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The thermal characteristics of an area are not affected lonely by climatic conditions and

Received: 02/07/2021 its seasonal changes; other factors such as urban geometry, vegetation and aquatic
ig‘ééset‘i;j?;gg/f/gggl elements can be effective in improving thermal comfort. Improving thermal comfort is
ptec: one of the important goals in designing urban open spaces. The heat island is an effective
factor in the thermal comfort of the urban sub-climate and the vegetation is also effective
in controlling the heat island. One of the effective solutions in controlling the heat island
of open spaces is to be aware of the different characteristics of different vegetation that
control the impact of this phenomenon. The aim of this study was to investigate the
impact and importance of vegetation and their height in the topography of the site, as one
of the most widely used and effective tools in designing the quality of thermal comfort in
designing part of the urban open space of Nazhvan Park in the west of the city. Isfahan
and provide an optimal model of vegetation height in topography. Data collection
method, field, analytical and quantitative, with comparative analysis method of proposed
design options using simulation in ENVI-met software (4.4.4) in nine different
vegetation patterns With a fixed plant type in ten different points of the site on June 15,
2017, and the criteria for measuring thermal comfort at the site are: air temperature,
relative humidity, air flow and average radiant temperature and the index used in This
study is PMV, which is one of the most comprehensive methods for estimating thermal
comfort. The results indicate that a large number of trees, on the one hand, and higher
Keywords: trees on the other, as well as changes in topographic height, are very effective in
Thermal comfort, Open space,; changing and improving thermal comfort.
Vegetation, ENVI-met.
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Extended Abstract

Introduction

With the increase of industrial estates on the outskirts of cities in recent years, the density of residential areas in
cities has increased (Hamami and Zairi Amirani, 2011, 55) and is expected to increase to 6.4 billion by 2050 (
Fong, Aghamohammadi, Ramakreshnan, Sulaiman, & Mohammadi, 2019). Iran is no exception to this trend
and has led to rapid decline in habitat, biodiversity loss and population density in urban areas across the
country (Hamami and Zairi Amirani, 1390, 55). This population density has caused environmental problems
such as the phenomenon of heat island and reduced biological comfort. Measuring bio-comfort in urban open
spaces is a major challenge that depends on environmental and personal factors and urban factors (Aflaki etal,
2017; Roth, 2007; Wang & Akbari, 2016; Levermore & Cheung, 2012; Oke, 1981; Scucs, 2013). Thus, the
hypothesis of this paper is bio-comfort based on achieving the optimal pattern of vegetation in urban open
space.

The purpose of this study is to investigate bio-comfort and environmental indicators according to various
scenarios. In different scenarios, the change in canopy height of vegetation in different topographies has been
studied and an attempt has been made to evaluate various measures to increase biological comfort. For this
purpose, a part of Nazhvan Park in Isfahan was selected and different scenarios were carefully analyzed using
the ENVI-met simulation tool. Then, the effective indicators in the proposed scenarios were compared with
each other and the effect of the scenarios on microclimatic conditions was evaluated. Therefore, simulations
can provide us with a good solution to improve bio-comfort.

Study Area

Bio-comfort was introduced in the twentieth century, and its general definition is that it is usually defined as
the condition that the mind, human bio-comfort in the open air is a new issue that is more than before due to the
presence of citizens in the open air.

Trees are much more effective than other plant elements in regulating climate. (El-Bardisy, Fahmy, & El-
Gohary, 2016; Lee etal, 2016) Tree shade can minimize average radiant temperatures and surface temperature
and temperature Reduce and help improve bio-comfort. (Lee, Mayer, & Schindler, 2014; Lee, Holst, & Mayer,
2013). Trees affect climatic conditions by controlling air currents, reducing wind speed and changing its
direction (Perini et al, 2018) as well as air temperature and surface temperature through the process of
evapotranspiration, shading and reduce direct sunlight (Morakiny et al, 2017).

In the past, there was a wide range of vegetation in Isfahan, especially Nazhvan Park, the remains of these
habitats can still be seen in parks and green spaces (Hamami and Zairi Amirani, 1390, 55).

