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Abstract

According to the IPCC Sixth Assessment Report, the global warming is 1.5<C,
and the resource and environmental problems caused by the global climate warming
are increasingly serious. As a "solid reservoir”, glaciers are the most sensitive to
climate change, and play an important role in the use of water resources, rising sea
levels, and prevention of glacial disasters. Tianshan is located in the middle of
Xinjiang and is the birthplace of many rivers in Xinjiang. Therefore, strengthening the
monitoring of glacial changes in the Tianshan area is of great significance to the
rational use of water resources in Xinjiang and the Tianshan area and the sustainable
development of the social economy.

This paper uses Landsat TM/ETM remote sensing images, successively uses ratio
method and artificial revision to extract the glacial catalogue data of two phases of
China's Tianshan area, and uses this data to analyze the characteristics of glacial
resources in Tianshan area in the past 28 years. Second, using the ICESat data of
2003-2009 and SRTM DEM data, the characteristics of elevation changes in the
Tianshan area in the past 10 years were analyzed. The main conclusions are as
follows:

(1) In the past 28 years, the glaciers of the Tianshan Mountains in China have
generally retreated. The area of glaciers has decreased by 879.73 km?, and the retreat
rate has reached -0.52% a™. The average annual rate of change of glaciers in the four
regions of the North Tianshan, South Tianshan, East Tianshan and Central Tianshan
Mountains is somewhat different. Among them, the Glacier area of the East Tianshan
Mountain has the fastest change, the glacial area has decreased by 55.66 km?, and the
retreat rate has reached -0.64%. a™*; followed by Zhongtianshan, the glacier area was
reduced by 66.58 km? and the retreat rate was -0.55% a; the northern Tianshan
glacier area was reduced by 316.03 km?, and the average annual retreat rate was
-0.52% a; the South Tianshan glacier The area of change was the slowest, the area
decreased by 441.46 km?, and the withdrawal rate was only -0.41% a™. At different
altitudes, the area of glaciers is normally distributed; the area of glaciers is related to

the orientation of glaciers, with the glaciers in the north facing the greatest changes,



and the glaciers in the south and southeast facing the smallest change.

(2) In different watersheds in different regions, the change in glacier area also has
large differences. By comparing the glacial inventory data of different periods, the
Tianshan glacier has continued to shrink. The annual reduction rate of the glacier area
in the eastern part of the Tianshan Mountains from 1989 to 2000 was 0.62% a™, the
annual reduction rate of the glacier area from 2000 to 2009 was 0.71% a™, and the
annual reduction rate of the glacier area from 2009 to 2017 was 0.67% . The annual
reduction rate of glacier area in the southern part of Tianshan Mountain from 1989 to
2009 was 0.41% a™, and the annual decrease rate of glacier area in 2009-2017 was
0.40% a™.

(3) Comparing the changes of glaciers in typical mountainous regions in western
China, it is found that the average annual retreat rate of glaciers in the Tianshan
Mountains in China is -5.23% a™*, which is one of the 14 mountainous regions that
retreat more strongly than the Altai Mountains. The retreat rate of the glacier area in
Qilianshan is -0.47% a™. The retreat rates of the eastern Pamir, the inland basin of the
Qinghai-Tibet Plateau, and the Gongga Mountain glaciers are close to -0.25%
a-0.28% a™*. The minimum retreat rate of the West Kunlun Glacier area was -0.09%
a’.

(4)The glacial surface elevation of Tianshan Mountain in 2003-2009 has
significantly decreased in different research periods, with an average decrease of 3.99
m. The elevation of the glacier surface in the eastern part of the Tianshan Mountains
decreased by an average of 5.02 m between 2003 and 2009. The elevation of the
glacier surface in the northern part of the Tianshan Mountains decreased by an
average of 4.16 m between 2003 and 2009. The average elevation of the glacier
surface in the southern part of the Tianshan Mountains fell by 2.8 m between 2003
and 20009. At different altitudes, there are differences in elevation changes of
Tianshan Glacier, possibly due to the presence of surface ridges, which accelerates or
inhibits glacial melting.

(5) The analysis of meteorological data shows that in the past 50 years, the
temperature in summer in the Tianshan Mountains has increased significantly and the

precipitation has increased significantly. If we do not consider the lag of the glacial



response, it is presumed that the ablation caused by the significant increase in summer
temperature is greater than the accumulation caused by precipitation during the year is
the main reason for the retreat of the Tianshan glacier.

Keywords: Tianshan Glacier; remote sensing; glacial change; climate change.
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Fig 2-1 Glacier distribution in Tianshan Mountains
2.1.2 SiERR
PN B AR e e g R e i U | ot O S i 9= e N R T B =8 7
o PR E iR X Oy AL R, SEREKERAS] 1200 mm /A, SEREK

T b/ 1 DX R 1L R KRR 42 1L 5 B B X, 4R K BN T 500 mm®d, B 2
SRR 212 €, HEdE TAud.
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2.1.3 KR A

K2R ETHp, F. mEERNNERLR, B—RH6H-ME AR ER T
LB L (B 2 B, TR B N IR R N AR R . HE— e H B o,
KUBERF KN 9081 4, JLIHBURIVKAE &5 78 9236 km? 11012 km®, 2t
G L KO K e 2 RSB R K 1L Rz — o H R R Lok ) 1 Hp o A AE T s A
HFEARIE X

FEARRUEEHFIR 7435 m AR L el 5 b AN 2R o 338 1 5 v s
¥ ELIG (K 6995 m) %5 40 43 6000m DL b [y il 4 me R L i e X, BT
s B-FEAURIEIN . VRIS B AURIEIX R EH UK 1357 %, THIA )y 4093
km?® , UKAE LR 424 km?, 435 5 AN T LA BLE ST 8.5%, 26.5% 1 40.5%,
VKPS TR i 3.02 km? M A% BL-FEAC /R 0 LU (K385 vk 14 L 2 4760
m , EHELEE GKIERIEZ) BTk 3160 m Nuk)IR & #4E TR KK
R R 7 (R AN AT R IR B2 2%, [RTIRT H BE 2 AR b B KR T s 22 BB 7K, A
R E T IBLE MK, B R L KPR R At o AR KT 100 km? )
VKNI 3 AAEZ A O

