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Figure S1: Scatterplot of model (y-axis) versus observations (x-axis) for dust related proxies, similar to Li et al., 2022 for ease of comparison for a. Dust optical depth, b. surface concentrations and c. dust deposition.  The only difference between these model simulations and those in Li et al., 2022 is the inclusion of the EMIT composition map.  The one-to-one line (solid), and uncertainties (dotted) are shown (from Li et al. 2022).
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Figure S2: Definition of the different regions used in this study and the color and symbols associated with them.
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Figure S3: Elemental surface concentrations in the PM2.5 size fraction. Modeled values in µg/m3 are shown in the background in a. Al, c. Ca, e. Fe, g. Si and i. Ti while the circles represent the observational measurements from land-based station data using the same color bar. A comparison of the model (x-axis) to the observations (y-axis) is shown for the land-based station data (b. Al, d. Ca, f. Fe, h. Si, and j. Ti). Statistics for these figures are in Table S7.
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AI-generated content may be incorrect.]Figure S4: Elemental surface concentrations in the PM10 size fraction compared against cruise data. Modeled values in µg/m3 are shown in the background in a. Al, b. Ca, c. Fe, d. Si and . Ti while the circles represent the observational measurements from cruise data using the same ecolor bar. A scatter-plot comparison of the model (x-axis) to the observations (y-axis) is shown in the main paper in Figures 1,3, 5-7 for the different elements. Statistics for these figures are in Table S8.
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Figure S5: Elemental surface concentrations in the PM2.5 size fraction. Modeled values in µg/m3 are shown in the background in a. Al, c. Ca, e. Fe, and g. Ti (there is no Si data) while the circles represent the observational measurements from cruise data using the same color bar. A comparison of the model (x-axis) to the observations (y-axis) is shown for the cruise data (b. Al, d. Ca, f. Fe, and h. Ti). Statistics for these figures are in Table S9.
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Figure S6: Modeled (background) and observed (circles) Al PM10 annual mean concentrations in µg/m3 for a. Africa, b. Asia, c. Australia, d. Europe, e. N. America and f. S. America. These show the exact same information as in Figure 1a but in subregions.
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Figure S7: Percentage of deposition from each dust source  or PM10 Al for a. Illite, b. Kaolinite, c.Iron Oxides, d. Quartz, e. Calcite, f. Feldspar, g. Gypsum, h. Montmorlite, and i. Non-dust sources.
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Figure S8: Percentage of the non-dust sources (not the total) for Al PM10 deposition: a. Sea Salts (ncl), b. Road dust, c. bacteria and fungi (BacFung), d. other primary biogenic particles (PBP), e. Coal, f. Oil, g. Wood, h. Al Smelting, i. Non-Al Smelting, i. Volcano, k. Biomass Burning (bb).
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Figure S9: Modeled (background) and observed (circles) Ca PM10 annual mean concentrations in µg/m3 for a. Africa, b. Asia, c. Australia, d. Europe, e. N. America and f. S. America. These show the exact same information as in Figure 3a but in subregions.
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Figure S10.  Elemental surface size fraction compared against station data using the ratios of concentrations ((μg/m3 divided by μg/m3 ). Modeled values in are shown in the background for a. Ca/Al, b. Fe/Al, c. Si/Al and d.Ti/Al while the circles represent the observational measurements from station data using the same color bar. A scatter-plot comparison of the model (x-axis) to the observations (y-axis) is shown in the main paper in Figures 4 for the different elements. Statistics for these figures are in Table S8.
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Figure S11: Percentage of deposition from each dust source for PM10 Ca for a. Illite, b. Kaolinite, c.Iron Oxides, d. Quartz, e. Calcite, f. Feldspar, g. Gypsum, h. Montmorlite, and i. Non-dust sources.
[image: ] Figure S12: Percentage of the non-dust sources (not the total) for Ca PM10 deposition: a. Sea Salts (ncl), b. Road dust, c. bacteria and fungi (BacFung), d. other primary biogenic particles (PBP), e. Coal, f. Oil, g. Wood, h. Al Smelting, i. Non-Al Smelting, i. Volcano, k. Biomass Burning (bb).
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Figure S13: Modeled (background) and observed (circles) Fe PM10 annual mean concentrations in µg/m3 for a. Africa, b. Asia, c. Australia, d. Europe, e. N. America and f. S. America. These show the exact same information as in Figure 5a but in subregions.
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Figure S14: Percentage of deposition from each dust source for PM10 Fe for a. Illite, b. Kaolinite, c.Iron Oxides, d. Quartz, e. Calcite, f. Feldspar, g. Gypsum, h. Montmorlite, and i. Non-dust sources.

