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Summary

Background: Algiers, like most cities in the world, suffers from the problem of ambient air pollution. Road traffic is the
main source of atmospheric pollutants and fine particulate matter (PM) in urban street canyons, endangering the health of
pedestrians. This phenomenon also depends on factors relating to site-specific conditions and morpho-climatic variables.

Objective and methods: Our study aims to assess the correlation between the concentration PM and morpho-climatic
parameters in two streets, located in the 19"-20%" century urban fabric specific to the city, using in-situ measurements
during the summer season and statistical methods.

Results: The findings showed that canyon geometry and trees were the main factors affecting PM concentration in
urban street canyons, compared to temperature, which acted as a secondary parameter.

Conclusion: This study could serve as a guide for future urban planning by taking into account the morphological,
microclimatic and roughness parameters of urban canyons when designing future urban projects in order to improve local
air quality and protect human health.
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Pesiome

BgedeHue. Kak 1 60nbLUMHCTBO FOpoOA0B Mypa, ANup cTpagaeT oT npobrieMbl 3arpA3HeHnA aTMocdepHoro Bo3ayxa.
[oporkHoe ABMKeHMe ABNAETCA OCHOBHBIM UCTOYHMKOM 3arpA3HAIOLLMX BELLECTB M TOHKUX B3BELUEHHbIX YacTuL B KaHbOHaX
ropoAcKMX ynuu, NofgBepraoLLMM ONacHOCT 300poBbe MeLlexooB. 3TOT PeHOMEH TaKKe 3aBUCUT OT GaKTOpOB, CBA3AHHbIX
C YC/TOBMAMW KOHKPETHOIO y4acTKa 1 MOpPOKIMMaTUYECKMMU NepeMeHHbIMMU.

Llens u Memodki: Hale vccnegoBaHve HanpaBfeHo Ha OLIEHKY Koppenauumn Mexay KoHUeHTpaumen B3BeLLeHHbIX
yactmy U MopdoKIMMaTUYECKMMM NapaMeTpaMm Ha ABYX YNULLAX, PAcrosIOeHHbIX B XapaKTEPHOW MOPOACKOM 3aCTpoMKe
XIX—XX BeKoB, ¢ Ncrnonb3oBaHNEM pe3yfibTaToB GpaKTUYECKUX N3MepeHUI B JleTHee BPeMA U CTaTUCTUYECKMX METOA0B.

Pe3ynbsmamel. Pe3ynbTaTbl MoKasasu, YTo reoMeTpuA MpoACKUX KaHbOHOB W AepeBbA ABMAITCA OCHOBHbIMK haKTopa-
MU B/IMAHMA Ha KOHLIEHTPaLMIo B3BELLEHHbIX YacTuL, Ha TaKuX ynnuax, a He TeMnepaTtypa, KoTopas BbiCTyrnasna B KayecTse
BTOpPUYHOIO NapameTpa.

3arsoyeHue. Mony4veHHble pesynbTaThl MOryT criocobcTBoBaTh byayLleMy 3¢ peKTMBHOMY FOpOACKOMY MyIaHUPOBaHMIO,
OEMOHCTPUPYA BaXKHOCTb y4YeTa HepoBHOCTEN, MOPHOIOrMYecKNX 1 MUKPOK/IMMATUYECKUX MapaMeTpoB Npuy NpoeKTUpo-
BaHWU C Lefiblo YNy4LleHMA KayecTBa Bo3AyXa U OXpaHbl 300POBbA HUTENEN.

KnioueBble cnoBa: KOHLEHTpaUMA B3BELUEHHbIX YacTuL, MOPPOKIMMATUYECKME NapaMeTpbl, FOPOACKNE KaHbOHbI,
cTaTUCTUYECKMe MeToabl, ANKuUp.

