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Abstract 

Within the scope of the study, thermal comfort analysis was performed using the ENVI-met program of the Misak-ı 
Milli Square in Safranbolu, and it was determined that the thermal comfort perception of the square as slighty warm-
warm. For this reason, a new design proposal has been submitted for the square. In the proposal, the green ratio and 
the number of trees was increased, the type and location of the trees was changed. The flooring materials was replaced 
with a stone covering with a higher albedo and new functional suggestions were made for the square. As a result of the 
thermal comfort analysis of the new proposal, the thermal comfort perception in the square was neutral and the thermal 
dissatisfaction rate was reduced below 14.5%. In result of the study, it was underlined that the ratio of green areas and the 
tree type, number and location that constitute it and the choice of flooring materials are important parameters in providing 
the thermal comfort of the square.
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1. INTRODUCTION

Cities are settlement units that meet the housing, 
rest and entertainment needs of the society. As a 
result of the high population growth in cities and the 
industrialization developing accordingly, the rate of 
green areas is gradually decreasing, and the remaining 
urban areas are not designed with sustainable 
design elements, resulting in thermal discomfort 
and heat islands. The squares, where city residents 
perform recreation (Dönmez et al.,2015), meeting and 
celebration activities, are the most important urban 
open spaces of the city (Öztürk, 2013). The thermal 
comfort of public squares in urban areas is particularly 
important. Many city dwellers use these squares 
regularly to spend leisure time or as a recreational area, 
especially during the summer season. Today, public 
squares are open to different uses such as recreation, 
sports and social activities and markets. Open spaces 
support active lifestyles, that is, social and cultural 
activities. Hence, it is a major responsibility for urban 
planners and researchers to analyze outdoor spaces 
and make them available to society (Kumar and 
Sharma, 2020).

In the absence of sufficient green areas in urban 
open areas, urban heat islands are formed. However, 
users of the square encounter an uncomfortable 
environment in terms of thermal comfort and have to 
reduce the usage time of the square. The Urban Heat 
Island (UHI) phenomenon is the high air and surface 
temperature that occurs in urban areas. UHI affects the 
quality of life in the outdoor environment and indoor 
conditions of the surrounding buildings (Mirzaei et 
al., 2012; Oke, 1982). The quality of life in the outdoor 
environment decreases with the decrease in outdoor 
thermal comfort. Besides thermal comfort, high 
temperatures cause health problems with concentrated 
pollutant concentrations and increase the cooling load 
of buildings (Aghamolaei et al., 2018; Li et al., 2018; 
Mirzaei, 2015). Urban areas with high population and 
building density are exposed to summer heat, which 
can have negative consequences on human health, 
especially fatigue, heart and respiratory ailments, and 
human psychology such as stress and anxiety (Johnson 
et al., 2012; Kovats and Hajat, 2008; Robine et al., 2008). 
Therefore, there is an urgent need for adaptation 
strategies to reduce the negative effects of heat on 
the urban population, both for the transformation of 
buildings and for the thermal comfort of the users 
(EEA, 2012).

Green ratio is the biggest factor in urban open areas, 
preventing heat islands and providing thermal 

comfort. Many studies confirm this opinion (De la 
Barrera and Henríquez, 2017; Duarte et al., 2015; 
Peña, 2009). Because the use of vegetation reduces 
events such as urban heat island and overheating 
and reduces the energy requirements for cooling in 
summer by reducing outdoor temperatures and solar 
radiation (Fabbri et al., 2020). In addition, in research 
on outdoor thermal comfort and design of public 
spaces, green area plays a key role in reducing solar 
radiation coming from the evapotranspiration event 
(Oke et al., 1989) and regulating the amount of water 
vapor in the air (Fabbri et al., 2020; Morakinyo and 
Lam, 2016; Müller et al., 2014). With a validated ENVI-
met model in a study conducted in Hong Kong, the 
current 7.2% green space and the proposed 30% green 
area thermal comfort were compared and the thermal 
comfort dissatisfaction determined as “very hot” was 
17-21% from 50% (Morakinyo et al., 2018). Another 
study conducted in Cairo, which studied tree leaf sizes 
in addition to the percentage of green space, shows 
how much higher buildings and the lack of a plan for 
afforestation can increase problems associated with 
thermal stress (Fahmy et al., 2010)

It is supported by many studies that the form of the 
square, green ratio and tree species are effective 
parameters in increasing the outdoor heat comfort of 
urban open spaces (Simon et al., 2018; Zhang et al., 
2018; Zölch, et al., 2016; Martins et al., 2016; Lobaccaro 
and Acero, 2015). Another factor in reducing urban heat 
islands is the use of highly reflective cold materials as 
flooring in the square. It can be said that high reflective 
floor coverings are another important parameter in 
providing thermal comfort in urban areas (Battista et 
al., 2016; Shahidan et al., 2012).