BRI LR IS0k B R sz o 80k, K&+ S RS R R MIKE X
S ZURIYE Bk e g T IX ROK N A IR KUK ) AE F BE RN BE BRI 8 B3, VK )12 A
PR AR R IE B8 J7 . 55 I I T8 P o VA AE KT b, KOS R a1
VERROR TS, TRl Ok X B B TR Hodfis 2 KTw b, AT AE & SCUKIR
BUSCOK N T8 Bk AR s sl i i, B AT TAE 0K )12 26 DL VK XY S i T R
78 5 RS2 o XM R DI T DR e B R T o e A B Y 1 B R
W4z, B E & L P AT 50 km? B9 2 LA vk TR EIR L 280K )1 2
J& T XA UK o 2R LI FEA IR UG XA IR 0K ) 1 RIS B8 R B B, it
NHFNFEAIRBLUK N o FEARIRVK)IHK: 41.5 km, A 18.4 km 0K JE £ 1A 10-40
om [RIUZ AT o5, A2 P A M BRI 55 K (K FE AR B UK 1

FCUE TV I A HL-FEAC R U X ) P B LB o] | & = 3] IR AL /R KT G B Ak
FRAE B R Lk )1, PRI oK Rl 7K R 45 8 o T A0 5 ) A A T AE 2 B L
TG 22T 50%, ARFLURKHI IR 64%, ARILEIMZE . BN,
XL K B AR G R FEVK ) BlK AN, 238 BRI I 2205 R o VTG % 4T



ARIRVEIX R B IRV B 38 A K e A 3 7 % X 5 e N RO AR A7 T
MV R B2 1) E B A fik

P ESE KR E, R X IR F k)1 7934 4, TR A 7179.77 km?,
K AR A o R B K1 A TR 16.33% A1 13.87%, (EPEEE 14 NI R (5
JFO s Rl R AU BT B, EHEmEAET B A& bl
i hr o 3P FEdR VK H b, RAnb X k)53 B TR R (5Y) [
BARMNMAKR (5Y6). HEFES/RNTKFR (BYT) FIE&HR-BHNKR (5Y8),
o SIE Y AR A B AL K 2R (5X0) 183081 5% 11k ) 11 g T 30 K ik ok 1 skt
VNP, R LR, Hisk)IEZ.

2.2 BIBEERESHZE
2.2.1 BxkN4wB

o L5 UK | 4 e (R 32 S TR R R AR MR I B e
PEAIMOE B CPEVKIESEY 12 % 22 MBS ScitE e, —kuk )14 H
B BGAG B, B BEELAEVE (TM3/TMB) M T3 B 2 75 1 72 BB A
i1 £ BRRVK N | A8 UG 5%, FHAE arcgis FRPF #4532 (0 BUG A h KRB 20
T, G THAUNT 0.01 km® /MK )15, 4R JE FI . ASTER #4% .. Google Earth
Joe— ROk 9 B BRSO R G A3 AT R & AME T o AR 567 A FR B 1L
2R F ZN BRI 0, WHMEAT G ROVK) T AT 43 ), DA 3125 B 2% UK 1 ) 2R i 4
FEPO 2 e [ 5 — vk 1 g BRI SR UK 4 B AR RS, AR R k) G
HEEEER LI 5 29 MR, AFEUKIARR UKD, UK TLATARFAE |
VKN ARRFAE . B IE K TAE N (5 B 4 H B MR EUR BB GIS #
R, 454 SRTMA.L BEAT4REH68,

2.2.2 Landsat MSS/TM/ETM+/OLI

Landsat /& NASA T 1972 4£ 7 H 23 H RS —Fiki T2, BEIC&R
BT 8 Wi, Ak Landsat #4EG TM 24 F 511 Landsat 8 1%/ 14 3k
35 &, BWaEEANPERLLKX. HEH &R~



2 21 REMEANERYG
Tab 2.1 Remote Sensing Images Used in the Study Area

1755 1989 %% HESf[A] 2017 -4 H B[] IR

138/30 19890823 20170905 30
139/30 19880811 20170811 30
141/30 19910811 20170809 30
142/30 19890819 20170901 30
143/30 19940824 20170722 30
144/30 19940828 20170729 30
145/29 19940822 20160818 30
145/30 19940822 20160810 30
146/30 19900802 20160809 30
146/31 19900802 20170828 30
147/29 19890822 20170904 30
147/30 19890822 20170904 30
148/29 19910819 20170908 30
147/31 19890822 20170904 30

2.2.3 SRTM DEM

SRTM Hr7 m MR 4, HHSEEIR A E (NASAD FE 756 1 5 2 )
(NIMA) LB A [ 5 5 KRR HLAL FE R &4 52 ik G &, SRTM 837 fr
BE SR KHLA 2000 4F 2 F 11 PR % 22 H45W, LikT 1 11 Kk, &t 222
/INET 23 43 S B R A, IREX T 78 25 Bk 80% LA R MR T (60N-565)
THIETHHAE ., 2 E R SR R R ALK SRTM Bl v A R B4 140k5 14 7T L
734 SRTM1 1 SRTM3, 73 7% BE ¢ 73 #5249 30 m #1 90 m, SRTM3 j& H SRTM1
203 SRR HEAT B A e AR L

