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A Comparative Review of Wind-Blown Dust Emission Models
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Abstract Wind-blown dust emission models have used different physics-based schemes to simulate the wind erosion
process. The parameters required to predict the amount of dust emission were determined using the results of various
experiments. The differences between the existing models depend on how the detailed wind erosion process is interpreted. In
general, the determination of dust emission due to wind erosion consists of four steps: the determination of dust source regions,
the calculation of the threshold friction velocity, the calculation of saltation flux, and the calculation of sandblasting flux. The
threshold friction velocity reflects more accurate regional characteristics by taking into account the soil moisture effect and the
drag partitioning effect owing to roughness elements. We analysed how the wind erosion interpretation method has changed
from the early models to the latest models and summarized the features of each model and the differences among the models.
We present the limitations of the existing models that hinder their application to East Asia and how recent models try to resolve
these limitations. The new methodologies used in the latest models that can predict the amount of dust emission accurately by
accounting for the surface characteristics more systematically need to be tested for the prediction of wind-blown dust emission
in East Asia.
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1. H =2 Q ZSISho|| kS || 11 (Zerefos et al., 2002; Balis
et al., 2002; Dentener et al., 1996), 53 AM o & 2}

Az Ao A EFE] wind erosiono = QIS & &5t= 5 5] 2282 53l (DeMott et al,
= HAYAFE I A2 7] e@e] gle] =] 2010; Twohy et al., 2009; Jickells et al., 2005; Yin et al.,
= Z935 u|HER] AEY B opyat(Yin et al.,  2002; Rosenfeld et al., 2001) 7350 = 93k w2k
2005; Rodriguez et al., 2001; Schwartz et al., 1999;  (Zhao et al., 2011; Yoshioka et al., 2007; Miller et al,
Prospero, 1999), th7] &ollA] B FEALR}E AG-EAES]  2004a; Levin et al., 1996). 9k o2l W] 4=} 1
bt 9 555 &9l (Liao and Seinfeld, 1998; Tegen ~ HollA dojuf= B4 o}ehih-g-2 tiFd] A&
and Lacis, 1996) A EAto| L 2] HEP o] & FIL o] G vt (Cwiertny et al., 2008; Sullivan et al.,
(IPCC, 2007), 71 A3} tf 7] 9] AR 2L Bxo| HeE  2007). A EH T, 3948 ¥, ndy 5028
0] (Hansen et al, 1997) ti7]zteo]l 9= mlxick AT AR JAF WSS A7 4 WA
(Pérez et al., 2006a). T3 HAJAt= Fofshirey A Eo g AT XU (Pérez ef al., 2011; Cakmur
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150 Of3HZ, 221, Bz

et al., 2006; Tegen and Fung, 1994; Dulac et al., 1992)
otz 28tk rt Aot MAEEF A 9] B8t 7]
/ﬂ-oq]i 4 7]|5 =0 A 2 ol F5 ¢

% ofE A== Qltt (Helmert et al., 2007;
Pérez et al., 2006b; Haywood et al., 2005; Jickells et al.,
2005; Kishcha et al., 2003).

AFEFH ] (wind-blown dust) B8 AARS 714 AF
Z B AAH 5o dEAEE AMESEY] wind ero-
sion Fofl Hojzl=
vz Asks WAAA viEFe] 27 ExE 2
o o ool 38 1 ol H9
AeFon mA RAwolch B3 SIS %
2 2 A+= wind erosion 0] 5& CHR} 7+ Al
3231790] 0|82 veh, b 2o} et 2
A 7t A el QJeis 2ee tehic, gl
Of A z] A AL el A wind erosion H
o oheat 2o vl BAe] AR o oot
(1) |2 AL A1 27, (2) HA TS 919 Ha
z4, = 017:" 2 (threshold wind speed)] 24, (3)
4‘%}9} fluxE AlAtSH= saltation, (4)
w247 2718 WS Alttel=
O 12 2 F (2),3), @) DA At &
Aoz HolFal gt
R w9l mA) Wl Aele] AYe ExuE

aeolian process& 245t 11 2

4

sandblasting.

K

(land-cover) A Eo] &Jsf AH o g AA At Wy
o] vigof] &2E 4 Q= AP (desert = barren
land), =¥ (grassland), 4] (farming land) -5-2] land-
cover 7} o 7]of| SFH . Ginoux et al. (2001)-=
2 ofjel HBo] 28 Y 4 9t
o7& Z+E ‘topographic low” 7S THEA|AHopgt
u1;<] H]-}\ﬂ_%]_C_)_E x]z—]ﬂ 2 011—4-_,_ =] ]-3].93\;]..

T WA GA A= A Al A A A 2] T
7V A or BAH Ao sl Bt AW
B (EFAAL7RE, ESra, AxHAEY)

£ E|Z wind erosion®] &rtt dojutr] $AE
qgH oz ARt & 5ol EFJAY] 2717
U SAGES UT AL, Eo] ojglAL,
Eoyo] ufglel wEHA] QRS HEShE AT A
A7) 945 (UF vE9] 22 surface roughness ele-
ments)©| B2 7-9-9l= wind erosion®] Lot ¢
3] o] Al vfgto] = Q35}c}. Wind erosion®] @ o{L7]
A5 2 A5Ho] F52 UAFS (threshold wind sp-
ced 02T Tk, AAFLL vhapol ofo) EFAA
o Ao Fol Felatk = 7 A Gnter-
particle cohesion) 9] 33}t WS o] FE Afeof A9
52:0|th (Greeley and Iversen, 1985; Iversen and Whi-
te, 1982). 2L BRI} S4-2 AR v, Q)
A 7F AARE BRI} 2 24% AL v

i B B WY
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Fig. 1. Calculation process diagram of wind-blown dust emission models.
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T AR} F FAFelo] BE OnkR] A4 ¢
~100 um 0] 2715 7= EFAAES] B¢
AAZE0] 7P 2o, o] IZ}E9°] wind erosion
oA 7 2] Aol YRSt (Kok et al.,
2012; Park and Park, 2010; Bagnold, 1941).

FTE5o| YAISEET 2, o O‘Z}EO] E’V] 7N+
27 Ae AAY Ao 2R 4 mm F= ST
7t 5ol o5 oA Ao s @011]”1/\1 THYF
02 o]5s5H] HEd], o] A saltation©|2 2
T} (Marticorena and Bergametti, 1995; Bagnold, 1941).
Al A DA A= saltation Yol A =20
FU7e] S AT, o] F2 FEHo] YATH
Ko} dupit gho] F2)of ofsf 2744

7] Foll e HEE o S %%51 22
(<~10 um) AX Y7} Saltation ZHGof|A] B
ofsf 24 wiEEE= 42w A2, ol 1%
ZFe AR AAE2] AL AA} 7 Azrelo] YE 37
wj20]t} (Loosmore and Hunt, 2000; Shao ef al., 1993;
Gillette et al., 1974). ©] 22 A YA th7) ESF
oA o & BdAE o] F2E o] JIAY
(Bullard et al., 2004) X Z aggregate UAFZ EAYSH
T} (Shao, 2001; Alfaro et al., 1997). ©] WA Y=}E0]
7] SO 2 &%= A2 saltationo] &9 A& H
o] E EFUATL A EY o SES 0] =
A ojtth (Shao et al., 1993; Gillette, 1974). o]z =
EFAA7E BEF xHo] A5k v EGUA £
= aggregate HA|YA}=0] F-=5}= saltation bom-
bardment 73 (Shao et al., 1993; Gillette et al., 1974)°]]
A BEFAAE mHo] R ld WA YRSl Eo
A Uo7k stal WA YA} aggregate”t ZAAHA W
2420 T8t | & sh=d], o] /S sandblast-
ingo]2t T2t} (Alfaro et al., 1997). Y] A @A A
£ saltation bombardment/sandblasting®]l 2]3ll th7]
Fog HiEHE WA JAEY A A7|E2E
T

