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Light-absorption Properties of Fresh Biomass Burning Aerosols

Observed at the Anmyeondo Global Atmosphere Watch (GAW)
Regional Station: A Case Study in April 2023

gr2sl ok, SHEHY, R3]Y, SME), A0, Ao, HAQ 202441 102 102
_93@3;&3)' ?:!)g-_?_l),z),* .¢Jg°E' 20244 10 16
RHEHQ 2024 109 17
VAgdistn A 284 7ete, D4edsta 715784 A7 4, )
~ Received 10 October 2024
e 7| Abaksh ] 2] Lo 7| 7hA] AT at Revised 16 October 2024

Accepted 17 October 2024

1) _ i 1) 3) _ 3) *Corresponding author
Eunho Park”’, Man-Hae Kim", Jongheon Han”, Hee-Jung Yoo”, Tel: +82-(0)2-880-6716

Se-Hwan Yang?, Sumin Kim?, Young-Ah Kim®, Dukjin Won?, E-mail : sangwookim@snu.ackr
Sang-Woo Kim"-?*

DSchool of Earth and Environmental Sciences, Seoul National University, Seoul,
Republic of Korea

IClimate and Atmospheric Environment Research Institute, Seoul National University, Seoul, Republic of Korea

3Global Atmospheric Watch and Research Division, National Institute of Meteorological Sciences, Jeju, Republic of Korea

Abstract This study examined the optical and physical properties of fresh biomass burning aerosols observed at the
Anmyeondo Global Atmospheric Watch (GAW) station in April 2023. The fresh biomass burning aerosols exhibited a
significantly higher scattering coefficient (567.54+287.14 Mm™" at 550 nm), approximately five times greater than the
station’s April 2023 average (101.67 + 145.6 Mm™'). Additionally, these aerosols demonstrated markedly increased light
absorption (48.23+24.25 Mm™" at 520 nm), far exceeding the April 2023 average (7.25+8.58 Mm™). The biomass burning
aerosols showed stronger solar absorption, particularly at shorter wavelengths (AAE;;0.g5: 2.14), indicating substantial light
absorption by brown carbon (BrC) aerosol. Within these aerosols, BrC accounted for 64.5+5.7% of total light absorption at
370 nm, considerably higher than the April 2023 average contribution (20.7 +20.9%). The elevated BrC contribution, which
was relatively higher compared to those reported from field observations of biomass burning plumes, likely resulted from the
short travel distance (17 km) between the fire spot and the observation station. This limited distance probably restricted the
aging process (e.g., photobleaching) of the biomass burning aerosols.
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LA & ol #Ql 7R o] & AFEo] FAhA 0 = HIHsHA
HPASEY QT (Cunningham et al., 2024; Cho et al.,

F| A 2d8k= QIR 71F sk A AIAIR L 2022). E3], 2019W T} 2020 AlH|E]o}| oA &F
27|24 7k diel o] fiES 2okl Q1o Mg AFEL 47 Mhal] WALS AAAA, At 407
ol At o] WAL ate]| /-2t 714 2 A4S 24 HRAIGE AR T3] HA 9] 44%E 2FA| ST (Descals
Stal Atk (Jain et al, 2022). 7L AYE, A Z3LOA o al, 2022). 20238 FHLtE AFEL 15 Mha] HAS
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Hl 9, 1972\ 4HE FAIE ARG of=f o] 59
1| 5]E E 2t (Jain et al., 2024).

ML AA] 27 stz QI 7R Aso s
Z3F 7|17k0] 4HE A 9 11 SR SUskaL Qo
(Chang et al., 2024; NIFOS, 2023; Jain et al., 2022).
20204 QFFo| A= 1,944 hao] W 0] AR 44
RoH, 2022 39 FFEE S04 LAY 4H=
< 16,301 ha®] WA HY U] & 42 5
o} #2E 7155FATH(NIFOS, 2023). o[ A
AbEo] Ao Hlof B ¥IHsHA HAYSkaL glom,
T8 QIS AR FAA mlsf Tt ol Skl qlrk
(Kang et al., 2024; NIFOS, 2023; Sun et al., 2023).