The scenario of this research is the change of height of current plants (sycamore) in topography, which has a
major effect on creating shade, reducing temperature and increasing biological comfort, and consists of three
parts:

1- Plant height up to 2 meters and their composition (SC2.1, SC2.2.SC2.3)

2- Plant height up to 10 meters and their composition (SC2.4, SC2.5, SC2.6)

3- Plant height up to 20 meters and their composition (SC2.7, SC2.8, SC2,9)
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Figure 1: Scenario of tree canopy height and topographic change
(Source: Authors, 1400)
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Material and Methods

This is a case study based on a research project that, in the first step, conducts experimental studies and on-site
(field) measurements using two surface thermometer instruments, a thermometer-hygrometer and also the use
of meteorological station information. ENVI-met software was used for validation. In the second step,
scenarios with 10, 2 and 20 m plants were simulated using the ENVI-met model to investigate the effect of
vegetation height in different topographies to achieve bio-comfort. The analyzes were performed in 9 different
patterns of canopy height according to the vegetation available at the site in the morning and afternoon at 10
different points of the site. The focus of this study is on the role of tree canopy height in different topographies
on factors affecting bio-comfort. Envimet software can be considered as one of the most common software
when dealing with the impact of urban design and urban planning on environmental and micro-climate
variables (Johansson et al, 2014. Chen, 2012. Yang et al, 2012).

Result and Discussion

Regarding the of Biomet software, the data were analyzed and the relationship between each parameter and
bio-comfort in ten virtual receivers at the site in 9 patterns at 9 am and 2 pm. Each of these patterns represents
their effect on each of the virtual receivers. By examining these 9 patterns, the optimal pattern will be obtained.
Due to the influence of other factors, such as floor materials, sky visibility, etc., each of the receivers should be
evaluated with a similar sample in order to reach a general conclusion about the height of tree canopy in

topography.
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Figure 2: Comparison of PMV
Figure right: Investigation of the role of PMV in tree canopy height in topography at 9 am. Left Figure:
Investigation of the role of PMV in tree canopy height in topography at 2 p.m.
(Source: Authors, 1400)
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Figure 1 compares the PMV of plants at 10 receptors. Receptors 1 and 2 are in the highest topography. At 14
hours, these receptors in the 20-20-20 pattern, 0.8 and 0.83, respectively, as the lowest PMV, and in the 2-2-2
pattern, 2.58 and 2.53 as the highest, respectively. Show PMV. At 9 o'clock in the morning, receptors 1 and 2,
in patterns 2-10-20, 10-2-20 and 20-20-20, the numbers 2.45 and 2.5 as the lowest PMV and in pattern 2-2 -2
show 4.49 and 4.8 as the highest PMV. Receptors 6, 5, 4, 3 and 7 are located in the middle layer of the
topography. At 2 p.m., receptors 6, 5, 4, 3, and 7 in the 20-20-20 pattern numbered 0.85, 0.76, 0.79, 2.4, and
1.87 as the lowest PMVs, and in pattern 2 -2-2 Receptors 6,5,3 and 7 show 2.5, 2.55, 2.59 and 2.59 and
receptor 4 in 10-2-20 pattern shows 2.95 as the highest PMV. (3221 At 9 o'clock in the morning, receptors 6,5,3
in patterns 20-20-20 and 20-10-2, number 2.5, 2.4, 1/4 and receptor 4, in pattern 10-20-2, number 93 / 4 and
receptor 7, in patterns 10-20-2 and 20-20-20 show 2.65. Receptors 9, 8 and 10 are in the lowest topography. At
2 p.m., receptors 9, 8, and 10 in the 20-20-20 pattern, 0.8, 0.76, and 2.47 as the lowest PMV, and in the 2-2-2
pattern, 2.66, 7 Show 2.2 and 2.65 as the highest PMV. At 9 o'clock in the morning, receptors 9, 8 and 10, in
patterns 20-2-10, 20-10-2 and 20-20-20, the numbers 2.5, 2.42 and 4 as the lowest PMV and in the pattern 2-2-
2 shows 4.53, 4.57 and 4.58 as the highest PMV. The results of these graphs show that the higher the canopy
height and number of trees, the greater the bio-comfort due to the increased shade of the trees, and the lower
the canopy height, the lower the canopy height. Bio-comfort is more stable, and although topography has an
effect on temperature, denser trees with higher altitudes have a greater effect.

