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RECEIVE: ABSTRACT:
30 JUL 2025 IN TODAY'S ERA, DUE TO THE EVER-INCREASING EXPANSION OF
URBANIZATION, ATTENTION TO URBAN ENVIRONMENTS AND SPACES
HAS GAINED SPECIAL IMPORTANCE. AFTER THE LACK OF ATTENTION
ACCEPT: TOWARDS URBAN SPACES IN THE PAST, WE ARE WITNESSING THE
16 DEC 2025 GROWING IMPORTANCE OF SUCH SPACES IN THE CONTEXT OF URBAN
LIFE. ON THE OTHER HAND, THE POPULATION'S DESIRE FOR
URBANIZATION HAS CAUSED POPULATION GROWTH, INCREASED
DEMAND IN VARIOUS FIELDS, CREATED NUMEROUS POLLUTIONS,
AND SUBSEQUENTLY CAUSED CLIMATE CHANGES AND REDUCED

KEYWORDS: THERMAL COMFORT IN CITIES.IN THE SEVEN CONTEXTS UNDER
STUDY (HISTORICAL, RURAL, TRADITIONAL, NEW-FOUNDATION
THERMAL TRADITIONAL, DESIGNED, MARGINAL, AND COMPLEX), MANY

REASONS, INCLUDING PHYSICAL WEAR AND INEFFICIENT ROADS,
COMFORT . MAKE PEOPLE'S DAILY ACTIVITIES DIFFICULT. ON THE OTHER HAND,
MICROCLIMATE.PH THE OCCURRENCE OF THERMAL ISLANDS, LACK OF VEGETATION AND
NUMEROUS CLIMATIC FACTORS HAVE GREATLY REDUCED THE

YSICAL THERMAL COMFORT OF USERS.THEREFORE, THE CURRENT
FACTORS.URBAN RESEARCH HAS TRIED TO USE NEW TECHNIQUES, INCLUDING

MICROCLIMATE MODELING AND ANALYSIS, WHILE EXAMINING THE
DESIGN.CLIMATIC THERMAL COMFORT AND THE PHYSICAL ELEMENTS THAT SHAPE THE

ENVIRONMENT, TO PROVIDE SUGGESTIONS TO REDUCE THE
MENTIONED PROBLEMS AND IMPROVE THE THERMAL COMFORT
LEVEL IN THE STUDIED TISSUES OF TABRIZ CITY.BASED ON THE
OUTPUT OF THE RESEARCH, WHICH IS BOTH IN THE FORM OF
NUMERICAL DATA AND CLIMATE MAPS PROVIDED BY ENVI-MET
SOFTWARE, THE ROLE OF PHYSICAL FACTORS AND URBAN
DEVELOPMENT IN IMPROVING OR REDUCING THERMAL COMFORT IS
NOTICEABLE. ACCORDING TO THESE FINDINGS, VEGETATION,
HEIGHT-TO-WIDTH RATIO (ENCLOSURE) AND THE DIRECTION OF
ROADS HAVE A DIRECT EFFECT ON THE IMPROVEMENT OF THERMAL
CONDITIONS IN EACH OF THE STUDIED LOCALITIES.
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Extended Abstract
Introduction

Since the beginning of the formation of cities and especially in current urban life, the level of
thermal comfort in an environment has been one of the encouraging or deterrent factors for being in
urban open spaces and performing various activities. In recent decades, with the importance of urban
sustainability and energy consumption control, effective measures have been formed and attention
to the issue of thermal comfort in indoor and urban spaces has been prioritized. However, it should
be noted that despite the explanation of energy-saving policies, the importance of environmental
design in the natural control of energy consumption and improving the level of climatic comfort has
remained very low; while studies show that ignoring the need for people to be in urban spaces,
perform various activities, and also create social interactions has adverse effects on their physical
and mental health (Farrokhi et al.,, 2024) (Douglas, Lennon, & Scott, 2017) (Gibson et al., 2015).
Especially today, with the rapid expansion of urbanization and lack of attention to urban issues, we
are witnessing the phenomenon of "heat islands" all over the world. Therefore, it is necessary to pay
attention to improving thermal comfort in contexts where a high level of activity takes place. In this
study, in addition to evaluating the climatic problems resulting from the geometry of the
environment, an attempt is made to present comprehensive solutions regarding the recovery of
historical identity. Also, by emphasizing the importance of pedestrians as the main element shaping
social spaces, it is possible for them to be present and benefit from these spaces. In general, the issue
of thermal comfort is a multidimensional concept and depends on numerous factors that, in close
connection with each other, affect different aspects of an individual's life. Factors such as
temperature, wind, humidity, and radiation are four major climatic elements that, in effective
connection with the physical form and geometry of space (building density, width and orientation of
passages, height-to-width ratio, building height, type of vegetation, etc.), affect the level of thermal
comfort (Zakhour, 2015). For example, the geometry of streets plays a decisive role in the formation
of urban microclimate and thermal comfort by affecting surface temperature, air temperature around
buildings, and wind flow. On the other hand, by using factors such as the orientation of passages and
their degree of enclosure (height-to-width ratio), it is possible to control the amount of sunlight and
also ventilation in passages (Bourbia & Boucheriba, 2010) and (Saber Sabouri & Alinasab, 2021).
Studies in this field show that higher height-to-width ratios create more favorable conditions in
tropical environments, and lower ratios are more efficient in cold environments (Emmanuel,
Rosenlund, & Johansson, 2007). Therefore, by controlling the geometric factors affecting climatic