In this framework, within the scope of the study, it 
was aimed to improve the thermal comfort of the 
square with a new design proposal for Misak-I Milli 
Square with the awareness that the ratio of green 
areas tree species and high albedo coating material 
planned in urban areas, will improve the thermal 
comfort of the square. In this context, current thermal 
comfort analysis was made for the square. With the 
determination of insufficient thermal comfort and 
high thermal dissatisfaction, a new landscape design 
was proposed for the square. By conducting thermal 
comfort analyzes of the new proposal, the importance 
of green infrastructure and flooring materials on 
thermal comfort in square designs was highlighted. 
The study is expected to be a guide in terms of creating 
effective design principles in reducing thermal 
discomfort and heat islands seen in square designs. 
The flow of the study was given in Fig 1. 
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Figure 1. Study Flow Diagram

2. METHODOLOGY

In this section, the general and recreational 
characteristics of the Misak-ı Milli Square, the 
information about the ENVI-met program in which 
the analyzes were carried out and the principles and 
decisions in the new design proposal for the square are 
included.

2.1. Misak-ı Milli Square

The Misak-ı Milli Square, which is connected to 
Safranbolu Sadri Artunç Street and located in the 

center of the city (Fig 2a), stands out as an urban open 
area where individual activities such as resting and 
meeting of Safranbolu residents and social activities 
such as festival celebrations, fairs and concerts are held 
(Fig 3). The square is surrounded by approximately 5-6 
storey buildings, and the rate of green detected in the 
square is around 3 percent (Fig 2b, Fig 3).

Figure 2:  a) Satellite Image of Misak-ı Milli Square

  b) Green Area (hatched area)
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Figure 3: Misak-ı Milli Square

2.2.  ENVI-met Software

The model background was defined by Bruse and 
Fleer, ENVI-met is a software that can simulate the 
microclimatic and physical behaviors of the outdoor 
space (Salata et al., 2016). Software It is one of the 
most widely used software when dealing with the 
impact of architectural structures and city planning on 
environmental variables and microclimate. In addition, 
the software stands out with its ability to provide values   
such as air temperature, average radiant temperature, 
wind speed, relative humidity, thermal comfort and 
discomfort percentage. This software has been used 
in many studies to evaluate urban settlement in terms 
of biometeorological conditions (Othmer et al., 2020; 
Salata et al., 2016; Lee et al., 2016; Martins et al., 2016; 
Tsilini et al., 2015; Johansson et al., 2014).

Model parameters must be entered in order to perform 
simulation with ENVI-Met 4.0 software (Bruse, 2004). 
These parameters are provided in 3 categories: field 
input file, configuration file and database. The field 
input file is created via a graphical interface and 
contains the geometric data of the simulated model. 
The configuration file shows the calculation parameters 
and conditions that characterize the simulation. The 
database contains data on vegetation cover and soil 
stratigraphy (Salata et al., 2016).

While the outdoor thermal comfort of Safranbolu 
Misak-ı Milli Square was simulated in the ENVI-met 
software, the climate data of Safranbolu were entered 

and the date of June 23, 2018 was selected for the 
summer period.

2.3. Square Design Proposal and Design 
Principles 

When the current urban landscape design of Misak-ı 
Milli Square is examined, it is seen that it generally 
consists of hard ground and has a low green area 
ratio (3%). This situation causes thermal comfort to 
decrease due to overheating of the square on hot days. 
It is observed that residents of the city avoid using this 
square, especially on hot days. However, the square 
and urban open spaces are defined not only as places 
for gathering, but also for recreation, entertainment 
and celebration activities. Ensuring the high usage of 
the square in the city is possible by providing thermal 
comfort and eliminating the heat island formation. 
For this reason, increasing the ratio of green areas, 
which is very low in the current design, is the basic 
design principle in the new design proposal. In the 
new design proposal for the square, the green ratio is 
planned as 21%. The dominant wind direction of the 
square is southwest, and birch (Betula Pendula) trees, 
which can reach up to 30 m in height, are placed in 
the direction of the prevailing wind, and plain maples 
(Acer Campestre) and pine trees (Pinus Nigra), a type 
of maple, are placed in the other directions (Fig 4). The 
height and width of the Acer Campestre is 4 m and 3m, 
respectively. This dimension is 7 m and 5 m for Betula 
Pendula, and 12m and 4 m for Pinus Nigra.
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The existing floor covering of the square is gray stone 
covering and the design proposal suggests a higher 
albedo, that is, a light colored stone covering. The 
properties of existing and recommended flooring 

materials are given in Table 1. In addition, in order 
to increase the functionality of the square, the floor 
of the square was raised 3.5 m and arranged as an 
underground parking lot (Fig 5).

