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Traf ¢ strongly in uences air quality near highways through  emissions from traf ¢ vary, largely depending on the source.
both exhaust emissions (Hilker et al., 2019; Sofowote et al.Combustion processes produce vast amounts of black carb
2018) and wearing products originating from pavement, tyresand organic-containing nanoparticles (R nkk and Timonen,
and brakes as well as NaCl from winter salting (Denby et al.,2019). The non-exhaust particles from traf ¢ tend to be in
2016; Kupiainen et al., 2016; Pirjola et al., 2010; Sofowote
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Introduction et al., 2018; Vouitsis et al., 2023). These emissions pose risk
to both human health and climate (Baensch-Baltruschat et al.
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Abstract. A three-month air quality measurement campaign was conducted in spring 2023 near a busy highway
in Espoo, Finland. The measurement site featured a high (6.5 m) noise barrier built adjacent to the highway.
Additionally, there was a gap in the noise barrier at the selected measurement site, providing an opportunity to
study the air quality impacts of the noise barrier. Several air quality measurement devices were installed behind
the noise barrier and in the gap at distances of 10, 20 and 40 m from the side of the highway. Additionally, 15
passive samplers were deployed to monitoroNfoncentrations across the study area, mobile measurements
were conducted using the ATMo-Lab mobile laboratory on the highway, and concurrent ights with drones
equipped with AQ monitors were performed along the highway.

The effects of the noise barrier on R§IPM-s5, lung deposited surface area (LDSA), particle number concen-
tration (PNC), NQ, and black carbon (BC) were quanti ed based on the analysed measurement data. Further-
more, the measurements were compared with simulated pollutant concentrations from a local-scale Gaussian air
quality model (Enfuser) with a nearby obstacle detection and concentration reduction method incorporated in
the model to address the effects of the noise barrier in the study.

The noise barrier was found to effectively reduce pollutant concentrations behind the barrier. The most notable
reductions were observed closest to the highway. The greatest reductions were observeg {ond3tly road
dust) while gaseous concentrations, such ag,N®hibited less pronounced decreases.

2020; WHO, 2021). The composition and size of particulate
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the coarse mode size range and contain a mix of organicsuid dynamics in a complex environment would need more
metallic trace elements and NaCl from road salting (Denbysophisticated tools such as Lagrangian particle simulations or
et al., 2016; Vouitsis et al., 2023). Advancements in exhaustarge Eddy Simulations (LES) (Hellsten et al., 2021). Unfor-
after-treatment technologies have been highly effective in retunately, the computational cost of using such sophisticated
ducing particulate emissions from traf ¢ (Gren et al., 2021). tools makes the adoption of such approaches infeasible when
These systems, combined with the increasing electri cationthe assessment time period exceeds several days, or the mod-
of vehicles, have already led to a large reduction in exhaustelling area fully covers a city.
related emissions. Current EU legislations on particle emis- The objectives of this study can be summarised to: what is
sions from traf c exhaust are so stringent that, in some juris-the effect of the noise barriers on the pollutant gradients and
dictions, non-exhaust particles now represent a larger shareoncentrations on the side of a highly traf cked highway, and
of traf c-related particulate matter emissions (Fussell et al., how do the modelling results compare to the measurements?
2022). In Europe, the upcoming Euro 7 legislation will also More speci cally, this study aimed to characterise the in u-
regulate tyre and brake wear emissions. ence of a noise barrier on air quality near a highway using
The worldwide interest in reducing atmospheric pollutantsa sensor type and mobile measurement platforms. Sensors
is of great importance. This is re ected by the WHO air qual- were used to measure Ry PMy.5, NO,, BC, LDSA and
ity guidelines that include pollutants such as #YIPMs, NO, concentrations as a function of distance (10, 20 and
03, NOz, SO, and CO. However, ultra ne particle number 40m) from the highway, both behind a noise barrier and in
concentration (PNC) and elemental carbon (EC) are also inan open area. PNC was also measured using sensor measure-
cluded in good practice statements and systematic measureient, but only at 20 and 40 m poles. In addition, two con-
ments of them are encouraged (WHO, 2021). Also, muchdensation particle counters (CPCs) were used to study PNCs
stricter limits for various pollutants are going to be imple- at the 20 m distances. Mobile measurements were conducted
mented with the new EU air quality directive, with an obli- on the adjacent highway with the mobile laboratory. Addi-
gation to measure ultra ne particle (UFP) and black carbontionally, fteen passive samplers were deployed to monitor
(BC) concentrations (European Air Quality Directive, 2024). NO, concentrations around the measurement location.
Distance from the road has been found to strongly affect Another aim of this study was to test the capability of a
pollutant concentrations, with notable decreasing gradient$&aussian urban-scale dispersion model to quantify the ef-
observed for NO and N©as distance increases from roads fects of urban obstacles such as noise barriers while using
(Thoma et al., 2008). Pollutant concentrations perpendiculacomputationally lightweight methods, which are feasible for
to highways have been found to follow logarithmic gradients, operational use. The data included here provides urgently
with the steepest decrease occurring near the road (Zheng aeeded information about the in uence of noise barriers and
al., 2022).. Similarly shaped gradients of pollutant concen-can be used to make better annual air quality maps for road-
tration on the side of the highway have also been observed aside locations for city planners.
a function of time after being emitted on the road (Kangas-
niemi et al., 2019). The gradients f_or particles are found to, Methodology
be more pronounced for larger particles (Zheng et al., 2022).
In an earlier study, noise barriers have been found to reduce 1 Measurement campaign location and infrastructure
NOy concentrations by 23 % at 5m behind the noise barrier
(Tezel-Oguz et al., 2023). Notably lower concentrations havéVleasurements were conducted from 1 March to 31 May
been observed for traf c-related ultra ne particles, BC, CO 2023 near a busy highway (60 Gm”OCN 24 44014;100'5)
and NG concentrations behind the noise barrier comparedhat connects two major cities (Helsinki and Turku) in South-
to areas with no noise barrier, even at 300 m behind the nois€™ Finland. According to (DigiTraf ¢, 2024), the daily traf-
barrier by Baldauf et al. (2016). The steepness of the pollu-C OW at the highway was approximately 63 000 vehicles/-
tant gradient has been found to be strongly dependent on th&orking day with an average speed of 85 kn”rhThe_ share
ow dynamics (Enroth et al., 2016). This would suggest that Of heavy-duty vehicles was approximately 5% during work-
noise barriers strongly affect the dispersion of pollutants oning days (Monday to Friday). The measurement site was lo-
the roadside. The bene cial effects of noise barriers on aircated between a warehouse and the highway (Fig. 1). Next to
quality have also been reported by Li et al. (2021). the highway, approximately 7m from the highway, a 6.5m
Several modelling approaches have been developed thigh noise .barrler h.ad beeﬂ byllt. Additionally, there was a
meet the demand for accurate and timely information on ur-100 M gap in the noise barrier in front of the warehouse. The
ban AQ (Johansson et al., 2022; Rolstad Denby et al., 20202r€a around the measuremeqt poles between the noise barrier
The spatial variability of pollutant concentrations within an and the warehouse was at with only grass and no obstacles,

