SUPPLEMENTARY ONLINE MATERIAL (SOM)

Aerosol Optical Depth and Single Scattering Albedo (440 nm)
at AERONET stations in Europe in 2010
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Figure S 1. Time series of aerosol optical depth and single scattering albedo at 440 nm observed over Europe in 2010 at AERONET
stations selected in this study (see main paper for details on selection)
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Aerosol Optical Depth and Single Scattering Albedo (440 nm)
at AEROMET stations in M. America in 2010
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Figure S 2. Same as Figure S 1, but for North America
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Absorption vs Scattering Angstrom Exponent (440-675 nm)
at AERONMET stations in Europe in 2010
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Figure S 3. Scatterplot of absorption Angstrom exponent (AAE) vs. scattering Angstrom exponent (SAE) between 440 and 675 nm
at AERONET sites selected over Europe. Scenes having a SAE < 1.2 are labelled as “Dust”-dominated, those having SAE > 1.2 and
AAE < 1.2 as “BC”-dominated, and the remaining as “BC+BrC”-dominated. Data are coloured according to coarse fraction classes,
as denoted by the legend inset.



Absorption vs Scattering Angstrom Exponent (440-675 nm)
at AEROMET stations in M. America in 2010
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Figure S 4. Same as Figure S 3, but for North America.
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Proportion of absorption classes in SSA observations (440 nm)
at AERONMET stations in Europe in 2010
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Figure S 5. Relative abundance of absorption classes in monthly mean single scattering albedo at AERONET sites in Europe.



Proportion of absorption classes in SSA observations (440 nm)
at AEROMET stations in M. America in 2010
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Figure S 6. Same as Figure S 5, but for North America.



Table S 1. Mean PM2.5 concentration (ug/m?) and aerosol optical depth at 555 nm (tss5) calculated by different regional air quality
models for year 2010 at available surface stations over Europe and North America. FRES1 model data are not available for these
variables. Aerosol optical depths are not calculated with FlexAOD, but by each group with specific assumptions and methods.

Europe Observation DE1 DK1 ES1 Fl1 IT2 NL1 TR1 UK3
PM2.5 151 6.3 9.3 155 114 8.6 7.5 133 9.3
T555 0.19 - - 0.34 0.16 0.16 - - -
N. America | Observation DK1 us3

PM2.5 8.7 6.3 8.6

555 0.100 0.097 0.098
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Figure S 7. Comparison of modelled and observed aerosol optical depths at 440 nm (t440) in 2010 at AERONET stations over Europe
and North America, only for “BC” and “BC+BrC”-dominated scenes (see Table 1). Simulation labels are defined in Table 5.

Table S 2. Comparison of modelled and observed aerosol optical depths at 440 nm (t440) in 2010 at AERONET stations over Europe
and North America, only for “BC” and “BC+BrC”-dominated scenes (see Table 1). Simulation labels are defined in Table 5 and
statistical indices are defined in the Appendix. The number of data n may vary from case to case, due to numerical failures in the
optical calculations.

Europe n 0 M 0o Oum FAC2 MB NMB RMSE r

1.EXT 48911 0.18 0.07 0.14 0.09 0.27 -0.11 -0.59 0.16 0.50
2.HOM 48889 0.18 0.08 0.14 0.09 0.29 -0.10 -0.57 0.16 0.50
3.CSBC 48904 0.18 0.08 0.14 0.09 0.28 -0.10 -0.58 0.16 0.50
4.CSBCV 48891 0.18 0.07 0.14 0.08 0.24 -0.11 -0.62 0.17 0.49
5.PIM-NOx | 48907 0.18 0.08 0.14 0.09 0.28 -0.11 -0.58 0.16 0.50
6.PIM-rBC 37999 0.19 0.08 0.14 0.10 0.30 -0.11 -0.56 0.16 0.52
N. America n 0 M 0o oy FAC2 MB NMB RMSE r

1.EXT 4030 0.12 0.05 0.10 0.06 0.25 -0.07 -0.59 0.11 0.53
2.HOM 4030 0.12 0.05 0.10 0.06 0.27 -0.07 -0.57 0.11 0.54
3.CSBC 4030 0.12 0.05 0.10 0.06 0.25 -0.07 -0.59 0.11 0.54
4.CSBCV 4030 0.12 0.04 0.10 0.05 0.21 -0.07 -0.62 0.11 0.53
5.PIM-NOx 4030 0.12 0.05 0.10 0.06 0.25 -0.07 -0.59 0.11 0.53
6.PIM-rBC 3540 0.12 0.05 0.11 0.06 0.27 -0.07 -0.58 0.12 0.52
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Figure S 8. Comparison of modelled and observed aerosol optical depths at 440 nm (t440) in 2010 at AERONET stations over Europe
and North America, only for “BC” and “BC+BrC”-dominated scenes (see Table 1). Simulation labels are defined in Table 5. Unlike
Figure S 7, the data is broken down by model.

Table S 3. Comparison of modelled and observed aerosol optical depths at 440 nm (T440) in 2010 at AERONET stations over Europe
and North America, only for “BC” and “BC+BrC”-dominated scenes (see Table 1). Unlike Table S 2, the data is broken down by
model. Simulation labels are defined in Table 5 and statistical indices are defined in the Appendix. The number of data n may vary
from case to case, due to numerical failures in the optical calculations.

