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Supplementary Tables

Table S1. Sensitivity of the comparison of simulation results with AERONET AQOD, surface
concentration, and dust deposition measurements to changes in the soil moisture sensitivity
tuning parameter b (see Eq. 4). Statistically significant improvements (see Section 2.4) of
Simulations 11-1V relative to the ‘control’” Simulation I are indicated with bold font. Additionally,
simulation results that are statistically significantly improved over the results of each of the other
three simulations are both bold and underlined. The results are given in the format Simulation 1/
I1/ 111/ 1V. For computational efficiency, all runs were performed for the period 2000 — 2011
and the simulation data for the period 2001 - 2011 was used. Results in the main text are based
on runs from for the period 1995 — 2011.

Soil AERONET AERONET AERONET AERONET Dust conc. Dust conc. Dust conc. Dep. flux Dep. flux
moist. clim,r clim,, seas., r daily var., r clim,r clim,, seas., r clim,r clim., RMSE

par. (b) RMSE RMSE

05 0.46/0.76 / 0.20/0.11/ 0.77/0.73/ 0.36/0.38/ 0.94/0.91/ 0.32/0.37/ 0.61/0.59/ 0.78/0.80/ 0.92/0.87/

. 0.48/0.77 0.21/0.11 0.76 /0.81 0.35/0.44 0.93/0.95 0.33/0.25 0.60/0.62 0.77/0.72 0.93/0.98

1 0.60/0.64 / 0.14/0.13/ 0.80/0.75/ 0.43/0.43/ 0.93/0.89/ 0.32/0.40/ 0.61/0.59/ 0.78/0.80/ 0.89/0.84/

0.64/0.75 0.13/0.11 0.80/0.82 0.43/0.47 0.92/0.93 0.37/0.32 0.60/0.63 0.78/0.77 0.87/0.88

2 0.53/0.54/ 0.15/0.15/ 0.77/0.73/ 0.42/0.42/ 0.93/0.88/ 0.33/0.41/ 0.58/0.57 / 0.79/0.80/ 0.90/0.86/

0.62/0.66 0.14/0.13 0.78/0.80 0.42/0.45 0.92/0.94 0.34/0.29 0.57/0.59 0.79/0.78 0.88/0.92

Uf 0.52/0.54/ 0.15/0.15/ 0.77/0.73/ 0.42/042/ 0.94/0.90/ 0.32/0.38/ 0.53/0.50 / 0.79/0.80/ 0.92/0.87/

clay 0.62/0.66 0.13/0.13 0.78/0.80 0.42/0.45 0.93/0.95 0.30/0.29 0.54/0.53 0.79/0.77 0.89/0.95

Table S2. Statistical p-values for the model comparisons reported in Tables 1 and 2. For each
table entry, the p-value of the comparison of the Simulation (listed in the left column) with the
other three simulations are listed in sequence of increasing simulation number. Underlined font
denotes a statistically significant improvement at the 5% level.

Simulation ~AERONET AERONET AERONET AERONET Dust conc. Dust conc. Dust conc. Dep. flux Dep. flux
clim,r clim., seas., I daily var., r clim,r clim., seas., I clim,r clim,,
RMSE RMSE RMSE
1 0.38/0.69/ 0.36/0.65/ 1.00/0.99/ 0.38/0.26/ 0.9/0.7/ 0.84/0.65/ 0.94/0.76/ 0.03/0.13/ <0.001/
0.98 0.99 1.00 1.00 0.73 0.71 0.77 0.01 0.04/0.02
1 0.12/0.31/ 0.16/0.35/ 0.6/0.01/ 0.73/0.74/ 0.65/03/ 0.84/035/ 043/024/ 0.65/087/ 0.38/0.96/
0.97 1.00 1.00 1.00 0.92 0.97 0.46 0.04 0.62
v <0.001/ <0.001/ <0.001/<0.001  <0.001/<0.001 0.37/027/ 0.40/029/ 0.47/023/ 0.21/099/ 0.99/0.98/
0.02/0.03  0.01/0.002 /<0.001 /<0.001 0.08 0.03 0.54 0.96 0.38




Supplementary Figures
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Figure S1. Map of the FAO (2012) clay fraction of the top soil layer, which is used in CESM’s
dust emission scheme (see Section 2.1.2).
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Vertical dust flux (kg/m?/year) for Sim. | (no src fet)

Vertical dust flux (kg/m?/year) for Sim. Il (Zender src fctn)
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Total AQOD for Simulation Ill {Ginoux src fctn) Total AOD for Simulation IV (this study, no src fetn)
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Figure S2. Global maps for each of the four simulations of (a — d) the vertical dust flux, (e - h)
optical depth produced only by dust aerosols for Simulations | — 1V, (i - I) total aerosol optical
depth produced by all aerosols for Simulations I — 1V, and (m — p) percentage of aerosol optical
depth due to dust aerosols. The areas within the black lines denotes the regions for which dust
aerosols contribute more than 50% of the total aerosol optical depth, which we used as a criteria
for selecting dust-dominated AERONET stations (black crosses). All results are annually-
averaged over the simulation period (2001 — 2011).
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Normalized dust emission coefficient (CdICdD) in NH Winter

MNormalized dust emission coefficient (Cdfcdo) in NH Spring
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Figure S3. Seasonal cycle of the dust emission coefficient Cq, obtained from Simulation IV over
the years 1995-2011.

Soil moisture volumetric content (mslms)
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Figure S4. Global map of soil moisture in the top soil layer of CLM4 (1.75 cm thick; Oleson et
al. (2010)), averaged over the model runs from 1995 — 2011.
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Figure S5. Comparison of measured (black squares) and simulated (colored lines) AOD at the
42 dusty AERONET stations. The red, magenta, green, and blue lines correspond to the results
from Simulations I, 11, 111, and 1V, respectively. The correlation coefficient (r) is noted in
correspondingly colored font for each simulation, and the average correlation coefficient for the
42 stations is noted in Table 1. Error bars on the measurements represent the standard deviation
of the monthly-averaged AOD over the number of months with sufficient data.
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Figure S6. Comparison of measured (black squares) and simulated (colored lines) dust surface
concentration at 15 stations. The red, magenta, green, and blue lines correspond to the results
from Simulations I, I1, 111, and IV, respectively. The correlation coefficient (r) is noted in
correspondingly colored font for each simulation, and the average correlation coefficient for the
15 stations is noted in Table 2. Error bars on the measurements represent the standard deviation
of the monthly-averaged dust concentration over the number of months with sufficient data.
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