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1:250 000 DEM (DEM25, 1
1:250 000 Tab. 1 Digital satellite images used in the
, 100m) paper in the Mapam Yumco Basin

Landsat TM 1990.10.23  144/38, 144/39 28.5 (VNIR)

/ =4
, DEM 1999.11.9 144/38 28.5 (VNIR)
Landsat ETM-+ 2000. 10. 3 144/39
o 1:50 000
ASTER 2003. 8. 20 14. 25 (VNIR)
’ 200 ’ 2003.10. 3
DEM o 2003. 10. 21
, —14. 4m, 2003. 1. 20
25.96,
( RMSE )= +29.63m, DEM 2
—76m +21m., Tab.2 The maximum RMSE of ortho-rectification
) DEM?25., PCI9. 1 Geo- of satellite images in each period
matica RMSE (m)
X Y
b
1990. 10. 23 10 5.14 7.32 8. 95
« 2,
1999.11. 09 10 5.38 3.42 6. 38
(Transverse Mercator) ,
2003.10. 03 10 2.41 2.49 3. 46
Krasovsky1940 . ,
1:50,000 ’ s 25m s
26m(  3),
3 1:50 000
Tab.3 The maximum co-registration error (RMSE) of all ortho-images in each
epoch period to the 1:50 000 scale topographic maps
RMSE(m)
X Y X Y
1990. 10. 23 14 11. 74 10. 21 15. 56 10 15.78 20. 91 26. 20
1999.11. 09 14 9. 44 6.77 11.62 10 11.69 22.56 25.41
2003.10. 03 14 6. 68 8. 06 10. 46 10 7.35 10. 13 12.52
s Arc/Info s 1974
1:50 000 ( , Landsat TM ETM+, RGB. 432;
ASTER, RGB: 3N21) . , s
, , Williams 1471 Khalsa [4s]
Khromova 7,
(1974 . 1990 . 1999 2003 )
4 (Polygon coverage) o ,
Y b
3 ( b b
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4 1974~2003
Tab. 4 Areal variations of glaciers and lakes in the Mapam Yumco Basin during 1974-2003
(km?) % (km?a™1) (% a™ b
9999 / 7652741 6887. 47 0.12 0.29 0. 00
3333 814021 732.62 6. 36 1.72 0.22
7777 111480 100. 33 7.27 0.27 0. 25
3999 1974~1990 20974 18. 88 2.41 1. 18 0. 15
3399  1990~1999 13925 12.53 1. 60 1. 39 0.18
3339  1999~2003 6521 5. 87 0.75 1. 47 0.19
3993 1990 2003 5276 4.75 0.61 1. 19 0. 15
3393 1999 2003 4418 3.98 0.51 0. 99 0.13
7999  1974~1990 3569 3.21 2.97 0. 20 0.19
7799  1990~1999 3232 2.91 2.69 0. 32 0. 30
3933 1990 1999 2996 2.70 0. 34 0. 30 0. 04
9993  1999~2003 2917 2.63 0. 34 0. 66 0.08
9399 1990 1999 2884 2. 60 0. 33 0.29 0. 04
7779  1999~2003 1594 1.43 1.33 0. 36 0.33
9939 1999 2003 1203 1.08 0.14 0.27 0.03
9339 1990 2003 1163 1. 05 0.13 0. 26 0.03
3939 —> —> —> 1026 0.92 0.12 0.23 0.03
9933 1990~1999 789 0.71 0.09 0.08 0.01
9333 1974~1990 532 0.48 0. 06 0.03 0. 00
9395 " P19 » 2008 249 0.22 0.03 0. 06 0.01
9777 1974~1990 37 0.03 0.03 0. 00 0. 00
7339 o o o / 24 0.02 0.02 0.01 0. 00
9977 1990~1999 17 0.02 0.01 0. 00 0. 00
7377 —> —> —> 8 0.01 0.01 0. 00 0. 00
7399 T T / 5 0. 00 0. 00 0. 00 0. 00
—=> /
9997 1999~2003 2 0. 00 0. 00 0. 00 0. 00
7939 o / o B 1 0. 00 0. 00 0. 00
> /