Label Model n 0 M oo oy FAC2 MB NMB  RMSE r
Europe

1.EXT DE1 6115 | 0.18| 0.04 0.4 006| 014 -014| -077| 020 0.22
1.EXT DK1 6115 0.18 | 007 | 0.4 0.09 024 -011| -062| 0.16| 0.54
1.EXT ES1 6115 | 0.18| 0.07 0.4 008| 025 -011| -061| 0.16  0.52
1.EXT FI1 6110 | 0.18 | 0.13 0.14 0.16| 049 -0.05| -026| 0.13  0.65
1.EXT FRES1 | 6111 | 0.18 006 014 007 0.15| -0.12 -0.69 | 0.17| 061
1.EXT IT2 6115 | 0.18 | 0.07 014 007 027 -011| -059 0.15  0.70
1.EXT NL1 6115 | 0.18 | 0.07 0.14| 008 025 -011| -0.62 0.16 050
1.EXT TR1 6115 | 0.18| 0.07 0.4 006| 036 -011| -059| 0.16 045
2.HOM DE1 6115 | 0.18| 0.04 0.4 006| 015 -014| -0.76 | 0.19 0.22
2.HOM DK1 6111 | 0.18 | 0.07 014 008 027 -011| -0.60 0.16 056
2.HOM ES1 6115 | 0.18| 0.07 0.4 009| 026 -011| -059| 0.16  0.52
2.HOM FI1 6099 | 0.18| 0.14 013 015| 051 -0.04| -023| 0.13 0.63
2.HOM FRES1 | 6108 | 0.18 006 014 007 0.17| -0.12 -0.67  0.16| 065
2.HOM IT2 6115 | 0.18 | 0.08 0.14| 007 030 -010| -0.57 0.14 | 0.70




Label Model (0] M () oy FAC2 MB NMB | RMSE

2.HOM NL1 6111 0.18 0.07 0.14 0.08 0.26 | -0.11 | -0.61 0.16 0.54
2.HOM TR1 6115 0.18 0.08 0.14 0.06 0.39 | -0.10 -0.56 0.16 0.46
3.CSBC DE1 6115 0.18 0.04 0.14 0.06 0.15| -0.14 | -0.77 0.20 0.22
3.CSBC DK1 6113 0.18 0.07 0.14 0.08 0.25| -0.11 | -0.61 0.16 0.55
3.CSBC ES1 6115 0.18 0.07 0.14 0.09 0.26 | -0.11 | -0.60 0.16 0.52
3.CSBC Fl1 6109 0.18 0.14 0.14 0.16 0.50 | -0.04 | -0.24 0.13 0.65
3.CSBC FRES1 6109 0.18 0.06 0.14 0.07 0.16 | -0.12 | -0.68 0.16 0.64
3.CSBC IT2 6115 0.18 0.08 0.14 0.07 0.28 | -0.11 | -0.58 0.15 0.70
3.CSBC NL1 6113 0.18 0.07 0.14 0.08 0.25| -0.11 4 -0.61 0.16 0.52
3.CSBC TR1 6115 0.18 0.08 0.14 0.07 0.41 | -0.10| -0.54 0.16 0.48
4.CSBCV DE1 6115 0.18 0.04 0.14 0.05 0.13| -0.14 | -0.78 0.20 0.21
4.CSBCV DK1 6111 0.18 0.06 0.14 0.08 0.21 | -0.12 | -0.65 0.16 0.55
4.CSBCV ES1 6115 0.18 0.07 0.14 0.08 0.24| -0.11| -0.63 0.17 0.51
4.CSBCV FI1 6101 0.18 0.13 0.13 0.14 0.48 | -0.05 | -0.28 0.13 0.63
4.CSBCV FRES1 6108 0.18 0.05 0.14 0.06 0.12 | -0.13| -0.71 0.17 0.65
4.CSBCV IT2 6115 0.18 0.07 0.14 0.07 0.22| -0.11| -0.62 0.15 0.70
4.CSBCV NL1 6111 0.18 0.06 0.14 0.07 0.21 | -0.12 | -0.65 0.17 0.53
4.CSBCV TR1 6115 0.18 0.07 0.14 0.06 0.30| -0.11 | -0.63 0.17 0.44
5.PIM-NOx | DE1 6115 0.18 0.04 0.14 0.06 0.15| -0.14  -0.77 0.20 0.22
5.PIM-NOx | DK1 6113 0.18 0.07 0.14 0.08 0.25| -0.11 | -0.61 0.16 0.55
5.PIM-NOx | ES1 6115 0.18 0.07 0.14 0.09 0.26 | -0.11 | -0.60 0.16 0.52
5.PIM-NOx | FI1 6110 0.18 0.14 0.14 0.16 0.50 | -0.04 | -0.24 0.13 0.65
5.PIM-NOx | FRES1 6109 0.18 0.06 0.14 0.07 0.15| -0.12 -0.68 0.16 0.64
5.PIM-NOx | IT2 6115 0.18 0.08 0.14 0.07 0.27 | -0.11 | -0.58 0.15 0.70
5.PIM-NOx | NL1 6115 0.18 0.07 0.14 0.08 0.25| -0.11 | -0.61 0.16 0.51
5.PIM-NOx | TR1 6115 0.18 0.08 0.14 0.06 0.40 | -0.10 -0.55 0.16 0.47
6.PIM-rBC | DE1 662 0.23 0.05 0.14 0.07 0.13| -0.18 -0.78 0.23 0.17
6.PIM-rBC | DK1 5989 0.18 0.07 0.14 0.08 0.25| -0.11 4 -0.62 0.16 0.55
6.PIM-rBC | ES1 4290 0.20 0.08 0.15 0.09 0.26 | -0.12 | -0.61 0.18 0.50
6.PIM-rBC | FI1 4457 0.20 0.16 0.15 0.17 0.56 | -0.04 -0.19 0.14 0.63
6.PIM-rBC | FRES1 6108 0.18 0.06 0.14 0.07 0.15| -0.12  -0.68 0.16 0.63
6.PIM-rBC | IT2 5292 0.19 0.08 0.14 0.07 0.30| -0.11 4 -0.58 0.15 0.69
6.PIM-rBC | NL1 5618 0.19 0.07 0.14 0.08 0.26 | -0.12 | -0.61 0.17 0.49
6.PIM-rBC | TR1 5583 0.19 0.08 0.14 0.06 0.39 | -0.11 | -0.56 0.16 0.45
N. America

