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S1 Dust emission schemes in air quality models
S1.1 GOCART dust scheme in WRF-Chem v3.9.1

1a. Volumetric soil moisture over porosity:
W = smois/porosity

Required parameters:
Soil moisture

'

1. Threshold friction velocity (Bagnold, 1941):

Ja }p” —Pe 0D, x (12 +02l0g;qw)  w <05
Ue = Pa

o) w > 0.5

Required parameters:
Particle density Particle diameter

Air density

!

2. Dust emission flux (Ginoux et al., 2001):

2
F = {Csspuw(uw —U)  Uggm > Ue
p 0 Urom < U

Required parameters:
Wind speed at 10 m (ui0) Dust source term (S)

Figure S1. Schematic diagram and required input parameters in the GOCART dust emission scheme in WRF-Chem v3.9.1.

Table S1. Variable list for the GOCART dust emission scheme in WRF-Chem v3.9.1

Variable Name Value Variable Name Value
smois Soil moisture Variable field Dp Particle diameter Variable
porosity Soil porosity Constant field U0 Wind speed at 10 m Variable field

Volumetric soil moisture over . ) ) ) )
w ] Variable field Ut Threshold wind speed Variable field
porosity
A Dimensionless tuning parameter 0.13 C Dimensional constant 1 mgs? m3
. . Dust source strength ) )
pp Particle density 2.5-2.65 g cm S ) Variable field
function
pa Air density Variable field Sp Soil surface mass fraction Variable field




S1.2  AFWA dust scheme in WRF-Chem v3.9.1

1a. Threshold friction velocity for dry soil (Bagnold, 1941):

Pp — Pa

a

u*t_s(Dp) =A gD

14

Required parameters:
Particle density Particle diameter
Air density

1b. Soil moisture correction (F&an et al., 1999):

Hy () = \/1 +1.21(wy —wg)%%8  wy = wy
1 wy < wy
— W'UpW
(2.65 — 0.15clay)(1 — porosity)

Wg

w, = 0.0014(%clay)? + 0.17(%clay)

Required parameters:

Volumetric soil moisture  Soil clay content

1. Threshold friction velocity:

\4

u*t,(Dp' W) = Usts (DP)HW(WQ)

2. Horizontal (saltation) flux (Marticorena and Bergametti, 1995):

2
oy = | (1459 (1-555) v
0 U < Uy
G = Z H(D,)dS,e1(Dp)
D
Required parameters:
Air density  Friction velocity ~ Saltation particle diameter

\4

3. Vertical flux (Marticorena and Bergametti, 1995):

r-|

Ga xS
0

Zp<02m
zo>02m

a=1 0(0.134—(%clay)—6)

Required parameters:
Soil clay content

Dust source term

Roughness length

Figure S2. Schematic diagram and required input parameters in the AFWA dust emission scheme in WRF-Chem v3.9.1.




Table S2. Variable list for the AFWA dust emission scheme in WRF-Chem v3.9.1

Variable Name Value Variable Name Value
. . Moisture  without effect on . )
pp Particle density 2.5-2.65gcm? wg' ) Variable field
capillary forces
pa Air density Variable field Wy Volumetric soil moisture Variable field
Dp Particle diameter Variable pw Water density lgcms
uio Wind speed at 10 m Variable field Csmtune Soil moisture tuning constant User set
Ut Threshold friction velocity ~ Variable field Custune Friction velocity tuning constant User set
u* Friction velocity Variable field %clay Soil clay content mass fraction Constant field
Dimensionless tuning . .
A 0.13 Crnb Dimensionless constant 1
parameter
Wg Gravimetric soil moisture Variable field S Dust source strength function Variable field
. o . . Relative weighting factors for . .
a sandblasting efficiency Variable field dSrel Variable field

particle size bins




S1.3 UOC dust scheme in WRF-Chem v3.9.1

1a. Threshold friction velocity for dry soil (Shao and Lu,
2000):

Ye

+ —_—
PaDyp

)

