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Methodology to derive the dust content of atmospheric aerosols. 

Air masses from Africa transported over the open sea were selectively sampled at Miami and Barbados stations. The mineral 

dust fraction was then calculated from the aluminium (Al) content in the ash residue of the burned sample (assuming an 8% 

Al content) (Zuidema et al., 2019). At the location of Cayenne, the dust load is calculated by subtracting a regional background 

from the PM10 concentrations measured by the ATMO-Guyane organizations using TEOM (tapered element oscillating 5 

microbalance) instrumentation (Prospero et al., 2020). For the Sahel stations, the reported measurements are for total PM10. 

As the stations lie close to the dust emission source, dust concentration can be estimated by omitting in the calculation of the 

monthly averages the air masses originating  from areas containing a significant amount of aerosols from other sources (mainly, 

biomass burning for Banizoumbou and Cinzana, sea salt and urban pollution for M’Bour and Bambey) (Reid et al., 005; Lebel 

et al., 2010; Kok et al., 2021). Filtering the observations according to wind direction might lead, however, to an overestimation 10 

of the real dust concentrations, as even dust-rich air masses coming from the source regions may contain aerosols other than 

dust. For the stations of Banizoumbou (Niger, 13.54°N, 2.66°E) and Cinzana (Mali, 13.28°N, 5.93°W), we filtered out 

southerly air masses during the dry season (December to February) to avoid the interference of biomass burning aerosols 

(Cavalieri et al., 2010). For the M'Bour (Senegal, 14.39°N, 16.96°W) and Bambey (Senegal, 14.70 °N, 16.47 °W) stations, we 

excluded the air masses rich in sea-salt and pollutants associated with wind sectors originating from marine and urban areas. 15 

Following Kok et al. (2021), we accounted for the correction from geometric to aerodynamic diameter when comparing the 

model dust concentration with the Sahel measurements. To do so, we used the result of Huang et al. (2020), who calculated 

that for desert dust, a geometric diameter of 6.8 µm corresponds to an aerodynamic diameter of 10 µm. For the stations of 

Agia Marina (35oN, 33.06oE) (Pikridas et al., 2018) and Finokalia (25.67oN, 35.34oE), the dust concentration is calculated 

from measurements of total PM load following the methodology developed by Escudero et al. (2007) using air mass origin 20 

characterization based on air mass back-trajectories.  

 

Equations used for the statistical analysis 

Mathematical formulas for correlation coefficient (R; Eq. S1), normalized mean bias (nMB; Eq. S2), and the normalized root 

mean square error (nRMSE; Eq. S3) that used for the statistical analysis between model observations; Oi and Pi stand for 25 

observations and predictions respectively and also N is the number of pairs (observations, predictions) that are compared. 
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Supplementary figures 35 

 

 

Figure S1: The location of the 8 stations used for the model validation, plotted over the dust concentration field simulated by TM4-ECPL 

model for summer 2015. Note that the two stations, M'Bour and Bambey, are so close to each other that they are superimposed on the map. 

The grey grids correspond to the model gridding in 3◦ x2◦ resolution. 40 

 

 

Figure S2: Site location map of observations dust surface concentration (RSMAS, purple squares; AMMA, orange diamonds), and dust 

deposition rates (several sources compiled in Albani et al.,2014, green triangles). 
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 45 

Figure S3: Location of the data used for comparison in Figure 4. The name of the campaigns for these datasets, the locations and the 

corresponding literature references are provided in Table S3. 

 

 

 50 

Figure S4: Comparison of [INP]T concentrations calculated at the temperature of the measurements against observations (dates and locations 

provided in the supplementary Table S1). (a) simulating only quartz derived INP, (b) simulating only K-feldspar derived INP and (c) 

simulating both quartz and K-feldspar derived INP (d) simulating only feldspar INP (black circles) and both quartz and K-feldspar INP (red 

circles). This figure is related to Fig 4. 

 55 



4 

 

 

Figure S5: Shows the locations where model overestimates (blueish) and underestimates (reddish) INP observations by ±2 orders of 

magnitude (colour-bar). The location of the points with same coordinates have been moved randomly (1-4° degrees) in the plot for purpose 

of visualization so it can be seen when the bias affects a single data point. The plots surrounding the map show the climatological monthly 

mean of the deviations between modelled and observed INP concentration for specific regions. Y-axis shows the bias between model results 60 
and observations calculated as the difference log10(observations)-log10(model) while the x-axis indicates the corresponding month or the 

year.  

 

 

 65 

 

 

 

 

Figure S6: (a) Profile of the mean percent contribution of INP from quartz minerals over Eurasia. (b) Annual zonal mean over Eurasia. 70 
this figure is related with Fig 7. 
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Figure S7: (a) Profile of mean percent contribution of INP from quartz minerals in the South Hemisphere. (b) Annual zonal mean of the 75 
percent contribution of INPquartz to the total INP from dust in the South Hemisphere. This figure is related to Fig 8. 

