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Abstract

This study explores the impact of microclimatic variations on thermal perception and walk-
ing experience in Béjaïa, Algeria, focusing on two contrasting urban areas: the compact
historic medina and the modern lower city. A mixed-method approach combined microcli-
matic measurements (Ta, Ts, Va, RH) with subjective evaluations from 70 participants. After
urban morphological analysis, walking itineraries were designed and studied through ac-
companied walks. Participants reported their thermal sensations and walking comfort via
questionnaires and mental maps, while environmental data were simultaneously collected
(21–28 July 2022). Results show that transitions between urban fabrics significantly affect
thermal sensation and walking thermal comfort (WTC). Strong correlations were observed
between surface temperature (Ts) and sky view factor (SVF), and between ASV and WTC
(Kendall’s τβ = 0.79, 95% CI [0.70, 0.88]). Beyond physical factors, perceptual variables
like vegetation (OR = 1.50), maintenance (OR = 1.40), and views (OR = 1.30) significantly
increased WTC, while fatigue (OR = 0.70) and safety concerns (OR = 0.80) reduced it. The
findings highlight strong contrasts between the two areas and support planning strategies
emphasizing vegetation, spatial optimization, and the integration of perceptual thermal
factors in urban design.

Keywords: walking comfort; walkability; thermal perception; thermal comfort; vegetation;
urban morphology; sky view factor (SVF); microclimatic variations

1. Introduction
In recent years, encouraging people to walk in cities has represented a major challenge

for many cities worldwide, and is one of the key objectives of sustainable development [1].
Walking is a natural act, accessible to all, and is associated with several environmental
benefits, such as road decongestion and reduced air pollution [2,3]. It also contributes to the
promotion of public health by reducing inactivity-related diseases and improving the well-
being of residents [4–8]. Numerous studies have addressed the issue of walking in cities.
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Researchers have developed concepts such as walkability or pedestrian potential, which
refer to the extent to which the built environment is conducive to walking [9–13]. However,
most of the indicators identified to assess walking quality often focus on physical aspects,
such as sidewalk width, density, permeability of urban fabrics, or street connectivity [14–17].
Few studies have attempted to cross-reference thermal perceptions with the quality of
walking in the city, while considering the diversity of urban morphologies.

A recent in-depth study of the Algerian city of Annaba, Labdaoui et al. [18] attempted
to combine thermal comfort and walkability. They created a Comfort Walkability Index
(CWI) consisting of 21 indicators, including the PET (physiological equivalent temperature)
index among the elements evaluated [18]. However, the subjective perception of pedestrians
is not considered, as the study is based mainly on spatial elements and microclimatic
measurements. Furthermore, the method used to assess the indicators is totally quantitative,
relying in most cases on mathematical calculations and equations.

Outdoor thermal comfort is defined in the scientific literature as a state of mind
that reflects satisfaction with the thermal environment [19,20]. It represents a key factor
influencing the decision to walk, the choice of routes to take and even the pace of city
walking [21,22]. A variety of factors influence thermal comfort. Firstly, urban geometry,
such as the orientation of streets and public squares, their shape and arrangement in
the urban fabric, and the ratio between height and width (H/W), are considered factors
influencing microclimatic variations and thermal perceptions [23–25]. The sky view factor
(SVF) is also an important element to consider. This parameter determines how open a
space is to the sky, and varies between 0 and 1: the closer the SVF is to 1, the more open
the space is to the sky, and the greater its exposure to solar radiation. Conversely, an SVF
close to 0 means that the space is highly obstructed, either due to the narrowness of the
street, the presence of vegetation or the height of surrounding buildings [26,27]. In addition,
Nikolopoulou et al. [28] assert that air temperature is an essential parameter for assessing
thermal comfort [28]. In a study conducted on a street in Cairo, Egypt, Elnabawi et al. [29]
investigated the influence of climatic parameters on thermal comfort and the use of outdoor
spaces. The study was conducted over two seasons: summer and winter. The results show
that air temperature significantly influences physiological equivalent temperatures (PETs).
They also concluded that the preferred PET values in summer are 29 ◦C PET and those
in winter are 24.5 ◦C PET [29]. Surface temperature is also often included in studies of
thermal comfort. It is influenced by the level of exposure of surfaces to solar radiation, the
nature of materials, their color as well as their absorption or reflection capacity [30]. Albedo
represents a material’s ability to reflect solar radiation. Surfaces characterized by a high
albedo absorb less heat, helping to maintain lower surface temperatures. Color also plays a
decisive role in the absorption and reflection of solar radiation. Dark materials (such as
asphalt) with low albedo absorb more heat than light materials with high albedo [31,32].

Wind speed is a non-negligible factor in thermal comfort [33]. In a study of the central
business district of Melbourne, Australia, Shooshtarian et al. [34] asserted that urban
density and building layout modify wind speed, and that participants’ perception of wind
varies by site and season. In addition to air temperature, surface temperature and wind
speed, relative humidity is an important variable in the urban microclimate. Most studies
on outdoor thermal comfort often include humidity measurement as a non-negligible factor
influencing thermal perception [35].

Several research studies have focused on the specific impact of vegetation and demon-
strated its positive effects on outdoor thermal comfort [36–38]. In a study conducted in
Phoenix, Arizona, Zhao et al. [39] investigated the influence of vegetation, particularly trees,
on outdoor comfort and microclimate, using ENVI-met for simulations. The researchers
demonstrated that arranging two trees at regular intervals creates ideal microclimatic con-
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ditions and improves thermal comfort thanks to shaded areas [39]. However, this research
does not incorporate the study of pedestrians’ subjective perceptions of existing vegetation
and the variations in shaded areas it generates. In the current research, we considered it
important to collect the different sensations and perceptions of participants, particularly
within streets and gardens, which strengthens the validity of the results obtained.

In Algeria, there is growing interest in outdoor thermal comfort studies, and aware-
ness of the challenges associated with this subject is gradually taking hold. Initially,
research on thermal aspects was concentrated mainly in the south of the country, notably
in Ghardaïa, El Oued, and Biskra regions [40]. This is due to the more extreme climatic
conditions in this region. Among the most in-depth research on traditional fabrics is that
of Ali-Toudert et al. [41], who studied outdoor thermal comfort in the town of Ghardaïa,
located in the Mzab valley in southern Algeria. This study demonstrated that urban
morphology, notably street depth and the ratio between height and width (H/W), plays
an important role in creating shaded areas, thus improving thermal comfort. This study
also demonstrated that traditional materials significantly contribute to improving thermal
conditions [41]. Recently, research on coastal cities in Algeria has emerged. Several re-
searchers have taken an interest in studying thermal comfort, mainly in large northern
cities such as Algiers and Annaba. In a recent in-depth study, Arrar et al. [40] attempted
to understand the effect of sea breezes on thermal comfort in the old town of Casbah in
the top of Algiers city, through 14 measurement points. The researchers highlighted the
significant effect of sky visibility factor (SVF) and humidity on thermal comfort, while
noting very low wind speeds [40]. The study considered the inhabitants’ opinions on the
various variables recorded, such as humidity, wind and air temperature, and demonstrated
the significant impact of urban morphology on thermal variations. Moreover, the study
by Ali Smail et al. [42] conducted at the same site (Casbah of Algiers), demonstrated the
significant alliesthetic effect of “Sabats”, which are semi-enclosed spaces located in the alley-
ways of the old Casbah. These spaces effectively reduce the sensation of fatigue and offer
improved walking quality. They are generally regarded as breathing spaces for pedestrians
(small shaded or open areas that provide visual and thermal relief along walking routes)
allowing them to break up the monotony of pedestrian routes and encourage walking [42].
In contrast to the previous study (Arrar et al. [40]), wind speeds measured in summer are
not as low in this case. They remain relatively low, but can sometimes reach 1.8 m/s inside
certain sabats.

The literature review revealed that many studies dealing with the issue of outdoor
thermal comfort focus mainly on urban spaces in isolation, such as public squares and
streets, without analyzing the effect of the transition from one space to another. However,
when studying the effect of microclimatic variations, which refer to the spatial and temporal
fluctuations in climatic parameters such as air temperature, surface temperature, humidity,
solar radiation, and wind speed caused by urban morphology and environmental condi-
tions, on walking, it is important to take into account the subtle changes and differences
that characterize an urban itinerary. Accordingly, city walking involves crossing several
interconnected environments before reaching a final destination. In their study of Rome
and London, Vasilikou et al. [43] demonstrated that variation in interconnected urban
spaces strongly influences pedestrians’ dynamic thermal perception. The originality of
this research lies in taking into account variations in thermal comfort from one space to
another, by studying dASV (differential thermal sensation) and comparing results with
the H/W ratio, SVF, and other microclimatic variables. Researchers also emphasize the
importance of observing dynamic thermal sensations in interconnected spaces in order to
better understand the influence of urban morphology on pedestrian perception [43]. In the
current study, this aspect (dASV) has also been considered and has enabled us to analyze
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variations in perception from one focal point to another along walking routes. It gives a
significant added value to the study, particularly in the North African context.

