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Long-term Trend Analysis in Biomass Burning Emissions and
Their Impacts on Aerosols and CO Concentrations in South Korea
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Abstract The long-term trends in biomass burning (BB) and its emissions and wildfires in South Korea over the past 20
years (2002~2021) were analyzed using the Fire INventory from National Center for Atmospheric Research (FINN) and
statistical data provided by the National Institute of Forest Science (NIFoS), respectively. The contributions of BB emissions to
aerosol and CO concentrations were also assessed during the severe wildfire event (near Uljin, March 4~13, 2022) using the
Community Multi-scale 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, whereas the air pollutant emissions (CO,
PM;o, PM, 5, OC, and BC) due to the FINN BB showed no significant trends. In addition, the mean contributions of BB emissions
to CO and aerosols (PM;o, PM, 5, and secondary organic aerosol (SOA)) reached approximately 10%, 13%, 19%, and 29%,
respectively, within the main influence area of wildfires. Largest contributions of BB emissions to their concentrations (77%,
68%, 78%, and 57%) were predicted at areas (e.g., Uljin) closest to the fire hotspot. As a result of vertical analysis, the increased
PM, 5 concentration due to BB emissions was likely to be moved to inland regions owing to meteorological conditions, such
as daytime sea breezes and planetary boundary layer.
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Werf et al., 2010; Duncan et al., 2003; Andreae and
Merlet, 2001; Galanter et al., 2000).

BBO] 7154 B o5 HEE o] tj7|3HAo]
AL 9F ATE B (hEY, 18R B)

SHOA B2 A7} 43 = o] T (Kelly et al., 2018;
Bhardwaj et al., 2016; Lee, 2012; Sung et al., 2010;
Zhang et al., 2010). Sung et al. (2010)= 1991~2008
SOt ML ol A] WFASE AR 0] 314 3 Ad
= Bou AR F7vshs FAIYS Bl vk 3l
t}, Zhang et al. (2010)= 2007 vl=r EERolA]
Y3t BB7t PM, 5 kol tAl= 719 ks A8+t
13% “JIreolv, 53] A& =0l 242 27%, 15%= &
A YEFES2 HETE 2L Kelly et al. (2018)°]] 2]t
, 2000 ] Hotw| 2|7} EHjE Ao 2 ofze]rt F
Ao A LAY BB7F o] 219 ] Bt SOA (sec-
ondary organic aerosol) =5 F 1~3 ug m> J=
S7HRTE A7 237F ASIE ol ol 91487t
£ ol-83ll BB7F A1 th7] "ol A= Fd= 24
Sl 7—‘131,]- oF 10d7F E__,TO]—/\]O]-_,] BB lzﬂ-/\ 3J\_/'\_g].
I AOD (aerosol optical depth)2te] A3t go] o9
=70 (r=0.89) e BB Hil&] th7|€gell nlAl=
A9 JTFS el 4= ) TH(Lee, 2012).
7] & BBoll 23t ti7] e =} wtef, IdF = o
= gs| gst] flsiAE, BB T4 %9 7]
£ 41t @ 424 (CO, PM 5)9] At v
A7gol wile- S a5k, ojof whE aaA ]l fiv]d
7P7F R ojof otk T, 7131 Rl
&3l BBOl °l5f HiEH 311712?3%72—4 &, 9
W 7)ol g Rotei BAshe AL
Sz sae 4wl 2E4, B
(nonllnear) SksHre = oy 71#] oA} 2= B35
2 EZS51 Qo] v B3-Skl o H ) (Cho et
al., 2023; Garcia-Menendez et al., 2014; Pun et al.,
2006). o]t A F HlEF A O] 2L B
A Bo] Al Ao P F= 84 F St
=, BB7} A1 Hi7] 8] njA& &= Hoh ZesH
B7ret7] fleiAl= sl BB HiE® A=At=7T
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Zasith B2 A3 Aol 14 AR 7R
FINN (Fire INventoty from NCAR), GFED (Global Fire
Emissions Database), 12|11 GFAS (Global Fire Assim-
ilation System) =7} th7]°d 49| BB viE U
2tz 2 AHE-E] o] ¥t (Vongruang et al., 2017; Kaiser et
al., 2012; Wiedinmyer et al., 2011; Giglio et al, 2010;
Van der Werf et al., 2010).

