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Abstract 

 

 

Tangier has experienced rapid urbanization and environmental change driven by 

demographic growth, economic development, and its strategic Atlantic–Mediterranean 

location. To assess these pressures, this study integrates Landsat-based Random Forest land-

use mapping, DSAS shoreline-change analysis with DGPS validation, and PSInSAR 

monitoring of Sentinel-1 data to assess spatio-temporal dynamics and coastal stability from 

2000 to 2023.  

The Random Forest classification model achieved an accuracy of 96%, demonstrating 

a shift toward increased built-up and forested regions, which encroached into coastal 

ecosystems. Concurrently, the DSAS analysis reported an average shoreline erosion rate of –

2.24 meters per year, with hotspots at Sidi Kacem and Houara beaches; and PSInSAR 

identified ground subsidence zones and potential landslides linked to local geology. Despite 

limitations in medium-resolution satellite imagery, this multi-method framework provides 

essential insights for risk mitigation and sustainable territorial planning; future integration of 

LiDAR is recommended to refine terrain and shoreline analyses.  

The approach is readily transferable to other coastal cities facing similar challenges. 
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