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2012 4y 1 T BRI 5 35 A9 43 31 Ay 182696 F1 27£150%1 T 36 AR 450z F 1 AU A 72
XU N TR AR AT TAGSRD, S5 AW 50 4FEK R LUk I FRAR /N T 11.5%. JEAF R AR
222 FH MR P AR SRS X R LT | ARk Ml X B S8 T 35 el A T e 4k
DHALANAR B S DR NN T R BT 5E, KBTI N oK) B 2 SR A fads,  HaR4e
PIFE11%L) E o HAMBA KRB AN GEORER Y, BB ARSI 155 i iR
515 WA LI K™ DY T DY SRR R K 72 5 PO LR S B K [
B8 SIES T 7 S E 0

I TR TR AR TS B AN GE—, i il = X o R R L i 1 ek 28 AR A
ik R A A R DGR, R, AT T R ok 2 B 8As . R EEE PR = R
B, RGO T AR 57 T R IR B 28 AR AR AE B o3 A R, DS Do s i X
7R IR AS BT A AUR BB S R

2 WY XA

W E R, PEA R E S T R W G B s T A AR A A DU AR A A R
BE . ZRVGZRIE 1700 km, 1L RIAHZY 5.7x10° km?, (5B s AR Y 34.5% L) F®, K1l
M — RS KALAL, weklsr Ade Rl R, sk =34y, kiR 2 abF
4000~6000 mZ [a], HADIFEARIER & (R 7435 m), IWEKGERZ A ARVEER . Kil
Hi DX A K 32 A2 P KU AL vk S B s, Bk s ) 22 5 B3 . Bk s i)
IX ek S AL, AR R K B T 35 F 1200 mm A A s AFRE K HE e 1 X 8k K 1R kR
PRI R M X, AERFE KB/ T 500 mm®™, &SR A 21.2 °C, HEgHE Tt
PP i EEE Rk g, RIDIX L FvK)7934 %%, AN 7179.77 km?, HiUE:
FTE AR5 500 o5 b E vk S TR AR ) 16.33% F1 13.87% ., 7R 144N 1R (B ) rhR il
AWMuNEEOR TR, BHERVNF RIS E Bdrhni LA 755 3%, fErpEwK
Mg EH, RINLX KN E TREENTRX (5Y) R ANTKR (5Y6) ., HEME/RN
WKZE (5Y7) FInb&FR—mBHmKE (5Y8), W HNKERIIRRIIKE (5X0) &3,
FvK) g T KBk s R R E, AR 2R, Hihs k)£,

3 HdlE5Urik

3.1 #ERIE

ARSI A vk B e U5 B 2R — R 55 vk gw B o R ESE— k)1 4R B
A T HOE E 1164 15, 238 L 55 Th E A vk e A X, Horb 105 7 Hie [ 311 568
W, 1:10 77 MR 3L 0 594 i, 1:2.5 T HbIE BIh 2 0 o L 25 528 AR B[] 7E 1959 4 |
19614F | 1962-19644F . 1968-19714EF119804F , 2 Yk vk % H B T 1T B K& BT A R
WA LK) AR AT ENVEE Y, AR SRR 5 &z k)1 . T E S —kok)l|
g H B 05 E 2O EGE G . IER . B s AR (P Kl DEM, ASTER
GDEM FISRTM V4.1) %idli e ChEVKIINHSR) 124 22 WK 55 ik sk, Hih s i
2004-2011 4E PGB 7K 1] X %) Landsat TM/ETM+3& 85414 142 5+, ASTER 3% 5414 563 5+,
H:r Landsat TM/ETM+541% 14 ) [] B £F 2006 4F . 2007 4EF1 2010 4F , 5507 i A R 4
Tk B EPrLOl F s e R 204 (CGIAR, http://srtm.csi.cgiar.org) , ¥K)! 4 H %4k H H
F IR RGP BT 5 FE X R IR 2dE ot (http://westdc.westgis.ac.cn/) .
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Fig. 1 The distribution of glaciers in Chinese Tianshan Mountains
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N T AET 5PN 4 B AR B e, DR 52 R F R Ll o P 2 JRE A
ARREPKN BT AOC R AT,

