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Natural design has become the key solution to promote attractive and comfortable outdoor
spaces. This study aims to investigate the effect of natural elements; vegetation and water
bodies to enhance the outdoor thermal comfort levels of Martyrs square located in Guelma
city, Algeria in summertime. The scientific methodology was based in measuring
microclimate parameters at multiple locations within the square during the hottest period
of 2019, to be used as input to simulate four scenarios investigating the role of natural
elements on outdoor thermal comfort using Envi-Met model. Microclimatic variation and
PET index were obtained over a period of 12 hours and used to quantify the thermal
outdoor comfort levels in different simulations. Findings indicate that the current natural
design generates three hierarchical levels of thermal comfort; morning level where PET ≤
45°; afternoon level where 45° ≥ PET ≥ 41° and evening level PET ≤ 38°. Removing
natural elements in scenario 2 and 3 has significantly influenced the thermal comfort
levels, the thermal local effect of the water body in daytime is considered as negligible
compared to vegetation where PET was over 53°. The natural design strategy generates
two thermal comfort levels; morning and evening period with PET ≤ 41° and afternoon
level with PET ≥ 48°. The results reveal that combining linear water bodies with dense
trees can reduce the PET index to 9.5 °C in the morning period.
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1. INTRODUCTION

metabolic rate). The above indices are incorporated with urban
and microclimatic design programs like Envi-met and RayMan to quantify the thermal comfort levels outdoors and to
investigate the effect formal and vegetal composition on the
urban thermal comfort [7]. The effect of natural elements on
thermal outdoor comfort has been widely addressed,
especially in hard climates. According to Lai et al. [8] and
Morille and Musy [9] the vegetation improves the thermal
conditions by means of two effects; shading by trees canopy
and evapotranspiration effect. While water bodies can
naturally improve the thermal comfort levels in outdoor spaces
through evaporation effect [10, 11]. Other studies with
different thermal issues and differentiated solutions [12-21].
Today we are witnessing thermal-responsive strategies that
involve natural design outdoors to enhance the thermal
outdoor comfort levels. The purpose of this research is to see
how natural factors such as vegetation and water bodies might
improve the outdoor thermal comfort levels of Martyrs Square
in Guelma, Algeria, throughout the summer. The scientific
process involved recording microclimate measurements at
several points throughout the area during the hottest months of

The built environment is strongly influenced by thermal
phenomena, such as anthropogenic heat, evaporation and
evapotranspiration of plants, trees shading, ground cover like
natural grass and artificial paving [1]. A cozy outdoor space
provides a pleasant thermal comfort experience for people and
effectively improves the quality of city life. However, people
experience different thermal sensations when performing
different activities outdoors [2]. Recently several indices have
been developed to assess the human thermal comfort in
outdoor spaces. Furthermore, these indices have been
correlated to each other to select the most appropriate indices
for applications in human thermal studies [3, 4]. Thermal
comfort assessment is crucial to quantify the human thermal
stress, (UTCI) universal thermal climate index, (PET)
Physiological equivalent temperature and other thermal
indices are designed for thermal and climate assessment [5, 6].
Most of these indices integrate physical or microclimatic
parameters (air temperature, relative humidity and wind
velocity) and personnel human parameters (clothing and
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2019, which were then used as input to construct four
scenarios using the Envi-Met model to investigate the
influence of natural components on outdoor thermal comfort.
The PET index and microclimatic variation were measured
over a 12-hour period and used to estimate different
simulations’ thermal outdoor comfort levels.

2.1 Field Measurements
Microclimate data was obtained through field
measurements conducted in July 21st, 2019. We obtained an
hourly record of air temperature, relative humidity, and wind
speed, in three different locations (P1: Vegetal point; P2: Wet
point; P3: Free point) within Martyrs square from 09:00 to
21:00. Testo 480 - AG 501 1ST, 0563 4800 is the instrument
used in measurements, it is about a multifunction tool
equipped with digital probes used as thermo-hygrometer and
as anemometer, Figure 2.

