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Figure S1: The EMAC setup yields realistic results for the AOD at visible wavelength (550 nm, left) and in the
infrared (10 wm, right, dust related AOD only). The top row shows the model results, the bottom row satellite
observations by MODIS (left) and IASI (right).
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Figure S2: The total (solar and terrestrial) direct radiative forcing of anthropogenic aerosol in the dust free
scenario at the top of the atmosphere (TOA, top), within the atmosphere (centre) and at the bottom of the
atmosphere (BOA, bottom). Dots indicate regions where the forcing is insignificant.
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Figure S3: Same as Fig. S2, but only considering solar (shortwave, SW) radiation.
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Figure S4: Same as Fig. S2, but only considering terrestrial (longwave, LW) radiation.
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Figure S5: Same as Fig. S2, but for each season (December, January, February (DJF); March, April, May
(MAM); June, July, August (JJA); September, October, November (SON)) individually.
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Figure S6: The total (solar and terrestrial) direct radiative forcing of mineral dust in the natural scenario at the
top of the atmosphere (TOA, top), within the atmosphere (centre) and at the bottom of the atmosphere (BOA,
bottom). Dots indicate regions where the forcing is insignificant.
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Figure S7: Same as Fig. S6, but only considering solar (shortwave, SW) radiation.



LW TOA forcing
o ‘ : .

Global mean: (0.086 + 9e-05) W/m?
LW atm. forcing

Global mean: (-0.3 + 5e-04) W/m?
LW BOA forcing

—

Global mean: (0.38 + 6e-04) W/m?

Figure S8: Same as Fig. S6, but only considering terrestrial (longwave, LW) radiation.
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Figure S9: Same as Fig. S6, but for each season (December, January, February (DJF); March, April, May
(MAM); June, July, August (JJA); September, October, November (SON)) individually.
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Figure S10: Global direct radiative forcing by dust in the EMAC simulations of the present study in comparison
to results of previous studies (Yue et al. 2010, Table 1).
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Figure S11: Effect of the dust-pollution interactions on the burdens of major aerosol components (left column:
accumulation mode, right column: coarse mode).
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Figure S12: Effect of the dust-pollution interactions on the burdens of the main aerosol ions (left column:
accumulation mode, centre column: coarse mode) and the corresponding precursor gases (right column).
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Figure S13: Annual mean aerosol mass burdens over regions A (top) and B (bottom) in Fig. 1 for each of the
four simulations individually.
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Figure S14: Same as Fig. 3 (top) but at 550 nm wavelength.
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Figure S15: Same as Fig. 3, but for each season (December, January, February (DJF); March, April, May
(MAM); June, July, August (JJA); September, October, November (SON)) individually.
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Figure S16: Annual mean of the extinction weighted single scattering albedo (SSA) for the different emission
setups.
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Figure S17: Same as Fig. 5, but only considering solar (shortwave, SW) radiation.
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Figure S18: Same as Fig. 5, but only considering terrestrial (longwave, LW) radiation.

19



TOA Atmosphere BOA
DJF -0.041+7e-04 W/m? DJF 0012+1e 04 W/m? DJF (-0.029+8e-04) W/m?

-1.5 -1.0 -05 DO 05 1.0 15

Figure S19: Same as Fig. 5, but for each season (December, January, February (DJF); March, April, May
(MAM); June, July, August (JJA); September, October, November (SON)) individually.
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Figure S20: Real part n and imaginary part k of refractive indices of various components used by the EMAC
model. The data for ammonium sulphate ((NH4)2SO4) also serves as default for other components. The
background shading represents the shortwave (green, including the AEROPT sub-bands) and longwave (blue)
bands used in EMAC. Adopted from the supplement of (Klingmller et al. 2014).
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Figure S21: Effect of the dust-pollution interactions on the AOD contributions of (from top to bottom) bulk dust
(DU), black carbon (BC), bulk sea salt (SS), water (H20) and primary and secondary organic aersols including
organic carbon (OA), at 550 nm (left column) and 10 pm (right column) wavelength.
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Table S1: Real part n of the refractive indices displayed in Fig. S20 for the shortwave (top) and longwave
(bottom) bands.