[image: ] S15: Percentage of the non-dust sources (not the total) for Fe PM10 deposition: a. Sea Salts (ncl), b. Road dust, c. bacteria and fungi (BacFung), d. other primary biogenic particles (PBP), e. Coal, f. Oil, g. Wood, h. Al Smelting, i. Non-Al Smelting, i. Volcano, k. Biomass Burning (bb).
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Figure S16.  Elemental surface concentrations in the PM10 size fraction compared against cruise data from Myriokefalitakis et al (2018). Modeled values in µg/m3 are shown in the background in a, while circles represent the observational measurements from cruise data using the same color bar. A scatter-plot comparison of the model (x-axis) to the observations (y-axis) is shown in b.  The correlation coefficient is 0.51, while the rms value is 0.97 and the mean normalized bias is 0.10, similar to previous versions of this model Myriokefalitakis et al (2018).
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Figure S17: Modeled (background) and observed (circles) Si PM10 annual mean concentrations in µg/m3 for a. Africa, b. Asia, c. Australia, d. Europe, e. N. America and f. S. America. These show the exact same information as in Figure 6a but in subregions.
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Figure S18: Percentage of deposition from each dust source for PM10 Si for a. Illite, b. Kaolinite, c.Iron Oxides, d. Quartz, e. Calcite, f. Feldspar, g. Gypsum, h. Montmorlite, and i. Non-dust sources.
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S19: Percentage of the non-dust sources (not the total) for Si PM10 deposition: a. Sea Salts (ncl), b. Road dust, c. bacteria and fungi (BacFung), d. other primary biogenic particles (PBP), e. Coal, f. Oil, g. Wood, h. Al Smelting, i. Non-Al Smelting, i. Volcano. Biomass burning is assumed to be zero and not included.
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Figure S20: Modeled (background) and observed (circles) Ti PM10 annual mean concentrations in µg/m3 for a. Africa, b. Asia, c. Australia, d. Europe, e. N. America and f. S. America. These show the exact same information as in Figure 7a but in subregions.
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Figure S21: Percentage of deposition from each dust source for PM10 Ti for a. Illite, b. Kaolinite, c.Iron Oxides, d. Quartz, e. Calcite, f. Feldspar, g. Gypsum, h. Montmorlite, and i. Non-dust sources.
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S22: Percentage of the non-dust sources (not the total) for Ti PM10 deposition: a. Sea Salts (ncl), b. Road dust, c. bacteria and fungi (BacFung), d. other primary biogenic particles (PBP), e. Coal, f. Oil, g. Volcano. Wood, Al and Non-Al Smelting and Biomass burning is assumed to be zero and not included.


Table S1. Mass percentage elemental composition of minerals in desert dust based on the measurement and compilations from (Menut et al., 2020).
	Mineral
	Al
	Ca
	Fe
	Si
	Ti

	Calcite
	0
	40
	0
	0
	0

	Feldspar
	10.96
	3.84
	0.34
	25.24
	0.04

	Goethite
	0.55
	0.02
	62.90
	0.89
	0.01

	Gypsum
	0
	23.3
	0
	0
	0

	Hematite
	2.67
	0.12
	57.48
	2.11
	0.22

	Illite
	10.47
	1.45
	4.01
	24.11
	0.52

	Kaolinite
	20.42
	0.03
	0.24
	20.27
	1.00

	Quartz
	0
	0
	0
	46.7
	0

	Smectite
	8.57
	0.91
	2.55
	27.44
	0.07

	Vermiculite
	6.84
	0.98
	6.7
	16.09
	0.65



Table S2.  Estimated mass ratio of element/Fe for using the mineralogy-based Fe emissions from combustion and industrial activities (Rathod et al., 2020). Iron emissions are spatially disaggregated using Rathod et al., (2020).  Citations for these emission factors are the following: Hard coal: Block and Dams, 1976; Matinez and Tarazona, 1990; Mamane 1986, Meji 1994, Davison 1976, Querol 1995, Smith, 1979; Watson 2001.  Oil, light and medium distillates: Linak, 2000; Tsai 1998; Dreher 1997; Huffman 2000; Maman 1986.  Smelting: DeSouza 2010; Machado 2006. Wood: 
Koukouzas 2007; Steenari 1999; Zhang 2012; Watson 2001; Schmidl 2008; Alves, 2001. Open fires: Hamilton et al., 2022 for Al, Ca, and the same citations as for Wood for Si and Ti.
	[bookmark: bookmark=id.vqb0ebgy3ue1]Fuel
	Broad category
	Al 
	Ca
	Si
	Ti

	[bookmark: bookmark=id.f5p837wrfmke] Hard Coal
	Coal
	2
	1
	3
	0.1

	 Heavy Fuel Oil 
	Oil
	0.4
	0.2
	0.4
	0.05

	 Light distillate
	Gasoline
	0.4
	0.2
	0.4
	-

	 Middle distillate
	Diesel
	0.4
	0.2
	0.4
	-

	Smelting and misc (Cu and Pb)
	Smelting
	0.01
	0.2
	0.03
	0

	 Other fuels 
	
	2
	1
	3
	-

	 Wood
	Wood
	3
	10
	3.5
	0

	Open Fire
	
	1.5
	4
	0
	0



Table S3: Elemental mass fraction for different sources, how these are calculated and the citation.
	Type
	Elemental Fraction
	Citation

