Supplement to Modeling dust mineralogical composition: sensitivity
to soil mineralogy atlases and their expected climate impacts

Maria Gongalves Ageitos'-?, Vincenzo Obiso*?, Ron L. Miller**, Oriol Jorba?, Martina Klose??,

Matt Dawson?®, Yves Balkanski’, Jan Perlwitz>8, Sara Basart?, Enza Di Tomaso?, Jerénimo Escribano?,
Francesca Macchia®, Gilbert Montané?, Natalie Mahowald’, Robert O. Green'?, David R. Thompson'?,
and Carlos Pérez Garcia-Pando>!!

'Projects and Construction Engineering Department. Universitat Politécnica de Catalunya - BarcelonaTECH, Terrassa, Spain
Barcelona Supercomputing Center, Barcelona, Spain

3NASA Goddard Institute for Space Studies, New York, NY, USA

“Department of Applied Physics and Applied Mathematics, Columbia University, New York, NY, USA

SDepartment Troposphere Research, Institute of Meteorology and Climate Research (IMK-TRO), Karlsruhe Institute of
Technology (KIT), Karlsruhe, Germany

SCurrently at Atmospheric Chemistry Observations and Modeling Laboratory, National Center for Atmospheric Research,
Boulder, Colorado, USA

TLaboratoire des Sciences du Climat et de I’Environnement, Gif-sur-Yvette, France

8Climate, Aerosol,and Pollution Research, LLC, Bronx, NY, USA

9Cornell University, Ithaca, NY, USA

107et Propulsion Laboratory, California Institute of Technology, Pasadena, CA, USA

'TCREA, Catalan Institution for Research and Advanced Studies, Barcelona, Spain

Correspondence: Maria Gongalves Ageitos (maria.goncalves @upc.edu,maria.goncalves @bsc.es)

1 Evaluation metrics and uncertainty estimates

The evaluation of the modelled dust surface concentration, dust deposition and mineral fractions against observations uses
three different evaluation metrics: the normalized mean bias (nMB), eq. 1, the normalized root mean square error (nRMSE),
eq. 2, and the Pearson’s correlation (r), eq. 3, where M; represents the modelled 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.
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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. 4, with sd,,psp the
standard deviation of the nMB and N the number of points considered. The degrees of freedom (df) to define the critical value

(gqt) 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 (n RM S E;,,;) can be calculated as in eq. 5, where
gx is the critical value for N degrees of freedom (df) and the probability levels (p) of 0.025 and 0.975.

nM By, = qt(p,df) ! )

N

nRMSE;,; = | —————
! qz(p,df)
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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.

2 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.
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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
40 MONARCH, but that are in some cases similar in structure and/or physico-chemical properties to those modelled, i.e. they are
considered as equivalent and belonging to the same mineralogical family.

Therefore, a first step in the evaluation process is to create a correspondence between the observed and the modelled minerals
and re-calculate the mean mass fraction and standard deviation for each of the samples reported. We select as modelled minerals
those in C1999-SMA and J2014-SMA, and add an additional category of Other to include the remaining observed minerals

45 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 modelled. For the iron oxides, we decide to keep the values of hematite when reported, independently.
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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 () is calculated as the square root of the sum of

variance of the n independently reported minerals (j), as in equation 6.

(6)

3 Results of the bulk dust evaluation

Table S2 presents the evaluation statistics for the comparison of the modelled dust surface concentration against RSMAS and
AMMA climatologies, and dust deposition fluxes against observations for present climate compiled in Albani et al. (2014).

4 Annual mean budgets for minerals at emission, atmospheric burden and deposition

Table S3 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.

5 Relative differences in surface concentration of phyllosilicates between C1999 and J2014

Figure S2 shows the comparison of phyllosilicate mass fractions between the experiments of C1999 and J2014, including mica

as part of the illite-like minerals.

6 C1999-SMA and J2014-SMA Soil Mineralogy Atlas

Figures S3 to S8 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

the main article.
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0 5 10 15 20 25 30 35 40 45 50 25 20 15 10 5 0 5 10 15 20 25
phyl(i,k,m) (%w) at sfc. conc. C1999 phyl (%ew) o ‘ J2014-C1999

0 7.5 1522530 37.545 52560 67.5 75 82.5 90 97.5 25 20 -15 .10 -5 0 5 10 15 20 25

Figure S2. 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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Figure S3. 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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Figure S4. 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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Figure S5. 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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Figure S6. 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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Figure S7. Mass fraction of hematite and goethite (%w) in the silt sizes of the soil according to C1999-SMA -left- and J2014-SMA -right-.
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Figure S8. Mass fraction of mica and chlorite (%w) in the silt sizes of the soil according to J2014-SMA.
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