BBof| ot t 7] g H7toll Qo] HiEF Llol=
gAY 71 (dJ71E, BAE % 52
- Fa5kH, o A3 AFolA BB HiE=EL
A o] S5 A9 d7led=E s A
Soll A3AQN F&F= ks AS W (Lin et
al., 2023; Kim et al., 2022; Lee et al., 2022; Park et al.,
2009). ¥71 20038 4~6 Lol LA Al |ote] F4]
¢t BB7} 2 (0;) ol vlAl= dFe w47 2
I, dFA G Aot M= 2|alE T 24 ppb, &
SFE 2] Q1 b, A&, ThEof A= 3~10 ppb B &
9] = =717} YEeb T (Park et al., 2009). E=5F 2020
d 4 S FEA 9] BBl 2%t e A=Hol
72l #FEo] Sut Jet 99| PM, T (¢
FhE o 40~80%7HA] S7HAZ] A A
EE|Qch(Lee et al., 2022). = Lin et al. (2023)°]] =
2, 2018 39¥ Aoyt oA HAESE BB Hf
Z270) AAR 4450l 57 UEAL (BF 274

km)?°] t7]2HE=H (CO, PM,;5 0;) T&E5
32%, 46%, 34% 4= S7HAZIE o] ¢jol| e, -2 utet
oA AT thE (20201 S h l FH 0, 5k
S "lusHAl (9F 1.3 ppb) &
(Kim et al., 2022).
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H5HX|S biomass burning HiE2| A7|FM| EA11 o2&

7 =iellA BAgRE AbE T o] 7|54 W BB
HiE (tHe 28ho] 1 di7|de] nX= el &
St A= A19] 4385 vF ¢tk (Kim et al., 2022). ©]
9Jolliz, BB W&} © 984 (o, PM,0) 520 ¥
A4 (nonlinear) 22} AAdHES 02 Q15 2| 7]
4] 24 Wake FeebA] olafk= o] oleigol 9l
o olst PR TGt B2 A T AR
37} 275 Aol ofo] 7|2AFRA, WA 2
L 20¥7H(2002~2021) Fetx]<lo] BB HiE W At
& WAl TRt 7St A1 A H i 3t £
109 o A 7P 2 o] 23 4hE ARE
o= =] BB HiEES 7551, o5 7
-7 o 2-gste] 2 ofo]mE (ofl, PM,,,
PM, ;) % CO Tkl P A= S 24 sttt
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2.1 CHAXIS, Rtz 2

Q7 Rl odel S2futek 4ho] itz Ee
o] 9glom A ZE WA 70% o]ifo] Ao 2 o]Fo]
A k.t S o] Wiert Eof BB 9 A=Y
Site] Fofet 22 294 £ A'dHh (Song and
Park, 2021). T3t -2|Uehs FHOMAOF Uit Bl
Al =9 o5l AL deEg, f =
HE 14 (79 He L9=dol sy tir1egel 2
JSFS v|E £ QIth(Oh et al., 2015; Lee et al., 2013;
Song et al., 2010). £ A= ZE 2097FH(2002~
20214) S-2]utatol A BHAYSH BRSO} AHEo] A7 WS}
FAIE 24517] 4], FINN HilE55-2 53 BB &
A8 (L), AaHA T12]al BBl of7t Hi7]
A=A HiEF ARrE ol&okirh £ A
2 (Korean Statistical Information Service, KOSIS) %
A 75H (National Institute of Forest Science,
NIFoS)ollA Algsh= Al WY 24> (NIFoS, 2022)2t
A A 2tRE o]-§SHiTh

