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Abstract: [ Objective] To address the unclear classification of driving modes and the insufficient understanding of
spatial differentiation patterns of terrestrial water storage (TWS) variations in China’s river basins, this study
aims to quantitatively identify the contributions of multiple factors to TWS variations, reveal the driving modes

and their spatial distributions, and provide scientific support for sustainable utilization and management of water
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resources in river basins under global change. [ Methods] This study employed the Mann-Kendall trend analysis,
partial correlation analysis, and random forest models, combined with multi-source datasets including Gravity
Recovery and Climate Experiment (GRACE) satellite data, meteorological station observations, basin
characteristics, and human activity data. The relative contributions of climate, human activities, and basin
characteristics to TWS variations in 214 third-order basins in China were quantified. K-means clustering analysis
was further applied to reveal the driving modes of TWS variations and their spatial differentiation patterns.
[Results] 1) Regions with high relative contribution of climate (Con,) were mainly distributed in climate-extreme
areas, including the southeastern coast, northeastern China, and the Qinghai-Xizang Plateau. Specifically, Con, in
the southeastern river basins was 64.82% , which was 1.5 times the national average. Regions with high
contribution of basin characteristics (Con,) were concentrated in areas with high forest coverage and complex
terrain (e.g., Con, in the southwestern rivers was 30.27 %, which was 2.6 times the national average). Regions
with high relative contribution of human activities (Conn) were mainly distributed in arid and semi-arid regions,
including the northwestern river basins, the Haihe River basin, and the Yellow River basin, as well as in densely
populated regions such as the middle and lower reaches of the Yangtze River. The average Conj in these four
regions was 55.84 %, which was 20% higher than the national average. 2) The driving modes of TWS variations
in China’s river basins were classified into five types: climate-dominated, human activity-dominated, basin
characteristic-dominated, climate-human activity co-driven, and climate-basin characteristic co-driven. The
Songhua River basin, Liaohe River basin, and Qinghai-Xizang Plateau river basins were climate-dominated. The
northwestern river basins, the Haihe River basin in North China, the middle and upper reaches of the Pearl River
basin, and the lower reaches of the Yangtze River basin were human activity-dominated. The lower Huaihe River
basin and the southwestern river basins were climate-basin characteristic co-driven. The middle Yangtze River
basin, the middle and upper Yellow River basin, and the southern part of the northwestern river basins were
climate-human activity co-driven. [ Conclusion ] Future water security planning in China should implement region-
specific strategies based on the spatial differentiation pattern of driving modes of TWS variations. In climate-
dominated regions, efforts should focus on enhancing hydrological regulation capacity of ecosystems and the
resilience of water infrastructure to strengthen climate change adaptability. In human activity-dominated regions,
coordinated management of water conservation and ecological protection should be implemented. In climate-basin
characteristic co-driven regions, ecological spatial optimization and basin ecological restoration should be
strengthened to promote the coordination of forest and water resources and climate resilience. In climate-human co-
driven regions, adaptive water resource management should be strengthened to coordinate ecological water use
and socioeconomic water use. This study provides scientific support for the construction of a coordinated
governance system for basin water resources and for ensuring national water security under global change.
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Fig.2 Spatial distribution patterns and variation trends of multi-year mean terrestrial water storage anomaly (TWSA) in

China from 2004 to 2014
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Table 3 Significant driving factors of terrestrial water storage anomaly (TWSA) in China’s ten major river basins based on

partial correlation analysis
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Fig.4 Model accuracy assessment results
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Fig.5 Spatial distribution of relative contributions of climate, basin characteristics, and human activities to terrestrial water

storage anomaly (TWSA) in China
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Table 4 Relative contributions of climate, basin characteristics, and human activities to terrestrial water storage anomaly

(TWSA) across China and its ten major river basins %
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