H=-11.32+53.21F% (3)
H =34.4F%* (4)
V= H x F/1000 (5)

Ao FOAUKINIAL (km*) 5 H U8 (m); vV kIR (km?) o X
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4.1 Rk B

4.1.1 Rk BESHEEFME 5 kol H Bor, RibbBkIE & FK)117934 4%, T
FHZ R 7179.77 km?, VKA 294 756.48 km®, vK)1SEX T F20.92 km?, Mok i AR R4k
s (E2) SkE, BEBBOR k)R DLE < 1 km? ok 22, vk R 1~
10 km*fii= 20 km?h ¥ . Hrh i< 1.0 km? vk )11 3£ 6805 45, i K Ll vk 1] s % 1
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Fig. 2 Number and area of glaciers in different sizes in Chinese Tianshan Mountains during 2006-2010

85.77%, Bt miAAEYAY LT, vKIECR G /D . 1A= 20 kUK TN AT 32 4%, E
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vk, T AR A 1044.19 km?; TAIFR< 0.1 km? B vk )1 Ui £2 36 2402 45, THI AR 123.28
km?, {HHAE VK e AL i Fe i R 1.71% R L X K 1 TR R K F 100 km? 4 vk ) 1 31
A 6 25 B A ERT STtk (34%) AN (34%), HA R Feimiit it A
JRUKN (5Y673P) THIANER K, THFH K 358.25 km?, 7KJIIARFH 4 102.02 km?®, K4k H
2871 m,
4.1.2 Rk BB BEASAE 11 kol 04 fil 4 o) g 18 R A E P2 v AL iR A 0 s 22
FEULE L vk N B 22 /D AR/ NG B BRI = s, VKRR
(R R 28 RS, [RIBS ok )1 & B AL T 38 2 (0 g A2 0 2 1 KRRk, T
SRTM i Xt K 1L vk ) T AR BV Bk R AE R A T 5e 01, e B0 0K) 1 T AR A v A AR AR R AF A ) A2
IERAE (E3), WEE PR 4200 mBHT . HoH7EIHk 3800~4800 m 437 4 vk )1 T
FRL 5 k)BT R 82.3%, MUK AT X o KLk AR vl 1 e/ ME A 2640 m,
N FARBRENR IR e M BRAE BT 5 T S s FE AR VKN, F5eii A 7390
413 RIIEFRBKN 4 RS E BRI g B RLES, Kk g5 )3 F0 B0 K &
(5X0) ., EHANHAR (5Y6), HEME
IRINTIK R (BYT) Filnt & FK— 535 N
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Fig. 3 Hypsography of glacier area in Chinese Tianshan Mountains
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Tab. 1 Glacier resources statistics by watershed in Chinese Tianshan Mountains
— T, PRI ERE SR oK1 figt
(%) (%) (km?) (%) (km?’) (%)

AL (5X0) FPRALAN(5X04) 2121 26.73 1554.18 21.65 11373  15.03

PR NIK R (5Y6) Bl 5 53R (5 Y 67) 773 9.74 1721.75  23.98 271.92 3595
HTm(5Y68) 878 11.07 1656.97 23.08 240.67 31.81
FEHRI (5Y69) 694 8.75 332.05 4.62 16.01 2.12
it 2345  29.56 371077  51.68 528.6 69.88

TERS IR NTRIK R (5YT) PHE(5Y71) 97 1.22 56.03 0.78 2.77 0.37
ik IkIEIE(5YT72) 168 2.12 58.06 0.81 2.62 0.35
IR (5Y73) 1825 23 1024.05 14.26 67.17 8.88
LAY T4) 1000 12.6 598.52 8.34 32.96 4.36
&it 3090  38.95 1736.66  24.19 10552  13.95

