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TABLE | MODELLING DOMAINS AND CATEGORISATION OF VARIABLE CLASSES

Domain

Category

Scheme

Description

Class

Built environment — morphology

Street canyon
height/width ratio

The height of the buildings (h) and the width
of the street (w) form the street canyon ratio
H/W. Street canyons are classified in three
classes.

model 20/50, H/W 0.4

model 20/30, H/W 0.6

model 20/20, H/W 1

Orientation
of the street grid

VZ

The main street, and the development
of which the school building is a part,
can be divided into two predominant
orientations.

Wind direction perpendicular
to the street grid

Wind direction parallel to the direction
of the street grid

Typology
of the thoroughfare

PM particulate pollutants for three categories
of traffic routes

Main road, collector road, local road

[}
3
©
Q.
w
5
o Position within The position within the street grid is defined Windward or leeward
2 the street grid a ccording to the windward or leeward side,
= the side, the proximity to the intersection
and the location at the edge or within the
domain unit.
Proximity and distance to the junction
Position at the edge or inside the unit
Type of tree canopy Street greenery is modelled in high and High crown trees/1d
and planting method low planting modes. High and low trees
are distinguished, as well as two- and
three-row tree plantations.
Low crown trees/2d
=
[}
f=
[}
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0
> High crown trees/two-lane
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Low crown trees/two-lane
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DISPERSION OF TRAFFIC POLLUTANTS

IN THE BUILT ENVIRONMENT

STREET CANYON
STREET GREENERY
TRAFFIC POLLUTANTS
URBAN DESIGN
URBAN MORPHOLOGY

Environmental modelling software can be useful for evaluating design
interventions and formulating strategies to achieve a specific pur-
pose, such as providing outdoor thermal comfort. It is less commonly
used in predicting the dispersion of street pollutants. The aim of this
research is to test selected morphological patterns with respect to
their influence on wind conditions and the transport of traffic pollut-
ants, and to verify the results against previous studies. The objective
of the research is to evaluate relations between building typology in

interactions with urban atmosphere. The method utilises a wind tun-
nel simulation with a static line source of emissions. Experiment
results show that the exposed urban morphology models display an
impact on flow conditions and consequently on the dispersion of traf-
fic pollutants. At the same time, the results highlight the importance
of urban aerodynamic perspective, particularly of urban spaces that
can be expected to be subject to higher traffic pollutants in terms of
urban air pollution.
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INTRODUCTION

Design interventions with computer mod-
elling are increasingly recognised as one of
the possible urban design solutions that can
improve air quality at street level. These so-
lutions can concern either landscaping fea-
tures, such as trees, shrubs or green walls
and roofs, or the form of the urban fabric it-
self, which refers to the morphological image
of the city. The relationship between the
height/width (H/W) ratio of the street profile
and the transport characteristics of traffic
pollutants is complex. Fluid dynamics studies
(Zhong, Cai and Bloss, 2016; Abhijith et al.,
2017a) explain the poorer air quality in nar-
row street profiles by the reduced self-clean-
ing capacity of the urban street canyon (UQ),
or the dispersion of traffic-derived pollutants
above the roof level. The main mechanism in
the reduced self-cleaning capacity is the vor-
ticity factor, which is split in UC with a higher
H/W ratio of the street canyon profile and is
therefore less effective in mixing street air
with air from the general urban background,
the largest difference would therefore be ex-
pected at the pedestrian level (Chen et al,,
2015). To tackle the problem of poor air qual-
ity in street canyons and near thoroughfares,
some authors have addressed the issue of
pollutant dispersion (Carvalho, Vilhena and
Moreira, 2007; Gromke and Ruck, 2007; Ab-
hijith et al., 2017a), and the issue of airiness
and wind corridors in the city (Buccolieri et
al., 2011; Ng and Chau, 2014; Huang et al.,
2016) with wind tunnel simulations.
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Removing and limiting traffic from cities is
the most effective strategy to reduce traffic
emissions, but for the purposes of this re-
search we focus on other design-based op-
tions aimed at decreasing pollutant concen-
trations at street level. Rough surfaces halt
air velocities, and some have begun to ex-
plore the impact of built environment density
(Buccolieri et al., 2011; Shen et al., 2017),
rooftop morphology (Hang et al., 2009;
Huang et al., 2016), and street greenery (Sa-
batino et al., 2008; Hang et al., 2009; Abhijith
et al., 2017a) on the dispersion process of
traffic pollutants. Others have tested the vari-
ability of building morphology in simulations
(Kurppa et al., 2018) and found that varying
the height of buildings along the street im-
proves ventilation, resulting in 7-9% lower
average pollutant concentrations of traffic
origin at the pedestrian level, the height
where concentrations of traffic pollutants
(PM,,, ultrafine particulate matter — UFP, ni-
trogen oxides) are proven to be the highest
(Vardoulakis, Gonzalez-Flesca and Fisher,
2002). The dependence of street-level air-
borne particulate removal processes on me-
teorological conditions has been investigat-
ed by Chen et al. (2015), highlighting that
relative humidity and wind speed have the
greatest impact, while temperature has the
smallest one. The influence of solar radiance
on urban surfaces is complex and there is still
much uncertainty about interactions be-
tween airflows and pollutant transport in the
UG, although different heating scenarios un-
doubtedly influence airflows. Other studies
(Crank et al., 2018; MeshkinKiya and Paolini,
2021) indicate that in the actual conditions of
an urban street canyon, the effect of solar ra-
diation on airflow is weaker than the effects
of building agglomeration or airflow direc-
tion, but this effect only becomes noticeable
in low wind conditions. In the summer, this
process is accelerated by up to 0.7% due to
warmer temperatures (Jeanjean et al., 2017).