Conclusion

This study, considering the role of tree canopy height in Nazhvan Park in Isfahan, has tried to study the role
and function of tree canopies in the formation of bio-comfort. Types of sycamore tree crowns (the dominant
tree in the region) were studied by considering climatic factors and their effect on PMV and biological comfort
was obtained. In the table below, the differences between the highest and lowest PMV scenarios at 9 am and 2
pm were compared.

Table 1: Comparison of the difference between the minimum and maximum PMYV scenarios at 9 am and 2 pm

PMV SCENARIOS
14 9
0.29 0.21 SC2.1(2-2-2)
1.93 1.83 SC2.2(10-20-2)
1.93 171 SC2.3(20-10-2)
156 1.18 SC2.4(10-10-10)
1.95 174 SC2.5(2-20-10)
1.93 174 SC2.6(20-2-10)
2 1.76 SC2.7(20-20-20)
1.93 1.68 SC2.8(2-10-20)
1.93 1.67 SC2.9(10-2-20)

Table 1 shows that in SC2.1 scenario with 2 m trees, in SC2.4 scenario with 10 m trees and in SC2.7 scenario
with 20 m trees, the PMV difference is increasing, respectively, which shows the effect. The height of the
canopy is on PMV. In other scenarios, the PMV is close, but in situations where the 20-meter trees are at a
wider level, the PMV is increased. Measured data from climatic factors show that the largest difference in
temperature at 9 am and 14 is in the SC2.7 scenario, which is 1.02 and 1.56 ° C, respectively, the largest
difference in relative humidity at 9 am. And 14 is related to SC2.7 scenario which is 8.49 and 3.99 percent,
respectively, and the largest difference in average radiant temperature at 9 am and 14 is related to SC2.7
scenario which is 30.4 and 30.19 degrees Celsius, respectively, and the difference in speed is. The wind in the
scenarios is not high due to the low altitude, but the biggest difference in wind speed at 9 am and 2 pm is
related to the SC2.7 scenario, which is 2.69 and 2.56 m / s, respectively, and this indicates that whatever the
altitude The longer the canopy of the trees, the greater the difference between climatic factors and the
environment and in the sun. These results confirm the role of tree canopy height on bio-comfort and the
presence of vegetation with higher canopy height causes proper shading, especially in the critical summer hours
and increased evapotranspiration in areas with land uses. There are different types and topographies that can
explain the achievements of this research. The amount of tree shading has the greatest effect on the average
radiant temperature and then on the air temperature, relative humidity and wind speed. Thus, paying attention
to the height of the trees planted and considering the available topography, plays an important role in creating
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shade. In the hot and dry environment of Isfahan, increasing the number of native trees is one of the factors that
reduce the cost of maintaining vegetation and increase the biological comfort of the environment.

The results of similar studies also show that trees reduce air temperature more than grass due to more shading
(Lin et al, 2017; Giridharan et al, 2008; Lee et al, 2016; Zheng et al, 2016). Tree species also play an important
role in climate change due to differences in tree canopy, tree height, difference in leaf area of trees, albedo of
tree foliage, etc. (Eniolu et al, 2018). The results of this study, in comparison with the research (Karimi et al,
2020) and (Pingying et al, 2020) provide similar outputs on the effect of tree canopy height. But since no
detailed research has been done on tree canopies and topography, this research can complement the research of
Karimi et al. And Ping Ying et al. Comparison of previous articles and the results of the present study,
considering the change in height of a type of tree (sycamore), shows that the placement of trees with lower
height in lower topography and trees with higher height in higher topography causes uniform biological
comfort in The environment becomes.

By reviewing the points obtained from the software, several design steps are taken to improve the biological
comfort in the environment, including:

1- Using green space appropriate to the area and communicating with trees.

2- Maintaining the remaining vegetation and increasing it and using plants with higher altitudes to reduce the
air temperature and increase the relative humidity.

3- Creating blinds in space and preventing annoying winds by suitable vegetation.

Key words: bio-comfort, Urban Heat Island, urban open space, Pavements, vegetation, ENVI-met.
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