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Abstract

This study evaluates the effectiveness of street trees in reducing particulate matter (PMz.s and
PM.o) concentrations in an urban street canyon along Sukhumvit Road, Samut Prakan Municipality,
Thailand. Field measurements were conducted at pedestrian level (1.5 m height) across three
sidewalk microenvironments: beneath tree canopies, between trees, and in open, non-vegetated
areas. Real-time particle counters monitored PM levels, temperature, humidity, and wind speed over
a two-week period. Results demonstrated consistently lower PM concentrations on sidewalk with
street trees. Relative Difference in Concentration (RDC) analysis revealed negative values for
70.8% of PMa.s (17/24) and 75.0% of PMio (18/24) measurements, with average reductions of
3.74% and 4.11%, respectively, beneath tree canopies. Statistical analysis (ANOVA) confirmed
significant PMio reduction (p = 0.030), while PM..s differences were marginally non-significant
(p = 0.058). Tree canopies also moderated microclimate conditions, lowering ambient temperature
by 0.33°C and wind speed by 0.83 m/s compared to non-vegetated areas. These findings highlight
street trees as effective, sustainable interventions for urban air quality improvement, particularly for
coarse particle (PMio) mitigation. The study provides actionable insights for urban planners and
policymakers advocating nature-based solutions in high-density built environments.
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Introduction

Rapid urbanization in Thailand has
reshaped economic and social systems while
markedly increasing environmental pressures
in metropolitan areas. Densification, expanded
transport networks, industrial activity, and
construction have together elevated emissions
of particulate matter (PM), making PM..s and
PMio central indicators in national air-quality
management. The World Health Organization’s
2021 Global Air Quality Guidelines highlight
the disproportionately large health risks of
fine particulates and set annual PM.:.s targets
far below current levels observed in Thai
cities. National monitoring consistently reports
frequent exceedances of Thailand’s 24-hour
ambient PM..s standard (37.5 pg/m3), particularly

during the cool season, with recurrent peaks
across the Bangkok Metropolitan Region [1].
This chronic pattern highlights the persistence
of particulate pollution in densely populated
areas, where limited urban ventilation intensifies
pollutant accumulation and cardiopulmonary
health risks. Consequently, population exposure
to PM remains a significant public-health
concern, underscoring the urgent need for place-
based mitigation strategies tailored to high-
density urban environments.

The use of green infrastructure to mitigate
particulate  pollution and improve urban
environmental quality has received growing
attention in recent years. Street trees and
vegetative barriers are increasingly recognized
as effective nature-based solutions (NbS)
for reducing near-road air pollution. Empirical
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studies have reported strong associations
between urban green-space coverage and lower
ambient particulate matter concentrations [2-5].
In particular, the role of street trees in reducing
the adverse effects of particulate matter in
urban areas has been increasingly recognized.
However, their influence on particulate dynamics
within dense, built-up areas remains complex
and highly context-dependent, varying with
vegetation  characteristics, and  prevailing
meteorological conditions [6]. Their effectiveness
in capturing particulate matter and influencing
local airflow, which may either enhance or
inhibit pollutant dispersion depends on various
factors [7-8].

Numerous field studies support the
premise that increased vegetation coverage
generally correlates with lower particulate
pollution levels in urban settings [3, 5, 9].
Acting as natural biofilters, trees intercept
airborne particles and absorb gaseous pollutants
while modifying wind velocity, turbulence,
and thermal conditions that affect pollutant
dispersion [10]. These effects arise through
interactions between vegetation, airflow, and
particulate matter, whereby trees modify
local wind patterns and facilitate the removal
of both fine and coarse particles through
deposition  processes.  Although  studies
report significant PMz.s reductions from these
processes, outcomes vary widely with vegetation
characteristics and canyon form [11-12]. For
example, Gromke et al. [13] reported that
larger tree crowns and reduced spacing between
street trees can elevate PM concentrations
along canyon walls due to restricted airflow.
Similarly, tree-lined avenues can even
increase concentrations compared to tree-free
streets [14, 15]. These conflicting findings
highlight the dual role of street trees. While
trees can act as protective barriers against traffic
emissions at the pedestrian level, their planting
designs critically influence wind dynamics
and pollutant dispersion [16]. Consequently,
optimizing green infrastructure requires careful
consideration of these trade-offs to maximize air
quality benefits.