FESh= o8] AR A A mdE0] 2t
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152 oz, AT, Btd=

= ‘ﬂ'ﬂ]%i H| W SEAL Qlet o] 2]t o] e A=

£ REASERE qS5EHe= 1Y sEE Al
ol & A3 o)) 20| WS Aglo] 7]
T St} (Todd et al., 2008). TS AHEH= E 19 &
AR RREE U2 AuRA WIF S 9
S ZF AlFES s Aok thaket iAol tis) Al
S AT EER Jht) 2ol & 19 270" =
=0l sl 7tefs] ARttt 3~67doll A= 242t o
2] REdSo] viEd A (A7 24, dATES 2
2, 3 saltation flux®] A7, sandblasting®]] <]

T WAL 2718 WP AL PAL v mFie,

2. AerEx] @3T8 2

Tegen =2 (Miller et al., 2006; Tegen and Fung,
1994)2 43221 “one-step model” & SHI=, X EH
AH7] g40] Gl thet 2] siA glo] HAt
&S 57951, sandblastingof] 2J5+ A TAYZFo]
T3] saltation flux©]] H]2|gehal 7Fg e}, o] <} H]
25t el Mahowald ef al. (1999)3} Perlwitz et al.
(2001)9] Z&o] QIT}. Tegen E-2 Tegen and Fung
(1994)°f o]l -2 7HEF=]$1. 0™ Tegen and Lacis
(1996)°1 2lsf A 27+ 715 G A7l AHE=H A

o]% o] 92 Goddard Institute for Space Studies
(GISS) atmospheric general circulation model (AGCM)
off AfatHz] REZ o]A & o] (Tegen and Miller,
1998) WA oflojzZ0] 7| & F7F Aol E-8H Atk
(Miller et al., 2004a, b). Miller et al. (2006)- subgrid
wind fluctuations@} “HALAY =& 2> (37 ol A
Z]-}\ﬂ o] Eg); _ﬂa:] S} /\ O]Ef'-:_ O] Etﬂ (o) OJ_’_‘]_Eﬂ
o|=slo], Jado]=5H GISS AGCM ‘ModelE’ (Sch-
midt et al., 2006)°] ©]A5F Tt ModelE & Tegen &
Aol A= AR QAT A o] <2 pm?_] clay 2} class
@} 2~4 um, 4~8 um, 8~16 um<! A silt YA} classZ

T/ A

MBA 22 (Alfaro and Gomes, 2001)-2 o] 2 7}
rof] o2t Al A2t (Marticorena, Bergametti, Alfa-
ro) 9] oJUd-& wte} o] Fo] £ %] K= A, Marti-
corena®?t FAAEO] NS saltation 2 (Marti-
corena et al., 1997; Marticorena and Bergametti, 1995)
I} Alfaro®}t F#AH=0] /W23t sandblasting 22!
(Alfaro ef al., 1998, 1997)-2 Agst Rdlo]t} o] &
2 1 % 29?17} Niger (Gomes et al., 2003), 5O}
O} (Uno et al., 2006; Zhao et al., 2006), E1] (Park ef al.,
2009, 2007) #| 5 €] A e} Qo] ARE-H 1.

CMAQ 2 (Foroutan ef al., 2017)2 &1 s}sh
44559 CMAQ (The Community Multiscale Air
Quality modeling system) v5.20] 3 17 9] Apat
M2 2E@ 2 DEAD (Dust Entrainment and Deposi-
tion) 222 (Zender et al.,, 2003a) 2FE G o|=5
Zdlolth. DEAD Bd& MBA Bd¥} 22 4]0
saltation schemes AFESFA|TF sandblasting®] 2J2t
A FE EY & day YA AFE2e0 o= 1t
5] EASE} Zender et al. (2003a)2 AT 2o
o] RS AFAWA day BES 42 1451
=4, 1 Ax} AR AR ZHAYTFO| saltation fluxo] T
5| HIFsHA H ek d 10| = CMAQ
A= saltation fluxof] 218 vl g5 Fote] WA
TGS AMALD 71E FA = B2 Lu and
Shao (1999) scheme2 A|Ei5}o] Xt} mechanistics}
Al AR =2 AlLtsh e

NMMB/BSC-Dust 222! (Pérez et al., 2011)-2 Barce-
lona Supercomputing Centero| 4] 8- 2] AP Z] o
HE fsl 9oz 29 5 e DREAM (Dust
Regional Atmospheric Modeling system) =2 (Pérez et
al., 2006a, b; Nickovic et al., 2001)25& F1do|=
H mdolct o] Rdl A MBA AT} ZHE salta-
tion schemeS AH&-SHA| T, sandblasting®l] ]2+ HZ]
Ao saltation fluxo]] T3] BlFIIeial ZHgst
a H] e ESF & clay, small silt, large silt, sand
o] Ai-gof wet A4St o] Bele ZFsf A
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Aol HAEZF a5 91t @RI = AR 9
t} (http://www.bsc.es/plantillaH.php?cat_id = 321).
Shao =3 (Shao, 2001)°l4= MBA d 3} -F-ALSH
saltation scheme2 ARESIA|T XA 072 st
sandblasting scheme& AFHESICE o] RS L}Fof
Shao (2004)°f oJsfi & ZFehet ez ZHd = ]t B
oA AHgoh= A R B, S5, Mali,
2|1, Niger A ol|A 35 TrEAueto] HlwE
53] 24 =30tk Shao -2 Jung et al. (2005)°1 2]
off T WA H e} 55 2Ol A tFE (convec-
tive transport) 2] B2 Aot Hl AHEE T
= 713 Ao FASS S FdRERE A
25311 1= ADAM (Asian Dust Aerosol Model) ® 2
QAN E upE&E 7|4t saltation 2 A eHStATH
(Park and In, 2003; In and Park, 2003). Sandblasting]|
ol A= Shao RE A ARG 7R o] e = lTh
ADAM R Hl2- HAAY 27 o] Ee)oha] A K
= A Bt gol ARt REolA|uL, Fof
AloF GAPFAZ] o A 3gRE @7 7171 F3Fe] A|A
AQ EARAL Y FAS 7|Hlste] 2aH 7Y
o]7] wfZoll FAPIAY cllEol qlolA o] =2 A
g5 & Ho]ZEth(Park and Lee, 2004). ADAM 2 d&
©]% Normalized Difference Vegetation Index (NDVI)
tloJEl S o]-§-5to] Aol ot MY oA Gt
S APgstal AAZES] dst G| i o Sl
= oh= 712 4S S5l ADAM2= 10| =X QL

t}(Park et al., 2010).

