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Abstract We estimated the current (base years) and future (2021-2100) direct radiative forcing (DRF) of four aerosol
components (water-soluble, insoluble, black carbon (BC), and sea-salt) at urban (Yeonsan (Busan) and Gwangjin (Seoul)) and
background sites (Aewol and Gosan (Jeju Island)), based on a modeling approach. The analysis for base years was conducted
using PM, 5 samples measured at two urban and two background sites (Yeonsan and Gwangjin: 2016, Aewol and Gosan:
2014). The future DRFs were estimated according to changes in relative humidity (RH) of RCP8.5 climate change scenario at
the same sites during four different periods (Pl: 2021~2040, PIl: 2041~2060, Plll: 2061~2080, and PIV: 2081~2100). In
addition, we compared the differences between the DRFs of future (PI~PIV) and base years (2016 and 2014). Overall, the
water-soluble component was predominant over all other components in terms of the concentrations, optical parameters
(e.g., AOD), and DRFs, regardless of sites. For the base years, the monthly patterns of total DRFs for all components and the
DRFs for the water-soluble component varied with sites, and months of their highest and lowest DRFs were different
depending on sites. This might be due to the combined effect of the monthly patterns of the concentrations and RHs for each
site. For the differences between the DRFs of future and base years, the highest future DRFs at Yeonsan and Aewol ranged
from 59 to =63 W/m? increasing —20 (July in PII) to -28 W/m? (August in PIll) compared to the base years and from -73 to
-74W/m? increasing =31 (July in Pll) to —41 W/m? (September in PIV), respectively. These DRFs at Gwangjin and Gosan ranged
from -79 to -84 W/m? increasing —29 (June in Pl and PIIl) to -34 W/m? (June in PI) and from -58 to =92 W/m? increasing —14
(July in PIl) to —26 W/m? (May in PI), respectively. The high heating rates at Yeonsan (up to 4.4 K/day in November) and Aewol
(up to 3.7 K/day in February) of BC component might be caused by its strong radiative absorption.

Key words : PM, 5 aerosol components, Water-soluble component, Future direct radiative forcing, RCP8.5 climate change

scenario, Relative humidity
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& (radiative forcing, RF)< 247FAZ QI3F RFHETY
o B, o] ool ARFeot et
o] Al-g7F2 o2 e theFstr] wiZoltt (Bates et
al., 2006; Yoon et al., 2005; Penner et al., 1994). =3t
ofo]2F= Qe A3 A EAPIA|E (direct RE, DRF)
2 3ol uet t2A vehdtt 2 2 Y
i % 5 wEHiEe] oo x84 A7
B FEALE Al WAL 9 A4RA]R] 0 2 T 7] of
tavs doA 2(-)9 DRFE 4H&E5IH, 3H4 9
azb 9 A4 5ol s A== A (black
carbon, BC Z-2 soot)> HIFEALSE &55to] ti7]
of 2UFEIE Uo7 ¥ (+)9 DRFE AESH =
S} (IPCC, 2007). ©]Q]ol = BC AE-S 7o) A Ef
FEAFE F55te] 2| B WA, ti7]o] 21
aNE dologxn ti7]e SRS SV 4
Rom, oA o7 th7] ¢2ht L5l JFE
1] 4 ATk (Kim et al., 2013). ©]¢} o], ofjoj 2=
of o3t DRF+= 7 7H2|9] A A 4= of &
DRFE F4sh=d| 2lo] B2 ofg&o] I (IPCC,
2014).
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5)°t RF 27]0f| n|2l= 837t th2A Uerigom,
olgfgt WL EAZ Fol ololzEo] EAra e
et AdisEo 242 WaH Aok (So et al,,
2019; Song et al., 2017; Park et al., 2015; Yoon and
Kim, 2006). TFetA] 2 Aol A= A 2 e 2o
ol A Z73t PM, 5 ollol2E MR T 0] A&
A B 245k, o] AmE o]gsto] 7
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). RS A SRS B AFFH o BAt
Oﬂ/ﬂ AT7F 7 B2 A el f1AskH, 12
W2 Eret FA7F WA QArk M=o B 54
A2 Folote] Al o f1A]sf /lod,
o= HH FAR G} HFo] s et Al
Y ZHAHS SLIE oF 550 m T A0
2 Beo] gIAskn Gt o7 2 @WFE 4ol
ok nuho 2, 4150 14T 25282 seite]
A9 Lor], WMOel4 Ashs A|F BE49)
@20 DAL AR A 05
£799] hE91o] v % A& A <olek
PM,; clolz &l Arsd Bz e AdE=
et oozE 4B 2ast e 4453
o WA, EAF el B Ak 4 WA A1E
A 20164, HAA| A2 A5 ohelt 4te] 7]
AL 20149 0 2 Hstgiet. Tot FAt Astat A5
NE2H Y 785 SHHIL A= PM, 5 8719 o] 24
E(S0,7, NO;~, NH,*, CI7, Na*, K*, Mg**t, Ca?") 7}
27H94 Et 4B (77]8H 4 (organic carbon, OC), Y4
2 (element carbon, EC))& £ o] o]-8311L, 3
ZM} AAF Ao M= 0Cet EC Aol S4=AL 2l
A kot 87119] o] 24w 24l o853t ] €]
o ofloj2E HE F=o Atr FAR <lsf, A4t
A2 2016 4, FAH2 2016'E 4E 7 84, °f
HAHL2 20141 39, A2 20141 89 O] Abm
£ B4 A9lsto
RCP 7| HSA U] 0= = 7134 2975
92l HadGEM3-RAE ©]-85t] AHEEE= Ao=,
gluet 71737 71 AR x| A AlFstal ¢l
(http://www.climate.go.kr/). RCP 7| SH 3| L 2] @ =
L2ATIAA T Aol 45 Ao uwhet RCP2.6,
RCP4.5, RCP6.0, RCP8.5% 5|1, RCP2.6°lA]
RCP8.5 AlLtE] & s 2A7EA g5o] A4
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Fig. 1. Geographical locations of four measurement sites

