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Building form has a great influence on energy conservation and a correct architectural 
design can play a significant role in this field. Shading and its impact on thermal comfort 
of the residents are among the concepts which are of great importance in the subject 
of buildings’ architectural design with regard to the regional climate. In this paper, an 
attempt was made to analyze the thermal behavior extent of these semi-open spaces in 
residential complexes of Mashhad City with the help of ENVI-met software. Therefore, 
the present paper, which is based on a simulation approach, investigates and analyzes 
the thermal comfort in semi-open spaces. By comparing different models simulated 
with Envi-met software, it can be found out that none of the investigated models achieve 
the thermal comfort conditions on the day of the summer solstice, but the double-closed 
model, located on the central side of the building, provides the maximum amount of 
thermal comfort conditions at a rate of 6 hours on the day of the winter solstice. After 
this model, the one side closed ones, located in the central side of the building, and three 
sides closed ones, located in the western side of the building, provide the most thermal 
comfort time. The weakest models in terms of the duration of providing thermal comfort 
conditions are the one sided closed and double-closed models located on the west side of 
the building, which never provide thermal comfort conditions during the summer and 
winter solstice days.
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INTRODUCTION
In general, thermal comfort is a mental 

condition in which a person is not dissatisfied 
with environment’s thermal condition and is 
not going to change the condition into a warmer 
or colder condition. The thermal comfort can 
affect the performance and efficiency of indi-
viduals from physical and mental aspects. A 
suitable architectural design, which is based on 
various aspects of providing people’s comfort, 
can significantly contribute to reduce energy 
consumption, increase the time people spend 
in different spaces and their willingness to use 
them, increase attendance visitors and many 
other benefits in addition to strengthening 
the physical and mental conditions of people. 
Although it is very important to investigate the 
impact of shading on thermal comfort in the 
semi-open spaces of Mashhad City emphasizing 
on balconies, it seems that no in-depth research 
has been conducted focusing on this issue so far. 
Therefore, in this paper, an attempt is made to 
investigate the comfort climate conditions of 
Mashhad City based on the principles of shad-
ing design in semi-open spaces by ENVI-met 
software using PET (Physiological Equivalent 
Temperature) index.

Problem Statement 
Different parts are influential in the climatic 
design of a building, but the role of form and 
architectural design is much more prominent 
among them due to the constant connection of 
this part with surrounding climate and its im-
portant impact on thermal performance of the 
building. In general, various parts of the building 
can be classified into open or external, closed or 
internal, and semi-open parts. However, some 
researchers believe that the current standards 
for investigating the thermal comfort cannot 
define the characteristics of thermal comfort in 
semi-open spaces well (Cao, et al. 2018; Cardoso, 
et al. 2018; Dahlan & Gital, 2016). According to 
Shooshtarian’s definition, thermal comfort is 
generally defined as a typical mental and physi-
cal condition that expresses human satisfaction 

in relation to the surrounding thermal environ-
ment (Shooshtarian, et al., 2020). In addition, 
the authenticate ASHRAE1 standard 2017-55, 
defines the thermal comfort as “mental condi-
tions that express the individuals’ satisfaction 
with environment’s thermal conditions and are 
expressed in the form of psychological evalua-
tions.” The same standard describes an accept-
able thermal environment as “an environment 
in which a significant majority of residents 
(more than 80%) consider the thermal condition 
to be acceptable” (ANSI/ASHRAE Standard 55, 
2017). Some research institutes consider the 
thermal comfort to be achieved where “There 
is a wide range of satisfaction with the thermal 
environment, meaning most individuals feel 
neither too cold nor too hot” (CIBSE, 2006). It 
can be mentioned that the thermal comfort is 
a thermal condition depending on the physical 
and mental condition in which most individuals 
do not have a reason to change their conditions 
into warmer or colder ones. Since the perception 
of thermal comfort depends on people’s mind, it 
can be different among different people relative 
to a single thermal condition.

Research Importance and Necessity 
One of the major weaknesses of the studies that 
have been in pursuit of redesigning or design-
ing residential complexes in order to achieve 
thermal comfort is not to pay attention to the 
buildings’ energy efficiency. The review of the 
conducted research indicates the existence of a 
kind of split between studies of thermal comfort 
in open and semi-open spaces and sustainable 
architecture. Those researchers in the field of 
thermal comfort, who have intended to provide 
solutions and optimal design scenarios in scale of 
residential spaces, have simulated living spaces 
in the four main directions and different height 
to width ratios and have prescribed one of the 
states as the optimal option for design ignoring 
the recommendations and concerns of energy 
architects so far. However, it is possible that the 

1. American Society of Heating, Refrigerating and 
Air-Conditioning Engineers
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building’s optimal direction in such a way that 
the thermal comfort is met for its residents may 
be in conflict with the goals of sustainable ar-
chitecture, i.e. the optimal energy consumption 
of the building (Achour-Younsi & Kharrat, 2015; 
Ali-Toudert & Mayer, 2007; Andreou, 2013; 
(Taleghani et al. 2016).

Research Background
Studies are introduced in two parts of concepts 
and theories related to semi-open space and 
its types in this section, and then the ENVI-met 
software used in this paper to investigate the 
thermal comfort in semi-open spaces of resi-
dential apartments.

MATERIALS AND METHODS 

Concepts and Theories Related to Semi-Open Space
In terms of form, space is classified into three 
categories: open, semi-open, and closed. The 
term open space was probably coined for the 
first time in 1833 AD in Great Britain. The first 
definitions of open space in the 20th century 
are the result of a typical “empty” perception of 
space or anything that can be imagined from the 
remaining full volumes (Simeoforidis, 1993).

Concepts and Theories Related to Environmental and 
Thermal Comfort
According to Cremona (2007) “unless the space 
is comfortable, it is unlikely to be used”, and if it 
is used, it is only for passing through, not long-
term presence. Environmental comfort is the 
feeling of satisfaction and comfort resulting from 
the coordination of physiological, psychological, 
and physical aspects of human beings and his/
her surrounding environment, which includes a 
wide range of thermal, acoustic, visual, olfacto-
ry, and air quality comfort conditions to beauty. 
Creating comfort in living spaces has a direct 
role in the amount of their use, the behavior, and 
type of people’s presence. Each of these environ-
mental factors affect the human senses through 
the variables such as cold, heat, sound, and light, 
and this response to environmental stimuli 
determines the level of comfort. Although the 
factors affecting the comfort do not have equal 

weight, most studies emphasize the thermal 
conditions as the most influential issue on sat-
isfaction with space and the most important 
measure of general comfort (Frontczak, 2003; 
Wargocki, 2011; Lo et al,) and have assumed the 
calculation of thermal comfort to have priority 
over audio and visual comfort (Oral et al, 2004).

There are different interpretations of the 
term “thermal comfort”. Nielsen says that the 
thermal comfort is a person’s feeling of satisfac-
tion with a certain environment. The thermal 
comfort is different from one person to anoth-
er, and includes psychological aspects as well 
besides physiological aspects (Nielsen, 2015). 
The opinion of many science researchers is that 
thermal neutrality is a more accurate interpre-
tation of thermal comfort, because the human 
body feels neither coldness nor heat in such 
an environment (Watson, 1983). The human’s 
thermal comfort depends on several factors 
including four climatic elements, i.e. air tem-
perature, air humidity, sunlight, and airflow. Of 
course, the human’s final sense against the envi-
ronmental conditions depends on non-climatic 
factors such as type of clothing, ability to adapt 
and getting used to the climatic conditions, age, 
gender, appearance, the amount of subcutane-
ous fat, the body state in terms of health, type 
of food and beverages consumed, and the skin 
tone (Kasmaei, 1993).