In light of this literature review, it is clear that some shortcomings exist. These include
methodologies that do not allow for an in-depth study of pedestrians’ emotions and mental
representations, a lack of consideration of the perception of vegetation, an analysis of spaces
in isolation, and the absence of studies on the effect of transitions between interconnected
spaces. In addition, we found that there is a lack of research on coastal areas, particularly
in North Africa. Very little research has been carried out on walking in the city of Béjaïa,
and this has dealt solely with the physical and spatial component, including syntactic
characteristics [44] and the impact of the soundscape on pedestrians [45]. No research on
the thermal aspect has been carried out in Béjaïa city. To the best of our knowledge, this
is the first study that investigates this region. Thus, an interesting opportunity lies in the
renovation operation in the old city of Béjaïa, as part of the city’s safeguarding plan [46].

Moreover, this research is one of the few studies that focus on two types of cities
(medina and modern city) and analyze various urban fabric configurations (pre-colonial,
colonial, planned, unplanned, industrial). It aims to evaluate the impact of microclimatic
variations induced by urban morphology on thermal perception and walking experiences
in the city of Béjaïa.

2. Methodology and Case Study
2.1. Study Context and Investigation Area

Béjaïa, also known as Bgayet in the Kabyle language (local language), is a key city
in the Maghreb region and Algeria (Figure 1a). It is located in the southern basin of the
Mediterranean Sea (Figure 1c), occupying the heart of the North African coastline. Situated
at latitude 36.751178◦ N and longitude 5.064369◦ E, approximately 230 km from the capital
Algiers (Figure 1d), Béjaïa holds a strategic position in North Africa. Numerous civilizations
have left their mark on the history of Béjaïa, starting with the Phoenicians, followed by the
Romans in 33 BC, the Hammadids between 1067 and 1068, the Spanish civilization from
1509 (or 1510) to 1555, then the Turkish occupation in 1555, and finally French colonization
from 1830 to 1962 [47–49].

Information regarding temperature, vegetation, topography, and the distributions of
solar radiation and humidity in the city of Béjaïa is provided in Appendix A.

The city of Béjaïa consists of two main urban parts:

• The old city (Medina) (Figure 1b): A historic city built before Algeria’s independence
(before 1962). It features ancient and historical urban fabrics, as well as a rich architec-
tural and cultural heritage. It occupies the upper part of the city of Béjaïa (Figure 1).

• Lower Béjaïa (Figure 1a): Mainly built after Algeria’s independence in 1962, following
a more modern urban planning, creating a contrast with the old city.

2.2. Research Methodology

The methodology adopted to answer the research question combines both qualitative
and quantitative approaches. The diversity of factors and characteristics to be studied led
us to use various methods adapted to each specific element. Figure 2 provides an overview
of the main methodological steps, from data collection and processing to the final step of
presenting the obtained results. The sub-steps are detailed in the following sections.
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Figure 1. Geographical location and overview of the city of Béjaïa (Old Town and Lower City).
(a) Aerial view of the city of Béjaïa. Source: Béjaia.info (Facebook page). Processed by authors.
(b) View of the old city of Béjaïa. Source: planete-dz.centerblog.net (Website). (c) Location of Béjaïa
in Mediterranean basin. Source: Huteau, A. (16 October 2013). Base map: Mediterranean basin.
Klinai. Retrieved 19 February 2025, from https://doi.org/10.58079/qm22. Processed by authors.
(d) Location of Béjaïa in Algeria. Source: www.wikiwand.com. Processed by authors.

2.2.1. Morphological, Historical, and Iconographic Study

This step aims to understand the urban evolution of Béjaïa (from the Roman period to
the postcolonial era) and to analyze its urban and landscape values. It made it possible to
identify key areas for analysis in the two parts of the city (the medina and the lower city).
Three methods were used: morphological analysis, semi-structured interviews, and an
iconographic analysis (analysis of connotative and denotative content) [50,51]. The results
of this step (morphological and historical study), enabled the transition to the next phase:
the selection of areas and itineraries.

https://doi.org/10.58079/qm22
www.wikiwand.com
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Figure 2. Methodological framework used in this research.

2.2.2. Selection of Study Areas and Itineraries

(A) Selection of study areas throughout the Old and Lower Cities (OC and LC)

This step is primarily performed to divide the two parts of the investigated city, the old
city (OC) and the lower city (LC), into different areas allowing for a more detailed analysis
(Figure 3). This helps in understanding how each type of identified fabric influences
pedestrian perception and the quality of walking. The sky view factor (SVF) values are
presented in Appendix B.
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Figure 3. Diagram summarizing study areas and selected points, including fisheye images processed
with RayMan Pro 3.1 Beta, as well as orientation and types of spaces.

(B) Selection of Itineraries

We defined a set of itineraries for the study to be explored on foot with pedestrians
(Table 1). As mentioned earlier, we established one itinerary in each zone, and some
itineraries across multiple different areas to understand the transition between these spaces.
The itineraries include strategic urban spaces selected in advance such as major squares,
urban staircases, green spaces (including gardens and parks), streets, and alleys. This
allows for the analysis of variations in perception and comfort from one space to another,
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as well as their impact on walking quality (e.g., changes in walking pace: acceleration or
deceleration; desire to change direction or itinerary). The objective of connecting different
spaces through an itinerary is also to understand the perceptions and sensations that arise
between interconnected spaces, an aspect that is still underexplored in the literature.

Table 1. Table of predetermined itineraries in each study area.

Area Crossed Areas Itinerary Main Characteristics of the Crossed
Areas

Old City (OC)
OC1 OCI1 Pre-colonial and colonial fabric

(presence of Kabyle and Ottoman style)

OC2 OCI2 Mainly colonial fabric with traces of
pre-colonial fabric

Lower City (LC)

LC1 LCI1 Planned area, structured in blocks

LC2 LCI2 Planned area (mixed industrial zone)

LC3 LCI3 Transition between planned and
unplanned areas

The predefined itineraries in the old city of Béjaïa (OCI1, OCI2) are presented in
Figure 4.

 

Figure 4. Predefined itineraries in the old city of Béjaïa (OCI1, OCI2).

The location of the predefined itineraries in the lower city of Béjaïa (LCI1, LCI2, LCI3)
(Figure 5):
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Figure 5. The predefined itineraries in the lower city of Béjaïa (LCI1, LCI2, LCI3).

2.3. Periods and Methods of Data Collection
2.3.1. Study Period

This field study was conducted in 2022. Field measurements and accompanying walks
were carried out during the summer between 21st and 28th July 2022, over five days,



Urban Sci. 2025, 9, 243 10 of 39

three times per day: (1) at 9 a.m. (morning), (2) at 2 p.m. (early afternoon), and (3) at 8 p.m.
(evening/sunset time).

2.3.2. Microclimatic Measurements

(a) Microclimatic monitoring

The climatic measurements were taken simultaneously with the accompanying walks
and the filling out of questionnaires by pedestrians at each point. This was done to ensure
the effectiveness of the results and to show changes in the pedestrians’ subjective perception
based on the measured data: air temperature (Ta), relative humidity (Rh), wind speed (Va),
surface temperature (Ts), sky view factor (SVF)

The study complies with ISO 7726 standards of 1998 [52] and WMO guidelines [53].
The ISO standard, titled Ergonomics of the Thermal Environment—Instruments for measur-
ing physical quantities, is essential for obtaining accurate and reliable thermal comfort data
and measurements. The measurements were taken at the height of 1.75 m above ground to
minimize the influence of surface thermal fluxes and to represent the average height of a
pedestrian [43].

■ Measurement devices

Table 2 presents the measurement instruments used in this study, along with their
characteristics, as well as the tools used for capturing and processing fisheye images. It
should be noted that emissivity in Testo 830-T1 is set at ε = 0.95.

Table 2. Summary table of characteristics of measurement instruments used in this study.

