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Seoul Atmospheric environmentResearch center (SAR)

» Location: Eunpyeong-gu, Seoul (37°36’37” N, 126°56’1” E)
* Urban area (population: 9,509,458)
» Major emission source: Transportation, Commercial, Residential

Gyeonggi Atmospheric environment Research center (GAR)

» Location: Ansan-si, Gyeonggi-do (37°19'12” N, 126°49'42” E)
* Industrial area (population: 652,726)
» Major emission source: Industry, Power plant

Chungcheong Atmospheric environment Research center (CAR)

» Location: Seosan-si, Chungcheongnam-do (36°46’36” N, 126°29'38” E)
» Suburban area (population: 176,645)
» Major emission source: Agriculture, Livestock

20/36



3. X|ojE Z0|MBHX| EA 24

Zol}
sof
:rf
2

rie

3

| I5= Al 2 X[GE PM, s S8 §4 24

0 27|13 534 HOIETH 26.4 1/ 22 71 £ (B 23.4 i/, 258 21.8 ug/m)
O 4292 ZA4ANO,)0| 7HY 2 288 BT, 1 TS H4(50,2), R7IEA(00), 2R O[2(NH, ) 2O 2ol
O TS M2 24 : QBT SEE 75 i/ 01421 7t/ 474 OJHE MY

BN sAR BN GAR N CAR (a) SAR

E1 E2 E3 Lowloading E4 | 23.2%
150 T T 1 T T -

100

13.8%

11.24 12.5%

& 150 I No3-
E Joc
~ || 2
g -
T., der
o 50 ec
E [ wetal
n- 0 I unknown
150 I

(c) CAR 12.7%

100

50

16.1%
1

0 Y I L :-.; ; 'l
1M 21 3N 41 51 6/1 M 8/ oM 10/1 111 1211
Date

21/36



3. X2 =0|M[EHA] RERIN

| LSISIA T 0] M2 SOA MM EM £

OO CAPSS : @7\ HIEY H= 19, 2H4A VOCs HHEF X1 W 294(1 212t AL / 2HE H Al S7HITX] 21X
O S0l H1, EME F8, Y24H 35.0~45.9% — LLTX & 310, HiEE LESEO 5|4, S ofgt
. AR 7IAEERE, 2021

Ll
L \\lx, \Qlﬁ,
[ — 1E S
° £ '
+ a4

OHAMA| HHIEH £57(2019)

25,000 r‘,—'—:—‘—'_ :- -r‘—‘—i—r'—;—r :- g—'—'—'—‘—'—i
e | L D & &
(I}'ﬂ : a@%é(,] 5.07-13) ORs - REE RDE V(W) L oA L= RDE PEsOA)
20,000 -
MYUAIE | XAAE | SSAIE
X H 3
E‘ 15,000 -
g (ot | 31495 | 18380 | 1761 | 5613 | 5741 | =2 1987&Hm
v 12| A, 285
g - i u -
= Toow '-%37 bl 1s37a | 702 227 | 2086 | 4932 |zmxiem = ZoA
5,000 [ - A2 kM 4,304 4,130 48 1 125 OFMA| 26.7%
__________ 2t M= | 11817 | 6321 | 1286 | 3526 684 | AIBAl 73.3%
0 e AbEL
R N i S S S o T a7 | 16121 | 10451 | 133 | 3527 809

Xt2 : CAPSS, 2019 A= 227K E227]) 22/36



ChungMNam Institute

| 235 AR 0| M2 SOA AN EM 24

O = YA 120223 98 232 ~ 108 118¥ / SFFH| : PTR-ToF-MS, 03, NO-NOx, SMPS
OS82 : Nox2 #4287 O; & LR 571 F0| I (MFEEME S8 =23 &Y 3)
O00; 38 B4 2t 7|2, &5, OtMIE, At o] dd0| = LIEFE / NOx A€ SEat 52| d&A &2l

., Case 1 Case 3 Case 5 Case 7 ( 033!_1. %g?} é,l'-?:l'g _E_k_'! 3'E=|__|__|_|- )