PpgD
u*t,s(Dp) ZJAN(%

Required parameters:
Saltation particle density  Saltation particle diameter
Air density

v

1b. Soil moisture correction (Klose et al., 2014):

w = w,

Hw(W) = {\/11 + aisl(W - Wr)biSl e
A

Required parameters:
Volumetric soil moisture

1c. Roughness correction (Raupach, 1992):

co XfZZ

xr = —0.35XIn(1—cf)

Required parameters:

Vegetation fraction

1. Threshold friction velocity:
Wt (Dp,w, ) = Up s(Dp) Hyy (W)T

A

2. Horizontal (saltation) flux:

(1- cf)2.3p—au*3 (1 -
9
0

a(Dp) = U,

y=e [—Fkq(u. —ux:(Dp))a]

Uyt

ps(Dp) =¥ X pm(Dp) + (1 =) X ps(Dy)

Q(Dp) = a(Dy)ps(Dp)Ss

Uyt

2
) Uy > Uyt

)(1+

U,
U < Uyg

Required parameters:
Air density  Friction velocity

Saltation particle diameter
Binary dust source term (=0 or 1)

3. Vertical flux:

a= cy[(l —y) +y0,) %(pbnﬁiﬂ +mn.;) Shao2001

a=cynei[(1—v) +yoy] % 1+ op) Shao2004
#bins
g
a = Cyln ﬁ(l +0m) Q= Q Shao2011
* d=1
F=axQ

Figure S3. Schematic diagram and required input parameters in the UOC dust emission scheme in WRF-Chem v3.9.1.




Table S3. Variable list for the UOC dust emission scheme in WRF-Chem v3.9.1

Variable Name Value Variable Name Value
Pp Particle density 25-265gcm3 ¢ Vegetation fraction Constant field
pa Air density Variable field ps Particle availability term Variable field
Dp Particle diameter Variable Pm I\/_Ilnl_mal_ly disturbed particle size Variable field
distribution
u1o Wind speed at 10 m Variable field pr F.“"Y _d|sturbed particle  size Variable field
distribution
Ut Threshold friction velocity Variable field ki Aggregate breakup constant 1
An Dimensionless constant 0.0123 Sh Binary dust source function Variable field
ye Dimensional constant 1.65x10%kgs? ¢y Dimensionless constant 0.00001
W Volumetric soil moisture Variable field op g:rt];?tsf particle density to air Constant
Air-dry soil moisture (m® m-?) from . ) . . . )
Wr SOILPARM .TBL Variable field om Revised bombardment efficiency Variable field
aisl SEorﬂptler)lgﬁlreconstant as a function of Constant field Pb Constant bulk density of the soil 1000 kg m®
bisi En_1p|r|cal constant as a function of Constant field nii Fully disturbed dust fraction Variable field
soil texture
r Roughness correction factor Variable field ne,i S.O'I fractlor) available for Variable field
disaggregation
X Frontal area index Variable field Q Bombardment efficiency Variable field




S1.4 Dust emission scheme in CHIMERE v2017r4

1a. Smooth threshold friction velocity:

w.s(Dy) = AN(% + #Z,,) (Shao and Lu, 2000) or

0.129K
.. s(Dp) = V1928500921 0.03<B <10
, 0.129K[1 - 0_08586—0.0617(3—10)] B>10

B = 1331D}¢ +0.38

PpgD. 0.006
K= [0+ 7%)
Pa PpgDp

1h. Soil moisture correction (Fé&san et al., 1999):

— w!)0:68 >w'
H,(w) = {\/1 + 1.21(wy — wy) Wy = wy

r
1 wy < wy

(Ilversen _and White, 1982)

Required parameters:
Particle density Particle diameter
Air density

A
1. Threshold friction velocity:

w; (%) = 0.0014(%clay)® + 0.17(%clay)

Required parameters:
Volumetric soil moisture  Soil clay content

1c. Roughness correction (Marticorena et al., 1997):

In(zo/2os)
ferr (20, 205) = [1 (ln(O 35[((;) 1/02 BN ]