BRI NTIKR(BY8)  HZ(5Y8L) 270 3.4 110.47 1.54 5.05 0.67
Jiti JLiA(5Y82) 108 1.36 67.69 0.94 3.58 0.47
At 378 4.76 178.16 2.48 8.63 1.14

T AR ik 2.36 km?, (AR K TR R S5 — o k)1 S8 B /b R i S8 A B ek, g AR
{456.03 km?, A& L1 DX A5 7K )1 -2 AR e/ N ) DU ik
4.1.4 RN EM () kJIIERESTE AT L, PERILKRE s E R
AR ZEATEH . HAGE v VAN . S AU R s # AIE N . RIS AR
ML HEFRHX BEHIX | MK B S AN . B g A A N AR 5
THLIX 104 HIAM AT o 400 () sk IR0 an 3 2 BT o

F2 HMNWH(ERMDLR)KINFERES T

Tab. 2 Glacier resources statistics by city in Chinese Tianshan Mountains

. VRN EhE S INTEAs UK i ik
DIHGREEL)!
() (%) (km?) (%) (km’) (%)

FRRLIATE 55 VA M 1856 23.39 1414.45 19.7 106.62 14.09
SRR S RN 392 4.94 358.56 4.99 28.47 3.76
TR RISE S IR 391 493 199.38 2.78 9.57 1.27
I T b X 64 0.81 16.4 0.23 0.52 0.07
W2 i [X. 205 2.58 123.72 1.72 6.35 0.84
T IX 1154 14.54 830.09 11.56 57.17 7.56
EE SRS o FHIR M 1616 20.37 868.98 12.1 47.82 6.32
B % FHA N 762 9.6 266.69 3.71 11.95 1.58
i 5, 755 X 1184 14.92 2988.6 41.63 483.02 63.85
&1t 7934 7179.77 756.48

BIRLE TR A DA R LA KB v A 7 Bl 5 53 b DXORIBR BLRG 5% 58 FL YA, Bl o
IRHB X PR TR KT 41 o AN R vk )1 R 1Y 41.63% 11 63.85% ., HHALIA % 58 A
TR VKN B Z2 TP g S5 X, (L B o St DX ) S 24 o) 1 i AR b e ke, k) e AR
UKAE T2 AP ARG B 50 FLVAM I 2.3 /5 5 545 . mh& 5 Hb IX vk 1A 64 5%, HRIFRRI
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i 43914 16.4 km?*F10.52 km?®, A3 534K LK1 4 0.23%F1 0.07%, J& K L X k)1
G3 A e/ D T RA TBUAIG

4.2 1959 F R K Ik Z=TE

421 RUKNIERRALEHT B koK) HE5 R s, 2006-2010 4% (0], Kilidt
Bk 7934 4, 5 E VK AR 1 16.33%; vk T FR 7179.77 km?, 5 LK) 1 A4 T
T 13.87%%, PIR VK4 B Bt 50 A g5 53600, A 20 20 604F-AC LK, Rilivk)i]
SR R, ALK A 18.41%, 5T T4 [ 18% 1)~ /K -, vk AR
BN, S410.84%,

TR X oK) N E T AR %, A TaE—20 08, oK) NIk (%3):
< 0.5 km?, 0.5~1 km?, 1~2 km?, 2~5 km?, 5~10 km?, 10~15 km?, 15~20 km?#i1> 20 km?
8L, ZEREW (K4). WA< 0.5 km? vk )1 T BURI KA IB 46 % 70 51 h-3.8% . -
20.94%; 0.5~1.0 km?43 5 -27.39% . —25.97%; 1~2 km?%351--26.97% . —26.72%; 2~
5 km* 43 5l o -25.11% . -23.82%; 5~10 km®43 51| -13.25% ., —13.23%; 10~15 km’43-3%l
H-36.36% . —-32.35%; 15~20 km?*43Jlh-5.56% . -9.61%; > 20 km?43J| k-21.95% .
-8.54%, i AmiF< 1 km? (k) I i, 1AL 1~5 km? (KR 45 et