1.EXT DK1 2016 0.12 0.06 0.10 0.07 0.33| -0.06  -0.51 0.11 0.47

10




Label Model (0] M () oy FAC2 MB NMB | RMSE

1.EXT us3 2014 0.12 0.04 0.10 0.04 0.16 6 -0.08 -0.67 0.11 0.72
2.HOM DK1 2016 0.12 0.06 | 0.10 0.07 035/ -0.06 -0.48 0.11 0.47
2.HOM us3 2014 0.12 0.04 0.10 0.04 0.19 | -0.08 | -0.66 0.11 0.72
3.CSBC DK1 2016 0.12 0.06 0.10 0.07 0.34 | -0.06 | -0.50 0.11 0.47
3.CSBC us3 2014 0.12 0.04 0.10 0.04, 0.17 -0.08 -0.67 0.11 0.73
4.CSBCV DK1 2016 0.12 0.05 0.10 0.06 0.29 | -0.06 | -0.55 0.11 0.46
4.CSBCV us3 2014 0.12 0.03 0.10 0.04 014 -0.08| -0.70 | 0.12 0.72
5.PIM-NOx | DK1 2016 0.12 0.06 0.10 0.07 0.34 | -0.06 | -0.50 0.11 0.47
5.PIM-NOx | US3 2014 0.12 0.04 0.10 0.04, 0.17 -0.08 -0.67 0.11 0.72
6.PIM-rBC | DK1 1974 0.12 0.06 | 0.11 0.07 034 -0.06 6 -0.50 0.11 0.47
6.PIM-rBC us3 1566 0.13 0.04 0.11 0.04 0.17 | -0.09| -0.67 0.12 0.71
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Single scattering albedo at 440 nm
at AERONET stations in Europe in 2010
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Figure S 9. Same as Figure S 7, but for single scattering albedo at 440 nm (®o,440).
Table S 4. Same as Table S 1, but for single scattering albedo at 440 nm (®0,440).
Europe n 0 M 1o Oy FAC2 MB NMB RMSE r
1.EXT 48911 0.91 0.87 0.07 0.07 1.00 -0.04 -0.04 0.10 0.05
2.HOM 48889 0.91 0.69 0.07 0.09 0.99 -0.22 -0.24 0.24 0.06
3.CSBC 48904 0.91 0.79 0.07 0.07 1.00 -0.12 -0.13 0.15 0.04
4.CSBCV 48891 0.91 0.70 0.07 0.09 1.00 -0.21 -0.23 0.23 0.04
5.PIM-NOx 47498 0.91 0.82 0.06 0.07 1.00 -0.09 -0.10 0.13 0.03
6.PIM-rBC 37723 0.91 0.82 0.06 0.06 1.00 -0.09 -0.10 0.13 0.06
N. America n 0 M 1o Oy FAC2 MB NMB RMSE r
1.EXT 4030 0.88 0.84 0.10 0.06 1.00 -0.04 -0.05 0.13 -0.11
2.HOM 4030 0.88 0.66 0.10 0.07 0.98 -0.22 -0.25 0.26 -0.13
3.CSBC 4030 0.88 0.75 0.10 0.06 1.00 -0.13 -0.15 0.18 -0.12
4.CSBCV 4030 0.88 0.66 0.10 0.07 0.99 -0.22 -0.25 0.26 -0.12
5.PIM-NOx 4029 0.88 0.77 0.10 0.06 1.00 -0.11 -0.12 0.16 -0.13
6.PIM-rBC 3540 0.88 0.78 0.10 0.05 1.00 -0.10 -0.11 0.16 -0.11

12




Single scattering albedo at 440 nm
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Single scattering albedo at 440 nm

at AERONET stations in N. America in 2010
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Figure S 10. Same as Figure S 8, but for single scattering albedo at 440 nm (®o,440).
Table S 5. Same as Table S 3, but for single scattering albedo at 440 nm (®0,440).

