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~60%E A3t QoM (Jung and Han, 2008), =8 o]/ E2 4 (Sulfate,
SO,*), Z4Fd(Nitrate, NO3), ¥EF I (Ammonium, NH;")

(5047, NO5)# Fol2(NH, ) Z2F o2 o]Fofzl dojRFo] ty] & &
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Fig. 1. Geographical locations of the measurement sites for aerosol chemical

components in PMsys at the 8 different sites of study regions.
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HA  water-soluble ANAZ2EZL F 7714 A&, § dF= B8] (non-sea-salt
(NSS)) ©]&<2l NSS-SO.*, NSS-K*, NSS-Mg*, NSS-Ca®* A &3}, NOy, NH," <}
2o ol AR, £84 OCE TAH Utk £ AFoxs +84 0OCH
ol A=A o} OCE F84 OCE 7Hg3tith. 47FA] NSs w4l
NSS-S0,%, NSS-K*, NSS-Mg**, NSS-Ca**oll thal] #A13] B, o] 59 AFs
52 #A2], [ionJobs-[NA]X (Naell tigt o]22] AzFnr])ol] ofs)A A4iks
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AAE 0252, 0.036, 0121, 0.041S Z+7} A &3tA T o2 BCAHAES oY

ATE Al HAE insoluble -2 OCe| g f7]& 4 (Organic Material, OM)<]
H & o] &3te] ZAAsG =, o8 OM/OCY Hl&L Add we =24
SRS ALolEe 247 2063 148, B3 7H2ole F vl&o HFFS
1.77, Bae, 2011). "}A| 9O 2 gea-salt w2 [Cl1<} 1.47[Na’]e] Fo

THQuinn et al, 2004). &2 & 47k 332 A4 e 4= FE3 Aol
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2 AdFodAe BA R HAAGAA domE Bt Eo]l HFE EAGAY
(direct radiative forcing, DRF)°l|l H|X]&= <3

W-Santa Barbara oA 73 di7]EARME 2E<Ql SBDART (Santa Barbara
DISORT Atmospheric Radiative Transfer) =22 ©]-83}% th(Ricchiazzi et al.,
1998). SBDART =22 DISORT(Discrete-ordinate-method)E 78S 2 3o tha}
(0.25~4.0 m), BH4.0~100 /m), A FAFA025~100 )l Thal A e =
59 sts =AM AT di7] RS 299 By - HH BAF AL, HA
AR S At 2dolth. 2 S 93 T2 #wi/iWasE AOD, SSA,
ASYM, phase function, A& YH|E, th7] ZE9A(7]L, 7]

n
(solar zenith angle, SZA)®]Th(Ricchiazzi et al., 1998). &3S (AOD, SSA 5)
#2 OPAC Ed AEAFRE ol &silen, 15 7dase] FAz mddA
AFste= USe2 7| 220t dy} 253749 ARLWME ghS ©]83 % th(Hess et
al, 1998). Bl HAZS SBDART 2d W] namelist 3dolx 54 I
(Julian day), AIRHUTC)# 9= B BE=E AGste] AEt(Ricchiazzi et al,
1998).

Atz o g oojzmd g wWE A E(surface, SFC)&F ™71 (Top of

AAE e etFEE 2~ (downward flux) — 4 FEE 2 (upward flux)” & net flux=
Asbdc (2(5). =%, 7] F(atmosphere, ATM) EAL7}A] 2 (DRFamm)<
DRFroa$t DRFgpc®] Aol 2 AAFEATH2] (6)). THa2 SFC, TOA, ATMA1<] o
N=E A HFAAAE S FA44ES YEiTh

DRFroasrc = (Fl _FT)TOA,SFC _(FWOl _FWOT)TOA,SFC )

DRFatv = DRFroa — DRFgrc (6)

B Ao e b ddo] &3t 03~4.0 m FAE oA SFC, TOA, ATM
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Z 7 FP Yo, B AFolMe FE FE o E 2oHE AHA 5
Aol thste] ARSIt FIH Atde AMAEE d=2H dE AE 1
st Zd 3 7S HoE 07~184, AEH A= 06~194, ALHlE= 08~17A1=
3t Th
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3. 4% 9 1%

