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Fig. 1 Vegetation pest and disease monitoring and forecasting based on multi-source remote sensing data
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Table 2 Remote sensing forecasting models and methods for vegetation pests and diseases
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Abstract: Vegetation diseases and pests pose significant threats to agricultural and forestry production, as well as to ecosystem health. In
the context of global climate change, these impacts are further exacerbated. Effective, precise, and environmentally friendly control of
diseases and pests relies heavily on high-quality monitoring and forecasting information. Compared to traditional vegetation protection
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methods, the rapidly advancing remote sensing technology is increasingly recognized by scientists and governments worldwide for its
potential in disease and pest monitoring. This paper systematically reviews the recent applications of remote sensing technology in the
monitoring and forecasting of vegetation diseases and pests, focusing on the advancements in techniques, methods, and models. It analyzes
the current major challenges in this field and discuss future development trends. Firstly, the multi-scale remote sensing observation data
composed of satellite, aviation, UAV remote sensing and near-ground sensors with increasingly enriched modes and improved performance
and accuracy provide key data source for monitoring and habitat evaluation of vegetation diseases and pests. In terms of remote sensing
monitoring tasks, spectral analysis and image analysis are two primary methods used to extract key information sensitive to diseases and
pests from remote sensing data. Meanwhile, the application of temporal analysis techniques offers effective tools for monitoring disease and
pest processes and discrimination among different stressors. For remote sensing-based forecasting of diseases and pests, multi-source remote
sensing information is employed to monitor various habitat factors. The information coupled with various statistical models, machine
learning models, deep learning models, or mechanistic models to achieve large-scale early warnings of diseases and pests. The integration of
remote sensing information enables the expansion of the capability from specific points to wider areas, evolving from static to dynamic, and
forming large-scale spatiotemporal dynamic predictions. In the future, it is necessary to further strengthen the fusion and comprehensive
application of multi-source remote sensing data in view of the important challenges still existing in the research of remote sensing
monitoring and forecasting of diseases and pests, including the complexity of spectral characteristics, data quality, data processing
efficiency, model applicability and generalization ability. Particularly, it is important to explore the potential applications of fluorescence,
thermal infrared, LiDAR, and other remote sensing ways in the monitoring and forecasting tasks. On this basis, it is essential to carry out
interdisciplinary comprehensive research that integrates remote sensing technology, artificial intelligence, and plant protection theoretical
models to fully explore and unleash the potential and value contained in multi-source remote sensing data. This will support the
establishment of a more timely, accurate, efficient, and dynamic disease and pest monitoring and forecasting system, ultimately better
serving the integrated management and environmentally friendly control of vegetation diseases and pests.
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