2. METHODS
This study aims to investigate the effect of vegetation and
water bodies to enhance outdoor thermal comfort levels of
Martyrs square located in Guelma city during summertime.
The scientific methodology was done in two main steps. First,
real microclimate data was obtained through filed
measurements at multiple locations within the square. Second,
microclimate data was used as input in Envi-Met model to
simulate four scenarios of Martyrs square. Microclimate
variation and PET index were obtained over a period of 12
hours and used to quantify the thermal outdoor comfort levels
in different simulations. Figure 1 shows methodological
framework of the investigation.

2.2 PET and outdoor thermal comfort levels
PET- Equivalent Physiological Temperature is derived from
the energy model (MEMI: Munich Energy-balance Model), it
is a two-node model that models the thermal conditions of the
human body in a physiologically relevant way [22]. PET is
applicable, both for the study indoor and outdoor, its
calculation involves dry temperature, relative humidity, wind
speed and mean radiant T. Physiological stress grades of PET
index are categorized into ten scales as shown in Table 1.

Figure 1. Diagram showing the methodology to quantify the outdoor thermal comfort levels

Figure 2. The instrument used in measurements Testo 480 - AG 501 1ST, 0563 4800
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Table 1. PET thermal stress categorization [4]
PET
˂4
4-8
8-13
18-23
23-29
29-35
35-41
˃ 41

Thermal Perception
Very cold
Cold
Cool
Comfortable
Slightly warm
Warm
Hot
Very hot

measured and simulated relative humidity and air temperature,
respectively. It can be seen that simulated and measured values
of both microclimatic parameters have the same trend for the
three measuring points with relatively higher curves for
simulated values, corresponding to respective mean
differences of 0.3℃ in air temperature and 1% in relative
humidity. This means that Envi-met model is able to reproduce
reliable data and it is suitable to meet the objectives
emphasized by this study, which agrees with the study
conducted in the same physical context by Sayad and Alkama
[25].

Grade of Physiological Stress
Extreme cold stress
Strong cold stress
Moderate cold stress
No thermal stress
Slight heat stress
Moderate heat stress
Strong heat stress
Extreme heat stress

3. NUMERICAL SIMULATION
Relative Humidity (%)

55

3.1 Envi-met model
The effect of vegetation and water on thermal comfort
levels was investigated through atmospheric simulations of
four scenarios of Martyrs square using real microclimate data
obtained on July 21st, 2019.
ENVI-met program is a numerical tool used in bioclimatic
outdoor design [7, 23]. It can calculate microclimatic
parameters, such as air temperature, relative humidity, wind
velocity and other parameters [24]. The atmospheric outputs
of each scenario were used to calculate PET index through
Biomet process, the whole outputs generated by Envi-met over
12 hours were visualized by LEONARDO module. Table 2
presents the simulation framework.

50
45
40
35
30
25
20
9

10 11 12 13 14 15 16 17 18 19 20

Hours

Table 2. Envi-met simulation framework of four scenarios of
Martyrs square

P1-measured

P2-measured

P3-measured

P1-simulated

P2-simulated

P3-simulated

(a) Relative humidity

Air temperature (C°)

Simulation process parameters by Envi-met model
Location
Guelma city, Algeria
Climate
Semi-arid
Simulation date
July 22nd, 2019
Simulation time
From 09:00 am. to 09:00 pm
PET index
Biomet process
calculation
Meteorological
Ta (°C), RH (%) and Wv (m/s)
inputs
Results
Leonardo visualization tool
visualization
Natural stone walls
Red tile roof
Buildings
Albedo walls = 0.2
Albedo roof = 0.08
Ficus trees: Evergreen, dense and with
Vegetation
round canopy.
Albedo trees = 0.2

41
40
39
38
37
36
35
34
33
32
9

10 11 12 13 14 15 16 17 18 19 20

Hours
P1-measured

P2-measured

P3-measured

P1-simulated

P2-simulated

P3-simulated

(b) Air temperature

4. RESULTS AND DISCUSSION

Figure 3. Comparison between measured and simulated data
measuring points P1, P2 and P3

