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Abstract



While exposure to traffic pollutants significantly decrease with distance from the curb, very dense
urban architectures hamper such dispersion. Moreover, the building height reduces significantly
the dispersion of pollutants. We have investigated the horizontal variability of Black Carbon (BC)
and the vertical variability of NO2 and BC within the urban blocks. Increasing the distance from
road BC concentrations decreased following an exponential curve reaching halving distances at
25 m (median), although with a wide variability among sites. Street canyons showed sharper fall-
offs than open roads or roads next to a park. Urban background concentrations were achieved at
67 m distance on average, with higher distances found for more trafficked roads. Vertical fall-off
of BC was less pronounced than the horizontal one since pollutants homogenize quickly vertically
after rush traffic hours. Even shallower vertical fall-offs were found for NO2. For both pollutants,
background concentrations were never reached within the building height. A street canyon effect
was also found exacerbating concentrations at the lowest floors of the lee-ward side of the road.
These inputs can be useful for assessing population exposure, air quality policies, urban planning

and for models validation.

Introduction

Urban air pollution is one of major issues for public health. The Global Burden of Disease
assessment concluded that air pollution is one of the major reasons of deaths globally (GBD,
2015) mostly due to exacerbation of cardiovascular and respiratory diseases. Road traffic is often
recognized as the most important source of airborne particles and NOx in large cities of Europe,
and diesel exhaust emissions are also recognized as carcinogenic to humans (Group 1)(IARC,
2012). Recent findings point also at exposure to traffic related pollution as a risk factor for
neurodevelopment deceleration in children (Sunyer et al., 2016). In the European Union (EU), as
in many other regions of the world, a high share of population lives in areas exceeding WHO
guidelines for atmospheric pollutants (EEA, 2018), based on the information recorded at the
official monitoring networks. Several modelling exercises attempt then to estimate population
exposure within the urban environment (Snyder et al. 2013, Berkowicz et al. 2008, Holmes and
Morawska, 2006; Tiwary et al., 2009), but a large uncertainty in their modelled concentrations is
due to the presence of buildings which act as barriers, road shape and orientation with respect to

wind, and misrepresentation of local emissions.

Only a few experimental studies have investigated the horizontal dispersion of pollutants in urban
environments in order to calibrate and/or validate modelling activities. Xing and Brimblecombe
(2018) found that in roadside into urban parks at pedestrian level in Hong Kong, the downwind
direction, pollutant concentrations decrease rapidly from roadside and by some tens of metres

reached relatively constant values. They found an even sharper gradient in the upwind direction,
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with a rapid increase detected within 2 m of the road edge. Their simulations with Eulerian model
suggest 17 m as a typical halving distance under normal urban conditions. Richmond-Bryant et
al., (2017) found in the streets near heavy traffic road in Las Vegas (NV) that near road NO2
gradients are lower during summer compared to winter, with a steeper gradient during the
summer, when convective mixing occurs during a longer portion of the day. Ducret-Stich et al.
(2013) found pollutant concentrations falled-off to background levels within 150 to 200m from
the highway in a rural Swiss Alpine valley crossed by the main North-south highway of
Switzerland. Conversely, Wu et al. (2002) found no significant trend of decrease of PM near a
major road in Macao, China. van Drooge (2013) found concentrations of benzo[a]pyrene of ~ 3

ng/m3 on the sidewalks in busy streets and ~ 0.3 ng/m3 in the urban background sites.

Roorda-Knape et al. (1998) found that black smoke and NO2 declined with distance from the
roadside, but no gradient was found for PM10, PM2.5 and benzene. The gradients for NO2 and
black smoke were curvilinear and more evident in periods that the city districts had been
downwind from the motorway. Kodama et al. (2002) found also a tendency for outdoor NO2
concentrations to decrease with distance from the roadside, but the NO2 concentration differences
between the roadside and the site far from the roadside were less than 10 ppb. Clearly, the
concentrations are highest in the immediate vicinity of the road Tiitta et al. (2002) measured
PM2.5 concentrations at distances of 12 and 25 m; however, the difference between the
concentrations measured at the two largest distances (52 and 87 m) was not statistically
significant. Considering the whole data set (including both upwind and downwind cases), traffic
emissions in the road caused an increase in concentrations of approximately 30% from the nearest
to the largest distances. Naser et al. (2009) found that NOx and EC concentrations at at 70 m were

26-45% and 21-55%, respectively, of the concentrations at 5 m distance from the road.