for aerosol chemical components in PM,s: Gwangjin in
Seoul, Yeonsan in Busan, and Aewol and Gosan in Jeju.
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27t BiEo] A FAIYR 2 &H s 71 5t
o] A Fote] 2791 RCP8.5 ALt 9] m])
(2021~21004) ¥ A2 S B Ao o] g5}t oA
221004 CO, FE7F 940 ppmo] 2 w] EjFEALE
8.5 W/m? g#%}—e— oJm]gtct (http://www.climate.

go.kr/). TS 7| B A4 A-FE]= RCP8.5 Al
2] e 9] mj=f 71 e (dd, gl e Jdish,
712, T4, A5 Ee] A, & Aol oflej=E

e o] 9]8 z}7 o] oo] 2= SFePAE Wl EX

of mi-¢- Tt AEE ARE o§ste] ofloj2E
3+ vl DRFE 7453t E3t th 2]« o] o
o|=Z St dA7I=2] DREQ} vl 2ot
AU e 2 7HY3e W] DRF9F A2 H| w245}
7] 9)5}od, 2021 19~21009 129717] & 960714
o Fis: € A=E olgstelon, Bt At
A4S fIste] HA| 4719 7o 2 SRS
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2061~2080'd, PIV: 2081~2100).

2.2 e 79 & =Xtz

& AFolldE WA HY olojzE AJE'E DRF
£ ArE9SH7] 919l A2y oltfshl-Santa Barbara
o A et EAPAE Y (Santa Barbara DISORT
Atmospheric Radiative Transfer, SBDART)= ©]-85
ATt (Ricchiazzi et al., 1998). SBDART R E-2 z}2] A,
ZHARA, A9 e] w2 mHE o (0.25~100 pum) ]l
4] DISORT (discrete-ordinate-method radiative
transfer)7| & 7O tj7]eh 2 ERAIS] B
B-BY BA} AL AN Bdo]t (Ricchiazzi
et al, 1998). o] RE-L | E2HE 100 km 1 E7}A|
33711¢] A2 Sor FHH, tiR-doA= 1kmo
WIS 2ttt BE 3o ettt Fa Ay
oflo]2ZF 3FEF7 (aerosol optical depth, AOD),
ZHAH| I (single scattering albedo, SSA), B|H]
(asymmerty factor, ASYM), $I’4&< (phase
function), 2|3 UH| =, t7| 220kl (712, 719 -5),
97t (solar zenith angle, SZA) 5°|th. AOD,
SSA, ASYM, 1ot T2 P ofo2E
st d (Optical Properties of Aerosol and Clouds,
OPAC)®] 4TS ol a1, thoja] el
+ 2d HollA Fof &S ol-&stl=d o]l
Sk ZpAIRE A2 A Aol AAE] o] Tt (Park et
al., 2017; Song et al., 2017; Hess et al., 1998). SHH,
RCP8.5 AlLte] 2 0] HH AJtig: AR E 0|85t
ool2F 4w DRFE AEstEg, 54 91 3%,
27 (Julian day), AZF A4S Fo L Wl A AL
Y= SZAE A fshA] F6tir