urban environment is pronounced, which poses a Cha"eng@pcluding trees that could have affected the dispersion of pol-

for air quality modelling systems. To facilitate operational, lutants.
timely production, the urban-scale models are mostly Gaus-
sian dispersion models. However, the proper modelling of
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type passive sampler for NQOs described by Ferm (1991)
and Ayers et al. (1998). Two CPCs, Airmodus A30 (modi-
ed by the manufacturer to the 7 nm cut size; Airmodus Ltd.,
Helsinki, Finland brie y described in Wlasits et al., 2024)
and Brechtel 1720 (Brechtel Manufacturing, 258 Hayward,
USA described in BMI, 2021) were used to measure total
particle number concentrations for particles larger than 7 nm
at poles O20m and NB20m, respectively. However, these ad-
ditional measurements fall out of the scope of this work and
can be used as data input in future studies. Before and after
the highway campaign, the air quality sensors were tested in
co-location measurements with reference instruments at air
quality monitoring stations. In the colocation measurements,
the BC sensors were compared to MAAP. The average devi-
ation from the MAAP was calculated, and the measurement
data was corrected by multiplying the data by the derived
correction factor. A similar process was also used for LDSA

Figure 1. Measurement infrastructure at the measurement site. TheSensors (Partector) to make the concentrations to the same
noise barrier has been marked to gure with orange lines. The

measurement poles behind the noise barrier (NB10m, NB20m, antlaeveI between the instruments. Additionally, ParteCto_r sen-
NB40m) have been marked with red, and the measurement poles if0'S Were also made comparable to AQ Urban by multiplying

the open area (010m, O20m, and 040m) have been marked witthe LDSA concentrations by 0.66.

blue. Passive N@samplers (PAS_N100m, PAS_N37m, PAS_Sim, Data coverages of data usable in analysis for the differ-

PAS_S20m, PAS_6m, PAS_NB60m, PAS_NB86m, PAS_0O60ment instruments are presented in Table S1 in the Supplement.

and PAS_086m) have been marked in yellow. There were also pasFor NOp: only the data from March was used as the authors

sive samplers located in the main measurement poles. Also, a mayanted to be sure that all 6 instruments were functioning

bile laboratory is presented in the gure (' Google Earth 2024). properly at the same time, and during April and May, the
weather got warmer, and the measurement data seemed to in-
clude more errors and was therefore left out of the analysis.

2.2 Fixed instrumentation at the Campaign site AlSO, the BC data from Aprll and March was removed from
the analysis as the large, fast temperature changes between

Two rows of measurement poles were installed at distanceday and night caused artefacts in the data. The temperature-

of 10, 20 and 40 m from the highway (Fig. 1). One row of related issues of BC sensors are well described by Elomaa et

sensors was situated behind the noise barrier (poles nameal. (2025).

NB10m, NB20m, NB40m) while the other row was placed

in the open area (O10m, O20m, O40m). The measuring 3 \weather conditions during the measurement

height of the air quality sensors was about 2m. In addition campaign

to the measurement poles, 15 pfassive samplers were set

around the measurement location. Six of the passive samplerEhe weather conditions, including hourly temperature,

were located at the measurement poles, and the other 9 in Idoundary layer height, precipitation, and water on the road,

cations seen in Fig. 1. The passive samplers were measurini%{e presented In Fig. 2. F)'urmg the measurement campaign,

from February to May. The results were calculated monthly,the meteorological conditions changed from winter condi-

but the March data were excluded because of data qualitfions with subzero temperatures (minimum hourly temper-

issues. ature 10 C.) to spring with temperatures up ©20 C.

Following air quality parameters related to street dust andTne precipitation (mostly snow) was quite frequentin March,

exhaust gases were measured: pMnd PMps (particle ~ Whereas only some precipitation (mostly rain) was observed

mass with diametex 10 or 2.5 m, Vaisala model AQT530, in April and May. Especially the beginning of April was dis-

Note: AQT530 Vaisala measured particle siz6.6 m, tinctively dry. The presented weather conditions are a mix

Petj etal. (2021)), NG (AQT530, Vaisala; IVL type pas- ©Of measured and modelled information; the boundary layer

sive samplers), black carbon (BC; AE51, AethLabs; Obser-height originates from the SILAM chemical transport model

vAir, DSTech), particle number concentration (PNC, AQ Ur- (CTM) (So ev et al., 2015), and the water column height on

ban, Pegasor) and lung deposited surface area (LDSA; Adhe road surface is taken from the closest optical road weather

Urban, Pegasor; Partector, Naneos). Vaisala AQT530 senmeasurement site (DigiTraf ¢, 2024).

sor is described by Petj et al. (2021), Pegasor AQ Ur-

ban by Kuula et al. (2020), BC sensors by Cheng and Lin

(2013) (AE51) and Caubel et al. (2019) (ObservAir). IVL-
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Figure 2. The weather data includin@\) TemperatureT), (B) Boundary layer height (BLH),C) Rain, (D) Water layer height on road
(WLH), (E) Wind speed (WS) an(F) Wind direction (WD) during the measurement period (1 March to 31 May 2023).

2.4 Mobile and drone measurements The copter had a maximum ight time of 15 min. The max-
imum take-off weight for the copter was around 11 kg. Dur-
ing ight, the GPS locations and altitudes of the copter were
recorded using (GPS Global Positioning System po-
sition x). The scienti ¢ instrumentation was attached to
purpose-built modules. The exact description of the drone

of 22Lmin L. An 8km loop was driven on two measure- is given by Brus et al. (2021). The scienti ¢ payload of the
ment days (Monday, 20 March and Friday, 24 March) be_drone consisted of condensational particle counters (CPCs;

tween 11:00a.m. and 03:00 p.m., resulting in 300 min Ofmodel 3007, TSI Corp.; total count in the range from 0.01

highway measurement data. Total particle number concent® > 1.0 m), the mini cloud droplet analyser (mCDA, Palas

trations were measured with four CPCs with different DSO%C_;mbH) W?th a size range of 0.2 17:m in 256 b_ins resolu-
cut diameters: 2.5nm (TSI 3756), 4nm (TSI 3775), 10nmt|0n), a micro Aethalometer (model MA200, microAeth), a

(Airmodus A20) and 22 nm (Airmodus A23). The size dis- basic meteorological sensor .(BOSCh _BMEZB’Q;pressure;
tribution of particles was measured with an electrical low- | [€MPerature; and RH, relative humidity), and Raspberry 4

pressure impactor (Dekati EL@). Additionally, black car- microcomputer. The data from the instruments were recorded

bon mass concentration (Magee Scienti c AE33), particle onthe microcomputer_with_a 1Hz resolution. The drone mea-

chemical composition (Aerodyne Research Inc, soot-particlesyreme_nts are used in this paper for evaluating the vertical

aerosol mass spectrometer; SP-AMS), J&Oncentration dispersion of pollutants.