Label Model n 0 M oo oy FAC2 MB NMB | RMSE r
Europe
1.EXT DE1 6115 0.91 0.90 0.07 0.06 1.00 0.00 0.00 0.09 -0.01
1.EXT DK1 6115 0.91 0.87 0.07 0.05 1.00 -0.04 -0.05 0.10 -0.11
1.EXT ES1 6115 0.91 0.87 0.07 0.08 1.00 -0.03 -0.04 0.11 0.06
1.EXT FI1 6110 0.91 0.92 0.07 0.06 1.00 0.01 0.01 0.08 0.16
1.EXT FRES1 6111 0.91 0.85 0.07 0.06 1.00 -0.05 -0.06 0.10 0.09
1.EXT IT2 6115 0.91 0.84 0.07 0.09 1.00 -0.06 -0.07 0.12 0.16
1.EXT NL1 6115 0.91 0.86 0.07 0.05 1.00 -0.04 -0.05 0.10 -0.02
1.EXT TR1 6115 0.91 0.85 0.07 0.06 1.00 -0.05 -0.06 0.10 0.05
2.HOM DE1 6115 0.91 0.72 0.07 0.09 1.00 -0.19 -0.21 0.22 -0.07
2.HOM DK1 6111 0.91 0.67 0.07 0.06 1.00 -0.24 -0.26 0.25 -0.05
2.HOM ES1 6115 0.91 0.71 0.07 0.10 1.00 -0.20 -0.22 0.23 0.06
2.HOM Fl1 6099 0.91 0.76 0.07 0.08 1.00 -0.15 -0.16 0.17 0.17
2.HOM FRES1 6108 0.91 0.66 0.07 0.06 1.00 -0.25 -0.27 0.26 0.17
2.HOM IT2 6115 0.91 0.65 0.07 0.10 0.96 -0.26 -0.28 0.28 0.17
2.HOM NL1 6111 0.91 0.68 0.07 0.06 1.00 -0.22 -0.25 0.24 0.00
2.HOM TR1 6115 0.91 0.65 0.07 0.07 1.00 -0.26 -0.28 0.27 0.05
3.CSBC DE1 6115 0.91 0.82 0.07 0.07 1.00 -0.09 -0.10 0.13 -0.07
3.CSBC DK1 6113 0.91 0.77 0.07 0.05 1.00 -0.14 -0.16 0.17 -0.11
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Label Model n (0] M () oy FAC2 MB NMB | RMSE r
3.CSBC ES1 | 6115 0.91 0.80 0.07 0.09 1.00| -0.11| -0.12 0.15 0.05
3.CSBC FI1 | 6109 0.91 0.85 0.07 0.06 1.00 | -0.06 | -0.07 0.10 0.15
3.CSBC FRES1 | 6109 0.91 0.76 0.07 0.06 1.00 | -0.15| -0.16 0.17 0.11
3.CSBC IT2 | 6115 0.91 0.76 0.07 0.08 1.00 | -0.15| -0.16 0.18 0.16
3.CSBC NL1 | 6113 0.91 0.77 0.07 0.05 1.00| -0.14| -0.15 0.16 | -0.03
3.CSBC TR1 | 6115 0.91 0.82 0.07 0.05 1.00 | -0.09| -0.10 0.12 0.07
4.CSBCV DE1 | 6115 0.91 0.75 0.07 0.08 1.00| -0.15| -0.17 0.19 | -0.07
4.CSBCV DK1 | 6111 0.91 0.68 0.07 0.07 1.00 | -0.22 | -0.25 0.24 | -0.11
4.CSBCV ES1 | 6115 0.91 0.72 0.07 0.11 1.00| -0.19| -0.21 0.23 0.05
4.CSBCV FI1 = 6101 0.91 0.78 0.07 0.09 099 | -0.13| -0.14 0.16 0.16
4.CSBCV FRES1 | 6108 0.91 0.67 0.07 0.07 1.00 | -0.24| -0.26 0.26 0.11
4.CSBCV IT2 | 6115 0.91 0.66 0.07 0.10 097 | -0.25| -0.27 0.27 0.17
4.CSBCV NL1 | 6111 0.91 0.69 0.07 0.07 1.00 | -0.22| -0.24 0.24 | -0.04
4.CSBCV TR1 | 6115 0.91 0.67 0.07 0.08 1.00 | -0.24| -0.26 0.26 0.03
5.PIM-NOx DE1| 6111 0.91 0.84 0.07 0.06 1.00 | -0.06 | -0.07 0.11 | -0.07
5.PIM-NOx DK1 | 6113 0.91 0.79 0.07 0.05 1.00 | -0.11, -0.13 0.14 | -0.12
5.PIM-NOx ES1 | 6020 0.91 0.82 0.07 0.08 1.00| -0.09 -0.10 0.14 0.04
5.PIM-NOx FI1 | 5606 0.91 0.87 0.06 0.06 1.00 | -0.04 | -0.04 0.09 0.13
5.PIM-NOx | FRES1 | 6109 0.91 0.79 0.07 0.06 1.00| -0.12 -0.14 0.15 0.10
5.PIM-NOx IT2 | 5310 0.91 0.80 0.06 0.07 1.00 | -0.12 | -0.13 0.14 0.18
5.PIM-NOx NL1 | 6115 0.91 0.80 0.07 0.06 1.00| -0.11| -0.12 0.14 | -0.05
5.PIM-NOx TR1 | 6114 0.91 0.83 0.07 0.05 1.00 | -0.08 | -0.09 0.11 0.06
6.PIM-rBC DE1 662 0.92 0.85 0.05 0.05 1.00 | -0.08 | -0.08 0.10 0.07
6.PIM-rBC DK1 | 5989 0.91 0.80 0.07 0.05 1.00| -0.11| -0.12 0.14 | -0.11
6.PIM-rBC ES1 | 4290 0.91 0.82 0.06 0.07 1.00 | -0.09| -0.10 0.13 0.08
6.PIM-rBC FI1 = 4455 0.91 0.87 0.06 0.04 1.00 | -0.04 -0.04 0.08 0.12
6.PIM-rBC FRES1 | 6108 0.91 0.80 0.07 0.05 1.00| -0.11| -0.12 0.14 0.11
6.PIM-rBC IT2 | 5018 0.91 0.80 0.06 0.07 1.00 | -0.11| -0.12 0.14 0.18
6.PIM-rBC NL1 | 5618 0.91 0.80 0.06 0.05 1.00| -0.11| -0.12 0.14 0.00
6.PIM-rBC TR1 | 5583 0.91 0.83 0.06 0.05 1.00 | -0.08 | -0.09 0.11 0.06
N. America

