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Abstract

Glaciers are widely recognized as one of the most sensitive indicators to global climate
change,climate change is a main driving factor of the accumulation and ablation of
glaciers.Most of glaciers of the inland area in northwest China and worldwide were in a state
of rapid shrinkage against the background of climatic warming since the 1980s,directly
influencing changes of river runoff,which would inevitable have the profound influence over
the arid areas in northwest china.Therefore,studies of glacier changes,especially the
ice-thickness and volume changes have important significance for not only the enhancement
of understanding glacier changes,but also the analysis on changes of glacial water
resources.Furthermore,it has an impact on the establishment of social economic development
program in Xinjiang Uyger Autonomous Region.

The study of glaciers of Xinjiang has been largely concentrated in the Tianshan
Mountains,but poor little in Altai Mountain which is the highest latitude distribution of
China,due to the complex and harsh geographical environment and so on.Combined with
remote sensing technology and GIS technology. The spatial variability(mainly different
elevations and different elevations) of glacier elevation changes in Burgin headwater region in
the Altay Mountain of China are obtained from two digital elevation models(one is from 1:50
000 topographic map which was based on the aerial photographs of 1959 and the other is
from ASTER remote sensing data in 2008.).Elevation changes are converted to volume
changes by multiplication with the respective glacier area.This research presents volume and
area changes from 1959 to 2008 for about 201 glaciers in Burgin headwater region,assesses
the contribution of water resources,and compares with the changes of the other western
glacier regions.

The results showed the glaciers of Burgin Headwater Region were in a state of rapid
shrinkage against the background of climatic warming.This research presents elevation
changes from 1959 to 2008 for about 201 glaciers were -24.12m(-0.412m/a).The volume has
reduced 25.649km?® and the annual glacier runoff were 7.776x10’m°.The area of the glaciers
has reduced 65.11km?(30.42%),The average area of individual glaciers has reduced
0.324km?.58 glaciers had melted away, mainly concentrated in those less than 0.5km? the area

of which was 9.55km? a rate of 4.46%.With the retreat of glaciers,the absolute variation of the



smaller glaciers was small,but the relative rate of changes are much bigger.and the sensitivity
to climate change was much stronger.The glacial ablation had consistency of the extreme
thinning (locally exceeding -100 m) at several flat and/or low lying glacier tongues. With the
increase of altitude,the farther away from the ends of glaciers, ablation.the less rapid
shrinkage. Small glaciers were influenced by climate warming, mainly in the form of area in
the back, and large glacier,especially more than 5 km? thickness change was more outstanding,
similar to the area of Tumur mountain.

Temperature and annual precipitation are the key factors in the cause of glacier
change,and The rise of temperature caused the the equilibrium line altitude (ELA)
up, Tempetature determines,The precipitation in the study area increases but the glaciers
remains severe ablation,the main reason is because summer warming causes strong glacier
ablation,and winter accumulation is not sufficient to compensate for the loss of material
balance caused by rising temperature,which accelerate the glacier retreat.Moreover the
average annual precipitation is less in the study area and no significant increase,and warming
induces the reduction of the glacial accumulation area,so that the glacier mass balance income
decreases,but the spending on the rise,which makes further exacerbating the retreat of
glaciers,so the glacial retreat is mainly due to the climate warming caused.In
addition,elevation of glacier terminus,glacier types,debris-cover and other factors were also
the direct factor.

compared with the changes with other western regional glaciers,Glaciers in Burgin
headwater region have the same changes trends with other regions in western China:reducing
of the area and elevation is becoming smaller.Glacial rate of change in the study area is
slightly bigger than that in other regions in western China and more sensitive to climate
change.

Key words:Burgin river;ice volume changes;Digital Elevation Model;ASTER
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S AR UERES R 2 Hb AL SR (R AUR 4%, AT 47°00'~49<10'N 5 8650'~9030'E 2 [,
e 2 R g v M8 T AR K R AR N 3 A X (B 2.2) 34K AT 2240 ~4374m
Z [, 4000m LA Ly mpbde Al se, JorpoA TR IR 4374m  3RIE BT R 2 1L e e, A
A ZREE] IR S A AL, IR A deigE (4104m) R ARIE JLEE 4000m e A
e, g ple— UK A Rt
2.2.2 SIRFFE