Another important lack of knowledge concerns the variation of pollutants concentration within
the building height where most of people live and work. Hitchins et al. (2002) found a decrease
of concentration of fine and ultra-fine particles of 50-60% from the ground level readings to full
building height in Brisbane, Australia (from 24 to 33 m above the ground). Azimi et al. (2018)
analyzed PMx mass and NO2 among other parameters at four floors of a skyscraper in Chicago
downtown. While average PM1 and PM2.5 concentrations estimated on the top two floors were
more than 30% lower than on the 2nd floor, NO2 was less consistent. Wu et al. (2002) found that
at the height of 79 m, the concentrations of PM 10, PM2.5 and PM1, decrease to about 60%, 62%
and 80% respectively of the maximum occurring at 2 m above the ground. Kenagy et al. (2016)
investigated the variability in the first 2 m at several UK roads, finding that at 0.8 m measured
concentrations were 5—15 % greater than at 2.0 m, but such difference was not observable at
distances 2.5 m or greater from the kerbside. Chan et al. (2000) found that in street canyons in the

urban area of Hong Kong, TSP and PM10 concentration varies exponentially with height, where
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the PM  dispersionis affected by the prevailing wind direction and
the street configuration, in particular the height-to-width (aspect ratio). Detailed information is
needed in order to avoid a misrepresentation of pollutant’s spatial variation. A correct
interpretation of the spatial variation of pollutants influences the quality of urban infrastructures
such as a bicycle lanes, kindergartens, schools, daycare centres and hospitals, with the objective
of reducing population exposure. In this study we present novel results on the vertical and
horizontal variability of diesel-related pollutants (NO, and BC) within urban blocks of Barcelona,
Spain, considering several road geometries in relation also to wind patterns, with the main goal

of providing experimental evidence for modelling validation.

The objectives of the study were the following: 1) describing the dispersion of BC away from road
(horizontally and vertically); ii) describing the vertical dispersion of NO2 away from road; iii)
identifying the main factors controlling dispersions; iv) identifying the mean distances, at which
pre-defined reduction thresholds are reached. Our results offer insights for improving exposure

studies and for urban planning.

2. Methods

2.1. Study area

The city of Barcelona lies along the western coast of the Spanish Mediterranean Basin, and it is
delimited by two river basins (Besos in the North and Llobregat in the South) and the Catalan
coastal range in the West. The city is densely populated (15.880 inhabitants/km?) counting 1.6
million inhabitants which become double when the metropolitan area is concerned (36
municipalities).

While the public transportation inside the city is well developed, 25% of travels are performed by
private vehicles, with a significant contribution from/to the metropolitan area (25% of travels,
half of them by private vehicles) and an aged freight distribution fleet (Ajuntament de Barcelona,
2016). Diesel engines are still an important share of circulating vehicles in the Province of
Barcelona: 51% of passenger cars and 87% of duty vehicles (DGT, 2016). Consequently, the city
suffers poor air quality in terms of particulate matter and NO2 mostly due to road traffic
emissions, although other significant contributions to PM levels are originated from industries,
harbour and urban works (Amato et al., 2016). Moreover the low wind speed and dense urban
architecture, characterized by street canyons, hampers the dispersion of traffic pollutants,

provoking accumulation of pollutants where people live and work.

2.2. Measurements




Air quality monitoring included:

- NO2 by means of diffusion tubes (Gradko) which collect passively during 2-3 weeks NO2

molecules and absorb them into a triethanolamine impregnated filter which is analysed by ion

chromatography after sampling to determine NO2- concentrations which are then corrected into

NO2 concentrations averaged along the exposure period.

- black carbon (BC) by means of AE-51 micro-aethalometers (Aethlabs) with a time resolution
of 30 seconds.

