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 The increase in the number of people living in cities day by day causes both an increase in 
people's demands and an increase in the hard floors and building surfaces in cities. This 
increase also increases the urban heat island formation and affects the outdoor thermal 
comfort of people. Most of the work done today is on improving the climate. It is important 
that green areas should be increased in order for people to roam more comfortably in the 
outdoors and that improvement works should be done by reducing hard floors. This study 
was carried out in order to improve the outdoor thermal comfort in the Yıldızkent district, 
where urbanization is gradually increasing in Erzurum. For the study, a site close to the 
TÜBİTAK measurement station was selected and the study was completed by increasing the 
plants at different rates. In the site, which is currently only grassy, 10%, 20% and 30% plant 
cover was added and analyzes were made in the ENVI-met climate model. According to the 
results of the study, Scenario 3, which is the scenario with 30% increment, in which the plant 
is used most intensively, gave the best outdoor thermal comfort. It also reduced the potential 
air temperature by 0.1 ℃ at the minimum, improving outdoor thermal comfort. As a result, 
it has been seen in this study that outdoor thermal comfort can be positively affected in 
spatial planning in the analysis of landscape design scenarios prepared by considering 
natural data. 

1.Introduction 

According to projection estimates, the world population will reach 9.9 
billion, currently an estimated 29%, by 2050, and 66% of the 
population will live in cities (85% in more developed areas) [1]. The 
Urban Heat Island (UHI) event, which results in an increase in the 
temperature in dense areas of cities compared to rural areas, is also 
more intense. Therefore, the impact of climate change and 
urbanization on urban comfort and health problems is being felt more 
and more [2]. 

Air temperature studies in cities have shown a mosaic of cooler and 
warmer places, and cooler places seem to be closely linked to 
increased plant [3,4,5,6]. 

Flora plays an important role in urban environments. Besides their 
aesthetic benefits, trees and other plant help to mitigate the effects of 
the urban heat island by providing lower air temperatures by 
increasing latent heat flow through evapotranspiration and reducing 
heat flow through shading [7,8].  

Harlan et al. (2006) [9] show that increased urban plant is strongly 
associated with improved thermal comfort conditions, especially 
during heat waves. Therefore, increasing the plant in cities is one of 
the main approaches to lower both air and radiant temperatures and 
to improve thermal comfort through shading and transpiration 
[10,6,11]. 

The thermal comfort of the people living in the city is important in 
terms of being able to move more comfortably outdoors and perform 
their activities. Pedestrian-friendly walkways, sidewalks and street 
designs are important for urban areas [12]. Studies are carried out in 
the context of improving thermal comfort in these places where 

people spend time. For this purpose, researchers investigated how 
thermal comfort is affected by leaf characteristics of trees on roads, 
pavements or streets [13]; street orientation [14,15]; sky view factor 
(SVF) on pedestrian path [16]; presence of urban plant [17]; and shadow 
coating materials [18]. 

Some recent studies have confirmed the accuracy of some software 
based on local climate data. It has been shown that the accuracy of 
these models largely depends on the input local microclimate data. 
Therefore, the software should be combined with microclimate 
simulation tools to take into account the effects of microclimate 
events on thermal equilibrium [19]. Various microclimate simulation 
tools with specific outputs and different complexities are in use today, 
such as Rayman, ENVI-met, ANSYS package, CitySim Pro and 
Honeybee [20]. 

In this context, one of the most widely used dynamic simulation tools 
[21] for microclimate analysis is the ENVI-met model developed by 
Michael Bruse at Rurh University Bochum [22]. In addition, 77% of the 
total number of ENVI-met studies have been published in the last five 
years [23]. As an urban microclimate model, the ENVI-met model 
considers the physical foundations based on fluid mechanics, 
thermodynamics and atmospheric physics principles to calculate 
three-dimensional wind fields, turbulence, air temperature and 
humidity, and radiative fluxes. [24,25]. 

In this study, the effect of green area ratios on thermal comfort in an 
urban area in Erzurum was investigated. 
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2. Material and Method 

2.1. Material 

As the study area, a site area was chosen in Yıldızkent locality in 
Erzurum city. While choosing the area, attention was paid to its 
proximity to the TÜBİTAK measurement station. The distance of the 
working area to the measuring station is 450m. The area is at 
39°52'54.46"N in latitude and 41°14'30.43"E in longitude (Figure 1). 

The study area consists of 7 buildings in total. 5 of the buildings have 
3 floors and 2 of them are 4 floors. The total area covered by the 
buildings is 3.384 m2. The total area of the site is 13.803 m2. The 
remaining 10.419 m2 area of the buildings is for hard ground and 
green areas. 

 

Figure 1. Study area location map 

2.2. Method 

ENVI-met climate model was used to analyze the current situation 
and green area scenarios in the study area. The 24-hour air 
temperature, humidity, wind speed and wind direction data obtained 
from the TUBITAK measurement station were used for the analysis of 
the simulations. The ENVI-met program used is the 4.4.6 Summer 
version with Student license. The drawings were drawn in 50*50*30 
dimensions. In the ENVI-met program, each grid was accepted as 1 
and drawings were made. 

The date of 15 October 2020 was used for the analyses. This date was 
chosen because the station was established in October 2020. 
Measurements are taken with the Davis Vantage Pro 2 meteorology 
device (Figure 2). 