Required parameters:
Roughness length  Particle diameter

u*ts(Dp)Hw(W)

Uy =
‘ feff(zo; Zos)

2a. Weibull distribution for 10m wind speed

4x

J' 2. Friction velocity:

-, 10
In(z)

(Cakmur et al., 2004; Pryor et al., 2005):

Ku]_o

[t10]
1;0 )k]

p(lizo]) ——('”“")" el

A

Required parameters:

Wind speed at 10 m

Alfaro and Gomes, 2001

<
<

3. Horizontal (saltation) flux:

Pa Ut u*tz
P (125 (1) s,
H(D,) = mbgu U, u, e > Ut
0

U, S Uyg

Dmax

14
F, = fD " H(D,)dS,e1(Dy)dD,
14

Required parameters:
Air density  Particle diameter

4. Vertical flux:

max
Dy

1 plec( pl) m,i

¥T0C “'[e 39 %0M

d
<

3. Vertical flux:

2 Upsr—U
pa(ui — *t) X (— Us sz—*sfhst;sw

Usst Uyt

)

E, = Cq X fpare X fclay X

Required parameters:
Air density Particle diameter  Soil clay content
Soil texture

4a. Kinetic energy:

100w

A

= Eopteetia g 0,
D;’,’lln

l.

= pp—5—Dp(w.)?

Requwed parameters:
Particle density Particle diameter

Figure S4. Schematic diagram and required input parameters in the dust emission scheme in CHIMERE v2017r4.



Table S4. Variable list for the dust emission scheme in CHIMERE v2017r4.

Variable Name Value Variable Name Value

pp Particle density 25-265gcm3  z0s “smooth” roughness length Variable field

pa Air density Variable field K von Karman constant 0.4

Dp Particle diameter Variable Chmb Dimensionless constant 1

uio Wind speed at 10 m Variable field Piec Fractlops pf the kln.etlc energy for the Variable field

three binding energies

Ut Threshold friction velocity Variable field ei Binding energies 3.61,3.52,3.46
mean

A Modeled wind speed, in meters  Variable field €c Kinetic energy Variable field
per second

k Dimensionless shape parameter 4 Cd Dust emission coefficient Variable field

ye Dimensional constant 1.65x10% kg s?  foare E;?gt;gﬂ of the surface that consists of Constant field

Wg Gravimetric soil moisture Variable field felay Soil clay content mass fraction Constant field

W' Mo!sture without effect on Variable field Uset Friction yelocny for a standard Variable field
capillary forces atmospheric density

20 “aeolian” roughness length Variable field U=sto u=st for an optimally erodible soil 0.16 ms*

An Dimensionless constant 0.0123 Ca Dimensionless constant 2.7




S1.5 Dust emission scheme in CMAQ v5.2.1

1c. Roughness correction (Raupach et al., 1993):

A Ag
r=[(1 - oympdy) (1 + Bymydy) (1 — ogme ——) (1 + Bgm _)]0'5
1-— 1-— Cf

r
Ay = —0.35In(1 — ¢f)

Required parameters:

Vegetation fraction

1a. Ideal threshold friction velocity (Shao and Lu, 2000):

ppgD
u*t,s(Dp) =JAN(u

Ye

+ —_—
PaDyp

Pa ?

1b. Soil moisture correction (Fésan et al., 1999):

\/1 +1.21(w, —wg)0%8  wy = wy
1

HW(W) =

’
Wg < Wg

Required parameters:

Saltation particle density  Saltation particle diameter
Air density

Wy Py
w,

g

w' (%) = 0.0014(%clay)? + 0.17(%clay)

~ (2650 x (0.511 + 0.126 x (soiltxtl + soiltxt2)

Required parameters:
Volumetric soil moisture  Soil clay content

1. Threshold friction velocity:

u*t(Dp' w, Cf) = Usts (Dp)HW(Wg)r(Cf)

A

A

2. Friction velocity: etal. 2017):

1.07
2o/ = {0.96/1

Ku]_o

u, =
* 10
In(z)

Required parameters:

