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Impacts of Dust Storms on Road Infrastructure in the Western
Desert (Egypt): Hourly Assessment Using Artificial Intelligence

Abstract: Dust storms are one of the most significant weather events
associated with desert climates, impacting health, transport, and
sustainable development. This research analyzes the characteristics of
dust storms in the Western Desert of Egypt from 2003 to 2023 with the
potential impact assessment approach for roads. The research utilizes
CAMS ADS reanalysis data which include dust concentration, aerosol
optical depth, and coarse dust percentage of particles exported as
NetCDF. Processing of the data occurred with Python libraries (xarray,
dask, geopandas, pandas) and advanced Geographic Information
Systems applications like ArcGIS Pro, Google Earth Engine. The
approach includes exporting dust-related data into a spatial raster grid
and integrating it geographically and temporally with dust index variables
possessing a 3-hour temporal resolution, then creating time and space
assessments projected on a vector road network export as GeoPackage
and Parquet allowing further efficient realization and evaluation.
Findings reveal that the highest incidence of dust storms occurs during
the months of April and May, with exposure accumulated along select
road segments over the years exceeding 3500 hours representing nearly
180 hours a year (7-8 days of interference). High-risk areas accumulate
along the Dakhla - Kharga - Farafra - Bahariya road, the Kharga - Asyut
- Abu Tartour road, and any roads going south to East
Owainat/Sudanese border as high-risk interference happens. However,
the north near the coastal road (Sallum, Sidi Barani) receives dust
storms mostly in winter, while summer receives relatively less exposure
(July - August). These results indicate time and space risk relevance to
dust storms predictability based on seasonality and time of day. Most
roads exhibit dust storms mainly when dust storms are prevalent at
06:00, 12:00, and 18:00, indicating day activity is also high. This
emphasizes an overland warning system demand for the Western
Desert, at least for access roads. Road warnings should also adopt a
season and time of day-based compliance plan. This research highlights
the value of remote-sensing confirmatory assessments, geospatial
processing and analysis, and global climate data for comprehensive dust
storm risk assessment for adaptation against extreme weather
conditions.
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