Considering the processes of dispersion and
deposition of pollutants in the urban environ-
ment therefore helps us to design spaces
where the most vulnerable are protected
from the highest concentrations of pollut-
ants. It is only through these two processes
that pollutants are removed from the atmo-
sphere. The first requires good air flow, which
depends on convection and surface rough-
ness or wind barriers. Wind barriers in urban
areas can be either built barriers or landscap-
ing features, especially taller vegetation with
dense canopies. The aerodynamic effects of
spatial building blocks in the urban environ-
ment are more effective than the deposition
process in removing pollutants from the at-
mosphere when it comes to particulate mat-
ter, according to the authors of previous
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studies (Vos et al., 2013; Jeanjean et al., 2017;
Santiago, Martilli and Martin, 2017; Buccol-
jeri et al., 2018). In the wind environment,
green infrastructure is one of the most impor-
tant building blocks in the study of air flows,
but its role depends on the geometric charac-
teristics of the street and interaction with the
surrounding morphology (Buccolieri et al.,
2011; Gromke and Ruck, 2007). Some plants
act as porous bodies, influencing local dis-
persion patterns and helping to deposit and
remove airborne pollutants (Abhijith et al.,
2017; Salmond et al., 2016). However, the im-
portance of green infrastructure in urban ar-
eas for air quality is not unambiguous, since
it reduces wind speeds and the rate of air ex-
change, and it removes certain types of pol-
lutants through the process of deposition on
leaf surfaces as well (Santiago et al., 2017). It
is therefore important to evaluate each green
element within the context of its urban envi-
ronment to determine their potential.

MATERIALS AND METHODS

The study of UC on wind conditions and the
transport of traffic pollutants was carried out
in two steps. In the first phase, a preliminary
selection of selected urban environments
was done with the use of geomorphological
data by the Surveying and Mapping Authority
of the Republic of Slovenia (MOP, 2020). Dif-
ferent housing typologies were selected
based on various spatial criteria, such as
morphological design, period of develop-
ment, distance from the city centre, variety of
buildings, variety of external open space lay-
out, spatial fit, shape, size, street network or
connectivity, climatic comfort, and so on.

In the second phase the ENVI-met V5 soft-
ware tool was used, and air quality condi-
tions were modelled to compare spatial sce-
narios of urban environments. Furthermore,
the input values were tested against the com-
parable models by the authors (Salmond et
al., 2013; Abhijith et al., 2017b; Crank et al.,
2018). The overarching research hypothesis
of the modelling exercise is that the urban
morphology and urban greenery can affect
urban air quality at street level. Whether
through changes to the traffic regime or spa-
tial layout within a building, it can have a per-
ceptible impact on indoor air quality.

