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ABSTRACT

Background: The urban open spaces and their effects on the physical and mental health
highlights the attention on the quality of such spaces. Thermal comfort is an environmental
component affecting the reactionary behavior of people in these spaces. The present study aimed
to investigate the relationship between mental components and landscape structure and its effects
on the thermal assessment of individuals.
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Methods: In this study, we used the descriptive method for explaining the mental components
and landscape structure. Then, the survey method was employed for determining the correlations
between research variables. Finally, we used the experimental method for testing the variables
using specific tools. Thermal analysis was done by computer simulation method using ENVI-met
software in the Karoon river area in Ahvaz City, Iran. UTCI (universal thermal climate index) is
the index used for assessing thermal comfort. To find out the relationship between the research
variables, the field data were randomly collected by questionnaires using the Cochran formula.

: Results: The findings demonstrated the existence of a relationship between landscape structure
Keywords: . and different mental states in individuals. The moods of the individuals in open spaces affect their

Urban open spaces, Mental perceptions of the landscape and thermal assessment of the environment.

components, Landscape Conclusions: Eventually, and based on the study findings, it was found that people’s mental

structure, Thermal . States in different situations affect their perception of the landscape’s quality and structure and
assessment, Karoon River :  reactionary behavior. It also influences their thermal assessment.

1. Introduction the outside environment [1]. It has the nature of the place

but is the product of human experience in a space [2].

andscape is a type of space that results Tom Turner calls the city a landscape and believes that

from the interaction between humans and the most fundamental basis of a city is what we perceive
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[3]. City landscape is the interface between man and the
urban phenomenon [4]. Some experts call it an objective
reality; some consider it a subjective reality, definable in
the mind of citizens. Still, most believe that objective and
subjective aspects both comprise the predominant feature
of the urban landscape. They argue that objective and sub-
jective aspects are interdependent and necessary to define
urban landscape [5]. Creating comfort in these urban land-
scapes is directly related to how much people use them
and people’s type of behavior and kind of presence [6].
Meanwhile, it is crucial to consider the general comfort
resulting from climate, called thermal comfort [7].

To evaluate the thermal comfort in the urban land-
scape, it is not enough to use a quantitative approach to
describe the conditions, but we need to consider men-
tal adaptation and parameters [8]. Because the features
and structure of these spaces affect human mental health
and produce different reactionary behaviors [9]. In this
regard, Rabiatul et al. have emphasized the necessity
of mechanisms of perception and adaptation to thermal
comfort in open spaces. These mechanisms show the
thermal adaptation of responders from the physiological
point of view. Also, they believed in the crucial effects of
micrometric parameters and individual characteristics in
people’s perception of the urban open spaces [10].

People from various cultures and characteristics express
different behavior in similar conditions [11]. In such a
situation, the environment is critical for controlling reac-
tionary behavior. By recognizing the undesirable factors
in architectural spaces, the negative reactionary behavior
could be modified [12, 13]. In fact, it could be said that
physical criteria and landscape structure have significant
impacts on thermal comfort of urban open spaces and
micro-climates—from texture to structure, including
physical elements like height, confinement, vegetation,
etc.— and must be taken into account [13, 14].

However, despite the significant number of studies re-
garding urban outdoor spaces design and its importance
for using these places, studies in this area are still few
compared with studies on climate comfort in indoor
spaces [14]. Consequently, lack of scientific resources
for this topic has led to inefficient designs in urban open
spaces and undesirable effects on human health, comfort
condition, and even social condition [15].

Hence, considering the lack of literature in the climatic
design of the urban open spaces and its proven effects,
it is necessary to compile efficient designing methods to
upgrade thermal comfort quality in urban open spaces. It
seems that there is a relationship between the landscape
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structure, mental components, and thermal assessment
of individuals. Then, based on the research hypothesis,
this question is raised about how the relationships are
between the landscape structure of Karoon river bank,
the mental feeling of individuals, and their effect on the
way individuals assess the temperature.

The present study aims to assess the mental compo-
nents of the users in the urban river landscapes and their
effects on the thermal response of the users. First, we
investigated the thermal comfort of the area and then
assessed the impact of desirable or undesirable thermal
comfort conditions and mental components and psycho-
logical responses on each other. Besides, after evaluat-
ing the mentioned factors, we address the relationship
between thermal comfort changes and landscape figure
and their effects on each other.

