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Long-term and Seasonal Variations of Glacier Velocity in Zelongnong,

southeastern Tibet

Abstract: Understanding glacier flow velocity is crucial for revealing the response mechanisms of ice dynamics
in high-altitude regions. However, in Southeast Tibet, studies on glacier motion remain limited in both temporal and
spatial scales. In this study, we derived the surface velocity of the Zelongnong Glacier in Southeast Tibet using multi-
source remote sensing images and feature-tracking techniques. By integrating topographic factors (slope and
thickness) with 30-year averages of temperature and precipitation, we examined the glacier’s long-term flow
characteristics.The results show that the glacier exhibits pronounced seasonal variations in flow velocity, with higher
values in summer and autumn and lower values in spring and winter. Velocity is strongly influenced by slope and
thickness and shows a gradual increase under global warming. Climate analysis further indicates that glacier flow
variations are mainly controlled by seasonal temperature and precipitation, with precipitation effects showing a clear
time lag. This lag is closely related to the infiltration and transmission of meltwater to the glacier bed.Long-term
observations highlight both the seasonal dynamics and the increasing long-term trend of Zelongnong Glacier flow.
In addition, potential links between velocity anomalies and geological hazards are discussed. Overall, this study
provides new insights into the impacts of climate change on glacier dynamics in Southeast Tibet.
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Fig.1 Location of Study Area and the situation of some surrounding villages
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Fig.2 On-site photos of the Zelongnong Glacier (a) Distant view of the Zelongnong Glacier area (b) Zhibai
Bridge and the downstream gully (c) The source of materials in the glacier tongue area of Zelongnong Glacier (d)

Surface photos at the junction of the Zhelongnong Glacier
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Table 1 The remote sensing data and glacier data used in this paper
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Fig.3 The velocity distribution of the Zelongnong Glacier at different stages
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Fig.5 Seasonal distribution of flow velocity in the Zelongnong Glacier



3.2 LK) I |38 BE B ALHHIE

U [ 5 UK )11 P AR AT AL B P 25 0K N IE ST . (BT 6D AR ARV TE -1 P& £
35.92mfy, TMALABVATE AR AR XS B PR, iR IEIL 2] 44.79m/y . X 250K I TEAE DK )T
HE XA . T BRI RN ZE R, SECIL)E KRR SS, FHA5E TR
31.32mly. WA XA RA SR DKON | A0~ S e v T A 0, X T eSS R AR AR UK
SMBEEECN, EAEMNEREA R BRI, LS 3838 9% b 2R oK) 1 s TE PR
24.7%, XFRWACHREE VKB 3 B TR . thht, oK) O &b ROk, TR S5
L2 BE B HIIGIN, W IR . B 6 ELUUHL AR 1R AR IATE 1 A A1 AR AL, XA IATE ) A
)AL T B KT 32 sh A A BA B 2 S0, 9 T oK ) 1 AR A2 A A 55 R0V A A 5 i 5 5
AN/ N ek E T S

95°0'0"E 95°2'0"E

. 3‘ ;::J /' GNSSl s

UK N3z ) 3 B

29°38'0"N
29°38'0"N

Bl 6 MIBEFRUK)I 2022.7-2023.7 P35 4L EE 5341 22 53 J2 GNSS W3k o7
Fig.6 The velocity distribution differences of the Zelongnong Glacier in 2022.7-2023.7 and the location of

GNSS monitoring station

S5 SN AT RN AN 7 B ), Herh 20t e AR B TR S R vk ) 1A
AV FEE R, SR RN GNSS il sl B SEIEEE , BT i 235 5 10 L e =15 A A 1 i 2
PEBESNFFAE o XIS EAR AT LA 00T, GNSS Wb A4 5 8 & 5 45 0] ELBRIE R
TR A A R, X R T R AR S I A O 1 AT B VA

JE IR S PR RGE 7 T o5 98 i, (ERF TR R S I A R,
AR AR PE R IR BRI —BLRR], FEETEI B, DK IR S A LE RF A AR
E BN PHDIRAS, A HH N3 B a0 B 2 ZE 2



70

o GNSS k% s
o GIV iH5E ¥
° Ik 4005 h 2
60 = 0.005 + 0.001 sin (7%) R2=0.78
2 . ——GIV i o 3
> %,
€
Y 50t
oy
ﬁ
= 40}
=
30F