Wind speed at 10 m hyAythsds

h=

Ap+As

2a. Surface roughness length (Foroutan

A<0.2
0.08317%4¢ 21 >0.2

A=A+ 4,

Required parameters:

3. Horizontal (saltation) flux (White, 1979):

cp—au*3 <1 —
9
0

Uyt
) (1 +
u, u,

H(Dp) =

Usp

2
) Uy > U e

G= Z H(D,)dS,e1(Dy)
D

Vegetation fraction

Uy < Uype

Required parameters:

Air density  Saltation particle diameter

4. Vertical flux (Lu and Shao, 1999):

F=axG

Ca9fPp Pp
=—=—="(0.24 + Cgu,
a 2 ( + Bu p)

Figure S5. Schematic diagram and required input parameters

in the dust emission scheme in CMAQ v5.2.1.



Table S5. Variable list for the dust emission scheme in CMAQ v5.2.1.

Variable Name Value Variable Name Value
Pp Particle density 2.5-2.65gcm? ms Coefficient 0.5

pa Air density Variable field Ps Coefficient 90

Dp Particle diameter Variable C Vegetation fraction Constant field
u1o Wind speed at 10 m Variable field K von Karman constant 0.4

Ut Threshold friction velocity Variable field 20 Surface roughness length Variable field
An Dimensionless constant 0.0123 h Szfﬁch:]\és height - of - roughness Variable field
ye Dimensional constant 1.65x10* kg s hv Height of solid element Constant field
Wg Gravimetric soil moisture Variable field hs Height of vegetation element Constant field
wg' ggiiflt;rrj fovrvcitef;wt effect on Variable field c Dimensionless constant 1

Wy Volumetric soil moisture Variable field a Sandblasting efficiency Variable field
r Roughness correction factor Variable field Ca Dimensionless coefficient 0.0002~0.001
ov Coefficient 1.45 Cs Dimensionless coefficient 2.09

M Coefficient 0.16 f Fraction of fine particles contained. vzariaple field
Ay \F/{:gue%;]{;gzse?:;ﬂgtes s based on Variable field p Plastic pressure Variable field
Js soﬁrgzreerzser?tinsmes based on Constant field b Bulk soil density 1000 kg m
A Total roughness density Variable field pp Soil particle density 2650 kg m3
P Coefficient 202 soiltxtl ;f;?la;;npc;unt of coarse sand in each Constant field
os Coefficient 1 soiltxt2 the amount of fine-medium sand Constant field

sand in each soil type




S1.6 Dust emission scheme in CAMX v6.50

1a. Smooth threshold friction velocity (Iversen and White, 1982):

0.129K
' B =10

0.129K[1 — 0.0858¢~0-0617(6-10)]

0.006
ppgDpz.S

B="5% By =1331D}% +038 K = [2222(1 + )

v

Required parameters:
Particle density Particle diameter

1b. Soil moisture correction (Fé&san et al., 1999):

\/1 +1.21(wy —wg)%%8  wy = wy
H, =

!
1 wy < wy

wy = 0.0014(%clay)? + 0.17 (%clay)

Required parameters:
Volumetric soil moisture  Soil clay content

Air density
1c. Roughness correction (Marticorena et al., 1997):
In(zy/2os)
= 1 _
farag =1 (ln(0.35[(10/205)0-8]))]
1. Threshold friction velocity: <
Uy = WiesHw hl Required parameters:
farag Roughness length
2. Friction velocity (Louis,1979):
K2u? ]
uf = WFm(z/ZOIRLB)
14 bRip . _ gzAe
Fn=1 1+c|Rig|/? Rip = Bu?
Required parameters:
Wind speed  Temperature  Pressure  Height
\4 v
3. Vertical flux (Klingmuller et al., 2018):
U, U\ 2
F, = c%“uﬁ (1 - u—t) (1 + t) X 107 X & X figndcover X foeg X N Stopo U > Ut
0 Uy < Usg

18—(%clay)2)

a = 0.0136(_ 2x25 fveg =1 0.35

min(LAI,0.35)

Z. -z i
N Stopo — 53( max medtan)s
Zmax~Zmin

Required parameters:
Air density  Particle diameter

Soil clay content
LAI  Terrain elevation

Barren land mask

Figure S6. Schematic diagram and required input parameters in the dust emission scheme in CAMx v6.50.