2. Materials and Methods
Research method

This research is an applied study in terms of its objec-
tives. The research design is a mixed-method, including
a descriptive method for explaining mental and thermal
comfort components, a survey method for determin-
ing the correlation between research variables, and an
experimental method for testing variables with climate
simulating software. Based on the research findings, a
questionnaire for assessing mental components and
landscape $tructure was prepared. Also, another ques-
tionnaire based on a 7-point scale of Ashrae [16] was
used for analyzing the thermal sensation of individuals.
The parameters affecting the thermal comfort, including
temperature, humidity, globe temperature, wind speed,
etc., were measured by ENVI-met software in the study
area. The questionnaires were distributed in the statisti-
cal sample (n= 384) calculated by the Cochran formula
considering 2% error.

Study area in terms of time and place

Considering the significant role of the rivers as the main
artery of Ahvaz urban structure, which is located in a
warm and semi-humid climate and has an acute climatic
condition, we chose the urban bank of the Karoon river
for the research to test the obtained criteria. Based on the
features and structure of the landscape, a part of the river-
bank was chosen, and the data analysis was done on the
east side of the river. By considering the physical, iden-
tity, and aesthetic characteristics (land appearance) of the
landscape, four sites or stations were chosen for data col-
lection and processing. The climatic data were taken dur-
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ing a 24-hour period on June 22. Then, the modeling of
the area was presented with temperature charts, humidity,
wind, mean radiant temperature at 9 AM and 5 PM.

3. Results and Discussion
Examining the landscape structure in selected stations

To compare accurately the sites selected from the envi-
ronment, it is crucial to analyze and survey the stations
(Table 1). As stated before, four sites were chosen as data
collection stations at the eastern side of the river that pro-
vided the climatic parameter data in 24 hours. Of these
stations, two were near the vegetation area with trees,
and the other two were at open areas and squares con-
taining multiple pavement materials (Figure 1).

Examining the mental components

To determine the dimensions of mental components, we
reviewed the relevant studies and interviewed experts in
the psychological field. In the end, four reactionary behav-
iors were chosen based on which a proper questionnaire
was prepared. The validity of the questionnaire was ap-
proved, by five experts, before its distribution. The select-
ed reactionary behaviors are shown in Figure 2. Also, for
determining the mental state of individuals at the time
of data collection, some questions were asked, and ac-
cording to the conducted surveys, it was found that the
individuals’ responses in different mental states could be
combinational and tend toward one side of the spectrum
that change their thermal responses.

Checking the comfort condition of the area

Analyzing the data processors located at the envi-
ronment

To analyze the individuals’ thermal assessments, it is
necessary to study the thermal comfort state in the area.
This condition was investigated on June 22, the beginning

Station 1

Figure 1. Pictures of selected stations for the project
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of summer in Iran. At this stage, the data were fed into the
software, and the period of model analysis and climatic
data were based on the 50-year climatic data of Ahvaz En-
ergy plus (energyplus.com). The data were studied with
Weather Tool software. Then, the hourly output was taken
and entered the ENVI-met for June 22. The climatic data
that were put into ENVI-met included the temperature
(on Kelvin temperature scale), direction and speed of the
wind measured in 10 m above the ground, relative humid-
ity, and specific humidity. Figure 3 shows the processing
operation and input data given to ENVI-met.

Initial modeling by ENVI-met

By using ENVI-met, the positions of all items at the
site, such as vegetation, water zone, building masses, dif-
ferent material at the site, etc., were specified. Since the
stations were at the east side of the river, this modeling
was for the eastern area of the river (Figure 4).

Charts for the current condition of the area under
analysis

The output graphs display the state of the climatic com-
ponents on the east side of the river, including tempera-
ture, humidity, wind, and the mean radiant temperature,
which affect thermal comfort from 9 AM till 5 PM.

Temperature

Figures 5 and 6 show that at 9 AM, the minimum
temperature is 31.2 °C, and the maximum is 35.77 °C.
According to the graphs, the increase in temperature at
the street in the early morning could be due to the ra-
diant by the asphalt of the street surface. In the graph,
the temperature at 5 PM increased due to the constant
solar radiation over the area under study, which led to
a higher increase in temperature in the center of the site
and building exterior views.