	Sea spray/Sea salt
	
	

	Al
	2.5e-8
	Rauch and Pacyna, 2009

	Ca
	1e-2
	Schlesinger, 1997

	Fe
	3e-9
	Rauch and Pacyna, 2009

	Si
	3e-5
	Kido and Nishimura, 1975

	Ti
	5e-9
	Orians et al., 1990

	Primary biogenic particles
	
	

	Al
	166e-6
	Rauch and Pacyna, 2009

	Ca
	1e-4
	Ostrowska and Porębska, 2017

	Fe
	193e-6
	Rauch and Pacyna, 2009

	Si
	1e-2
	Smis et al., 2014

	Ti
	33e-6
	Lyu et al., 2017

	Road dust
	
	

	Al
	0.07
	Zhang et al. 2015 

	Ca
	0.04
	Zhang et al. 2015

	Fe
	0.035
	Taylor and McClennan, 1985

	Si
	0.3
	Taylor and McClennan, 1985

	Ti
	0.006
	Zhang et al. 2015

	Biomass burning
	Ratio to BC
	

	Fe
	0.3
	Hamilton et al., 2021

	Al
	0.2
	Ratios from Table S2

	Ca
	1.2
	Ratios from Table S2

	Si
	0
	Table S2

	Ti
	0
	Table S2




Table S4: Ash weight percentage from different volcanic eruptions of elements estimated from Hornby et al., 2023, contrasted with PM10 observations from individual volcanoes.  
	Weight % by element
	Al
	Ca
	Fe
	 Si
	Ti
	Citation
	Notes

	Values used here
	8.6
	4.8
	5.6
	20
	0.70
	
	

	Ash
	8.6
	4.8
	5.6
	27
	0.70
	Hornby et al. 2023
	Average of multiple volcanoes 

	PM10
	6.7
	5.9
	6.8
	18
	1.7
	Lopez-Darias et al., 2025
	La Palma eruption (low Si eruption)

	PM10
	10.1
	6.2
	6.9
	25
	0.5
	Tomacek et al., 2024
	La Soufriere, St. Vincent



Table S5: Global emissions from each of the sources included in this study (Tg/year).  We also include the percent of the surface concentrations that are in PM2.5.
	Source type
	Al
	Ca
	Fe
	Si
	Ti
	% PM2.5

	Illite
	6.74E+01
	9.33E+00
	2.58E+01
	1.55E+02
	3.35E+00
	8

	Kaolinite
	9.56E+01
	1.40E-01
	1.12E+00
	9.49E+01
	4.68E+00
	8

	Iron Oxides
	1.52E+00
	6.82E-02
	3.27E+01
	1.20E+00
	1.25E-01
	8

	Quartz
	0.00E+00
	0.00E+00
	0.00E+00
	3.67E+02
	0.00E+00
	4

	Calcite
	0.00E+00
	6.33E+01
	0.00E+00
	0.00E+00
	0.00E+00
	8

	Feldspar
	2.23E+01
	7.82E+00
	6.92E-01
	5.14E+01
	8.14E-02
	4

	Gypsum
	5.76E-02
	1.57E-01
	0.00E+00
	0.00E+00
	0.00E+00
	8

	Montmorillite
	0.00E+00
	1.06E+00
	2.96E+00
	3.19E+01
	8.13E-02
	8

	Road Dust
	3.01E-02
	1.72E-02
	1.50E-02
	1.29E-01
	2.58E-03
	79

	Coal
	1.53E+00
	7.67E-01
	7.67E-01
	2.30E+00
	7.67E-02
	65

	Oil
	1.39E-02
	6.95E-03
	3.47E-02
	1.39E-02
	1.74E-03
	78

	Wood
	2.10E-01
	7.00E-01
	7.00E-02
	2.45E-01
	0.00E+00
	92

	Al Smelting
	4.47E-04
	8.94E-03
	4.47E-02
	1.34E-03
	0.00E+00
	72

	Non-Al Smelting
	1.30E-02
	2.61E-01
	1.30E+00
	3.91E-02
	0.00E+00
	84

	Volcano
	1.10E+01
	6.24E+00
	7.34E+00
	3.52E+01
	7.34E-01
	100

	Fires
	4.80E-01
	2.88E+00
	7.20E-01
	0.00E+00
	0.00E+00
	100

	Sea Salts
	6.29E-05
	2.52E+01
	7.55E-06
	7.55E-02
	1.26E-05
	28

	Bacteria and Fungi
	7.14E-04
	4.30E-04
	8.30E-04
	4.30E-02
	1.42E-04
	21

	Other Primary Biogenic Particles
	8.95E-03
	5.39E-03
	1.04E-02
	5.39E-01
	1.78E-03
	27

	
	
	
	
	
	
	

	Totals
	200
	118
	74
	740
	9.13
	

	%PM2.5 of surface conc.
	13
	34
	15
	9.5
	15
	





Table S6: PM10 comparison statistics for model-data comparisons for land stations including correlation coefficient (r), and slope (B) for linear regression with uncertainties (sigma B), root mean square differences (rms), average model during time of the observations (µg/m3) , Fraction of the observations outside of the estimated model-data comparison range (3-fold) and the number of observations (N). Values are given for different composition and different regions (regions shown in Figure S2).


