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S1 Evaluation metrics and uncertainty estimates

The evaluation of the modeled dust surface concentration, dust deposition and mineral fractions against observations uses three
different evaluation metrics: the normalized mean bias (nMB), eq. S1, the normalized root mean square error (1NRMSE), eq.
S2, and the Pearson’s correlation (r), eq. S3, where M; represents the modeled value at the observation location and time, O;
the corresponding observed value, N the number of observations considered, and M and O the mean values for the model and
observations, respectively.

_ Zz M; — 0, .
nMB = o 100 (S1)
VAT 04 - 0,
nRMSE = 5 -100 (S2)
o S.(Mi—3D)-(0,-0) 55

TV, (M= M2 5,(0,— 0)?)

We use the three evaluation metrics described above with the aim of providing a quantitative assessment of our model skills
when compared to observations. However, these statistical parameters are often derived from a limited set of observations,
particularly when we address the evaluation of the mineral fractions. A key element of our work is the intercomparison of two
model experiments that rely on different soil mineralogy maps, and the evaluation against mineralogy observations provides
relevant information to assess the strengths and weaknesses of these datasets. Relying exclusively on the mean values of the
nMB, nRMSE and r to compare the two model experiments could be misleading, specially for those cases with a low number
of observations. Therefore, we incorporate to our assessment the information of the number of data points that are available
to produce these metrics and their uncertainty ranges at a 95% confidence level, as described below. We assume that the
performance of our two experiments is statistically distinct for an evaluation metric (nMB, nRMSE, or r) whenever its mean
value for one of the experiments falls outside the uncertainty range estimated for the other.

For the nMB we estimate the uncertainty range (nM B;,;) using a two tailed Student t-test, as in eq. S4, with sd, /g the
standard deviation of the nMB and N the number of points considered. The degrees of freedom (df) to define the critical value
(qt) are N-1, and the probability levels (p), 0.025 and 0.975.

sdnMB

VN

For the nMRSE, a chi-squared statistic is used, thus the uncertainty levels (nRM S F;,;) can be calculated as in eq. S5,
where g is the critical value for N degrees of freedom (df) and the probability levels (p) of 0.025 and 0.975.

(S4)

N
NRMSE;,; = | ————— (S5)
! qx(p,df)

Finally, for the correlation, a Fisher transformation is applied to create a normal variable. The uncertainty range is assessed
for the normally distributed values assuming a two-sided confidence of 95% (critical value of 1.96). Then the transformation
is reversed for the calculated bounds to obtain the uncertainty range of r.
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S2 Processing the observational database of mineral fractions in dust samples

The observations of mass mineral fractions compiled by Perlwitz et al. (2015) are used in this study for model evaluation
purposes. To avoid using observations that might be contaminated with minerals of anthropogenic origin (i.e., from combustion
or industrial activities) we apply a spatial filter to the dataset. The mask to remove the anthropogenic influence is derived from
a multi-annual experiment conducted with the Community Atmosphere Model version 5 (Hamilton et al., 2019) at the global
scale, that represents the atmospheric iron cycle and considers dust, anthropogenic combustion and biomass burning iron
sources. We define as prominently dusty those areas where the fractional contribution of dust to the total iron is of 75% or
larger (see Figure S1). Observations that fall in regions with contributions of combustion sources larger than 25% to the total
iron are removed from our comparison.

Mass fraction of iron from dust / total iron CAMb5
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Figure S1. Mass fraction of iron from dust relative to total iron as simulated by the CAMS model. The 0.75 threshold is used to filter
the mineral fraction observations, values below 0.75 represent regions with a relevant contribution of anthropogenic sources to mineralogy,
values above are assumed to happen in regions primarily influenced by dust

In addition, the observational database includes for each sample a number of minerals that are not explicitly represented in
MONARCH, but that are in some cases similar in structure and/or physico-chemical properties to those modeled, i.e. they are
considered as equivalent and belonging to the same mineralogical family.
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Therefore, a first step in the evaluation process is to create a correspondence between the observed and the modeled minerals
and re-calculate the mean mass fraction and standard deviation for each of the samples reported. We select as modeled minerals
those in C1999-SMA and J2014-SMA, and add an additional category of Other to include the remaining observed minerals
that are not traced by the model. In the case of some clays (e.g. kaolinite and chlorite) that are reported together, the values are
kept whenever those are modeled. For the iron oxides, we decide to keep the values of hematite when reported, independently.
We further assume that iron oxides may include hematite, goethite, magnetite or others, and we will compare them with the
iron oxides traced in our model. The minerals’ correspondence is shown in table S1.