(LI-COR LI-850) and NQ-concentration (Teledyne T-201)

were measured. Of the measured componen_ts, the, NO, 5 Modelling framework

LDSA, PNC, and BC are compared to the stationary mea-

surements in this paper by using the concentrations measurdenfuser is an urban-scale air quality model (Johansson et al.,

with the mobile laboratory as a reference point on the road. 2022). The modelling approach for local emission sources
Drone measurements were conducted with a custom-builis Gaussian (a combination of Gaussian plume and puff

multicopter built around the Tarot X6 hexacopter platform. methodologies), and long-range transportation of pollutants

Mobile measurements on the highway were conducted us
ing the ATMo-Lab mobile laboratory (Lepist et al., 2023a;
R nkk et al.,, 2017). The air was sampled from the top
of the windshield at a height of 2.2m with a ow rate
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is addressed by incorporating a regional-scale AQ forecastf inputs to facilitate an unbiased comparison against model
to de ne hourly background concentrations. As a novelty, predictions.
the model uses AQ measurement-driven data assimilation to In addition to the modelled concentration elds for the
adjust these background concentrations, but also emissiorHelsinki metropolitan area, the model is used to assess high-
source speci ¢ emission factors on an hourly basis. resolution concentration predictions with a 4+n? grid
Among other areas of interest, Enfuser is currently beingaround the measurement campaign area for the duration of
used operationally in the Helsinki metropolitan area in Fin-the campaign. The modelling duration prior to this can be
land. The outputs of the model are hourly average pollutantegarded as a spin-up period for data assimilation methods
concentrations (e.g., PM, PMjg, NO2, O3, PNC, BC and  adopted in the model. Finally, the modelled concentrations
LDSA) at a breathing height of 2m above ground, and thisare compared against the measured hourly concentrations for
output provided is publicly available via FMI's Open Data all sensors. In this comparison, the model is used to pre-
portal (FMI, 2024). The modelling resolution in the Helsinki dict the concentrations using the exact coordinates and listed
region is 13 13 n?, with circa two million receptor points measurement heights for all the sensors, as opposed to fetch-
(grid cells). In addition, hourly updating air quality index ing the model predictions from the raster output with prede-
(AQI) visualisations based on the model results are avail- ned resolution.
able at (HSY, 2024). The key emission sources being mod-
e_IIed includ_e roa_1d traf ¢ emissions_(also re;uspensio_n of par-, - 4 Modelling the effects of the noise barrier
ticles), residential wood combustion, marine shipping, and
local power plants. The Enfuser model uses various geographic information
Details on the Enfuser modelling system and its inputsources to describe the modelling area and its characteris-
sources in the Helsinki metropolitan area have been pretics, including buildings (and their heights) and other urban
sented in (Johansson et al., 2022). In summary, the most eslandscape properties via OSM. The overall topography is
sential information sources are as follows: given by NASA SRTM. These geographic sources of infor-
mation, and several others, have been pre-processed into a
high-resolution 2D datasets (44 ) prior the use of the
T i model (Johansson et al., 2022). The preprocessing of the ge-
source for meteorological input. In add|t|on, thg IOC"’}I ographic datasets facilitates faster computations via, e.g., fast
road vv_eather measurement network_glves addlt_lonal In'building and obstacle detections around the receptor loca-
formation on. €.9., road surface moisture that IMP2CtSions. The building height information is based on OSM if
the modelling of PMo. the height property or oor count for the object has been
The regional background is given by the SILAM CTM Speci ed; otherwise, an approximated building height value
model (So ev et al., 2015). is obtained from Global Human Settlement (GHS-BUILT-H
R2023A).
Online AQ measurement results are extracted from The vicinity of urban structures and their impact on the
the FMI Open data portal. In addition, complementary dispersion of pollutants can be addressed in a simpli ed man-
sources for AQ data have been included to incorporatener, considering the limitations of Gaussian dispersion mod-
e.g., AQ sensors that are maintained by local authoritiese||ing techniques. The approach has been illustrated in Fig. 3.

A wide range of heterogeneous GIS inputs is used an(J:or any given location of interest (referred to as a receptor

assimilated to characterise the modelling area and urbaRO'm’.RP) for .Wh'Ch model predictions are made, the sur
rounding area is rst scanned to detect urban obstacles. This

structures within the area. The most notable source in A .
this regard is the OpenStreetMap (OSM). scanning is done in 10 sectors up to _125 m. In case an obsta-
cle is detected, the angle of observation and the height of the
The Enfuser model for the whole Helsinki metropolitan object are logged. In case there are multiple obstacles with
area is used to predict hourly pollutant concentrations from lvarying heights, the obstacle with a higher angle of observa-
January 2023, up to 31 May 2023. During the modelling, all tion takes priority.
available reference quality AQ measurement data is used in Let us consider an emission source (e) at some location
the model’s data assimilation (Johansson et al, 2022). Durnear the RP for which the emission release rate [ §$or a
ing the data assimilation, model predictions are iterativelypollutant species is known. Depending on the measurement
being made at the exact measurement locations and heightegightz, the emission release heigHt and ambient wind
while the background levels and emission factors are gradeonditions, the Gaussian steady-state solution can be used to
ually adjusted to obtain a better agreement between the presstimate the concentrations at the point Rkb) caused by
dictions and the measurement evidence. This process occutBe emitter at RP while ignoring the effects of urban terrain
for each hour and for each modelled pollutant species sepaSeinfeld, 2016). Using the precomputed (scanned) obstacle
rately. However, the modelling results for sensors used in thigetection around RP, it can be assessed whether there are ob-
measurement campaign have all been excluded from this setacles between the emitter and the RP. In case there is an

HARMONIE numerical weather prediction model
(NWP) (Bengtsson et al., 2017) is used as the main

https://doi.org/10.5194/acp-25-18719-2025 Atmos. Chem. Phys., 25, 18719 18738, 2025
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curate results for such more complex objects. Noise barriers
are described in OSM data, and it would be technically pos-

—r—— also applied to other obstacles, such as buildings, while ac-
H knowledging that the reduction model may not provide ac-
A b
) y RP. \‘
z dy

r@ sible to automatically characterise them as obstacles for the
— H, model. Instead, in this study, we have manually inserted the
‘. ‘ noise barrier as a 6.5 m tall construct into the model inputs.
de In reality, the barrier is thin, but due to the way the object

) _ ~detection and the mapping of objects work in the model, the
Figure 3. lllustration of the modelling approach and known dis- modelled barrier has an arti cial width of 4 m (the minimum
tance and height measures for reducing concentrations due to ba&urface area of any object is 44 m).
riers. A singular emission source at a distanceifs shown from In this study, we have used valua 0.0033m * and

a receptor point (RP) in which the concentrations are computed 1
Given the ambient wind direction, the precomputed distances to Io-b D0.1m - for the hyperparameters. These hyperparameter

cal barriers or buildings and their heights are fetched. In case arY2lues were obtained by using Monte Carlo simulation with
obstacle exists between the emitter and the RP, then the shown di§he sensor data from NB10m, NB20m and NB40m, focusing
tance and height measures are used to apply a reduction for mod®n PNC, PMg and LDSA measurements. The hyperparam-
elled Gaussian plume concentrations. eters that minimised the root mean squared error over all the
selected species were chosen. Presumably, the reduction ef-
i ) , , fect is likely to be different for particles and gases, however,
obstacle at a distance df with heightHp in between the s hossibility was not addressed to avoid the introduction

two points, a reduction caused by the obstacle is approxiys 4 third hyperparameter. Finally, in the special case the RP

mated, as some fraction of the pollutants is physically un-j5 |5cated within a building (or an obstacle), the model ig-

able to disperse to the RP and remains behind the objecf,q e a)l nearby obstacles and applies a at reduction factor
The reduction effect should be more prominent the closer theq 15y (g all Iocal emission contributions. The modelled con-

emission source is to the obstacle. However, as can be se@uniration at the RP can then be regarded as an inaccurate
fro_m Fig. 3, this d|stg_nce measud) (s not readily a\(allablg placeholder value for indoor air quality (Fig. 13).