BT SEATT 2RI E Y DX T S P S R T R i B Al o X . '
7=, VU RAFRG A R VPR KT, WA AR 55 0] 25 RIS 5% e 30T 3H 75 48 I OK B
AN, BB B RZ L X a R T, A R A U X R 2 R
B, SRR T R % DS AR T B R 1o &3, ATk 1 e e
Msgmiz F, DA I SE R0 . I, ok H LUK A3 B AR ik < 1A,
WRURFE A NAR AT R, Ak TARR A RS KA. 72 BRI T, 1%
X ARG AP ZE 80K s BRI i B K 3G 22, i X B K LU X 3
HAENSEIIS . MRPEE B S8 GRR 532.6m) FERMMT, %X 50 4ERAE4H
7E 4TCLLT, AR ZAE 40°C DL I, 4% 0.65°C/100m [1) 3 B i JE i skt 55, 4E¥ 0°C
SRR AE 1200 K A5 AT, BT RNZOK N DR ARS8 O B O ol . SRR, BTR 2R
Uyl X o A st A K B — M AE 150mm DAL, BRI RS R IX 5 o LA R K
BHPSE A Bk B W T30, 2 B KRR 19~22mm/100m #E5T, VK1 X =P /K S 7E
350mm LA b, ZPAE (10~4 H) BEKE SRR R 1) 456~50%, FE/KA: A 7o
g3y,

2.3 P /RiEN] AR Xk )5

RV )10 B R, AT X R BT AR HE ] BRI Pk )1 201 4%, A T
214.04km?, ~FEPK IR 1.05km?, KT A R BT R F Ll X 0k )1 P34 TR 0.70km?. Ak
Bk 13.785km®, Hr & fif /K i 12.145km®, UK )1 TR 24 v b [ B JR 2 L M Xk )1 T
T 89.48%, J kI /NUKIE X o TS5 45 AR L bt 4 oo 8 55 DR 35 (M 25 B
SO, UK oA e s A R S
2.3.1 K] H&

AHFFE X IR 0K )1 P2 AR 1.06km?, Herb ok TN T 2km?® FIVK )1 s 20K 89.5%,
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Uk AEE 2.892km®, IO TR A0 it 5240 59 oy 2% X 0K )1 s T BRI 2 () 41.79% Rl
20.96%, VK1 THIAURIME 32 BAE TP e T AR T 2km® FOVK )T E o OISR 4374m,
TR /R 28 L e v 0 o AT UG S L A0 N PR 2 el R B T R K IR & S BRIEI BT R 2R
AR R R HF X, HKT 10km? () =40k )11 e b ek, izl X ik
VKA e,

2.3.2 k)11 ZEB

A1 A REA E#HARE AN ER % R

Tab.2.1 Statistics of morphologic types of glaciers of Burgin headwater region

UK N H UK NHIFA UMt

i KUK BRALE WNEEL FALE kR Falcx T

1% 1% /km? 1% /km? 1% "
Bk 111 55.22 27.87 13.02 0.69 5.03 0.25
VKR k)| 26 12.94 20.11 9.40 0.76 5.48 0.77
&l 47 23.38 70.77 33.06 351 25.45 1.51
iy uk )1 17 8.46 95.29 44,52 8.83 64.04 5.61
ik 201 100 214.04 100 13.80 100 1.06

Bk
KRR K|
[ ok stekn

ESYell

B 2.3 &5 Fdk (a) F@RILHIE (b)
Fig.2.3 The ratio of numbers and area of glciar of different types of glaciers
AR VKNG BN VKEE-BUK ) KK Aok 2R (R 2.0, 1E
RS A S, DURE A UK AR, R BAR H ok TR 4501 8.46% (17 4%),
ETRIAR AN (5 UK 1R TR () 44.52% (95.29km?), A /R AT b 3 T X ok ) 1 TR R ) 32
IR GRS RN ERUK UK, Hos 5 THFS: ) by 23.38%F1 33.06%, 1E
AR UK ) 2RA Al A A S A . N E KT BB R, B4 5T


http://dict.cnki.net/dict_result.aspx?searchword=%e6%95%b0&tjType=sentence&style=&t=numbers

55.22%, ELAREE L (50.9%) Ak LB /R BT LIk (42.0%) ZEK, HRIL (57.9%)
W/, i EvKER-Ek],  XKLEE) 68% LA b F AT L, B VKR AHE ST
UK 480 22 (oK 2RI . DT 2L XA BTSN . PR TR/ NSRS s BE
BEBEOR , (L1 22 UK TR0 1) o 1 e 72— MRAAE 200~300m LA F, BAZ TR 35 3k LU= 7
B AR

