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Fig.2 Interannual variation and seasonal differences in groundwater depth at typical monitoring wells in Datong City
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Fig.3 Seasonal and annual spatial distributions and M—K trend statistics of groundwater table depth in Datong City
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Fig.4 Evolution characteristics of SGI at different time
scales in Datong City
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Fig.5 Spatial distribution of SGI-1 drought characteristics identified based on run theory
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Tab.3 Groundwater depth thresholds corresponding to different groundwater drought levels at typical monitoring wells
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Fig.6 Lagged Pearson correlation heatmaps between SGI at different time scales and atmospheric circulation factors
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Fig.7 Cross-wavelet power spectrum of SGI and atmospheric circulation factors
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Fig.8 Wavelet coherence spectrum of SGI and atmospheric circulation factors
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its response to atmospheric circulation factors in northe

Impacts of Climate Anomalies on Urban Groundwater Drought across Multiple

Scales: a Case Study of Datong

WANG Yabo'?, ZHOU Shuai'?, SONG Xiangxu'? LI Ziyan'?, XIAO Zhihui'?, SU Hui'?*, ZHANG
Yanru?

(1. School of Water Conservancy and Hydroelectric Power, Hebei University of Engineering, Handan 056038, China; 2.
Hebei Key Laboratory of Intelligent Water Conservancy, Handan 056038, China; 3. School of Mechanical and Equipment
Engineering, Hebei University of Engineering, Handan 056038, China)

Abstract: [ Objective] This study aimed to reveal the spatiotemporal evolution of groundwater drought in Datong City in
the context of climate anomalies and its dynamic responses to atmospheric circulation factors, thereby providing a scientific
basis for regional groundwater drought identification, early warning, and drought preparedness and mitigation. [ Methods]
Observed depth-to-groundwater data for Datong City from 2003 to 2023 were used to construct a multiscale standardized
groundwater index (SGI) using a nonparametric standardization method. The Mann—Kendall trend test, runs theory, Pearson
correlation analysis, and cross-wavelet transform were then applied to characterize the spatiotemporal evolution of
groundwater drought in the groundwater overexploitation area and its dynamic responses to atmospheric circulation factors
such as the North Atlantic Oscillation (NAO) and Pacific Decadal Oscillation (PDO). [Results] (1) Groundwater levels in
Datong City exhibited pronounced spatiotemporal variability, with declining trends observed at most monitoring sites.(2)
Temporally, groundwater drought showed an overall transition from wet to dry conditions during 2003—2023, and this pattern
became particularly pronounced after 2015.(3) Spatially, groundwater drought characteristics varied markedly among
severity classes, with the eastern part of the study area experiencing the most severe drought. Mild and moderate droughts
occurred frequently and were widely distributed, whereas severe and extreme droughts exhibited higher cumulative severity
and longer durations in some areas.(4) NAO and PDO showed relatively pronounced correlations with SGI, characterized
primarily by weak negative correlations at lags of 6—18 months and positive correlations at lags of 0—12 months, respectively.
Their relationships with SGI also exhibited intermittent common oscillations in the 8-16, 16-32, and 32—-64-month period
bands. [ Conclusion] Groundwater drought in Datong City exhibits pronounced persistence and spatial heterogeneity and
is significantly affected by atmospheric circulation anomalies. These findings provide a reference for groundwater drought
monitoring and early warning, drought zoning, and the rational regulation of groundwater resources in areas affected by

groundwater overexploitation or cones of depression.
Keywords: groundwater drought; standardized groundwater index; atmospheric circulation factors; wavelet analysis; climate

anomalies
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