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S1. Use of the mapping methodology on different pollutants data sets 

We chose to demonstrate the mapping methodology using UFP because UFP measurements have 

the potential to show the heterogeneity of the spatial distribution of the pollutants in high spatial 

resolution maps. However, the internal averaging times of all the instruments were in the same order of 

magnitude (Table 1) and the concentration data for all the pollutants and MMP position data were 

recorded at 1 s time resolution. In the urban environment these measurements were made, the main 

source of this suite of pollutants is roadway combustion. These co-emitted pollutants disperse in the 

same mechanism in the short time scale the near-roadway measurements are made. Given that the time 

resolution of the concentration data set and geographical data set is the same for all the pollutants, the 

mapping methodology considering the geographical data correction and handling of the non-uniform 

spatial resolution of measurements apply directly to the mapping of any of the pollutants.  

Below we present examples of concentration maps of pollutants other than UFP. For each 

pollutant, the data-procession methodology described in section 3 was used to produce concentration 

maps at 5 m spatial resolution (Fig. S1 and S2). However, we emphasize that the instruments used to 

measure CO and NO have internal averaging times substantially longer than the 1s associated with the 

UFP measurements (Table 1). This means the underlying data do not capture a true signal change at 5 m 

spatial resolution. Additionally, their concentrations deviate less relative to UFP above the urban 

background. Both of these factors result in concentration maps that show with lower spatial 

heterogeneity than for UFP. 
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Figure S1. Spatial varation of background corrected NO concentrations avaraged over (a) morning and  (b) afternoon 

sessions from three days for data including of HEV related spikes.The spatial resolution of the maps is 5 m.The heights of the 

buildings in the nearby area is shown in gray scale. 

Figure S2. Spatial varation of background corrected CO concentrations avaraged over (a) morning and  (b) afternoon 

sessions from three days for data including of HEV related spikes.The spatial resolution of the maps is 5 m.The heights of the 

buildings in the nearby area is shown in gray scale.  
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S2. The effect of spatial resolution on the estimate of minimum number of runs needed for 

representative concentration values 

To investigate the effect of spatial resolution on the estimate of the minimum number of runs 

needed for representative concentration values we conducted the data experiment described in section 

4.2. on both HEV spikes removed and HEV spikes retained data sets, using a spatial resolution of 10 m 

(Fig. S4 (a) and (b)). For both data sets, the initial values of the maximum relative error are markedly 

decreased with decreased spatial resolution and the minimum number of runs needed for representative 

concentration values generally decreases for all the streets and for both AM and PM sessions.  

For HEV spikes removed data the maximum relative error along streets also drops from the 

initial values of 123% - 82 % to 50% in just 3-5 runs (Fig. S4 (a).) The estimate of the minimum number 

of runs needed for representative concentrations also drops slightly at 10 m spatial resolution, ranges16-

18 runs for the mornings and 14-16 runs for the afternoons (Fig. S4 (a)). For HEV spikes retained data 

the maximum relative error along streets also drops from the initial values of 202-136 % to 50% at 6-12 

runs (Fig. S4 (b)) and drops below 15 % only 4 sessions out of the 8 sessions. For all the streets 

maximum relative error along the streets drop below 17% for 20-23 runs for the mornings and for 18 

runs for the afternoons (Fig. S4 (b)). Hence we conclude that the of the minimum number of runs needed 

for representative concentrations at 10 m spatial resolution is at least 20-23 runs for the mornings and at 

least 18 runs for the afternoons. 

 

Figure S4. The variation of maximum relative error along different street segments vs. the number of runs averaged for 

morning (AM) and afternoon (PM) sessions (a) for HEV spikes removed data and (b) for HEV spikes retained data. The 

green and yellow symbols denote the points at which the relative error is at or below 0.15. The spatial resolution of the maps 

considered is 10 m. 

(a) (b) 
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S3. Comparison of UPF measurements from CPC and FMPS 

The MMP had two instruments measuring the UFP number concentration, a CPC (TSI Model 

3007) and an FMPS (TSI Model 3091). The particle size range measured was 0.01 µm- >1 µm for the 

CPC and 0.0056 µm-0.56 µm for the FMPS.  The concentration range measured by the CPC is 0 - 1×105 

cm-3. Beyond this upper limit, the instrument does not have a linear response and will tend to cut-off the 

upper end of the high concentration spikes. Yet this will not affect the width of the high concentration 

spike in a time series. The FMPS has a size dependent concentration range. For 1 s average 

measurements, it ranges 100 - 107 cm-3
 at 5.6 nm to 1 - 105 cm-3

 at 560 nm. 

Fig. S5 shows that the UPF number concentrations read from these two instruments has a fair 

agreement for lower concentrations, below the upper limit of the CPC. However, FMPS generally 

reports higher concentrations. This is in agreement with a prior study that compared the same CPC and 

FMPS models (Levin et al., 2015) with several test particles. They reported that number concentrations 

agree well for particle sizes below 200 nm and above that FMPS estimates a higher number 

concentration compared to the CPC. A comparison of concentration maps made from CPC and FMPS 

data sets (Fig. S6 and Fig. S7) shows that the above mentioned instrumental limitations do not affect the 

spatial distribution features revealed by the HEV spikes are removed from the data sets (Fig. S6 (b) and 

(d), Fig. S7 (b) and (d)). However, the HEV spikes inclusive maps that are important to characterize the 

exposure (Fig. S6 (a) and (c), Fig. S7 (a) and (c)), differ significantly in concentration magnitudes. 

 

Figure S5. Comparison of UFP number concentrations measured from FMPS and CPC (R2=0.625). 
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Figure S6. Spatial varation of background corrected UFP concentrations (a,b) measured using CPC and  (c,d) measured 

using FMPS. Data are avarged over morning sessions from two days for which both types of data are available. (a,c) are data 

including HEV spikes, and (b,d) show data excluding HEV spikes.The spatial resolution of the maps is 5 m.The heights of 

the buildings in the nearby area is shown in gray scale. 
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Figure S7. Spatial varation of background corrected UFP concentrations (a,b) measured using CPC and  (c,d) measured 

using FMPS. Data are avarged over afternoon sessions from two days for which both types of data are available. (a,c) are 

data including HEV spikes, and (b,d) show data excluding HEV spikes. The spatial resolution of the maps is 5 m.The heights 

of the buildings in the nearby area is shown in gray scale. 
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S4. Micrometeorological parameters 

 The sonic anemometer measurements were used to calculate several 

micrometeorological parameters related to surface turbulence (Table 2). The along-wind (u), mean cross 

(v) and vertical (w) components of the wind measurement at time t iW  (where i=u, v, w) can be 

expressed in terms of the mean wind for a given period iW  and the fluctuation of the of the wind at time 

t  '

iW t  (Eq.(S1)). Then the mean fluctuations of vertical winds w  can be calculated using Eq.(S2) 

(Stull 1988). 

 '

i i iW W t W                                              (Eq. S1) 

 
2

'
w

wW t                                 (Eq. S2) 

A velocity scale for the total vertical flux of horizontal momentum is given by the friction 

velocity ( *u ) (Eq. (S3) )(Stull 1988). The mean turbulence kinetic energy (TKE) can be calculated using 

as Eq. (S8) for this study (Stull 1988). 
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