ENVI-met Software
Envi-Met is one of the software that has very 
good and extensive capabilities in simulating 
the conditions of the studied environment. 
This software is a computational fluid dynamic 
(CFD) software that has a cell grid from 0.5 to 10 
meters. The software includes relative humidity 
and air temperature (with displacement diffu-
sion equation) as well as wind flow. One of the 
most important features of the software com-
pared to similar software is the capability to cal-
culate the evaporation-transpiration conditions 
of plants in its ego. In general, two categories of 
data called “input file” and “configuration file” 
are needed to operate in the software setting 
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Methodology
This research has been conducted with a simu-
lation approach by Honey Bee software, the field 
collection of the studied samples is used where 
after collecting data through documentary and 
library reviews (documentation) to simulate the 
samples in ENVI-met Software and the output 
analysis is conducted through the software with 
the help of logical arguments by determining the 
determined climatic and physical parameters.

(Bruse, 2015). The first category is the input file 
that is actually a model that determines the 
physical specifications of the simulated area 
such as buildings, vegetation, and land surface. 
The second category is the configuration file in 
which the initial weather information, duration, 
time, and date of the simulation and the thermal 
specifications of the walls and roofs of the build-
ings are shown.

Table 1: Introduction, Definition, and Function of Types of Semi-Open Spaces

Types of Semi-
Open Space Definition and Function

Portico 

The house front, a porch to be built in the second order. Canopy, a curtain that hangs in front of the house 
(Moen, 2004). The portico is defined as a covered corridor with pillars in front of the building, or the 
covered front of the house (Rafei et al., 2004). From these definitions, it follows that the portico was the 
introduction to entering the interior space. 

Clerestory 

Sitting from the horse’s saddle, roofed porch, pavilion-like inside the big room with a slightly higher floor, 
and roofed summer house (Moen, 2004). In the Amid Dictionary, Soffeh (Clerestory) is defined as a porch, 
throne, a pavilion-like inside a room or a mosque, a summer house with a roof and a shady place (Amid, 
1998). In Mehrazi Dictionary, Soffeh is defined as a roofed platform and a porch whose floor is higher than 
the ground, and one side of which is open (Rafei et al., 2004). In traditional Iranian architecture culture, 
the first meaning considered for the word Soffeh is platform (Falahfar, 2001). This shows the emphasis of 
this roofed space on the floor.

Moonlight 

Moonlight is a roofless space that existed in most houses in tropical regions and was used as a living and 
sleeping space in hot seasons’ nights (Falahfar, 2001). The goal is to pay attention to the sky in building 
the moonlight. As in most references, terrace is the French equivalent of moonlight, and the word terrace 
is defined as roof in Amid Dictionary (Amid, 1998).

Porch  

In Amid Dictionary, a porch is defined as a clerestory, the front of a room, and a part of a building that 
is open in front without doors and windows. Its different types are moonlight, sleep-in-spring location, 
balcony, and terrace (Amid, 1998). It is introduced as a porch or front room, a roofed space, which is 
open from one to three directions in Mehrazi Dictionary (Rafei et al., 2004). The porch is a mediator, and 
this mediation is fully manifested in its dual form, which is closed in some directions and open in some 
other ways (Mahmoudi, 2006). In the fourth topic of the National Building Regulations, the meaning of 
the porch is the roofed spaces and three-side enclosure, which can be seen as an protrusion in the main 
building (National Building Regulations, 2009).

Terrace

In Moein Dictionary, three definitions are given for the terrace. First, s sleep-in-spring location; Second, 
porch, and third, moonlight (Moen, 2004). It is also introduced in Mehrazi Dictionary as the French equiv-
alent of moonlight (Rafei et al., 2004). There are four definitions for terrace in Amid Dictionary; Roof, roof 
top, moonlight, and wide porch in front of the upper floors of the building (Amid, 1998). Dehkhoda Dic-
tionary defines moonlight as a synonym of porch in front room or rooms and balcony (Dehkhoda, 1998). 
In the fourth topic of the National Building Regulations, the meaning of the terrace is the non-roofed 
spaces that result from the recession of upper floors of the building (National Building Regulations, 2009). 

Balcony  

The balcony is defined as protrusion in front of rooms on the second floor. This space has a small width 
and is considered as a canopy for the lower floor. The balcony is usually roofless and has a picnic site and 
footrest (Dehkhoda, 1995). According to the definition presented in Amid’s Dictionary, the distinction be-
tween a balcony and a terrace is that it is smaller than a terrace and this, of course, makes its use different 
as well (Amid, 1998). As in the French dictionaries, balcony is defined equivalent to banister (handrail) 
and fence (Parsa, 2004). Balcony is defined as the equivalent of a small porch in Mehrazi Dictionary. This 
space has a body similar to the porch and only its width is less (Rafei et al., 2004). In traditional Iranian 
architectural dictionary, the balcony definition has become more complete and is considered equivalent 
to a small porch located on the upper floors of a building (Falahfar, 2001). In the fourth topic of the 
National Building Regulations, the balcony is created from the protrusion of the floors in the main volume 
of the building, which is often a roofed space (National Building Regulations, 2009). 
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Selection of Four-Storey Apartments as the Studied 
Model
As stated in the previous chapters, the purpose 
of the research is to investigate the thermal 
behavior in the balcony spaces of Mashhad City 
apartments. According to the surveys conducted 
and the statistics obtained from the Center for 
Studies and Urban Plans of Mashhad Municipal-
ity, the greatest number of building permissions 
were issued in the past two decades for the 
construction of four-story apartments as many 
as 24,834 pieces in the southwest, southeast, 
northeast, northwest, middle, and central areas 
of Mashhad. So, it can be found that the most 
requests of the citizens in recent years are for 
the construction of four-story apartments. 
Therefore, this research aims to evaluate the 
thermal behavior of the balconies of this type of 
apartments for this reason.

Sample Collection Method and Size
It is necessary to use Cochran’s formula in order 
to find the number of research samples (Co-
chran, 2017). Cochran’s formula allows selecting 
the sample size according to the desired accura-
cy, the desired confidence level, and the ratio or 
the estimated average of the characteristic of the 
desired trait in the population. The goal is to be 
able to find the appropriate dimensions (length, 
width, height) of the four-storey apartments’ 
balconies in this research in order to enter them 
into the simulation software.

Table 3: How to allocate sampling

932937.56142

15506.2423

10464.2116

253610.2138

438717.6668

598824.1191

24863100.00378

Urban 
Areas

Number of Permis-
sions Issued

Percent 
of Total

Number of 
Samples

South 
West

9329 37.56 142

Cen-
tral

1550 6.24 23

South 
East

1046 4.21 16

North 
East

2536 10.21 38

North 
West

4387 17.66 68

Mid-
dle

5988 24.11 91

Total 24863 100.00 378

Balconies’ Dimensions
After making an investigation into the dimen-
sions of 378 approved drawings of four-storey 
apartments in Mashhad City, the average di-
mensions of the height, width, and length of the 
balconies were found to be 3.78, 1.22, and 3.13 
meters, respectively. Since the obtained dimen-
sions must have a submultiple of one meter to 
enter the simulation software used in this re-
search, therefore, the dimensions of the height, 
width, and length of the balconies in various 
states are considered to be 4, 1, and 3 meters, 
respectively.

