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The aim of this research is to evaluate the heat mitigation index (HMI)
in the Tehran metropolitan area using the Urban Cooling Model (UCM)
approach in a spatial framework. UCM produces maps of the Heat
Mitigation Index. This index estimates the cooling potential of urban
green spaces in a given location, taking into account various parameters
such as evapotranspiration, tree shading, albedo, rural reference air
temperature, urban heat island intensity, air temperature maximum
blending, and maximum cooling distance. The assessment of
environmental factors influencing the UCM in the study area revealed
that the urban heat island effect was least intense in regions 1, 22, and
the northern parts of region 4 of Tehran municipality, where there are
scattered trees, shrubs, open low-rise buildings, and water bodies. The
temperature differences between the city and the suburbs ranged from 0
to 1.3 degrees Celsius. However, the study area's central parts showed
the highest intensity of the urban heat island, particularly in regions 21,
13, and 14. These regions have a dense and compact texture and an
expansion of impervious surfaces, resulting in the lowest values of the
evapotranspiration index (ranging from 0.12 to 0.45) and albedo
(ranging from 0.09 to 0.16). Based on these parameters, the study area's
HMI index showed that the cooling capacity varies from 0.08 in the
central parts of the city to 0.9 in areas affected by green spaces and
water bodies. The maximum cooling capacity index is concentrated in
areas with dense and scattered tree cover in the region. On average,
these areas have been able to neutralise 2.48 degrees Celsius of the
urban heat island effect with a cooling capacity of 63%. The
methodology employed in this research can be used as a reference for
urban designers in integrating urban cooling approaches and heat island
mitigation strategies in urban planning and design.
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Introduction

Rapid urban growth often results in the transformation of open spaces, such as
natural ground cover consisting of soil and vegetation, into artificial surfaces made
of concrete, asphalt, and other impervious materials. This process inevitably leads
to changes in the absorption and reflection of solar radiation and surface energy
balance, which can cause significant differences in the urban-rural environment in
terms of surface radiance and air temperature. Tehran has experienced a high rate
of population growth in recent decades due to its socio-economic and political
conditions. As a result, the city has been ranked as one of the fastest-growing cities
in Asia in terms of annual population increase (Sharifi & Hosseingholizadeh,
2019). The demographic changes have resulted in an increased demand for urban
amenities. This has led to the conversion of natural ground cover to impervious
urban surfaces, exacerbating the urban heat island (UHI) effect. Given the crucial
role of green-blue infrastructures in regulating ambient temperature and improving
the quality of life in megacities, this research aims to evaluate and calculate the
heat mitigation index. It provides a scientific framework for assessing the
effectiveness of these land cover types in reducing heat and contributing to
sustainable urban development in Tehran.

Material and Methods

The aim of this research was to measure and evaluate the heat mitigation capacity
(HMI) within Tehran metropolis using the urban cooling model (UCM) in a spatial
framework. The inputs of the UCM model include a land use/land cover (LULC)
map, reference evapotranspiration, the study area landscape, and a table containing
biophysical information. Additionally, several other parameters must be specified,
including rural reference air temperature, urban heat island intensity, air
temperature maximum blending, and maximum cooling distance. The UCM
generates maps of the Heat Mitigation Index (HMI) that estimate the cooling
capacity of urban green spaces in all LULC classes present in the study area,
considering the cooling effect of urban parks. The UCM model aims to simulate the
spatial distribution of UHI based on three key mechanisms: shading created by
trees, evapotranspiration of urban vegetation, and surface albedo of the city (Bosch
etal., 2021).

Results and Discussion

Land cover is the primary driver of changes in urban microclimate. Studies have
consistently shown that the expansion of impervious surfaces is the main cause of
UHI formation. Conversely, the development of green infrastructure, such as
pervious surfaces, has a cooling effect on surrounding urban areas. The assessment
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of the impact of environmental factors on UCM in the study area revealed that in
regions 1, 22, and the northern parts of region 4 of Tehran municipality, where
there is scattered trees, shrubs, open low-rise, and water bodies, the intensity of the
urban heat island effect was at its lowest. The temperature difference between the
city and the suburbs varied between 0 and 1.3 degrees Celsius. However, the
highest intensity of the urban heat island was observed in the central parts of the
study area, specifically in regions 21, 13, and 14, where there is a dense and
compact texture and an expansion of impervious surfaces. These regions also had
the lowest values of the evapotranspiration index (ranging from 0.12 to 0.45) and
albedo (ranging from 0.09 to 0.16). Based on these parameters, the spatial
distribution of the HMI index in the study area also showed that the cooling
capacity ranged from 0.08 in the central parts of the city to 0.9 in areas affected by
different green spaces and water bodies. The maximum cooling capacity index was
concentrated in areas with dense and scattered tree cover in the region. These areas
were able to neutralize an average of 2.48 degrees Celsius of the urban heat island
effect, with a cooling capacity of 63%.

Conclusion

Given the increasing heat stress on urban environments due to climate change
(Zawadzka et al., 2021), it is crucial to accurately assess the heat mitigation
capacity of LULC. This research examines the role of physical and environmental
factors that affect urban heat islands, including land cover, building volume,
proximity to open spaces, and heat load. The study found that 50.71% of the area
was covered by built-up spaces, which are characterized by high surface roughness,
poor ventilation, and high environmental heat load. However, these areas do not
have significant adjacency to large open spaces. Considering the variations in the
parameters affecting UCM, the spatial pattern of the cooling capacity index
indicated that the cooling capacity in the study area ranged from 0.08 in the central
parts of the city with a dense and compact texture to 0.9 in areas influenced by
different green spaces and water bodies. Notably, the maximum cooling capacity
index was concentrated in areas with dense and scattered tree cover within the
region. These areas, with a cooling capacity of 63% in the study area, were able to
neutralize an average of 2.48 degrees Celsius of the urban heat island effect.
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