BT HIAE S 2R —E M TIRBOZ 5 R . FkBIE. Bl 5555,
SRTM 7EZREU I FE HPAFAE — 58 B2, SRTM3 £ 36 [ [ b A Ml AFF 75 45 1) it
] 4 4172 ()5 B W2 (CGIAR-CSD) #EAT 1™ SHANMEEE, 11 SRTML HI# 7>
Hm AR EAME . T AN (I (R TOVE R E , A RRAREE— I I
HOTHT = F, DRI AE K DK 278 AURE 7 B AN RS BRI 1) RTM . 72 o A
TP 2 1) 53 SR (V) AR S A2 [¥) SRTML 348 7 i o SRTML $04 T i 41
Fr %N WGS84 (the World Geodetic System 1984) “F-[jALtrAl EGM96 (the 1996
Earth Gravitational Model) FFE &R . E 90% M BE X AN, SRTM TEEFSET
16 m, HiE PR EZ R R B, 7R X m RS B nl A 10 m, FLR
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s Fe Bl AR A0,

2.2.4 ICESat-GLAS

ICESat GLAS & — MG E#HOL T, AIE 2003 4F 2 H £ 2009 4
10 A HIRLEAT, TERRELITEAN 28 =AW A A e S BR 2R 1T 5 24 70 K (1 2
5, AASRIE L) 1A H o WO R IR EUEIRIEE S 172 2K, 1E 61 AL 91
KEESHHIERMPIERRL 42 24 BP0 Kao S A MME, 2012 4
IS B 3E A LK )1 23 BT IR 7=, B {8 A 11 ICESat 4 522 GLAS/ICESat L2
Global Land Surface Altitry HDF5 ##& (GLAH14), % 33 it. X} T GLAH14, &
FEABAE A 33 71 34 2 [a) ¥ AT AR A o 0dha B 2 451> 78 i IX 1) o B JR A A v A S
XL S8 M RO A AR, T RN ic SR [ i i A AR A B2, DLK
MIE G T S ELCAR i AV TR R 22 (AR A BT IR D ArE Al
RIEH T mibr s VK ZE b CXRAE SRV EEHIFD, A —ETEIRIX
Ry LU b 8. 12 B 5 1 51 35 ks PO 3t A A P A sk A A
ff) GLA14 ¥dE7= 5 (Release 633), Jy4= Bkl i o & A 20 -

2.2.5 5 R¥IE
AW FEAE 53 T 0K )1 A8 Ak 25 S B T 1) S 0 2 B i S % ") (China

Meteorological Administration, CMA) $2&4tf+[E 1961-2015 4 H RIZER S
B /KM R B, )0 HE %N 0.560.5<
2.3 MiRFGE
2.3.1 BB FRE

1 UK N3 200 SR

UK BROK N1 7320 B 825 K15 R B X 73 ok, 7R AT BETE 0 T 3
— B IX AR UK )N T AN R 4 X, DK IR 25 R 4 T S o R B /2, IR
— G UK HARRRIE S 2. B AT LU e B G & UK )1 B 35 Hr 77
%, AR E bR BT BEAT BORTE IR g H 258, —BCRH B33+ A
TREFERIZREIE. Fod, UK E 37 R BB AR RN UK ) 3 53047 S Y,
SR G R LRI ER B 3R RIS ALK )13 St AT Her AL, R HF oy
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R, FERIMEREE UK RN, 5 B 30 2 T0vE R 2 R ok

(1) R B L AEERT K 3647 3 3hiH )

ERXPASFRMEIERES, Landsat TM. ETM 2 3 X558 5 IR B IR LUAR R5CR B i
ST ASTER 15, 25 1 BEBURIEE 4 BB E AR AT BB I EIE R N T
B GR KN IX S, RO X PRI RIE TH A — S oS ut D 3%, RISE Y
WIE o SCHRSTE IR0, SR P B EEAE VR IRAF UK 1 X LUABL 25 7E — g VO N %
21, PRtz B AE 75 EE A BAR AR o A i e .

(2) VK1 B BRI 45 SR ARG 6 O o 72 2 Jim e Ab 2

UK)NR A S5 R 2 RE AL S, 153002 A BURER, X b as
M R R AL R A BEIRAGAE GIS B R 1 . IX RIS 5% SR I
R R R B A A A FEBUEM G, bR BRI R HUE A B4
TG A, AR VO AR N R B Z LRI T4 2T 51, DLk Rk )1 5 %
WG, iR EH, BN TR,

(3) ZEHEEB P = T PREREW, REHNFEE EIRMA PR
Je BRI DK )32 530 75 BEN AR R OK )T A A AT OB R AN TAZAT, A e B3k
UK 4 B A 0K ) 13 S48 0K 3D ST I FE AT T8 A 2 el k)1 i 5
N T A A& MUK 38 R AT, BB AR S s F I vk
NI FAHE N, AF AR A 4 FEAN ] X BN B RE RS R RFE, [FII 225 4 kb 2k
L PR RE B GIMIEE R, XK A F AT ARE1T . X T 1989 4EAN
2017 HIUK )4 B, R PRI A Landsat 38 BGA%, VK110 SR BT vk 5 A E
S5 UK 2w B R B9 77E— 2, BL0.01 km? A/ MoK AR BE T 4w h . AR 48
FRT R SR I LA 2R F BRI %, KBTS VK AT o 1, T 45 21
B B UKN O R B

2.3.2 JKJIEFZ L

A ] R L KON T RR AR AR 9 3 2 di bR BB ok ok ) 1 s B 0080 A
SARBAR SR UK 9 H R « 310K 14 B ARSE R A8 SR TR, 2R
IBGETH S AP Ay, AR B IR . AT
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>(r+4)

=i (3-1)

>4
7=l

A Y R (R, n KR, Y RoRER | 200K R AR
IFIA]CAE D), A RN ER § 2 UK TR o 0K )T AR AZ 4K 1 43 L (Percent Change of Area,
PCA) FJLAFIRy:

pac = 25
A

*100% (3-2)
s Ay AT A 53 5 AN [R] I SR DK 1 TRIAR
VKT FEAE 4L Z (Annual Percent Change of Area, APCA) A AR A :