2.3. 3 kJIIEAMmE

k2.2 A REFT LR RO 6 4t A

Tab.2.2 Statistics of orientations of glaciers of Burgin headwater region

W1 o) it
i WG FCE OIER PR R prater T 0E
1% 1% /km? 1% /km? 1% "
NW 64 31.84 82.87 38.72 6.68 48.42 1.29
N 23 11.44 8.13 3.80 0.22 1.59 0.35
NE 40 19.90 24.08 11.25 1.02 7.36 0.60
E 10 4.98 6.96 3.25 0.26 1.89 0.70
SE 32 15.92 37.47 17.51 1.95 14.15 117
S 2 1.00 5.39 2.52 0.35 2.56 2.70
SW 19 9.45 40.68 19.01 2.85 20.65 214
w 11 5.47 8.46 3.95 0.47 3.38 0.77
B 201 100 214.04 100 13.80 100 1.06

i
tt il
1:1

A 2.4 ) G B3R

Fig.2.2 The glaciers toward roses

I st 1) S 41 UKV T R LT (175 17 » T8 % 4% 8 AN A7 (I (ND S JEZR (NED.
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A (E). ZE (SE). F§ (S). B (SW). 7§ (W) FIIbi (NW)) #4748,
PRBTRZE X UKk 9 H Gt (% 2.2, B 2.2), WEHATLEL, Ml e, b
FLZD) @Ivk 3L 127 4, 1A 115.08km?, 23531 ok )1 s A EOR R AR (1) 63.18%
F153.77%:; (g (R4 M MPE) W VK)I3E 53 4, [ 83.54km?, 4} UK
JLE 2% HOR 8 THI AR 26.37% 1 39.03% . it L 1] 55 i 7 ) K ) 1 4% SICRH THI AR K LU AL (SIND
SRR 2.41:0 R 1.38:1, SR A /R ] AT DK UK R 43 A1 AT W Sk R AN AR
B b g kO e 22 TR R K)o 3% 5 B f T b2 KB H RS I () e, 48
KBRS D, HRI TR E o AHAGKIIRE B, 6o, dERIAE AR vk P31
FAor 2 1.29km?, 0.35km? Fil 0.60km*, FEZ<. Fa B U [ ok )1 P3R5 500 K
1.17km?, 2.70km? 1 2.14km?, i i ) 1 58 0 - At i ok ) DRASE, T i i el 1 fi
EFIE R KR E . BANRUK)ER T 255 KEEARIRAE B~ ok, Mififn 8oz, i
UK T AAR O A N

3 BUESMRAZE

3.1 HuRIE

WP . 1959 AEMAA (T W2 0 e L g R 15 i . T vk EE 4 ASont
Mo TG AT 44, AT LR IE R ERFE, T A IE ¥ iR 2/ T 1 /MG,
AR K

VKN H = CPEDKE ST — B R Z X0

FERGYAS: 2008 4F 8 H3RENMI ASTER_L1B ¥i#iiivi% 1k, =EEmi/b, vkl
Kb F-1 AR

G BT BT RSO S,,  EES Z F R A TR 5 G
R RE A WE X KRGS AT 55 2%, 40l thh B AR G0REA S 25 5 e 45
(http: // cdc.cma.gov.cn) 424,

ASTER & —Ff s 73 ke 2 i sk S, i3 ERTS R R (NASA) 5 H A
brgt S ik Es (METI, Ministry of Economy, Trade and Industry) Bt K Afi. +& GLIMS
T ARV K . TR R RE . B VKN FFAT DL b P4 25 e
SEHEAT W (1 2 A s,
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% 3.1 ASTER 48 A3 44T
Tab.3.1 Characteristics of ASTER parameters

HFTRGE BB ERREE (um) RS EEE (m) O PEE (%) AR (%) ARG (bits)

1 0.52~0.60
LIRS/
2 0.63~0.69
pIRARA 15 NEAp=0.5 <+4 8 bits
3N 0.78~0.86
(VNIR)
3B 0.78~0.86
4 1.600~1.700 NEAp<0.5
5 2.145~2.185 NEAp<1.3
IR AR 6 2.185~2.225 NEAp<1.3
30 <t4 8 bits
(SWIR) 7 2.235~2.2.365 NEAp<1.3
8 2.295~2.365 NEAp<1.0
9 2.360~2.430 NEAp<1.3
10 8.125~8.475
<3K (200~240K)
11 8.475~8.825
MLrHh <2K (240~270K)
12 8.925~9.275 90 NEAp<0.3K 12 bits
(TIRD <IK (270~340K)