3. WX w34 Ax 2%

Lo s A e P B e S o i g P R e S
AL 7

W2 A 2] (A ] ARL 7F Aol A=
E ]3] 5 (land-cover) #5=]] whet W7o}, |x] 2
A 290 g 2= EXE 5= AP (des-

o

ert = barren land), 29 (grassland), 5#] (farming
land) 5-°]t}. Tegen Ao A = Matthews (1983)2]

>
B
o
=l
ne
0%
o
rx
0
H
L=
=
nz
|'O

Olok

153

A o8& A-8-oAA] Abat (deserts), ZA] (grass-
land), ¥+=7] (shrub land) 2 #5759 A2-E #2] 24
¥ AzLZ 2]} (Tegen and Lacis, 1996; Tegen
and Fung, 1994). =3} International Satellite Cloud Cli-
matology Project (ISCCP) (Rossow et al., 1991) Az 2
FH diat A4 A8 AlAbstal, 442 S92 HA
Y QAof| A A @J5kAT

NMMB/BSC-Dust 2 A= & 2]+ A4 glo]
Eof| A AFEF (desert = arid) & =AM (semidesert
F+= semiarid) 2 £7H AAE WA Y A
242 2| Aetet 43 DREAM REo] 7l wjo
+= Olson World Ecosystem (US EPA, 1992)9] vegeta-
tion data set®] AFEE|X|TE, ©]% Pérez et al. (Pérez
et al., 2006, b)-= DREAM &S o]-§3+ 2 2|7 A
2] oA W2 L AxF 2GS Sl
USGS 1-km vegetation data set-& AH-8-5F53 Tt

EA)5)% ¥ ofja} wiA] dajo] Sus] ol
oJUb= 2|9 (“preferential sources”) 2 S'33] whE 2|
At RAEE Itk (Cakmur et al., 2006). ©]H 2E
2 7 AZSE A A (arid lowlands) 2A] FH 2]

%\_
AR E 50 FAZgol o8] el & &
FAAEo] HHD 4 Qe W4 B (enclosed

basin) Z19& WA YA A 2oz 247t}
(Prospero et al., 2002). Ginoux et al. (2001)2 EX| 1]
HE oflet EFEo] TE9] BY o e e
Z¥Z ‘topographic low’ £71S TEA|AoFgE =] gt
ARow AR 4+ YT FAL L e

‘source erodibility factor & A|F5F T},

Fmax — )5 (1)

5 = (rme 2
hmax - hmin

AZ1A, hie ol Y] ATAINE, 7y &F Ry
Z}Zy 39 100 x 100014 Fof 2 X4 A BxHIEE
LFERATE. Tegen et al. (2002)-2 42322 HYDRA
(Coe, 1998)5 Al-85to] 115 S=HIE (paleolake beds)
e w2 A HA2P 9 AE A5k

Zender et al. (2003b)2 EAMF EHUE 4 = AF
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2] o] A& o] e} source erodibility factorE AlLESH
= HFAo] Ginoux ef al. (2001)°] AJAISE THest 11
At w2 o|u =751 550 W} source erodibili-
Fohe WAt o Lo mojaue A
etttE 712 B9k 11 9Fo & Moderate Resolu-
tion Imaging Spectroradiometer (MODIS)<] surface
reflectance AF& (Grini et al., 2005), =< Total Ozone
Mapping Spectrometer Aerosol Index (TOMS AI) %+9]
Y15 (Westphal et al., 2009), Z-2]-7FA13A L
(Morcrette et al., 2009) 5 TrFst 2 & ALgSte]
2 A 2| A 292 AAsH = AlEso] ISl
2] YA 2ol A desor & T JF 7HA] &
23 AR Ao whE A149] HBto|t} Tegen et
al. (2002)2 Kaplan (2001)2] AJE#]2]st g
BIOME4E ©|-g5te] 3t AFREE AR IAYF
Alitel] H-85F . BIOME4«= D8+ 712, -,
Lz, EL o] uhe} 277H2] AP+ (biome) o] XS
|53t Desert®} barren land 2 o} 2} shrubland,
grassland, tundra 5] A GA] A 1] (vegeta-
tion cover), EFSETF, A o B 590 A0 wet
A WA g Aoz 2t g Aol
A% Advanced Very High Resolution Radiometer
(AVHRR) ZH|2 #=35}= Normalized Difference
Vegetation Index (NDVI) Z} 2 (Braswell et al., 1997)2
HE th2 ZHA] (Knorr and Heimann, 1995)-2 ©]-&
5Fo] FPAR (fraction of absorbed photosynthetically

active radiation) 4= 24519t

=
R

FPAR =1.222 (NDVI/0.559-0.1566) (2)

o, o]ZA] Al4HEl FPAR gto] 095t 2 7-9oll=
092, 0Kt} 2-& 7 %oll= 022 A5t FPAR
2 o]-8-oto] Thefgh AT A Aol A W2 LAY 7F
‘& Aot ZHAIRE -2 Tegen et al. (2002)°]]
Yo QItt. Tegen et al. (2002)2 ©|FA LoJgt
V25 ofAJope] W] HrgRFo] Es] 249 A
o whet 24 debdS Helth. NMMB-Dust
o] A= NOAA/AVHRR H|o|E] 9] 3 A4

o oA onx o

£ (green vegetation fraction) (Gutman and Ignatov,

1998)-2 1125t Q)

4. SHYAZY 2%

AoflA ARt vt} o] F&o] ofH JAAE
"ol saltation®] TAY S} (Bagnold, 1941). ©]
2Rt AR LS T A2 BHsH| = shA|e

2ol REloAE B4 o) ohe3} e v
It (friction velocity, u*)2F YA (thresh-
old friction velocity, 1,*) 2] 7H'd-S =5t Agsh

t}(Priesley, 1959):

o @
" In(z/Zg) 3)
_ kue(2)

" Gz @

7] A k (=0.4)= von Karman constant, u(z)2}
u,(z)+ logarithmic wind profile®] &&= tf7]
74 A% (atmospheric boundary layer) W &2 &
HORHE Fo| zo|A 9] &1} AATE, Zp
Ao EASE FaEe) o3 AL 2ol

(surface roughness length)©|tt.

z

HollA Fol&e]7] fItt FAoyAle] oo 273
doh. dASSE T dAREEEE Aot 7t
% 2| o] whet AP 2] Ay AR
S Aot AR AgE 2175k Aot
Fryberger (1979)2} Kalma et al. (1988)2] A4}
£ ZA= 5] Tegen REoA &= AR T
g 10m =°] YATEE 6.5 m/sE AA5IT

(Tegen and Fung, 1994). U5l Tegen et al. (2002)
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lo

2 BHFel gibol A JARPEEES 212} 30 cm/
s} 20 cm/s=2 A|QF5FS1. 2 ™, Miller et al. (2006)-2 |}
= Eol digt 10ml—'—°] 0174]“/‘0 8 m/s= A5}
ot o Ao
2 ARgE0] el ADAM2 (Park et al., 2010) 9A], #]
ol AW A2 ThE ke AFgoly]E sk 7=
2 0 2= T=of| 7S AAghe ARRSHE oA
AL mf2 e nda B2t £ olt) o] HRAle
EGAAY] 2719 EY W o A AEH A7
Q2o g PATPELES] AT B2
anisticSHA] ¥FJ sk 2= 9
Wind erosion @49 2|54 E4S E(gE ¢
AntEgE&EE e AAeH T 3 A AR
(1941)°] oJsf ol FolH . EY AAE
28] Holu)7] 9la) B ag Fo| F Wolat 717
stofl, Bagnold: Th 7} 22 IAFEEE A& A
¢rokiet:

& 1
_m

o] HFAlS

= mech-

Ds ~ Fa
ui(Ds) = A W 5)

a

A71A A+ ELFYAL Reynolds 429 &<l I,
g FUEE, D EFUR) A7, 0,9 p, 5 4
ZF Eqkaret g719] 2meltt. 4] (5)= DREAM &
Ao AFEE A}, T, o] A8 71 2o Eopl
Aol ol JR=Z717F e AR STt
A= S ETE AYsHA] ZRITH(Chepil, 1945,
b, ¢; Bagnold, 1941). Iversen et al. (1976)2 ~L ©|-F-5
A (518 st oA A7 7 kel BAE)
7] el Aow Ausiact AAEES &
xqo} /\uPO _65-_/Uﬁl 75;4._3_ u].ao—_o_
White (1982)= 23} JaF 7+ Hztel g n% 17
stol AARHE RS ok Ae A2 Astela
ot 1, o] A2 u of g5l e (implicit func-
tion)= FEIH SloIA w5 F5H7] A= WA
At (iteration)©] = Q35}thH= EHo] AU} Marti-

corena and Bergametti (1995)+= ©] A& =45} §F

=, Iversen and

APRIBIR] AR APY D Het Bt 155

u;(Ds) =

0.129K

V1.928B90%Z — |
0.129K[1 — 0.0858 exp{—0.0617(B — 10)}]

for B > 10
(6)

for 0.03<B <10

0.006 g an 05 s~
ppgDz'S

cm™, B (=aD,**+0.38)2 EFUA Reynolds =
o] ZAtgtolth. 4] (6)& DEAD &4, MBA 2,
NMMB/BSC-Dust 2 2] 4] AH&-5] It
Shao and Lu (2000)= 4] (6)XEtt T THedHH A
FET} At 7 g mF velste] AR
L5 Fohs th AS Aljtstch:

o714 K = \/"le’s(u ) a=i

gDspp ¥
ui(D,) = 00123( +—) 7
e j Pa  PaDs O
o]7]- y=3x10""kgs> A (7)9] ¢H BT & F
e 717t et QA 7 e ousit 9t
7 AR RART A ()2 460 2e d4
Jelz A28 47 S 4 ok

Shao and Lu (2000)= &5 2@ H|WE Ff
A (6)T A (7)= o83 A7t M= Blsittke A
= HAoh A (6) A (7)) u] #hol Havt H=
EFIAIE7] 30 um < Dy < 500 um H oA A2 H]
29t u 7F& A3} (Park and Park, 2010). Salta-
tiono]| &Jsf &2]0]7] AJZoh= EFUAEO] u, o

Zro] 2A¢l HIZ o] 37| <o) AAtEo|gt= He
Aotk A (6)3 A (7)9] Aol 24| ol =
4 Itk Al (e)E Tt A (7)0] B 7HAE ¥ o2t &
212 ofulE Hot 47 glofd & Qlvk= A wE
o], Park and Park (2010)= 2] (7)& A1&i5}= Zlo] Hf
HAslHaL F45t9em CMAQ EHoA: 4 (7)
o] AH&=3lTh
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156 Of3HZ, 221, Bz

4.2 HE7I12A0 2|§t drag partitioning

Wind erosiona €.27]+= AHA Q] Y92 EF
A== vhehe] A T-3-2 (wind shear stress)©|tt. A
Foll A4, of A, A 22 AellEo] & Aol &
Aol ogt #3te]-2 whge] o3t A et A4
=17] wgdolol A Bighe] He-3-4
off MR o] FellEe] $le 7
Hhe Aeh-g-2 0] A5tz o]o] AW, wind erosione ¢
off Qs T M=ol 712 Uehdth (Raupach
et al., 1993). Raupach (1992)= & Ah39 ¢ 3 E9F
o] B H= Atge 1, & HIE that 2ol At

Sick

Tg 1

T 1+ el ®

714 e A7 240t W] FeAG0) v]
241100 A= 429 gholm, A= A 71U (roug-
hness density) |}, Raupach et al. (1993)2 4] (8)=
7J5kod, wind erosion= 915l 237 JAPEEE A
S QA frer T Eol AN AS At

tR _

f u
R_u;

V(1 —mgogd) (1 + mgPrld) 9)

A7V up> AH7 8 47F A& A0 dAHE
Eh, mp(0<mp<1)> F¥ -§ ] B Ud4& e
5t7] fiet AeH R op2 AE7] 840 WY

(basal area)@} 4l ©] (frontal area)2] H]o|t}. 2] (9)=
Shao REA AREE QT T1eut o Ae] 7HE 2
P2 mp, o, B2 WS AL GHHA Ao Jlk
= o] (Marticorena and Bergametti, 1995), ©] A&
AFESF AFAHE-2 T 7l Raupach et al. (1992)°] offx
off AlRFE AT} e 5L AT Gilles et
al., 2007; King et al., 2005; Crawley and Nickling, 2003;
Wyatt and Nickling, 1997). =3t A& 7|U = A7} AZ
719450 JFS 2435] HohA Eitrh= Hlw
o] A% A 71 = %At (Nickling and Neuman, 2009;
Gillies et al., 2006). 55|, 77| Q4520 F2E/|
w2} saltation @Fo] 2A E2H2 4 =T (Okin,

2008, 2005; Okin and Gillette, 2001), 2] (8)°]tt 2] (9)
+ ol gh ¥k 1efsA] Zitrh

A-71840] O3t drag partitioning®] T2 Hrot
HASE 2284 A& F5l, Marticorena and Ber-

gametti (1995)= H=F 22 A& Albs it

-1
fr = [1 - {m 0.31511((12(;2 érzrf;zs)o-s}] 10

A7A z= A-7IRAS AR WEge] AdY]
o2 A D302 AAre 4= It} 4] (10)2 drag
partitioning E¥HS A&7 Q40 Ea]4 37]9] g
T2 G o s TR FAo] JlolA, MBA
249 DEAD 249, NMMB/BSC-Dust 24 5ol g
A= ATt 22 o] A2 Zpe] #rol 1 emE et 2
S w9t f &5ty et Aol E-E (solid obstacles) ]
tisfAfRt 282 4= k= 22249 AE AL
At} wHEbAl, FotAlotell A &5] & 4= Qe T &
A] (mixed grasslands), T=2] (shrublands)e} &2 %
o] Q= A #Hof A8 o= 2AE 44
4 ok kst oF34 7R 1] (porous canopy) 2]
7ol A7) dol7t 1emE Z3sh =71 9lom,
7137] 948 v 55 Aol o] g7t ezt
o] 9Het Foll=d wiet BlwshH o] HEA
LFERLE7] wj 2ot} (Darmenova et al., 2009).