(without costly, additional checks), and we approximate it to

bed de dp.Using asingle hyperparameta)(we de ne

an approximation of how the distance to the blocker reduceg-5-2 Road traf ¢ exhaust emission modelling

the concentratiogp given by: Road traf c emissions are modelled by combining hourly ve-

R¢D1 ad; Ry O (1) hicle ow information for individual roads (given by OSM)
coupled with vehicle class speci c emission factors. These
where the hyperparametaide nes how sensitive the reduc-  emijssjon factors are also ow-speed dependent, and the ow
tion is as a function of distance. Simply put, with a low  gpeed is also used to introduce instantaneous mixing due
value ofd theRq is close to 1 (almost full reduction) and con- g the turbulence caused by the vehicles (Johansson et al.,
versely with a maximum distance valugd a) Rq is equal  2022). Individual roads are described as objects in the model
to 0 (no reduction). The physical interpretation of Eq. (1) with various characteristics. While these objects are not ex-
is that the emissions originating far behind the barrier Canactly lane-speci ¢, the different ow directions are most of-
be considered well-mixed, and the effect of the barrier grad+en, represented by separate and independent objects. For ex-
uglly and continuously loses relevance as a function of theamp|e, at the campaign site, the highway has two separate
distance. parallel road objects that characterise the traf ¢ ows to the
In addition, we assume that the reduction is proportionaly\est and separately to the East (Fig. 4). Both objects charac-
to the elevation differencéd D (Hp He);H 0. The  terise the number of lanes, but this information is only used
strength of this effect is managed with another hyperparamip ge ning the width of the emission source, assuming that
eter ) to estimate the reduction factor due to elevation dif- the vehicle ows are evenly distributed to the lanes. In this
ference, given by: study, the westbound section of the road, which is closer to
RuD (Hp He)bRy 2T0;1U ) the measu_rement campaign site, has a greater impact on the
concentrations at the measurement locations.
Finally, we can approximate the reduced concentration at RP, |n the Enfuser model, the average hourly ow counts are
cke, with described for each road object separately using 24 aver-
0 age ow values for working days (Monday to Friday), an-
cre (1 RaRw)cre 3 o'?her 24 values for Saturd%ys )z/;\nél nally é4 valuesyf)or av-
This simplistic reduction effect modelling (using as few erage Sundays. This characterisation with 72 values is de-
parameters as possible) is applied with the noise barrier lo-ned separately for cars and heavy vehicles. Additional re-
cated within the measurement campaign site; the model igional modi ers (targeting all road objects) are used to ad-

Atmos. Chem. Phys., 25, 18719 18738, 2025 https://doi.org/10.5194/acp-25-18719-2025
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Figure 4. Hourly average traf c ow information incorporated into the Enfuser model. Up, the overall daily average ows (cars) near the
campaign site are shown. Below, the implemented direction-speci ¢ hourly traf c ows are shown for cars and heavy vehicles in local time.
The rst 24-hourly ow counts correspond to working days (Monday to Friday), and the next 48 values correspond to Saturdays and Sundays.

dress weekly variations (e.g., summer holiday months. In thissmissions. Further, we assume that heavy vehicles also gen-
study, traf ¢ count data from the nearest DigiTraf ¢ (2024) erate coarse particles through wear and tear. This upper limit
record were used to re ne the average ow information ap- function is then limited (scaled down) based on road surface
plied in modelling the site area. This localised ne-tuning of moisture. Simply put, for a road that is wet or covered in ice
the vehicle ows was possible since there is a traf ¢ count and snow, the upper limit function is reduced to near-zero
sensor very close to the campaign site. As can be seen fromalues. As a complication, the Gaussian models struggle to
the gure, the hourly ows of vehicles to the West and East consider dynamic phenomena such as the generation of re-
are clearly different (asymmetric) for cars during working suspension particles in the past; based on our previous studies
days. of diurnal variability of PM g concentrations in urban traf c
monitoring stations we have learned to incorporate the vehi-
cle ow information from the past two hours to obtain better
agreement with modelled and measured concentrations and
to make hourly PMg predictions less sensitive to the most
The modelling of coarse particle generation (e.g., via the usgecent vehicle ows nearby. Finally, the modelled resuspen-
of studded tyres) and resuspension of the particles is chalsion component is being adjusted on an hourly basis accord-
lenging; an overview of the approach has been presentethg to the recent measurement evidence via the data assimila-
in (Johansson et al., 2022). Recently, the use of machingon routine. As described by Johansson et al. (2022), the data
learning-assisted modelling of road dust has also been invesassimilation corrections cannot address local biases (e.g., an
tigated (Kassandros et al., 2023). Without relying on machineespecially dusty road) but modify emission factors and back-
learning, however, the model describes a generic weekly paiground concentration across the whole modelling area.

tern for the usage of studded tyres in the modelling area for

passenger cars. This information, combined with the hourly

ows of vehicles (while considering the ow speed), pro-

vides an upper limit function for the coarse particle fraction

2.5.3 Modelling of non-exhaust emissions from road
traf ¢
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2.5.4 LDSA, BC and PNC modelling
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elling time span has been set to begin on 1 January. Finallypanel(C), the PNC gradient has been measured with AQ urban sen-
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3 Results and discussion . o .
cient deposition and shorter removal times from the atmo-

sphere compared to the gaseous pollutants and smaller par-
ticles (Kumar et al., 2008; Noll et al., 2001). The effect of
noise barriers on N@concentrations was less pronounced,
The in uence of the noise barrier as a function of distance and the effect of the noise barrier was diminished already at
was analysed using the measurement data, for which th@0m from the highway. Additionally, the decrease for PNC
results are shown in this section. The gradients (i.e., conwas notable despite measurements being available only at
centration changes with distance) of the main pollutantsO20m and O40m poles (measurements from O10m were not
PMio (> 0.6 m), PM25 (> 0.6 m), PNC, LDSA, BC, and available and likely would have shown the highest concen-
NO; are shown in Fig. 5. All measured pollutants show a trations due to the proximity to the highway).

clear decreasing gradient in the open area, with the largest Behind the noise barrier, all the pollutant concentrations
decreases observed between O10m and O20m poles. Theere lower when compared to the open area, with no clear
steepest gradients were observed for particulate-related potlecreasing gradients for the pollutants. Slight decreasing gra-
lutants PMo and PM.s5, which is in line with previous dients even behind the noise barrier were detected for PNC,
ndings in the literature. For example, Zheng et al. (2022) LDSA and NG, but for PMo and PM:5, there were no gra-
found that larger particles have steeper and more pronouncedients behind the noise barrier, and the lowest concentrations
roadside-decreasing gradients compared to smaller particlesere seen straight behind the noise barrier.