DISCUSSION AND FINDINGS 

Simulation Trend in ENVI-met Software
Three series of balconies on the south front of a 
four-story apartment, where the location of the 
balconies on the floors are the same in terms of 
height but different in terms of enclosure and 
indentation or protrusion, were modeled in 
Mashhad City in ENVI-met software and were 
checked from 6:00 to 19:00 in temperature and 
thermal comfort conditions according to the 
regular meteorological table in the software on 
two days of the summer and winter solstice 
(first day of summer and first day of winter), 
which have the highest and lowest amount of 
sunlight throughout the year at these times, re-
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Figure 1: Modeling of number one series balconies on the east and south side

Figure 2: Modeling of number two series balconies in the middle and facing south

 

Figure 3: Modeling of number three series balconies on the west side and facing south
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spectively. The building materials are insulated 
and the floor is considered to be asphalt, and the 
dimensions of height, width, and length of the 
balcony are assumed to be 4, 1, and 3 meters, 
respectively. Additional climatic information 
(wind speed, air temperature, humidity) were 
entered based on the average data of the last few 
decades obtained from the Mashhad Synoptic 
Station.

Analysis of Graphs for Number One Series Balconies
The modeled balconies in series one are all 

located on the east-south side, on the first floor, 
and at a height of four and a half meters from the 

ground, and have three different modes includ-
ing model number one: double-closed in the 
building depth; Model number two: one side is 
closed as a protrusion and model number three: 
both sides are open. As can be seen in pictures 4 
and 5, the meteorological data entered into the 
software is based on the data recorded at Mash-
had Synoptic Station (located at Hasheminejad 
Airport) on the first day of winter and summer. 
In addition, the time period from 6:00 to 19:00 
was selected for investigation since it is the time 
period compatible with the sunrise and sunset 
times in Mashhad City on the mentioned dates.

Figure 4: Buildings’ thermal behavior at 12:00 noon in the summer solstice position

Figure 5: Buildings’ thermal behavior at 12:00 noon at the winter solstice
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The output graphs of the ENVI-met software 
for their thermal behavior at 12:00 noon in the 
summer solstice position, their thermal behav-
ior at 12:00 noon in the winter solstice position, 
as well as the external surface temperatures of 
the buildings in these two positions can be ob-
served in figures 6 to 7.
As can be seen in figures 6 and 7, the maximum 
range of the temperature of the building’s outer 
surface at 12:00 noon of the summer solstice 
respectively belongs to the state of double-side 
closed, one side closed, and three sides closed 
in the models created at the first series (build-

ing’s eastern front). Although the temperature 
amount of the building’s external surface in the 
conditions close to the building in the three sides 
closed state located on the east front is higher 
than the one side closed state located in the 
eastern front, the range of heat diffusion in the 
one side closed state is greater than the range 
of heat diffusion surrounding the building in the 
three sides mode (state). So, it can be concluded 
that the three sides closed model located on the 
eastern front on the summer solstice day creates 
more temperature alongside the building’s outer 
surface, but the range of this heat release is not 

Figure 6: Building’s outer surface temperature at 12:00 noon in the summer solstice position

Figure 7: Building’s outer surface temperature at 12:00 noon in the winter solstice position
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wide. Furthermore, at 12:00 noon on the day of 
the winter solstice, in the model of the balconies 
located on the east side, three sides closed, one 
side closed and two sides closed models emit 
the most heat on the building’s  outer surface 
and its surroundings, respectively.

Analysis of the first series’ balconies: Model number 
one (both sides closed) (double-side closed)

In model number one of the first series, 
where the balconies are open and closed on 
both sides, and the balconies are built deep into 
the building, the lowest PET temperature of 
25.89 degrees Celsius was obtained at 6:00 am 

during the summer solstice, while the highest 
temperature of this index was recorded at 51.21 
degrees Celsius at 1:00 pm on the same date. On 
the other hand, the lowest PET temperature was 
2.53 degrees Celsius at 6:00 am during the win-
ter solstice. Meanwhile, the highest temperature 
of this index on this date is 28.4 degrees Celsius 
at 1:00 pm. Compared to the other two types 
of balconies located on the eastern front, this 
balcony produces the highest amount of heat on 
the summer solstice and the lowest one on the 
winter solstice in surrounding environment on 
the external side of the building. You can see the 

Chart 1: Comparison of PET temperature of first series balconies:  
Model one (double-side closed) in summer and winter solstice

Chart 2: Comparison of PET Temperature of First Series Balconies:  
Model Two (One side Closed) in Summer and Winter Solstice
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physiological equivalent temperature changes 
trend separately and in more details during 
the hours of 6:00 am to 7:00 pm on winter and 
summer solstice days in model number one of 
the first series in chart 1.

Analysis of Balconies of the First Series: Model Two 
(One side Closed)
In model number two of the first series, where 
the balconies are open on three sides and closed 
on one side, and the balconies are protruding 
and built on the façade of the building, the 
lowest PET temperature is 32.11 degrees Celsius 
at 7:00 pm in the summer solstice, while the 
highest temperature in this day was recorded 
to be 49.54 degrees Celsius at 1:00 p.m. The 
lowest PET temperature is 2.5 °C at 7:00 pm and 
the highest temperature is 27.4 °C at 2:00 pm in 
winter.

Analysis of Balconies of the First Series: Model Three 
(Three sides Closed)

In model number three of the first series, 
where the balconies are open on one side and 
closed on three sides, and the balconies are built 
in the building depth (with the difference that 
the building is not built with building materials 
on the east side and only operates only as a bar-

rier against the sunlight and wind), the lowest 
PET temperature is 32.5 °C at 7:00 pm on the 
summer solstice and the highest temperature 
on the same date is 49.91 °C at 3:00 pm. The 
lowest PET temperature is 0.68 °C at 7:00 pm in 
winter and the highest temperature is 22 °C at 
1:00 pm. Compared to the other two models of 
the balcony located on the east side, this model 
creates the lowest amount of heat emission in 
the surrounding space outside the building on 
the day of the summer solstice and the most on 
the day of the winter solstice.

Comparative Analysis of Different Models of the First 
Series Balconies

These three modes are compared with each 
other during the summer and winter solstices, 
so that a more accurate analysis can be provid-
ed for these three models under equal climatic 
conditions in order to achieve a correct analysis 
of the comparison made in the balconies of the 
first series. Therefore, we can consider charts 
for the balconies of the first series in summer 
and winter solstice separately. You can see the 
comparison made between the three balcony 
models of the first series in the summer and 
winter solstice modes in charts 4 and 5.

Chart 3: Comparison of PET temperature of first series balconies:  
Model number three (three- side closed) in summer and winter solstice
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Conclusions from the Comparison of the Three Models 
of the First Series (Eastern Front)

According to the comparative studies con-
ducted among the three balcony models in the 
first series, none of the three balcony models 
located on the eastern front achieve the thermal 
comfort conditions on the day of the summer 

solstice. The two sides closed model is within 
the comfort range at 8:00, the one side closed 
model at 8:00 and 15:00 (two hours), and the 
three sides closed model is within the comfort 
range between 8:30 and 10:00 and 13:00: 00 to 
14:00 on the winter solstice, but since the ther-
mal behavior chart trend of two sides closed and 

Diagram 4: Comparison of Three Balcony Models of the First Series in the Summer Solstice

Chart 5: Comparison of three balcony models of the first series in the winter solstice
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one side closed models is fluctuating on the day 
of the winter solstice, the general conditions in 
this series (balconies located in the east of the 
building) for the two sides closed model is eval-
uated to be more stable and better than other 
models of this series on the day of the summer 
and winter solstice.

