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Abstract

Abstract

With the aggravation of global climate change, as a sensitive index of the
climate, the response of glaciers is very obvious. The glaciers shrink generally,
correspondingly, runoffs to those rivers have changed obviously with the different
coverage of the upper reaches. Relying on the Urumgi Glacier No. 1, four
positioning, semi-positioning monitoring points were established along the 1700Km
of the Tianshan Mountains in Xinjiang territory from east to west, i.e, the Miaoergou
ice cap, the Urumgai river glacier No.1, Haxilegen glacier No.51, Qingbingtan
glacier No.72, constituting a more complete glaciers monitoring network of the
Tianshan Mountains. From the whole observation network, the precipitation and
temperature of the Tianshan Mountains are both increasing, most of the rivers
runoff, which supply mainly from the glaciers, has the tendency of increasing,
while some of the basins show the tendency of the decreasing or the downward
tfrend in the increment. In this article, we draw some conclusions as followings:

(1) Area changes Of the Urumai River Basin, Glacier No. 1, Haxilegen glaciers No.
51, Miaoergou ice cap and Qingbingtan glacier No.72, were -0.36% o,
-0.31% a1, -0.19% a1, and -0.54% a-',respectively. Among the four monitored
glaciers, the change scope of Miaoergou ice cap is the least, which is due to
the smaller flat slope of ice surface, and its movement is not a sliding motility in
the ice bed, but peristatic, the ice deformation is mainly. Qingbingtan glacier
No.72, the biggest change in the rate of area, which dues to the glacial
moraine table covered by glacial drift, the breaks of the bottom of mutations
leading to the fracturing of ice, the whole thickness is thinning, weak
resistance to climate change.

(2) The thickness of the accumulation area of the Urumai river Glacier No. 1 was
reduced in the twenty-five years (1981-2006), though not in a significant extent,

while the remarkable attenuation was located in the ablation area, which
iluminated that the glacier was in the intermediate state between unstable
state and stable state. Form the end of the glacier to the 3210 m altitude, the
amount of the range of volume thinning lowers gradually, the extent of
thickness reducing reaching to over 30m at the end of glacier. It is markedly
thinning in Hami Miaoergou ice cap since 1981 to 2007, the thinning degree of
upper is bigger than that of the lower segment of glaciers, but the maximum
thinning degree of the glacier was located not in the lowest segment but the
narrowest cross-section, about at 4300 m altitude. Hami Miaoergou ice cap is
relatively stable, in the initial stage from the unstable situation to the stable
situation, while in a long time to come, the dynamic response of the glaciers
will continue.

(3) The maximal surficial movement speed of both east and west branchs of the
Urumai river Glacier No. 1 and Haxilegen glacier No.51 take on decreasing
state, which is due to the thinning of the glacier, the horizotal proportion of the
gravity decreased, thus the speed of flowing is diminished.
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(4) Evaluate the influence of the climate and decrease of the glacier volume and
area in the Headwaters of the Urumai River between 1959 and 2006 on the
river runoff. The mass balance data in the glaciation zone is opposite to the
increase of the river runoff. While the Empty Cirque Hydro-meteorological
Station runoff reflects the relationship between precipitation and temperature,
18.5 percent coverage for the glacier runoff in the basin increased almost
29.6%, about 355.4 x 104 m3. For 48 years from 1959 to 2006, Calculating
Glacier No. 1 at Urumai River hydrology section shows that the runoff amount
increased by 145.5x104 m3 a-1. Since 1985, the runoff has increased
remarkably, especially after 1995, the increased runoff is controlled
by both precipitation and temperature.

(5) Glacier No.51 in Kuitun River region, retreated 84.5m in 43 years (from 1964 to
2006), the average annual retreat was 1.96 m a1, while during 1999 and 2006,
the average annual retreat was 5.09 m al,about 2.6 times of the average
retreat of the past 43 years. Compared the measurement area of 2000 to
1981, found that the measurement area decreased 0.083 km2, compared
2000, the measured ice in 2006 decreased 0.04 km2, Changes of the latter
period in the glacier area was 1.6 fimes the previous period, the whole mass
balance was in a loss state, and the runoff of the glacier was much heavier in
2005/2006 and 2004/2005. The largest glacier surface flow speed fluctuates
around 3.0 m al, and has a slight downward frend, the direction of
movement parallel to the mainstream line, and the largest speed area
located around the balance line. The supply of the basin runoff has the
characteristic of the vertical zone and diversity. Precipitation and glacial melt
water are the most basic complement of the runoff, and it has quite
inequitable division, highly concentrated during June to September, annual
changes are relatively stable, withing small amplitude. The runoff of many
years measured has a slight increasing trend in value, the runoff has increased
contrast to the annual average since 1990s.

(6) Through the fieldwork in July-september of 2008, compared with 1964,
Tuomuer Qingbingtan glacier No.72 has a decrease of 1.26 km2in 2008, length
shortened 970m, and the shrinkage of the terminal of glaciers is extraordinary
severe, presently, it has refreated to 3720 m a.s.l, during the observation, the
glaciers melt sharply at a rate of 3-5cm per day. In the context of the climate
warming, Aksu River basin takes on an overall shrinking state. The glacial
changes have great influence on water resources. Climatelogical data has
illustrated the long-term tendency of the changes of the glacier water, which
shows that both temperature and precipitation are the factors leading the
changes of glaciers, temperature is main factor, the runoff of glaciers is
increasing with the temperature warming, and thus aggravate the shrinkage
of the glaciers.

Key words: Glacier change; mass balance; monitoring network;
Tianshan Mountains
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COKVRPE” RFa kR 2 oK) Aeokas . ART . R MoKEERZS
IR RSP J2 S T R PR vy S B0 P R RS2 1 S AR T 45 52 938, A
H5RAE. KE. S0 (g2, A2 N2 im0k R 20 L
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RSO« 08 PSRN R AR S BN AT B B I S 3 KR B 1) A SRR A b K PR
FEAS G IREE 2 A RIK IR R R R P A T2 FIR Z 1) 52 i (RS, 2004). H
T UKVR AR A S HSE T 78 1E 52 B HT T AT AL, OBk [ bR R g8 M4
BRAZ AT T SR R A . —

UK NS A SR WU, UK R P 2 R R —. H AT kR 1 1Y)
11% UK NRUK AVERR S B s, LAUKILS AR R 10 AR TR 0K VR Bl AR
AT S RBURK ) 5 R 58 ZA T S A FH 5 17 DK 12 P ) A8 A g ot A BR IR B 7 A R 1 1)
SR UK RDK 5 i A7 A T R K BEUR I 68. 7 %6 UKk PN a2 = 5 11 e 43
B MGG R, 20 A DUREEE UeAemz, 23K2HB0LEK)H IR
A, Al 20a X845 XL T NI ) #A (Hacber1i W, 2000 Mark B D, 2004),
UK NVANGEE N Rl A BRKAEER 22 T IR ZI500. 7 20 20 10~15em K11 b
Thep, R UK kK AR R K ot ikik 2] T 20% ~50% (Raper S C B,  2005;
Dyurgerov M B, 2007; Kuhn M., 2003) . FHMERASALS UK 204 1L H 3%
S BT X AL 2 U AR E AR . UK IR 4 e rh R0y 38 (Wi
PR, 2004; 204, 2003), JCIAEPHALHS, RIAVKNIFKACTNG, vk
R/, R i, FETHE, VF2/ANK O s T ia g, vk)ITER
JEF R Bl A AR, SENMRETS, SR4eRFArs. IR EKREL —,
UK —A8 4k, gy D AT O L.

S R X UK BT R B 2K, UK)IHANE 59 425 k',
A gk AR VKA 50% LA F, AZEFEA YT 740X 10" m 7K (FK

1



BT SRR LI AN [ DX AR AL 552 5 08 L

W, 2002) . FEVGEBOK) AT E W 10 45 RVERI KV, B JHER
W[ ATES WV, AL BURSFR . MEEEARTL . DS PEIAE) KK
GEUETE X, UK PRI Z5 0 1 ey LI 7K 5 305 (1 B J 5 AR A0 A5 143 S IR 5
R OfifE R EE, 2005) , PEBENIKMEEZT 5 600 k', $ra7/KEZ0h 50
000X 10" m’, AT 5 & KIL (g FERR R P ASTEA 7 T 78 &,
A PR FIAR TS VR AR A, 1556 PR IRV AR . PRk K == 24
620 X 10" m', 5 Z AR VI IR EAN Y. 2R IR AL, o TG /K B 5
¥y 38% LA F. ZEPHAL BT IX, DK TRlK S SPGB BRI - Y5
DX UK )1 RK RN B 22 4E 30~80% A 4. SEbs B IE & i Fok RIS [IA7AE, A4
A7 L % P i P T R OB B T VR 2 AR LA AEAE IR ], A f g [ 1
XA TS e T R X K IR K AT — S o R LA 5%
(RI7K SCRIAEZS R ek e FRFSEAEAE 1%L

UK B FE P b 5 DX K B, H Ll AR i) A8 A 55 el o) 1 TR
KN Je ARG I, UKV RH AT (6 18 55 1 FH 26 B3 e B ZR A e AL B
UK NRK AN, LEAEBRANAEAR R RURE 1, s o ok )V RSN DK 1| B 55 R S e T
UKNAR SRR AR IS, DR, SRk 3 %l id 5%k, vk )1l
R S AR A 5 (Ye et al, 2003) . 7ET 1005 B 5 16 I
AR L A DX, H AR AU I i 1/3 A Bk B OK) TR 4R e ok )1 |k
K CRIBPERAE, 20060 . 3T 40 PRI E VK i i T 450~590 km' (BEHE I
&, 20040, A EPEIT R OK B TR, Al A Ll 90 4
ARULAR R K Attt sl 11 3 BUR oK )1 K AR S e I 5. 5%, (EAT R,
it 5 UK P T 38 52 40 e 246 K 2 T T3] A0 ) TR g >

UKNBHZS B BRI R EE N —, BEETF L2 5K E bR
TR L R T IR (T K A 25 Ak (WGMS) ZH2R . B vk 1|
DML, s T4k 6000 2 450K )11 WOMS & 3K £epk 1 R A8 A0 A HH VT A
HH R AR UK T PRI R0 Ak, 7 AF S PR R 7 T A A5 5, IR 4 — U
Hr 10 &4/ 20K Reference glaciers), AMHVEANEHE. T EK LY
ERFENYE 15 0K 12X — 2 b o7 A Bl b DX AR, Ik 5 1) 2 UKL
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1.2.1 FE Rt oE

E AN RF RS, WA, WA BN RS, TS T2 A
(R R. 1840 4FJ. L. R. Bilfi#G (Jean Louis Rodolphe Agassiz 1807-1873), 7
T VKN (Unteraar glacier) QAL T HHEFESE — UKD B “WER & FIH”
(Hotel des Neuchatelois), JFEITXUKINGEH. B, KIS KI5
VKN PTRA S LR I R GO i At X, 1986) . 1iaEkok )1 I as T 1894 4F i+
I B EE N 1 B o it 2 0 B Br 0K )1 25 B (International Glacier
Commission at the 6th International Geological Congress in Zurich,
Switzerland) (http://nsdic.org), ZRSWHHEE TAENKEZ —Hl2 B4
BRUK ) -V #2240 (0 W (Forel, 1895) , F- 48 Hi 28 48 Hu WL I oK 1] () 3K .
1965 4F 9 J] PR Ey vKZe n o I R OKH I & 5 i Bk BE W 2552 HHOW UK )B4 T 36
T AERTVK B (Muller F,1978). 1970 4F, [EE5/K 0% 45 UKZ Gl 2 the
International Commission on Snow and Ice (ICSI)7E [ FroK)IZs b4 it FEm

BSAL T “ORAVKIN BBk S 4L the Permanent Service on Fluctuations of
Glaciers (PSFG) WpMAXERKNAZA I, B g A KA AR VK ) 12844
Hlls, JFT 1973 SFEROAL T MUK H I INBOREE 4" the Temporary
Technical Secretary for the World Glacier Inventory (TTS/WGI), #HlE T
HF ok N 4w BB, B 3 I A UK H sk g ). 1986 4 X WGMS (World
GlacierMonitoring Service) ffJ a7 SEEL A BRI S EAVK I I 54w H . 4R,
1998 4EWGMS MINSIDC (National Snow and Ice Data Center, H 525 yKkrLy)
HAEB VKN B S Es KA T Internet ¥ 1, RIS UK EHE A4 — 2 A
(http://nsdic.org). 1M H, fEHRAURRBEFIRE T, WK)ICEK KK
ARAK (IPCC, 2001). 7 EXS IRV S ATREAT — IR R G 2, JFEAT R 147
/BAERIGH DT RASERUK)IPR DL, 1999 4 i 3& [T 25 iR J=) (USGS) Al i
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T4 J5) (NASA) B A A St 17 “ A BR B s oKk 25 [l P 7141 7 (GLIMS, Global Land
Ice Measurements from SpaceProject) (http://www. glims. org). GLIMS 1%l
s AR FOK) N IXCREKSE R, Aok A=A, FFPEAE K AR 0 N Ja RS
ST E B (Kargel et al., 2005). GLIMS {EABRISL T —+ZAHX
TAEH L (Regional Center), &5 7E%f 4 BREG oK 1 IR S AR A 147 3 2 i DU
(Kieffer et al., 2000; KaaB et al., 2002; Kargel et al., 2005). FE[EHI[EH
KT VKEHE F 0 (National Snow and Ice Data Center, NSIDC) £t B A1 & fii
KEGLIMS Il i) i

1.2.2 FENWT5EIE R

R DK MRS A M. 1941 AP BEIE B RRAE (&) BB—6H
JIRCrp B R oK ) A2 56— T AR Ge A 4 b EEARUK R RE SR (B , 1984) .
B E LS, B 20 Al 50 A VG L8 RS R ) 1 BRI R
Bz, o E UK AR TR B AL 1 R e GHEAE IR, 2004) . FRIEDE (L BAR RS T
YE#E T 1957 G5 2= 1 O vl i IAROK TR TR0 W (2 A, 1958).
1958 4 B A 2% Bt ey T e Ll oK 25 R I FERN, A idi 25 v B Ase 2R 48 R AR UK 1]
W IT U6 (h ERR 2= B Ll UK S5 RSN, 1958w B Rb24 g 22 JH oK )11 1
WFFEHT, 1988). H 1958 fELLK, tEFAHIXAREL . Riliy A2 AL E, B
WT LU SRV EEAT 2% 58 1A (R R 2% B e L 0K S5 R R FFERA 1958 Vit iz, 1963;
FEAERAE, 1964; FEAEREE, 1979; RUIHE, 1985). —S8Efr. @ikl
Rk A UK )R A S 0TI 7 KA LUESZ. B 1970 AFERUK, BLIIDK )1 i) Bk
WAL IN, HIH125 30 Z40K)11, JEHIZY 70 R4VK)IL T 1959 4F
RALVK ) ST, 58 WIS B ARTFEE 1 S0k, RIS [ 41— 4R 2L 3
AR, O 50 RIS, Rk ) LA s 150K )1 KRS8 5 diar 728
A EIAR 51 S UKL TR RVAVKIE S T UKME 72 S5 UK S8 @ An . @ R A
XS Rk UK DU AR ER AL T 58— (1 Adls okl

A5 DK T 0 P se rh s 2 2] (o EK I E ) X RGERE, (hE
RNHSY 2 CHEEFOKNTHE D) &8sy, FRIE AR 1958 Fg R Tk H
SUAE, AHE T 4amr ez 2 mvekt, H S EFrdei, vk H Sknbil 15 5
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(skAERR, 1979). 1975 FLUG, m gt E & (1:100, 000 1 1:50, 000)
Rt 7 S7 A S 00 P I P 00K N H S PR g i o, A4S 0K )1 H S i B R} W] 5
VAT 2R B . A, 1978 4, JHE AR WOMS R38R H RS 1 [ B ok ) 1| i
H TAES U A B UK BT 0E BT — 4 E R A BRI 2001038 % Gl K
2005). KM 1979 FFFAGUKNGs H . JII 24 47, 3l KR K EF A A FI AL T
20 42 60~70 FFARHIML T OB SETURL, A U] T UK ECR R AE & LU A
FMLDR UK NGOG, B T UK NEACRHE, 42t T RIEUK NI KR 4,
AT HEKNE B RRLE. B 1999 4F, TREARHE E bRk )1 4n H 52 % T
CRREVKTHESEY 11 521 M ks 22 M, BIEERZK R T 2002 4FHR) 4
i CAE Caliigas, 2000) . FHEXUE 2k (o EPK) H S 1E S DTk, Bl
o EIARVK N2 A7 . g H R, BRI IR B X UK Pl ds R I
H 5K, UK)NIRGE 59 425 ko', dy4xskepy AIRE LUK NIRRT 50% 2L F, UKk 1Tvk
fiti i 5 600 km'. (R 5% 322 S F /2 1950-1980 4[R2 il ] it 341 114
UKNPIRZS. 3T AR A BRUK WS R 23T 0], PR X ok TR AR 22 0K,
UKDt s ) S (R DX P . 20 R4 80 4R AR LISk A B UK ) 7 IE 45 5
Ky AR — i BOR UK R ETHPIRES (T 7Kk, 1995, 1996), 90 FFEARIK) IR
e, AL FUHAI H Landsat TM/ETM+ AL ASTER 254t 45 1 Jak 25 4t s il 1) 485
W, T R AR G H AR L Gl AR A, 2005) , KYTHEE X (b @1
%%, 2003; Yang Jianping et al., 2003), HFAZIJE (Ye Q. H. et al., 2006),
VB bt ClE 20145, 2004) , FRI% LG B (A 4R4%, 2002; Liu shiyin et
al., 2003), VHIEAMMAIAER G586, 2004), #HifFZR (Ye Q. H. et al., 2006)
UK Ab TR GOIRES s Aot 25 40 4 F I UK )1 6k = b T 452,77 —
586. 94km3 (8. 1%-10. 5%) (WRHIKESE, 2004); T o FE PG &R T S K B s A4 T
RRFE, 20 90 AFAR LAKAN V1 UK fift sl 1 3 S50 1 i /K A 484 A1
it 5. 5%