The model domain included sources of CO,,
and PM,, and PM,, pollutants. The diurnal
variation of traffic emissions of particulate
matter and NO and NO, are subject to daily
changes in the number of vehicles, or depend
on the daily distribution of vehicles. In other
words, it is defined by traffic peak periods,
with a typical increase in morning and after-
noon commuting periods, which is defined as
the morning and afternoon peak periods. In
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the research presented in this paper, two
traffic distribution models were used to rep-
resent the traffic distribution typical for the
city of Ljubljana (Koblar, 2016), where the
daily distribution is geographically indepen-
dent and represents a typical distribution for
different categories of thoroughfare in the
city. To further characterise the role of urban
open space on the dynamics of airflows and
dispersion of particulate pollutants, individu-
al building blocks are used as models (Table
). This helps to understand how local air
quality changes under different spatial sce-
narios by considering pollutants of transport
origin. In this context, the research was fo-
cused on how this process affects the local
ambient values of pollutants of transport ori-
gin in the atmosphere. The most common
spatial building blocks that can be found in
urban morphologies are selected: the form of
individual buildings (Bruse and Fleer, 1998;
Santamouris, 2006; Hang et al., 2009), the
shape of roofs (Huang et al., 2016), vegeta-
tion types (Wania et al., 2012; Baldauf, 2017;
Koficzak et al., 2021), while complex urban
patterns (Hang et al., 2009) are not consid-
ered in modelling.

The simulated wind tunnel conditions matched
those used by the authors (Gromke and Ruck,
2007; Buccolieri et al., 2011; Jeanjean et al.,
2017). The settling velocity of traffic pollutant
particles was kept constant, the wind speed
was standardised, and the processes of parti-
cle resuspension and wet deposition were ne-
glected for the purpose of the simulations.
This research presents quantitative analyses
of UC, and the possible relations between the
effects of detailed street morphology and the
corresponding street greenery on street venti-
lation and pollutant dispersion.

The morphological properties of the building
blocks (Table 1) include: the H/W ratio of UC
(from 0.4 to 1), the asymmetry of UC, height
of buildings with upper storey height up to
P+3 (from o to 10.5 m), the direction of the
prevailing wind in relation to the orientation
of the street grid (parallel and perpendicu-
lar), the typology of the thoroughfare (main
road, collector road and local road), the posi-
tion within the street grid in relation to the
building block (inside or outside), the layout
of street greenery (the type of tree canopy,
shrubs and planting). The choice of spatial
building blocks elements, the H/W ratio of UC
and the characteristics of street greenery are
based on related studies of wind tunnel com-
puter models (Ahmad, Khare and Chaudhry,
2005; Ng and Chau, 2014). The selected mor-
phological criteria represent a scale of a me-
dium dense urban area with a built-up factor
between 30 and 35% and a utilisation factor
between 1.2 and 1.4.
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TABLE |l STREET GREENERY — TWO-PART AVENUE IN RELATION TO THE HEIGHT AND WIDTH OF THE STREET CANYON

section view A-A (y = 45.00m) 12.00.01, PM,

top view (h = 11.0m) 12.00.01, PM, ;
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legend PM,; (ugm3)
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Street typologies correspond to different traf-
fic capacities, emissions and influence the
transport of pollutants. The geographical ori-
entation of streets is considered because of
its influence on natural ventilation and sur-
face temperatures. The last category provides
information on the impact of the surrounding
area on each individual street. The trees se-
lected represent any deciduous tree species
of 15 metres in height with a dense, circular
canopy. The dry biomass weight is 100,00
gm? and is simulated for the month of June
when canopy density is at its highest.

MODEL EVALUATION OF TYPICAL SPATIAL
BUILDING BLOCKS

The data obtained from the analyses are con-
sistent with the findings of other authors in
the literature review (Carvalho, Vilhena and
Moreira, 2007; Gromke and Ruck, 2007;
Abhijith et al., 2017a), and identify different
ways and options to influence the transport
of pollutants in the open urban space of

X(m) 00 100 200 300 400 500 600 700 800 SO0 1000 1100 1200 1300 1400 1500 160.0 1700 160.C X{m)

] 00

the street and air quality at the pedestrian
level. The built environment, morphology
and street greenery have an effect on wind
flow patterns, and accelerate or decelerate
the transport of particulate pollutants in
space. A partial finding suggests that re-
duced air exchange may be due to the pres-
ence of street greenery in the UC, especially
at the level below the tree canopy. The impli-
cations are not straightforward, as this does
not consider the efficiency of particle deposi-
tion or the multiplicative effects of the rela-
tionship between morphology and vegeta-
tion infrastructure on local airflows and tur-
bulence. An individual scheme in space
should be considered in terms of its scale and
analysed on a case-by-case basis, assessing
meteorology, building morphology and veg-
etation interactions.

