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Abstract; [ Background ] Studying the impact of human activities and precipitation changes on runoff
and analyzing the main driving factors of the runoff changes in the upper reach of the Beiluo River basin
could provide decision-making basis for water and soil conservation and rational use of water resources in
the upper reaches of the Beiluo River basin and similar watersheds. [ Methods ] Based on the daily
precipitation data and runoff data of Wuqi meteorological station in the upper reach of the Beiluo River
basin from 1971 to 2014, the study uses the cumulative anomaly method, Mann-Kendall trend test, and
precipitation-runoff double mass curve method to analyze the changes in trends and diagnosis the variation

point of the annual precipitation and runoff changes in the upper reaches of the Beiluo River during 1971
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-2014. The double mass curve method and linear regression model are used to quantify the impact of
climate change and human activities on precipitation and runoff changes in the annual scale and flood
season. | Results] The results show that after the implementation of the Grain for Green Program in 2003,
the precipitation-runoff relationship in the upper reach of the Beiluo River changed abruptly. The annual
runoff and the flood season runoff after the mutation were significantly lower than those before the
mutation, and the annual runoff changes were mainly caused by the reduction of the flood season runoff.
Before 2003, the average daily runoff > 100 m*/s, >1. 15 m’/s, and <0.5 m’/s were 0. 27% , 59.2% ,
and 8% , respectively, decreased to 0.07% , 44.9% , and 0. 048 after 2003. The contribution of human
activities to the annual runoff and the reduction of runoff during the flood season was 106% and 114%
respectively. The capacity of vegetation to regulate runoff is significantly increases a few years after the
implementation of the Grain for Green Program due to the increase in the area of forest land and the
reduction of farmland area. The number of the days that have extreme runoff has decreased obviously after
2003. The proportion of the non-flood season runoff accounts for annual runoff has decreased in recent
years. At the same time, the ratio of moderate flow after the mutation increased compared to the previous
years. Changes in runoff are less sensitive to changes in precipitation. [ Conclusions ] Large-scale of the
vegetation restoration is a direct factor for the decrease of runoff in the Beiluo Rivers source area, and the
policy of Grain for Green Program and soil and water conservation is the core driving force. At the same
time, with the extension of the time for Grain for Green Program, the runoff in the upper reach of Beiluo
River will not continue to decrease, and will remain at a relatively low and stable level in the future.
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Tab.1 Hydrological characteristics in different years in the upper Beiluo River basin

Kk & Rainfall %% & Discharge
iﬁ 1y BEW EERN £ R BERN
Annual average/mm Exterme ratio Cv Annual average/10® m® Exterme ratio Cv
1971—2014 455 2.33 0. 200 0. 852 2.87 0.371
1971—1980 465 1.93 0.192 1. 065 2.17 0.244
1981—1990 445 2.33 0.253 0. 858 2.69 0. 346
1991—2000 429 1.47 0.119 0.953 2.92 0.349
2001—2014 473 1.82 0. 196 0. 625 2.50 0.294
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Tab.2 Analysis of the variation of runoff in year and flood season in the upper reaches of Beiluo River

B Ehrf2 i B LERpEK B REK R E ARESHEWE AREZE M
Observed Annual Rainfall Impact of human Impact of human
eriod
P runoff/10% m’ rainfall/ mm determination/10% m® activity/(10% m*-a"") activity/ %
I. 0.958 452 0.958
SE4} Year
o, 0. 570 463 0.981 0.411 106
I, 0.621 325 0. 621
3 Flood season
I, 0.252 351 0.671 0.419 114
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Tab.3 Area percentage of land use in different periods

1990 2010 AR 4L % change rate/%
AR
Land ¢ [1E:H L mHR Al ‘R Lol 1990— 2005—
an e

it Area/km®  Percentage/%  Area/km? Percentage/%  Area/km’ Percentage/% 2005 2010

k3 Forest 79.07 2.32 1025. 88 30.10 1189.82 34.91 1197. 41 15.98
BEM Grass 1 840. 46 54.00 1438.96 42.22 1389. 88 40.78 -21.81 -3.41
# 4 Farmland 1483.95 43.54 929. 43 27.27 810. 82 23.79 -37.37 -12.76
7K 3%, Water area 2.04 0.06 2.39 0.07 2.04 0. 06 16. 67 -14.29
B 1% i Construction land 2.73 0.08 11.59 0.34 15.68 0.46 325.00 35.29

. #ZPHIBMIFAR 1990 48,2005 4F 2010 £E BB B M HB . Notes: The data in the table is interpreted from the remote sensing data of 1990,

2005 and 2010.
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Tab.4 Correlation between rainfall and runoff in years and in flood season

it} Bt period #1472 Regression equation R? F Sig. ‘n
1,-1, §=40.997 -1.304T +0. 162P 0.454 17. 056 0. 000® 44
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