[Ona uutupoBanua: Xennad J1., Haumm Ant-Ayama M., Paxan @. BnnAaHne B3auMoaencTBMA MOpPGOKIMMATUYECKMX MapaMeTpoB Ha

KOHLIEHTPaLMI0 B3BELLUEHHbIX YacTuL, B FOPOACKMX KaHboHax Anupa // 3OopoBbe HaceneHus 1 cpeda obutanma. 2025. T. 33. N2 6.
C. 65-74. doi: 10.35627/2219-5238/2025-33-6-65-74

Introduction

Most cities in the world, particularly capital
cities, are facing pollution problems due to rapid
industrialization, urbanization, and transport. Road
traffic contributes considerably to the deterioration of
air quality in dense urban areas through the emission
of various types of pollutants, such as PM and gaseous

pollutants. It is widely accepted that pollution has
adverse effects on human health and on the natural
and urban environment. [1]

Urban air quality deterioration is a significant
concern on the scale of the urban canyons characteristic
of large and dense cities. This type of urban space
comprises buildings on either side located continuously
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along the street. [2] To date, the increase in pollutant
concentrations in urban canyons has received much
attention. [3, 4] This is due to the main factors related to
urban canyons, such as canyon geometry, meteorological
conditions, vegetation, etc. [5] The geometry of
Canyon Street is determined by the buildings’ height
(H), width (W), and the street length (L). Two key
ratios define the configuration of the street canyon,
namely the aspect ratio (H/W) and the lateral aspect
ratio (LAR) (L/W). [6, 7] The aspect ratio (H/W) has
been the subject of numerous studies in terms of its
significant effect on the concentration of pollutants.
[5, 71 As such, Han and Lee [4] and da Silva et al [8]
have found that a deep canyon with a higher aspect
ratio has a high concentration of pollutants, whereas
a wider street is characterized by a low accumulation
of pollutants at the pedestrian level. Similarly, the
lateral aspect ratio (LAR) has drawn the attention
of researchers. [6, 7, 9] Based on this ratio, urban
canyons have been classified by Hunter et al [10] where
a street with LAR < 3 is short, LAR =5 is medium,
and LAR > 7 is long. This has a considerable effect
on the occurrence of different flow regimes [11] and
therefore has a significant impact on the variation of
pollution levels in urban streets. [7] It is recommended
to use a threshold value for the lateral aspect ratio
(LAR = 3) and not to exceed it to optimize ventilation
and consequently pollution dispersion and dilution
within the urban canyon. [6, 12]

On the relationship between urban vegetation and
air pollution, we know that vegetation in the urban
environment, particularly on Canyon Street, is adopted
by urban planners to purify the air and preserve human
health. [13] Recent research has exploited the aspect
of vegetation as much as a passive method to adjust
the configuration of canyons according to the airflow
to better distribute pollutants inside canyons and even
outside cities. [14] In this respect, tree stand density,
tree crown morphology, leaf area density, and plant
positioning and arrangement have been identified as
characteristic factors governing the distribution and
accumulation of pollutants within urban canyons. [15]

On the other hand, air pollutant concentrations, as
a function of time and space, are strongly subject to
meteorological conditions. This was more evident in
the study by He et al [16] showing that more than 70 %
of the daily variation in the average concentration of
pollutants corresponded to microclimatic parameters,
and the study by Voordeckers et al [7] demonstrating
that air temperature, relative humidity, wind velocity
and direction were the key factors that significantly
stimulated this phenomenon, particularly on a local
scale. When it comes to the temperature parameter,
studies have shown that an increase in temperature
corresponds to an increase in the concentration of
pollutants in the atmosphere. [17] Moreover, the
effect of temperature on PM concentration is greater
in summer than in other seasons, [18, 19] meaning that
higher temperatures lead to increased concentrations
of fine particles in the urban canyon street through
increases in traffic-related emissions and the formation
and accumulation of secondary aerosols linked to
photochemical reactions. [19]
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It is important to study the relationship between
pollutant concentration and climate conditions in
different climatic contexts to better identify and
understand this relationship. Several studies have
been carried out in different climatic contexts, for
example, a tropical wet and dry climate, [20] a semi-
arid climate, [21] an arid climate, [22] a subtropical
climate, [23] and a Mediterranean climate. [24] Our work
addresses pollution in the context of Mediterranean
cities to enrich the debate on this relationship between
climates by focusing on temperature. Algiers, the
capital city of Algeria, like other cities in the world,
has suffered from the problem of urban pollution
because of the significant economic, demographic,
and urban development that it has experienced in
recent decades. The high presence of fine particles
in the urban environment of the city, caused mainly
by the intense growth of the car fleet, constitutes a
threat to the natural and urban environment as well
as to human health, especially as PM,, and PM, ¢
levels are extreme and exceed international and WHO
standards. [25]

