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Abstract
Urban design and morphology are one of the most important factors affect-

ing outdoor thermal comfort that should be given special attention. Optimal ori-
entation would improve the quality of the building’s thermal comfort as well as 
its urban area, considering the geography and climate of the area. Conversely, 
orientation and physical form of the buildings (particularly high-rise buildings) 
which are incompatible with climate could create a phenomenon called “urban 
heat island” and disrupt their thermal comfort. Moreover, vegetation as one of the 
outdoor affecting factors, through creating air movement and shading can help in 
enhancing the thermal comfort sensation. This paper, through a descriptive-ana-
lytical method, firstly explored the theoretical foundations around thermal com-
fort and the effects of morphology and vegetation on that. Secondly, a high-rise 
building complex located in Maslak district of Istanbul, a modern and developing 
region with the Mediterranean climate, was chosen as a case study. Three design 
alternatives, including the current design and two hypothetical design alterna-
tives for building orientation and vegetation parameters, have been analyzed and 
the thermal comfort indicators, PMV and PPD have been calculated by Envi-met 
software. By evaluating and comparing the outputs, it can be concluded that con-
trolling these two parameters (building orientation and vegetation) could have a 
positive impact on outdoor thermal comfort.
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1. Introduction
Achieving the human thermal com-

fort, in a recent high urban density, 
would be a challenge due to controlling 
the environments’ micro-climate. Hasty 
and randomized urban design can lead 
to creating outdoor thermal discomfort 
between city blocks (Nouri, 2015).

Accordingly, urban design and mor-
phology play an important role in pro-
viding thermal comfort, for instance, 
buildings form and orientation could 
create a phenomenon known as “urban 
heat islands” which could have negative 
impacts on urban areas like thermal 
discomfort. There are numerous design 
strategies to improve thermal comfort. 
In this study; two influential thermal 
comfort variables, building orientation 
and vegetation are investigated. First, 
with the descriptive method, definitions 
and theoretical foundations are present-
ed. Then, related recent studies are pre-
sented in the form of a table to provide 
the theoretical framework for the analy-
sis section of the case study.

2. Theoretical background
2.1. Thermal comfort

“Thermal comfort is defined as a 
state where no driving impulses ex-
ist so as to modify the environments 
by the behavior” (Hensen, 1991). The 
American Society of Heating, Refriger-
ating and Air-Conditioning Engineers 
(ASHRAE) define thermal comfort as 
“the mental condition in which satis-
faction with the thermal environment is 
expressed” (Ashrae, 2004). 

Variety in variables and interactions 
can make thermal sensation to be more 
complicated. (Ogbonna & Harris, 2008). 
“To put it in another way, it is argued 
that thermal comfort has no absolute 
standard. Generally speaking, comfort 
takes place when body temperatures are 
within narrow ranges, the moisture of 
skin is low, and the physiological exer-
tion of regulation is diminished. Com-
fort is also dependent on behavioral ac-
tions like changing clothing, changing 
activity, altering posture or position, 
changing the thermostat setting, com-
plaining, opening a window, or leaving a 
space” (Djongyang et al, 2010). Thermal 
comfort can help sustainability through 
estimating energy usage of the building 
systems (Yao et al, 2009).

 “Predicted mean vote (PMV) was 
developed for assessing thermal com-
fort. The PMV calculations consider 
four environmental parameters: air 
temperature, mean radiant tempera-
ture, wind speed and relative humid-
ity; and two personal variables: cloth-
ing insulation and metabolic rate, as 
the inputs and predict thermal sensa-
tion. The Predicted Mean Vote (PMV) 
refers to a thermal scale that runs from 
Cold (-3) to Hot (+3)” as illustrated in 
Table 1 (Beizaee, 2012).

Despite showing the values in this 
table, PMV is not considering the 
acceptability of thermal comfort for 
most people and just expresses their 
opinion.

“Following these considerations, 
Fanger (1972) proposes an index for 
the evaluation of the conditions of 

Table 1. PMV ranges and physiological equivalent for different 
grades of thermal perception and physiological stress (Matzarakis, 
1997) (Barakat et al, 2017).
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non-comfort (or discomfort) to an en-
vironment, expressed as a Predicted 
Percentage of Dissatisfied (PPD). The 
PPD index expresses the percentage of 
people in those conditions of metab-
olism, clothing and physical parame-
ters of the environment, expressing, 
however, a negative judgment, in fact, 
complain; even when an environment 
is assessed by most people as neutral, it 
is believed that there are however 5 % 
of people who consider this condition 
as unsatisfactory” (Fabbri, k, 2015).