	
	
	Kendall Rank
	(µg/µg)
	(µg/µg)
	(µg/µg)
	(µg/m3)
	(µg/m3)
	
	

	Composition
	Region
	Correl. (r)
	Slope
	Slope Unc.
	RMS
	Avg. Model
	Avg. Obs
	Frac. >3×
	Num. Obs.

	Al
	               Globe
	0.53
	1.61
	1.44E-02
	4.84E+00
	2.47E+00
	1.09E+00
	0.47
	124

	Al
	              Africa
	0.29
	6.06
	1.59E-01
	6.91E+00
	4.28E+00
	1.32E+00
	0.63
	19

	Al
	                Asia
	0.46
	1.47
	2.34E-02
	7.80E+00
	5.94E+00
	2.69E+00
	0.34
	32

	Al
	           Australia
	0.33
	1.07
	2.88E-02
	1.51E-01
	2.24E-01
	2.24E-01
	0.29
	7

	Al
	              Europe
	0.6
	2.18
	3.03E-02
	8.58E-01
	5.58E-01
	1.94E-01
	0.44
	43

	Al
	       High Latitudes
	-1
	-0.89
	1.04E-01
	1.87E-02
	5.86E-03
	2.26E-02
	0.5
	2

	Al
	        North America
	0.67
	0.79
	1.68E-02
	9.60E-01
	4.47E-01
	6.82E-01
	0.54
	13

	Al
	        South America
	0
	0.2
	7.54E-03
	1.05E+00
	4.34E-01
	6.59E-01
	0.75
	8

	
	
	
	
	
	
	
	
	
	

	Ca
	               Globe
	0.44
	0.47
	4.42E-03
	4.06E+00
	9.54E-01
	2.62E+00
	0.43
	91

	Ca
	              Africa
	0.19
	0.29
	7.51E-03
	2.26E+00
	1.20E+00
	1.53E+00
	0.35
	17

	Ca
	                Asia
	0.6
	0.25
	3.98E-03
	7.06E+00
	1.81E+00
	6.80E+00
	0.54
	28

	Ca
	           Australia
	-0.07
	-0.2
	1.17E-02
	2.06E-01
	2.24E-01
	2.12E-01
	0.33
	6

	Ca
	              Europe
	0.28
	0.45
	1.15E-02
	5.84E-01
	3.68E-01
	5.45E-01
	0.4
	20

	Ca
	        North America
	0.33
	0.22
	1.01E-02
	7.58E-01
	1.97E-01
	6.39E-01
	0.38
	13

	Ca
	        South America
	0.33
	1.85
	8.80E-02
	6.69E-01
	7.41E-01
	2.01E-01
	0.67
	6

	
	
	
	
	
	
	
	
	
	

	Fe
	               Globe
	0.57
	1.06
	1.02E-02
	1.05E+01
	3.82E+00
	1.09E+00
	0.37
	108

	Fe
	              Africa
	0.37
	4.54
	1.25E-01
	2.69E+00
	2.15E+00
	8.46E-01
	0.53
	17

	Fe
	                Asia
	0.6
	1.62
	2.68E-02
	1.99E+01
	1.18E+01
	2.70E+00
	0.4
	30

	Fe
	           Australia
	0.07
	1.68
	1.03E-01
	1.43E-01
	1.40E-01
	2.19E-01
	0.17
	6

	Fe
	              Europe
	0.42
	0.91
	1.45E-02
	6.58E-01
	4.83E-01
	3.55E-01
	0.29
	31

	Fe
	       High Latitudes
	1
	1.36
	2.02E-01
	1.96E-02
	6.87E-03
	2.64E-02
	0.5
	2

	Fe
	        North America
	0.55
	0.64
	1.44E-02
	5.25E-01
	2.41E-01
	4.06E-01
	0.33
	12

	Fe
	        South America
	0.24
	0.23
	8.92E-03
	5.84E-01
	2.80E-01
	5.41E-01
	0.4
	10

	
	
	
	
	
	
	
	
	
	

	Si
	               Globe
	0.48
	2.63
	3.16E-02
	2.55E+01
	1.34E+01
	3.65E+00
	0.51
	77

	Si
	              Africa
	0.6
	5.26
	1.50E-01
	2.17E+01
	1.27E+01
	3.85E+00
	0.57
	14