13 10.25~10.95
<2K (340~370K)
14 10.95~11.65

e 5 60km
ML 48.55°
VNIR 24°
B/H 0.6
SRR JE AL A 27.6°

ASTER JEH43 A0 UL R 45 EOS-Terra B b 52 2 B R R SR SR, S
RGN 225 W 1) 32 B2 s 2 — o A B 14 AN BB, ALEE 3 AT
(K62 R G0 w] GAT 4 AMESRH (VNIR, Visible and Near Infrared), 5% 1 45
vt (SWIR, Short Wave Infrared) FI#EZLAMESFIH (TIR, Thermal Infrared), JAHRMN
FEARTERENL K 3.1, ] WO 20N BOHE 1. 20 3B, M4 #E% 2 15m; 4~9
BB AN B, AR HER S 30m, 10~14 B RL AN B, 2 TR0 MR
90m (3 3.1). [AJILKT B Al it jf-F S AR s A LE,  ASTER i HoAT Hodls i A
T B HER R, POnEA . WikHAIEE . MK, EE A, ES
I HA SRR AE )y et A58 (% 3.2).
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& 3.2 ASTER A£ 2% 58 5 Hped B 55 bk

Tab.3.2 Comparison of ASTER sensor and other sensors

A I Sk B SESPEER (mxm) MRS (km) B ARG ks O
Multi/VNIR 1515 60 4 b GEYO
ASTER Multi/SWIR 3030 60 6 o 600
Multi/TIR 90>90 60 5 I
Multi/VNIR 250250 2330 3 i
MODIS Multi/SWIR 5005500 2330 5 T A%
Multi/TIR 10001000 2330 29 o
Multi 3030 185 7 I
LandSat7/ETM+ 4000
Pan 1515 185 1 G
Pan 555 60 1 I
SPOTS/HRG Multi/VNIR 1010 60 3 " (O 15000
Multi/SWIR 2020 60 1 H (B0
SPOT5/HRS Pan 1010 120 1 b GEYO 80/km?

3.2 HIEFALIE
3.2.1 F—H¥R &R

BB, ASTER SEAQHEAT ARKR I — A AT . b Tl &2 1 1 1 R FH 1)
e - v B RS %, 1954 JLatIb RUABER &, MRS R A ) 2 TV GE IR a5
FEHEY, Universal Transverse Mercator) #5% A1 WGS84 Akkr R . HiJEK. ASTER 5443
B ARRE BARE, fEANFEIEE G Fis8ErN G rE, rbies—#
o, TR, K ASTER 21801 1:5 Ji U B s 48— M A R AR AR R o AR
P KUK gm HRTEY el iR AR AR 2K, BRHSE— 1) UTM (45N #7) 2R
WGS84 M ER AL LA bR R G
3.2. 2 i EHIEAL B

PR IE G TR B PF 4, A 3 A

UK S I H LA . fE ArcGIS9.3 B4 FXFHUK)ITA T, UK X 4%
MR, RRREAE AL WK REMAT R EAALER, R A 3B D) RETH R A S UK
JIIXTAR KREEACEAE, IF22% ChEVKNG B Y SREOK)TAFR, 5Hm . E8
EIRPEE R A TAYEDKIME AR B, R CRE K 9 H-ABE LX) e
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FH (¥ 2256 25 0B85 5] 1950 4E VK 1k (A3t 3-2).
H = 34.4 x Fo45 (3-1)
V=HXF (3-2)
AP HR VKNP R FRUKTHER vk AT 10km? vk, 54y

PALHE (£ 3.3)
A.3.3 KF 10 kn' )| BEAEF £

Tab.3.2 Glciar Elevation estimation table of more than 10 km?