22/05 22/07 22/09 2211 23/01 23/03 23/05 23/07 23/09
H it

P 7 U SR e v S A 5 S ot b
Fig.7 A comparison chart of the calculated flow velocity data and the measured data of the Zelongnong
Glacier

33 IKINEERR

T DI AL R S 3 AT 5 33E— AR T WU 5 0K )1 T8 R AR AL AIE o BT FL 45 RSB
£ 1995 55 2002 S, ZoK ) EEETI BN 50.82 2Ks WMILE 2006 43 2010 4F3[H],
FEPUKNERE LT % 53.36 Ko SR, 7E 2020-2024 A1), P20k )1 JERE )/ % 51.4
Ko VKNG FE I R AR RFAE 5 UK A T2 S ST AR DU DIA O, X5 Hoth 22 5 o0 T
T SR UK )BT S AR AL I 73 A 45 SR AH— 3 (Dehecq et al., 2019)

DKL 5 35 8 A AR AR AR BAT SRR R ST, S A 15 0) FL TR F L ) 0 A 26 LR RO AT 9 T
e —E Bl FEIXFERIE 5T, HEFUERR K183 iE B AR BAT IOV E 2, Sl Ik
N38 B3 L 2 J& P A5 AR SRR AE A S M DU A 2347, 7T LR AN BRAR UK R Zh A BACRFAE, #7R
HANLEREZE A XL DA R 7R T R 0K AU A AR AL, th OB AR UK )10 4k
AR R S FRAE T E AR

43

41 RETUSHHEERNXR

XK TR A3 2 18] 56 R IR A T4 7~ T — 28 kMt (Agarwal etal., 2023). —fi%
et LEBESL RS UK 220 B IR o U K ) | AR S s 5 0 5 B 2 R O
(FE 8), At X 4k 3= B4 A T3 B e K R B, 3R W% X vk )1 138 3 32 e 2 il L BA 2
FeREebka & = W bR T i DO = VP QI BrA R S/t 27 i e T (e SRV 5 AR RN R TBY S
IR B KA, BRI B BE A AT RHIE S SURL UK )1 30 ) 22 A — 2.

DK TR P R JEE 88 A 2 52 e K )| 2 T ol P88 PR R A B R LRI 3R o bl TR0 SO B 1 Wt 9 X3
UKNERE, BT LAASHE A RGY UK )1 2230 72 F K 1 S B SR 43 b vk N G P 45 5 P FA R o b
FEARE UK 1 o0 B 0 2 BF 90 X 3. ASHIE F0 ok B0 0K ) s Bt SR IR T e 2 528
(2022.7-2023.7). AL O wIRE, UK ERER 3G DR s sm ok & B & 1 E D IKShER, A
SEVKNFEEANIGIN: 152, UK BE IR 0 B8 5 B0k e 3 T v sh 2 i3 n, B



7 vk R e Red s FLk, UK JEEFE o] LLd ik 39 0 2 i I R kRl K T R, 358
T BRCR AW R, 1000 K JE A BR 22 K 55 3 RIE 3 oiik 7 60% LA . (Moonetal., 2012).
L IREEARZE BB IR UK RT3 BERTHOK )RR S AN K, ARAE R B0k )1 v, B3R 50K )1]
T RAIFEE IEA DGR R (B 8), X — 45 R 51T NI i 45 R — 2 (Agarwal etal., 2023).
B 8 AT LA, 7R BE FK ) X35k, K )10 JE FE 5 Uk B3 B AR R o O 2 R LR R .
7 B-B H 0K )1 FEBREW IR X3, VKN ERERUD, RUERCK . B RN I & 3G, ok)1i%
W N—ANFETE . AR, UK R kN, (R RESE 0. B, BEE S UK R Y
05 UK PR JE PSRRI P A2 T ek /s o DB 550K ) 1 1SR AR AL e A T i S AL B A1 T 78 /2
VPR 2% A 5 [T, B VA RIS R0 A0 2%, oK) A i R AEANE 1A R bR A5
DAL, T F 0K 132 2 2 PR e D0 5 23T, o DU 5 DK [ 1t X 1 5 56 ) ol 5 o B A o
=

