uarterly Scientific Journal of Technical and Vocational University

Winter 2023, Vol. 19, No. 4, p. 333-364
Journal Homepage: https://karafan.tvu.ac.ir/?lang=en TVU

d - 1:10.48301/KSSA.2022.298183.1650

Comparison of Thermal Performance of Broadleaf and
Coniferous Trees in Urban Canyons (Case Study: City of Isfahan)

Tahereh Koulivand®*

1Faculty Member, Department of Architectural and Builiding, Technical and Vocational University

(TVU), Tehran, Iran.

ARTICLE INFO

ABSTRACT

Article Type:
Original Research

Received: 10.16.2021
Revised: 05.04.2022
Accepted: 05.28.2022

Keyword:
Vegetation

Thermal Comfort
Urban Canyons

Hot and Dry Climates
Envi-met

*Corresponding Author:

Tahereh Koulivand
Email:
t.koulivand@yahoo.com

With the growth of urbanization and the increase in the density of
buildings, emerging urban valleys face greater problems in terms of
pollution and temperature. Severe thermal stresses in these valleys have
reduced the level of thermal satisfaction of passers-by. Planting
vegetation is one important method of reducing air temperature and
improving thermal comfort, particularly on sidewalks. Shading or
evaporative cooling helps to improve ambient temperature conditions.
Studies conducted in Isfahan show that trees are the most repetitive type
of vegetation in the valleys of Isfahan. They create different thermal
conditions in the passage. The purpose of this study was to investigate
the difference in thermal impact between the most common type of
broadleaf tree and the most frequent type of coniferous tree in the urban
valleys of Isfahan with different H / W ratio and orientation. Envi-met
v4.1 software was used to evaluate the impact of trees with different
characteristics in urban valleys. First, through field study, the conditions
of urban valleys and recurrent vegetation in the environment were
determined. Then, by simulation with the mentioned software, the
thermal conditions created in summer and winter in urban valleys were
studied and compared. The results show that broadleaf (deciduous)
trees performed better under all four directions in summer and reduced
pmv by a maximum of 2.5 units. In winter, coniferous (evergreen) trees
protect the passages from the wind. The winter cold provided better
comfort conditions based on the pmv index. Conditions were improved
by a maximum of 0.3 units. However, in general, summer and winter
deciduous trees provided the best conditions for thermal comfort. It is
recommended that in the city of Isfahan, particularly in densely
populated areas such as deep and narrow urban valleys, and on windy
roads in winter (with east-west and northeast-south direction) conifers
and leaf trees be planted. At the start of passages, conifers should be
planted to control the speed and intensity of winter winds.
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EXTENDED ABSTRACT

Introduction

On a small scale, such as sidewalks, green spaces play an important role in improving
thermal comfort conditions through shading and evaporation. Several studies have
demonstrated the use of vegetation at the urban level to reduce the temperatures.
Vegetation can affect the ambient temperature due to different conditions and its specific
type. It is an important process in positive effects. Green space is based on air temperature,
evaporation and transpiration, which affects the temperature of the environment. By
absorbing the heat of the sun, plants turn their moisture into steam and release into the
environment, causing the cooling of the plants as well as the air. Therefore, the type of tree
leaf and the level of sunlight it receives, and the level of evaporation and transpiration
impact the effect of trees on the temperature conditions of the environment.

Methodology

The research method of this article was descriptive and analytical. The method included
three stages: 1) library studies to know the influencing factors and parameters in detail; 2)
field harvests and measurements carried out on the three sections of tissue harvest and
vegetation level, parameter measurement of climatic conditions and the distribution and
completion of the questionnaire in the selected samples to obtain the required information
on factors causing thermal dissatisfaction and to develop a hypothetical model; and 3)
simulation with Envi-met software to test the hypothetical solutions of the research.

In the present research, the urban valleys of the 3rd and 5th regions of [sfahan city were
selected as study samples.
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Figure 1. Schematic overview of the Envi-met model.

Results and discussion

Due to the vertical direction of the wind along the north-south valley, the wind speed at
the beginning and end of the passage increased slightly under the influence of the external
wind flow, but in the center of the passage, its speed decreased by approximately 0.4 m/s.
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The changes in wind speed in two of the passages was the same with the two different types
of trees. The air temperature in the avenues with deciduous trees was lower on average by
1.5-2 degrees Celsius compared to the avenues with evergreen trees; the reason for this was
the broad shade of deciduous trees. According to Figure 3, the trend of air temperature
changes was spatially consistent with thermal comfort changes. This shows that air
temperature in north-south passages was the most effective factor on thermal comfort.

Thermal comfort based on the PMV index in passages with evergreen trees varied by
between 4-2.4 and in the passages with deciduous trees, it varied by between 4.3 and 2.3. It
can be concluded that deciduous trees are much more suitable in the north-south corridors
with significant differences in air temperature and thermal comfort between the two
scenarios due mainly to the widespread shade of deciduous trees.

The air temperature at the beginning of the valley in both vegetation scenarios was
approximately 34 degrees and increased in the center of the valley with evergreen trees and
reaches 35 degrees. In the scenario of deciduous trees, the air temperature at the beginning
of the valley was initially 34 degrees and gradually decreased to 31 degrees. Thermal
comfort in this passage was influenced by air temperature more than any other factor and
repeated the behavior pattern of air temperature in such a way that PMV at the beginning
of the passage was equal to 3.5 and gradually reached approximately 3 units. However, in
the scenario of evergreen trees, the PMV index was approximately 4.5 units.

Thermal comfort conditions were improved by reducing the wind speed; the similarity
of the air temperature pattern and thermal comfort illustrated that in this passage,
evaporative cooling could greatly improve thermal conditions due to the passage and
intensity of the hot summer wind. Therefore, the density of broad-leaved trees at the
beginning of the passage, which have great evaporative cooling power, can reduce the air
temperature and wind speed, and subsequently improve the thermal comfort conditions.

Air temperature . Thermal comfort

Figure 2. Comparison between passages with deciduous trees and passages with evergreen trees in
four parameters (air temperature, radiant temperature, wind speed, and thermal comfort) in north-
south direction in summer season.
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Figure 3. Comparison between passages with deciduous trees and passages with evergreen trees in
four parameters (air temperature, radiation temperature, wind speed, and thermal comfort) in east-
west direction.

Conclusion

Deciduous trees performed better in summer in all four orientations and reduced PMV
by a maximum of 2.5 units. In winter, evergreen trees provided better comfort conditions
based on the PMV index by protecting the passages from the cold winter wind by a
maximum of 0.3 units. In total, deciduous trees provided the best comfort conditions in
summer and winter.

Table 1. The average level of thermal comfort in passages with deciduous and evergreen trees in all
four orientations.

Summer

Passages with deciduous trees  Passages with evergreen trees

North-South 3/2 4/1
East-West 3/2 4/6
Northeast-Southwest 3 3/7
Northwest-Southeast 3/1 4/65
Winter

North-South -0/65 -0/55
East-West -1 -0/66
Northeast-Southwest -1 -0/6
Northwest-Southeast -0/9 -0/8
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Table 1 shows that the best comfort conditions are created in the summer season with
deciduous trees; in the winter season, the passages with evergreen trees experience better
thermal comfort conditions. Among the examined orientations, the northeast-southwest
oriented passages created better conditions than other passages. This shows that the tree
creates better conditions in the environment due to its greater shading level and leaf density
level. However, in summer and winter seasons, to improve thermal conditions, a suitable
combination of planting trees should be considered in different parts.
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