A/pm n

BC OC Dust SS (NH4)2504s H,0
0.25-0.36 1.72 153 153 151 1.54 1.35
0.36 — 0.47 1.75 153 153 150 1.54 1.34
0.47—-0.58 1.75 1588 153 150 1.53 1.33
0.58 - 0.69 1.75 153 153 149 1.52 1.33
0.69—-0.81 1.75 1588 153 149 1.52 1.33
0.81-0.94 1.75 152 153 1.48 1.52 1.33
0.94 -1.06 1.76 152 153 1.47 1.51 1.33
1.06 —1.19 1.76 151 153 1.47 1.51 1.33
1.19-1.49 1.76 150 153 1.47 1.50 1.32
1.49-1.78 1.78 149 153 1.46 1.49 1.32
1.78 —2.08 1.80 1.47 153 1.45 1.47 1.31
2.08-2.38 1.81 146 153 1.44 1.46 1.29
2.38-2.78 1.82 1.44 148 142 1.42 1.24
2.78-3.19 1.84 142 147 154 1.36 1.36
3.19-3.59 1.87 150 1.48 1.48 1.58 1.43
3.59 -4.00 1.90 1.52 147 147 1.57 1.37
3.3-3.8 1.89 152 1.47 1.48 1.59 1.39
3.8-42 192 151 148 1.48 155 1.35
42-44 193 149 149 149 1.52 1.34
44-438 1.95 147 150 1.48 1.49 1.33
48-5.6 198 141 153 145 1.44 1.31
5.6-6.8 202 1.43 142 147 133 1.31
6.8-7.2 205 1.49 144 143 1.69 1.32
72-8.5 211 156 125 142 143 1.30
8.5-93 217 162 160 1.60 1.11 1.27
9.3-10.2 220 1.73 274 156 239 1.23
10.2-12.2 223 168 1.81 148 1.90 1.15
12.2-14.3 229 162 170 141 1.70 1.17
14.3-15.9 233 161 152 146 1.76 1.27
15.9-20.0 240 1.60 185 171 2.03 1.41
20.0 - 40.0 257 160 254 1.76 1.56 1.53
40.0-1000.0 269 1.60 236 1.74 214 2.20
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Table S2: Imaginary part k of the refractive indices displayed in Fig. S20 for the shortwave (top) and longwave
(bottom) bands.

A/pm K

BC OC Dust  SS (NH4)2504  H20
0.25-0.36 0.46 0.17 0.024 2.1e-06 1.0e-07 1.7e-08
0.36 —0.47 0.46 0.099 0.012  7.0e-08 1.0e-07 2.4e-09
0.47—-0.58 0.44 0.038 0.0066 1.4e-08 1.0e-07 2.1e-09
0.58 - 0.69 0.43 0.0098 0.0045 3.8e-08 1.0e-07 1.7e-08
0.69—-0.81 0.43 0.00099 0.0040 1.1e-06 1.2e-07 1.4e-07
0.81-0.94 0.43 0.00086 0.0040 2.8e-05 3.6e-07 8.1e-07
0.94 -1.06 0.44 0.00077 0.0041 0.00014 1.3e-06 3.1e-06
1.06-1.19 0.45 0.00067 0.0045 0.00026 6.1e-06 1.3e-05
1.19-1.49 0.45 0.00051 0.0052 0.00043 3.1e-05 5.0e-05
1.49-1.78 0.47 0.00028 0.0061 0.00068 7.6e-05 1.0e-04
1.78 —2.08 0.49 6.3e-05 0.0074 0.00097 0.00065 0.00069
2.08-2.38 0.50 8.2e-05 0.011 0.0020 0.0010 0.00068
2.38-2.78 0.52 0.0014  0.021 0.0053  0.0040 0.017
2.78-3.19 0.54 0.082 0.024 0.0079 0.11 0.18
3.19-3.59 0.55 0.089 0.013  0.0021 0.18 0.035
3.59 -4.00 0.57 0.040 0.0067 0.0014 0.042 0.0045
3.3-3.8 0.56 0.067 0.010 0.0016 0.10 0.011
3.8-42 0.58 0.026 0.0044 0.0014 0.016 0.0055
42-44 0.59 0.011 0.0054 0.0014 0.0097 0.010
4.4-48 0.59 0.0050 0.0092 0.0017 0.0072 0.013
48-5.6 0.60 0.0022 0.023 0.0029 0.0072 0.013
5.6-6.8 0.62 0.18 0.054 0.010 0.045 0.064
6.8-7.2 0.64 0.20 0.098 0.0064 0.38 0.034
72-8.5 0.67 0.19 0.10 0.014 0.24 0.034
8.5-93 0.70 0.21 0.44 0.028 1.2 0.039
9.3-10.2 0.71 0.15 0.78 0.017 0.48 0.048
10.2-12.2 0.74 0.013 0.30 0.014 0.043 0.12
12.2-14.3 0.76 0.0054 0.19 0.019 0.020 0.32
14.3-15.9 0.79 0.0018 0.23 0.042 0.12 0.40
15.9-20.0 0.83 0.0016 0.54 0.12 0.14 0.42
20.0-40.0 093 O 0.74 0.40 0.34 0.35
40.0-1000.0 1.0 0 0.68 1.0 1.1 0.57
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