Microclimatic Variables Unit of Measurement Instrument Used Accuracy

Air Temperature (Ta) ◦C
Testo 174 H

±0.5 ◦C (−20 to +70 ◦C)

Relative Humidity (RH) % ±3% (0 to 100%)

Wind Speed (Va) m/s Testo 405i
±(0.3 m/s + 5% v.m.) (2 to 15 m/s)

±(0.1 m/s + 5% v.m.) (0 to 2 m/s)

Surface Temperature (Ts) ◦C Testo 830-T1 0.1 to 1.0 adjustable

Fisheye Images

Camera Canon EOS 2000D Processing Software RayMan Pro 3.1 Beta

(b) Sky View Factor (SVF) values

To determine the sky view factor (SVF) values, fisheye images were captured at each
predefined measurement point along the five selected walking itineraries. A Canon EOS
2000D camera (Table 2) equipped with a fisheye lens was oriented towards the sky to take
the photographs. Once collected, the images were processed using GIMP 2.10 (GNU Image
Manipulation Program) to ensure a square format and a high resolution (300 dpi). These
conditions are crucial to achieving optimal accuracy in the SVF calculation phase [40,54].

■ The calculation of SVF using RayMan Pro 3.1 Beta software

Once the fisheye images were processed and classified according to the measurement
points and walking itineraries, the sky view factor (SVF) values were calculated using the
RayMan calculation model, version 3.1 Beta [55–57]. This numerical model is widely used
and scientifically recognized by numerous research centers around the world [58–62].

2.3.3. Collection of Perceptions and Walking Quality

(a) The questionnaire used to collect pedestrians’ thermal perceptions at each focal point
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To better understand pedestrians’ perceptions and walking comfort in relation to
microclimatic conditions, we designed a questionnaire that allowed for evaluation at each
measurement point, as well as an analysis of sensation variations when transitioning
between different spaces.

This questionnaire is structured into two main parts:

• The first part collects general information about pedestrians: age, gender, occupation,
and clothing.

• The second part (Table 3) is designed to analyze four key parameters. For each
parameter, responses are provided in five options, structured according to a five-point
Likert scale (Table 3).

Table 3. Questions and answer options.

Element Question Answer Options

Temperature (ASV)
Actual Sensation Vote

How do you feel the temperature at
this moment?

(1) Cold (2) Cool (3) Neither hot nor
cool (4) Warm (5) hot

Wind (WSV)
Wind Sensation Vote

How do you feel the wind at
this moment?

(1) No wind (2) Light breeze
(3) Pleasant (4) Windy (5) Very windy

Thermal Variation (dASV)
Differential Actual Sensation Vote

Do you feel a thermal variation
compared to your
previous sensation?

(1) Colder (2) Cooler (3) No variation
(4) Warmer (5) Much warmer

Walking Thermal Comfort (WTC)
How do you find the comfort of your
walk based on the
thermal conditions?

(1) Very uncomfortable due to cold
(2) Uncomfortable due to cold
(3) Comfortable (4) Uncomfortable
due to heat (5) Very uncomfortable
due to heat

(b) Perception and mental maps

At the end of each itinerary (i.e., after passing through all the focal points), participants
were invited to share their general perceptions of the itinerary by creating a mental map
in which they indicate their overall walking experience (Figure A7). The data from these
mental maps were then analyzed and coded using NVIVO software to identify recurring
themes and compared with the simultaneously collected measurements (Figure A6). The
study of perceptions and emotions developed by pedestrians during their walks through
the use of mental maps which are one of the most commonly used methods for achieving
in-depth results [63,64]. Furthermore, processing these results is often a complex task for
researchers, which is why NVIVO is considered one of the best tools by many scientists for
decoding data effectively [65]. Adding this method to our research methodology represents
a significant added value and enabled us to move beyond traditional studies that are
limited to measurements and simulations.

(c) Direct observation

Throughout the walk along the itineraries, non-participant observations were also
conducted to record the spontaneous behavior of pedestrians (frequent stops to seek shade,
accelerated walking pace, avoidance of certain areas).

(d) Sampling and respondent profile

To achieve representative results, we selected a highly diverse group of participants
of different genders and ages, from various professional and social backgrounds, in order
to enrich the experience and obtain a broad and representative range of perceptions and
feelings within the environments traversed during the walk (Table A3).
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(e) Preparation and consent

In accordance with ISO 20252:2019 standards [66] and to ensure the methodological
rigor of our research, we implemented a meticulous preparation step to obtain informed
consent from participants and guarantee the integrity and quality of the research. Before
the thermal walks, all participants were fully informed of the objective of this study and the
survey details to ensure that their participation was voluntary and that they were aware of
the planned activities.

(f) The number and characteristics of the participants:

As part of our study, a number of participants—mainly residents of the old city
neighborhoods of Béjaïa—took part in the repeated measures study. We took the initiative
to invite certain participants to this experience, particularly those with repetitive daily
routes. Additionally, some participants themselves proposed to repeat the experience,
which greatly helped in implementing this study.

A total of 70 people participated in the accompanied walks (Table A2), distributed
as follows:

• Thirty-one (31) people participated in the old city (16 participants for OCI1 and
15 participants for OCI2).

• Thirty-nine (39) people participated in the lower city (15 participants for LCI1,
13 participants for LCI2, and 11 participants for LCI3).

The details of the participation rates for each itinerary are presented in Appendix D
(Tables A2 and A3).

3. Results
3.1. Microclimatic Measurement Results

Microclimatic variations for each point were represented in three graphs for each
itinerary (at 9 a.m., 2 p.m., and 8 p.m.).

The data were processed using R software. In Figure 6, we present the measurement
results obtained for zone OC1, while the results for the remaining zones (OC2, LC1, LC2,
LC3) are provided in Appendix E.

The microclimatic measurements collected along the different routes of the old city
(OCI1, OCI2) and the lower city (LCI1, LCI2, LCI3) at 9 a.m., 2 p.m., and 8 p.m. re-
veal significant variations depending on the time and location. Air temperature (Ta)
increases throughout the day, reaching a maximum at 2 p.m. (Tamax(PtE1) = 30.7 ◦C)
in streets and open squares (Ta(PtA7) = 30.4 ◦C, Ta(PtB8) = 29.2 ◦C, Ta(PtC5) = 30.1 ◦C,
Ta(PtC7) = 29.8 ◦C, Ta(PtD3) = 30.1 ◦C). Then, the temperature gradually decreases, reach-
ing its minimum at 8 p.m. (Tamin(PtA11) = 24.7 ◦C), particularly in vegetated areas such as
gardens. Surface temperature (Ts) variation is more pronounced and significant depend-
ing on the space. Peaks are observed at 2 p.m. (Tsmax(PtB8) = 35.2 ◦C), mainly in areas
most exposed to solar radiation and highly asphalted spaces (e.g., PtC5, PtC7, PtB8). In
contrast, shaded areas with high vegetation density help maintain lower and more stable
temperatures, with values not exceeding Ts(PtB6) = 24.1 ◦C and Ts(PtB1) = 25.4 ◦C in
urban gardens.

Air velocity (Va) measurements reveal significant variability depending on the types
of urban spaces. Wind speeds are generally low to moderate throughout the day, averaging
around 1 m/s. Some open and exposed locations, mainly in the OC2 zone of the old
city, show higher values, particularly the Promenade Léonardo-Fibonacci, located directly
next to the sea, with Va(PtB11) = 2.6 m/s (2 p.m.), and the Place du Premier Novembre,
overlooking the port of Béjaïa, with Va(PtB4) = 2.2 m/s (2 p.m.). Overall, gardens provide
moderate ventilation. Those situated in more open and exposed areas exhibit higher wind
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speeds, such as the Jardin El Qods with Va(PtC3) = 1.9 m/s (2 p.m.) and the Jardin de
la Casbah with Va(PtB1) = 1.7 m/s (2 p.m.). Conversely, more enclosed gardens exhibit
lower values, such as the Jardin de la Rue du Vieillard, with Va(PtB6) ranging from 0.0 m/s
(9 a.m.) to 0.9 m/s (8 p.m.), suggesting air stagnation due to the built environment and
high vegetation density.

 

Figure 6. Microclimatic measurement results (Ta, Ts, RH, Va) for itinerary OCI1 at 9 a.m., 2 p.m., and
8 p.m.

Relative humidity (RH) values are generally high. They are sometimes lower in the
morning and at 2 p.m. (49 to 70%) but increase significantly in the evening in most spaces
(80 to 90%), particularly in specific locations such as the urban stairways of the old city
(RH(PtA6) = 94.1%, RH(PtA12) = 93.6%) and in narrow alleys (RH(PtA5) = 94.2%).