8
YA g (R BB s, A4, AR, O, AF ahsh Az ARA e 37
7 AF 9B o83 A¥o Uro] AW (Table 1), ASKFig. 2), T/

T2 (Fig. 3) 3 <LFHI}(Fig. 45 4AT
Zrol 20121 3€ ~ 2013 3¢ o|ER ooj2E AP EoA A e
A Afd dEARE o] &3 AFY dHT 55 A EW(Table 1),
Tt A Aol FFZH OS2 water-soluble A& =71 7H =4 YEr
womw 1 T3-S =2 jinsoluble, BC & sea-salt £ 2.2 YUEIRTH AA A7)
5t 55 HT 3 water-soluble F5+E A Ho] 17.7 ug/m’ 22 7}
Etow, 1 ggo g FEAHo] 175 pg/m® OF EUT} sea-saltd] WA H
Foe T 4XF Wol 099 pg/m’, AF 1A o] 084 pg/m’E A9
Z Aol ¢k uE% g, AFVIFE} M & s=7F yErd
water-soluble &9 -9 F4F 4% 1t
A B 117 pg/m’ ol Hld] w2 FFojth oA Fab xH o] 4R A
Hls] LRI o] @] wiel, ol= <3 ok7]¥ = water-soluble &<
TFAA3te A4 (NOy) T (SO FE7F Eobgel e AS=2 A"t

oF 14.7 pg/m’O.E, A|F 1A+

(Seinfeld and Pandis, 2016; Song et al., 2017). 24+ A5 insoluble¥} BC d&
of SAgtel 7] W2l v o] oA, F4b AHe] BC A8 vEF

BAEE F2 AT BPAG@UAF) L A/ FAAGFE, A H)ol

ALAGE1ZAR) A vlsl ez & sE(F 154 W) 355300
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BC 4E-e 32 34dRe 294 g Folo BAsne, WELE ¥

SAA (A4, BB, o] AAAANART FE7} BA BTG Aow A

flo

SH T (Poschl, 2005; Zhang et al., 2007). 548 AXFEEZ Bo}p FAHo =2 3§43}
7] flste] Ak A4k AlF aAAHe T xRl 20121 ~ 2014 s
H w311 th. water-soluble F5& AAxHo] HH 141 pg/m’O 2 IAAFH B
0 A R ThEE 120 pe/m).
081 pg/m’> 2, AMAHEETF 0.67 pg/m)ol W3l =A JeERROH ol 4¥o)
vtz Sl A - A4 54 fEoz Ho A,

q

HHH ) sea-salt A2 ¢ 4R o] Ht

water-soluble & =7 7Hd A #SH WA seasalt &9 -5 of
Aol Aol B8] =A YERSET(E3] 2013\ oF 1.349)), o] 3 FelA
HAsk= siddAe] 54 vintel S fdAF e A-AY S 7]
3 Aoz Azgdth FEAES 2013 ~ 201430 tha) wlwsirA A -Lx]H(H

T 2531 pg/m’)ol NY AHEEF 9.92 pg/m)oll B F 2.68] EA YERSTH
OoJAE AMEAHo] ofd AFel Bl w2 AHZ wWiEdol o3 dFo = AL
HNO;)H 4SO F=7F BolAe A oo x, AEA e 2013\ d %
2014130 AF R L (B 1469)0] AFAH (B 19¢€)% vl st Hhd e
=4 YEFStH(Korea Meteorological Administration (KMA), 2013-2014). ©]= <l

i

gt AT o 2E(FE water-soluble®] F8AER 4, A, dEFHE F)
o] WIHZ YAV ETL AEA 9] water-soluble HE2 F% F7lo 9FS &
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Table 1. Annual mean concentrations (ug/m®) of aerosol chemical components