factors, the microclimate of a region can be brought to a comfortable range to some extent.

Tabriz, one of the largest cities in Iran, in addition to its strong industrial and economic role, is
well-known for its historical, social, and cultural influence. However, in the modern century, the
widening of streets, excessive construction, and lack of green space in this city have caused heavy
traffic and environmental pollution. On the other hand, the dominance of motorized vehicles has
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greatly reduced the role of pedestrians as a fundamental pillar of society and has reduced thermal
comfort in various areas of Tabriz. In particular, the occurrence of heat islands and climate
dissatisfaction are among the important problems that, in addition to creating undesirable conditions
for residents, have caused dissatisfaction among pedestrians on hot days of the year. Since the
orientation of streets in any geographical location has a significant impact on the climate conditions
of that area, it seems that analyzing different orientations is necessary to examine the conditions of
thermal comfort. On the other hand, the dimensions of the street network, including the degree of
street enclosure (especially the ratio of building height to street width), the length of the streets in
question, the amount of vegetation cover, and the number of openings to the main streets are another
determining factor in the amount of solar energy received and ventilation flow, which, if unbalanced,

causes heat islands on the streets.

Research Methodology

In the present study, first, by referring to documentary studies and examining previous works and
then by generalizing them to the areas under study (historical, rural, traditional, newly established
traditional, designed, marginal and complex textures of Tabriz city); the criteria requiring
investigation were determined. After determining the desired variables, including enclosure
(including the length and width of passages), the orientation of passages, vegetation and materials,
the study entered the software stage. At this stage, by receiving weather information from the
Meteorological Organization and physical information using GIS software, the targeted areas were

modeled in the "Envi-met" software (Figure 1).

Envi-met software is a three-dimensional environmental design software that was introduced by
Michael Bruce in 1997 (Bruse & Fleer, 1998). In this software, there are several environments for
simulation, analysis, data management, etc., and it consists of longitudinal, transverse, and height
patterns (x, y, z) that simulate and analyze different atmospheric states in accordance with the laws
of thermodynamics of gases and fluid dynamics. Within this software, important environmental
components such as buildings, materials, soil, vegetation, etc. can be modeled. Also, various climatic
factors can be shown in a day-night cycle. Modeling in this software is done through the SPACES
environment and the required data is entered in the ConfigWizard environment. After simulating the
aforementioned blocks, the data and information analysis stage is performed in the Leonardo
environment. This stage includes several analyses that, depending on the study needs, can examine
temperature, average radiant temperature, wind speed, and humidity levels in the passages. Finally,
for each of these components, various maps (2D and 3D) and tables can be prepared and presented.
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Figure 1. The mechanism of the EnviMat software. Taken from :(Chatzinikolaou, Chalkias, & Dimopoulou, 2018)

Research Findings

As mentioned earlier, the thermal comfort of users in the environment is a result of four climatic
components, including air temperature, relative humidity, radiant energy, and wind speed, along
with the effects of physiological, psychological, and physical factors. Accordingly, the PMV index was
selected as an indicator of the level of thermal comfort, and according to Figure 1, which shows the
comfort status of users at 2 p.m. in the most unfavorable state, this hour was selected as the selected
time for investigation and analysis in all neighborhoods. According to the explanations in Table 2, the
PMV index includes a range from negative to positive, and the thermal comfort range occurs near
zero. The results of the study of the level of satisfaction and dissatisfaction of people when present
in the areas under study in the summer season show that the PMV value varies in a range between
2.5 and 5. On the other hand, as mentioned, physical factors also play a significant role in increasing
or decreasing the value of this indicator and, consequently, thermal comfort; therefore, the need to
pay attention to physical factors, including the desired orientation, the degree of enclosure (ratio of
height to width of passages), vegetation, and other physical components, is of high priority. In the
following, we will examine the findings from the study of physical factors and their effect on the level
of thermal comfort.
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Vegetation

