creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

332 hiomass burning 2]
Z71¥st £4 A o3 AHE o]

YD PN
HUER YRR LA B Mo BR YR BT

20244 2 A



3329 biomass burning?]
ZA71A3 4 9 g3 A&
NoAZEFH FFSAH v|A+=

B

F AT

o] =& 0|8 XA} FYE=RoE AEF

Ade ol AA BEEE AER

20234 12€

SREEE oA %
4 4 5 4 2




LSt Of Tableg «reeeeerereerersrresrmmmtetiiiiiiiiiiiiiiiitiiiattt ittt sttt ettt ssaane s ssanes ii
List of Figures ................................................................................................................. i
_g_o_}: ..................................................................................................................................... 1
;<-]] 1 A /\-] B 3
Al 2 A FAE L OHFH 6
21, TR, ZFT T HFE] s 6
22 w24 _—TL/B] U% ?:}E_j'x]_g ........................................................................................... 9

D21, 7] B s 9

2271, THZ]Z B e 14
2.3. Biomass burning HH%%]: é% ............................................................................ 18
24. ;%%7&@] _/‘r:%:l,:_ /‘\_].% ....................................................................................... 21
x-]] 3 761- @34. 1;_! 3]_7‘& ..................................................................................... 22
3.1. Biomass burning?,]— H‘H%—%f}] X(,;"7] Eﬂ_i}. _%_/{-“ 'I—']f]__}'\ﬂ] ........................................ 22
3.2. Biomass burnlng (4\_%)0] oﬂo—]i%oﬂ H] _]L‘:. 0363: ..................................... 28

321, AAIG L ZZFEIE B AL n8

3272 Od;ﬂm‘i‘i—]: %z\j' .................................................................................................... 38
3.3. Biomass burning (AHE)°] 7582 H ol HX= FEF e 4
;(-]] 4 76]' _9_9_]: 1;_! @% ..................................................................................... 48
:j][- al Tr‘i" r:gi ..................................................................................................................... 50

Abstract ............................................................................................................................ 61



List of Tables

Table 1. Details of the grids and physical options used in the WRF model.

............................................................................................................................. 13

Table 2. Details of grids and physical options used in the CMAQ model.
............................................................................................................................. 17

Table 3. Experimental designs for different emission conditions. «sssseeseseeeses 17

Table 4. Statistical evaluation of the meteorological variables (air temperature,
relative humidity, and wind speed) and air quality (PMjy and PM;s)
between the observed and model-simulated values for Total case. The
results were compared at several monitoring sites (12 sites for
meteorological variables and 12 sites for air quality, as shown in Fig.

2) during the entire study period (February 27 —March 18, 2022).



List of Figures

Fig. 1. Flow chart of WRF-ARW modeling system (ARW, 2017). seoereeeeeeeeeeee: 10
Fig. 2. Nested model domains for WRF (solid frame) and CMAQ (dotted
frame) simulations and the geographical locations of 12 sites for air
quality (triangles), 12 sites for meteorological variables (circles), and
the fire hotspot (red star). A-B (black dotted) in D3 indicates the
vertical cross-sectional line (Sun et al., 2023). sosserseesrerensssseesuesnessienseenns 11
Flg. 3. FIOW chart Of CMAQ modehng System. ..................................................... 16
Fig. 4. Spatial distributions of anthropogenic emissions of CO and PM,s (kg
day'l) in the 3 km model domain (D3). «wseeersersersersensensenssneassnsnnsnnnns. 19
Fig. 5. Spatial distributions of FINN biomass burning emissions of CO and
PMys (kg day'l) in the 3 km model domain (D3). wseeseeseessrmssssseeenns 20
Fig. 6. Annual trends in occurrence frequency (red line), occurrence day (blue
line), and total burned area (gray bar) of (a) biomass burning (BB)
provided by the FINN inventory and (b) wildfires provided by
KOSIS and NIFoS over South Korea during 2002 —2021. Dashed lines
indicate the slopes of long-term trend for occurrence frequency,
occurrence day, and total burned area, respectively. seseseeseseeresesneneseee: 24
Fig. 7. Yearly variations in annual accumulated precipitation over South Korea
AUIING 2002 =021, «ssevessseresssseressssssssssessssssessmsssmmmasisiissssisis st snes 25
Fig. 8. Yearly variations in biomass burning (BB) emissions for (a) CO, PMyy,
and PMys and (b) OC and BC provided by the FINN inventory over
South Korea during 2002 —2021, wsssswessseeesssesessseramsssssmsssssmsssssssssssnsssseninsess 27
Fig. 9. Time series plot of the observed and model-simulated meteorological
variables (temperature, relative humidity, and wind speed) at UL
meteorological monitoring site during the study period (February 27

*MarCh 18, 2022) .......................................................................................... 29



Fig

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig

. 10. Same as Fig. 8, except for EU meteorological monitoring site. -« 30

. 17.

13.

15.

11. Time series plot of the concentrations of the observed and

model-simulated PM;o and PM,5 at U] air quality monitoring site for
Total and Base cases during the study period (February 27 —March
18, 2022) ........................................................................................................... 32

12. Same as Fig. 10, except for ES air quality monitoring site. ==«s=eseseeee 33

Spatial distributions of PMiy, PM,5, and secondary organic aerosol
(SOA) concentrations (1g m™) in Total case and the contributions of
biomass burning (BB) emissions to their concentrations averaged over
the wildfire period (March 4—13, 2022) for each grid in the 3 km
model domain (D3). Dotted rectangles indicate the main influence

areas Of WlldflreS ........................................................................................... 37

14. Vertical distributions of the difference in PM,5 concentrations between

Total and Base cases (Total-Base) and wind vectors (m s”, arrows)
simulated by the WRF-CMAQ modeling system on March 9, 2022
along the line A-B (Fig. 2). The black thick line indicates the
planetary boundary layer (PBL) height, wswresseeessseerrssereessseenmesenmisscnens 40
Number size distributions of the cloud condensation nuclei (CCN)
number concentrations (#/cm’) at UJ air quality monitoring site
averaged from the entire study period (black line), the wildfire event
(red line), before the wildfire event (green line), and after the

wildfire event (blue line) in Total and Base cases. ===weeessesessesesenee 42

16. Time series plot of the number concentrations (#/cm’) of the

model-simulated cloud condensation nuclei (CCN) at UJ air quality
monitoring site for Total and Base cases during the study period
(February 27 —March 18, 2022). wweessseessssermssssssmmsssssmsssinsssssissssninsssnanesenes 45
Time series plot of the observed and model-simulated precipitation
(mm) at UL meteorological monitoring site during the study period

(February 27—March 18/ 2022) ................................................................... 46

_iv_



Fig. 18.

