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Abstarct
The present research is a study of the thermal effect of vegetation cover on outdoor thermal comfort is residential areas in
Biskra city during the hot period. Through numerical simulations using different scenarios of vegetation cover type where
main PMVs have determined, besides a user satisfaction survey during typical hot period, the study concludes that vegetation
density and types reduces air temperatures and have a substantial effect on user thermal comfort. The study concludes by
arriving at the thermal effect of each scenario on the hourly values of PMV for the user, where it reaches their perceived
comfort area as determined by interrogation. The results showed that the vegetal massif cover that depends on trees with
dense crowns had an important effect in reducing the air temperature compared to the vegetated flat cover (using climbing
plants), and it also had an effective impact in lowering the hourly values of PMV.
Key words: ATSV (Actual Thermal Sensation Vote), hot and arid region, PMV (Predicting Mean Vote), thermal comfort of
users, vegetation cover.

INTRODUCTION
The relationship between the green cover and the space occupied by humans has been the focus of many studies since
the late last century, as the works of Givoni [1],Bernatzky [2], Rowntree [3], Chiesura [4], Vailshery et al [5]. In these
researches, many positive points are reached and the important roles of the green field in human life on several levels
are revealed, such as the aesthetic, visual, symbolic, acoustic, social, climatic and other aspects. From a biophysical,
social and cultural point of view, the green cover plays an important role in improving human life, where Stewart et al
[6] summarizes it in six points: the effect on the human psyche, the effect on human health, the effect on the purity of the
air, the creation of shadows and humidity Adding an aesthetic aspect to the site and biodiversity.

Furthermore, the effects of the green cover on human life are on several levels, mainly related to its size and location,
from its effects on the architectural and urban levels through its impact on a part of the city or the entire city to the
regional and global level such as tropical forests and Amazon forests, which are classified as the lungs of the world [7,8,9].
These benefits and effects have been the focus of many researchers, most of whom classify them in five points: changing
surface temperatures, water control of the air, purifying air from pollutants, acoustic control, and carbon emission
control [10,11,12,13].
The climatic functions of the green areas in urban space were the focus of serious studies that took part in most of the
points, but differed in their expression, the first classification [14] talks about categorizing the climatic effects of green
areas into tree climatic impact measures: microclimate, local climate and meso-climate, then the other classifications,
each according to the climate impact scale.

According to Shahidan and John [15] there are four ways in which the green cover can affect the urban climate, namely
changing the intensity, direction and quality of wind, relative humidity, solar radiation, terrestrial radiation. While Akbari
et al [16], in a study conducted in the United States of America found that three trees in each dwelling reach a cooling rate
between 17% to 57% at the city level, and with a direct shading rate between 10% to 35% [17].
Based on Andrade and Vieira [14] The effect of the green cover is divided according to the degree of influence as follows:
(a) the effect on radiation, energy and water balance, (b) the effect on air temperature and velocity, (c) the effect on
the human energy balance and then (d) the effect on the thermal comfort level. Thermal modification carried out by
vegetation in the air allows to reduce the temperature, and increases the relative humidity in the air [18], the decrease in
temperature allows compensating the upward movement of air at the level of the urban canopy [19].
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The city of Biskra was known for its dense palm forests that play multiple roles in the social life of its residents; besides
the perceived bioclimatic role of palm oases; which has a significant impact on the local climate. In addition, this effect
can reach 6 °C to reduce the temperature and increase by 12% in relative humidity [20], and this leads us to the fact
that there is a change in the characteristics of the microclimate of the city due to the decreasing vegetation cover in
it; Its areas reached 1,400 hectares in 1962; Recently its area became 49 hectares; According to the statistics of the
governorate of forests for the year 2017 [21].

The decrease in vegetation cover negatively affects the local climate [22], and this forces the population to spend most of
the time indoors, especially in the hot period, which increases energy consumption in industrial indoor cooling [23]. This
leads us to study the microclimate [9] at the level of the fabric of collective housing in the city, and to study the effect of
the plant elements on it, and the extent of their impact on the expected average rating (PMV) of the users of these areas
[24].
The current study’s objectives are to determine the thermal comfort range for group dwelling green area users in June,
July, September, and October for the selected sample and calculate their PMV while they are questioned about their
thermal comfort, extracting the PMV values of data for a typical user in the proposed scenarios to determine the best
plant type and composition that can be used in outdoor spaces while determining its area and size.