2.2. Outdoor thermal comfort 
variables

Mahvandi and Li (2016) classified 
outdoor thermal comfort variables into 
three categories. The first one included 
climatic characteristics like wind, hu-
midity, temperature, solar radiation, 
vegetation and etc. The second category 
consists of morphological features, such 
as building geometry and orientation. 
The third one considers building ele-
ments, such as façade, finishes and ma-
terials. These variables must be simul-
taneously taken into account in a way 
that both climate and morphological 
features would be linked (Mahvandi & 
Li, 2016). Some of these thermal com-
fort variables also have been sorted in 
figure 1.

2.2.1. Building orientation
Building’s angle can have a great 

impact on thermal comfort. Exposing 
building facades to the exterior environ-
ment, their form, orientation, and mate-
rial properties could control the natural 
ventilation and solar radiation by evap-
orative cooling (Susie, 2011) (Iyendo et 
al, 2016).

Commonly, northern elevations are 
exposed to minimum solar rays versus 
southern elevations that are hit max-
imum amounts. Therefore, building 
orientation is one of the important fac-
tors that determine the received solar 
radiation of a building (Gupta & Rale-
gaonkar, 2004) (Omrany & Marsono, 
2016).

2.2.2. Thermal comfort and 
vegetation in high-rise buildings

Being surrounded by vegetation is 
one of the key factors that help low-
rise buildings mitigate uncomfortable 
climate conditions. In contrast, high-
rise buildings are exposed to more 
solar radiation due to their larger sur-
face area. Also, a high concentration 
of this type of building can cause en-
vironmental problems such as urban 
heat island (UHI), an effect that leads 
to thermal discomfort. As a result, 
providing thermal comfort requires 

Figure 1. Categories of constant intervening variables in outer space (Makvandi & Li, 2016).
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more consideration in high-rise build-
ings. (Chia Sok Ling et al. 2007) (Taib 
et al, 2010).

One of the methods for improv-
ing thermal comfort around high-
rise buildings is introducing land-
scapes. This improvement is achieved 
through vegetation qualities such as 
evaporation, provided shade and air 
movement. Akbari (2002) found that 
“urban tree planting can account for 
a 25% reduction in net cooling and 
heating energy usage in an urban land-
scape”. In addition to the outdoor ther-
mal comfort benefits, the aesthetic of 
vegetation around the building blocks 
can have positive psychological effects 
(Iyendo et al, 2016) (Taib et al, 2010).

As mentioned above, the morphol-
ogy of urban spaces and building 
form has a great impact on the mi-
cro-climates, and therefore on thermal 
comfort. Several studies have been 
conducted in recent decades and ex-
amined the impact of both variables 
on thermal comfort. Table 2 surveyed 
14 of these studies from 2001 to 2017, 
which have been done in different lo-
cations and climates. In this table, the 
studies are classified according to the 
climate, and their dependent and in-
dependent variables are identified and 
categorized.

3. Case Study: Maslak area Istanbul
3.1. Research methodology

The method of research is descrip-
tive-analytical. The theoretical frame-
work has been developed using the 
literature review on the assessment 
of the various morphologies of urban 
high-rise buildings on thermal comfort. 
Therefore, one of the main adminis-
trative-commercial zones of Istanbul, 
Maslak area has been opted for quanti-
tative and spatial estimation and evalu-
ating the effects of high-rise buildings. 
This neighborhood is one of the main 
business districts in Istanbul, which is 
located in the European part of the city 
(Figure 2). Currently, one of the tallest 
buildings in this area is the 47-story spin 
tower, with a height of 202 meters. The 
other high-rise buildings in this area are 
the 53 and 54-tier towers that are be-
tween 261 to 270 meters high. Most of 
the towers built in this area are made of 
steel structures. 

Table 2. Key indicators regarding the “Urban Heat Island” (UHI) 
effect in the Adriatic settlements (Suau, C. et al, 2015).
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3.2. Research process
Maslak district due to having high-

rise and modern buildings has been 
chosen for the study area and Mashat-
tan Maslak building blocks for model-
ing and analyzing. After choosing the 
case study, the existing status of the 
neighborhood and building complex 
was simulated with the ENVI-met soft-
ware (which has been identified as an 
appropriate tool for the simulation and 
evaluation of the thermal comfort in-
dexes.). In order to measure the effects 
of vegetation and orientation on out-
door thermal comfort, two hypotheti-
cal alternative designs were proposed. 
Afterward, PMV and PPD variables as 
two thermal comfort indicators sim-

ulated with the software. Comparing 
the results, the effect of two variables 
(vegetation and orientation) on outdoor 
thermal comfort has been analyzed and 
demonstrated (Figure 3).

