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Fig. 1  Map showing the fundamental geographic information of the Yarlung Zangbo River basin
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Fig. 3

The orientational distribution of glacierized areas in the Yarlung Zangbo River

basin in km®(a) and in percentage (b)
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Table 1  The orientational dependences of glacierized areas and altitude ranges in the Yarlung Zangbo River basin
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The glacierized areas changing with altitudes in the Yarlung Zangbo River basin
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Table 2 A summary of the glacierized areas, average ice thicknesses and ice volumes
of the 21 glaciers during the past 30 years
1976(1973) 4F 1988(1987) 4F 2005(2006) 4F:
VKN 44 1 VK % B

S /km? D /m V /km? S /km? D /m V /km? S /km? D /m V /km?
502780249 w1 27.79 132.9 3. 69 25. 45 129.2 3.29 27.29 132.2 3.61
50272B0256 gl 27. 61 132.7 3.66 24. 81 128.1 3.18 27.39 132.3 3.62
5027280420 21. 25 121.8 2.59 19.31 118.0 2.28 20. 94 121.2 2.54
50281A0118 T PT 35.71 144. 2 5.15 24,07 126.9 3.05 34.98 143.3 5.01
50281A0145 56. 68 167.3 9.49 50. 98 161.7 8. 25 58. 46 169. 0 9.88
50281A0163 e 32.31 139.6 4.51 23. 41 125.7 2.94 32.11 139.3 4.47
50281A0185 ] % dk 66. 67 176.3 11.75 64. 29 174. 2 11. 20 67. 47 176.9 11. 94
50281A0191 48. 09 158. 7 7.63 44,48 154. 8 6.89 47.32 157.9 7.47
50281B0575 VEDA 80. 32 187.0 15.02 77. 14 184. 6 14. 24 83. 43 189.3 15.79
50281B0582 60. 96 171.3 10. 44 51.12 161.9 8.27 61. 84 172.1 10. 64
50281B0702 il 164,74 234.7 38.67 125.95 215.7 27.17 156.19 230. 8 36. 05
50281B0714 BEER <3 79.17 186. 2 14. 74 65. 43 175.2 11.46 78.42 185.6 14.56
5028180720 gl 33.12 140. 7 1. 66 31. 44 138. 4 4.35 31. 89 139.0 4.43
50281B0729 &7 198. 90 249.0 49, 54 183.97 243.0 44,71 195. 31 247.6 48. 37
50281B0746 R 74.23 182. 4 13.54 62.01 172. 2 10. 68 70. 62 179.5 12.68
5028180768 e 121. 54 213.3 25.92 97. 07 198. 6 19. 28 117. 61 211.1 24. 82
50282B0037 |55 194. 10 247. 1 47.97 193. 31 246. 8 A7.72 191.51 246. 1 47.13
50282B0083 GiEiN 31. 96 139. 1 4,45 36. 43 145.2 5.29 33.41 141. 1 4.71
50282B0093 % I8 30. 36 136.8 4.15 31. 81 138.9 4,42 30. 79 137.5 4.23
50282B0099 25. 44 129. 2 3.29 26. 99 131.7 3.55 26.12 130. 3 3.40
50282B0123 L 23.46 125.8 2.95 23. 94 126.6 3.03 23.36 125. 6 2.93
Mt 1434. 4 283. 8 1283. 4 245. 3 1416.5 278.3
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Table 3 Days of the selected images and corresponding ELA, of the 21 glaciers
7RI X KN £ i AR [A] ELAy/m AR A] ELAy/m AR I ] ELAy/m
A EL 50272B0249 19761215 5309 19881009 5313 20051024 5358
e 50272B0256 19761215 5260 19881009 5165 20051024 5224
50272B0420 19761215 4958 19881009 4971 20051024 5055
PHTE  50281A0118 19761215 5076 19881009 5190 20051024 5116
50281A0145 19761215 5208 19881009 5220 20051024 5198
o 50281A0163 19761215 4925 19881009 4933 20051024 4979
IE 3% 4L 50281A0185 19761215 5289 19881009 5246 20051024 5302
50281A0191 19761215 5043 19881009 5014 20051024 5100
B JOEDA 50281B0575 19761215 5181 19871203 5158 20051024 5157
50281B0582 19761215 5316 19881009 5367 20051024 5255
Hilly 50281B0702 19761215 4696 19881009 4886 20051024 4908
PR3 50281B0714 19761215 4874 19871203 4886 20051024 4842
il 50281B0720 19761215 4141 19871203 4073 20061223 4168
BH 50281B0729 19761215 4489 19871203 4498 20061223 4501
P 50281B0746 19761215 4880 19871203 5013 20051024 4909
A te 50281B0768 19761215 4620 19871203 4710 20061223 4619
C T 75 50282B0037 19731027 5014 19881027 4985 20051111 5011
iR 50282B0083 19731027 4928 19881027 4934 20051111 4938
gt 50282B0093 19731027 4847 19881027 4817 20051111 4851
50282B0099 19731027 4701 19881027 4636 20051111 4836
2L 50282B0123 19731027 4490 19881027 4570 20051111 4566
ELA/m 4916 4933 4947