	Si
	                Asia
	0.58
	2.42
	5.22E-02
	4.07E+01
	2.97E+01
	7.28E+00
	0.42
	26

	Si
	           Australia
	0.07
	-0.46
	2.07E-02
	5.14E-01
	6.87E-01
	5.85E-01
	0.17
	6

	Si
	              Europe
	0.23
	4.34
	1.15E-01
	4.29E+00
	3.01E+00
	6.13E-01
	0.5
	16

	Si
	        North America
	0.5
	2.19
	9.68E-02
	3.40E+00
	2.14E+00
	2.35E+00
	0.75
	8

	Si
	        South America
	-0.33
	-0.09
	6.92E-03
	2.33E+00
	1.58E+00
	9.70E-01
	0.83
	6

	
	
	
	
	
	
	
	
	
	

	Ti
	               Globe
	0.46
	1.2
	1.37E-02
	2.44E-01
	1.26E-01
	6.50E-02
	0.41
	92

	Ti
	              Africa
	0.14
	2.85
	8.12E-02
	2.01E-01
	1.23E-01
	7.33E-02
	0.5
	14

	Ti
	                Asia
	0.22
	1.37
	3.48E-02
	4.28E-01
	3.30E-01
	1.46E-01
	0.42
	26

	Ti
	           Australia
	0.33
	1.58
	9.43E-02
	1.03E-02
	1.10E-02
	1.74E-02
	0.17
	6

	Ti
	              Europe
	0.45
	1.4
	3.37E-02
	5.34E-02
	3.07E-02
	1.36E-02
	0.31
	26

	Ti
	       High Latitudes
	-1
	-1.99
	6.32E-01
	1.10E-03
	2.82E-04
	1.34E-03
	0.5
	2

	Ti
	        North America
	0.75
	0.99
	2.54E-02
	5.94E-02
	2.26E-02
	4.35E-02
	0.45
	11

	Ti
	        South America
	-0.05
	8.6
	5.04E-01
	5.31E-02
	2.20E-02
	3.23E-02
	0.71
	7



Table S7: PM2.5 comparison statistics for model-data comparisons land stations including correlation coefficient (r),  and slope (B) for linear regression with uncertainties (sigma B), root mean square differences (rms), average model during time of the observations (µg/m3) , Fraction of the observations outside of the estimated model-data comparison range (3-fold) and the number of observations (N). Values are given for different composition and different regions (regions shown in Figure S2).

	
	
	
	
	
	
	
	
	
	

	
	
	Kendall Rank
	(µg/µg)
	(µg/µg)
	(µg/µg)
	(µg/m3)
	(µg/m3)
	
	

	Composition
	Region
	Correl. (r)
	Slope
	Slope Unc.
	RMS
	Avg. Model
	Avg. Obs
	Frac. >3×
	Num. Obs.

	Al
	               Globe
	0.4
	1.83
	1.19E-02
	9.01E-01
	3.21E-01
	1.42E-01
	0.28
	290

	Al
	              Africa
	0.49
	2.51
	5.96E-02
	4.37E-01
	4.02E-01
	2.51E-01
	0.2
	15

	Al
	                Asia
	0.21
	2.53
	4.75E-02
	2.00E+00
	1.14E+00
	4.81E-01
	0.62
	55

	Al
	           Australia
	0.2
	5.15
	2.47E-01
	1.10E-01
	1.17E-01
	4.72E-02
	0.83
	6

	Al
	              Europe
	0.37
	4.03
	1.12E-01
	4.73E-01
	3.20E-01
	8.18E-02
	0.41
	17

	Al
	       High Latitudes
	-1
	-0.17
	9.88E-03
	1.96E-02
	2.70E-03
	1.80E-02
	0.5
	2

	Al
	        North America
	0.22
	1.38
	1.08E-02
	1.84E-01
	8.30E-02
	4.47E-02
	0.15
	187

	Al
	        South America
	0.36
	25.31
	1.77E+00
	4.59E-01
	3.11E-01
	1.10E-01
	0.38
	8

	
	
	
	
	
	
	
	
	
	

	Ca
	               Globe
	0.15
	2.41
	2.60E-02
	6.87E-01
	2.43E-01
	1.74E-01
	0.47
	285

	Ca
	              Africa
	-0.22
	-0.51
	1.24E-02
	3.90E-01
	3.62E-01
	1.88E-01
	0.73
	15

	Ca
	                Asia
	-0.07
	0.03
	1.50E-03
	1.53E+00
	7.24E-01
	6.57E-01
	0.77
	53

	Ca
	           Australia
	-0.07
	-1.06
	5.93E-02
	2.14E-01
	2.07E-01
	3.84E-02
	0.83
	6

	Ca
	              Europe
	0.49
	1.12
	2.96E-02
	2.03E-01
	1.55E-01
	1.55E-01
	0.29
	14