Meteorological conditions add another
layer of complexity to this relationship. Parameters
such as humidity, temperature, precipitation, and
wind speed and direction differentially influence

PM behavior across particle sizes [17, 18].
As shown by Xu et al. [19], these variables
govern the spatiotemporal variability of
particulate pollution by regulating accumulation
and dispersion. Additionally, large-scale weather
patterns and various meteorological factors
interact with local meteorological conditions
to shape PM..s and PMio dynamics in urban
environments [10-22]. Since vegetation also
modifies local microclimates, particularly
through effects on wind flow and humidity,
understanding the interplay between meteorology
and vegetation is essential for accurately
assessing the effect of trees in street canyons.

In this context, this study examines
the impact of street trees on particulate
matter concentrations through direct field
measurements of PM.s and PMiw in street
canyons with and without tree cover in Samut
Prakan Municipality, a high-density urban area
experiencing worsening particulate pollution.
While many existing studies examine tree—air
quality interactions primarily through numerical
simulations or idealized modeling scenarios,
this research focuses on tree effects under real-
world urban conditions. The main objective is to
assess how the presence or absence of street trees
influences air quality at the pedestrian level, with
particular emphasis on PMas and PMio.
Concurrent measurements of wind speed, air
temperature, and relative humidity were
conducted to identify key microclimatic drivers
and support the interpretation of observed
pollution patterns. Over the past three years,
Samut Prakan has recorded an average of
approximately 30 annual exceedances of the
national PMoa.s standard [23], underscoring
the urgency of developing evidence-based
and context-specific mitigation strategies. The
findings are expected to inform climate-sensitive
urban design and air-quality management by
clarifying the functional role of street trees in
mitigating particulate pollution within tropical
urban environments.

Methodology

Study area

This study examines the impact of street
trees on PMz.s and PMo levels along Sukhumvit
Road, a major traffic corridor in Samut Prakan
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Municipality. Meteorological data from the urban
district of Samut Prakan recorded a mean air
temperature of 28.4°C, relative humidity of 74%,
and a mean wind speed of 3.89 m/s. In 2022, the
highest 24-hour average PMo:.s concentration
reached 108 pg/m?, nearly triple Thailand’s
24-hour standard (37.5 pg/m3), while the annual
mean likewise exceeded the national limit
(15 pg/m?3). These violations correlate with
the area’s characteristics, including its high
building density, diverse land-use activities, and
consistently heavy traffic volume throughout
the day. According to the Department of
Highways (2022), the average daily traffic
volume on Sukhumvit Road (Bearing-Tai
Ban section) was 20,985 vehicles per day.
Passenger cars formed the majority, followed
by larger passenger vehicles and light-duty
trucks, reflecting the corridor’s mixed-use and
commuter-dominated traffic pattern.

Structurally, Sukhumvit Road is a six-
lane, concrete-paved arterial road with
opposing traffic directions and an aspect ratio
of approximately 0.5. Land uses along the
corridor comprise commercial buildings,
government offices, residential areas, industrial
zones, and institutional facilities, with several
segments featuring high-rise structures such as
condominiums. Most buildings are low-rise,
typically two to four stories in height, although
open spaces such as parking lots and vacant
parcels are also present. In many parts of the
corridor, buildings are positioned close to the
sidewalk with an average setback of about
2 m, forming a semi-enclosed street canyon.
Additionally, an elevated rail structure runs
above the roadway. Vegetation cover varies
along the corridor, some sections are densely
planted with trees, while others lack greenery
entirely (Figure 1). This spatial variability
provides a framework for assessing the effects
of tree cover on air quality across both
vegetated and non-vegetated sections.

Methods
To investigate the effect of street trees,
sampling sites with similar background

concentrations were selected along Sukhumvit
Road. Field measurements were carried out on
the sidewalks of three segments of Sukhumvit
Road in Samut Prakan Municipality, as shown
in Figure 2. Since the road runs north to south,
each sampling point was placed on the
sidewalk within the street canyon on the
leeward side of the prevailing wind direction to
minimize the direct influence of roadside trees
on pollutant concentrations [24].

