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Fig.1 Distribution of ice avalanche disaster in study area
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Tab.2 List of signs for optical remote sensing interpretation of ice avalanche
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Fig.2 Remote sensing interpretation map of Miduigou
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Fig.3 Comparison of multiphase remote sensing images of ice crevasse and glacial lake in Midui Glacier
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Fig.4 Remote sensing interpretation map of Jianmupuqu
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Fig.6 Remote sensing interpretation map of Zelongnonggou
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Fig.7 Comparison of multiphase remote sensing images of debris flow fans and channel sources in Zelongnonggou

TR R, BT R SRR TR0 o i 7 H B U

T FI B AL

JSOBT BT AT TSRS ([ 7 (0) ) JRICT U — TR
i (JeAin) K FHEE , T okET S IR B T
R ARAS , K BEMA n] REFRR A A o

(f) 2020 4F 10 A 20 [ X1k B

22 3Lk ( References) :

(U] #ES7OR,JET0 8, WS, 5. KO 93 1 e 5 2808 4y ——
VAT SR X A ) [0 ] B 0 9% U 78 086, 2020,32(2) : 11 -
18. doi:10. 6046/ gtzyyg. 2020. 02. 02.

Tong 1. Q,Pei L. X, Tu J N, et al. A preliminary study of definition
and classification of ice avalanche in the Tibetan Plateau region
[J]. Remote Sensing for Land and Resources,2020,32(2) .11 —
18. doi:10. 6046/ gtzyyg. 2020. 02. 02.

Sangewar C V. Remote sensing applications to study Indian glaciers
[J]. Geocarto International ,2012,27(3) :197 -206.

Leinss S, Bernardini E, Jacquemart M, et al. Glacier detachments
and rock — ice avalanches in the Petra Pervogo range, Tajikistan
(1973—2019) [ J]. Natural Hazards and Earth System Sciences,
2021,21(5) ;1409 —1429.

Gilbert A, Leinss S, Kargel J, et al. Mechanisms leading to the 2016
giant twin glacier collapses, Aru Range, Tibet[ ] ]. The Cryosphere,
2018,12(9) :2883 —2900.

(5]

Kadb A, Leinss S,Gilbert A et al. Massive collapse of two glaciers



FUM XIS AR FETOU IR EEOR I 0O BB R R & I S I —— LLPY R A XROR g X o i - 275 -

in western Tibet in 2016 after surge — like instability [ J]. Nature 2y,2018,40(6) ;1141 —1152.

Geoscience,2018,11(2) ;114 - 120. [12] Geng Q R,Pan G T,Zheng L L,et al. The eastern Himalayan syn-
[6] Wang S, Yang B,Zhou Y, et al. Snow cover mapping and ice ava- taxis : Major tectonic domains, ophiolitic mélanges and geologic evo-

lanche monitoring from the satellite data of the sentinels [ J]. IS- lution[ J]. Journal of Asian Earth Sciences,2006,27 (3) :265 —

PRS - International Archives of the Photogrammetry, Remote 285.

Sensing and Spatial Information Sciences,2018, XLII - 31765 - [13] Deng Q D,Zhang P Z,Ran Y K, et al. Basic characteristics of ac-

1772. tive tectonics of China[ J]. Science in China Series D : Earth Sci-
[7] Margreth S,Funk M, Tobler D, et al. Analysis of the hazard caused ences,2003,46(4) ;356 —372.

by ice avalanches from the hanging glacier on the Eiger west face [14] Ding L,Zhong D L,Yin A, et al. Cenozoic structural and metamor-

[J]. Cold Regions Science and Technology,2017,144 .63 - 72. phic evolution of the eastern Himalayan syntaxis ( Namche Barwa)
(8] WAk, BROGEI, BT , 55 “ MK L S [ T]. il [J]. Earth and Planetary Science Letters,2001,192(3) :423 -

B2 EE F],2019 34 (11) 11203 - 1209. 438.

Yao T D,Wu G J,Xu B Q, el al. Asian water tower change and its [15] X446, Ghuil , 20 4s . ok m 5 6 M WA 55 Kk )1 ET vk B vk )1

impacts[ J ]. Bulletin of Chinese Academy of Sciences,2019,34 KEBTI]. B IUEHsT,2018,38(2) ;348 —354.