in PM,s at 8 different sites during the study period

Aerosol component

Water-soluble Insoluble  EC (or BC) Sea-salt

Region Site Period
Seoul Gwangjin 2011 16.87£12.56* -b - 0.78+1.55
2012 17.44+12.44 - - 0.75+0.62
2013 25.46+13.35 - - 1.11+£0.86
2014 25.15+£12.99 - - 0.79+0.58
2015 14.99+10.81 - - 0.61+0.75
2016 14.63+11.60 - - 0.70+0.63
All 19.0912.77 - - 0.79+1.24
Busan Yeonsan 2010 13.53+6.42 1.51+2.14 1.36+0.58 1.51+1.00
2012 13.25+9.77 0.99+1.17 0.99+0.79 0.99+0.90
2013 14.86+3.51 0.74+0.75 2.4615.61 0.74+0.64
2014 14.19+4.86 0.28+1.34 1.52+0.71 0.28+0.12
2015 14.02+5.18 0.34+0.98 1.82+0.69 0.34+0.18
2016 15.56+7.73 1.33+1.49 1.22+0.77 1.33+1.51
Gijang 2016 11.66+5.76 2.59+1.57 0.95+£0.56 1.11+1.54
Gwangbok 2016 175149.25 2.89+1.16 1.39+0.80 1.02+0.67
Hakjang 2016 17.7248.56 3.30+1.64 142:0.87 157153
Al 14.70+7.86 155+1.64 1464135 0.99+1.25
Jeju Island Aewol 2013 9.58+8.96 1.78+1.43 0.77+0.66 1.47+1.11
2014 10.25+9.05 2.11+1.25 0.89+0.79 0.70+£0.50
Gosan 2010 10.34+8.02 - - 1.16+1.39
2011 12.25+8.15 - - 0.65+0.49
2012 13.38+10.48 - - 1.15+0.75
2013 10.71+10.17 - - 0.60+0.68
2014 11.83+9.37 - - 0.65+0.46
All 11.58+£9.01 1.94+1.39 0.83+0.70 0.81£1.04

4 Mean=*lo

> Not measured
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s F) 839 doj2F AR BE T
o] &wWistE Yyt A77|3s¢h 2 A oA water-soluble &8 &
T AE AgH(6~89)d 7 wAl YEls O™, water-soluble?}t BC /g9
BHsEs =7H5E Agd2~29)% BAHG~5¥Y) ZA A et
Insoluble &2 ¢ &9l F L3} HIetA ALHA F2 =4 desoe
™, Fakel 71, A4t B A e A5H T A #SEH AT sea-salt

glo] ml$- w7l uehgom, WEE 2 Eeo| ozt
3 5

(<3
o

)
U ABE ol §F AARA 44, A, AF DY AJ2E ey
Austs AHRAFg 20) A AH 2F fAHeR 2R SleRE AL

A 713 &9F water-soluble =7} =74 Yelgon 53] X ™I FEXH

31.6 pg/m°o.2 =A et} WA sea-salt AR A$ 671 A EF 3€9|
7V wgkom B3] ZIARHAA 6.09ug/m’ 2 7HE B4 UEbgt =3 A F
HE B A AT A= 1129 sea-salt ES A 23k gFEE AR

e 2 5 EJo. o, A A5E o)&3 AYHe BT, AF
X

= 4 ALH =A YEhH,
water-solubles A|£|3F YWz HAEBEL AlddE=z 2 W3t 271 YERYA

3l
= #AAG] Al vis) A=H(Es

o AR EAAY] M BT

A ) =2 water-soluble =7} #SFEHIATH(ES], 24 A= AFNA 23
pg/m’). GubH oz QT WHE7F Eu AJAAMT zF T r]edd mlEdol
B2 EAATE AZA G Hle Aoz AF WAYNIETE oSl B
oF 5u} o] ) (KMA, 2011-2016), =3+ ALd o] A5 AREFo] Frlstal o

2 A3 ALH AdF9 HIE7} Zoloe| wel =AA Y water-soluble AJE2] &

=7 =4 Jehde o2 AZSHTh(Park et al, 2013; Shon et al, 2013).
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SIAR A AR StF F 9 AZH12A41~14A) 0l F7bske SR Bl=Ek Al U
Efset.