L
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MO concentration (ppb)
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TWOC concentration (ppb)
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D04 (DX=1.2 km)
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<Spatial distributions of the desertified lands in 2000> Transport pathway that affected the Korean Peninsula in the Asian dust events
50°N T0°E  75°E  80°E  85°E  90°E 95°E 100°E 105°E 110°E 115°E 120°E 125°E 130°E 135°E
Hussia sesian dust source
Gobi desert: regions: 2002-2018 (17 yrs)
) i R, W Gobi desert 149 Asian dust
area of more than 45N Y TN = fiB‘ S _ Events
1,040,000 km?2 KAZAKHSTANV__).;'/:F;’;' A MONGOLIA i | 4nner Mongolia desert .
B J?,,J_Q\_ : Taklimakan desert
B ros
40N VKYsz;fTAT;‘ o ) Gobl desert .- Whang-To plateau
Desertified lands T 7 TR T w,,rwﬂ" "Manchurian plain
in China: {3 /P TRy a5 s R
n : Q\: St o L v‘(__"“_t‘i:‘"AS&HC *é.?g % S : Ordos desert
386,000 km? e Tak&m,_gk?h.dgg,ér’ég S ol 3 A 3 g 3T engel desert
(early 2000s) o/ S QHRTRIASN vl
e T CHINA S ol o
: : < z _ : | O A : 200241~20184
S0°E 85°E 90°E 95°E 100°E 105°E 110°E 115°E 120°E 125°E 130°E o (149A42f)
Sandy desen Gobl deser] Sparse vegetation (Cover<10%) Di fied land @A q site in if area * ogical station
NIMS (2018)
]

O H 1T = =
EO"A'O" X| A= I-I Xl__I'L X|O:‘O'” T'__'—llj—' |'E ZIS-Q- Xl’% I:||_-IX| %FACISI Xlg:! S O|'|—|'0|:! (Zhang et al., 1997; Ginoux et al., 2001, 2004;
Sun et al., 2001; Tanaka and Chiba, 2006; Kok et al., 2021)
> Asian dust or yellow sand (‘Hwangsa’) (chun etal, 2001, 2008: in and Park, 2002: Park and Lee, 2004)

o<
X-I X| —_I'L EH x| I:IH = Ol o—|l: 10'40% té“é:ﬂ (Ginoux et al., 2001; Huang et al., 2014; Hu et al., 2019; Kok et al., 2021)
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<Asian dust event days observed in the Korean Peninsula>

(a) Annual
30 H
[ [Ecmumreum] 27 5000 Source: KMA 1 Since 2000, the frequency of
N e "~ | Asian dust events in wintertime
= O 520 gsepOc — : .
Sq @ 20" M Sep, Oct, Nov (autumn) " , . has increased (kim and Park, 2001
O O g5 4 43 13 12. 12 '* 4 Zhou and Zhang, 2003; Kim, 2008; Kim et al.,
nEg 5.0 10 - 10 Bofqslle 0] 1o | 2008, Kim et al., 2010a; NIMS, 2015; Park et
- 2 8 8 7 7 ’ ’ ’ ’ ’
~ i 4 4. 442 66 45H555 B —‘ 6 6 -85 6 5, ] al,2016; Maetal., 2019)
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I~ e O Wy W~ (=R elly B 7] (=R el ] [fe] @
888 55555388883 2323833838
4(b) Monthly
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o 32 =
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(Kim, 2008; Kim et al., 2008; NIMS 2015)
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Surface weather charts during the Asian dust event period of 20—-22 February 2015
(2) 20 03 UTC (b) 21 06 UTC
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Lee and Lee (2022)
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<PM10 concentration measured by KMA's TEOM instrument in South Korea>
2015.02.22 2015.02.23

Baengnyeongdo Ganghwa 1971 os:s0) _Seoul
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TEOM: Tapered Element Oscillating Microbalance, Model 1400a, R&P Co.
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The domain of the WRF-Chem model for the Asian dust
event simulation with erodibility factor (EROD)

Latitude (°N )