Fig. 19.

Time series plot of the wind direction (°) at UL meteorological
monitoring site during the 24 hours before and after the rainfall
onset (March 12, 09 LST—March 14, 09 LST) wewesssssssssssssssssssssssssssssssens 46
Time series plot of the model-simulated meteorological variables
(water vapor mixing ratio (Qvapor), specific humidity (Q2), cloud
water mixing ratio (Qcloud), and rain water mixing ratio (Qrain)) at
UL meteorological monitoring site during the 24 hours before and

after the rainfall onset (March 12, 09 LST—March 14, 09 LST). ------ 47



329 bi
iom
ass burnmg«] A7
s 24
1= g .

o] ==
Jol 223} TE$Aol 1]

AT
ATl A=

FINN H} <
Y HEE5, 5
gat FHZ 20720 Y

OZNZOZM) e St A A&t As

oANA A o
J3t A EA
d A4

3k 8 A
AR A
A]( 2]
A AR
, 20221 3¢ 4¥~13¢) O
d) th7]d =g
29 (CMAQ)2

BFM 7] -8 TES =
S o)l&
o ]-83lo] BB Hj=o] ;
= et ot Ad 204 Q}OM ; 3 F=A B
a7t B AN
Be} 4FE9] A7|H 7 ]ﬁ(CCN)Oﬂ e
=] Z/H B2 oA )
A A3, BB UA
7 = (H:gj\

e
lo
re
b~
5=
Y
Wg,
=
M
i
o
ok
N
rlr
of
2
2
o
fru
Jo
lo
ok
)
=
N
W
o
_L
&1

o}, xE3 =gar -
. &3+ FINN B LE= =
B t~r O, PM M 9]
= % o ]:;j:‘]j
R 1 £ (CO, PMy, P
e naton , 25, OC
o , BC )
o o FHGH FAE dER w);ﬁ ;o e
0601: }'('):1'_‘. ? : OLO/l_ |
e 3 =2 (PM } .
m? (%)E Hd3Z o (i P 598 .
(29%) = F4 > & 717} oF 6.0 o q1mtﬂ o
959t} E3 0 ng m® (13% < o
- Lj 6), 6.0 :
IR g m? (19%),
o, A (&3 =AY

S NA =
£ BBoll 23 93
o IF F=(V] 9
(%))7F 27+ 489
9 ug m> (68%
6), 43.1



oj¢jol =, BB HlE2 AHE

2 FAHHAL
BZ=A Ao A 30~40 nm 7]l

Jﬁmo

CCNe 3

1
| .

5

1S

3]



1. A&

ﬂ
[
M
=2
1o
e
>
0%,
r2
b
N
N
o
oft
z
s
o
B
D)
ofr
ok
=2
¥°
X
O
E
N
S
—_
=
=
=
rr
r2
B>
i)

Aol 247 (0143 kA (CO,), WEHCH)) BT ofyel, Be ool AAA(T)
M A (PM), 22t 7] olo] 2 (secondary organic aerosol, SOA

N
=
[>
o
o
2
2o

of
i
i)
ftlo
=2
N
fr

©§2(CO), Aa4te=(NOy), R4 #71 3d=(VOGs) &) £
H} &3t} (Chan, 2017; Souri et al., 2017; Lee, 2012; Streets et al., 2003). ©]<} Z
< dojzE 2 ed=d = 7552 (cdoud condensation nuclei, CCN)

o ¥ S shel, BAek FE 4 WSS op|AA Yl Hezye

»
)

2
o
utl
22
ot
>
Yy
4»
30
b5
et
N
12
=2
-
=
12
A
&2
kl

2
N
o
S

}
o
of

de] "golzxl Ao rjEuistel QI3 AR E 2L FFSE HH F Un
(Vara-vela et al., 2018; Kim et al., 2013; Van der werf et al.,, 2010; Duncan et
al., 2003; Andreae and Merlet, 2001; Galanter et al., 2000).
ol213t BBS| 7] ®Wslel wiEH= =do] tr|gAd vX= FF #S
= IR g4 FHEEEE, 71820 )M FHHA AT (Kelly et
al, 2018; Bhardwaj et al, 2016; Lee, 2012; Sung et al., 2010; Zhang et al,

r2

2010). Sung et al. (2010)2 <F 20137H(1991~2008'd) b o o] 4HE oy
sl A S7bete FAlE dEbdtal 8]l vk 9lem, Zhang et al. (2010)
2007 "= @EEFolA LA BB PMys X FIAE J|9EE AR
13% A==, 53] AL B 247k 27%, 15% = =4 Jehdoia g3t =

Kelly et al. (2018)°ll oJst# 2000 ‘dotwle]7t Aoid 2 ofxzg]7t FaA o4
A A% BB7E o] Ao AW SOA TEF F 1~3 ng m® AE F/HAIHG
= 97 A7 RuEATh Lee. (2012)& oF 1083 HAARE o] &3] FHo}
Aloke] BB A3 G2} A AOD (Aerosol optical depth)o] J#4d-& A
A, w9 w2 FBAE(r=089)& Holw BB HiEc] AH | HA= A
A &S &lsdn). oo, Vara-vela et al. (2018)E HetdolA 4dzt



A3 BB7F CCN 552 HFH0E 9F 600 #/cm® A= Z7HAZH o, ol
BB 714 =& oF 8% AE=E YEetia ¥y
BB wlZol 93 tirled |3 otmt O IF © HEg A 7HS fEA

rlr
o
=
i3
ox
=
Lo
lo
N
oy
J{m
oX,
-3
flo
oy
=
)%
i
ol
o
of
S
1
B
to
g
il
i)
@
o

B3stal o)t (Cho et al, 2023; Garcia-Menendez et al., 2014; Pun et al.,
2006). ©] & HWEF Ao EFLHLS drld AR A AHAJ] IF
< UAE 8% 84 T stU=E, BBZF AY diV|de vA= 9Fe 2o A
gstAl B7kstr] M= s =l BB vile® dHAETE Easith o3 A
FATANA 4 #SF 7]8ke] FINN (Fire INventory from NCAR), GFAS
(Global Fire Assimilation System), GFED (Global Fire Emissions Database) &
ol ZAt57F ti71d 24| BB WlETF AHARE AHEH |kt (Vongruang et al,
2017; Kaiser et al.,, 2012; Wiedinmyer et al., 2011; Giglio et al., 2010; Van der
Werf et al., 2010).