1.EXT DK1 | 2016 0.88 0.84 0.10 0.06 1.00 | -0.05 | -0.05 0.13 | -0.13
1.EXT Us3 | 2014 0.88 0.85 0.10 0.07 1.00| -0.03 -0.04 0.13 | -0.10
2.HOM DK1 | 2016 0.88 0.65 0.10 0.07 098 | -0.23 | -0.26 0.26 | -0.15
2.HOM us3 | 2014 0.88 0.66 0.10 0.07 098 | -0.22 | -0.25 025 | -0.11
3.CSBC DK1 | 2016 0.88 0.74 0.10 0.05 1.00| -0.14| -0.16 0.19 | -0.14
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Label Model n (0] M () oy FAC2 MB NMB | RMSE r

3.CSBC us3 | 2014 0.88 0.76 | 0.10 0.06 1.00 | -0.12 | -0.14| 0.18 | -0.11
4.CSBCV DK1 & 2016 0.88 0.66  0.10 0.06 099 | -0.22 | -0.25 0.26 | -0.14
4.CSBCV us3 | 2014 0.88 0.67 0.10 0.08 098 | -0.22 | -0.25 0.26 | -0.11
5.PIM-NOx DK1 2015 0.88 0.77 0.10 0.05 1.00| -0.12| -0.13 0.17 | -0.15
5.PIM-NOx us3 | 2014 0.88 0.78 | 0.10 0.06 1.00 | -0.10 | -0.11 0.16 | -0.12
6.PIM-rBC DK1 1974 0.88 0.78 0.10 0.05 1.00| -0.11| -0.12 0.16 | -0.14
6.PIM-rBC Us3 | 1566 0.88 0.79 0.10 0.05 1.00 | -0.09 | -0.10| 0.15| -0.08
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Scattering Angstrom Exponent between 440 - 675 nm Scattering Angstrom Exponent between 440 - 875 nm
at AERONET stations in Europe in 2010 at AERONET stations in N. America in 2010
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Figure S 11. Same as Figure S 7, but for scattering Angstrom exponent between 440 and 675 nm (SAEE32).
Table S 6. Same as Table S 1, but for scattering Angstrom exponent between 440 and 675 nm (SAE¢32).

Europe n 0 M g0 oM FAC2 MB NMB RMSE r
1.EXT 48911 1.62 1.28 0.22 0.26 0.97 -0.34 -0.21 0.48 -0.01
2.HOM 48889 1.62 1.14 0.22 0.28 0.85 -0.48 -0.30 0.60 -0.01
3.CSBC 48904 1.62 1.14 0.22 0.25 0.90 -0.48 -0.30 0.58 0.00
4.CSBCV 48891 1.62 0.87 0.22 0.22 0.53 -0.76 -0.47 0.82 0.01
5.PIM-NOx 47498 1.62 1.18 0.22 0.25 0.93 -0.44 -0.27 0.55 0.00
6.PIM-rBC 37723 1.63 1.22 0.22 0.25 0.94 -0.41 -0.25 0.53 0.00
N. America n 0 M g0 oM FAC2 MB NMB RMSE r
1.EXT 4030 1.68 1.37 0.25 0.17 1.00 -0.31 -0.18 0.41 0.24
2.HOM 4030 1.68 1.26 0.25 0.21 0.98 -0.41 -0.25 0.50 0.27
3.CSBC 4030 1.68 1.20 0.25 0.16 0.98 -0.48 -0.28 0.54 0.29
4.CSBCV 4030 1.68 0.90 0.25 0.13 0.64 -0.78 -0.47 0.82 0.27
5.PIM-NOx 4029 1.68 1.25 0.25 0.16 0.99 -0.43 -0.26 0.50 0.26
6.PIM-rBC 3540 1.68 1.26 0.25 0.16 0.99 -0.42 -0.25 0.49 0.28
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AQMEII simulated SAE 440 - 675 nm
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Figure S 12. Same as Figure S 8, but for scattering Angstrom exponent between 440 and 675 nm (SAEg73).

440

Table S 7. Same as Table S 3, but for scattering Angstrom exponent between 440 and 675 nm (SAE¢75).