MacKinnon et al. (MacKinnon et al., 2004)-2 ©]3
e FAEES siEst] flste] Al sk A

(11)& AT

In(Zg/z;) }]

= [1 - {ln 0.7(12255 cm/z;)°8 ()

o714 0.7& A7) ret 57 54 HhgRte
24 A (10)o14 AHESH 0.35H T E5 9 X} (standard
error) 3= 2% O WEUE 240 7Etsto] TE
S (King et al., 2005), 12,255 cm 4L AR 7| 942
v} 55} AgE wobe] At A4 ATkE 485
el @ 29 Avjene 249 ke 1859

T} (Darmenova et al., 2009). SFA|TF o] Ao A EA|

SOV stEX| M35 H M 25



Hol & 744 EABEE, Aol g wr|AbE;

)
(bare gobies), R ER 2] T/ 50| Qe 1L
H] A} (mixed sparsely vegetated gobies), Z5.0.2 ]
S 2] T (densely vegetated surfaces) 5 EA| 7] 5

o wbahA] LEE oo 3 A Ao|7 gL zto 7
A-gx]o] Qle FEo]QIth(Darmenova et al., 2009).
old EAIHE sdst7] $15te] Darmenova et al.
(2009)-2 Raupach et al. (1993)2] 4] (9)E 2Fgsto] 2
(12)4¥ v]21A (nonvegetation) T} 44 (vegetation)
of tigt H4E FEA]o] Yl x| ;e] wE AH7]
UL E Yol Axtgozn 23w EAZS st

.

fR = j(l - ovmvllv)(l t ﬂvmv/lv)(l U] ﬁ)(l t .BBmB m)
(12)

__ NDVI(t) — NDVI;

Y™ NDVI,— NDVI; (13)

o] 7] 4] o] 2241 vi= A48 (vegetation), B= H| A
ojujgitt. 4 (13) 02 A4t
A= =M AA H]-g-0]™ Kimura and Shinod (2010)
oA B2 Alztoll whE A4 2]4=<1 NDVI(t) 7Xt
AT yz]ef A 8] A48 2|4 NDVI,, NDVI,©]
TAAE o]gsto] T 4= glom, S5 229 &
Aol thste] AAIRE NDVI,SF NDVI O] 312
93,0.06°]H. 4, (=-C; In (1-4,))& 25| = 4]
HO| AT WUk, G AE7] 840 ek B
Ask= A, Ape HIAA 27O AHY] H=
23t} g Marticorena et al. (2006)2] =74 of 9]
5to] 0.01~0.167FA] HIIRITHY H 1% O H, Xj
and Sokolik (2015)= EX|T& ZFFof w2} A, 3
BT 0, m, p= AR BIAEIA]TE L
ojA U= A (9)lA At 8 Z2 on|=
ARG, o] Ao A ARG = HapE2 Ao A
%k (0,=1.45,m,=0.16, B, =
Bp=90, C;=0.35)2 A3t} (Darmenova et al.,
2009). Raupach (1992)2] A A¥o] w2H m ZH2

Y (nonvegetation)<

S
- \_

r

(=]
@mw

mlm (==

202, Op= 10, mB:O.S,

+ 0014 0.59] ZH2, A1 st
= 19 7R @S 7HA]
42 Wryatt and Nickling
(1997) Aol A thErlAdF 2l ARA S Sl 54
et 7PAA At PAA = B E Ssto] g5t
Stk 2] (12)= SCNU 243 CMAQ ZE o)A ARE-

At

Kok et al. (2014a)2 71271840 ]2t drag parti-
tioning®| AAPFEEES] FHe F7HAXITH B3
(e =u;* X f)S H]ES}AL, drag partitioning< E ¥l
ALE = AdS8S Aar7les 2oz, 5 B
2-gote IHEE T (09 e HAEA7 = (uf=ul
fr) AL = SAsfjoF qtttal 463l o] F 7]'7*]
o4 WAL BAARE Aol 9lo] Ak
7h mpEE L OFo] v 2 AR gk Sh= EH—‘T‘——EL/] L
dof| A= oFf| 2ol & oF7|6kA] gt e, o
Anpa4 e o] Zhe BEF 59 erodibility 5422
SfjAlstar, o] gholl whet HAPEA G- S (Es
H2) 74 SH-THA 7 2ebR] = Kok et al. (2014a) Q) 2
ol A= o] T A o] & Aol & Wethe Aol

Zo]5jof g}, o] B 6ol Al oA QlgotEe 3t

Hm

2
4>
HI
o
fol
=l

Ho &>
2
o,
= 0
N
P
ML
%
im

FAAre] A
M saltation= AT B
crustd] ZFEE Yo 2H
AA5}7] = $Het (Bradford and Grosman,
1982). Flocchini et al. (Flocchini et al., 1994a, b)2] H
Tof| 2 ELETFo] 0.56%014 2% olFo=
7t AS PM, HIETC] 80% Al S0l
Wang et al. (2000)2 5= 4 B3 299 APz
Eo| AbstebAbat Qﬁ A o 29 iR ¥
A2 Gof| Hlsf o] 2~54 B7] dizel F
ofAlot 2] AR ALt Qlo] Bt
a7t e Zeks S A sk
Tegen REo|A= Egrids dANEEEE
Tt Hl sk E 4oL, A=, EAA =} ¢

o kH
re
<

>
lo dm

SR
e =
o Lt

&
==
g

saltationS
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7 W2 WY AZE Aot S & ARSIt ¢
Bt AR (Shea, 1986)2F EZALR (Zobler,
1986)2 B} O 2 51o] Bouwman et al. (1993)0] At
St ®eH ol whet “soil matric potential”’= AlAHeE & 1
Zrel 10*) kg™ '& x3toh= Aol W] HAgo] 7}
ot s A5k

EgTRE avte ¢

A& o] e &0l

=
A

Al

HU

1t do

=

A
~

o 9

o}
ui (Do, W) = fiu (W) (D) (14)

A7NN we EFrEE fue BT S U
Ehli= Aol % e AIE O R shao et
al. (1996)2 f,, ol tigh "a=2g bt Zo] Aetst
Ak

3|
zale}
o

4=
PN

ks
A

rr md

=

ol

_{ exp(22.7w) for w <0.03
fw W) = exp(95.3w — 2.029) for w > 0.03
(15)
o] A& Shao RAoA AR, Miller et al.
(2006)°1l ©]3f] Tegen RE = == it
SHH Fécan et al. (1999)2 EF4-E g itof ofjgl o
£ B2 Atelsck

1 for w<w’
fw(W) = {\/1 + 121(W _ W‘)0.68 for w > w’
(16)

o7]A w'=0.0014 (%clay)® +0.17 (%clay)= LA
ESfrEgoln wetw' & tF % Tl T E Flo]
t}. A1 (16)& MBA 24, DEAD 24, NMMB/BSC-
Dust Z&lof] AFE-E T Q)

A1 (15)¢} 4] (16)2 w<0.03% o= A& H|Z=5H
fw & ABSIAEE w>0.032 woll= 4] (15)7F w gk
o] Z7tel whet EA o FASH| SVt £, at= Al
&St} (Park and Park, 2010). Zhao et al. (2006)-2 2002
| 3ol TAYFH FALS] B ojof] 4] (15 )2t A (16)&

¢

Apgate] 1 ARk Blmalglsd, A (15)7F EFR
Beko] o 2| <o] o FAPIAIES wfS T

& B gk 224 2] (16)°] FolA|o} 2] <
AP Al Zo) o Aetelths 22 Bk

4.4 Owen 21}

Saltation YH oA -55= EY JAES 571
FoAGSIAA v e dEE AuEE AT
stet], o] npEEL o FUtE YER Y (Owen,
1964), ©] oFo] =W §3}-= Owen A ¥}t H
7B Lo} Owens Dry Lakeo] A 42 & ‘:ﬁr—_i—@
T2 B H| Gillette (Gillette, 1981)+ saltation. 2.2 213}
WPaE 2718 ok A2 Aedc

o

Hl

-

Au* = (0.003 s m™)(ugg — Ugo¢)? (17)

AZNA, uyo T wyg = 22 10m AdEoll A B4 <
AlZEZ 0|tk Owen &= DEAD 227} MBA g
ofl A A== ATt