VKL 50282B0123 ykJII (ZRJLVK)ID 8 1980 —2001
AP (] 4370 A 2B 4 R HEARAS . BRI VK1 A 5 [R]
BT 0.49 km®, BEASCRFFERT B 5 HOR], dm
WEFE 45 R g A 2 5.
3.3.2 UKV AR Ab R A A Ak 1 e

REEZRd, WA T k)T, B K
PeRE Tk NI BLREY . = L w2 1 vk I R ok
M firact™ L 7RI B 3 ) K ALK I BRI 5% 2R
ML R B 4 ARG S G 2 iR 1
19782005 4F 1 i) 43 7% £ A /< 4 WL $ o5 . HL B
B3 AN UONBEBR B AT, G ol i 5 A AR UK R B
BRI 160 km. B H X 4 SRR
AN K A A RRAE . DU A H 33k 26 AR vk )1 A5 Ak %)
A AR A P e 7 R

PRES A DCUR )R B 1Y) /2 78 2R AR5 ol (R B
JEVK 50~90 km). AP ] 73 B (3 5) %
B, 7% BRUbAE 19761988 A E <R L 0. 65 C -«
(10a) " Y 38 FE 2R PR L T R K U A — 4. 17 mm -

(10a) ALV D, B A X
PKNAEZ I BON & AR 4. T fE 1988—2005 4¢ 1]
[, IR KA E A, FEAKWE R 69, 79 mm
(10a) 'Y LA MER K. fEIZN BN . A XBTA UK
IR A B4, Smi b BT AR I 4,
ATHEN 2 B R K A I KT 1 AR T x vk
N BERAF . BRER, 7619762005 4£1
] 5% Bl AU S K 33 B T g, AR T e e
VKN K A= B 45 TR A3 m U o ok )1 AR R 43 T
ARFAM, ZHGEEENT . A KRB YK A
WA KA B E WA B E 5 L AE 3. 1% L
M.

FRES B IOk I BT 1 2 AR AR 2 991, 8
m) ., B GEK 4 488.8 m) ARy, Pl B 5 k)1
FEIE B AR 24 CBE B 4 UK 1] 100~150 km) , {H7% &
AR wh R, TR SCE RMULF B A R vk 1 T
UM AEWEIRE 3 000 m DL by o0 525 2% 18 57 2L
Sl AR AR« DRI B X UK X A f A2 Ak 1
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Table 4 A summary of the glacierized area changes of the 21 glaciers during the past 30 years