CAUK NI H gt kbR 2, JR4h6 TR B GIS FB, JFRIKEIK)IAR
WHIFFERE B, B /NK A LA TR K 1 AR Al T B A P 0K ) 1 DX 1) SRR PR 0K 1 DX
N RS, 90 AEARLIKLY 82 % IRUk ik TR AF B JRARES , AN LLIX UK
AR /NELIAE 2% ~18% /24 (Liuetal, 2003; WHAEHZE, 2004; Ding et



BT SRR LI AN [ DX AR AL 552 5 08 L

al, 2006). UATHIFTERNY], ARARIL-4F N 3 EHS 1 BL0K) 1 BRI eI, AH
RIPTAIFEH K LA UK R BOK S e K H WS 2, X RKFH R, 22l
AL R DX 352 FABUAE R 0 A+ o> L. A, pa AR UK ARV 1fd BT 1Y
S LA KOG KSR S IR i WA 9t AT A E— 2D . DK 1R 4 7K B Ut
TR e B AR T IR 2 Y KT A s 20025 B8 1R A 25

1. 3 R X#R

1.3.1 ik 5 K1 534

R E 2 543 km, HAPEEEN 1 700 km, A HFEARRIKIERIX
FER bk R PvK AR X, AR R A AR 15 953 4%, UKL
15 416. 41 km’, VKf%E 1 048.247 km" CXIIHESE, 1998), At FLliHLyk )14y
A LA . HeR R B K vk)1 9 081 4%, UK)ITHAR 9 235. 96 kn',
UKAE R 1 011, 748 k' CJAEXL, 20000, F3 i) 54N R LK )1LE S H L THIAFIVK
fifi i 57%. 59. 9%FH 96. 5%, &K VK 225 X LUtiAE XSG A 12
—IERVEF T 1959 AFAE L BARFERGIR 1 5 0K 2 R ok Do, W
I TAERFSERIIN A, AT 7 H R, TR 1 S0k BRI R 5]
FoE IRV, ARFE R RHSER LK )13 1999 4F 7 Hh [ 485 4 16 % L 48 t i) i
WA AR 51 S UK N SE T — A e A A5 2004 AFEAE R LU ZR B 2 1 X Aify
S8 JA 7R VA UK Ay — 0 AWM A, ) ISR 5 7K SR B U R 2 0K ) T A ) A7
0= i R VA A AT SR UK N AR A AN ZK SR B8 5 AR A TR . 2008 AFAE T 5 75
JE B 7 Sl FIFFEA IR WK VAR FI DX 58 75 0KME 72 5 UK A S 2 A L
s, NI T ZR VG R Ll Fk FRD R ) % , St AN [ RRASE R A7 B2 () UK ) 1 R4 T
RGN, DA — T (R0 b ok JE il S b DU 45 0Kk TRAAE (1 7 [ R R i ok ) 1] A%
B RPN A HEAN T L LUK IR 1] B A 8 8 PR AR A B pA it S
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Fig. 1-1 The map of Tianshan Mountain and Modern Glaciers

1.3.1.1 BERFFIE 15 0K)1]

By ARG AL TR B, BRI RS, b ) R 2 b ) 7 R P
RPN R Z i (R B s b B YR, I R e e KA R 1T et
A4 484 m. I R LUK s ) R EIIX 7R LA A IR D R
o, VKN X AR EE A A T, 8 1 500 m 3] 2 900 m 2%k X, 72 900 m
DA b i X, Al iy, i, UG IX AR R IX ZEIRER 3 000 m BA F. W
WX AL T OKER Bl 2 410%, Wkl BV L R b SEIOKSC, FEX A MG 2545,
AN 2R UK P 45 253 1) S 25 M, i EL i 4% 4 o0 A AR FH ek e 5 1) (R A 6
DX T34, AR T TE YA TR 1L b 2 5 DX it A R R IR 7K 8 5 11 2 22
TERUX, EIX— S L X R T (14 7K SO R AN B AR A AR 5T, A0 A%
DX e 22 U R JE AT F LV R S0 1 FLS A P AL XK BRI S AT HE 3
X.

By @ ARFHRHRIE AT UK 150 4%, TR 45.99 km2, “PRJ1HF 0.31 km?2, H
KNS IE 111 4%, AT Ik 43I0 74%, HA0K) R T AR o 22003
UK NTHAR Y 38. 27%, 1%tk vk ) SEAI AR 0. 168 k', 1Lk )1k 3= 22 e il
(M2 E ARSI 1S 0k)1](43° 05°N, 86° 48 E) Kuksf — sk, e 4N
W25 VU4, SEAmBert, Zuk K 2,41 km, AN 1. 73 ko', &1 7Ed0
Jill, HESTIMER 4 075 my UKEAREGIER 3 777 mo RREME AR LTI
EFAM R HEAT K W 0K 1], S WGMS ) 4 M — R — 45 R R UK 1. 30k 1156k

7
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ARAALRBUR, X XK BRI AR SCER. WIS TR) 7 51 1958 4 424y
U 50 A PPUII A IRVK )AL TRESLRADIRS, 1992 4 LLARUK) 1AL T it v etk
A, 1993 VKN R ZRVGPE L. 1 50K AEWGMS I 48 Hh HLAT ) T B (1) Hb
ARAEWOMS AR, 1 50K 2 50 AFMIARAY, i b S e 7 BRIV K Joi 2
RBERIPK )R AR AL, FERTAL P BEAL E, SECRR T O 3B Uk IR 25 . WOMSHE 1
SUKNFAAER 10 5 ORIk 2 —, LIk e 1R 878 b [ B K SCH
ST e B BRI LK BRI 2 (TAHS (ICST) ~UNEP-UNSCO)
T &I b IXLETORME T2 HHES S T R B R AR ST R, O &
Ffr gt B bR o AN Kt R T s, 32 B S IPCCHR S ZE N )32 51 . WOMS ZEATW.
Haeberli #Z4Ri, 1 SUKIAE P AL 57 XX —JURp (s A7 B, AF Rk [
B K SOTRL I P e AN BT R S B

1.3.1.2 ZEdifi a7y EhiR 51 50K)1

ZE TR AL TR R R (L AL RE, MERES R P e, o LT P OR L Ll R
8, Rl KA ey A B AEPI S, AR AR RE UK HARFE A K B 5 < AR
PR R AL I TR 360 km, THIAN 1. 77 X10" km'. M3 S04k 2R i A
P e ACAG, FHAR TS ) PEAGAARY, HAT T X AR AR 45 P Tk s R 22 A 17 i
RURFAE. AL T JE R L 5 — KRB0 Ai DX, 0K 309 4%, DK
201. 12 k', fiffE 10. 969 km'. UK )ITHIAR 0. 65 km’, FHJFL 3 670 m. H
H, kL 184 4%, BIVK)IECH LLwili 59. 5%, B UK)HIFSFE AR 0. 17 kn'
VKR THRR 5 BRI RR ) 15. 9%, 1% B 40 vk B K, i AR
#AE 10 km’ AR, BKTHAR 9. 59 k', THIA/N T 1 k' [RI9K 1145 263 4%, (%1 85. 1
%, 1—10 km'[f] 46 4, 7 14.9%.

NWFFEIZX VK], 1999 FFRE I A #AR 51 5 0k)1l (43° 43°N, 84° 24
E)VENTRTON G, oK) ARG, sk 4 000 m, UK KSR 3 400 m,
FLLWER 3 610 m, T 1. 48 k', f#HR 0.0725 km', HKKJE 1,70 km, JEJE
49 m, VKNREEAHE, WA, REEARE. AN E A RK )15
AT AR AR IS BN L UKAEL AR AR A I S D R R B GO 4
2004 £ 8 H, EXSAEii Ay WA 51 SR IEAT Y T EDRLIININ 7K 3 680



Ape

e A

mACFEIE T 1 A 2006 S0 YL AR ALK Y 48 5 UK IREAT T 41 (1025 209,
JFRET ORI E  JERE S UK XA OUIN, AE T R kiKts. HAI T %
fi, WA IR 51 ZUK) AL IR pieREs, HAEY T, ok)1iash. KR
A VKRR PESE TS, 55U 1 SOk AR AR £ T U525, s
A IR 51 5 UK Pk B34 LA,

1.3.1.3 W5 % i 7R VA UK

Wy 2% i IR V) — BP 5 ST A UK ) T P DA T 2R Al e 1 541X, R AR
B, PHEAREA A B2 WA IKNAELE, 2 ARk IX. Rl ik 2 2R
PE IR BTG BB N, AR A R L L IRFEA RS 4K 4 886 mit iZHh X dx
W, PHBELE B LS EEA 4 172 me RUAER B E R AL RSy, FE G
b ARHER 53 my AEMIRAE R (L 5 S S b 18], Y5k B B ZhifEdk 1581
m, AR E R A 405 my F bR TE AR = 22 A 2 500~4 500 mBA b iX
A UK N R AR KBS, S a2 2 = ZE 7K BRI, G 35 i X AR S BREE
NIRRT KU, i3 1R db ARAME T TR
BIREE, AEPOE TR TR, R TR — X AR R AU By
A7 WS AT %, DA XX 1 XK AR AR R UK AT S5 I RIF S AMEAE 7K W PR ARk 1 HL
FEIAEE I AR 7 T HAT B S R e 2RV AP ST s e o X R K R Rk
500~600 mm, FFLER LS 4 050 mAdEH 3 960 mLh LXK, TERK ATE &
it X FHARTK N AR FH DS, AZ XK AE0K )1 2 H op O & G50 s 2RV s, IR
BN NIV 75 4 GRS, 1986), STHUK)ITHFA 98. 25 k',
UK R 2 5. 678 km', Hr A 49 S0k ITHARN T 1km', LR 65. 3%, J&T/)
VKN o3 A 22 I X S5 R K TR AT 6. 59 k', VK K/NEBRA K. KT
4 k' VKNG 7 4%, o 5 & Anremd, X R AR OK) IR A AN,
HA R AR X BlKANS LEB I 2 A AN S), B3R TA6d, ARBOR T, i
DRI DX 2 e b X (R T /KU, AR KT 76 4im K206 T, Mk
KR R 10. 3 42m’, ATFIFK B 6. 4 12m” GRSy, J8ERR4E, 2009) . &
A 20 42 BIOK N RLK AN, VKPS RFAE K 598 1. 72 42m™ 5 @ik
JRAEAET R DB, 9Bk A7 4 23 W S iR .
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ARFFEZIBX UK, H 2004 SR DK AE)E LA 3 5 UK AL = J0E
AL 5, o ALY BEAT 5 A7 Rl W i 2K UK (43° 037N, 94° 197E),
SR PER, ek 4 512 my UK ARmiER 3 840 m, TERHEIAK 4 100 mAiAT,
[ 3. 45 km'. ZOK)EWILE T 2004 45, LA WIIIT B ALK ) 14051
AN K AR TR EA S RESE. 2005 FFER LK) B AE % UK
JUTGEB DAL 2 SCIERVKCE, B UK R B IO X 5 VKRR R, ARk,
Frepidsde it Tkt

1.3.1.4 [l 58 SR s 7 vk 72 50K

B 55 959 (75° 35" ~80° 59°E, 40° 17" ~42° 27'N) J&8 BRI [ —4% &
FESCI, KR B AT T0%LA b, B v SRl (AR AR A g s T B BRI
JERG K RERVEAK. T o0 R i 3y 3 B R Pa B, X i v I HE AR IR Ui
P 7 483. btk K ilidw =g, A7 TR S SRR BV FEACRIEUK NIER X, AME
SER LK NE R A0y, R S 3 44 LRV X 2 —, FEACURIGEH X
R30K TRt RS B E A DX K )1 TR ) 2. 4 s, PS03 1L ok ) 1 T AR (1
979. 8km’) KW, M 1979 FFUK) I H , B 5 SR s Aok )1 1 005 4%, [
TR 2411.56 km2, KfifiE: 436.99 km3, ~FI0K)ITHIAR 2.4 k2. 140X (1) 7
PKNDE LSRN, VNIRRT AL E] 150X 10" m’ Ay 85 BRI 4R 400 & 1)
40%.  FEAIRUEYK) AR DAL TR 5 50T (1) 37, A 82 e R iR AL PR
T (3 900~4 500m) FRITH LS -7—11 °C, PE/KEEL 750~1 000 mm.
F 19 IR UK AL TIRAPIRAS, R HEIT 50 X 107 m'flK ¥ 45 W3
FLUR) Bk BEIHE R 3 1) 30%~70. 1%, {HAEILSD> T 20%. A 1980s )&, 14
P R L R B AR A 0, B an e s R AR LL RS 1986 AERTHEIN T 156%, A=
FTHEIN T 18. 6% (SR, 2003). IXAPELG— 5 1 n] BE 2 e L R B S R,
55 THI P RE A A BRAR I 5 A K )1 Rl s B 384 DR AT BRI e 5 RS 1. ol e
A 4 A K S ) PR g v R T AT 2 (R A 3 ok N K AR K Ee g 3L ok
R K AR E S g e TAREAR SRR P b7 74%, AEFRAT 550 29%, 76 PII Aii T 58%.

FUKME 72 SUK)1 (41° 45.51°N, 79° 54.43"E) A7 -5 a8 v 75 [X I 15
BEARFwEN, @t 428808 RAshEK)IawE, 45



Ape

e A

5Y673P0072, K5 A bt Al it i Ab e A T-iE9K 3 560-5 986 m2 [a], VI b
4 200 m, PKJITHIAR 5. 23 km', PKAEHRN 0.3975 km'. A ERRE B vk AR
KK BT 2T 2008 4 7 -9 HXFZUK AT T RIH%5, 451KV
1964-2008 4[] % 0K 1 THIFA 52 BH i jgua s, M 1964 41 5. 23 km' 4984 2008
R 3,97 k', THIBILEA T 1,26 km', ARG K24, 18%. Kt BBk
RA, 1964 4E 7. 4 kmZg i IRAERT 6. 53 km, ARAFN —11. 8%, FFUKME
72 SUKNIARSGEZE oy M, Har B84 3 720 mik, WUIHA TR UK )1 1EAE LA
R 3=5 JHL K (10 T8 85 3k .

1. 3. 2 UL

By B RS IRAL TRl B, BRI Kt B, b I 8 JR 2 i 1 oy JR PIEi
TRFIDUEL, RS R G (R S b T, HA R e R T
ELERIEN 1 i FERRAE , 12 XA A SR R R P . 5 E R SFEIATIA AR R
LT 3 500 km, PEEEKPEVE 6 900 km, JEFEALVKYE 3 400 km, P4 EIEEL
2 500 km. 4 i I AR 8 2 B R K TR DR SP3 RNR IE C0 Ir) P G BKCBE IR, 52 3B
BRI B B0k FT a8 Es i, A K DA IR R, MR AR RROK.
B 7K 1) 2 BE AR PRI R UV IR YA, B e B A T (R T Vi oy, 2 AL
PR IT A R L 1 A B AT 8, A R T ORI SR PR KR T K ORI (BT,
1991) . MK EBRALEREN 5 - 9 A4, WX FFRKEL G4 T BB K
(645.8 mm a') (B RIK, 1988) ] 90%. JLT I IR EIR A, A A 4F
BRI 10% /54 (225048, 2003) . A, 5—9 Aot e 44 FK ik
I R, 1992), BEKIER EZRBE . Gk 1 Suk)IIXH
BE KA A Z= 0, 17 HR A B R AR A k. B AR 0 T, Bk
AR, AR KRR 150 E (RER, 1992) . fE 58 AK5F
AR, B 1SN I — AN KRR AT A, SR R S AT o) b — ANt K
IKAHE, ZATAGLE 1 800 - 2 200 mify B AR L.

ZE Ty A TR R OR (L AL RE, MR R L Y R S, B R A KR T RS
fig, &ZW5E, HAEH, HEFHLO LA, MERERE. £, Hil
ZEAOR, 2RI 6.8 °C. LA, HEFWK., H. EFERANZL,

11
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KN VKB X EEARKE, BB D, EEFELLE 3500—1 100 m
Hu DX BN R TR, 2T REROK R AIA 236. 34 mm, PR ILHLAT R K 32 AR
WIERZE. BEK DI RL SRR, R S e e b K. BEKAEBRARAL R,
NS BOMERKEZEE AR 2.5 . ZRERRET 4—10 XA
R 11 HEBAE 3 H, PRI KTILIX, 2N v o T AR 3 CRER
B, 2007; X%, 2008) .H 1954 45 4 A AF i FNAEFE AR 5 ik 20 19 ka3

e AL s R Mk A 3 I e N S R AR R SR ESTIER: N TN &/ SR W/ DN
IR ) BT BT TR, A TR S SR ORI A S . AR
TSR FRY AT R EITRE 3 (1 7K VORI A PG THI R PR B KR IR VBV (1) 7KV (Tian Lide,
Yao Tandong, 2007) . Bd. b ZRAMECHSE T TR S RE, K
Bk, AT, milIX KRR 500~600 mm. AR5 50 KM% K
SO G ERV T, R L A IREE AK R A SE A ik . IR 0 SN
HMEILF] 8. 6~10. 1 mm/10a . MEEHLX S5FaE X —FE, 2R BRRAZBE T
S, IEFEZE DA R BT IR, AR R L Jb R 1638~1729 m (197K
ZAd R, H 1957 A LICRAE B Sk BT, T H A 1986 4 LU T 52 0 B

.

