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Synoptic Observing System)<!
(chd A3 Fze] A AE

AlZEe] 2R = A CA AlQEtg e, 100% A-FS Al v e] Al7hel] o

A= FEo] g W dts(cloud free sky), & A& FHS 0% =

ol-gstith. Rk a4k Aol A PMys B PMy 3teH & 5= Aus lTLe] 24

AIZE S Ao 100%81 Algke] 18417 o] <l &l 7

Table 1. Geographic coordinates (latitude, longitude) and study period of three air
quality monitoring sites (Ido-dong, Yeon-dong, and Donghong-dong) for air

pollutants, Aewol intensive air monitoring site, and Gosan site on Jeju

Measurement site Latitude, Longitude Study period

PMio concentration

Ido-dong 33°29'N, 126°31'E 2001-2014
Yeon-dong 33°29'N, 126°30'E 2007-2014
Donghong-dong 33°15'N, 126°34'E 2002-2014

PMjy and/or PMy5 chemical components

Aewol 33°20'N, 126°23'E 2013

Gosan 33°17'N, 126°10'E 2010-2014
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Fig. 1. Geographical locations of three air quality monitoring sites (Ido-dong,

Yeon—dong,

Gosan site on Jeju
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“filter.dat’, ‘solar.dat’, ‘usrcld.dat’e} Zo] =&l o] A AHHE ko] ol A&} ¢
&l F7F= AlgEo] o] & 7hedk Fdo] Ark(Table 2). 53] oloj=Eol o3 HAL
BAEE A= F9dd= ‘aerosoldat LS F7ME AAdste] Algs| Folof st

™ ‘aerosoldat’ Lo JEMFZ= 3gE AOD, SSA, phase functioneo] 23}

)

K]

>
e
>
-
op
1,

th 2 AFA = OPAC 2E& Fste] AbEd 34H(03~40 m B9 & & 24
78 34) AOD, SSA, phase function #+< o] -&3}it}.

2 AT ol AHe AZHE PMys st R w=¢ Ak A9 39 114
PMzs, PMi 3% el tiste] dupd g2l 0.3~4.0 m 3343 150l
A Fe s x=A oA A E(SFC, surface), 7] AH(TOA, top of the

atmosphere), 7] <(ATM, atmosphere)®] BAMGA#HS A=A 7| 2259}



1t O3, Ny, Oz, COz CHy N2O, CO F9 L9EHES

(INPUT 3} wol A -1)= ol &3t

2d 9 default Fk

&INPUT
1sat = 0,
nf = 2,
wlinf = 0.3,
wlsup = 4.0,
wlinc = 0.005,
sza = 0,
csza = -1,
iday = 365,
time = 3,
alat = 33.28333,
alon = 126.1667,
isalb = 6,
idatm = 6,
uw = -1,
uo3 = -1,
xn2 = -1,
x02 = -1,
xco2 = -1,
xch4 = -1,
xnZo = -1,
xco = -1,
xnh3 = -1,
X802 = -1,
xno = -1,
xhno3 = -1,
xno2 = -1,
Iwp = 0.0,
nre = 8,
jaer = 1,
iaer = -1,
zout = 0, 100,
out = 11,
nstr = 4,

(PPM,
(PPM,
(PPM,
(PPM,
(PPM,
(PPM,
(PPM,
(PPM,
(PPM,
(PPM,
(PPM,

default
default
default
default
default
default
default
default
default
default
default

781000.00 )
209000.00 )
360.00 )
1.74 )

0.32 )
0.15)
5.0e-4)
3.0e-4)
3.0e-4)
5.0e-5)
2.3e-5)

Fig. 2. Example of 'INPUT’ file namelist in SBDART model.
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Table 2. Types and descriptions of input files available by user

Input file Description

atms.dat atmospheric profile
aerosol.dat aerosol information
albedo.dat spectral surface albedo
filter.dat sensor filter function
solar.dat solar spectrum
usrcld.dat cloud vertical profile

