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Abstract Exposure to PM,s particulate matter
associated with heavy traffic poses serious short and long-
term threats to human health. While green infrastructure
(GI) has been widely demonstrated to improve urban air
quality, limited studies have investigated the effect of
combined GI configurations on PM s dispersion in densely
populated cities. This study evaluates the impact of
different Gl configurations on traffic-related PMgjs
dispersion, and determines the most effective designs in
reducing particle concentrations in Egypt's government
housing areas. ENVI-met model is used for simulating a
government housing area in Katameya, New Cairo as a
case study. After validating the model's performance via
field measurements, the effect of different individual Gl
scenarios on PM_s levels was assessed for three simple
sectors. Results compared with the base case indicate that
at pedestrian level, green walls (GW) with 25% to 75%
coverage are effective at reducing PM_s concentrations by
14.2% to 15%; green roofs have a slight impact of 3.7% to
5.5 %; and hedges of 2.7% to 12%. Housing unit design, in
terms of its length-to-width ratio and facade profile,
impacted airflow, wind speed, and, consequently, particle
distribution. While the combined GI model's simulation
resulted in a reduction in PM,s concentrations within
canyons, at pedestrian height by 5.2% for (green roof +

green wall), by 2.1% for (green roof + Trees + Hedges), by
1.9% for (green roof + green wall + Hedges), and by 0.7%
for (green roof + Trees) to BC scenario.

Keywords Green Infrastructure, Government
Housing, Katameya-New Cairo, PM,s Concentrations,
Wind Flow, ENVI-met Simulation

1. Introduction

One of the most pressing environmental matters globally
and a constant challenge for most cities is ambient air
pollution [1]. About 97% of cities with populations of
100,000 or more, especially in low- and middle-income
nations, experience air pollution levels higher than those
recommended by the WHO [2]. Among various
atmospheric pollutants, long-term exposure to PMzs
particles with an aerodynamic diameter of less than 2.5
micrometers, negatively affects public health, causes short-,
medium-, and long-term health problems, and millions of
premature deaths each year worldwide [3]. PM2s results
from various human activities. According to WHO, road
traffic in urban areas is responsible for about 36% of
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atmospheric PM;s globally [4], and directly affects
pedestrians, cyclists, and those living or working close to
roads [5]. Using green infrastructure is one of the strategies
used to improve air quality in cities [6]. Recent studies
highlighted its critical role in decreasing pollutants, as an
effective mitigation way to improve urban air quality [7].

Road transport

B Road Transport

=] Mismanagment of waste

B Agricultural slash and burn practices
Industrial \ power plants

B Others

Figure 1. The main sources of PM, s pollution in Greater Cairo. [10]

Despite the connection between air pollution and the
vegetation presence in urban areas, it is still difficult to
achieve adequate levels of traditional green spaces in
Egypt's densely populated cities. Public or government
housing areas in Cairo often suffer from a scarcity or
complete absence of green spaces amidst the concrete
structures of housing units, leading to a significant rise in
air pollution levels in the city [8]. Even though the
improvements have been achieved in air quality due to
various control measures, annual World Air Quality reports
still display exceedances of PM, s concentrations in Cairo,
which was 39.9 g/m=3in 2024 [9]. While the
Environmental Protection Agency's (EPA) Air Quality
Index classifies clean air (24 hours) at a PM;s
concentration of 12 g/m3the World Health Organization
recommends a 24-hour PMzs limit of 15 pg/m=As shown
in Figure 1 [10], traffic emissions represent for 33% of
Greater Cairo's PMzs pollution. According to the Central
Agency for Public Mobilization and Statistics (CAPMAS),
the condition was made worse due to traffic congestion and
the growing number of vehicles (about 2.7 million
registered vehicles in 2024). Many studies investigate
improving air quality along roadsides by green