In the wind tunnel, the wind speed was con-
stant and in the direction perpendicular to
the direction of the street (from left to right),
with the exception of a case presented in Ta-
ble 1ll, where the wind direction is presented

00 100 200 300 400 500 600 700 800 %0 1000 1100 1200 130.0 100 1500 160.0 170.0 180.0

< 0.00 pg/m3
0.05 pgfm3
.10 pgfm3
0.15 pg/m3
0.20 pg/m3
0.25 pgfm3
030 pgfm3
035 pgfm3
040 pg/m3
> 0.45 pg/m3

Min: 0.00 poufm3
Max: 0.80 pg/m3

in a deflection. The source of PM, , pollutants
is constant in both models on the axis of the
thoroughfare in the middle of the street can-
yon. All situational illustrations are made at a
height of 1.5 m or at pedestrian height.

Table Il shows the street greenery models,
tree canopy types and planting methods. All
models are positioned in open space with the
same input mass of pollutants of linear ori-
gin. All trees are deciduous trees with a
spherical canopy. Low trees (5 m), medium
trees (15 m) and tall trees (20 m) with a
spreading canopy and a linear shrub planting
of 2 m are presented. It is evident from the
illustration that mature tree plantations stop
the movement of particles at pedestrian
height (1.5 m) better in the setback than in
the case where they are planted close to the
source (axis of the thoroughfare). Low trees
with a thinner canopy stopped the transport
of particles to a lesser extent than trees with
a larger canopy, where the difference is 61%.
The model with linear shrub planting proved
to be the most effective in stopping the trans-
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TABLE [ll BUILT ENVIRONMENT — ORIENTATION OF THE STREET NETWORK

top view A (h=1.50 m) 12.00.01, PM,
— wind direction 0°

top view B (h=1.50 m) 12.00.01, PM,
— wind direction 0°

— wind direction 45°

top view A (h=1.50 m) 12.00.01, PM,
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top view B (h=1.50 m) 12.00.01, PM,
— wind direction 45°

legend
PM . (ugm?)

u1—no treeline

< 0.00 pg/m3

0.13 pg/m3
0.26 pg/m3
0.39 pg/m3
0.52 pg/m3
0.55 pg/m3
0.78 pg/m3
0.91 pg/m3
1.04 pg/m3
> 1.17 pg/m3

u2— one-sided treeline

< 0.00 pg/m3
0.13 pg/m3
0.26 pg/m3

0.39 pa/m3
0.52 pg/m3
0.65 pg/m3
0.78 pg/m3
0.91 pg/m3
1.04 pg/m3
> 1.17 pg/m3

< 0.00 %

17.15 %

3430 %

51.45 %
68.60 %
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relative difference u1/uz
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Hj
b 1o xmmmlmm

600! b 1840 ool 300l
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137.21 %
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model u1/ A—
model uz2/ A
wind direction 0°

port of particles further downwind at pedes-
trian height. The higher pollutant retention
rate of shrubs can be explained by their
smaller distance from the pollutant source
than the distant tree canopy. In a comparable
study (Gromke, Jamarkattel and Ruck, 2016),
the authors found that in the presence of a
continuous hedgerow, the concentration of
traffic emissions at the pedestrian level de-
creases by up to 60%. A 30% decrease in the
concentration of particulates can be dis-
cerned at a distance of 10 m from the edge of
the roadway. It should be noted that in all
models the direction of flows is oriented per-
pendicular to the street array.