BBZ} th7] ol mA= IF Frtel o wiET fldx didAge 7)dxA
FAE w5, 71t §) = v S5k, oE AFATelM BB HiEl
s otSoll A A9 tried=d
7ol AR A dFES PITeE S WA T(Lin et al, 2023; Kim et al., 2022;
Lee et al, 2022; Park et al, 2009). 2003\ 4~69¥ Alug]otell Al HAY F41T
BB7l 2E(0;) &F=°l PR Y& gt &4 23, thdA gy Al otoll A
© 33 24 ppb, F3F AYQA SHlE, B, TtFoAE 3~10 ppbe] T F
7}7F YERS T (Park et al., 2009). T3+ 20203 4€ S=3 B4 2Ag BBo
ot 2HEZ] AAY FEHA =5 Ao 40~
80%7kA F7/MNAT= AT AUt EEEUTH(Lee et al, 2022). Lin et al
(2023)°ll o]&t™, 20181 3¥ QIEAfo]uRbEoA AYFE BBol| 9|3 HiE=Z ol

1o
e
to

2
il
X
o
o
A
o
4
ofy
L)
2
off
off
b

~—
-—

r&‘
-I_a
12
o
e
o
4
bﬁ
£



2~4 km)® CO, PM,s5, O; %

=
o

= dnAY 3

32%, 46%, 34% BE FT7HAFAT. Kim et al. (2022)

45 0]

e

7

s

(2020

I BB

ks
pul

Ffel A 2A

o
O; 55 9 1.3 ppb A= S7MIA S HAFUT

| —
| Y

]

X
) % 9,080

7] % s}l w

=i
=

ool A WA iR thEo] Ao oty

AT

_q

gyt = FZ 209 7H2002~2021F

o
-

I
3)o] AHE ¥R 3 47F 1,130 hafl

3,

ks
pul

27

F3E Bk JohKim et al, 2022). =3

PN
TEE

&= 9% 2 o ©E CCNY
ATE AY FIHA Ehrh

7He dlojZF0] CCNoj mjx

=
¢}

3l

BBol 9

o] 2]

L
T

3+

)

ol o

3

BB ]
o 4

s
a,

o

it

T
el

il
o)

ojof B AFtol|A

—_

E, WA A 2003742002~20213) 3RS 2] BB HiEH 4

F 2022

k)
yul

ol 7HE & rE=E 24

AR =

=
=

|

]

=X

713}

tel BB HiEo] A2 oo} 2E(PMiyy, PM,s, SOA)

J

&-ti71d 2do) A&



21. gAY, A5 B FH

AT WEAG] v Ade] vz SR i, A SE wF e
70% ol’gol Aem o]FolA Sty 53], D@ W=V ot BB (o, &)<
Satell FHekd AP-AFA 5 AYa UthSong and Park, 2021). EF F
BopAlol thyt® wWiEd(dl, T2 FaFol XS AF2HE FE(FU)
E 2dEdo]l S 7 & 4FE WA F HOh et al, 2015; Lee et
al,, 2013; Song et al, 2010). ¥ AFelA s HZ 20:d7H2002~2021d) $-2ihet
ol A TyT BBt AHES] A7EE FA B4& flsl, FINN &5 59| BB &

=

Al dy), 4Rz, dried=d w=dF A5 A3 (Korean

g
A
i)
=
iA!
i)
J

Statistical Information Service, KOSIS Sh¢ (National Institute of

~—"

Forest Science, NIFoS)ollA A|&3t= 4HE WA A (NIFoS, 2022), 4HE DA A
A5E ©] 83U
2047120021 ~ 2021

(e]
9
?__,_15':) U ALHZA Y Ay
che

guiel daR oA e BB} AbEel A3 (LAY

=l S7HES A7) 918l v Esd B4 R
M-K (Mann-Kendall) AAHS ©]&33tH(Kendall, 1975; Mann, 1945). M-K A

AHE S7Het e FAE BEEstE AAEAEY AFES B4 o d o]
|, AYHA FA9 71&7](slope, B F7HE)E FH37] S8 AH&HET
(Song et al., 2019; Anttila and Tuovinenn, 2010, Carslaw, 2005). T+& FA %
Wit 2, 2228 SA usA gal ASAE EIT ARt A
T A& bttt Aol Atk MK AAYAA = P-value a0l F2+F(0)
ojstd Wl FrlEo AFAHCl TAHLE FFS vy, & AFNAE= 5%

F2l4F(a=0.05)2 °] &3t ATt
2 dAFdAeE A DAL 23 4HE AE(2022E 39 49 ~139)E AR
BBoll o3t e d=2 vjEo] cdo=E CCNoll H|X|&= F&FS A &4 38t
Ao A 2zt 12789 714 2 diZld #3AR S AA A THFig.

7). w3 Autdow Ao frAde F

11

[

2

12

717¢zx20 o8 Al #5571 WEl,



fu)
o
N
12
fu)
N
to
g
i
i
off
b
Lo
>,
ok
o
)
A
ox
tlo

& uo aRHeR 48] 9
bobga Abelel gejEel

Fo 2 AA3YTHCho et al, 2021; Song et al., 2014). Z-79] 7]
A8 H71d BEAHE R SWALE o 100 m 9o SRS A 4y

=
o g ANG AA BE AP HASAL AW FRE()

ol
ok
2
N
oy
r o
e
D
jutnd
flo
=
N
i
s
B\
AN
)

o
i
=2
ok
o

AUEE)E TR BZA 2" ASOS (Automated Synoptic Observing System)
4 (Automated Weather System) 47] A H O ZHE

HAE ARE o8&t tVld #AS5AEE SAF =AWZISAHAEY AE
71 H = (PMy, PMys) =

129.30°N, 3l 138 m)olA 7Fd 77k &3 EAUZISALU) 2 &3
ASOS (UL)¢t #sty oz iEl el "ol WFo| #AT o4 =ANZISAS
(ES) & 9] ASOS (EU)E o= £4& T3t Ul 2 UL AR A=
°F 1 km €zl Aol A HF A& TFe

2 EU AR =3 MZ 1 km oW 77k Aol o 4w dgFs @

o #xte] I WHS T2 ASAHE vl e TS FuHer 3
A e 2ot}

TARE T £ AT &3 A4HE Atde H2 10d oW A AHE T
7V 2 OA-FHE T E(14,140 ha &4, 213417 AE(2F 99N E 71X U1y AHE
A E, $2uel gy 4AHE 7]F(100 ha &4 T 2443 o) #1452 oF 140
vl 2 oujje] Pt Y 4HE Abglolth oY AR A Y3t F
A 2 U] A-A 7 L HEE(PMy, PMys)o] YT (R 147N Husss
ZyZt 247 pg m” (824 ng m®), 99 pg m> (385 ug m°)S 7| E3ATh o= AHE
A ol 717H2022d 2¥ 23U ~3¢Y 3Y)o| HIE) oF 3uf o] TS FX|olH,
£3] PMio@ PMpsi= 20221 7|87 71X (24412 H 4+ 100 ug m™ (PMy), 35
pg m> (PMas) S oF 4.94l, 2.8v) 23t F=7F YERRTh oo £ AT &

E Atdlel dis] a4 = FINN BB #l&%S A &35ty 714-ti71d &

ARE FPstAoH, o&H 714 B dirld mde] A 74 224 A



I Bojgkel g FAAH EA(IOA (Index of agreement), MBE (Mean bias
error), RMSE (Root mean square))= 33t A thH(Fig. 22 #ASAH).

