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Objective: The increase in ecological vulnerability in cities due to rising temperatures has
received much attention in recent years. Accurate identification of the urban heat island
network is very important for effectively reducing its impact. In many studies, the impact of
heat island connectivity on these networks has been largely ignored. This study was
conducted to fill this research gap by creating an urban heat island network based on the
connectivity perspective to understand the structural characteristics of the effect of this
network and evaluate it in order to determine the priority level for implementing temperature
reduction measures in the Tehran metropolis.

Method: To achieve the above goal, after analyzing the ground surface temperature, areas
with high temperatures were identified. Then, morphological spatial pattern analysis,
morphological structure evaluation, and recognition of the importance of heat island sources
were carried out. In the next stage, the resistance level against thermal diffusion was
constructed, and, then, using the minimum cumulative resistance method, heat transfer
corridors were identified and analyzed.

Results: The findings of this study identified 29 strong heat island cores in Tehran with a
relatively scattered distribution, 8 of which showed very high heating power. 31 corridors
connected these islands, 10 of which had the potential to increase temperatures significantly.
In addition, in terms of spatial distribution, the heat island network fragments in Tehran were
more densely located in the western and southern areas. The high density of heat islands in
the western part of Tehran made planning to combat them more difficult and increased their
influence. Also, the very dense islands located in the southwest of Tehran led to the
identification of short heat corridors in this part of the city, which justified the increase in
temperature. On the other hand, the results showed that the cores had the largest share in the
heat island network in Tehran, which indicated the size of the heat islands and their regional
distribution in the study area.

Conclusions: In this study, special attention has been paid to the structural characteristics
of the urban heat islands of the study area and their degree of importance. This approach is
simpler than previous methods of determining the size or density of blue-green spaces to
achieve cooling effects. This framework can be used as a strategic measure to prevent the
coalescence and expansion of urban heat islands and to avoid the unplanned increase of blue-
green spaces aimed at reducing temperatures in urban areas.
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Introduction

Urbanization is a phenomenon that has disrupted the surface energy balance. In a way, urban areas can be
clearly identified by absorbing higher atmospheric and surface temperatures than their surrounding rural areas.
This observable phenomenon is known as the urban heat island effect (Manoli et al., 2019). The impacts of
this effect are deeply reflected throughout ecological ecosystems and human life, leading to consequences such
as increased energy demand (Santamouris, 2014), deterioration of air quality (Santamouris, 2020), and
increased mortality from biological stress (He et al., 2022).

In recent years, the increase in urban population and the intensification of human activities have contributed
to the gradual reduction of green spaces and exacerbated the urban heat island effect (Debbage and Shepherd,
2015; Qian et al., 2020). In particular, high-density building construction impedes air flow, thereby reducing
wind speed within the city and exacerbating the urban heat island (UHI) effect (Chen et al., 2023). In addition,
reduced urban ventilation is also an important cause of UHI due to lack of local air circulation (Yu etal., 2021).
Urban green infrastructure, such as parks, lakes, green roofs, and urban green spaces in general, can reduce the
heat generated by impervious substrates through blocking direct sunlight and help create a more pleasant urban
environment (Hong et al., 2023). In addition, green patches with large areas, complex shapes, and high
densities have higher cooling efficiency than smaller green patches with simpler shapes and lower densities
(Aram et al., 2019). Green spaces with water bodies have greater cooling benefits than spaces without water
(Duetal., 2017). It has also been proven that urban parks larger than 10 hectares are more effective in reducing
regional temperatures (Aram et al., 2019). More specifically, at the micro scale, different tree species,
vegetation configuration, planting design, and facade greening can have different cooling and thermal comfort
effects (Hami et al., 2019; Lai et al., 2023; Peng et al., 2020). At the macro scale, modifications to the green
space system have a major impact on the spatial pattern of the urban thermal environment (Cai et al., 2019;
Yang et al., 2017). Therefore, it can be stated that the UHI effect is particularly severe in metropolitan areas
with high density of construction and lack of green space (Demuzere et al., 2014). Extensive research has also
proven that blue-green spaces serve as a primary approach for reducing UHI effects. However, insufficient
attention has been paid to the practical aspects of zoning and spatial arrangements of blue-green landscapes in
cities in many of these studies (Zhao et al., 2024). In addition, considering urban land use regulations and
financial considerations, urban planners should prioritize measures and plans for controlling urban air
temperature in areas with specific thermal effects, or heat islands, as studies emphasize the critical importance
of such strategic zoning.

In this study, an attempt has been made to evaluate a UHI network based on the perspective of the connectivity
created and the importance of each structural feature in the UHI network, and to determine the parts with the
most severe thermal patterns. These areas have been identified as key regions for future temperature reduction
projects. In this study, Tehran metropolis, the capital of Iran, was selected as a case study to achieve the
following objectives:

- To establish a UHI network based on the connectivity perspective in the city of Tehran in order to understand
the structural characteristics of the UHI effect.