_19_



(]
th

Seoul Gwangjin (2011-2016)

m.ﬂ—'\.
EZU_M‘M‘
—

=T 1]

=

S

= 15 |

=

e

=

< 10/ 4
g ' ’
z

s 1r 2
]

U T T T T T T T T T T T T T T T T T T T T T T T T

123 45 6 7 8 9101112131415 1617 18 1920 21 22 23 24

I
Lh

Jeju Aewol (2013-2014) —+— Water-soluble

........ e Insoluble
-—=—- BC
———-  Sea-salt

[
(=]

[
Lh
T

(]
T

Concentration (p,gfms)

]
D e T
P T S U O R P . o Fa
R—_‘E »8 '__&_'___Q_. =

= R S i, =
R A et i S S S - -y gy

T T T T T
1 2 3 45 6 7 8 910111213 14151617 181920 21 22 23 24
Time (hour)

Fig. 4. Diurnal variations of the concentrations (ug/ms) of aerosol components

at Gwangjin and Aewol sites during the study period.

_20_



312 doj2& A& JTFEA

ol =4 Jehgth S EE R AA FEELS 1Y, A FaEfle]l A
T7]13E5 % water-soluble A +°] 7Hg EA(53] AH&AF)YEISTHBCS] &
T AL, 53], A& BT A FAs FA7F & Aol Hls| A A
2 = Yetgon 2013@7 201430l A4HA S (Z2E 143 Mm?, 154Mm™) <}
FAF(ZH2ZE 140Mm™, 151Mm™)7F vl E& FA 2 YEyh o dd =
o] & Fxol 9% Roez Hol Wh2013d 255 pg/m’, 2014d 25.1 ug/m’).
UWrHo® BC A BGEAY] 7HABAAT HodE Fste 4AE Qs
FETge] A7) Wi @2 = v F5AF #hol =4 JYEFATHSong et
AAAHANA PR FEE HSL
S uwl BCE=(ZZ 246 pg/m’, 1.82 ug/m’)7} water-soluble & %=(ZHZF 14.9 ug
/m®, 140 pg/mA)BT FLo s BEFeta, FEAS e AA AFAA Mg =
A@Z 21.7 Mm™, 13.3 Mm™) YEFSTE Sea-salt &2 24 EE AHAA ®
sto] Ap7b A gkkom, 53 A ol vl AA UERSTH<0.001 Mm™Y).
AOD2| ¢ o2 FgEAF o] water-soluble A E2] Ftol 7M1 %o &

3] AEA Aol A 2013 7S A YEFSTH0.29).

off

O

=
N
(@]
[t
*B
£
Ll
il
2
N
(@]
[t
[@V]
rL
:;1
N
(@]
[t
a1
L
m

_21_



Table 2. Annual mean values of the optical properties of aerosol components

(a wavelength of 550 nm) estimated by OPAC model at 8 different sites

during the study period

Optical property®

Reglon  Site Period Oea (Mm'!) 0 (Mm'!) O (Mm'?) AOD
Seoul  Gwangjin 2011 102/-/-/31° 101/-/-/31 2.0/~/-/<0.001 0.20/-/-/0.024
2012 97.3/-/-/2.8 95.3/-/-/2.8 2.0/~/~/<0.001 0.19/-/-/0.023
2013 143/-/-/4.0 140/-/-/4.0 2.9/-/-/<0.001 0.27/-/-/0.025
2014 154/-/-/3.2 151/-/-/32 2.9/-/-/<0.001 0.29/-/-/0.024
2015 89.9/-/-/2.3 88.3/-/-/2.3 1.6/~/-/<0.001 0.18/-/-/0.022
2016 83.9/-/-/25 82.3/-/-/25 1.7/-/-/<0.001 0.17/-/-/0.023
Busan  Yeonsan 2010  735/1.5/11.7/56  721/1.1/2.4/56 1.4/0.4/9.2/<0.001  0.15/0.021/0.039/0.028
2012 67.7/0.9/8.7/3.2 66.3/0.7/1.8/3.2 1.4/0.2/6.9/<0.001  0.14/0.020/0.033/0.024
2013 732/05/275/2.3  T15/04/57/23  1.7/01/21.7/<0.001  0.15/0.019/0.067/0.022
2014 725/1.3/141/10  709/1.0/29/10  16/0.4/11.1/<0.001  0.15/0.020/0.043/0.020
2015 71.9/0.9/16.8/1.1 703/0.7/35/1.1  15/0.3/13.3/<0.001  0.15/0.020/0.048/0.020
2016 888/L.0/11.2/46  87.10.7/2.3/46  17/03/89/<0.001  0.18/0.020/0.038/0.026
Gijang 2016 74.0/1.0/8.7/4.7 725/0.7/1.8/A7  1.4/0.3/69/<0.001  0.15/0.020/0.033/0.026
Gwangbok 2016 102/1.1/13.3/3.8 100/0.8/2.8/38  2.0/0.3/10.5/<0.001  0.20/0.020/0.042/0.025
Hakjang 2016 103/1.3/14.4/6.2 101/0.9/3.0/62  2.1/0.3/11.4/<0.001  0.20/0.020/0.044/0.029
Jeju Aewol 2013 66.3/0.6/7.1/6.4 652/05/15/64  11/02/56/<0.001  0.14/0.019/0.031/0.029
2014 65.8/0.8/8.5/2.7 65.1/0.6/1.8/27  1.7/0.2/6.7/<0.001  0.14/0.020/0.034/0.024
Gosan 2010 64.2/-/-/46 63.1/-/-/46 1.2/~/-/<0.001 0.13/-/-/0.026
2011 80.0/~/-/2.6 78.6/-/-/2.6 1.4/~/-/<0.001 0.16/-/-/0.023
2012 784/-/-/48 76.9/-/-/4.8 1.5/~/-/<0.001 0.16/-/-/0.027
2013 80.7/-/-/2.1 79.6/-/-/2.7 1.2/-/-/<0.001 0.16/-/-/0.023
2014 88.0/-/-/3.0 87.0/-/-/3.0 1.3/~/-/<0.001 0.17/-/-/0.023
4 Oex. extinction coefficient, 0s:. scattering coefficient, o.: absorption

