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Dust occurence frequency (%) at 12 UTC (2021)
a) reconstruction, AE ., = 20 b) reconstruction, AE.,+ =51.9

L]

Fyust=0.33%
c) MERRA-2 reanalysis, AOD = 0.65

Faust=1.46%
d) MERRA-2 reanalysis, AOD =0.85

Figure S1. Comparison of dust occurrence frequency in 2021 from reconstruction with different
values of AE., (top row) and from MERRA-2 reanalysis with different lower bounds of dust

AOD (middle and bottom row).
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Figure S2. Coarse particle occurrence frequency derived from MODIS level 3 data for different thresholds of AOD (columns) in 2021
(top two rows) and 2022 (bottom two rows). The first and third row show data from MODIS/Terra, the second and fourth row from

MODIS/Aqua.
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Figure S3. Reconstructed seasonal dust occurrence frequencies with AFE.; = 51.9 in 2021

(left column) and 2022 (right column). Rows indicate the season.
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Figure S4. As Fig. S3, but with AFE.; = 20.0.
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occurence frequency of events with feloud (Tcioug = 0.3)
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Figure S5. Seasomal occurrence frequency of events with AODyrase > 0.65 (left column) and
cloud occurrence frequency feouq- Clouds are defined as pixels with values of cloud optical depth

of Teloua > 0.3 (cf. Sun et al., 2011).
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Table S1. Overview over the first, second and third quartiles of the different similarity measures, SSIM, directed Hausdorff distance
(HD), and PSNR between the dust event reconstruction and the individual numerical models in the ensemble provided by the WMO

Regional Center Barcelona for 2021. The quartiles are also indicated in Fig. 5.

model Q1 (SSIM) Q5 (SSIM) Qs (SSIM) @, (HD) @, (HD) @5 (HD) @y (PSNR) @5 (PSNR) Q3 (PSNR)
ALADIN 0.7977 09201 09717 12071 28284 6.1235 10.3873 165752  23.2378
BSC-DREAMSb  0.9231  0.9584  0.9829  0.0000 1.7321  2.4495 16.1893  20.1203  25.4512
CAMS-IFS 0.8871 09286 09829 20000 2.8284  3.6056 15.3205 184613  22.8248

DREAMS-CAMS 0.9176 0.9561 0.9817 0.0000  1.8660  2.4495  16.4534 20.1166 25.1764
EMA-RegCM4  0.9168 0.9538 0.9795 0.0000  2.0000  2.6458  16.0858 19.5080 24.8203

ICON-ART 0.8375 0.9063 0.9615 1.4142  3.6056  4.6904  13.2737 15.7097 21.1405
LOTOS-EUROS 0.5763 0.6981 0.8096 5.8310  7.1414  7.9373  6.6788 8.9512 11.4620
MONARCH 0.6241 0.7088 0.8244 5.6569  7.2801  8.3066  7.3456 8.7101 11.6249
NASA-GEOS 0.8964 0.9333 0.9736 1.0000  2.6458  3.8730  14.9364 17.6418 22.8890
NCEP-GEFS 0.7140 0.8450 0.9136 3.4994  5.0000  6.7823  9.6400 13.4402 17.6882
NOA 0.7118 0.8838 0.9439 3.0000  4.8990  6.9282  8.6930 14.3754 18.5512
SILAM 0.8642 0.9006 0.9432 2.8284  3.7416  4.6904  13.2550 15.6025 18.6762

WRF-NEMO 0.8754 0.9597 0.9883 0.0000  1.4142  2.4495  13.8600 19.8911 30.3248
MULTI-MODEL 0.8925 0.9407 0.9761 0.0000 24495  3.8730  14.3954 17.9117 23.2233
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