	Ca
	        North America
	-0.07
	2.12
	2.59E-02
	1.30E-01
	9.15E-02
	4.85E-02
	0.35
	187

	Ca
	        South America
	-0.07
	-0.28
	2.30E-02
	7.07E-01
	6.00E-01
	6.64E-02
	0.75
	8

	
	
	
	
	
	
	
	
	
	

	Fe
	               Globe
	0.49
	1.61
	8.27E-03
	6.73E-01
	3.25E-01
	1.15E-01
	0.24
	288

	Fe
	              Africa
	0.43
	3.27
	9.80E-02
	2.56E-01
	2.97E-01
	1.55E-01
	0.33
	15

	Fe
	                Asia
	0.35
	3.73
	4.64E-02
	1.51E+00
	1.23E+00
	3.34E-01
	0.67
	54

	Fe
	           Australia
	-0.2
	5.39
	3.19E-01
	9.33E-02
	1.02E-01
	4.48E-02
	0.67
	6

	Fe
	              Europe
	0.38
	1.6
	3.38E-02
	3.29E-01
	3.01E-01
	1.55E-01
	0.25
	16

	Fe
	        North America
	0.42
	1.22
	7.78E-03
	1.27E-01
	7.82E-02
	4.89E-02
	0.08
	187

	Fe
	        South America
	0.36
	2.04
	6.67E-02
	3.91E-01
	3.47E-01
	9.14E-02
	0.38
	8

	
	
	
	
	
	
	
	
	
	

	Si
	               Globe
	0.39
	1.61
	1.24E-02
	2.61E+00
	8.59E-01
	3.07E-01
	0.22
	275

	Si
	              Africa
	0.62
	2.93
	1.01E-01
	6.13E-01
	7.34E-01
	4.67E-01
	0.23
	13

	Si
	                Asia
	0.16
	1.38
	2.25E-02
	6.04E+00
	3.56E+00
	1.07E+00
	0.53
	49

	Si
	           Australia
	-0.33
	12.13
	9.41E-01
	2.87E-01
	2.38E-01
	1.09E-01
	0.5
	6

	Si
	              Europe
	0.56
	2.95
	7.57E-02
	4.79E-01
	4.66E-01
	1.53E-01
	0.27
	11

	Si
	        North America
	0.25
	1.37
	1.08E-02
	5.83E-01
	2.14E-01
	1.14E-01
	0.12
	187

	Si
	        South America
	0.14
	2.77
	1.43E-01
	1.13E+00
	8.14E-01
	3.37E-01
	0.29
	7

	
	
	
	
	
	
	
	
	
	

	Ti
	               Globe
	0.45
	0.85
	9.24E-03
	5.41E-02
	1.78E-02
	8.02E-03
	0.27
	286

	Ti
	              Africa
	0.45
	2.41
	7.03E-02
	1.78E-02
	1.78E-02
	1.58E-02
	0.4
	15

	Ti
	                Asia
	0.13
	1.77
	2.46E-02
	1.22E-01
	6.82E-02
	2.08E-02
	0.49
	53

	Ti
	           Australia
	-0.2
	14.79
	1.59E+00
	6.02E-03
	5.32E-03
	2.85E-03
	0.33
	6

	Ti
	              Europe
	0.49
	1.2
	2.71E-02
	3.26E-02
	1.78E-02
	5.91E-03
	0.33
	15

	Ti
	        North America
	0.42
	0.68
	3.70E-03
	1.21E-02
	4.24E-03
	3.88E-03
	0.19
	187

	Ti
	        South America
	0.21
	1.02
	4.13E-02
	8.73E-03
	1.44E-02
	1.54E-02
	0.25
	8





Table S8: PM10 comparison statistics for model-data comparisons using cruise data including correlation coefficient (r),  and slope (B) for linear regression with uncertainties (sigma B), root mean square differences (rms), average model during time of the observations (µg/m3) , Fraction of the observations outside of the estimated model-data comparison range (3-fold) and the number of observations (N). Values are given for different composition and different regions (regions shown in Figure S2). If there is no data in a region, the region is skipped.

	
	
	Kendall Rank
	(µg/µg)
	(µg/µg)
	(µg/µg)
	(µg/m3)
	(µg/m3)
	
	

	Composition
	Region
	Correl. (r)
	Slope
	Slope Unc.
	RMS
	Avg. Model
	Avg. Obs
	Frac. >3×
	Num. Obs.

