BT k)4 B 8RS

: 20232018025

% K. NFF
BA KR 10759

AFAFRE
Rx g R X

_{
\ué :Z_ ?9&
)L
l1540]
¥ \

Rz 3 AR X K ) EAR A%

TSR

S T R Ay

i T G

Gk ELAVEY
$ R %L A
G

Br ' o i e

PR

FREHK

R HEHF

i e

H %

)| 3 R

W5 REE R

FE - FHTHE - AT
2026 £ 05 A



e g K
¥ 5. 20232018025 A 10759

AFAFRE
At & RdK

ET k)4 B H‘J?’Eﬂgdxﬁi’@mum X KN ERIR B

TR

¥ 1 # iEF A R )%

FREFEK
O % #H W —

R IHEHEZ
B F Lk A BEME
= I % W 3 3 2
LB I .- I E R
froo& ¥ It BHEHRHEF R

HE - HTHE - AT
2026 £ 5 A



Glacier Distribution and Changes in the Junggar Inland Basin Based

on Glacier Inventories

A Dissertation Submitted to
Shihezi University
In Partial Fulfillment of the Requirements
for the Degree of

Master of Natural Science

By

Chen Wei

(Geography)

Dissertation Supervisor: Prof. Li Zhongqin and Xu Liping

May, 2026



A TR R SO B R 75 B 2 A P 1R A S B

22 SO 7

NPT 2 A AL SR AT P IT AR T N 2EAT BB 7 AR S S W ST R R
PR, BRSO CLE S N RS, ARSI AN A& kR e E
I TSR o X A ST AT T A HE B L Uik (1S AT, 29 CAE SO AR 1 B A A
HRBE

5S4 “[%J%? FEl: 2026 4E 05 A 27 H

il A= W

ANGEE VIR T RAA R AR CRIE, HRABURE AL
ST 1) [ oK 328 8 1T B R MUAIE RSB ST (R L 7 RO AR . A3 B 22 A28 SCAE AL
BR TR IR A7 IR RV A B . A AL AT BOVF AT A AR 22 2 18 S0 AN A R B PR A R
AR 55 o ATRURS AL V8 ST B AT B G tH A PR 58 1) S AR SCHE R i 3 A RILE

WA 44 7’%7%7 IfE: 2026 4F 05 F 27 H
FIMEA /f;@ ?/{7 ﬁﬁf% iffe): 2026 4F 05 A 27 H



HE

FEAEEREE 5T, FRXLMIKFFLLRAE, HANANOE R XK R IEER SRR S 24,
S Ly M 5 B JRURG: VR A1 0 R . R R Rk P IR DX A TR R, R LB E KR E
DXADK S Rl HNES DX UK 4 B R DARUK N BEUEAR IR TR AR AL s I AN KT e kAl . H AT
A T VR 2% 2 PO DX DX AR B RO 1 AR AR A e IR B it s H BERE, B [ 5 — ORI 3 IR
UK H (CGI-1 #1CGL-2) , (HEFTHAAEEE 2 BT 2010 4, fAAEFRIEHAHNG G #2185
PRSI B, ME LA S WA 78 X UK A0 BBTRFAIE o Tk, AR ST DAHERSS /R 72 b P9 8 IX g
Fxt G, BGRUK)NIUR G B« K30 53 B R g Bk ARG FE 0 58 @ P BT GF-1. GF-6 #
ZY-3 4%, Ft454 COP-DEM Z:%id, KA T HAMAES GIS /M ik, B T HEMS /R A
TIX 2020 0K )1 40 H#HE S (GI-JIB2020) o 7EMCHEAN b, AT AF 58 XUk )1 40 A IR, IR 5E T15
TG CGI-1. CGI-2 KUK 4B UCEL S 5, Xt 1960-2020 VK AR CRFAEREAT LB 0 #T s [FI A 465
B RALVK) 3K s I B2 R R F M R Gt Bkt 0 AR UK A8 A i e S 1 s AT e
BEERUR

(1) FEFE7= 5 0 HF R 18 K280 COP-DEM ##s, @57 1 G /R 2t I I IX. 2020 4E-0K )1 4
HE¥ESE (GIJIB2020) o Z5HFEH, 2020 FHF X ILKEIK)I 3174 %%, SR 1645.69 km?, K
fit B 73.77 km?, AR RBIIUK)I 74 2%, THR 319.45 km2. BFFCIX UK ILEAR DL /NK )T D 3, THTAR
/NF 0.5 km? VK1 2502 4%, Aok )1 ELi 78.90%, (HILTHAMN A AR 21.20%. 2518 L,
UK B B G of T HGE WG PR % o E5 900 00 0T 0 3R S L IR I s b, UK R E S A T
3800~4200 m mifEa, JELAL (ND [UK)NENKE « BEKE, BEFIXUK)040 BA R/ &L
PRIX ST, LA (MR 2 L R TR 35 22 S R0 X 3KV i S R B