2 Aol A= SBDART RS ©]-85f] 0.3~4.0
um ] T o ol sl #] & (surface, SFC)2} T 7]
A (top of the atmosphere, TOA)|A12] A2 7]=
AL (A4t F30: 20161, of AT}t 314k 20149) 9}
ol (PI~PIV) 9] o]z 42 DRFE AH&5k]
th. o174 SFC2F TOAC]A €] DRF+ oflol2E°] 9l
= 459 &= BAFE YA (net flux=53F BEARE YA
I BAREY )0 olojzEo] /e A & &
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AFEE A 9] 2lo]| 2 AXFETH (Ricchiazzi et al., 1998).
22 SFC2} TOAA 9] ofo]2F o] WE DRF 5
A& vepdic

DRFszcron = (F* ~F Dsecroa=Fuio ' ~Furo | s ton
(1)
B 10| A= SBDART 9] 1 A= 5 o
SHHS (AOD, SSA, $1detr 5)E 4F=Est7] flst
o] OPAC & 35t o] Zdlof thek zpA
gt A2 AgdATol & vEhd QUck(Hess et al,
1998). 82F51H, OPAC REl2 Foi7 ohata} Aty
Fk 24 stof|A ooz S 5 7o BeEA
(&, AT, 24F A5, AOD, SSA 5)& AFESte 2
dojtt. 59], Adls=s T 8709 =7 (0%, 50%,
70%, 80%, 90%, 95%, 98%, 99%)°llA] Z} AJ&-o] st
EAAEAET 4 otk Bt o] el F 107 73
9] o|o]2& SIS E (water-soluble, insoluble, BC,
sea-salt (271 mode), mineral dust (47 mode), sulfate
droplets)oll tiote] Z}7te] FSHEAE 4= 4 9l
ot 22y 2 dFolA e tdRIHAA Y 54 A=
9] SHA| (mineral dust@} sulfate dropletse] Z74o] o]
2oj2|z] ¢8)2 213 water-soluble, insoluble, BC,
sea-salt /g0l HiRt ForEALS AbESte] 749 o]
Botointh ol2let 47}2] sfehd el Hiet B X
goll T 2pAIeE g2 of 2] Aol AA = o]
QIt} (Park et al., 2017; Song et al., 2017; Song and
Shon, 2014). ofef] A= of 2] AdPAF A AAH 4
7HA] ofloj2F SFebd o] /g ofl Tt aofolrt

ofd

[Water-soluble] = [NSS-K 1]+ [NSS—Mg2+]
+ [NSS-Ca?*] + [NSS-SO,%7] + [NO; ]
+ [NH4+] + [Oc]water-soluble (2)

[Insoluble] = {[OC] X [OM]/[OC]}-[OClater-sotuble (3)
[BC]=[EC] (4)
[Sea-salt] = [C]"] + 1.47[Na™] (5)