Three different campaigns were carried out:

* 29 horizontal profiles of BC, from the road edge until a maximum distance of 250 m. The
distance between the 8 monitors was varying from site to site, depending on local
conditions. The 8 monitors were simultaneously deployed for the measurements along a
given transect. Measurements were undertaken during 30 minutes in four different days,
between 9 AM and 6 PM. In order to minimize the interference of surrounding roads, BC
monitors were located along pedestrian areas or very low intensity traffic roads.

» 28 vertical profiles for NO,. At 18 buildings at least 1 diffusion tube was installed outdoor
at each floor, including ground floor and the roof during a period of 2-4 weeks, Figure 1.
At several buildings profiles were repeated, so that 28 profiles were obtained. The raw
concentrations were corrected after inter-comparison with chemi-luminescence reference
instrumentation at 5 monitoring stations in the city. Precision was evaluated by means of
collocation of duplicates.

* 4 vertical profiles of BC starting from 2.5-6 m height. At 4 buildings BC monitors were
installed outdoor at each floor, including ground floor and the roof during a period
varying from 4 hours to 3 days, Figure 1. The raw concentrations were corrected after
inter-comparison among the different monitors, using the mean value as reference value
for correction.

Data were used both in absolute concentrations (ng/m? for BC and pg/m? for NO2) and normalized
concentrations, dividing each value by the initial one (road edge for horizontal profile) and lowest
floor for vertical profiles).

The following additional data were collected during the measurements:

- Wind data were obtained at the roof of the University of Barcelona (Faculty of Physics,
(41°23” 04, 59 N; 2° 07’ 04, 99° E). For horizontal profiles, we calculated the wind
component (WS,;) in the direction parallel to the vector emitting road-receptors as:

WSu= cos(WDca — a) WSca
Where WDca and WSca are wind direction and speed at the canopy level and a is the

angle between the North and such vector.



BC and NO2 concentrations measured at the urban underground Palau Reial monitoring
station (41° 23’ 14,20 N; 2° 06 56,39”" E)

NO2 concentration measured at the Eixample traffic monitoring station from local
network (41°23° 07,33”° N; 2° 09’ 14,53”" E).

Planetary boundary layer (PBL) height as measured by radio soundings performed at the

University of Barcelona, Faculty of Physics.

3. Results and Discussion

3.1. QC/QA

Eleven NO2 diffusion tubes were intercompared, during summer and winter 2016, with chemi-

luminescence reference method obtaining a correction factor of 0.83 (R2= 0.82). Twelve

duplicate tubes delivered a mean deviation of <2% from each other. The eight black carbon

instruments were inter-compared several times during the measurement campaign providing all a

Pearson correlation coefficient > 0.8 (p<0.01). For BC correction the mean value was used as

reference but only instruments delivering a deviation from the mean < 20% were considered for

the mean.

3.2. Horizontal profiles of BC

In Total 29 BC horizontal profiles were obtained (Table 1) and grouped within four main

categories according to the urban architecture:

street canyons (district of Eixample) with approximately 20 m wide one-way roads and
20(-30 m) height continuous building blocks. Three roads with aspect ratios within 0.9-
1.3 were characterized.

old district/deep canyon (Travessera de Gracia) with 4 m wide one-way roads and 16 m
height buildings. Aspect ratio 4.3

open road (Diagonal Avenue), with 80 m wide two-ways urban roads and quite variable
building height.

urban park (Paseo Picasso), a 20 m wide road delimited by 20 m buildings on one side
and a park on the other side.

two ring roads: two-ways roads with six-lanes (plus four additional ones for one ring

road) with sporadic buildings.