 

 

 

  80 
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Supplementary tables  

Table S1: Summary of statistics for all points and per region for the evaluation of (a) the modelled annual mean dust surface concentration 

for 2009– 2016 compared to climatological mean values from RSMAS sites and AMMA campaign, and (b) the modelled annual dust 

deposition flux averaged for the same period against observations as compiled in Albani et al. (2014) from several sources. The number of 

stations (n), the Pearson correlation coefficients (R) between the simulated and measured monthly mean concentrations, the normalized 85 
mean bias (nMB), and the normalized root-mean-square errors (nRMSEs) are indicated for the TM4-ECPL simulation. 

 n R nMB(%) nRMSE (%) 

Dust surface concentration 

N. America 1  35.66 38.54 

C. America 2  50.60 50.60 

Europe 2  -48.92 88.03 

N. Africa 4  37.97 66.62 

E. Asia 2  138.61 150.95 

Australian 

oceans 

3  87.83 111.26 

S. Pacific Ocean 3  105.04 115.32 

N. Pacific Ocean 4  630.89 803.67 

Southern Ocean 2  -48.25 61.84 

All Points  23 0.93 44.10 143.20 

Dust Deposition rates  

Arctic 2  1032.05 1038.09 

N. America 6  -83.42 107.81 

C. America 2  -44.25 68.06 

S. America 1  -99.35 99.35 

Europe 13  -74.28 129.73 

N. Africa 23  -54.33 143.07 

S. Africa 5  -77.39 92.66 

W. Asia and M. 

East 

5  -94.72 163.86 

E. Asia 12  -31.93 190.09 

Australian 

oceans 

9  -94.62 195.95 

S. Pacific Ocean 2  -60.99 63.05 

N. Pacific Ocean 15  -30.02 79.72 

Southern Ocean 15  1290.20 1475.04 

All Points  110 0.8 -59.20 233.40 
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Table S2: Statistical performance of the different minerals. Pt1 and Pt1.5 are the percentages of data points reproduced within an order of 

magnitude and 1.5 orders of magnitude in the temperature range of every parameterization. R_1 and R_1.5 are the correlation coefficient 90 
correspond the related Pt1 and Pt1.5 percentages. The number of data points used for calculating these values is shown under the data points 

column.  The correlation coefficient has been calculated with the logarithm of the values. 

Parameterization: 

(Harrison et al., 

2019) 

Temperature 

range  

Pt_1 R_1 Data point  Pt_1.5 R_1.5 

 

Data 

points  

R 

Quartz -10.5 to -37.5 °C 45% 0.74 119    58% 0.63 153    

 K-feldspar -3.5 to -37.5 °C 50% 0.93 132   66% 0.91 172  

K-feldspar and quartz  51% 0.94 135  69% 0.92 181  

All points       263 0.84 

 

 

Table S3: Data sets used for this study. Campaign/data 95 

Campaign/data set Location References 

Arctic station Barrow/Utqiagvik Arctic (Wex et al., 2019) 

Alert (Canadian Arctic Station) Arctic 

Arctic station Ny-Ålesund Arctic 

Station_Nord (Villum Research Station) Arctic 

PS95 Atlantic Cruise 2015 Atlantic (Welti et al., 2020) 

KAD_Israel Tel Aviv (Ardon-Dryer and Levin, 

2014) 

KAD_South_Pole South Pole (Ardon-Dryer et al., 2011) 

Conen_ Chaumont Jungfraujoch and 

Chaumont 

(Conen et al., 2015) 

CYPRUS BACCHUS/CHARMEX 2015 Forestry 

Department site,  

Agia Marina  

(Ansmann et al., 2019) 

BACCHUS_FRIDGE 

AMAZONAS 

Amazonian Tall 

Tower Observatory 

(Schrod et al., 2020) 

CalWater Coastal California, 

Airborne    

(Fan et al., 2014) 

Conen_JFJ Jungfraujoch (Conen et al., 2015) 

 

CLACE2014 Jungfraujoch  

(Lacher et al., 2021, 2018, 

2017) 

(Boose et al., 2016) 

CLACE2013 Jungfraujoch 

CLACE2012 Jungfraujoch 

CalNex California (Wang et al., 2012) 

CALIMA 2014 Izana observatory, 

Tenerife 

(Boose et al., 2016)  

CALIMA 2013 

 

Izana observatory, 

Tenerife 

(Boose et al., 2016) 

ISAC-CNR MaceHead 

BACCHUS Campaign 

Mace Head 

Observatory, 

Carna, Galway, 

Ireland 

(Rinaldi et al., 2016)  
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 ISAC-CNR SanPietro_Capofiume 

BACCHUS Campaign 

San Pietro 

Capofiume (BO, 

Italy) 

(Belosi et al., 2017) 

ISAC_CNR_MtCimone 

BACCHUS Campaign 

mountain 

observatory Mt. 

Cimone 

(Rinaldi et al., 2017) 

ISAC-CNR Antarctica 

BACCHUS Campaign 

Mario Zucchelli 

Station, Terranova 

Bay, Antarctica 

(Belosi et al., 2014) 

BACCHUS_FRIDGE_SVALBARD 

Campaign 

Zeppelin 

Observatory, 

Svalbard/Spitzberg

en 

(Schrod et al., 2020) 

BACCHUS_FRIDGE_MARTINIQUE Volcanic and 

Seismologic 

Observatory, 

Fonds-Saint-Denis, 

Martinique, 

Caribbean 

(Schrod et al., 2020) 

CSU_CFDC_archive_BEACHON Manitou  

Experimental  

ForestObservatory 

(MEFO) 

(Tobo et al., 2013) 

ETH_JFJ_2014 Jungfraujoch High 

Altitude Research 

Station 

(Lacher et al., 2017) 

ETH_JFJ_2016 Jungfraujoch High 

Altitude Research 

Station 

(Lacher et al., 2017, 2018) 

ETH_JFJ_2015 Jungfraujoch High 

Altitude Research 

Station 

(Lacher et al., 2017) 

TROPOS_Cyprus2016 Agia Marina, 

Xyliatou, Cyprus 

(Ansmann et al., 2019; 

Schrod et al., 2017) 

TROPOS_CV_IN Cape Verde   (Welti et al., 2018) 

Yin_China China (Yin et al., 2012) 

NETCARE_2013  Coastal (West 

coast of Canada) 

(Mason et al., 2015) 
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