#3 HEXLKIIEREHGITR

Tab. 3 Statistics of glacier area in Chinese Tianshan Mountains

B Uk 1% % vk
ﬁffff& W mak mER oak MR EAn BB AAR
® ) (k) (%) w® %) (k) %)
<05 6079 68.31 1177.61 13.38 5848 73.71 930.99 12.97
0.5~1 1318 14.81 929.92 10.57 957 12.06 688.45 9.59
1~2 801 9.00 1116.97 12.69 585 7.37 818.57 11.40
2~5 458 5.15 1381.15 15.70 343 4.32 1052.19 14.65
5~10 151 1.70 1063.74 12.09 131 1.65 922.89 12.85
10~15 33 0.37 389.27 442 21 0.26 263.33 3.67
15~20 18 0.20 320.94 3.65 17 0.21 290.11 4.04
> 20 41 0.46 2419.99 27.50 32 0.40 2213.24 30.83

K4 hER A [RIRRASE KO 1 R 48 ) S A AR
Fig. 4 Shrinkage of glacier number and area with various size classes in Chinese Tianshan Mountains
4.22 RINEFIHAKINZEWL  1959-2010 4F K 1L 45 S sl vk )| IR 2 Bl A 3, (HAR AL
W AR DI 2E S o AR AT (K15), PR (5X04) sk RZ, 22
LA H-10.59 km?* - a™ty HYCRBTE R ikl (5Y67) FIBAHH sk (5Y73) vkl
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Fig. 5 Area variations of glaciers for different watersheds in Chinese Tianshan Mountains during 1959-2010

TR 45 0% 0 51 =7.59 km? - afl1-5.39 km? - a*, FHETIGE (5Y71) Fdkg kAt
TR (5Y72) vk AR, 4391k 56.01 km?F158.02 km?, {H & — % A8 fk i 3 2%
W, =03 km? - atF1-0.7 km? - ato pKJ1 R 2 Fe 2 5 R e Ok A YR A d
(5Y71), ABfL#RHK-0.3 km* - a™,

AU B vk 1 T AR AR A AR X S R 1, SE T EAR JR YT K ZR R AR 0k b k] 9
(5Y72) vKNTHIBAS b AR, Sh—-0.94%/a; R &6 F—5 %5 N it 7K R 1 1A% T] i 3k
(5Y81) FIEHLARMNF/K R MIFES M il (5Y69), ZEfbR A-0.84%/a fll-0.8%/a; A
TR (5X04) VKRG i fre %, (EARX AR AR AEL N, H9-0.59%/a; i LAt
B (5Y82) FFEIE (5Y71) VKT AARfb 3R 43 51| h—0.76%/a F1-0.49%/a; Fi 7g
IR (5Y67) AT (5Y73) MRH AT, T -0.41~-0.47%/a, 7K1
T AR AL 1 218 AR R 097 Tk (5Y68), Him AR k3R h-0.2%/a.

WRFEIT B, R IR it i 861.26 km® Yl 2 756.48 km®, fiffi 7 41 T 104.78 km?’,
TN 12.16% (R4), Hp R ROAREGE G T iR 2, Tk 28.45 km®, ZydiKIl
VKB 7 51519 20.00% . HA A sl st 7 UK TR AL sk, = it i/ MO
TR, AR 0.49 km?, 1AM AL k)1 i B T R, M 37.62%., HIREH
Wi . JFERI AN R A, A T 30.68%~34.59% , fit it o i A AR /N B S BT T ]
Tk, Sh5.49%.,

