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Section S1. Significance in correlation differences.

For Fig. 10f, we use Fisher’s Z transformation (Fisher, 1992) to test how significant a Pearson
correlation coefficient is different from another. To compute a 2-tailed p-value of difference in
correlations, the computation is a function of the two correlations (e.g., MIDAS DAOD vs. our
scheme’s DAOD as R;; MIDAS DAOD vs. Z03’s DAOD as R;) and the sample size (for each grid,
2004-2008 daily data are in total n; = n, = 1827):

Z, = 0.5In (%) (S1)

Z, = 0.5In (%) (S2)

score = % (S3)
n1—3+n2—3

Then we use the look up table to yield the p-value for the score. For computers,

p value = 2 X pnorm(abs(score)) (S4)

Then, for instance,

If R, = 0.45,R, = 0.4, then p-value ~ 0.065 > 0.05;
If R, = 0.65,R, = 0.6, then p-value ~ 0.013 < 0.05;
If R, = 0.85,R, = 0.8, then p-value ~ 10 << 0.05.

Comparing with other maps of correlation differences in Figs. 6d-f with |AR| of 0.1-0.3, Fig. 10f
overall has grids with much smaller |AR| values of < 0.02, which are not statistically significant. |AR|
for any gridcell has to be > 0.082 to yield a p-value of < 0.05.



b) Vegetation drag partition effect
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Figure S1. Drag partition effects due to (a) rocks, (b) green + brown vegetation, and (c) their
combined effect.



a) Impact threshold u,;; (ms?) b) Fluid threshold u,; (m s?)
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Figure S2. Dust emission thresholds and intermittency factor simulated by CLMS5. (a) impact

threshold friction velocity u,;, (b) fluid threshold friction velocity w, s, (¢) ratio of fluid to impact
threshold u, s¢/u.;¢, and (d) intermittency factor n for 2004-2008.
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CESM USTAR

60  Figure S3. The CESM2 2004-2008 mean friction velocity u, (m s™!) for calculating dust emissions in
CLMS. The wind comes from CAM6 with its meteorology nudged toward the MERRA-2 meteorology.



Our scheme’s DAOD minus K14 DAOD
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Figure S4. Global DAOD difference between our new scheme (Leung et al., 2022) and the K14 scheme,
i.e., Fig. 3b minus Fig. 3a.
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a) dust concentration (ug m3) b) dust deposition (kg m2yr?) . .
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Figure S5. Our scheme’s dust PM concentrations (in ug m~) and depositions (in kg m yr!) after

implementing the scaling map K, versus site dust PM concentrations and depositions.
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a) Rzp3-MiDAs b) Rk14-Mipa ¢) Rour scheme—MIDAS

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6
Figure S6. Grid-by-grid MIDAS DAOD daily correlation maps with CESM2 for 2004-2008. (a-c)
Correlation maps R of MIDAS daily DAOD time series vs. CESM2 daily DAOD time series using (a)
703, (b) K14, and (c) our scheme. The correlation maps focus on gridboxes with MIDAS DAOD/AOD
ratio > 0.25 only. (d—f) Changes (AR) in correlation maps between CESM and MIDAS DAOD, from
(d) 203 to K14, (e) Z03 to our scheme, and from (f) K14 to our scheme. This figure is the same as Fig.
6 in the main text but no masking for low MIDAS DAOD / AOD values.
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Figure S7. MIDAS DAOD / AOD values averaged across 2004—2008. Polar regions and snow/ice
covered continents have no values (white color).
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Figure S8. Grid-by-grid daily Pearson correlation maps between simulated dust emissions and the three
fundamental driving meteorological fields in CESM2 for 2004-2008. Each row represents an emission
scheme, including (a-c) Z03, (d-f) K14, and (g-1) our scheme. Each column represents a meteorological
or land surface field in CESM2 that fundamentally drives dust emission, including soil surface friction
velocity u,; (m s!) as the left column (we use u, for Z03 and K14), vegetation area index (VAI; m?
plant / m? land) as the middle column, and soil moisture w (kg water / kg soil) as the right column.
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Figure S9. Grid-by-grid daily Pearson correlation maps between DAOD and the three fundamental
driving meteorological fields in CESM2 for 2004-2008. The first three rows use the DAOD simulated
using different emission schemes in CESM2, respectively (a-c) Z03, (d-f) K14, and (g-i1) our scheme,
and the last row uses MIDAS DAOD. Each column represents a meteorological or land surface field
115  in CESM2 that fundamentally drives dust emission, including soil surface friction velocity u,; (m s™)
as the left column (we use u, for Z03 and K14, and MIDAS), vegetation area index (VAI; m? plant /
m? land) as the middle column, and soil moisture w (kg water / kg soil) as the right column. Note that
the DAOD correlations do not cover the oceans because the meteorological and land surface fields

used here are only defined over the continents.
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50°N The 15 regions with DAOD constraints
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Figure S10. Coordinates of the 15 observed dusty regions with the Ridley et al. (2016) constraints on

125  theregional DAOD. The coordinates of the 15 dusty regions are: (1) Mid-Atlantic (50-20°W; 4—40°N),
(2) African west coast (20—-5°W; 10-34°N), (3) Northern Africa (5°W-30°E; 26—40°N), (4) Mali /
Niger (5°W-10°E; 10-26°N), (5) Bodél¢ / Sudan (10—40°E; 10-26°N), (6) Northern Middle East (30—
50°E; 26—40°N), (7) Southern Middle East (40-67.5°E; 0-26°N), (8) Kyzylkum (50-67.5°E; 26—
50°N), (9) Thar (67.5-75°E; 20-50°N), (10) Taklamakan (75-92.5°E; 30—-50°N), (11) Gobi (92.5-

130  115°E; 36-50°N), (12) North America (130-80°W; 20—45°N), (13) South America (80-55°W; 55—
0°S), (14) Southern Africa (10-40°E; 35-10°S), and (15) Australia (110—-160°E; 40—10°S). The figure
is adapted from Kok et al. (2021).
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