 

Figure 2. Davis Vantage Pro2 measurement device and measurement 
point 

Sky View Factor (SVF) values were also measured during the 
measurements in the field. The SVF value is the sky visibility ratio. 
The SVF value in the field takes a value between 0 and 1. The closer 
the value is to 1, the closer the sky visibility is to 100% clarity. SVF 

measurement at certain points around the study area was taken with 
Nikon D5200 camera with the help of fisheye lens. 

Three different scenarios were created for the study area. The 
situation where the study area is not a tree but only a grass area has 
been analyzed as the current situation. Mixed tree groups were used 
in 10%, 20% and 30% increments in the proposed scenarios (Figure 3). 
Care was taken to use naturally grown trees in Erzurum for the tree 
groups used. Therefore, Pine tree (Pinus sp. (ENVI-met code= C2)) was 
used as coniferous tree and Birch tree (Betula sp. (ENVI-met code= B7)) 
was used as deciduous tree. 

 

Figure 3. SVF value of workspace and 3D view of proposed scenarios 

 

 

3. Results 

The current situation and 3 different scenario analysis in the study 
area were made in the ENVI-met program. Currently, there are no 
trees, only grass. Considering the 3 suggested scenarios; 

 In the first proposed scenario, 3 birch (Betula sp.), 1 pine tree 
(Pinus sp.) 

 In the second proposed scenario, 6 birch (Betula sp.), 2 pine 
trees (Pinus sp.) 

 In the 3rd proposed scenario, 9 birch (Betula sp.), 3 pine trees 
(Pinus sp.) were used. 
 

3.1. Current Situation 

For the current situation of the study area, the area of the area outside 
the buildings is drawn as hard ground and green area. In buildings, 
each floor is accepted as 3m and 3-storey buildings are drawn as 9m 
and 4-storey buildings are drawn as 12m (Figure 4). 

 

Figure 4. Interface of drawing the study area current situation in 
ENVI-met program 

Looking at the current situation analysis results of the study area, the 
minimum air temperature value is 18.2 ℃ and the maximum air 
temperature value is 20.8 ℃ (Figure 5). 
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Figure 5. Current situation analysis result of the study area 

3.2. Proposed Scenario 1 

For the study area proposed scenario 1, different tree groups were 
used in the area between the buildings (Figure 6). These are 3 Betula 
sp., 1 Pine sp. 

 

Figure 6. Study area interface of drawing of Proposed Scenario 1 in 
ENVI-met program 

Considering the proposed scenario 1 analysis results of the study area, 
the minimum air temperature value is 18.2 ℃ and the maximum air 
temperature value is 20.8 ℃ (Figure 7). 

 

Figure 7. Analysis result for Proposed Scenario 1 of the study area 

3.3. Proposed Scenario 2 

For the proposed scenario 2 of the study area, 6 Betula sp., 2 Pine sp. 
used (Figure 8). 

 

Figure 8. Study area interface of drawing of Proposed Scenario 2 in 
ENVI-met program 

Considering the proposed scenario 2 analysis results of the study area, 
the minimum air temperature value is 18.2 ℃ and the maximum air 
temperature value is 20.8 ℃ (Figure 9). 

 

Figure 9. Analysis result for Proposed Scenario 2 of the study area 

3.4. Proposed Scenario 3 

For the proposed scenario 3 of the study area, 9 Betula sp., 3 Pine sp. 
used (Figure 10). 

 

 

Figure 10. Study area interface of drawing of Proposed Scenario 3 in 
ENVI-met program 

Considering the proposed scenario 3 analysis results of the study area, 
the minimum air temperature value is 18.1 ℃ and the maximum air 
temperature value is 20.8 ℃ (Figure 11). 
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Figure 11. Analysis result for Proposed Scenario 3 of the study area 

4. Conclusion and Discussion 

When the current situation and all proposed scenarios are examined, 
the potential air temperature of the current situation is 18.2 ℃ at 
minimum and 20.8 ℃ at maximum. In the proposed scenarios, the 
potential air temperature was the same in the other 2 scenarios 
except for the proposed scenario 3. Only in the 3rd scenario, in the 
case of the highest plant density, the minimum air temperature was 
18.1 ℃ and the maximum air temperature was 20.8 ℃. Compared to 
all other scenarios, there was a decrease of only 0.1 ℃ at the 
minimum. 

 

Figure 12. Analysis result of all scenarios in the study area 

While the potential air temperatures did not change, it was observed 
that the dark blue color between the buildings increased gradually 
when the temperature color transition was examined (Figure 12). This 
showed that the outdoor thermal comfort increases as the plant 
density increases, even if the environment does not feel cold. 

When the SVF ratios just outside the study area are examined, it is 
seen that the SVF value in the area is close to 1, that is, it is close to 
100% sky openness. When the analysis results of the absence of 
wooded areas, the large open area and the excess of hard ground are 
examined, it has been shown that the red color in the outdoor thermal 
comfort range is more in these areas. This shows that there is a 
negative situation for the summer months. Thermal comfort 
decreases as the color changes from blue to red in the outdoor thermal 
comfort range. 

In other studies, it has been observed that as the vegetation cover 
increases, the cooler places increase more [4,5,6]. 

As a result of the study, the decrease of the potential air temperature 
by 0.1 ℃ in the area with the most intense vegetation actually reduced 
the reflection rate in the area and increased the shading rate, thus 
reducing the temperature. In other studies, it was observed that the 
decrease in the reflection rate and the increase in the shadow 
positively affect the outdoor thermal comfort [10,6,11]. 
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