0 ERQD range:".~0.34,
“Horizontal grid: 180x133:mesh
: <1
100 110 120 130 140
Longitude (°E )

Experimental design for the severe wintertime Asian dust simulation using the
WRF-Chem dust emission schemes (Lee and Lee, 2022)

experiment dust model option reference

name scheme

UCcol uC dust opt = 4, Shao (2001)
dust scheme= 1

uco4 uC dust opt = 4, Shao (2004)
dust scheme= 2

ucCl1 uc dust opt = 4, Shao et al (2011)
dust scheme= 3

GO0l GOCART dust opt = 1

GA19 AFWA dust opt = 3 LeGrand et al

<WRF-Chem version 3.9.1>

TH| AP WSS At =25 SOA|OF HX| 2 x| =3t
7| AEtO| =3 HBIE HA|MOZ LIEMY 02 29S| SHAF (lee et al, 2011

Lee et al.,, 2015; Oh et al.,, 2020)

T8 AX o (HE F): 324 km (55)
7|14 X71/4A =A: NCEP-FNL (w/ 4DDA)
gtet H|FL|S: RACM (gas)/GOCART (aerosol)
QI ™ Hj =Tk MICS-Asia 2010

2M 7|2k 2015.02.20-02.24 (4 days)

HJIO

Sofl 57 AlZ8|0[d +H

WRF-Chem 29| CIE HX| H{Z Bt
H MelstH 57 MM Y

= =cl/2ety 82 BHX| iz et

HJIO



v uUCol: £ &4
v UC04: 2% =A S EM9| Et= 3} (shao, 2004)
 EQ AR 7| 2EO| FHED (shaoetal, 2011)
10-m 3% v GO0L: X |H 55 =
v’ GA19: GOOo1 &otof| 7|ttet Fe|H HZ (=S 54

Simplify the physical process of dust particle emission

[9]

= WRF-Chem 2| A 7+ &l 571 X| HX| b= B OF

<UCo01>
Q(ds)g

F(d;, ds) = ¢y[(1 —y) + yop] oz (ppnei + mn;)

Saltation bombardment Aggregation disintegration
F(d;, d): the dust emission rate for particles of size d; produced by the saltation of
particles of size dg (kg m~2s71)

<UCo04>
Q(ds)g

F(d;, ds) = Cynf,i[(l —y)+ ch] uz

F(d;, d): the dust emission rate for particles of size d; produced by the saltation of
particles of size dg (kg m~2 s71)

1+ o0y)

|“Source regions: refer to binary”|

Qtotal8
F(d)) = CyMNm,i t]j—tza (1+o0m)

F(d;): the dust emission rate for particles of size d; produced
by the total saltation (kg m™2 s~ 1)

2 (Saltation bombardment) ! & & &3l (aggregate disintegration) M7 LI & (shao, 2001)

_

H
SE 0 HX] v = AtO| 2AH & A& St= ZHEFSE BEQE (Ginoux et al, 2001) = empirical based

BtAl (LeGrand et al, 2019) > semi-empirical based

<GO01>

_ pu%Om(ulom - u*,t(DpJ es))ﬂuwm > u*,t(Dp' 05)
P o, Uiom < Uy (Dp, B5)

F,: Emission flux for each size bin (kg m~2s71)

C: Dimensional proportionality constant (= 0.8 X 107° kg m™2 s™>)
Ujom: 10 m wind speed (m s~1)

ut(Dp, 95): Threshold friction velocity (m s~1)

S: Dust source strength (unitless) Sp:Mass fraction from soil (unitless)

<GA19>
Fap = Fpkap F ={d§ﬁ’
dp — "B%dp B 0,

Fqp: Size — resolved dust emission fluxes (g m~2s™1)
Fg: The bulk dust emission flux (kg m2s~1)
Kqp: Suspended dust distribution weighting factors (Kok, 2011)

Zg < 20cm
Zo > 20cm

physical based

Dust source regions

5
S — < Zmax - Zi )
Zmax - Zmin

S: Dust source strength function (EROD)

Z;: Elevation of the cell

Zmax: Maximum elevation (10° X 10° area)