coefficient, AOD: aerosol optical depth.

b Water-soluble/Insoluble/BC/Sea-salt.
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AHE ATV AOD (550 nm) FX& & © AAS] BEr] 3] 4wt
£ AV EY(Fg. 5). AR FH FA=

AR 6~74d, SHRAF 5~7d tH EAo] AdHAT. AHE AOD FA= A
AAoz =9 HHH} FASHA UetEth dBARSE o] &3 AY(FAt 444,
g, AF athel ooj=E s AOD €wistE 4y E T (Fig. 5(a)),
4R T 71BAR AN EE FstAdEe]l AODZE HHBE) M =4 u
Biton, o EH @) 7 B vEstth 35 A2 5¥€ 9 water-soluble
BC 4&¢ AOD7} 7V =4 Uetstth st A8 4%, o2 s=3d3
T2 2€¥ water-solubled {9 ¥& FE(EH+ 35 mg/m’)e} ThEA AOD+
0212 sXxol Hls] @A FAHHJS. oA 2¢ H FUFE=0B7%)7F A=Z

AR WEEA%)T 19 A A AU EGE%)0l Hle) ul$- wr] wEe] AOD

Jaf FAk 71AH 243 44, BE

o} ®WhH, 11€ water-soluble &2 AODZ} A A S FoA 71 3

tH0.46). 1AL 11¥0] #=9 water-soluble A E9] H& F%(9F 32 ug/m’)ol

7118 Ao = & 4 UTH(Fig. 2). ALAAHSY A = HA ol FASHI
ES

2] 0] A Wk sea-salt A E-2] AOD7} AL Ho] =& e JE

ANZPE AR E ol &3 AYHE BT, AF Nd)e] doj2= g EE ¢
WS Ay BT (Fig. 5(b)), A= #3117 AF e ¢ water-soluble &2 AOD
7b 7h A vEieen 53 Aed(2¥)d 029% M Fa, A5EH(@8€E)ol
01022 A Yetth sea-salt A& A% sl FASHA €¥ zo] Y

T of¥ AHL seasalt A= A3 BE A&l wEH
=4 YEl o, 53] water-soluble A2l AOD #eo] 5€o 0272 FAHEHSI
Tt sea-salt Aol &3 AOD 2 mH|SIA|RE 5ol A UHEtRon, o &

H 2o 2wl &A% EHLS BT
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Fig. 5. Monthly variations of aerosol optical depth (AOD). AOD values at