AT
[AiJ -1]><100% (3-3)

APAC =
f

e Ac AT A 235l AN FI S 0K NTTEIAR, 0 g 810K ) 1 2 T RE: PRI I 1]
(£,

2.3.3 ICESat-GLAS ¥iEALTE

M FH [E R H vk EdE -0 (National Snow and Ice Data Center, NSIDC) H] LA
IRAF ZBEHA HDFS A% PR, R FIREL /& HDFS ks = Bl SO P,
i NISDC #2277 I HDF5 4% S0 32 GLAS14 i s (footprint)
M@ PSR, FFH TR T T WAL IE . ICESat-GLAS $ 45 i AL AR 5 2
TOPEX/Poseidon, NISDC $& fftis P AE SR BOGTE sl RS B [FII , K GLAS14
Kt 1 Hh B AL FR AN TOPEX/Poseidon %%y WGS1984, /KA Y 46 y EGM96.
7 Arcgis 10.0 F1 5 N HUY ICESat-GLAS J@PEScf, A s AT 34k i) o B Sk
A DLV Wi i B WL ICESat ot B 7E BF 5L X dh il BRI AT (B 3.2)
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WHEIX R /m
VKX 8806
» g @ I[CEsat JIsS .-188
75°E 80°E 85°E 90° E 95°E

B 2.2 AA XX ICESat-GIAS ik B
Fig 2.2 ICESat-GIAS trace of the study area

2.2.4 THAEM T
UK 1R 25 R GE iR 2 AVB AR R 2 . BT R ER 30 B iR 22 2
e, AR AN IR AR 3 R i 2212070 7T 3 SRR LR Uk )1 S A
KN ER IR R A A X, FoR 7z vl sl vk [ B & G o B s v B3R
E,=n*1%/2 (3-21)

X EA AHAATENE, n AUK)NEERZ: (FEFRIK)NIL AR )1 A
EAA XA et fGoos, A RS PR, XMRZEMNERTTTE,
W MR IR RN IE BEAZ 9 PR . Landsat 304 /2 USGS K GLS2005 4= EkFH:
P R GHHAT IES R R MR 8, B R B AP R AT

VI 4w B THIARAS i s 1 ik B 1 A =K F

En=LE, +LE, (3-22)

s Ea MHEFIAHETE, LAl Lo 23 BIARRIK X AN L A5 26 X (10K )1 118 5t
K (BRI N LGAVK NN B R A XA, Epe AT Epg 70 701 NARIKIX
A 7 X B OK )1 1 55 ARG BE

UK)NTEARARAG F)AH E PR EAC SR ARAT

Ere = \(Ew) +(Ex)’ (3-23)

A EALATE A2 73550 UK AR AN 1
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3 1989-2017 e [E KLLK)IZIRED R
3.1 FERXLWLKIEES B RITWK
3.1.1 ZXRWIKNEES

2017 “FHJUK g H R B, 2R K L0 IARTK) 1] 542 2%, UK)1THIAR 253.37
km® (B 3.1, % 3.1) HA kA X 5470k )| 342 4, vK)ITHIBLIL 133.45 km?,
WA S5 1 X 23 AT UK )1 200 4%, UK TIAR 9 119.92km?, 15 2 K LK) 1| S AR f) 52.6% .
Ab3 A AT BARUK )1 226 2%, KRR 92 km?, A3 5 R 1L ZR B 41.8%,
THAR R THIAR) 35%, AFEIEAI A A . MUK )IFE A 1.0 km2, KF
SFRTHAR 0.41 km?® BAb . AR R A 5 460K 1T RK T 5 km?, (54 B AR 15,
Hor 5 KUK TR A 9.62 km? 7 T AL 3

% 3.1 & RXb 1989-2017 SFuk N5 B R AL
Tab.3.1 The distribution and change of glaciers in the east of Tianshan during 1989-2017

Ay TERIEHX I 555 [ X LS NIF
K, vk, vk N
oo R ¥om Mo Bom B
o (k) AR L N B . (k) AR 1k
(%a™) (%a™) (%a™)
1989 389 162.78 239 146.25 628 309.03
2000 376 154.07 -0.54 218 133.75 -0.85 504 287.82 -0.69
2007 360 14462 -0.76 205 123.71 -0.94 565 268.33 -0.67
2017 342 133.45 -0.77 200 119.92 -0.31 552 253.37 -0.58
90° E 93°E
Z | =
& L . S
< <

1
?
43° N

43°N

A SR
\ . iER(m) o
Rl i 200k w1l 542608 -188

90° E 93°E

B 3.1 RLFEREKNSA
Fig.3.1 The distribution of glacier in East Tianshan Mountains

W AR RN 4 6 AN ARETARSESR (B 3.2), W RUE H KT/ T
0.5 km® Fvk 1 Hi: (5 S B0R 1Y 88.9%, FLHIRUY 5 R AL 21.8%, Al WA KL
IKNEERZ, RN T 0.0 km? [RGB R R Z . 1-5 km? FIVK) 113X
AN M BR Y 22.6%, TMIHAELERCK, AR 63.6%. [HAUAT 5 km?
HIVK )X 5 5%, d s A 14.5%.
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FRYEA R R AR 20 A (] 3.3)5 AR K 1L 93.4% 10K )1 THI A A2 F 3600-4600 m
R VO N, UF 3.9%07 T 4600 m ¥R LA 1, 2.6%07F 3600 m #EH LA T
SIS AR AR AN B s g AK 43 9] 4 3358 m Al 5426 m,  HRE AR M 3977.6 m.
AR FAF R A AR R, & TP BRI, SZ X UK AR SR IX
miAELZ (Accumulation-area ratio, AAR) /NT 0.5, AFITFUKNKE .