UKNITEIAR (km?) VKNP (m)
10~15 100
15~20 110

=30 130

75 ArcGIS 9.3 A NI 3D Analyst A b St T sy 2k, TS5 SL AR AR
TIN CREEIN =44, Triangulated Irregular Network) )77, F425 w26 A FEgSsiF A
Y24 mass points, /K RVEAIERTZE Chard line), Ji Create TIN 2 AE AT =
FIA, T RS ) DEM ARG T AN = £ % DEM TF 510 5, fAfifiat s, i 15 2,
S IE WL T, P DA AR E I R EE T TIN to Raster v 27K TIN 45 )
1% DEM. HiZ 5 3242 ) DEM IR E B0 AN 23 H R FE mi it R (e L, 2 Hr
"R DEM (175 51
3.2.3 ERRIGAIE

"2 j ASTER DEM. ASTER SUARAE RIS 0] K25 0] 73 HE ek 15m, 53 MMEIE£L4h
WA — AN G B, AT LA R 7 0] 2T B (Band_3n) i 177 [] AR 41
HhR B (Band_3b) WP TT [ R TARGS, AT SEARUIN, T DEM B4R, A
H ENVIA.7 %A} DEM Extraction Wizard BHn) ASTER SZAKGA s f L DEM, 71 1:5
J7H T B 40 M 4556 55 CGCPs ), M3 th 4 (1) W S FE FE 4R N T 49 MR S (TIES)
mL, BT AN, FEORAE N 30m, ISR K DEM HA AR HER . A
Ji§ DEM JEHEAT G, SR FH = AR 4 P 43 R D JG 2050 DX Sl R A QR v R 8 2 A A LA A 1) 5
[89]

URONBN IR T 220y M2 N T H MLAR BEIAE IR TSN Bh 73 2R 075
EORN L H RS 2 0y, R BERE ey, IR BUTD AR A2 70 HR UK N T2 1) e A 7 s
BO-920, iy HAHESY X R B w4, VHEIHUR 20 JE 5 HH IR A a6 0k )1 (X5 2
HMELAX IS, SRk gn H Bk MBI, 85A K22 Ao ok 1 AT T 1
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N

A SR A e, RO/ BRSO Sy T S A (KA T UK DX 050, T
BALL T b P

N

ASTER 1%

A v
tr t t t s
fEé % I e B b
> fr o 2 i I8
SULEL (o |4 |w -

K

B 3.1 E ARG AR
Fig.3.1 The technology route of RS image processing

3231 RO G

R E XFR R A . AR PRIk (v D 2 S B, 2 P B B8R B A
TRt AR () — PR (s iR B R  ANWF5 R | ERDASO.3 4 A4+ Interpreter f55bi /1) Layer
Stack ThfE, B 0 FER I ] WG 40 A B Band1. Band2. Band3N 1% B (#).
G (%), REDWFFIATIEROE K. GGG O FE . ML, AR, 4
JESEH, SR UK X AEH
3.2.3.2 kKL IE

ZRBAALE S KA HUR . AR RS VEREA e E R R s, (B85
2N B ARG RS SRS B ARG RS SR A8 1 BGEAR BT K B
RE, RUREEESEZ NG EF-— BARRGIE R R 22 SRR, AT 52 i 32 4L
P 11 . FH AR R AR R e —20 NV, P AR SRR I 2 08 S s A AN m D IR A SR 2
—o BRI LS WIS, BRI, UK X5 JE RO DO0T B RE g o
SRR XE 5 2 AT R R S A A 7 R SR A« T b i 3y 500 il B 0 A T
T IE B O B R P AT R UAR S AR IE 5 5 1
3.2.3.3 JLTKE L IE

PRGBGSR, T HER I TE R . RIS LT R T K AR R A A
BAMB LB FUNA S KA sk, B R RS R 5Em,
MRATF IR G LS LRI & TR, RE TSR E SRS IR G N
FIRBRAR 8, ARG A T JU AR B AL B K R B, AT AN T . 4
T« AL 2l LS IR WA T SR GAE A R . DR I kAT R S P B P
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WG LS HAT JUFT RS IE o JUT AR IE B2 B0 B A o s B 1 &8 A L AT g A%

B SR AR AR I LA AR TR R 25 A W A2 1) PR A5 N B I FH o it o b [ 52 5% i
BB LIS TG JUTROE BT IR Z R0, il an B G076 A2 4 (Affine) AR,
% I AR e (Polynomial R | #5248 4 (Reproject) 155 Y | JE 4% 1 25 ¥ (Rubber Sheeting)
RERGE . AP ERE e 2 I AT ) LT RSIE (A3 3-3). 7E ERDAS Imagine9.1
Hi ) Data Preparation #[f) Imagine Geometric Correction " it4T, KL EIVE 5%
K)Z, 7 ASTER K% I R&Em#d 5 (GCP, Ground Control Point), 75155
2 W 7 Z [ R AARR R BOC BR (8 3K 3-4), TR B0 FEIX. ASTER 3 B AR T )L
IR IE R H o M6 24 24~30 A4S, AT e S48 56 BN UK )N P AERFIEIX . #1
SRR AR AEUK S DXLl T 0 % A8 SR S ] 72 A

n n-i

X = ZOZa.,u Vv,

= (1,2,3... (3-3)

n

y= byu.v,

i=0 j=0

x=T1 (uv)

y = .I: y(U,V) (3-4)