The PMyp and PM:5 gradients were likely to have been af-

fected by the strong stregt dust season that enhanced tl@naracteristics of aerosol at the highway

coarse particle concentrations on the highway compared to

the background concentration. Additionally, the PMgra- During the measurement period, a mobile laboratory was
dient might have been slightly overestimated as the senused to measure pollutant concentrations on the highway for
sors measured only particle size§.6 m and therefore the two days: 20 March between 12:45 and 14:50 and 24 March
street dust contribution to PM concentrations was exag- between 11:20 and 15:15 (local time). The corresponding
gerated. The gradients of the large particles might also bestationary data for these hours were extracted and compared
due to the larger particles having slower dispersion, more efwith the on-road measurements. Figure 6 represents the con-

3.1 Inuence of the noise barrier based on
measurement results
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centration gradients in the open area for BC, LDSA N@d A B
PNC. BC data from all the poles were available during both 25
measurement days. For both days, BC concentrations wer¢

=
@

higher on the highway compared to the roadside concentra- _ : T

tions. On the roadside, the BC concentrations have a sim-& 15 i o

ilar gradient to the one seen in Fig. 5, with concentrations 2 , % 5

decreasing steeply from O10m to O20m but either slightly 2 = b §

decreasing (or even increasing) from O20m to O40m. For ©°¢5 R -

LDSA, data from the O20m pole on 24 March was missing. 0 0

However, higher LDSA concentrations were observed on the C B E‘n% o C ?n% "
highway compared to the roadside on both days. The gradi- C D

ents of LDSA and BC follow a logarithmic curve, consistent 40 42100

with earlier roadside observations by Enroth et al. (2016) and
Zheng et al. (2022). Coincident stationary measurements of . 3
NO, were only available for 20 March. On this day, NO E)
concentration was only slightly higher on the highway com- = *
pared to the O10m pole, with a steeper decrease betwee!2 0
010m and O20m. This trend may partly re ect the conver-
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sion of traf c-emitted NO to NQ, leaving a higher propor- 0 0
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tion of NOy as NO on the highway. I_n the case of Fig. 5, it Distance from road (m) Dietance from road (m)
was speculated that the decrease in PNC could be steepe [—o—om viaren = © = am wiaren]

closer to the highway if measurements were available. In

Fig. 6, this seems to be the case as on the 20 March, thEigure 6. (A) BC Gradient with mobile measureme(&) LDSA

decrease of PNC between the highway and O20m is greatgtadient with mobile measuremef€) NO> gradient with mobile

compared to the decrease between 020m and O40m po|eg1_easurement(D) PNC gradient with mobile measurement. The

On the 24 March. the PNC data from the O20m pole was notmobile measurement results have been added to the gure as Om
. ' . P a;i)oints representing the side of the road.

available, however, the concentrations on the highway and

040m were similar to those measured on the 20 March.

ments only consisted of a total of 8 ights, 4 on each day.
3.2 Drone measurements Each of the ights lasted for 5 to 10 min, and during both

Vertical differences in PNC at the site were studied with days. The pauses between ights were between 5 to 20 min.

drone measurements. These measurements were performed
at the same t.lme as th_e mobile measurement. .The PNC was 3 Analysis of measured and modelled concentrations
measured using a multicopter, ying along the highway from
behind the noise barrier to the open area at two differentn the next sections, we present various results where mod-
heights: 2 and 15m. In Fig. 7, the results from these mea<lled and measured pollutant concentrations are compared.
surements are presented separately in two panels for the twbhe modelled and observed average pollutant concentrations
measurement days, 20 and 24 March. Each day includes foudor BC, PMyg, LDSA, and PNC are shown in Fig. 8 for the 6
boxplots, corresponding to the heights of 2 and 15m, andor 4 measurement poles, depending on the pollutant species,
with separate plots for the ight paths behind the noise bar-over the whole measurement campaign period. The split be-
rier and in the open area. The measurement data nearer thawveen emission source categories is shown for the model
10 m the edge of the noise barrier were left out of the analy-predictions in the form of staggered columns. With regards
sis, both in the open area and behind the noise barrier. to the modelled emission source categories, RWC stands
Figure 7 shows that the median concentrations, indicatedor residential wood combustion, and the category Other
by the red horizontal line in the gure, were slightly lower stands for a collection of minor source categories such as
at a height of 15m compared to 2m on both days. The efshipping, power plants and aviation. It should be noted that
fect of the noise barrier on the concentrations measured witlthe averaging period varies between the measured pollutant
the drone seemed to be smaller compared to the measuregpecies, and as such, the cross-comparison of e.g., BC and
gradient presented in Fig. 5. Also, the lowest concentrationd®M;g at pole O10m should be avoided. The model predic-
were measured in an open area at an elevation of 15m, akions are affected by the measurement input in the whole
though the concentrations were only marginally lower. No- Helsinki metropolitan area via the data assimilation proce-
table was also the large variability of the PNC, with the mea-dure, while the campaign measurements have been excluded
sured values varying between a couple of thousands to morfom the data assimilation. However, the campaign measure-
than 50000 cm?® during both days, although the measure- ments for PMg, LDSA and PNC behind the noise barrier
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Figure 7. Boxplots of PNC measured with a drone in the open area (O 2ma.g., O 15ma.g.) and behind the noise barrier (NB 2ma.g., NB
15ma.g.) separately for 20 and 24 March. The median values are indicated with horizontal red lines, the blue box resembles the lower and
upper 25th and 75th percentiles, the whiskers represent the lowest and highest values considered for data evaluation, and the outliers ar
marked with red plus marks. The a.g. stands for above ground.

were utilised in a separate prior study to optimise the nec-case of PMy, the effect of traf ¢ is accompanied by resus-
essary hyperparameters for Egs. (1) (2). This means thapended particles that correspond to half of the;pbbserved
the hourly emissions factors and regional scale backgroundehind the noise barrier and more than half of the, P the
are constantly being adjusted based on the measurement egpen area. The contribution of resuspension was not visible
idence that is obtained outside of the campaign site. Then the case of BC, LDSA or PNC. In the case of BC and PNC,
model evaluation against the reference air quality stationghe contribution from traf ¢ dominated the contribution from
that provide this input (up to 12 stations, depending on pol-the background, but in the case of LDSA, the contribution
lutant species) has been excluded from this paper and will bérom the background exceeded the contribution of traf ¢ at
published separately. all other poles but the O10m pole.

