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Fig.1 Geographical location of river system, hydrometric stations, meteorological stations, and water conservation area of

the Yellow River
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Fig. 3 Statistics of evaluation metrics for runoff simulation during calibration and validation periods in 33 typical tributar-
ies of the Yellow River Basin
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Tab. 1 Basic information of the 13 selected CMIP6 climate
system models
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Fig. 5 Future evolution trends of temperature and precipita-
tion in the water source conservation area of the Yel-
low River under different emission scenarios
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Fig. 6 Future runoff evolution trends in the water source
conservation area of the Yellow River under differ-
ent emission scenarios
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Modeling Runoff Processes and Projecting Water Resource Trends in the Water Source Conservation Area

of the Yellow River Under Global Warming
WANG Guoging"*, SUN Gaoxia"*, JU Qin’, ZHANG Jianyun"’
(1.The National Key Laboratory of Water Disaster Prevention, Nanjing Hydraulic Research Institute, Nanjing 210029, China;
2.Research Center for Climate Change, Ministry of Water Resources, Nanjing 210029, China;
3.College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China)
Abstract:
Objective Understanding the trajectory of water resources under environmental change is a frontier in hydrological science and a critical need for
basin-scale water management. The water source conservation area of the Yellow River Basin, which supplies a substantial portion of the river’s
flow, faces increasing uncertainty under future climate warming. However, quantitative assessments that explicitly account for dynamic underly-
ing surface conditions and multi-scenario climate forcing remain limited in this region. This study aimed to develop a distributed hydrological
modeling framework to project future runoff changes under multiple emission pathways and identify the spatial and temporal patterns of runoff re-
sponses to warming and precipitation variability.
Methods The distributed water balance model with dynamic underlying surface conditions (RCCC-DWBM) was employed to simulate runoff
processes across the water source conservation area of the Yellow River Basin. The model was calibrated and validated using observed hydrome-
teorological data from 33 hydrological stations covering the mainstream and major tributaries. To project future water availability, the model was
forced with bias-corrected climate outputs from 13 Coupled Model Intercomparison Project Phase 6 (CMIP6) general circulation models under
three Shared Socioeconomic Pathway (SSP) scenarios: SSP1-2.6 (low emissions), SSP2-4.5 (medium emissions), and SSP5-8.5 (high emis-
sions). Future periods were defined as the near term (2026—2045) and mid-term (2046—2065), with the baseline period of 1985—2015 used for
calculating anomalies. Model performance was evaluated using the Nash- Sutcliffe efficiency (NSE) and relative error in total runoff. Runoff
changes were analyzed separately for three subregions: upstream of Lanzhou, the Weihe River basin, and the Yiluo River basin.
Results and Discussions The RCCC-DWBM model showed good performance in simulating historical runoff. At the 33 hydrological stations, the

NSE values for runoft simulations mostly exceeded 0.6, and the relative errors in total runoff were generally within +5%, indicating that the model



55 5 1 FEPR, 55 R I T B K I IR X AR, S S 311

was suitable for scenario-based projections.

Future temperature projections under all SSP scenarios indicated a consistent warming trend, with the greatest warming under SSP5-8.5 and
comparatively moderate warming under SSP1-2.6. The magnitude of warming increased progressively from the near term to the mid-term. Spatially,
the region upstream of Lanzhou experienced more pronounced warming than the Weihe and Yiluo basins. In contrast, precipitation showed substan-
tial interannual variability without a consistent unidirectional trend. Most models projected a slight increasing tendency, particularly upstream of Lan-
zhou, although the changes were dominated by natural variability.

Runoff responses differed markedly across scenarios and subregions. Under SSP1-2.6, runoff generally exhibited an increasing trend. Relative
to the baseline, only the Yiluo River showed a modest reduction (-0.58%) in the near term, whereas runoff upstream of Lanzhou and in the Weihe
River increased by 9.62% and 8.48%, respectively. In the mid-term, runoff increased across all three regions, with the Weihe River registering the
largest increase (16.19%) among all scenario—region combinations. Under SSP2-4.5, runoff changes were more heterogeneous. In the near term,
only the region upstream of Lanzhou exhibited a marginal increase (+1.74%), whereas runoft in the Yiluo and Weihe basins decreased by 7.98% and
8.27%, respectively. By the mid-term, all three regions showed negative anomalies, with runoff upstream of Lanzhou decreasing by 0.41% and the
midstream tributaries continuing to experience substantial declines. Under SSP5-8.5, runoff upstream of Lanzhou increased marginally (+1.13%) in
the near term but declined by 5.92% in the mid-term, with concurrent runoff deficits across all three regions. Spatially, the region upstream of Lan-
zhou benefited from snow and glacial meltwater, which provided a short-term buffer against warming-induced runoft losses. However, under pro-
longed extreme warming, this buffering capacity was progressively depleted, leading to a marked reduction in runoff generation. In contrast, the mid-
stream Yiluo and Weihe basins exhibited greater sensitivity to thermal perturbations, with runoft reductions exceeding 7% even under the medium-
emission scenario. Temporally, although short-term meltwater replenishment locally augmented runoff, the long-term increase in evapotranspiration
associated with sustained warming eventually outweighed the combined contributions of precipitation and meltwater, resulting in an overall contrac-
tion in basin-wide water availability.

Conclusions The findings demonstrated that sustained lowcarbon development (SSP1-2.6) was conducive to maintaining runoff stability in the
Yellow River water source conservation area, with runoff projected to increase or remain relatively stable through the mid-term. In contrast, con-
tinued medium- to high-emission pathways (SSP2-4.5 and SSP5-8.5) resulted in persistent runoff reductions and exacerbated water supply-
demand imbalances by the mid-21st century. These findings provide a scientific basis for adaptive water resource management under a warming
climate and highlight the importance of emission mitigation in preserving hydrological services in this vulnerable region.

Key words: water source conservation area of the Yellow River; RCCC-DWBM model; climate scenarios; water resource trends
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