Analysis of Graphs for Balconies Series Number Two 
The balconies of the second series, which are all 
located on the south side and at a height of four 
and a half meters from the floor, are investigated 
in three different modes, i.e. model number one: 
three sides closed in the depth of the building, 
model number two: one side closed as a protru-
sion and model number three: double-side open 
by recession of a part of the building so that it 
receives light from the west side. The ENVI-met 
software output graphs for the thermal behavior 
at 12:00 at the summer and winter solstice posi-
tions are shown in the figures below.

As can be seen in Figures 8 and 9, the max-
imum temperature of the outer surface of the 
building at 12:00 noon of the summer solstice 

belongs to two sides closed, one side closed, 
and three sides closed, respectively in the cre-
ated models of the second series (the middle 
front of the building). In addition, the range of 
heat emission in the state of two sides closed is 
slightly more than the range of heat emission 
surrounding the building in other conditions of 
the same front, but the amount of this differ-
ence is insignificant. Hence, it can be concluded 
that the conditions of thermal behavior of these 
three models at 12:00 noon in summer solstice 
do not make much difference in terms of heat 
emission range in the surrounding area of their 
building. Furthermore, the two sides closed, 
one side closed, and three sides closed models 
emit the most heat on the outer surface of the 
building and its surroundings, respectively at 
12:00 noon on the day of the winter solstice in 
the model of the balconies located in the mid-
dle of the building. Unlike the summer solstice 
state of these models, this difference in thermal 
behavior is very evident and prominent among 
these three models.

Figure 8: Thermal behavior of the first two models of building of  
the second series at 12:00 noon in the summer solstice position
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Figure 9: Thermal behavior of the third model of the building from the second series  
at 12:00 noon in the summer solstice position

Figure 10: The thermal behavior of the first two models of building  
of the second series at 12:00 noon in the winter solstice position
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Figure 11: Thermal behavior of the third model of the building  
of the second series at 12:00 noon in the winter solstice position

Figure 12: The temperature of the outer surface of the first two models  
of building of the second series at 12 o’clock on the summer solstice
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Figure 13: The temperature of the outer surface of the third model  
of the building of the second series at 12 o’clock on the summer solstice

Figure 14: The temperature of the outer surface of the first two models  
of building of the second series at 12 o’clock on the winter solstice
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Analysis of Second Series Balconies: Model One (Three 
sides Closed)

The lowest PET temperature is 25.68 degrees 
Celsius at 6:00 am in the summer solstice in 
model number one of the second series, where 
the balconies are open on one side and closed 
on three sides, and the balconies are built deep 
in the central part of the building, while the 

Figure 15: The temperature of the outer surface of the third model  
of the building of the second series at 12 o’clock on the winter solstice

highest temperature on this date was 50 de-
grees Celsius and was recorded at 1:00 p.m. the 
lowest PET temperature is 2.59 °C at 7:00 pm in 
winter and the highest temperature is 29.9 °C at 
1:00 pm. Chart 5 provides more information in 
this regard. The trend of hourly changes during 
the summer solstice and winter solstice can be 
observed based on this diagram.

Chart 5: Comparison of PET temperature of balconies of the second series: model one (closed on three sides) in summer 
and winter solstice
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Analysis of Second Series Balconies: Model Number 
Two (One side Closed)
The lowest PET temperature is 24.8 degrees Cel-
sius at 6:00 am on the summer solstice in model 
number two of the second series, where the 
balconies are open on three sides and closed on 
one side, and the balconies are protruding from 
the building in the central part while the highest 
temperature on this date was recorded at 50 de-
grees at 3:00 pm. The lowest PET temperature is 
0.12 °C at 6:00 am and the highest temperature 
is 22.2° C at 1:00 pm in winter.

Analysis of Second Series Balconies: Model Number 
Three (Double-Side Closed)

The lowest temperature of PET is 24 °C 
at 7:00 pm in the summer solstice in model 
number three of the second series, where the 
balconies are open and closed on both sides, in 
such a way that some part of the building is re-
cessed, and the balcony is located in the central 
part of the building and receives light from the 
west side due to the recession of the building 
and the highest temperature is 49.88 °C at 3:00 
pm on the same day on this date. The lowest PET 
temperature is 0 °C at 7:00 pm and the highest 
temperature is 21.6 °C at 1:00 pm in winter.

Chart 6: Comparison of PET temperature of second series balconies: model number two (one side closed) in summer and 
winter solstice

Chart 7: Comparison of PET temperature of the second series balconies: model number three (double-side closed) in sum-
mer and winter solstice
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Comparative Analysis of Different Models of Second 
Series Balconies

These three modes should be compared with 
each other in summer and winter and an anal-
ysis of these three models should be presented 
in equal climatic conditions in order to receive a 
correct analysis of the comparison made for the 

second series balconies. Therefore, the follow-
ing charts can be considered separately for the 
second series balconies in summer and winter 
solstice:

Chart 8: Comparison of three balcony models of the second series in the summer solstice

Chart 9: Comparison of three balcony models of the second series in winter solstice
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Evaluation of the Comparison of Three Models of the 
Second Series (Central Front)

The double-side closed balconies of the 
model number two have better conditions than 
the other two modes of this model in summer 
and winter and its temperature range on the 
first floor of the building is closer to the thermal 
comfort range. None of the three models of the 
central front balcony meet the thermal comfort 
conditions on the day of the summer solstice, 
but the two sides closed model is in the thermal 
comfort range from 8:30 to 14:30, the one side 
closed model from 9:00 to 14:00, and the three 
sides closed one is in the thermal comfort range 
only at 8:00 on the day of the winter solstice.

Analysis of Graphs for Series Number Three Balconies
Series three balconies, all of which are locat-

ed on the west-south side, on the first floor and 
at a height of four and a half meters from the 
floor, are considered in three different modes, 
i.e. model number one: two sides closed in the 
depth of the building, where a barrier on the 
west side prevents the sun from penetrating , 
model number two: one side closed as a protru-
sion and model number three: two sides open, 
and the output graphs of the ENVI-met software 
for their thermal behavior at 12:00 noon in the 
summer solstice position and at 12:00 noon in 
the winter solstice position as well as the tem-
peratures of the outer surface of the buildings in 
these two positions can be seen in the following 
figures.

As can be seen in Figures 16 and 17, the max-
imum temperature of the outer surface of the 
building at 12:00 noon on the summer solstice 
belongs to the state of one side closed, two sides 
closed, and three sides closed, respectively in 
the created models of the third series (the west-
ern front of the building) but no significant dif-
ference was seen between the three models of 
the western front regarding the lowest ambient 
temperature around the building at this time. 
Furthermore, the range of heat emission in the 
surrounding environment of the building in the 
state of the two sides closed of the western front 

is less than the other two states of this model. 
By investigating Figure 20-4, it can be seen that 
the maximum temperature of the environment 
surrounding the building belongs to three sides 
closed, one side closed, and two sides closed 
models, respectively at 12:00 noon on the day of 
the winter solstice. At this time, the maximum 
range of heat emission in the environment sur-
rounding the building is assigned to three sides 
closed, two sides closed, and one side closed 
models, respectively. Therefore, it can be con-
cluded that the three sides closed model located 
on the west side is ranked first on the middle 
day of the winter solstice in the western front 
both in terms of the amount of temperature 
created surrounding the building and of the 
emission range of this heat in the surrounding 
environment of the building. 