AHE WA Al AFRLS] A4 IOl A BhEe] ofloj=
3} v Z14)7F ti7] SO siEHTh(Schill ef al,
2020; Sokolik et al., 2019). 20201 4Y ¢Hs A& 7
%, AR 719 R 1A (atelE A, AR, §
T4 f71ekRbE) et tEe] @& (0;) F7PF Bl
AH(Kim et al., 2022). T3F, 20229 3 75 AHER
el =1 2| 0] A4teleta: (CO) F&=7t B/gA] o
H] 4~128), ZUAA] (PM,5) S&=7F oF 208 S71
St 202 B E|Q Tt (Chang et al., 2024; Kang et al.,
2024).

et AHEol| A viEE = &2 7H2 (Black Carbon,
BC)Zt 7] oflo] 22 (organic aerosol)< T 7] <3}
£ e Bt oy} giF BARE SpohA U 4tet
AlA 2T BAL FA]o] & FeFE H-TH(Cho et al.,
2022, 2019; Jo et al., 2016; Chung et al., 2012). AH&
A BlEE = dlel2E TEF] 70~80%+= 7] O
ol2Fo] 2}A|5h= Ao 2 LA Tt (He et al., 2024;
Andreae and Merlet, 2001). ©] & 2k 712 (Brown
Carbon, BrC)-> 9] a7t o] s HARE ZsH
+5ote 54& 71 ooj2Fo|t. 1y £ 7}
2ol vlof| Beke 7hEo] sfeha] 24} Fg4 54
T18ar A5 BAF ] m|2lE Gkl gt B
/2 oJ%5] AT} (Fang et al., 2023; IPCC, 2022). ©]+=
AHEof mZ Hho] QoA (biomass burning) 9] A4 T}
oA Bl E 5= Bekd 7H20] el gt 4} o

7 B ot BAE B wsle] g B

oA 7]¢1etth £35] 2 A5l i, Hi7]
Aol o §7] 8 7] ojzETle] et B
= QIR ek 7hE9] 15} B4 (aging process),
Fa g3} (photobleaching effect)= A3A 7|9t A
Tack A7) 7oA A BEelA o Eeisl
R E|Y QItk(Liu et al., 2021; Cappa et al., 2020;
Hodshire et al., 2019; Bruns et al., 2016; Forrister et al.,
2015; Laskin et al,, 2015). Bgte 7129 7| §&
He} Aot 47gsh7] fsiAE, A= 24 Al vhol
Q2 Ax oA G HlEEs Bk 7
7] & A5 ARkl whe 8t Aot Tof uhg FE
o 57 Hstol] tigh A1 &4 Q1 A B5o] B asith
Y o] 2Z 2 (in-situ) B AT2] 3¢
Y 8l 7R =] Fdol whe oflojzE gt
=92 BAM B4 B2 B4 o= T A% S
Qto] w7 71 (A F e, AL, AT 24E 5l
A F2 o|Fo)A LTt (Park et al., 2023; Park et al.,
2021; Kim et al., 2014; Kim et al., 2005). 12} A=
7] vpo] ol 4 ofol2E S0 tigh A &
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4 242 9leh 2023\ 49 QMAE 7] S HSEA| A
(36°32'N, 126°19'E, oll'T 45.7 m)ol|A] P25 ofo]z
= FohA - 293 BAS 245

ofo] 2ZF 3FAFA|S (scattering coefficient) = 3 T}
2 (450 nm, 550 nm ¥ 700 nm) Y= Z0]¥] (Nephe-
lometer, TSI Inc., TSI 3563)E ©]-85lo] =5
Hdznes ek 7R olifsigtas, Ase
7ta2s oE 715 ARgSte] wASHAC
Anderson and Ogren (1998)©] A|Stet B2 -5 2
&sto] FArAAlTE okt ool =S FErAlr
(absorption coefficient)= o4 = ]| (Aethalometer,
Magee Sci., AE31)E AH8-5to] 77 = (370 nm, 470
nm, 520 nm, 590 nm, 660 nm, 880 nm 2! 950 nm)°J| 4|
ZA5tA ). B A9 Weingartner et al. (2003)2]
ol whal =e] ZA &3} (filter loading effect)2}
th3 Attt G 37} (multiple scattering effect) & Ed5H%
ThH(Kim et al., 2019). oJw ThF AFek B4 A4 (multi-
ple scattering correction factor)<= AlA| 7]/ 715+<] A
7] ZA] (Global Atmospheric Watch, WMO, 2016)
Zzdo] B Z|3of whet ®E sl diste
3.55 A8shitt dolz2E A7 e BX
Scanning Mobility Particle Sizer (SMPS, GRIMM,
GRIMM 5.416)2} Aerodynamic Particle Sizer (APS,
TSI Inc., TSI 3321)5 AH&Sto] S5t &2 A+
ol = A78°] 0.5 um ©]5te] Y= SMPSE FallA,
0.5 pm ©]/F29] ofoj 252 APSE| WS 285t
olej2Ee] A7 5k £ 54 ARE 24
gt