3.3. Study area: Maslak area in 
Istanbul, Turkey

“The site is located between latitude 
41°06’ 26”N and 41°06’05”N, and lon-
gitude 29°01’45”E and 29°01’56”E. The 
area is bordered by the Bosphorus to 
the east, Belgrade Forest to the north 
and Kemerburgaz to the west. Dense-
ly populated residential areas, name-
ly Levent and Etiler, are to the south. 
Moreover, an artificial lake and a stream 
(Kanlıkavak) are in the neighborhood. 
The altitude of the area ranges between 
90 and 110 meters. Northern parts of 
both Asian and European sides of Is-
tanbul are covered with Euro-Siberian 
flora that is deciduous forest vegetation. 
In the southern parts, which are under 
the Mediterranean effect, maquis veg-
etation dominates. The natural flora of 
the region has been changing for years 
because of the rapid increase in popu-
lation and construction” (Çobanoglu, 
2007) (Figure 4).

Figure 2. Maslak Mashattan area.

Figure 3. Research process diagram.

Figure 4. Site location: Aerial photograph, 2018.
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3.4. Simulation with ENVI-met
In this study, three alternatives have 

been evaluated using Envi-met 3D 
software. In several studies, this soft-
ware has been used to simulate the mi-
croclimate factors in urban areas. This 
software is designed by Michael Bruse 
at the University of Mainz in Germany 
to simulate the interactions between 
surfaces, plants and urban environ-
ments (Bruse and Fleer, 1998). The 
effects of small-scale changes in urban 
design (construction patterns, vegeta-
tion, buildings morphology, etc.) could 
be analyzed through this software, as 
well as the micro-climate factors of the 
intermediate scale patterns in the ur-
ban environment (Tumini et al, 2014).

Physical components such as green 
spaces, watercourses, accesses, and the 
location of 6 blocks in modeling the de-

sign alternatives have been considered 
the same. Asphalt material has been 
used for paving the streets floor and 
soil and concrete for the courtyards, 
in accordance with the type of pav-
ing pattern. The space between these 
streets is filled with grass and building 
façade is a combination of glass and 
stone. The vegetation type inserted for 
alternative 3 is 4.5-meter trees. Also, 
the site is a rectangular shape, with 420 
meters long and 240 meters wide, ap-
proximately. Figure 5 shows the input 
physical components of the simulation 
model for design alternatives.

The preliminary data for the mod-
eling process has been entered at this 
stage. This data is based on geographic 
location (Istanbul), including latitude 
and longitude, air temperature, wind 
velocity and direction, relative and 

Figure 5. Three options of modeling physical inputs (Authors, 2018).

Figure 6. Basic microclimate input data for simulation software (Istanbul weather station, 2017).
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specific humidity, and the number of 
gaseous pollutants and suspended par-
ticles at a height of 2 meters. The cal-
culation time for this simulation model 
is 3 pm on July 22nd, 2018. The atmo-
spheric input data are extracted from 
the nearest airborne station in Maslak 
district. The basic data and initial in-
puts can be found in figure 6.

Also, Table 3 shows the clothing in-
formation, physiological and physical 
characteristics used to simulate in the 
software.

4. Analysis results
To assess the thermal comfort varia-

tions in different alternative morphol-
ogies, the indexes of Predicted Mean 
Vote (PMV) and Predicted Percentage 
of Dissatisfied (PPD) have been calcu-
lated, and the indexes have been sim-
ulated for all alternatives with the En-
vi-met. The first alternative simulation 

shows the existing situation and alter-
native 2 and 3 demonstrates the effects 
of orientation and vegetation, respec-
tively.  Figure 7 depicts the PMV index 
simulation for these three alternatives, 
moving from the darker shades to the 
lighter ones, the thermal comfort be-
comes closer to the ideal condition.

The results indicate that the mini-
mum and maximum of the PMV in al-
ternative 1 are -0.38 and 1.56, respec-
tively. These values are also estimated 
for alternative 2; -0.36 and 1.59, and 
for alternative 3; -0.37 and 1.55, re-
spectively. It is clear that the purpose 
of this study is to assess the changes in 
outdoor thermal comfort in the high-
rise urban complexes. The criterion 
of assessments should be the rate of 
changes in the indexes for the outdoor 
condition of the site’s center. As a re-
sult, according to the above outputs, 
the average PMV index for all three 
alternatives can be seen in Table 4.

The maximum value of PMV is 1.59 
and belongs to Alternative 2, which 
is less favorable in terms of thermal 
comfort compared to other alterna-
tives. Through examining the building 

Figure 7. The results of simulated Predicted Mean Vote (PMV) in the three research’s alternatives.