The lowest PET temperature is 25.22 degrees 
Celsius and at 6:00 am and the highest tem-
perature is equal to 47.49 degrees Celsius and 
recorded at 1:00 pm on the summer solstice in 
model number one of the third series, where the 
three-side closed balcony is built in the depth 
of the building and a barrier on the west side 
prevents the sun penetration. The lowest PET 
temperature is 0.98 °C at 6:00 am and the high-
est temperature is 22.8 °C at 1:00 pm in winter. 

Analysis of Third Series Balconies: Model Number 
Two (One Side Closed)

The lowest PET temperature is 24.2 degrees 
Celsius and at 6:00 o’clock in the morning in the 
summer solstice in model number two of the 
third series, where the balcony is open on three 
sides and closed on one side, and the balcony 
is designed as a protrusion from the building 
in the western-southern part and at the same 
time, the highest temperature was recorded at 
50 degrees Celsius at 3:00 p.m. The lowest PET 
temperature is -1.18 degrees Celsius at 6:00 am 
and the highest temperature is 17.8 degrees Cel-
sius at 1:00 pm on the same day in winter.
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Figure 16: Thermal behavior of the first two models of the building from the third series at 12:00 noon in the summer 
solstice position

Figure 17: Thermal behavior of the third model of the building from the third series at 12:00 noon in the summer solstice 



21

Int. J. Urban Manage Energy Sustainability, 5(3): 1-30, 2024

position

Figure 18: Thermal behavior of building models from the third series at 12:00 noon in the winter solstice position

 

Figure 19: Temperature of the outer surface of two building models from the third series at 12:00 noon in the summer 
solstice position
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Figure 20. Temperature of the outer surface of the third model of building from the third series at 12:00 noon in the sum-
mer solstice position

Figure 21: Temperature of the outer surface of three building models from the third series at 12:00 noon in the winter 
solstice position
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7-4-1 Analysis of Third Series Balconies: Model One (three sides closed)

Chart 10: Comparison of PET temperature of third series balconies: model number one (three sides closed) in summer and 
winter solstice

Chart 11: Comparison of PET temperature of third series balconies: Model number two (one side closed) in summer and 
winter solstice
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Analysis of Third Series Balconies: Model Number 
Three (Both Sides Closed)
The lowest PET temperature is 23.6 degrees Cel-
sius at 6:00 am in the summer solstice in model 
number three of the third series, where the bal-
cony is open on both sides and closed on both 
sides, and the balcony is located in the west-
south section, and the highest temperature is 
49.5 degrees Celsius and is recorded at 3:00 pm. 
The lowest PET temperature is -1.6 °C at 6:00 am 
and the highest one is 15.2 °C at 1 pm in winter.

Comparative Analysis of Different Models of 
Third Series Balconies
The three conditions should be compared in 
summer and winter and an analysis should be 
presented in equal climatic conditions in order to 
better understand the conditions and to be able 
to get a correct analysis from the comparison of 
the third series balconies. Therefore, the follow-
ing cumulative charts can be created separately 
for the balconies of the third series in summer 
and winter solstice. Charts 10 to 12 show the 
comparison of the three balcony models of the 
third series with each other on the summer and 
winter solstice days.

Diagram 12: Comparison of PET temperature of third series balconies: Model number three (both sides closed) in summer 
and winter solstice

Diagram 13: Comparison of three balcony models of the third series in summer solstice
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Conclusions from the Comparison of Three Models of 
the Third Series (Western Front)
According to the surveys conducted on the days 
of summer and winter solstice, the three-side 
closed balconies of model number three have 
better conditions than the other two models 
of this series. To be more precise, none of the 
three models located on the western front 
achieve thermal comfort conditions on the day 
of the summer solstice, but the three-side closed 
model on the western side is within the range 
of thermal comfort from 9:00 to 14:00 on the 
day of the winter solstice while the other two 
models of the third series do not meet these 
conditions.

RESULT AND CONCLUSION 
By comparing different models simulated by 
ENVI-met Software, it can be concluded that 
none of the investigated models achieve ther-
mal comfort conditions on the summer solstice 
day, but the two sides closed model located on 
the central side of the building provides the 
maximum amount of thermal comfort with an 
amount of 6 hours on the winter solstice day. 
After this model, the one-side closed models 
located in the central side of the building and 
three sides closed ones located in the western 
side of the building provide the most thermal 
comfort time. The weakest models in terms of 
the duration of providing thermal comfort con-
ditions are the one side closed and double-side 
closed models located on the west side of the 
building, which never provide thermal comfort 
conditions during the summer and winter sol-
stice days.

Diagram 14: Comparison of three balcony models of the third series in winter solstice



26

Goshayeshi et al.

REDRENCES 

1. Aghapour, Asma and Taban, Mohsen. (2020). A 
study of the impact of vegetation in improving the 
thermal comfort conditions in outdoor, National 
Conference on Building, Environment and Energy 
Consumption Management, Ahwaz.

2. Eslami, Mohammad Amin, Nowzari Ferdowsieh, 
Ahmad and Tahbaz, Mansoureh. (2016). Climatic 
design solutions of outdoor passages (case study: 
Kashan University sidewalks). City Identity, 33-
46.

3. Akbari, Hassan and Hosseininejad, Fateme Sadat. 
(2019). The angles of building layout to benefit 
from solar radiant energy; Case study: Tehran 
City. Geographical Research, (3), 34, 427-436.

4. Bazari, Sepideh, Gorji Mahlbani, Yousef and Sajjadi, 
Behrang. (2020). Improving the level of thermal 
comfort and energy consumption in two-layer 
façade using phase-changing materials, the First 
National Conference on Sustainable Housing, 
Tehran

5. Bonyani, Fatemeh, Memarzia, Kazem, Habibi, Amin 
and Fatahi, Kaveh. (2018). Spatial continuity in 
transition from open to closed space. Architectur-
al Thought, (2), 4, 63-76.

1. Behzadian-Mehr, Ali, Alijani, Bohloul, Rahnama, 
Mohammad Rahim. (2017). Climatic design and 
determining the optimal orientation of buildings 
and streets in relation to radiation in Mashhad 
City, Geography and Regional Development, (2), 
29, 197-216.

2. Pakzad, Jahanshah, Torabi, Marzieh, Ghasemi, Mor-
varid and Torkzad, Naghmeh. (2018). Theoretical 
foundations and process of urban design. Shahidi 
Publishing House, Tehran

3. Jafari, Gholam Hassan. (2008). Annual survey of 
the solar elevation angle in the sloping surfaces of 
Iran. Geographical Thought, (2), 3, 30-50.

4. Habib, Farah and Barzegar, Zahra. (2012). Eval-
uation of building direction on the efficiency of 
vertical shades, research project. Tehran: Faculty 
of Art and Architecture, Science and Research De-
partment, Islamic Azad University.