Label Model n 7] M g9 oy FAC2 MB NMB RMSE r
Europe

1.EXT DE1 | 6115| 1.62| 1.13| 022 0.18 094| -049 -030| 0.57| -0.04
1.EXT DK1| 6115, 1.62| 123 0.22| 019 098 | -039 -024| 048 0.00
1.EXT ES1| 6115 1.62| 115, 022 028 | 0.88 -047 -029 060 -0.06
1.EXT FIl | 6110 | 162 | 159| 022 020 100 -003 -0.02| 0.29 0.06
1.EXT FRES1 | 6111 162| 1.40 022 019 | 100, -022| -0.14 036  0.09
1.EXT IT2 | 6115| 162 140, 022 022| 098 -022| -0.14 038  0.03
1.EXT NL1 | 6115 1.62| 120, 022 018 099 | -042 -0.26 051 -0.08
1.EXT TR1| 6115 1.62| 1.13| 022 0.16 097| -049 -030| 0.57| -0.08
2.HOM DE1 | 6115, 162 096| 022 0.17| 075, -0.67 | -041| 0.72| -0.06
2.HOM DK1 | 6111 1.62| 1.10| 0.22| 0.24| 0.86 -052 -032| 061 0.00
2.HOM ES1| 6115| 1.62 104 022| 030 069 | -058| -036 0.70 -0.07
2.HOM FIl| 6099 1.62| 147| 022 022 099| -0.15 -0.09 034| 0.05
2.HOM FRES1 | 6108 | 1.62| 1.27 | 022| 025| 096 6 -035 -022| 048 0.08
2.HOM IT2 | 6115| 162 126, 022 024 095 -036| -0.22| 049 | 0.01
2.HOM NL1| 6111 | 1.62| 1.09 022 023| 086  -053| -033| 0.63 -0.09
2.HOM TR1| 6115| 1.62| 096 | 022 0.18 0.71| -066 -041| 0.72| -0.08
3.CSBC DE1 | 6115 162 099 | 0.22| 016 0.82| -063| -039 0.69 -0.05
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Label Model n (0] M () oy FAC2 MB NMB | RMSE r
3.CSBC DK1 | 6113 1.62 1.07 0.22 0.18 0.89 | -055| -0.34 0.62 0.00
3.CSBC ES1 | 6115 1.62 1.00 0.22 0.24 0.72 | -0.62 | -0.38 0.70 | -0.06
3.CSBC FI1 | 6109 1.62 1.47 0.22 0.22 099 | -0.15| -0.10 0.34 0.06
3.CSBC FRES1 | 6109 1.62 1.23 0.22 0.20 098 | -039| -0.24 0.48 0.11
3.CSBC IT2 | 6115 1.62 1.22 0.22 0.22 095 | -0.40 | -0.25 0.50 0.06
3.CSBC NL1 | 6113 1.62 1.04 0.22 0.17 0.86 | -0.58 | -0.36 0.64 | -0.07
3.CSBC TR1 | 6115 1.62 1.10 0.22 0.16 0.95| -0.52| -0.32 0.59 | -0.06
4.CSBCV DE1 | 6115 1.62 0.83 0.22 0.13 0.52 | -0.79 | -0.49 0.83 | -0.03
4.CSBCV DK1 | 6111 1.62 0.83 0.22 0.12 0.52| -0.79 | -0.49 0.83 | -0.05
4.CSBCV ES1 | 6115 1.62 0.75 0.22 0.18 0.34| -0.87 | -0.54 0.92 | -0.04
4.CSBCV FI1 | 6101 1.62 1.23 0.22 0.24 0.92| -040| -0.24 0.51 0.06
4.CSBCV FRES1 | 6108 1.62 0.92 0.22 0.14 0.74 | -0.70 | -0.43 0.74 0.13
4.CSBCV IT2 | 6115 1.62 0.88 0.22 0.20 0.61 | -0.74| -0.46 0.79 0.09
4.CSBCV NL1 | 6111 1.62 0.77 0.22 0.11 0.36| -0.85| -0.53 0.89 | -0.10
4.CSBCV TR1 | 6115 1.62 0.71 0.22 0.06 0.23 | -091| -0.56 0.94 | -0.10
5.PIM-NOx DE1 | 6111 1.62 1.03 0.22 0.16 0.87 | -0.59| -0.37 0.66 | -0.05
5.PIM-NOx DK1 | 6113 1.62 1.12 0.22 0.18 093 | -0.50| -0.31 0.57| -0.01
5.PIM-NOx ES1 | 6020 1.62 1.05 0.22 0.25 0.79 | -0.57 | -0.35 0.67 | -0.06
5.PIM-NOx FIL | 5606 1.63 1.52 0.22 0.20 1.00 | -0.11| -0.07 0.31 0.04
5.PIM-NOx | FRES1 | 6109 1.62 1.28 0.22 0.19 099 | -035| -0.21 0.44 0.10
5.PIM-NOx IT2 | 5310 1.63 1.30 0.22 0.21 0.97 | -033| -0.20 0.45 0.04
5.PIM-NOx NL1 | 6115 1.62 1.09 0.22 0.17 093 | -0.53 | -0.32 0.60 | -0.08
5.PIM-NOx TR1 | 6114 1.62 1.10 0.22 0.16 0.96 | -0.52| -0.32 0.59 | -0.07
6.PIM-rBC DE1 662 1.68 1.06 0.21 0.15 0.89| -0.62| -0.37 0.67 0.11
6.PIM-rBC DK1 | 5989 1.62 1.14 0.22 0.18 093 | -0.49 | -0.30 0.57 0.00
6.PIM-rBC ES1 | 4290 1.63 1.07 0.22 0.26 0.79 | -0.55| -0.34 0.66 | -0.07
6.PIM-rBC FI1 | 4455 1.63 1.54 0.22 0.18 1.00 | -0.09| -0.06 0.29 0.04
6.PIM-rBC FRES1 | 6108 1.62 1.30 0.22 0.20 0.99| -033| -0.20 0.43 0.10
6.PIM-rBC IT2 | 5018 1.63 1.32 0.22 0.22 097 | -032| -0.19 0.44 0.04
6.PIM-rBC NL1 | 5618 1.62 1.11 0.22 0.18 092 | -0.52| -0.32 0.60 | -0.07
6.PIM-rBC TR1 | 5583 1.63 1.11 0.22 0.16 0.96 | -0.51| -0.32 0.59 | -0.08
N. America

1.EXT DK1 | 2016 1.68 1.34 0.25 0.14 1.00 | -0.34| -0.20 0.42 0.27
1.EXT us3 | 2014 1.68 1.40 0.25 0.18 0.99 | -0.28 | -0.17 0.39 0.22
2.HOM DK1 | 2016 1.68 1.24 0.25 0.21 098 | -0.44 | -0.26 0.51 0.30
2.HOM us3 | 2014 1.68 1.29 0.25 0.22 097 | -039| -0.23 0.49 0.24
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Label Model n (0] M () oy FAC2 MB NMB | RMSE r