2178914 Aol it At AlF o dA]
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52 RIS 271 Sehe 240
PAC RH9] Q]9 Ztm 2 ofojaZ
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H Ak (ug/m’)2t A8AS Z,
of thet mFeHe AAbet oflolzE '
] H] ([(ug/m?)/(particle/cm’)]) S 2-85}
SFATE (Hess et al., 1998). o714, B]2<] o
o 2E AR FE AR7t §lv TAR 7% 4
= &k Zt=E v|d DRF 42 913t 949 A==
8519t SHH, OPAC 2l of| A= water-soluble¥}
sea-salt JE2 AHEE 7 B 557 5= <
3 ofolzE ARl 2715 AEAIZIAT, insoluble
3} BC A2 &0l 8ali=A] ¢7] ulwoll dHisk
Z7tol whet IR AAshA] b Ao s THRch
(Hess et al., 1998). o|&]o =, el 4842 9|l ofjo]
2% AT 7] B (size distributions)} AEH A
2] B (vertical profile) 5o H$H A2 A3PA
of ZkAIs] Yrebt Itk (So et al., 2020; Song et al.,
2017; Hess et al., 1998).
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salt), R} AT 2]--2 271A] S} E (water-sol-
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Fig. 2. Monthly variations of the concentrations (ug/m?) for
each aerosol chemical component in PM, 5 at four measure-
ment sites (Yeonsan, Aewol, Gwangjin, and Gosan) in base
years (Yeonsan and Gwangjin: 2016, Aewol and Gosan:
2014). The vertical bars denote the 10 standard deviation
from the mean values.
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HiZ 2 ol A EAIZ G FAH F=7F w2 A
2 95 9197 miE Yo 2HE 9] 5o o7t JF
o] AA #-gst Aoz FHHT} (Park et al., 2016;
Korean Ministry of Environment, 2013).

9 204 & = Qo] ARk o & 2 ofof
2Z SR o dHsl iE2 ME ohE A
ol Yetth (71EA=7 M2 ohE He Ah). WA
LR O] water-soluble 22 s+ A2
149,39, 1280] &3l 293} 5o H2 S 2
", of 22 5~74 12800 =1 497 109
of T4 WA Uebth 53], AR 9] water-solu-
ble d+-2 20161 1290f| oF 24.0 ug/m’ 2.2 71 =
2 590 oF 94 pug/m* o2 TP woron, o ez
2 20149 129€9] 9F 14.5 pg/m* o2 7P =31 4Y
ol oF 7.6 ug/m’ O 2 71 A BEEQI A7
9] insoluble -2 HF 78] 1A E 7] =513 2
o (A4E: 5.8 pg/m?, ofY: 2.7 pg/m?), thF o2 A4k
o34, 6%, 1197} o g9 8¢, 119 =1, Y]
I T (At 283 o E 6d ol ZA) A= H]s:
g =olqlth. BC Ao A, AR 11~12
dofl ofERHS 28 129 &2 AFS B
U dAA o F atol= ot e, = 214 9 sea-
salt “J2-2 T (A 214 39 Al9)) o9 B2 5
T gFo|qrh g, XA 9] water-soluble -+
o] Fkee HAZ 195 6~7de] =31 387 120
o9 w2 9hA, 1A 2 olet D] 29U 5~69Y
o &2l 10~11€e] ¥A Yebgth 59, F71 %5 9
water-soluble 422 2016 780l 11 22.2 pg/m’?,
1290 7] 5.4 pg/m’ol O, AL 20144
290l 211 214 pg/m?, 1020 A 6.9 pg/m>0] ALt
o|Qlok, & 2] 9] sea-salt AJE-2 AA4F L off A7
A3t o7 RA 2 e mlujRt Sk s KA oH
FIg st ek £ 4 gLl

o
—
Il

3.1.2 7|1=9=29} 0jz§ RCP A|Ltz|29
Mgz EM

B2 oA RCPS.5 7| THSIA ] 9 9] 714

£l

g 693

o

StollA AE vl AdEE ARE ol-8ste] A3
H (A4 ol 33, 34h) 4717E(PI~PIV) ol Tht &
SIS 4SS, 7|EAd e diet Adisze] g
sh s} A= B WSkGIeh(TLE 33} 3 1), HHHA o
&, DA A Qe tiR2 2] ollA w 47]17k9] A
5= (HadGEM3-RA R Aih 7]Edze
sl Hlo A2 =2 Holgloh, dF ¢
T2 Bk WA At cfLz o] n
LHASHE ZAo] AHEH, = PIfA= F
A 247 9~1097) 124, 8~10%, Pl A= 4 €7}
9~12%, 297} 10~11%Y, PIINAE 495} 11~129,
297 119, PIVOl A= AT 497} 1299 4
&7t 71Ed ol vlel oha WA vepulth 33
213 9] 7% vl o] 9 FEErF iR 71+
TH} 9kom, A2 ngfe] I, PII, PIIIC]
A AR Sa~oeS AlQskal PIVelAl= 7
< AlQlsta A2 7|EAETt nlEe] HisE B
o o =4 Yebgtth okl 21549 nlf 8od ot
(PI~PIV) Q] A4 Ao FAE B A4 -2 oF
S a FA (ABFA 71871 -0.02)F EolH, Lt
M 2] 32|42 ofl-¢- u|AsHA] ZHASEA]RE (-0.001 W
Th F3e AP F2E ¢ fsieh o]Qlolx, n]
Fisol tigh A==g HSsH] Yo 22 e
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% ro lo
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lation, http://www.climate.go.kr/) 9] AtH&EE A¥e}
(1979~2005 ) S AmE Ay}, v Akt F3 A
A2 oFgt A A (AFFA 717]: -0.00)E B
o]1 ol i} 14 Aol FlokA] gt
(1 A L),

