Description of sampling site:
[bookmark: OLE_LINK24][bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK38]Augsburg is a mid-sized city in Bavaria, southern Germany and has about 287 000 inhabitants. The sampling site (lat: 48.358, lon: 10.907) is located in a very small campus of the University of Applied Sciences Augsburg, which is approximately 1 km to the southeast of city center. The adjacent facilities within 100 m radius include campus buildings, a tram depot on the northeast direction, as well as a small company on the southwest direction.100 m to the northeast is the nearest main road. The monitoring site is almost completely surrounded by a residential area and there is a small park in the northwest direction within a radius of approximately 200 m. Augsburg shows humid continental climate. The annual average temperature regarding the sampling dates monitored at the sampling site is 12 °C and the average temperature from spring to winter are 11 °C, 18 °C, 10 °C and 3 °C, respectively.

Table 1. Emission inventory of Augsburg in the year 2000
	[bookmark: _Hlk492638734]
	SO2
	NO2
	CO
	NWVOC
	PM
	PM10
	Soot
	Benzene
	N2O
	NH3

	Traffic
	18.8
	815.9
	5305.0
	1121.9
	64.0
	29.5
	25.5
	43.8
	9.9
	5.4

	Installations requiring permission
	259.3
	676.7
	121.4
	338.5
	77.4
	66.5
	
	0.4
	
	4.9

	Furnaces not requiring permission 
	481.3
	618.5
	923.3
	59.3
	46.6
	42.0
	
	1.8
	6.7
	

	Other installations not requiring permission
	0
	
	41.5
	4544.7
	59.7
	12.0
	
	2.0
	20.4
	29.0

	In total
	759.4
	2111.1
	6391.2
	6064.4
	247.7
	150.0
	25.5
	48.0
	37
	39.3


Source: https://www.regierung.schwaben.bayern.de/Aufgaben/Bereich_5/Technischer_Umweltschutz/lpr_kom.pdf

Facilities and fuels used for domestic heating in Augsburg:
The main sources for heating energy in Augsburg are natural gas and district heating. Based on a survey from 2006 (source: https://www.lfu.bayern.de/energie/biogene_festbrennstoffe/doc/u47_abschlussbericht.pdf), there were in total 26748 chimneys in Augsburg, in which 14072 were connected to single room stoves using solid fuels, 2598 were connected to single room stoves using liquid fuel, about 168 were boilers using solid fuel and 9910 were boilers using liquid fuel. Considering specific fuel, fire wood consumption was estimated to be about 30000 t/a and lignite coal to be about 3000 t/a. Consumption of liquid fuel and gas fuel was not reported.

[bookmark: OLE_LINK53][bookmark: OLE_LINK54]Justification of the 5-factor solution: 
[bookmark: _GoBack]In 5-factor case, displacement (DISP) analysis showed no swap of factors at the lowest dQ level. Besides, the original bootstrap result mapped 21, 12 and 11 out of 100 bbSOA, bioSOA and isoSOA to BB factors. As these 3 factors show much higher level during the peak value period, one reason might be missing of this period during resampling. Besides, the association of bbSOA to BB and the similarity in time pattern may also contribute to the mapping of bbSOA to BB. But after Fpeak rotation, from which the result in the manuscript is generated, only 6 out of 100 bbSOA were mapped to BB; 1 of isoSOA mapped to BB and 5 of isoSOA were unmapped. Almost all critical makers of each factor were within the interquartile range (IQR) of BS runs, but only hopanes in the traffic factor was slightly higher than the value at 75% point of the range. 
When factor number was decreased to 4, the bbSOA factor in the 5-factor case was not identified and the elevated 4-nitrophenol and 4-nitrocatechol levels during the coldest season were not modeled, which reflects that this source factor is missing in this case. The Qtrue and Qrobust increased comparing to 5-factor case. The DISP runs showed no swap of factors, but the bootstrap for base run showed much more mis-mapping to the original factor for 2 of 4 factors and for Fpeak runs, slightly increased mis-mapping.
When factor number was increased to 6, mainly the factor separation of hopane and PAHs are not as sharp/clear as it is in 5-factor case. As can be expected, the Qtrue and Qrobust increased to some extent comparing to 5-factor case. It appears that the BB factor in the present solution is split into 2 factors, and additionally, some hopane is also present in one of the factors as shown in Fig 1. Besides, the corresponding seasonal variation of the PAH and hopane dominated factors is also not less reasonable than in 5-factcor case. For instance, the hopane dominated factor shows lower contribution in the coldest period if interpreted as traffic source, which is unreasonable. DISP shows no factor swap of factors either in this case. BS result of base analysis and Fpeak analysis show similar result as in 5-factor case. But 16 out of 100 BS runs for one of the “separated BB factors” is mapped to other factors even in the Fpeak analysis result. 
Based on the discussion above, the 5-factor result was applied. By further reducing the numbers, the isoSOA factor is missing and the isoprene SOA markers is modeled not so well in 3 factor case. On the other hand, further increasing the factors yielded similar and even worse results as increasing to 6 factor case.