60 160
— KB
— vk 30
R — IR |,
e —_ —_~
Em- 80 o =
> = |03
= 40
0
20 0 1000 2000 3000 4000 5000 °
1Z A (m)
(1) A-AFIHVK N R BhEE S5 EMEER <A
80
_oof {120 {30
g El &
E’fé 40 {80 20
20 {a0 {10
U 1 1 1 1 L 1 1 1
500 1000 1500 2000 2500 3000 3500

o

iz 5 2E 5 (m)
(2) B-BHITRITK il 8 5 5 3 5 A JELRE () 26 2R
B8 B S0k 1 A e 5 48 B e oK ) 1 TR ke B ]

Fig.8 A comparison chart of the flow velocity, slope and thickness of the Zelongnong Glacier
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Fig.9 The relationship between climate change and the variation of average flow velocity in the corresponding
time period
UK RS L 2= PRI AN 2 R AR SRR, 3832 21 B /K I A2 1) X2 35 R0
B 7K NIE 5 PR UK BRI T i80E, SR ZARIE VK RET, 7638 B 26 A T 3 PRARUK 1 5 2
Z BRI EERE T, WEomBEIRIEFRE, MR K )Rz (Zwally etal., 2002). B 9 JB7R 7 HEFTIX
H 1995 £ 2024 R[] fUK ) RUE AR 3 S L 5 FHIFRK R . SRR R . MR



W, ETE 2 AN (] B R 2 Al , B T EORRIYIARK, 1X —B BTN Bk o e e
IR B, BB KIETA vk R T nT Ree ) T EEAEH . SR80, S0 450 Hh B /K I 5%
AR LR G E T, X BBHUK ) S s 3R B B — SRR 7 2 5, &2 T Ak
FITEAS . JRESHLTE 26 VKRS RRRAE LA S HE K R G0 R B FE S 55 22 P B 2L

BEAh, AHITF 5 I V5% 2 UK AL M NS A5 A8 Ik F2 A7 78 B S5 (1 B TR J RO (P 9 e
LR, i IR PR S UK R K SC RGN 0% Bl G B 2SR T = /K 3G 58, oK
JH 2R THI b K BRI N, (H K R THIVEE 25 R0 BRI A2 7= AR S M e, A4 7 22
—EFA] o X i PRS2 BUK AR P R R B RS L A I T ST AR DL R KIS 28 (i
EE B 2 (Millanetal ., 2022). Zwally etal. (2002) FIBFFTIRER, k)13
R 2 1) bt 5 T Hh R BT ), X — I SR 7 ok A K S FRAE PR 1 i A AL R
ZOMEH

W FLEE R s 7 DL AR KR A B S IK BN R 3R, A5 S K ) 138 2 X 1 iR
EIEAEF o XA R0 AR I K )1 168 BIPEAR A, 3038 5 s A vk T i 5 e 2 (]
FIARTA, FE— SR Tk REMAFEE . EAERNE, DR MMRIEEKX, X
PGS 185 M7= N B R R B R BRO8E, ©L 22 IR 51 R VA 43 BLYe A AL K 35 B —— it
FIX B AR SRRZBIFTR, SRR SR UK R4 52 KRR K B0, BA RIS R S
WAy, TEREE M S TR T A B R 7 03 K S o SR N 430 D& VE R R 1
9 AR, BRSOk I EE 5 SRS HOE G0 B A X 5 T T 6 B, AR
T IR X MR R N 2 R T IRE I R At . IRk, SRR R UK R AR L, A 3
TEAE 9 AR, 0T 58 B vk N B TR AL T 9 5 2% T8 A b R T e DX 3 R R 3 B A
B
43 KNEEEFREEXXR

KT T8 11 57 5 AR A b o i T4 1 B B AT R AT 5, 8 k)1 3k 5s 3l o] B s 2ok )1
Mg, HSBUKEARRE, &5 FRIKHBE KRS FIaTamfEs (2025
18 InSAR $dE VAN 4T 1 2020 S E (UK TR A AT DL, 169¢FH R ARTUK N AEEREK
MIRIRE, ARMBEFRIAS] Simm/a, RIHHARLF 106mm, XE5EATTF LR .
VIR X AR 5 5 R AE T HE S IR B, UK )1 2l 1 57 v R oK) | ] 5t ¢ 5 R 2B 1) i
Jho MIFRPIBF TS RFERER AL T ORI, H 2017 FRMEA 6.9 LRHE)E, GRMEH
UK I B3 BE 3t DR /T 0.5m/d 38 7F2] T 0.5-3m/d (Xin et al., 2024), HXIf&IES
(2019) HIBFFERIE, RO T RS, P B EFZ X EA B &N ARG 2. X
Pl 22 UK S BRI, MR KN R AR AR AR . thah, VKRR BRI R S
K )RR K T g, AT FRAIS 7 IR BE 45 77, B3 1 UK )it . 3X— 2571
IR B 5y R AE S RN UK 0 55 F AR 9T o S5 R, UK LR 2 55 1) R A T LI 3 21 8
H B ZHE 2 Bk )RR AR A