Air pollutant concentration in the city of Algiers
has been widely studied on a large scale, [25] while
it has not been implemented at the local level in
particular “Canyon Street” until now. The aim of
our study is to explain and evaluate the variation of
the concentration levels of fine particles within two
distinctive morphologies of urban canyons located
in a particular urban fabric of the 19*"-20% centuries
built under French rule, which dominates the city of
Algiers. Our work focuses on exploring the following
parameters: aspect ratio (H/W), lateral aspect ratio
(L/H), vegetation, and temperature. To achieve this
objective, in situ measurements are taken, followed
by statistical analysis using IBM SPSS software,
including pair-wise Pearson correlation coefficient
R, principal component analysis (PCA), and multiple
linear regression. The purpose of these statistical
analyses is to evaluate the nature of the correlation
models between morpho-climatic variables and the
concentration of fine particles within the selected
canyons in the city’s hypercenter, as well as to verify
their validity. Our study results could enrich the body
of knowledge in not only Algiers but also worldwide,
particularly focusing on air quality at the local urban
scale. Additionally, they could contribute to constituting
a reference guide for town planners, offering guidance
during the design and planning phases of major
sustainable urban development projects aiming to
improve air quality within cities.

Materials and Methods

Study area

Algiers, the capital city, is located in the north of
the country, covering the area of about 120 km?. The
hyper-center zone is positioned on the Algiers plateau,
where the relief is flat and heterogeneous, with an
altitude between 100 and 200 m. [26] The population
is growing rapidly and is expected to reach 3,977,000
million in 2025. [27] According to the Koppen climate
classification, the city has a Mediterranean climate,
with mild, wet winters and hot, dry summers. In
winter, daily minimum and maximum temperatures



Public Health and Life Environment - 2#%£LE

Volume 33, Issue 6, 2025

https://doi.org/10.35627/2219-5238/2025-33-6-65-74
Original Research Article

vary between 16 °C and 19 °C, while in summer, the
minimum daily temperature reaches 31 °C during June
and September, and the maximum daily temperature
reaches 35 °C during July and August. [28]

The streets selected for this study are located
in the lower part of the city center, more precisely in
the 19*"-20%" century fabric dating from the French
rule. Figure 1 shows the study area and the selected
urban canyons: FRERES BELAGOUNE and LARBI BEN
M’HIDI Streets. The selection of canyons depends
on the diversity of morphological features that
characterize the colonial fabric of the 19" and 20t
centuries, giving canyons a specific geometric shape
and urban microclimate. These characteristics, when
combined, have an effect on concentrations of fine
particulate matter in the ambient air. Table 1 shows
the morphological and other factors specific to each
street canyon covered by this study

Measurements and data acquisition

To measure temperature and air quality indices,
the study included 36 samples taken at human height
i.e., 1.5 meters above ground level for the two canyons
selected. Each canyon contains two measurement
points at the extremities and one in the middle to have
different positions and to take into account the wind
flow within the canyons (see Figure 1). Measurements
were carried out simultaneously using a mobile
device called a fine particle analyzer fitted with the

GP2Y1010AUOF sensor, which is used to measure PM
concentrations and temperature, [29] and a STANLEY
laser rangefinder was used to measure vertical and
horizontal distances to calculate the ratios H/W and
L/H. The campaign of measurement lasted three
months, from July to September 2022, and covered
almost the entire summer season, i.e., two days of
each month were chosen, one working day and one
public holiday, in a period corresponding to the peak
hour from 12:00 to 13:30.