Thirty-minutes averaged BC concentrations at the road edge varied within 3.5 and 19.8 pg/m’,
being 2-16 times higher than the simultaneous background concentration measured at the Palau
Reial station. Such high variation is due to multiple factors such as traffic conditions (intensity
and congestion), road aspect ratio and orientation and wind conditions, in fact the highest ratios
(>9) with respect to the background levels were recorded regardless of road categories. When
increasing the distance from road edge BC concentrations were reduced, being data points quite
well fitted by an exponential curve (R? within 0.18 and 0.92, Figure 2). According to the least
squares fit, halving distances were reached already at 25 m (median), although with a quite wide
deviation (total standard deviation of 35 m), even for the same road. Even if the different road
categories do not show clearly different decreasing curves (Figure 3), it is possible to observe a
tendency towards higher exponents (sharper fall-offs) for the old district deep canyon and street
canyons, and lower exponents (smoother fall-offs) for the urban park. The ring roads showed a
clear separation according to wind scenario (sharper fall-offs measured downwind (i.e. with
positive WSy). The profiles obtained at the open road (Diagonal Avenue) span over the entire
distribution (Figure 3 and Table 1) in spite of belonging all to one road only H1, H2 and H5
profiles showed sharper fall-offs since they were measured in fully pedestrian areas, while H3,
H4, H11, H16 and H23 were measured along the sidewalk of a (very) quiet road (with no exit)
but still with sporadic vehicles. Since there was no significant difference in traffic intensity or in
wind speed among the two groups of profiles in Diagonal Avenue, this result suggests that
pedestrian areas show larger fall-offs than areas with restricted traffic (only for residents or goods
transportation for example). Concentrations measured at halving distances were however
systematically above the urban background concentration measured at Palau Reial (0.8-7.3
ug/m3), which were reached at much higher distances (67m, as median of 8-285 m range)
according to the exponential regression curves. Table 2 summarizes the mean halving distances
and the distance where background concentrations were achieved for the five road categories. We
found that the higher the traffic intensity of the road category, the higher is the distance where
background concentrations were reached (R?>=0.49). This suggests that the impact of the closest
road segment is dominating that of surrounding roads (e.g. 1 km?), at least under no atmospheric
stagnation, even in a dense road structure such as the city of Barcelona, where blocks are all

separated by intense roadways, at least in periods with no calm.

3.3. Vertical profiles

Totally 28 NO2 and 4 BC vertical profiles were obtained (Table 3) and grouped within the four

aforementioned road categories. The NO2 vertical profiles only offer one mean concentration at
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each height, while the BC data are available with a 5-minutes time resolution at each height. NO2
concentrations at ground floor (<4 m height) were registering concentrations within 31-66 pg/m?
(47 ng/m’ as mean) while the traffic monitoring station “Eixample” was measuring 46-65 pg/m?
(50 ng/m* as mean), revealing a good representativeness of that traffic station (Figure 4). NO2
concentrations were reduced moving upward over the fagade, being quite well simulated by a
least squares regression with an exponential curve (R2 within 0.08-0.91). According to the best
regression curves (R? >0.6, 11 profiles), half concentrations (with respect to ground
concentrations) were almost never reached within building height, but well above the roof level
(25-99 m), although such values could be overestimated due to the greater dispersion above roof
level. Only 10% reduction was achieved within 3 and 15 m (first to fifth floor approximately).
This highlights the low dispersion of NO2 within blocks height, even at relatively open roads. In
fact no significant differences in dispersion patterns were observed among different road
categories (i.e. aspect ratios).

Background concentrations as measured at the Palau Reial monitoring station would be achieved
at 39 m on average (only R? >0.6) (well above the typical roof level in Barcelona, Fig. S1 but
with a large variability, varying within 4 and 107 m. At street canyons background concentrations
were reached at height about twice with respect old district/deep canyon road.

Four of the 28 vertical profiles of NO2, were also characterized for BC. These buildings were
located at 1 open road, 2 street canyons and 1 deep canyon in the old district. BC regression curves
delivered again quite good fit (R2 within 0.39-0.77). The mean dilution pattern of BC can be
described as an exponential reduction implying a halving height (with respect to ground
concentration) at 26-46 m, which is about half the NO2 halving height. In all four cases BC
vertical dilution was therefore greater than for NO2 due to the solid phase of BC and probably
also to the partially secondary primary origin of NO2 (Figure 5). Ten percent BC reduction was
obtained at 4-7 m height. Therefore BC falled-off much less in the vertical direction than in the
horizontal one, indicating that upward transport of traffic related particles is probably more
efficient than the horizontal one.

