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Experiment of Automatic Glacier Extraction Methods
Based on Sentinel-2 Image
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3. Qinghai Geological Survey Institute, The northern Qinghai-Tibet Plateau Geological Processes and Mineral Resources Laboratory,

Xining 810012, China; 4. Geological Environment Monitoring Station of Qinghai Provincial, Xining 810001, China)

[ Abstract] Over the past half-century, global warming and humidification have led to an accelerated rate of glacier melting in Chi-
na, highlighting the increasing importance of monitoring glacier distribution. However, current automated glacier extraction methods
have significant limitations, such as boundary fragmentation, omission of glaciers in shaded mountain areas, and misclassification in
cloud-covered regions. To address these issues, this study selected Menyuan County in Qinghai Province as the experimental area. Sen-
tinel-2 imagery and DEM data were utilized, applying object-oriented automatic classification technology in combination with the C5.0
decision tree model to develop a multi-feature glacier extraction rule set and a neighborhood feature rule set. An improved two-stage ob-
ject-oriented glacier extraction method was subsequently proposed. The findings revealed that glaciers exhibited distinct response pat-
terns across various features, including spectral mean, spectral standard deviation, NDSI ( normalized difference snow index), DEM
(digital elevation model ) , adjacency, and slope orientation. A two-stage glacier extraction method effectively enabled automatic glacier
extraction. It also significantly enhanced the recognition accuracy in cloud-covered and shaded mountain regions, achieving an overall
glacier recognition accuracy of 98. 50% .

[ Keywords ] Sentinel-2 image; decision tree; multi-feature combination; neighborhood feature; automatic glacier extraction
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Table 1 Main band parameters of Sentinel-2 satellite

RSES B WK /pm  SESHER/m
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3 BRI BL 0.560 10
4. LT B 0. 665 10
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Fig.2 Sentinel-2 image of the experimental site
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Fig. 3 DEM data of the experimental site
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Fig. 5 Multi-scale segmentation results of the experimental site
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Table 2 Feature correlation statistics table

HHE B-Mean SWIR1-Mean B-Std G-Std NIR-Std SWIRI-Std NDSI DEM

B-Mean 1.000

SWIR1-Mean -0.349 1.000

B-Std 0.59%4 -0.270 1.000
G-Std 0.541 -0.19%4 0.8% 1.000

NIR-Std 0.425 -0.073 0.658 0.829 1.000

SWIR1-Std -0.150 -0.109 0.179 0.175 0.228 1.000

NDSI 0.853 -0.738 0.581 0.521 0.383 -0.085 1.000
DEM -0.038 0.050 -0.027 -0.021 -0.014 -0.001 -0.051 1.000
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Table 3 Multi-feature combination rule set

B3] £ WIE S
FE 1 IF B-Std<<2 012. 197 and NDSI < 0.027 and DEM > 3 862.061 and SWIR1-Mean< 13 325 and B-Mean > 18 020. 387
F 2 IF G-Std > 4 062.874 and NDSI < 0.113 and DEM > 4 251.944 and B-Mean > 18 020.387
HE 3 IF DEM > 4 269.164 and B-Mean > 18 020. 387
N4 IF DEM > 4 306.618 and B-Mean > 17 927.063

]|
LI 5 IF NIR-Std > 1 293.764 and NDSI < 0.027 and DEM > 3 862.061 and SWIRI-Std <13 325 and B-Mean > 18 020.387
HEI 6 IF NDSI <0.113 and DEM > 4 109.698 and SWIR1-Mean <16 662.381 and B-Mean >18 020. 387
Lo 7 IF SWIR1-Std > 371.375 and G-Std< 4 062.874 and NDSI < 0. 113 and DEM > 4 109.698 and B-Mean > 18 020.387
HLI 8 IF NIR-Std > 5 799.014 and NDSI <0. 113 and DEM > 4 109.698
FE 1 IF DEM > 2 360 and DEM <4 306.618 and B-Mean<18 020. 387

e W2 IF B-Mean <17 927.063

FN3  IF DEM > 2 360 and DEM <4 109.698
FLI 4 IF NDSI<O0. 113 and DEM > 2 360 and DEM <4 306.618 and SWIRI-Mean > 16 662.381

ML . www. stae. com. cn



2025,25(18)

B, A HE T Sentinel-2 BRI VK1 A S AL O LA 7715

R4 SPIBEHER &
Table 4 Neighborhood feature rule set
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results of the experimental site
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Table 5 Quantitative comparison table of glacier
distribution ture values and extraction results

llEgiil ZRHIE AR

b br .

ittt Sl SRS shI

T AL/ km? 69.68 99.58 137.34
XS % 1.09 1.56 2.15

o6 RNEXSHUEASRNERBEERSITR
Table 6 Confusion matrix statistical table of

multi-featurecombination extraction in the experimental site

5H e FAE
il e[Vl it
7K 5902 694 6 596
HAH vkl 118 31433 31 551
it 6 020 32127 38 147

SRR % 97.87

F7 HERXAEHEFERRERBEERSITE
Table 7 Confusion matrix statistical table of spectral
Mean feature extraction in the experimental site

5l e A
il [l it
7K 6019 0 6 019
HAH vkl 2 830 29 298 32128
At 8 849 29 298 38 147

SRR % 92.58
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experimental site
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