Figure 4: Square Design Proposal Tree Type and Layout Scheme

Table 1. Properties of the Flooring

z0 Roughness Lenght Emissivity Albedo

Existing flooring (Gray stone) 0.01 0.9 0.5

Suggestion flooring (Light gray stone) 0.01 0.9 0.8

Figure 5: Square Design Proposal
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3. RESULTS

In this section, the thermal comfort analysis of the 
Misak-ı Milli Square and the thermal comfort analysis 
results of the proposed square design are included. 

3.1. Thermal Comfort of the Misak-ı Milli 
Square

When the thermal comfort analysis obtained from 
the ENVI-met simulation program of the Misak-ı 
Milli Square is examined, the predicted mean vote 
(PMV), which indicates how the square users perceive 

the environment in terms of thermal comfort, is 
generally seen as 1-1.25. The thermal perception 
equivalent of this value is between slightly warm-
warm. The values of 1.25-1.50 are seen in the parts of 
the square that are away from the green area. When 
the level of dissatisfaction of the users (PPD) with the 
thermal comfort level of the square is examined, the 
dissatisfaction rate of 33.50% to 43% in the part of the 
square where the recreational areas are located stands 
out (Fig 6).

Figure 6: PMV and PPD maps

3.2. Thermal Comfort of the Design Proposal for the 
Misak-ı Milli Square

When the thermal comfort value of the design proposal 
planned for Misak National Square is examined, the 
PMV value is in the range of 0.25-0.50, and the thermal 
perception equivalent of this range is neutral. At this 
comfort level, the level of dissatisfaction (PPD) of the 
users with the thermal comfort level of the square falls 
below 14.50% and it can be said that the dissatisfaction 
rate is very low. In improving thermal comfort, 
increasing the percentage of green area of   the square 
(Kong et al., 2016; Fabbri et al., 2020), increasing the 

number of trees and changing their species (de Abreu-
Harbich et al. 2015) and location (Klemm et al., 2017; 
Coutts et al., 2016), suggesting a material with a lower 
albedo value for the flooring material (Battista et al., 
2016; Shahidan et al., 2012). Studies on this subject 
indicate that these recommendations are important 
parameters that are effective in increasing thermal 
comfort and reducing heat islands.
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Figure 7: PMV and PPD Maps for Proposal

4. CONCLUSION AND SUGGESTIONS

Within the scope of the study, the thermal comfort 
analysis of the Misak-ı Milli Square was performed 
and it was determined that the thermal discomfort 
was high. In this context, a new design proposal has 
been made for the square. In the design proposal, the 
existing green area percentage was increased from 3% 
to 21% and the number of trees was increased. Different 
wood species were placed according to the prevailing 
wind direction and other directions, and the flooring 
material was replaced with a material with a higher 
albedo value. In the context of these suggestions, with 
the thermal comfort analysis of the design proposal, it 
has been determined that the thermal perception of the 
square will be neutral and the dissatisfaction rate will 
fall below 14.5% from 43%. The results show that some 
important issues should be taken into account before 
planning a climate-adapted and thermally comfortable 
square (Zölch, et al., 2016). It can be said that the most 
important factor during the day is the shading that 
can be improved by placing additional trees in the 
sunny areas of the square. During the night, natural 
ventilation is the most important factor that allows 
air to pass through the square and distribute warm 
air from under the treetops. Therefore, landscape 
architects or designers should determine the dominant 
wind channel and direction in the square and leave 
this area open. It is recommended to locate treeless 
green areas in these areas. In squares in hot climates, 
high green areas and afforestation rates, shading 
elements and floor coverings with high albedo values   
can be considered as important design principles to 

ensure thermal comfort. Achieving these principles is 
possible with the square designers making their design 
decisions based on climatic data. It is also important 
that these principles are taken into account by local 
governments.

In today’s world, where migration from rural to urban 
is increasing, the provision of thermal conditions in 
the squares surrounded by high-rise buildings to meet 
the housing needs of the high population will be even 
more important in the future. In order for urban open 
spaces, which are the only places where people can 
breathe in cities, to become thermally comfortable 
spaces, the research is planned to focus on changing 
the square geometry with more tree species in the next 
stage.
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