A7 AT 717H(2002~20219) St -2 utzt det

% CO ==0i| Ojx|= F&F S+ 353

2] oA 2] BBL} AHE 2FAY W ﬂ/\ ]
7He= AEsh ] fiste] HmiAHaA FA
Mann-Kendall (M-K) AEHS & oﬂ?&ﬂ'(Kendall,
1975; Mann, 1945). M-K HA-2 371et A FAE
HHESh= AlA B2 = O] B3-S A6 S8 =
o]- g% WHolm, A9 FA9 71=7] (slope, Bt
F7H)% 24 SIs) 9l AgEE PHelt
(Song et al., 2019; Anttila and Tuovinen, 2010; Carslaw,
2005). o2 EAA AA 9y g, 3Exg0] &
doll RIS el ASAE Zedt Abzo] tishA
& A-gol] 7Fset BHol Atk e M-K AAolM=
P-value #ko] F-2l4<F a o5t wf APt 719
ol FAALR fositts As Qulsi, &
AFNAE 5% e o185t

2 AFolM s FHZ AR 23 At Al (2022E
39 44~13Y)E HiF ez BB HiEO] olojzE 2
CO Fko plA= F&Fe dAISHA 245t $I6l,
A Gl 22 127]9] di71E 9 71 BEA
= AdAstAtH (2™ ). 74 71 2 71 BEAA

urh Ao A2 A4S e geE s
100m Uhloll $1218le] F:5lof AHue] dakg Zicfe
A W= 2o g AAgskaln ti714E 1%1}3%
BT =AU ZIEAE ] AIRPE 7] e dE3 (COo,
PMy, PM,5 5) &= A=E Ol%s}ﬂt‘r. Bl
B A di7|d2 F9 71z Qs 2A 4%
Huz fqidAg di7leded =0 A3
d& Bt AgsHA siAstr] flsh, 71 BEAH
71 HESAH T Aot 7P AFolEe] 9%
A7 gh= Xo=2 Aot (Cho et al., 2021; Song
et al., 2014). A|I7HE 714 IEAR (7], 5, A
Fo)e TS TEEA AR ASOS (Automated Syn-
optic Observing System) 87| Z|8x} LA 7| TS A4
AWS (Automated Weather System) 471 2] S 2 HE]
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Fig. 1. 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.

% ASOS (EU) A8& o BAE Sasigr
U 2 UL AHE AR OF 1km ol7l A2 9 5
shotoll QLG HFORE ABYTFOR el

(1km o]ufl) 7A2]of AL AFH o] Fof & whon, 1
off s A AN(DT 71t Bt F5E AL °F 20%)
=

SRS e 231 AHE AR (2022 39 4
~139)= 10 o) A AHE T P E A
S TR (14,140 ha &4, 213A417F 2]145) O] A =,
AHEo] WARE 10 St ek 12 Uy AR elA
CO, PM,, PM, 5] A (X 1A17h) Hs ke 7}
Z} 1.3 ppm (3.8 ppm), 247 ug m~> (821 ug m™>), 99 pg
m™ (385 ug m)= 7|E5Hct oSt sk A
HHAY o] A 9] 10 (2022 29 23U~3Y 3)<] H]5]
oF 3.6~6.58 £ 3]0, E3] PMloﬂ' PMZ.S%
20229 th712H 71 4] (24 A3 H4t 100 ug m™ 7} 35
ug m)©] oF 4,989} 2 8815 7] EotiTh 2 At
Al ol et ARt AFE Aol thsl 5™ FINN

&S A-8ote] Z14-ti71d 42205 St
o, o] 8H 714 B ti71d K| AR 44
toliAl= 2.2780] AASHI. ERF ti7]d R
BFM (Brute Force Method) 712 #-8-5}o A& uf
=°] 219 t712 (PMyg, PM, 5, CO)Oll BIA]E 719 =
£ 7lel7] Siah, Aol oJRt thr| L HEE wiE
= 283 A9 (Total) ¥ A-85kA] 942 A9 (Base)
Ato]o] I xfo]E H| WSt (Total 5 =-Base 5
5). BEM 712 B2 A9 AtollA] 2] ARgE 1L