Table 3. Reviewing 14 researches on urban 
microclimates and thermal comfort (2001-
2017) (Authors).

Table 4. Basic information of input variables for simulation (Authors, 2018).
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locations in the site for all three alter-
natives, it can be seen that the differ-
ences in buildings orientation in rela-
tion to each other result in having the 
lowest thermal comfort in Alternative 
2. The lowest minimum is for the exist-
ing layout (-0.38). Having the highest 
average value in alternative 3 (-1.84) 
comparing to existing situation (alter-
native 1) proves the importance of veg-
etation in improving thermal comfort 
perception.

In Figure 8, the outputs of the PPD 
index simulation are shown for three 
design alternatives. Changing from the 
lighter shades to darker represents an 
increase in the amount of dissatisfac-
tion predicted by the residents, conse-
quently away from the ideal thermal 
comfort.

The simulation shows that the maxi-
mum of PPD index has been estimated 
at 54.09% for alternative 1, 55.59% for 
alternative 2, and 53.83% for alterna-
tive 3. The maximum PPD value for 
alternative two is more than the other 
alternatives that predict the highest 
percentage of thermal dissatisfaction 
for this alternative. Therefore, by sim-
ulating both indicators for all alterna-
tives, it can be found that alternative 2 

has the lowest degree of thermal com-
fort. In contrast, alternative 3 with veg-
etation on the building complex has 
the lowest percentage, which demon-
strates the better thermal comfort in 
PPD index simulation (Table 5).

Simulating PMV and PPD index-
es, the closer the PMV value to zero, 
and the lower the PPD percentage, 
the better thermal comfort. There-
fore, by comparing the PPD and PMV 
values in all three alternatives, it can 
be deduced that the third alternative 
is the most optimal proposal among 
the other study alternatives, with the 
average PMV and the average PPD, 
-1.84 and 72.4%, respectively. Con-
versely, in alternative 2, the highest 
percentage of PPD and the least value 
of PMV results in not being the op-
timal design alternative compared to 
others. As can be seen from the anal-
ysis, the differences between outputs 
are not very remarkable. However, 
on the larger scale of an urban area, it 
can show a significant result, eventu-
ally. Therefore, it is critical to consider 
building orientation in plans before 
construction in order to provide bet-
ter outdoor thermal comfort in urban 
complexes. 

Figure 8. Results of predicted percentage of dissatisfied (PPD) simulation in the three 
research’s alternatives (Authors, 2018).
Table 5. The average PMV index for the three research’s alternatives (Authors, 2018).
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Obviously, relocating the building 
projects that have been already im-
plemented is impracticable; nonethe-
less, for the future designs, the optimal 
building location should be identified 
and put into practice. Moreover, for the 
current built projects, other solutions 
such as adding vegetation to the build-
ing facades could affect the thermal 
comfort positively.

5. Conclusion
3D simulation of the PMV and PPD 

indexes in alternative 3 shows that this 
alternative provides the most optimal 
condition in terms of thermal comfort 
than other alternatives. Moreover, al-
ternative 2 (changing the blocks’ orien-
tation) has the lowest thermal comfort 
compared to the others. Clearly, in ad-
dition to these alternatives, there are 
various types of design options, yet the 
purpose of this study is to prove that 
the way of placing the buildings in the 
site without relocating and merely by 
rotating them, would affect the thermal 
comfort. Furthermore, it proves the ef-
fect of vegetation on improving thermal 
comfort.

The data analysis shows that the 
PMV / PPD space model can predict 
the thermal comfort in different urban 
design patterns. In some ways, it can be 
admitted that the values of PMV / PPD 
indexes change by the morphology of 
urban buildings. Changes in building 
morphology, especially high-rises, alter 
the sky view factor, and also the micro-
climate parameters, which will eventu-
ally affect the outdoor thermal comfort. 
On the other hand, rapid population 
growth, urbanization, and industrial-
ization of the cities have a significant 
changing role in some meteorological 
quantities. Since there is a strong rela-
tionship between urban morphology 
and sky view factor, variations in sky 
view factor will change the air tempera-
ture inside the city. As a result, chang-
ing the urban buildings form and urban 
morphology will alter the parameters 
affecting thermal comfort and other en-
vironmental factors, as well as the for-
mation of the urban heat islands.

Consequently, the plan, shape, and 
morphology of the urban buildings, 
should be considered in development 
plans, based on different climate condi-

tions. As well as considering the build-
ing regulations’ clause of urban develop-
ment projects, such as a detailed urban 
plan, with emphasis on improving the 
human thermal comfort. In order to 
achieve sustainable development, de-
signers, architects, and urban planners 
should contemplate the above consider-
ations.
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