£ NN 52 Rt a] o N B 1o O = AN o e [ 4\ S Bt T A e 6 1 = e
TRNEE FMATE, ERERK RN, ot 6—8 4Ky 4
IR 50%ZE AT, T 5—9 v T0% /AT, W ZEBEK L AT 30%; FEAIRIEUK I IX )
BE/KBEREHy 30 mm/100m (F5E, 2%, 1985; WHE T, %5, 2004) . VKJIFHZRX
SARFESE, BN, 2T RTIE 1000 mm BAE, SRS
400—600 mm, TR X 2R BREARA L 80 mm (B30 Jput) . X w1
B8 KRR YK 25 Rl 7 S ] A Ay 1L i o IR K SRR, FEA/R It X (9K 1| T
WERFE RV, vk T i Rl R AR A 5—9 A4y, W& =ik AR e
IRUKINIEZRELT G E B, 55, 2004), B4 (5—9 H4p) KLz Y
SRR 90% 54T, T UK S Bl R KRR R A 3 S #E 5—9 A4, BTLA
FEA IR U R 0 DX (R AR et B TP e 5—9 JI 4y, k)R R K e
PR, RO AR AR N A AN

LA ERARBE AR — 25, Bl s SR A A 2, R TR S TR R

12



Ape

e A

FIATTRAAARE ARG, (R EZ R T TE AT, 12 =G 2
AL 0°Crm A E B R mig R I FE bR, HE T 1987 4R LIOKRT 58
SRR SCHG ) S bR S R8s, 0°C i BEAE R 2= W T milads, 71 1987~2000
it 97.5m/10a, T RAL#a K| L2 #E, A E LMK (Yang Qing,
Sun Churong, Shi Yuguang, 2006). B&/KZS[E50 A0 BoR T 2 4 A AiE,  ERT
Ve SRR R ACRIH Y R T AR R B IR R, MUK AR 400 mn, A7T
M LI (Hantenggeli Peak) FI4GAIE  (Tuomuer Peak), FA/KAGAE/NT
50 mm, AT RWERIES AR RIS, ILIX BEAKEERL 200 mm, T ERUK ) EEK
Bb L DX KA ] 5 ] A ) B R 4

1.4 k)43 4E Ba)

KON MO0, 455 P25 UK F o Pl TR A I S LA B 22 4% 0K IRl LR g L, 5 7
WPk ) 1K N ] B R ARAY, (Fountain, 1985, 1997). LI (g uk )1 W T B A0 35
TR A, s R AL I A T R U A K R S A, UK H
TERY) -4 (@strem and Brugman, 1991;Haeberli et al., 1989; Ommanney,
1970) . AL s A A /e B R RO BT, LA F T K ) 1 A 45 22 %
UG A L4 (Williams and Halls, 1998; Sidjak and Wheate, 1999; Li et
al., 1998; Williams, 1987; Champoux & Ommanny, 1986) . FAn] AER VG
FEI PR b R T Bl R P, 28 s 0K TR, A & e AN i) e 81 R 0K )1
AL K5 (Campbell, 1996). #PR{EFEFRSE (Geographic information system,
fETARGIS) oK) It iy g N I TR, ZEGISH, b K mT LA it =
Frok NG BE s, Bavk) 1A, BH, TR,

L4 1 UK s 7y vk

(1) BphhE42

1796 AL EIHEANT9 AL, YUK N)ZE 5 BT LK N TEAS, FF
ARVKE Sy, LAAr SRR o FE5EH (G B4, 2007) . w [EOK) T ZERF 5120
ey, BT IR SR ZR A 5. VKNSRI Gy UKo 0K
NI A TSR T S, DGE R MUK T HE . VKRR UK DT 1%
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ThHEAE. ITAERBEA 3SHORINA IR, X UK K25 S 06 Al FH BRI ahs , (F2 e
TR BRI TR T I SR K], G AL Y A0 ko) Fe e TV A AT R
(2) BT 58 A

B J. L. R. Bl (JeanLouis Rodolphe Agassiz 1807-1873) #7155 —A
UK NDULIN s K GREAtE AL, 1986) 5 UK N2 Z UK ) IA VB AR B . UK T
FONLA IR, S 2R A =R, ok 115830, % K SO
Mg, kb 220034 HAT UK ) A 5 ROW G 1089 (Haeberli, 2004, 2005) .
Hh I 1958 A AISHE LU G B 22 PRV g ar T F PR3 — A v L ok DU st (1963
), 1959FE L T R IR I s 56 3l 20064 v e Ty th ok )1 5 A2 3s
IRESLEA METCRS. Ak, I A% /R AR, (UK VR BB ) « TS AR S o D a3l
R RS LS UK 1L W% R R VR UK . TR UKMET2 50K 1 A&
S SUINIB 70 iGN DY TB 7 S SN tiehy GUIDY TN B77 =g VAN Syved AN e
XU 5 A UK N DI RO AR i T — Ttk
(3) fias. BURIEN

A WEEHE X 5 T S s DU SR ) e R SR e, G
TEA s AT U SR PR M R SR R, TR s AR IO R R S
UL BRI B (RG22 B 58, 2001) . L SR £ B FH B 0K 1 F 5 A — R 3k
A X 2SO T UK B S, s R 2 UK 1 H S 2Rl £k
Ps. ARSI i, A A P DA S, A M S AR R T
HARIOTE AN, BRI, 02 S sl et 8 FH 309K 1|11 76 52 007y T 52 21 Rl 20
2060 AFARLIR, TR RRIEHIRI K LA UK 00T Bt b s ok 7 AL, 26
[ 5 3 25 Jmj (USGS) R 20 4270 AFARREHL AR S8, gl 1w Jb4is2
T I (UK SR ALY (B MR AS, 2006). UK 1124 FKTRA: = 2RI 18
IR GURR TR N 2 S AT HE 0K ) 1 2 H 109wl (Ml Ler, 1977; KA, 1983).
53 Rk PR RS, gl T 1: 50 J7“ B LI ok 1 E IR AR 7 (2%
KT, 1999). BEA3S (RS, GPS FIGIS) FEVKIRBWIFTH N, 3S BEANA
UKNAEARAREE T AT B, BB OK NG DK 1L UK RS AR TR
LEJ1ESH VRN S TS UKEEBR VK2R 52« S B o~ i 45 7 T 11
WSRO T BORFIE A SRy, AR AR H i, Muller (1977) #iA)



Ape

e A

FHRE TR R H AL OK ) R 5. OKAEA= (1983) AR H Bt A AR B, iz H
JBOREE SRH “T7AL” BT SRS X 1 vk )1 24k, L), BE 8 AL
BRERAF VR R i, IR BRI H A B ARAS 3 T T2 A, Paul (2000) Al
TAF M Landsat T™M HI/EVK) TR, 3T T AN TR 23 18] 43 2 (1 18 K PR GO
KNI 2 (Paul et al., 2002), &R T AFIASTER #3454 DEM - A3
PRI R TR UK NG S )79 (Paul et al., 2004), FHI I3 BB x5 1
UK NHATH— %% H (Kaab et al., 2002; Paul et al., 2002). 5:37.5%(2005)
ST JUAAIE . FRTR5Em  LB . R o UG R SR DR 3 UK )|
AT R AN E P, S BB, VR B ARG UK | Iy A AR R AR,
(L E TR I AR AR AE AN e 1 DRI 0 B2 5 M DI AE &5 6, DASR v L i
K.
1. 4.2 DKV AE s P05 A7

R N FIWEFE T ZAR AR N e s . R, AR, ARl i as
UK NHEARAE IR ST
(1) vK)13E B e il

DR NEAT AP 38, DKV SR UK SR A4 — e IR B ivK G 7 13s 8l L4¢
(17570 2 RN S AT T A 84T UK )38 Shd B2 (I (FMETT, 1985) . BRI
I T VKT 23 5 W e, P Ll S e T 00 1) s B P 2 57 Bl ik i, [R] ide
RE A S BT T ™ i R KT I 3l 7 A . 1) FH 8 sl K T Bl ek P 1
RENEEP F

@ FHAERCBERE: R 0 P I AN ) B 1) AR I e e g R I — 21
RAE SRS, BT ATERIBUZ AU UK IR R RGBS . RPAE R0 n] B FEUK R L DKL
UFrezzotti M. 45 (1998) A5 T 2 Fi it J i 56 0 it &5 5 K 7572270 7 %) 1973
1990 F11990-1992 4E[AlffDavid Glacier-Drygalski ¥Ki%. Priestly HIReeves
VKN PR TS ShREATAG 5, I UK 45 L5 GPS W 45 A L, RPN % 15-20
m/a. @ ZXAHFKSHTIE. Scambos 45 (1992) 4 HH H AR 5L AR 1K /N X 0K
TRFAE (A VKRB 55 ) A8 AHOS, et th HEAR TR AR s A A% B s B AR ALE
MU IR X IR TS WAL, Iz F A SOM DR SVE AT X 3 IR e v D2 A
B, 3X— 7 VER I VE B IMCORR 1. Andreas Kaab%% (2002) 7EIMCORR &t I,
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BT =4Ef5 B, WFE S8 FCorrelation Image Analysis Software (CIAS).
©® A HALARTEIE TR (InSAR) . A BIESAR 198 UG T35 B
FARLZE, JEOKIEA S 5 ML AR F R 45 3 (R Mg a5, 2006) , TR 45 55,
XS TE TN R AT 2 B2 22 3 A FR, 3 B8 LUK T AT A R i A R
(2) VKIS

UKV R s I MR, MR EAE. A Mk UK
TR IEPRIN 3= ZER T Ik v 75 8 R g, JLIEA L [ UK ) 1 A S 8ipe AT
JU A JUAIRIITE S AL, Uk E UK 1 A 8 Bl 58 S R TRl 38t, 4 I kel < ok
JURERE, WEFTUK I P kit . SEEERZERGLSE (B LABRAE, 1980). 4R
WA S Q7 e i a 1 I N vk e S N 82 71 SN N i QL T LR A i
DA K BRI IS} 75 8 I 2 4 ) BRI B (Louise et al.,  2001). K)IITHIAEER
JH#ITH 7% (Common Depth Point, CDP) M9 fik (Wide Angle Reflection and
Refraction, WARR) WA, 102 3= 225 F THRMNK N EERE « UK )1 A 3B 25 R R ik
B W AE S B TR IUAN IR 0K N 2 2L 1) FUR I A 82, DAHE S BB I e
YIS E (R SR, 2003) . iR 22 Bk (A T IR AR VK| Hh (R4 7 5
(Drewry et al., 1982; Nolan et al., 1995; Edson et al., 2001; Moore et
al., 1999; i/ Efes, 2003). #FHRAE (1982) X LT BT Py wemhl B4 Ly
Ghulkin KJIBHATEREMEE, THE 7 UKE PR X256, 3 m, TRk LHJE
JEiR297. 5 m. a5 esE (2004) iz HIIIHE T 22065 R 1L 2 B AR FERE — 5-0K )1 1) )&
JESEAE SRR N HOTEHEAT T 2338, DA BRI T a0 oK ) 1 S8 S B e T T A
TR 7 32 UK )1 TR RE 0 DA S B I SR e b R IER (1 e

UKNR BT AATHEG] T Bl Bk EIL, I i R AV FLAEI0AE, 1220
IAEHOK LA, 3l I oKk )0 E IR 7R 30 450k EHEAT TiBG RN A, dsr T
UKV BE (Rt SR A 2, A v ) s [l SR ok ) g st A e v I it RV A
2005) . 3K — e SR A VAL KO JEE S i i e K AR A 5 S 18 7K B 5 AR A A S 3 1L
Tl LTS B . S A IS GPR (Ground Penetrating Radar) 7EUK
JUEE FEE D rp s )32 AT G AR B AR FEITE 1 50K 1R e 2R Y ke B0 15
HAG LU AR g B 8OR (B4, 2007) .
(3) VK)oV



A

B i

UK V) 50V A5 R 6 (L I 77 925 LA UK N | A Vel A, EAT R 42 11 7 4
R, SR 5 Z5 G2 I RS R R A, B AN DR Bk 1 B2 20 A 4 A
S B IOV B 55 o . T AR Ik, — A AT /55 bt
P BRSBTS UK sl e S 2R AR AT ZH RS R 0 0 194 245,

ST AR LI K, ) FH 28 S AU 0K )11 (556) 2 18 e 72 B i A I b
B DK N2 GO0 I el . H iR FH A2 5 1 ) “CAE RS S g 73 o « i 3
Wi LR RO RS A AU BTN Ak v BV RO e I
Global Positioning System(GPS) I (Eiken et al., 1997; King, 2004).
it oGl e (Sapiano, 1998) DA TR IANI & (Rignot, etal., 2002; Rignot,
et al., 2006). PALHE & (Gravity Recovery and Climate Experiment
Satellite mission, GLACE) (Velicogna et al., 2005). Hu=#BOGIE RS
(Geoscience Laser Altimeter System , GLAS) (Spinhirne et al., 2005)
Bz BT UK. iRivera 2 (1999) FIF 1975, 1995 4F P #AMTZSAH
AT BB e (Patagonia) Pio XI Glacier [RARIARML, Z%UK)114. 5%FF
AKX H1975-1995 FELAAKE-EIEHE A44. 1 m, £92.52 m a'. Rivera 45 (2005) #]
FIASTER DEMs, MiZSAH v XGPS %4l THielo PatagOnico Sur (HPS) vkl
11975 F1997 4Ff KR H5.440.55 m a', GPS (11998 2001 4F &I
BRI N 940. 14 ma'. VKNZESIE L /B ok )1 (55 JEE RSk v A 1
Yo Ae AL, seAh,  H AL TR TR IO ) 1) 5P i FRIGLAS (FA A
ICEsat LM TBA) Al vk I (55) WFFT3R ¥ k).

(4) UKL FE Pl

DRV B A2 UK ) T R BE AR SRR AE . T A P 280l . UK B BROK BB TR VK
N ERGAL, SRIETEONER RS, e IHECE AT I BCR A B Bl sl B 5. 8K
FEYE 150K AR A o P d = BEREAR K], SR — AT T UK R 2 2 1Y
TR, Ft el ) AR, A 22 MUK R SR SORT AT bR R
=) MFOKES, JORENET 150k, RAZEE CE RS M0 HRIR &
(£0.01K) FIBE BRI AL IS, BT T REDC 3 ANAN ) LG L AR I
I, ZELRAREE (1987) ST 7RG mbr. JUEE, ARV ksl CRE
A%, 1991) [ BZXJ MR A. JKCHERSL, AT 71K 91. 64m HAE 6. 6m (UKL,
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5 E 34T T IR (Zhang Wanchang, 1993) . 1987 % 1989 4E4ETE B4
S MPKIE RHEAT 2 SO0 R4, 1998) . BIAE, B DKUF 0 i
R, AE P AR R VT 2 X (L 22 DK o X DK IR L
Ay S TF W (R g UK 1 BRAS B E A 1) ZR R AT UK )T AT BRI g vk ) 1145
IV N L S BLVE 2238 B IR L s A D DKGESRITF P A 0 PR 1A 2 22— P 0 th /e 3k
17
14,3 UK 0Kt SR s
AT AR AN H LA Bt
(1) JRIRK ) THARAS A S48 FH % 6] & DEM %l & spot 5 TLAL ]y 4f 45 51
WP SHE. AU 1964 48 1 5 JTHUZ I, AEXE oK) 1 T AR 5 2l
Syt R T DEM B Sk et R T B IR B A e . R R A
2003—2005 F spot 5, K bm, MHITE o EE oI E .
=10 DK A B A A e E S B
Table 1-1. Glacierized regions and their satellite images obtained from

different time

W B HY PAE S MEEAE EER/m HEK/E

Ji ZR 75 2005-8-24 SPOT-5 94°E/43°N 5 1972
I ERFEH 2005-10-3  SPOT-5 87°E/43°N 5 1964
Z v ] 2004-10-13 SPOT-5 84°E/43°N 5 1964

(2)  BEARFHAE 1Sk 2 A #R 51 S0k a3 i 7KV Tk
e Sy PR B MUK RS K 72 5 UK TR P St s A, oK
JFEARS HEHCE A SE Bl Eodh, BB ok AR KB PImer4r, ok
NIASARA S DRNEIE S UK A%

(3> PUAS UL ALK SO A 750008 5 EARTHAE 150K 5 Bk B
RPGIR TG RIR LUK B 1959 SRR A S Bl , K SC8ak B =4
P TR 71 P S R T e C AN P S R IR R O W R AR TN TRE W
SO BERER B 230K SCK BT 5 I JR A 2 SCHR.
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1.5 KX R IR AR

A D UKV Bl B2 G (UK N, 3 LSRR AR B 3, JEHOE IR+ LR,
UK B AR A 2 #, X R PEER T s 98, V28 TR sgm (W
FEARAE, 2004) . WEFTRM], AT+ LB gi AR w2, St vl ik 40%. 45
Rl 15 UKD Z5 R0, 55 B AR TR ARG N 1 70%K 5 F-0K) 10
TH RN, R SRR TSR 1990 SEAARTIG AN 1/3 2o A7 AU TR NAR G I
HFEBR 22 KA RB, Rk 50 F2 B 4 0K PR B 48, 0Kk TR 04 D
I 30% COREHEX, 2000) , IXLEEEARN], KR GRS 20 11 DOK BE I AR L Ay
REIEM. DKNAZAK KGR I - RPN, Ok R ide 22 4 ] 20
W NARFIG I, BEAE UK RIE 240, DK NARTE T8, Fabs 5150 AR
P, A DK B, SEAE K 2R 20 AR i R, 20K
PR — LA B RIE B RN, BEME M AR . HAT, oK) L
D WUV N AL 7K G MBI ST SRR 55, A7 SCUK) AR K BRI
M RO 22 RUBE S U — K1 — 7K SCZ TN AR LI AR R B O AR A5 T TR AN 2.
e E KN R SRR, WU ok AR O K BRI B4 T A4
SO AR AT 2520 2 H AW ICIEANRE R G0 MR —) 2
Rt LR I R )

