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Abstract: Three atmospheric/topographic corrected Landsat images (acquired form 17,/03/1977, 05/02/2001, 06/02/2010) have been
used to map the glacier extents using threshold ratio images (BAND4/BAND5) and ISODATA unsupervised classification, respective-
ly. A few of manual editing was made to correct the outline at ice-lake contacts and at debris covered glaciers. Spatial-temporal distribu-
tion and changes of glaciers are analyzed based on GIS and RS, Results show that (1) The glacier in WNR covered 571. 8116, 01 kn’
in 2010, located mainly at the elevation zone of 5 500—6 200 m; (2) The glacier retreat is obvious in recent three decades. especially in
the last decade. The glacier area had decreased by 22. 42% 2. 90% between 1977 and 2010. (3) Compared to the period 1977 —

2001, the glacier retreat rate in the last decade is higher. (4) The annual mean reduction of glacier area slows down in the elevation
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zone of lower 5 700 m, while it speeds up between 5 800—7 000 m. (5) In Lhasa River basin the elevation zone that the glacier reduc-

tion fastest is 100 m higher than that in the Namco basin. The Lhasa river basin glacier reduction was affected by the climate change and

anthropogenic activities, while the glacier retreat in Namco basin was mainly caused by climate change. (6) The rate of glacier retreat

is higher in Namco basin on the northern slope (23. 6% 2. 88%) of research area than those on the southern slope (21. 97% =+

2.90%). And the elevation zone where the highest rate of glacier retreat during 2001—2010 is 200 m higher than those between 1977

and 2001. It indicates that the glaciers tend to shrink in higher elevation.

Key words: climatic change; glacier retreat; Tibetan plateau; western Nyaingentanglha range.
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Fig. 1 Location of the Lhasa River basin and the study area in Tibetan plateau, China
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Fig. 2 Monthly climatologies of air temperature (1962—2008, curve) and precipitation
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Fig. 3 The comparison of before shadow removing and after

shadow removing
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Fig. 5 The region in the south of study area as seen in a false color composition in (a) 1977(MSS 4, 2, 1), (b) 2001 (ETM
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Table 1 Glacier area and area changes in the south part of West Nyainqgentanglha Range (1977—2010)

T (km?) 1977—2001 2001—2010 1977—2010
Aasz Aaz Aasz
2 0 2 0 2 0,
1977 2001 2010 Aai (km?) Aaz (%) (k2 /) 541 (k™) Aaz (%) (km? /oy 21 (b Aaz () Ckm? /)

737.07  622.26  571.81 —114.81 —15.58 —4.59 —50.45 —8.11 —5.61 —165.26 —22.42 —4.86
+25.80 £22.40 4+16.01 =£24.10 +3.27 £0.96 £19.20 +3.09 £2.13 £21.40 £2.90 £0.63

215.54 180.37 164.68 —35.17 —16.32 —1.41 —15.69 —8.70 —1.74 —50.86 —23.60 —1.50
+7.54 +6.49 £4.61 +£7.00 £3.25 £0.28 555 £3.08 +£0.62 +6.21 £2.88 £0.18

fopenyn  A86-58  409.60  870.69 76,98 —15.82 308 —29.91 —7.30 —3.32 —106.89 —21.97 —3.14
M £17.03 +14.75 4+10.63 4+15.89  4+3.27  40.64 +13.20 +£3.10 +1.41 +£14.10 +2.90 +0.41

T Aar (km?) = KA AR VKNTATAR 5 Aaz (00 = KA ASAR R VRO TAAR o vk )1 LB TR RR 9 LE A9 5 Aas (km? /2) = 4E 38 AL vk )1 TRTAR.