4.1 Envi-met model validation
4.1.1 Measurements and simulation
The main objective of simulating the base case scenario of
Martyr’s square is to quantify the current thermal comfort
levels under different environmental conditions using a set of
microclimatic parameters and PET thermal index. To do so,
we have first to validate the simulation model by comparing at
least two microclimatic parameters at measuring points P1, P2
and P3 to the corresponding Envi-met simulation outputs.
Figure 3(a) and 3(b) presents the comparison between

4.2 Thermal outdoor comfort levels
4.2.1 Quantification and enhancement
As the main aim of our study is to investigate the effect of
vegetation and water bodies to enhance thermal comfort levels
of Martyrs square, simulation of different scenarios is crucial.
Figures 4-8 show the results of comparing simulated
parameters and PET index in all scenarios: the current square
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design, the square stripped of natural elements and a proposed
natural design strategy.

comfort levels; morning and evening period with PET ≤
41°correspending to moderate heat stress and afternoon level
with PET ≤ 48° corresponding to strong heat stress.
Furthermore, the overall results reveal that combining linear
water bodies with dense trees can reduce the PET index to
9.5℃ in the morning period. The enhancement mechanisms of
microclimate parameters that underly these levels are as flow:

4.2.2 Current thermal comfort levels
Clearly, natural elements play a key role to enhance the
thermal comfort levels in outdoor spaces. The results of the
base case scenario of Martyrs square indicate thermal comfort
levels are ranging a way: 34.5 ≥ PET ≥ 48.4 corresponding to
moderate to strong heat stress. It appears from the graphs in
Figure 4 and 8 that PET and Tmrt have the same trend, which
means that the thermal comfort levels are influenced by the
mean radiant temperatures. However, the current natural
design generates three hierarchical levels of thermal comfort;
morning level with PET ≤ 45°; afternoon level where 45°≥
PET ≥ 41° and evening level PET ≤ 38°. Since the mean
radiant temperature is the combination of different
temperatures within the atmosphere, tree removal has
significantly influenced the thermal conditions including the
human skin temperatures who should lie at 36°. Hence, we
obtained a respective increase of 17.7℃ in Tmrt, 1.6℃ in air
temperature, 1.8℃ in skin temperature and 7.1℃ in PET index,
corresponding to extreme heat stress. In parallel, the relative
humidity has decreased by 4.1%. The possible interpretation
is that urban trees in Martyr’s square have controlled the
transmitted solar radiation through two effects shading effect
by trees canopy and evapotranspiration effect by the leaf mass
of trees. The thermal local effect of the water in daytime is
considered as negligible compared to vegetation where PET
was 34.4 ≥ PET ≥ 48.1, which is relatively equal to that of the
current natural design. Therefore, removing the water body
has generated more minerality, which increases the
transmitted amount of shortwave solar radiation. The
reduction in Tmrt during hot hours indicates that the surface
area of water bodies is decisive in terms of absorption of solar
radiation in outdoor spaces.

▪

Mean Radiant Temperature

Opting for dense trees aims to protect users from unwanted
radiation by offering a large shaded area. In fact, the new
vegetal ratio has contributed to reduce the Tmrt throughout the
day with mean ∆Tmrt = 6℃ and max ∆Tmrt = 26.7℃ at 09:00
am. This means that the leaf mass in the proposed natural
strategy is able to block the received solar radiation (Figure 4).
▪

Air and Skin Temperatures

Blocking the received solar radiation within martyr’s square
involves a bi-regulatory process.

Air temperature (C°)

Comparing Air temprature in all
scenarios
42
41
40
39
38
37
36
35
34
33
32
9 10 11 12 13 14 15 16 17 18 19 20

Hours

4.2.3 Optimal thermal comfort levels
Based on the previous results, we have proposed a natural
design strategy to enhance the thermal comfort levels of
Martyr’s square (See Figure 1). The proposed strategy
involves combining a new trees ratio and linear water bodies:
65% vegetation cover, 25% water body, 7.2% buildings and
2.8% mineral area.

