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Three-dimensional movement inversion of Shisha Pangma
glacier using Sentinel-1 and Landsat8 images

WEI Chunrui', YANG Chengshengl , WEI Yunjiez, XIONG Guohua', LI Xiaoyangl
(1. School of Geological Engineering and Geomatics, Chang 'an University, Xi'an,Shaanxi 710054, China;
2. China Institute of Geological Environment Monitoring ( Guide Center of Prevetion Technology for Geo-hazards,MNR ) ,
Beijing 100081, China)

Abstract: SAR offset and optical offset are important techniques for glacier movement monitoring, but there are few researches
on 3D deformation by integrating images from different platforms. In this paper, large glaciers in The Shisha Pangma area of
Nyalam County, Tibet from November 2019 to January 2021 were selected as the research area. Based on variance component
estimation, Sentinel-1 and Landsat8 data of the study area were combined for three-dimensional glacier calculation. Optical

images of the same period were selected for comparative analysis of the offset estimation results. At the same time, the accuracy
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of the method was evaluated by selecting the stable area, and the applicability and accuracy of the method in glacier movement

monitoring were analyzed. The results show that the maximum velocity of the glacier is 21 cm/day in the east-west direction,

68 cm/day in the north-south direction, and 17 cm/day in the vertical direction. Compared with the glacier displacement results

obtained from a single image, the multi-image joint algorithm can compensate for the incoherence of SAR data and the low

quality pixel values of optical data, and obtain more complete and detailed glacier information and higher accuracy of

monitoring results. This paper can provide reference and technical support for using data from different platforms to jointly

monitor multi-dimensional and high-precision changes of mountain glaciers.

Keywords: Sentinel-1; Landsat8; offset tracking technology; fusion solution; three-dimensional glacier monitoring
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Fig. 1 Data coverage map of the experimental area and glacier optical images
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Table 1 The Sentinel-1 data parameters used in the study

WS KR H 23 [H] B4R /m R[] 2k /d
1 2019-12-08 0.00 0
2 2020-01-25 —39.83 48
3 2020-03-13 —112.08 96
4 2020-04-30 -112.19 144
5 2020-06-17 —51.88 192
6 2020-08-04 —33.98 240
7 2020-09-21 —-105.59 288
8 2020-11-08 —-101.99 336
9 2020-12-26 125.79 384
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Table 2 The Landsat8 imaging parameters used in the study
HRmS CRERM O KRMEEEM/C) KBEFTLM(EC) &oit/%

1 2019-11-19 38.52 157.40 1.74

2 2020-01-22 35.61 150.5 4.65

3 2020-02-07 39.10 147.2 3.28

4 2020-11-21 37.78 157.5 2.54

5 2021-01-08 33.93 153.0 4.20

6 2021-01-24 36.10 150.0 1.32
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Fig.2 Technical flow chart of 3D deformation rate
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Fig.3 Space otemporal baseline combination distribution of

SAR images
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Table 3 The Landsat8 image pairs used in the study
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Fig. 4 Geometric relation of rail SAR image (arrow direction is positive)
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Fig. 5 Distance between the SAR image pairs is displaced to the glacial surface
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Fig. 6 Azimuthal to glacial surface displacement distribution between SAR image pairs
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Fig. 7 Distribution of north-south glacial surface displacement between Landsat8 image pairs



2022 4 B, 4%, 64 Sentinel-1 5 Landsat8 S41% 1475 BB Db vk 1| = 432 ) = it - 13-

B8 Landsat8 553t 2 EEI R K RELH ST

Fig. 8 Distribution of east-west glacial surface displacement between Landsat8 image pairs
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Fig. 10 Jointly solved distribution of glacier surface motion rates
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