infrastructure, which includes trees, grasses, shrubs, hedges,
green roofs, and green walls [11]. Understanding how the
spatial distribution, type, and density of vegetation
influence the movement and dispersal of airborne particles
is serious for maximizing its efficiency in reducing air
pollution [12]. Trees in urban valleys can have both
positive and negative effects on air quality. While trees
control microclimate, give shade, lower solar radiation [13],
and capture sediment pollutants, excessive tree cover in
valleys can obstruct airflow, reduce vertical mixing and air
circulation, and increase pollutants concentration [14]. To
improve pollutant dispersal, tree canopy should be set close
to the pollution source, not directly adjacent to the
buildings, to allow air movement [15]. Oval, columnar, and
conical trees—especially conical ones—are more
successful at reducing pollutants [16]. Some tree species
are the best at reducing air pollution. The I-Tree Species
Program provides data on more than 1,000 tree species to
help determine the most appropriate options for various
environmental advantages [17]. In densely urban valleys,
hedgerows near the pollutant source are more effective than
trees, as they promote air circulation without obstructing it.
Their effect on PMys concentrations differs with height,
with the best effect at 1m and 1.7 m height [18]. Green
walls promote the quality of the environment and reduce
the negative effects of buildings on humans; this
combination between vegetation benefits and building
structures, makes cities healthier with fewer pollutants [19].
Green roofs and green walls provide minimal air resistance,
making them a practical solution due to the availability of
large building surfaces [20]. Studies display a positive
effect of monocultures—using a single plant species in
green roofs and walls— on air quality [21]. Regarding
residents' views on urban agriculture or green infrastructure,
several studies have surveyed residents' perceptions
towards implementation of vertical landscaping in Greater
Cairo, New Cairo, and Nasr City [22], [23], which reported
that the majority clearly supported vertical greenery,
expanding green infrastructure, while highlighting
practical concerns related to space availability and
maintenance requirements. Findings of these studies offer
valuable insights into the social feasibility and public
acceptance and implementation potential of green
infrastructure strategies. Numerical models have proven to
be helpful tools for assessing strategies of urban air
pollution mitigation, such as ENVI-met, ANSYS Fluent,
OpenFOAM, PALM, CityFFD, QUIC, and
GRAL/GRAMM. Studies utilized these models to analyze
the impact of different infrastructure elements on pollutant
dispersal and distribution in metropolitan settings. For
instance, a static air quality monitoring campaign, and
modeling ENVI-met have been used to explore the relation
between green and gray infrastructure and traffic-related
air pollution [24]. ENVI-met model has been used to
examine the effects of the different roadside Gl types, each
separately on PM,s dispersion in Hangzhou city [25]. The
influence of open areas, high-rise structures, and tree
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planting on airflow and CO dispersal has been investigated
using a typical CFD model [26]. Field measurement and
ENVI-met modeling have been integrated to evaluate the
effect of street tree height on PM2 5 concentration [27]. The
impact of various vegetation types such as trees, shrubs,
and hedges on reducing PMz s levels has been evaluated in
an urban park in Bangkok using both field measurements
and the ENVI-met model [28]. Three distinct modeling
platforms have been used to simulate the dispersion of
pollutants in an urban intersection setting, concluding that
ENVI-met performed better than CAL3QHC and ANSYS
Fluent [29]. The impact of different designs of green walls
on the reduction of PM; s particles in urban fabric has been
examined based on ENVI-met model [30]. Regarding the
studies about combining GI types, based on numerical
models, the study [31] examined the role of integrating
green roofs and green walls in enhancing local air quality,
focusing on NO,, Os, and PM by ENVI-met simulation,
with results showing that incorporating reduces the
accumulation of pollutants at the pedestrian level.