BC measurements allowed also exploring possible changes of intra-daily vertical distribution. In
the V32 profile (open road, Figure 6a) we observed four peaks in morning hours (coinciding at
all heights) separated approximately 30 min each other (from 09:00 to 11:00) with a rather
constant concentration within the first 22 m and a quick dilution just above roof level. Top/bottom
ratio was around 0.3-0.4 but reaching quickly an homogenization towards a ratio of 0.8 related
likely to the upwards movement of BC particles due to surface warming. This smoother fall-off
curve remained stable until the end of measurement (16:00). A similar pattern was observed at
V30 profile (street canyon, Figure 6b) even if the roof level was 5 m lower, indicating a clear
dilution over the fagade, regardless of the building height. From 11:30, the same mixing observed

in V32 was found at V30, even when concentrations rose at 12:00. At another street canyon (V31
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profile, Figure 6¢) the morning peak hour registered an important dilution already at the second
floor (9.5 m). The differences between V30 and V31 are the higher traffic intensity at V30 and
the road orientation (V30 is oriented SE-NW, while V31 is perpendicular).

Afternoon and night measurements were performed only at V29 profile, a street canyon oriented
parallel to sea breeze. At this site the same pattern observed at V31 and V32 was found, both in
morning and afternoon peak hours, while in the night the concentrations were very similar at all
heights, including the roof level (Figure 6d).

Several studies have modelled 3D spatial distribution of air pollutants within street canyons,
identifying a lee-ward (upwind with respect to main wind direction) side accumulation of
pollutants, the so-called “street canyon effect”, with respect to the wind-ward side (Berkowicz,
2000). In order to validate this hypothesis with our experimental data, we compared the exponents
of fall-off curves of NO2 on roads perpendicular (SE-NW) to the main wind direction (sea breeze)
separating two groups: 1) those obtained at buildings on the lee-ward side and ii) on the windward
side. We also compared the two sides of the roads in the perpendicular direction (parallel to wind),
where no “street canyon effect” is expected. Results show a significant difference in the exponent
values obtained at buildings on the lee-ward (higher exponent) and windward (lower exponent,
Figure 7). This result indicates that at the leeward side NO2 profiles are less homogeneous tan at
the windward side, i.e. the difference between lower floors and higher floor is higher than at the
windward side. Such statistically significant difference was not observable instead in the roads

parallel to the main wind direction (Figure 7).

Conclusions

Reduction of BC concentration with increasing distance from road edge followed nicely an
exponential curve. Halving distances were reached already at 25 m (median), although with a
quite wide deviation (total standard deviation of 35 m), even for the different periods for the same
road. However, a trend towards higher exponents (sharper fall-offs) for the old district/deep
canyon (low traffic density, very narrow streets) and street canyons, and lower exponents
(smoother fall-offs) for the urban park, was observed. Open roads (including ring roads) were
more affected by wind conditions (sharper fall-offs measured downwind). Concentrations
measured at halving distances were however systematically above the urban background
concentrations which were achieved at 67m (8-285 m range), indicating the difficulty to reach
background conditions within the city center. We found that the higher the traffic intensity of the
road category, the higher the distance where background concentrations are reached, suggesting
that the impact of the closest road segment is dominating that of surrounding roads (e.g. 1 km?),

at least under no atmospheric stagnation.
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Vertical fall-off of BC was less pronounced than the horizontal one, with a halving height (with
respect to ground concentration) at 26-46 m, indicating that particle transport is mostly upwards
and that concentrations homogenize quickly after rush traffic hours (when vertical fall-off is
sharper). During night no significant variability was observed within building height. Even
smaller vertical fall-offs were found for NO2 (twice the halving height of BC), due to its gaseous
phase and partially secondary origin. For both pollutants, background concentrations were never
reached within the building height. A significant difference in fall-off rate was found between
different sides of street canyons: although these data are limited by the fact that we compared
buildings in different roads, the high number of sites allowed us to conclude that sharper fall-offs

