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Considering that urban land-use change in metropolises such as
Tehran has been increasing in recent decades; Therefore, the formation
of the thermal island phenomenon in the city can be studied as one of
the environmental problems. Increasing construction, density, and
building heights will change the complexes' geometry and shape,
followed by changes in climatic conditions and micro-urban climates.
Therefore, in this study, we tried to investigate urban geometry's effect
on forming a thermal island in Tehran. The study region in this
research includes regions one, two, and three of Tehran.

The methods used in this research included (1) Oak's numerical
equation and algorithm design to simulate the intensity of the heat
island. In the first stage, digital GIS data including building blocks
(parcels) in polygon format and street widths, which were prepared and
prepared by Tehran Municipality based on the 2016 detailed audit plan,
were used. (2) Modeling was performed in Envi-met software to study
the effect of city geometry on wind. The results of the studies showed
that the two factors of building height and street width (ratio (H/W))
play an important role as two key factors in studying urban geometry;
therefore, in studying the intensity of the heat island, the factor of
building height and high-rise construction can play an important role
in the formation of the heat island. However, the higher the height of
the building compared to the width of the streets, the more it acts as a
barrier against the heat island. The intensity of the heat island adjusted
with the Oak equation showed that the factor of building roughness
coefficient can be an important factor in adjusting the intensity of the
heat island. Spatial analysis of images and outputs of the Envi.met
model showed that the two main factors of construction density And
the height of the building has a greater impact on wind speed
transmission than the slope and topography of the area. Therefore, in
the study of urban design for future studies, appropriate planning and
proper management of resources are needed for the climatic comfort
of residents, which can be designed to be beautiful and safe cities by
considering the principles of architectural safety.
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Introduction

Urban morphology is an important factor in determining urban microclimate (Jamei et al, 2016),
which in turn directly affects the access to elements such as sunlight and wind flow (Krger, et al.,
2011, Saud Alznafer, 2014). Urban structure and configuration, including natural and artificial
environments, lead to the formation of different microclimatic conditions (Battisti, 2020). Since
climate plays an important role in human life and is reciprocally affected by human activities, the
rapid growth of urbanization is one of the factors affecting the increase in the surface temperature of
the earth in cities (Flores et al., 2018; Hosseini et al., 2024; Sadigov, 2022; Soja, 2016). The impact
of urban development in a warm environment creates an effect known as the "urban heat island"
(Kalnay, 2003; Jones, 1990.). The study of the heat island caused by urban settlements has been
considered by most foreign and domestic researchers, and its consequences for urban planning and
global warming have been considered over the past decade. With the expansion of urbanization and
the occurrence of city-related phenomena, studies on the urban heat island have begun in most
densely populated areas of the world, some examples of which are mentioned below. Ok (1981) was
one of the first to investigate and develop a simple empirical model of the heat island by considering
the morphometry of the city. In many studies (Lovermong and Chiugue, 2012, Oliveira et al., 2009,
Marquito et al., 2010) the morphometry of the city has been considered with the ratio (H/W) of
building height/street width. Various tools have also been used in foreign studies in the field of heat
island, including various types of satellite images (Landsat, MODIS, etc.) and recently GIS software
has been used to estimate the intensity of the heat island and simulate it with the THIS tool (Nakata
et al. (2015, 2018), Li Yang et al. (2016), Haidong Li et al. (2018)). In another study, Sayadi et al.
(1401) studied the effect of urban geometry on the formation of the heat island in Tehran (case study:
Districts Two and Six of District 3). The results of the study showed that the low coefficient of the
H/W ratio caused most of the blocks to have a homogeneous distribution. In other words, the intensity
of the heat island in urban blocks of Districts Two and Six of District 3 of Tehran is between 4-7
degrees Celsius, which is not significant, and the reason for this can be attributed to the appropriate
configuration of the geometry of the buildings using the indicators used in the principles of
architecture and urban planning of this region. A number of studies have been conducted on the
impact of wind flow on urban design. The effect of vegetation on thermal comfort at different levels
of urban open space in parks, streets, and courtyards has also been evaluated (Lin, Tsai, Hwang, and
Matzarakis, 2012; Yilmaz and Matzarakis, 2015). Street orientation is one of the most important
indicators of urban geometry. This parameter is influential in determining the amount of light
entering and wind speed in urban valleys, which, in turn, has a significant impact on thermal comfort
at the pedestrian level (Yang, Qian, and Lau, 2013:125). The objectives of this study are to investigate
the heat island using the OKE equation and develop a 3D ENVI-MET model to simulate the effects
of urban geometry and landscape changes on the spatial and temporal dynamics of air and its impact
on the urban microclimate in Tehran. We will investigate (1) the heat island calculation and its
simulation (2) the impact of horizontal and vertical urban development on the spatial distribution of
urban airflow, (3) the effects of urban morphology (e.g., building height and density) on air
circulation in three selected areas of Tehran and their impact on airflow.