Table 4: Conclusion of output results from ENVI-Met software

Balcony 
series

Balcony 
model

Hours of 
comfort on 

summer 
solstice day

Hours of 
comfort 

on winter 
solstice 

day

Average PET 
temperature 
on summer 
solstice day

Average PET 
temperature 

on winter 
solstice day

Maximum/
minimum PET 
temperature 
on summer 
solstice day

Maximum/min-
imum tempera-
ture of PET on 
winter solstice 

day

Balco-
nies of 

the first 
series 
(east)

Model 1: two 
sides closed

0
1 40.02 17.26 25.89-51.21 2.53-28.4

Model 2: one 
side closed

0
2 43.24 13.32 32.11-49.54 2.5-27.4

Model 3: 
three sides 

closed

0
2.5 42.98 11.21 32.5-49391 0.68-22

Balco-
nies of 

(central) 
second 
series 

Model 1: 
three sides 

closed

0
1 39.90 18.13 25.68-50.0 2.59-29.9

Model 2: one 
side closed

0
5 41.23 17.32 24.8-50.0 0.12-22.2

Model 3: two 
sides closed

0
6 42.67 12.41 24.0-49.88 0-21.6

Balconies 
of the 
third 
series 
(west)

Model 1: 
three sides 

closed

0
5 39.91 13.50 25.22-49.47 0.98-22.8

Model 2: one 
side closed

0
0 44.96 8.04 24.2-5.0 -1.18-17.8

Model 3: two 
sides closed

0
0 42.38 6.61 23.6-49.5 -1.6-15.2



27

Int. J. Urban Manage Energy Sustainability, 5(3): 1-30, 2024

5. Khoshbakht, Yaser, Madi, Hossein and Azmoudeh, 
Maryam. (2020). An investigation into the ge-
ometry of urban blocks in the amount of thermal 
comfort of outdoor space in the cold period of the 
year (case study: Hamedan City), the 7th National 
Conference of Modern Studies and Research in the 
Field of Geography, Architecture and Urban Plan-
ning of Iran, Tehran

6. Dehkhoda, Ali Akbar. (1998). Dehkhoda Dictionary. 
Tehran University Publications

7. Zarkesh, Afsaneh. (2011). The concept of semi-open 
space in architecture, Mah Honar Book, 92, 155.

1. Rezaei, Nahideh and Tahbaz, Mansoureh. (2016). 
Evaluation of climatic quality of open and semi-
open connection routes of Kashan University 
Campus. Journal of Architecture and Urbanism, 
16, 163-181.

2. Rafiei Moghaddam, Rasool and Nikpour, Man-
sour. (2020). An investigation into the impact of 
window level on the increase of annual thermal 
comfort hours in the educational spaces of Ker-
man City, the 7th National Conference on Applied 
Researches in Civil Engineering, Architecture 
and Urban Management and the 6th Specialized 
Exhibition on House and Building-Developers of 
Tehran Province, Tehran

3. Taleb Safa, Shahrazad and Taheri Shahraaeini, 
Masoud (2019). An investigation into the factors 
influencing on thermal comfort of outdoor space, 
the 6th National Conference on Applied Research-
es in Civil Engineering, Architecture and Urban 
Management and the 5th Specialized Exhibition 
on Housing and Building-Developers in Tehran 
Province. Tehran

4. Tahbaz, Mansoureh and Jalilian, Shahrbanoo 
(2015). The role of pavement materials on the mi-
croclimate of outdoors; Field research in universi-
ty campus. Fine Arts - Architecture and Urbanism, 
4, 21-32.

5. Alijani, Bohloul and Kaviani, Mohammad Reza 
(1992). Fundamentals of meteorology, SAMT Pub-
lications.

6. Farivar, Shiva and Agharabi, Ameneh (2020). Pre-
sentation of climatic solutions in architecture to 
achieve thermal comfort in Mashhad City, the 
First National Conference on Sustainable Housing, 
Tehran

1. Ghorbanizadeh Kharrazi, Hossein and Chelemal 
Dezfulnejad, Mozhdeh (2014). Invention of a new 
climate classification method based on hydrome-
teorology. Specialized Biquarterly of Water Engi-
neering, 97-107.

2. Qanbarzadeh, Hadi and Behniafar, Abolfazl (2014). 
Fundamentals of environmental changes. Islamic 
Azad University of Mashhad, Research Assistant, 
Sokhan Gostar.

3. Qiyabaklo, Zahra (2014). Fundamentals of build-
ing physics 4 (passive cooling). Academic Jihad of 
Amirkabir Industrial Department.

4. Karami Sorkheh Lijeh, Shahnaz and Maleki, Amjad 
(2015). An investigation into the role of human 
activities in climate changes and its impacts 
on agriculture. The second scientific-research 
congress for the development and promotion of 
agricultural sciences, natural resources and envi-
ronment of Iran

5. Nasri, Sara and Shojaei, Ashkan (2015). An inves-
tigation into the impacts of buildings’ shading in 
utilization of solar energy. International Confer-
ence on Civil Engineering, Architecture and Urban 
Infrastructure

Abdallah, A. S. H., Hussein, S. W., & Nayel, M. (2020). 
The impact of outdoor shading strategies on stu-
dent thermal comfort in open spaces between ed-
ucation buildings. Sustainable Cities and Society, 
102124.

Abdollahzadeh, N., Biloria, N., (2021). Outdoor ther-
mal comfort: Analyzing the impact of urban 
configurations on the thermal performance of 
street canyons in the humid subtropical climate of 
Sydney. Frontiers of Architectural Research, (10), 
394-409

Aghniaey, S., & Lawrence, T. M. (2018). The impact 
of increased cooling setpoint temperature during 
demand response events on occupant thermal 
comfort in commercial buildings: A review. Ener-
gy and buildings, 173, 19-27.

ANSI/ASHRAE Standard 55-2017. (2017). Thermal 
Environmental Conditions for Human Occupancy, 
American Society of Heating, Refrigerating and 
Air-Conditioning Engineers, Atlanta, GA, USA, 
2017



28

Goshayeshi et al.

Baruti, M.M., Johansson, E., Åstrand, J. (2019), Review 
of studies on outdoor thermal comfort in warm 
humid climates: challenges of informal urban 
fabric. International Journal of Biometeorol, 63, 
1449-1462

Becken, S. (2012). Measuring the Effect of Weather on 
Tourism: A Destination and Activity-Based Analy-
sis. Journal of Travel Research, 52 (2), 1-156

Canan, F., Golasi, I., Falasca, S., Salata, F., (2020). Out-
door thermal perception and comfort conditions 
in the Köppen-Geiger climate category BSk. One-
year field survey and measurement campaign in 
Konya, Turkey. Science of the Total Environment, 
738, 140295.

Cao, B., Luo, M., Li, M., Zhu, Y. (2018). Thermal comfort 
in semi-outdoor spaces within an office building 
in Shenzhen: a case study in a hot climate region 
of China, Indoor Built Environ. (27), 1431–1444

Cardoso, V., Ramos, N. M., Almeida, R. M., Barreira, E., 
Poças Martins, J., Simoes, M.L., Sanhudo, L. (2018). 
A discussion about thermal comfort evaluation in 
a bus terminal, Energy Building. (168), 86–96 

Cardoso, V., Ramos, N. M., Almeida, R. M., Barreira, 
E., Martins, J. P., Simões, M. L., Ribeiro, B. (2017). 
Thermal comfort evaluation in cruise termi-
nals. Building and Environment, 126, 276-287.

Colter, K. R., Middel, A. C., & Martin, C. A. (2019). 
Effects of natural and artificial shade on human 
thermal comfort in residential neighborhood 
parks of Phoenix, Arizona, USA. Urban Forestry & 
Urban Greening, 44, 126429.

Dai, Q. (2014). The Impact of Urban Form on Thermal 
Comfort across Street Zones  (Doctoral disserta-
tion, Chinese University of Hong Kong).

Dahlan, N.D., Gital, Y.Y. (2016). Thermal sensations 
and comfort investigations in transient conditions 
in tropical office, Appl. Ergon. (54), 169–176. 