occur at the leeward side, due to pollutants accumulation in the lowest floor.
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Figure 1. Map of the locations of the BC horizontal profiles and NO2 and BC vertical profiles. At most
locations, duplicated profiles were obtained.
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Figure 2. Regression curves for BC horizontal profiles separated per road category. Points represent the
simultaneous background concentrations obtained at the Palau Reial monitoring site in the same periode
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Figure 3. Normalized regression curves for BC horizontal profiles separated per road category.
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Figure 5. Comparison of vertical fall-off curve for NO2 (dotted lines) and BC (solid lines) at four
buildings. Values are normalized versus the lowest height concentration.
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Cod | Target road Long Lat Width | Heigh | Aspect | Traffic Day Start | End | Wind | Wind | WSst PBL BC NO; NO;
e t ratio | intensit time | time | speed | directi backgr | backgr | traffic
y on m ound | ound
m/s
m veh/da m/s ng/m® | pg/m® | pg/m?
m y °

H1 | Diagonal 2.118558 | 41.386211 81.6 8.5 0.1 109600 | 14/01/15 | 9:04 | 9:25 1.7 234 0.3 589 1391 30 72
H2 | Diagonal 2.118558 | 41.386211 81.6 8.5 0.1 109600 | 14/01/15 | 9:35 | 9:50 2.1 24 -14 589 1137 23 54
H3 | Diagonal 2.119997 | 41.386582 81.6 8.5 0.1 109600 | 14/01/15 | 11:45 | 12:01 22 308 -2.0 589 1043 13 68
H4 | Diagonal 2.119997 | 41.386582 81.6 8.5 0.1 109600 | 14/01/15 | 12:06 | 12:22 1.4 319 -1.3 589 1275 16 68
H5 | Diagonal 2.119422 | 41.386017 81.6 8.5 0.1 109600 | 14/01/15 | 12:31 | 12:46 14 217 -1.3 589 2080 39 77
H6 | Mallorca 2.158522 | 41.390649 18.6 24.5 1.3 26600 | 14/01/15 | 15:50 | 16:04 1.0 225 0.0 589 1442 31 86
H7 | Mallorca 2.15838 | 41.390773 18.6 24.5 1.3 26600 | 14/01/15 | 16:16 | 16:26 | 0.8 215 0.1 589 na 27 86
H8 | Valencia 2.159547 | 41.389897 17.6 23.5 1.3 23100 | 14/01/15 | 16:33 | 16:43 0.7 201 0.3 589 1912 44 95
H9 | Valencia 2.180803 | 41.405883 17.6 19.0 1.1 31400 | 14/01/15 | 17:41 | 17:51 0.5 176 0.2 589 3109 61 94
H10 | Mallorca 2.179494 | 41.406431 18.6 17.5 0.9 28000 | 14/01/15 | 17:57 | 18:07 0.7 151 0.6 589 2461 61 94
H11 | Diagonal 2.119997 | 41.386582 81.6 8.5 0.1 109600 | 15/01/15 | 10:22 | 10:32 1.4 240 0.2 389 2673 62 67
H12 | Ronda Dalt 2.145576 | 41.432575 319 - - 167000 | 15/01/15 | 11:24 | 11:39 1.8 243 -1.2 389 3630 63 67
H13 | Ronda Dalt 2.145251 | 41.431717 319 - - 167000 | 15/01/15 | 12:05 | 12:19 1.9 239 -1.1 389 na 48 na
H14 | Ronda

Litoral 2.21411 41.40324 75.0 - - 119300 | 15/01/15 | 15:00 | 15:15 2.1 234 0.5 389 2077 37 49
H15 | Pg Picasso 2.185667 | 41.385836 50.9 17.0 0.3 12400 | 15/01/15 | 16:13 | 16:28 1.6 231 1.6 389 2545 65 57
H16 | Diagonal 2.119997 | 41.386582 81.6 8.5 0.1 109600 | 03/11/15 | 9:45 | 10:10 | 2.0 228 0.6 850 1704 25 59
H17 | Trav. Gracia | 2.157625 | 41.401218 3.7 16.0 43 11200 | 03/11/15 | 11:10 | 11:35 2.0 244 -0.5 850 906 16 58
H18 | Trav. Gracia | 2.157605 | 41401155 3.7 16.0 4.3 11200 | 03/11/15 | 11:41 | 12:15 2.0 245 0.5 850 1001 15 54
H19 | Valencia 2.185116 | 41.409121 17.6 15.0 0.9 31400 | 03/11/15 | 13:02 | 13:35 2.0 238 -04 850 828 12 46
H20 | Arago 2.160658 | 41.389114 28.2 24.5 0.9 79700 | 03/11/15 | 18:45 | 19:10 1.0 162 0.9 850 2141 49 100
H21 | Ronda

