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Past Drought Memory Sharpens Weekly Wildfire Susceptibility Mapping: A
Hybrid Deep Learning Approach in Humid Subtropical Taiwan
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Abstract

Drought-driven wildfire is intensifying even in humid subtropical forests, yet warning systems
in these regions still rely on static maps built from weather alone, capturing neither when risk rises
within a season nor how it varies from one hillside to the next. Building on evidence that wildfire in
Taiwan is governed by antecedent drought, we developed a hybrid deep learning model, parallel
CNN-LSTM, that jointly processes landscape context and recent moisture and vegetation histories at
each location to produce weekly wildfire susceptibility maps across Taiwan. We systematically tested
spatial patch sizes (5x5 to 25x25 grid cells) and temporal windows (4 to 24 weeks) to identify optimal
input configurations. Over a fully independent 2022-2024 test period, the model achieved an AUC-
ROC of 0.82 and flagged the major 2023 wildfire in southwestern Taiwan. Performance peaked with
a roughly three-kilometre area and a 12-week antecedent window; longer history added noise rather
than skill. Critically, the history-aware model detected fires that a snapshot of current conditions
missed, events preceded by months of mounting moisture deficit and stressed vegetation, confirming
that tracking gradual drying invisible to present-state indicators is the model's core advantage.
Drought and vegetation stress dominated susceptibility during the fire season, while preconditioning
factors, terrain and human access, mattered most once severe fire weather eased. By resolving the
same drought memory previously seen only year to year into weekly pixel-level maps, this approach
offers a dynamic susceptibility layer to strengthen Taiwan's national wildfire warning system and a
reference for other humid subtropical regions.
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