Based on extensive studies conducted on the effect of vegetation on improving the thermal comfort
of users in various environments and climates, the level of influence of this component has been
reported to be significantly higher and greater than that of many other factors. To examine this issue
more closely in the studied contexts, the current status of each context (with any level of vegetation)
was first modeled and analyzed. In the next step, to examine the exact impact of vegetation, the
aforementioned textures were reanalyzed by removing any vegetation (including trees, grass, and
any green cover). According to the results obtained, even the presence of a small amount of
vegetation has a noticeable effect on reducing the PMV index. (Chart No. 2) and (Maps No. 1 to 7)
show a comparison of the presence and absence of vegetation in the selected neighborhoods.
According to the data obtained, the amount of change in the PMV index depends on the amount of
vegetation in the existing state of each texture. In other words, the more vegetation there is in an
area, the more significant the reduction in the PMV index. For example, in Shariati neighborhood, the
difference in PMV in the two study cases with vegetation (existing state) and without vegetation is
greater than in the others. The reason for this is the presence of a significant amount of green space
in the streets of this neighborhood, which has improved the thermal comfort and reduced the PMV
from 4.26 to 4. A similar situation can be observed in the Valiasr neighborhood, with a decrease from
4.4 to 4.3. In the neighborhoods of Rasteh Kocheh, Marzdaran, Akhmagqiyeh, and Abrsan, due to the
lower proportion of vegetation in the current state, its impact on thermal comfort is less than in the
Valiasr and Shariati blocks.

According to the results obtained, vegetation plays an important factor in improving thermal
conditions, and even a small amount of plant structures causes a significant improvement in thermal
comfort conditions. This finding is consistent with previous findings, including studies by Murakami
et al. (1999), Shashua-Bar & Hoffman, 2003, Hashemi et al. (2023), and Ali-Toudert & Mayer, 2007.
According to the findings, in the contexts under study, the lack of vegetation is clearly visible in most
of the passages. However, with an appropriate combination of green surfaces, such as grass and
deciduous and non-deciduous trees, a desirable level of thermal comfort can be achieved in different
seasons of the year. Especially in wide passages or passages with low building heights where the
degree of enclosure is low, by creating a balanced spectrum of trees and vegetation, in addition to
creating humidity and temperature adjustment, a desirable level of shading can be provided to
prevent direct sunlight in summer. This can be even more effective in the cold climate of Tabriz,
because the presence of deciduous trees can provide a desirable level of sunlight even during the cold
seasons.
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Figure 2. Comparison of the average PMV index in roads with vegetation (current state) and
without vegetation

with Vegetation without Vegetation

Map 1. Comparison of thermal comfort in the Abrsan neighborhood in two cases without
vegetation (right) and the current state (left)
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Map 2. Comparison of thermal comfort in the Akhmagiyeh neighborhood in two cases without
vegetation (right) and the current state (left)
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Map 3. Comparison of thermal comfort in the Laleh neighborhood in two cases without
vegetation (right) and the current state (left)
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Map 4. Comparison of thermal comfort in the Marzdaran neighborhood in two cases without
vegetation (right) and the current state (left)
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Map 5. Comparison of thermal comfort in the Raste Kuche neighborhood in two cases without
vegetation (right) and existing (left)
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Map 6. Comparison of thermal comfort in the Shariati neighborhood in two cases without
vegetation (right) and the current state (left)
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Map 7. Comparison of thermal comfort in the Valiasr neighborhood in two cases without
vegetation (right) And the current situation (left)
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Enclosedness of passages (height to width ratio)

Another physical factor affecting the thermal comfort of residents is the degree of enclosure of an
environment, or in other words, the height to width ratio of a passage or urban space. This
component is closely related to the width of passages and the height of surrounding buildings.
According to studies, narrow passages surrounded by tall buildings provide a significant
improvement in the thermal comfort of that area in hot seasons; therefore, the greater the enclosure
of a building, the greater the height to width ratio and, consequently, the better the thermal comfort.
The results obtained from comparing the enclosure ratio with the PMV rate in the studied textures
confirm that by increasing the height to width ratio of a passage, a significant improvement in the
thermal comfort of that area occurs (Figure 3).

The results of the present study show that the ratio of height to width of passages is directly related
to the level of thermal comfort in the hot seasons of the year. In other words, with increasing
enclosure, the amount of radiant energy is reduced and therefore, through increasing shading, a
significant improvement in the thermal conditions of passages occurs. This finding is consistent with
the results of previous studies, including the research of Ahmad et al. (2005), Bourbia & Boucheriba
(2010), Zakhour (2015), and Lin et al. (2012). Of course, it should be noted that most of the studies
mentioned were conducted in tropical climates, and therefore, the warmer the climate, the higher
the level of enclosure in passages is desirable. However, in climates such as Tabriz, which have
relatively cold winters with gusty winds, this can also be useful. Because the surrounding buildings
can block wind gusts and prevent wind from circulating in open environments by acting as a barrier.
[t should only be noted that excessive enclosure can reduce the amount of radiant energy received in
winter. To improve this, it is suggested that in the climate of Tabriz, moderate enclosure (within the
ratio of 0.6-1) be carried out in conjunction with deciduous vegetation, so that a desirable level of
thermal comfort is provided both in summer and winter.