RR WK N RT3 E R 22.01% K5 vk R TP B8 e 21-33°2
6], HOE EEE) 80%, MR RIHAIN 87.3% (Bl 3.4). HFHE KKK
SRR, Hordh KT 5 km? (AL 450K, P33 4 A 26.3<16.70=.23.82
22.29K1 22.4< PSRRI ANE TUK RS, BP9 EERT 4091
VKN 11 %%, THAE/NT 0.2 km?, /M — 260Kk 1T AR A 0.01 km?.

MATE A EE (B 35), dbMZRIbI Mk I BERE, & RE8EmN
61.8%, If AR AL ] 14 B 2% UK T AR BB T AL 1] i) B2 UK TR B ZRAEAN
PEAGIE 1 ARk TTETRR o5 R LU ZR 350K )1 T AR 75.6%, 17T R« 74 e AN 7R R 35 Il )
PRNTHIRAR o5 ST AR 13.3%

500 1600
M
wl ) S
n— JKJECR {1200
é 3001 =
200 g
\ &
N 1400
1004 ~
“m. .
e
0 1 L 1 f n b - _—m - - 0
<0.1 0.1-0.5 0.5-1 12 2-5  5-10 1015 1520 >20

25 2 (km?)
A 3.2 AXLUARBRERGK)NEEZFGR

Fig 3.2 Number and area of glaciers in different sizes in the eastern part of Tianshan Mountains
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Fig 3.3 Hypsography of glacier area in east of Tianshan Mountains

100
M Wk i F51
VRN |50
80} - n— K )1 Hht
/T
60 ’ 4
\ {1003
— \\\ §
= 40t g
ml -
,/" \\ 450
20+ /
H \.
0 L i L L D LI _!_ 0
10 15 20 25 30 35 40 45 50
I RE

B 3.4 &XLARBREHKRINEEFTGR

Fig 3.4 Number and Area of Glaciers with different size in the East of the Tianshan Mountains

itk —— kI B E
250 -

— o) E e

B 20/N\ g

]
B 35 &Rl AR S @6k )| #E @ AR

Fig 3.5 Number and area of glaciers with different orientations in the east of Tianshan Mountains
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3.1.2 ZERWK) | BRIk

R EE 1989 2N 2017 0k 9w H 8 s (38 3.1, WTRUAKIL, ZRRIIIK
TR 3L/ T 55.66 km?, i 1989 4K LU AR VK 1L HIBLK) 18.06%, 4F kb
N 0.64% ate BT /NK) T AN KUK 2028, M 1989-2017 48, UK )1 K& ik
DT 76 2. UK)IPFEITEARM 0.55 km? 45Uk E] 0.48 km®. S [Fl T RS54 10k )1 28
WHEZSME (B 3.6). Kok 6 MAFEMTHIASSR, 454 1989 4F
A 2017 4EUKNIGR B, o] UG HNKO TR 98D 2625 i, UK 1 ) T R kb 26
AR ARG/ T 0.0 km? [k )1, HeEgin T 43 4, 8RR AR
0.1-0.5 km? Py Fuk ) I HUH B 45, vk 1T RS/ S 0.1 km? AR S R N . T A
S5 /NF 1.0 km? (UK, TEARD T 36.57%:; THIASE KT 5 km? (K1, T
FULI/> T 19.38%. T 1A 454% 1.0-5.0 km? P9 EIUK)1,  TARSEZ> T 30.46 km?,
i 1989 HE % THI AR SR 40 Bl A 1 19.96% (B 3.7) 0 KUK I 7E g4 X 30 oK
MUK NFR R X, WK IR AR, BB RIS~ oK)1E Rl s 21,
A0 2 D TR /N VR 45 RT &R o

FIH 2000/2001 4E 1) Landsat TM/ETM+38 /85215, @it B LI 5 A T
T, JREEE 8 kK1 2 B BE13 21 2000 4E AT 2009 4E K L 423593 0K ) 114 B
I TR (R 3.1) M 1989-2017 4E K Ll AR H K )1 T R RFEEB 4 0 A
. M\ 1989-2000 4EUK 1R TEIAL IR /D T 21.21 km?, 5 1989 4K )1 &4 T # (1) 6.86%,
IR N 0.68% at. 2000-2009 4F, YK THAUK> T 19.49 km?, i 2000 £Evk
NETH R 6.72%, 980 %A 0.67% a-1. 2009-2017 4, K )ITHAE/D T 14.96
km?, (5 2009 fEvK)1| AT AR 5.58%, EiE> % 0.58% ats

UK )IPF- 2 m BE CEquilibrium line altitude, ELA). VK JIIFR B X 1 AR EL &

(Accumulation-area ratio, AAR) 55Uk 1145 T 5 4 e s it 2k ik o =072, k|
R S E R EZE, R NUK)IMERIXIEZ (Positive difference of glaciation,
PDG), SUKNIFRIX AL AL, A B HRREM . UKIE X 24
LT UK N R IX B THIRR LG, kAR X IR 22K, Ok TR 28 A P e P ki
FEARRF G, FOK N PP A E R AN S o m B, R RCEER b Sk )1
fERIX IEZ. M 1989-2017 4F, RIIAREFIUKIER X EZM 209 m /b E
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178 m, RYERAZRRNER T, A FTEXAEE TIK)IEE .