=)
gl nAE 719% (%) S €A D 5 A=
o] 2tk (Baek et al., 2022; Song et al., 2022; Nam et
al., 2019; Uranishi ef al., 2019). ©| 2]k, RE ] =
B #1579, 412 e) 717 5t 47} 1
N BEAH ] 7| e dEE FE 71 F a4l disl
5% BAe Sastech Y 19 B2A%). 5,
71 dEd st 71 ae] 7 =gkt mdgt
of] o3 IOA (index of agreement), RMSE (root mean

square error) 2 MBE (mean bias error) & A|4I5to] &

Aef] o]-g-sh3t.




3119 biomass burning HiE©] Z7I5A 241} 00123 % COS=0f 0l3l= Y o 355

2.2 29 79 & YKtz

2 Aol o] 81 71 2 7] BEE 22 wl=
NCAR (National Center of Atmospheric Research)%}
NCEP (National Centers for Environmental Prediction)
o4 35 7t WRF (Weather Research and Fore-
casting, version 3.8) & I 1|l EPA (Environmental
Protection Agency)ollA] 7HeF CMAQ (Community
Multiscale Air Quality, version 5.3.2) IL&lo|T}, WRF
ndlo oPd F=A] HIA4=A| (fully compressible non-
hydrostatic) H74-& o]-8¢ LB Z A, Arakawa-C
AANAAE 5 ZAZE, Eulerian 25 FHFAE A
2] Azt2 AHESHC) (Skamarock and Klemp, 2008).
CMAQ RH2 ti7]|ed=24 9| 45, 4, olF, &
4t &8 T £ gk e U RES §
Sff TheFet IOl A ARPER mofet 4 QlE 3xhd
(Eulerian) 35}8t 4=~%WEo]t} (Byun and Schere,
2006; Byun and Ching, 1999).

WRF R 0] 2K o] JH2 F 3710 d9 5, &

obAIoHD1, 4B 27 km), T (D2, 9 k), '
2GS (D3, 3km) 2= S0 (1 1), T
A5 A AZA (two-way interacting nested grid
system)E -85t0] REllo] oot Wi g 7]
feedback®| 7Fs5H| sttt 5 WRF 7|44 A
ANA ] @25 Z0]7] $Jdll, MCIP (Meteorological
Chemistry Interface Processor, version 5.1) ZF o] A
SAEE 47 37 AR AP & CMAQ 9]
ARt E ez el & o] ©-8-H WRF
oF CMAQ B ] A2 T2 77} 307119} 2972 A
ot on, A A7 AR 9 E2A w2 21
o] AAEFH L, o] elof| =, WRE Rele] 27] & 77
Z712 NCEP GDAS/ENL (Global Data Assimilation
System/Final analyses) 0.25°x 0.25° SV T=2] A&E4
A= (6A7 A)E ol-8siltt. EX 5} A9l
L+ MODIS-IGBP (Moderate Resolution Imaging
Spectroradiometer-International Geosphere Biosphere

Program) 21 Category land-use 303 Z}= (Friedl et al.,

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

[A] WRF model

D1 D2 D3
Horizontal grid 127X 115 160 X 148 154X 157
Horizontal resolution (km) 27 9 3
Vertical layers 30 30 30
Initial & boundary conditions NCEP GDAS/FNL 0.25°
Microphysics WSM3 for D1 WDM6 for D2~D3

(Hong et al., 2004)
RRTM (Mlawer et al., 1997)/Dudhia (Dudhia, 1989)
YSU (Hong et al., 2006)

Noah LSM (Chen and Dudhia, 2001)

Radiation (long/short wave)
Planetary boundary layer
Land surface

(Lim and Hong, 2010)

