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2
Mann—Kendall
a=0.1"
1
/ mm/10a / C/10a / mm/10a / mm/10a / mm/10a
10.9 0.38 10.8 10.2 0.6*
14.4 0.41 11.7 9.8 1.9
13.6 0.40 10.8 7.3 33
12.2 0.42 9.6 7.0 2.7
4.2% 0.40 2.2% 2.4% 0.2%
4.6%* 0.41 3.3% 5.6% -1.9%
a=0.1 “ *"
2
/ mm/10a / °C/10a) / mm/10a / mm/10a / mm/10a
5.2 0.33 1.5 1.4 0.1%
4.2% 0.43 3.6 3.2 0.6%*
2.5% 0.35 3.5 3.5 0.1%
-0.1%* 0.43 1.4 1.4 0*
5.4 0.42 1.3 1.1 0.1%*
4.4% 0.48 6.7 5.1 1.9
4.9 0.39 4.1 3.8 0.4%
1.4 0.40 0.8 0.8 -0.1
6.0 0.40 2.2 0.7 1.5
3.1% 0.57 3.9 3.7 0.3%
5.1 0.38 4.1 3.1 0.9
1.5 0.51 1.0 0.4 0.7
6.1 0.42 0.2% -0.3* 0.5
0.3* 0.43 3.6% 3.3% 0.2%
4.0 0.39 53 3.6 1.6
3.2 0.50 2.4 1.9 0.5
-2.0%* 0.30 0.4% 0.3* 0.2%
4.0* 0.24 0.2% 0.4* 0.0*
2.3% 0.35 1.2% 1.3% 0.2%
—1.8% 0.51 0.27% 0.6* -0.3*
-1.7% 0.43 0.7* 0.8* -0.1%
5.9% 0.46 1.7% 3.2% -2.0%*
2.2% 0.33 1.7 1.6 0.1%
-2.8% 0.36 0.0* 0.0* =0.1%
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/ mm/10a / mm/10a
0.11 0.6* 75
0.14 1.2 10.6
0.11 0.4% 18
0.10 0.2+ 170
6
/km® /[ m’ 54
1960 2010 1960 2010 /- m'/10a
12.5 6.5 2.1 0.9 70 0.3mm/10a
42.5 20.4 8.8 3.3 302 0.6mm/10a
67.3 31.1 13.5 53 440 0.4mm/10a
18.2 9.6 3.4 1.3 115 0.6mm/10a
10 %
40 %
12-14
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Impact of cryosphere hydrological processes

on the river runoff in the upper reaches of Heihe River

WANG Yuhan YANG Dawen LEI Huimin YANG Hanbo
Deparitment of Hydraulic Engineering  Tsinghua University Betjing 100084  China

Abstract The upper reach of the Heihe River is located in alpine mountain area exploring on the effect
of the cryosphere hydrological process on runoff is of significance to diagnose the change of runoff and its
sustainability. This study uses a method of base flow separation and a stepwise multiple regression model to
investigate the reasons for the runoff changes in the upstream of Heihe River during 1960-2013. The contri-
bution of snowmelt and glacier melt to runoff is particularly estimated to explore the possible influences of
soil freezing and thawing on runoff changes. The results show an increasing trend of the total runoff from
the upper reach in the past 54 years dominated by the changes in base flow. Changes in precipitation and
air temperature had great contribution to the increasing runoff. In spring the dominant factor causing the in-
creasing runoff was the air temperature rather than the precipitation while in autumn precipitation was the
dominant factor rather than air temperature. In summer rainfall intensity had a significant increasing trend
daily rainfall increase of 0.9 mm/10 a in the east branch of the upper reach which contributed to runoff
by about 15 %. Changes of snowfall in mountainous region were not significant and glacier melt runoff con-
tributed less than 10 % to the runoff increase. Therefore the possible reason for the increase of base flow
is rising temperature thickened the active permafrost layers which leads to the increase of soil water stor-
age capacity and finally results in the increase of rainfall infiltration and base flow. Because of the wide
distribution of permafrost in the upper reach the increase of base flow caused by this change of runoff
mechanism will be continuous in the future as the rising air temperature.

Key words upstream of Heihe River river runoff change attribution analysis base flow separation cryo-

sphere hydrological processes
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