8651604 7786. 44 0. 85 2.28 0.03

3
1974 ~2003 s 100. 34 km?
744.04 km* (  5), 1974 107.92 km?* (
1.4%)  782.24 km® ( 10%), 2003 100. 39 km®

748.08 km® (  6), 7 . 7.53 km® (6.98%, 0.26 km*a '),

34.16 km® (4.37%, 1.18 km?a '), 1974~1990

N

1990~1999

~



1999~2003

b

km?a '), 1.43 km® (0.36 km*a '),

b

13.92 km® (1.83%, 1.55 km?a '),

’

Tab.5 Remap table of areal variations of glaciers and lakes in the Mapam Yumco Basin during 1974-2003

5 1974~2003

3.21 km® (0.20 km®a '). 2.89 km®

’

22.87 km* (2.92%, 1.43 km*a '),

(0. 32

2.63 km® (0.35%, 0.66 km®*a '),

(km?) %) (km?a (Ya b
744. 04 4. 90 1. 32 0.17 3333,3993.3393,3933
100. 34 7.26 0. 27 0.25 77777377
1974~1990 3.24 2.99 0. 20 0.19 7999,7339,7399,7939
1990~1999 2.91 2.77 0.32 0. 31 7799
1999~2003 1.43 1.41 0. 36 0. 35 7779
1974~1990 0.03 0.03 0. 00 0. 00 9777
1990~1999 0.02 0.01 0. 00 0. 00 9977
1999~2003 0. 00 0. 00 0. 00 0. 00 9997
1974~1990 27. 24 3.48 1.70 0.22 3999,3939,3993,3933
1990~1999 19. 33 2.54 2.15 0.28 3399,3393,7399,9393,9399
1999~2003 8. 94 1. 20 2.24 0. 30 3339,3939,7339,7939,9339,9939
1974~1990 4.37 0.56 0.27 0.03 9333,9399,9339,9393.,7339,7399
1990~1999 5.41 0.71 0. 60 0.08 9933,9939.3939,3933,7939
1999~2003 11.57 1.55 2.89 0. 39 9993,9393,3993,3393
/ 6892.19 9999,9399,9339,9939
- . C D ,
30 , o ¢ 5, 1974~1990 .
1990~1999 . 1999~ 2003 s 27.24 km* (1.7 km®
a '), 19.33 km®* (2.15 km*a '), 8.94 km® (2.24 km*a '), ,
4.37 km* (0.27 km* a~ '), 5.41 km? (0.60 km* a '), 11.57 km’
(2.89 km*a '), . 2003
, (
0.20 km*a ', 0.32km”a ', 0.36 km”a ') .
» 1974~1990 0.03 km*, 1990~1999 0.02 km?*, 1999
~2003 ; 2 ¢ 1800m*) (4,
6 1974~2003 .
Tab. 6 Glacier/lake area and their percentage in the Mapam Yumco Basin during 1974-2003
(km?) %) (km?) (%)
1974 107. 92 1. 39 782. 24 10. 05
1990 104. 71 1. 34 759. 38 9.75
1999 101. 82 1. 31 745. 45 9.57
2003 100. 39 1. 29 748.08 9.61
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7 N

Tab. 7 Lake variation during different periods in the Mapam Yumco Basin

(km?) %) (km?a—1) (km?) [€Z9) (km?a— 1)
1974~1990 —3.21 —2.97 —0. 20 —22. 87 —2.92 —1.43
1990~1999 —2.89 —2.76 —0.32 —13.92 —1.83 —1.55
1999~2003 —1.43 —1.40 —0. 36 2.63 0. 35 0. 66
—7.53 —6.98 —0. 26 —34.16 —4.37 —1.18
. . . : 25°  35° 10%
. . , 7.95%,
. . 6% . .
8% . , 8 , , 39 km?,
36% , 3.85 km?, 9.9%,
. 1990 . .
( 4 3a, 3b), ,
( 30, , o
98. 6%, 31 km?, 4% . 3. 19
km?, , , ,
1.3 km?, , 1974~2003 . 61% . 13.1%
8 1974~2003 R

