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Abstract

The anthropogenic activities such as urbanization, overexploitation of groundwater
recharge, land use landcover changes, extended construction projects, and improved road
networks through cutting the mountains can affect topographic and watershed conditions.
The aim of this study is to measure the deformation velocity using PS-InSAR technique and
to investigate the effect of anthropogenic activities on the stream network and stream flow
of the watershed. The study area is Makkah City, in the western part of the Kingdom of
Saudi Arabia which has rapid infrastructure development and is the most important place for
Muslims over the world. The deformation velocity was calculated using Sentinel-1 satellite
images and the StaMPS code in SNAP, MATLAB, and R software. The four DEM datasets
(SRTM, ALOS, Copernicus, Sentinel-1) were compared to the topographic map of Makkah
City and GPS data in order to assess the quality of the DEM elevation. Arc Hydro tools was
used to extract morphometric and Horton-Strahler ratios characteristics to create a GIUH

hydrograph of the watersheds of Wadi Nouman, Wadi Al-Sharaea, and Wadi Ibrahim inside



Makkah City. The results show that deformation velocity in Makkah city ranged from -19.1
to +19.1 mml/year in the period December 2017 to January 2019. Based on the DEM
comparison, Copernicus and SRTM have the highest accuracy with R? = 0.978 and 0.976,
respectively and the lowest RMSE are 3.89 m and 4.23 m, respectively. Sentinel-1 and
ALOS has the lowest R?with 0.902 and 0.968, and the highest RMSE = 6.31 m and 4.27 m,
respectively. GIUH Copernicus DEM on wadi Nouman has a higher g, and lower ¢, (0.21
1/hr and 2.66 hr) than SRTM (0.20 1/hr and 2.75 hr), respectively. Copernicus also showed
similarity in wadi Al-Sharaea (g, 0.28 1/hr and t,, 2.05 hr) compared to SRTM (g, 0.24 1/hr
and t,, 2.32 hr). Due to the wadi having two shapes, the SRTM has a greater g, and lower
t, than Copernicus in wadi Ibrahim. The stream network in the mountain area is almost
similar for SRTM and Copernicus due to the dominant influence of the mountainous relief
and the relatively inconsequential influence of anthropogenic activities and DEM noise. In
the urban area, the variation of the stream network extracted from SRTM is high due to
differing DEM noise and significant anthropogenic activities such as urban redevelopment.
Indeed, the Copernicus DEM features the most reliable data quality compared to other open-

source DEM and represents the most recent data.
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