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1. PMF Method  

In this analysis, the US_EPA PMF version 3.0. PMF method for particle size distribution as 

described by (Ogulei et al. 2007; Ogulei et al. 2006) was used. In this study, α=0.01 and C3= 0.105 

were selected to estimate uncertainties. The method of determining the correct number of factors 

has been described by Lee et al. (1999) and Yakovleva et al. (1999). As shown in Figure S1, the 

number of factors can be from 4 to 10.  The value of Q becomes stable when we increase the 

number of factors.  

 

 
Figure S1. Q-value with different number of factors. 
 
 

2. Differences between the PMF results of this study and the PMF results from Beddows 

  et al. (2015) 

 In this study, the PMF analysis used a one-year particle number size distribution (2012) while 

Beddows et al. (2015) ran PMF on a combined 2011 and 2012 data set. The PNSD from 2012 

looks very interesting and different to the previous year because an increase of particle number 

was found on the weekend days.  

 If number of factors selected is 4, the result seems to be similar to Beddows’ findings (as 

shown in Figure S2) with the same profile for each factor. 
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Figure S2.  Profiles and contribution of each factor from PMF with number of factors chosen as 4. 

 

Using the 4 factor solution, the traffic emission factor only includes sizes in the range of 30-40 nm; 

however several studies show the traffic emission also shows a distribution in the accumulation 

mode (around 70-100 nm). Therefore, the urban background may reflect mostly the soot traffic 

emission. The increase in the urban background factor on weekend days may be explained by wood 

burning or cooking. It is preferable to separate the traffic emission and the wood burning since 

typically traffic emissions show number size distribution around 70-100 nm and the wood burning 

above 100 nm (Janhäll et al. 2010; Reid et al. 2005; Reid and Hobbs 1998). 
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By increasing the number of factors to six factors, the nucleation and traffic emission factors keep 

their profiles, but the secondary aerosol factor splits into 2 factors named as inorganic secondary 

aerosols and mixed (organic and inorganic) secondary aerosols and the urban background factor 

splits into 2 factors (aged traffic and urban accumulation mode) (as shown in Figure S3).   

 

 

Figure S3. Comparison of the secondary aerosol and urban background from the PMF 4 factor 
solution and with the PMF 6 factor solution. 

 

From the seasonal polar plots for factor 4 (mixed inorganic and organic secondary aerosol) and 

factor 6, the strong effect of the local source (probably wood burning) in the winter is seen (Figure 

4). 

  

Figure S4. Seasonal polar plot of urban accumulation mode and mixed secondary aerosol. 
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Figure S5. Seasonal polar plot of local traffic, aged emission, inorganic secondary and nucleation. 

 
In addition , the accumulation mode had a very high correlation with the wood smoke indicator 

(CWOD) (R2=0.84) during the winter period (Figure S6). The mixed secondary aerosol factor has a 

stronger correlation (R2=0.628) with OC than the inorganic aerosol factor (R2=0.488), but it has 

weaker correlation (R2=0.631) with NH4 than the inorganic aerosol factor (R2=0.801). It suggests 

that wood burning could release accumulation mode particles from organic secondary aerosols.   
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Figure S6. Correlation between Urban accumulation mode with CWOD. 
 
 

 

 
Figure S7. Correlation between other factors with CWOD. 
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In conclusion, the PMF results with 6 factors can explain more about the secondary aerosol and 

urban background sources and the contribution of wood burning to those sources. Moreover, with 

an increased number of factors (from 4 to 6), the residual between modelled and measured 

concentrations is decreased. However, there is a disadvantage with this solution: 

 The urban accumulation mode (mostly due to wood burning) and traffic emissions is not totally 

cleanly split (as seen Figure S8), due to the similar size distribution profiles of these two 

sources. Wardoyo et al. (2006) noted that wood burning could have CMD of 30-70 nm during 

fast burning of wood in laboratory-scale experiments. Therefore, the urban accumulation 

background can contain traffic particles and on the other hand the aged traffic emission also 

can contain particles emitted from wood burning or cooking emissions. The highest 

correlations of these factors are shown in Figure S8: 

  

 
Figure S8. Correlation between each factor. 
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3. Concentration Weighted Trajectory Approach 

This analysis was performed using the “Open-air” package. This approach is useful to view the 

long-range transport of secondary aerosols because the accumulation mode particles (from 

secondary aerosol) have a long lifetime in the atmosphere.   

 

Figure S9 shows the plots for other factors. 

 

 
Figure S9. Gridded and smoothed back trajectory concentrations showing mean 4 factor 
contributions using the CWT approach. 
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