>

Z

|

.

oA, WebA A2} BA 7] (ThermoFisher Sci.,
FH62C14)E AHE5k] 24 47 10 um oI5k o]

ojz2Z0] A7 Ik (PMy)¢F Hl24t 22141 (NDIR)
E.47] (ThermoFisher Sci., 48i-TLE)& Alg5to] =
AE ditsleta s g S o2 26k

2,2 HEI2 7I2(BrC)e| &= 710 AFY

E 7hE} Heh 7R 2 AF A2k B HA
£ &5t FEaA olol2Eo|th (Fang et al., 2023;
Lee et al., 2023; Lee et al., 2012). &FALS] o] gl=

N7l BESE B jRa) Beke 7Rl
5 7lodEe] goz e 4
B e} vehe shEo)
o] 4ga17] 91a) o5 el o]

=
=

£ 3eT 54,
&4 S2E% A4 (Absorption Angstrom Expo-
nent, AAE) 7|'H-& 2831t} (Cho et al., 2022, 2019;
Kim et al.,, 2021). 3 7HL-2 Zx}e]dof|A] Z2 <]
A g i7kz o] HiFEARE 1 2A &5k R,
Bk 7hE2 A 57 (880 nm)ollA A2
S 54612 gl QA 52 FAre) A o
A HYE 5ARE ASH &)t (Cho et al., 2022,
2019; Kim et al., 2021). & A M= S5+ IAEF
2|4 7182 2851, 880 nm THF ol A TSH oo
B2E FEATE £ 7R o3t A= 1ot
32 7O e FAES A4E 1,002 7HYSH
of, 5 7hd o] i A5 7]o e E 4SSl
5T w2EF A5 7
HEE B 7R Ofjt B Vo E
. RPH, AF 47| A Hepk
FrAteHAl Akl oY oA Bl EAL
S5t 5740] Qdrt whekA] AL 717t
ol T FLEF A5 71 A-85h, Beke 7t
O 3F5 71 %7 g 7bE 4 ATH(Kim et al.,
2021; Cho et al., 2019; Yu et al., 2018). ©]°] & ¢7Lo]]
A 20239 49 F 7177 0] FAFEAS gt 7]
H& ALt 4 H2EF A 7S 28513

—1 O
t}(Lee et al., 2012).
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2.3 MEFHE

= @itdrekedo] et A4FglA o] 2023 4HE
SAARE viEo 2 2023 AR Gol|A] FAYSH
AHE 3 2 10X 92Ut AR Y S14¢) )
off S EASH Ul Al ARE R A,
AR A, FR7H e 7] § O aee F
off F2] 2 Bt Afoln] AHE 7]=.9] 7]&2 5]
HZ 0.01 ha ©]4FC]t}H(NIFOS, 2023).




3.1 I SE AE U F0|

201495 20238704 ZE 1097 =T 9]
o AHE B A5 56774010, o3 HAe
4,004 ha©|t} (NIFOS, 2023). 121} 20229
24,797 ha®] HAo] AHE=2 AAE GO, T 54
(2019~2023) AHE =3[ A2 BH 7,346 haZ
Aol v} 2| =2t ek (T1E 1(a)). BFH, AH=
T3] WAo] EQte 2T 5o dt AE A A
(5957 = A 109 ABF (5677) 7} 3-2]u) et &}
o7} gIATH(H 1(b)). & =W AH=9] ¢ i
. j=1 =1

