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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 characteristics of glacier mass
balance about debris-covered glaciers. Methods: The Random Forest method based on feature optimizatio is used
to identify the supraglacial debris of the Koxkar Glacier. To increase the distinguishability between supraglacial
debris and rocks, sentinel-2 images, remote sensing indexes, terrain features and texture features are also added
for image classification. Glacial flow velocity is estimated using the Coregistration of Optical Sensed Images and
Correlation (COSI-Corr) method, which is considered to be one of the most effective methods for small-scale and
high-precision estimation of glacial flow velocity. Results: Compared with other machine learning classification
methods, the Random Forest method based on feature 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 4380 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
channeland and other factors. The changes of flow velocity in the study area from 1989 to 2021 shows that the
flow velocity in the upper and middle part of the glacier continues to accelerate with the increase of surface
temperature. In the range from 3090 m to 3500 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.
Conclusion: (1) Compared with other machine learning classification methods, the accuracy of the Random
Forest method based on feature optimization has been significantly improved in identification of supraglacial
debris . (2)In the past 30 years, the overall flow velocity of debris-covered Koxkar Glacier is slowly increasing
with obviously spatio-temporal differences, and the glacier mass balance of the glacier below 3500 m above sea
level is in a continuous deficit state.

Keywords: supraglacial debris identification; random forest; glacier velocity; COSI-Corr; Koxkar Glacier
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Fig.1 Landform of koxkar glacier area
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Table 1 Image parameters of Sentinel-2

laawms  REME KEH®EEM ORI
1 2016-12-21 66.8093° 165.2395°
2 2017-05-23 23.5849° 151.1545°
3 2017-09-20 42.1550° 163.3198°
4 2017-12-29 66.3149° 166.6901°
5 2018-05-08 26.8662° 154.2659°
6 2018-09-30 45.7073° 165.5931°
7 2018-12-21 66.7988° 165.2892<
8 2019-05-30 23.6444<° 144.3260°
9 2019-08-31 35.1032° 157.5274<
10 2019-12-26 66.8488° 164.7131°
11 2020-04-29 30.1041° 150.9517<
12 2020-09-21 43.1795° 160.1296°
13 2020-12-15 66.5272° 165.9379°
14 2021-05-04 28.7367° 150.1195°
15 2021-09-06 44.8732° 161.3586°
16 2021-12-23 66.4028° 167.4753°
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Fig.2 Flow chart of this study
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Table2 Feature variable description before optimization
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Fig.3 Feaure variable importance score
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Fig.4 Relationship between the accuracy of
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KT AR e vk 2 T 58 —kok )l gm B, 4558
Bl 7 Frome Goihan sl B 7 U A A X, oK
NETAYL 77.4 km?, REGEHHRLAN 24.6
km?, o5 B KR T 31.7%. R A E 2 Ai
Yo AE 3100 m & 4100 m 2 [A], 7F Al = A2 vu [
WA b By Ao TR R U 55 Y0 A B ) BE AL
A RE A, K SR 4 A M R A 3R AT SR T
wmE 8 fion. WX BEARHIRE, RBE XM
S E N R =R T E AT i E =% = il N LU B X VA
[ 4 3399 m~3869 m, I E x4 F R P 4 47 X ]
N11.7°~25.4°, 5 — BN AR RF 0, R A A8
P UK Bk )1 Ko, BT Elevation Al

Slope 9§ /™ H T 5 1 43 2 o T o iy o] LAY 50

K7 R R UK 1 2 R i 1 AR 4 i

Fig.7 Statistics of supraglacial debris coverage
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Table 3 RMSE of velocity estimation results

Ay F i RMSE Ji 46 i # = RMSE
2017 7.45 meal 7.96 m
2018 7.68 m=a’l 7.38 m
2019 8.75 mea’l 9.00 m
2020 4.94 mea’t 4.87m
2021 8.26 m*a’l 8.56 m

33 MEMELERSMH

2017-2021 SR H wg /R R 58 550K ) KT R

() 2017 444

(c) 2018 4 4x4F (d) 2018 4 i Rl 3

(9) 2020 4E424E (h) 2020 4F 91 9

AL RN 9 B . BT UK ZR 3 i B
KTV, A1 35 3% 1 U R B0 v 4t 8 A B
XEFR 3 A o He KU I8 BLTE AR SR 4380 m Ao
FHALE % X E R, MBS &, AE 2020
ERETE LIS ] 1459 mea™ /£ 47 . M K
HH A B IR AT, W BB, LK
BATICN G, W PR R T, fE#EIK 3880 m
KEAENMEBEH —ANIEE. 3450 m~3650 m M HEK X
B A, UK A R, =B,
HILH R AR BT KE SR, 2A
B> B . NS R R AP, £
FRAIHIER S, RIERIEFICE 0~10 mma'.

(b) 2017 4F 3 Ak 3

(e) 2019 fE 4 4E (f) 2019 44 fil

(i) 2021 4E424E (j) 2021 4R i b 01

9 R} HMEIRERRTE 25 VK1 2017-2021 4 2% T 7 5 5 45 5L

Fig.9 Estimation of surface flow velocity during 2017-2021 of supraglacial

debris covered glaicer in korkar
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Fig.10 Variation of flow velocity due to ice lake outburst

during ablation period of 2021
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Table4 Comparison of recognition accuracy of debris by

different methods
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Fig.11 Difficulty in distinguishing between supraglacial

debris and rock due to "foreign body with spectrum”
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Fig.12 Temporal and spatial variation of surface velocity of koxkar glacier from 1989 to 2021
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Fig.13 Mann-Kendall trend test of surface temperature of
the koxkar glacier from 1989-2021
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Fig.14 Correlation test between surface velocity and

surface temperature of koxkar glacier
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