5. $3 Saltation Flux

EFAA] saltation©] AIZEH Fol-&iTh
oz Holle medaEel el dase]
Al A& AEslao] F7H Q1 saltations 427
saltation fluxE Z7FA|Z1th(Durén et al., 2011; Andre-
otti et al., 2010; McEwan and Willetts, 1993; Anderson
and Haff, 1991). Saltation flux®] &7}+= $4:9] #5}
£ E321 (Bagnold, 1936), ©]+= THA| saltation flux
£ A7 d9do] ™ (Owen, 1964), saltation
fluxZ} 2443 ol ]2 7] et (Kok et al., 2012; Kok,
2010; Ungar and Haff, 1987). /J7defioll A& &2l 0]
+ B T EYoll SESHHA & £o= whals
o7} ABI4TE ] Fote JAETHE MEA saltation
S Aot dAHEC] AURA saltation flux?t &
Aot 421 ==, ol 22 saltation YA T+
ol €902 v Y =& 911, sandblasting 773
oAl dojit= ELFYAE2] B4t (splash entrain-
ment)¥ &= At

Owen (1964)< splash entrainment®]] 9]¢ EF<]
Z}9] H|ALS BLAEE 4 918 HFHE A 31, saltation @] A
£2 F2 Higo] o8 EUFlo] 2L saltating Y

A7k @S o12)7] wfoleka #Hahelck. o B9, 4

rol
Hl
e
~
rlow
_|0II

BRI M35HM25



AdH saltation Fofl &2lol= EYF 479 &
o] Bge Ao oAast 4= glom, o]
ol 7]9Fste] Owen-2 saltation flux?} u*3¢]] B
Th= Bagnold (1941)9] o] 2o] gty F4F6tal
w*=u ol A HAPIAY gho] A&7 2 4 Al

S The I 2 B4 ARISHAT,

N d

S

Fp = Cu™3(1-R?) (18)

o17]4] F,= saltation flux (kg m™" s7'), R=u,"/u*, C
L A A v ArS=olth Shao ef al. (1993)2 w7} &
5] 2 ol F7F g o= yo] Bl2|ete 2he sal-
tation fluxel] tHet T ZIHE THSI Owen
O] Aets SHERISHGITE. o] % 4] (18) Shao H ¥}
DREAM E@o] A= =] g{ct.

Gillette (1978)= EAH&4Ql F54Y 2= B
e}

F,=Cu3(1—-R) (19)

A (19)5 £7] Tegen e A AME-E| STt (Tegen
and Fung, 1994). 5'd" Gillette and Passi (1988)+= P. R.
Owen®] %15 Hhof oh3 215 AQtstgl o), Ad
of| oJsff T Hh= Sl

F,=Cu**(1—R) (20)

MBA 24, DEAD 2%, $7] Tegen 22 (Tegen et
al., 2002), NMMB-BSC-Dust EEoJ| A= Kawamura
(1951)7}F A|$tst1l White (1979)7} 2543} o]=
A ZA o7 SRS ohg A2 A Eskqith:

F,=Cu*(1—-R?»)(1+R) (21)

SHH, Gillette (1981)2] WA IE HIRF O 2 West-
phal et al. (1987)2 u*7} u* 014 7% AR TAY=F
o] yre] Bk AIFoFAL, ADAM B o]
Aot A el SFA T (In and Park, 2003).

Egs. (18), (19), 21) 25 w7} Z-25] 2 ©f F,7t
w3l HEIgIttE FF5Ho] 3leH, ol saltation®]

Z]4:0] splash entrainment®]] 23+ EFUA}FE] H|4HHE

APRIBIR] AR APY D Het Bt 159

= 7= vl o3t A2 saltating YAF2] F¢
Sl AQAAE R ol2H= Owen (1964)9] FHO 2 H
B H]ZE It} 18U, Owen®] 42 AAIES ©l
SO A I saltation®] A== @/ (Bagnold, 1941)
2 AP A2 saltation FFoN 2] EFUA; HoflA
splash entrainment’} dojdtt= 54 23
(Gordon and Neuman, 2011; Rice et al., 1995; Nalpanis
et al., 1993; Willetts and Rice, 1986)°]] HjX]Ht}. o]
olfr=, Hrt o] AFAEL saltation®] A|&0]
ZF2 splash entrainment =31 Z1 o2 FAsta Q)
© 1™ (Anderson and Haff, 1991; Werner, 1990; Ander-
son and Haff, 1988), ©] 73-%- A H saltation 5]l
=20l EY dAHe] £33 npEof BAgle]
AASI} (Durdn et al., 2011; Kok, 2010; Andreotti,
2004; Ungar and Haff, 1987). ©]2{gt 714 Sfof] th-2
2lo] AF=E| ATt (Kok et al., 2012; Duran et al., 2011;
Kok and Renno, 2007).

5p

Fy = 7‘1 uju*?(1 —R?) (22)

21(22)7} L AISH= saltation flux®} shear stress 7H2)
AR HATA (Fjoer, & Focud)ys AT 47

R me Aol ofs) A% YT (Martin and Kok,

6. Sandblasting0]] 2]%t HXx]ua =

A e Ao ohet Tk A
saltation flux 2 sandblasting®] &3+ A=}
e MAYAA 9] G5 ALk Aotk
Ste ARz S Qo] 7HE 2 Aole
o] &AIE ofF A Afst=rfel AUt

HPH-LS saltation flux®]] “sandblasting

reh pl I

H

—_

b iy

Sl
efficiency’2t1 B2E 107°-10° m™! =F2] HHgt
FeatS Foto] AAIAYFS ALFSEL (Gomes et
al., 2003; Marticorena and Bergametti, 1995; Gillette,
1979), ®=akat Rdghs vlwste] v 24
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160 OIH, ZBISY, rAE

St= A0 2 A, Tegen L2, NMMB/BSC-Dust 22,
DEAD &@o] A Ajeistal gl wHA]o|tt DEAD &
doflAe HAJRFe] 272 2E HEH AR 3
o A71ExF 7PATI) (Zender et al., 2003a). 18
L, saltation flux@} HAYE=F Ato|o] BAE Z4T
ofg] A9le] AnE 9 HolsoH, &2 saltation
fluxo| A & -9 ookt WA AgEo] #EE0E A
o] Y=, I BAO| 7Y 2 AU EY A
9] AgFolt}(Kok et al., 2012).

Tegen H&O A= 1°x1° AT EZH|O]H (soil
texture data) (Webb et al., 1991; Zobler, 1986)5 ET)
2 cay (37 0.8~2 um), small silt (2~20 um), large
silt (20~50 pm), sand (50~100 um)Z o] Fo| 1 ] 7}
2 B tigt vl g5 AAstal, 24 AR
o v] 7kx] EA 9] F-&of whet HAIA S Alttst
ST} (Tegen et al., 2002; Tegen and Fung, 1994). ©] &
A2 DREAM RHo|X e 2Fgstl=tl, A7E E
4 EXE FAO 4-km AA|TF EFH Hlo[EIA E (US
EPA, 1992)2 5 54t

DREAM EH19] fi71e]|o]= HZQl NMMB/BSC-
Dust &A= 30% STATSGO-FAO EZ Hlo|HE
AM8-5}1L, Tegen et al. (2002)2] ASHS what 12127
EIZE clay (0~2 um), silt (2~50 pm), fine-medium
sand (50~500 um), coarse sand (500~1000 pm)=. &
g+ 5 o] vl 7kx] EAof| tigt vlHd-E AlAISHA
T} (Pérez et al., 2011). ©| H|HASTES ET 2 HAHE
Age T AF Gz 7 7 g7 22 2
0.832 um, 4.82 um, 19.38 um<} 2.1, 1.9, 1.6 7|5}
273 ZlstrERA = ot= Al i AddExZe 1
EFaL, ZF RET} AR ok RS2 3.6%, 95.7%,
0.7%2} 718 5F et