3.2. Relationship Between SVF and Surface Temperature (Ts) at 2 p.m

Figure 7 presents the relationship between sky view factor (SVF) and surface tempera-
ture (Ts) at 2 p.m. The 2 p.m. data were prioritized in this part of the study because they
represent the time of day when solar radiation is at its maximum.

A positive relationship between SVF and surface temperature (Ts) is evident across
all space types: the regression slope ranges from approximately 8.28 ◦C/SVF for streets
(n = 23, R2 = 0.64 [95% CI slope: 6.12–10.76]) to about 8.95 ◦C/SVF for gardens (n = 5,
R2 = 0.84 [CI: 0.74–13.82]). Stairs (n = 7, R2 = 0.69 [CI: –0.50–12.84]) follow the same upward
trend, while squares (n = 5, R2 = 0.82 [CI: –400.81–11.49]) exhibit extreme uncertainty in
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slope estimation. Despite these wide confidence intervals, the overall effect remains clear:
Ts increases with SVF, although coefficient precision is constrained by the small sample
sizes for gardens and squares.

 

Figure 7. Relationship between SVF and surface temperature (Ts) at 2 p.m. Colors indicate space
types: green for gardens, orange for squares, blue for stairs, red for streets.

It also reveals that squares and streets have the highest Ts values at 2 p.m.; for example,
Ts(PtB8) = 35.2 ◦C at Frères Boucheffa Square, Ts(PtD5) = 34.5 ◦C at EDIMCO Market Street
(2), and Ts(PtC5) = 34.2 ◦C at Liberty Street, While most gardens exhibit the lowest surface
temperatures (Ts) at 2 p.m. (Ts(PtB6) = 24.1 ◦C, Ts(PtB1) = 25.4 ◦C, Ts(PtC4) = 26.2 ◦C),
an exception is observed for two gardens displaying significantly higher temperatures
compared to the others, namely Ts(PtB9) = 27.0 ◦C and Ts(PtC3) = 30.5 ◦C.

3.3. Relationship Between Sky View Factor (SVF) and Air Temperature (Ta) at 2 p.m.

Figure 8 presents the relationship between sky view factor (SVF) and air temperature
(Ta) at 2 p.m. A generally positive relationship between SVF and air temperature (Ta) at 2pm
is observed across the different types of spaces studied. The regression slope ranges from
0.63 ◦C/SVF for stairs (n = 7, R2 = 0.02; 95% CI: −5.00 to 5.90) to 2.37 ◦C/SVF for squares
(n = 5, R2 = 0.73; 95% CI: 0.30 to 150.00). Gardens (n = 5, R2 = 0.34; 95% CI: –0.18 to 8.25) and
streets (n = 23, R2 = 0.31; 95% CI: 0.42 to 3.93) also confirm this positive trend. However,
both the strength of the relationship and the associated uncertainty vary considerably
depending on the type of space, largely due to the limited size of some subsamples. Overall,
the relationship with Ta appears weaker and less pronounced than that observed between
SVF and surface temperature (Ts).
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Figure 8. Relationship between sky view factor (SVF) and air temperature (Ta) at 2 p.m. Colors
indicate space types: green for gardens, orange for squares, blue for stairs, red for streets.

Figure 8 also indicates that squares and streets have the highest air temperatures (Ta)
at 2 p.m.; for example, Ta(PtE1) = 30.7 ◦C at Krim Belkacem Boulevard, Ta(PtA7) = 30.4 ◦C
at Sidi Soufi Square, and Ta(PtD3) = 30.1 ◦C at House of Culture Square, whereas gar-
dens maintain a lower and more stable Ta (Ta(PtB1) = 28.2 ◦C, Ta(PtB6) = 26.1 ◦C,
Ta(PtB9) = 28.0 ◦C, Ta(PtC3) = 28.1 ◦C, Ta(PtC4) = 28.0 ◦C).

3.4. Questionnaire Results

Figure 9 illustrates the median votes of perceived thermal variables at 2 p.m. for
different urban itineraries (OCI1, OCI2, LC1, LC2, and LC3), evaluated through various
types of votes, including ASV, dASV, WSV, and WTC, allowing for an analysis of thermal
perception based on the environmental characteristics of each itinerary.

The results show that the votes for thermal sensation (ASV) range between
(ASV = 3, neither hot nor cool) to (ASV = 4, warm), with peaks at certain points (ASV = 5,
hot). The LCI1 and LCI3 routes in the lower city have the most points where ASV is rated
as hot (ASV = 5).

The dASV varies between (dASV = 2, cooler), (dASV = 3, neither hot nor cool),
and (dASV = 4, warmer) at all points, except for two locations (dASV(PtB8) = 5) and
(dASV(PtB11) = 5), where the dASV increased to (dASV = 5, much warmer). The two
itineraries in the old city (OCI and OCI2) exhibit the most varied dASV, possibly due to the
morphological diversity of the traversed spaces and the presence of gardens. It is observed
that dASV is often rated as (dASV = 4, warmer) when transitioning from a sheltered area to
a more open space, as seen in the case of the transition from point B10, characterized by a
low SVF (SVF(PtB10) = 0.0), to the more open point B11 (SVF(PtB11) = 0.69) in the OCI2
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route. This phenomenon is also observed in the transition from point C1 (SVF(PtC1) = 0.09;
Ta(PtC1) = 28.3 ◦C; Ts(PtC1) = 25.0 ◦C) to point C2 (SVF(PtC2) = 0.23; Ta(PtC2) = 29.1 ◦C;
Ts(PtC2) = 31.0 ◦C) in the LCI1 itinerary.

 

Figure 9. Median vote of perceived thermal variables at 2 p.m.

Wind perception (WSV) varies significantly from one space to another in the
two itineraries of the old city (OCI1 and OCI2) and is slightly more stable in the lower
city itineraries (LCI1, LCI2, LCI3). Most votes range between (light breeze, WSV = 2) and
(pleasant, WSV = 3).

Walking comfort related to thermal perception (WTC) generally ranges between
(comfortable, WTC = 3) and (uncomfortable due to heat, WTC = 4). Some peaks are
observed at two points in the old city (A7 and B5) and at several points in the lower city
itineraries (C5, C6, C7, D1, E3, and E4). In these locations, walking comfort is rated as (very
uncomfortable due to heat, WTC = 5). It is noted that the WTC curves are almost parallel to
those of the thermal sensation (ASV) and are sometimes superimposed, which may indicate
a significant relationship between these two types of votes. To verify this hypothesis, we
analyzed the association between ASV and WTC at 2 p.m., as illustrated in Figure 12.

• Comparison of squares, gardens, and urban staircases:

Gardens B1, B6, and C4 show an ASV that is neither hot nor cool, except for the garden
at Porte Sarazine B9 (ASV(PtB9) = 4). However, all gardens provide good walking comfort
(WTC), except for the El Qods Garden C3, where WTC is rated as uncomfortable due to
heat (WTC(PtC3) = 4).

Unlike gardens, public squares generally have a warm ASV and walking discom-
fort due to heat, except for Gueydon Square B4, which offers good walking comfort
(WTC(PtB4) = 3), mainly due to pleasant wind perception (WSV(PtB4) = 3, pleasant). The
square with the worst walking comfort is Sidi Soufi Square A7 (WTC(PtA7) = 5), where the
thermal sensation is hot (ASV(PtA7) = 5) and wind perception is weak (WSV(PtA7) = 2,
corresponding to a light breeze). This square, A7, is also characterized by a high sky view
factor (SVF(PtA7) = 0.7).
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Urban staircases generally provide good walking comfort related to thermal per-
ception (WTC). However, an exception is observed at the Tahar Tamindjout staircase A9
(SVF(PtA9) = 0.5), where WTC is rated as uncomfortable due to heat.

The graph presented in Figure 10 compares walking thermal comfort (WTC) at 2 p.m.
for five routes (OC1, OC2 in the old city; LC1, LC2, LC3 in the lower city). The scale ranges
from 1 (very uncomfortable due to cold) to 5 (very uncomfortable due to heat). In both
parts of the old city (OC1 and OC2), the medians are around 3 and 4, indicating votes
ranging from comfortable and uncomfortable.

 

Figure 10. Comparison of walking thermal comfort (WTC) at 2 p.m. across itineraries in old city (OC)
and lower city (LC).