(2) X CGI-1. CGI-2 M GI-JIB2020 #4748 — 21T Al-& A H ML ULEC, FEAS 7 ANE
I A B ERE IR . A B o e T TSN 4 KO R 4 5 5 TG 22 S X AR AR A MT (R 2 o 76 L Bk i
F, RAIGRISULECIE XS 1960-2020 F0K )1 A HEAT Giit . S5 REW], WFFE XK B 1960 1)
2343.03 km? J& /> % 2020 1) 163539 km?, F itk 707.64 km?, RFENEEEN 30.2%, FIYIRYEH
N 0.50%/a; i 19602007 vk )1 AR 596.02 km?, 4FEHEESEFE N 0.54%/a, 2007-2020 43
—BURD 111.62 km?, FIHPRAEZHN 0.49%/a. 60 fEIRIFLAT 878 ZLUKJINH K, W RUK)ITHFN 95.95
km?, & B RIS JR M IR X VK )1 E 1960 4F LUK SR AL T HREELIB 4R A .

(3) WFFEX VKA BAT B B AR 22 5 . 2 fe) 22 S R 22 5 o /N DK AR 4 T 3, 8
Gy RAETE Ry KUK NG IR A MR B LA, (R TR IR B K. LBk b, ARIER TR 2%, 2
B RESE 1 AR R KON TRk /D B o B 3, 19602020 4E 43 5 2D 360.56 km?2. 120.81 km? Al
96.62 km?; JdNE b, FYRWA SR (5Y73) AL (5Y74) K1 AR gk oA B
GBS 376.72 km? A1 257.18 km?. AHELZ R, 3%l BkAN /NG ISOK ) T AR g D By, (HARXTE



RELBIsE . MR b, VKBRS 32 B4 R 7E 3400~3900 m AR, AL 1 0K ) 1 4 5k K
17 B ARG P B ) 0K )1 AR IR AR TR 5 IX R, XK RGN 52 SR AS R RS, 5 0K 1R
YRR A S TR R SR 1 L 4 1 2 LR O

(4) S5E RIS G0 ORI BB W5 ok N1 AR A FR A0 M mT s, A 9 X UK R 43R 4 5 0 1
AR B AR AR YOG, KIS R 1959-2018 E4EFH4 SR EFHE RN 0.254 °C/10a,
0 PR K ST 1980—2023 4FAFEF 2R L THE 20y 0.381 °C/10a, $GIRAE 5 BB KL TE R
o BB SR AR SR BB T X UK NN LR IR A 1 B AURR R, KR R B E A . 4 %
TR VK NI RIUAFF SRS, HIN B BEAAE R R S EARFHMIE 1 50K R DA HZ 18 47 |
20 tH20 90 FACHI W ELyd N AR RFSE I SR WA AR 51 50K )1 T 43 0K 1 4 3R 45 A7 BT
Py PO T 4 S UK MG DT T RrHEcR . TRIAURSE . L EF IR . X B 45 R Ae iR
W0 DX UK A S A AR Al R % ) 22 S, SR IS UK N B R DA BT b 78 B 2% UK N R B ek AR AR 7
TH GG ] AT R AR R B R DX UK 1 R AR RFE .

KRB MUK UK E s UK, BB GIS



Abstract

Against the background of climate warming, mountain glaciers in arid regions have continued to
retreat. These changes are closely related not only to regional water supply and ecological security, but also
to mountain-hazard risk assessment and adaptive management. Located in northern Xinjiang, the Junggar
Inland Basin is an important glacierized area and a key source region for glacier and snow meltwater in
northern Xinjiang. Glacier inventories provide a fundamental basis for documenting glacier resources,
monitoring glacier change, and conducting long-term comparative studies. At present, regional-scale
studies of long-term glacier change in the Junggar Inland Basin mainly rely on the First and Second
Chinese Glacier Inventories (CGI-1 and CGI-2). However, most of the imagery used for these inventories
was acquired before 2010, and the datasets are therefore limited by relatively outdated temporal coverage
and comparatively low spatial resolution. As a result, they are insufficient for capturing the latest
characteristics of glacier change in the study area.