AR T 45 Ea(%)

4 6 8 10
VK T A (km™)

B 3.6 AXLRE@RFRANBRELRE
Fig 3.6 Area Change of Glaciers with different size in Eastern of of Tianshan Mountains
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Fig 3.7 Change in the number and area of glaciers of different sizes in eastern of Tianshan Mountains

3.1.3 ZRRLWIZKNIZLHIHFE A

JRiBH L S5, i ikom . SRR SRR o, 6K ) AR SR
UK A4 5 B B R IR DK N A S 4R K BT 1989-2017 4R 2K R vk 1 e AR
AR, VK3 B AR B BT T 36 my, oK) 1 P35 B fIGHEA M\ 3384 m
THE % 4434 m, EJt 50 m. 7EiRFHK 4500-5000 m 2 6], UK)1TEIBGE 48 8 R kT
AR e BE iy, 5 UK ZE AN [REAR =i FE 4 A1 AH — 8. 7EIF9KR 4200-4400 m 2 ],
UK )ITAR IR 4, W Re Y SR R e Rt o, oK) A RiEER, FHAG
T UKV Rl BEAE R R RN, UK IR 45 8 3B Mg K. 7EK 4200 m LA
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N, UKNIAEERL, iR 4900 m BLE, UK)IEGEZE T 0.19%.

BFEXRHOR N AR A H AT T ZERE M o DK )1 THIRR D e 5~ S5 4 B 52 TR A O
RIS BN, TR N RN RIS BORBIUKN, L HEARE
AR 95.7% KT A D S K A 14-24<2 [6] o P X3 [ oK) 1 A2k i
FAHEEMEM . b KA. RBAa oK) AR D E SRR, MR, PR
S ra) PRI OK 1 28 P ds /N B TR o/ el 2 o S5t 78 e 0 ok )T BB IRIRAE T, BEAGK) 1
I R, A e B UK AR N T3 3R B/ T AR UK T AR el /N 2

5400 01 70K ) AR
[ 19894 uk 1| i #4
5100

4800

(m)

4500

1

I

1

= 4200
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Fig 3.8 Changes of Glaciers at Different Altitudes in Eastern of Tianshan Mountains during 1989-2017
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Fig 3.9 Change of Glacier Area with Different Aspects in the East of Tianshan Mountain from 1989 to 2017



3.2 ARk 5378 KR EEL
3.2.1 JeRWAEIK)I 537

WEFe R, 2017 EALRILIEA VK1 3584 4, (A 1854.52 km?, “F-Hjuk)I|
B 0.55 km? (B 3.1, MUKJIERE (F3.10), bR WK HE E AN T
1 km® UK, TERLART 1 km® BUK)IAE . BT 1.0 km® fI0K )1
A 3197 %4, HALRWLKNLSEER) 89.2%; BE&E MAEHRT LA, WK T
1.0 km? K 1 B Rk, AR T 15 km? BIVK)IAE 5 4%, kT 20 km® f)
UKNABALA 5 % HRKT 1 km? FIUK)ITEAR A 1262.69 km?, S ABR LK)
TR 63.4%. IRV 0.5 km? vk )11 B R 214 2801 5%, (k)1 KE 1
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Fig 3.10 The distribution of Glacier in the Northern Tianshan Mountains
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Fig 3.11 Number and area of glaciers of different sizes in the northern part of the Tianshan Mountains
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Fig 3.12 Hypsography of glacier area in north of Tianshan Mountains
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Fig 3.15 Rate of change of glacier area in different areas of northern Tianshan Mountains

19894 [fij 1 1 1600

5004 I 20174 T £
. —m— 1989 $ i
£ 300 ®
=4 1800
& 2
=&
= 200+

1400
100 S ’_I

0 0
<0.1 0.1-0.5 0.5-1 1-2 2-5 5-10 10-15 15-20 20-50
THIRR 25 0% (k)

A 316 X LUAR@RFLEGKNEEFRBRER
Fig 3.16 Change in the number and area of glaciers in different areas of northern Tianshan Mountains
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Fig 3.17 Change of Glacier Area at Different Altitudes in the Northern Tianshan Mountains from 1989 to
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Fig 3.18 Change of Glaciers in Different Aspects in the Northern Tianshan Mountains from 1989 to 2017
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Tab 3.2 Distribution and Change of Glaciers in the Southern Tianshan Mountains from 1989 to 2017
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Fig 3.19 The number and area of glaciers of different sizes in the southern the Tianshan Mountains
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Fig 3.20 Glacier Altitude Distribution in Southern Tianshan Mountains
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Fig 3.21 Number and area of glaciers at different slopes in southern Tianshan Mountains
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Fig 3.22 Glacial area change in southern Tianshan Mountain from 1989 to 2017
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Fig 3.24 Change in the number and area of glaciers in different area sizes in southern Tianshan Mountains
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Fig 3.24 Glacier Area Change at Various Altitudes in the Southern Tianshan Mountains from 1989 to 2017
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Fig 3.26 The number and area of glaciers of different sizes in the Central Tianshan Mountains
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Fig 3.27 Distribution of Glaciers at Different Altitudes in the Middle Tianshan Mountains
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Fig 3.28 Variations in the number and area of glaciers of different sizes in the Central Tianshan Mountains
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Fig 3.29 Glacier Changes at Different Altitudes in the Middle Tianshan Mountains
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Tab 3-3 Comparison of glacier changes in typical mountainous regions in western China

th & 5] Bt [HIFAAEAL THIFIR 4 % IRAFHRZE  BORRRIE
Rl 7R Z= 1L 1960-2009 -104.61 -36.91 -0.75 [30]
AR L 1956-2005 -417.15 -20.7 -0.47 [27]
MK IR 1963-2009 -248.7 -10.8 -0.25 [79]
7o B 1970-2010 -95.06 -3.37 -0.09 [80]
GRSy ENED

mﬁﬁgﬁ 1970-2014 -679.5 -24.91 -0.71 [81]
Rl 1989-2017 -55.66 -18.01 -0.64 AT
JER 1989-2017 -316.03 -14.56 -0.52 AT
EZENIN 1989-2017 -441.46 -9.42 -0.41 ENTIE
EAPNIT 1989-2017 -66.58 -16.53 -0.55 EN IS
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4.2 RZRWIKIIISEZHK
421 HRER