Even while many studies have looked into the effect of
different green infrastructure elements on PM,s levels,
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their combined effects are still not well understood.
Therefore, based on the methodology shown in Figure 2,
this study investigates the effect of combining various Gl
components on PM; s dispersion in a government housing
area in Katameya, New Cairo, exposed to PM,s particles
as its nearness to heavy traffic along El Katameya Road.
The ENVI-met model simulation of the case area was
validated using field measurements based on PMzs
concentrations at selected points. Then, a simple model was
developed for three different small-scale urban sectors in
the study area, each including two to four residential blocks
of the area, to assess potential improvements in PMys
concentrations at the pedestrian level, under different green
scenarios for varied residential unit forms. Finally, the best
scenarios were integrated into the case model of the whole
study area, comprising 40 residential buildings, and the
impact on urban PM;s dispersion levels was evaluated
compared with the base case. The results were used to
provide recommendations to city planners and decision-
makers on effectively integrating Gl into public housing,
reducing PM; s levels to improve local air quality in general,
and creating healthier, more attractive urban living spaces.
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Figure 2. Workflow of this study
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2. Materials and Methods

2.1. Study Area Survey

The selected region for the case study is situated in
Katameya, within the Third District of New Cairo at
(2968'05"N 3123'29"E), as shown in Figure 3 [32]. The
area is a mixed-use residential community, and a part of the
government housing in New Cairo. Katameya was selected
because it shares similar planning characteristics with
many recently developed government housing projects in
New Cairo [33], as shown in Figure 4. Building heights,
street features (such as traffic density, parking, sidewalk
width, lanes number and width), and vegetation conditions
(such as plant types, sizes, and heights) were recorded after
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reviewing maps, and satellite images. The area is roughly
370 meters long and wide, and it contains a blend of
residential blocks and educational structures. There are 3
educational buildings, and 40 mid-rise residential buildings
5 to 7 floors high, with ground floors set aside for
commercial use. There are three forms of multi-story
residential buildings, as shown in Table 1. The area
intersects via primary and secondary routes and is
accessible via multiple entry points, as shown in Figure 5.
Trees make up the current vegetation at the site, for around
3% of the total area, such as Cassia Nodosa, Populus Alba,
and Ficus Nitida. They are haphazardly planted alongside
the sidewalks close to residential buildings, and lack
uniformity in terms of plant species, sizes, and distribution
methods along the street.
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Figure 3. Location of selected area for case study, in third sector of New Cairo, updated from Google Maps, [32], [33]
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Selected area of
case study

Figure 4. Filtering and selecting the case study area within the social housing sectors of New Cairo

Table 1. Forms of residential buildings in the area of case study

N. of Floors / Model
Model 1
(6 floors )
Model 2
(5:7 floors )
Model 3
(6 floors )
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Figure 5. Layout of case study area from Google Maps and drawn by AutoCAD program

2.2. Field Measurements

2.2.1. Traffic Flow

Traffic volumes vary across roads within the study area,
which are classified into three primary sectors as shown in
Figure 6. The main properties of the roads within each
sector are listed in Table 2. To gather data on traffic flow
in various road networks, we used high-resolution
photography and video recordings of movement patterns
and vehicle types. As shown in Figure 7, the traffic
composition and hourly volumes over a 10-hour period
(08:00 AM-18:00 PM) are presented, encompassing both
peak and off-peak times. To estimate daily traffic volume
(24 hours), the average hourly traffic flow derived from the
10-hour data was used. Then, based on Cairo's traffic
distribution [34], which shows that 80% of traffic occurs in
the first 12 hours, and 20% during the remaining 12 hours,
the total daily traffic volume (DTV) was estimated by
summing the traffic volumes for both periods. Using
information on fuel consumption and vehicle age in Greater
Cairo, as well as the EMEP/EEA Air Pollutant Emission

Inventory Guidebook 2023, which is based on the
COPERT model [35], PM2s emission factors for each
vehicle category were estimated to be used in the
simulation.