Table S6. Variable list for the dust emission scheme in CAMXx v6.50.

Variable  Name Value Variable  Name Value
Pp Particle density 25-2.65gcm®  x von Karman constant 0.4
Pa Air density Variable field c Empirical constant 15
Dp Particle diameter Variable a sandblasting efficiency Variable field
u Wind speed at heihgtz ~ Variable field %clay Soil clay content mass fraction Constant field
Potential temperature
0 at height z Variable field flandcover Barren land mask Constant field
Rig Richardson number Variable field fueg Vegetation factor Variable field
Threshold friction
Ut velocity Variable field LAI Leaf area index Variable field
An Dimensionless constant 0.0123 N Normalisation factor 5.3
Ve Dimensional constant 1.65%10* kg s?  Stopo Topography factor Variable field
Maximum elevation in the
Gravimetric soil surrounding circle with 10°
Wg moisture Variable field Zmax diameter Variable field
Minimum elevation in the
Moisture without effect surrounding circle with 10°
W' on capillary forces Variable field Zmin diameter Variable field
“aeolian” roughness Median elevation in a circle with
Z0 length 0.01 Zmedian 1<=diameter Variable field
“smooth” roughness Air kinematic viscosit
Zos length 0.00333 v y Variable field

S2 Comparison of wind speed with different land surface schemes in WRF

The modeling results showed the wind speed of two schemes changed similarly while their differences often appeared
near the extreme values and generally larger than measurements (Fig. S7). The mean root mean square error (RMSE) between
two schemes and measurements were 1.52 m s (for Noah-MP scheme) and 1.61 m s (for Pleim-Xiu scheme) respectively
and the differences could not pass the significance t-test. Their correlation coefficients were both 0.8, passing the significance
test at 0.01 level. These comparisons showed close results between two schemes, however, the errors of Noah scheme in eight
monitoring sites had a larger standard deviation showing higher dispersion than PX scheme. Therefore in the following study,
the physical parameterization schemes used in the WRF model were WRF Double-Moment 6-class microphysics scheme, the
Rapid Radiative Transfer Model for GCMs (RRTMG) longwave and shortwave radiation scheme, Pleim-Xiu scheme for

surface layer and land-surface scheme, ACM2 (Pleim) boundary layer scheme, and Grell-Devenyi ensemble cumulus scheme.
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Figure S7. Wind speed hourly variations and the correlation coefficient between observation and WRF simulation with land surface
scheme of Noah and Pleim-Xiu respectively wind speed in each site (WRF-Noah indicated the simulating results with Noah land surface
scheme while WRF-PX indicated the results with Pleim-Xiu, the observation wind speed were hourly data in Changchun station while in

other sites were available every 3 h.)

S3  Dust mask in CAMx model

The dust mask map used in CAMX, which is similar to the dust source map, only has two values: 0 indicating no erodible
dust potential while 1 dust emitting capacity in the grid cell. Dust flux will be calculated with the clay fraction-dependent
vertical-to-horizontal dust flux ratio (Fig. S8a). However, no dust erodible area was recorded for the region of Northeastern

China in this dust mask file (Fig. S8b). Therefore, no further evaluation was conducted for the dust emission scheme in CAMX.
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Figure S8. The global distribution of clay fraction (%) in top 4.5 cm soil layer (a) and dust mask (b).

