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Fig. 1 Basins in Henan Province
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Fig. 2 Interannual variation of annual runoff depth at hydrologic stations from 1961 to 2022
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Fig. 4 Interannual variation of annual precipitation and potential evapotranspiration in the river basins from 1961 to 2022
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Fig. 6 Double cumulative curves of precipitation and runoff depth in the river basins from 1961 to 2022

®2 BRBEEHNETHEERR.

PRk BRBERMANFERTHE

Tab.2 Annual mean and change rate for runoff depth, precipitation and potential evapotranspiration in base period and change period in the river basins
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4.15%, NZETE B ) ST Bk 290 95.85%~95.96%, 1H
Rt 7K AR A 3o 428 37 A Ak A IE BT R AN 2 1R AR AR X 42
TAE AR B TRk /N T T . T v Tl R R e
DT R Y F P K /e L AN IDRY <8 N i ER I
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b B T ik KT T R T e, 2 A A
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3 SETUMALZDFRLEFHERTUATERE
Tab. 3 Contribution rate of climate change and human activities

to runoff change
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Attribution of runoff variation of main river basins
in Henan Province

ZHU Leilei?, WANG Jijun"’, WU Lu"?, YANG Ting"?, SU Xiaole'”, LI Fang"’
(1. Henan Key Laboratory of Agrometeorological Support and Applied Technique, CMA, Zhengzhou 450003, China; 2. Henan Climate Center,
Zhengzhou 450003, China )

Abstract: With the rapid development of the social economy in Henan Province, runoff reduction is more serious.
Attribution analysis of runoff variation can provide a scientific basis for water resources management. Henan
Province spans the Yangtze River, the Yellow River, the Huaihe River, and the Haihe River, the water system is
complex. The climate is diverse, and the economic development is unbalanced among different places, so the impact
of climate change and human activities on runoff variation is different. In the past, some studies on the attribution
analysis of runoff variation were carried out in Henan Province, but the conclusions are not consistent. To get a
relatively comprehensive and objective attribution rate, it is necessary to carry out the attribution analysis of runoff

variation in representative basins in Henan Province based on accurate meteorological and hydrological data.
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The Weihe River basin, Yiluohe River basin, Hongruhe River basin, and Tanghe River basin in Henan Province
were selected as study basins, which are sub-basins of the Haihe River basin, the Yellow River basin, the Huaihe
River basin, and the Yangtze River basin, respectively, and their control hydrologic stations are Yuancun station,
Heishiguan station, Bantai station, and Guotan station. Based on annual runoff and precipitation data of the four
study basins from 1961 to 2022, and annual potential evapotranspiration by the Penman-Monteith method from
National Climate Center, the Mann-Kendall mutation test and double cumulative curves method were used to
analyze the mutation years of annual runoff depth series of control hydrologic stations, and the change trends of
annual runoff depth of control stations, annual precipitation and annual potential evapotranspiration of the study
basins were also analyzed. Annual potential evapotranspiration was compared with observed annual evaporation.
The elastic coefficient method based on the Budyko hypothesis was applied to assess the attribution rate of climate
change and human activities to runoff variation.

The results showed that: (1) The annual runoff depth of the four hydrologic stations showed a decreasing trend.
The annual precipitation of the four study basins showed an insignificant decreasing trend. The potential
evapotranspiration also indicated a decreasing trend and the decreasing trend was significant in the Weihe River
basin, Hongruhe River basin, and Tanghe River basin, but not significant in the Yiluohe River basin. The changing
trend of annual potential evapotranspiration and observed annual evaporation at the four weather stations was
consistent. (2) The mutation of annual runoff of Yuancun station, Heishiguan station, Bantai sation, and Guotan
station occurred in 1977, 1985, 2008, and 2010, respectively. (3) The contribution rates of climate change to runoff
reduction were less than 7% in the Weihe River and Yiluohe River basins, and about 12%—18% in the Hongruhe
River and Tanghe River basins. The contribution rates of human activities were about 93%—97% in the Weihe River
and Yiluohe River basins, and about 82%—88% in the Weihe River and Tanghe River basins. The climate
change showed low contribution rates because of the insignificant decrease in precipitation and the decrease in
potential evapotranspiration . Therefore, it can be seen that human activities were the main influencing factor of

runoff reduction in the four study river basins.

Key words: elastic coefficient method; climate change; human activity; runoff variation; Weihe River; Yiluohe

River; Hongruhe River; Tanghe River
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