Statistical methods

In this work, we performed Pearson correlation
analysis to examine the correlations between the
dependent and independent variables, [30] and
multiple linear regression analysis to validate the
significance of the analysis model. Additionally, we
conducted principal component analysis (PCA) to
target the parameters most involved in the variation
of PM concentrations, adopting a two-dimensional,
principal and secondary correlation circle with their
percentages of variance as the graphical design of the
variables. [7] The pairwise Pearson correlation analysis
and the multiple linear regression tests were carried
out using IBM SPSS version 21 statistical software. On
the other hand, PCA was performed using the open-
source software R and R Studio for Windows version
4.3.2 with packages such as missMDA, FactoMineR,
and factoextra. [31]
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Fig. 1. Location of the selected canyons in the Algiers city’s hyper-center
Puc. 1. PacnonoreHuve BbibpaHHbIX KAHLOHOB B rUnepLUeHTpe ropoaa Anxupa
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Table 1. Characteristics of FRERES BELLAGOUNE and LARBI BEN M’HIDI canyon streets
Tabnuya 1. OnucaHue KaHboHoB ropoackux ynuy FRERES BELLAGOUNE u LARBI BEN M’HIDI
SELECTED CANYON STREETS CHARACTERISTICS / Onucanue BbibpaHHbIX ynuy
FRERES BELLAGOUNE Street LARBI BEN M'HIDI Street

Selected canyon streets /
BblbpaHHble yNuLbl-KaHbOHbI

S |
Streets geometry / leomeTpus ynuy Fa ‘ /4/ ’ \N o “
e N\

H/W / B/l 3,43 1,28
L/H/ /B Short Canyon / KopoTkuii KaHboH 1,66 Short Canyon / KopoTkuii KaHboH 2,93
. Trees on both sides of the canyon /
Tree planting / Hanuuve nepesbes Zero trees / OtcyTcTByioT lepeBLA 10 0BedM CTOPOHaM KaHboHa
Road traffic / Low flow traffic / Huskas High flow traffic / Beicokas

MHTEHCMBHOCTb [0POXHOro ABM¥EHUA

Table 2. Pairwise Pearson correlation coefficients (r) between pairs of temperature (°C), aspect ratio (AR),
lateral aspect ratio (LAR), vegetation surface area, and particle concentrations (ug/m?); *p < 0.05; **p < 0.01

Tabnuya 2. NMapHbie Ko3pPuLMeHTbl Koppenauum NMupcoHa (r) Mexxay nepeMeHHbIMU TeMmnepaTypbl (°C), cooTHoLwwe-
HuA ctopoH (CC) n natepansHoro cootTHoweHuA ctopoH (JICC) ynuy, nnowaam noBepxXHOCTU pacTUTENIbHOCTH
M KOHUeHTpauui vyactuy (MKr/m3); *p < 0,05; **p < 0,01

Particle concentrations, Number of trees per linear
pg/m?/ Temperature / meter (T/m) /
KoHueHTpaumu vactuy, | Temnepartypa, C° AR/CC LAR / JICC Uucno pepeBbes Ha
MKr/M° JIMHEAHBIA METp
Particle concentrations, pg/m? / 1
KoHueHTpaLwu yactvu, MKr/M®
Temperature / Temnepartypa, C° 0,296 1
AR/ CC —0,422** —0,400** 1
LAR / JICC 0,422** 0,400%* —1,000** 1
Number of trees per linear meter (T/m) / o o 1AM -
Uncno fiepeBbeB Ha NUHelHbI MeTp (a/M) 0.422 0.400 1,000 1,000 1
Results are notable significant correlations between the pairs
Pairwise Pearson correlations and multiple  of parameters at the threshold of p-value < 0.05 (the
linear regressions probability obtained is 5 %) and p < 0.01 (the probability

Table 2 shows the Pearson correlation coefficients obtained is 1 %). The lateral aspect ratio (LAR) and
for each pair of parameters used in the study. There  the number of trees per linear meter (T/m) showed
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significant positive correlations with PM concentrations
at a significance level of 0.01 with Pearson’s coefficient
value of 0.422. In contrast, a correlation between the
H/W aspect ratio and fine particle concentrations was
found to be a significant negative correlation (r = -0.422)
at p < 0.01. We also found a weakly significant positive
correlation with Pearson’s correlation coefficient value
of 0.296 at p < 0.05 between air temperature and the
concentration of fine particles.

