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Tab.1 Results of trend analysis of the mean runoff (annual and monthly) for three periods with Mann-
Kendall test in Lhasa River Basin (upper reach of the Lhasa hydrological station)

521 (1956~2003) (1971~2003) (1984~2003)
Zc @ Q Z a Q Zc a Q&

1 H 2.14 * 0.27 339 Ehx 0.85 230 * 1.41
2 A 1.63 0.20 318 i 0.68 230 * 1.16
LR E| 1.08 0.10 293 ik 0.51 243 * 1.00
4 H 0.73 0.11 234 * 0.67 2.11 * 1.51
5H 1.25 0.69 1.87 + 209 204 * 5.15
6 A 1.95 + 349 1.01 314 237 * 21.57
7H 1.36 4.74 2.06 * 13.97 2.17 ¥ 3258
8 3 -0.79 -3.76 1.10 7.96 0.88 13.13
9A 1.63 4.08 3.05 pias 14.52 1.91 + 19.82
107 2.07 % 1.78 249 * 31 0.81 37
11 A 1.68 + 0.57 287 b 1.71 1.78 + 2.65
12 H 2.00 * 0.39 330 nee 111 2.11 * 1.35
G 1.63 1.36 302 e 4.28 263 - 9.69

(RHH a BEKF Tt 45 0.1;% %R 0.05:%* £i 0.01;%%* R 0.001; ZHERKT 0.1)
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Tab.2 Results of trend analysis of the mean precipitation and temperature (annual and monthly) for three
periods with Mann-Kendall test in Lhasa River Basin (upper reach of the Lhasa hydrological station)

(£ 2 )

(1956~2003) (1971~2003) (1984~2003) (1956~2003 ) (1971~2003) (1984~2003)

Ze a Q Z a Q Zc a Zca Q Z a Q@ Z a Q
1A 261 *»* 002 177 + 002 059 0.02 0.44 001 245 * 0.07 0.65 0.04
2H 409 ** 004 183 + 004 214 * 0.10 052 001 195 + 0.04 045 0.03
38 212 * 006 263 ** 012 240 * 026 0.52 001 198 * 003 -0.58 -0.03
48 214 * 016 098 0.13 101 0.25 -0.16 0.00 1.58 0.03 020 0.00
SAH 227 * 056 079 042 178 + 1.83 -1.19 -0.02 135 0.03 -0.81 -0.03
6 118 056 1.04 1.12 217 * 429 -0.94 -0.02 090 0.02 -1.14 -0.07
7H 089 032 200 * 138 042 1.06 -0.21 000 1.02 0.01 -0.55 -0.01
88 -1.09 -0.59 082 0.87 042 1.51 041 000 222 * 002 153 0.04

9HA 364 ** 095 239 * 101 006 0.04 -0.19 000 250 * 003 172 + 004

108 182 + 014 082 010 133 0.41 038 001 180 + 004 097 0.06
1A 126 000 -0.22 0.00 0.78 0.03 202 * 004 274 ** 005 292 ** 0.10
12A 266 ** 001 133 001 1.04 0.02 047 001 229 * 006 0.58 0.03
FH¥ 244 * 302 259 ** 524 217 * 873 195 + 002 4.14 ** 004 172 + 002

(BRPBEKRFE—FF . +FR 0.1;* TR 0.05;** FR 0.01;*** FR 0.001; SHERAT 0.1)
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Tab.3 Results of multiple linear regression of the mean runoff and precipitation, temperature (annual
and monthly) for two periods in Lhasa River Basin (upper reach of the Lhasa hydrological station)

1956~2003 4 1971~2003 £
a; S.e(a)) by S.e(by) R a S.e(az) b2 S.e(b) R,
1A 0.573 0.846 0.636 1.432 0.107 1.761 1.509 1.067 1.779  0.222
2R 0.704 0844  -0.131 0.928 0.138 3.498 1.438 0.352 1.136  0.414
3R -0.206 0.837 0.223 0.334 0.122 1.785 1.525 0.725 0458  0.297
4 A 0.284 2.266 0.759 0.581 0.207 1.634 4.796 0.923 0.865  0.191
SH -1.458 6.719 0.715 0.518 0.257 5.730 12.366 1.259 0755  0.309

6H -39269 20554  2.499 0.720 0.669  -48.888 37.883 2451 0992  0.658
7H -53829 33251 3.887 0.678 0699 -16.591 60.458 4.381 0991 0.673
88 9607 35001 5.672 0555 0.837  40.000 53.081 5964 0636 0870

94 39.264 36554  4.298 1.329 0437 98492 59.302 5.195 1559 0.540
10 A 8.627 7.000 2.129 1.100 0286  31.550 11.711 3.793 1331 0.506
11 A 4.465 2.920 0.531 1.778 0224  21.545 4.218 -0.672 1.708  0.684
124 2.087 1.532 0.270 1213 0.212 5.443 2371 1.312 1445 0.401

g 2792 4858 0.670 0.051 0891  -8.992 14210 0753 0074 0903
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Trend Analysis of the Runoff Variation in Lhasa River Basin
in Tibetan Plateau during the Last 50 Years

LIN Xuedong"?, ZHANG Yili?, YAQO Zhijun? GONG Tongliang®*, WANG Hong?, LIU Linshan?
(1. Institute of Tibetan Plateau Research, CAS, Beijing 100085, China;
2. Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China;
3. Tibet Hydroelectric Investigation, Designed Research Institute, Lhasa 850000, China;
4. School of Civil Engineering, Tsinghua University, Beijing, 100084, China;
5. Tibet Hydrographic and Water Resources Survey Bureau, Lhasa 850000, China)

Abstract: Taking the Lhasa River Basin above Lhasa hydrological station in Tibetan plateau as
a study objective, the characteristics of the annual and monthly mean runoff in 1956- 2003 were
analyzed, which were based on the hydro-data of the two hydrological stations (Lhasa and
Tangga) and the meteorological data of the three meteorological stations (Damxung, Lhasa and
Tangga). The trends and the change - points of runoff and climate from 1956 to 2003 were
detected by using the nonparametric Mann- Kendall test and Pettitt- Mann- Whitney change -
point statistics. The correlations between the runoff and climate change were analyzed by using
multiple linear regression. The major results could be summarized as follows: (1) The annual
mean runoff in 1956~2003 is characterized by a great fluctuation and a positive trend with two
change- points (around 1970 and the early 1980s), after which the runoff tended to increase and
was increasing intensively in the last 20 years. Besides the annual mean runoff, the monthly
mean runoff with a positive trend is in winter half year (from November to April) and summer
half year (May, July and September). (2) The trends of the climate change in the study- area are
generally consistent with the trend of the runoff, but the leading climate factors which aroused
the runoff variation are distinct. Precipitation is the dominant factor influencing the annual and
monthly mean runoff in summer half year, while temperature is the primary factor in winter.

Keywords: Lhasa River Basin; trend of runoff variation; Mann- Kendall trend analysis; Pettitt
change- point test; multiple linear regressions
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Fig.l Location of the Lhasa River Basin and Study Area in Tibetan Plateau, China
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Fig.3 Curves of the mean runoff (annual and monthly) of the Lhasa River Basin
(upper reach of the Lhasa hydrological station) with Pettitt test
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