Zmin: Minimum elevation(10° X 10° area)
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Measurement dataset used for meteorology and air quality evaluations (Lee and Lee, 2022)

type parameter temporal source Xl _'H'_ KI_I
resolution
_ = NOAA/NCDC ISD
meteorology  surface 2-m temperature 3 h NCDC ISD" v 10 5. QE/ A (3A| 1 |' =|)
2-m specific -m 3—|, m =]
sy v’ 1044 K| (SOLAIO} X| )
speed = PM10
recipitation = - - . -
widilile  peceptistion daily T— v ZAr 3 X ofn|, Feld5], ofHStE, =, S22 park et ol
; : ; y 2016)
air quality surface PM;q lh air quality N
monitoring site v OI-I:II_}.E- H—I]IEc:;!E, A‘I%, E'tl', EH'TILPE'CI;', AI_}.
(South Korea)
PM;q' 1h dust monitoring
site (China) 2) Ol S|
satellite  aerosol optical day/night CALIOP"/ Tlo
degft'{mm CALIESO, = TRMM (TRMM_3B42_Daily v7, Level 3)
extinction
coefficient v OI 7FAEI: (025°><025°)
= MODIS (MYDO04_L2, collection 61 level 2 deep blue
. algorithm)

= Y= e(k)Az

esso: the extinction coefficient at 550 nm
k: the vertical layer index of the model
Az: the thickness of the vertical layer of the model

AODywRF-chem

v Y AOD (10x10 km?)

= CALIOP/CALIPSO (CAL_LID_L2_05kmAPro-Standard-V4-20)
v O{2E &4k Al
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@) <Dust source regions> <East Asia regions> <Precipitation distributions, 16-24 February 2015>
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Dust concentration: dust 1+dust 2+dust 3+dust 4+ dust 5

[2015.02.19 00 UTC ~ 02.24 00 UTC]

02.19 0000 UTC ( 02.19 0900 LST)
<UCOL> W Sn T F 2N e
.j..
£
2
=
8
||"\=|:,_. o T P e ' L L
100 T10 T '1:'4’6 140
Longitude { °E .
el le s Dust source region
PBL height
02.19 0000 UTC (02 190900 LST ) ( Dust) e
6 = — —— 307 —ph— (ugm®)
C ~ = _i — e = == ] 800
il e R Em
F S et il —— — = = Ea -
= . = 3 150
N 108
S 2f El E
= ] 50
1 - o
B % ] 20
C - . . pe=mPoNeS = S i 2 = M
Lonz°Eg107.81 111.10 114.66  117.64 12093  123.69 126.72 12981 | °
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(shade: Dust1~5 conc., contour:Potential Temperature, solidline: PBL Height)

MODIS

WRF-Chem
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<Spatial distributions of the daily mean AOD from the MODIS and WRF-Chem>
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<Vertical distributions of the aerosol extinction coefficient from the CALIOP and WRF-Chem>

o 02.20 19 UTC (b) 02.21 18 UTC
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1 ik =k ]
<€ B ER |
S 3 11° | i
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q4 24
: | 1022
— b= 020
- fi . [
LDﬂ("E)uﬁ)}Q‘ 106.21 104 6% 10330 102 04 100 87 015187 12014 118 80 !|723 11596 11478 ||366 1|2é6 v

Lat[“N) 49.18 4467 4015 3556 31.01 26.44 21.83 17.25 49.22 4471 40.14 35.60 31.00 2643 21.82 17.24

(c)
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E 65
50
E 42
(D) 55 4
C i
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| P 10
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Lee and Lee (2022)



(Total dust: bin 1+ bin 2+bin 3+bin 4+ bin 5)

Surface dust

Dust emission flux

Relatively

low dust

concentration
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Latitude ( °N )

High dust

[2015.02.20 00 UTC ~ 02.24 00 UTC mean]
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WRF-Chem ®X| gt¢to| = H|W

[2015.02.20 00 UTC ~ 02.24 00 UTC]

(@) Total (b) 5-size bin
bR [ L 3 = - 7 UCo01, UCo04, UC11.

i 16%1 UCO4: highest dust : L = 8881 approximately 70% of dust
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<Comparison of the dust emission fluxes and dust emission ratios of the saltation

bombardment and aggregates disintegration processes of the UC schemes>
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<Comparison of the total saltation bombardment of the UC and GA19 schemes>
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