Following the results of the Pearson correlation
coefficients between the variables studied, the
multiple linear regression analysis showed that
no multicolinearity effect was observed between
the independent variables, as the values of the
two determining indicators fall within the norms,
including variance inflation factor (VIF = 1.90) < 10
and tolerances (T = 0.840) > 0.1. Furthermore, the
quality of the multiple linear regression models was
determined by analyzing the R? values, the adjusted
R?, and the Fisher F-test. As a result, the value of
(R? =0.197) lies between 0 and 1, which means that
the explanatory variables contribute 19.7 % to the
variance of the variable to be explained (PM). The F
change is equal to 4.060, and the significance of the
F change is equal to 0.027, which means that it is
significant, and this was also confirmed by ANOVA.
We can therefore say that the significance level is
good (0.027 < 0.05), which means that the regression
equation is good and allows us to say that the four
explanatory variables contribute significantly to the
scores of the PM variable. In addition, the relationship
between the explanatory variables and the variable
to be explained was determined by analyzing the
standardized beta regression coefficient, the Student’s
t-test, and the significance test. The results of these
coefficients indicate that the variable “number of trees
per linear meter” is the one that contributes most to
the variance of the PM compared with other variables,
where the standardized beta regression coefficient is
equal to 0.362, the Student’s t-value is equal to 2.126,
and the significance test (sig = 0.041). Moreover, the
validity of the model was assessed by examining the
residuals, in particular, the Durbin-Watson test and
the graphs. The Durbin-Watson test is used to assess
the correlation between residuals and errors with a
value between 0 and 4. In our case, the Durbin-Watson
test indicates a value of 2.432, which means that
this value is close to 2, i.e., within the recommended
norm. We can, therefore, say that the residuals are
uncorrelated and that the regression model is valid.
This is confirmed by the Gaussian P-P diagram of
the standardized residual regression, showing the
presence of slight deviations in the distribution of
points around the straight line, which also confirms
the validity of their distribution.

Principal component analysis (PCA)

The PCA results are based on two components:
the principal component Dim 1 (the horizontal axis)
and the secondary component Dim 2 (the vertical axis).
These two first components explain about 85.95 % of
the total variations. At the level of the component
(Dim 1), we note that the loadings of variables such as
lateral aspect ratio (LAR), number of trees per linear

meter (T/m), and aspect ratio (AR) are in robust contact
with the circle of correlations, where the loading of
the variables is significant and close to 1 and -1,
which means that there are significant positive and
negative correlations. Additionally, this indicates that
these loadings contribute strongly to the formation
of the principal component. While the loadings of
PM and T variables show a distant connection to the
correlation circle with loadings of less than 1, this
means that they are clearly involved in the creation
of the secondary component (Dim 2).

Air temperature (T) and fine particles (PM) form
a very small angle, meaning that they are positively
correlated, in the same way LAR and T/m are positively
correlated. The vectors for the aspect ratio and
fine particles diverge and form a significant angle,
close to 180°, indicating that they are negatively
correlated. We can, therefore, conclude that the
variables that make up the main component (Dim 1)
are more closely correlated or have a greater degree
of variance (69.34 %) than the variables that make up
the secondary component (Dim 2) (16.61 %). All this is
consistent with what is shown in Table 2, at p < 0.01
(for Dim 1) and p < 0.05 (for Dim 2). Consequently,
the morphological characteristics of urban canyons
have a stronger influence on PM concentration than
microclimatic characteristics. The results of the PCA
analysis are shown in Figure 2.