2.2.2. PM;, 5 Concentrations at Test Points

Seven test sites were chosen in the study area, and PM2s
concentrations were monitored at each using a UNI-T
A25M PMy5 Air Quality Monitor, maintaining the test
height at 1.5 m for pedestrians. Measurements were taken
hourly from 8:00 am to 18:00 pm. We started
measurements from the test site (R1), and allowed the
device stabilizing for five minutes before proceeding to the
next position, in a continuous 55-minute cycle that
eventually returns to the starting point (R1). Readings were
recorded manually for each site using a pre-prepared data
sheet. Figure 8 shows the seven test sites, the monitoring
device, and its precision. To get the background PM;s
concentration, we relied on an air quality monitoring
station at the New Cairo British International School
(NCBIS) [36], set 10 meters above ground.
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Table 2. Essential data of the existing roads in the area of the case study
Sector Street Width Sidewalk Width Island Width To. N. of Lanes Parking
Roads no.1 30m 5m (both sides) 2m 4 parallel
Roads no.2 25m 4m (both sides) none 2 perpendicular
Roads no.3 20m 2m (both sides) none 2 perpendicular
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Specifications of the monitoring device used

2.3. ENVI-met Software

ENVI-met V5.7.1, a 3D non-hydrostatic CFD model,
was utilized in this study, made up of three sub-models: a
boundary model, a 3D atmospheric model, and a soil model.
It effectively imitates the transport of traffic-related
particulate matter in urban settings, by taking into account
vegetation's aerodynamic effects on the deposition of
particles in atmospheric dispersion simulations. It provides
realistic PM transport modeling, as it accounts for
turbulence, wind flow, and deposition using a Lagrangian
dispersion model. Numerous studies have certified its
applicability in air pollutant dispersion and deposition
modeling, as it shows high consistency with actual
measured data [37].

2.3.1. Parameter Setting of Model in ENVI-met

Using a satellite image of the case study area, a 3D
physical model was created in ENVI-met, with a total of
185 %185 =30 grid cells, and the model grid size of DX =
2m, DY =2 m, and Dz = 3 m. The upper boundary height
of the model was set to be 4 times the 22.5 m residential
building layer height. All grid cells in the vertical direction
preserved a uniform Dz, except for the bottom subdivided
five sub-cells, which had a vertical extension of Az = 0.2
Dz to promote accuracy in computations and near-surface
simulations. There is a 6 °rotation of the model region out
of the grid north. Three nesting grids were added on each
side of the model area to increase the stability of the
mathematical models used by the ENVI-met simulation

tool. To generate the tree canopy in the model, it is
necessary to input values for the two key canopy
parameters, Leaf Area Density (LAD) and Leaf Area Index
(LAI). Due to limited resources and the high cost of using
the LAI-2200c plant canopy analyzer, we used parameters
and values estimated in [38], [39] for tree species that
match those found in the study area, which works well in
semi-arid mid latitude regions like the study area. Materials
of buildings' walls and roofs are set as default settings in
ENVI-met, and road surface is of asphalt, pavement of
concrete and sandy soil for vegetation. We aligned seven-
point receptors in the model with test points at the site. To
assign pollution sources in the Database Manager module
of ENVI-met, we wused information from field
measurements on daily traffic volumes, traffic composition,
and PM_ s emission factors for each vehicle category. Every
street segment was labeled as an inner-urban road to
establish test lane pollution sources within the model.

2.3.2. Simulation Settings of Model in ENVI-met

The ENVI-guide module was used to enter data for the
simulation setup. To select the design day, we used Ecotect
to analyze the initial meteorological conditions that were
generated using the Meteonorm tool [40]. Meteonorm
delivers Typical Meteorological Year (TMY) data for the
desired location based on field measurements from the
closest meteorological stations within 3 km, in accordance
with  World Meteorological Organization (WMO)
guideline. The tool generates hourly weather files in
formats such as EPW and STAT. Based on the graphical
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2.4. Model Validation n 5
_ ) (SIM; -MEA)
To evaluate the model’s accuracy, field data collected NMSE= T @)
from the seven chosen locations were compared with n*avg.SIM *avg.MEA
simulation results from ENVI-met receptors points. The Where (MEA) is the hourly observed PMos

relation between the measured and simulated values was
examined using Pearson correlation analysis, where
R2=0.67, as shown in Figure 10, indicating a moderate-to-
good agreement. This level of accuracy is consistent with a
number of previous validation studies using ENVI-met
under complex urban conditions, which commonly report
R=2values between 0.65 and 0.9 e.g., [41], [42]. Given the
inherent spatial variability of particulate matter and the
simplified representation of microscale dynamics in ENVI-
met, we considered the achieved accuracy satisfactory for
assessing relative differences among greening scenarios
rather than for absolute prediction of concentration levels.

