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Fig.2 Comparison between K — Means method and random forest method classification results
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Tab.2 Accuracy comparison among different automatic computeried classification methods
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X 0.977 1 0.988 7 0.988 6 0.956 1 1.000 0 0.986 9 0.208 0
58 /REIX 0.0719 0.061 8 0.8230 0.135 4 1.000 0 0.9385 0.5230
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WA 0.124 1 0.090 6 0.916 1 0.912 8 1.000 0 1.000 0 0.8750
T 0.4210 0.176 1 0.949 4 0.562 2 1.000 0 0.965 5 0.569 0
LHK 0.694 5 0.700 4 0.907 5 0.7229 1.000 0 0.967 1 0.775 0
5/ RLIX 0.200 3 0.302 6 0.856 1 0.1925 1.000 0 0.976 0 0.369 6
KN 0.938 4 0.9418 0.987 6 0.949 2 1.000 0 0.988 8 0.810 4
FAFRGRE Bt 0.9116 0.937 4 0.999 6 0.999 4 1.000 0 0.996 1 1.000 0
UK 0.124 5 0.1859 0.717 6 0.397 7 1.000 0 0.916 7 0.730 2
N 0.011 5 0.0115 1.000 0 0.079 0 1.000 0 0.666 7 0.8750
KR 0.135 4 0.038 1 0.671 6 0.309 0 1.000 0 1.000 0 0.9429
e L — — — — 1.000 0 0.976 7 0.3280
5o/ REIX — — — — 1.000 0 0.956 9 0.433 1
KN — — — — 1.000 0 0.992 5 0.893 8
%6;;6“ i 4 — — — — 0.998 0 0.988 5 1.000 0
UK — — — — 1.000 0 0.936 2 0.844 0
ANEl — — — — 1.000 0 0.800 0 0.8750
KR — — — — 1.000 0 0.982 5 0.709 7




- 124 - h Moo oW A 2024 4E
T SR — WAL
KRR X TR E EERIES
ISODATA #% K -Means 3% SAMURE  H/NMERZ b5 & ISTiRES REATL AR MR SVM
EHRIX — — — — 1.000 0 0.9545 0.196 2
155 /X — — — — 1.000 0 0.917 3 0.276 4
ellinn — — — — 1.000 0 0.985 1 0.808 0
Short }EE  fii — — — — 0.996 0 0.977 2 1.000 0
VIRTY] — — — — 1.000 0 0.880 0 0.730 2
INE — — — — 1.000 0 0.666 7 0.777 8
ba N — — — — 1.000 0 0.965 5 0.550 0
SR B2 0.692 5 0.705 8 0.961 0 0.803 7 0.998 7 0.978 2 0.774 8
kappa Z & 0.558 4 0.562 8 0.9379 0.705 0 0.998 4 0.9722 0.709 2

1 : Kappa 2250 FH N5 25 50 I 1 £ 8 S0 S e 8 4K 1) 43 20K5 JBE |, Kappa 2 %1 <0.00 A7 2%, [0.00,0.20) 92%,[0.20,0.40) H— ik,
[0.40,0.60) 4%f,[0.60,0.80) RFR4F,[0.80,1.00) Fds; “—" N IoddE,

2.2.2 MM ARK IR AR

DA 435 SR 2 I vl 1) o 52 1 W B 0 S A 1R
KSR TR WB 43 2895 M TR 2R 0 B 35k,
o R R v A REA LR ME ERRE SR IR R T 989% LA
KN ROR A, SVM AR 2%, IERRAUH
70% (F22) . WL IR L, SR BOR B B 5k
RGP REN LRI PRI ST DX K 1 i, HLAAR R A
WR (K 3) . OBIEHES , HER RS G IFEIX Y
DEM $diiFisi [a115 5. ; @AIE# A, £ ENVI
BB RO Z [0 ] 43 B R T 1.8 12k

(Landi;t%%gi)%r% I EHR(DEM, H
TE. mH IR DCET )

BT Gy B AR VR R B AL AR AR 5326
IR ; BsetaorEl, 3T 2 RE BTk T4
51E OFEAIEAL, 185 BERRAFIY Process Tree 1, 38
SRR KA AL REAS” s QBENLARMR T IS,
FET AP EINT G B BB AR AE A 22 F30E, I Classifier
Type Yiiig , #E4 7T REALARAR 73 25155, 1 & BEALR A )
AREKECH 40, AN N 0.01; ©F- ek, B IR0
PUARARAE B (AN DR 7 o g A
SCEES TG (1.0 ~3.5 m) BEGEAR 185 Wik T
MR IR ERITHIKIE B2 P TR,