Data Collection and Analysis

To achieve the research objectives, this
study investigates the influence of street trees on
particulate matter (PM) concentrations by
measuring PMa.s, PMi, and microclimatic
variables using real-time particle counters. The
CEM DT-9880 was used for these measurements
(Figure 2). The CEM DT-9880 utilizes a laser
light-scattering principle to detect particle
concentrations and incorporates built-in sensors
that enable PMa..s, PMo, air temperature, and
relative humidity to be collected simultaneously
within the same device. The instrument records
particulate matter with an accuracy of 5% and
microclimatic variables with an air-temperature
accuracy of £0.5°C (x1°F), and a humidity
accuracy of =*2.5%, ensuring synchronized
and consistent measurements across all
sampling points. Wind speed was measured
separately using a Hot Wire/Air Velocity Meter,
which operates based on a hot-wire thermal
anemometry principle. In each street segment,
PMz.5, PMio, and microclimatic parameters were
simultaneously recorded at three sidewalk
sampling points: beneath tree canopies (BTC),
between two trees (BWT), and in open areas
without trees (WT). Both particulate matter and
microclimatic data were logged at five-minute
intervals, resulting in 12 measurements per hour
and 132 measurements per day for each sampling
point. Data collection was conducted between 20
January and 7 February 2022, from 07:00 to
18:00, on both weekdays and weekends, with
five sampling days per street segment over a two-
week period covering all three segments.
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Figure 1 Study area and measurement locations along Sukhumvit Road, Samut Prakan Municipality
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Figure 2 Field measurements were carried out on the three segments of sidewalks with three
sampling points per road segment: (1) beneath tree canopy, (2) between two trees, and

(3) in open areas without trees
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The relative difference in concentration
(RDC) was used to quantify the influence of
street trees on particle concentrations (PMa.s
and PMio) at pedestrian level [20]. RDC was
calculated as the difference in particle
concentrations between tree-covered and open
areas, as shown in Equation (1). Positive RDC
values indicate that particle concentrations
are higher at tree-covered locations compared to
open areas without trees, suggesting an increase
in air pollution. Conversely, negative RDC
values reflect lower particle concentrations at the
tree-covered sites, indicating an improvement in
air quality relative to open areas. Statistical
analysis was performed using one-way ANOVA
and the least significant difference (LSD) test to
evaluate the effects of street trees on PM
concentrations and microclimatic variables, using
SPSS software.

Ciree— C
RDC =& & 100

Crer
where Ciee IS the particle concentration at

area with tree/between trees (ug/m?)
Crer is the particle concentration at
area without tree (ug/m?d)

Results and Discussions

PM Concentration and PM:.s/PMie Ratio
PM..s and PMiwe concentrations along
Sukhumvit Road were analyzed using hourly
field data collected between 7:00 AM and 6
‘00 PM over a two-week period. The
spatiotemporal variability of the PMo..s/PMio
ratio was examined based on these hourly
measurements to better understand the dynamics
of particulate matter distribution throughout the
day. The results revealed that peak particulate
concentrations occurred during morning rush
hours (7:00-9:00 AM) across all sampling points.
Beneath tree canopies, PM..s and PMio peaked at
45.70 pg/m? and 73.47 pg/msd, respectively, at
7:00 AM, before gradually declining to their
lowest levels at noon (35.24 pg/m?* for PMz.s and
56.00 pg/m? for PMio at 12:00 PM). Open areas
without tree cover exhibited similar diurnal
trends but with slightly higher concentrations,
reaching maxima of 47.05 pg/m* (PM2s) and
74.96 pg/m® (PMo) at 7:00 AM and minima of

34.80 pg/m? (PMz.s) and 55.82 pg/m* (PMio) at
2:00 PM. The most pronounced variability was
observed  between  trees, where peak
concentrations were highest (48.91 pug/m* PM..s
and 77.48 pg/m® PMio at 8:00 AM). Across all
sites, particulate matter concentrations were
consistently lowest during early afternoon hours
(12:00-2:00 PM), as illustrated in Figure 3.
PM..s/PMio ratios were subsequently
calculated (Figure 3). The results indicate that the
ratios across the three sites—beneath tree
canopies, between two trees, and in open
areas without trees—ranged from 0.620 to
0.657, 0.623 to 0.636, and 0.574 to 0.640,
respectively. The highest ratio (0.657) was
observed beneath tree canopies, suggesting
that street trees may selectively reduce
PMo through leaf deposition, thereby increasing
the relative proportion of PMzs [25-26].
In contrast, open areas without trees exhibited a
narrower ratio range (0.623-0.636), indicating
greater stability, likely due to the absence of
vegetation-driven particle filtration [27]. The
most variable ratios (0.574-0.640) were recorded
between trees, where the lowest value (0.574)
suggests intermittent PMio dominance. This
variability may result from airflow disturbances
in tree gaps, which could promote coarse particle
resuspension or uneven pollutant dispersion [28].