As well, other statistical models, such as root mean
square error (RMSE) in “(1),” and normalized mean
squared error (NMSE) in “(2),” were used to calculate the
relative errors between the simulation values and measured
values. According to the validation results, the ENVI-met
model demonstrates an acceptable simulation of PMas
dispersion in the urban study area. While some discrepancy
remains (RMSE = 7.1), the overall agreement between
simulated and measured concentrations is acceptable with
a low NMSE of 0.02, which suggests that the model is
suitable for simulating traffic-related PM,s dispersion,
assessing environmental and planning scenarios.

Zn:(SIMi — MEA)?
RMSE={[-=L 1)
n

concentration (pg/m?), (SIM;) is the hourly-simulated
PMzs concentration (pg/m?), (avg.SIM) is the mean of
simulated values (pg/md), (avg.MEA) is the mean of
observed values (pg/m®), (i) is the test time, and (n)
represents the number of data points.

2.5. Proposed Vegetation Layouts of Case Study

To set the effect of vegetation coverage and layouts on
capturing PM_s within the study area of (370 x370) m?,
we first modeled the selected three sub-sectors, each of
which represents the area's urban diversity, as shown in
Figure 11. Then, a set of green scenarios using green
infrastructure types of trees, hedges, green roofs, and green
walls, was executed in each sector. To minimize simulation
time while maintaining accuracy, simulations were
restricted to the morning peak (08:00 AM: 10.00 AM) and
evening peak (16:00 PM: 18:00 PM) periods, which
coincide with the times of highest expected exposure to
traffic-related PM.s. To provide a fair comparison between
scenarios, all scenarios relied on standardized simulation
circumstances, as indicated by the data entry in Table 4.

Scenarios are proposed for this study: the scenario DS-1
of trees arranged at equal distances throughout the model
perimeter (except for parking areas), the no-vegetation
scenario DS-0, and the scenario DS-8 that used hedges of
1.5 m high. For scenarios DS-2 to DS-7, which rely on
green roofs and walls, we chose Hedera helix plant as it is
a local climbing plant with high effectiveness in lowering
air pollution. Based on the analyses conducted in the study
[43], its rough surface enhances its ability to capture
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3.2.2. PM, s Horizontal Dispersion

Three receptor points—one on a vehicle lane, one on the
windward side, and one on the leeward side of the
canyon—were selected within each sector to assess the
effect of vegetation scenarios on PM,s horizontal
dispersion at (Z = 1.5 m), comparing PM2s concentrations
at these points during a peak period. As shown in Figure 16,
along the vehicle lane, compared to the scenario DS-0, all
scenarios, especially GW scenarios recorded a slight
decrease in PM,s concentration, unlike scenarios DS-1,
DS-8 which showed an obvious increase, indicating that
hedges and trees increase particle concentration along
vehicle lanes at pedestrian level. On the canyon's windward
and leeward sides, compared to the scenario DS-0, we
noted differences in PM; s dispersion across all scenarios.
In scenario DS-1 of trees, PM,5 concentrations increased
on the windward side and fell on the leeward side. On the
other hand, scenarios DS-2, DS-3, and DS-4 of green roofs,
showed PMs concentrations very close to those in
scenario DS-0, indicating their non-contribution in
horizontal filtration at pedestrian level. Scenarios DS-5,
DS-6, DS-7 and DS-8 demonstrated a reduction in PMzs
on the windward side and increase on the leeward side. This
suggests that green walls and hedges enhance horizontal
dispersal of PM; s on the valley's windward side.