For the three areas in the lower city (LC1, LC2, and LC3), the medians are higher (closer
to 4), with votes ranging from 4 to 5, suggesting a more pronounced walking discomfort.
The whisker and box plots reveal variability in walking thermal comfort (WTC). Overall,
the lower city (LC) appears to be more affected by heat at 2 p.m. than the old city (OC).

Figure 11 presents the relationship between surface temperature (Ts) and actual sen-
sation vote (ASV) at 2 p.m. A strong monotonic relationship was found between surface
temperature (Ts) and actual sensation vote (ASV) at 2 p.m.: Spearman’s ρ = 0.82 (95%
CI [0.68, 0.90], p < 0.001). The linear regression line shows ASV increasing with Ts, and
the shaded band represents the 95% confidence interval around the trend, indicating the
uncertainty of the slope estimate. However, because ASV is an ordinal scale (1–5) and the
sample size is moderate, these results, although statistically robust, should be generalized
with caution.

Figure 12 presents the distribution of walking thermal comfort (WTC) responses across
ASV (actual sensation vote) levels at 2 p.m. A significant positive association is observed
between ASV and WTC (Kendall’s τβ = 0.79, 95% CI [0.70, 0.88], p < 0.001). As thermal
sensation increases, the proportion of participants reporting thermal discomfort while
walking (especially due to heat) rises noticeably. Comfortable responses dominate at ASV
3, while discomfort due to heat becomes predominant at ASV 4 and especially at ASV 5.
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Figure 11. Relationship between surface temperature (Ts) and actual sensation vote (ASV) at 2 p.m.

 

Figure 12. Distribution of walking thermal comfort (WTC) responses across ASV levels at 2 p.m.
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By simultaneously observing the voting results represented in Figure 9, it can be noted
that despite a strong correlation, the ASV curve does not always overlap with the WTC
curve. In many instances, WTC is rated as less uncomfortable, even when ASV is rated as
very hot (ASV = 5). This is often observed when wind speed is higher and wind perception
is perceived pleasant (WSV = 3).

3.5. Mental Map Results

The results of the mental maps created by participants at the end of each walking
itinerary (OCI1, OCI2, LCI1, LCI2, LCI3) were processed using NVIVO and then repre-
sented as word clouds (Figure 13).

 

Figure 13. Results (word clouds) of mind map study for each itinerary.

Figure 13 presents the results obtained from the study of mental maps drawn by
participants at the end of each walking itinerary carried out in the old city (OCI1 and OCI2)
and the lower city (LCI1, LCI2, and LCI3).

It is noticeable that perceptions vary from one itinerary to another. The OCI1 itinerary,
which passes through the Bab el-Louz and Karamane neighborhoods, shows a contrast
in terms of thermal perception. Elements such as “trees” and “shade” suggest a positive
perception in certain spaces. On the other hand, negative elements are also noted, such
as “fatigue” and “abandoned”, which convey an image of discomfort, probably due to a
lack of maintenance or the physical effort required to climb the stairs. The term “view” is
also very prominent, suggesting that the sea view provided by this itinerary significantly
contributes to pedestrians’ perceptions. In the OCI2 itinerary, an important dimension
dominates: nature (garden, tree, vegetation). Other elements such as “wind”, “shade”,
and “panoramic” suggest a positive perception in many areas. The term “rest”, although
not very prominent, highlights the importance of resting spaces (such as gardens) for
pedestrians. However, some negatively perceived elements are also noted, particularly
humidity. It is also observed that in both itineraries of the old city (OCI1 and OCI2), the
heritage dimension is strongly expressed through terms such as “heritage”, “stone”, “gate”,
and “staircase”.

The LCI1 itinerary presents a duality in terms of thermal perception. Just like OCI1, the
vegetation and airflow were well noted by pedestrians and perceived positively. However,
terms such as “heat” and “fatigue” were also mentioned, often associated with specific
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locations, notably Rue de la Liberté, which was frequently highlighted in the mental maps.
One participant stated: “When I reach this street (Rue de la Liberté), I start to feel the heat and
fatigue; it’s completely different from the beginning of the itinerary.” (M_22).

In the LCI2 itinerary, elements emerged that were not previously identified in the
questionnaires, specifically the natural features of Mezaïa Park, represented by terms such
as “park”, “Mezaïa”, “water”, “tree”, and “shade”. Walking along this park was per-
ceived very positively: “I wish the entire path we walked had been as green as this park.”
(W_25). However, just like in the previous itinerary, the presence of terms such as
“sun”, “heat”, and “fatigue” indicates a negative perception in many areas, mainly along
the EDIMCO market. The term “abandoned” also suggests the deterioration of certain
walking-related infrastructures.

The LCI3 itinerary is characterized by a negative thermal perception. This is ex-
pressed multiple times in the mental maps. Terms such as “fatigue”, “sun”, “heat”, and
“monotonous” suggest that this itinerary was challenging for pedestrians. However, some
positive terms like “shade” were also present, but their significance was minimal.

3.6. Influence of Non-Physical vs. Physical Factors on Walking Thermal Comfort

Figure 14 demonstrates the influence of non-physical vs. physical factors on walking
thermal comfort (WTC). The top panel shows that non-physical factors such as vegetation
(OR = 1.50 [1.20–1.90]), maintenance (OR = 1.40 [1.10–1.80]), and views (OR = 1.3 [1.00–1.60])
markedly increase the odds of better WTC, whereas fatigue (OR = 0.70 [0.50–0.90]) and
safety concerns (OR = 0.80 [0.60–1.05]) decrease them. In the bottom panel, an increase
in air temperature (Ta; OR = 0.85 [0.75–0.95]) reduces comfort, while an increase in wind
speed (Va; OR = 1.30 [1.05–1.60]) enhances it. The relatively wide confidence intervals for
safety and fatigue highlight the uncertainty associated with small subsamples.

 

Figure 14. Influence of non-physical vs. physical factors on walking thermal comfort (WTC).
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4. Discussion and Recommendations
The present research aims to determine the influence of microclimatic variables on

pedestrians’ thermal perception and walking comfort in two contrasting parts of the
city of Béjaïa (the old city and the lower city). Data were collected using microclimatic
measurements and questionnaires, which were conducted at strategic points set along five
walking routes, which were determined through an in-depth morphological analysis of
the city. Mental maps created at the end of each route provided additional information to
complement the other methods.

4.1. Influence of Sky View Factor (SVF) on Microclimatic Variables and Pedestrian Perception

The study showed that SVF plays a crucial role in the thermal regulation of urban
spaces. It helps reduce air and surface temperatures by limiting the direct penetration of
solar radiation. This effect is particularly significant in summer when solar exposure is
prolonged and intense. This phenomenon is mainly observed on the OCI2 itinerary in OC1
of the old city of Béjaïa, as well as on the LCI1 itinerary in LC1 of the lower city. These areas
are characterized by a large number of covered or semi-covered spaces with vegetation,
which reduces the SVF and thus creates more shaded areas compared to other sectors. This
configuration ensures better thermal comfort during the summer period. The positive
effect of a reduced SVF in summer has been demonstrated in several studies, notably in the
research conducted by Arrar et al. [40] on the Casbah of Algiers, where it was found that
temperatures decrease by 2 ◦C in areas highly protected from solar radiation. In winter,
these same spaces help retain heat, ensuring higher temperatures [40]. These findings also
align with the work of Ali-Toudert et al. [41] on the city of Beni Isguene in the Mzab region
of Algeria [41].

4.2. Influence of Wind on Heat Perception (ASV) and Walking Comfort (WTC)

The results of the questionnaires showed that the sensation of heat can decrease in
the presence of wind speeds, and Figure 14 illustrates a clear positive association between
wind speed and walking thermal comfort. However, this was not observed in all cases.
Indeed, when the temperature increases further, the influence of wind seems to diminish.
At Frères Boucheffa Square (B8), with a temperature of Ta(PtB8) = 28.4 ◦C, the thermal
sensation becomes “hot”, despite an ideal wind speed of 1.7 m/s. A similar phenomenon
is observed at point B11 at 2 p.m., where ASV(PtB11) = 4, under a temperature reaching
Ta(PtB11) = 29.4 ◦C and a wind speed of 2.6 m/s. This suggests that at higher temperatures,
the cooling effect of wind may become insufficient. The human body’s cooling mechanism
primarily relies on the evaporation of sweat. The presence of high heat combined with
high humidity levels reduces the efficiency of evaporation, which keeps the sensation of
heat uncomfortable even in the presence of moderate or strong wind speeds. Sometimes,
even if the perceived heat is not significantly reduced, the discomfort related to thermal
perception (WTC) can decrease due to improvements in physiological and psychological
walking conditions, thereby enhancing overall pedestrian comfort.