Gijang in February and April, Hakjang during May-July, and Gwangbok site

during Jun-July were excluded in analysis due to data unavailability.
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Fig. 6& AIZME ARE o] &3 A& FXTo AF od AFY dojzgs z
e AODO LdTRIstE dEhinh dAlHo =, wFA Sl AlF ofde
Hlal A= 3% 9] water-soluble A3 AOD 3t X7} <F 2d] o] &=
A vdetgth AREE dHEH, AL 3T Y dFHs fdE o]& of
AEMFE F7Fet] 2 8A~9Alol gho] 7HE A UEbsTH(H  0.23). REH
LIZAI (144 ~16A) ol water-soluble 9] T = H WA= T2A thid A
st A¥e BHAet, oA LAAH(68%) HIsl AT (46%)S] 4T
el AOD FA|7F 7H4% 2o 2 FHEY 3o = AF of
2l
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R
e

Fio 3R s & 8AREH FU1e] AlFEe o

[e)
o
AZMN 2 245 Z7 8l 23S 22l W, water-soluble A9 AODE 24

S oF 74%E, 2% ANH(66%)St WA sHE BH(71%)ET =A UERY
AOD7} 5713k Ao 2 FA4 9.
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AT =4 D B A G AF7IEE PMys ool =E 3FSHA Eoll
2 FEA AFEE o] &3t AZE(SFC), 714 THTOA), 7] (ATM)ol A 2
ststd i AAHA BAA S (DRF)S] ARSI S}, €Wst, dFHshE
A3t A . AAH o2 SFCe2} TOAOI A water-soluble®l] &]8F &9 B-AL7}A|E o]
7V =gern I tgo® BC (TOAYdAE <9 DRF), insoluble 184l

o

i

AT7IZEEEe] Ao Z2E e R o3 A A EAG
Aol ARS vdeEbdth tid fFAT AFS #SF7)3be] 2012 3¥ 13¥
o Ao A AetAt. AFE TOAMdA AHT HAL
AAGe] 718 AHRA, A AHNA FTEHOE water-soluble AE9 &
EAZAIE o] M ko™, T3 2 & insoluble ¥ sea-salt &9 =9 EHARG
A o= Yeiyton, BC A& o EAZA Y] YERtt
3 AHFA 4XH, AF 324 ABF BEAGAY A7E
2t B (Table 3), AT7713Hs<t
20163 F-4F 4= Mo A} DRFspe, DRFroa, DRFarv©] Z+2F - 58.0, -45.2, +12.8
W/ m?E2 71 A4 FAREUD, o2 e Ax B FEHA -564,
440, +124 W/m’Z =4 Yelgth o4& water-soluble 4B F sx9 22

7 &1 o] A Th(Table 1). Sea-salt ‘32| DRFsic, DRF1oa, DRFaty £ -4

A8 water-soluble &2 EAGAEH S

42 H o
o] Z+zt -7.03, 657, +045 W/m*E UElon AF a4ko] HF - 7.03,
-6.56, +0.45 W/m*Z FHEo] A9gE A {ASIAT 4 AFERZ 24| 3]
AW RE7] 9t B4 AR AN A AR FF A= 20106d 7 2012
o  disf), WA
water-soluble ¢ ¥ DRFsrc, DRF1op, DRFaATy © SGAFR Ao A 2F -42.5,

oL
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Table 3. Annual mean of direct radiative forcing (DRF, W/m? of each aerosol chemical component at the 8 different