I 30 a3k 21 FREKIEREUERTUE LG

1976/1973 1988/1987 2005/2006

1976 —1988 4 i X

1988 —2005 4F i f1L

1976 —2005 4 Jfij £

12 O N= S VI E 1 SR Ol Pap S (R T AR A A B A Ak [ER A By
/km? /m? /m? /km? /% /km? /% /km? /%
A 50272B0249 L 27.79 25.45 27.29 —2.3 —8.4 1.8 7.2 —0.5 —1.8
50272B0256 A B 27.61 24. 81 27.39 —2.8 —10.1 2.6 10.4 —0.2 —0.8
50272B0420 21. 25 19. 31 20. 94 —1.9 —9.1 1.6 8.4 —0.3 —1.5
50281A0118  VEHAAT X 35.71 24.07 34.98 —11.6 —32.6 10.9 45.4 —0.7 —2
50281A0145 56. 68 50. 98 58. 46 —5.7 —10.1 7.5 14.7 1.8 3.1
50281A0163 FER 32.31 23.41 32.11 —8.9 —27.5 8.7 37.1 —0.2 —0.6
50281A0185 T 3% 3 66.67 64. 29 67. 47 —2.4 —3.6 3.2 4.9 0.8 1.2
50281A0191 48.09 44,48 47. 32 —3.6 —7.5 2.8 6.4 —0.8 —1.6
B 50281B0575 POEDA 80. 32 77.14 83.43 —3.2 —4 6.3 8.2 3.1 3.9
50281B0582 60. 96 51.12 61. 84 —9.8 —16.1 10.7 21 0.9 1.4
50281B0702 i 164. 74 125.95 156. 19 —38.8 —23.5 30.2 24 —8.6 —5.2
50281B0714 BER S 79.17 65.43 78.42 —13.7 —17.4 13 19.9 —0.7 —0.9
50281B0720 gl 33.12 31. 44 31. 89 —1.7 —5.1 0.5 1.4 —1.2 —3.7
50281B0729 & 198.9 183.97 195. 31 —14.9 —7.5 11.3 6.2 —3.6 —1.8
50281B0746 i 74.23 62.01 70.62 —12.2 —16.5 8.6 13.9 —3.6 —4.9
50281B0768 192 121. 54 97.07 117.61 —24.5 —20.1 20.5 21.2 —3.9 —3.2
C 50282B0037 k5 194. 1 193. 31 191.51 —0.8 —0.4 —1.8 —0.9 —2.6 —1.3
50282B0083 gl 31.96 36.43 33.41 4.5 14 —3 —8.3 1.4 4.5
50282B0093 g 30. 36 31. 81 30. 79 1.4 4.8 —1 —3.2 0.4 1.4
50282B0099 25.44 26.99 26.12 1.5 6.1 —0.9 —3.2 0.7 2.7
50282B0123 L 23.46 23.94 23. 36 0.5 2.1 —0.6 —2.4 —0.1 —0.4
Bt 1434.4 1283.4 1416. 5 —151.0 —10.53 133.1 10. 37 —18.0 —1.25
x5 KINBMESEEBWKEEESNHIT
Table 5 A summary of the climate linear analyses of the meteorological data from the stations around the glacier groups
1976—1988 4 1988 —2005 4= 1976 —2005 4
A A 1) A A AT 1) 3 A A RE3IInES B BERT
FH i /C - (10a) ! 0. 65 90% 0.42 / 0.48 99%
7K /mm « (10a) ! —4.17 / 69.79 90% 42.33 95%
Mz SR /C . (10a) ! 0. 30 / 0.57 99% 0.38 99%
f%7K /mm « (10a) ! 65. 20 / 30. 23 / 23.51 /
% S|/ C - (10a) ! 0.19 / 0.42 99% 0.21 99%
7K /mm « (10a) ! 70. 64 / —86. 43 / 1.38 /
adit] SR /°C e (1oa) ! 0. 09 / 0.43 95% 0.15 95%
f&7K /mm + (10a) ! —20. 84 / —107.73 90% —14.63 /

T W CXUKIHER 1973 AR IR, MO . 215

-

it 1973—1988, 1988—2005, 1973 —2005 4F 3 B B 5 A8 4k #a 3.
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W . eAh . AL B XK BE#E Cie/N R B 40
km), HIG, B IXUKNEES A KUKNEEALE 3 A1) [E]
B PR R A AL A A A0 A8 A AR 100 8 B0 e AL 1) 8 Bl AR
L.

FRES C XK I R % . SRRk,
Bk fE 1973—1988 4FF1 1988—2005 4= Wi ™ it 1] Bt
P ACRAFEEIG L 1T R K AE AR R B B 5 g R
P AR R RS, BRI, C X H A 5 T O % A4 o
() 4 ZRUKNIAE BRI (E] Be o SR 5 AL B X vk
JUHEAE S i 2l R0 . BIAE 19731988 4F yk 1| 1H
FRBE N, 19882005 4F pk 1| 10 AR U8 /)N, fH G 1 oK
Uho £ 1973-—2005 4F[A] , BE 7K (385 in i1 55 5 28 HE T
TR TR X KON R R AR, 53X 4 pk 1] T
FROCHR 5 LA 25 19 39 n CBR 22 Lok s 2> 1 0. 1
km®4h). 22MB ke 1973 — 1988 4EF1 1988 —2005 4F
P I [ BN AR AR 28 T e o T R K s 7 45
WD R AS AN R T UK Rl ST A
ity ) B KT HE 57 K 1| Bl 2z 7 A L ) 78 s ] B A 4
BT UKNEE g A