MBA &7} Shao RHlo| A= AR At
915l sandblasting P4 Dojub= 28] A=
HAUS] B3}t MBA R Ao A= saltation =%
off dojit= sl A|et HAJAE BYAI7]7]
Q1o FFE|oloF sh= Aty A] Afe]9] o z]4
Zof| 78Rt BaAlg AMgSE7] wiiZol (Alfaro and

O:

Ml

53

3

el

fink

Gomes, 2001), ©]& “energy balance-based scheme”©]

RErt Wz Y2 saltation]] 2J5l] =55
EGAdAEo] AlFche &selvx7F HAJAE 2t
T A G2 EFAA 2 A Fold 4= S
T S0l 2 o doldth A=Y A7)E
7} 715w 740l ZYZ} 1.5 um, 6.7 pm, 14.2 um©] 12
71t EWAE 247F 1.7, 1.6, 1.5%) Al thEA 2L
= o|fojth= 7MY stell, #E5E AR TS 7t
UE=S 7} BE (mode)9] A4
A5 AT, 2717F 22 REAda5 At
Y27} Atk A4S Yl (Alfaro et al,
1997), saltation®]] &Jolf M= &FNHA7t &
5] 2 A¢ A2 RE9] JAEe] WA AdEFos
Rt 7 skl

e, Ul 2 AxFEe] A EGYAE °f
g5}o] A& AT} (Alfaro et al., 1998)= A7|7} Z-&
REQLEE 7 Zro] Atke HoA& Alfaro et al.
(1997)°] kaolin EFYAE o]-g5to] 2 Aol
28] Az =7]0)F G B RAT, S T Aol
X 2SIt} Gomes et al. (2003)2 Alfaro et al. (1998)
o ARERF 2} H|SRt 5438 7H Bl Hisf Alfa-
ro et al. (1998)°] AIFet Z1E T} 34l 2f2 Agtof | 4]
= AMgofloft A4S0 AdAnE AWE 4 2l
22 HrY. Alfaro et al. (1998)°]4 Gomes et al.
(2003)0] A|FSF X YALE] Al 27| R Eof gt &
Folvz] grsel Az 2 2el7t Qlrhs A2 Higol
A o< ol o= FsH B A 7HY A2 A
A= T8 PR A0S Y, ol U7l 5
A JZFNA PM, 7 2HA Sk 28] Tl 25% ©]
St PSAME wiAEnh 22 2FelA w2
Al AIE 9] Aol U] & Tt & 2tolet #EATE Al
o= HhedstA] Eobe ®o| Aibe AgolvA] &
o|EA oz} AA o7 AestA AT 4 A=A
of| gt Azt o2 ¥ Fth(Shao, 2001).

ADAM?2 2H (Park et al., 2010)°41+= NDVI 2t
O] Az AlE {o W A vl Ax i &

A AAE st RAAYFS ALTSHL .

0

H e

=

=7 EstElX| M35 E M2 &



Fd_Z(l fiR) x 7.117 x 10~ ¥} (23)
i=1
&2 NDVI A2 2 A}gsto]

o7IA fiz A7
QIZ}=Z o] Zr2 Park et al. (2010)°]1A]

S}l R= A2
A A= o] et
DEAD R2H¢] ¢ja#o]= #Hl CMAQ 2H
(Foroutan et al., 2017)-2 saltation®]] 23} 45 E9F
JAEo] Holl BojZHA 1 FA oJsf mhol= E
ofo] Halof ula} W2|HYEES A A= scheme
(Lu and Shao, 1999)& A=Hstl=d, o]A WAlS

“yolume removal-based scheme”©]2} F-2t}. HA|3
R R o EA R ol o= d gl
_ Cagfpp « |Pp
Fy = P (0.24 + Cﬁu \/;) Fy (24)

A7, p=
oFo] AR AL (bulk density)?} EFUIAI] U5
(soil particle density), f= To] %] Fujof] Z3tE WA
©] H] (fraction of dust contained in the volume), C,2}
Gz Aol

Shao 2@ (Shao, 2004, 2001)-2 Lu and Shao (1999)
scheme= &745}10] saltating bombardment T}7J o]l 4]
EF &l EAsks HA[ATE 7 Aol 27122,
Z “minimally disturbed” ¥2H(E 4ZhH<t “fully dis-
turbed” 011} 11—2 011]. _q] 61—Oi E@%E}_ﬂ 7}@

soil plastic pressure, p,@t p,= 217+ E

St olul, & AL F Do AFoR Bt
e e Aow FojAr,

pa(Dy) = ypm(d,) + (1 = V)ps(d,) (25)

AZ1A P> Py Pre = Z}7F & YAI 7)1 EE, mini-
mally disturbed EYF U722, fully disturbed E
FAAA T B E O, y=exp{-k(u*-u,")"}, k&t ne 7
dH o= FofjRl= Apolth F5o] 245 v @&
o] Zrolz| B g, ¥ A2 M2 YA HjETo] Sofut
Al ek E3, F HAMEEE ok Alof| s 5o
ZIt}(Shao, 2004):

APRIBIR] AR APY D Het Bt 161

Fa(d;, D) =

g h(Ds)

Cynfl{(l y)+ yap(d )}{1 + m(Ds)}
(26)

AZA ¢z FALAST, npe ES U 37]74] = i°ll
&ol= HAEE, o p(d)= w(d)Ips(dy), 0, saltation
o oJ5f| 5= EFUALS] A I sandblasting 7t
AolA mtol= EF AEE 9Jn|ol= bombardment

efficiency2A] T 4]0 2 Fo| It}

m = 120222 1 4 140 |22
p p 27)

Z12JH;, Shao B A] TEEH HA| YA 7| E 2
o A2E S 271 YoM k@k n®] Fholl tigt
tuning®] FRstth= o] 2 S, Shao et al.
QoI)E ofel o] e AR FE Aol B2l
A =E 7HE wlohe A& Haloh

ook, MBA REof|A] AHgSh=
ance-based scheme Z} Z7|AlGE AXIAYZS o}
2 A4S & o] & Mtsto] & HAIES Aoh=
bottom-up ®4S A8-5h=t] §Hl, Shao HE o)A
A}8-5H= volume removal-based schemes TAHAY
O] AN &t AAHABS AAoh= p= e F A
TS 1A 2743 & o] Atz g FolA=
EGFdAAT| Rz wet ZF A7|Ag & RHlchs
top-down H4]-& AMg-3ITh WEkA, energy balance-
based scheme 2 Tf= volume removal-based scheme®]
WE5ZA ]| T2 tuning= St7] H HSHH, o)A o] of
2 thE RO E Shao HE-& AH-85h= olfr=2 B
oltt. A2, Park and Lee (2004)= AP Z]of| A]
ARt EFJAA 7R HlolH 7 FEE Qe B¢
volume removal-based scheme©] A} Hb‘"aﬂ' A=t
IREE AZHE S F8T 57U 5 USS
Hol=qdoh ey, EGYAAT R r—ﬂolﬂﬂ‘ st
B Q1A] 938 A Yof| A= Shao & HA] 2-85)7]
7} 47 oyt

o|A Y HdA mapghe] Aol Bagt tlojy 9

energy bal-
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SH 5 o2 SHA obz] & HYHAA] Eet
energy balance-based scheme©]L} volume removal-
based scheme 4] Kok (Kok et al., 20104a; Kok, 2011)
© 47| B4F ARgSto] mPE 9 A A
ERRE WA O 97| REE It R
7192 75Tt HA, Kok (2011)+= wind erosion
of 9§t M| Y-S “brittle material fragmentation”
H4 (Astrom, 2006) 2. = A5t A SH= WA YA
o] A7|12EE F7gst o] 71H 9] AL brittle
material fragmentation©|A] 'TA8ol= Y2717 =
A B4l whet A AR ghs 54801 7l i
of A 3+ 2ete T AIFAY BEY 54 HE7t 9l
ok ti=fe] HMAJAAYZERE 5T 4 U=
Zlo|th(Kok et al., 2012). Kok (2011)°] A|SHgt M| <]
AT/ BRE the T Ao Fojir)