2.5 5
4.5

2 4
35

1.5 3
25

1 2
1.5

0.5 1
05

0

B H/\V = pmy

Figure 3. Comparison of the average PMV index with the height-to-width ratio in the studied
neighborhoods
Orientation of passages
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Another important physical factor that has a significant impact on the thermal comfort process of
an environment is the orientation of the passages of a place. As mentioned earlier, the formation of a
desirable state of thermal comfort is the result of physical, climatic, physiological, etc. factors that act
in an intertwined manner; Therefore, it is not possible to introduce a single factor to increase or
decrease the level of climatic comfort, but examining various factors, including important physical
factors, can be useful in understanding common patterns and how each of these factors works. After
examining basic factors such as vegetation cover and height-to-width ratio, it is necessary to also
examine the orientation of the passages. To better understand this issue in the context of the studied
neighborhoods, the mentioned passages were classified into six 45-degree intervals. This
classification was done for each of the passages in the studied textures. (Chart No. 4) shows the
average PMV index in passages with six orientations. Based on this chart, in the average case, north-
south passages (90 degrees) show the lowest PMV and, as a result, the highest level of thermal
comfort. After that, the passages with the orientation of 90-135, 45-90 and 45-0, respectively, show
the most appropriate level of thermal comfort. The passages with the angle of 180 and 180-135 also
have the lowest level of thermal comfort. In general, it seems that the smaller the angle of the
passages with the horizon, the higher the PMV and vice versa. (Table 2) shows the separation of the
passages of each of the studied neighborhoods based on various orientations and also the level of
PMV in each of these ranges.

Based on the results obtained from the present study regarding the effect of orientation on the
level of thermal comfort, it is found that in general, the east-west passages provide the lowest level
of thermal comfort and the north-south passages provide the highest level in the hot seasons. This
finding is consistent with the results of studies by Pearlmutter et al. (2007) and Mohammadzadeh &
Sarafrouzeh (2010). For a more detailed analysis, it should be noted that in addition to improving
thermal comfort conditions in hot seasons and climates, north-south passages also have positive
applications in cold climates such as Tabriz, Ardabil, and Urmia, because due to the high radiation
energy received, they prevent ice accumulation in seasons with high rainfall. Of course, it should be
noted that in north-south passages there is a possibility of wind tunnel formation and reduced
thermal comfort in winter, but by considering measures such as using vegetation as a windbreak or
observing the appropriate height-to-width ratio, the conditions can be adjusted to some extent.
Another solution is to deviate the passages to the east or west.
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Figure 4. Average PMV index status in six-way streets

According to the results obtained, "Northeast-Southwest" and "Northwest-Southeast” streets
provide more favorable conditions compared to east-west streets. This is because, in the warm
seasons, these streets receive relatively less radiant energy compared to east-west streets, which
improves comfort conditions. On the other hand, in the winter seasons, in addition to reducing wind
chill that occurs in north-south streets, they can provide a favorable amount of radiant energy to
reduce frost and increase thermal comfort.

Conclusion

In the previous section, the results obtained, the causes and the possibilities related to each of
these results were discussed in detail. For a more precise summary and in other words, the
application of these results to improve climatic conditions in the studied contexts, some suggestions
are presented.

« Since vegetation plays a significant role in improving climatic conditions by increasing humidity,
reducing temperature and creating appropriate shading, and also due to the lack of green structures
in most areas of Tabriz city and particularly in the studied contexts, the need to pay attention to
increasing the amount of vegetation and also their correct location is of significant importance.

¢ "Northwest-southeast” and "northeast-southwest" orientations with a deviation angle of less
than 45 degrees from the north-south axis, while adjusting the amount of radiation in summer, can
also prevent wind blinding in winter and provide an appropriate amount of sunlight to prevent
freezing in passages.

¢ Improving the enclosure of passages and urban spaces by choosing an appropriate height-to-
width ratio (0.6-1) can prevent wind blinding in winter and minimize the amount of sunlight in
summer.
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» Consideration of the materials used in passages and buildings is also of significant importance.
Despite the impossibility of studying it in the present study, the role of this factor in the formation of
thermal comfort cannot be ignored; therefore, it is suggested that future studies specifically address
the role of materials in different parts of urban spaces.

Funding

The final word is that physical factors, in their effective combination and association, can
significantly affect the microclimate conditions of a region; therefore, by considering a wide range of
these factors and their effective combination, the thermal comfort of that region can be improved in
a desirable way.
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