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Abstract:

The study aims to analyze the Surface Urban Heat Islands in the Holy Sites of Makkah (Mina,
Muzdalifah, and Arafat) using Remote Sensing (RS) and Geographic Information Systems (GIS)
techniques between 2015 and 2024. Land Surface Temperature (LST) was derived from Landsat 8
satellite imagery and classified into six thermal categories to examine the spatial distribution of heat
islands and analyze the impact of natural and human factors on their intensity.

The results showed that LST ranged between approximately 40°C and 63°C in both years, with a
noticeable increase in the spread of extreme heat islands in 2024 compared to 2015, particularly in the
low-lying areas of Muzdalifah and Arafat. The findings revealed an inverse relationship between
elevation and temperature, with correlation coefficients of approximately -0.67 in 2015 and -0.46 in
2024, confirming the role of topography in temperature reduction. In contrast, the relationship between
vegetation cover (NDVI) and temperature showed a weak positive correlation (0.10 and 0.09) due to
the concentration of vegetation in hot, low-lying areas.

Furthermore, the results disclosed an expansion in urban areas during the period 2015-2024, increasing
from 17.66 km? to 37.84 km?, accompanied by a rise in their average temperature from 52.1°C to
55.28°C. Overall, the analysis indicates that the thermal system in the study area is a product of a
complex interaction between elevation, urbanization, and vegetation; however, elevation and urban
expansion are the most influential factors, while the impact of vegetation remains limited. The study
emphasizes the importance of considering topographical factors in urban planning, promoting
afforestation projects, and utilizing remote sensing data to monitor thermal changes and enhance
sustainable environmental planning in the Holy Sites.

Keywords: Urban Heat Islands (UHI), Holy Sites, Remote Sensing, Urban Expansion, Normalized
Difference Vegetation Index (NDVI).
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