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Fig. 1 Locations of Glacier No. 1 hydrologic and meteorological stations

at the headwaters of the Urumqi River
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Fig. 4  Change points of annual runoff of Urumqi Glacier No. 1 established using the Mann-Kendall
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Table 1  The comparisons of air temperature precipitation and runoff of Urumqi Glacier No. 1 during

the ablation period in 2006 and 1976

2006 1976

5—9 6—8 7—8 5—9 6—38 7—8

/C 3.4 5.1 6.0 1.8 3.0 3.5

/C 2.6 4.2 4.9 2.6 4.2 4.9

/C 0.8 0.9 1.1 -0.8 -1.2 -1.4

/mm 86. 6 113.1 100. 5 86.5 104.9 86.3

/mm 80.2 102.3 105.2 80.2 102. 3 105.2

1% 8.0 10.6 -4.5 7.9 2.5 -18.0
/(m*/s) 0. 434 0. 466 0.598 0.119 0. 163 0.214
/(m?/s) 0. 180 0.270 0.327 0. 180 0.270 0.327

/% 141. 1 72.6 82.9 -33.9 -39.6 -34.6
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Fig. 7 Comparison annual runoff changes of Glacier No. 1 with its loss of ice volume for the period 1962—2008
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Table 2 The changes in annual precipitation air temperature glacier mass balance and runoff
in hydrologic section for the period prior to 1990 and after 1990
/ /°C / . ®
i o L /mm 2/10* m? /10* m?
1959—1993 538 -5.3 -102 603 107. 1 159.9
1994—2008 651 -4.5 -586 1 166 207.2 270.9
113 0.8 —-484 563 100. 1 111.0
1% 21.0 93.4 93.4 69.4

(1)1 50 a 1993 1996
o 13~16a 5~7a o
13 ~16 a 1 o
5~7a 1 o
(2) 1 N N
o 1
1

2 C .
50 1 -13 693 mm
3135.7 x10* m® 16.1
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Analysis on Runoff Variation of Glacier No. 1 at the Headwaters
of the Urumgqi River from 1959 to 2008

SUN Meiping' LI Zhong—in' > YAO XiaoHun'®> ZHANG Ming—jun’
(1. State Key Laboratory of Cryosphere Sciences Cold and Arid Regions Environmental and Engineering
Research Institute CAS/Tianshan Glacier Station Lanzhou 730000 China; 2. Geography and Environment
College of Northwest Normal University Lanzhou 730070 China)

Abstract: Based on multiple methods such as mathematical statistics Morlet wavelet analysis
and Mann-Kendall method runoff variation of Glacier No. 1 at the headwaters of the Urumqi River
during 19592008 was analyzed in order to detect its changing trend periodicity characteristics
and mutation features. Then the relationships among runoff climate and glacier change were also
discussed. The results firstly showed that runoff of Urumqi Glacier No. 1 experienced an increas—
ing trend in recent 50 years; especially since 1993 the increase was more obvious. Secondly the
first principal periodicity of runoff series was 15 years and the secondary one was 6 years. From
1346 years scale the glacier runoff would continue to increase in the future years. However an
opposite tendency existed from another time scales of 57 years or more. Thirdly there was a good
instantaneous response relation among glacier runoff glacier mass balance annual average tem—
perature temperature in the melt season and annual precipitation. More specifically the vibra—
tion of temperature in the ablation season gave the greatest contribution to glacier runoff vibration
and glacier runoff showed an accelerated growth when the temperature was more than 2 C. It was
finally concluded that 100 mm change of glacier mass balance could cause 22.9 x 10* m’ river
runoff. The cumulative mass balance of Glacier No. 1 reached up to — 13693 mm in the past 50
years which was equivalent to 3135.7 x 10 m” additional supplies of river runoff and was about
1. 6 times that of the river annual runoff. This study highlighted the relationships between climate—
induced glacier change and runoff yield. The mutation and periodicity of glacier mass balance was
also analyzed so the inherent law of glacier runoff was revealed to some extent.

Key words: glacier runoff; runoff change; climate change; mass balance; Urumgqi Glacier No. 1



