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Abstract: To investigate the spatiotemporal evolution characteristics of short duration
heavy rainfall in Hubei Province under climate change, this study developed Intensity-
Duration-Frequency (IDF) curves for short duration rainfall (5-180 min) using minute-
level precipitation observations from 74 meteorological stations in Hubei from 1961 to
2025. Copula functions combined with multiple candidate marginal distributions were
applied to construct region-specific IDF curves for different geographical areas. Spatial
analysis indicates that design rainfall intensities in central and eastern regions are
10%~224% higher than those in western regions, with more pronounced differences
under shorter durations and higher return periods. Temporal analysis reveals that IDF
estimates for short duration heavy rainfall during 1991-2025 increased by 1%~53%
compared to 1961-1990, with the most significant rises occurring at shorter durations
and higher return periods. Overall, heavy rainfall intensity and frequency are greater in
urbanized central-eastern areas and plains-to-mountain transition zones, where extreme
rainfall events are becoming more concentrated, frequent, and intense. However, a
decreasing trend in rainfall intensity was observed in northeastern Hubei. The findings
provide scientific support for resilient urban planning, adaptive infrastructure design,
and optimized disaster prevention and mitigation strategies.
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Figure 1 Overview of the Study Area
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Figure 2 Violin plot of the intensity AMS for heavy rainfall events in Hubei Province during 1961-2025
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Figure 3 K-S test results for each station group

(Red indicates failure to reject the null hypothesis, blue indicates passing the test).
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Table 3 AIC detection results of the Copula function for each station group.
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Table 4 Accuracy (R2) of IDF curves based on theoretical distributions and empirical models for
different return periods across station groups.
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Table 5 Empirical model formulas for short-duration heavy rainfall IDF curves by station group in
Hubei Province.
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Figure 4 IDF curves for different return periods based on Copula functions and empirical models
by station group.
(Solid lines represent the fitting results of the Copula function; dashed lines represent the fitting
results of the empirical model.)
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Figure 5 Box plot of changes in precipitation intensity across return periods for IDF curves
between 1961 - 1990 and 1991 - 2025.
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Figure 6 Box plot of changes in precipitation intensity by rainfall duration for IDF curves between
1961-1990 and 1991-2025.
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