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Fig. 1 River system and location of the meteorological grid points and hydrometric monitoring station in the Bai River basin
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Fig. 2 Changes in the elements of the water cycle in the Bai River basin and its 5-year sliding average process
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Fig.3 Time-course variation of M-K statistics for various water cycle elements in the Bai River basin
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Fig. 4 Intra-annual distribution of hydrological elements and precipitation-runoff relationship in the Bai River basin
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Abstract: The source area of the Yellow River is an important component of the “Chinese Water Tower” , which
has the functions of water conservation and recharge, regulating the local regional climate, and plays a positive role
in maintaining the water resources and ecological environment of the Yellow River basin. Meanwhile, as a
"sensitive area" of climate change, the hydrological situation of the Yellow River source area on the Tibetan Plateau
has attracted much attention. Currently, most of the studies on the response of the Yellow River source area to
climate change are based on large-scale watersheds and single meteorological and hydrological elements, and there
are relatively limited studies on the mechanisms between hydrological elements in typical watersheds in the source
area, while the changes in hydrological processes at the sub-basin scale are crucial for future water resources
planning and management. Based on the meteorological and hydrological data collected and collated from 1981 to
2020 in the Bai River basin of the Yellow River headwaters area, the hydrological sequence analysis method was
used to analyze the interannual change process of hydrological elements; the parameters of the RCCC-WBM model
were rate-set, and the runoff of the Bai River basin was simulated in phases for the years from 1981 to 2000 and
from 2001 to 2020, respectively. The parameters of the RCCC-WBM model were calibrated to simulate the changes
of runoff, actual evapotranspiration (ET) and soil water volume in from 1981 to 2000 and from 2001 to 2020 in the
Bai River basin in stages; finally, the sensitivity of runoff, actual ET and soil water volume to climate change in the
Bai River basin was analyzed by moderating the changes of precipitation and temperature on the basis of the
available data.

From 1981 to 2020, the average annual temperature in the Bai River basin showed a significant increasing trend,
with an average temperature increase rate of 0.45 °C per decade, consistent with the background of global warming.
Annual precipitation was relatively low from 1997 to 2010, with a slight rebound trend after 2010, although it was
not significant. The annual potential evapotranspiration trend was similar to the annual average temperature, but the
overall increasing trend was not significant. The interannual variation of annual runoff depth showed a non-
significant decreasing trend, with a period of drought from 2001 to 2008. Precipitation in the Bai River basin peaked
in June and September, and runoff, like precipitation, also exhibited a bimodal pattern, albeit with a time lag.

The RCCC-WBM model, using meteorological and hydrological data, effectively simulated the runoff process in
the Bai River basin, with Nash-Sutcliffe model efficiency coefficients (Eys) of 0.69 during the calibration period and
0.62 during the validation period. Under assumed climate change scenarios, with a 40% increase in precipitation and
temperature change ranging from —4 °C to 4 °C, the corresponding runoff change ranged from 20.2% to 84.4%, and
actual evapotranspiration change ranged from 1.4% to 51.0%. This indicated that with increased precipitation, the
impact of temperature and evapotranspiration changes on runoff became more significant. With constant
temperature, when precipitation changed from 0 to 20%, the change in soil moisture was 13.3%, while with
precipitation changes of 20% to 40%, the change in soil moisture was 12.1%. This showed that as precipitation
increased, soil moisture also increased, but the change in soil moisture per unit of precipitation became smaller.

The RCCC-WBM model simulated the annual distribution of hydrological elements in the Bai River basin for
the periods from 1981 to 2000 and from 2001 to 2020. In July, approximately 90% of evaporation and runoff were
derived from precipitation. In December, only about 20% of evaporation and runoff came from precipitation, with
the remainder supplemented by groundwater runoff and snowmelt runoff. Compared to the earlier period, after
2001, there was an increasing trend in hydrological elements primarily in April and May, while July and December
showed a decreasing trend.

Key words: Yellow River source area; climate change; hydrological element; RCCC-WBM model; sensitivity
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