B2 (RMSe, Root Mean Square error) AR#5 /A #

RMSe:\/(x —%x )+ (Y, - V,) (35)

Krx My AR B AAR s x, My, JE S5 585 A KR .
3.2.3.4 IESREIE

TSRS T 2 I b T v RS 2R ) LG b () R MG T AT MO TR WAL R R I e, A
FIGAF G IESN B R . P Sl DX 39 IR RN e I AR TE e AN K, SR AT )L
T IEANTTE ISR IE, 10 AE B Be] 2R 2 LA 2] b e T s DX A g B 7 2 1 () v
OHBIX, B AERRAEK, SR EHRAR TRzl 2, BT IE LT AL E
A IEAMEFFER AR IESARIE o %X Bt in 25 AN hindz 5, FIH ASTER DEM X
ARK BRI B2 22 200E, AR5 BERFERCR 15m K I IESAR . IR 280 T I
A8 T G R 22, THER T MR g, B OB IR EREAR R, EAER EE
i T AN R R o
3.2.3.5 K58k

N T2 ASTER S UK) X AL 4y, IR H MG B i 7k . FEsk
T2 0 I AR B O UG AT B 5, AT A5 1) 5 FEE AR A AR R IR UK A48 53 143 DA 1




o, EBRARTREN, MR EENEASE, AR T BB T, 402 At 21
DIETES: WS e R
3.2.3.6 H—fb Ak

DA TE J5 AR BT P A e, 428 T s a2 38 A 2R ]S X A b T JET R ASTER 5%
G 35 mT B ARG A 05, TR G S R R R AT HE,  AbEEFEAE ERDAS 9.3
BT . IHUE N S H AR TR RGE, S8 BN UTMIWGS84, v Abbx
AT RREEAT JUATRS &4 1E A AR BRI — (b b 3L

3. 3 AL

P A 24 i RIS B IO ) 1 AR AR B R ik A T T 22 I A 22 5 B IR A8 OR S K
UK, PR th A5 I 30K 1 2 Tl oA i i B i 296 DEM i i B, A0k )1
JEJE AR AR BB A T R ASHIFSTRER Berthier 25PN 5%, LA 1959 4R vk )1 HIA b %
fill, Wi DEM 1EZ1G8)JE R ARk, @i 1959 4EUK) I THIFR L 5 AR AU AH et 1) it 4%
o BRI 3.2: KNG ESEH VK5 BRI = 1 & B o Hr « UK E A oA
UK AT SRR, 45 T 0 R 45 A AT

e T e |
| 'ANE-AE
1959 4EH 2 I ! m 5 m ! Tl Uk
dElE I iRl
2008 4 ASTER %1% o i ol 5 i
= == = = #t = 4t
S H )
ok IR )E " RE
A w || i
1959 “EHTE ] »  DEM g o | 4 il
™| IR
2008 4 ASTER J¢1% 3N/3B |  DEM ‘Efk n
S RS UK it Az AL

B 3.2 HAMBK
Fig.3.2 The technology route

3.4 NHES

KA T8 AT 5T AN [R5 AN s M S R R A — o AT 9T A0 HE T
Xl DEM, ASTER DEM Fl ASTER 3&& 52 40K ) 1| X AR A 1355 . HhJE K] DEM 3% %K
PR B A PORHAR 22 . R AR 25, N IR ZE . AR iR 2 . TR N AR 2
SRS FEVPAN SR R 5P Bk ik, R 2E h+14.21m. FFEEZNL )R 1
5 JT 8T AR A RS S SR . AT ASTER DEM A% 8 VAL R A pliyk ” 7981,
FEHR KT 2350m Rk BB PRI X % $% 60 AN mife R 4 b SR Bt ok
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PP A2 ASTER DEM [R5, 25 3R, A /R B X. ASTER DEM 1)k
B k+13.45m.