Relative humidity

N I

Station 3

Station 4
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Table 1. Features and landscape structure in selected stations
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Physical Features

Identity Features Aesthetic Features (Land Ap-

ky Vi earance
. Crowd- Sky View = )
Stations . Factor . . Tomb or
ing . Micro- Urban Sign and . - Pave-  Topogra-
(SVF) RSEstoten space Furniture  Symbol NEELEL - B ment h
5 Y Building i
1 Crowded 0.35 Dense FL>:|r(I2< Yes Yes No Yes Grass Yes
2 Crowded 1 LEnse CL L Yes Yes No Yes Mosaic Yes
pattern Park
3 Crowded 0.91 Thin Play- Yes Yes No Yes Asphalt No
ground
Not .
4 1 Dense Park No No No No Mosaic No
crowded

Regarding the relative humidity graphs taken at 9 AM
and 5 PM, in the early morning, there is a considerable
amount of humidity in the airflow because of the short
time of sun being exposed to the area and the air flowing
among the trees and building environments has caused
fluctuations in the amount of humidity. In areas with
dense vegetation and short trees or the areas nearer to the
masses of taller buildings, the relative humidity decreased
at 5 PM after several hours of direct sunlight to the site
and warming up the environment (Figures 7 and 8).

Wind speed

The wind speed in this area at both 9 AM and 5 PM was
approximately similar in most parts of the sites because
of the absence of tall buildings and the presence of thin
vegetation with a scattered pattern of planting. The fast-
est wind speed in this complex is 1.8 m/s. Also, among
the buildings and near the dense vegetation, a decrease in
wind speed is witnessed. In other areas, the wind speed
is relatively similar because of the absence of significant
and notable barriers (Figures 9 and 10). Several studies
have been conducted on the effect of wind flow on urban

open spaces, which report the impact of ventilation on
temperature changes and thermal comfort [17].

Radiant temperature

Recently, the effect of landscape structure of urban
spaces on solar radiation and its impact on pedestrian
thermal comfort has been studied [18]. In this area, ex-
cept for places near the buildings and vegetation which
created shadows, the mean radiant temperature at 9 AM
is in the same range. This parameter has a higher mean
radiant temperature at 5 PM due to the constant shining
of the sun on the surfaces and crusts throughout the day.
Moreover, this parameter increases the surface tempera-
ture of materials (Figures 11 and 12).

Calculating UTCI and examining the comfort con-
dition of the area

At this stage, based on the outputs taken from ENVI-
met, which include wind speed, temperature, relative
humidity, and mean radiant temperature, and by using
Relation 1, the minimum, maximum, and mean values of
UTCI (universal thermal climate index) were extracted

Exciting

S

Boring <

» Enjoyable

B

Tiresome

Figure 2. Selected reactionary behavior
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Figure 3. Procedure method and input data

for each station. According to the heat stress thresholds
of UTCI [19], there is heat Stress in terms of comfort
conditions in all stations (Table 2). So that the minimum
and mean amount of this indicator were on the moderate
to high heat stress state and the maximum amount was at
the high heat stress state (Equation 1).

(1) UTCI=3.21+0.872 T+0.2459 Tmrt+(-2.5078 .V)—
0.0176.RH

In Relation 1, T stands for temperature in °C, Tmrt de-
notes mean radiant temperature in °C, V stands for wind
speed in m/s, and RH represents the humidity rate in per-
centage. One important input for calculating UTCI is the
mean radiant temperature (Tmrt). This input expresses
the thermal effect of the sunshine and temperature on hu-
mans and shows an uneven surface in an imaginary area
surrounding a person [20]. It is calculated by ENVI-met.

Figure 4. Initial models of the east side of the river

Analysis of questionnaires” data

A qualitative study of mental components and land-
scape structure data extracted from the questionnaires
distributed among the people present at the sites was
done in the test times. The questionnaires were compiled
and distributed according to the Ashrae 7-point scale.
Afterward, SPSS v. 22 was used to analyze the obtained
data from the questionnaires and find the relationship be-
tween the mentioned components.

The research hypothesis states that there are relation-
ships between landscape structure, mental components,
and thermal assessment of the individuals. In this study,
the dispersal chart proves the existence of relationships
between landscape structure, and mental components,
too. For determining this relationship and its strength, a
statistical test was performed (Figure 13).

According to Table 3, the resulting value is less than
0.05, and the relationship between the variables is con-
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Figure 5. Temperature graph of 9 AM

Figure 7. Humidity at 9 AM

Figure 9. Wind speed at 9 AM

firmed. The coefficient of this correlation is 0.665. This
figure suggests that landscape structure affects the men-
tal assessment of the individuals, and its effect is signif-
icant. The inspiration that riverbank creates in people
could give them a feeling of comfort.