PM Concentration and RDC

Figure 4 presents the hourly PM:.s and
PMio concentrations along Sukhumvit Road,
accompanied by their corresponding RDC
values. The results demonstrate that street trees
significantly influence particulate matter levels.
The highest reduction of PM:.s beneath trees was
found at 10:00 AM (RDC_BTC = -12.49%), and
at 8:00 AM for between two trees (RDC_BWT =
-13.99%). These times correspond with relatively
lower PM2.s concentrations at vegetated sites
compared to tree-free areas. A similar trend is
evident for PMio concentrations, where the most
pronounced reductions occurred at 10:00 AM as
well, with beneath tree canopies reaching -
11.87% and between two trees as low as -
14.16%. These values are slightly more
substantial than those observed for PM..s at the
same time, suggesting that tree canopies and
vegetated areas are particularly effective at
capturing larger particulate matter. In addition, as
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shows in Figure 4, during the early morning
hours (7:00-9:00 AM), PM:.s concentrations
beneath trees were occasionally comparable to or
slightly higher than those in treeless area (WT),
particularly at 9:00 AM. This may be due to
limited airflow under the canopy, which can
temporarily trap pollutants. This pattern reversed

after 9:00 AM, when PM concentrations at
non-vegetated sites exceeded those at vegetated
locations. The temporal variations in RDC
values reflect dynamic interactions between
traffic emissions, wind patterns, and vegetation
structure.
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Figure 3 Hourly average PM Concentrations and ratios of the PM..s/PMio on Sukhumvit Road
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Figure 4 illustrates the PM..s and PM.o concentration from 7:00 a.m. to 6:00 p.m. on Sukhumvit Road.
BTC, BWT and WT represent Beneath Tree Canopy, Between Two Trees, and Without Tree

As illustrated in Figure 5, the RDC values
for PMas and PMio along Sukhumvit Road
were predominantly negative, indicating lower
particulate matter concentrations at vegetated
locations compared with tree-free areas.
Specifically, 17 out of 24 RDC values for PMa.s
(9 beneath tree canopies [BTC] and 8 between
trees [BWT]) were negative, while 18 out of 24
values for PMio exhibited the same pattern.
On average, PM.s concentrations decreased
by approximately 3.74% beneath tree canopies
and 2.99% between trees, whereas PMio
concentrations decreased by about 4.11% and
4.27%, respectively.

These results demonstrate that both fully
and partially vegetated areas contribute to
particulate matter reduction relative to tree-free
zones, with the most pronounced effect
observed for PMio. This pattern is consistent
with previous studies showing that the
particulate removal efficiency of street trees
depends strongly on particle size [22, 29].
Coarse particles (PMio) were substantially
lower in vegetated areas than in non-vegetated

locations, as they are more readily removed
through deposition onto leaf surfaces, whereas
fine particles (PM2.s) remain suspended in
the atmosphere for longer periods [30].
Overall, the results underscore the efficacy of
urban vegetation—particularly tree canopies—
in mitigating particulate pollution, with a more
substantial effect observed for coarse particles
(PM.10) than for fine particles (PMa.s).

Microclimatic Conditions under Different
Street Tree Configurations

Field measurements of air temperature,
relative humidity, and wind speed were
conducted across three micro-environments:
beneath tree canopies (BTC), between two trees
(BWT), and open areas without trees (WT).
The results reveal clear variations in
microclimatic conditions among the three
settings. Beneath tree canopies, the average air
temperature was 31.07 °C, relative humidity was
59.79%, and wind speed was 1.55 m/s. In the
areas between two trees, the average temperature
was slightly lower at 31.02 °C, relative humidity
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was 59.20%, and wind speed increased to 2.17 °C), a marginally lower relative humidity
m/s. In contrast, open areas without tree cover (59.11%), and the highest wind speed (2.63 m/s),
exhibited the highest average temperature (31.40 as shown in Figure 6.
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Figure 5 RDC values for PM 25 and PM 1 at different times on Sukhumvit Road.
Where BTC, BWT and WT represent Beneath Tree Canopy, Between Two
Trees, and Without Tree, respectively
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Figure 6 Diurnal variations in air temperature (°C), relative humidity (%), and wind speed (m/s)
measured across three micro-environments: beneath tree canopies (BTC), between trees
(BWT), and open areas without tree cover (WT) along Sukhumvit Road
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Table 1 summarizes the hourly mean
values, maxima, and minima of PMo..s, PMio, and
associated meteorological parameters across the
three micro-environments: beneath tree canopies
(BTC), between two trees (BWT), and open
areas without trees (WT). Overall, mean PM..s
concentrations ranged from 39.53 pg/m3 under
tree canopies to 41.13 pg/m3 in open areas, while
PMio concentrations ranged from 62.69 pg/m? to
65.59 pg/m3, indicating slightly higher particulate
matter levels in non-vegetated and partially
vegetated locations. Correspondingly, wind speed
was lowest beneath tree canopies (1.54 m/s) and
highest in open areas (2.36 m/s), suggesting that
reduced airflow under tree cover may limit
particulate dispersion. In contrast, air temperature
exhibited minimal spatial variation among the
three settings; however, marginally higher
temperatures in open areas likely reflect
increased surface heating and enhanced vertical
mixing, conditions that typically favor pollutant
dilution.