Discussion

Impact of canyon geometry parameters on PM

Among the geometric parameters that determine
the shape of the urban canyon are AR and LAR, which
play a very important role in the concentration of fine
particles. Regarding the relationship between AR
and PM, Pearson correlation analysis and multiple
linear regression analysis showed largely significant
negative correlations with a Pearson correlation
coefficient value (r = —0.422) (see Table 2). This
result is consistent with a few published studies, [3,
32] which explained that the concentration of fine
particles decreases with increasing AR, i.e., a deep
street is less polluted than a wide street. On the
other hand, the above result is not consistent with
another study by Voordeckers et al [7] showing a
highly significant positive correlation between AR and
NO, pollution. They explained this by the variation
in atmospheric pollutant concentrations, which are
mainly influenced by meteorological conditions and by
photochemical mechanisms that are also determined
by real atmospheric situations. [7] Furthermore,
the principal component analysis (PCA) showed a
negative load for AR close to 1 for the first component
(Dim 1) (see Figure 2), which is consistent with the
PCA variable graph presented in the study by Miao
et al. [3]

Since the correlation is negative, this means that
there are two possibilities to explain this relationship.
On the one hand, when the AR increases, which
means that we have a narrow and deep canyon
street, the concentrations decrease, such is the
case of FRERES BELLAGOUNE Street. In this type of
canyon, the flow paths carrying pollution rise along
the street due to the formation of vertical vortices,
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PCA graph of variables

Dim 2 (16.61%)

0.0

1.0 05

0.0 05 1.0
Dim 1 (69.34%)

Fig. 2. Correlation circle between all variables
Puc. 2. MaTtpuua Koppenauum Mexay BceMm nepeMeHHbIMU

resulting in a low concentration of pollutants at the
pedestrian level. Several studies have noted that
a deep, narrow street has lower concentrations of
fine particles than a medium or wide street. [6, 32]
On the other hand, when the AR decreases, i.e., we
have a wide canyon street, the PM concentrations
increase, which is consistent with the case study
of LARBI BEN M'HIDI Street. According to Miao et
al, [3] this can be attributed to the high volume of
road traffic generated by this type of street, leading
to large quantities of pollutant emissions. These
emissions contribute significantly to the increased
concentration of fine particles in the breathing zone
of pedestrians. The findings are corroborated by
the cases examined in this study, where the street
with the lowest AR receives the heaviest traffic and
therefore has a higher concentration of pollutants.
Other parameters not examined in our study, notably
wind speed and direction, are very likely to have an
impact on the variation in measured PM values. [33]

Concerning the lateral aspect ratio (LAR), our study
showed a significant positive correlation between PM
concentration and LAR with a Pearson correlation
coefficient value of (r = 0.422) (see Table 2). This
result contradicts the findings of Voordeckers et al [7]
showing no significant correlation between pollutant
concentration and LAR. Using pollutant dispersion
simulations in their study, the authors argued that
simplified modeling of urban environments through CFD
simulation software does not provide reliable results
for understanding this relationship. However, the study
by Michioka et al [9] is consistent with our result, as
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it shows a positive relationship between the LAR and
PM concentration, meaning that the longer the street,
the greater the concentration of pollutants, and vice
versa. In this sense, the authors explained that as
the LAR decreases, the concentration of pollutants
decreases due to increased lateral diffusion. Also, as
the LAR increases, the concentration of pollutants
becomes greater in the canyon street due to the
increased flow of confined air in the canyon street,
which means less dispersion of pollutants, leading to
their significant accumulation. Moreover, this positive
correlation has also been demonstrated by Oke, [11]
who found that the different flow regimes in the street
canyon are closely related to the lateral aspect ratio.
Indeed, in the case of perpendicular winds, when
the LAR increases, the accumulation of pollutants
is favorable in the central part of the canyon, due to
the reduction in lateral recirculation movements. [6]
In the case of parallel winds, as the LAR increases,
the accumulation of pollutants increases at the end
of the canyon, due to the decrease in wind speed. [6]
Regarding inclined winds, when the LAR (L/H) value
is high, pollutant concentrations are higher at the
end of the canyon than in the canyon with a low LAR
value. [15] This means that the long canyon street
is characterized by poor ventilation, which leads to
pollutants being trapped inside the canyon street. [12]
In addition, Gromke C and Ruck B [15] have indicated
that this result is due to the formation of vortices
and the accumulation of pollutants in certain areas
of the street. This is influenced by the elongated
shape of the buildings fronting the street, which
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favors the retention of pollutants at the leeward
end of the canyon.