A a2), 2] A7 e Aot T ikt g

o,

o

g
T

™ 19 1

o2 9l HAISH ]9l (NIFOS, 2023; Won ef al.,
2011) A 1097 =W A= A8 A5 2 5
& FA7E ik ey 4k we w72, A
U5k, A5, 35 5 71 249 ds
(Jeon and Chae, 2017), 7] ¢ #H3}of| o2 B4 7]
A% AxE S7tet A I T F7H 52
off | A= wof HA2 F7F FA1E E Itk (Chang
et al., 2024; Sun et al., 2023; Choi, 2020).
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2]
Ao B2 S AR
oM xS dhEA A-FY FFol, =AF s
2 3 @Fo] gaFol LAlStH (Jeong et al,
2018; Won et al.,, 2011). E3] A& Ee a7 SE7}
ol A f AmEo] mi-¢ HasiA]H, 4H AA8o]
opz] glo] Eohtr] ek AJEof Al At ATt =4
o] SJHE7} =tk (Lee and Lee, 2006). A 201 7F
(2004~20239) = =4 Bt 712 oA 204
(1984~2003) TH] 0.66°C AA55tT, B+ A5
< 6.58 mm A4S At og gk of
3.6% ZAsHL, 55 7|%A}F (Vapor Pressure Deficit,
VPD)+= 0.16 kPa S7}F5h= 5 712} H|wshd -2
AZxNAHA 4HE A 2 SHko] & 1 700] YA E
2tH(Chang et al., 2024; 1% 2). £3], A AHEo]
gt 2023\ BH-2 A 409 (1984~20239) 5 7t
=2 712(9.49°C) T 7P A2 737 (37.08 mm)
= 7]55t0] AHEo] StE7] Gt g0l A E
Atk 71 A3 202392 2 101 (2014~2023) 5
T AR WS HA (4992 ha)o] AHER A EQ]ch
71 st Qs 24 ti7]|eh A mrt AEHos
N AZR FEE FAISHAA, B8 AE A Al
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Fig. 1. Monthly and annual (a) burned area and (b) fire count of wildfires occurred in South Korea from 2014 to 2023.
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Fig. 2. Time series of 2 m-temperature, accumulated precip-
itation, relative humidity, and vapor pressure deficit during
fire season (February, March, April, and May) from 1984 to
2023.
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h2 2710 0e G713 ofslz olofd 4 9]
7)€ o] Qu 2 A ofje R E-2 1 F5HA
22 £/ whet 29 BAF Ao 2 FFE vl
G0l ArpH oz TR FAAE 5o (feed-
back) TS £21E 4= It} (Cho et al., 2024; Cho et

=T A

al., 2022; Lee et al., 2004).
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3.2 M2 J7|¥ ooz
19 322023\ 4Y
Aol T=H o
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ZEIJ-L

A7+

(May et al., 2023; For-
rister et al., 2015) % SPHQ] LANSIEN A HE 7T €

T (0.22+0.10 ppm)= 27| A3loH= 0.62£0.26 ppm

H=E 49y
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e
5] 4ol FHtE A oA 1:’r‘:‘“’}
BEic), 223 ol o} oA

et i Sl 4
SHH, FFoIu F3el = He
Sttt (Kwon et al.,
2024; Jeong et al., 2023; Shim et al., 2022; Kim et al.,
2008). °l°fl & AFolAE 42 LA A9 ofolzE
54, 53] vol oA Q4R 8 HEEE Hete

Fho] g J1onE FHSLA 20238 4ol
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o 3 gt Aol AT 171eke) AR
Sof T 5MF stolM dirlededE
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Fig. 3. Hourly variations of aerosol absorption coefficient o, at 520 nm, aerosol scattering coefficient (o) at 550 nm, PM;, con-
centration, CO concentration, wind speed (WS), wind direction (WD), 2 m-temperature (T,,,), relative humidity (RH), precipita-
tion (Precip), aerosol volume size distribution (dV/dlogD) observed in April 2023 at Anmyeondo GAW Station. The red, gray,
orange and blue shading denote fire period, pollution period, dust period, and clean period, respectively.

Table 1. Comparison of means and standard deviations of aerosol absorption coefficient (0,), aerosol scattering coefficient (o;)
during the four designated periods (fire, pollution, dust, and clean).

Period Fire Pollution Dust Clean April 2023
0,[520nm, Mm™"] 48.2+243 27.2+11.6 8015 2.0+0.7 73186
o4 [550nm, Mm™] 567.5+£287.1 620.4+343.3 110.1+32.3 30.5+244 101.7+145.7
PM;, (Mg m3] 106.9+324 118.9+49.8 281.8+67.1 8.6+8.4 66.3+70.3
CO[ppm] 0.62+0.26 0.53+0.15 0.16+0.02 0.18+£0.04 0.221+0.10
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Fig. 4. (a) Averaged 10 m wind vectors during fire period (06 LST on 3 April). (b) ECMWF 850 hPa geopotential height and 850
hPa wind vectors on 12 LST on 2 April (15 hours before fire period).