35 1T, B BRI F SR R ] 5 A5 52 UK S R B O, e
RGNV NIAZAG I SC S K BTSN, AN IR 2R 13 £ AT JAiduk ) ] e 462
HJE s T HABY L 2 32 R SR K BRI A, — Bk K B Ae A S 20 N A3
Wb, g E ERE.  H TS K S R O SR T T o, L
I B AL 3Gy 6y A VB 7, WIS IR RSB AT I “ NISR AR 7 Hhdig Hy (UNDP,
2006) , P, I AT R AR 50 UK AL AT REE G AR AR
ZAa RN R 7 IRRATAE SR ESR S 20057 R dE Y, ROk
50 35y Hr A L UK AR AR ™ i AR B AR 1A= (Wor1d Bank, 2005) .
Ut FER FE Bk AR I RHE S5, I MK AL GR A, SRS
DR AR 7K BE i R R B PP A, A ORI R DR PR I 2t « A B e e 7K
BRI 7 4 B0 BT e (K36 07 ) R R AR 2 A
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PR LBk YA SRR SE X RO NN AR A IF S8 R it B I DK TTRIK B¢
PR TR SCR ARG T, WFFEPY A SRS DI L4 0K AR X 7K B8 5 i it
BREESE, D IERAATRUK) AL AR 7K DR PR R 4 AR 2 Ml

1.6 AR BERINISCEH

WO R A R e DUrp G N R LB A ZR 21098 18 DY 25 S IOk T DA HFE AR
A 92 s S B X K A B A S AR e URTRRE . R AR e Kl Ae
WAFIEARRFIE N AT HIE, IFEE 5B AR AT, HEDN S BEEUK )12 1k
(RO AL ST 20 A 0K ) A AT 5 S AR AR A B A KN R AN 2 2 1R 0l 5
X IR FIFSE AT 25V L B2 SR DK N AR ARSI, AR T k)
AR JRRE. RumiR 4 VKR AEFEA S, A ST T DY 2% I i | 0 5K 3
s, IS EARTERYRE 1Sk WS AR 51 SUKk)1L JRZRVAUKIE. &
UKME 72 S UK)NPU 0K I BEARAAE, - BOE DY 25 UK IR AE AR A0 1 7 ) O 20 LI
Al

WS 5 BN S W FERE A SIS X (KA R LUK N A
DT S = W BEE R T S EATHAE 150K iy
Ay AR 51 5 DK < W3 ek 2K PR UK S35 DK 72 5 KT TR AR Ak PR 5 A e AT e
AR R HVRFAE M N, IF 50 A ORI (AR AR A 5 28 75 50 DU 2% UK ) TR RRAIE
BATLERL, TSR A AL SR-EREX eSONG, JFRREA R DI AR
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B BEKTETE 1 20k 15N R

2.1 BEARSHAREBMIBEAE &iE =W

R ZREB I 5 S AT AL T AR R LA b B (43° 007- 44° 07°N, 86° 45
-87° 56" B) PEJifEik i 3083 m. i HUAR NPT AT R R Gy, B
BRAP AR Kl b &, e s e, DU e hAASe, Rl BrsE b s, TR 7L
S5 1) PR MG 7R F AT Rl SR B R . 2t X = I B e T A [, e T B v
TYNEL, Ab TR R RV AR e B (B 2—1) . FESEARFERIEA 7 Z0K)1,
BB ARTFHYE 1 50K)11(43°06° N, 86°49” E) iR fe K, & s i) P ALy [l (i 430K )11

HIAR PP AL, AR 1.69 k2, oK) LI [R5 H 1958 42224, S mf UL
I B KRR e W A% ORI U e o 4 484 m, UK IX HedRa 1) a 4 Pt
Hl, 7Rl SR YR R, 78 1 500 m2E] 2 900 migi +1X, 7E 2 900 mEL
EoEml D, A, EA, UKNIURR X R R X AR 3 000 mLL k.
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Figure 2-1. Location of Urumgi River valley and the surrounding geographic
environment. The shaded areas designate deserts and Gobis that were drawn

on the same scale
BB ARTFITGIE, SR L BRI 924 km2, SRS e 1) e AR
it GEAR 3 600 mEAED; 2) myihFRFAYX (3 500 -2 600 m); 3) R ILIARMX
(2500-1600m); sy X K 1) mhikH X, AIARIKINIX, F3B15 4w 4050
m, TELL B 102.2 km?2, 9K)11150 45 (i 45.99 km?2) (UK )14 H, 1986 )
URNIAR SR B 3 440 - 4 050 m, P2/ l-6.0 °C. S & TR KE R 75% LA
by 20 W X, ZAEGR N RECY 2 900 m, BRI 3 250 mBL b P20
-2.5-12 C, BERFFEHEKER 50%; 3) HEls&Rx, F<HE0-4.0 C, F%
IKE T EEREK R 20% - 30%, At X KFRKIX, —fEFEREK R 400 - 500 mm.

2.2 BEARFEAREIKIIS % R ELAFE

RRILHE 9 035 450Kk)1, vKNHEAR 9 225 km2,  UKJIARR 1011 km3 15 E k5%
TSI UK 150 45, P Rdk A8 111 4%, S 2K 74%, {HEIK)]
SRR 5 B K )RR ) 38.27 %, it vk )34 i AUA 0.168 km2, vk )|
TR (LB AT = 30145 S 1964 4ER1 1992 4F 1. 50 000 HuJE K, 2005 4Espot 5 T
F rER S m) L UK)ITEARZR A a1 2—2 o,

.-'.. . F'!'_I.I i 5

iy

Bl 22 13RSk AL 41 4 36 1964 450k )11 #9120 2005 4R it 5t
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Figure 2-2 The area change of Urumgi River valley from 1964 to 2005. The red
lines on the map represent the glacier boundary of 1964 and the blue lines
reprent the glacier boundary of 2005
B = IOk N ARG 2, 1964 - 2005 4[] 5 & AR S ALK ) TR A ARAL T - 34.1
%. M > 1 km2iok N TR AR # 0 —23.74%,  THAAE 0.5 km2~1 km2f#j oK )1 THIAR
AR N —27.78%, /T 1 km2[FUK NHEIFAR A — 43.88%, MUBLEL/ N K1 I AR
AR KT R DK 1, Tt i XK 1 T AR AR A AR AR I T EE R M2 —. %
WA HRFN O R, KRNI LA 0.15 km2LLR, X283
RV 5 ZEHEAT S G UE. R 1 S =SS I A R RO NN AR A 1 4 L
ANAN TR IS B ARG R AEAAL 7 23 B, T LA HY 1964 —2005 47 18] 5 & AR FH ok ) 1
AR A N-0.83 % oty Hr 1992—2005 A —1.62 % al, JE 1964 — 1992 4F
] (— 0.59 % o) 2.7 ff, vUL 1992 — 2005 4[] 5 & AR ok ) 1 AL T s
THRLET B X AR EAEA RN RO 1 AR BN ARG 1 1 23 BEEER
TRUBLACRDKN, - AT AL T Insd i st o B

R 2-1 BT = AN R AR K ) 1 A2 AL 205

Table. 2-1 The percentage of three phases on different scale glaciers at the

Urumgi River

URITRRBEE F 1964—1992 4E  1992-2005 4 1964 — 2005 4
I 150 2Kl ~16.56 % —21.03 % ~34.10 %
Ay Tk < -6.95 % ~18.01 % -23.74 %
1k 0.5 =< <lkm  _jp g9y ~17.15 % —27.78 %

0.5 km< ~24. 42 % ~25.75 % ~43.88 %

150 Z&IK)11 ~0.59 % a 162 % a -0.83 % a’
Ay Tt < ~0.25 % a’ ~1.39 % a’ ~0.58 % a’
s 0.5 < <Ikm 0 46 % 4 “1.32 % a" ~0.68 % a'
S 0.5 km< ~0.87 % a' ~1.98 % a’ ~1.07 % a’
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2.3 BiE 1 Sk)I4FET L

A D DS I Beme (e A UK )1, 553501 Sk AT I 50 4R oK) I e . oK)z
) AR AR TRE. &A1 LA TEAN 27 2 T ), A IESE 5 ARK)1]
WM BORL. A PR 1) BN, IFHAT 2 ERUKNIDKOCETE R A7 e
M & AR R, TCBERIX Wk AR IEDK L.

2.3.1 VKR EE T

UK)IREAE 1981 - 1986 “E[AIA RGN, 2006 78 1 5 UK 2R 1Y S0 il Ab 78 T
—26 20 m R BEAL, 75 10 RAREEHR 8—35 m BMEAL AT, BERE 15 W 1 k.
TEAR SR 3840 m Ay, BREXE] 1986, 2001 Fi1 2006 4F 1) 3 UK T ZERE,  HI Y
ORI K 2 T UK EHR, 55 = IRIERIE R 20 m.

UKNREE, JEHGEE SR LA T B B R e T UK N VF 2 JEABEIE T, i sl &
PRI BIRFAE S DK TIRIRLISE (1 AR WK P S il TR AR A S5 DK XAk i o A e
PERAR A, RILDK )G AE 1981 — 1986 18] 84X 1 50K 1R BT e Ik R 48 M.
JUEANIZ — B B RO I 45 FAS AL AW 52 (R A ARk 34, AE4B 75 1 ) 1 ARg it B8 AR Ry
MR EEAE LRI AT . A BRI S AT B T A DX 8, 2 R R 8 R T P s A3 R T
LIRS TE i, B L AT LU S 30 m K.

S/ B R
* 3B MR
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2-3 LY 1 59K )1 L o3 Ai 1]
Fig. 2-3 The distribution map of ice temperature hole on Uriumgi Glacier No. 1

XFEE 1986, 2001 Fi1 2006 4F-A-T-vk 114k 3 840 m A4 1) 3 /Nvkiiim (& 2—
4) R, UK NG ENZRE KL 10 m, SRS 312 LT Uk i 5
WAAR /N, S 252 2 A AL, VKIRTE 1986 — 2001 4RI 35 (T, HGI 2 B A
FERE I RENk. £ 10m Zedi Adei, 400 0.9 CalJtam T 10%, 7 22 m A AR 75
RGP, 55 2001 4EHILL, 2006 4 ki XA T BT, 7610 m WaAerFHEL
0.4 C.

VKI5 R T R KB A P4, — M &, VKRG S) =T SRk 58S
TAZAT. BRI, 1 S5Ok BT W S el RN BT TR S R Y. AU AR R T 5
UKL I B R e Hhor A B0, lnph ki) Gregoriev UK, 1962 —
1990 4R VKIS 2 LR EE T 17 2.2 'C (Mikhalenko V N., 1997) . {Hj Ak
K&, T UK BEME ORI, R b, e AEAT 4 2R (1) AR A 5T

A0k

L I

15 F

585 -60 <55 50 -45 40 35 <34

S
K 2-4 1 5Pk 3 840 m &b 1986 4. 2001 AEA1 2006 4F [t oK Ui 351 1] b %5

Fig. 2-4 Comparison of ice temperature profiles obtained in 1986, 2001 and 2006
at a site around 3 840 m a.s.1l. on Urumgi Glacier No.1l, indicating that an

apparent ice temperature increase between 10 to 20 m in depth
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2.3.2 UK)IZ Tk Ax ik

T (ELA) 2K N R IXFERLX WAL, SYFCrE. 0k)1 3R B4
B, REBNIK)SE. RV L, YRR SR RE 2745, Y-l
NE. BVEAFEAL T HLUT, ZHZHmukar. TR E S0, AN
AL SR IE. 150K 2 4 e B2 25 Tk )1 LB iy B W e, 38
AT EI, AE 1959 - 2004 A sh VB iR 3 946~4 165 m, ~FIAJFRN
4 056 m. JPHTRIN, VG FEAE UK )W 1485 D RV B T o144
FAEA 96 m. BT 2 PR IRE bR g AR, DRI DL B #eaf e o T ey, )RV
I, 150K T4 B 1996 4F LR Wt TR W i) ETHEA (8 2—5), XA
S T DR BE (T = . S b, UK RPN S W) 5P O, 1 B 0k
RIMGAE KR ZAMA KRR, 20225 Wk 150K )1 Z2- P20l B 2 B K AR 4 11
JEVE I EEAT I R ST, I PR IR, T DTS UK AR R IX EE 3 AAR
(BURX RS UK NG . AAR J& Bk N AR BT MIEASEL, — Ak
AAR 2 0. 6 Ze A TR ITAL TR IRAS, R T A rieok )1 Rz, haiBuk)i, i
2 46a RAE 1 SUK)IHIZALIREE R 25%~T79%, V- 40h 44%, KT EIRIRA.
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Fig.2-5 ELA fluctuation from 1959 to 2004 in the Urumgi glacier No. 1
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DR NI S (AL B LUK A 6 AN FEHE S0 2 BT e . £E 1980 48 LU, ST B BLrk
BEATHY, ZJE TR T AR 1 ORI E SN DK TR 2 AR 4 Al s T P L T 7 A4 ik
S B R A ORMRAT. 1962 — 2006 4, FEREAT T 7 IRImARME. 1993 4F, 1
UK 735 2 W 5 ST KN, 6 FER S A TRIRR PRI 5 1 73 T3k AT

FEAEARRE RS 50N, UKL — M o I8 D3 iR, oKk )R s AT AR (1 A2 4L,
VKT AR R AR A (R 55w N, AT 24, AR JLAMHEZS, ARDK TR
T FOK PR ZITE. 150k E 1959 4FA M0 LUk — A TR 4IRS,
Ry PHPHSCURTRAE 1993 56400 B, A BRAL PISCK )1, TR 3LIR 4 139. 72 m,  °F
BIEFEIR S 4.5 mo 1993 4E S 2004 4F, AEKIES 3. 5m, L3l 38. Tm;  PUSAEHIR
5.8 m, JL64. 1 m (J2—6F) . 1962 - 2004 4E[IGK ) FFIER URiEKE LK
JKBERI D AR08 7.8%, PESCZ4004 10.5%. ARSNGB AN, 1 HARME
AR, JRRZ R TS R E D, S SRR TS PE S AR 1999 4RI
2000 TR G 55> A0 6. 92m A1 6. 95m, B R Py S sidok, AR AT RE A SR ENH Rl T L
1 4 ] 39 0K ) | A S PR KR B AR AR - DKM R IR AL IR T BEPEAN K. BEAE UK )1 IS
B, KA FHER N 1962 41 3 736 m LT3 1980 4F(#) 3 746 m, 2005 4EAS A 3
777 m, 51980 AFAHEL ETFT 31 m.
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Kl 2-6 S 1 5ok SmIR45dE A, H 1993 5 1 59K 1A ARG SZ, 735l I E

Fig. 2-6 The recession rate of Urumgi Glacier No. 1, since 1993 Glacier No. 1 have
been divided into west and east branch, these two branches were measured

independently

1S5 PK)IIARLE 1962 - 2007 4FiX 44 4F R T 0. 32 k'8 16%, - 5 s s b
Hadh, Hrpr1992 - 2007 4FEIX 14 4E[AlED T 0. 19 km', AHEL 1962 - 1992 4FIX 30
EDTIAR (0. 12 km®) ZH 0. 05 km'.  THIARAZ Ak HH 28 1R A0} 238 mT LA I AR 140 sk sk
DA, B 2—7 BIRT 1962 - 2007 4EF1 1986 - 2007 fERIFASALLEMERIhEE. M
2—6 WA, 1986 4F LA AR K AR Ak il 28 1A R e o E A AR, R BIVK) 1 THIAR
Pk 7E 1986 41 LUG HY L T nsda A, vk TR KRk B b 2 o S T R 2R
BBAE, RIRERIAR . PHSCUKNIARBS, AU AT 2800 Rl ARG R AT K .
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2.00 r
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2-7 1 UK AR AR J SRR a3 (SR 380K 1962 - 2007 4RI [RIHZR, REgkk
7~ 1986 - 2007 4E[HRI1H4)

Fig. 2-7 Area change of Urumqgi glacier No. 1 along with linear regressions. Solid
line represents the linear regression based on the area change during 1962 -
2007 and dashed line represents the linear regression based on the area change

during 1986 - 2007

I SR AN K N DB A R 2257 RIEAE[R]— A3 DX UK ) 1R A2 AR tha e A —Ff:
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S TARFREINK N IE B ARBOR UK A 38 20 (Granshaw F., 2002). &K
RIS 150 450Kk )1, ~FEIHEAR R 0.3 km', 1 Sk, BRI I AR IR AR R
N PGl 1964 - 1992 F), 5y EORFHR K RS IR P2 3. 5mea
SPIJFIR RN 12. 4%, PRI Ky 18.2%. HREEIAX 1992 4ELUE oK) IR 4
IR, HJF IR AR AR AR NAZ L 1 S0k R. g X, 20 A win R
i B K )1 R i it T LIS B OK. Bl LA e B L Rk s R — e <10
mea', (WEHEHR, 2%, 2004). 1958 - 1998 4EE[ENorth Cascades HiuX YKk )1 iR vk
/1 10.3%~100%, P45 11.4% (Granshaw F., 2002) .