Tab. 8 Spatial difference of glacier/lake changes in the Mapam Yumco Basin during 1974-2003

(km?) (%) (km®) %)
39 36 —3.85 —9.9
69 64 —3.14 —4.6
. 771 98. 6 —31 —1
+3.19 +0. 4
1.3 0.17 —0.79 —61
+0. 17 +13.1
7.36 0.94 —3.21 —44
40. 61 +8.3
4
’ [47] [46.55]
. Hall % [55] , ( +
0.01 km?»)

Uncertainty T= ¢Z (pizel resolution)® + \/2 (registration_error)®
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(2 X Uncertainty _T)
\/2 (pizel resolution)*

, pixel _resolution

1974 o

Uncertainty_ A= X Z (pizxel _resolution)® + 2 (registration_error)”

, registration _

error

(25)*+(28.5)*+(28.5)+ (14. 25)" +
(26.2)*+(25.41)*+(12. 52)*<C49. 52+38. 59~88

Uncertainty_T=

Uncertainty_AZ%X 2452.56+1488. 86210206 (m?*)
R Hall [
o [s5] o
10 . 11 1 C D, )
5 N
40 o
( 3900m) ( i) , 1984 .
« 4, 1973~2003 s (T, (T,)
0.7C. 0.8C ( 9, (56,57 ,
(P) ( 9. 4), ;
b, : 30 , .
/ ’ s8] ’ ’
AW =P+R—E+§¢ @)
R =R, + R, +R, (2)
AW ; P (P,, mm) ; R
, R, ( ). R, ( ). R, (
N ’ Ra:PuiEu
)o P R . E s 20cm
0. 6 ( 97 4C)9 ° 8
( N ) E, P,
ET  Bagrov L58] C 9, 4d), ,
P,=P . ET=EFE, mm,
y (P,—E,, mm,
) R, ,
. 9 , 1973 ~1990 , 1991~1999 P, 38mm,
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Fig. 4 Time series of (a) summer (April-October) mean temperature (T,/(C). (b) annual precipitation

(P,/mm) . (c¢) annual lake evaporation (E,/mm) which is obtained by multiplying a factor 0. 6 to annual

evaporation rate measured daily with a 20cm evaporation pan and (d) annual residua
E./mm) based on the data from Burang Meteorological Station (30°17'N, 81°1
1973-2003, Tibetan Plateau. The 5™ degree polynomial fit line is plotted for each of them.

2000~2003 y 25.3 mm, E,
, P,—E, , — 1141 mm — 1198 mm,
mm (  9); , R, , 15. 0 mm 8.7 mms,
10. 5 mm, s s
. P,—E, R, .

9 1973~2003
Tab. 9 Climatic characteristics at Burang Station during 1973-2003

| water in lakes (P, —

5'E, 3900 m a.s. L) in

—1191

T, C) (G

T, P, (mm) E, (mm) FE (mm) P,—E,(mm) R, (mm)
1973~1990 9.0 3.1 169. 3 1310 154. 3 —1141 15.0
1991~1999 9.4 3.5 131.3 1329 122.6 —1198 8.7
2000~2003 9.7 3.9 144.0 1335 133.5 —1191 10.5
, . R, R, ,
o , (R,)
(R s
1.4%, 1974~2003 . 7.53 km* (7 ,
34.16 km?, , (
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(1) Landsat .
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2000 3.22%
3 ,
? ?
(@9) , R

[1] ShiY F, Ren]J. Glacier recession and lake shrinkage indicating a climatic warming and drying trend in central A-
sia. Annals of Glaciology, 1990,14.261~265.