De Freitas, C. R. (2003). Tourism climatology: evaluat-
ing environmental information for decision-mak-
ing and business planning in the recreation and 
tourism sector. International Journal of Biometeo-
rology, 48(1), 45-54.

Du, J., Sun, C., Liu, L., Chen, X., Liu, J., (2021), Com-
parison and modification of measurement and 
simulation techniques for estimating  in summer 
and winter in a severely cold region, Building and 
Environment, 107918

Du, X., Bokel, R., Van den Dobbelsteen, A., (2019). 
Spatial configuration, building microclimate and 
thermal comfort: A modern house case. Energy 
and Buildings, 193, 185-200.

Elnabawi, M. H., Hamza, N., Dudek, S. (2016). Ther-
mal perception of outdoor urban spaces in the hot 
arid region of Cairo, Egypt. Sustainable Cities and 
Society. 22, 136-145.

El-Sharkawy, H.M.A., (1980). TERRITORIALITY: A 
MODEL FOR ARCHITECTURAL DESIGN.

Fanger, P. O. (1970). Thermal comfort. Analysis and 
applications in environmental engineering. Ther-
mal comfort. Analysis and applications in envi-
ronmental engineering.

Farajzadeh, H., Matzarakis, A. (2012). Evaluation of 
thermal comfort conditions in Ourmieh Lake, Iran. 
Theoretical Applied Climatology, 107, 451–459.

Goshayeshi, D., Shahidan, M.F., Khafi, F., Ehtesham, 
E. (2013). A review of researches about human 
thermal comfort in semi-outdoor spaces. Europe-
an Online Journal of Natural and Social Sciences, 
2(4), 516-523.

Goshayeshi, D., Zaky Jaafar, M., Fairuz Shahidan, 
M., Khafi, F. (2013). Thermal comfort differences 
between polycarbonate and opaque roofing ma-
terial installed in bus stations of Malaysia. Euro-
pean Online Journal of Natural and Social Scienc-
es, 2(3), 368-379.

Grigorieva, E. A., Matzarakis, A., (2010). Physiologi-
cally Equivalent Temperature in Extreme Climate 
Regions in the Russian Far East: Preliminary re-
sults. European Journal of Tourism, Hospitality 
and Recreation, 3(2), 127-142.

Hensel, H. (1981). Thermoreception and temperature 
regulation. Monogr Physiol Soc. 

Hillier, B., & Hanson, J. (1989). The social logic of 
space. Cambridge university press.

Höppe, P. (2002). Different aspects of assessing indoor 
and outdoor thermal comfort. Energy and build-
ings, 34(6), 661-665.

Hsieh, C. M., Jan, F. C., & Zhang, L. (2016). A simplified 
assessment of how tree allocation, wind environ-
ment, and shading affect human comfort. Urban 
Forestry & Urban Greening, 18, 126-137.



29

Int. J. Urban Manage Energy Sustainability, 5(3): 1-30, 2024

IEA, The future of cooling, Opportunities for Energy 
Efficient Air Conditioning, IEA Publications France, 
2018, doi: 10.1787/9789264301993-en.

Jamei, E., Rajagopalan, P., Seyedmahmoudian, M., 
Jamei, Y., (2016). Review on the impact of urban 
geometry and pedestrian level greening on out-
door thermal comfort. Renewable and Sustainable 
Energy Reviews, 54, 1002-1017.

Jendritzky, G., Menz, G., Schmidt-Kessen, W., Schirm-
er, H., (1990). Methodik Zur Räumlichen Bewer-
tung der Thermischen Komponente im Bioklima 
des Menschen, Akademie für Raumforschung und 
Landesplanung, Hannover.

Johansson, E., Emmanuel, R., (2006). The influence of 
urban design on outdoor thermal comfort in the 
hot, humid city of Colombo, Sri Lanka. Interna-
tional Journal of Biometeorol. 51, 119-133.

Klemm, W., Heusinkveld, B. G., Lenzholzer, S., Jacobs, 
M. H., & Van Hove, B. (2015). Psychological and 
physical impact of urban green spaces on outdoor 
thermal comfort during summertime in The Neth-
erlands. Building and environment, 83, 120-128.

Labdaoui, K., Mazouz, S., Acidi, A., Cools, M., Moe-
inaddini, M., Teller, J., (2021). Utilizing thermal 
comfort and walking facilities to propose a com-
fort walkability index (CWI) at the neighbourhood 
level. Building and Environment. 193, 107627

Lee, H., Mayer, H., (2016). Validation of the mean 
radiant temperature simulated by the RayMan 
software in urban environments. International 
Journal of Biometeorology, 60, 1775–1785

Lee, H., Mayer, H., Schindler, D., (2014). Importance 
of 3-D radiant flux densities for outdoor human 
thermal comfort on clear-sky summer days in 
Freiburg, Southwest Germany, Meteorologische 
Zeitschrift. 23(3). 315–330

Lee, I., Voogt, J. A., & Gillespie, T. J. (2018). Analysis 
and comparison of shading strategies to increase 
human thermal comfort in urban areas.  Atmo-
sphere, 9(3), 91.

Liang, C., Hien, N., Kardinal, S., (2013), Outdoor mean 
radiant temperature estimation in the

Mahdavinejad, M.J., Ghaedi, A, Ghasempourabadi, 
M.H., Ghaedi, H. (2012). The Role of Vernacular 
Architecture in Design of Green Sidewalk (Case 
Study: Iran, Shushtar), Applied Mechanics and 
Materials, 260-261

Makaremi, N., Salleh, E., Jaafar, MZ. Ghaffarian Ho-
seini, AH. (2012). Thermal comfort conditions of 
shaded outdoor spaces in hot and humid climate 
of Malaysia. Building and Environment, 48, 7-14.

Malaktou, E., Michael, A., (2018). The environmental 
and social role of semi-open spaces in vernacular 
architecture of the eastern Mediterranean area: 
The case of Cyprus. WIT Transactions on Ecology 
and the Environmen, 217, 599-611.

Matzarakis, A., (2001). Assessing climate for tour-
ism purposes: Existing methods and tools for 
the thermal complex. In Proceedings of the first 
international workshop on climate, tourism and 
recreation, ed. by A. Matzarakis and CR de Freitas. 
International Society of Biometeorology, Commis-
sion on Climate Tourism and Recreation, 101-112.

Matzarakis, A., Mayer, H., Chmielewski, F. M. (Eds.), 
Proceedings of the 7th Conference on Biometeo-
rology. Ber. Meteorol. Inst. Univ. Freiburg No. 20, 
386-391

Matzarakis, A., Rutz, F., Mayer, H., (2007), Modelling 
Radiation Fluxes in Simple and complex Environ-
ments-application of the RayMan Model, Interna-
tional Journal of Biometeorology. 51, 323-334

Memarian, A., & Navid, N. (2014). The Lost Space of 
Architecture in the Context of Urban Lost Space. 
International Journal of Engineering and Ad-
vanced Technology, 3(5), 311-321.

Nasrollahi, N., Hatami, Z., Taleghani, M. (2017). De-
velopment of outdoor thermal comfort model for 
tourists in urban historical areas; a case study in 
Isfahan. Building and Environment. 125, 356-372.

Nouri, A.S., Costa, J.P. (2017). Addressing thermo-
physiological thresholds and psychological as-
pects during hot and dry mediterranean summers 
through public space design: the case of Rossio. 
Building and Environment, 118, 67-90.