3.2.3. PM,s Vertical Dispersion

All scenarios are compared with the no-veg scenario
(DS-0) to evaluate their effects on the vertical dispersion of
PM,s with oblique wind conditions, using cross sections
(Y-Z) and (X-Z) as shown in Figure 17, Figure 18.
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Upon analyzing the results, we find that in scenario DS-
1, where wind speed decreases due to trees, PMas
concentrations rise in the vehicle lane and on the windward
side at pedestrian level, while fall gradually with height
along the canyon sides. This indicates that trees confine
particles near the source, limiting vertical dispersion. For
scenarios DS-2, DS-3, and DS-4, the green roofs affect
airflow by reducing wind speed above the buildings' roofs.
Therefore, there is no significant effect of green roofs along
the canyon sides at pedestrian level, except in Sector 1,
where a slight decrease is linked to altered wind patterns,
while concentrations increase gradually with height,
indicating improved vertical dispersion. In Scenarios DS-5,
DS-6, and DS-7, variations in wind speed within the
canyon produce zones of high concentration on the leeward
side and lower ones on the windward side, affecting
particles' motion. Increasing coverage ratios (25%, 50%,
and 75%) did not show more reductions in PMzs
concentrations at pedestrian level, while showing a slight
increased concentration gradually with height on the
windward side. This indicates that increased coverage of
green walls beyond 25% does not significantly improve
pollutant reduction at pedestrian level, but contributes to
vertical dispersion better. In scenario DS-8, hedges reduce
particle concentrations at pedestrian level on the windward
side and trap particles close to the source along the vehicle
lane. Particles concentrations rise with height, indicating
that hedges enhance vertical dispersion. Accordingly, the
following section examines the effect of combining
multiple types of vegetation cover on particle
concentrations and dispersal within urban settings.
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Figure 16. Effect of Gl and wind direction on PM, s concentration at pedestrian level
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Figure 17. (Y-Z) cross sections of PM, s concentrations difference across all studied sectors under various vegetation scenarios
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Figure 18. (X-Z) cross sections of PM, 5 concentrations difference across all studied sectors under various vegetation scenarios
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3.3. Effect of Integrating Vegetation Types on Urban
PM_:s Dispersion and Concentration

This scenario incorporates a variety of Gl based on the
previous outcomes, depending on GR 50% coverage for all
building’s roof and GW 25 % for building facades
overlooking roads only. Hedges are around most buildings
close to roads, and trees in the main road island. Figure 19a
shows the PM, 5 concentrations at pedestrian level (1.5 m)
for base case K-CS0 and K-GCS scenario. In general, we
observe a decrease in PMy5s concentrations at pedestrian
level in some areas, and an increase in others. Therefore,
eight locations are identified by representative points
(P1:P8) to analyze PM_ concentration patterns compared
to the base case. Specifically, Point P1 is located in a
canyon with hedges, green roofs, and green walls, P2 is in
a canyon featuring hedges, trees, and green roofs, P3
represents an intersection point where green roofs, green
walls, trees, and hedges are present, and P4 is in a canyon
with green walls and roofs. P5 is in a canyon with trees, and
green roofs. P6 is located downwind on a congested vehicle
lane with green roofs, green walls, trees, and hedges
existing around. P7 is on a vehicle lane of a main road
leeward wind with green roofs, green walls, and hedges
existing around. In addition, P8 represents an intersection
point where green roofs, green walls, and hedges exist.

