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Characteristics and driving forces of runoff evolution under changing climate in the Qingshui River basin
PEI Hongwei! , YANG Jia' ,ZHANG Hongjuan' , HAO Guizhen' , LIU Changming®®,DU Juan',SHEN Yanjun®
(1. Hebei Institute of Architecture and Civil Engineering , Zhangjiakou 075000, China;
2. Center for Agricultural Resources Research » Shijiazhuang 050021, China;
3. Institute of Geographic Sciences and Natural Resources Research ,Beijing 100101 ,China)
Abstract: The Qingshui River basin in the upper reaches of the Hai River is located in the semi-arid and semi-humid transition
zone of north China. In this basin, water resources are scarce,and the ecological environment is extremely fragile. Both water re-
sources and ecological environment are highly sensitive to climate change and human activities. The analysis of characteristics
and driving forces of runoff evolution under changing climate is of great significance for the sustainable use of water resources,
and for maintaining the ecological barrier function for the capital region. To identify the variability of runoff in Qingshui River,
long term daily runoff data from 1950-2016 for the Zhangjiakou and Taolaimiao stations were analyzed. To quantify the runoff
evolution and its hydrological response to climate change and human activities.order cluster analysis, wavelet analysis and doub-
le accumulation curve methods were applied. The results are as follows: The mean annual runoff in the Qingshui River basin de-

creased significantly in the last 70 years,and the average runoff depth decreased at a rate of 0. 6 mm/a. The monthly runoff also
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decreased significantly, especially in the spring and summer flood seasons; An abrupt change was observed in 1979 in the Qing-

shui River, while the first and second main periods of runoff evolution were 27 a and 8 a, respectively. The non-uniformity of

runoff distribution increased significantly during the year, and spring floods (March-April) accounted for the entire year. The

proportion of total runoff has increased, while the proportion of summer flood (July to August) in the total runoff has de-

creased. The results of double mass curve analysis indicated that human activities were the main driving factors for the runoff

variability, accounts for approximately 89 %.

Key words: climate change; human activities; the Qingshui River watershed; runoff evolution;driving forces
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Tab. 1 Runoff trend of the Zhangjiakou station and Taolaimiao station by using M-K test
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Tab. 2 The results of the sequential clustering method
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Fig. 5 Real part (al and bl) and Modular part time-frequency (a2 and b2) of wavelet transformation and

wavelet variance (a3 and b3) of the low and high flow periods of the Zhangjiakou station
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Fig. 8 Variation of runoff flood season in the study area
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Tab. 4 Statistics analysis of rainfall and temperature using M-K test
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Fig. 10 Results of correlation analysis before and after mutation point
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