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Abstract

This thesis investigates wildfire-risk prediction in Morocco as a multi-so
fusion and short-lead forecasting problem at the intersection of Earth observation,
environmental modelling, and deep learning. It addresses three recurring limitations of
operational wildfire-warning systems: the difficulty of combining heterogeneous satellite and
meteorological sources, the weak representation of anthropogenic ignition factors, and the gap
between accurate research models and deployable near-real-time pipelines. The work follows
a progressive research path, beginning with the detection of human activities in wildland areas
from high-resolution satellite imagery, then moving toward a national-scale prediction
framework based on tabular, spatial, temporal, and environmental indicators.

The central contribution is the Morocco Wildfire Predictions dataset, covering 2010-
2022 at 2 km spatial resolution. It integrates MODIS, VIIRS, Sentinel-2, SMAP, ERADS,
population indicators, ground observations, temporal variables, vegetation indices, soil-
moisture information, and engineered lag features. After harmonisation, quality control,
balancing, and feature engineering, the dataset contains 934,586 instances and 277 predictive
variables plus the wildfire target. This resource supports reproducible experimentation and
provides a structured basis for short-lead wildfire-risk modelling in a data-scarce
Mediterranean and semi-arid context.

On top of this dataset, several deep-learning architectures are designed and evaluated:
Parallel Multi-path Feed Forward Neural Networks, positional-encoding enhancements, a
hybrid FFN-CNN-LSTM architecture with attention-based integration, a physics-embedded
entropy model, and an Internal World transfer architecture using frozen pretrained
intermediate layers. The hybrid model obtains the strongest overall balanced-set performance,
reaching 91.7% accuracy and reducing false negatives compared with single-model baselines,
while the Internal World model reaches 94.3% recall on fire cases. The thesis finally
translates these contributions into a near-real-time prototype for daily data reconstruction,
inference, and cartographic risk visualisation. Overall, the work demonstrates that carefully
engineered multi-source data and task-specific neural architectures can improve 24-hour
wildfire-risk forecasting, while also identifying remaining challenges in calibration, leakage
control, delayed satellite products, operational validation, and transferability beyond
Morocco.
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