The most notable difference between the modelled con-
centrations and the measurements is that the model underes-
timates PMg concentration in all but one of the 6 measure- 3-4 Measured and modelled daily mean concentrations

me.”t Io'catlons (NB1Om). At NBlOm, the modelled CONCEN” The measured and modelled pollutant concentrations for the
tration is almost one-to-one with measured Concentratlonsmain measured pollutants BC, RMLDSA, PNC, and N@

The largest deviation of the model with measured concentraz compared in Fig. 9 in the f,orm of daiI’y aver’ages On the
tions thge case of B_C 1S obszrved at Ol((j)mAlwherﬁ the ?jvleft-hand side, we show results for the pole behind the noise
erage concentration is u(;] erestlmfateB.C , sor,]t € mo eﬂ)arrier that is closest to the highway and has available data
seems to ex'pect.a constant ecrease for In the open argg, 1o pollutant. On the right-hand side, we show results for
with increasing d|_stance from_ the hlghway, whereas the meas, e pole nearest to the highway in the open area that had data
sured concentrations were slightly higher at O40m compare vailable for the current pollutant. For brevity, the other re-

to 020m. For PMo, the modelled and measured Concentra’maining measurement locations are omitted as they resemble

tions seem to agree mostly well, with no notable gradlentsone of these two presented plots. We will use this style of

bghind the noise barrier and similar gradients i,n the open ",ire?epresentation and selection of plots in other gures as well.
with each other. Only the observed concentrations, espemalhwith regard to the presented results in this work, we focus

in the open area, were higher. In the case of LDSA and PNCOn the less studied BC, PNC, LDSA and the more commonly
the trends and concentrations of measured and modelled COR% died PMo

centrations were very similar. The traf c-related particles
had quite notmea?le cont;butu:]ns tofall B?’ LS?A’ F?NC and atively low and thus the results attained for BC should be

PMolo. FocrJ exarr;p e, at OOOmt e traf c-related fractions are . ciqereq slightly more uncertain compared to results re-
70%, 45%, 69 % and 75 %, respectively. Additionally, in the |50 16 the other measured variables. For BC, the daily mean

As can be seen from Fig. 9, the amount of BC data is rel-
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Figure 8. Modelled and observed average BC, RMLDSA and PNC during the campaign at the different measurement poles. The number
of hourly data points forming the average for each pole and pollutant species has been shown as a number on top of the column.

concentrations varied between approximately 0.1 and 0.8 g Figure 9 shows that the model has the tendency to under-
m 2 behind the barrier and between 0.2 and 1.8 ghin  predict PMo, LDSA and PNC before the end of March. Af-
the open area. During the measurement period, frequent inter April, however, the model has the tendency to overpredict
creases were seen in the BjVconcentrations, especially concentrations, especially with PNC and LDSA. The under-
during the dry periods in March and April. These episodesestimations of concentrations were most notable during days
could be affected by resuspension of road pavement groundith the highest concentrations in March. This phenomenon
by studded tyres and salt that are used on the roads in winwas visible in all the pollutants, but most clearly in PV
tertime to prevent slippery road conditions. This has beenThese further underline that there seem to be some dif -
shown to result in frequent road dust episodes in springtimeculties in modelling the road P} emissions during snow
next to roads in Finland (Pirjola et al., 2010). The frequencycover and the use of studded tyres. The simultaneous under-
of PM1g episodes decreased in May, likely due to effective prediction of PNC during this time could also indicate dif-
road cleaning in the area, and natural cleaning of the roadsculties in the modelling of atmospheric stability and local
by rain and wind, with the reduction in the use of studdedwind during winter conditions. During the low-concentration
tyres. During the measurement period, daily averages fodays, the agreement between the modelled and measured re-
PMjoreached 180 gm? in the open area. But starting from sults was better. Interestingly, the weather also got drier ap-
late April, these peaks were notably lower with Rtaying  proximately at the same time (Fig. 2). For BC, the change of
below 70 gm 3. The high concentrations in early Aprilmay model accuracy could not be evaluated as the data is limited
have been enhanced due to the lack of rain. Behind the bato only March. However, during that time, the time series of
rier, the concentrations were generally lower, with concentrathe observed and predicted concentrations were very simi-
tions reaching over 90 g m® in early April but later staying  lar behind the noise barrier. However, in the open area, the
mostly below 40 gm 3. For LDSA, the observed concentra- model seems to underestimate the BC concentrations. When
tions behind the barrier and in the open area were at similacomparing the modelled and measured daily concentration
levels, being only slightly lower behind the noise barrier with averages, it is seen that the model agrees with the measured
a daily average reaching up to 23 ricm 3. For PNC, the  data better during April and May compared to March.
concentrations were somewhat smaller behind the noise bar- In Table 1, two chosen accuracy indicators (Factor-of-two,
rier, especially the observed daily maximum concentrationsPearson correlation) for the hourly modelled concentration
that reached 21 000 crd behind the noise barrier compared against the sensor measurements (all locations) have been
to 30000 cm 2 in the open area. presented. There was a strong hourly variability in the mea-
surement data that could not be captured by the model. None
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Figure 9. Modelled and observed daily average pollutant concentrations of BggRNMVSA and PNC for selected measurement locations
(NB20m or NB10m and O20m or O10m).

of the 6 measurement locations stands out, showing that the.5 Diurnal variability of pollutant concentrations

modelling accuracy was evenly matched in all locations. The )

most challenging hourly variability to model could be ob- The average diurnal pro les for the selected pollutants are
served with O10m measuring Rb) approximately half of ~Presented in Fig. 10. Similar plots for B and NG are

the time, the ratio of the measurement and the observed coritcluded in the Supplement. Additionally, the Supplement
centration was between 0.5 and 2. LDSA had clearly theProvides a breakdown of the modelled diurnal pro les by
highest agreement in terms of Pearson correlation as well a8mission source categories. Diurnal pro les for the measured
with the Factor-of-two indicator, while the worst correlation @nd modelled results are presented separately for BGoPM
could be observed with PNC. Interestingly, the modelling of LDSA and PNC for all available poles. Itis important to note
both LDSA and PNC relies on proxy information for emis- that these pollutants do not have completely overlapping time
sion factors and data assimilation-based learning, and this agseries, which might contribute to slight differences in their

which has data only for March. The modelled contributions

from different sources to the diurnal pro les are presented in
Supplement S1 and discussed in the related text.
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Table 1. Accuracy indicators for hourly modelled and measured concentrations fgg,RIdSA, PNC and BC. FAC2 stands for Factor-of-
two, and PCC stands for Pearson correlation coef cient. The de nitions of these indicators can be found in the Supplement.

PM1o | LDSA | PNC | BC
FAC2 PCC| FAC2 PCC| FAC2 PCC| FAC2 PCC

NB10m 0.60 0.53] 0.88 0.56

NB20m 0.61 055 089 062 073 040 068 0.53
NB40m 0.63 057 0.88 0.64| 0.73 0.38

0O10m 0.51 0.55 0.87 0.67 0.61 0.55
020m 056 0.60f 086 0.63| 0.71 0.50f 0.65 0.55
040m 062 062/ 088 0.64| 073 0.43| 0.64 049