Material and Methods

In this study, several databases were used to investigate the heat island of zones one, two, and three
of Tehran. In the first stage, GIS digital data, including building blocks (parcels) in polygon and
shapefile format and the width of streets (streets), which were prepared and prepared by Tehran
Municipality based on the detailed plan of 2016, were used. In the second stage, considering the
street-facing facade of the buildings, the area of the spillway and the angled facade of the buildings
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were used. Finally, to study the flow and direction of the wind, data including urban physical
information, surface cover of streets and squares including the type and amount of vegetation, soil
type and surface cover, building height and density, and area roughness indices, which were obtained
from two photogrammetric images prepared for the mapping organization, were used and modeled
in Envi-met software.

The method used in this study included the oke numerical equation and an algorithm's design to
simulate the thermal island intensity. In the first stage, digital GIS data includes building blocks
(parcel) in polygon format, and the width of passages (streets) prepared by the Tehran Municipality
based on a detailed audit plan in 2016 was used. According to the buildings' street-facing view, the
sloping area and the buildings' angled perspective were used using mathematical equations in the
second stage. Finally, to study city geometry's effect on the wind, data obtained from aerial images
and taken by the municipal organization were used and modeled in Envi-met software. These data
included urban physical data, street surface cover, and squares including type and amount of
vegetation, soil type and surface cover, building height and density, and roughness indicators of the
study area.

Results and Discussion

Among the three regions, region three has the highest building density and the width of the passages
varied across the regions. In terms of building height, region two has the highest height with 45
meters in region seven. The study of heat island intensity using the Oak numerical model showed
that among the regions of region one, region three and region one have the highest heat island
intensity (maximum 22 degrees) because in these regions the average height of buildings is greater
than the width of the passages (H/W ratio). In region two, the study of the Oak heat island intensity
in region eight showed that in most parts the heat island intensity was medium, which could be due
to the width of the streets and the presence of urban green space, which has moderated the heat island
of the region. In region three, given that most areas have high building density; therefore, the highest
heat island intensity in most areas is 22 degrees. The output of the Envi.met model showed that wind
direction has a significant effect in relation to building height, which was 63 percent. According to
the analysis, buildings between 28 and 39 meters have the greatest impact, and tall buildings and
towers do not play a significant role in changing wind patterns. In terms of building density, a 52
percent positive impact on changing wind direction is seen, which is concentrated in areas above 300
units per hectare. In this regard, it was found that the topography and slope of the area do not play a
significant role in changing wind direction and speed.

Conclusion

In the three regions studied in terms of building density, region two has the highest building density
and the highest building height, and the lowest is related to region three. Then, considering that
building height and passage width are two important factors in the formation of heat island intensity;
therefore, the study of heat island intensity showed that among the regions of region one, region three
and region one have the highest heat island intensity (maximum 22 degrees) because in these regions
the average height of buildings is greater than the width of passages (H/W ratio). Therefore, in the
study of heat island, the height and high-rise building factor was considered as a key factor.
Considering that high-rise building has received much attention in urban design for cities with a
compact texture in terms of building density; therefore, this case has been more applicable in region
one. The simulation study of the Oak equation showed that with an increase in the H/W ratio, the
growth of UHImax is more noticeable, this result is somewhat consistent with the study of Gonzalez
etal. (2011). Therefore, in the study of the intensity of the adapted heat island, the factor of roughness
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coefficient or in other words, the area of the facade facing the street compared to the area occupied
by each building is an important factor in urban design; so that in areas where the area of the facade
facing the street is greater than the area occupied by the building, the trend of heat island intensity
has increased (Charalampopoulos et al, 2013). Simulation results using Envi.met showed that
buildings facing the wind cause a significant decrease in wind speed, while in region three, due to
the density of vertical space, the wind speed changes due to friction in the walls of the buildings and
the wind channeling process does not occur easily (Sayadi et.al, 2025; Bady et.al. 2011; Yang et al,
2013); for this reason, it has increased the intensity of the heat island, air pollution and temperature
inversion in region three. According to the results, it can be said that in regions one to three of Tehran
metropolis, high-rise buildings, narrow passages, and construction of buildings perpendicular to the
wind have strengthened the heat island in the studied areas. Therefore, the human factor, namely,
excessive construction in the studied areas, which includes the lack of proper economic, social, and
environmental planning and the lack of proper urban planning, has increased the intensity of the heat
island in the studied areas.
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