In this study, the Junggar Inland Basin was selected as the study area to investigate the current glacier
inventory, long-term glacier change, and the evolution of representative glaciers. Based on GF-1, GF-6, and
ZY-3 imagery, together with COP-DEM and other auxiliary data, glacier boundaries were delineated
through manual visual interpretation and GIS-based analysis, and the Glacier Inventory of the Junggar
Inland Basin in 2020 (GI-JIB2020) was established. On this basis, the current glacier distribution in the
study area was analyzed. Glacier changes during 1960-2020 were then comparatively examined using the
revised CGI-1 and CGI-2 datasets and glacier-code matching results. In addition, long-term monitoring
data from the Tianshan Glaciological Station and records from representative meteorological stations were
used to analyze the evolution of typical glaciers and their climatic background. The main conclusions are as
follows:

(1) Based on domestic high-resolution remote-sensing imagery and COP-DEM data, the Glacier
Inventory of the Junggar Inland Basin in 2020 (GI-JIB2020) was established. The results show that, in
2020, there were 3,174 glaciers in the study area, with a total area of 1,645.69 km? and an estimated ice
volume of 73.77 km?. Among them, 74 were debris-covered glaciers, covering an area of 319.45 km?. The
glaciers in the study area were generally dominated by small and medium-sized glaciers. A total of 2,502
glaciers were smaller than 0.5 km?, accounting for 78.90% of the total number, but only 21.20% of the total
glacier area. Spatially, glaciers were mainly concentrated in Eren Habirga Mountain, the Manas River
Basin, and the Ebinur Lake Basin. Topographically, they were mainly distributed within the 3,800—4,200 m
elevation band, and north-facing (N) glaciers were the most developed. Overall, glacier distribution in the

study area shows a clear pattern of concentration in high-mountain source regions, controlled mainly by



mountain elevation, topographic conditions, slope aspect, and regional moisture transport.

(2) Through the consistent revision, fusion processing, and code matching of CGI-1, CGI-2, and GI-
JIB2020, the influence of differences in data sources, spatial resolution, boundary interpretation, and ice-
divide delineation among different inventories was reduced. On this basis, glacier changes during 1960—
2020 were quantified using the glacier-code matching method. The results indicate that glacier area in the
study area decreased from 2,343.03 km? in 1960 to 1,635.39 km? in 2020, representing a cumulative loss of
707.64 km?, a total retreat of 30.2%, and a mean annual retreat rate of 0.50%/a. Specifically, glacier area
decreased by 596.02 km? during 1960-2007, with a mean annual retreat rate of 0.54%/a, and further
decreased by 111.62 km? during 2007-2020, with a mean annual retreat rate of 0.49%/a. Over the past 60
years, 878 glaciers disappeared, corresponding to an area loss of 95.95 km?. These results indicate that
glaciers in the Junggar Inland Basin have undergone sustained retreat since 1960.

(3) Glacier change in the study area showed clear differences related to glacier size, spatial location,
and topographic setting. Small glaciers experienced stronger relative retreat and were more likely to
disappear, whereas large glaciers showed lower relative retreat but greater absolute area loss. At the
mountain-range scale, the largest glacier-area losses occurred in Eren Habirga Mountain, Borohoro
Mountain, and Tengger Mountain, where glacier area decreased by 360.56 km?, 120.81 km?, and 96.62 km?,
respectively, during 1960-2020. At the basin scale, glacier-area loss was most pronounced in the Manas
River Basin (5Y73) and the Ebinur Lake Basin (5Y74), with decreases of 376.72 km? and 257.18 km?,
respectively. In contrast, marginal mountain ranges and small basins showed smaller absolute area losses
but higher relative retreat rates. In terms of topography, glacier retreat was mainly concentrated within the
3,400-3,900 m elevation band. North-facing glaciers had larger absolute area losses, while glaciers on
south- and west-facing slopes showed stronger relative retreat. These findings suggest that regional glacier
retreat was influenced not only by climate warming, but also by glacier size composition, terminus
elevation, and local topographic conditions.

(4) Analysis of representative meteorological records and typical monitored glaciers indicates that
sustained glacier retreat in the study area was closely associated with pronounced climatic warming in
recent decades. The annual mean air temperature increased at a rate of 0.254 °C per decade at Daxigou
Meteorological Station during 1959-2018 and at a rate of 0.381 °C per decade at Kenswat Hydrological
Station during 1980-2023. The warming signal was more prominent than changes in precipitation,
suggesting that climate warming was the main climatic factor driving sustained glacier retreat in the study
area, while precipitation change mainly played a moderating role. All four representative monitored
glaciers showed continuous retreat, but their stage-specific evolution differed. Urumgqi Glacier No. 1 was
characterized by slow retreat in the early stage, marked shrinkage in the early 1990s, and intensified retreat

in recent years. Haxilegen Glacier No. 51 and the Fan-Shaped Glacier both showed accelerated retreat in
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recent decades, whereas Sigong River Glacier No. 4 experienced relatively rapid retreat in the early stage,
slower retreat in the middle stage, and renewed acceleration in recent years. Regional glacier inventories
are effective for revealing long-term overall glacier change and spatial differences across the study area,
while monitored glacier records help characterize the stage-specific evolution of individual glaciers. The
combination of these two types of evidence provides a more comprehensive understanding of glacier retreat
in the Junggar Inland Basin.

Key words: Junggar Inland Basin; Glacier inventory; Glacier change; Remote sensing; GIS
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