2.3.4 VKNJE AL

JERE VKN IEARY B SR 2 —, AU XK PG AN [ B ) R AR A
CEE It AR LS UK )BT I =R, 2302 1981, 2001 F1 2006 4F, Hor
2001 45 BUL I At FH] A2 0 52 K7™ EKKO 100A M98 g ik, LAYy 48 1 [ %) B1 7ok
A, WIE KA LRI, RV ESOKR LA, TSP 2—8 Fios. A
FH 15 UK T JE R 1 0 R i 2—9 JTos ), AE 0T T 15 0K 3 B B AR A A .
2R, UK EREAERE ) ARG AR/, I R 72 S R 3%, B R SR UK R
SRR 1Lt DA HEAff M v AR A i, 05 A B, 2R P Sl e A5 i) A2 A )
BOWWIG. 1981 - 2006 4 25 a [a), BRI FEREAT Propll, HEgEASRK, BFAL
W IRAE VR, VKRS BIGER 3 910 m &b, YR REWTIRAK, A AT o i i
EF30m AL A5, 1981 - 2006 FF 28 SCUK) I A Hl i~ 24 g 7 10 ~ 18 m,
H S SE EH PRI UK N A2 S48 2 e 45 S DU RE S S v 5

H T UK BT 1) B A5 A TR o DRI vy AR 4R 20 2 P JE AR A SR Tl ok 1 1
KAKAZL. Johannesson et al. (1989) #&H (FIHITEAR S EAR TR, it DU
JEARAG A TS HORVEATOR NI, AR X —Bg, A 2R oK) AR A R AR T R
WK NAEAE AR 2 25 A S I PERAS s i AR R AEAERR RIX, S BEAE 12 33 1)
N ERAL R, A DX e b S R B (AR R L, I PRI K N AL T ANEE e A IR 46
BYBL, KT R AR A B, 1 5K TR RS R AR T AR, RS R A, &
K VDR A TE AR — A ZR 50 P i S AR B B, IR AR RAR K 1K) — AN B ATk 4k 28 )5
BN



BT SRIR LLAN ] XIS K ) 1 AR A LN 2 5 55 0] B

E
B-B & 5 oS R
RN

0 100200 (m)

B 2-8 BHYR 15 UK )1 EE I I it £k 1

Fig. 2-8 The path of radar measuring ice thickness of No. 1 Glacier at the source

of Urumqi river Tianshan
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Fig. 2-9 The ice thickness of mainstream line in 1981, 2001 and 2006 on No. 1

Glacier at the source of Urumgi river, Tianshan
2.3.5 W1l AR Ak S SR AR A 1 i

2.3.5.1 YrTAE

SUKN AR S J5EE MR S A AANR], DK A0 5011 AR A S 0K ) TR A AR 1) T
SR X R A A BT R R AU AR A IR R 7R 2% 1 50K )1 i P 46 T
1959 4, BT 1967 —1979 ER sk, WIR ¥Rk vk &1 . 7k e
/ARG, BHTE 1 UK AT 52 ARAEHT AL M 4. 1 Sk A B vF 2
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.
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BRPHANAL S B IOk NHE A TR R R, VR 52 150K
NIF BRI R R AR, A DHMES. AN ZICRY, 150K
i R RIEARDG, HEZFE (5~8 J1) AR AMIOER. R, Har kol 2
TR KA B T, A B e g B2 18 2—9 WoR T 1959 - 2006
FEY O B TR K E AR A L, W E H, 1960 - 1986
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Fig.2-10 Annual mass balance of Urumgi glacier No.1l against summer
temperature (May-August), annual temperature, and precipitation at Daxigou
Meteorological Station. The annual values are smoothed by negative exponential

smoother with sampling proportion 0.1 and polynomial degree 1.

2.3.6 KRN i f b it AL

IRAER N A V-5, 1959 SRR, 15K Rl 4 n 73 6 £, JF 5
SIS, UK RIS A B AR 2, I AR RSN N % 2R AT EAR NG R,
IR E 1959 FLK, HEFHMTFE (G ~ 8 1) MF AT R T 0.6C, k-1
ARATE R (0.8°C), DAL, AT T T | et A2 ABLF- i L A B AR T A pn e i —
WG, G dsal JUAFE IROBLIIAE T FRAT T A UK R0 S R AR v B3 A7 L e 7 THI T iR
L I I UK VR I Ty, 55— 5 TR UK AR ST .

¥ Shumskii (1964) WIS, VKNEE R SAGTE S TUKNRE I 20, Yug T
DR NS A BB, W B DK T Ui AR 1 PR e 12 G R Bt PEOK NN 5 24 22, — A
TR PR R UK BAT R = oK IR BE . AR AR 50N, UK TR AW T
FUUE M B AN 5. ] DLHEDN, 4 REUR b B — R R, BT AT /N R 19
253 BRI L B L. UK L ) — RSl AS 1T A8, DK BT R A AN
WIER AR, 1Sk IR BT LR AT, Rk ENLE 55
R T e ELE N T UK R, T e R ) T v W K N R EE TR T s, Ak
(R9s /b, I HHERATIRIH 1 5 0k N BE BERE, TR TR, DI o0t il 7 FH A2 A
X ST R TRV, UE ST UK Rk T P 202 R 2 F 0K VR E PR T X — HE 1.

o2 s 11117 ORI T3 R Nl e 2= o 11 R 2B SO 13 1L ) O AN 152 i ]
THRRBA IR R ZE 7. AERRLRIX, AR T AR (R R AR A3 2 10 27 2 Rl g, sk AE
NARKLET JE RS UK, R TR AR ARV AR B IR B BT, ViR k. TR T
R STV R DX DKCIET, Y R RE IR B n] LA R P Oy, i SR T UK TRl Ak A A A
AR AR, oA IR DK TN AAE] 0 °C. 3K 5 — B 43 #3543 4
Nt EE S NTIR  DNEER Y OlE 11

FEOK N AT, UK RS2 #e (—F LLEok B, ok B sk
NP6 28 DDA (A )i 7 B 1T DE D N N i .Y B e 152
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WERAE 0.8 DL b, ABHRIE K 0.5~0.6, UKJIUKA 0. 1~0. 3. K114 S FFE—
bt AR, ABIAREE . BRI TR RS R LR, R DR T
B, I RINKAT BLR IR X S 1 — O B R I oK. LAk, BRI
PRI PR AE T 484k, B TR JEREAR T LAAh, T3 2 A LA e SO e (¥ ik 55
Bok D, S s SO SRR AR 25 0, SR (3¢ AR B DX S 3R i L R R A
TR, BT UK R I A R Rl A Rk AR 0K, B L 1 T e, 10T B TR Al
FEMR R EART, AAF UK E RIS, ARCFERE B RAIR T UKIm 1 SO . Skl
H TR T, TSR TR K, I B I B 5 S AR ARRIAL,, X S PR SRR KRR T
UK N5, 38K T Fr SR RO WAC, DT Bk UK T s v g S bR sl 2— 11 WoR T3’
TR R TR 2 I AR SCOK I 0, A AT B H, RETAAEAE T 4 000 m LA ffpRE
T, MUK RS 5y FE 078 356 A ORI, 1R T4 S R et R

P 2-11 SRR AT N AR SR TERAL. 1RGO 200 K R K i
(AL, RO T 65, TR OB ESIR R SERT MUK EK AR,
KRR B T VKT U3

Figure.2-11 Showing the surface feature of Urumqi Glacier No.1 during summer
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ablation period under the condition without new snow. The surface of ablation
area has many dusts with the ablation water, with the temperature rising,
microbes attached on the surface reproduced fastly, thus the color of

ice—surface highly increasing, and decreased the surface albedo in large degree.
2.4 BEAKRFHAEXKINEZREKL
2.4 VKNI IKSCABAFAE

TEIE 2 U HAE, H AR SOV AZ AR Sl A& Br) 7R B3y LLrib DX K ) A9 J54 R A AR D3 7
GRRARWE I AT DI . N UKD AT B K A e P AR, AN it T i 10
B 15 K, k1N AR eI AR AL 1) Bk Ay 21 20 31 50%  (Oerlemans and
Fortuin, 1992; Kuhn, 1993; Meier and Bahr, 1996; Dyurgerov and Meier, 1997;
Dyurgerov, 2002; Raper and Braithwaite, 2005) , #K ) HA2 7AW JE 5 06 FE ) I
LT PP 1 DR 4 BR UK T 3R 4 M 7K B8 P A A AT e 0 F 2 ), L A 5 9 [ L0
TR )AL E TR B AR D XS T 540K 1 Sl (Haeberli et al., 1989;
Dyurgerov and Meier, 2000).

F T 2 AR SR IR DX R AR K K 5 BT UK K, DK R IR A AR AR AU
By ERFE B R T R BRI E R, B AR BRI, AR 5 B RS Sk
(RO AR A T LAk 5 [ T AT )32 G A T 3 3 (R N A R T e T
i, UK TR, A S Ao B (1) AR A SR U R R AR AE b (68, 4%, 2003; 2005; 2007 ;
Ye et al., 2005; Han et al., 2006; Jin et al, 2006), DL FWF5TA AT EE A
By EARFEIE X I R AR A, Rt S AR TE— 5 UK 1A 5 R i AR i AR
1k.

By 8 AR AT Ak bt A DI K it L, A Sy RS PR DR It P A S % B AR ST K
UK R S N 7K VR G MG TRRTIR, HH L DS MR LA R AR IR B X, VK1 TR
A 37.95 k2, A A SRR ) 4.1 %6 AR AT DX oK) AN RV 1 X AR 30 Rk, 1982
- 1997 AFUK AR IRANE LLBT-340 11.3%, AHALE il TS 1040y, W1 1986 4Fuk 1A%
Ll =ik 29 28.7 % . FEFIKI 1987 AEMIA 5.1 %. B @ ARSI m L X K PEVE <
Gl RN, IS TR AR IR ROR, AT ThE A2 R
JETH Rl E R A A6 SRR R L BEL R N b SRR SR Y s EE D, ey
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ANFERSIRA TR 2T o DL AROE, WLATeh BP0 & BB AT AT
i b, 3= B A aTIA IR 2 200 mELE.

BB R T AL 18 S P B Y AE X AREEACEZ 3 500 km, PEEERPEVE
6 900 km, JbEIEVKEE 3 400 km, PYZREIEVELS 2 500 km. s B A< 5 SRR K
AV R U ) PY AR BKHERT, S ASHRBr IR L (OB 2B 22, =<
K17k 7 B RIRIE, AMELL™ ALK, 5B AR TR K ) 32 B KPR R R R 7K
VO B S ERAT P K, 2 AL SE DY R A AL SRS B A5, MR T
WrER K I E R AORIE R, 1991) . BOK RZERATERFMN 5-9 b, WE
X Bk L) by Bk B (645.8 mm al) (B KER, 1988) [ 90%. H& 41
PR EAR D, A RE BB KER 10% Ah (B8, 2003) . AMUantt, 5—9 A4
IR PR B = B (B KR, 1992) .« Bk E 228 S . SRk 1
UK ) B ARANORA Z= 5, 1y HLRA WY R AR R L A k. B 4 0 T
i, BEZKERAT WK, o B KBKEAE 1 50K)ILE (BKIR, 1992) . 5%
ARFERA, B 1 S0 BRI — AN KER KA AL, AR IS A T3 oh— A e K%
KA, A AALE 1800 — 2 200 MR Ak A

2.4.2 B KI5

FESEARFHTIR X B A5 (W 2-2 F1E 2-12), =ASK SR # A 4200
MR GHHE K. UKW T 1959 FEZE I I AR skAe il , 130 i Al
HHRAE 1967-1979 57 18] b, A I Ta) BRI R B8 A K SOE R (MR, 55, 1991).
FCAB P AS K ST, S 32 K ST A0 23 K K SO, 37 1981 48, H S 17
EYPRIX 7 2R UK AR R AT R AT UK V8 i X (R K R X AR . 22 UK AR i
Bl © 1994 S AR P B A, TR 3 R DX B S B0 T 2K S i e
(RIFR » DAL I e e R (R AN ] S R PUIR RS A2 1 1 50K )1 R 3 km 4k, 5 1958
Tl AW AAEREAT. SRk i 1 1 S UK MR AE 7 17 35 km Ak, I EE
FHIG T 1982 4F.

SANKSCHE A REAES - Q T TAIEA T, O I Hicdha 5T U0kt ith Zle e A AR a0 »
RIRHAL AR, 5N, MERGR, HAPAims, s FERmRE (iR
R AERIK TR Bzt mim., XS8R Sl 95 96 (AR AR I &t BLAE LIS A, LAt IS
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Table 2-2. Information of the hydro—meteorological stations and the

meteorological stations

iR SKER  KNIEERE  ANEAR

i) (masl) (km?2) 3 (%) I]
150K 3693.0 3.34 54.0 1959
JK3C W T o 3404.8 28.9 18.5 1981
UK} 3804.6 1.68 0 1981
PN 3539 1959

Jei e 2130 1982
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Figure 2-12. Locations of hydro—meteorological stations and meteorological

stations at headwaters of Urumqgi River. The shaded areas designate glaciers

that were drawn on the same scale
FEARFR LR IR, FEARTCHRAZ T = 2E. H1980FEFF IR E 4, UK 5~V 4k LA
SERTER R, A T ok BEAR RS B o B I T R 20, AT 0 A e 21 AAE A e .

2.4.3 1WA A RANTHE

2. 4. 3.1 KAtk

P DAR YA ARG YRR 45 Jio R AL 5 RS K. RV 2 DXl B i P e AR
PRI KL 2 0.44 °C 100mT, 75 DX R = AN 7K SZ ot MR PG V) 58 s R A WL L
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AL B TLE 1990 2 1996 FRIAA sURMI 2200, RV g el 5 3L
A PUAN SRR L) 35 ki, X G HG gl R Ul PR A S AAR AL, X SEARBAE S T 1%
b DX AR AR AU . VG VA Gl IR 25 (sl 2— 13 o) 2 A4 (1 3
AFARIIE, Rl 1997 4231 2006 -2 [8]. A\ 1959 3| 2006 il 13 B4 I A 3]
£70.9 Ca# 0.019 C al. 7E 1997 3| 2006 F#a] -3 &-4.4 C, 1 1959 4

#) 2006 4FFHAHN-5.3 T, WINT KL 1 C. IR AR B 7E 1984 4F, 4-6.7
‘C, I AE-3.9 C M B (AR 4 S 2002 4F BRI B R AEAE 1974 3 1976 4[],
T2 b XU 280 P ¥l B RN R L At b X AR A AL #R A Aizen Viadimir (1997), £

1940 | 1991 AF ] R AT R AR T BB 0.01 °C ot IXAMERM IR T 4%
FALPPIIAE, ZR R0 E 1995 4 J5 PRIE TR, 5 WAt R AT .

B EARFHMIEX 4 H 29 IR K 5 B RK R 90% LA E. i X Py AN
FAL (SAKSCWE, — A5 MR KA R AS, (HELE 1990 2 1994 4F
(ISRl Le 72 5, WoR T K S AEAE 22 5 W1 2— 13 o, KPRl %
AKACFARZE T I X R e K i S AR YR IX il S e 25 48 4E, FRKIIRI KLt 83.4
mm (1.7 mm o) 20.3 %. wAEAE N 293.4 mm, fEfE A 634.4 mmJy il kK A1
1985 F1 1996 4F. 71 1958 2| 1986 “FFf/K M I BN IEH 1], M 1987 2| 2006 4 £ Kk
LG 0. 1987 3] 2006 FEFEKFFEIME R 491.1 mm5 1959 3] 1986 (1) 424.8 mm
FHEEHEIN T 15.6%, 16 1996 fF )5, M BEKEA T UM, £ H 1996 F5
XA SRR TR A, X B (AR I X R 2 48 AR R BRI I .
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Fig. 2-13 Annualtemperature and precipitation with mean values and a linear
regression in different time periods at Daxigou Meteorological Station from

1959 to 2006
2. 4. 3. 2 KRR AR,

RS Sk AR IR T B S SR S (RN B 7K 1) 5 B2 A2 B TR) (Kang and others,
1997). BE/KEH AR K R, (F2 R HE K X oK E. BT ERE K
9 FlRN e KB K I B — 30, AN KSR L 90 % 42y & - A AR R4 5 H
29 H2ZIH.

(D 15 9K)NKSCWria

FKCW T AR K T AR 3.34 km2 25 54% 4% 1 SUk) T i, % a7k SCid sk 2 B
H 1959 431 2006 F42u = WIEhn, BhnT 165.1x104m3, N7 1.5 %, A
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Figure 2-14 Comparison of runoff at Urumqi glacier No. 1 Hydro—meteorological
Station with the annual mass balance of Urumqi glacier No. 1, illustrating

that they have explicit inverse correlation

1997 £ 2006 B HTHRATEL, ARWAE 1986 ) LB B W Gy, X
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Figure. 2-15 Runoff records at Zongkong Hydro—meteorological Station and
precipitation observed at Daxigou Meteorological Station from 1983 to 2006 with

their liner regressions
(3) UK AK S Wi
K SCWTTRT A AT UK ) 55, B /K SRR Al S . 18 Bk iR 22 1 IE AR 7K X
[FIAERE S 27 560 mm o' (Wang and Zhang, 1985; Yang et al., 1988), KZjH kK
POV % =33% AR mWIE2— 167, 1980 #| 199311, 1295 KA IREFT)
FIZEME(R2 = 0.53; N = 12; P = 0.07) A A S P ik 12 /K ST (9 7K ~F- 5w LA
UL T R S iA -
R=P-E-AS (1)

A REZ AR, P2k, ERZN (WHTHE), AS EREME, HFukKm
KX - BB ARG (Woo et al., 1994). SE/KIX [FFLThL T 2 3 8UK I N BRI
AN ASHAECKINEE, 5P A AS FHELZEA M9 B AR 1. A2 IR R RO,
LR R/P 4 0.75, o T M ARH AR BK BRI FAL. 765 R = 1=
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Figure. 2-16 The runoff depth and the precipitation records at Empty Cirque
Hydro—meteorological Station and air temperature observed at Daxigou

Meteorological Station from 1980 to 1993
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Wz, 4 A BEEYEED> (5 QRS UIEREID GEds 15, 2004), SEUK)IIKIE
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5 EACIROLE DI, 1990 A AU it i 1] B S B2 x5 R0 300 9 3 00 B Kk )

FreLih /b,

XA UKSF ARSI, [RIFFILAER & 4 KA B i Ao i AL 0 I ) -t A 1
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Fig. 2-17 The beginning runoff date at Urumqi Glacier No.1 and at Empty Cirque

Hydro—meteorological Station, indicating the beginning runoff date is put off
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Fig. 2-18 The end date at Urumgi Glacier No.1 and at Empty Cirque

Hydro—meteorological Station
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DR NG AE AR B K8 g5 XA, S & ARFHE 1 5 oK) oK%
Pn DL 1 S50k KSR iRl &2, i S ok AR SR KBRS N T 1 km. #ERL 2% 48
KRR UK NARGR S BRI R 66.5%. /KB PAn] LLIR Y LR 2
W

Ra=R-Ro (3)

A Ra UKL, RABIZ/K ST I 21K s AR, Re 2 ARUK TR (AR .
FERAL AT TR W LU R CiH AT

Ro = P*(Ac—Ag)* @ (4)

XHP AR EEKE, Ac s AgZhhl 2K SARTIRBURIVK) TR, a2ttt
bR CIEDK) XU 2 AR B I BUAED, 20l s A2t t% 0 0.7 (Yang, 1991).
1959 - 2006 WA UK A4 RAE 5 88 3 MRS 4 vH5 (IR 2—3) . 133K 1F1y
UKNAER A 134.3x104m3at , S/ MERAAE 1976 F00 22.8x104m3a!, e K{HK
PEAE 2006 470 304.5x104m3 ol m UK ) IAR SR AR = KA K, RN 1976
T/ MEA 1974 £ 1976 = AR A A — 2028 AN mE R EAE 1986 SRR T HEAN
1984 SEIMRIRAT O, AU A AT T EAF LUK LI, 35 FORIVEEO R T+, il
IR, BT ORI R PR . g K H BUAE 2006 F, 2% = KAt LAE 2002
G, UL S PR vt S 3 AH 2L

M 1959 2] 2006 4, VK NARGBGINIE S 145.5%104m3 o W] W 88 Ik o0 A A4
1987 4E2 J&, HERIAE 1995 4E 2 J5 (Il 18 i) M\ 1986 %I 2006 () T-44{H A%
182.2x104m3 a1, 5 1959 F| 1985 [ F-#4i{H 97.0x104m3a- T4 kL, #)in7T 85.1x104
m3a-! =% 87.8 %.