To estimate the mean mass fraction of the lumped minerals we sum up the mass fraction of the different individually
reported minerals. To estimate the standard deviation of the re-calculated mean, we assume the mineral measurements to be
non correlated, and therefore the new standard deviation for a mineral group (i) is calculated as the square root of the sum of
variance of the n independently reported minerals (), as in equation S6.

(S6)
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S3 Refractive indexes for dust and mineral components

55 The SSA in the visible band shown in Section 6 of the main article is diagnosed using an average of the refractive indices
depicted in Fig. S2 and Table S2. Values for dust are taken from Sinyuk et al. (2003), while the mineral components are
inferred from the reported values in Di Biagio et al. (2017, 2019) and the specific mineral refractive indexes in Scanza et al.
(2015), as explained in the main text.
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Figure S2. Real and imaginary part of the refractive index used in this work for compositionally homogeneous dust, externally mixed iron
oxides, host minerals and mixtures of iron oxides and host minerals (see main text for details).



Table S2. Real (rri) and imaginary (iri) part of the refractive indices for dust and the different mineral components used in this study for
visible wavelengths (wv)

Dust Mineral components
\ Host |  Mixtures | Iron oxides
‘ wv (nm) ‘ rri ‘ iri ‘ wv (nm) ‘ rri ‘ iri ‘ rri ‘ iri ‘ rri ‘ iri ‘

300 1.600 | 0.0087
325 1.595 | 0.0070
350 1.590 | 0.0058
375 1.585 | 0.0046 370 1.50 | 0.0011 | 1.54 | 0.0075 | 2.94 | 0.39
400 1.580 | 0.0036
475 1.576 | 0.0029
450 1.572 | 0.0024
475 1.568 | 0.0020 470 1.50 | 0.0007 | 1.54 | 0.0055 | 2.94 | 0.28
500 1.564 | 0.0018
525 1.561 | 0.0016 520 1.50 | 0.0005 | 1.54 | 0.0045 | 2.94 | 0.18
550 1.558 | 0.0014
575 1.555 | 0.0012
600 1.553 | 0.0011 590 1.50 | 0.0003 | 1.54 | 0.0027 | 2.94 | 0.08
625 1.551 | 0.0009
650 1.550 | 0.0008 660 1.50 | 0.0004 | 1.54 | 0.0021 | 2.94 | 0.10
675 1.548 | 0.0007
700 1.544 | 0.0007
800 1.540 | 0.0008

The real part of the refractive index for the mineral components is taken as an average of those inferred from Di Biagio
et al. (2017, 2019) for the purpose of the calculations in this study, therefore a common value is reported for all
wavelengths in this table.

S4 Results of the bulk dust evaluation

60 Table S3 presents the evaluation statistics for the comparison of the modeled dust surface concentration against RSMAS and
AMMA climatologies, and dust deposition fluxes against observations for present climate compiled in Albani et al. (2014).
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S5 Annual mean budgets for minerals at emission, atmospheric burden and deposition

Table S4 presents the annual average of the global emission, burden, dry, wet and total deposition per mineral as estimated in
the C1999 and J2014 experiments presented in the main paper.
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65 S6 Relative differences in surface concentration of phyllosilicates between C1999 and J2014

Figure S3 shows the comparison of phyllosilicate mass fractions between the experiments of C1999 and J2014, including mica
as part of the illite-like minerals.

illite (%ow) C1999 illi+mica (%ow) J2014-C1999

0 5 10 15 20 25 30 35 40 45 50 25 20 15 10 -5 0 5 10 15 20 25
phyl(ik,s) (%w) at sfc. conc. C1999 phyl (%ew) J2014-C1999