MATERIALS AND STUDY METHODOLOGY

This present study combined three of the most valuable approaches in the field of environmental studies (a) a
measurement campaign, (b) a survey and (c) a simulation experiment on a future sample (Figure 3). A preliminary
step was made by collecting all data of the studied site as urban fabric parameters and the detailed vegetated cover
proprieties; counting the plant species, classifying them, extracting their dimensions, then extracting the location of the
plant elements in the site, as well as extracting the sample components from the area and size of the plants in it and the
area and size of residential buildings were the main steps of the collection data process.

Furthermore, a field of measurements was taken in the studied site using the measuring instrument (TESTO 480), which
is intended for measuring several climatic parameters air temperature (°C), relative humidity (%), and wind velocity
(m/s) (Table 1). The measurements were taken on June 17, July 13, September 17, and October 23, at five different times
throughout the day: at 7 a.m., 10 a.m., 13 p.m., 16 p.m., and 19 p.m. (figure 1).
Table1. Characteristics of instrument measuring TESTO 480,[a]
Feature

Values

Temperature (C°, F°, difference – C°, difference-F°)


Measurement
parameters






Flow velocity (m/s, ft/m)

Pressure (Pa, hPa, mbar, kPa, bar, psi, inH2O, inHg,
mmH2O, Torr)
Co2 (ppm, vol %)

Lux (Lux, footcandle)
0.5 s


Measuring cycle

Humidity (RH %, td F°, wet bulb C°, wet bulb F°,
g/m3, g/ft3, g/kg, g/lb, kJ/kg, BTU/lb, ppm, vol%)

Operating temperature 0 to +40 °C
Storage temperature

-20 to +60 °C

Figure 1. Determining the points for
taking measurements in the sample
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Hand instrument

Temperature and Humidity
probe

Velocity wind probe
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Second, as a second step of the research method, on June 17, July 13, September 17, and October 23, 2018, site users
were questioned about the actual thermal sensation vote. The number of respondents was 94. The questions were about
the instantaneous sensation of thermal comfort for the respondent, describing him in the following terms (slightly
cold, comfort, warm, hot, very hot), then asking about age, height, weight, and the activity was practiced five minutes
before the interrogation, and finally describing the type and color of respondents clothes, in conjunction with taking
measurements of air temperature, relative humidity, and air velocity (Table 2).
Table 2. A typical table for taking measurements while interviewing sample field’s users, Source: the author, 2018.
S1
S2
S3

Thermal
sensation

Hour
….

….

….

….

….

….

T air (c°)
….
….
….

Measurement of
RH (%)
Vair (m/s)
….
….
….
….

….

Metabolic rate
(W)

CLO

….

….

….

….
….

….
….

Figure 2. the questioner adapted, source: the author, 2018.

Finally, to simulate the studied site in the proposed scenarios, meteorological information for Biskra city was extracted
from the EPW weather file format (Energy Plus Weather data) for the year (table 3). Among several modeling tools
(Envi-met V4) have been chosen to perform the simulation process. A validation step basing on the RMSE and the MAE
error metrics was made validate the Envi-met model before the simulation process.
Table 3. Model data and Input parameters used for setting the ENVI-met model Items [b]
Model data

Situation
Simulation model size

Biskra, Algeria
Geographic coordinates Latitude:34.84 / Longitude: 5.75
110x110x30 (meter)
Input data
Simulation day
13 July
Simulation time
06:00 - 23:00
Hourly input was forced by data from the meteorological
Initial temperature
31,61 °C
station
Relative humidity at 2m above
Hourly input was forced by data from the meteorological
20,0 °C
ground (%)
station
Wind speed at 10 m
6,39 m/s
Wind direction
107,30°
Specific humidity in 2500 m

