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Fig. S1. FEVER study site map (originally from Fig. 2 in (Gordon et al., 2012b)).

S2 Grid cell size validation

For the verification of the grid cell size used in the near-road dispersion simulations, we carry out a
series of simulations using three grid cell sizes: coarse, current, and fine grids. The current grid cell size is
documented in Section 3.2. We initially start from a coarse grid, which has approximately half the
number of grid cells in the X, y, and z coordinates of the current grid. To generate the current grid for the
whole domain, 2 times the number of grid cells in all three coordinates is used, and the fine grid has
doubled number of grid cells of the current grid. Therefore, the total grid cell numbers of the whole
domain increases by a factor of approximately 8 from the coarse grid to the fine grid. For the base case
scenario with all three grid configurations, the simulated turbulence (TKE and dissipation rate) and
pollutant concentrations at Site B (located 34 m east of the highway centre) are summarized in Table S1.
The results show that for both turbulence quantities and pollutant concentrations, the improvement of
the grid cell size refinement over the current grid configuration is negligible (less than 3%). However, the
grid coarsening would result in significantly overestimated turbulence, therefore, underestimated
pollutant concentrations at Site B.



Table S1. Grid cell size validation results for near-road dispersion simulations, measured by changes in

percentage with respect to the current grid cell size configuration results.

Coarse grid Current grid Fine grid

TKE (k) 26% 0% 1%
Dissipation rate (g) 55% 0% 3%
CO; -1% 0% 0%

Black carbon (BC) -48% 0% 3%
Particle number (N) -61% 0% 1%

For the verification of the grid cell size used in on-road TKE simulations, a similar series of simulations
are conducted for Sedan and SUV travelling at V=20 m/s. The computational domain for on-road TKE
simulations is 20 m (lateral) x350 m (streamwise) x15 m (vertical), which is determined based on
available measurements of TKE and in compliance with (Franke, 2007). For the current grid used in our
work, there are about 6x10° unstructured hexahedral cells. Since we focus on on-road turbulence, the
grid validation results are only presented for TKE (k) in Table S2. The results suggest simulations are grid
independent for the current grid configurations.

Table S2. Grid cell size validation results of on-road TKE simulations for Sedan and SUV, measured by TKE

changes in percentage with respect to the current grid cell size configuration results.

Vehicle type Coarse grid Current grid Fine grid

Sedan 20% 0% 1%

SUvV 25% 0% 1%



S3 Assumption of stationary conditions

We assume that stationary boundary condition is valid for the current work based on the following
reasons. Firstly, the meteorological conditions remained relatively unchanged for the periods of
investigation (i.e. 05:00-08:00 a.m. of 14 and 15 September 2010). The most relevant meteorological
conditions to the near road dispersion of pollutants include the wind speed and direction and the
atmospheric stability condition. The FEVER field study was designed to monitor pollutant gradients
perpendicular to Hwy-400 under predominant wind from the west. Following the previous analysis
(Gordon et al., 2012a), the measured turbulence and pollutant concentrations are filtered for winds
within 45° of the highway normal, which results in removing less than 5% of the data. Previous results
on the variations in the measured wind speed and atmospheric stability condition show persistent
diurnal patterns (Fig. 2 in (Gordon et al., 2012a)). The case study period of 05:00-08:00 a.m. of 14 and 15
September 2010 is specifically chosen due to this ideal perpendicular wind condition (within 5° on
average). Secondly, both the traffic volume and the travelling speed show persistent diurnal patterns
and stability within the period of chosen (Fig. 2 in (Gordon et al., 2012a)). Finally, the residence time (of
about 400 s) estimated based on 3-m wind speed measured on site is much less than the averaging
period of 1 hour for the half traffic case (05:00-06:00 a.m.) and 2 hours for the base case (06:00-08:00
a.m.). Therefore, the assumption of stationary conditions is considered valid in our case study.

S4 Modelling the transition from ABL to vehicle wake region

In this work, we did employ a different approach for the vehicle wake regions, as proposed by Parente
et al. (2011). This approach allows a gradual transition in Se and Cu from the fully developed ABL
(dominated by ABLT) to the wake region (dominated by VIT). Following the above-mentioned article, a
coefficient (0 ) was defined in Eq. S1 as the deviation of the actual local velocity profile with respect to
the inlet logarithmic profile. This coefficient was used in a quadratic transition function (Eq. S2) to blend
Se and Cu to account for the transition from fully developed ABL to the wake region. In the following
equations, u stands for local velocity profile; uiogae Stands for fully developed inlet ABL velocity profile;
& is either Se or Cy; the subscript std refers to the standard k-€ model values (Se=0 and Cu=0.09).

_u-u
S = min[——2£L 1] (Eq. S1)
uIog,ABL

¢ = ¢std + (1_52)(¢ABL _¢std) (Eq. S2)



S5 Added Tables to the manuscript

Table 1. Median values of the measured meteorological data and model input.

Background PM FEVER measured value Model input
Relative humidity 86.5% 87%
Ambient temperature (K) 283.65 283.15
3-m wind speed (m/s) 1.4 1.4
3-m wind direction (degree) 264 260
Friction velocity (m/s) 0.3 0.3
Monin-Obukhov length (m) 36.9 N/A

Table 2. Domain sizes for near road dispersion simulations under different traffic flow conditions.

Domain dimensions
Scenario Case study period (EDT)
(x-y-z)

Base case and
06:00-08:00 a.m. 375 mx48 mx50 m
sensitivity runs

Half traffic case 05:00-06:00 a.m. 375 mx91 mx50 m
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