[ 2] Oerlemans J. Quantifying global warming from the retreat of glaciers. Science, 1994,264 ;243~245.

[ 3] Dyurgerov M B, Meier M F. 20th Century climate change: Evidence from small glaciers. Proceedings of the Na-
tional Academy of Sciences of the United States of America, 2000, 97:1406~1411.

[4] Paul F, Kaab A, Maisch M, et al. The new remote-sensing-derived Swiss glacier inventory: 1. Methods. Annals
of Glaciology, 2002,34:355~361.

[ 5] Kargel J] S, Abrams M J, Bishop M P, et al. Multispectral imaging contributions to global land ice measurements



1188

27

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
(18]
[19]

[20]
[21]

[22]
[23]
[24]
[25]
[26]
[27]
[28]

[29]
[30]

[31]

[32]

[33]

[34]

from space. Remote Sensing of Environment, 2005, 99:187~219.

Mayewski P A, Jeschke P A. Himalayan and trans-Himalayan glacier fluctuations since A. D. 1812. Arct. Alp.
Res. , 1979, 11(3).:267~287.

Ye Q H., Yao T D, Kang S C, et al. Glacier variations in the Mt. Naimona’Nyi Region, Western Himalayas. in
the last three decades. Annuals of Glaciology, 2006, 43.:385~389.

. s . . , 1996,18

(4):331~336.
s s y . . » 1999, 14(6):607

~612.

, . . ,2001,23(3):231~237.

, s PR . .2001,23(2):189~192.

, s PR , , 2002,24(3):227~233.

, s PR . ,2002, 24(5):559~562.

, s P 51 , » 2002,24(5):563
~566.

, 2003,18(5):595~602.

Yao T D, Wang Y. Liu S. Recent glacial retreat in High Asia in China and its impact on water resource in North-
west China. Science in China (D), 2004,47(12):1065~1075.
Khromova T E, Osipova G B, Tsvetkov D G, et al. Changes in glacier extent in the eastern Pamir, Central Asia,
determined from historical data and ASTER imagery. Remote Sensing of Environment, 2006, 102:24~32.
Dyurgerov M. Glacier mass balance and regime: Data of measurements and analysis, Occasional Paper No. 55. In-
stitute of Arctic and Alpine Research, University of Colorado, Boulder, CO, 2002.
Singh P, Bengtsson L. Impact of warmer climate on melt and evaporation for the rainfed, snowfed and glacierfed
basins in the Himalayan region. Journal of Hydrology, 2005, 300:140~154.

s . . ,1989,44(3):343~352.
Chen X Q,Cui P, Li Y. Changes in glacial lakes and glaciers of post-1986 in the Poiqu Riverbasin, Nyalam, Xizang
(Tibet). Geomorphology,2007,88(3-4):298~311.

,1990,45(1) :12~13.
, s . 30 . ,2006,61(5):510~518.

, . . , 2005,4.:14~19.

s . . ,1984, 3(1):77~86.
Bajracharya B, Shrestha A B, Rajbhandari L. Glacial lake outburst floods in the Sagarmatha region-Hazard assess-
ment using GIS and hydrodynamic modeling. Mountain Research and Development, 2007,27(4) ;336 ~344.
Cenderelli D A, Wohl E E. Flow hydraulics and geomorphic effects of glacial-lake outburst floods in the Mount Ev-
erest region, Nepal. Earth Surface Processes and Landforms, 2003, 28(4):385~407.
Cenderelli D A, Wohl E E. Peak discharge estimates of glacial-lake outburst floods and “normal” climatic floods in
the Mount Everest region, Nepal. Geomorphology, 2001, 40.57~90.
Ding Y, Liu J. Glacier lake outburst flood disasters in China. Annals of Glaciology, 1992,16.:180~184.
Mool P K, Bajracharya S R , Joshi S P. Inventory of Glaciers, Glacial Lakes and Glacial Lake Outburst Floods,
Monitoring and Early Warning Systems in the Hindu Kush-Himalayan Region, Nepal. Katgnabdy, Nepal, 2001.
Reynolds J] M. Glacial-lake outburst floods (GLOFs) in the Himalayas: An example of hazard mitigation from Ne-
pal. Geoscience and Development 2, 1995:6~38.
Richardson S D, Reynolds ] M. An overview of glacial hazards in the Himalayas. Quaternary international, 2000,
65(6):31~47.
Rudoy A N. Glacier-dammed lakes and geological work of glacial superfloods in the Late Pleistocene, Southern Si-
beria, Altai Mountains. Quaternary International, 2002, 87:119~140.