8,05 g/Kg
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Case Study

Figure 3. The frame work of study

Environmental analysis
Biskra has a desert climate all year round; the rain is almost non-existent. According to the Köppen-Geiger classification
from 1951 to 2000 [27], Biskra has a BWh climate type, i.e., a desert climate; hot and dry. The annual temperature is 21.8
°C, and the annual precipitation is 141 mm.
The hot season lasts 3.1 months, from June 8 to September 10, with daily high temperatures averaging more than 35°C.
July is the hottest month in Biskra, with average highs of 40°C and lows of 28°C.
From November 17 to March 9, the cool season lasts 3.7 months, with an average daily high temperature of less than
21°C. January is the coldest month in Biskra, with an average low of 8°C and a high of 17°C (see Figure 4).

Figure 4. a) Average minimum and maximum temperature, Figure 4. b) Average Hourly Temperature at
with mean temperature of hot days and cold days, over a
Biskra Airport [d]
30-year period for Biskra city [c]
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Case Study Proprieties
In the present research, the case study has been chosen from the main residential typologies existing in Biskra city. The
neighborhood of 216 dwellings is located on the western side of the city of Biskra within the framework of the new
western residential urban areas planning project, which was established in the eighties. The neighborhood consists of
collective dwellings with a maximum height of 15 m. It is assembled in the form of a rectangle, resulting in a median
area. Around the boundaries of each residential building, you’ll find a cover vegetal specific to the residents, which are
trees, shrubs, and dense climbers that cover the windows on the ground floor. The sample floor is dirt, interspersed with
asphalt roads and concrete corridors. A part of the neighborhood was selected (see Figure 5), which occupies an area of
9975 m2, where the building percentage is 29.9% and the vegetal cover is 21%, of which 13% is in the median area of
the sample and 8% surrounding it.

Figure 5. Maps showing the location of the study site: a) Biskra city; b) District of 216 lodgments, c) limits of study
sample [e]

Vegetation Typology and Characteristics

The vegetation existing in the case study is a group of plant types such as trees, shrubs, and palms, both perennial and
deciduous, distributed circumferentially around residential buildings that do not exceed a height of 15 m. It has different
crowns, from cylindrical to conical and palm-shaped, occupying 21% of the sample area, and Table 5 shows the plant
species found with their heights, numbers, and crown sizes.
Table 4. showing the type of trees in the study sample.
5
15

Crown’s
volume
(m3)
18
243

Cylindrical, dense,
medium

15

810

Spherical, dense,
medium

15

855

sample of trees

Height
(m)

3

Cylindrical, dense, small

5

5

Conic, dense, medium

N°
1
2
4
6

Palm, dense, Small
Palm, dense, medium

15

Creation of the Analysis Model

Nub of
trees

Map showing the location of the sample trees

7
6

27

10

441

9

13
1

Finally, simulating the site under various scenarios by playing on the types of proposed plants, their number, and
dimensions are determined in each case (height, crown width, crown height, crown volume). The PMV was also calculated
using Biomet (an attached application to Envi-met 4) with the inputs of a typical person from the respondents (height,
weight, age, gender, and the CLO value) derived from the questionnaire (see table 2).
The creation of the analysis model depends on two strategies in creating a micro-climate and this is at (Lin, Jiawei, &
Robert Brown) [9, 31], where the first is the shading ratio of vegetation represented by the flat vegetation composition
(climbing plants) in scenario E, and the second strategy is moisture through evaporation-transpiration of vegetation;
Which is represented by the plant mass structures in the following scenarios (C, D), as for scenario (A) it is the original
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case, and scenario B is represented by the case of the sample without vegetation cover. These strategies appear in the
plant formulations for each proposed scenario. Scenario (C) is based on a multi-layered combination of vegetation cover,
alternating between trees with a height of 15 m and a crown width of 9 m; And trees with a height of 25 m and a crown
width of 13 m. For scenario (D), it depends on a single tree structure with a height of 15 m and a crown width of 9 m,
and scenario (E) depends on climbing plants in the form of a trellis with a height of 15 m. In Table 5, we make it possible
to identify the proposed cases for simulation by (Envi-met 4) program, including the case of the original sample; in each
scenario, we review the type and height of vegetation, the total volume of vegetation.
Table 5. Show all modeling scenarios with the volume of the vegetation cover performed by Envi-met V4
The cases