% 2-3 SRR 150K AR TR

Table 2-2. Glacial runoff depth of Urumqi glacier No. 1

UK )NAE VKA
oy o
(104 m3) (104 m3)

1958-1959 63.0 1982-1983 78.5
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1959-1960 61.7 1983-1984 72.4
1960-1961 112.5 1984-1985  169.5
1961-1962  165.5  1985-1986  272.2
1962-1963  138.7 1986-1987  82.0
1963-1964 101.8 1987-1988 187.6
1964-1965 ?21.2 1988-1989  113.2
1965-1966  116.9  1989-1990 79.9
1966-1967 57.3 1990-1991 143.7
1967-1968 74.9 1991-1992 71.7
1968-1969 61.9 1992-1993  180.7
1969-1970 95.9 1993-1994 197.6
1970-1971 63.6 1994-1995 151.0
1971-1972 43.8 1995-1996  112.7
1972-1973  146.5 1996-1997 2443
1973-1974  171.1 1997-1998  251.6
1974-1975 82.3 1998-1999  232.7
1975-1976 22.8 1999-2000  149.6
1976-1977  159.5  2000-2001  221.4
1977-1978  108.4  2001-2002  257.7
1978-1979 80.4 2002-2003  198.7
1979-1980 76.7 2003-2004  189.1
1980-1981 1243  2004-2005 183.3
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1981-1982 78.1 2005-2006  304.5
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Figure. 2-19 Annual glacial runoff anomaly of Urumgi glacier No. 1,

indicating a significant increase of glacier melting since the mid 1980s

L5 5 UK B A AR R U SR8 sk 7 1 5 7K ST TR 281 1) B3 7K R A it i 7
B, g5 REEW] 1959 2 2006 V- REY OV R-246.1 mm UK EE (w.e.) BRI
ST 812.2 mm w.e. 5 L8 2 ik 2 7K SCHr i IX BEEE B 7B, SEB LI 2 4
FFHE AN SR V-4 43 0] /& -252.4 mm FI-12 115.4 mm.

U128 00 5 AR (AT X LIS AR 1 A AR AP AY o)1
55 U k. 1959-2006 4], AR P38 RA K 20 g n 7 0.9 "C#1 83.4 mm,
SRR NN 2 IS, BARTIOBTSE (Shi Yafeng et al., 2002; 2003) 8], A
1987 AEFF 4R Mo IR FF U5 B RE R 46 B, A BURFAE AR 2 R B Ky B /K Rk 1]
PRV ST K B A0, SXAERATTAE 150k DRI 2 ) 5 1986 4 5 vk ) AR S B &
[R338 InAH— 2.

2.5 REING

B S04 UK IAE1964 — 1992 MAARALHR N —0.59 % «a!, 1992—2005
FEHBAREAEL—1.62 % « o', BEHRINEHERERRE. TR I Sk RS
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SCAE19934E 1, AR —139.7 m, FHAHEIRSE4.5 m. 1993— 20044 457
PR SE A3.5m, 387 m; PEE 5.8 m, JLéd. m, 1S5 UKIHIRIAE1962—
20064F1X 444 [f] 9k />0.27 km2, Jf 2 IEGRAFEH. 1981 — 2006418, 15 VK1 JESE
) SR, 230 AR S A B ) e KR TR 7530 ML b, 2% S itk 1 P S 710~
18 m.

1958 —20064F, Y51 5K 1AW B & —252.4 mm « o, SRR 117 1
£—12115.4mm, 15K)IIEEIE12 m, FRAEFIH2 062X 104m3. A T e
19864F 2 |l AU K IL R Yo, HULBoK R 32, HE1986F 2 Ja kA THA, +
TS VS UK N K ST 54 % A K AR i AUk 1, ZE1959 5120064 1], H
19844F J5 A2 2 138 N, 3907 165.1x 104 m3Eg 34 0 7 Py E M1 .50%. X400
(R AR T 5 SO DGO FR, R a8 — 2, o T UK 140 B sk 2D A e K
B IO AE R K DT RR .

I B RTINS UK 3 DA AU, ARGRATK ) AR A2 S AT DR %
AR, 1959 -20065F WA, & E AT N T 70.9 C 2 0.019 C a'.
1997-20064E 4R 0], Tt TAT C, fEid LA48F -y K 783.4 mm (1.7
mm a') 220.3 %, 111958 -19864FWIAJ B /K (1 s AL A2 IEF 1), 1987-2006%: 1]
B KRG IR LR, AE1987-2006 11814 (37K B 5 491.1 mm  1fi 1959 319864 (A]
PRI EA424.8 mm, AN T 15.6 %. H19964F LGSR IEKA T 2%
N, R 25485 8], X B RE 1T BB A A 1Y

I RSN DX VKN 55 %675 0—45% 2 [i). VAl 1959 —2006 45/ M A 25 F vk
JIERARRHA AR 2. — S 0k)IKSCHE R Bk AR 1959-2006 =31 R 0K 1 AR
T WM, Rk 48 A E] 145.5%104 m3 a4 B B ik B AR 1987 4F 5,
FrlEAE 1995 F )5, AU I B -5 AT B K PR 88 0 )25

B UK RAR IR S T R KA RE R G AR, I BRVR B ity T DK AR JE sl R ok
(Rofidi . 30K 178 5 18.5 %6 it s AR T Y s 329 .6 %, 1531355.4x 104 m3 . BATIK
D17 55 R 25 0K S 2K ST, AR B 7K A S ATl A 5% 3 R AN T 1) v B I
oK B VKT B K B A 3 B UK e R BUKE IR, IR ZSE AR i .
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K SCWTTHT K )| B 555620 18.5 %, 1k H B /K vk g LRI VK ) Rtk 56 R BT,
M 1983-2006 a1 42FE N T 355.4x104 m3Ek# 29.6 % A2 NI /N T B /K 34
(i 34.7 %, [HHUK N AL AE I, R A2 7R 2000 4F 5. w] BE i A DL R JLAS
JUHE: 1) G REK E BE B TR G I P BN 2R ISR EGE N2 B R KGR R
48 2)RMARRE S BEE AKX ARSI R BRI RN 3) FEA UK N IX AR b
(g R, oAt 6 450K 1 AR IR DRI S84t TF i T %
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F=F FYENMEIR 51 Sk LM% R
3.1 USRI B B E W

ZE YAl TR RO L AL E , MENE) R i PY R . TR 360 km, [HIAR 1. 77
X10* km? . AN 23 UG FE LA, SRS I PE AR R L X
dpe e VTR 4 909 m 5 Ll A PR bR T 4K 1 000 m ZeAy, B 2% B 42 500 m
fidis ALV EEX ik 280~350 m , PYALEBEAK 280 m. ZE iR At vy AL TR
D, HAT T 5 AR A 1 T EL A VA 22 REVE A R E. BLH L E O Y, g4k 1000
—1300 m UL b, RSRHGERS LE/RZA% L P RZHL X, HAwTE, K,
RS, 28K, VKNRTKE, RARKIERIEERX. HilsE, 1 KE s 2HEX,
BT AP R X P, SRRENS, TNidmK, Mok#d, AR MR ECR
DX, BRItk 2 T AR IR (K 0 A AR S LU X AR o0 A, el wh i aty KBl v <
15, AZ=w9E, HFER, FRIHRIHA RSN, MEERERTGE. . HEZEHRR
K, BRI 6.8 °C. LHEMIRL, 241N 164 d. HEREK. . EFENR
2, KRG UKEL A ZX R EA G K FH. R BMAE D, HETZLLT 3500—1 100 m M
DX R AT I, AR ISR K R ATIL 236.34 mm,  FR LT K R E R 2,
HARRRKE S AERKER 50 %Ll L. KR, SR, HERWS LRI
KF. BEARERRAENR, K. B/MER/KEZ(E N 225.5 mm, 7% 2.5 fif. 1972—
2006 FEMTR R, R R B I ) E 2 2 6—8 ], H 7 1Y 60 %.
T RPR IR TE S, A HBIX 5 A2 A UK B R 28 RIBOR, SEBRZ8 K E:AE 1 710
—2 M8 mmxiu), ZKKEEMHKER 12.8 5. FEEEFBWADE SEB SN 4
—10 HZEERA TR 11 AZESB4E 3 H, PR KT IX, 7 A sk T
BORHX. P2 AR E I ), TR IR R 6—8 H, HAfdniaE b4
TEARER 60 %LL . ok, 5 HJE, BEEARTE, BRERME, 23RS KA

3.2 EWimE k) 5 F R LAFE

WM LR R I EZ R LB, 4 1K4) 220 km, B2 AER I ETHR A 5w 2l
Ryt 2 —. RIS LR AR L Wrbam S bt 22 5l oo e B35 98 15 22 il 55
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K, P MIBE, AbIomgs, 5w R G A e 2 E R R s 2L Y SR
FEEK, 24REARZIHIAN, HBUEL 1560 Zkm?, LFE K ILH KW
AN 3 AR, ik 3 500 m LA E A Al ey g A s Ly, BUACUK IR R S 5 2, T4k
ik 3 800 mZcAy, VKRS S 4Exs L9 ik 3 500—2 800 my sy LA iy il
s, VUL UK)IMR vl S HERIM S 2 o0 A1, RGBS I & . ek 2 500 —1
700m>y Aty X R L RS KR A LB, KR A Y S i A, i
BYPM, AT AL A,

.'l'-}_

3—1 EERIKIK IS AT AR 3L 73 A

Fig. 3-1 The glaciers, rivers and hydrological station distribution

characteristics at Kuitun river valley

FR A Uk ) g H Bl Ch ERFERD 25 Eiaskok )45 5Y671, LA 309 4,
VKON 201.12 km?, fig & 10.969 km?>. “FJuKk )1 A 0.65 km?, P54k 3670 m.
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o, k)1 184 %, EIVK)EL H EI 59.5% , k1P TR 0.17 km?, &
VKV R THEAR 5 B2 A ok ) TR AR G 15.9 % . 3R S 4 vk BN K, THFREAE 10
km?LA R, HKTHAR 9.59 km?, TRV T 1 km?(fuk )11 45 263 46, (5% 85.1%, 1—10
km?[f) 46 45, 7 14.9%. X 5%k A AR S 0%, (b ol TR BOR B R A fig
R M AR T 2K E, ke &) N R EER A E b, BUkE e
mUKEE GRS B G EERS BI4b. vKR0K )T 52 R BT Inh 5 i 2 m, — ok & 76185 R
HAARA b, SO E AR UK EE R A UK AR 2D 32 ik ) ()50, 32
LR B AR A E BRI e s Ly, Horb G DA RS LE R A% L 5 000 mLF 1) e
it RS, JERGC T LA Ay s R TBURPIR 20 A, JF AR S k)1 o E 2R, 31Xk
VKNI B 25— EE 1 500—2 000 m, UK)IKR B KIS AT B2 51 &k, Al
REJE RS ALK )1, AR 1964 4F 9 J1UK )14 H A 2004 4 1 Fy Hidls 45 2T s vk 1|

i 3 2 ! ? . i3

Kl 3-2 ZE i ok ARG I L8R 1964 FFEUK AT, W4 oR 2004 fEIL 5t

Figure 3-2. The area change of Kuitun River valley from 1964 to 2005. The red
lines on the map represent the glacier boundary of 1964 and the blue lines

reprent the glacier boundary of 2004
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MG HE R AR B3, 2 iy Bl SOy e A AR TR X, BT EER LG S e B R X
(R332 — b e T v T 5 P R g s AR L AT UK TR AIE S K
PR S SRR A R ar b, R BRAE Ay g Ab S DK EAR R L, Bemnifgdk 4
000m , VKEARUGHFIK 3400m , TG 3610m , (AR 1. 48 km" , fi#iE 0.0725
km', BKKRE L. 70 km , JBERE49 m,  UKIRMEAPE. #E, HBEAEERE. X
UK AE T 1999 4F, MM H A FEIK NP O Kot Bzl e, ok
P, AR S K RN SIS, 2004 4F 8 1, AR 42 iyl uG 75 AR
51 “SUK AT YA WL N ZEHE SR 3 680 mAbdZHXE I 1 AN, 2006 40} B 3T [ A%
KK A8 5K INBEAT T 41 R S50, JTRE T UK RS DK)TERE S K XA R
W, BT REROGE. AR, Y SO, vk)NIEE) . KmiB AR oK)
JEEETIE, 51 SOk 1 S0k AT AU ARG B2 s AR T oKAL 271, 51 50K )1 25 F
W 3 LEAEAIR.

3—2 ZEIMAAY EIAR 51 S UK)I. UK i, DKREIA A H

Fig. 3-2 Kuitun Haxilegen Glacier No.bl, has flat surface, sparse glacial drift

and less development of fissure.
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MHEZ R LR, WEEIR R 3—1 P,
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Fig. 3-3 The monitoring stakes network of Kuitun Haxilegen Glacier No. 5l

R 3-1 IS A IR 51 5 UK )1 R i iR 4 4

Table. 3-1 The recession rate of Kuitun Haxilegen No. 51

i ] EHBEEE(mM/a)  BHE4EEE (m) HVE
1964.9—1999.9 -1.40 -49.00 PANERTS
1999.9—2000.8 -4.83 -53.83
2000.9—2001.8 -5.20 -59.03
2001.9—2002.8 -4.90 -63.93 bl
2002.9—2003.8 -5.13 -69.06 =
2003.9—2004.8 -5.15 -74.21 %
2004.9—2005.8 -4.95 -79.16
2005.9—2006.8 -5.35 -84.51

1964—1999 4 1) 35 %K) A S SR AE T 49 m, ~FIYREFIRSGEN 1.4 m, ¥
WIAEIZIIR], AZDK N IR ARANK, AT R IRAS. 1999—2006 AR 1L (12 iR 4
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A 5,09 mo MR H EiZE 90 SEATRIILIOK, UK)IBRAAME K&, X5 20 tHA
LIokerb [ )5 2 R L XA U AR IR DIAR G, AN 19 4D 80—90 AR, T 4A
BT, 220 20 40 FAGE Ry, UK RS R, ARt DUR S tbjaHeou R, 78
60— 70 FEARKTIL BT AL, DRNNA 3G K0 IR E BT HERAS 70 EAUE U X E T
ETt, & 90 AR R 20 L mmb B M, BEAE UBRASHE, DK R s, KR
AE AN A AT 15 DK S 5 R — 2

3.3. 2 VKT ARAZL

ANTFI IS SR 1 TR AR A 1964 45 9 T8 7 A 1972 4 R 1: 5 5 HJE B K 1981
. 2000 AN 2006 FFSEFR IS 2 1981 4ELART oK) Ab TR 31, AR B 22 1L,
2000 4F (I AL LG 1981 4EH/D> T 0. 083 k', THIANASALE A —5. 6%, 4FEHAAR L H
—0.3%a’, 2006 ERIVKIT AL L 1964 4EH 1. 48 knyd/> T 0. 123 kBl 8. 3%. 2006
SEIAIN SR L 2000 AR THIARA> T 0. 04 k', [HIFARILR K —2.9%, EHIFIAL
K —0. 48%a ", AT WLUK ) THIRALE sk />, o8O TR (18 03t i) A2 12 Hh X A< A 5%
S & NS EJRESEL N

R 3—2 A IR 51 S UK IR AL

Table. 3-2 Variation in area of the Kuitun Haxilegen Glacier No. 51

i HEAVAS RGN Rk TEARGE/NER /%
1964. 09 1. 480 0. 000 0.0
1981. 08 1. 480 0. 000 0.0
2000. 09 1. 397 0.083 5.6
2006. 09 1. 357 0.123 8.3

3.3.3 Hiy it

FEM A AR 51 Sk EATBMATAERT 6 HE (23 4D, ZUsepilbrni, &FHER 3-5 i
DUFF, FRIFEE 100—200 m, ~F¥J 15 #3/ km®, FEARGEE TIZ0K) AL, &, JFT
1999 4F 8 J#HAT 7 & WM. e/ Uik A4 8 JREL 9 A1, BEALRYF—A %
A, B ANUK N SOPETAE. DK T Rl ) P A WA oK B R PR BEAT W3R AS s vk )1
R B8 WU AT RN 25 1 5 2R TR A AR 250 AW I Bk, 43 il B % P
I BCTHHE (R 3—3), ARG LLAHEZRIE A m Gy v ok ) | ) T e el
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*£ 3—=3 [LLEWH, YR LT PR, 2005/2006 4L 2004/2005 4 EEfR
SN

R 33 LAY IR 51 5 UK 1 H S

Table. 3-3 The single mass balance of Kuitun Haxilegen Glacier No. 5l

HE B () ZRHE (o) — ZIFRHE (mm)