A decline in PM 5 levels was observed at the majority of
the chosen locations, albeit to differing degrees, except at
points P3 and P6, where concentrations increased.
Therefore, the cross-sections C-C, D-D, along with an
enlarged region two-dimensional map, were used to
analyze the wind flow pattern in these places, as shown in
Figure 19b. This increase was probably caused by the
density and diversity of vegetation cover (TC, H, GR, and
GW) in these zones, which led to reduced wind speed and
air turbulence inside the canyon, thus affecting adversely
the movement of particle dispersion. Trees may have
played a significant role in this, as point P8 did not witness
a similar rise in PMy s concentrations as point P3, despite
having similar surrounding conditions and green content
except for the presence of trees. In contrast, trees did not
have the same negative effect on particle dispersion,
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whether with the presence of green roofs and hedges at
point P2 or with only green roofs at point P5, likely due to
their location on the leeward side of the valley, where trees
help decrease concentrations.

By analyzing the vertical PM. s concentration patterns at
the eight selected points as shown in Figure 20, it found
that the overall reduction rates in PM;s concentrations
between both scenarios K-GCS and K-CS0 at points P4, P2,
P1, P8, P7, and P5 in descending order are 5.2%, 2.1%,
1.9%, 1.4%, 0.9%, and 0.7%. Accordingly, the most
efficient combination scenario for lowering PMys
concentrations inside the canyon is the presence of 50%
green roofs (GR) and 25% green walls (GW), as at point
P4. Meanwhile, within the canyon, for K-GCS scenario, the
rate of reduction in PM.s concentrations per meter of
height was 2.6% for green walls and roofs (P4), 6% for
green roofs, trees, and hedges (P2), 9.7% for green roofs
and trees (P5), and 13.4% for green walls, roofs, and
hedges (P1). Where it highest at point P1, and lowest one
at P4. The rate of PM,s concentrations decreasing with
height is considered an indicator of vertical dispersion. To
put it another way, PM_s concentrations decrease slowly
with height at point P4, where GR, GW exist in the canyon,
indicating either a weak vertical dispersion or a
homogeneous distribution of particles along the air column.
On the other hand, particles disperse upward more
efficiently, and concentrations drop off rapidly with height,
reflecting stronger vertical dispersion at point P1, where
GR, GW, and H exist. The main reason for these
differences is likely due to the change in airflow velocity
within the canyon at these locations, along with the
occurrence of air turbulence, which promotes particle
dispersion, without ignoring the effect of hedges on vertical
particle dispersion on windward side. At points P3 and P6,
with comparable GI configurations (GR, GW, TC, and H),
PM_ 5 concentrations increase by approximately 4.5% and
3.2%, respectively in the green scenario K-GCS, while
decreasing with height at a rate of 0.6 pg/m>per meter. This
is likely due to the presence of dense vegetation near the
pollution source and on the windward side, which traps
particles and limits their vertical dispersion.
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4. Conclusions and Recommendations

In order to reduce PMys levels in urban settings, it is
necessary to understand how green content can be
effectively integrated with housing units, given the
challenge of achieving sufficient rates of conventional
green spaces in densely populated cities. Few studies,
nevertheless, have investigated the combined effects of
various forms of green infrastructure on wind flow and the
spread of urban PM_s. Therefore, the purpose of this study
was to identify the best green infrastructure designs for
urban valleys in public housing areas in Egypt, as well as
to evaluate the effectiveness of various green infrastructure
configurations in enhancing PM_s dispersal and lowering
its concentrations in these regions. Figure 21 summarizes
the conceptual mechanism examined in this study. Traffic
emissions generate PM_s within the street canyon, which
interacts with surrounding green infrastructure. VVegetation
elements such as trees, hedges, green roofs, and green walls
alter local airflow patterns, affecting pollutant dispersion
and concentrations near the pedestrian level.

The study uses the ENVI-met model to simulate a
number of scenarios, designed for three small-scale urban
sectors in a government-housing neighborhood in
Katameya, New Cairo. The following is a summary of the
findings:

* At pedestrian height, green walls had the biggest
effect on PMa s concentrations, with a reduction rate

Wind Flow

Rise by 3.8%: 17.8%

Low by 14.2%: 15%

HEDGES

of 14.2% to 15%, and increasing the coverage rate to
over 25% has no significant effect on concentration's
reduction. Hedges, with reduction rates of 2.7% to
12%, followed suit. Meanwhile, green roofs had a
little impact since building heights exceed 15 meters,
away from pedestrian level and pollution source. In
addition, the dense presence of trees near residential
units leads to the retention of particles instead of
dispersal, increasing the particle concentration.