sites during the study period

Direct radiative forcing®

Region Site Period Water-soluble Insouble BC Sea-salt
SFC TOA ATM SFC TOA ATM SFC TOA ATM SFC TOA ATM
Seoul Gwangjin 2011 -41.07 -32.04 8.63 - - - - - - -5.73 -5.43 0.30
2012 -41.58 -32.46 8.76 - - - - - - -5.79 -547 0.94
2013 -50.77 -39.74 10.05 - - - - - - -6.32 -5.97 0.13
2014 -58.33 -44.51 13.34 - - - - - - -6.15 -5.81 1.67
2015 -37.60 -29.44 7.84 - - - - - - -5.65 -5.34 0.83
2016 -35.47 -27.92 751 - - - - - - -5.41 -5.15 1.27
All -44.14 -34.35 9.36 -5.84 -553 0.86
Busan Yeonsan 2010 -42.01 -33.08 857 -10.66 -1.20 8.20 -33.19 11.22 39.78 -7.25 -6.71 0.50
2012 -35.82 -28.21 761 -10.33 -1.45 9.07 -26.26 8.08 33.75 -6.66 -6.24 0.41
2013 -46.68 -35.88 10.79 -10.24 -1.63 8.61 -29.26 9.05 38.31 -6.79 -6.36 0.40
2014 -45.36 -34.76 10.60 -10.71 -1.21 8.20 -37.53 12.66 48.22 -6.14 =577 0.37
2015 —-44.72 -35.22 9.50 -10.26 -1.86 7707 -36.60 10.01 44.37 -6.38 -6.02 0.36
2016 -46.48 -36.62 9.60 -10.36 -151 813 -29.90 9.47 36.02 -6.98 -6.53 0.43
Gijang 2016 -45.56 -36.09 9.47 -10.34 -1.63 871 -28.29 8.60 36.89 -7.55 -7.03 0.53
Gwangbok 2016 -56.44 -44.00 12.44 -10.38 -1.74 8.64 -34.83 10.11 44.94 -7.31 -6.82 0.49
Hakjang 2016 -58.02 -45.24 12.77 -10.51 -1.79 872 -36.31 10.43 46.74 -8.24 -7.65 0.59
All -46.79 -36.57 10.15 -10.42 -1.56 8.45 -32.46 9.96 41.00 -7.03 -6.57 0.45
Jeju Aewol 2013 -29.89 -23.66 4.69 -8.22 -1.65 6.46 -20.16 556 25.10 -7.02 -6.57 0.42
2014 -30.54 -24.52 5.14 -8.36 -1.70 6.46 -21.37 5.83 26.30 -5.85 -552 0.32
Gosan 2010 -36.49 -29.68 7.29 - - - - - - -7.22 -6.70 0.47
2011 -45.43 -35.54 8.49 - - - - - - -6.85 -6.37 0.43
2012 -44.23 -35.62 8.65 - - - - - - -7.44 -6.92 0.50
2013 -40.44 -31.76 7.88 - - - - - - -6.77 -6.38 0.42
2014 -44.03 -35.22 8.55 - - - - - - -6.87 -6.42 0.45
All -38.72 -30.86 7.24 -8.29 -1.68 6.46 -20.77 570 25.70 -6.86 -4.83 0.43
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Fig. 7. Monthly variations of Direct radiative forcing (DRF, W/m?) at surface

(SFC) for each aerosol chemical component at each study sites during the

study period. Gwangjin and Aewol sites were calculated by the SBDART

model during the day (07:00-18:00 LST for spring, 06:00-19:00 LST for

summer, 07:00-18:00 LST for fall, and 08:00-17:00 LST for winter).
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Fig. 8. Same as Fig 7 but for Direct radiative

of the atmosphere (TOA).
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Fig. 9. Diurnal variations of direct radiative forcing (DRF, W/m? at the SFC

and TOA for each aerosol chemical components at Seoul Gwangjin site

during the study period.
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Fig. 10. Same as Fig 9 but for Jeju Aewol site.
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Abstract

In this study, the characteristics of time and spatial concentration according
to four aerosol chemical components (Water-soluble, Insoluble, BC and
Sea-salt) were compared and analyzed in urban (Seoul, Daejeon, and Busan 4
sites) and background (Jeju Aewol and Gosan) areas during each study
period. Due to the limitations of data collection, each site used different PM,s
data for this study. Busan, Daejeon, and Jeju Gosan sites used daily aerosol
sampling data and Seoul and Jeju Aewol sites used hourly aerosol sampling

data. The optical properties (e.g. absorption, scattering, and Aerosol Optical
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Depth (AOD)) of the four different aerosol chemical components were
analyzed using the OPAC model and direct radiative forcing using the
SBDART model at each study site. Also concentration, AOD, DRFsgc, and
DRFroa of each aerosol component at the six different study sites (Busan 4
sites, Daejeon and Jeju Aewol) were calculated during haze and non-event
periods.

