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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,
it 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, it 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.l.ong-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
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climate change on glacier dynamics in Southeast Tibet.
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RO A 10 a B FH0.44 °C, & 4 BRAE I 33 R A P
%5 (Yao et al., 2022) , 3% B4 5 Bk )1 in 2 s Al
vk I B 45 (Agarwal et al., 2017; Farinotti et al.,
2019). 75 78 e AR 9 2 PR A i ol i 270 K TR AR
Lo S A A 20, 1A VKR A5 oK Tt ke 38 K A k)1
G 9 B X IR (Kaab ez al., 2012). EA 5T
FMWT, UK TSR | T AR AN B A IR 25 2 8
Xof A A A U, G R oK AL 3 7 A SR T T KT R
R 2L A8 br (IR AR 5, 2024) . X, BIF 5% oK 1|3
ARAG AL, 73 Mt oK )1 3z 3l Ak B HE = mi i ML
Xof TR Ak i A5 o DR T AR Y R XU I Ak B A

gt b, vKON| i 3 2 1 2o 3 37 00 AR B, 9] 4
E VK1 3 T AR 25 I AT 50 GPS AL AR, AR5 AT K<
S0 0 S92t UL N LA BRI A5 A b (A R B A, 2020) 3K
65 1k AR AR BN T AR B, S TR B A R
S LA SI2 0K 1T DX A 0[] Bl L I
BUAT I 1) Be P9 oK1 B2 8% A2 A, T3 Xk vk 1 D ot i
BRRAE JEAT PP AL T AR Ok, TR BB R R 1 N
W R T AR A IR )RR 81 R O A 18] 9 R B ok 1|
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NEE JUART 2 B 3 i o 3 e J58 38 70 Ak 45 O 1
XL AE B ok 1 FE B AR BR LA Kz 3 R AR 59 BF 52 2
AT e S R SO A O TR B RO X A R
Ak iy 15 BIL B8 E T OEAL L G, BERREOR &
R RUBE VKN M DB 5 v AN 1T AR B89 T Bt (Bhambri
etal., 2017;Dehecq et al., 2019; 4585, 2024). X
B 5 ¥R R EOAT g3 S PR 22 03 T AL AR Ok
DInSAR (differential interferometric synthetic aper-
ture radar) F1% 2% ¢ fF R 2% (Cheng and Xu, 2006).
DInSAR W] LA {3 o 4 JEE 9 3 B2 I & {H 2 ) 32 3]
FRF ] 25 A OG0 R UM 7 A BR A, S 053 vk 1 iz 3
R 7 P B T R 3t I A £ R 0 4 BORS 2 52 32
55 HAt J7 A L, AR AR R T R MO K 1| 3 T W
e AiE BIVRT T e U A B BE AT R TR AL W

15T SAR S5, DA 52 R BE #8A [] K 11 28 750 0 2R
52 19 3 3l S 83X — Pt S AR A I T] RUJEE AR
FEL KO | A0 5L 5 1 3 FH 1 R AR B 55, 2020).
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F 580 G2 (I 1), 25 08 3 J A7 oK 1 W D0 A A 5 22 4%
AKE AN N5 2%, DInSAR J5 ¥ W 5 52 i 6] 8]
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SOT1R] A UK 2, I A B0 3 GNSS W I %5 4 % 3+
A5 AR AT B AR S A 30 a il G R 5 ) R S
VKNSR A 25 G, 3 B 1 DU 55 b IX oK 1 2 2
T Xt A A Ak A W SE LA % vk 1 b R R 5E 5 k1]
iR B YOG B LT e TE M X K T TR
TET I K ] i 5 5 56 ) A S (25 0 T 3B, 2024
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WU 2 5 K )11 2 e 3 BRG0P B kB R R AL
AN (B 1) IZ KR — > 28 KPR TR R vk 1] B
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273", W 3 A 22 JE Ik 8l 5 ) & AR AR AR S B3 BN O
] Ry 264° (K 2). oK NI K 10.6 km, S TH R 24
17.9 ke, W [ 55 vK )1 BT 76 1 B (A 78 3 308 4k 1
I T2 950~7 787 m Z (8], F F UK 43 A i A h AR
3800 m L I B 1R v R IX I Y M R R
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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
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DERAZ(EK D), It 302 5, i R fiF BR S 0 7 7%
THE T VKN E S 3 . i T A R B AGOR J5 00 13 22,
AR SCRE X — KA B B 43 SR 6 A A [\ B 38 43 )
A 1995—2002 4 (Landsat 4-5 TM) | 2002—2006
4 | 2006—2011 4F | 2011—2016 4 (Landsat 7
ETM+) .2016—2020 4F , 2020—2024 4F (Sentinel-
2 L2A) . Herp iF 5 IX N R 32 B Landsat7 e 3045 80
me , T LA S8R L7 AN 32 52 .k Bk R T 3 Uk
SEAR B VKON Tt 3 S T 45 SR | A 58 AR W) 5 ok )1
I % T 4Bk S0 T2 & 42 (global navigation satel-
lite system , GNSS) il 3% . 3l 3 %} Fb GNSS 38 By &
B2 DAL A B8 Rl 5 8 R ST I L TP AS A
11175 1 1 R o 1 ol < 9 LY 95