Case A

Case B

Case C

Case D

Case E

crown’s
volume of all
trees (m3)

21258

0

28 107

82620

5122

Cover vegetal
type

Look table 4

-

Canopy trees
h≥15m

Canopy trees
h=15m

Climbing vegetal
h=15m,
thickness =1m

modeling of
cases

3D

RESULTS AND DISCUSSION
ATSV Statistical Analysis
On June 17, July 13, September 17, and October 23 of 2018, the users of the external field of the sample were questioned
about their actual thermal sensation vote (ATSV). The results were that the average percentage of the respondents who
feel comfortable and express it moderately is 45.94% in June; 16.66% in September; 31,81% in October, except for July,
which is considered the hottest month in this period (see Figure 6). The range of measured temperature in this category
ranges between 21.1 and 33 °C, relative humidity is between 25 and 47.5%, and the air velocity is between 0.5 and 4
m/s, and in Table 4; we show the thermal comfort limits for each month (table 6).

207

Figure 6. The percentages of the respondents regarding their feel of thermal comfort in the sample field
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Table 6. The thermal comfort limits by respondents, for each measured month.
thermal comfort limits by each months
Air Temperature (c°)
Relative humidity (%)
Wind speed (m/s)

Behavioral Analysis

Min
28.6
25
0.5

June

Max
33
35.5
4

September

Min
28.5
44
0.5

Max
29.5
47.5
0.5

Min
21.1
28.4
0.5

October

Max
27.6
32
0.8

It was also noted that the category of respondents who were satisfied with the thermal condition was located under the
building shades or tree shades (see Figure 7). Shades have a significant effect on thermal comfort. But it is not the only
one. There are several factors, including wind velocity, that an impact the sense of thermal comfort for the user of the
sample; and the cooling air effect [32]; the thermal insulation coefficient (CLO), which has a significant impact on the user
and is related to the type of clothing and the percentage of coverage of the body [33], as well as its weight, age, height, and
gender, influences determining the thermal comfort field [34].

Figure 7. Behavioral maps for the location of the respondents in each month of the hot period

There is a very important element that interferes in the feeling of thermal comfort for the user of the outer field, which is
the climatic adaptation and the user’s ability to coexist with the thermal state [35], which falls under the adaptation through
behavior, and it may be represented in the actions taken by the user of the field to change his thermal environment such
as reducing clothing, drinking Refreshments, moving in shady places. As for the second method of adaptation, it is the
physiology of the human body, which is a complex system; It gradually adapts to the change in its thermal surroundings,
which may reach a maximum of 42 °C [36], for example, a change in the metabolic processes responsible for energy
production, a decrease in the heart rate, or even the sweating of the skin of the body; It is called thermal endurance,
which is the ability of the body and its cellular structures to withstand heat stress that exceeds the temperature range
that is optimal for human performance [37].

In Figure 8, the interrogation results with the users in June, July, September, and October are represented in performing
behaviors to reduce the thermal stress. Which appears strongly in July, such as going to shade places, standing or walking
under the shade of trees, using a hat or wearing lightweight clothes, drinking water, going out in the early morning or
at the end of the evening, all at a variable percentage from 4 to 19%, where the behavior of Going out at a higher rate
only in July, while in June and September, the behavior of going to shaded places and walking under the shade of trees is
www.ijissh.org | Int J Innov Stud Sociol Humanities | Volume 7, Issue 6, 2022
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the most prevalent, with a percentage of 30.8%, followed by the behavior of reducing clothing by 15.4% in October. The
behavior that distinguishes it from the rest of the months is the increased clothing by 50%, especially in the morning
period, where the CLO value increases from 0.34 in July to 1.05 in October, which indicates that a feeling of moderation
and slightly cool is prevalent.