The results coincide with the findings of au-
thors (Blocken and Carmeliet, 2004; Mor-
akinyo, Lam and Hao, 2016; Tong et al., 2016;
Jeanjean et al., 2017; Santiago, Martilli and
Martin, 2017), which found up to 25% in-
creased pollutant concentrations in front of
tall shrubs behaving as a solid barrier in
space, and reduced concentrations behind
the barrier where the wind slowed down and

model u1/ B —

wind direction 0°®

model ui/ A—
model uz2/ A
wind direction 45°

model u2/ B

then the effect was no longer detectable, due
to reduced particle dispersion. In our model,
we observed elevated particle concentra-
tions even 2-3 m behind the vegetation bar-
rier, which can be attributed to the porosity
of the shrubs for wind currents, which slows
down the dispersion of particles and stops
the transport, but not within a negligible dis-
tance. We hypothesise that the ability to stop
transport and the ability to deposit particu-
late pollutants on leaf surfaces, depends on
the type of vegetation barrier and the density
of greenery. At the pedestrian level, an aver-
age 7% reduction in traffic emissions was
found in the off-street canyon area in Leices-
ter (Buccolieri et al., 2018). In all models con-
sidered, it can be observed that at a distance
of 20 m from the line source of emissions,
pollutant concentrations are reduced by
more than 50% downwind. At a downwind
distance of 35 m, pollutant concentrations
access ambient levels, reaching 50 m.

Table Ill shows the built environment models
used to test the orientation of the street grid,

Hitrost pretoka (v)
+« 2.00 m/s
4.00 m/s
6.00 m/s
8.00 m/s
10.00 m/s

modelu1/ B—
model u2/ B
wind direction 45°

—

and UC in relation to the prevailing wind di-
rection. Floor plan Arepresents the street lay-
out of an atrium building block at a height of
P+4. Floor plan B represents the street layout
of a row of single or semi-detached dwellings
at a height of P+2. As shown in model u1/
floor plan A, the street canyon has 50% high-
er pollutant levels perpendicular to the wind
direction. As expected, there is a higher wind
speed in the downwind direction along the
street and a better dispersion of particulate
matter at 1.5 m height.

In the case of model u1/floor plan B of the in-
dividual building fabric, the values are re-
versed, and the particulate concentration is
66% lower, as there is more turbulence in the
direction of the street perpendicular to the
wind direction, which helps the air exchange
with the surroundings. At the same time, less
wind flow can be seen along the street with
lower flow velocity on the street in the direc-
tion of the wind. In the case of a 45° wind di-
rection, the picture is different, with 34%
lower maximum concentrations (83-54 pgm),
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FIG. 1 RESULTS OF THE BUILT ENVIRONMENT AND STREET
GREENERY MODELLING SCENARIOS: A.-D.

the two variations of the morphology of floor
plan A and B are more similar, and the high-
est concentrations in both floor plans occur
at the intersection of the two streets. The re-
sults are consistent with the findings of au-
thors (Wania et al., 2012); Garbero, Salizzoni
and Soulhac, 2010), who note the important
influence of intersections on the ventilation
and dispersion of pollutants, where larger
eddies and vertical air exchange can occur.

In the model u2 (Table Ill), where single-unit
tree-lined avenues with contiguous canopy is
illustrated in both street orientations, the
concentrations of pollutants of traffic origin
are higher, ranging from 20 to 50%, at a
height of 1.5 m. From the figure in the third
row, it can be seen that the differences in the
model with and without the boardwalk are
highest in the case of the atrium block, which
forms the street canyon, while the differenc-
es on floor plan B are less marked. The differ-
ence in pollutant concentrations in the inner
atria, the closed and semi-closed atrium cas-
es of floor plan A and B, is smaller, <10%. In
the case of model u2 with the tree block, the
reduced pollutant concentration at 45° offset
is less pronounced than in the case of model
u1 without the tree block. From the above, it
can be concluded that the characteristics of
the street morphology, including street width
and H/W ratio, side openings and intersec-
tions, are closely related to the air flow pat-
terns and pollutant dispersion in UC. Side
street openings and intersections have a sig-
nificant influence on air flows in UC, and the
effects are particularly pronounced in the
uniform and dense distribution of morpho-
logical voids (side street openings). Regard-
less of the wind direction, the wind condi-
tions inside the atriums of enclosed building
blocks are stable. The air quality inside them
remains unperturbed in all simulations,
which means that traffic pollutants are gener-
ally not easily transported into the built envi-
ronment.

Initial results showed the dependence and
magnitude of street greenery and wind barri-
ers on different variables. The most relevant
dependent variable is the horizontal pattern
of pollutant concentration in the downwind
direction, as well as the distance to the maxi-
mum concentration and the effectiveness of
pollutant dispersion with respect to the indi-
vidual building blocks in the urban area.