	                  Al
	               Globe
	0.5
	3.55
	2.34E-02
	4.74E+00
	1.74E+00
	7.26E-01
	0.62
	501

	                  Al
	              Africa
	0.57
	4.83
	3.91E-02
	3.96E+00
	3.06E+00
	1.07E+00
	0.29
	180

	                  Al
	                Asia
	0.11
	4.54
	9.16E-02
	2.05E+00
	1.47E+00
	3.03E-01
	0.32
	25

	                  Al
	           Australia
	1
	4.18
	1.38E+00
	2.88E-03
	8.59E-03
	6.05E-03
	0
	2

	                  Al
	              Europe
	0.33
	3.49
	6.62E-02
	9.40E+00
	1.44E+00
	1.19E+00
	0.24
	92

	                  Al
	       High Latitudes
	-0.27
	0
	5.30E-05
	3.41E-02
	6.08E-04
	2.67E-02
	0.81
	16

	                  Al
	        North America
	0.34
	5.02
	7.92E-02
	9.15E-01
	7.84E-01
	2.33E-01
	0.42
	76

	                  Al
	        South America
	0.54
	2.08
	2.04E-02
	1.16E+00
	8.57E-01
	3.24E-01
	0.09
	110

	
	
	
	
	
	
	
	
	
	

	                  Ca
	               Globe
	0.28
	1.36
	1.23E-02
	4.86E-01
	5.23E-01
	3.87E-01
	0.29
	126

	                  Ca
	              Africa
	0.42
	1.14
	2.19E-02
	6.43E-01
	8.41E-01
	6.07E-01
	0.08
	36

	                  Ca
	                Asia
	-0.05
	1.39
	3.78E-02
	6.34E-01
	3.37E-01
	5.96E-01
	0.17
	18

	                  Ca
	              Europe
	-0.33
	-0.05
	2.88E-02
	9.31E-02
	9.95E-02
	1.73E-01
	0
	6

	                  Ca
	        North America
	0.13
	1.4
	3.21E-02
	3.31E-01
	3.28E-01
	1.66E-01
	0.06
	34

	                  Ca
	        South America
	0.46
	1.75
	2.13E-02
	3.46E-01
	5.55E-01
	2.95E-01
	0.06
	32

	
	
	
	
	
	
	
	
	
	

	                  Fe
	               Globe
	0.51
	2.27
	1.22E-02
	3.67E+00
	8.60E-01
	5.51E-01
	0.52
	462

	                  Fe
	              Africa
	0.56
	3.19
	2.34E-02
	1.45E+00
	1.19E+00
	6.90E-01
	0.18
	169

	                  Fe
	                Asia
	0
	0
	2.12E-03
	3.58E+00
	2.22E+00
	2.29E-01
	0.5
	22

	                  Fe
	           Australia
	1
	2.8
	4.85E-01
	1.94E-03
	5.44E-03
	3.74E-03
	0
	2

	                  Fe
	              Europe
	0.4
	6.77
	1.26E-01
	8.09E+00
	1.10E+00
	1.17E+00
	0.22
	85

	                  Fe
	       High Latitudes
	-0.61
	-0.17
	3.93E-03
	1.49E-02
	8.17E-04
	1.17E-02
	0.58
	12

	                  Fe
	        North America
	0.46
	2.58
	3.74E-02
	3.31E-01
	3.43E-01
	1.58E-01
	0.31
	75

	                  Fe
	        South America
	0.53
	-0.06
	4.37E-04
	4.00E-01
	2.88E-01
	2.24E-01
	0.08
	97

	
	
	
	
	
	
	
	
	
	

	                  Si
	               Globe
	0.39
	3.73
	1.60E-01
	6.87E+00
	3.99E+00
	9.63E-01
	0.5
	18

	                  Si
	              Africa
	0.2
	4.45
	1.54E-01
	1.19E+01
	1.12E+01
	1.94E+00
	0.33
	6

	                  Si
	              Europe
	-0.07
	0.17
	1.24E-02
	7.43E-01
	4.67E-01
	8.56E-01
	0.17
	6

	                  Si
	        South America
	0.07
	9.72
	5.50E-01
	4.06E-01
	2.99E-01
	9.00E-02
	0
	6

	
	
	
	
	
	
	
	
	
	

	                  Ti
	               Globe
	0.49
	1.47
	1.17E-02
	6.94E-01
	1.02E-01
	9.06E-02
	0.51
	252

	                  Ti
	              Africa
	0.39
	1.26
	2.13E-02
	1.81E-01
	1.75E-01
	8.62E-02
	0.29
	79

	                  Ti
	                Asia
	-0.02
	2.5
	4.41E-02
	7.23E-02
	9.46E-02
	3.56E-02
	0
	11

	                  Ti
	           Australia
	1
	0.22
	2.19E-02
	4.19E-04
	4.84E-04
	6.11E-04
	0
	2

	                  Ti
	              Europe
	0.32
	2.13
	3.98E-02
	1.46E+00
	1.41E-01
	2.54E-01
	0.3
	56

	                  Ti
	       High Latitudes
	-0.33
	0
	7.22E-04
	1.44E-03
	5.43E-05
	1.13E-03
	0.5
	6

	                  Ti
	        North America
	0.5
	1.37
	2.04E-02
	2.25E-02
	2.57E-02
	1.91E-02
	0.23
	39

	                  Ti
	        South America
	0.49
	0.36
	8.20E-03
	5.94E-02
	3.51E-02
	1.08E-02
	0.12
	59




Table S9: PM2.5 comparison statistics for model-data comparisons using cruise data including correlation coefficient (r), and slope for linear regression with uncertainties, root mean square differences (rms), average model during time of the observations (µg/m3) , Fraction of the observations outside of the estimated model-data comparison range (3-fold) and the number of observations (N). Values are given for different composition and different regions (regions shown in Figure S2). If there is no data in a region, the region is skipped.