[B] CMAQ model

D1 D2 D3
Horizontal grid 124X 112 157 X145 151 X154
Horizontal resolution (km) 27 9 3
Vertical layers 29 29 29
Chemical mechanism Cbé6r3_aq
Aerosol module AERO7

Gas-phase chemistry
3-D advection
Diffusion (horizontal/vertical)

WRF_CONS

Euler Backward Iterative (EBI) solver

Multiscale/ACM2_M3Dry
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2010)2} GMTED 2010 (Global Multi-resolution Ter-
rain Elevation Data 2010) 30 A}& (Danielson and
Gesch, 2011)5 22} A8l & Aol A CMAQ
e ol o83t 271 A AAxAL 2 U of
71ede=d et 2w (A2 447 Sl disf Co,
NO,, ollo]=Z 3o 5 2009] F)E Sl B
™ (Wang et al., 2002; Gipson, 1999; Stockwell et al.,
1990), Skt 7] Y Z-2 CB6r3 (Carbon Bond 6, Lueck-
en et al., 2019), 1121l oo]2ZE A REZE
AERO7-S ©]-&-3t3itt.

& A7 AR 7|2 &3 A= (2022 3
2 49~13¢) AF 5U7} 27]4-5A7F (spin-up time)
7241712 1=5te] 20221 2 24 00 UTCHE] 34
199 00 UTC7HA] 5 23 5=35t9lom, 2714541
HE AlQfRE 29 27U~39 180 His] HHFAQl £

’

X

= okt B St RS 9l 37t
¥ WE2} 253} (Three-dimensional variational analy-
sis, 3DVAR) 71" 2-§-5to 7[R o] 27172 7|
415}+9. 2™ (Routray et al., 2010; Sugimoto et al., 2009),
A ®ef F50] 71384 (712, v AR 57 &
el Hsf #5374 (D1~D3) 2 2434 (D1) 7]
HS 851t (Sommerfeld et al., 2019; Jeon et al.,
2015). o]2fet 71/Fe] 7S S 71 A R
o et P2 71E AP AFollA] thdstA Bt
] o] 9¥t} (Cho et al., 2023, 2021; Desroziers and Iva-
nov, 2001).

CMAQ 22 fIsf sotrlet9d 9 (D13 D2, 1
d 19 1914 Hi&EF2 EDGAR-HTAP (Emission
Database for Global Atmospheric Research-Hemi-
spheric Transport of Air Pollution) version 2 (0.1° X
0.1° FE 4 x) HlEE-= (Janssens-Maenhout et al.,
2015), FtF (D3, A5 A L)) 2] 21914 HiEF2
g 5ol A A 85H= CAPSS (Clean Air Policy Sup-
porting System) 20161 Z}& (1 km x 1 km s3E)E
0]-8-5}I T} (NIER, 2019) (http://www.air.go.kr). B
AT | lofl TRt A HijEF2 MEGAN (Model

of Emissions of Gases and Aerosols from Nature) ver-

sion 2.1 &5l AP H ZAIE 0]-85F4th (Guenther
et al., 2012). ©]9Jo|| %k, IS/ E BB HEH2 vl
NCAROA A|E5H= FINN version 1.55 ©]-8-5}19]
AFE5HATH (Wiedinmyer et al., 2011) (https://www.
acom.ucar.edu/Data/fire). FINNO||A+= NASA ==
91/ (Terra%} Aqua)©] MODIS A4 ol 4] THE]= A
AT G0 4 2kAjof digt di7] e dE=AE viE
= 1kmx 1km 37+ s = 4Hgste] ddz A1y
Stz Qlek o714 24 SFAl= MODIS &€ o e
(thermal anomalies) &1 2|Eof ]3] ZX|HAA FH
ek B TAE A9 (1 km HAe] F4)E At
o] BAEt} (Lee et al., 2020; Giglio et al.,, 2018). TF
2 FINNO| 7] 2HEZ (CO, PM,o, PM, 5, OC, BC
) HIE%S APdshs At ehdich

E;= A(x,t) X B(x) X FB X ¢f; (1)

