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Abstract

The North China Plain (NCP) is a major grain-producing region and an ecologically fragile zone in
China, where frequent drought disasters severely constrain the sustainable agricultural develop-
ment and ecological security of the region. Most previous drought studies have focused on the driving
effects of atmospheric circulation, while insufficient attention has been paid to the influencing mech-
anisms of land-atmosphere coupling processes in the occurrence and development of drought. Based
on hourly ERA5-Land reanalysis data from 1980 to 2025, this study calculated the Standardized Pre-
cipitation Evapotranspiration Index (SPEI) at 1-month, 3-month, 6-month, and 12-month time scales,
identified drought events using the run-length theory, and analyzed their spatiotemporal evolution
characteristics. A controlled variable sensitivity experiment was conducted to quantify the relative
contributions of precipitation and potential evapotranspiration (PET) to drought. Furthermore, the
differences in coupling characteristics of soil moisture-temperature and soil moisture-precipitation
between drought and non-drought periods were comparatively analyzed based on Pearson correla-
tion coefficients. The results show that: At the 1-month scale, the number of drought events is the
highest, reaching 111, making it the most frequent drought type in the NCP, which is dominated by
seasonal short-duration droughts lasting 1 or 2 months. At the 3-month and 6-month scales, the num-
ber of events decreases sequentially to 54 and 38, respectively. Longer time scales integrate inter-
mittent short-scale droughts, significantly enhancing the clustering of drought events. At the 12-
month scale, only 19 drought events occur, accounting for less than 1/5 of that at the 1-month scale,
indicating a low probability of inter-annual persistent extreme droughts in the region. PET is the
dominant driving factor of SPEI fluctuations in the NCP: its individual variation can explain almost
all drought fluctuations, with a correlation coefficient of 0.61 with the original SPEI series, while the
individual variation of precipitation shows almost no correlation with the original SPEI. There are
significant differences in land-atmosphere coupling characteristics between drought and non-drought
periods. During drought periods, soil moisture shows a weak negative correlation with 2-meter air
temperature, and the “dry-hot” positive feedback mechanism is significant. During non-drought pe-
riods, soil moisture exhibits a strong positive correlation with precipitation (average correlation co-
efficient: 0.608), and the replenishment efficiency of precipitation to soil moisture is much higher
than that during drought periods. In addition, the intensity of the negative correlation between soil
moisture and Vapor Pressure Deficit (VPD) is significantly higher in drought periods than in non-
drought periods, indicating a significant enhancement of land-atmosphere coupling during drought
periods. The core cause of this difference is the shift of the evapotranspiration limiting factor from
water limitation (during drought periods) to energy limitation (during non-drought periods). The
findings of this study can provide scientific support for drought monitoring and early warning, as
well as research on the mechanism of land-atmosphere interaction in the North China Plain.
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Figure 1. SPEI-1 time series of North China Plain during 1980~2025
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Figure 2. SPEI-3 time series of North China Plain during 1980~2025
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Figure 3. SPEI-6 time series of North China Plain during 1980~2025
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Figure 4. SPEI-12 time series of North China Plain during 1980~2025
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Figure 5. Drought events are identified from SPEI series by adopting run theory
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Table 1. Statistical Characteristics of drought events over the North China Plain During 1980~2025
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I EREECR) TR B TRINA) PRI &R ) Rk WA 56 5
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6 38 185 4.9 30 -1.12 227
12 19 176 9.3 54 ~1.15 -2.34
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Figure 6. Multi-scale SPEI characteristics of drought events over the North China Plain during 1980~2025
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Figure 7. SPEI-12 sensitivity analysis
[ 7. SPEI-12 HUEM 5347

Table 2. SPEI sensitivity experiment results over the North China Plain
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Ji 4G SPEI 0.984 1.000
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M5 4G SPEL PR IR REORE , W6 1 (X PET 22140)H) SPEL 541 5 R 46 5 51 KA < R &0k
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Figure 8. Correlation coefficients of soil moisture and temperature in drought (a) and non-drought (b) periods
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Figure 9. Correlation coefficients of soil moisture and precipitation in drought (a) and non-drought (b) periods
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Figure 10. Correlation coefficients of soil moisture and VPD in drought (a) and non-drought (b) periods
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