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Extended Abstract

Introduction

Urban expansion and the reduction of green spaces are among the principal drivers of surface urban
heat islands (SUHIs) a phenomenon that has become a major challenge in contemporary cities,
particularly in arid and semi-arid regions. The intensification of SUHIs not only affects local climate
conditions but also influences energy consumption, public health, and overall urban sustainability.
Increasing urban temperatures can exacerbate heat stress, elevate air conditioning demands, and
contribute to poor air quality. This study aims to examine the influence of green patches and surface
biophysical characteristics on UHI patterns in the city of Mosul. By integrating multiple remote sensing
datasets with G1S-based spatial analyses, the research provides a comprehensive and detailed assessment
of the spatio-temporal patterns of land surface temperature (LST) and its relationships with various
biophysical indices. Furthermore, this study seeks to identify critical areas where targeted interventions,
such as the expansion of green spaces or modification of surface materials, can effectively mitigate SUHI
effects.

Material and Methods

To assess the effects of the spatial distribution of urban green patches and surface biophysical
properties on SUHI patterns, we first used meteorological data from the Mosul synoptic station to identify
the city’s minimum and maximum temperature periods. This approach allowed us to focus on the most
thermally sensitive periods and provided a reliable baseline for LST comparisons. We then acquired time-
matched satellite imagery Sentinel-2A, Landsat-9, and MODIS from 2024 covering both daytime and
nighttime windows in summer and winter. After rigorous preprocessing, including atmospheric
correction, radiometric calibration, and geometric alignment, the images were classified to differentiate
between impervious surfaces, vegetation, water bodies, and other land cover types. SUHIs across Mosul
were subsequently identified using standard LST extraction methods and validated with ground-based
observations where available. LST outputs were overlaid with green-patch layers and additional
biophysical variables, including vegetation cover, surface type, soil moisture, buildings, and surface
water. Their correlations with LST were computed to elucidate the spatial distribution and intensity of
heat islands in various urban contexts. ArcGIS, eCognition Developer, ENVI 5.3 and Microsoft Excel
were employed for image processing, classification and statistical analyses, ensuring a rigorous and
reproducible workflow.

Results and Discussion

Both the present study and prior international research emphasize the importance of appropriately
distributing green spaces and managing impervious surfaces to mitigate thermal impacts and improve
residents’ quality of life. Our findings show that the NDVI averages 0.78 in areas with greater vegetation
cover and decreases to 0.45 in impervious areas; this inverse relationship between NDVI and temperature
is reflected in a strong negative correlation (R =—0.833), clearly indicating the cooling effect of vegetation
on surface temperatures. In addition, analysis of LST in four-time windows (daytime and nighttime in
summer, and daytime and nighttime in winter) demonstrates a significant influence of land use on the
spatial distribution of surface heat in Mosul. In summer, industrial and commercial land uses especially
industrial zones with daytime LST of 38.199 °C and nighttime LST of 43.007 °C contribute most to
elevated surface temperatures, likely due to the high density of heat-absorbing construction materials,
scarcity of vegetation, and heat-generating activities. Dense commercial and residential areas also play a
substantial role in increasing LST because of compact urban form, extensive asphalt coverage, and heavy
vehicular traffic. The temporal analysis further shows that daytime LST peaks are closely associated with
solar radiation exposure, while nighttime temperatures remain elevated in densely built areas due to the
thermal retention of construction materials, a phenomenon often referred to as the “urban heat storage
effect.” The spatial patterns of LST also reveal that peripheral districts with scattered vegetation exhibit
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slightly lower temperatures, indicating that strategic placement of green patches can create meaningful
thermal refuges even in predominantly urbanized settings.

Conclusion

The results indicate that the uneven distribution of green spaces and the expansion of impervious
surfaces are key drivers of SUHI intensification in Mosul. Surface biophysical characteristics, particularly
in areas with limited vegetation, exert a marked effect on increasing temperatures and amplifying SUHI
formation. The study underscores the critical role of green-patch distribution and biophysical attributes
in shaping LST and UHI patterns in Mosul. These findings can inform management strategies aimed at
moderating UHI effects and improving urban environmental conditions. Future urban planning should
prioritize developing a connected network of green spaces, especially in central districts; employing high-
albedo construction materials; and implementing green roofs and green walls in high-density areas. Such
measures can reduce urban ambient temperatures, enhance residents’ thermal comfort, and improve
overall quality of life. Furthermore, incorporating green infrastructure into urban design can
simultaneously provide ecological benefits, such as improved stormwater management, air purification,
and biodiversity conservation, thereby creating more resilient and sustainable cities. By combining these
approaches with continuous monitoring using remote sensing and GIS, city planners can develop
evidence-based strategies to mitigate SUHI impacts and support long-term urban sustainability goals.
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Table 1- Specifications of the satellite images used in the research process
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Table 2- Remote sensing indices
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Source Equation Spatial Satellite Index
resolution
Almohamad & (((Green + Red + SWIR2) / 3) - SWIR1) / 10 2A s BLFEIL
Alshwesh, 2023 (((Green + Red + SWIR2) / 3) + SWIR1) Sentinel2A
Kaimaris & Patias, 2016 SWIR2 — pNIR [CoCEm
# 10 2A o ul?
pSWIR2 + pNIR Sentinel2A
Ling et al., 2022 SI+ NDBI 10 2A Jte DRSPS
2 Sentinel2A
Zha, Gao & Ni, 2003;
Kaimaris & Patias, pNIR — pred 2A i .
. —_— 10 - NDBI
2016; PpNIR + pred Sentinel2A
Dapke et al., 2025
2pSWIR1 pNIR
(pSWIR1 + pNIR)  (pNIR + pRed)
Kaimaris & Patias, _ pGreen ]
2016; Bouhennache, (pGreen + pSWRI1) 10 2A Juw IBIS
Bouden, Taleb-Ahmed 2pSWIR1 + pNIR Sentinel2A
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+ pGreen ]
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Kaimaris & Patias, 2016 % 10 2A o NBIS
pNIR — pSWIR1
Dapke et al., 2025 ONIR T pSWIRL 10 Fw NDMI
Yu, Yang, Jiang, Zhan Green — oNIR
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LA g 2A Lo 10
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Sun et al., 2015 G pRed) — (p pBlue) 10 2A Joiw 12g
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1- built-up land features extraction index
2- Urban Index

3- Normalized Difference Bare Soil Index

4- Normalized Built-up Index (NDBI)

5- Index-based Built-up Index

6- New Built up Index

7- Normalized Difference Moisture Index

8- Normalized Difference Water Index

9- Modified Normalized Difference Water Index
10- Normalized Difference Vegetation Index
11- Soil Adjusted vegetation Index

12- Surface Impermeability
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Fig. 2. General Flowchart of the Research
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Table 3- Impact of Land Use on Land Surface Temperature
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Table 4- Temperature Data from the Mosul Airport Synoptic Station
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Fig. 19. Cooling Effect of Green Spaces (GSCEI)
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