248 AdEe E2E A5 AHEH (Y 3
I E ), HEE VEAEl] ASE BEE
B e o8 ¥ AL ¥ A
Heom (42179 497} 129 A|9)), RCP8.5 Al
1] @ o] mjaf At PId} PIIO|A] B3} of 5o
11 PIISY PIVO R Z45 o5} 715 &2 7
o] UetEth (19 3). A5 5o, a4t 9 4%
Z|EAEoAE 4, 78, 9ol =11 29 Wi &
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Fig. 3. Monthly variations of relative humidity (%) at four measurement sites (Yeonsan, Aewol, Gwangjin, and Gosan) in base
years (Yeonsan and Gwangjin: 2016, Aewol and Gosan: 2014) and four different periods (PI~PIV) under RCP8.5 climate change
scenario.
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Fig. 3. Continued.
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Table 1. Monthly variations of relative humidity (%) at four measurement sites (Yeonsan, Aewol, Gwangjin, and Gosan) in
base years and four different periods (PI-PIV) under RCP8.5 climate change scenario.

[A] Yeonsan and Aewol

Relative humidity (%)

Base year (2021P~|2040) (2041F2I2060) (2061PE|2080) (2081P1V2100)
Region Site Month
1 47+16 72+4 77+3 71+4 66+3
2 37+11 69+4 72+4 75+4 7143
3 53+18 77+5 67+4 70+4 74+
4 81+0 87+3 76+5 67+4 70+
5 62+12 91+2 87+3 79+4 67+6
6 77+7 94+2 90+2 88+4 79+4
Busan Yeonsan
7 79+0 91+3 93+2 91+2 88+2
8 74+9 75+5 89+2 93+2 9142
9 81+9 64+4 73+4 89+3 93+5
10 68+6 67+2 62+3 73+5 88+6
1 66+15 74+4 66+3 63+4 73+5
12 78+ 14 77+5 74+3 64+2 64+3
1 58+12 67+3 68+2 66+3 65+3
2 67+15 73+5 66+3 66+3 68+4
3 62+18 84+5 73+4 67+4 67+5
4 63+18 90+2 84+3 74+4 67+6
5 61+18 95+1 91+ 85+4 75+6
Jeju Aewol 6 77+10 97+1 9442 91+3 86+4
7 79+12 95+2 96+ 1 95+2 92+2
8 83+9 80+5 94+3 96+2 95+
9 73+10 66+4 78+5 93+ 96+5
10 67+12 65+3 65+4 78+ 93+6
11 66+13 67+3 65+3 64+5 78+4
12 62+10 67+3 67+3 64+4 65+3

@ Mean + Standard deviation (10).

A7 o] AA| 2FebdEell gk F (total) =9
DRFE 20169 129€0f -59 W/m? 2 2 7} =11 59
of =26 Wim* 2.2 7P Wgkow, off 4252 2014\
69l -36 Wm* 22 7P =11 1190l -16 W/m* 2.
2 7P Eeith & A EE water-soluble A5
T2 59| DRF7} 7 AIsHH (BC A2 Al 9)).
g 5o, A4t A 9] water-soluble g tHat =

3.2 Ol0|2Z SR 2 7|FHE o
ojefol ZVEA SARR oS

3.2.1 7|IZH=0 MEY SALHH A
2 AFolM= 4329 A (A4, 27, o
14hE SAOR ooj2F sl Re wE 74
2] DRF HjH] ujge] DRFE HYs}7] $i5te], |

Z 712 AE (AAt} 37 2016, oH DT 14E: 2014
ol gk TOACNA1e] DRF DRSS 4F&ok3ict
(1 4). o714, A4E o DAH-2 471A] BFeHdE
(water-soluble, BC, insoluble, sea-salt), 37213} T1ATZ]
KL 271 SFSHAE (water-soluble, sea-salt)©] T3]
247t F-2sto] 2ASHAT 2 1E Y 228 Fx).