SR, X 21 Z vk )1 T Ak H ISR T AR
SRS BB GR . (H K 3% in ) 55 205 #ETH TR
T T R A R B AN R S M, 3R AR AR AR S5 AT R R
UL L R A YK AE 1976 — 2005 4 1] 1 £ A2 fk 1
ARFERFEZERA. SR, AR E KA TS
JE M I ANEE A T R R KON XL I8 H 2 e v 3k vk )1
DX I A AR AR L. 17 TR PR 1| FE e V4 L DX A0 A
BRI R X, ATE AT K b5 F LR
X AT B SR i AR AN B Y R

4 75

(1) FI ] DEM % K vk ) 4 B #5432 11 GIS
25 (B 3 B B R S X6 e 6 A VL AN [R] 5 ) b ok 1]
T RR %) 43 A5 LA S KN | T FR B e B 1) 43 A0 R AT T 48
TH L WRAN VARS8 AR X W 5 T Ge it B A S5 R .
Geitai W 1) AR EA ok T ER H K B K
WAt ZRdb. AR M. PUdE. REE. PR PO R
At 157 55 0 B 1] FAB A 1. 34 A P 1) 55 0 4R ) FGAE R
0. 795 At 1l vk )1 43 A e B30 B /S 340 v 1) g P
1] UK 53 A e BE S LS T 2 )5 2) e 6 A U
IRV 3 A v BE R R 29 i 4R 4 600 m; B
TR e B DX A AR 5 300~5 500 m, Hivk I T
TR & A vk 1 AR A 14, 490, DA i B IX ]
i, 75 EF 200 m, 400 m, 600 m [ X al, vk )|
(46 v b 3 4 1 o SR vk 1] R T R 40, 324,

63.7% K% 79.9%.

(2) FIFE 1976, 1988, 2005 4F Kz HAH T B %1 1Y
IR R N DEM 88l . 255 s [ RS, GIS £ R LU
KARGEIT A, AT T HEG A L 21 8K
RUHEVE PR VK T AR L SRR BE . KA & . P 2k SR A
ZHL.

(3) A, B X kI £E 1976—1988 4F Fil 1988—
2005 AE I By SR 4 . ARG, T C
KRR vk N AE P[] Be N 55 AL B X2 BUAH R
AP BARAS. BB R, 3 A Xy vk 1| T AR AR
19762005 4F A [|] I B A 5 BRI 2Ly 22 fh. X w]
RE A PR S B K 0 384 o vl 55 6 2 1G9 1 IR T v % vk
JIFR AR SZ o ] g J2 | T R 38 vk )1 7E &
A, XA R 1R B3R DX Y

O TR H Al A% AR AT R P T AR 89
BN B H R A 0 I &L, A s — S SO
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Analysis of the Characteristics of the Glacier System and Typical Glacier

Change Based on Remote Sensing in the Yarlung Zangbo River

Basin during the Past 30 Years

NIE Ning"*?. ZHANG Zhijie’ .
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Abstract: By means of RS and GIS techniques, in
association with the first glacier inventory data and
digital elevation model, statistical studies concern-
ing with the orientation and the altitudinal distri-
butions of glacierized areas in Yarlung Zangbo Riv-
er basin, and individual glacierized area, average
ice thickness and ice volume as well as mass bal-
ance and equilibrium line fluctuations for 21 select-
ed large marine glaciers in 1976, 1988, 2005 were
conducted. The results enrich the information of
the first glacier inventory considerably for the
studied basin. The glacierized area changes of the
21 marine glaciers, together with their response to

climate change, were also statistically analyzed.

The study results suggested that the large marine
glaciers, developing over three different climate
environments, had shown fluctuation in response
to the variation in temperature and precipitation
during 1976 —1988 and 1988 — 2005, respectively.
Generally speaking, however, no significant ad-
vance or retreat could be seen from the 21 large
marine glaciers. This was possibly due to the ris-
ing precipitation having offset the negative effect of
rising temperature on glacier mass balance. Alter-
natively, there could be a supplementing effect in
the accumulation area over high altitude for large
glacier. Further study on this issue will be under-

taken for much concrete conclusions.

Key words: Yarlung Zangbo River; altitudinal distribution; orientational distribution; glacier change; cli-

mate response