RMSE =

IOAE 03} 1 Atele] & 7AW 19 7S mojghe] A3 714 &
A3k olF gtk MBEZF 9] grol™ FHuiRe], 59 ol HAm S ofn
31, MBES} RMSE &7 0°] 7I7h&5& a7 Atk 1S ofn gt



22. 24 74 R dHAE
221. 714 =4

2 AFoME &3 e A S 71 FAIRYE fd vl= NCAR (National
Center of Atmospheric Research)®} NCEP (National Center for Environment
Prediction)o| X &&Fo= /WA T2 7|44 EHQ WRF (Weather Research
and Forecasting, version 3.8) R&-& ©]§3}3th. WRF R -2 ml= ol 2 g3}
A Z2AES v dFELR o] &HA = NMM FHojoh Ayt /jdgo=
Aol HEFoz ALE 753 ARW FH9] 7}A 98t 50](dynamical
cores)® T HC Jom, EHRA HIEAL, ARFSHANLE, R AT T 5
ol gHA teFstAl AR&ol Thssite ARlol Ath(Bernardet et al, 2009).

WRF 292 &4 ¢+54 vIA Al (fully compressible non-hydrostatic) ¥4 24-&

—r

o] &3t Rd 2 A, Arakawa-C BAAAE FHAAXZ, Eulerian 2 F HxAE A
2AAAE  AHg3tth(Skamarock and Klemp, 2008). T3 3% Runge Kutta
splot-explit& ©]-&3te] o] {Fao] thal] 6xk T4 AHEHES =Ysted At
o, A%, &5% JEREN, ~Zgd BES 98 Flux FEo JId #84&
AR&-FHT

WRF 29& A2®]l2 FA dA2] 3820 WPS (WRF Processing System) <}
2d FPAAI] WRFE o] Fojx lom, Ayt s5=+ u&3 ZT(Fig.
1). WPS #42 WRF 2% FIdAE A3t AAHg HAAHO=E, GEOGRID,

2
A

ol
-

=

UNGRIB, METGRID®] 39Al= /4% o] 3lth. GEOGRID #4<& 38 =T
P BAs EXAER ¥ AAARE A3, UNGRIB A4 A
AT 718AE(GFS, ENL, UM 5)F °]&3td] S7I4m e 71 4A=E I
A Et o 2 METGRIDE 4 AAES Fa A" AP AE(GEOGRID)S} 7]
4AFZ(UNGRIB)E %A o2 W4itsted WRF 29 gAY =7] 9 A
HARE AAstE AAolth 9ok ZE Ao E AHE YYAEE WRF 3
Aol REAL #A S B8l 19d Aty Az 3 uifo] o] Fojxy, HFH o

rkﬂ
Lo

2 o8 ARES FX HEd] WRF RS F331A4 Hth. WRF 229 &
o] A3+= netCDF FHIZ AF=HH, o] JHE OF & As dd3 Zz=149



(Python, MATLAB, R, NCL $)2 %3] 7/hA8t& 5 2k

WRF Post-
Da'i:t;mrrlce Pre-Processing WRF Model Processing &
System / ~ Visualization
Alternative Ideal Data
Obs Data >
2D: Hill, Grav, VAPOR
Squall Line & Seabreeze
. 3D: Supercell ; LES
CCC);'IJEII:\;I{:;!N & Baroclinic Waves —»1 NCL
s Da l * Global: heldsuarez
[ l WRFDA ﬁg:fggfl
OBSGRID Vis5D)
WRF
Terrestrial casdlll
Data l
WPP
REAL _ (GrADS / |8
— L GEMPAK)
EE— REAL_NMM
AT >
4 MET
|—>é-‘ NMM MODEL '———
Gridded Data: \ 4
NAM, GFS, S——

B ATl WRF 29| s FH9L2 F 370=, Fotrot FH9(D1, 438
= 27 km), = FG(D2, 9 km), AFE AL G FY(D3, 3 km)>
2 4359 eH(Fig. 2), 249 o7& R I 3 feedbacks L#|3t7] <l3H
FF s FA AAA(two-way interacting nested grid system)E A 83}
o 93 2 F 30/HE dAsNeH, riedede] A3t £X & I9F
< "R = WZIAAS WA e ZdxAd 3719 e Az g Bt F A
2937l 93l 1 km X Wl 11719 T2 F43AthH(Sigma level = 0.9%,
0.990, 0.980, 0.970, 0.960, 0.950, 0.940, 0.930, 0.920, 0.910, 0.895).

_‘IO_



1400

45°N —|
1200
40N —i [ [ ot 1000
z.
“ 800
35°N — 474 2.
= =
= =y
& 600 =
-1 —
-
30°N —|
400
25°N —| 200
110°E 115°E 120°E 125°E 130°E 135°E 126tk LTE 1SE 12 1R BEE :
Longitude (° E)

*Source: Sun et al. (2023)
Fig. 2. Nested model domains for WRF (solid frame) and CMAQ (dotted frame) simulations and the geographical locations of 12 sites for

air quality (triangles), 12 sites for meteorological variables (circles), and the fire hotspot (red star). A-B (black dotted) in D3 indicates the

vertical cross-sectional line.

_11_



nd $£gP& 93 x7] P AAZRHL NCEP GDAS/FNL (Global Data
Assimilation System/Final analyses) A4 2}8(0.25° x 0.25°¢] s} 5%=, 641Xt

HA)E olgstdt. 2de EXIEI} APIEE MODISIGBP (Moderate
Resolution Imaging Spectroradiometer-International =~ Geosphere  Bioshpere
Program) 21 Category land-use 30% A} % (Friedl et al., 2010)} GMTED 2010
(Global Multi-resolution Terrain Elevation Data 2010) 30% #}%(Danielson and
Gesch, 2011)& 217t AH&3tAt

w 979 WRF 2dlo] A-&3 ZAd Ee02 F452 Table 19 A48k
ok A, vAlE 2 34 (Microphysics)©] 7d-¢ D1ol WSM3 (WRF Single-Moment
3-class, Hong et al, 2004), D2~D3°|] WDM6 (WRF Double-Moment 6-class,
Lim and Hong, 2010)8 A&3l9om, & 2 i} Z43k= RRTM (Rapid
Radiative Transfer Model, Mlawer et al., 1997)3% Dudhia (Dudhia, 1989)
schemes 7Z}7b o] &3t th A =43 742 Kain-Fritsch (Kain, 2004), ™ 7]
A% EF3= YSU (Yonsei University, Hong et al., 2006) schemeg ©]-83}
ATt.