©] DRFE= 20169 12890 %31 (-67 W/m?) 5291 %]
ARom (=30 W/m?), HEAH2 2014 78] 2]
(=47 W/m?) 18]l 23] (-24 W/m?*)7F LT
T A3 2% F3 9 22]0] 3] DRF 27| 22
ol el =2 water-soluble g+ F=0F F2 4

dissieel] o8 o7l Aoz & 4 Aok (1™ 29
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Table 1. Continued.
[B] Gwangjin and Gosan
Relative humidity (%) Base vear Pl PIl PII PIV
Region Site Month Y (2021~2040) (2041~2060) (2061~2080) (2081~2100)
1 4617 6512 66+2 63+3 62+3
2 46+ 21 68+3 65+3 64+3 64+3
3 44+19 78+5 674 64+4 65+4
4 47 £22 88+3 784 68+3 64+5
5 48+22 912 88+3 804 69+6
Seoul Gwangjin 6 57x17 93+1 912 88+4 81+4
7 69+ 14 87%3 92+2 91x2 89+2
8 59+14 734 85+3 92+2 91+3
9 58+15 62+4 72+5 85+2 915
10 57+18 6212 614 724 85+6
1 52+18 66+3 62+3 61t4 714
12 53+18 68+ 65+ 62+3 62+3
1 6318 6413 64+3 62+4 62+3
2 7111 70£5 63+3 62+4 64+3
3 72x17 815 70x4 65+4 64+4
4 73x14 90+2 82+4 71x4 65+
5 80+12 952 90+2 83+4 73+
. 6 89+4 96+ 1 9442 90+3 84+4
Jeju Gosan 7 9246 94+2 96+1 95+1 9142
8 906 775 93+3 96+ 1 95+2
9 7917 64+4 765 92+2 955
10 74+10 62+3 63+4 766 92+6
11 7011 64+3 62+t4 63x5 75t4
12 677 63+3 63+£3 62t4 63+3

@ Mean + Standard deviation (10).

3). &, ol)]2F YA 5 water-soluble &3} 2
S co=E (A, A4 52 ddEETt
o5 7] F AOD7} F7 ot AbgtA 4= o
TS Fol, 2= 22 DRE Z719] 7]oft Aoz
At= =Tt (Park et al., 2015; Yoon and Kim, 2006). 3+
12, OPAC RHlo|A 4F=5 AODO| AF2 oz
AYAE Fof on] Fele v Sl=dl, 53] AlF
Z9-& SAHLSE OPAC AODL}E T=7]HE(MODIS,
AERONET) AOD Ato]9] Aol tha =4 (r>
0.6) HEII SAZ &2 {olsith= AFEA1E0]
AT} (So et al., 2020; Park et al., 2017). ©]2]of| &, BC
A2 & (+)9 DREZF FHESoH, AR
2016 1190] 21 (+15 W/m?) 8ol Ao
(+9W/m?), DA H-2 2014 29 Z(+13W/

N

m?) 69l XA (+8 W/m?)7} LreRiTh 2HH, & 7
Aol A 9] insoluble} sea-salt AdEo] gt 2] DRF
= A2 FEigh dAst fido] Yehha] giglet.
BAAH O] AL, & (total) 22] DRFE 20164 7
o]l -2 W/m* 2 7P £l 1290] -26 W/m* 2.
2 7P @ekon, AR ol A2} FAfSHA
20144 6¥o] -81 W/m? 22 7F% =11 10¥€9] -30
W/im* e & 71 E3Ith o] £ 23 oA] A4k dl of
DA A1} vl 2 water-soluble A0 2]t 2-9]
DRF7} 7 S-AISHA] Urebeth(TTE 4). 323 9]
water-soluble /-2l 2]t 2-2] DRFE 201614 7€ 9]
Z|31(-56 W/m?) 1280] A Qo™ (-17 W/m?), 1L
AHA2 20148 6ol 221 (=75 W/m?) 109°]| ]
A (=24 W/m?)7} UEget. o]ef o] &= Z3de] 1t

