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Aprocess—cognizant vegetation drought model for indentifing seasonal
drought in subtropical region and its application in the
Hunan-Jiangxi region
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Abstract: In the context of global climate warming, rising temperatures have increased the frequency and severity of drought in subtropical
regions, leading to widespread vegetation mortality and posing a substantial threat to vegetation ecosystems and forest carbon sink. The
accurate quantification and understanding of vegetation drought are critical for regulating vegetation mortality rates during drought events.
However, the precise quantification of vegetation drought remains controversial, particularly in terms of variations among different
vegetation covers and within the same vegetation cover, especially in subtropical regions with complex terrain and dense vegetation. This
study aims to develop a reliable approach for the quantitative monitoring of vegetation drought in subtropical regions, addressing “same
vegetation cover with different drought degrees” and “same drought degree with different vegetation covers.”

To achieve precise quantification, a Vegetation Drought Response (VDR) module, which characterized the spatiotemporal response of
vegetation to soil moisture over time, was developed. The module utilizes spatiotemporal features that are constructed from the multispectral-
based modified vegetation index and land surface temperature. Drought boundaries were scientifically defined using the general nature
rationale that decreasing soil moisture leads to vegetation withering, while increasing soil moisture promotes vegetation flourishing,
allowing the identification of time intervals during the Vegetation Drought Process (VDP). The sensitivity of vegetation response to soil
moisture within these intervals was used to determine VDR characteristics at the beginning of a drought event, informing the establishment
of the Vegetation Drought Threshold (VDT). By applying VDT to VDR, a Process-Cognizant Vegetation Drought Model (PCVDM) was
constructed, enabling the quantitative inversion of vegetation drought. The method was applied to the Hunan-Jiangxi region, which is
located in the middle of China’s subtropical region, by using remote sensing techniques to retrieve spatiotemporal changes in vegetation
drought from 2000 to 2023. A spatiotemporal differentiation analysis was conducted by integrating altitude and lithology conditions to
investigate causal factors.

Results demonstrate that PCVDM effectively captures the spatiotemporal dynamics of vegetation drought in the Hunan - Jiangxi
region, where a clear spatial differentiation is observed. High-altitude areas (>800 m) exhibit increased greenness due to rising temperatures,
while low-altitude areas (<200 m) experience intensified vegetation drought as a result of enhanced evapotranspiration. Moderate-altitude areas
(approximately 400 m) present mixed responses that are influenced by lithology and slope difference, with increased greenness coexisting
alongside vegetation drought phenomena. These findings suggest that vegetation drought patterns are shaped by the combined effects of
climatic factors and topographic or edaphic conditions, resulting in distinct responses across elevation gradients and lithological types.

The constructed PCVDM provides a practical tool for remote sensing-based monitoring of vegetation drought in subtropical regions,
enabling spatiotemporal differentiation across elevations and lithologies. The model reveals long-term vegetation trends in the Hunan -
Jiangxi region and supports strategies for drought management, ecosystem conservation, and carbon sink study under climate warming.

Key words: subtropical remote sensing, vegetation drought monitoring, process-cognizant, vegetation drought model, Mann-Kendall Test,
Hunan-Jiangxi Region
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