Oke, T.R., Mills, G., Christen, A., Voogt, J.A., (2017), 
Urban climates. Cambridge University Press, 
Cambridge.

Prasad, N., Ranghieri, F., Shah, F., Trohanis, Z., Kes-
sler, E., Sinha, R., (2008). Climate resilient cities: 
A primer on reducing vulnerabilities to disasters. 
The World Bank.



30

Goshayeshi et al.

Pyrgou, A., Castaldo, V.L., Pisello, A.L., Cotana, F., San-
tamouris, M., (2017). Differentiating responses of 
weather files and local climate change to explain 
variations in building thermal-energy perfor-
mance simulations. Sol. Energy 153, 224-237.

Santamouris, M., Ding, L., Fiorito, F., Oldfield, P., 
Osmond, P., Paolini, R., Prasad, D., Synnefa, A., 
(2017). Passive and active cooling for the outdoor 
built environmente Analysis and assessment of 
the cooling potential of mitigation technologies 
using performance data from 220 large-scale 
projects. Solar Energy, 154, 14-33.

Srivanit, M., & Jareemit, D. (2016). Human thermal 
perception and outdoor thermal comfort under 
shaded conditions in summer–a field study in an 
institutional campus. In  The sixth International 
Conference on Sustainable Energy and Environ-
ment (Special Session: Urban Climate & Urban Air 
Pollution (UCUA) (537-540).

Sharafkhani, R., Khanjani, N., Bakhtiari, B., Jahani, Y., 
Entezarmahdi, R., Farajzadeh, H. (2020). The ef-
fect of physiological equivalent temperature index 
variations on mortality in Urmia (The Northwest 
of Iran). Urban Climate, 32, 100595.

Shooshtarian, S., Lam, C. K. C., & Kenawy, I. (2020). 
Outdoor thermal comfort assessment: A review 
on thermal comfort research in Australia. Building 
and Environment, 106917.

Taleghani, M. (2018). The impact of increasing urban 
surface albedo on outdoor summer thermal com-
fort within a university campus. Urban Climate, 
24, 175-184.

Tao, Y., Lau, S. S. Y., Gou, Z., Zhang, J., & Tablada, A. 
(2019). An investigation of semi-outdoor learning 
spaces in the tropics: Spatial settings, thermal en-
vironments and user perceptions. Indoor and Built 
Environment, 28(10), 1368-1382.

VDI, (1998). Methods for the Human-Biometeoro-
logical Assessment of Climate and Air Hygiene for 
Urban and Regional Planning. VDI-3787.

Venturi, R., & Brownlee, D. B. (1977). Complexity and 
contradiction in architecture (Vol. 1). The Muse-
um of modern art.

Yang, S.Q., Matzarakis, A. (2019). Implementation of 
human thermal comfort and air humidity in Köp-
pen-Geiger climate classification and importance 
towards the achievement of Sustainable Develop-
ment Goals. Theoretical and Applied Climatology, 
138(1), 981-998.

Yassaghi, H., & Hoque, S. (2019). An Overview of Cli-
mate Change and Building Energy: Performance, 
Responses and Uncertainties. Buildings, 9(7), 166.

Yilmaz, S., Irmak, M. A., & Matzarakis, A. (2013). The 
importance of thermal comfort in different eleva-
tion for city planning. Global NEST Journal, 15(3), 
408-420.

Yuan, C. (2018). Building Porosity for Better Urban 
Ventilation in High-Density Cities. In Urban Wind 
Environment (pp. 79-100). Springer, Singapore.

Zomorodian, Z. S., Tahsildoost, M., & Hafezi, M. 
(2016). Thermal comfort in educational buildings: 
A review paper. Renewable and sustainable ener-
gy reviews, 59, 895-906.

COPYRIGHTS
©2023 The author(s). This is an open access article distributed under the terms of the Creative 
Commons Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction 
in any medium, as long as the original authors and source are cited. No permission is required 
from the authors or the publishers.

10

H. Manafzadeh. et al.

influencing sociodemographic factors. Urban For. Urban 
Green. 67, 127438. Doi: 10.1016/j.ufug.2021.127438

 Galli, J. A, Jimenez-Munoz, J. C, El-Kharraz, J, Gomez, M, 
Romaguera, M, Soria, G. (1998), Single- Channel and 
Two-channel Methods for Land Surface Temperature 
Retrieval from DAIS Data and Its Application to the 
Barrax site.Int. J. Remote Sensing, 1998, Vol. 25, Issue 
1, pp. 215–230. 

Gray, T. (2017). “Retrofitting biophilic design elements 
into office site sheds: Does’ going green ‘enhance the 
well-being and productivity of workers,” in Landscape 
Architecture: The sense of places, models applications 
(London, UK.: Intech Open), 105–126.

Kajosaari, A., and Pasanen, T. P. (2021). Restorative benefits 
of everyday green exercise: A spatial approach. 
Landsc. Urban Plan. 206, 103978. Doi: 10.1016/j.
landurbplan.2020.103978

Lo, A. Y., Byrne, J. A., and Jim, C. Y. (2017). How climate 
change perception is reshaping attitudes towards the 
functional benefits of urban trees and green space: 
Lessons from Hong Kong. Urban For. Urban Green. 23, 
74–83. Doi: 10.1016/j.ufug.2017.03.007

Manso, M., Teotónio, I., Silva, C. M., and Cruz, C. O. (2021). 
Green roof and green wall benefits and costs: A review 
of the quantitative evidence. Renew. Sustain. Energy 
Rev. 135, 110111. Doi: 10.1016/j.rser.2020.110111

Orr, F., and Wilkinson, S. (2017). “‘A little sanctuary’: An 
evaluation of the impact for participants of a rooftop 
horticultural therapy program in inner Sydney,” in The 
Mental Health Services (MHS) 27th Annual Conference, 
Sydney, Australia, Aug 29–Sep 01, 2017.

Streutker, D. R. (2002), Satellite-measured Growth of the 
Urban Heat Island of Houston, Texas, Remote Sensing 
of Environment, Vol, 85, pp, 282–289

Thomas, E. F., Mcgarty, C., and Mavor, K. (2016). Group 
interaction as the crucible of social identity formation: 
A glimpse at the foundations of social identities for 
collective action. Group process. Intergr. Relat. 19, 137–
151. Doi:10.1177/1368430215612217

Williams, K. J., Lee, K. E., Sargent, L., Johnson, K. A., Rayner, 
J., Farrell, C., et al. (2019). Appraising the psychological 
benefits of green roofs for city residents and workers. 
Urban For. Urban Green. 44, 126399. Doi: 10.1016/j.
ufug.2019.126399

Wilson, E. O. (1984). Biophilia. Cambridge: Harvard 
University Press.

Wilson, E. O. (2017). Biophilia and the conservation ethic, In 
Evolutionary perspectives on environmental problems 
(England, UK: Routledge). 

Zhou, P., Grady, S. C., and Rosenberg, M. W. (2021). Creating 
therapeutic spaces for the public: Elderly exercisers as 
leaders in urban China. Urban Geogr, 1–24.

COPYRIGHTS

©2023 The author(s). This is an open access article distributed under the terms of the Creative Commons 
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long 
as the original authors and source are cited. No permission is required from the authors or the publishers.

HOW TO CITE THIS ARTICLE

Manafzadeh, H.; Balali Oskui, A.; Toofan, S.; Pakdel, M. (2023). Explaination Of Urban Landscape 
Architecture Model In Approch To Ecology. J Urban Manage Energy Sustainability, 4(1): 1-10.