(11):1203 - 1209. LiuJ H,Yi C L,Li Y K. Reconstruction of the neoglacial glaciers
(9] BeAE#s, Aulae, 8RGO, 25, 5 m 5 A J& i Hb DX 30 B vk )1k in the Qiangyong valley, Mt. Kaluxung, south Tibet[ J]. Quaternary

DI GRA R[], Bl ,2019,64(27) 12770 -2782. Sciences,2018,38(2) :348 —354.

Yao T D,Yu W S,Wu G J, et al. Glacier anomalies and relevant [16] Rothlisberger H. Ice avalanches[ J]. Journal of Glaciology, 1977,

disaster risks on the Tibetan Plateau and surroundings[ J]. Chinese 19(81) :669 - 671.

Science Bulletin,2019,64(27) :2770 —2782. [17] BEH, o R . MuBsRRl 7 K FE W HFREE(M]. b nt.
[10] JenndE. 5 om U X U 9 3 FAE 5 28 AL W L BESE [ D ] Hu T L iR, 2005.

Jta P E LT R AE (db st ,2019. Huang Z L, Zhang L B. A dictionary of earth sciences[ M ]. Bei-

Pei L X. The preliminary study of characteristics and types of ice jing ; Geological Press,2005.

avalanche disaster in the Tibetan Plateau[ D ]. Beijing: China Uni- (18] xIghe, sk, & B, 5. TR [ VG 960 b X w35 e o 32 22 3R

versity of Geosciences( Beijing) ,2019. [T]. vk +,2019,41(6) ;1335 —1347.
(1] SASCH, WA, avatoat , 25, i I I b DX vk s K 3 ) AT 5 301 e Liu J K,Zhang J J,Gao B, et al. An overview of glacial lake out-

[J]. vkJIi%: £ ,2018,40(6) ;1141 —1152. burst flood in Tibet,China[ J]. Journal of Glaciology and Geocryolo-

Hu W T,Yao T D,Yu W S, et al. Advances in the study of glacier 2y,2019,41(6) :1335 —1347.

avalanches in high Asia[ J]. Journal of Glaciology and Geocryolo-

Surveys and chain structure study of potential hazards of ice
avalanches based on optical remote sensing technology :
A case study of southeast Tibet

LIU Wen, WANG Meng, SONG Ban, YU Tianbin, HUANG Xichao, JIANG Yu, SUN Yujiang
(Sichuan Institute of Geological Survey ( Key Laboratory of Evaluation and Utilization of Strategic Rare Metals
and Rare Earth Resource) , Chengdu 610081, China)

Abstract: Glaciers are widely distributed in southeast Tibet. Glacier instability is prominent in this region against
the backdrop of global warming. Surveys of the potential hazards of ice avalanches using optical remote sensing are
practically significant for disaster prevention and mitigation in the region. According to the hue, morphology,
texture, and shadow characteristics of the potential hazards of ice avalanches on remote sensing images, this study
established the symbols of remote sensing interpretation of potential hazards of ice avalanches in the study area.
Based on this, a total of 232 potential hazards of ice avalanches were interpreted in southeast Tibet, including 47
large, 147 super large, and 38 giant ones. Then, this study analyzed the essential characteristics and spatial
distribution of the potential hazards based on the characteristics of terrain, landform, and regional geological
environment. Consequently, four concentrated distribution areas and two concentrated distribution zones were
determined. The potential hazards of ice avalanches in the study area show distinct chain characteristics. According
to the spatio — temporal relationships between the potential hazards and their possible secondary disasters, the ice

avalanche disaster chains in southeast Tibet can be divided into three types, namely, ice avalanche - glacial lake
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outburst flood - debris flow disaster chains, ice avalanche — debris flow — barrier lake — flood disaster chains,

and ice avalanche — debris flow disaster chains. Taking the potential hazard chains of ice avalanches in Miduigou,
Jianmupuqu, and Zelongnonggou as examples, this study analyzed the dynamic change characteristics and chain
structure of these potential hazard chains using optical remote sensing technology. The purpose is to provide basic
data for an in — depth study on potential hazards of ice avalanches in southeast Tibet.

Keywords; optical remote sensing; potential hazards of ice avalanches; disaster chain; southeast Tibet
(REHE: = W)