x4 RUEREKIHSRENSTHRE

Tab. 4 Volume loss of glaciers by watershed in Tianshan Mountains

P, SR vk)114 SRk 4R H S TR
(km°) (km?) (km’) (%)
PR AL 73K (5X04) 142.18 113.73 28.45 20.01
B 5 3T i (5 Y 67) 287.71 271.92 15.79 5.49
TH TR (5 Y 68) 258.27 240.67 17.6 6.81
FFER ik (5Y69) 23.25 16.01 7.21 31.05
PHERRE(EYTL) 3.26 2.77 0.49 15.03
g Ik (5Y72) 4.20 2.62 1.58 37.62
IR k(5 Y 73) 82.21 67.17 13.25 18.41
W HIBITIB(EY74) 4755 32.96 14.59 30.68
H iR (5 Y8L) 7.72 5.05 2.67 34.59

Ji LI R (5Y 82) 491 3.58 1.33 27.09
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5 Wig

WFFEIS B A KL pK N R AR 2 SRS, IR BEAF AR A (A 25 5% . MK 1T AR S
B ARE, KR IEEE o HorP AR A LT A AT sk ) 1R 47 3 S B o
F, JTERNA R JLYA Bk R 45, D BT A0S L 113t il 4 s AR O 0T
HHAASTRT | DB vg A EGR A AR, T IR R A R f N

A PRAE VKR, SRR BCEKNITRER . LR IBE TUINIE R &
FAHEALS, WIFERM], mhE R R s MV AR, )N R A2 Ul A A 3
Ref K ol 5 ORI TR NURE (A 104 LAR ) M/ Ivzs T RURE 9 o1 EAB A W e 2y
KA X ORI A REVEAN, FURFER EZ R S, & TR BRI,
1961-2010 4F K11 X B T SAFFEK (K16) KA, RINHLIX E Z= TR FIAEFEK Y 5
BRI R R e e R . P LA AR, AR AL
SRS E AR R, R AP SR P R R T B g R T R BN
WAt DAL ST R TR K A2 M AR R IR, AT |
BT S SRR A S T e ) A 2 R K AR P R K B R R T LYA s PR R
S PR IR SRR AN A7 T U LA A R K S B P AR e P R A . T, R
LA 8 T 33 SR A T 3 38 PR S 2 T PR e S B0 ok T 7
Filt o T BT 5 3 A SR FY 2 T A e R AR G R Ty, (EUR R K BN — 2 R L
PRAN TR BT A U B 45, I 2 el k) 1 47 3 S5 T AR A AL it Sk
MEAIRE . BFE X R T, SRR ETr, Rl 2000 4 LU vk
N ETE, FEEATL LT, IR R 45 k=

P16 1961-2010 4F H [ K L X Z Sl AARE R K B £k
Fig. 6 Variations of summer temperature and annual precipitation in Chinese Tianshan Mountains during 1961-2010
(a. average annual precipitation; b. average summer temperature; c. annual average precipitation increase;
d. average summer temperature increase)

ARG VRN ER 5 MR A SE R, BRI g L X 12 25 oKk (ELA)
MR R R R T GEREM, B3PI R L °C, WP Tl ik
100~160 m 22, ANPRIGFETE AL, 75 BTSRRI G IR B2 72 40% L I, FEE T
BNy LA MR IR A3 IR R, RN 1 *CRYIXKIER L, MoK
PIARGRBFH R IR o QI ERA LA S B AR TR IR — S k1 D, R B e 1 °C
S, 0F L PR A 7 WU 5 N 4T % S AN 25 R oK W L s Je e, 0285 A O R
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A 25 b T ok B0 T R R T4 N KAl R AR BUR R IR TR 4 4 25U . i R
Je— R A ARZE G, DX A2, DRI AR 55 A A f 22 1] g i i
LR 2%, Hok)N 2243z 205 N ER 8R4 A SORE A Sl AR K 7 T e L )
BTN 2 s W22 5%, AT B — TR AT

6 %5t

BTN G BER 555 %0RE, A SO0 1959 4F 38 K 1L vk ) 8 IR IR 23 A8 A AE HEA T T
Ibr, FEELESIT .