Effects of Street Trees on Particulate Matter
and Microclimate

ANOVA was conducted to determine
whether there were variations in PM
concentrations and microclimate among the
sampling points (beneath tree canopy, between
two trees, and open areas without trees). The
results revealed differences in particulate
matter concentrations (PMz.s and PMio) across
the three sampling points. For PM2.s, the mean
concentration was lowest under tree canopies
(39.45 pg/md), slightly higher in open areas
(41.00 pg/m3), and comparable between trees
(40.71 pg/m3). The one-way ANOVA shows

that these differences were not statistically
significant at the 0.05 level (p = 0.058),
indicating that while trees may slightly
reduce PMo..s levels, the effect was not strong
enough to be conclusive. In contrast, PMio
concentrations showed clearer variation across
sites. The lowest mean was observed under tree
canopies (62.51 pg/m3), followed by the
between trees (64.84 pg/ms), and highest in
open areas (65.18 pug/m?). The ANOVA test for
PMio yielded a statistically significant result
(p = 0.030), suggesting that tree canopies
significantly reduce PMio levels compared to
open areas. These findings indicate that street
trees are more effective at mitigating larger
particles (PMio), possibly due to their capacity
to intercept coarse dust particles, while the
effect on finer particles like PM..s may be
influenced by additional factors such as wind
flow and atmospheric dispersion.

The results revealed significant effects
of tree canopies on the urban microclimate.
Trees significantly reduced air temperature
(F = 13.168, p < 0.001), with the lowest mean
temperature observed under tree canopies
(31.07°C), compared to areas without trees
(31.40°C, p < 0.001). Wind speed was also
significantly lower beneath tree canopies
(1.54 m/s) than in areas without trees (2.37
m/s, p < 0.001) and between trees (2.08 m/s, p
< 0.001). However, no significant difference
was found in relative humidity across the three
sampling conditions (F = 1.873, p = 0.154).
Mean differences in microclimatic variables
(temperature, humidity, and wind speed) were
further examined using LSD post hoc multiple
comparisons (see Table 2).

Table 1 Hourly summary statistics of PMz.s, PMio, and associated meteorological variables across
vegetated and non-vegetated street environments

Area Parameter PM2.5 (Wm3)  PM10 (u/m?3) T (°C) RH (%) WS (m/s)
BTC Average = SD 39.53+3.71 6269+£562 31.07+0.23 59.82+0.93 1.54+0.15
Max 45.70 73.47 31.49 61.08 1.85
Min 35.24 56.00 30.77 58.21 1.31
BWT Average + SD 40.80+3.58 65.59+584 31.77+0.21 59.18+0.87 1.96 £ 0.09
Max 48.91 77.48 31.50 60.61 2.10
Min 36.62 57.83 30.79 58.10 1.85
WT Average = SD 41.13+3.70 6548+6.02 3140+0.26 59.14+0.86 2.36£0.24
Max 47.05 74.96 31.82 60.38 2.79
Min 34.80 55.82 31.01 57.49 1.93

BTC, BWT and WT represents Beneath Tree Canopy, Between Two Trees, and Without Tree, respectively.
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Table 2 LSD multiple comparison tests for determining the effect of trees on the concentration of
PM and Microclimate