The difference between low and high vegeta-
tion in the street canyon can be observed in
relation to the street development. High veg-
etation can be an effective measure in open
space where air circulation is not relevant. In
open space, low vegetation is more effective
in trapping PM pollutants of traffic origin at
heights of up to 2 m. In the scenario of a

SCIENTIFIC PAPER

street space with perimeter walls, the ability
for advection is limited and consequently the
capacity for dispersion of traffic pollutants is
reduced. In such an area, high green cover is
a negative phenomenon in the context of
traffic-derived pollutants at street level when
they are of greater concern than the ambient
concentration of pollution outside of the UC.

The results of the total deposited PM, . mass
and PM,, concentrations for the built envi-
ronment and street greenery modelling sce-
narios are shown in the figure 1. The results
also include the data for spatial configu-
rations not specifically highlighted in the
Table Il). Thus, point a. of Figure 1 (a.-d.)
shows the analyses of three street canyon
models without greenery (without tree or
shrub planting) in the H/W ratios 20/20,
20/30, 20/50 and 15/25, 25/15 and 20/20.
With higher H/W ratios, there is a clear grad-
ual decrease in the total mass deposited. A
slightly higher proportion is evident with the
asymmetry of the UC in the 25/15 ratio. Point
b. shows three different H/W ratios in the UC,
which are also presented in the table (Table
1), at different distances from the thorough-
fare with three planting systems along the
thoroughfare. In this case, a higher propor-
tion of the total deposited mass is seen with
a higher UC enclosure. All values of the de-
posited mass for the UC types with a tree
canopy are increased. Section c. shows the
proportions for UC with different street green-
ery systems in open space. We find slightly
higher total PM,, concentrations across the
model domain for lower canopy tree species.
Treetops with higher canopies in open space
had less effect than in the narrow street pro-
file of the UK, where they impeded airflow
and exchange with the surrounding area.
Similarly, in point d., where examples of UC
with shrubs are shown, the differences in
concentration are smaller. PM,, concentra-
tion fractions were higher for higher hedge-
rows, and for all models, more effective PM,
retention is evident for cases with lower
green barriers located closer to the source of
traffic emissions.

The results of the numerical modelling of the
three classes of street tree in the canyon
show clear differences in the distribution of
PM, , elements. In the case with the planting
of a boardwalk, it can be noted that the wind-
age is lower and thus the effect of particulate
retention in the canyon is evident. This effect
is greater when the tree canopy is denser,
with a larger canopy and trees with dense
canopies that block airflow close to the
ground. There are minor differences between
the cases of different stand spacing and the
arrangement of the street greenery building
blocks. From the point of view of removing
particulate matter from the atmosphere, the
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system without street greenery is most ap-
propriate in the case of a narrow street can-
yon. This has a positive effect on the overall
concentration and retention of pollutants
along the street only at a ratio of 0.5 H/W.

DISCUSSION

Because the vertical air exchange with the
surrounding area is crucial for the dispersion
and dilution of traffic pollutants at street lev-
el, it is necessary to provide fewer barriers,
including street greenery, in places where air
flow is impeded. The latter is true for street
canyons with a narrow profile or a very high
H/W ratio, in places with dense peripheral
development, or in places where the wind
speed is either very weak, or the prevailing
direction cannot be measured and a higher
degree of turbulence is generated. In these
places, the following applies to better dilute
traffic pollutants:

— The canopy of trees and shrubs should be
permeable or not contiguous, as a too dense
canopy diverts flow past it. The total volume
of the canopy should not fill the space of the
street canyon.

— However, greater spacing between trees
ensures better ventilation of the lower parts
of the UC, as the eddies created by wind at
roof height are better able to penetrate to-
wards the ground.

— Street greenery elements should be locat-
ed as close as possible to the source of traffic
emissions, adjacent to traffic areas, which
applies to the location of planting and the
height of the canopy volume.