Impact of air temperature on PM

Microclimatic parameters have very significant
impacts on the concentration of atmospheric pollutants
on a human scale in urban canyons. [17] Each parameter
has a different degree of influence on the concentration
of pollutants in canyons. [34] The results of our study
showed a positive correlation between air temperature
and fine particles with a Pearson correlation coefficient
value (r = 0.296) at 1.5 m above the ground during the
summer season (Table 2). This result is consistent with
the study carried out by Miao et al [35] demonstrating
a significant positive correlation between PM and
temperature at the pedestrian level, meaning that
when the temperature rises, the concentration of
PM increases. They explain this by the presence of
thermal stress that generally characterizes stagnant
synoptic situations with low wind speed, which reduces
turbulent flow, hinders the dispersion of atmospheric
pollutants, and therefore increases their concentration.
[35] Other studies contradicting the above result
were carried out by Miao et al [3, 17] showing a
significant negative correlation between temperature
and PM concentration at 1.5 m. This can be explained
by the fact that lower air temperature encourages
the trapping of fine particles in urban canyons, due
to a reduction in mixing height leading to inversion
conditions and stable atmospheric conditions. [17]
Based on these findings, one possible explanation for
our result concerning the positive correlation between
temperature and PM concentration in the canyons
studied is that it is due to the wind speed factor. In
other words, given that the measurements were carried
out in summer, during this period, temperatures reach
their maximum, and wind speeds are low and stable
compared with other seasons. [28] Likewise, Dong et al
[36] observed in their study that the wind speed near
the ground during the summer afternoon was almost
zero. Therefore, the pollutant removal performance
is poor with dispersed pollutant concentration due
to the multi-vortex flow structure influenced by the
heated walls of buildings. In addition, Miao et al [30]
also mentioned in their study that temperature effect
is important in summer compared to wind speed,
which acts more in autumn. Consequently, a positive
correlation appeared between temperature and
pollutant concentration due to the effect of temperature
on atmospheric turbulence and chemical reactions.
[16, 37] With regard to atmospheric turbulence, for
example, Kang et al [38] reported that canyon street
flow was ineffective in terms of reducing pollutant
concentration, as it was influenced by heating of the
street bottom. The effect of temperature on chemical
reactions is significant; for example, Zhong et al
[37] mentioned in their study that the temperature
increase in the canyon street plays a crucial role in
accelerating the chemical reaction processes that
lead to the formation of primary reactive pollutants
and the formation of secondary pollutants, and thus
the chemical reaction rate increases with the heating
intensity, leading to the deterioration of the air quality
in the canyon street, due to the significant impact of

chemical reactions on the concentration of measured
pollutants, as pointed out by Vardoulakis et al [39].
Furthermore, Pascal et al [18] demonstrated that the
summer season, with its very high air temperature,
strongly favors the concentration of pollutants (PM and
ozone). Consequently, during this season, the health
of the population exposed to the risks of pollution
is enormous. As a result, air quality monitoring and
warning measures must take account of the summer
season.

Impact of trees on PM

According to some studies, the role that trees
can play in purifying ambient air of various pollutants
is today questionable. [6, 15] Indeed, it has been
shown that the presence of trees in canyon street
configurations has a significant effect on reducing
wind speed and air exchange, and therefore leads to
an increase in pollutant concentrations. Consequently,
the effect of trees on local air quality can be positive,
negative, or both negative and positive. [40] Our findings
showed a significant positive correlation between
the number of trees per linear meter (T/m) and PM
with the value of Pearson's correlation coefficient
(r=0.422). In other words, the more trees there are,
the higher the concentration of PM, as was shown by
Xue and Li. [41] The result of the study carried out by
Wang et al [42] showed a value of Pearson coefficient
of (r=0.43), which is almost equal to the value that
was found in our study (r = 0.44) (see Table 2). They
explained that this significant positive correlation is
due to vegetation-related characteristics, in particular
the density of the vegetation cover. In other words,
as the density of vegetation cover increases, the
daily average concentration of PM, particularly total
suspended particles (TSP), shows a significant upward
trend. Moreover, Tong et al [43] argued that the dense
crown of trees helps to impede the flow and exchange
of air within the canyon and therefore leads to a
significant accumulation of PM.