T 6 AR R L X [RIAE 3 1 ICESat 3 F2 2504 A A v R AR R 250 1 ik
S, 351 2003—2008 £ [H] ICESat &F 25 P2k b Bl s AL 25 R Ll oK) R T ) s AR AR AL

5 (3R 4.1, ICESat 2003-2008 4K )1 X I (1 R 2 A5 B
# 4.1 ICESat 2003-2008 47 X Lk | AL
Tab 4.1 ICESat Changes in Glacier Heights in Eastern Shandong Province, 2003-2008
lcesat IR/ AT UK RE AL & R

H HE /m i (m)  (m/a)

2003-02-27--2003-03-27 61 3592-4338 -6.46 -1.62 X7
2003-10-01--2003-11-17 82 3616-4730 -5.46 -1.36 =
2004-02-17--2003-03-31 26 3598-4266 -5.16 -1.03 B
2004-10-05--2004-11-03 11 3736-4230 -4.46 -0.89 =
2005-02-20--2005-03-20 12 3508-4059 -4.44 -0.74 X7
2005-10-23--2005-11-12 18 3742-4300 -5.19 -0.86 =
2006-03-12--2003-03-18 12 3740-4240 -3.16 -0.45 X7
2006-10-26--2006-11-16 19 3574-4212 -4.3 -0.61 =
2007-03-13--2007-04-10 30 3533-4265 -6.48 -0.81 X2
2007-10-04--2007-11-01 28 3483-4130 -5.7 -0.71 =
2008-02-18--2008-03-14 19 3532-4025 -3.36 -0.37 =S
2008-10-05--2008-12-10 26 3736-4180 -6.06 -0.67 Kz
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NI S FARAEA F SR 3 L T B2 N R, BOKIRAias B . RILAK
HH X UK )1 R = R AE 2003-2008 AE[A]F-33 T B¢ | 5.0240.31 m, 4P
0.8420.07m a-1. AR WK IXIB UK =R A2 R AT (—0.3740.79)
m/fa- (—1.6240.36) m/a 2 [8], {HLEXANF TR Bt UK )1 | i PR AR Al T e 35 A T3]
Fodr 2003 AT 2004 EVK)EEARNE R R K, 728 —1.6240.36 m/a Al
0.8940.31 m/a. 2008 4=F1 2006 4FyK)I|JE AL AL I 2 A /)N, 2000-2008 4 FH
2000-2006 4K )1 A2 AL TE #7355 -0.3740.47 F1-4.530.36 m/a.

HIE 4.2 FURZRR IR R ARG 210 BT 1AL, IR A T AR
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IR RN . o AR B R % 1E-0.8420.53 m/a, FKZEIIHEIAE
W ARAE 0.8540.47 mla, P ARIEFBBONFEEL . 78 2000-2007 0K )1 mfE A2 4k
R GIR L P Ea S . WFFCIX 2007 4Rk )1 THIA N 261.07 km?, H50k)1| K i
EAEHAG N UK NAEF AR BRI B~ F 532k, AR LUK )13 2003-2009 AE44
FU /> 5.7340.28 km3, EMF AL J9-0.1240.01 km3 wee. a™, £k )14 57 F
1779-0.1420.04 m wee. @™o ARAE R 1L AR ) LA H DX RV 6 5 0K 100 e dfs
R 1972-2011 4EiZuK )1 988 20 m, 4EH9%iH 0.51 mi*]
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Fig4.1 Annual average rate of change of elevation of different glaciers in the eastern part of the Tianshan
Mountains, 2003-2008

4.3 JEXRILAERIKIISEZN

VR FER, £ 1989-2017 AR AL IR L vh Brib X () 0K ) 1 AR RF 2298
KWK )| 4 B b & S BT 72 X P 1989 4F LUK A KUk T AR KR 4F8 [ 22 22
SN LERERE, SRTM % C i Beedb R L B P45 28 3% 0.8 m.

LB R 1L PGB 2003-2009 4F ICESat i FE 5 AN 807 i R A 20 5040 F i+
5, 1331 2003—2009 (8] ICESat & s&FE b s AE A6 IR 1L P8 Beok )1 26 T8I ) e A

AfpfE B (% 4.1), ICESat 2003-2009 4EUK 1 X 35 1 m 2 s B,

4 4.2 ICESat 2003-2009 4 4b X 11 % F vk )Nl K 3% 49 & A2 E 4L
Tab 4.2 Changes in elevation of the glacier area in the northern Tianshan Mountains, ICESat, 2003-2009

lcesat IR A VKT m A K B

H AE /m A (ma)

(m)
2003-02-21--2003-03-28 241 3623-4815 -1.26 -0.32 P
2003-10-03--2003-11-18 156 3333-4609 -4.41 -1.1 k2=
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2004-02-20--2003-03-21 123 3180-4539 -4.32 -0.86 %2
2004-10-04--2004-11-08 80 3410-4730 -4.36 -0.87 =
2005-02-21--2005-03-23 137 3355-4623 -4.84 -0.81 %2
2005-10-24--2005-11-23 150 3317-4630 -4.17 -0.7 ZE=
2006-02-25--2003-03-27 133 3294-4708 -3.19 -0.46 A
2006-10-27--2006-11-27 155 3275-4612 -4.94 -0.71 ZE=
2007-03-15--2007-03-31 84 3426-4633 -4.88 -0.61 A2
2007-10-05--2007-11-04 211 3314-4554 -5.36 -0.67 ZE=
2008-02-19--2008-03-21 103 3347-4575 -4.27 -0.47 A2
2008-10-06--2008-12-16 193 3140-4630 -5.58 -0.62 €=
2009-03-12--2009-04-05 113 3227-4187 -1.16 -0.12 %2
2009-10-04--2009-10-07 55 3371-4097 -5.58 -0.56 €=

431 MARER

MRHE ICEsat AS[FEIELIERINTA], FREL T 2003-2009 4FJb K L 75 BOK & 2=
ICESat i s ffjvk 1| BE A B it . BT R (R 4.2), bR ILTEEIK
NI S FEAE A F O TR N L T B2 R, BUK)IR4Eass 2% . Rilidb
AL X UK ) T = RE 4 2003-2009 4R [R]FH R FE | 4.1620.31 m, P35 %
0.6340.07m a™ o dbK L P B VK 1| XS 0Kk ) 1 FEAE B8 ARG TR A (-0.1240.29)
m/a- (-1.1020.46) m/a Z[A], 2003 9K )1 & EEAR A E #8 K, 2000-2003 4F 0K )]
PR AR IE N -1.1040.46 m/a, 2009 UK )1 JE AR L K % /)N, 2000-2009
UK AR IE Z 0y -0.1240.27 m/a.