2004/8/26-2005/9/19 2005/9/19-2006/8/24
A 3505 —-1426. 5 3504 —-1903. 5
B 3533 -1155.0 3532 -1440.0
C 3553 -738.9 3552 -1366. 9
D 3580 =710. 3 3579 -1071.9
E 3611 —735.5 3610 -793. 1
F 3630 3629 153.0

3.3.4 YK)Iizzh

UK 2 18132 BI85 A RIS RS 3 6 2 2 264N, M) )X A A DK ) 00 Ak
TR A, VAARBRIEAT S UK AL IS Ta) N IR 22 TR0 2% s HARTESE 70 A i 18] 3—
3 PN, WA IR 51 SRR EEA K DR ] R 1AL
PABAN K, UK 2 1 fe K32 53 2 L 5% 3. 0 m/a BGAT G R mlgat ), HEABEAARRE Tl T %
RIS UK 3E Bl A R I s 445 AT RE L5 U1 B R . TE SRR SR &, 51
SUKN RN, KRR 49.0 m, FLAZPK) oK E S48, UK IR 58 8 5 vk
NHREEEE 1.2 MR S S ARFHAIE 15 0Kk A2 il i A5 AR 51 5 0K)118 3 AR
AL SISO RS P NI ERY M (D peemibt YA 7 S e R R o LR ES [N RN I e/ S 18
[ — i XA ] RS (R DK ) 13 Bl 88 1 A A 3 — 2.
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Fig. 3-4 The maximum surface flow velocities of Haxilegen Glacier No. 5l
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Fig. 3-5 The profile flow velocities of Haxilegen Glacier No. 5l

FEATT 1A b, IS R EAAT T R AETEE T 0] b, A BT 2 A
DX, DRI AT B AR UK BT, Ak ) S E R BE 5 DRt g ks B—D Wrifd, DK%
V%, RIS, U B WAL oL, s shid i KAL, et
HUKINEBN I —eiE CFEI, 55, 2002) .
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T S EARFEE 1 SURNREFORR, AREETE 1R, BRKFRR I 20%, A fe
RN VK NIRRT I Z K I )2 1 e L i DX A Bk, fl
FZE a3 S I LA G S R R HT 2 I A B K AR A a3, 459 312 4 il
K 2T mkadh, B 3—6, 3—7 fiw. b2 49 4R (1954 4 —2002 %), %tk
R TR T 2.1 °C, THEMR R T S B ARFHEX (0.9 C), E 2Bk n
T 23 mm (0.47 mma) B8y 13.7%, FEKBGIN0EEE /N T S EARFYEX (834 mm, 1.7
mma ), IR X R REIKRE L T REAT TS, E AR A NS A ZE AN R, B
TR BIHEIAS A CAOR AN T R T e 3 PRI UK N A T B8, SOtk ) Ak TR 4R

#i5 2006 - FE ARG A5 AR 51 50K 1| BT WA A5 IR 48 5 K 1B UK R B3 0
BRI, VAR 48 5 UK MUK IZ SR AR R, X AT REAR A UK T (1 — AN HAR AL,
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Fig. 3-6 The temperature linear trend of Wusu Meteorological Station
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Fig. 3-7 The precipitation linear trend of Wusu Meteorological Station

3.4 EIFEEKILERENL

ZE R T RA  BK HERS B R 2R 1, B R ) AE A L XTI, iR ah
TRAWET R L KRS L YRR AT R, AR R B S, A
P, ZE il RS R A 10.3%, TR T RE 6.44X10° m®, vK)IlEKE 1.510
X108 m3, K1 Rtk & RS R0 23.7%. 755 A 8- 51 50K )14 40 kmAb i
A5 K S, K SO B A8 R 42 J K SOl ek, b B A% K 1) 470
XAGBORE, BT LA 90 B R BRI T i X A0k ARk 3 (B 3—6, 3
-7 .

K3—4 AR i K O 2 R AR R R AR R
Table. 3-4 Main characteristic values of annual runoff at the kuntun

Jiangjunmiao hydrometric stations

Kk M ZETHR RE REEHK BRETE ARE  SKirHR
mE HE m® K (s*km?)  AFHCvY  (mm) (4F)

BEE 1945 6.44x10° 1.8 10.50 0.12 331 1965—2006
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PRI, R 2t R 2 e K SCas PR s AR A (3
—8) WILUEH, 1—4 Ay, RiREEMIgEbEs, 4 HisEikslEN. 5 HE, b
LA T, BERL, B0 b5 HUE INX e oK, i it i E ok, i
IR RAETE 6—9 1, SAMEHBIE 7—8 [, X5EMIXFEKERE6—8 /7, I
7 Al 60% CREEES, 2007; X%, 2008), HHEVIMECR, HEXHEAN A RS
TR I B B UKNRKECE IR, Brbh S8 T aaiise b e 6—9 J1. 9—10 JJ
D, B 10 HZ )5, RRIFRSE R 284 4 ik 3. @901,
Z v i K SO B AR AR AR IR ) 64%, B FRR I AR AR I A R L (AR
KM, 2 RIS AR T S TR 6—8 AR IR/, T AL
TR N A AN AT, IR B ARk, 5 R i sk 1) B AR Ry
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Fig. 3-8 Variation of monthly mean value of runoff in the Kuitun

Jiangjunmiao hydrological Station
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AR KR PR, 28 I AR A 22 RECCVRISE B AR A L 4 3 0.12 F 1.80, — % 1%kt
HRLLE /N, 2 T 2 A I R RO R, EBRARIE AN, 1B 3—9 W LUFE
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Fig. 3-9 The runoff linear trend of Kuitun Jiangjunmiao Hydrological Station
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Table. 3-5 The change of decades runoff average in Kuntun River basin
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Fig. 4-1 Location of Miaoergou-Yiwu River valley and the surrounding
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geographic environment. The shaded areas designate deserts and Gobis
that were drawn on the same scale
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Figure 4-2 The area change of Miaoergou valley from 1972 to 2005. The red
lines on the map represent the glacier boundary of 1972 and the blue

lines reprent the boundary of 2005
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Table. 4-1 The observation items and time series at Hami Miaoergou Ice Cap
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Fig.4—3 Location map of Miaoergou flat top glacier and the Kazangbudi

glacier. Solid cycle represents the ice core drilling site in 2005. P1

and P2 indicate the trajectories of radar depth measurements in 1981. The
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A, B, and C represent the radar depth measurement points in 2005
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Fig.4—4 Variations of mean size—distribution of microparticles with

depth along with annual layer identification in the ice core
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Fig. 4-5 Radar results of Miaoergou flat top glacier longitudinal profile.
The A, B, and C are the same measuring sites of 1981 and 2005
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Table.4-2 The thickness change of Miaoergou flat top glacier between

1981 and 2005
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Fig. 4-6 The radar measuring ice thickness comparison results between 1981

and 2007
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Fig. 4-7 The map of glacier retreated at Miaoergou flat top glacier
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Table. 4-3 The statistics of glacial type at Miaoergou—Yiwu river valley
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Table. 4-4 The glaciers distribution characteristics at the different

tributaries of Miaoergou-Yiwu river valley

i R H: PR
Wi KiE e Lis i RT
LR A )
F b Jbk [R5 R 3 [F3h73 Jb3k Jbdk
B/ 4 12 9 7 27 (22) 10 23 (15)
K MNKINEFR 2 2 1 12 3 9
H UK e 2
A Ak 2 1 1 3 4

H LK) 1] 8 6 3 15 4 10
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YA AR vt /m 3716 3862 3859 3926 3800 3844
VK SF-35 1H A /K m? 1.11 2.54 2.63 0.5 1.37 0.95

4.5.2 Jdi /R VA - BT ASOK SO B

WG 2 X K SO G IR AR T 1955 48, BUATE TGk ARG ki A 7ok
NIANE BB B3 (D~ R 38R R UK A5 R AR v S AR oK T b
IR Rk, WAKIOWIE (& 4-7), fEREl. BRME fHE
YIRS PSSR UMb
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Fig. 4-7 The glaciers, rivers and hydrological station distribution
characteristics at Miaoergou-Yiwu river valley
4.5.2.17 i
A 50 FEK MK SCIZ MM %, WX i, 23 e
(A (K520, IEAEZe Do W] W BT AR, AR R B3tk 1638~
1729m R ZAES s, H 1957 SELORERRR SR BT, 1 HH 1986 4L
Je T SE N
(1) 2V
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W T A G A T KB b T 10 2%, R AR 20 tH40 60~80 44X
SZAFWBONE, IR A A, EAE 1994 4F LUK B 22 P34/ H IR TG T
e, BOLHAEL 50 AEACTISBRE 115 °C, Hrp 1951 ~1993 4E Stk |- 2218
IR, e R B AT L X RS R — H R R, FHlA
#] 0.0222~0.641 C/a, il HEMME R HERMEF TR 2.5 C, Hf
1959 ~1984 4E AN RasE, “FHUR 16.0 CAiti, 1985 4F Jq Tk & W il
B, BT HETF )RR ST 18.6 °Cs SRR Z T IR S AR Ak L I
4-9 ~ 411, BHFREIE O EIP AR 0.051, &g/ ETHE IR
0.0026.

LERIG ] P 5 1T B ASAG AR B I 2, ELIS 25117 S R (1) P38 S B 2 R s 3,
KAy, BEAE LA B5T h rhoL I SR T AR i, TS /N T RRUR 40 A (¥ i
BEER N, B IR ] 9 E SR B SR TR TR, A X e POk 4 % K 2y
140 km, 545 50 km [FRTEASEM. ELEINIER R, SRS T
VYT T B, M 20 HEAL R 2 AR I AR R A TA8 e (2001 4 J5 Ak 52
IEFFR), EWERNHERT, B =T R R T s e
ORIMPHE B AR AR IREE 2 52 /N, e B A BRI T T v
(2) &Z= ¥

KRR AR ETHER, FHRE AR IEE] 0.05~0.06 C/a, #HRE
S AP SRR, WK 4-8 ~ 4-10 I EH: B HIX &5
FA KA L LS 500 0.0654 °C/al, Fr/NERIEPHES 53655 0.048 °C/a.
L L B LRGBS
(3) VA

e 5 T AP 1) S B T8 e TS 3, L b sl 14 Bl 50 AR AR i3 0.6
‘C, 1966 ~1996 4 Ak LA R GE, 1993 4G4 3R L HaA g, 42
#.0.0102 C/a; EEMESE - HEmEEA, PHRED 0.06 CrIHEHR
8, ol H AR Lo B AR TR 2.5 °C, i 1959 ~1984 4RI B ,
P 16.0 CTAAT, 1985 4F )5 FHE TR Bk, S+ P4k 18.6
C; FARKIEEPR) RS ER I E 4-8 ~ 4-10. ARF 5 Aot E LIS
%3lif# 0.054 C/a, HE/NEMES S 0.01 C/a.
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Fig. 4-8 The Summer, Winter and annual average temperature at Hami

Meteorological Station and its linear trend
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Fig. 4-9 The Summer, Winter and annual average temperature at Balikun

Meteorological Station and its linear trend
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Fig. 4-10 The Summer, Winter and annual average temperature at Yiwu County
Meteorological Station and its linear trend
R A-5 IRHHLIX 1997 — 1999 E RN 5 Z I ER R
Table. 4-5 Table for Comparison of average annual temperature between

multi-years and 1997-1999

uhi 1997-1999 4£/°C  @ui-1996 42/°C  #u5-2007 4/C &L H4E/C
%y " %X W oHE & ¥ O H X ¥ O H %
G 10.8 258 -4.6 9.9 257 -62 100 257 -62 105 26.1 -52
i

£ 3.5 181 -11.1 1.4 164 -138 1.9 168 -134 33 1846 -11.9
LA

—+
&
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49 179 -79 37 173 93 39 176 -98 46 186 -87

N
=]

FRAE A5, 7EWE 2 M JE I Y 1997 ~1999 4R A T ILAIES: 3 £
R S WU IEAE B 2518 0.8~1.6 °C (5K 4-5). i X Ju [ A &
UK BRI e AR FE R, b 35 ikt 1998 %2 2001 4F 4 R I41H
bLgnt 42 1997 4E4{EHZ 53.3%, hgtuhis 2007 4% 37.9%, Wik 14
WE%Z 14.8%.
4.5.2.2 [#&K

RSG5 KL R BER BT (3% 6RR4AE, 2007; it s4%, 2001),
ey 225 Mt DX 63l 6 7K kB R ) (9 B 488, R i T 0 A K A A 52 9 sl 348 ka3, Akl
BEINSEINRA B, Bk E) 8.6~10.1 mm/10a, Hrp R K B b 9 B A % 0
20 ttt2d 60 FFARIIMER 12.5 m, B4 Bl AR EIE T 28.9 mm, SEiEiE 130%,
R R, A AR CRT Smim [BEK R WA R 2 R M e 85 17 sl A
i 3.0 mm/10a, B KAt 20 thad 90 4EAR, HiE 4.3 mm/10a. 43K
BRI N, AR AR 2. BT R] 2 b AR AR e K 2 B L
HA%05E 10.24 mm/10a, o RERIK 342.4 mm (2007 45), S/MERIK
121.4 mm

(1962 4); AR E/NFEE TR0 2.995 mm/10a, EKERFKE 71.7
mm (1992 ), fH/MERFEKE 8.2 mm (1963 4F) .

Bk R R PTG 2 R, 1999), WX 5 1R BKEE A,
ety T 7 ARy Bl B 22 AF R K R b B/ MERR KR RO EE ik 34.0, T Ak g
W B B TR EE 8.7 B /KA A2 1 I AR (B U AL 2.8, Ui W] e 2% b
DX B /K R AR ZE Bl R T 5O, B PR M AR 228K . I B X 4 >
G IR K S I Ea FA, HbA 1 DX L B AR A LR Gl (R B K K
TAAE RPN F S b DX (P e 85 G sl R B W S, ) o DX 7K PR 38 o 52
CipN
4.5.2.3 2

Iy 2 1 DX R TR KA 2 P RSE, — R AT UK T R R BT, X8
WBRBEA L, (AR E R IR AR 79.4%, 5—RKERH
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UK TH BN 28 BT, XS RFEAR I B 5 3 /> 1~ 1 000X 104 m3, {HE 4L
2, AN W X AT SR LA R 2, T SR R R 4 DA A
Rl (UK A5 20 X TR AR 1%0), ARSI A vk TRl K b A K E
H, AlE 50% KA L, EERAPEOK TR, Ok KA B 2 i,
S M ATAE R R B e LR 3R i RV A 8 ST, A2 BIIX AR AL S, e
b DA BRI SR SO HE B 73 AR AR Hy: — 2eANSZ UK 1]
R AN AR AEAR AR RN, Y B RG K sk, PRIy o, MK ZTy
IR, — ARG KRR D s — 2852 MUK K AN B 7 32 AN o (R T
B AE 2000 4 AR K AT PTEIn, EAEI T H BUAR e D K B i %
WEE: MR UKN (— A 4~5km2) Rlkeh s SN EEARR A CRT 30
%) HITUL, BUGEADSAERS K B nia sy, (EE Rt e b

4.5.3 UK. VKN EARRAAL IR R

I L XAk (R AR A X 4 AT R S AR K, AR IR 7 - B AR I
Aetl, SRR RN Z, R FK. 280k K. Xk, g, i
i UKINEERIZES S, JERUURL B UKD, HERAAT T il oK) 1
i el B RO, B R A T, JTRR KSR B 1 s BB B /K PR 4 22 B
Pilsb, ATLRK R B 22 Bl D, (B B R EEAT S DI ORI, AR A 1 I
FAREIOR.

AR % ol 4P P9 5 [RYIRE KA OG0 A CRRERET, 20050, 931K TE7A |

Wt RTRE 3T R PY AN K ST I KRR SR AT DG R B 5l D 0.406,
0.321, 0.184 i1 0.441. RAKE, HAHSCHEARLEAR. 3 AR A BEAEE DN
I L DX R I R AR 52 22 Bl R g, A AR I LI B AT B o
JEAR, Dombad, BEAREREEAKE R, H—kFEEKHEDL 5 mm SR> 1L,
T R Ry B KB T K, T R KRR, BRI RERE 4 i R K
FELA IR R IO R, R BRI A AR i, EKE A REY] B 2,
WO K B BRI R BT AR R R, AR R AR,

LA AR VR BT U R B K B AT DR M e 72, 26 T IR AR~ R it e
L5 [ S K S PRI AR S P IS . 8 % Ui 1 - 35 T A 1 AR A A 3 0 Ji DA
R BE MR VA VKPS T AREOR, 1 KN HARAS A AR AR, UK K 43
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N A0 N el DAL P e | K SRR AT RE N K R S - Ol P 3T R i
ARTERBUIN. KT RIEW, R UKL, AR ANGS e e K, Pk
AR UL R AT K AR AR DR AR B LK, (E AAZ B X AR A e 1 B A Aok
A, ARV SIS T FERpES 1K E AN, X5 I X 2 A R
TR CRTF dmm) IFBEEINATIR. =5 1ok S0l & ok X LA E T, IF
HAZH DX KN PR 0.91 k2, s vk ) 1148 4k 38 41 L /MY -6.52%.,
JUF 2 e AT UK 8 s S =, WS 1 Wk S0t 1 B K B S AR A G R
K e .

