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 Number of factors: 

Based on the input data for PMFblock, we evaluate the influence of the number of factors, p, on the Qi/Qi,exp contribution. For 

this experiment, both the traffic and cooking signatures were constrained using adapted reference profiles from Crippa et al. 

(2013b) as described in section III.1. Based on this evaluation, we chose to perform PMF using 6 factors. 

Fig. SI.1 shows the Qi/Qi,exp contribution as a function of the number of factors for different sites (b) and seasons (d) and the 5 

difference between the highest (a) and lowest (c) median to evaluate the maximal difference in the mathematical quality of 

the solutions. As expected, forcing PMF to explain the variability in the dataset only with the 2 constrained factors (p=2), 

results in very high Q/Qexp contributions. Δ(Qi/Qi,exp) shows the difference in Qi/Qi,exp between groups of points like sites or 

season. The smaller the Δ(Qi/Qi,exp), the smaller are the differences in the mathematical quality of the PMF solution for the 

different seasons/sites. To explain the temporal and geographical variability at least 5 factors are required. 10 

 

Figure SI.1: Qi/Qi,exp as a function of the number of factors for a reference experiment with all data used in PMF (9 sites, full year 

2013, HOA and COA constrained with a=0.0, b and d). ΔQi/Qi,exp is evaluated for the different periods during the year 2013 

(January-February-March, April-Mai-June, July-August-September, October-November-December) and for all sites (a and c). 

The grey line depicts the difference between the category (geographical or season) with the highest median Qi/Qi,exp and the lowest. 15 
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 Quality assessment of solutions: 

 

Set of criteria used when assessing quality of a single PMF run: 

Table SI.1: set of criteria used to discard bad solutions. 

criteria on profile 

 f(CO2
+
) f(C2H4O2

+
) 

HOA <0.4 <0.004 

COA <0.4 <0.01 

Criteria on time series 

HOA r(HOA,NOx)> 0 & r(HOA,NOx)> r(COA,NOx) 

BBOA r(BBOA,levo)> 0 

SC-OA r(SC-OA,CH3SO2
+
)>0 

Mass closure criteria 

OCres total Q25(OCres)<0 & Q75(OCres)>0 

Magadino winter, Magadino summer Q25(OCres)<0 & Q75(OCres)>0 

Zurich winter, Zurich summer Q25(OCres)<0 & Q75(OCres)>0 

Magadino, Zurich Q25(OCres)<0 & Q75(OCres)>0 

HOC<median, HOC>median Q25(OCres)<0 & Q75(OCres)>0 

COC<median, COC>median Q25(OCres)<0 & Q75(OCres)>0 

BBOC<median, BBOC>median Q25(OCres)<0 & Q75(OCres)>0 

SC-OC<median, SC-OC>median Q25(OCres)<0 & Q75(OCres)>0 

WOOC<median, WOOC>median Q25(OCres)<0 & Q75(OCres)>0 

SOOC<median, SOOC>median Q25(OCres)<0 & Q75(OCres)>0 

for PMF with 12 filters per site summer Magadino and 

Zurich 

Q25(OCres)<0 & Q75(OCres)>0 

for PMF with 12 filters per site winter Magadino and 

Zurich 

Q25(OCres)<0 & Q75(OCres)>0 

 5 
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 Comparison of mass spectral signature of BBOA and nebulized levoglucosan: 

Figure SI.2 demonstrated the high similarity between the retrieved BBOA signature and the mass spectrum of nebulized 

levoglucosan. 

 

 5 

 

 

 

 

Figure SI.2: mass spectral fingerprints of BBOA (PMFblock) and nebulized levoglucosan. 10 
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 Uncertainty estimation and propagation: 

The uncertainty described by the interquartile range from the a-value sensitivity assessment (σa) does not fully explain the 

variability between the 4 sensitivity tests. In the following, we use the source apportionment results of the 12 filters common 

to all 4 sensitivity tests for achieving a better estimate of the uncertainty of the factor concentrations. For these 12 filters the 

uncertainty is estimated by propagating the variability between the median concentrations for the 4 sensitivity tests (σb) and 5 

half the interquartile range of PMFblock (σa, Eq. SI.1): 

𝒆𝒓𝒓𝒊,𝒌,𝒕𝒐𝒕 = √𝝈𝒂
𝟐 + 𝝈𝒃

𝟐 = √(
𝒊𝒏𝒕𝒆𝒓𝒒𝒖𝒂𝒓𝒕𝒊𝒍𝒆 𝒓𝒂𝒈𝒏𝒆 𝑷𝑴𝑭 𝒃𝒍𝒐𝒄𝒌

𝟐
)

𝒊,𝒌

𝟐

+ (𝝈(𝒎𝒆𝒅𝒊𝒂𝒏 𝒃𝒐𝒐𝒕𝒔𝒕𝒓𝒂𝒑 𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏𝒔))
𝒊,𝒌

𝟐
   SI.1 

In absence of σb for all other points, we parametrize σb. We express σb as a function of a minimal uncertainty (σminimal) and an 

uncertainty proportional (k) to the factor concentration and fit the equation using the 12 points in common to all datasets (Eq. 

SI.2): 10 

𝝈𝒃

|𝒄𝒐𝒏𝒄𝒊,𝒌|
=

√ 𝝈𝒎𝒊𝒏𝒊𝒎𝒂𝒍
𝟐 +𝒌𝟐∗𝒄𝒐𝒏𝒄 𝒊,𝒌

𝟐

|𝒄𝒐𝒏𝒄𝒊,𝒌|
          SI.2 

The uncertainty (σa and σb) is propagated for all points using the parameters from Eq. SI.2 in order to obtain the total 

uncertainty for all points in the dataset (Eq. SI.3): 

𝒆𝒓𝒓𝑖,𝑘,𝒕𝒐𝒕
′ = √𝝈𝒂

𝟐 + ( 𝜎𝑚𝑖𝑛𝑖𝑚𝑎𝑙
2 + 𝑘2 ∗ 𝑐𝑜𝑛𝑐 𝑖,𝑘

2 )        SI.3 

The resulting coefficients of the error model are presented in table SI.2:  15 

Table SI.2: σminimal and k for the different factors including their uncertainty. 

factor σminimal k 

HOA 0.14±0.02 0.40±0.47 

COA 0.04±0.01 0.76±0.15 

BBOA 0.05±0.01 0.50±0.07 

SC-OA 0.26±0.01 0.26±0.38 

WOOA 0.04±0.02 0.76±0.30 

SOOA 0.03±0.01 0.27±0.05 
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