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Urban-Park-induced Cooling Region and its Effectiveness in Confronting the Heat
Island of Kuwait City and Contiguous Suburbs

Abstract:

On account of its location in the tropical hot desert, Kuwait City and contiguous
suburbs have been experiencing serious heat-related implications, particularly in the
summer season. Parks are a central constitute of city planning and a substantial
option for ameliorating the urban environment, public health, and sustainability.
Accordingly, the current study aims to provide an assessment of the seasonal
contributions in confronting the increasing thermal levels caused by global warming,
Urban Heat Islands (UHI), and heatwave intensification. Using the measures of
cooling intensity, distance, surface, and efficiency, the investigation also seeks to
analyze the Park Cool Island (PCI) phenomenon and the relevant maximum cooling
coverage and effectiveness. The research depended fully on Landsat 8/9 imageries to
retrieve the Land Surface Temperature (LST) and the Normalized differences
vegetation index (NDVI). In addition, simple and multiple linear regression analyses
were utilized to provide a comprehensive explanation of park cooling effectiveness.
The urban-thermal structures revealed that Blue-Green systems play a significant
moderating effect against the heating roles of barren lands, buildings, and street
networks. The cooling effect of vegetation was maximized in the summer (-2.0°C),
while a minimal thermal difference (-0.5°C) was observed in the winter. Although the
water cooling was the most intense (a maximum effect of -10.2°C was detected in
summer), the overall cooling effect of green vegetation was more extensive because of
the large coverage of vegetation (7.19%) relative to the water portion (0.20%). It was
found that vegetation density, in terms of NDVI, negatively correlates with LST. The
local thermal analysis disclosed that the fifteen urban parks under investigation
formed PClIs, with a maximal cooling strength observed in summer when the
magnitude of four PCI intensities exceed 5.0°C. The PCI intensity exhibited a
moderately positive association with park area and vegetation density. The findings
also unveiled that a cooling region was created around each park, with a maximum
cooling distance that varied on a seasonal level between 330-390 m. Most of the
cooling magnitude (40-54.8%) occurred in the immediate zone (30 m) around parks.
Regarding the cooling effectiveness, it was found to range between 135.5-189.3% and
between 116.4-137.6% based on the cooling surface area and distance criteria,
respectively. A set of 14 independent variables was used to explain the cooling
effectiveness exerted by urban parks. The underlying association model interpreted
92% and 89% of the observed variations in effectiveness based on the criteria of
distance and surface area, respectively. It was concluded that there were many
improper aspects of park planning. A recommendation was suggested to develop and
implement an accredited planning code for the spatial organization and design of
urban parks in order to best achieve its original climate function.

Keywords: Land surface temperature (LST); Normalized differences vegetation index
(NDVI); Green spaces; Park cool island (PCl); Park cooling indices; Park cooling
effectiveness; Landsat 9.
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