4.3. Influence of Urban Morphology on dASV

The dASV is strongly influenced by slight changes in microclimatic variables, particu-
larly temperature. In many cases, even if two points receive the same vote, the dASV can
vary significantly from one location to another depending on changes in physical and spa-
tial characteristics. This observation aligns with the work of Vasilikou et al. [43], conducted
in the cities of Rome and London. In their study, they demonstrated that morphological
descriptors, particularly the variation between the height and width of spaces, as well as
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differences in spatial sequences, play a crucial role in differentiating the thermal comfort of
places [43].

4.4. Comparison Between the Old City Zones (OC1 and OC2)

The OC1 zone, characterized by a predominantly precolonial urban fabric and encom-
passing the two historic neighborhoods of Bab el-Louz and Karamane, presents several
features favorable to thermal perception and walking comfort during the summer pe-
riod. The presence of multiple areas with low SVF, the use of thermoregulatory materials
such as stone and brick, as well as shaded surfaces, are key elements ensuring pedes-
trian comfort. However, this part of the medina faces several shortcomings in terms of
adequate urban planning, including the degradation of certain pathways, the lack of vege-
tation in some areas, and the absence of breathing spaces, all of which negatively impact
pedestrian comfort.

The OC2 zone also has certain characteristics that contribute to pedestrian comfort.
The presence of gardens and landscaped squares, which serve as breathing spaces, helps
improve walking conditions. However, some deficiencies remain, particularly in the
management of certain gardens, such as the garden of Porte Sarrazine. In recent years,
the vegetation in some green spaces, including those in the lower city, has become less
dense, leading to an increase in SVF and a reduction in shaded areas. Additionally, the
ground covering used is not always suitable, which further contributes to the rise in surface
temperature. Regarding wind speed, it is strongly assumed that the OC2 zone of the old city
of Béjaïa benefits more from the sea breeze due to the presence of wide boulevards, such as
Boulevard Bouaouina (B7), lined with trees, as well as open squares that provide significant
exposure to the sea, such as Place Gueydon (B4) (Va(PtB4) 2 p.m. = 2.2 m/s), which received
a very positive rating (WSV(PtB4) 2 p.m. = 3). Indeed, streets aligned with prevailing
winds benefit from better ventilation. Additionally, the H/L ratio affects wind speed, and
the arrangement of buildings forming corridors can also increase wind velocity. These
observations align with studies conducted in various cities worldwide [67–69]. However,
it is highly recommended that this study be strengthened by conducting a more in-depth
analysis specifically focused on wind dynamics within the medina.

4.5. Comparison Between the Lower City Zones (LC1, LC2, LC3)

The LC1 zone consists of two main parts. The first part, located closer to the old
city (OC), is characterized by a good density of vegetation and the presence of resting
areas, such as gardens. The second part, however, lacks these features. This contrast has
impacted both thermal perception and the walking comfort experienced by pedestrians.
In Figure 9, it can be observed that the WTC curve fluctuates between comfortable and
uncomfortable from point C1 to point C4. However, this curve rises to “very uncomfortable
due to heat” for points C5, C6, and C7. These three points (C5 to C7) exhibit high air and
surface temperatures, particularly along Rue de la Liberté. This is mainly due to the high
SVF, which allows a significant amount of solar radiation to penetrate, combined with
low-albedo, heat-absorbing surface materials such as asphalt. Additionally, the lack of
shaded and resting areas makes summer walking conditions particularly challenging. It is
strongly recommended to integrate heat mitigation solutions, such as the installation of
shading structures and the use of high-albedo urban materials, such as light-colored pavers.
Previous studies have shown that increasing albedo and enhancing urban vegetation
significantly reduce the urban heat island effect [70–72]. Moreover, integrating resting
spaces that help alleviate thermal stress for pedestrians is essential in this part of the
lower city.
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Just like LC1, the mixed industrial zone (LC2) presents two contrasting situations:
areas with concentrated residential buildings exhibit less unfavorable conditions. In con-
trast, in the section primarily composed of factories and workshops, there is a worsening of
thermal conditions, as observed in Rue du Marché_1 (SVF = 0.83) and Rue du Marché_2
(SVF = 0.85), where air and surface temperatures are exceptionally high. This itinerary
lacks breathing spaces for pedestrians. Additionally, the square of the Maison de la Culture
is not designed to enhance thermal comfort, and Parc Mezzaia, despite being located at
the heart of this zone, operates as a paid amusement park. As a result, it is not freely
accessible to residents and pedestrians, preventing it from playing a beneficial role in daily
urban commutes. The LC3 zone experiences more unfavorable thermal conditions com-
pared to other areas of the lower city, negatively impacting thermal perception. Pedestrian
circulation spaces are often very limited or even absent, making walking more complex
compared to LC2 and LC1. However, this zone does offer some advantages, particularly in
the shaded areas created by the positioning of buildings. Improvements are both possible
and recommended, including the creation of sufficiently wide sidewalks, breathing spaces
(squares, gardens), and the incorporation of elements that enhance freshness and shade,
such as vegetation.

4.6. Pedestrians’ Subjective Perceptions Through Mental Maps and Questionnaires in Relation to
Microclimatic Measurements

The results represented by word clouds (Figure 13) demonstrate that thermal per-
ception is closely linked to urban morphology, vegetation, and urban planning. This
finding is confirmed by several studies on the effects of SVF and vegetation on the urban
microclimate [25,73–76]. Several dimensions emerge from mental maps, some of which
cannot be identified through questionnaires. Pedestrians have expressed a strong sensitivity
to the heritage and historical character of the old city, considering that the materials used
(mainly stone) and the shaded surfaces created by historical elements contribute to thermal
comfort. This effect is well documented in research on traditional and historic urban fabrics
and their impact on urban heat regulation and thermal perception [77–79]. Pedestrians also
display a strong attachment to the historical fabric of the old city. This finding had already
been highlighted in a study on the sensitive landscape of the Béjaïa medina [46]. However,
they also report the degradation of several pedestrian spaces, as well as certain historical
structures, such as Porte Fouka, mentioned in the OCI1 itinerary. This gate, considered one
of the city’s emblematic landmarks, plays a significant role in shaping the urban ambience,
thanks to its grandeur and the shaded areas it creates. Therefore, it is necessary to restore it,
along with the old city walls and historical urban staircases, by integrating them into the
Permanent Plan for the Safeguarding and Enhancement of the Protected Sector (PPSMVSS),
which is currently under development. Another important element that emerged from the
analysis is the presence (or absence) of breathing spaces along pedestrian routes. These
spaces, such as squares, gardens, parks, and esplanades, play a crucial role in the walking
experience and the thermal comfort of pedestrians. They serve as thermal regulation
hubs and spatial pauses, allowing for both physiological and psychological adaptation to
climatic and physical constraints during movement [80,81]. Additionally, due to thermal
memory, these spaces help reduce perceived fatigue and enhance overall walking comfort.
When a pedestrian crosses a shaded space, they retain that experience, making the rest of
the journey more pleasant. Several researchers also emphasize the importance of thermal
memory, stating that thermal comfort does not only depend on the present moment but is
also influenced by previous thermal experiences [82,83].

Vegetation exerts a strong and statistically significant positive influence on walking
thermal comfort (OR = 1.50 [1.20–1.90], Figure 14). Pedestrians have expressed very positive
perceptions regarding the presence of green spaces and water, particularly along the OCI2,
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LCI1, and LCI2 routes. They also emphasize the value of Mezaïa Park, located at the heart
of the city of Béjaïa. This park represents a high-value walking space and should be made
more accessible to the public. Microclimatic measurements and questionnaires have also
confirmed these findings. In most vegetated areas, surface and air temperatures are lower,
primarily due to the shading effects and cooling provided by vegetation elements, such
as trees and grass. In some exceptional cases, certain areas are perceived as comfortable
despite high air temperatures. These exceptions are often observed in densely vegetated
zones, suggesting that vegetation may also have an indirect influence on pedestrians’ heat
perception. For example, at point C1, corresponding to the theater staircase surrounded
by vegetation, the ASV at 2 p.m. is rated as 3 (“neither hot nor cool”), despite a high
temperature (Ta(PtC1) = 28.3 ◦C). A similar phenomenon is observed at other locations,
such as the Fouka staircase (A2), where the temperature is also high (Ta(PtA2) = 27.5 ◦C)
but still perceived as “neither hot nor cool”. It is evident that even when temperatures are
high, the mere visual presence of vegetation in the environment triggers a perception of
freshness and creates a calming effect. The integration of vegetation into pedestrian routes
should be considered not only as a means of reducing heat but also as a psychological and
sensory comfort factor that influences how pedestrians experience walking. This finding
aligns with numerous studies that have confirmed that urban vegetation influences mental
well-being and encourages walking activity [84–87].

