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Spatiotemporal Analysis of Coupling Relationship Between
Drought and Vegetation in Ningxia from 2001 to 2022
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Nanjing University of Information Science & Technology, Nanjing 210044 ; 3.School of Computer
Science and Technology, Guangdong University of Technology, Guangzhou 510006)
Abstract: [ Objective] To clarify the characteristics of drought evolution and ecological response relationships in
the Ningxia region. [Methods] The standardized precipitation evapotranspiration index (SPED) and kernel
normalized difference vegetation index (ANDVI) were employed to represent drought conditions and vegetation
cover, respectively. Sen's slope estimation, Mann-Kendall trend test, and correlation analysis were used to
systematically investigate the spatiotemporal dynamics of drought and vegetation in Ningxia and to reveal the
response patterns of vegetation to drought.[ Results] From 2001 to 2022, the SPEI in Ningxia showed a slight
increasing trend, but it did not reach statistical significance, with the most pronounced aridification observed in the
central and northern regions. Drought intensified in spring and autumn (with trend slopes of —0.013 4/year and

—0.023 1/year, respectively), while it alleviated in summer (0.033 4/year) , but none of these trends passed the
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significance test. During the same period, ANDVT increased significantly (0.010 3/year, p << 0.01), indicating a
clear improvement in vegetation cover. Spatially, vegetation coverage was higher in the north and south, lower in
the central area, and lowest in the west. Short-term drought scales (SPEI-1, SPEI-3) showed significant
correlations with ANDVI, with highly significant positive correlations mainly distributed in low-ANDVTI areas
within the central arid zone, indicating that short-term drought events had a more pronounced impact on vegetation
growth. Seasonal analysis revealed that drought in spring and autumn had weaker effects on vegetation (with
94.55% and 97.87% of the areas showing no significant correlation, respectively) , whereas summer drought
significantly inhibited vegetation growth, with 71.34% of the areas showing a highly significant positive
correlation, reflecting that summer vegetation growth in this region was highly dependent on water supply and was
strongly suppressed by drought stress. Furthermore, land use changes influenced the drought-vegetation
relationship. The expansion of grassland in the central arid zone exacerbated water-heat imbalance, making
vegetation more sensitive to short-term drought. [ Conclusion] Although vegetation cover in Ningxia improved
significantly from 2001 to 2022, short-term drought events exerted substantial influence, especially in the
ecologically fragile central drought belt. Future efforts should focus on mitigating the impacts of summer drought
on vegetation by enhancing water resource management and ecological protection to alleviate vegetation
degradation and promote sustainable ecosystem development.

Keywords: standardized precipitation evapotranspiration index; kernel normalized difference vegetation index;

Ningxia region; drought; spatiotemporal changes
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