m o

=
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Fig. 4. Monthly variations of direct radiative forcing (DRF,
W/m?) at the TOA for each aerosol chemical component in
PM, 5 at four measurement sites (Yeonsan, Aewol, Gwangjin,
and Gosan) in base years (Yeonsan and Gwangjin: 2016,
Aewol and Gosan: 2014).
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Fig. 5. Monthly variations of direct radiative forcing (DRF, W/m?) at the TOA for each aerosol chemical component in PM, 5 at
sites of Yeonsan and Aewol in four different periods (PI~PIV) under RCP8.5 climate change scenario.
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Fig. 6. Same as Fig. 5 except for the direct radiative forcing (DRF, W/m?) of two aerosol components (water-soluble and sea-

salt) at sites of Gwangjin and Gosan.

i

ol
FrE oAl o rE e 3R

DRFe} npb7bx] = S5ih wist fielS & &
of. & 2ol 4] nlz DRF ¥wis} a2

oz oA St 7 FEot AEE
3t sjedof) et 24| -9 Ao= AAmEHTH (L
o} 3). $tH, OPAC 24 Yol A insolubleX} BC
2 AdEE S7tel met 4A sk ke
2 714513 7] w2l (Hess et al., 1998), A5
S-S a1 este] 2%t T 2|34 2] w|g DRF+=
71 =] DRES} 2| UERtth(1E 49} 5). ZL

lo r&
f

sl oX

2, water-soluble} sea-salt Ao th$t ]2 DRFC]
S (ToANA &) ZH2F ©F 19% (PIV)~29%
(P12} 3.5% (PIV)~6.8% (PIII) 2 FA = At

2 Ao A= A A (94, ol Y, FH, a4hel
A] RCP8.5 7| FHIIA 2] @ 0] 5 Hstof| w)
£ | (PI~PIV) DRFO] A& ¢laol, 4% ml=
DRF (1% 59} 6)9F 7I=A = DRF (Z19 4) AFe] €]
z}o] (u]2 DRF-7]%<¢ % DRF)S BAst9tH 1Y
73} 8). oFAl Rt HRel o), ke E 5 BCL}

ror
i
0
N
L
ox
el
o
Ral
>
w
[e)}
i
x
w
fo



Al A FEXIS0IM RCP 7|2 HEIALIZ| 20| YT Halol THE 0012E SlehdEE 02 2N AN &Y 701
—~ 10 ~ 10
o &
g E
= =
E 0 Z 0
<
<]
& 10} = Water-Soluble 10
a = Sea-salt a
= —o— Total =
= B
20 | 20 |
] ]
g g
2 af Yeonsan = a0l Yeonsan
é TOA PI - Base year %’ TOA PII - Base year
S L a -40 L
1 2 3 4 5 6 7 8 9 10 1 12 1 2 3 4 5 6 7 8 9 10 1 12
~ 10 —~ 10
< 5
g £
= =
e ¥ g &
B B
& 1w} & 0 f
a a
=1
'§ 20} '5 20
= =
L a0k Yeonsan 2 a0} Yeonsan
é’ TOA PIII - Base year é TOA PIV - Base year
a -40 A a -40 .
1 2 3 4 5 6 7 8 9 10 1 12 1 2 3 4 5 6 7 8 9 10 1 12
—~ 10 ~ 10
& <
2 g
= =
2 0 — Z 0
< <
E -10 | E -10
a a
- &
20 | 20 [
g g
g Aewol g Aewol
Ay eWol (3 30 b ewol
!:‘::) TOA PI- Base year g TOA PII - Base year
= b
[ M 8 . .
1 2 3 4 5 6 7 8 9 10 1 12 3 2 3 4 5 6 7 8 9 10 u 12
~ 10 —~ 10
< <
£ E
e ¢ E o
= <
=
& 1o} & a0}
a a
8 ]
20 S 20t
2 36 Aewol e 30 Aewol
é TOA PIII - Rase year £ 7| TOA PIV - Base year
S S

1 2 3 4 s 6 7 8 9 10 11 12
Time (month)

L L . N N N . R L L N
1 2 3 4 5 6 7 8 9 10 1 12
Time (month)

Fig. 7. Differences in the direct radiative forcing (DRF, W/m?) between the PI-PIV under RCP8.5 climate change scenario and

base years at sites of Yeonsan and Aewol.
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