PR HED, UK )1|38 538 B () R IGAE — e FEE L T UK KSR AR, AT REVE N
UK)NAR DR R AE B BERTINGE S . — 5T, UK)1I8 3038 5 0 F AR I BRAE A Tl 25 0K )1 Y 8
BB I R R R, ATRER VKR AR R AL EZLATJE (Chen et al,, 2023). 73
—J5TH, IR AIUK)IZ B2 55 T UK » 3k 1T RO UK P RV TE R IE . DA ED LIS IR 4y
(Kedarnath) #5%1, 7£ 2013 4£ 5 AHAIE 6 HHf), RReLumbEm A NGt sk,
T 5 7 T AV I 1) A B2 240 50% (Allen et al., 2016, 3% 8BRS AR AE vk 1 B BRas ALK L DK
JNIBENINIE, wAAE 2013 4 6 16 H Il K KM AT, ERGE/S T N@EXME. HIte] I,
VKIS B S b, B2 SR AR i AR i, R M5 i SE AT IR o JT AR VK| JE e
IKFAR BHEMEAN G I, 55 T2 Rk, 33k B 0K ) BE I S Bk S e e PERRAIG, &
SR VKIBR Heit K s WA ISR AT B T BUKMATRE, 5 R UK UK RS AF, X ek



Bl V2 it 5 N 10 50 R DX o P L S o 17T 7 i e Do S o 30 gy Ll e 2 X, K b o ¢ 36 PR 4
RAGRE R ETHEA.

UK 1132 By e 7 Jo] K ELIS 25 e B 1 5, A% 495 M 0 = B D R I i S B TUEHA 5
T R A A A R RTE DI L3, T RO i K Gt 1 RAS 5 0K sk 304
T 22 PR T T DX AN B A T R L I 06 M XU e 7 11 25 AN SRR T AR
Guin B 2, ™ S R 5 e Ll P05 o ST T A R e B, DA T UK T A O
9 P T A R AR R 7 4

5 4518

AR SCIE 2R TR IR R S BUE A S5 A, S8 6 VP T T 0 S AR F 0 0K )1
IEEARBR I ZE T AR . 7RI 2200 30 45, UK FER AT . 58 Al = ()i Bl R L
B IUEE, VKIS B EETE 2000 FiE 8 fE N 28.92mly, &iE = T HEMRKME. WEE
T3 7 BB S), HAE 2005 SEIAR] 70 N I S s B, N 58.6Tm/y. (EZ R
FAEMNEFROK)N XA T 8RS, FE T IR SEE- 22 . (H =14k, UKz zhHE
FEGE FIHES, K3 REZONRIET S-S E KB ESER R X RE R
TE I RS UK ) 1 (1) o ST R 7K 9 ST 0638 38R 7 A AR, 2 PR AR A R FE R T e e R B
A5

RPN, PEWE 2 B3 . HEERAET, FRIRKARZER R
LB T8I, A REVKNEEIR, WINEERAKE 71, M FRARIK ) 5 5 5 2 TR R EE
TR RS, DKz SR, Zad IR e &R, T RKSUERTR ST — T
BANCEEIRE, BT UK 5E 2 A P 2 0 325 (R B i 8O, BRI e PR AR A AR
TS S AFAEARN, 22 o LB 27 (1) A0 8 SRR AIE 1T e 3 22 R LUK T HEZK R G A 72
HHRRK TSR B R K RS I B PO &R« ERER L, WS R B R X vk
TS 4 R K VKR35 B O OC R IX SRR R B, VK1 IZ s H AR R4l i By U £ %,
T 58 ] B 52 B 5 2% 0K R 7K SC R Gu 4% o« AW 0 R IR AR T 8 )5 2R e 5 vk )11 3 7
SRR B S SR AR ELAE AR AL 7T AR A, R TN AR A UK R B RO AR A B IX PR 0K )1
KERME THNEMNER.