Skin temperature (C°)

Tmrt (C°)

70
54

Scenario 2

46

Scenario 3

38

Scenario 4

30

Scenario 3

Scenario 4

Comparing Skin temprature in all
scenarios

78
Scenario 1

Scenario 2

(a)

Comparing Tmrt in all scenarios

62

Scenario 1

40
39
38
37
36
35
34
9 10 11 12 13 14 15 16 17 18 19 20

Hours

9 1011121314151617181920

Hours

Figure 4. Comparison of Tmrt in all scenarios of Martyrs
square. Leonardo, Envi-Met V4.4.4

Scenario 1

Scenario 2

Scenario 3

Scenario 4

(b)
Figure 5. Comparison of (a) air and skin (b) temperature in
all scenarios of Martyrs square. Leonardo, Envi-Met V4.4.4

Initially, the natural design strategy generates two thermal
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Once the shortwave radiation is blocked by the dense leaf
mass of trees, the longwave radiation propagates below its
rounded and wide canopy, whose shadow radius exceeds 4 m.
This mainly contributes to lowering the air temperature of
Martyr’s square in summertime and subsequently maintain the
skin temperature within its norms of 35℃ to 36℃ (Figure 5
(a) and (b)).
▪

reduction in air temperature and Tmrt with an increase of
relative humidity in summertime could lead to positive
microclimatic regulation as well as a significant enhancement
of thermal comfort levels outdoors, which highly agrees with
previous studies [26].

Comparing PET index in all scenarios

Relative Humidity

60
56

PET (C°)

Among four simulated scenarios, the fourth one has the
highest relative humidity, mainly caused by two effects,
transpiration effect through trees leaves and water evaporation
effect. Thereby, the quantity of water sprinkled by natural
elements in Martyr’s square has increased by 4.6% in
comparison with the stripped case of vegetation (Figure 6).

52
48

Scenario 1

44

Scenario 2

40

Scenario 3

36

Scenario 4

Relative Humidity (%)

32
9 10 11 12 13 14 15 16 17 18 19 20

Comparing Relative humidity in all
scenarios

Hours

50
45
40

Figure 8. Comparison of PET thermal index in all scenarios
of Martyrs square. Leonardo, Envi-Met V4.4.4

Scenario 1

35

Scenario 2

30

In sum, the natural design strategy has enhanced the thermal
comfort levels through a set of parameters and determining
qualities of natural elements, such as providing shade and
cooling down the surrounding environment through the
evaporation and evapotranspiration effects (Figure 8).

Scenario 3

25

Scenario 4

20
9 10 11 12 13 14 15 16 17 18 19 20

Hours

5. CONCLUSION

Figure 6. Comparison of relative humidity in all scenarios of
Martyrs square. Leonardo, Envi-Met V4.4
▪

The effects of natural design strategy on thermal comfort
levels in outdoor spaces in Guelma city with semi-arid climate
has been investigated in this study. Real microclimate has been
measured and used to validate Envi-Met model to simulate
various scenarios. The effect of vegetation and water bodies
on thermal comfort levels has been discussed in deferent
natural design strategies based on microclimate variation and
PET index. Findings indicate that the current natural design
generates three hierarchical levels of thermal comfort;
morning level where PET ≤ 45°; afternoon level where 45°≥
PET ≥ 41°and evening level PET ≤ 38°. Removing natural
elements has significantly influenced the thermal comfort
levels, the thermal effect of the water body in daytime is
considered as negligible compared to vegetation. The natural
design strategy generates two thermal comfort levels; morning
and evening level with PET ≤ 41°and afternoon level with
PET ≥ 48°. The results reveal that combining linear water
bodies with dense trees can reduce the PET index to 9.5℃ in
the morning period.

Wind Speed

By comparing the wind speed values in various scenarios,
we can conclude that the air movement was obstructed by the
imposing mass of trees. Thus, the proposed trees in the natural
design strategy have the highest obstruction effect (Figure 7).

Wind velocity (m/s)

Comparing wind velocity in all scenarios
1.4
1.3
1.2
1.1
1
0.9
0.8
0.7
0.6
0.5

Scenario 1
Scenario 2
Scenario 3
Scenario 4
9 10 11 12 13 14 15 16 17 18 19 20
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