/a. During the study period, the rate of glacier retreat
accelerated; some of its glaciers were distributed in the western section, followed by the middle
section; the least is the eastern section; the eastern, central, and western sections of the glaciers
showed a trend of retreat. The eastern section had the fastest retreat speed, while the central
section had the slowest. In terms of the distribution of terrain and the characteristics of changes,
most of the glaciers are distributed in the range of 5° to 25°. In recent 25 years, glaciers of all
slope grades had shrunk, and the glacier area retreated faster between 25° and 30°, and more
slowly in extremely gentle/steep regions. Although all the 8 slopes showed a retreat trend, the
extents of retreat were different. The glaciers on the north and northwest slopes retreated
relatively slowly, while in the other slope directions, the glaciers shrank relatively quickly. In
recent 25 years, both debris- covered and non- covered glaciers retreated, but the latter had
retreated greatly, suggesting that the surface debris inhibited the glacier melting in the study
area.
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