Reference

Agarwal, V., Bolch, T., Syed, T. H., et al., 2017. Area and Mass Changes of Siachen Glacier (East
Karakoram). Journal of Glaciology, 63(237), 148-163. https://doi.org/10.1017/j0g.2016.127

Agarwal, V., Van Wyk De Vries, M., Haritashya, U. K., et al., 2023. Long-Term Analysis of Glaciers
and Glacier Lakes in the Central and Eastern Himalaya. Science of The Total Environment, 898,
165598. https://doi.org/10.1016/].scitotenv.2023.165598

Allen, S. K., Rastner, P., Arora, M., et al., 2016. Lake Outburst and Debris Flow Disaster at
Kedarnath, June 2013: Hydrometeorological Triggering and Topographic Predisposition.
Landslides, 13(6), 1479-1491. https://doi.org/10.1007/s10346-015-0584-3

Berthier, E., Vadon, H., Baratoux, D., et al., 2005. Surface Motion of Mountain Glaciers Derived
from Satellite Optical Imagery. Remote Sensing of Environment, 95(1), 14-28.
https://doi.org/10.1016/j.rse.2004.11.005

Bhambri, R., Hewitt, K., Kawishwar, P., et al., 2017. Surge-Type and Surge-Modified Glaciers in
the Karakoram. Scientific Reports, 7(1), 15391. https://doi.org/10.1038/s41598-017-15473-8

Chen, J., Gao, H., Han, L., et al., 2023. Susceptibility Analysis of Glacier Debris Flow Based on
Remote Sensing Imagery and Deep Learning: A Case Study along the G318 Linzhi Section.
Sensors, 23(14), 6608. https://doi.org/10.3390/s23146608



https://doi.org/10.1017/jog.2016.127
https://doi.org/10.1016/j.scitotenv.2023.165598
https://doi.org/10.1007/s10346-015-0584-3
https://doi.org/10.1016/j.rse.2004.11.005
https://doi.org/10.1038/s41598-017-15473-8
https://doi.org/10.3390/s23146608

Cheng, X.,Xu, G. 2006. The Integration of JERS-1 and ERS SAR in Differential Interferometry for
Measurement of Complex Glacier Motion. Journal of Glaciology, 52(176), 80-88.
https://doi.org/10.3189/172756506781828881

Dehecq, A., Gourmelen, N., Gardner, A. S., et al., 2019. Twenty-First Century Glacier Slowdown
Driven by Mass Loss in High Mountain Asia. Nature Geoscience, 12(1), 22-27.
https://doi.org/10.1038/s41561-018-0271-9

European Space Agency and Airbus, 2022.Copernicus DEM, European Space Agency, European
Space Agency [data set], https://doi.org/10.5270/ESA-c5d3d65

Farinotti, D., Huss, M., Fiirst, J. J., et al., 2019. A Consensus Estimate for the Ice Thickness
Distribution of All Glaciers on Earth. Nature Geoscience, 12(3), 168-173.
https://doi.org/10.1038/s41561-019-0300-3

Guan,W.J.,Cao,B.,Pan,B.T.,2020. Research of Glacier Flow Velocity:Current Situation and
Prospects. Journal of Glaciology and Geocryology,42(04),1101-1114(in Chinese with English

abstract).

Guo, W, Liu, S., Xu, J,, et al., 2015. The Second Chinese Glacier Inventory: Data, Methods and
Results. Journal of Glaciology 61, 357-372. https://doi.org/10.3189/2015J0G14J209.

Huang H., & Gong C., 2024. Spatial-Temporal Evolution of Geohazard Chain Participated by
Glacier and Snow in Zhibai Gully, SE Tibetan Plateau. Earth Science-Journal of China
University  of  Geosciences, 49(10), 3784. (in  Chinese  with  English
abstract)https://doi.org/10.3799/dgkx.2023.140

Kaib, A., Berthier, E., Nuth, C., et al., 2012. Contrasting Patterns of Early Twenty-First-Century
Glacier Mass Change in the Himalayas. Nature, 488(7412), 495-498.
https://doi.org/10.1038/nature11324

Li, L., Yang, S., Wang, Z., Zhu, X., et al., 2010. Evidence of Warming and Wetting Climate over the
Qinghai-Tibet Plateau. Arctic, Antarcticc and Alpine Research, 42(4), 449-457.
https://doi.org/10.1657/1938-4246-42.4.449