4.5.4 SARARO P AR YR B K S W AT

4.5. 4. 1 JCUK )T Rl 7K A 25 R T

DX TG UK T Rl K RN B A b K A2 Bk e, SR K SRk, 1
TEAR VR IO . T DXV P % PR K R S R AR, I X A AR IR R
JRUERT, g e Ll DX R A T v T L
4.5. 4. 2 A UK )T Rl KA 25 R T

WS R X BRI AT 3 AboK SO, EATISEFEZRIA,  BEAE I R R e 2L,
20 4l 60 AR HAEAR YR AR K S # 2D, 70 ARG WIS £, 90 FEAUE
AW, HEN 2000 4S5, MR va sk i s B A A gk ks i ek
AL, TR T KSR R VA RK i A s w2 iR
Sol s 1 A B A Ak, Ik L L ) VA R R Y JE UK R K N H BT
F4b, 3 R F IR E AR, vk R4 5 XA K & otk b,
BRRATRIAZA, W8S MRS AR R T P38 w2 3.4%, 2008 4F/K i
A 1L/
4. 5. 4. 3 S AR R vk R G 2

SR T R AR R e m, AT Y At ROCE A R 2, IR
R MR R R K L K T I Rt 7K A B R UK 35 VR 5 B K S ) e s, R N
flme X {20 S 90 EAOKRJLT-FEAE A A AN IR RE IR 28 MUK S K S
TRATIK, BRI 2007 i AUk 2.68 127G, KM 3
E
4.5.4. A S THE

=
&
7
&
®
o
=N
C
put
>



BT SRR LI AN [ DX AR AL 552 5 08 L

AR Ll XA 3 2 L I LR BORL T, i AR AT R =RT
P I R R A AR T I w5 JCUK) T Rl RN TR AR AR HITHIAR
TG BRI A RBUK, Hod 3~5 JI 3 itk 32 2Kk A R IR = i
CRIEH 2N B & S AR RN 54.2%), 2006 FHK, AR BARR
e B RS S TR/ -/ i il = A (2N S i B2 VT o T P <17 52
TIEATHRA, NS, HUREGHRE, A AR UK D, X
WX A BT, 2GS0 O 3 A AR R R, Al
TR ARSI

WL B K 2 SR AE R ORI 6~8 J1 43, PR/, 24
FRJEEKRAL 80mm, MU N RAL IR, ERKR G E IAZ (&
I K E I 130%, HLAEEEIN 16.4mm),  BEK R e s
FRP T e B A I K, 2 Rl A Ly A AR R KN, X AE R K 4
KAy oA R3EK, BAEIEAE B R A A%, Bk b, 13
IKMBRAEER, RAREGREK (Z5mm) FITEILT, ARt kit
VL. UKV Rl K AN 5 TR AR B ARG 2, (R 1t BOR UK R R B 2
FRESC, TR BB AR A /NN KA TR Rt 2 0K ) 1 R o R 2 4

b,

P

4.6 RENGE

AR Jo SR~ P AT UK N | B A A ZR VA UK IR 1R 23 AT A AR AR EA T A
T S TR IR SO AR IR A RAAIE SR B UK AR 8 5 ) R 25 11
KA SR,
U RV RIEAT UK 75 2% ORHEREE, 1986), STk 1A 98. 25 k',
UK R 2 5. 678 km', Hr A 49 S0k TN T 1km', LR 65. 3%, J&T-/)
UK AT 22 IR . R4S 1972 SRR EIFT 2005 Fspot—35 T B4, 1%
I PR K —10.47%. THZRSIH AN T 1 km?2 k1A
N —20.47% , I RO PP BT AAR A 2R 2 15, AR 52 ma ok )1 AR AR A
PRI 28 P ok TR o 2P 3R
(2) 5% 2R V) -APE T AR UK T ZR VA OKIRREATIIE Y, 3 oKt il s
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KR THB A7 B v AR R 0 200 mim oV A AT 7K 2 il Bk P SR A3 21 vk 1|
PRIRER 64 m, I KJEREN 75m,  HEAEUK)I TR RS, A 1982 42 2007
RS PRI R AR S P B IR A T 70.8 m, AREHUR N —2.7 m/a, THRH 1972 4
(1) 3.64 ken24ii /N A IRAE 3.4 kmn 2 FRAZ AL 24 — 6.6 %.

(3) W5 i ZRVEVKIE F 1981 4E3] 2007 40K W S ds, bR disig 2 /s T
R, R AR RIS R LK T AR IR s A AN R B fE 4300m ZiAq
UK VIR I B A AL W %5 e /R VA DK B AR A W N T b B, AE 4
JEAR A BUNYL, UK (030 ) 2 i N S 4R EL T 2%

(4) JH/RIE-PHE TR 1972 SERIHAEDK N FF SR S, Sk -1 1 A
B KR AR I INE S, ToUK N R AN BT Rk R AUk H K
AN A AR AR I S, AR OK AN 2 L AR T i SR AR T A
2000 “FHHEIN, EHFEAT RS IR IALZ . BB IR R I R %
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ERE FHikM 72 S5k M0 gE R
5.1 AR X#ER

B AR B )5 At S IR AT, B e B 58 9530] o MTHAT, 7R ]
AN — FLAR T S5 DY SR YR i S B AT . D S BT 144 ZmitiEA
TR, XA TR bk AR OR R e, RS A RS, B A
BER AR NI BN 52, 31 1940's WA 4 4% FE BT AES B, 3|
1960's, W/RIGH L FREBEY K, IR MHFWTR, A A A K IE TR
AHFRAAE 7~9 HRIIHA G BOKICA TR, jeAh, JTH8— FLA R B AR
TR TR AR AT R A B g SRl — AR AR AR UK IR, R 1 L
AR 70% BAE, BriL, B4R e sninl A i AR A pe o B AT Il &
JEAN A i f K.

&

- kN
A Kk
= i
—_—
""""" il Bk
= A g

B 5-1 WX K R A
Fig. 5-1 Sketch map of water system of the studied area
Bl wd Jim] (75°35°~80°59°E, 40°17 ~42°27 'N) o715 B 7 H (1) v 4k
%, WAL 5.4X104%m?2, HpEE N 3.6X10%m?2, /R A 1.8X
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104kmn2. A o 1 VG Jb s AR AR E FA. Bl o Jinl i sk ) T R AR AR Jt ik
) 150X 108 M3, [y B FARTAEAR L 1) 40.2%. FEAJRUEDK AR I XA T e
ST B, AT mE IR, T2k (3 900~4 500m), KL
750~1 000 mm. ¥k TR o 21 o 355 3 ok TR 27%, Ok T A 7K = 3
150 42m3, M0 R RHR 730K )12 i K1 8 19 28 IFFa6 0K )11 4 TR
APIRES, BEPEATHGIT 50X 108 m3gt /K AT, HLUK Rl K B A7 g 3y 5]
30%~70.1%, {ALEALI /A>T 20%. VKA K R IEAR G OB DR 3%, I
LMK YR (1) AR Ak ) e ) A S A BT P AR R .

BiT g ST 7K B R L 3 KK ) 4 S R GmTim 4L e, RIVZEBS R 703 L 46
T & 22N Sz ) LRI By v FoD R A 27 0] PRIV 5 7K 5 3T B A
PLRE R ENE BT 58 953, oK) Bl KA R B s R AR oy 74 %, AEFBATS
W 29%, LEPIIE TG T 58%, IX R MIRA b SRIARVR T HOR QUK R K RbS.
BEAKAE ARG N FE AN 78, AERT 58 IR AE N BC AN, 2R 55%~60%,
H20 20%~25%, *K XFEdT 3%~7%, 1LIDXFIT R BeAREL. oK) kK R
K R AE R e, 3 G AR AR N 2 BE AN I XK Sk 200 mm, &
X A3k 800 mm. PRIk, BRoKJERACSE, L DX K A 2 B e 0] ) o kb 45 I

& WAL THEARIER R, AL TR0 5 SRR AR, R R AT R GH. &
ZEW KL IR AR 1 324 k2, WJEAEFEARIRUE, & 228l 2t K =
P, & 22k B AR 32.6%. FT 1977 4ER1 1978 4R (H1/ 5 5 WA
FEAZE AR, IR 20k 5 ORVEVERIURE MR <A, 1 50% K¢
KPR 6~8 H, 70% /it KA AE 5~9 1), UK RlKHbas 2R =
Z . b DR A 7K - b T A R R B A AR, L BRK A T AR AR AL,

fEiE 2% 400 i3 X Al R AR R KT e T 0.6°C, ZT il ok E)
THREE, AN RS R W] Wi BT, DA 2R v UK ROK d R AR
65.3%, VK )IFt 7K A A5 e fo Ay W A AR R 20 AT, A5 B 22 Gl AR A 1
‘C, UKNJFS R3S I 300mm, oK) TEl/K 3G 0 16%, 1% it kA bt 45 T i
AR T BRI, R B RAESE N, (20K )l AL S 1
UK R AR, DK N RK B R L I B LR W 6 220 (e 1957 ~1986 [HF-44)
FEFT-213 mm/a; 1987~2000 G134 -447 mm/a, UK L LP-5 K

89



BT SRR LI AN [ DX AR AL 552 5 08 L

1 1.

CAMITTRI A 1980's LK, PR AR I Fg AR TAERS N, 51 4nfe] 5e 7530
fRUREE 1986 FEHIBGIN T 15%, G2 T 18.6%. XMILZR i nl fe 2
1A 25 L 5 RS AR 5y — T T A B e A BRAR I 5 S 0KV Rt 3 185 MK A 34 m
Jaill 5 .

5.2 gk ) o e FFE

A 1979 0K )14 H B 5 75 ok )11 4% 1005 (2740) , [HIFH 2411. 56
(4918.26) km’, UKfififE: 436.99 (852.49) km', FEIRNPYAEEAME, Fs-FIUK
NI 2.4 ko', SRR W 5 SA% PR AT L 2 1) ) ST 6 2230
U, IZRIH RN T 1 k2[R 0k 117G 733 4%, B0 o L i 7 72.94% 5
R 1-5 km20K 11 213 4%, 480A 3 HoA 21.19%, AR 5 km2ik 14X
4 52 %4, ZHBEY 0.05%. PRy sa g A vk 124 4, UK )IHEIFA
947.01 km2, yKfiiiE 268.0307 km3, T2k 4 390 m, AR ) 112 AR 7.64
km2. & AL F R (PG RE TS, @B 5w S5 SO, IR UK 192 4%, UK
A 739.83 km2, UK 113.4675 km3, &k 4 300 m, Wk )1 -2
R 3.85km2. &220K)1, K 21.4m, IR 165.4 km?2, AR 10K )1 Ry 3
080 m, ik 5800 m, J& & AT isd KIvKk)I, & 2ok )17 55 A 5
32.6%. 1963 —1999 4, B 5 i Stk ok N AR 3. 3% (XA, 2006) . 1
RARAL 55 [ G L S ARk ) T B /)y (35— 1), A REIR S R iz im A 1
DAL L R R UK TR DX, 2% 1 DX PR K S 2 RS O el =G A o . ) A e
BRI/,

R 5-1 B PHFAS RN ALk TR AR A S v

Table. 5-1 Statistics of the glacier changes in west China

Hiu X e 1) Bt IR AL H AR
95 1 50k 1958 —2007 - 14.9% Rl k)1 3k
BT WK 1973-2000 -1.6% Liu et al. 2004
) 1l 1969-1999 -4.1% & 2006
SHEE L 1970-2000 -5.7% & 2006
B 5 53T 3 1963 —1999 -33% XIS HLAE 2006
il 1979-2000/2001 -9.0% Jin et al. 2005
Naimona’nyi 1976-2003 - 8.8% Ye et al. 2006b
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B 5-2 0 I 5 PR AU DK ) A i 78 ki K e st

Fig. 5-2 Covered with a mass of glacial drift at Keqikekuziwayi Glacier

P 53 o, He o ZE AR k) 1 U R B R B

Fig. 5-3 The compare in glacier border between the 1970s topography and

2003 spoth satellite photos
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va o va TR LAk UK )1 (5Y674E0015, 41° 56.61'N,80° 33.87°E) J& T2
WA, TR R v R R e S, PR ILFEA R R B, LA UKL, 5
[W]SE,  VKJITHIAR 33.76 km2, f KK 12.0 km, fifit 4.7939 km3, UK A i
g Ab i JENTi4k 3 320—5 714 m, T2k 4 180 m, WK1 KunE da i Kz
£t 2007 47 10 AR vk Nt i RE5 N 53 S % 58 7% 0k )1, e T A
I A LR S T P B SR P A 7 m, JXRE, ) LA SE R
AR T st R, R BORS A b ERCA UK )1 AR Ak 45 L. 2007 AR 6K THERR LE
1964 LUK THA D> 1.83 km2, AL Z —4.09%, KIE4i% 916 m, K
A - 5.36%, 2007 HEuK)IR SR K 3 452 m asl, 50K )19 H Zds 41 Lo i
H T 132 m.

B 5-4 FFUKME 72 5 UKV AR S 75 i KA it
Fig. 5-4 Covered with a mass of glacial drift at Qingbingtan No. 72 Glacier
TOKME 72 5UK)1] (41° 45.51°N,79° 5443 B) J& TS Jynlinf s, £
THEARIRUEDK NV B iA 2, Brsdb] ve IR D ag Bk R 5w 2 5N, 458
AR UK ARGE B VKN H 20K 95 5Y673P0072, UK A Al fiz i
AbvE JES TR 3 560 - 5986 mZ [\], V- ¥Jifg4k A 4 200 m, UK )1 THIER 5.23 km?2,

UKAiE O 0.398 km3. o BEIRE B R Lok I i BHUE A 52T 2008 4 7-9
92



S UKME 72 50K TS R

JIXH BT 5 95 P 3 o ST PR DX AT A R UETT UKIME 72 5 UK N HEAT TR SR 5 P Y
SR, AERIRTK, 4 A S A GPS LUK N BEAT T Sl 2y, 73 200K TR
KL Rim W AEE R, @l F kM 72 S oK )ITHOK ) B 45 R &Y
1964-2008 4 [)i% UK 1| HIAR 52 B S i mola 3, AN 1964 £E1K) 5.23 km 24 ik 4y 2008
R 3.97 k2, ARSI T 1.26 km?2, RN - 24.18%. KL BTG
1B, M 1964 4R 1) 7.4 kmZa i ILAE 6.53 km, 2L FR A4 —11.8%. FHUKME 72
SUKNAR IR S+ 70 ™ 8, HArCiR4i % 3 720 mAik, 2008 4 8-9 J1 ML 1]
UKJNIEAE LLRER 3-5 e i 52 St .

5. 4. K| 7K X AT AT 1257 B ST Ak
5.4.1 VK1 A Bl g S5 A2 ) 3 EERYS

JZE ey g R AL A 2P 2 ] e T (1 PR 4% 2 S AR RS AR 5
SR, B T SR T K SO AR I B, A S AR
DRNTHEAR S KA, DK RlUK SRR BRI 5-2 ok,

R 5-2 S L (R KU 2 EER B UK A EE, it B 5e SRk v o K
SCEE AN AR EE AR AN, A 6.9%, (HE & IR K AR EE R A o 21 53.1%.
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Fig. 6—1 The comparison of mass balance among 3 positioning monitoring
glaciers, Miaoergou ice cap, the Urumgi river glacier No.1, Haxilegen
glacier No. bl
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Fig.6-3 The retreated rate in 4 positioning monitoring glaciers
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Fig. 6-4 The distribution of flow speed with the altitude, the Urumqi river
glacier No. 1 and Kuitun Haxilegen glacier No.51 showing in fig (a) and
Qingbingtan glacier No.72 showing in fig (b)
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Fig. 6-6 Comparison of the profile of glacier core temperature, showing
different temperature with different glaciers and the temperature of the
same glacier core is upward in different times
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Fig. 6—7 Size and area change of glaciers. Scatter—plot shows relative
change in glacier size and area from 1964 to 2005 versus glacier size.
This sample includes the 534 glaciers. United standard is used to classify

the area of glacier, six distinct area classes (in km2: <0.1, 0.1-0.5,

0.5-1.0, 1.0-5.0, 5.0-10.0, >10.0).
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Table.6—1 Parameters a and b are obtained by nonlinear fitting.
Ttk r2 a b

108




SEONTE ANTA] DK )R S8

Ji JLVA) 0.91 -0.42+0.05 -0.41+£0.07
B ERFH 0.92 -0.61+£0.06 -0.32+0.06
ZE T, 0.98 -0.36+£0.03 -0.5£0.05
R R y HHEARN A RILH AR KRR B0 &
y=a-A".
BRI S 0, b M HAH R RZE K 6—1 Pios:

0.0

i
=
ﬁ ol
b .8
4
I
L0
=1. 1 ',Il i mbi s $EE1FJ-ﬁ. i®
1.2 b — R
ol ——— GEARER B
_J..E ! | 1 1 1 L

0.0 .5 1.0 1.5 2.0 2.5 3.0 3.5 40 4.5 5.0 5.5 6.0
i ()
4 6—8 TAVRITTRUIE AL A £,y T G5 B B TR A0 P4 T 5
BILF

Fig 6—8. Area and area change of each regions show a nonlinear
relationship. In order to compare reasonably, annual relative average
change was adopted to fit with area.

B EARTERHI T B UK N AR /N, AT 0.31 km2, & [ IR %
Wi KIR, AT =45t T 05 i) Lok PEEII ALY 1.26 km?,
T T LUK =N T R s K, FEET AR AT /MR, /T Tkm2R9K) 1
i 65.3%, MR N-20.47%. T2, 0.65 km2, FiifAe{
H-15.37%, H/NT Tkm2f 0K )1 84%, A3 N-26.4%, KT Tkm2iK )|
[HARAAL H AT -8%.

6.2.3 IHFAFH It
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Fig.6-9 Comparison of all region and the annual changed rate of glaciers
monitored by positioning monitoring, showing that the size and the annual
changed rate is anticorrelation

MUK AL B i LA 5 B AR TR IR 22 v = Al ok )1 AR AR A
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Aok SN NTHE AV RANE S5 i PRV o B it R DA T O B NI T S e TR
ARFERPIIK) R R Se i KT, TA 2] 34.1%.

M, DK AR AR A ANZ K ) S S DI S &R, fEGe i B XL,
DI DK N AR DK N AR A A 5 S BE SR 2R . RADY AN LI 553 (8 B 2% K DR B A AN
[ L) B 2% UK 1 2 TR IR AR A AR N ST LR IR » B A% UK (R A AR
PITAE (RN A A, DR NSRS AT R AR, SEm D & LEAL IR .
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Fig. 6-10 The Origin of air-mass at the 4 glacier regions, the Miaoergou
region is different.
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