(1) RIFAEK) 7934 %%, vk EAL 7179.77 km?, vKAfig 2k 756.48 km®, % I
Fpk) DA< 1 km? (98225 A DL 1~10 km?FIK T 20 k(9 vk )1 R 32 k)1 AR
) e TS AL AR I AL 2 TE S 4346, 154k 3800~4800 m vk I E TP R & X, WAE R 7E
4200 m A&y o A K)TE BV A AN Y, B ARk A fide %, & F—R R
it /b s ANV A e, B se A X oK) AR K, 3R X /)N

(2) 50 4F ) K Ll yk 1 B s /b 1 965 2%, Ao s /b i s i AUR 45 T 1619.82
km?, THIBLURZE RN 18.41%, vK)Ififi 551 T 104.78 km®, T HI% K 12.16%.

(3) RIS IR R 45 A7 7E B G 0% DX 2 Sk o Rl Hp s iy A YT e Sk ok ) 1 T
W2, RINARB B sl A b, Hp e il & 200, gkt
T AR 4 bR, A 0.94%/a, R4 Hehg iR TE TR AR AL U R 0.2%/a,  Higy
F AR 4 BT 2 ], KRR TR, 50 4 [R)  h 1L XA T 3 2R
IR, Rk LR, R N R R R, I BB R R B LT
A Y T Rl K T 4F N KA R A B R R vk IB 48 09 EE RN . vk IX S E 2%
A5 AUNE FORIE LA BB T s k) AR e 25 R A i 25 50, s Jatt—25 T4

Bogt: SR E SRR SR A RE T 5 FE X R R R b P R B A R e 55 R S R
Scffo
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Spatial-temporal variation of glacier resources in Chinese
Tianshan Mountains since 1959

XING Wucheng', LI Zhonggin“?, ZHANG Hui’, ZHANG Mingjun’,
LIANG Pengbin*, MU Jianxin*

(1. College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070, China;
2. State Key Laboratory of Cryosphere Sciences, Northwest Institute of Eco-Environment and Resources, CAS,
Lanzhou 730000, China)

Abstract: Based on the glacier inventories and meteorological data, spatial-temporal variations
of glaciers in Chinese Tianshan Mountains were analyzed systematically. The results show that:
(1) 7934 glaciers with an area of 7179.77 km? and volume of 756.48 km® were identified in the
study area. The number of glaciers below 1 km?* accounts for the majority part of glaciers in the
Chinese Tianshan Mountains. In contrast, glaciers between 1 to 10 km? and larger than 20 km?
have the largest proportions of the total glacier surface area. The glaciers in the study area are
mainly distributed at elevations of 3800-4800 m. (2) In 10 watersheds, the Akesu River Basin
contains the most of the glaciers with a surface area of 1721.75 km?, but the Yiwu River Basin
has the least glaciers whose surface area is 56.03 km” There is an obvious difference of
glaciers in different regions. In the Akesu region, glacier resource is the most abundant, which
accounts for 43.28% and 68.85% in total surface area and volume. In the Turpan region, glacier
resource is the least, which accounts for only 0.23% and 0.07% of the total surface area and
volume in this region. (3) In the past half century, the loss in glacier area and ice volume were
1619.85 km* (—18.64%) and 104 km® (21.63%), respectively. Glaciers smaller than 1.0 km?
constituted the main body of the decreased glacier number. Glaciers below 5 km?* experienced a
significant recession. (4) The relative rates of area change for these glaciers were different for
different drainage basins. The fastest change of glacier area occurred on the northern slope of
the Bogda Basin and the lowest appeared in the Weigan River Basin. The main reason for
glacier retreat in this region was that glacier melting caused by rising summer temperatures is
greater than glacier mass supply by increased precipitation during the study period.

Keywords: glaciers in Tianshan Mountains; glacier variation; glacier inventory; climate
change; China