Figure 8. behavior changes in June, July, September and October

Simulation Experimental Analysis
Validation of ENVI-Met Model

A statistical reading was made between the measured temperature values and the simulated temperature at specific
points in the sample (illustrated in Figure 10) and the simulation values using the (Envi-met) program, where the
measurements were taken in the following hours: 7 h, 10 h, 13 h, 16 h and 19 h from Date of June 17, 2018. We noticed that
there is a convergence between the measured values and the simulation values, but the simulation values in the morning
are close to the measured values; The degree of congruence, then decreasing from it until the difference reaches the
largest value estimated at 4 °C, and this is what we show in the curves of Figure 10 for some points of measurement.
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Figure 9. comparison between observed and simulated values in points of taking measurements in the sample
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The accuracy of the simulated results was evaluated using the RMSE index and the MAE index, to evaluate the performance
of the model [38] (See table 7). The mean absolute error (MAPE) ranged between 2.04 and 19.49%. As for the root mean
squared error (RMSE) index, the values range between 0.72 and 2.65, with an error rate of 2.83 to 7.80%. It is noticeable
that the indicators (MAE) and (RMSE) show that the error rate between the measured and simulated values is greater
at 10:00 h and starts decreasing until it is 16:00 h to 19:00 h. Generally, the simulated air temperature values converge
well with the hourly values and do not exceed 30%. The maximum percentage in RMSPE is 7.8% and the maximum for
MAPE is 19.49% [39].
Table 7. Difference between ENVI-met model simulated temperatures and the observed data

Statistical Reading Between PMV and ATSV
The thermal comfort field is not determined by expressing the user’s feeling of satisfaction, but rather it can be determined
mathematically, and from it, the PMV of the respondents in the sample can be calculated. This is a quantitative mixture
of activity, clothing, air temperature, mean radiant temperature, wind velocity, and relative humidity [40]. and comparing
the calculated PMV values with the perceived values. Figure 9 shows a comparison between the percentages of the
respondents regarding their actual thermal sensation vote (ATSV) and the PMV percentages calculated in the locations of
their interrogation; After collecting information about the respondents such as age, weight, height, type of dress, gender,
and the body position of the interrogator while standing, sitting, walking,... the results were as follows: In moderation
or comfort, the difference between the ratios was significant, as the (PMV) ratio calculated in June It is absent as it is in
September, and compared to (ATSV), it has rates of 45.94% and 16.66%, respectively. In October, the values of (ATSV)
exceeded those of (PMV) by 9%. It can be said that the (ATSV) values differ in large proportions from the (PMV) values
in June and September, concerning the sense of thermal comfort in the external fields, and this is due to the influence of
the climatic adaptation factor on the users as well as the effect of behavioral change towards the thermal environment,
which we define as a wider thermal comfort range for the studied sample [41].

Figure 10.Comparison between PMV and ATSV in each month of measurement.
www.ijissh.org | Int J Innov Stud Sociol Humanities | Volume 7, Issue 6, 2022
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Critical reading between air temperature (T), relative humidity (RH), and PMV in the sample’s various scenarios
Figure 10, in July, shows the simulated air temperature at an altitude of 1.5 m for the different cases. July is the hottest
month in the summer period in Biskra, so it was chosen to show the simulation results of the study scenarios. Case B
had the highest air temperature, reaching 49.15 °C at 14h, followed by Case A at 44.71 °C at 16h, Case C at 44.29 °C at
17h, and Case E at 42.81 °C at 16h, with the largest difference between it and Case B being 7.12 °C. Case D is considered
being the lowest of all cases, with a peak temperature of 41 °C at 14 h.

Figure 11. Comparison of air temperature by different cases, in July.

Figure 12. spatial distribution of T and RH in all scenarios
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Figure 13. Average values of PMV in the different cases (A, B, C, D, E) in July.
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Figure 11 shows the spatial distributions of (T) and (RH) at peak hours, obtained from ENVI-met at an altitude of 1.5 m.
Lower air temperatures in cases where vegetation is Massively, that is, the use of trees with a dense crown, and this is in
the middle part of the sample. On the contrary, the relative humidity showed a different direction to the air temperature,
where higher values of RH were found in the middle part of the sample. In the flat vegetal cover (scenario E), despite the
large coverage rate of the space, its effect on reducing the air temperature is small, as it decreases by 2.45 to 2.95 °C at
the peak hour.