A7|M B % 9] BiEF (7122 mole day !, YAt
& kg day™), A= SIA] x9F AIRE ol A O] ALHA
(m?), B $12] xollA 9] A4 a8 (g m™), FBE A
2 Qo A Hio]| QAL HIE, ofi= T 0] HiE
A= (g kg ™) E 20|ttt (Wiedinmyer et al., 2011). 2
Aol A= MOZART v4 318t fiAYZo2 A
FINN H|Z3S CB6r3 3fst 17| 4Z (CMAQ v5.3.2
o o]-g) o= Hekslr] flof T sFetE 7] o] 73
(mapping) 2FH2 =35t T} (Choi et al., 2016; Tai et
al.,, 2008). T5F FINNOA= 914885 AH] 9] gHA =
QI &g S =0 A wjol] ALHAE tha
2H| AFESEE 2 (Wiedinmyer et al., 2011), ©]of theh
FR| o] o] B3-S EolA} Arcgis TR IS
o]-gsto] AA|9] AxHAT 71EA HASHCE &
Aol e viE dEtmE 7t MiEe] s Al
At T2 78 (MATLAB, Python 5)& 53 2 &
Trj|olof ghE] 2 A =}SF5FA T (Cho et al., 2023, 2021;
Baek et al., 2022; Song et al., 2022). 19 2= 23 4AHE
AR Al (2022 39 42~13Y) et HolAe] co
o} PM, 52| 1914 4 FINN BB HiZE%F (kg day™") ]

FUEEES Uehich B 914 whEe 3

-
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Fig. 2. Spatial distributions of emissions (kg day™") in the 3 km model domain (D3): anthropogenic and FINN biomass burning
(BB) emissions of (a) CO and (b) PM,s.

B pEde Zoeh iAot olg g (o, =2)  HAds W davde VR oR Hap Sokehe
of A5H Bae Hyor (A=2()9h 1-k2(0),  FAYEH, R 08 S71e} g WEshE 73
FINN BB Hl&%2 Aha Top 12 (U] A4 28 Folodrh. M-K A%< 55l BB WS, 2

E 2 A}, gsl

e 2 . el
oA iAo g g ol RESIUTHIH 20)2F 4, AAHA Y AT SRS AL
% 2(d)). ot A ASE Z42F 115,63 /yr, +2.4Y/yr2 57
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Fig. 4. Yearly variations in biomass burning (BB) emissions for (a) CO, PM,,, and PM, 5 and (b) OC and BC provided by the FINN

inventory over South Korea during 2002~2021.
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HSEX| biomass burning HiZ2Q| 27 |5:M| 24110t O|0{2E