EENVITi ) £ RS
AR ;>
IS KM REA ﬁigﬁ%

FaEUT
RAMER

ﬁ%ﬁﬁ‘|¥%ﬁ@‘

]Wé%%%

IRV
FERELE R

EExd

B LB AR
iR

B3 REVRMERIZLAERE

Fig.3 Interpretation process by random forest method
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Fig.4 Glacier area contrast of 2007 between those extracted in this paper and those extracted in the second glacier inventory
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Fig.5 Geladandong glacier area change by years
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Tab.3 Geladandong glacier area from 1999 to 2022 BENy IR
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Fig.6 Geladandong glacier area and linear fitting
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Fig.9 Geladandong glacier zoning and the edge changes of typical glaciers
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Tab.4 Elevation distribution of the advancing and retreating glaciers in Geladandong from 1999 to 2022
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Tab.5 Slope distribution of the advancing and retreating glaciers in Geladandong from 1999 to 2022

Werm) VK i SLVER

) mEEet e e e TR i

F4H 0° +0.07 0.91 +5.53 0.00 0.00 0

It 0° ~22.5° +0.08 1.05 +0.22 -11.99 20.21 -9.98
Rk 22.5° ~67.5° +1.15 14.92 +1.54 -15.95 26.88 -8.65
R 67.5° ~102.5° +1.02 13.25 +1.34 -10.78 18.17 -7.75
R 102.5° ~147.5° +1.48 19.25 +1.61 -8.76 14.76 -9.49
&3] 147.5° ~192.5° +1.05 13.60 +0.96 -5.31 9.21 -23.58
i3] 192.5° ~237.5° +0.76 9.90 +0.86 -3.39 5.71 -9.78
i) 237.5° ~282.5° +0.47 6.07 +0.59 -1.70 2.86 -12.90
[iiiE]4 282.5° ~337.5° +0.91 11.79 +1.01 -0.97 1.64 -9.91
it 337.5° ~360° +0.71 9.27 +1.53 -0.33 0.56 -7.96
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Fig.11 Slope distribution of the advancing and retreating main glaciers in Geladandong
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Dynamic monitoring and change cause analysis of Geladandong
glacier in Tibet Plateau

ZHANG Xunxun'?, ZHAO Yanggang'?, YANG Bin'?, WU Shuying’*, DUAN Yanghai'*, LIU Yu’

(1. Cwil — Military Integration Geological Survey Center, Field Scientific Observation and Research Station of Natural Resources in the
Middle Reaches of the Brahmaputra River, Tibet Autonomous Region, Sichuan Chengdu 610036 ,China; 2. Key Laboratory of
Coupling Process and Effect of Natural Resources Elements, Ministry of Natural Resources, Beijing 100055, China; 3. Sichuan

Hua Di Building Engineering Co. , Lid. , Sichuan Chengdu 610081, China; 4. Chengdu Center of Hydrogeology and Engineering
Geology of Sichuan Provincial Geology and Mineral Resources Bureau, Sichuan Chengdu 610081, China; 5. Aerospace Information
Research Institute Chinese Academy of Sciences, State Key Laboratory of Remote Sensing Sciences Institute of Remote

Sensing Applications, Beijing 100094, China)

Abstract; Geladandong glacier complex is the source of Tuotuo River, the primary source of Yangtze River. It is
located in the Tanggula Mountains, which is in the remote interior of Tibet Plateau. The processes and causes of
glacier area change are crucial for the sustainable use of water resources and the functioning of the water cycle in
the headwater ecosystem of Yangtze River. The random forest method was employed to carry out the interpretation
of glacier remote sensing images, and topographic and climatic data were integrated to investigate the underlying
drivers of glacier area change. The results are as follows. (D The random forest method is particularly suitable for
the automatic interpretation of a large number of consecutive remote sensing images, after the comparative analysis
of 7 most commonly used automatic computerized classification methods and the evaluation of their accuracy.
@ From 1999 to 2022, the glacier area in the study area exhibited a wavy decreasing trend, with a total decrease
of 64.25 km’, representing a 10.22% reduction and a decreasing trend of 2. 94 km’/a. 3 The glacier terminus
in the study area exhibits a relatively smooth and regular morphology, with a distinct single peak and symmetrical
outline. In contrast, the glacier tongue terminus displays a more irregular morphology, with a variable edge and a
shape that is evidently influenced by topographic factors. 4 The change of glacier area is significantly influenced
by elevation and slope direction. Among climatic factors, temperature is the primary driver of glacier change, ex-
hibiting a negative correlation. This research could provide the scientific basis and data supporting for glacier
change characteristics and sustainable use of water resources in the primary source area of Yangtze River.

Keywords: Geladandong glacier; glacial change; remote sensing monitoring; random forest method; climate

change
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