S4  Performance of WRF-Chem dust simulation with Noah land surface scheme

We conducted the dust emission modeling with the land surface model (LSM) of Noah and find that the simulated dust
concentrations are much lower than those derived from PX scheme (Fig. S9). We further compared u-, U10 and surface soil
moisture calculated via PX and Noah scheme and the temporal variations of them are provided in Fig. S10. It shows that the
variation curves of u~ are quite similar and it does not present a stronger U-u= conversion in the PX/ACM?2 setting than in Noah

scheme over the research area at this time. By contrast, the Noah surface soil moisture shows large difference from PX, with



values 93.6% higher in Changchun City and 29.6% higher in the NEC area (Table S7). Moreover, the soil moisture curve with
two LSM schemes are quite different. These discrepancies may result in the differences of estimated dust emissions. The lower
soil moisture (which makes smaller threshold friction velocity) simulated by using PX scheme could be the reason of the

stronger dust emission magnitude from PX compared to Noah LSM scheme.
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Figure S9. Daily mean PMuo distributions in NEC on May 5th, 2015 using GOCART, AFWA and UOC with LSM of Noah.
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Figure S10. Time series of u», U10 and surface soil moisture simulated via LSM of PX and Noah in Changchun City during the dust episode.

Table S7. Mean u=, U10 and surface soil moisture simulated via LSM of PX and Noah in the research area of NEC

PX NOAH
u~ (ms?) 510 4.66
U10 (ms?) 051 0.6

soil moisture (m*m=3) 0.27  0.35

S5 Friction velocity and threshold friction velocity
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Figure S11. Time series of U10 (a), and u= (b) from WRF-Chem, CHIMERE, CMAQ and CAMXx in Changchun City during the dust episode.
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Figure S12. Time series of ux in from dust emission model of GOCART WRF-Chem, AFWA WRF-Chem, UOC WRF-Chem, CHIMERE,

CMAQ and CAMx in Changchun City during the dust episode.

S6  Inter-model Comparisons

The correlation coefficients, biases and errors between simulations with each dust scheme and observations in four sub-
areas are quite different. Generally, the simulations performed the best in the sub-area of CTA while showed lowest CORR in
NWA. For the 12 simulations, UOC_Shao2004 (s04 in Table S2) yielded the highest CORR values, of up to 0.82, among the
four dust schemes in WRF-Chem, and the UOC simulation with dust source map G12_0.1_seasonal (g12 in Table S2) showed
the strongest correlation of all. CHIMERE and CMAQ yielded CORR values ranging from 0.43 to 0.76, with good correlations
in all three areas. Although the CORRs of WRF-Chem with GOCART were the lowest among all schemes, that combination
yielded very low NSDs and RMSEs, showing that simulated concentrations were closer to the measurements. AFWA yielded
relatively low NSDs and RMSEs in CTA and NEA, but the highest values in sub-area SWA. UOC_Shao2004 in CTAand NEA
yielded the highest deviations. The NMBs and NMEs of the WRF-Chem simulations were lower in the CTA and SWA sub-
areas than in the other two sub-areas. Finally, CHIMERE vyielded the lowest NMB (near zero) and an NME <75%, while the

NMB and NME for CMAQ were slightly larger.

Table S8 Statistic parameters for each simulation

chem_goc chem_goc chem_gocar chem_afw chem_afw chem_afwa
Region Parameter art_go1 art_k08 t g12 a_g01 a ko8 _g12