B AT FARIY 77 23 AHE AbE(2022d 39 49 ~139)9F A% 5
de zFsle= 717 2713 (spin-up time) 72A17FS #2022 2

€ 249 00 UTCHH 3¢ 19¥¢ 00 UTC7HA ¥ 239 st on, 271484
e A9 249 279 ~39 18U (F 20¥)o dis MwkHd BEAHS £33y
ndol o= HITE FFAI7]7] 98, NCAR/UCAR (National Center of
Atmospheric Research/University Corporation for Atmospheric Research) ol 4]
MEE WRFDA Al2=8l1¢] 3xk9 W EA S 53 (Three-dimensional variational
analysis, 3DVAR)E 6AIF tAo =z F3ste wdol z7|Z4& JJd3tdth
(Routray et al., 2010; Sugimoto er al.,, 2009). =3+ 2| £} 439 714847
vt A& u, v), 571 &8l W3l FDDA (Four-Dimentional Data
Assimilation) H T A3 #AZAE Witste #FUA(D1~D3)F THLS o
B2 #FAE T8 AAAES WA 42 FEHE Uibsts B49A(D1)
71'HE AHEstd 2dEgE 353 HSommerfeld et al, 2019; Jeon et al.,

1378e Mddezn grjd s Hoe

N
(@)
—_
XS
o
.
rlo
o
g
il
filo
of
=2
N
t
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5 FHAZ o8 A9 AF7F BaEo] $tH(Cho et al, 2023, 2021; Desroziers

and Ivanov, 2001).

Table 1. Details of the grids and physical options used in the WRF model.

D1 D2 D3
Horizontal grid 127 x 115 160 x 148 154 x 157
Horizontal resolution 27 km 9 km 3 km
Vertical layers 30

Initial & boundary

condition

Microphysics

Long wave radiation

Short wave radiation
Cumulus

Planetary boundary layer

Land surface

NCEP GDAS/FNL 0.25°

WSM3 for D1 WDM6 for DZ2~D3
(Hong et al, 2004) (Lim and Hong, 2010)
RRTM (Mlawer et al, 1997)

Dudhia (Dudhia, 1989)

Kain-Fritsch scheme for D1 and D2
(Kain, 2004)

YSU (Hong et al, 2006)

Noah LSM (Chen and Dudhia, 2001)

_13_



222 tr|d =29

2 A7dM o7l FAERgE fs AR Bd2 = EPA
(Environmental Protection Agency)ollA 7)'&3d CMAQ (Community Multiscale
Air Quality, version 53.2) E2E thFd W 7|29 =2 (&, PAHEA 59
7h2d QA =)o FF, &4 A, olR, £F T =934 AAHS &
dE BEs Bl Y qRAA APEE YT F U= 3Ad B3 FF
Zgo]t}(Byun and Schere, 2006; Byun and Ching, 1999). CMAQ =E® 9| T4
I AP ol Mzl 352 Fig 33 &2, 679 dAY AAF3 1719 55
T4 EP(CCTM: CMAQ Chemical Transport Model)2 T/ =0 ATt A g
#A4 L 714 2 (4, WRF)e] 23E CCTM S o 83 dE€xs Fe= W

‘

3hsl= 71747 A el=d MCIP (Meteorological Chemistry Interface Processor,

FTExs AAsE ICON (Initial CONditions processor), 73

<
0]
=
z
®]
=]
o
=
N
N

AFsEz71E A43= BCON (Boundary CONditions processor), 338 &< 4t
<3t JPROC (Photolysis Rate processer), &3 F39 FElE TE3he
OCEAN, w"iAgte s At d3 AFFHe g wizZs 4AH=st= EMIS
(EMISsion) o2 FAAT. o3 AAZE T3 AHAE dEAEEES ol &
g CCTM F3l& T3l L9=29 gshitg, 5 o7, 4 #8e A A%
H-AZME ti7|ed=d 55 ALtk

CMAQ B FXR dH2 WRF 7|44 AAANAY x5 Fol7] 93l
MCIP oA sAEE 242 3718 AAE AAT & CCIM T3d8e AT 9
H25 PR AP S (Fig. 3), A2 T2 F 292 AAsAT. FAEY
B 71 FARAY 7 FdE 71xR2022'd 2¢ 249 00 UTC~3¢ 19¢
00 UTC)ell tisl s3ystATH =
3 Ao, FolAol YD) EE U tr|edEd Z2ad AR
A2 447 Foll tid CO, NO,, doIZF st E 5 2009 F)E AHESIA
™ (Wang et al., 2002; Gipson et al.,, 1999; Stockwell et al.,, 1990), SH¥t=9} T3t
FY(D2, D) 9 =WADNY 2dE AAE V|- AARASRE o] &3

o =3 2do AE-gE 33 WAHAYEF2 CB6r3_aq (Carbon Bond 6, Lueken et

iy

()
lo
B
N
o
)
PN
B
rlo
0
O
zZ

T,
o~
N
O
Z
)
o
o

—~

al, 2019), dA=ZZ 4HY &2 AERO7, &3 2 A3 &4k ZH7Z; Multiscale

J
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7 ACM2_M3Dry (Asymmetric Convective Method) schemes Al-8-3} %1 Th(Table
2.

CMAQ Rdd< T WiEd d"HARY] 45, Fotrlol I49(D1, D2)9 <!
A4 ¥lEF2 EDGAR-HTAP (Emission Database for Global Atmospheric
Research-Hemispheric Transport of Air Pollution) version 2 (%314 %= 0.1° x
0.1°) ME55S o] &3ttt EDGAR-HTAPS 4714 7}H 28] (Energy, Industry,
Residential, Transport)ell T al 97}x &Z(NOx, SO, PMi, PMys, CO, OC,
NMVOC, NH;, BC)9 wj&#-< Al-&3th(Janssens-Maenhout et al., 2015). ‘&gt
FA(D3)e] AANA wWiEF AT 7oA AAY A A Al5s= CAPSS
(Clean Air Policy Supporting System) 20161 HiEE5S(FTHMYE 1 km x 1
km)< ©]&3FATHNIER, 2019, https://www.air.go.kr). CAPSS A5+ 1371¢]
&7 &Y #F FE(Source Classification Codes, SCC)oll W} 1d @9 =
2HEH, 9712 EZ(NOy, SOx, PMyy, PMys, CO, OC, VOC, NHs, TSP)9] wj&
FS AT AA AFIHe] AAA | EFS MEGAN (Model of Emissions
of Gases and Aerosols from Nature) version 215 &3l 44" AAE o] &3}
%A HGuenther et al., 2012).