4 199 234 7H 4% 21 3A7ER] o] th(Z1F S1(0)).
12 4HE 71700 TS oo|2E9] BFErA
(520 nm, o,), *FAFAS= (550 nm, o), PM,, A% &
T 9 dAstE A RS o - HA At
20239 4¢ Hatwt v wsto] At Aolth 4HE 7]
74| FEFAS (48.2424.3 Mm™ )= 49 BHatgh
(73+8.6 Mm )T} AL 717F(8.0+£1.5 Mm ™) Hih=
6~7vi7HE, B 717H(2.0£0.7 Mm ™) H]S|A= 24
HiZbE =2 2 HloH, o9 713k (27.2+11.6
Mm™)of| HISHA &= OF 77% 52 & Bt} A= 7]
Zhe] ZAFAIS (567.5+287.1 Mm ™= 2023 49
7k (101.7 £145.7 Mm™ )T} A} 717F(110.1 £32.3
Mm™)Et} oF 58 o4} =2 F2]o|, A 7|7t
(30.5+24.4 Mm™ ")l H]3]| oF 198} =& Fho] Lpelyt
o}, flolA gt FErASet 2, 0 d 713t F
AFHA| 4 (620.4 £343.3 Mm ™) RoH= oF 50 Mm™! &
ATk
Bl 7B (volume size distribution)E EH, At
E 7172 A7 9F 0.3 um FQ1 HlA] ZE (fine
mode) Z|HZLE HolH, 27 0.3 um ©|ste] Fu] 4
FE7F o AR 713be] vl = A vEr T
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Fig. 5. Comparison of volume size distribution during the
four (fire, pollution, dust, and clean) designated periods.

woln} Hu] 5557} ] epte) 94} 7|21} 4
A 7172 Al AFSolA B el Zol, 74zt
I REOA =2 Bu 5ot E A G99
A e Bl e T8 Bt (Jeong et al., 2024; Kim

=

et al., 2005).

T, A AFT AHE 7178} 0 A7k Be
FELASE vro| QA 0] A4 T ol A th vl
= B 7HE @ Hake 7HR o] 7]¢1%t A o|th(Cho ef

al., 2022; Yan et al., 2018) Sh T 717 B =4 U4
i FAAe = ddA o s 4Rt 3-80]

Al RE A= 4 TE el

(May et al., 2023; Cho et al., 2022).
749 1914 wiEHollA] 22t %




HE 7[SHSZAILN HEE M=

9 §7] eAor 22 Akt Ggo] B2 oo|REE0]
F8 AJEo|tk(Jeong et al., 2024; Lim et al., 2018;
Kim et al., 2007). ©]2 13]| A& 7|7F2 @ 7171
Hof| FEgrAl= TAN, A= A UE
W A0 AR HL

3.3 M4=7

9 6(a)= 797 oA ERHERE S B
FAIS0] g
dency)Z SHA 32704 AgG37t 4 A 713 (4HE, 2
&, FAFE A 717hel disl] Blaste] 17 Zejch
AHE 7Rt BRe ol FEASTT oe
A E T =7 Uehstow, 5] 2ol 2 A9
A ool A T2 g ST TEE A
370 nm IO A AHE 717H0] FEFA= 1416 £
78.5 Mm™' 2, 2023 49 B (13.3+22.5 Mm )
o} oF 11H7bE A H 31t

370~950 nm I HIQ|of|A A& § FAEF
e AR 7170217 £0.18)0] 7HE &2 H, ol =
o 717F(1.58£0.21), A 717H(1

717H(1.15+0.56) BT} ¥53] =2 4=x]o|t}, o]
A2 wg ol A o] F5iet Fa 57k AR Al HE
o|Quj A0 AA oA H
gl Hefe 7HE o] EAdof 7|18t} (Fang et al.,

of wFE W5 E4J (wavelength-depen-
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Fig. 6. (a) Aerosol absorption coefficient (o,) and (b) BrC con-
tribution to o, as a function of wavelength during the four
designated period (fire, pollution, dust, and clean period).

7|2 HO|20HA HA O01ZE0| ES £4:20231H 48 Afg| AF 621

2023; Cho et al., 2022; Kim et al., 2021). B2k 72

& Aol Bo ZAre|A nhg oA ek BARE ¢
Aot & 6}71 o §5 FAET AFTL it o s

1.5014] 39] R 9jeflA] Lrehd ), WA, S 712 of
A2uE ] BE I oA fARE A s Hg
HARE o7l 1.00] 7Pk & 2 AEF A
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(blue) conditions.
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Fig. S1. ECMWF 850 hPa geopotential height and 850 hPa wind vectors during (a) pollution period (03 LST on 7 April), (b) dust
period (00 LST on 13 April), (c) clean period (00 LST on 20 April).
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