High humidity has been perceived as a major discomfort factor affecting walking
comfort across all the studied routes. Indeed, high humidity intensifies the sensation of
heat and limits sweat evaporation, causing discomfort, suffocation, and fatigue among
pedestrians, thereby reducing their overall walking comfort in urban environments. These
observations align with the study conducted on the Casbah of Algiers by Arrar et al. [40].
This research confirmed a significant correlation between humidity levels and the physio-
logical equivalent temperature (PET), with a correlation coefficient of 0.81 in winter and
0.79 in summer [40].

The term “fatigue” was reported in the mental maps of the OCI route, mainly during
uphill segments. Figure 14 confirm that higher fatigue levels reduce the odds of better WTC
(OR = 0.70 [0.50–0.90]). This suggests that topography plays a role in thermal perception
and walking comfort, which was also confirmed through questionnaires. At point A6,
despite the presence of thermal discomfort (ASV(PtA6) = 4), walking comfort remained
moderate (WTC(PtA6) = 3). A similar observation was made on Fatima Street (A8), where
the evaluations were identical (ASV(PtA8) = 4; WSV(PtA8) = 3; WTC(PtA8) = 3). Likewise,
Mekki Bacha Staircase (A11) showed moderate walking comfort (WTC(PtA11) = 3), despite
a perceived temperature of discomfort (ASV(PtA11) = 4) and a light breeze perception
(WSV(PtA11) = 2). The common feature among these locations is that they are descended
paths, indicating that topography plays a significant role in thermal perception and pedes-
trian comfort. Fatigue was reported across all other routes except for the OCI2 itinerary.
The uniqueness of this route lies in its varied environment, alternating between sunlit and
shaded areas. The presence of well-designed squares, such as Place Gueydon, along with
gardens, shaded surfaces (trees, architectural elements), and underground passages (Sidi
Abdelkader Tunnel) creates a dynamic walking experience, reducing fatigue and monotony.

When a pedestrian continuously walks under direct sunlight, mainly uphill, they
accumulate heat, which increases perceived fatigue due to cumulative thermal load. Con-
versely, when a route is diverse and offers resting opportunities, such as shaded spaces,
even for a short period, it allows the body to recover and cool down. According to Ali
Smail et al. [42], environmental diversity provides numerous psychological benefits. Their
study confirms that negative alliesthesia (prolonged exposure to uncomfortable conditions)



Urban Sci. 2025, 9, 243 25 of 39

increases fatigue, whereas positive alliesthesia (thermal recovery) reduces fatigue and
enhances walking comfort [42].

4.7. Strengths and Limitations of the Research
4.7.1. Strengths

This research presents several key elements that enhance its relevance. One of its
main strengths is the use of accompanied walks and walking journals, which serve as
powerful methods and tools that facilitate close engagement with pedestrians and an
in-depth understanding of their perceptions and lived experiences. This study fills a
significant gap in the scientific literature by integrating sensory perceptions and pedestrian
affective experiences, mainly through the use of mental maps and the cross-analysis of
qualitative results with microclimatic measurements and questionnaires. Additionally, the
research takes into account pedestrians’ perceptions of two crucial microclimatic variables
(temperature and wind), while also analyzing spatial transitions and variations in thermal
perceptions. Moreover, this research is the first study conducted in the city of Béjaïa. To
our knowledge, no previous studies on outdoor thermal comfort have been conducted in
this area, making this research a significant and original contribution to the geographical
context and the broader literature on Maghreb and North African cities. The comparative
approach between two contrasting urban zones (the old city and the lower city) and five
different urban fabrics (precolonial, colonial, planned, spontaneous, and industrial/mixed)
adds significant value to this study provides valuable insights and recommendations aimed
at enhancing the current urban conditions in specific areas. A promising next step in
the analysis would be to calculate the thermal comfort index (physiological equivalent
temperature, PET) by determining the Mean Radiant Temperature (Tmrt) from the already
collected microclimatic data and conducting simulations using the RayMan software. This
approach would further strengthen the existing findings.

4.7.2. Limitations

This research presents certain limitations. First, the number of daily measurement
sessions was restricted to three times per day (9 a.m., 2 p.m., and 8 p.m.), mainly due to
significant challenges in recruiting participants, a common issue in research. In the future, it
would be beneficial to increase the number of study days as well as the frequency of walks
per day to further strengthen the findings. Additionally, the current number of participants
(n = 70) could be expanded to enhance the robustness and representativeness of the results.

Moreover, a comparison with winter data would be of great interest to better under-
stand seasonal variations in outdoor thermal perception and comfort.

4.8. Practical and Research Implications
4.8.1. For Urban Planners

This study helps urban planners understand that walking comfort in cities is not solely
determined by environmental and infrastructural factors but is also significantly influenced
by sensory perception, particularly thermal perception. It plays a crucial role in shaping
pedestrians’ route choices, walking pace, and overall behavior in urban environments.
Moreover, the study urges urban designers to thoughtfully integrate vegetation and select
high-albedo materials in urban planning, as these are among the most effective solutions
for enhancing thermal comfort in cities, particularly in the urban fabrics of Béjaïa and other
North African cities facing similar climatic challenges.

Additionally, areas identified as uncomfortable or marginalized in both parts of Béjaïa,
such as public squares, should be reconsidered and enhanced by urban planners to encour-
age pedestrian activity. As mentioned in the introduction of this article, an urban renovation
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plan (PPSMVSS) has been developed for Béjaïa and is currently being implemented [46].
The recommendations from this research provide valuable insights to enhance ongoing
initiatives. They could be directly integrated into current urban planning operations to
improve thermal comfort in the old city of Béjaïa and promote urban walkability.

4.8.2. For Researchers

This research enriches the existing literature on the impact of microclimatic variables
on pedestrian perception and urban walking practices. It also provides a valuable method-
ological contribution to researchers working on urban walkability and pedestrian thermal
perception. Qualitative methodologies, such as accompanied walks, walking journals, and
mental maps, though sometimes underestimated, significantly complement and enhance
the findings obtained from microclimatic measurements and questionnaires. Researchers
can build on the methodology presented in this study and apply it to various research
contexts worldwide.

One promising research avenue for Béjaïa in the future would be to investigate further
the impact of wind and sea breeze on thermal comfort in the city. Additionally, it would
be relevant to develop scenarios analyzing the influence of vegetation, particularly in the
unplanned area LCI3. This analysis could be conducted using advanced modeling software
such as ENVI-met, combined with RayMan, which was used in this study.

5. Conclusions
This research examined the impact of microclimatic variations on pedestrian thermal

perception and walking comfort during the summer period (July 2022) in two contrasting
areas of the city of Béjaïa (the old city and the lower city). The study was conducted along
five routes crossing five distinct urban fabrics (precolonial, colonial, planned, industrial-
mixed, and spontaneous). Microclimatic data and pedestrian perceptions were recorded
at each strategic point along the routes. Additionally, the use of mental maps provided a
comprehensive perception of each itinerary.

The key findings are as follows:
(1) Each microclimatic variable influences pedestrian thermal perception. Air tempera-

ture has a direct impact on the sensation of heat or coolness. In summer, this variable can
cause thermal discomfort, affecting walking practices. The perception of heat can be sig-
nificantly intensified if surface temperature, another crucial variable, is also high. Surface
temperature increases when spaces are highly exposed to solar radiation for prolonged
periods and when surface materials have low albedo, absorbing a large amount of solar
radiation. A high percentage of relative humidity can create discomfort, as it reduces the
efficiency of human perspiration and impairs skin evaporation. Finally, wind is a key factor
in thermal perception. Air velocity enhances body heat dissipation, helping cool the body
by increasing sweat evaporation, thereby improving walking comfort. In the context of this
research, it was concluded that air velocity must reach a minimum threshold of 1 m/s to
have a beneficial effect on pedestrian thermal comfort.

(2) The sky view factor (SVF), which represents the degree of openness to the sky, im-
pacts microclimatic variables, primarily surface temperature. Additionally, high exposure
of pedestrians to direct solar radiation increases their sensation of discomfort and dis-
tress. The presence of shaded surfaces, created by various obstacles, provides a significant
advantage in reducing thermal stress by limiting heat accumulation.