Ye Q H, Yao T D, Chen F, et al. Response of glacier and Lake covariations to climate change in Mapam Yumco



1189

[35]
[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Basin on Tibetan Plateau during 1974-2003. Journal of China University of Geosciences, 2008, 19(2) :135~145.

s s .. 20 . ,2004,26(4) :397~402.
McKillop R J, Clague J J. Statistical, remote sensing-based approach for estimating the probability of catastrophic
drainage from moraine-dammed lakes in Southwestern British Columbia. Global and Planetary Change,2007,56(1-
2):153~171.

, s P 15 . ,2005,27(6) :973~800.
Chiew F H S, Whetton P H, McMahon T A. Simulation of the impacts of climate change on runoff and soil mois-
ture in Australian catchments. Journal of Hydrology, 1995, 167:121~147.
Guan Z, Chen C, Qu Y, et al. Zhang Rivers and Lakes of Xizang: The Series of the Scientific Expedition to the
Qinghai-Xizang Plateau. Beijing: Science Press. 1984.
Bishop M P, Olsenholler J A, Shroder J F, et al. Global land ice measurements from space (GLIMS) . Remote
sensing and GIS investigations of the Earth’s Cryosphere, Geocarto International, 2004,19(2) .57 ~84.
Fujita K, Thompson L. G, Ageta Y, etal. Thirty-year history of glacier melting in the Nepal Himalayas, J. Geo-
phys. Res., 2006, 111, D03109, doi:10.1029/2005]D005894.
Bindschadler R, Dowdeswell J, Hall D, et al. Glaciological applications with Landsat-7 imagery: Early assess-
ments. Remote Sensing of Environment, 2001, 78:163~179.
Ye Q H, Yao T D, Naruse R. Glacier and lake variations in the Mapam Yumco basin, western Himalayas of the
Tibetan Plateau, from 1974 to 2003 using remote sensing and GIS technologies. Journal of Glaciology, (In press).
Kiib A. Combination of SRTM3 and repeat ASTER data for deriving alpine glacier flow velocities in the Bhutan
Himalaya. Remote Sensing of Environment, 2005, 94.:463~474.
Stevens N F, Garbeil H, Mouginis-Mark P J. NASA EOS Terra ASTER: Volcanic topographic mapping and ca-
pability. Remote Sensing of Environment, 2004,90:405~414.
Hall D K, Bayr K J, Schoner W, et al. Consideration of the errors inherent in mapping historical glacier positions
in Austria from the ground and space (1893-2001). Remote Sensing of Environment, 2003, 86 566~577.
Williams R S Jr, Hall D K, Sigurdsson O, et al. Comparison of satellite-derived with ground-based measurements
of the fluctuations of the margins of Vatnaj? kull, Iceland, 1973-1992. Annals of Glaciology, 1997, 24.72~80.
Khalsa SJ S, Dyurgerov M B, Khromova T, e al. Space-based mapping of glacier changes using ASTER and GIS
tools. IEEE Transactions on Geoscience and Remote Sensing, 2004,42(10) :2177~2182.
,1998.1(12):5~10.
,2001.

Ye Q H, Tian G L, Liu G H, et al. Tupu methods of spatial-temporal pattern on land-use change: A case study in
the Yellow River Delta. Journal of Geographical Sciences, 2004, 14(2):131~142.