In addition, the multiple linear regression
model showed that the number of trees per linear
meter (T/m) had a significant influence on the PM
concentration measured in canyons compared with
the other parameters studied (see Table 2). Principal
component analysis also showed that there was a
highly significant positive correlation between LAR,
(T/m), and PM concentration (see Figure 2). On the
other hand, the (T/m) load is overlaid with the LAR
load, with a Pearson correlation coefficient value
(r=1.000) (see Table 2), which means that a long
canyon street is likely to have more trees along the
street, and consequently, this method of planting
trees in rows is not recommended, as it increases the
concentration of fine particles. [44]

The study by Voordeckers et al [7] contradicts the
above result. The authors demonstrated a negative
correlation between the concentration of the NO2
pollutant and the number of trees per linear meter
(T/m). According to the authors, this can be partially
explained by the negative significant correlation
between the number of trees per linear meter (T/m),
and the aspect ratio (AR) indicating that trees are more
likely to be present in wide canyons, which generally
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have higher NO2 atmospheric pollutant values. [3, 7]
In this sense, we can say that the impact of trees on
PM concentration also depends on the morphology of
the canyon, which is in agreement with the findings of
Miao et al. [45] Another explanation for this negative
association is that trees affect air quality because of
several vegetation-related variables, such as tree
planting density, tree crown porosity, leaf surface
density, and trunk height and density. [6] Trees
characterized by high crown porosity, low leaf area
density, low stand density, and low trunk height are
recommended in a street canyon configuration. [6]

Conclusions

This study examined the relationship between PM
concentration and four morpho-climatic parameters,
which include temperature (T), number of trees per
linear meter (T/m), aspect ratio (AR), and lateral aspect
ratio (LAR). All these variables were measured in the
street canyons situated within the French urban fabric
characteristic of the city of Algiers. Data relating to
the concentration of fine particles and morpho-climatic
factors were measured during the summer, covering
the months of July, August, and September 2022 with
a number of 36 samples. Besides field measurements,
statistical methods, namely the Pearson correlation
coefficient r test, multiple linear regression analysis,
and principal component analysis (PCA), were used to
qualitatively assess the role of canyon street geometry
on PM concentration in real urban environments.

The results of the pairwise Pearson correlation
coefficient (r) showed significant correlations between
all the morpho-climatic variables and PM concentration
at two levels of significance: p < 0.05 and p < 0.01.
The R? (R? = 0.197) of the multiple linear regression
analysis indicates that the model was effective in
describing the relationship between the variables.
AR, LAR, and T/m largely influence PM concentration
compared with the temperature parameter in principal
component analysis (PCA). Combining the results of
the three types of statistical analysis performed, our
study found that the number of trees per linear meter
(T/m) is the variable that has the greatest impact on
PM concentration in selected canyons compared to
the other variables studied. However, other variables
not considered in this study, such as wind speed and
direction and hourly road traffic volume, would have
a significant influence on the measured PM values.

Ultimately, this study has corroborated the link
between morpho-climatic parameters and pollutant
concentration. The results could enrich the body of
knowledge on urban air pollution in Algiers as well
as in similar geographical contexts and give guidance
in the design of future urban projects, with the aim of
improving local urban air quality and thus protecting
human health.
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BnazodapHocmu

Mbl xoTenu 6bl Bbipa3uTb UCKPeHHIo bnarogap-
HocTb (NaBHOMY yrNpaB/IeHUI0 HAYYHbIX UCC/Ie0BaHUN
M TEXHOOrMYEeCKoro pasBuUTUA MUHMCTepCTBa BbICLLENO
06pazoBaHUA N Hay4HbIX UCCnenoBaHUM Amkupa 3a
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XOAUMBIM AnA 0630pa nuTepaTtypbl; JlTabopaTtopun
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