ol9lelx, BB WiEo] A9 7] LB EH(PMy, PM,s SOA) X H|X|&=

3 7l =E Hrlstr]l 9lsl, BB MlE@FS 113 Total 4@ BB W=
TH3HA & Base PR U] RS T3 oM (Table 3), ©] AFH}E
714 =2 °] BFM (Brute Force Method) 7I™< ©] &3}
FE zol S Hlﬂf‘s}%u}(Total T %-Base ¥§%). BEM 7S B2 AgAF oA
g ARRHI e WRoE, A Med 24 4ds Tl MEFe] &4
=49 mA= 7lAx(%)E DA FAE 7 A= AHo] Atk (Baek et al, 2022;
Song et al., 2022; Nam et al.,, 2019; Uranishi et al., 2019). BB Hj=ol ¢Jg+ th~]
2 Y HI7HE 913 BB MiEF A2 2.34- o AASAH.

of
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OCEAN

EMIS
]
|
Meteorology
Model MCIP —
(WRF)
ICON —
Third party Programs
CMAQ Preprocessors I:I
CMAQ CTM |:|
CCTM Input —» BCON b
CCTM Output —
Met Model OQutput —
EMIS imput —_—
JPROC b=

Fig. 3. Flow chart of CMAQ modeling system.

CMAQ Programs
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Table 2. Details of the grids and physical options used in the CMAQ model.

D1 D2 D3
Horizontal grid 124 x 112 157 x 145 151 x 154
Horizontal resolution 27 km 9 km 3 km
Vertical layers 29
Chemical mechanism CB6r3_aq
Aerosol module AERO7
Cloud module Acm_ae7
Gas-Phase chemistry Euler Backward Iterative (EBI) solver
3-D advection WRF_CONS

Diffusion i
] ) Multiscale/ACM2_M3Dry
(horizontal/vertical)

Table 3. Experimental designs for different emission conditions.

Case Emission conditions

Anthropogenic, natural, and

Total
biomass burning (BB) emissions
Anthropogenic and natural emissions
Base
(except for BB emissions)
Total - Base Impacts of BB emissions
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2.3. Biomass buming &% &

A

2 Ao &3 48 A Al BB HlEFo] A tir]dd mXes 9
Aoz Hristr] fIslA+= BB HiEo] ndE ti7|d FXROE 33}

of
3c) o]o] B AFoA = v NCAROA] A &3+= FINN version 1.5 &&=

2 o

< o83t 1= BB HiEFS 4AFESEA tH(Wiedinmyer et al, 2011). FINN
< NASA® FHAE 974 (Terra/ Aqua)°ll HAE MODIS AA oA #SEE= &4
A ] 7| L dEH(SF 404 F) METFE A AT dY9o) Wl 1 km x 1 km
o I AFERE ¥R A AlFsta doh A7IA Z44 SA” MODIS
d ofey] daglFo] o8] AWM FH AQERG =AL Y1 km A
TA)= AEste] FAE T (Lee et al, 2020; Giglio et al., 2018). °o]H 3 &4 3}
A F LI ARTH AA A ThFo] HFo] o] FAAAY AFETE 20% o3}

9ol MEFe xsx FErh FINNS th7] 2922 (CO, PMy, PMys,

OC, BC %) W& 48 A2 o3 2o
E; = Alxt) x B(x) x FB x ef (4)

A7|M Ex % 9 WEF(F22d mole day?, AME: kg day), Av 1A x<}
ANZE el A 9] A (m?), BE A xollAe da E&(g m?), FBE A= <l
3l dad Hlolewlxo ME, o= T o WMEASF(g kghE U
(Wiedinmyer et al.,, 2011). & A4 += MOZART v4 3}8t WAUZCE T4
H FINN #i&%S CMAQ Edof o] &3t7] fal, &Y 33tE] hall CBeor3 3}
g HAYFOZ H3st= W (mapping) AAS FY3HATHChoi et al, 2016;
Tai et al., 2008). =3k FINN2 HAE#S AHlo A= Qs &4 37t 25
He 497 ded, o2 s dauFHe] ti A EHIE St
(Wiedinmyer et al., 2011). |83 AAHA ] EFHLLY S =9 FARY HFE
£ ol Arcgis ZEIHES o] &dt] A ALAAA A BASATH

(REARS] AowA o f). B AT WEF JAATE 24 WA, 4

o

A2, BB MZF)9 < AL ZZ 1 (Python, MATLAB 5)& %3 24 =d

_18_



Sl 9H AR st ARESFATHCho et al, 2023, 2021; Baek et al.,

rr

2022; Song et al., 2022). Figs. 4~5.& =% 4= DA 7312022\ 39 49~13

d) G e CO% PMpso] <1914 B FINN BB W& 225 e
Wk = 24 d9H vEed INEFEE FE FEAS HEAY olFedd

o, =2)d HFTHE E&ES HJOM(Fig. 4), FINN BB wiE#e 48 dhslhy
2

QA2 @ UJ Aol A Auz .

CO (kg day™) PM, ; (kg day)
Oo Oo
<20 Oc<s
O <40 O<10
o |E <60 o[l <15
Il <80 W <20
W <100 W <25
_ W >100 _ | >25
z. z.
T 1
£ E]
i |
East Sea . 5 AT, ’ East Sea
23 Lo -
Y Q"c: e 1 1 1 C 1 *‘Q:J 2 ! 1 i 1 "ég
126°E 127°E 128°E 129°E 130°E 131°E 126°E 127°E 128°E 129°E 130°E 131°E
Longitude(° E) Longitude(® E)

Fig. 4. Spatial distributions of anthropogenic emissions of CO and PM;s (kg
day™) in the 3 km model domain (D3).
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35N |
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1

3]

't | A
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Fig. 5. Spatial distributions of FINN
PM,;5 (kg day™) in the 3 km model domain (D3).
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24. 7E4AY FEE AE
2 AFolA = BB HlE°] 75823 (Cloud Condensation Nuclei, CCN) 4-&
T 7kl A e Hotstr] fs oEd Ze Ae o8&t CON %
EE AFE3AtH(Binkowski, 1999)
D 2
In—
n(InD) = —2—exp|—0 5{ Df’} )
\/27rln0g '\ Ing,