	
	
	
	
	
	
	
	
	
	

	
	
	Kendall Rank
	(µg/µg)
	(µg/µg)
	(µg/µg)
	(µg/m3)
	(µg/m3)
	
	

	Composition
	Region
	Correl. (r)
	Slope
	Slope Unc.
	RMS
	Avg. Model
	Avg. Obs
	Frac. >3×
	Num. Obs.

	                  Al
	               Globe
	0.3
	-0.06
	6.73E-04
	5.06E-01
	3.37E-01
	3.21E-01
	0.46
	104

	                  Al
	              Africa
	0.49
	0.69
	1.18E-02
	2.76E-01
	3.99E-01
	4.34E-01
	0.22
	18

	                  Al
	                Asia
	-0.04
	1.31
	2.52E-02
	2.46E-01
	1.91E-01
	1.57E-01
	0.21
	24

	                  Al
	        North America
	0.15
	0.64
	1.88E-02
	5.55E-01
	3.55E-01
	8.75E-02
	0.57
	35

	                  Al
	        South America
	0.26
	0.04
	4.09E-03
	7.05E-01
	4.19E-01
	7.05E-01
	0.15
	26

	
	
	
	
	
	
	
	
	
	

	                  Ca
	               Globe
	0.23
	-0.27
	2.33E-03
	2.66E-01
	1.69E-01
	1.53E-01
	0.41
	81

	                  Ca
	              Africa
	0.2
	-0.06
	2.12E-02
	4.99E-02
	6.26E-02
	3.22E-02
	0
	5

	                  Ca
	                Asia
	-0.03
	-0.02
	1.53E-03
	3.80E-01
	1.19E-01
	2.73E-01
	0.17
	18

	                  Ca
	        North America
	0.38
	0.61
	2.32E-02
	2.89E-01
	2.17E-01
	9.20E-02
	0.09
	34

	                  Ca
	        South America
	0.02
	0
	1.02E-02
	1.05E-01
	1.67E-01
	1.76E-01
	0.04
	23

	
	
	
	
	
	
	
	
	
	

	                  Fe
	               Globe
	0.19
	0.3
	3.18E-03
	4.12E-01
	1.85E-01
	2.30E-01
	0.59
	103

	                  Fe
	              Africa
	0.48
	0.22
	5.43E-03
	4.24E-01
	1.29E-01
	3.94E-01
	0.22
	18

	                  Fe
	                Asia
	-0.2
	0
	1.95E-03
	3.75E-01
	2.71E-01
	1.18E-01
	0.36
	22

	                  Fe
	        North America
	0.31
	0.2
	6.18E-03
	3.86E-01
	2.09E-01
	9.46E-02
	0.42
	36

	                  Fe
	        South America
	0.21
	0.01
	1.97E-03
	4.72E-01
	1.25E-01
	4.00E-01
	0.19
	26

	
	
	
	
	
	
	
	
	
	

	                  Ti
	               Globe
	0.24
	0.93
	9.33E-02
	4.36E-03
	1.36E-02
	1.52E-02
	0
	10

	                  Ti
	                Asia
	0.24
	0.93
	9.33E-02
	4.36E-03
	1.36E-02
	1.52E-02
	0
	10

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	





Table S10: Comparison of global budgets (Tg/year) here for Al, Ca, Fe, Si and Ti to a previous compilation (Mahowald et al., 2024), indicated by the * or for dust only **(Zhang et al., 2015). There are no available budgets for Ca or Si for non dust elements.

	
	Al
	Al*
	Ca
	Ca**
	Fe
	Fe*
	Si
	Si**
	Ti
	Ti*

	Dust
	187
	80
	82
	66
	63
	50
	701
	465
	8
	8

	Anthropogenic
	2
	3
	2
	
	2
	0.70
	3
	
	0.08
	0.002

	Fire
	0.48
	2
	3
	
	0.72
	1
	0
	
	0
	

	Biogenic
	9.66E-03
	0.2
	5.82E-03
	
	1.12E-02
	0.2
	0.58
	
	1.92E-03
	

	Sea spray
	6.29E-05
	1.
	25
	
	7.55E-06
	0.2
	7.55E-02
	
	1.26E-05
	

	Volcanos
	11
	5
	6
	
	7
	9
	35
	
	0.73
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