Comparison Dependent variables
(I-J)
Sampling PMa.s PMio Temperature Humidity Wind speed
Points
M-diff  Sig M-diff Sig M-diff  Sig M-diff  Sig M-diff  Sig
(1-9) (1-9) (1-9) (1-J) (1-J)
BTC-BWT -1.25703 0.070 -2.33636 0.016* -0.33151 0.000* 0.64693 0.106 -0.25846 0.000*
BTC-WT -1.55095 0.027* -2.67384 0.008* -0.39319 0.000* 0.69348 0.083 -0.54061 0.000*
BWT-WT 0.29396 .676 0.33747 0.934 -06168 0.088 -0.04655 0.907 0.28214 0.000*

BTC, BWT and WT represents Beneath Tree Canopy, Between Two Trees, and Without Tree,
respectively. M—Diff represents the mean difference *The Mean difference is significant at the 0.05

level (P value= 0.05)

The findings confirm that tree canopies
significantly reduce PMa.s and PMaio
concentrations while simultaneously lowering
air temperature and wind speed, highlighting
their important role in regulating the urban
microclimate. These results are consistent with
previous studies demonstrating that urban trees
strongly influence local thermal conditions by
providing shade and reducing surface and near-
ground air temperatures, particularly at the
pedestrian level [31]. For example, Zender-
Swiercz et al. (2024) [32] reported that tree
planting can reduce air temperature at a
pedestrian height of 1.5 m by approximately
1.83-2.48 °C.

In this study, the presence of trees was
negatively correlated with air temperature,
which in turn influenced PM..s and PMio
concentrations  within the street canyon.
Temperature exhibited a statistically significant
relationship with PM2.s, however, the direction
of this relationship remains inconclusive. While
some studies report lower PMa.s concentrations
at reduced temperatures [33-34], others have
observed a positive correlation between
temperature and particulate matter [17, 35]. This
inconsistency suggests that temperature alone
does not govern PM variability and that other
factors such as wind conditions, street geometry,
and vegetation characteristics, play a more
dominant role in particulate matter dispersion
and accumulation. Additionally, the observed
reduction in wind speed is consistent with
existing literature describing the role of trees as
windbreaks that attenuate airflow and reduce

turbulence within street canyons [36]. Although
tree canopies may decrease wind speed, the
results highlight a dual effect of urban
vegetation, reflecting both  aerodynamic
modification and enhanced pollutant deposition
processes [13, 37]. Along Sukhumvit Road, the
presence of medium-height trees (approximately
6-8 m), positioned below the building eave
level, appears to preserve ventilation corridors
within the street canyon. This configuration
allows for sufficient air exchange while
promoting particulate deposition on foliage,
thereby  achieving a balance  between
aerodynamic performance and pollution removal
efficiency.

Although the results indicate that
variations in PM concentrations are associated
with tree-regulated microclimatic conditions, the
overall relationship between humidity and tree
presence was weak and statistically insignificant,
in contrast to the effects observed for temperature
and wind speed. This limited variation can
be attributed to the high baseline humidity typical
of tropical urban environments, where
atmospheric moisture is often near saturation,
thereby constraining the potential influence of
additional moisture from vegetation through
transpiration [38-39]. Moreover, the influence of
trees on ambient humidity depends on canopy

density, continuity, species characteristics,
and soil moisture availability. In roadside
planting conditions, where tree cover is

often sparse or spatially discontinuous, the
evapotranspirative  contribution  may  be
insufficient to produce measurable changes in
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ambient humidity [31, 40]. These factors likely
explain the absence of statistically significant
differences in humidity between tree-covered and
non-tree scenarios observed in this study.

Conclusions

This study examined the impact of street
trees on PM2.s and PMio concentrations within a
high-density street canyon in Samut Prakan. The
results indicate that tree-covered locations
effectively mitigate particulate matter pollution at
the pedestrian level (1.5 m), with the lowest
concentrations observed beneath tree canopies,
followed by areas between trees and locations
without tree cover. The findings further suggest
that street trees play a meaningful role in
improving urban air quality, particularly through
the reduction of PMio. Given the significant
reduction in PMio and the observed mitigation
trends for PMz.s under tree canopies, urban
policymakers should consider integrating tree
planting into air quality management strategies,
especially along high-traffic roads. Promoting the
use of dense, broad-leaved species with effective
canopy coverage may enhance the interception of
airborne particles while improving thermal
comfort for pedestrians. However, as this study
was conducted on a specific stretch of Sukhumvit
Road in Samut Prakan Municipality, its
generalizability may be limited. To strengthen
policy development, future research should
expand the geographic scope to include multiple
urban districts with varying built environments
and vegetation types, and integrate dynamic
traffic data across diverse urban contexts to
further strengthen the evidence base for tree-
based air quality interventions.
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