Comparison of hopane (table 2) and PAHs (table 3) concentration with other studies: 
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Table 2. Hopane concentration in (ng m-3) from this study and some other studies as comparison: mean± std (min-max).
	
	17R(H)-21(H)-29-norhopane
	17R(H)-21(H)-hopane
	Sampling site
	Time period

	PM0.36
	[bookmark: OLE_LINK17][bookmark: OLE_LINK18]0.17±0.07
(0.05-0.37)
	0.13±0.05
(0.05-0.3)
	Augsburg, Germany
	This study, April 2014 to February, 2015

	PM2.5
	0.23 ± 0.23
	0.15±0.14
	Augsburg, Germany
	January 2003 to 
December 2004, 
(Schnelle-Kreis et al., 2007)

	PM2.5
	[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16]warmer/colder perioda: 0.48/0.75
	warmer/colder perioda: 0.40/0.52
	Augsburg, Germany
	20 August 2002 to 30 November 2002 
(Schnelle-Kreis et al., 2005)

	PM2.5
	0.4 (<LOQ-1.7）
	0.2(<LOQ-0.96）
	Augsburg, Germany
	15 October 2003 to 12 February 2004,
(Schnelle, 2009)

	PM2.5
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3]before LEZ: 2.86
after LEZ: 2.19
	before LEZ: 2.49
after LEZ: 1.93
	Street, Munich, Germany
	2006 to 2007 and 2009 to 2010 (Qadir et al., 2013)

	PM2.5
	0.24 (0.09-0.72)
	0.18 (0.08-0.55)
	urban background, UK
	2007 to 2008
(Harrison and Yin, 2010)

	PM1
	0.16-0.92
	0.23-0.99
	Barcelona and Montseny, Spain
	February and March 2009 (van Drooge et al., 2012)

	PM1
	winter: 0.85 (0.64-1.06)
summer: 0.37 (0.31-0.48)
	[bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK21]winter: 0.61 (0.43-0.75)
summer: 0.31 (0.27-0.35)
	Brno, Czech Republic
	2009 (Krumal et al., 2013)


LEZ: low emission zone, a: The average temperature for warmer and cold period are: 17.4 and 8.7 °C

[bookmark: OLE_LINK173][bookmark: OLE_LINK174][bookmark: OLE_LINK175][bookmark: OLE_LINK176][bookmark: OLE_LINK120][bookmark: OLE_LINK121][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK125][bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK128][bookmark: OLE_LINK129][bookmark: OLE_LINK130]Table 3. PAHs concentrations (ng m-3) from this study and 3 other studies of Augsburg sample: mean± std (min-max).
	PAHs
	Mean ± SD (range)
this study
	Mean ± SD
(Schnelle-Kreis et al., 2007)
	Mean
(Schnelle-Kreis et al., 2005)
	Mean
(Pietrogrande et al., 2011)

	
	
	
	warmer periodb
	colder periodb
	summer
	winter

	fluoranthene
	0.38 ± 0.22 (0.07-1.53)
	
	0.37
	1.89
	0.07
	0.68

	pyrene
	0.28 ± 0.16 (0.07-1.14)
	
	0.43
	1.89
	0.35
	2.6

	benzo[a]anthracene
	0.06 ± 0.06 (0.01-0.39)
	0.52 ± 0.92
	0.24
	1.63
	0.06
	0.59

	chrysene
	0.14 ± 0.14 (0.02-1.06)
	1.40 ± 2.08
	0.49
	2.87
	0.14
	1.2

	sum_benzo[b,k]fluoranthene
	0.25 ± 0.23 (0.04-1.47)
	1.90 ± 2.55
	1.06
	5.77
	0.18
	1.6

	benzo[e]pyrene
	0.1 ± 0.09 (0.01-0.62)
	0.51 ± 0.68
	0.33
	1.64
	0.06
	0.7

	benzo[a]pyrene
	0.1 ± 0.09 (0.01-0.55)
	0.61 ± 0.99
	0.76
	3.27
	0.08
	0.83

	indeno[1,2,3-cd]pyrene
	0.05 ± 0.04 (0.01-0.22)
	0.26 ± 0.43
	0.31
	1.66
	1.5
	0.18

	bezo[ghi]perylene
	0.1 ± 0.08 (0.01-0.48)
	0.38 ± 0.64
	0.62
	2.56
	0.92
	0.09


[bookmark: OLE_LINK10][bookmark: OLE_LINK11]b The average temperature for warmer and cold period are: 17.4 and 8.7 °C (sampling period between 20/08/2002–30/11/2002). 
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