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1 Supplementary Information1

1.1 Line-by-line Radiative Transfer Model2

To quantify the RF of dust, we performed the radiative transfer calculations us-3

ing the line-by-line modeling framework. The framework was previously used in (Mok4

et al., 2016; Osipov et al., 2020) and is described in detail in Appendix A (Osipov et al.,5

2020). The Python wrapper to run the DISORT model is publicly available at https://6

github.com/SeregaOsipov/pyDISORT. This section outlines the modeling setup adjust-7

ments necessary to calculate the RF of aerosols.8

We assumed the bright desert Lambertian surface and prescribed an albedo of 0.3.9

We do not consider the diurnal cycle (see Figure 12 in (Osipov et al., 2015)) and fixed10

the solar zenith angle at 0 degrees. The dust was distributed in the 5 km thick layer in11

the lower troposphere (characteristic height of the PBL). The number of particles in the12

size distribution was scaled to produce column AOD of 0.5 at 0.5 µm. The refractive in-13

dex of dust was taken from the WRF-Chem model. The characteristic values of the imag-14

inary part is 10−3 in shortwave and 0.65 at 10 µm. The shortwave and longwave spec-15

tra were discretized with 10 cm−1 step. Figure S1 shows the corresponding spectral op-16

tical properties of dust, while Figure S2 shows the CDFs, i.e. the relative contribution17

of the dust particles as the radius increases.18

Figure S1: a) Spectral extinction, b) single-scattering albedo, c) asymmetry parameter,
and d) phase function for the dust PSD observed after the Haboob dust storm in Saudi
Arabia on 9 April 2009. The corresponding dust size distribution is shown in the main
text (Figure 11, left column). The number of particles was normalized to produce column
AOD of 0.5 at 0.5 µm.
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Table S1: Statistical scores (R, RMSE, and Bias) of DD for particles with r < 5 µm simu-
lated within WRF-Chem, MERRA2, and CAMS compared to observations for 2016.

R RMSE Bias

WRF-Chem (Ukhov et al., 2020) 0.70 0.94 0.31
WRF-Chem (This Study) 0.64 1.04 -0.29
MERRA-2 0.41 1.11 -0.24
CAMS 0.36 1.14 0.29
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Figure S2: Relative contribution (CDFs) of the dust particles up to radius r to the SW
and LW dust optical properties: a) extinction, b) single-scattering albedo, and c) asymme-
try parameter shown in Figure S1.
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Figure S3: Seasonal mean dust deposition rate g m−2 mo−1 in the Arabian Peninsula
calculated in WRF-Chem with the DD constraints for 2016: a) DJF, b) MAM, c) JJA,
and d) SON. The spatially integrated mass of deposited dust is shown in each panel at
the bottom.

Figure S4: Seasonal mean dust deposition rate g m−2 mo−1 in the Red Sea calculated in
WRF-Chem with the DD constraints for 2016: a) DJF, b) MAM, c) JJA, and d) SON.
The spatially integrated mass of deposited dust is shown in each panel at the bottom.
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Figure S5: Seasonal mean dust deposition rate g m−2 mo−1 in the Arabian Gulf calcu-
lated in WRF-Chem with the DD constraints for 2016: a) DJF, b) MAM, c) JJA, and
d) SON. The spatially integrated mass of deposited dust is shown in each panel at the
bottom.
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