0O 10 20 30 40 50 60 70 80 90 100 25 20 156 10 -5 0 5 10 15 20 25

Figure S3. Mass fraction of illite and phyllosilicates:illite, kaolinite and smectite (%w) at the surface in C1999 (left) and differences (%w)
bewteen J2014 illite and mica (up) and phyllosilicates: illite, kaolinite, chlorite, vermiculite and smectite (right).
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S7 Diagnostics and evaluation of total iron for J2014NN

Figure S4 represents the total annual mean deposition estimated from the MONARCH J2014NN experiment and the differences
70 with respect to the C1999 estimates. Figure S5 presents the evaluation of the predicted surface concentration of total iron from
J2014NN against the observations compiled in Myriokefalitakis et al. (2018).

iron deposition (Tg) J2014NN iron deposition (Tg) J2014NN-C1999

1e-07 1e-06 1e-05 0.0001 0.001 0.01 0.1 1 -0.5 -0.01 -0.0006 0  0.0005 0.01 0.5

Figure S4. Total iron deposition (Tg yr'') as estimated from J2014NN mineralogy (left) and differences with respect to C1999 (right).
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Figure S5. Diagnostic of the total iron surface concentration (g m™) associated to the MONARCH modeled J2014NN dust mineralogy
compared the observations compiled in Myriokefalitakis et al. (2018) identified as dust-dominated (see Fig. 1c and Section 4.4 in the main
paper). Where n is the number of measurements, nRMSE, the normalized Mean Root Square Error, nMB, the normalized Mean Bias, and
1, the correlation, over all points. The ranges for the nMB, nRMSE and r correspond to the 95% confidence level (see Section 1 of the
Supplement for details). Regions are depicted in Figure 1c. Ashed lines represent differences of 2 times and one order of magnitude.
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S8 C1999-SMA and J2014-SMA Soil Mineralogy Atlas
Figures S6 to S11 represent the global distribution of the mineral mass fractions in the clay and silt sizes of the soil as derived

from C1999-SMA and J2014-SMA at 0.5x0.5° resolution. The description of these datasets can be found in the Appendix A of
75 the main article.
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~ J2014-SMA

0 7.5 1522530 37.54552.56067.5758259097.5

Figure S6. Mass fraction of phyllosilicates (%w) in the clay sizes of the soil according to C1999-SMA -left- and J2014-SMA -right-.
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quar (%w) in CLAY ~ C1999-SMA quar (%w) in CLAY - J2014-SMA

J2014-SMA

0 7.5 15225 30 37.5 45 52.5 60 67.5 75 82.5 90 97.5

Figure S7. Mass fraction of quartz, feldspars, calcite and gypsum (%w) in the clay sizes of the soil according to C1999-SMA -left- and
J2014-SMA -right-.
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hema (%w) in CLAY C1999-SMA

hema (%w) in CLAY

L ——
0 7.5 1522530 37.5 45 52.5 60 67.5 75 82.5 90 97.5

Figure S8. Mass fraction of hematite (iron oxides) and goethite (%w) in the clay sizes of the soil according to C1999-SMA -left- and
J2014-SMA -right-.
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quar (%w) in SILT C1999-SMA quar (%w) in SILT - J2014-SMA

0 7.5 15225 30 37.5 45 52.5 60 67.5 75 82.5 90 97.5

Figure S9. Mass fraction of quartz, feldspars, calcite and gypsum (%w) in the silt sizes of the soil according to C1999-SMA -left- and
J2014-SMA -right-.
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0 7.5 1522.5 30 37.5 45 52.5 60 67.5 75 82.5 90 97.5

Figure S10. Mass fraction of hematite and goethite (%w) in the silt sizes of the soil according to C1999-SMA -left- and J2014-SMA -right-.

mica (%w) in SILT J2014-SMA chlo (%w) in SILT J2014-SMA

LS ——
0 7.5 1522.530 37.5 45 52.5 60 67.5 75 82.5 90 97.5

Figure S11. Mass fraction of mica and chlorite (%w) in the silt sizes of the soil according to J2014-SMA.
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