Li, H., Zhao, J., Yan, B., et al., 2022 . Global DEMs Vary from One to Another: an Evaluation of
Newly Released Copernicus, NASA and AW3D30 DEM on Selected Terrains of China Using
ICESat-2 Altimetry data. International Journal of Digital Earth, 15(1), 1149-1168.
https://doi.org/10.1080/17538947.2022.2094002

Liu,C.Z.,LU,J.T.,Tong.L.Q., et al.,2019.Research on Glacial/Rock Fall-Landslide-Debris Flows in
Sedongpu Basin along Yarlung Zangbo River in Tibet.Geology of China, 46(02),219-234. (in
Chinese with English abstract)

Liu, Y., An, Z., Linderholm, H. W., et al., 2009. Annual Temperatures during the Last 2485 Years in
the Mid-Eastern Tibetan Plateau Inferred from Tree Rings. Science in China Series D: Earth
Sciences, 52(3), 348-359. https://doi.org/10.1007/s11430-009-0025-z

Millan, R., Mouginot, J., Rabatel, A., et al., 2022. Ice Velocity and Thickness of the World’s Glaciers.
Nature Geoscience, 15(2), 124—129. https://doi.org/10.1038/s41561-021-00885-z

Moon, T., Joughin, 1., Smith, B., et al., 2012. 21st-Century Evolution of Greenland Outlet Glacier
Velocities. Science, 336(6081), 576—578. https://doi.org/10.1126/science.1219985

Mountain Research Initiative EDW Working Group. 2015 . Elevation-Dependent Warming in
Mountain  Regions of the World. MNature Climate Change, 5(5), 424-430.
https://doi.org/10.1038/nclimate2563

RGI Consortium., 2017. Randolph Glacier Inventory (RGI)-A Dataset of Global Glacier Outlines:



https://doi.org/10.3189/172756506781828881
https://doi.org/10.1038/s41561-018-0271-9
https://doi.org/10.1038/s41561-019-0300-3
https://doi.org/10.3189/2015JoG14J209
https://doi.org/10.3799/dqkx.2023.140
https://doi.org/10.1038/nature11324
https://doi.org/10.1657/1938-4246-42.4.449
https://doi.org/10.1007/s11430-009-0025-z
https://doi.org/10.1038/s41561-021-00885-z
https://doi.org/10.1126/science.1219985
https://doi.org/10.1038/nclimate2563

Version 6.0. In: Technical Report, Global Land Ice Measurements from Space. Digital Media,
Boulder, Colorado, USA. [Data Set]https://doi.org/10.7265/N5-RGI-60.

RGI Consortium., 2023. Randolph Glacier Inventory (RGI)- A Dataset of Global Glacier Outlines.
Version 7.0. National Snow and Ice Data Center. Boulder, Colorado USA. [Data
Set] https://doi.org/10.5067/F6JMOVYSNAVZ.

Sattar, A., Cook, K. L., Rai, S. K., et al., 2025. The Sikkim Flood of October 2023: Drivers, Causes,
and Impacts of a Multihazard Cascade. Science, 387(6740), eads2659.
https://doi.org/10.1126/science.ads2659

Su, Z., & Shi, Y. 2002. Response of Monsoonal Temperate Glaciers to Global Warming since the
Little Ice Age. Quaternary International, 97-98, 123—131. https://doi.org/10.1016/S1040-
6182(02)00057-5

Van Wyk De Vries, M., Carchipulla-Morales, D., Wickert, A. D., et al., 2022. Glacier Thickness and
Ice Volume of the Northern Andes. Scientific Data, 9(1), 342. https://doi.org/10.1038/s41597-
022-01446-8

Van Wyk De Vries, M., Wickert, A. D. 2021. Glacier Image Velocimetry: An Open-Source Toolbox
for Easy and Rapid Calculation of High-Resolution Glacier Velocity Fields. The Cryosphere,
15(4), 2115-2132. https://doi.org/10.5194/tc-15-2115-2021

Wang,P.Y.,Li,Z.Q.,Wu,L.H., et al.,2012.Ice Thickness and Volume Based on GPR,GPS and
GIS:Example from the Heigou Glacier No.8, Bogda-Peak Region, Tianshan, China. Earth
Science—Journal of China University of Geosciences. 37(S1),179-187. (in Chinese with
English abstract)