3.4 AAREBKISGEUHREEHEEER 5 300 m, PK)1 434 ) S AR T 4K F+ 25 7E 100 m DL 5

XFENAEE NP N oK ARAE AR R] TN AR 3ok )1 o0 A ) S IR R U ey 1977 4R 1)
TR = BE A AT AR AL e T o B R W, BB oK) 5 100~5 200 m iR F] T 5 300~5 400 m., ykJI| 5345
FESM A TUFH 5 500~6 300 m Z[A], 439 5 972 MERARIEHR T T4 200 m. H AT, O T A0 g0 AR 4

BRI

ANAHE IR

196 Y0 LA _b AHFAM A AL HAFAER 35 22 5 TIP3 A A R AT A LU Pl S T it sl ) o 1
(D PITRIKN o0 Ai 0 e IR SGE AR R R AR T 60 100 m Ze A
W2 T e BRI K 3 A A R AR 4RO 1977 (2) UK AR H AR AT A A P AL 22 57 P T

)5 100 ~5 200 m J5iR 8] T FLAE M 5 200 ~ B A 97 3 1 VK )1 ZE M3 5200 ~5900m [X 3 L 4F 44
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Table 2 Distribution and change of glacier area in each elevation zone of West Nyaingentanglha Range from 1977 —2010

e e AAE L PKSTERL L  O5) 1 AR (km®) ARR TS AL R (km? /)
WREE (D =™ 0001 2010 19772001 20012010 10772010 19772001 20012010 19772010
<5200 0.00 000  0.00  —0.09  —0.0l  —0.10  —0.0036 —0.0010 —0.0029
5200~5300  0.16  0.14 013 —0.3%  —0.12  —0.45  —0.0135 —0.0129 —0.0133
5300~5400  0.39 0.3 0.3  —0.64  —0.39  —103  —0.0255 —0.0437 —0.0303
5400~5500  1.28  0.82  0.70  —4.33  —L11  —5.45  —0.1734 —0.1236 —0.1602
5500~5600 467 309 269  —15.27  —3.81  —19.08  —0.6107 —0.4236 —0.5611
5600~5700 1150  9.65  9.34  —24.93  —6.67  —3L.60  —0.9972 —0.7414  —0.9295
5700~5800 1931  19.24 1043  —23.02  —861  —31.63  —0.9209 —0.9563 —0.9303
5800~5900  23.97 2542 26.10  —18.99  —891  —27.90  —0.7597 —0.9899  —0.8206
5900~6000  19.76  21.02  21.33  —15.20  —885  —24.05  —0.6079 —0.9833  —0.7072
6000~6100 1154 1223 1198  —9.19  —7.58  —16.77  —0.3677 —0.8423 —0.4933
6100~6200 4.4  4.55 447 —2.27  —276  —5.03  —0.0909 —0.3065 —0.1480
6200~6300 144 LG4 162  —0.42  —0.91  —L33  —0.0167 —0.1016 —0.0392
6300~6400  0.46  0.55 0.5 0.02  —0.27  —0.25 0.0008  —0.0295  —0.0073
6400~6500  0.23 027 027 —0.05  —0.12  —0.16  —0.0019 —0.0131  —0.0048
6500~6600  0.22  0.25  0.26  —0.07  —0.08  —0.15  —0.0028 —0.0088  —0.0044
6600~6700  0.22 025  0.25  —0.06  —0.10  —0.16  —0.0026 —0.0109  —0.0048
6700~6800  0.20  0.23  0.24  —0.04  —0.05  —0.09  —0.0016 —0.0057 —0.0027
6800~6900  0.12 015  0.16  —0.0l  —0.02  —0.03  —0.0006 —0.0019  —0.0009
6900~7000  0.08 0,09  0.10  —0.01 0.00  —0.01  —0.0005  0.0001 —0.0003
7000 0.04 005 0.06 0.00 0.00 0.00 0.0000  —0.0004 _ —0.000 1
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Fig. 6 The rate change of annual mean glacier reduction area at
each elevation zone of Lhasa River basin (a) and Namco

basin (b) from 1977—2001 and 2001—2010
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Fig. 8 Variation tendency of annual mean temperature and
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