A71A n(nD)= B TE W2 YA A7) E(lognormal particle size
distribution, #/cm’), N A 4% =(total number concentration, #/cm’), D=
TEEE TotnA st YA 27 (particle diameter, nm), D= 718t H+ 2
7 (geometric mean diameter, nm), = 713t ¥F Xk (geometric standard
deviation)E& W&t} 2 o] &EH+= N D, o= CMAQ R Ao AzHd
e o) 83tFom, CCNeoll 3d3st= =712 Aitken mode (mode 7)) AHE Al
Beto] ARESATE =3 2 dAFoAE o AT CON F5= E4
o] &% U =7l F 1~100 nmeoll HTFst= FEEES AFESI E4sIAH
(Rose et al., 2010; Binkowski, 1999).
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3. 4% 9 1%

3.1. Biomass burning® &% A7} F4| &4
B Ao HIT 20:87H2002~2021d) F-2luhelel A Ag BB AHE
A7NFAE getstr] 18, BBSE AEo AP HA3E, TSy, T A4 F
of gk A3}t FAMeF &2 FINN vl E3(CO, PMy, PM,s, OC, BO)9l W
sle tisll &43t%th BBE FINN HIEEE, 4HES FAA 9 9448745
AN AFste ARE EX o AHESIATH Fig. 6(a)F X9, FINN BB A3l
DAL, ALHA L ARA o g HA Frlste FA7F et on, FEdo g
Z74et ZAE wrEstE Aot MK #AAS 53 BB HA3lg, Y,
WA AW FUFES A A, #ASIge LT E A7 +153]
/yr, 24 /yr2 S7Vete FAE HAdoH, BAFCE #Fo3 Ao=w yE
th(P-value=0.0006, 0.034). & AAAAY A-¢, AdH FA7F vAT SIS
Rov BAHSE folatA FUrhH(P-value=0.538). FINN BB9] <1t 2AY3l
£ 200239l 312312 7} A 2018 d 0l 82332 JP wotorw, Azt AU

~

ft

>HI%‘1

o} & A4wAL 200230 959, 23,202 haZ 7FF #2021l 179Y, 54,811

haZ 71 ZA veEbsth 2002\ d0] AZF TSRS, AL, AL o] 7Ht

v £2E B AL HT 200742002~20213) AF T 73 FeF(eF 1,362

mm)oll Hl3] 2002139 AZF FA FEHSF 1,519 mm)o] Ao =

o] & ¥l F e Roew AmHTKFig 7). ol9dE, HZ 2047 BBY
AAAHL PFHOZ 69 ha/3Pom, 2009d] Hil 80 ha/ 3],

32 Uyttt MK A4S 3 AN I8 S7he2
Aamdzo] mls) GBAFe] S7keo] § A7) "WE -12 ha/3]/yre] et
2 YEPGTH(P-value=0.003).

Ut BBY PR MFS AAET e el A%, A 24 9 %

o
B>
A
By
A}
=
Au)
3L
o
T _‘l
o
=
)
o
h
o
Lo
b
Pk
o

7t Yehd = 2] @ith(Fig. 6(b)). aHEQ] AzF HA3SE 201290 197
2 7 AJa 201739 6923 2 74 wkon, A7k A<= 20034 o
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86U = 71 A 20190l 186¥YE 71 Bkt Az A4
of 72 ha® 7F& 2gkar 2002130l 4,467 haZ 7F& =A Yebgoh =3 2002\
of AHE WASlTE d4mA o] 75 ha/3E 7HE FoH, 201490l 0.3 ha/3 =
744 Zgkth ol 200d Al HFSl 2.2 ha/3lol Bl o 387t de FFE0IU
th. MK #A 23, e e 249 /yr2 Fo5tA S7teke FAE B
A (P-value=0.047), T35, AAHZ, BAY3NFT ALHH] APFH F7}
&2 SAFSE FYTF Aol UEtUA FhTh(P-value=0.496, 0.538, 0.558).
Fig. 6(b)ell Y ZA", 201799 w2 AHE dASlsE HT 209302002~
20211 d) B oF 1,362 mme| FH ZFrFel mls) Aoz A2 962 mme]
A FH A o AR AAREHTKFig. 7). TS 2002, 2019, 2020
Z S8 A o 2H2002d), A -TFE-UAA
20199), <FFEAYG(0209) AR 2 Ade] e R AsHT
www.forest.go.kr). o]&ol%E, AT 7|3t ¢ Ut AHES] dwstE EAS
A, B-AEY 23 G AL AT Foll os) EHB~49)d AEC] 7t
& wel BB oW (T 3,2908]), olw =2 I ALWA S oF 11,645 ha®
71¢ AA et
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Fig. 6. Annual trends in occurrence frequency (red line), occurrence day (blue line), and total burned area (gray bar) of (a)
biomass burning (BB) provided by the FINN inventory and (b) wildfires provided by KOSIS and NIFoS over South Korea
during 2002—2021. Dashed lines indicate the slopes of long-term trend for occurrence frequency, occurrence day, and total

burned area, respectively.
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Fig. 7. Yearly variations in annual accumulated precipitation over South Korea during 2002—2021.
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Fig. 8& AT 20:7H2002~2021d) F3HAY FINN BB HjE#(CO, PM;y, PMas,
OC, BC)9| dwWistE yetith 574 2 9=429] BB i@ tiA= S48 v
B3yt dak Zastes Aol delgoen, £3] 2011d o3 2= wiEH 7
2 W"o] FHI H5S HYU =3 BB WiEHS 571K 2LEGEF S5 COvt
b Hom, Mutdog 571x] edEZe] BB #lEHe 2009d0 7Y ©a
200230 AUt o] Fig. 6(a)2 2ol 20099 =2 BB HANIEe} & A4W
7, 20029 @2 BB HANIES} 22 AaWAo] FH ARl AoE AEH

¢

oh. 3, 20119 ©o]FE FHAdteE Y QAEE wiEFE Fig 6(a)ol UERD
BB A3, HALFY F7F FA9E e FHOE UERL. ol HITo=
TE AHE Aol mE st Ao, A Jjed, AHEGA SA 2 F
2F TY AHRAQ 4HE A AAYG dSo g <l BB TN =T U1

= BTEIL B MBHL T FaF AOE ARHTHKFS, 2022).

e o

oo
b
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Fig. 8. Yearly variations in biomass burning (BB) emissions for (a) CO, PMj, and PM,5 and (b) OC and BC provided by the
FINN inventory over South Korea during 2002 —2021.



|

A
R

[e)
=

}

o
Rl

5

Fol t7led=4d &= v

=

712120229 29 279 ~349 18%)

S|
ax

RS

AbEl 9] FINN BB Hl

=

]_ =]
A A

A
pul

shebe] ww

[e)

T

]

T

\

ATHE 27

=R
)} 7]