3.CSBC DK1 & 2016 1.68 1.17 0.25 0.14| 098 | -050 6 -0.30| 0.56 0.32
3.CSBC us3 2014 1.68 1.23 0.25 0.17 098 | -0.45| -0.27 0.52 0.28
4.CSBCV DK1 2016 1.68 0.89 0.25 0.12 0.62 | -0.78 | -0.47 0.82 0.24
4.CSBCV us3 | 2014 1.68 090 | 0.25 0.14| 066 6 -0.78 -0.46 0.82 0.29
5.PIM-NOx DK1 | 2015 1.68 1.22 0.25 0.14 | 099 -0.46 -0.27 0.52 0.29
5.PIM-NOx Uus3 | 2014 1.68 1.28 | 0.25 0.17 099 | -040| -0.24| 0.48 0.25
6.PIM-rBC DK1 1974 1.68 1.24 0.25 0.14 099 | -0.44 | -0.26 0.51 0.28
6.PIM-rBC US3 | 1566 1.69 1.30 | 0.25 0.18 099 | -039| -0.23 0.47 0.28
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Absorption Angstrom Exponent between 440 — 675 nm
at AERONET stations in Europe in 2010
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Figure S 13. Same as Figure S 7, but for absorption Angstrom exponent between 440 and 675 nm (AAE£42).
Table S 8. Same as Table S 1
Aerosol optical depth at 440 nm Aerosol optical depth at 440 nm
at AERONET stations in Europe in 2010 at AERONET stations in N. America in 2010
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Figure S 7. Comparison of modelled and observed aerosol optical depths at 440 nm (t440) in 2010 at AERONET stations over Europe

and North America, only for “BC” and “BC+BrC”-dominated scenes (see Table 1). Simulation labels are defined in Table 5.

5 Table S 2, but for absorption Angstrom exponent between 440 and 675 nm (AAE¢32).

Europe n 0 M

0o

Oym FAC2 MB NMB RMSE
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LEXT 48911 1.04 1.85 0.29 0.52 0.66 0.81 0.78 1.00 0.01

2.HOM 48889 1.04 1.16 0.29 0.10 0.94 0.12 0.12 0.32 0.06

3.CSBC 48904 1.04 1.79 0.29 0.39 0.68 0.75 0.73 0.89 0.05

4.CSBCV 48891 1.04 1.04 0.29 0.25 0.93 0.01 0.01 0.36 0.10

5.PIM-NOx | 47498 1.04 1.81 0.29 0.40 0.68 0.77 0.74 0.91 0.04

6.PIM-rBC 37723 1.04 1.87 0.29 0.41 0.64 0.83 0.80 0.97 0.02

N. America n 0 M 0o Oy FAC2 MB NMB RMSE r

LEXT 4030 1.02 2.28 0.29 0.71 0.42 1.26 1.23 1.45 0.17
2.HOM 4030 1.02 1.20 0.29 0.13 0.93 0.18 0.18 0.35 0.16
3.CSBC 4030 1.02 2.03 0.29 0.41 0.52 1.01 0.99 111 0.19

4.CSBCV 4030 1.02 1.12 0.29 0.28 0.92 0.10 0.10 0.38 0.18

5.PIM-NOx 4029 1.02 2.08 0.29 0.45 0.50 1.05 1.03 1.16 0.18

6.PIM-rBC 3540 1.03 2.12 0.29 0.48 0.48 1.09 1.06 1.21 0.18
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Figure S 14. Same as Figure S 8, but for absorption Angstrom exponent between 440 and 675 nm (AAE£32).
Table S 9. Same as Table S 2, but for absorption Angstrom exponent between 440 and 675 nm (AAE¢+2).
Label Model n o M oo oy FAC2 MB NMB  RMSE r
Europe
1.EXT DE1 6115 1.04 1.40 0.29 0.15 0.89 0.36 0.35 0.47 0.14
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Label Model n (0] M () oy FAC2 MB NMB | RMSE r

