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Abstract: Objectives: The spectral characteristics of supraglacial debris are extremely similar to those
of rocks, which is difficult to retrieve by semi—automatic or automatic interpretation of remote sensing.
Obtaining the extent of supraglacial debris and glacial surface flow velocity can help to understand the char-
acteristics of glacier mass balance about debris—covered glaciers. Methods: Random forest method based on
feature optimization is used to identify the supraglacial debris of Koxkar Glacier. To increase the distin-
guish ability between supraglacial debris and rocks, Sentinel-2 images, remote sensing indexes, terrain fea-
tures and texture features are also added for image classification. Glacial flow velocity is estimated using

coregistration of optical sensed images and correlation (COSI-Corr) method, which is considered to be one
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of the most effective methods for small-scale and high—precision estimation of glacial flow velocity. Re-
sults: Compared with other machine learning classification methods, random forest method based on fea-
ture optimization can effectively avoid the misclassification between supraglacial debris and rock. The result
of identification shows that the area of debris is about 24.6 km®, accounting for 31.7% of the total area of
Koxkar Glacier. The results of glacial flow velocity show that the maximum average annual flow velocity
occurs at about 4 380 m above sea level in the eastern branch and can reach 145.9 m/a in 2020. The flow
velocity reduces to 0— 10 m/a with the decreasing elevation. The flow velocity during the ablation period is
much higher than the annual mean velocity. The differences of velocity on the glacier tongue are induced
by differences of altitude, ice lake outburst, collapse of subglacial meltwater channel and other factors. The
changes of flow velocity in the study area from 1989 to 2021 show that the flow velocity in the upper and
middle parts of the glacier continues to accelerate with the increase of surface temperature. In the range
from 3 090 m to 3 500 m above sea level located in the lower part of the glacier, the flow velocity decreases
continuously due to the accumulation of debris and the continuous thinning of glacier tongue. Conclusions:
Compared with other machine learning classification methods, the accuracy of the random forest method
based on feature optimization can be significantly improved in identification of supraglacial debris. In the
past 30 years, the overall flow velocity of debris—covered Koxkar Glacier is slowly increasing with obvious-
ly spatiotemporal differences, and the glacier mass balance of the glacier below 3 500 m above sea level is
in a continuous deficit state.

Key words: supraglacial debris identification; random forest; glacier velocity; coregistration of optical

sensed images and correlation (COSI-Corr); Koxkar Glacier
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Table 1 Parameters of Sentinel-2 Images

ARG SRR 8] K EEA/C) KEITRMA/C)
1 2016-12-21 66.809 3 165.239 5
2 2017-05-23 23.584 9 151.154 5
3 2017-09-20 42.1550 163.319 8
4 2017-12-29 66.314 9 166.690 1
5 2018-05-08 26.866 2 154.2659
6 2018-09-30 45.707 3 165.593 1
7 2018-12-21 66.798 8 165.289 2
8 2019-05-30 23.644 4 144.326 0
9 2019-08-31 35.103 2 157.527 4
10 2019-12-26 66.848 8 164.713 1
11 2020-04-29 30.104 1 150.951 7
12 2020-09-21 43.179 5 160.129 6
13 2020-12-15 66.527 2 165.937 9
14 2021-05-04 28.736 7 150.119 5
15 2021-09-06 44.873 2 161.358 6
16 2021-12-23 66.402 8 167.475 3
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Oy RMWERMSE/(m-a ') R ES i RMSE/m

2017 7.45 7.96
2018 7.68 7.38
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2020 4.94 4.87
2021 8.26 8.56
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