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Abstract

To elucidate the evolution patterns and feedback mechanisms of key components in the agricultural
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water cycle of a typical well-irrigated area on the North China Plain, this study focused on Yongnian
District, Handan City, and utilized the SWAP (Soil-Water-Atmosphere-Plant) model to reconstruct the
agricultural water transport processes over a 58-year period from 1965 to 2022. Based on this, com-
bined with the Coefficient of Variation (CV), Mann-Kendall test, and Spearman correlation analy-
sis, this study quantitatively analyzed the spatiotemporal evolution characteristics of Precipitation
(P), Irrigation (I), and Evapotranspiration (ET), and quantified the compensatory intensity of irriga-
tion on precipitation as well as the driving forces behind high-water-consumption patterns. This study
provides long-series data support for addressing groundwater over-abstraction in the Hai River Ba-
sin and establishing a rigid constraint system for agricultural water resources, offering a more rigor-
ous scientific basis for the optimal allocation of regional water resources and the adjustment of ag-
ricultural cropping patterns.
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HERYE: S ANE 3 EHE F (Harmonized World Soil Database) (HWSD),

https://www.fao.org/soils-portal/data-hub/soil-maps-and-databases/harmonized-world-soil-database-v20/en/

Figure 1. Soil type map of Yongnian District
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Figure 2. Diagram of hydrological process simulation in the SWAP model
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Table 1. Spearman’s correlation coefficient classification table
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Figure 3. Comparison of simulated and measured soil moisture content values during the regular and validation periods
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Table 2. Model regular and validation results
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Figure 4. Trend maps in long-series rainfall, irrigation, and water consumption in Yongnian District
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