MR m i XHEE 2, S K IR P BB . RS MBS R B,
RWYIEEN ZEN, IANE GRS R HR . R UE DUGE AL IE . BoEN I 2
PR ZE, WERR SRR B UK 3 5 TR SCARDRE R A .l R
SUAR IR 23 1) 4 2 5 34 ML 2 8 56 i B 0K 1|3 SR B v Af 0O, 4 Hall, Sillvreio
Ye ST AR A AN 5 Pk 1) 23 A0,

Us =2 (VEA +E2e2) JE 22 + T 22 (3-6)

NAPAK AL R, e WIHER ZE: Uy IR E T . V1A B4 0K 1 T AR T
KR 2 £0.0024km?,

4 Fp /RE R LRI Xk ) 2L HEFHE

4.1 EETL
87°10E 87°20'F 87°30'F 87°40'E 87°50'F
N N n 1 N 1
Z Z
& LS
2 £
e 2
JELBEAZ 4K (m)
[ B =
L3
q-101 -100 -80 -60 -45 -33 -25 -156 -63 0 6.1 154 35 375 co;_o
87°10'E 87°20'F 87°30'F 87°40'E 87°50'F

B 4.1.1959 ~ 2008 7k )| R 2 E T ALE

Fig.4.1 Surface elevation changes of glaciers in the study area from 1959 to 2008
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W THEL, VKX 1959~2008 4 50 4 [A] J& 4214438 46-20.17m,  4F14)ik-0.412m/
o #4128 T 1959~2008 AR Am /R EUEYREIX 201 450K)1] DEM ZE{E 45 R
1959 fEPK)INERERLE (A HT R, UK ST AR, AU BifE ik
REXHDENRE; HEEESN A L HA 8k, BT S vk 3
HomZy, ORI T 100m, BEE R G, BEOK RS, THRlsEs, BT iR
JEREAG v 2 (R 3 sk, JCAR TR LR — AN Dt DR R 3 P A B 1 IX sl 2 T P i 1
Rt e, A i R &, WK B R R R, 7E Ao X B AR UK
IR

87°44'E 87°46'E 87°48'E 87°50'E 87°52'E 87°54'E
JEL ) A4k (m)

N B -101--100
-80 ~ -60
-45 ~ -60

[
[
[
e -33 ~-45
1
[
.1

" )
o,

,9( «
W 20 057 K )1 A "; i‘.}
a

49°8'N
49°8'N

-25~-33
-15.6 ~-25
-6.3 ~-15.6
-6.3~0

6.1 ~154
15.4 ~ 35
358 375

— HEG

— ik

49°6'N
49°6'N

1,000 2,000
m

87°44'E 87°46'E 87°48'E 87°50'E 87°52'F 87°54'E

& 4.2.1959 ~ 2008 F7% 44 A7k | B E R AL

Fig.4.2 Surface elevation changes of Kanas glacier from 1959 to 2008

TN CH PSS BT UK 1D AT ST UK N-W i =25 0Kk, K
10.8km, (i 30.13km?%, Akfidkiik 2416m, IR EIBARIK A SRR AR &
FRLEE 1.5~2.0m, AFAMGHOR, BAHalisn, BATUKER R . e sl AR
(RE R, AN TR KRR 1O, BT AP R, Rl 5. i
TR IRAETEM . 18] 4.2 AWE ATk 1 50 SRR FEASALHFAE, %K N DK 5
AAE AR PRI . B P AR R, B UK R S ) B, DK R AR A S LY
BIRAZALRE RS, W5 Ty [ UKAR SR AR B K
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4.2 BIR5FHEET
20 _— &
0 -
ET % o
N 220 pyAY
by I g —&— 5A255E16
i i 5A255E18
jl% 40 - 5A255E20
s i —a— 5A255E21
L —&— 5A255E24
-60 ~ —&— 5A255F09
I —— 5A255C29
L —&— 5A255F41
-80 + 5A255C24
i 5A255N29
_100 _l ||||| | ||||| | ||||| | ||||| l ||||| l ||||| l ||||| l 1 1
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A 4.3.1959 ~ 2008 - R ) I X 8] A 6 e A ko ¥ B AL

Fig.4.3 Elevation changes from different elevation region for six larger glaciers from 1959 to 2008

K 4.3 WoR 7AW IBIRT 3 km? (15 10 40K )1 B R T i T 2 S B AR ARG
Dy AR DR SEHUR W3G0IV A S~ 359 B S 403 e KA AT 60m L |, A
X AN R DK T AT AN ] o M BT B AR5, (H B AT A Y R AN 22 X A A2 2K
Ao ARG 3400m LA LUK HAAE TP, XIS ITTaa38 /N, BILE 0~-40m
AR o SRMIAE AR FOK ) ) gk, SO R Ll BEOE R ASTER AE ) DEM FRRS 52
SRR FE IS .