Figure 12 shows the mean values of PMV from 6 h to 23 h. Case B was entirely under extreme heat stress from 8 h to
20 h hours, with PMV values reaching 13.8 at their peak at 14 h and the lowest value at 5. Case A is under extreme heat
pressure from 8 h to 23 h with a peak of 12.09 and a minimum of 3.9. For case C, extreme heat pressure starts from 9 h
to 23 h with a peak of 8.83 and a minimum value of 3.27. The heat pressure extends in the case of E from 8 h to 19 h with
a maximum value of 9.42 at 13 h and a minimum value of 3.15. In the case of D, the temperature pressure starts from 10
h to 21 h with a peak of 8.35 and a minimum value of 3.17.

DISCUSSION

This study was presented at the level of the sample field users who were interrogated while taking measurements in
the sample, on June 17, July 13, September 17, and October 23 of 2018, in order to determine the extent of their thermal
comfort; The results were as follows, 27.66% of the respondents felt thermal comfort (ATSV = 0) at all measurement
times; This is in the measured temperature range between 21°C and 33 °C; a relative humidity between 25% and 47.5%
and an air velocity of 4 m/s; and compared to the zero value of the index (PMV) for this category; And extracted from the
simulation of the sample, we find that the percentage is estimated at 22.7%, which is a value that does not converge with
the results of the interrogation, and this is somewhat consistent with the findings of Zhaosong Fang [42] who conducted
his study in the period extending from the month June to September in Guangzhou, southern China, where he found that
the predicted PMV values correspond to the expected mean thermal sensation (MTSV); This is when the temperature
reaches the value 34 °C, and if it exceeds 34 °C, the MTSV values are relatively stable between the 2.5 and 3 scale degrees,
while the PMV values overestimate the thermal sensation until it reaches the 9th scale, and This is due to the fact that
users’ bodies adapt to the climate and have the ability to coexist with the thermal state.
At the level of the plant components of the sample, there were different plant scenarios - including the scenario of the
original sample to study the effects of the composition of vegetation cover on the micro-climate and thermal comfort of
this type of outdoor residential areas, and the proposal of these plant compositions came on the basis of two strategies;
The first is the shading caused by vegetation; The second humidifies the air by evaporation-transpiration of vegetation
(Table 6).

The average air temperature (T) was compared between the different cases; Case D showed the lowest temperature over
an 18-hour period, followed by cases C, E, and A, in that order. This means that the dense mass vegetation compared
to the flat vegetation represented by case E; it is most effective for reducing extreme heat stress. But what negatively
affects the case (D), which is the maximum case of the density of vegetation cover; the use of the sample field is limited
to the displacement corridors only, so it cannot be used for playing, sitting or any other activity. Also, the mean values
of PMV in case D are considered the lowest, as the heat stress in it extends from 8h to 19h with values reaching a peak
of 9.42, but it is classified as extreme heat stress; Because it is far from the thermal comfort range of PMV values, which
starts from -0.5 to +0.5 [43].

CONCLUSION

Five different scenarios of vegetation cover were examined. What we conclude from these scenarios is that the lower
air temperatures are better in the cases of mass vegetation cover (use of trees with a dense crown), as these plant
combinations were able to reduce the temperature by 6 to 7 °C compared to scenario B (no vegetation cover). These
vegetation compositions cover a percentage range from 17.67 to 54.19% of the sample area. As for the flat vegetation
scenario, its ability to reduce the temperature is small, ranging from 2.45 to 2.95 °C, compared to case B, where the flat
plant compositions take up a percentage ranging from 45 to 51.3% of the sample area.
Although plant mass compositions play an important bioclimatic role in outdoor spaces, especially in hot climates
that create a micro-climate due to evaporation, transpiration, and shading effects, they hinder the user from practicing
their activities in them. Therefore, it is possible to work on prior studies for the urban development of the proposed
residential areas where studied areas are allocated to plant mass compositions that allow the creation of microclimates
that perform their bioclimatic function.
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