’ ’ ,

,2007,11(4):511~520.

, s . GIS - . ,2002,21(4)
349~357.
, s PR . D ,2004,35(5):461

~474.
Ye Q H, Kang S C, Chen F, etal. Glacier variations on Mt. Geladandong, central Tibetan Plateau, from 1969 to
2002 using remote sensing and GIS technologies. Journal of Glaciology,2006, 52(179) . 537~545
Liu X, Chen B. Climatic warming in the Tibetan Plateau during recent decades. International Journal of Climatolo-
gy, 2000,20:1729~1742.

. s s . 30 . , 2005, 60(1).:3~11.
Bagrov N A. Of the average long-term evaporation from land surface. Meteorologiia I Gidrologiia ( Meteoposiorusi u
rupposiorust) s 1953, 10:20~25. (In Russian).
Ye Q H, Zhu L P, Zheng H X, etal. Glacier and lake variations in the Yamzhog Yumco Basin in the last two dec-
ades using remote sensing and GIS technologies. Journal of Glaciology, 2007, 53(183):673~676.



1190 27

Glacier and lake co-variations and their responses to
climate change in the Mapam Yumco Basin on Tibet

YE Qing-hua "*, YAO Tan-dong'®, ZHENG Hong-xing', ZHANG Xue-qin'
(1. Laboratory of Tibetan Environment Changes and Land Surface Processes, Institute of Tibetan
Plateau Research, CAS Beijing 100085, Chinaj;

2. State Key Laboratory of Remote Sensing Science, Jointly Sponsored by the Institute of Remote
Sensing Applications of CAS and Beijing Normal University. Beijing 100101, China;

3. State Key Laboratory of Cryosphere and Environment, CAS, Lanzhou 730000, China;

4. Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China)

Abstract: Glacier and lake variations in the Mapam Yumco Basin were studied by integra-
ting series of spatial data from topographic maps and Landsat images in four different peri-
ods of time:1974,1990,1999 and 2003. The results indicate that glaciers and lakes in the
Basin both retreated and advanced during the last 30 years. As a contribution to the stud-
ies of the impact of climate change on glaciers and lakes in high-altitude closed basins of
the western Himalayas, we present spatial and temporal variations of glaciers and lakes in
the Mapam Yumco Basin on the Tibetan Plateau, by means of Geographical Information
System and Remote Sensing techniques. Our results show that both glacier and lake areas
in the Mapam Yumco Basin decreased from 1974 to 2003. Glaciers in the basin have rece-
ded due to the warmer climate, in total by 7. 53 km*(0. 26 km* a ' or 0.25 % a ') during
1974 2003 (c. f. 0.07 % a ! nearby the Yamzhog Yumco Basin, and 0. 18% a ', the mean
glacier recession rate over China since the 1960s). During the same period, lake area de-
creased by 34. 16 km?(1.18 km* a~! or 4. 37 % of whole lake area in the basin) in total,
where decreased by 1. 43 km? a~! on average (with lake shrinkage amounting to 1. 70 km?

1

a ' in some areas and lake growth to 0. 27 km?® a™ ! in others) during 1974-1990, by 1.55

1

km® a ' (with lake shrinkage amounting to 2. 15 km® a ' in some areas and lake growth to

0.60 km® a ' in others) during 1990-1999, while enlarged by 0.66 km®* a ! (with lake
shrinkage amounting to 2. 24 km” a ' and lake growth to 2. 89 km”* a ') during 1999-2003
over the past three decades. It is suggested that both enlargement and reduction of lakes
were accelerated, which might be an indicator for an accelerated water cycle process over

the Tibetan Plateau in a warming climate condition.

Key words: alpine glacier; inland lake; spatial temporal variation; geographic Information
system; remote sensing; Mapam Yumco basin; Tibetan plateau; Mt. Himala-

yas
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Fig.3 Areal variations of glacier and lake in the Mapam Yumco basin during 1974-2003