AT R TR 3 K SRR H oG (european
centre for medium-range weather forecasts, EC-
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B UR 2 B AR PR A T IO P T 04 1 B A A R
AU N T S, B R I E BE e S AR A R 55
(copernicus climate change service) ¥ & . & i 5%
F W], BF 1 JE BT R LAY (copernicus digital eleva-
tion model, COP-DEM) 7 7 ji /= Jit Hb X H A7 #2 5
A BE, H e R R 22 AR T H AR T IR DEM 7
(Lietal., 2022). vk 1| 10 580 A I8 F 48 38 vk 1|
HdE 2 (Randolph Glacier Inventory, RGI)7.0 fl55 2
U oK) 4w B £ s 48 (Guo ez al., 2015). 38 1 %%
G X A BRI L T B DU T AR B
LR BRI 5 IX 58 8 (9 0K )1 3 A5 B
22 FERE

AR GE BR 7 ¥R E i B 3 L OG22 5 SAR

S AR B AR DL AE R 4 vk )1 3R T #% AR
ot o, S — M Y|/ ok N ) 2zt B Tz HL
AR HAR T Be AR EE S, 2020) 3% 5 I ekt
PR VKON S AR R AT BCHE SR I 7R € & 1R/ T IF
Ji HAR OGRS O
AH 5 R B8R e B 7 AR S DEBC S, JF 40 e iR S
Pzt B TR AR 09 A & 1 s, BV AT 3R A 8 A
VKN X 38 54 7 % 3 ( Berthier ez al., 2005) . X Fh 7 =
555 T3 & B A R iz Y 23 [A) B 5 3 TR AR /)
() 1 R, 78 245 AT 8 ok N85 o i )z (Agar-
wal ez al., 2017). W75 ¥ 38 A I 4 4F B ) RO B 1
VKN 2 8l , 0 HAE BE /K 22705 7 [a] 9 i DX, A48 8L A AR
SR A BT R R R AR £ [F]— B SR
o RRAE  H 2 KRR K

AR SCAE T v 1 PG B 55 T 24 (glacier im-
age velocimetry, GIV) 15 W B 5 oK JI| (1) iz 3l 3£
JEGIV & —A 5 TR I T RA T =
4k vk NIl ¥ B (Van Wyk De Vries and Wickert,
2021) B )iz TS kO B R An b 22 5
ik (Van Wyk De Vries et al., 2022) K E[V B (85 4>
= IR L ik (Sattar ef al., 2025). 7E 3T 5B R 3 2
B LA T 2 E A oA o) BT RE A9 M B 2 L
56 R AN WE ST UK T 3l B — A~ KO IR A K
JUBAE T ) B DX, 820 e iE 36 B IR B R AR 22 [
Bf o FH 7 ) o 8 %  DAUSCA FE T AR e A Y T e R
7 (Van Wyk De Vries and Wickert, 2021). 3k 4 &
TSRO AR - A R BOHE Y AR 4 B Ol (Tdeal
resolution of output data) 40, {5 M [t (Signal to noise
ratio) N 4, WA b (Peak ratio) 4 1.3, HiAth 2 4 ZRIA
SR AR5 R T TE = AR B4R X ok 1 i
FEEAT N TR B PR o AR X ok g B i PR o
o, N TR IE ARG B e e

® 1 EREUERRIKIIHE

Table 1 The remote sensing data and glacier data

Kot i 1] E3 B GE) 2 HERm) 275 SCHR B Bt I
1994-12~2011-08 Landsat 4-5 TM 117 10
VK132 2y i 2010-12~2017-01 Landsat 7 ETM+ 62 30 ;NS
2016-11~2024-11 Sentinel-2 L2A 123 30
B A R 2022 Copernicus 30 30 European Space Agency and Airbus (2022)
VRIJE FE 2017 RGI6.0 RGI Consortium (2017)
v R 2 2023 RGI7.0 RGI Consortium (2023)
GNSS 2022-7~2023-7 AL A3
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Fig.3 The velocity distribution of the Zelongnong glacier at different stages
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B0 R R T R A2 2 Rl K 0 T B, 1 A v S AR
AR, 1000 m JEEA% BE 22 vk 55 1 JE 5 W 3l o1 ik
T 60% LI F(Moon ez al., 2012). BSR4 (A 4k B
I8 VKON 2R 1T 35 B8 6T K N 3852 il AN K, {HL A K 78
ORI b b 3 3 B2 5 vk 1 it 3 22 TRIATS A7 7E 1F A 26 ¢
F(EI8), X —45 R 5 HT NI 45 R —F (Agarw-
al et al., 2023). i & 8 °T LA & i, 78 ) B 75 vK 1] X
B, VKON JEE B 55 KT A 8 B A RS 43 DXl 22 s L
S F L TE B-B' oK1 50 B 0 ) X3, vk )1 R
L2 N BT .2y N i1 B <) B SR R B 1 O L B S T
A—ANT 5 A A X, vk 3 R N H R
e fe s WA S oK B RS B B0, vk 0 JE R A
I 2 WU 0N D) R SR KON 2 IR AR Ak SRy D8 T Y
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Fig.8 A comparison chart of the flow velocity, slope and thickness of the Zelongnong glacier
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etal., 2010) , 33X 38 i=F @il /K I8 s 1 vk )1 s 3 . AH
S, B 25 H R 3G o E o T 09 SR SR T R
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R A DA ) 7 ME AR D UK AR B HE AR I 7 12 H 2 2
H [8] 4 i 3 (Zhang ez al., 2010).
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2009) . 5 4 i DX L AR TR 3 31X 52 42 R R 1) 52 1)
B K (Mountain Research Initiative Edw Working
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Fig.9 The relationship between climate change and the variation of average flow velocity in the corresponding time period
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