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Fig. 7 The mean annual runoff under different detrending scenarios across the source region of the Yellow River from 1980 to 2018
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Tab.3 The basin-average mean annual runoff, AR and C, under different detrending scenarios and periods.
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Fig. 8 Comparison of the monthly simulated runoff by the abcd-snow model before and after culling the snowfall-snowmelt module from 1980 to 2018
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Attribution analysis of runoff change based on the abcd model
coupled with the snowmelt module in the source region of the Yellow River

ZHUANG Jiachengl, XING Yincong1 , LI Yanzhong1 , LIU Xiaocongz, YANG Zelongl’3 , ZHAO Zichun',
WANG Qisu', XIE Yuchu', WANG Jie', BAI Peng’, LIU Changming’

(1. School of Hydrology and Water Resources, Nanjing University of Information Science & Technology, Nanjing 210044, China; 2. Sichuan
Academy of Environmental Sciences, Chengdu 610094, China; 3. Institute of Geographic Sciences and Natural Resources Research,

Chinese Academy of Sciences, Beijing 100101, China )

Abstract: Three Rivers Source is known as the "Chinese Water Tower" because it is an important water source
conservation area in China and even in Asia. The change of runoff in the source region of the Yellow River in the
Three Rivers Source played a crucial role in the ecological civilization and high-quality development of the Yellow
River basin. Thus, it is of great scientific and practical significance to clarify the change of the runoff and its driving
factor in the source region.

The abced-snow model coupled with the traditional abed hydrological model and snowfall-snowmelt module was
constructed to improve the traditional abcd model's insufficient simulation of snowmelt runoff in alpine regions.
Monthly observed runoff data and the measured meteorological data interpolated by AnuSpline software using more
than 2000 meteorological stations from 1980 to 2018. The genetic algorithm was used to calibrate the abcd-snow
model parameters. Among them, the data from 1980 to 1999 was used for model calibration, and from 2000 to 2018
was used for model validation. The Nash-Sutcliffe Efficiency, Kling-Gupta Efficiency, root mean square error and
BIAS were used as indicators to evaluate the applicability of the abcd-snow model. With the aid of the abcd-snow
model, the change dynamics of the runoff in the source region of the Yellow River before and after the ecological
protection of the Three Rivers Source was analyzed. The contributions of climate change and human activities to
runoff variability were analyzed and quantified based on the detrending method.

Results showed that the abcd-snow model improved runoff simulation performance, and had good applicability
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in the source region of the Yellow River. The Nash-Sutcliffe Efficiency and Kling-Gupta Efficiency of the abcd-
snow model were above 0.82. Compared with the traditional abcd model, the accuracy of the abcd-snow model is
slightly improved, and the impact of different factors on the runoff change can be more reasonably analyzed. The
observed runoff showed an insignificant decrease trend (slope=—0.80, p >0.05), but the runoff from 1980 to 1999
showed a significant decrease (slope=—4.12, p <0.05), and the runoff from 2000 to 2018 showed a significant
increase trend (slope=3.16, p <0.05). From 1980 to 1999, the impact of climate change indicate a reduced runoff at a
rate of 14.1 mm/a, with a relative contribution rate of 62.8 %. And from 2000 to 2018, climate change caused runoff
to increase at a rate of 29.4 mm/a, with a relative contribution rate of 120 %. The contribution of precipitation to
runoff change was the largest, with a relative contribution rate of 68.8% from 1980 to 1999 and 124.9% from 2000
to 2018. The contribution of other climatic factors to runoff change was limited, and the absolute value of the
relative contribution was within 10%. Human activities reduced the runoff by 8.4 mm from 1980 to 1999, with a
relative contribution rate of 37.2%. It decreased by 4.9 mm from 2000 to 2018, with a relative contribution rate of
20%.

Climate change was the dominant factor in the change of runoff in the source region of the Yellow River.
Among them, precipitation was the main driving factor determining the streamflow variation, and human activities
dominated by ecological restoration could significantly reduce river runoff. This study could help to understand the
mechanism of the impact of climate change on the runoff change in the Yellow River basin and provide a scientific
reference for water resources planning in the basin.

Key words: runoff change; source region of the Yellow River; degree-day model; abcd model; climate change;

attribution analysis
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Taking the watershed near-dam area of Wugqiangxi by extracting from the SRTMDEM 90M digital elevation
model, and based on the rainfall data, the storm center map was plotted using the inverse distance weighting method.
Storm center locations were considered and used to precisely divide the sub-basins. A parameter calibration method
combining an automatic selection of the Monte Carlo random sampling model and manual debugging was used in
the parameter calibration process. Flood simulations were carried out based on the Xin'anjiang model, while the
results were used to compare with those based on the natural sub-basin division method. Twenty historical floods
from 2014 to 2020 were selected, of which 13 floods were used for model calibration and 7 floods for model
validation. Four floods from 2021 were selected for testing, and the comparative analysis was based on the results of
the natural sub-basin flood forecasts and the results of the flood forecasts considering the location of the storm
center.The results showed that sub-flood simulation based on natural sub-basins only failed for one flood in terms of
flood volume error and two floods in terms of flood peak error, while the sub-flood simulation taking into account
the location of the center of the storm for the sub-basins passed in terms of flood volume error and flood peak error
for both periods (rate and test). Four flood simulations for 2021 that were used for testing showed the mean value of
the coefficient of certainty for the sub-basins considering the location of the storm center was 0.82, which was
higher than the mean value of the coefficient of certainty for the sub-basins based on natural sub-basins, which was
0.72. The results of the four flood simulations considering the location of the storm center to divide the sub-basins
were within 10% of the peak error and within 20% of the flood volume error, which reached the accuracy standard
of Class A. This showed that it was reasonable to divide the sub-basins considering the location of the storm
center.A new method is provided for the division of sub-basins in the near-dam area of reservoirs. The method of
dividing sub-basins by considering the location of the storm center can be applied to flood forecasting in the near-
dam area, thus achieving the effect of improving forecast accuracy, providing a basis for flood control departments
to make decisions on disaster prevention and mitigation, and reducing the losses caused by floods in the basin, with
significant economic and social benefits.

Key words: basin near dam area; rainstorm center; sub watershed division; Xin'anjiang model; flood forecast
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