CTA CORR 0.27 0.46 0.64 0.73 0.63 0.79
RMSE 245.76 291.63 191.67 291.52 237.43 169.07
NMB -0.18 1.13 0.12 1.34 0.92 0.38
NME 79.11 160.16 66.45 146.88 116.00 64.81
BIAS -46.64 160.16 1.48 208.02 129.50 49.12
NSD 0.36 1.09 0.48 2.62 1.32 1.33
SWA CORR 0.21 0.15 0.35 0.38 0.17 0.46
RMSE 101.37 129.51 89.26 186.82 111.39 112.87
NMB 0.06 0.41 0.26 1.24 0.23 0.54
NME 71.66 4591 62.71 142.18 70.43 79.06
BIAS 1.84 4591 22.55 130.20 26.86 52.59
NSD 0.89 171 1.14 3.74 1.21 2.48
NEA CORR 0.28 0.49 0.71 0.53 0.53 0.78
RMSE 188.16 229.21 136.18 200.94 242.70 110.43
NMB -0.72 1.59 -0.24 0.99 1.55 -0.03
NME 76.59 155.32 57.13 135.47 180.73 52.07
BIAS -93.81 155.32 -37.37 103.45 154.54 -9.10
NSD 0.04 0.96 0.17 1.23 1.76 0.50
NWA CORR 0.30 0.10 0.33 0.19 0.17 0.42
RMSE 34.10 206.11 35.79 155.95 192.70 39.83
NMB -0.55 5.35 0.35 3.58 454 0.34
NME 63.31 173.97 70.81 374.11 464.72 7477
BIAS -18.91 173.97 14.42 119.80 147.57 15.32
NSD 0.24 48.62 1.28 38.74 70.17 2.47
Region Parameter ch(irgaism Chirl?agm cheml_§04_g chrlonagle cmaq cmag_agland camx
CTA CORR 0.68 0.76 0.76 0.73 0.77 0.71 0.57
RMSE 534.95 210.93 232.37 179.84 232.18 303.64 187.89
NMB -0.17 -0.07 1.56 0.10 0.16 0.45 0.12
NME 126.11 68.59 72.02 63.72 68.61 84.86 67.95
BIAS 61.35 -49.36 -22.97 4.61 7.49 60.39 -1.14
NSD 12.24 1.63 2.43 1.04 231 3.89 0.36
SWA CORR 0.42 0.47 0.46 0.51 0.45 0.43 0.18
RMSE 127.89 97.92 92.97 104.79 151.89 191.91 138.79
NMB -0.63 -0.51 1.25 0.34 0.59 0.94 1.06
NME 77.00 69.43 65.40 68.83 87.60 110.08 124.62
BIAS -20.24 -66.08 -53.47 31.60 56.07 92.57 100.93
NSD 3.32 0.44 0.82 3.42 4.20 5.87 0.63
NEA CORR 0.60 0.78 0.81 0.62 0.71 0.67 0.74
RMSE 227.96 319.06 266.62 156.00 143.50 139.10 115.85
NMB 0.97 0.54 2.24 -0.53 -0.19 -0.05 0.00
NME 95.36 134.61 102.22 66.09 68.48 66.53 55.11
BIAS -12.75 75.70 39.01 -62.59 55.05 56.91 -8.26
NSD 3.28 8.02 6.09 0.16 0.12 0.21 0.42
NWA CORR 0.53 0.38 0.47 0.37 0.44 0.42 0.44
RMSE 48.11 80.28 59.02 47.32 76.51 79.05 37.68




NMB 1.29 0.29 5.14 0.20 1.78 1.77 0.59

NME 79.03 160.88 90.34 8164  190.27 187.65 77.34
BIAS -3.60 41.08 1183 1133 3297 51.26 21.08
NSD 7.97 19.68 1153 3.72 5.72 6.61 1.94

The calculation of the threshold velocity (ux) is based on dust particle size, following Shao and Lu (2000) (SL) in the
present CMAQ version. According to the source code, the dust is divided into 4 particle sizes depending on soil texture types,
namely coarse sand, fine-medium sand, silt, clay. Table S2 provides the values of u~ from SL scheme and constants in earlier
CMAQ version. It shows significant differences between these two methods, and considering the main erodible land-use types
are cropland and barren land in Northeastern China, the u~ from SL is generally 1~3 times larger than the constant u~ except

the soil texture of silt. This would lead to large discrepancies when calculating the dust horizontal flux.

Table S9 Threshold friction velocity (m s) from Shao and Lu scheme and constants in earlier CMAQ version

Mean mass median Description Shao and Lu, U=t constants
particle diameter (m) 2000 shrubland shrubgrass land barren land/cropland
6.90x<10* Coarse sand 0.427 0.34 0.34 0.23
2.10x<10* Fine-medium sand 0.250 0.47 0.47 0.24
1.25%10* Silt 0.214 0.22 0.22 0.71
2.00x<106 Clay 0.910 0.42 0.42 0.29
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