Figure 10. Average diurnal variation of modelled and measured concentrations for B¢, FMC and LDSA presented separately for all
available measurement poles.
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When compared to the measured and modelled BC diurna22.5 m 2cm 3 at residential areas have also been measured
pro les, the modelled concentrations were consistently lowerat Raahe (Lepist et al., 2023b). Modelled LDSA concentra-
at all the poles and had similar diurnal patterns with traf c tions have earlier been compared to measured LDSA con-
having minor peaks in the morning and evening rush hourscentrations in Finland at traf ¢ environment and urban back-
at around 08:00 a.m. and 04:00 p.m. The observed BC conground, with mean absolute errors of 3.7 and 2.3 %om 3,
centrations peaked at approximately 1.5 g¥at 04:00p.m.  respectively (Fung et al., 2022).
and reached a minimum of around 0.2 g fat 03:00 a.m. The peak for observed diurnal PNC was around
In contrast, the modelled BC concentration had a maximum19 000cm 3, and it was observed around 08:00a.m. The
of 1.0 gm 3, notably lower than the observed values. Ad- second mode peak of the PNC was observed at around
ditionally, the observed BC concentrations showed a second5 000 cm 2 at 02:00 p.m. The modelled PNC showed simi-
peak around 09:00 p.m., with a concentration of 1.3 gdn  lar diurnal and maximum values to the measured ones, with a
which was not observed in the modelled BC diurnal. Both maximum of around 20 000 cnd at 07:00 a.m. and an after-
modelled and measured BC concentrations showed a similanoon peak of 17 000 cnt at 04:00 p.m. Both the modelled
minimum of 0.2 gm 2 during the early morning hours, with and observed diurnals had their minimum in the early morn-
negligible differences between poles at this time. A notice-ing hours and PNC of around 5000 cfa Notably, in the
able difference between the modelled and measured concemrase of observations, NB40 had a lower concentration than
trations lies in their gradients. In this sense, for the modelledNB20 during the whole day, whereas in the case of mod-
concentrations, the decrease was gradual with increasing diglled PNC, NB40 and NB20 had very similar concentrations
tance from the highway, and concentrations were lower bethroughout the day. In the case of observed concentrations,
hind the noise barrier. In contrast, for the observed concenthere was a reduction in PNC when moving further away
trations, most of the reduction occurred between the O10nfrom the highway and the lowest PNC were measured be-
and O20m poles, with relatively similar concentrations at thehind the noise barrier.
other poles. Overall, the modelled and measured diurnal pro les were

For PMyo, the modelled and measured diurnals had sim-quite similar, and the largest differences were observed for
ilar shapes, with concentrations reaching a minimum in thethe BC concentrations. For all the pollutants, the lowest con-
early morning hours and being elevated with the traf c. The centrations were measured during the early morning hours
measured PN reached its maximum of around 85 g before the traf ¢ started to increase, and the highest concen-
during the afternoon rush hour and the minimum value be-trations were during the daytime, indicating strong contri-
low 20 gm 3 during the early morning hours. The mod- butions from traf c. All the measured pollutants BC, RM
elled PMp concentrations reached their maximum of ap- LDSA and PNC also reached similar concentrations at each
proximately 75 gm 2 at 10:00 a.m., and a minimum value of the poles during the early morning hours. This enhances
below 20 gm 2 similarly to the measured PMinthe early  the trustworthiness of the sensor results, as during this pe-
morning hours. The diurnal pattern of all the poles was veryriod, when traf c’s contribution to concentrations was mini-
similar, with only the concentrations decreasing with increas-mal, the sensors were effectively performing collocated mea-
ing distance from the highway. surements. Under these conditions, the sensors should dis-

The observed LDSA concentration had a bimodal diur-play similar concentration readings if the instruments are
nal with two distinct modes at 08:00a.m. and 02:00 p.m.functioning properly. Additionally, the model results during
with concentrations of 21 and 22 nfcm 3, respectively.  this time were on a very similar level to the measured results,
Whereas the modelled LDSA diurnal had only one clearwhich implies that both the model and sensors were effective
mode at 07:00 p.m. with concentrations of 25 Atm 2. in measuring the background concentrations.

During the afternoon, the modelled LDSA was also elevated
with concentrations around 18 20 nf cm 3, but no clear
mode was visible. Both the observed and modelled LDSA
concentrations reached the minimum at around 04:00
05:00a.m., with the concentrations around %om 3 In Fig. 11, conditional averages as a function of wind direc-
for both. Similar concentrations for trafc environments tion for measured and modelled concentration are shown for
have also been reported in cities of Helsinki (13.2 PMjg, LDSA, PNC and BC. Again, on the left-hand side, we
35.4 m 2cm 3)and Tampere (12.2 47.9 m2cm 3) (Ku-  show the concentrations behind the noise barrier and at the
ula et al., 2020; Lepist et al., 2023b). Similar LDSA con- open area on the right-hand side. HARMONIE NWP meteo-
centrations (9.4 m2cm 3) to the minimum have been ob- rology was used in the modelling, and thus the presented av-
served in urban background areas in Helsinki (Kuula eterages are based on HARMONIE wind directions. There are
al., 2020). In Helsinki, in residential areas, the LDSA con- an unequal number of data points for different wind direc-
centrations are measured between the urban backgrourttbns; at worst, for BC measurements, there are only 20 data
and traf ¢ environments at 12 22.6 m2cm 2 (Kuula et  points available to compare measured and modelled hourly
al., 2020; Lepist et al., 2023b). Similar concentrations of concentrations when the wind direction is between 330 to

3.6 Modelled and measured concentrations as a
function of wind direction
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360 . The measurement site was located on the northertior data averaged over February, April and May. The results
side of the highway that was oriented in the West-southwestluring March suffered from quality issues and have there-
to East-northeast direction, and therefore, when the wind idore been omitted from this paper. The highest observed and
blowing between approximately directions of 90 to 225 , the modelled concentrations are seen for PAS_6m, which was
air mass passes over the highway. located on the roadside of the noise barrier in the proxim-
As expected, the traf c emissions (and resuspension ofity of the highway. This location is especially challenging
particles) were most prevalent with wind directions betweenfor Gaussian models, as the close by noise barrier can af-
90 to 270 that corresponded to the location of the high-fect the micrometeorology near the road. Overall, the mod-
way from the measurement site. As can be seen from thelled and measured N@oncentrations were in good agree-
results for NB10m, the model overestimated the blocking ef-ment, especially in the locations behind the noise barrier.
fect of the barrier (i.e., the model underestimated concentraThe largest differences were observed for the poles closest
tion) when the wind direction was orthogonal to the high- to the highway (PAS_010m, PAS_020m and PAS_6m). The
way. Similarly, when the wind was blowing directly from measured N©@ averages were consistently lower than the
the highway, the Plyph concentrations were underestimated measured concentrations. Further, in open areas, the decreas-
at 010m. When the wind was not blowing from the direction ing trend of NQ is quite minor while the model suggests a
of the highway, the model under-predicted Mt the O10m  more intuitive and expected decreasing trend as a function of
pole. This could indicate that the model underestimated thadistance. Additionally, the N@concentrations measured at
effect of speed on PM emissions from the highway, as the the poles with passive samplers were lower compared to the
high-speed limit at the site is 100 km* which is unique in  measurements used for calculating the gradients. The low-
the Helsinki metropolitan area measurement locations and nest concentrations both modelled and measured were seen
similar underestimations are observed at reference stationsfor PAS_100m, which was the pole situated furthest from the
The model also underpredicted the RMoncentrations  road.
between 300 and 30 in the open area. Similar underpredic-
tion was not observed behind the noise barrier. The unders g \jodelled geographical distribution of pollutants
prediction of concentrations in the wind directions 300 to 360
was not limited to PMo but was also observed for LDSA, In Fig. 13, the modelled concentrations (at 2 m above ground)
PNC and BC. For LDSA, PNC and BC, underestimation of &r¢ presented around the Helsinki metropolitan area and in
concentrations was also observed behind the noise barriefiore detail around the measurement site. We have selected
The most notable underestimation was observed for BC a0 show the PMo monthly average concentrations for April.
010m with wind directions between 300 to 360 (which was However, similar geographical distributions are available for
the direction of the storage building behind the measuremengll focused pollutant species and for all months during the
area), possibly indicating that there was a combustion sourcé@mpaign period. The presented monthly average has been
in this direction that was not considered by the model. In theProcessed from hourly concentration distributions as the En-
case of BC, the source could have been car workshops on tHéiser model estimates these as its main, publicly available
roadside of the storage building situated behind the measure2utput.
ment site in this direction. The cars running in front of these  The model predicted the highest concentrations overall in
workshops could have caused some elevated concentratidh€ Helsinki area around the largest highways, with the con-
when the wind was blowing from this direction. centration scale reaching up to 100 g #h Overall, the con-
Underestimation of concentrations at 010 might also indi-Centrations were seen to decrease quite sharply with increas-
cate contributions from traf ¢ to even when the wind was not ing distance from highways on a large scale. In the zoomed-
coming from the direction of the highway, which the model in gure of the measurement location, the noise barriers are
was not able to capture. Also, any dry surface with resuspens€en in the gure as light green lines (very low concentra-
Sion partic'es can act as a dust source given Suf Cient me_tions at the |Ocati0n Of the barrier) on the northern Side Of
teorological conditions, but this possibility has been omittedthe highway. In the gure, the effects of utilising Egs. (1)
from the model. Despite the observed differences, the sim{3) can be seen in the area where the gap in the noise bar-
plistic treatment of the noise barrier in a Gaussian dispersiodier is located; the modelled concentrations in the gap are