1.EXT DK1 6115 1.04 2.09 0.29 0.67 0.55 1.06 1.02 1.28 0.05
1.EXT ES1 6115 1.04 2.04 0.29 0.42 0.55 1.00 0.97 1.12 0.00
1.EXT FI1 6110 1.04 1.63 0.29 0.32 0.78 0.59 0.57 0.74 | -0.03
1.EXT FRES1 6111 1.04 1.94 0.29 0.66 0.62 0.91 0.88 1.16 0.01
1.EXT IT2 | 6115 1.04 1.74 | 0.29 0.38 0.72 0.70 0.68 0.85 | -0.01
1.EXT NL1 6115 1.04 2.24 0.29 0.51 0.45 1.21 1.16 1.34 0.01
1.EXT TR1 6115 1.04 1.70 0.29 0.18 0.76 0.66 0.64 0.74 0.02
2.HOM DE1 6115 1.04 1.10 0.29 0.07 0.95 0.07 0.06 0.29 0.17
2.HOM DK1 6111 1.04 1.18 0.29 0.11 0.93 0.14 0.14 0.33 0.06
2.HOM ES1 | 6115 1.04 1.17 0.29 0.08 094 0.13 0.13 0.32 0.07
2.HOM FIL | 6099 1.03 1.22 0.29 0.09 0.93 0.19 0.18 0.35 0.00
2.HOM FRES1 6108 1.04 1.16 0.29 0.11 0.94 0.13 0.12 0.33 0.06
2.HOM IT2 6115 1.04 1.12 0.29 0.10 0.95 0.09 0.08 0.31 0.06
2.HOM NL1 | 6111 1.04 1.19 0.29 0.09 0.93 0.16 0.15 0.34 | 0.05
2.HOM TR1 6115 1.04 1.10 0.29 0.05 0.95 0.06 0.06 0.29 0.19
3.CSBC DE1 | 6115 1.04 1.62 0.29 0.23 0.81 0.58 0.56 0.67 0.18
3.CSBC DK1 | 6113 1.04 1.94 | 0.29 0.36 0.61 0.91 0.88 1.01 0.08
3.CSBC ES1 | 6115 1.04 1.96 | 0.29 0.27 0.60  0.92 0.89 1.00  0.07
3.CSBC FIL | 6109 1.04 1.94 | 0.29 024 0.61 0.90 0.87 098  -0.01
3.CSBC FRES1 | 6109 1.04 1.88 | 0.29 0.38 0.64 0.84 0.82 0.96 0.05
3.CSBC IT2 | 6115 1.04 1.77 0.29 0.32 0.71 0.73 0.71 0.84 | 0.05
3.CSBC NL1 | 6113 1.04 2.04 | 0.29 0.27 0.54 1.01 0.97 1.08 0.07
3.CSBC TR1 | 6115 1.04 1.15 0.29 0.06 094 0.12 0.12 0.31 0.23
4.CSBCV DE1 | 6115 1.04 | 091 0.29 0.23 092 -0.12 | -0.12 0.36 0.18
4.CSBCV DK1 6111 1.04 1.10 0.29 0.25 0.94 0.07 0.06 0.37 0.10
4.CSBCV ES1 | 6115 1.04 1.15 0.29 0.27 0.92 0.12 0.11 0.39 0.09
4.CSBCV FI1 | 6101 1.03 1.15 0.29 0.22 0.93 0.12 0.11 0.38 0.02
4.CSBCV FRES1 | 6108 1.04 1.01 0.29 0.24| 093 -0.02 | -0.02 0.36 0.07
4.CSBCV IT2 | 6115 1.04 | 094 0.29 0.25 0.89 | -0.09 | -0.09 0.38 0.08
4.CSBCV NL1 | 6111 1.04 1.16 | 0.29 0.21 0.93 0.12 0.12 0.36 0.12
4.CSBCV TR1 | 6115 1.04 | 0.92 0.29 0.16 095 -0.12 | -0.11 0.32 0.22
5.PIM-NOx DE1 | 6111 1.04 1.59 0.29 0.21 0.82 0.55 0.53 0.64  0.18
5.PIM-NOx DK1 | 6113 1.04 1.97 0.29 0.41 0.59 0.93 0.90 1.05 0.07
5.PIM-NOx ES1 6020 1.04 1.98 0.29 0.27 0.59 0.94 0.91 1.02 0.05
5.PIM-NOx FIL | 5606 1.04 1.91 0.29 0.23 0.63 0.87 0.84| 095| -0.03
5.PIM-NOx | FRES1 6109 1.04 1.89 0.29 0.42 0.62 0.86 0.83 1.00 0.04
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Label Model n (0] M () oy FAC2 MB NMB | RMSE r
5.PIM-NOx IT2 | 5310 1.04 1.79 0.29 0.32 0.70 0.75 0.72 0.86 0.02
5.PIM-NOx NL1 | 6115 1.04 2.08 0.29 0.31 0.51 1.05 1.01 1.13 0.05
5.PIM-NOx TR1 | 6114 1.04 1.24 0.29 0.05 0.93 0.20 0.19 0.35 0.19
6.PIM-rBC DE1 662 1.05 1.62 0.27 0.19 0.81 0.57 0.55 0.66 0.11
6.PIM-rBC DK1 | 5989 1.04 1.99 0.29 0.43 0.59 0.95 0.92 1.08 0.07
6.PIM-rBC ES1 | 4290 1.04 2.06 0.29 0.28 0.53 1.02 0.98 1.09 0.01
6.PIM-rBC FI1 | 4455 1.04 1.97 0.29 0.22 0.60 0.93 0.89 1.00 | -0.04
6.PIM-rBC FRES1 | 6108 1.04 1.91 0.29 0.44 0.62 0.87 0.84 1.02 0.04
6.PIM-rBC IT2 | 5018 1.05 1.80 0.29 0.32 0.69 0.75 0.72 0.87 0.01
6.PIM-rBC NL1 | 5618 1.04 2.12 0.29 0.33 0.50 1.08 1.04 1.16 0.03
6.PIM-rBC TR1 | 5583 1.04 1.32 0.29 0.06 0.91 0.28 0.27 0.40 0.05
N. America

1.EXT DK1 | 2016 1.02 2.49 0.29 0.86 0.37 1.47 1.44 1.71 0.17
1.EXT us3 | 2014 1.02 2.06 0.29 0.41 0.46 1.04 1.02 1.13 0.23
2.HOM DK1 | 2016 1.02 1.24 0.29 0.16 0.92 0.22 0.21 0.37 0.17
2.HOM us3 | 2014 1.02 1.17 0.29 0.08 0.93 0.15 0.15 0.32 0.20
3.CSBC DK1 | 2016 1.02 2.11 0.29 0.50 0.48 1.09 1.07 1.21 0.18
3.CSBC us3 | 2014 1.02 1.94 0.29 0.26 0.57 0.92 0.90 0.98 0.24
4.CSBCV DK1 | 2016 1.02 1.19 0.29 0.33 0.90 0.17 0.17 0.43 0.20
4.CSBCV us3 | 2014 1.02 1.05 0.29 0.19 0.93 0.03 0.03 0.32 0.17
5.PIM-NOx DK1 | 2015 1.02 2.18 0.29 0.56 0.45 1.16 1.13 1.30 0.17
5.PIM-NOx us3 | 2014 1.02 1.97 0.29 0.28 0.55 0.95 0.93 1.01 0.24
6.PIM-rBC DK1 | 1974 1.02 221 0.29 0.57 0.44 1.18 1.16 1.33 0.17
6.PIM-rBC US3 | 1566 1.04 2.01 0.29 0.29 0.53 0.97 0.94 1.04 0.26
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