Overall, the highest concentration of Water-soluble aerosol component was
followed by Insoluble, BC or Sea-salt. In general, the concentration of aerosol
components in urban environments (e.g. Seoul and Busan) where the effects
of artificial emission sources was high due to population density and many
vehicles. And the sea-salt components did not show significant differences
between regions. Comparing the common year (2013~2014) of the urban area
(Busan Yeonsan) and the background area (Jeju Gosan), the water-soluble
component was much higher in urban area, but sea-salt component was about
1.2 times higher in Jeju Gosan. This is thought to be due to the geographic
and topographical features of Jeju Island as it is surrounded by four sides of
the sea. The diurnal variation of component concentration in Seoul Gwangjin
and Jeju Aewol sites, due to the photochemical reaction in the afternoon, the
aerosol concentration was high at noon and in the afternoon time (12:00 to
16:00).

Regional aerosol optical characteristics, the optical parameters (AOD,
absorption coefficient, dissipation coefficient, etc.) in urban areas were high,
similar to the concentration patterns of chemical components. Furthermore, the
BC component had the highest absorption coefficient value despite its
relatively small concentration due to the strong light absorption ability. The
diurnal variation was mainly the highest at 8:00 to 9:00, and showed a
tendency to decrease unlike the concentration pattern in the afternoon. This is
presumably because the relative humidity in the afternoon is lower than in

the morning.
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During the study, total DRF by eaerosol chemical component of every study
site 'was common to high negative radiative forcing of water-soluble
components, followed by BC (positive DRF in TOA), Insoluble, and Sea-salt
components. Negative DRFsgc was generally high from late fall to early
spring, showing a pattern similar to AOD values as a whole. In the case of
DRFroa, it was generally estimated to be the similar order of radiative forcing
with SFC (water-soluble, BC (positive DRF), sea-salt and insoluble
components). The daily variation of DRF was higher in the noon or afternoon
compared to the early morning, due to the increase in photochemical reaction.
In the case of the Aewol site BC component, the average DRF in the TOA
was estimated at an average of about +7.7 W/m?” from 11:00 to 15:00 hours.

Overall, the aerosol concentration of haze was higher than that of non-haze
event, especially in the order of the Jeju Aewol and the Busan Gwangbok
and the Daejeon Yuseong (39.7 pg/m’ and 33.3 ug/m’ respectively). The
AOD optical characteristics were also shown to be similar to the
concentration. The DRF on haze days was the highest among the sites, with
DRFspc and DRFroa of water-soluble component at Busan Gwangbok at 1.9

times and 1.8 times, respectively, compared to non-haze days.

_52_



	제 1 장 서 론 
	제 2 장 재료 및 방법 
	2.1. 대상지역 및 자료 
	2.2. 연구방법 
	2.2.1. 에어로졸 광학모델 
	2.2.2. 대기복사전달 모델 


	제 3 장 결과 및 고찰 
	3.1. 에어로졸 화학성분별 농도분포 및 광학특성 
	3.1.1 에어로졸 화학성분 농도의 시공간 분포특성 
	3.1.2 에어로졸 성분별 광학특성 

	3.2. 에어로졸 화학성분별 직접적 복사강제력 산출 
	3.2.1 지역별 직접적 복사강제력 산출 
	3.2.2 연무 사례일의 직접적 복사강제력 특성 


	제 4 장 요약 및 결론 
	참 고 문 헌 
	Abstract 


<startpage>10
제 1 장 서 론  1
제 2 장 재료 및 방법  4
  2.1. 대상지역 및 자료  4
  2.2. 연구방법  7
   2.2.1. 에어로졸 광학모델  7
   2.2.2. 대기복사전달 모델  10
제 3 장 결과 및 고찰  12
  3.1. 에어로졸 화학성분별 농도분포 및 광학특성  12
   3.1.1 에어로졸 화학성분 농도의 시공간 분포특성  12
   3.1.2 에어로졸 성분별 광학특성  21
  3.2. 에어로졸 화학성분별 직접적 복사강제력 산출  27
   3.2.1 지역별 직접적 복사강제력 산출  27
   3.2.2 연무 사례일의 직접적 복사강제력 특성  37
제 4 장 요약 및 결론  43
참 고 문 헌  46
Abstract  50
</body>