HPE 4.2 FrmdboR e Book )1 A ARl SR AR S R AR L, KB RI A
FEAR AL T 2 45 RIS . P AR B E R 7E-0.5240.33 m/a, BKZE
R 4F 45 AL 2R £E-0.7420.27 m/a. 7E 2000-2007 4E&Z=0K ) 1| FE AR AL R H IR 5
iR m#ash . WEFCIX 2007 SEUK)TH A 1974.5 km?, H50k )| 1w FEAR AL 5%
UK A FR AL B ) P 57 P A2 A, 6K L P8 B K 1 E 2003-2009 4 [a]9K 1] 44
B> 5.7340.28 km®, Kb AR BRI AR 4L, i%HbIX 2003 -2009 4F
EIIWIRAE 1 N-0.1240.01 km3 wee. ato ARHE K (AL L & AT — S0k
LI s 7m 1972-2011 SEiZ 0K )1 [ 3H 20 m, S50 0.51 m
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Fig 4.2 Annual average rate of change in elevation of glaciers in northern Tianshan Mountains, 2003-2008

4.4 BERLWLKNKEEZZK

FVIFER A RN, £ 1989-2017 4F 0] Fg K LI Hu X 0K )1 AR R a8k, (HF
R UK 2 RTHERAS,  RIR ) = 300K )1 98 H A I WLt 78 X ) 1980 4F PR Y
RV NTERR, VEAIRT 9T X fe Kok T A )y 788.28 km?. SRTM #idls C I B Fg

Rl X P45 2% 1.8 m B9,
#% 4.3 ICESat &4 KoLk | R B B A2 L RAE L
Tab 4.3 Elevation changes in the glacier area in southern Tianshan Mountains during 2003-2009 ICESat

Icesat UKiMm e ARz
e wy P e o T
2003-02-24--2003-03-26 119 3555-4602 -2.46 -0.62 =
2003-10-07--2003-11-18 420 3191-5830 -1.15 -0.29 =
2004-02-18--2003-03-18 326 2671-6046 -2.58 -0.52 E=s
2004-10-05--2004-11-08 244 2736-5372 -2.32 -0.46 M
2005-02-17--2005-03-23 370 2936-5194 -3.54 -0.59 EEs
2005-10-22--2005-11-23 230 3561-5833 -2.14 -0.36 M
2006-02-23--2003-03-27 242 2667-5257 -3.62 -0.52 E=s
2006-10-26--2006-11-27 199 2685-5583 -3.41 -0.49 M
2007-03-12--2007-04-13 357 3325-5265 -4.48 -0.56 X7
2007-10-06--2007-11-04 257 3505-5272 -4.07 -0.51 M
2008-02-18--2008-03-21 366 3496-5500 -2.78 -0.31 ==
2008-10-05--2008-12-17 417 2836-5590 -3.17 -0.35 M
2009-03-09--2009-04-10 165 3328-5289 -1.86 -0.19 R
2009-10-01--2009-10-06 31 3378-4935 -1.72 -0.17 M
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R ICEsat ARSI ], FRALT 2003—2009 4 g K i X fk 425y
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N2 TH B AEAN I T A g S5 B 7 B S R R, ELUK B S B2 . Rilieg
B X UK )1 2R = AR AE 2003-2009 4F[F]SF2) N FE 1 2.820.61 m, P TR
0.4240.17m a™. g K i M X vk )1 X 3k 1 vk 1 i R AR S AR R A T (—
0.1740.39)m/a-( —0.6240.56 )m/a 2 [f1] , 2003 44K ) 1] JE F A5 4k 34 % % K, 2000-2003
VKPR E R AR RN —0.6240.56 m/a. 2009 FEUK )15 AL R &/,
2000-2009 4K )1 AL iE #0 -0.1740.39 m/a.

HE 4.3 Fizni R WL X UK B AR 3R AE ST, BT RIA T
FRAR AL T 2R 35 RIS . P A AR R E-0.4740.13 mia, K
()4 3585 4k T 2 45 -0.3740.27 m/a. 7F 2000-2007 F4Z=VK )1 FE AR (LI R IR 2
Bl RS . WEFCIX 2017 4EVK )TN 4793.2 km?, K0k )1 2R 1H i AR AR A 5 4
VKN AR B A P48 4k, B R LK )1FE 2003-2009 4[] VK ) 1A R
/b 5.7340.28 km®, Hg D (A FUEE A R, 1%H1IX 2003 -2009 A4
)T AE A 4-0.1140.01 km3 wie. a™ o A4 FE A LLFEA R IR X T UK 72 50K )11
LI HHE 7R 1964-2008 4F % UK )UK &P 0% 9.59 m, AR 0.22 m B
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Fig 4.3 Annual average rate of change in elevation of glacier in southern Tianshan Mountains from 2003 to
2009
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Figure 4.4 Annual average change rate of elevation of glaciers in the southern Tianshan Mountains
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Fig 5.1 Temperature and Precipitation in Tianshan Mountain from 1961 to 2016
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