Litoral 2.225174 | 41.415029 75.0 - - 119300 | 03/11/15 | 17:21 | 17:56 | 0.6 235 0.4 850 1897 31 86
H22 | Pg Picasso 2.185667 | 41.385836 50.9 17.0 0.3 12400 | 03/11/15 | 16:14 | 16:49 1.3 239 1.3 850 2011 17 57
H23 | Diagonal 2.119997 | 41.386582 81.6 8.5 0.1 109600 | 09/11/15 | 9:25 | 10:01 1.6 271 -0.7 723 1056 16 44
H24 | Trav. Gracia | 2.157625 | 41.401218 3.7 16.0 43 11200 | 09/11/15 | 10:51 | 11:27 22 276 -1.6 723 1078 17 38
H25 | Trav. Gracia | 2.157605 | 41.401155 3.7 16.0 43 11200 | 09/11/15 | 11:32 | 12:12 2.5 264 14 723 1348 16 33
H26 | Valencia 2.185116 | 41.409121 17.6 15.0 0.9 31400 | 09/11/15 | 12:51 | 13:25 2.3 270 -1.6 723 1747 29 45
H27 | Arago 2.160658 | 41.389114 28.2 24.5 0.9 79700 | 09/11/15 | 17:06 | 17:42 1.0 134 1.0 723 7288 43 97
H28 | Ronda

Litoral 2.225174 | 41.415029 75.0 - - 119300 | 09/11/15 | 15:56 | 16:33 0.5 180 -0.3 723 4084 27 73
H29 | Pg Picasso 2.185667 | 41.385836 50.9 17.0 0.3 12400 | 09/11/15 | 14:51 | 15:27 14 238 0.3 723 2644 21 61

Table 1.

List of BC horizontal profiles and additional relevant parameters. na: not available
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Table 2. Summary of statistics for horizontal BC profiles