Recent studies have examined the average thermal
comfort in hot and humid climates and the relationship
between thermal comfort and users’ feelings in open

Journal of
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Figure 6. Temperature graph of 5 PM

Figure 8. Humidity at 5 PM

Figure 10. Wind speed at 5 AM

environments. However, these studies overlooked the
role and effect of landscape structure on thermal com-
fort and mental components and the interactions of these
three components [21]. In this research, based on data,
in station 1, the UTCI value of 31.5 showed medium
heat stress in the area. According to the studies done, the
positive mental and spiritual state of the individuals and
the feeling of belonging to the environment has changed
their thermal response and expressed it as neutral. In
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Figure 11. Radiant temperature at 9 AM

Table 2. UTCI amount in four selected stations

Figure 12. Radiant temperature at 5 PM

Summer 2021. Volume 9. Number 3

Comfort State Universal Thermal Climate Index
Stations

Min. Max. Mean Min. Max. Mean
1 Mod;et;aetsesheat High heat stress  High heat stress 31.5 60.93 46.21
2 MEREERWED o b s, 2R LIEED 30.37 61.02 45.69

stress stress
3 High heat stress  High heat stress  High heat stress 32.08 61.05 46.56
4 EREERWEED g s, 20O R 30.63 60.58 456

stress

stress

contrast, they have described the landscape quality and
structure as positive. Station 4 has had an opposite con-
dition to station 1. Although the situation, in terms of
comfort, is like station 1 with medium heat stress, the
thermal assessment and landscape quality have been
interpreted as negative due to the individual’s spiritual
and mental unfavorable state. Thus, the person had either

been in an unfavorable spiritual state before arriving at
the area or after staying at the site, he was affected by
the unfavorable quality of the landscape, and his mood
had changed. Accordingly, in both conditions, there is
a significant relationship between the mental state and
an individual’s thermal assessment. In other words, the
people’s spiritual and mental state could affect their eval-
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Figure 13. The dispersal chart of landscape structure and mental components
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Table 3. The significance level of landscape structure and mental components

Model Correlation Coefficient Significance Level

Landscape structure mental components 0.665 0.0001

Landscape structure _ Mental states > Thermal

assessment of
U S— ¥ %
1

1 1 I 1 1 . !
! Do ' 1| Peace Joy ! Positive !
! Lighting Vegetation :__’L | | : thermal I
! ! T PP PPy - ! assessment :
! : : stress Sad ' : :
: Quality of Urban I ! : I Negative !
|| passages furniture |, I . | | thermal I
, l | Tired Bored I [ assessment ||
L e e e e e e ! | 1 1
I— ________________ 1 1 1 L i !
\ 1 1 1
I Smell Sound - ! A :
:_ _________________ 1 L e e e e e e e e e e e o 1

Figure 14. The relationship between landscape structure and the mental states

uation of heat, landscape quality, and structure and lead
to unexpected and different responses.

4. Conclusion

According to the data extracted from the questionnaires
and their analysis and based on the comfort condition and
mental state of individuals and environmental condition,
the relationship between mental components and land-
scape structure is confirmed with a correlation coefficient
of 0.665. This relationship is also bilateral. On the one
hand, the mental state of the individuals could affect their
response to the environment and landscape quality and fea-
tures (in terms of vegetation, lighting, smells and sounds in
the area, urban furniture, equipment, and passages quality),
and on the other hand, landscape quality could affect the
mental state of individuals and change their feeling of being
in an open area near the river.

Also, the mental components of individuals could affect
their thermal assessment and create different and unexpected
responses to the comfort condition of the environment. For
instance, individuals in stations with favorable landscape
conditions, in terms of vegetation, connection to the river,
etc., but with negative mental state, described the landscape
as boring and tiresome, and their thermal assessment was
also negative in this condition. On the contrary, individuals
in stations with low-quality landscapes, especially in terms

of vegetation, urban furniture, urban equipment, and quality
of passages, even in the absence of comfort conditions, had
positive thermal responses and described the landscape as
exciting and enjoyable. This finding proves the relationship
between the effect of mental components on the analysis
and description of the landscape and the thermal assessment
of individuals of the environment (Figure 14).
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