3.2. Biomass burning (AHE)°] JdJEE H|X & FF

ASOS AH(UL)H 4 ASOS A& (EU)elA &

o

399t} Figs. 9~10

<

SHEESHBR KPP YT
0
%W%IW@% O oo T Ty
Bogow a9 S TR S Y
e A S N
Mﬂ%ﬂOI7_*O‘O.%7/M_IﬂNaO
ﬂmlmﬂowﬁmﬁquﬂwﬁmﬂx
z_l .m__A ﬁi ﬁ el X ‘Mﬂ dﬂ Of 0 — 0 ﬂU dﬂ
Fodg T ®dyxop
AR N o2 a 2 T oo A oo
ﬂm - ‘,&u E_.o .y % _.E Nro o} _n;.o " ﬂ.ﬂ_ ,_|Xr ,Ul
TS E T E L oo 2B F 5 oo W
EDOﬁﬂIMHMﬁﬁAOEq‘MOE X0
g BB By S o wm — g 3
TR = R R T g N oy
AT B A TuwE % Ao o
Fg s 283U s Fx
Bl 9P xR e g3
oo~ T mE ol E LR SO
oo o = L % of M o=@
2 H oMo = R o o A
= 9 il W oy
e mﬂﬂo_hﬂﬂﬂﬂmgﬁ%%tﬁu
ﬂl ,_lryl o} DGR E Ot Zﬂ = X " T _60
T oo EXEITTFERNLF LR g
= ;OLOM;_u‘Nr_._,_IrH/ﬁL:UﬂWMﬂMﬂ
4/‘._%;1_.__ =) o \Olﬂ_AlJ.
G R T 0
A W dE S 2T owm w5
oo BB o MT @Y T F o S
u%%ﬁE_EUvLﬂ@E%EHﬂ%
ST B S A R O TR R
B =2 S X T A
BoUE e g ®w o ST By P oo
qu._n@u E%NMRNJM@MEW
LRI L V- N s LBy RoT
T FE oo 2@ b w X LY g T
sy Sz eECEEiT oSG
= b < o 9
T o & F OF O d % g P B ow

_28_



OBS

[e]

WRF

<+——————— Vildfire event —

UL

=3 o)
I F
g - S Ro =
(=) Qo v—t
.. oY 3 & o
= . % M o-%»Oo- ) % =
£ = ﬁ@m@ s}
M O M
o SR S )
<t
< o PO a3, 7
o - @ o aams=>) N
- o 0 -0 .
ﬂ rcmu oo&.u..o ﬂ
> = >0 >
R I~ Qg QQyy, o
N e SS9p o -
S = MQ% S
.o .o ml. .o
S S T o @ S
- - oo oo ® -
o000
001.10100006
e
.o.o.ncmc\., °
RO
o< l.uoo.o»o
(el
c ..-n.-‘| © O

I
%
L

24

S @ a8 o T o = =3 3 =3 > S T A S ® v T a o
o o A (o] — -

N — - 1

(Do) 2amyeaaduwd (%) Anpruny aaney f.m wr) paads puipy

100 {UL
U

at UL

speed)

and wind

Time (LST)
humidity,
— 29 —

relative

227228 31 32 33 34 35 3/6 3/7 38 3/9 3/10 3/11 3/12 3/13 3/14 3/15 3/16 3/17 3/18 3/19
(temperature,

Fig. 9. Time series plot of the observed and model-simulated meteorological
meteorological monitoring site during the study period (February 27 —March

variables
18, 2022).



<+~——— Wildfire event ———

=
=7
z
(] o
= =R
23] =
& m‘ &
= 4| =
pt < N
o - v
[-4 2| [&
£ 7 |2
[—} [—} (—]
z 2|z
e el |8
= -
S =2 b g W.. =

Do) damyeaddw

(%) Aypruny dapey

(s w) paads puipy

2/27 2/28 3/1 3/2 3/3 3/4 3/5 3/6 3/7 3/8 3/9 3/10 3/11 3/12 3/13 3/14 3/15 3/16 3/17 3/18 3/19

Time (LST)
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Fig. 11. Time series plot of the concentrations of the observed and
model-simulated PM;p and PMs at UJ air quality monitoring site for Total

and Base cases during the study period (February 27 —March 18, 2022).
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Fig. 12. Same as Fig. 10, except for ES air quality monitoring site.
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Table 4. Statistical evaluation of the meteorological variables (air temperature,
relative humidity, and wind speed) and air quality (PM;o and PM,5) between
the observed and model-simulated values for Total case. The results were
compared at several monitoring sites (12 sites for meteorological variables and
12 sites for air quality, as shown in Fig. 2) during the entire study period

(February 27—March 18, 2022).

Statistical parameter

Variable

IOA® RMSE" MBE®
Temp () 0.95 221 -0.71
RH (%) 0.94 11.84 -0.03
WS (m s?) 0.71 1.86 1.14
PMyo (ug m™) 0.75 22.03 -4.38
PMys (ug m™) 0.84 9.98 0.72

IOA: index of agreement
PRMSE: root mean square error

‘MBE: mean bias error.
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Abstract

In this study, the long-term variations in biomass burning (BB) and its
emissions and wildfires in South Korea over the past 20 years (2002—2021)
were analyzed using Fire INventory from National Center for Atmospheric
Research (FINN) and statistical data provided by the National Institute of
Forest Science (NIFoS), respectively. The impacts of BB emissions to aerosol
and cloud condensation nuclei (CCN) were also assessed during large-scale
wildfire event (near Uljin, March 4—13, 2022) using Community Multiscale
Air Quality (CMAQ) modeling system with brute-force method (BFM). The
long-term analysis of BB and wildfire occurrences showed statistically upward
trends during the study period. On the other hand(whereas), the air
pollutants emissions (CO, PMj, PM;s5, OC, and BC) owing to the FINN BB
showed no significant trends. In addition, the mean contributions of BB
emissions to aerosols (PMj, PM,s5, and secondary organic aerosol (SOA))
reached approximately 13%, 19%, and 29%, respectively, within the main
influence area of large-scale wildfire. The largest contributions of BB emissions

to their concentrations (68%, 79%, and 57%) were predicted at areas (e.g., near
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Uljin) that closet to the fire hotspot. As a result of vertical distribution
analysis, the increased PM,s5 concentrations owing to BB emissinos was likely
to be moved inland regions due to meteorological conditions, such as daytime
sea breezes and planetary boundary layer height. BB emissions increased the
number concentrations of CCN averaged over wildfire event up to 11.8 times
at Uljin air quality monitoring site. As a result, It is emstimated that the
increase in CCN number concentration due to BB emissions may cause and
increase in condensation nuclei and numerical growth, and may have some

influence on the development of precipitation.
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