o] LFEE Fkof nX= FFE A oA |
g ﬂiﬂ’é‘ E%‘ﬁﬂ d5Ast=E Frlskach
4 279~34 18%)
5 &7 ASOS A1 (UL)E%L ©1/d ASOS A% (EU)=
Ao 2 7|ArQ A (7], AGE, E4) o) Tkt
E‘?A%M HWE Uepdlch Adtba o g, T 2]3] 9] 7]
2| 7o Ao 7] s TS
Ak (F) HES & gEN glom (& tho.92 o]
o] =2 104, ZtZ+ 2.7°C ¥ 12.5% ©]5+2] RMSE),
20| H]3](0.53~0.742] I0A, 1.65~2.5m s~'2] RMSE)
iAoz FEghol 7PEA Rol= Q). ERE F ]
HollA 71237 g WSkl Hls oFgt df
O] Fi= AR O 7} U HEH, F450] 749 A
202 73Rt A rLo] kol irt. Fell ek Aof
ROt & o] 8= UL TH=A]- o] Saete] o1 Q)
o] 24719 B o] g} 1 O] =2 Ak (EjuiAtY
Bt oF 800 m) 2] P L 9loH, Tt EU W=
Aol sidAlt: (82 m)ot | AT A SHEAR;
O] S ILLE (201 m) 7HO] 2} Fofl SJal B g0l
AR Ao 7 A=)
2| KLojof| tfet AFA HFS Kk AMA5] Ak
7] §1ell, A 7178 2 oi71d BEAE (@2 12207)
ofAe] melZtat HEgh Ato]o] FA1A (I0A, RMSE,
MBE) 42 stth (& 2). B A 714
84 ()&, AEE, 49 10AE 27 095, 0.94,
0712 =& Ho|o], RMSEE 2.21°C, 11.84%, 1.86 m
s71.0 2 UeRgdth E3 COE A7t PM, 1 PM, <)
I0A+ 0.75 /8] =F0|H (CO 10A: 0.47), 3714 &
GEA (CO, PM,p, PM, )] RMSEE 212} 0.32 ppm,
22.0 g m, 9.98 ug m O 2 LFERGTE E5F BE X
HollA 712, AHEE, PM, i oFgh THAR O] (Pf
MBE: -0.71°C, —0.03%, —4.38 ug m ™), CO= 73t 7}
A 0|7} epd §HH (-0.27 ppm), S5 AR 7
QF TR 2] (1.14 m s71), PM, = OFSH T 2] (+0.72
pg m~)7F UERT o] 2|3t BAIA HEF A2 of
2] g dAo] Aot A2 FARE 0= e
=0 (Cho et al., 2023; Kim et al., 2022; Song et al.,

o>"

[‘

1o

JP

2 CO=s=0 0jxl= g &7 361

Table 2. Statistical evaluation of the meteorological vari-
ables (air temperature, wind speed, and relative humidity)
and air quality (CO, PM;,, and PM, ) between the observed
and model-simulated values for Total case. The results were
compared at several monitoring sites (12 sites for meteoro-
logical variables and 12 sites for air quality, as shown in Fig. 1)
during the entire simulation period (February 27~March 18,
2022).

Statistical parameter

Variable

|OA? RMSEP MBE®
Temp (°C) 0.95 2.21 -0.71
WS(ms™) 0.71 1.86 1.14
RH (%) 0.94 11.84 -0.03
CO (ppm) 0.47 0.32 -0.27
PM; (ug m™3) 0.75 22.03 -4.38
PM, 5 (ug m™3) 0.84 9.98 0.72

2]OA: index of agreement.
PRMSE: root mean square error.
“MBE: mean bias error.

2022; Souri et al., 2017), o= &
TR A7t 21 g7 e d
o] Y= ey o= A 4
I8 62 A Ho] 7|7t 53t
71%@%? (Ut ES)S ti 22 CO, PM,, PM, ;9]
== 9 Total (BB &S 3E$H Y Base (BB HE
= AL Aol RO AutE yehdth AA 717
AFE Y 3 49~139) 7} I ¥ 279~
39 3¢, 39 14E~18Y)E FESHS o, &7 U)
A oA TEE AHE #AA ] CO, PM,y, PM, 52
Byt 5= 22 0.7 ppm, 114pg m™>, 62 pg m> 02
e 9 g o] B 5 (0.4 ppm, 32 pg m™,
ug m)°l HI5] oF 1.8~3.6HH o 2 4‘—501215?. T
AR WAL O] Has = ZHY 3.8 ppm, 821 ug
m™, 385 ug m>S 715 v, vl o= ZH2E 0.6
ppm, 111 ug m>, 43 pg m> 2 2 VEFTE SHHE, ES ]
HolAe AR WAL} v L ] F= Zfol7t A
A] gFoxet. ot S FEE T A9 (Total E Base)
o] Fro} Hlwal B, &3 UJ A7 ell4] Total A&
23} (0.63~0.722] IOA)7} Base (0.35~0.492] 10A)°]
H|5l] TEgholl B 7PEA FdE HoE Halo,
ES 2152 7 A9 7t F 5k 2pol7t 24| kot &, 4
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EBtX|F biomass burning HiE2| Z7|FA| 241t 0|02 % CO s=0f O|X|= S& A7 363
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