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Runoff and sediment load changes in the upper Yellow River and their influencing factors
in recent 60 years”
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Abstract: As a result of human activities and climatic influences, the runoff and sediment load in the main stream of the upper
Yellow River (UYR) have changed significantly. In order to identify their characteristics, the runoff-sediment and remote sensing
image data from 1964-2019 at five hydrological stations in the UYR were investigated using the Mann-Kendall test, the sliding t-
test, abrupt change test and wavelet analysis. Runoff-sediment relationship curves and linear regression methods were used to esti-
mate the contribution of human activities and climate to runoff and sediment load change, with a focus on the impact of the cascade
reservoir construction and land use changes. Results showed that: 1)The magnitude of average rainfall and runoff variation in the
Maqu-Xiaochuan section of the basin was not significant, with average annual sediment load at Guide Station, Xunhua Station and
Xiaochuan Station from 1986-2019 reduced to 9.8% , 24.6% and 38.8% of 1964—1985 respectively and the sediment load was
greatly reduced. The runoff had an abrupt change in 1986 in the Maqu-Xiaochuan section, with cycles of 8 a, 16 a and 22 a. Sedi-
ment load changed abruptly mostly in 1969, 1986 and 2004, with cycles of 4—8 a, 18-21 a and 27 a. 2) After 1969, the river’s

capacity to transport sediment increased and the runoff-sediment relationship changed significantly. The contribution of human activ-
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ities to changes in runoff was 66.3% and to changes in sediment load was 72.96% , 70.73% , 69.7% in different time periods. Hu-
man activities had dominant impact on the runoff-sediment relationship in the mainstem of UYR. 3) Liujiaxia Reservoir experienced
the most severe siltation, with 239 million tons of reservoir siltation during the single reservoir operation period, and a range of
1.39% —10.7% variation in sediment discharge ratio. The joint regulation of the cascade reservoirs resulted in a 47.8% reduction in
runoff between 1964 and 2004. And 94.8% of sediment load was reduced in the cascade reservoirs between 1964 and 2019, indica-
ting a greater impact on sediment load than on runoff from the cascade reservoir. 4) Between 1980 and 2020, the area of grassland
increased by 1880.03 km? by an increase of 3.1% , which was conducive to reducing sediment load, and the benefit of grassland on
sediment load is greater than that on runoff.

Keywords: Upper stream of the Yellow River; variation of runoff and sediment load; human activities; cascade reservoirs;
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Fig.1 Location of the upper main stream of the Yellow River
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Fig.5 Sliding ¢ test on the runoff and sediment load for the upper main stream of Yellow River
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Fig.8 Wavelet coefficients real contour plot,wavelet variance plot,wavelet real process line of
runoff from various hydrological stations
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Fig.11 Multi-year runoff and sediment load before and after construction of the cascade reservoirs
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Fig.12 Siltation in the reservoir area after storage in the cascade reservoirs
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Tab.4 Transfer matrix of land use change in the upper stream of Yellow River(1980-2020)
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