Road category

Mean ratio above

Median  Halving

Mean distance to

Traffic intensity

background distance(m) achieve (veh/day)
background (m)
Old district/deep | 6.5+£3.7 22 56 11.200
canyon
Street canyons 6.9+4.4 26 49 20.000-80.000
Urban park 3.7+0.3 58 102 12.400
Open road 6.3+£3.3 32 80 109. 600
Ring roads 5.0+3.1 23 103 120.000-170.000
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NO; NO; BC Canopy wind Building Traffic
Code | Longitude | Latitude Adress Start date End date background traffic background | Precipitation speed height intensity
pg/m? png/m’ ng/m3 mm m/s m
NO,
V1 2.21122 | 41.40634 | Ramon Turr6 337 07/06/16 01/07/16 27.0 49.0 1159 14.6 1.8 16.5 2878
V2 2.18340 | 41.44304 | Tisso6 32 08/06/16 01/07/16 26.3 48.3 1122 14.6 1.8 12 2309
V3 2.19216 | 41.37942 | Pg. Maritim 5 07/06/16 01/07/16 27.0 49.0 1159 14.6 1.8 12 10014
V4 2.15233 | 41.40330 | Gran de Gracia 190 13/06/16 11/07/16 28.1 49.1 1215 14.6 1.8 21 9398
V5 2.16784 | 41.40558 | Sicilia 321 08/06/16 01/07/16 26.3 483 1122 14.6 1.8 9.5 7650
Vo6 2.17979 | 41.39432 | Ausias Marc 78 20/06/16 11/07/16 31.1 52.3 1364 0.4 1.6 17.5 11843
\%i 2.17050 | 41.40647 | Industria 90 20/06/16 11/07/16 31.1 52.3 1364 0.4 1.6 15 14162
(% 2.15221 | 41.38591 | Mallorca 106 09/06/16 11/07/16 28.0 49.2 1188 14.6 1.8 23 20640
V9 2.16294 | 41.37558 | Viladomat 2 10/06/16 11/07/16 27.7 48.8 1184 14.6 1.8 19.8 6205
V10 2.17140 | 41.39769 | Pg. Sant joan 75 13/06/16 01/07/16 25.7 473 1073 14.6 1.9 322 15769
Vil 2.14812 | 41.37446 | Plaza Espaiia 2 20/06/16 11/07/16 31.1 52.3 1364 0.4 1.6 26.5 117052
Vi2 2.15536 | 41.37232 | Lleida 38 22/06/16 11/07/16 31.2 51.7 1326 0.4 1.6 20 8603
V13 2.15536 | 41.37232 | Torrent de 1'Olla 218 17/11/15 01/12/15 453 65.4 2092 0.0 24 21 9916
V14 2.14104 | 41.41701 | Vallcarca 205 08/09/16 26/09/16 28.1 45.9 1128 41.6 1.8 14.5 12352
V15 2.14973 | 41.40304 | Princep d'Asturies 23 08/09/16 26/09/16 28.1 45.9 1128 41.6 1.8 16.6 102667
\2 2.17140 | 41.39769 | Pg. Sant Joan 75 08/09/16 26/09/16 28.1 45.9 1128 41.6 1.8 322 15769
V17 2.17979 | 41.39432 | Ausias Marc 78 08/09/16 26/09/16 28.1 45.9 1128 41.6 1.8 17.5 11843
V18 2.14857 | 41.39126 | Villaroel 237 08/09/16 26/09/16 28.1 45.9 1128 41.6 1.8 21 13314
V19 2.16294 | 41.37558 | Viladomat 2 08/09/16 26/09/16 28.1 45.9 1128 41.6 1.8 19.8 6205
V20 2.21122 | 41.40634 | Ramon Turré 337 13/09/16 28/09/16 29.0 50.2 1141 32.8 1.9 16.5 2878
V21 2.18575|41.43141 | Irlanda 15 13/09/16 28/09/16 29.0 50.2 1141 32.8 1.9 14.2 3041
V22 2.18340 | 41.44304 | Tiss6 32 13/09/16 28/09/16 29.0 50.2 1141 32.8 1.9 12 2309
V23 2.17050 | 41.40647 | Industria 90 13/09/16 28/09/16 29.0 50.2 1141 32.8 1.9 15 14162
V24 2.14812 | 41.37446 | Plaza Espafia 2 13/09/16 28/09/16 29.0 50.2 1141 32.8 1.9 26.5 117052
V25 2.16576 | 41.38785 | Gran Via 589 14/09/16 28/09/16 28.8 50.1 1132 40.8 1.9 33.2 60283
V26 2.16503 | 41.38763 | Balmes 20 14/09/16 28/09/16 28.8 50.1 1132 40.8 1.9 33.2 27093
V27 2.16926 | 41.39700 | Valencia 344 14/09/16 28/09/16 28.8 50.1 1132 40.8 1.9 28 35035
V28 2.15260 | 41.40631 | Torrent de 1'Olla 218 09/12/15 22/12/15 57.4 60.5 3653 0 na 21 9916
BC
17/11/15 20/11/15 21 9916
V29 2.15260 | 41.40631 | Torrent de I'Olla 218 13:25 14:30 63.6 83.4 4003 0 1.1
26/09/16 21 13314
V30 2.14857 | 41.39126 | Villaroel 237 26/09/16 9:05 16:45 314 66.2 1193 0 na
28/09/16 16.5 2878
V31 2.21122 | 41.40634 | Ramon Turré 337 28/09/16 8:50 12:45 30.8 79.4 1139 0 na
21/09/16 26.5 117052
V32 2.14812 | 41.37446 | Plaza Espaiia 2 21/09/16 8:50 16:00 30.3 57.5 836 0 1.8

Table 3. List of NO2 and BC vertical profiles and additional relevant parameters. na: not available.
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Figure S1. Building height in the city of Barcelona
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