model still results in a reasonable agreement between me&learly higher than the ones behind the barrier. Further, the
sured and modelled concentrations. modelled concentration behind some of the buildings is also

reduced due to the obstacle reduction method, showing that
the capability is not limited to speci ¢ obstacles such as noise
barriers.

To capture the effect of exhaust gases around the measure-
ment area. The N®concentrations were measured via the
passive samplers (locations shown in Fig. 1). In Fig. 12, the
measured and modelled N@oncentrations are presented

3.7 NO- Passive samplers
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Figure 11. Modelled contributions of different sources to Ry LDSA and PNC and observed concentrations at different poles as a
function of ambient wind direction (HARMONIE NWP). The rst wind directior 80 ) contains data points when the wind has blown
from a direction that is between North (0 ) and 30 from North towards East.

4 Conclusions worthy for NO, behind the noise barrier. The decreasing gra-
dients were less clear, and for example,gkad the lowest
concentrations closest to the road at NB10 pole, with higher
concentrations at NB20 and NB40. Indicating that the noise
garrier effectively blocks the dispersion of R§ffrom the
road, but when the distance to the road increases, the con-
centrations from the open area get mixed with the airmass
Hag;ain elevating the concentrations.

Modelled concentrations of all pollutants showed good

Overall, the noise barrier of 6.5 m in height was found to be
effective in reducing the measured concentration of pollu-
tants behind the barrier. The concentrations behind the nois
barrier were lower for all the measured pollutants, 1igM
PM.5, PNC, LDSA, BC and N@. The difference between
the open area and the area behind the noise barrier was t
largest for PMp and the smallest for N© Measurement data X '
also showed that concentrations of all pollutants decrease greement W.'th measurements. This success can partly be at-
as a function of distance from the highway, with the steep- ributed to tailored modelling of nearby traf ¢ ows, which

est gradients being observed nearest to the highway. The dgyerte ?nC:Just}eg tvc\)/ matd:fthr?n fej" Vehlcrlulalr C;Wrdt?]ta.t\'lzhliro;/v
creasing gradient was strongest for the fgnd least note- customisation was periormed separately for the two tratc
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underestimation by the model was observed with BC in the
pole closest to the highway in the open area.

The noise barrier was considered in the modelling by
de ning it as an obstacle. A statistical reduction for concen-
trations was applied based on the distance from the emitter
to the obstacle and the height difference between the ob-
stacle and the emitter. The simpli ed modelling approach
captured the real-life effect of the noise barrier; however,
more research would be needed to generalise and properly
parametrise the approach. The simplistic reduction model
used two hyperparameters that were calibrated based on the
measurement data, using Monte Carlo simulation. In this
simulation, the parameter values were varied to nd an op-
timal state that results in as low as possible prediction er-
ror in terms of RMSE for PNC, PM and LDSA. Only a
handful of values for each hyperparameter were tested, as
the over tting of a simple statistical reduction model with

Figure 12. Observed concentrations ( mn?) with passive NQ only a few measurement locations providing calibration data
samplers compared against Enfuser predictions for data averageshould be avoided. Another limitation of the optimal param-
over February, April and May. eter assessment comes from the fact that the barrier height
was constant, i.e., the applicability of the simple model re-
mains untested with different barrier heights. Nevertheless,
the simplistic reduction model has room for improvement,
provided that a more thorough training set is available. One
option is to utilise the CFD models’ output and calibrate a
more generalised reduction method if steady-state concen-
trations provided by the CFD model (e.g., a LES model) are
realistic proxies for true concentrations.

The modelled N@ average was compared against passive
NO, measurements. According to the results, these were in
general agreement with the exceptions in two samplers close
to the highway (PAS_6m and PAS_010m). With these two
samplers, a strong overprediction was seen during Febru-
ary and April, but not during May. These discrepancies may
have been the result of simpli ed in-plume N&Dzone pho-
tochemistry that is being used in Enfuser and meteorologi-
cal effects affecting the passive samplers. It is also possible
that the passive sampler measurements during April were bi-
ased indicators for true concentrations. In this paper, we have
demonstrated the bene ts of combining measurements and
Figure 13. Modelled average Php concentrations during April modelling approaches in the a_nalysis of air quglity. The mea-
2023 in the overall Helsinki metropolitan area and near the mea-Surement data can be used to improve modelling capabilities,
surement campaign site. and the modelling results help to understand and analyse the

obtained measurement data.

ow directions and for passenger cars and heavy vehiclesCode availability. Source code of the Enfuser model is
The largest difference between modelled and measured popublicly ~ available via Zenodo under the MIT license:
compared to the measurement near the campaign site. Thfglns thg qecessary (.:od.e and |npgt data for operative modelling of
may indicate that the model underestimates the speed depeft! duality in the Helsinki metropolitan area.
dency of coarse particle emissions, as the high-speed limit of

1 . . . - . . . .
;?Sakr;ng n?)t ;Trl‘slg ﬁ;ié’g;g;?ﬁ;;;gi ':\/e;?r;'gsrz:e\j;%pgltltg?heData availability. Data produced for the Helsinki Metropolitan
reference stations (not shown in this paper). Another notable rea by the model is publicly available via the Open Data portal
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