4.3 KNMRESEFHEE T

] 4.4 R T 201 40K 1A [T THTRR K AN K6E IR 346 e R AR Ak a3, R BRI T 1km?
VKA 150 4%, X UK N HR 1) 74.6%, 2 AR 4341 T--20m~-10m 2 i),
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Fig.4.4 Glacier size vs.mean elevation change from 1959 to 2008
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Table 4.1 Volume,area and its rate in different size of glaciers from 1959 to 2008

ok 1959 & 2008 - WEVE kR
B0 mE AR A AL RG] R £ %

/km? /% [km? 1% 1% Ikm? 1% 1% Ikm? 1%

<05 114 2170 10.14 87  16.08 10.80 51.82  -0.277 -69.76
05~1 36  26.33 12.30 27 1822 12.23 4491  -0.456 -57.04

1~4 41 7454 34.83 26 5151 34.58 3572 -l.467 -41.76

4~10 7 38.60 18.03 4 24.75 16.62 2472 -0.872 -29.90

>10 3 52.87 24.70 2 38.38 25.77 21071 -1.248 -20.12

Bif 201 214.04 100 174  148.94 100 -30.42  -4.320 -31.32
TGS (2008) FIMbIEEE (1959) PR RIHEAT 4 M FIEEE, W 5% X UK

JII3E 201 4, T 50 kB> T 4.320km?, UK UKEL /KA &R 7.776>10'm°,
1959 4E. 2008 4E (UK 1| MR A4y 5] 214.04km?. 148.94km?, F-IYTHIFA 45 1.06km?,
1.03km?, THIARILE> T 65.11km?; T 50 4EK, AT 58 45Uk ) I O, HEr T Uk AR
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Table 5.1 Statistics of the glacier area changes in western china in recent decades

I 1) BE ik ISYIEA HRAH AR

(oA R
J4E 1% Ikm? % 1%
AT IR HE L3R X 1959~2008 201 214.04 58 -30.42 PN
B /R ZE 1960~2009 389 283.39 116 -36.91 [82]
JUT A 2 1980~2001 999 1461.84 99 -8.98 [105]
Bk 1970~2001 372 1776.96 - -0.3 [106]
AR L PG B 1956~1990 1731 1229.4 - -10.3 [107]
LB ARFE 1964~1992 155 48.04 0 -13.8 [94]
HLRERBUSILHIX. 1980~2007 335 491.64 27 -16.40 [108]
PHAL 1963~2004 293 265.81 11 -18.9 [6]
FEAR I X 1964~2003 483 2267.71 - -8.8 [6]

A 525 RN RE R AN FETAE
Table5.2 Comparison of elevation changes of the glaciers in different areas of Tianshan Mountains in recent decades

Mo I ) B UK J5 BE 4350

WX 45K VA PORL IR
1% JEES m/4
A5 JR B LTI X 49°00'~49°11'N, 201  1959~2008 0.412 N

87°36'~87°53'E

Akshiirak 41°43'~41°59'N,

178 1943~2000 0.440.10 [37]
78°15'~78°22'E
° -0.22
Uk 72 21| 47190‘;542' 1 1964~2008 [14]
CUSip)
EEARFHIR 15 0K)1 43°06'N,86°%49'E 1 1962~2006 0.15 [14]
N, 0.57
ML 8 Uk 43°46'N,88°23'E 1 1986~2009 [14]
(UKD
0.32
DY T30 4 50k )1] 43°49'N,88°21'E 1 1962~2009 [14]
(UKD
0.21
WA 3% Je AR TR UK )| 43°03'N,94°19E 1 1981~2005 [109]

(##1k 4 295~4357m)

HitE5RE

ASCAEFT AW R, i 1959 fEHJE AN 2008 i BV 5, 454 RS
I GIS HiAR, X #ramAn /R EJFYRE X kAT 50 SFEARIK N ARAGEAT T 50 #r, 45
REW]:

JEFEAR A ATIFST XS] R 2R M X UK 1SR P A3 A (R X 88k, P8 T BiA 1.06km?, B
BT ALK )P E A 0.70km?. vk )1 X S 350 R %, R B EE;
B AG WA R T v, AU R (%) AR R At 42 ) sl 6 D] 255 i K ) I ()R FE AR A
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