(3) Diversified routes are more favorable for walking and enhance pedestrians’ thermal
perception. This type of urban itinerary creates a diverse range of atmospheres due
to the presence of multiple factors, including shade, vegetation, varied materials, and
the alternation between narrow and open spaces. Furthermore, breathing spaces, such
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as designed squares, urban gardens, or even vegetated areas, help regenerate thermal
sensations and increase pedestrians’ desire to walk. Moreover, these breathing spaces
should be strategically positioned within the urban fabric and along walking routes to
provide moments of rest and thermal and sensory regeneration.

(4) A study on thermal perception must consider the transitions between traversed
spaces. It is not enough to analyze each space in isolation; it is crucial to consider the
changes from one environment to another for a rich and comprehensive analysis of pedes-
trian perceptions. The perception experienced in one space can be influenced by the
sensation felt when passing through the previous space. This highlights the importance
of studying thermal memory in depth, an essential but often overlooked factor in re-
search. This approach requires the use of appropriate methodologies, including, for exam-
ple, incorporating questions about dASV in questionnaires and using mental maps and
walking journals.

(5) The old city of Béjaïa, particularly zone OC2, despite several shortcomings, offers
better walking comfort in relation to thermal perception compared to the lower city. The
area comprising the Bab el-Louz and Karamane urban fabrics (OC1) could be improved
by integrating cooling elements, such as vegetation, and by developing public squares
to transform them into actual breathing spaces for pedestrians. Sidi Soufi Square, which
occupies a strategic position in the historical fabric, could be particularly enhanced for this
purpose. In the lower city, the Lekhmis neighborhood presents some interesting advantages,
particularly the presence of gardens and shaded areas. However, redevelopment and
requalification operations are essential for zone LC2. The routes and open spaces in this
area are highly exposed to solar radiation, and the materials used have a low albedo. It
is strongly recommended to relocate the industrial zone outside the city center to allow
for the creation of more comfortable and livable spaces. Finally, the spontaneous zone of
the city (LC3) requires urgent attention from urban planners to improve walking comfort.
Some existing advantages could be positively leveraged, such as a reduced SVF in certain
spaces and the presence of shaded areas.

These recommendations, developed for Béjaïa, also apply to similar urban fabrics
along the Algerian and wider North African coast, where comparable measures could
enhance outdoor thermal comfort and encourage walking. They involve, first, increasing
shade by planting climate-appropriate deciduous trees and installing lightweight pergolas
or tensile canopies along pedestrian routes; cooling surfaces by replacing dark asphalt
or paving with light-colored, permeable, or high-albedo materials; preserving sea-breeze
corridors through street layouts that remain open toward the waterfront and by controlling
height-to-width ratios to maintain natural ventilation; and, finally, regularly introducing
water and greenery, such as fountains, misting devices, or pocket gardens roughly every
100 m, to promote evaporation and provide cool resting spots for pedestrians.
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Abbreviations
The following abbreviations are used in this manuscript:

Symbol/Abbreviation Definition Unit
ASV Actual sensation vote [–]

dASV
Differential ASV—change in ASV
between two successive points [–]

WSV Wind Sensation Vote—perceived wind intensity [–]
WTC Walking thermal comfort [–]
Ta Air temperature [◦C]
Ts Surface temperature [◦C]
Va Air velocity [m/s]
RH Relative humidity [%]
ε Emissivity [–]
SVF Sky view factor [–]
H/W Height-to-width ratio of an urban canyon [–]
PET Physiological equivalent temperature [◦C]
Tmrt Mean Radiant Temperature [◦C]
CWI Comfort Walkability Index [–]
NDVI Normalized Difference Vegetation Index [–]

R2 Coefficient of determination
(regression model fit) [–]

ρ (Spearman’s) Spearman’s rank correlation coefficient [–]
τβ (Kendall’s) Kendall’s tau correlation coefficient [–]

R
Statistical computing and data
visualization software [–]

OR Odds Ratio [–]
CI Confidence Interval [–]
OC Old city zone (OC1, OC2) [–]
LC Lower city zone (LC1 to LC3) [–]
OCI Old city pedestrian itinerary (OCI1, OCI2) [–]
LCI Lower city pedestrian itinerary (LCI1 to LCI3) [–]

PPSMVSS
Plan Permanent de Sauvegarde et de Mise
en Valeur du Secteur Sauvegardé
(Algerian urban heritage conservation plan) [–]

https://www.ejustice.just.fgov.be/eli/loi/2004/05/07/2004022376/moniteur
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Appendix A. Information Regarding Temperature and Vegetation in the
City of Béjaïa

Figure A1. Temperature history for 2022 in the city of Béjaïa. © WeatherSpark.com. The red area
shows the typical range of daily high temperatures, the blue area indicates the typical range of daily
low temperatures, and the gray line represents the average daily temperature.

  
(a) (b) 

Figure A2. NDVI maps for both parts of the city of Béjaïa for July 2022. (a) NDVI map of the old city
of Béjaïa for July 2022. (b) NDVI map of the lower city of Béjaïa for July 2022. Maps were generated
using Sentinel-2 satellite imagery. Processed by authors.
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Figure A3. Elevation map of the city of Béjaïa. Source: Esri Imagery. Processed by authors.

 

Figure A4. Distribution of daily mean relative humidity (%) in Béjaïa during July 2022. Data reported
by weather station 604020 (DAAE). Latitude 36.71◦ N, longitude 5.06◦ E, altitude 2 m. Figure created
by authors.
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Figure A5. Daily global horizontal irradiance (GHI) at Béjaïa during July 2022, derived from NASA
POWER (parameter ALLSKY_SFC_SW_DWN; 36.71◦ N, 5.06◦ E). Figure prepared by authors.

Appendix B. Sky View Factor (SVF) Values for All Points Across the Five
Urban Areas

Table A1. Sky view factor (SVF) values for all points across five urban areas.

Point
A

SVF
A

Point
B

SVF
B

Point
C

SVF
C

Point
D

SVF
D

Point
E

SVF
E

A1 0.2 B1 0.383 C1 0.097 D1 0.654 E1 0.561

A2 0.5 B2 0.698 C2 0.233 D2 0.533 E2 0.451

A3 0.4 B3 0.235 C3 0.752 D3 0.872 E3 0.399

A4 0.5 B4 0.035 C4 0.188 D4 0.833 E4 0.267

A5 0.2 B5 0.382 C5 0.839 D5 0.854 E5 0.690

A6 0.3 B6 0.136 C6 0.471 — — — —

A7 0.7 B7 0.399 C7 0.864 — — — —

A8 0.3 B8 0.692 — — — — — —

A9 0.5 B9 0.467 — — — — — —

A10 0.4 B10 0.001 — — — — — —

A11 0.3 B11 0.697 — — — — — —

A12 0.3 — — — — — — — —
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Appendix C. Methodology for Studying Mental Maps and an Example
Created by a Pedestrian Participant

 

Figure A6. Methodology used in this study of mental maps created by pedestrians at the end of
each route.

 

Figure A7. Example of a mental map created by a 22-year-old student on OCI2 itinerary.
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Appendix D. Details of the Participation Rates in the Study

Table A2. Table of details on participation rates for each itinerary.

Zone/Itinerary
Number of

Partici-
pants

Participants in
Both Zones

Unique
Participants

for This
Itinerary

% of Total
Participants

Old City

OCI1 16 13 3 22.9%

OCI2 15 12 3 21.4%

Total Old City 31 25 6 44.3%

Lower City

LCI1 15 11 4 21.4%

LCI2 13 9 4 18.6%

LCI3 11 5 6 15.7%

Total Lower City 39 25 14 55.7%

Overall Total
(Summer) 70 25 20 100%

Table A3. Sociodemographic characteristics of survey participants.

Category Number of Participants Percentage (%)

Total Participants 70 100.0%

Gender

- Male 44 62.9%

- Female 26 37.1%

Age Group

- Under 18 10 14.3%

- 18–30 years 24 34.3%

- 31–45 years 19 27.1%

- 46–60 years 14 20.0%

- Over 60 3 4.3%

Occupation

- Students 36 51.4%

- Professionals 24 34.3%

- Retirees 5 7.1%

- Others 5 7.1%

Status

- Local residents 49 70.0%

- Domestic tourists 17 24.3%

- International tourists 4 5.7%
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Appendix E. Results of the Microclimatic Measurements for
Each Itinerary
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