—

dNg 1 In(d, /Ds) dy\®
dind,  cyd2 [1 + erf{ VZlno, }} exp {_ (7) }
(28)
vy  dy In(d,/Dy) (4 3
dlnd, o 1 +erf{ V2Ino; }]exp{ (7)
9

A71A, N2t Ve 242 A sk 2] 449 nor-
malized number distribution¥} normalized volume
distribution©] 11, cy =0.9539 um ™27} ¢, = 12.62 um+=
normalization constants, Ds (= 3.4 um)%} o, (=3.0)=
CHFSE 2ol A tofet EA O] EQFIAME tiAfo
2 =25t A7} (d’ Almeida and Schiitz, 1983)5 HIE
02 ZAX3F volume median diameter®} 7]StEFH
2L A=12 ume= ZF Al HA] aggregate Y2t 843

£ crack?| side branch=°] Zu}E]= A& ot} 4
(28)7 A 29)= UAYAZ7ZEIE THolut EY
S0 TAGSS YeRl&tl, o= Kok (2011)°]
oA AFA=9] T=Z T} (Shao et al, 2011; Sow et
al., 2009; Gillette, 1974; Gillette et al., 1974)]] thet &
A2A S Sl AR 2425 HEgstal St

Saltation flux=2 78 HARYFS AL 7] ¢

3, Kok et al. (2014a)-2 saltation o)A =Z]o]+=
7} EFUA7} fragmentatione 404 <& f,,. 7 TF
St Zro] ZAHTHY 7HYoHT)

u » i1

sto
frrag * €Xp {—Ce (—ft - 1)} <—*> (30)
Usto Ut

o] 7] A use(Z Uty Pa/Pao) & NFHILE (p,e =
1.225kg m™)of|A] u9] gL on|oh= EFEUAE
22X EYO] erodibilityE 9|75k, u*,i= wind
erosion®] Gojut7] 7H Gl Aeof gl EG
W TR 2F 0.16 m s 2 AW, .9} C,= FAF
GAEoITE. A4 (22)9F 4] (30)°] 714HES}Ho, Kok et al.
(2014)-> AALAEF] it oheat 22 ByAlS
AlFoFeict.

*2 2 *\ &
pau™“(1 =R (u
Fy = Cdfbarefclay . " ? (31)
st t

Cy = Cao €XP {—Ce (e - 1)}

*
Usto

(31-1)

u
a=C, (ﬁ - 1)
A7V, foareis AR71 827} gle WH O] 78, C,

= FAREA St A A A= B E

S5 BALASL Chy, Cor €0 T A2 (4.4%

0.5)X107%,2.0403,27+1.00% 2 :

A (31)& o7 o] MRS A5} H| W

ofE o wofl Hl= 2ol ur ol o)tk HA, C,9

o} T4k a9] FEE '} 242 AR, o] erod-
ibility7} 22 EFLG5 A wol| (F, 35
of)) §Z5HA| ¥H-g-5te 2h= 424 saltation 2@ COM-
SALT (Kok and Renno, 2009)2] A|-&d|o]d A=
Qi o) 0] R4 Bol A ARIE RS <
o R & SN Lehy] o] njaham s}
ASVREE R 38 2 A9 R<1, %, B40] 5
2] 2 A9l AAA] AAE ] A

O e A el o+
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2 ﬂg go}gtq, E %] erodibilitye]l ©h

= = gt Fgdo] S2s] |t
FEA] %?Jiq'. 131‘/}, ol T2 54 2 st A=
E 3] wind erosion®] & Lojuf= 2]o] Qltk=
2250o] WA Aol Be APAE] ol
Hrgstz] flsf ohdet ®Ae Eo RaAlofl ‘erod-
ibility factor’ E4= ‘dust source function’& = I5FI Tt

(Westphal et al., 2009; Morcrette et al., 2009; Grini et
al., 2005; Zender et al., 2003b; Tegen et al., 2002;
Ginoux et al, 2001). 5t 2] 31)ollAE= C,0 a5 &
Sl £ erodibility©] FFe] 7] mzo] mt=
‘erodibility factors LQIotA] ot HAAY TS
Z o1k 4 QlTt(Kok et al., 2014b).

A @1 AFHE o & 7] Fosfor & A2,
EFAE7] g0 ZHl = AL gopa] gl )=
A=) ofulE "L lths Zolt) wEtbA,
7HA] 9] AR HpAEo] EYAE79
A off o]Zo] u o] P FoIF
o, A @1 AR meflE olZlo] wol ghe WE
FE Aoz siHsljof gt o] RS0 o
F&ol R=u'lu; Fr& oA THF7] wizel of
L Zog siAsid Aol flglew A GBndlle R
W Qo ¢, B a' F6l u 2] Yol HsiA)7] v
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Fig. 2. Time evolution of the PM;, in Gwangju predicted by different models.
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% b mlea‘oﬂ/ﬁ 7P =2 PM S W

Kok, SCNU, CMAQv5.2, ADAM2 &0 2 =0 =n 2
diEstAEdl o] JA| AA #H= %P =

P

otAlote] Zjel4] S4o] Agket 2L el
e BARC Flae] AEE Kol Aol
2935}, Wind erosion 339 AA|np&EE EQF
=5, Drag partitioning, saltation flux, sandblasting
flux AL SAetet 2F REld 2 28543 Q= sch-
emel] Tgt 27} 7ke] ol 2 moleli matnle 7t
of g AitEo] HE PM,, st HHo] Ao
ojmet FF= nAEA] sttt gelshs W
oz 2utEtol Aokt vietol e ghEt
_%i_L____L]-XqO] AJJ_Q_O].I;} ]HO]’Z} £2 3 ]:
et AFA|17} 2 Aol

&
(]
ru

Apabs 2] 7} aug = IS 4Ekx o 7 o5y
Qs ol @452 Asof sheA], 1A FE
St ofe] REE2 WA WA ALt AAs] AAoF
she 7t Aol o] ARAR] ARTES old Al
2 )5 9] Hlwsty 1 EAES gopE T
Z}zbo] B ElS Zolaoto] HLot1A}t & AL ol

o 2
e oP|E & e AFEe AEL, 2 Td

are =

o] EL 2017HE PR (PSP IEHRENR, B
AR, BARAR) 0] Aoz AFATALE- v
A FVAgER AEAYY AP Wob A

(NRF-2017M3D8A1092022).
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