Xin, Y., Zhao, C., Li, B., et al., 2024. Activation of Ms 6.9 Milin Earthquake on Sedongpu Disaster
Chain, China with Multi-Temporal Optical Images. Remote Sensing, 16(21), 4003.
https://doi.org/10.3390/rs16214003

Yao, T., Bolch, T., Chen, D., et al., 2022. The Imbalance of the Asian Water Tower. Nature Reviews
Earth & Environment, 3(10), 618—632. https://doi.org/10.1038/s43017-022-00299-4

Zhang, Y., Fyjita, K., Liu, S., et al., 2010. Multi-Decadal Ice-Velocity and Elevation Changes of a
Monsoonal Maritime Glacier: Hailuogou Glacier, China. Journal of Glaciology, 56(195), 65—
74. https://doi.org/10.3189/002214310791190884

Zhang, Y., Kang, S., Cong, Z., 2017. Light-absorbing Impurities Enhance Glacier Albedo Reduction

in the Southeastern Tibetan Plateau. Journal of Geophysical Research: Atmospheres, 122(13),
6915-6933. https://doi.org/10.1002/2016JD026397

Zhang Z., Hu K., Lu Y., 2024. Glacier Movement Characteristics and Influencing Factors in High
Mountain Asia’.  Earth Science-Journal of China University of Geosciences 49(8):3010 (in
Chinese with English abstract). doi:10.3799/dqkx.2022.482.

Zwally, H. J., Abdalati, W., Herring, T., 2002. Surface Melt-Induced Acceleration of Greenland Ice-
Sheet Flow. Science, 297(5579), 218-222. https://doi.org/10.1126/science.1072708

Zou Q., Zhou B., Yang T, et al. 2024. Spatio-Temporal Differentiation Characteristics of Glacial

Lake Outburst in the Himalayas. Earth Science-Journal of China University of Geosciences,
49(11), 4047 (in Chinese with English abstract). https://doi.org/10.3799/dqkx.2024.083

& & ak
T, 28 U8 ,2024. K AR FA M X B VA UK SO Hb R Ok BE I S 3 AL R AR [J]. b Bk R


https://doi.org/10.7265/N5-RGI-60
https://doi.org/10.5067/F6JMOVY5NAVZ
https://doi.org/10.1126/science.ads2659
https://doi.org/10.1016/S1040-6182(02)00057-5
https://doi.org/10.1016/S1040-6182(02)00057-5
https://doi.org/10.1038/s41597-022-01446-8
https://doi.org/10.1038/s41597-022-01446-8
https://doi.org/10.5194/tc-15-2115-2021
https://doi.org/10.3390/rs16214003
https://doi.org/10.1038/s43017-022-00299-4
https://doi.org/10.3189/002214310791190884
https://doi.org/10.1002/2016JD026397
https://doi.org/10.3799/dqkx.2022.482
https://doi.org/10.1126/science.1072708
https://doi.org/10.3799/dqkx.2024.083

2£.49(10):3784-3798.

BRI, IR L2020, 0K NS SR FERE AL : ik AR A0 1) 5 e 22 0K 114 +,42(04),1101-
1114.

XL IE, A B0, 52019 kA VL €0 2R 5 VA) i T -1 S B T R SE R BT 7. [

Ji,46(02),219-234.

X4, 7K U, 5K 35, 55,2019 64 L2 SAR FIHLIE SAR [RIIRFMEVAUK ) 1| SRk S vk A= 3 3 Kk
F W [07. 2R BOK 2 2R (5 B AR AR), 44(07):980-995.DO1:10.13203/j. whugis20190077.

{EHRFE, PSR, 5K 0K 4R, 55,2025, 58k 4= B B VA UK e A T8 RRATL il R0 XGRS T4k [J7. 11 b =
1%,43(03):423-437.DOI:10.16089/j.cnki.1008-2786.000902.

FBEER 28, 2R, %5.2012.GPR,GPS 5 GIS SZHf T HIUK) I B FE K ok it & 43 B : DAR L 1
K IR BEYE 8 5 UK 1| g M3k Ak 2% (Hh [ b 5T K 2 5 4),37(S1),179-187.

TR AT 2N, AF, 2024090 R Ll X UK ) 112 SR K sz R 3 i Bk R} 2%,49(08),3010-
3019.

Ao, JE R, 42024 B R HE AR L X UK I I S 40 R R AR (D). MR R A
49(11):4047-4062.



