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Tab. 1 The proportion of runoff and sediment and the representative coefficients of partial regions in the middle Yellow River
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Fig. 5 Annual variation of runoff, sediment and precipitation in the middle Yellow River from 1956 to 2010

x4 ETREARRBFKE KERERRBKE. XERR.EKE W EEN TR ERNELE

Tab. 4 The variation rates of water consumption, water reduction by soil and water conservation measures, interval

runoff, precipitation and sediment in different periods in the middle Yellow River with respect to the base period %
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Fig. 6 Annual variation of water consumption, water reduction by water conservation measures and runoff reduction in the middle Yellow River
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Attribution analysis of runoff-sediment variation in the middle Yellow River

ZHANG Qingqingl’3 , ZHONG Deyu"2 , JIA Baozhen®

(1. School of Water Resources and Electric Power, Qinghai University, Xining 810016, China; 2. State Key laboratory of Plateau Ecology and
Agriculture, Qinghai University, Xining 810016, China; 3. Kunlun College of Qinghai University, Xining 810016, China;
4. CAUPD Beijing Planning & Design Consultants Ltd., Beijing 100084, China )

Abstract: Yellow River is the mother river of Chinese nation and is famous for the most sandiness river in the
world. The amount and process of water and sediment have changed significantly at present. And the main problem
is that the relationship between the runoff and sediment is uncertain. Human activities and climate change are the
most important influence factors.

Multiple methods had been applied to study the contribution rates of the two factors to runoff-sediment variation
in the Yellow River, such as method of the slope changing ratio of cumulative quantity(SCRCQ), separation
evaluation method and double-mass curves of precipitation vs runoff (or sediment load), multiple regression
analysis, different series of comparative analysis, hydrological method, soil conservation method and separation
judgment method, etc. Many scholars had analyzed the driving factors of runoff and sediment change in the Yellow
River basin in the past 40 years based on the method above. And the results varied considerably due to the different
assumptions of the methods, data sources and the limitations of the test areas. Fuzzy analytic hierarchy
process(FAHP) has an advantage in integrating the research advantages of different scholars to a certain extent. The
method based on fuzzy mutual judgment matrix belongs to subjective weight distribution method. The main scoring
basis of the evaluation system is the representativeness of the investigative areas. Regional representativeness is
measured by the representative coefficients. The representative coefficients are determined by the product of
sediment transport ratio and area ratio in the middle Yellow River. And the scoring according to the criteria that if
one study area is much more important than the other, then the scoring is closer to 1, and closer to 0 otherwise.

There is a hypothetical premise that runoff and sediment discharge are only affected by precipitation. So SCRCQ
had been adopted to analyze the attribution of runoff-sediment variation in the middle Yellow River to compare the
results of FAHP . The contribution rate of climate change calculated by SCRCQ is equal to the ratio of the slope
change rate of cumulative runoff (or sediment transport) to the slope change rate of cumulative precipitation. The
results of the two methods were compared. It is showed that the contribution of human activities to runoff and
sediment change was greater than that of climate change in different ages. The contribution rate of human activities
to the runoff and sediment change in the middle reaches of the Yellow River in different years was consistent: the
contribution of human activities to the runoff change first decreased and then increased, and that to sediment change
first increased, then decreased and then increased. Climate change contributes the opposite.

The impact of human activities and climate change on runoff-sediment variation are also discussed. They proved
true based on the analysis of the variation of runoff, sediment and precipitation, as well as water reduction by human
activities and sediment reduction by water conservancy and conservation measures. In the 1970s, 1980s, 1990s and
2000s, the contribution rates of human activities to runoff reduction were 68%, 64%, 64% and 75%, and that to

sediment reduction were 45%, 65%, 59% and 69%, respectively.

Key words: the middle Yellow River; human activity; climate change; runoff-sediment variation; contribution rate
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