-To assess the UHI network in the city of Tehran in order to determine the priority level for implementing
temperature reduction measures.

Method

In the first step, the land surface temperature (LST) for Tehran was calculated using the split window
algorithm. After that, the normalized land surface temperature data was divided into five classes according to
the mean standard deviation, and areas with very high temperatures were selected as representatives of UHI
spots. Then, island cores were selected using Conefor 2.6 software to measure the connectivity of UHI sources.
To determine the urban heat islands, the MCR model was used to connect level 1 and 2 heat islands to each
other and level 3 islands to connect two or more input areas. Finally, corridors with a path cost less than the
average path cost of the identified corridors were classified as strong corridors, while those with an average
path cost greater than the identified corridors were classified as weak heat corridors.



21 Construction of Urban Heat Island Network Based on ... (Mahdis Sadat et al.,)

Results

The results of this study showed that on June 17, 2023, the average LST for the entire city of Tehran was
41.8°C, while the average LST in the identified heat islands was 47.8°C. This indicates that the UHIs had a
positive warming effect. Thus, determining the spatial pattern that intensifies these islands can be an effective
step towards mitigating their cumulative effects.

According to the results, in terms of spatial distribution, UHI patches in Tehran were denser in the western and
southern areas. The reason for this phenomenon could be attributed to the mountains located in the north of
Tehran, the north-south elevation gradient, the significant difference in green space in eastern parts of the city
compared to the west, the presence of industrial uses and pollution caused by them, and significant impervious
surface areas in western Tehran. The high density of heat islands in the western part of Tehran has increased
its influence and made planning efforts to combat them more difficult. The results of this part of the study are
in line with the research of Sadeghinia et al. (2012) and Shakiba et al. (2009). Also, based on the results
obtained, it can be concluded that the cores have the largest share in the heat island network of Tehran, which
indicates the size of the heat islands and their regional distribution in the study area. According to the research
results, a total of 29 strong heat island cores were identified in the city of Tehran with a relatively scattered
distribution, most of which are concentrated in the south and southwest of the city. Also, 8 cores with high
connectivity with an area of 19.6 square kilometers were identified, which were located in the southwest and
southeast of the region. In addition, 29 cores with low connectivity were identified in Tehran with a total area
of 17 square kilometers, which played a significant role in preventing the adjustment and cooling of the air in
the surrounding areas. Among the identified cores, 8 first-level cores with a high thermal effect were located
in the southwest and southeast of the study area. Based on the results of the connectivity analysis in Tehran
heat network, 32 thermal corridors were identified, with a total length of 132 km. These corridors were located
in the southern, western and northwestern parts of the region, connecting most of the identified heat island
cores, forming the main framework of Tehran’s heating network. Among them, 16 connecting corridors in the
network were identified as strong thermal corridors with a length of approximately 77 km and 15 weak
connecting corridors with a length of 54.6 km. Based on the results of the connectivity analysis in Tehran’s
heating network, 10 first-level corridors with a total length of 47.3 km, concentrated in the south and northwest
of Tehran, 20 second-level corridors with a length of 8.2 km, and 1 third-level corridor with a length of 1.5 km
were identified in the UHI network Tehran. The western part of the city had a continuous and long thermal
corridor with the ability to increase the temperature in this area due to the interconnection of the heat islands
located in this part of the city. Also, the highly dense islands located in the southwest of Tehran led to the
identification of short thermal corridors, which led to the increase in temperature in this area.

Conclusions

The results of this study showed that the urban heat islands in Tehran had a positive warming effect. In terms
of spatial distribution, these islands were denser in the western and southern parts of the city, affected by the
mountains located in the north of Tehran, the elevation gradient from north to south, the significant difference
in green space between the east and west of Tehran, and the presence of industrial uses and pollution caused
by them, along with a significant amount of impervious surfaces in the west of Tehran. Also, based on the
results obtained, the cores had a major contribution to the network of heat islands in Tehran, which indicates
the size of the heat islands and their regional distribution in the study area. Among the identified cores, eight
first-level cores are located in the southwest and southeast of Tehran, which have high thermal effects.
Accordingly, in this study, ten first-level corridors were identified in the southern and northwest parts of the
city, along with twenty second-level corridors and one third-level corridor in the UHI network of Tehran.
Meanwhile, the western part of the region had a long and continuous thermal corridor in the western part of
the study area, which increased the potential for temperature increase in this region due to the
interconnectedness of heat islands located in this part of the city. In addition, the very dense heat islands in the
southwest of Tehran had caused the creation of short thermal corridors, leading to an increase in temperatures.
The findings of this study can be used to provide strategic solutions to mitigate the negative effects of the UHI
network of cities and facilitate urban management with the aim of reducing temperatures in large cities.
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1. Morphological spatial pattern analysis
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