The effect of vegetation on PM,s dispersion is
associated with wind flow. In urban valleys with
oblique wind flow, hedges improve horizontal
dispersion of particles on the windward side of the
valley, as do green walls, whose effect on vertical
dispersion likewise rises with increased coverage. By
altering airflow and reducing wind speed over
building rooftops, green roofs enhance vertical
dispersion.

Wind movement within the urban valley and PM; s
dispersal, were clearly impacted by the residential
unit's design, length-to-width ratio, and facade profile.
As was the case in Residential Sector 3, units with a
large length-to-width ratio obstructed airflow,
reducing wind speed and limiting particle dispersal.
While, units with recessed facades or more balanced
length-to-width ratios, increased airflow and
promoted pollutant dispersal, as was the case in
Residential Sectors 1 and 2.

i

Mixed Green
Infrasyructure

Low by 2.7%: 12%

PM2.5 Conc:

Wind Flow
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Figure 21. Conceptual diagram illustrating the interaction between traffic emissions, PM, s dispersion, and the role of green infrastructure
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Results of integrating of different infrastructure
configurations on PM_ s dispersion and concentration at an
urban scale indicate that:

* In street valleys, green walls and roofs work better
together, reducing PM; 5 levels at the pedestrian level
by 5.2%. In contrast, green walls and roofs had the
slowest rate of decrease in PM»s concentrations per
meter of height, 2.6%, indicating a weak effect on
vertical dispersion.

*  Adding green roofs, green walls, trees, and hedges to
valleys or crossroads reduces wind speed, which
hinders particle dispersal and traps them close to the
pollution source. Thus, it is not recommended to use
this combination together, especially in the wind
direction near the pollution source. Trees on the
leeward direction, combined with green roofs only,
can assist in lowering particle concentrations by 0.7%.

These quantitative findings are focused on green
infrastructure applications in New Cairo, Egypt. However,
they can guide urban planning for cities with similar
climates and urban characteristics. This work can help
architects, urban planners, and policymakers understand
the impact of different combinations of green infrastructure
on traffic-related PM_s dispersal in densely populated
regions. Additionally, it can promote more effective green
infrastructure designs to improve urban air quality and
provide more enticing and healthy living environments for
residents.

Based on the findings of this study, hedges appear to be
the most practical solution for large-scale applications, as
they provide a measurable reduction in  PMoa.s
concentrations while relying on species already adapted to
local climatic and soil conditions. These systems require
moderate maintenance and can be supported by existing
municipal landscaping practices. While green walls and
green roofs are effective in localized mitigation and
thermal benefits, they demand higher installation and
maintenance costs. Therefore, the study recommends
prioritizing ground-based greenery (hedges) in early policy
adoption phases, with the potential for gradual integration
of vertical and rooftop greening in future phases where
funding and maintenance capacity allow. This approach
balances environmental benefit, economic feasibility, and
long-term sustainability in the context of government
housing developments in Cairo.

Limitations

ENVI-met program relies on a cubic grid, which does
not allow for the representation of the road network’s
curved and free-flowing lines. These are approximated to
gradient ones. Additionally, it takes a while to run
simulations, especially for large, multi-detailed models.
Therefore, it was not easy to test more scenarios.
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Future Studies

The effects of altering specific characteristics of street
valleys, like building heights and street widths, on particle
concentrations and airflow within the wvalley are
recommended for study. Study more complex residential
areas, as well as testing several seasons or other climatic
zones to understand the influence of seasonal behavior on
particle dispersion. Explore the influence of different plant
species and canopy morphology on pollutant dispersion.
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