In the scenario of a street space with a medi-
um or low H/W ratio, or in places with less
frequent peripheral buildings, it is also pos-
sible to accommodate taller street greenery
elements that reach or exceed the height of
the wreath of the peripheral buildings, the
canopy of trees and shrubs may be less per-
meable, and they may be contiguous. The
H/W ratio of the street profile and the ratio of
the full empty space in the city is one of the
most basic characteristics of the urban mor-
phological image and is closely related to the
ventilation of the street and the dispersion of
pollutants from traffic sources, as reported
by similar studies (Buccolieri et al., 2009;
Buccolieri et al., 2018; Gromke and Ruck,
2016). From the analysis of the reference
models and through comparison with refer-
ence studies, we find that air quality gener-
ally improves in a wider open space and with
increasing H/W, which means that the verti-
cal air exchange with the environment also
increases. In other words, with a wider street
profile and at the same time a greater dis-
tance from linear sources of traffic pollutants,
exposure at street level is relatively lower.
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The latter is true in cases where traffic pollu-
tion is more problematic than ambient levels
of air pollutants. Otherwise, pollutants from
other sources, such as emissions from indus-
try or heating systems, are more problematic,
and the street-level ventilation of the urban
fabric itself is of secondary importance.

Model simulations allow us to conclude that
urban design, including the morphology and
street greenery, is central to the local condi-
tions of wind flow and transport of traffic and
other pollutants, and consequently to air qual-
ity. The observed differences found in urban
environment models support the findings of
Aurora Monge-Barrio and others (Monge-Bar-
rio et al., 2022). Building volumes, together
with other building blocks in space, as a
whole, influence air flows in a way that stops
or accelerates them where applicable:

— Buildings perpendicular to the prevailing
wind direction moderate the wind speed,
while those parallel to the wind direction
channel the wind currents and maintain the
wind speed to a greater extent.

— Narrow street canyons running transverse
to the prevailing wind direction reduce wind
speeds and the rate of air exchange from
street and roof levels, and larger building set-
backs improve ventilation.

— Intersections are places of increased tur-
bulence, vertical air exchange, and in some
cases higher levels of traffic pollutants.

— Larger continuous building masses or oth-
er built obstructions impede wind flow more
than individual buildings.

The local properties of street greenery for air
quality therefore requires a site-by-site ap-
proach. However, as street greenery elements
in the city also have many other positive ef-
fects, it is recommended that the guidelines
be followed only in cases of existing or pro-
jected high traffic pollutant loads in locations
where vulnerable populations such as chil-
dren, the elderly or the sick are also at risk.

The modelling studies considered the aero-
dynamic effects of built barriers and trees, as
well as the effects of pollutant transport un-
der idealised scenarios. Through our assess-
ment of some basic urban planning and
landscape-architectural design decisions, we
have identified the importance of spatial
building blocks on mass-traffic flows, micro-
climatic conditions and air quality in urban
space. More open areas allow for higher lev-
els of air circulation, providing greater oppor-
tunities for pollutant removal, which is con-
sistent with the findings of similar studies (Fu
et al., 2017; Oke et al., 2017; Vardoulakis et
al., 2002). Reduced air circulation capacity
leads to a limited ability to disperse pollut-
ants and to exchange air with the surround-
ings and the upper atmosphere. This may
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imply a deterioration in scenarios where traf-
fic pollutants represent the most significant
air quality burden or where the situation at
the level of the thoroughfare is worse than
the ambient values in the urban atmosphere.

CONCLUSION

It can be concluded that the built environ-
ment and spatial building blocks have an im-
pact on air quality at street level, and that
guidelines for urban design and planning, in
terms of ensuring better air quality, can be
set. However, it should be underlined that
these recommendations are not necessarily
applicable in all cases or locations. They de-
pend on local microclimatic conditions and
chaotic (turbulent) wind conditions, and con-
sequently the response needs to be tailored
to individual cases and configurations. Ideal
scenarios thus relate to urban density and
street greenery, and it is only reasonable to
ensure these spatial relationships when de-
veloping new urban areas. For the renewal of
urban fabric and degraded urban areas,
these guidelines are limited, and the results
are theoretical.

Due to the assumptions of the study and the
limitations of the computational model, the
above conclusions should be applied with
caution, carefully checked, and local speci-
ficities and priorities considered before the
positive effects of the vegetation barrier are
realised in the actual space. This is because
the pattern of pollutant transport and deposi-
tion is a locally dependent variable. The re-
search is limited to simplified models with
limited results and accuracy of pollutant dis-
persion simulations.

In future research, we therefore propose to
address more complex spatial patterns with
more advanced computational models that
address the temporal component of trans-
port, deposition and resuspension processes
of transport pollutants.

[Translated by Tjasa Kresnik, LEEMETA,
specializirane prevajalske resitve, d.o.o.]
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