AR B e BEAFEAE 2 (DARFspe, DARFroa) dlolZEo] &= 452
EALEH 2} ooj2Fo] gl A9(F, AOD=0)9] EAEH 29 A= ALle] HH
7} BA A G L net flux 2 ‘downward flux (F*) - upward flux (F')Z Ait®
o gk g7] Fo AHA BEAAIE (DARFatv) S W71 H(TOA)S A8 4 HAL
AT AZ(SFO) O A4 BAGAHS] A= Axtdd. o] AL oz uE
WA ohE a3 2

DARFroasrc = (Fi_FT)TOA,SFC - (FW/OL_FW/OT)TOA,SFC

DARFatm = DARFroa - DARFsrc

4714 F 7] % delzEol Qi 5o BAFYLE GERRM, Fue ool
BALEY2E e,
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Fig. 3. Annual variations in the mean PM;jy concentrations observed at three air
quality monitoring sites (Ido-dong, Yeon-dong, and Donghong-dong) during
2001-2014.
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Table 3. A statistical summary of PMjy concentration (ug/mg) at three air
quality monitoring sites (Ido-dong, Yeon-dong, and Donghong-dong) in Jeju

during the study period (2001-2014)

Year Ido-dong Yeon—dong Donghong—-dong
2001 46.3+56.0" - -
2-647"
2002 49.3£68.2 - 39.4+37.6
1-1060 1-879
2003 38.9£27.8 - 35.5£25.0
1-249 0-260
2004 46.1+34.4 - 39.7+29.7
1-685 0-382
2005 47.6+38.4 - 42.4£31.9
0-780 0-462
2006 51.9+38.4 - 45.2+31.2
3-429 0-308
2007 48.8+52.6 43.4+65.8 39.4+43.4
1-995 0-1948 0-999
2008 45.0£33.0 44.5+38.4 38.0£34.5
1-537 1-672 0-848
2009 39.8+£33.0 45.0£379 40.5%31.0
1-510 1-580 1-461
2010 52.4£72.7 46.9£72.2 45.6£79.5
1-2533 0-2857 1-2985
2011 40.7£36.8 41.5%49.8 44.0£53.1
1-663 1-961 1-1027
2012 35.2£28.8 35.4%26.0 30.5£23.4
1-258 1-278 1-199
2013 42.0+31.5 42.2+31.4 36.7+26.9
0-290 1-290 3-272
2014 51.7+36.9 46.2+30.1 41.8+29.8
0-366 0-326 3-310
Total 45.3+44.6 43.1+46.8 39.9£39.8
0-2533 0-2857 0-2985

“Meantstandard deviation.
PMin-Max

“Not measured.
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ol d Ao A= PMys st EY w9 AWst= water-soluble 419 %
7F b4 E=A JEbsE e, oS 9 2 insolulble, sea-salt, BC =22 yYEETH(Fig.
4(a)). L2t A" PMas, PMio®l 79 water-soluble A9 %7 =4 YElyto
™, sea-salt &2 Bl w9 A YEFEtH(Figs. 4(b), (¢)). ILAE A3 e] oo
2% 3 ¥ 5 Water-soluble A& 201240 7H4 & 55 K, o

2 201269 W el os YAt

oy
ofs

}\é =z}

ot &
Act(aEA 5 2015; Yan et al, 2009). &3, 1A A

E[o{t
k1

gt Aoz 374

ol

>

L

X

o] PMj water-soluble<-
PMzs = 2.5 mm o8t 2715 743l A7 AuiAQl Aoz yeksk=d(2012d of
PM.s5/PM;y Hl €] ] 83%), o] water-soluble A &9 714 @ RES A%
3H= SO,” 9 NHy o]&o] i w A YAH2.5 m odh) ol EAst7] wfiolr}
FEA 5, 2008). HHH sea-salt A T2 ZWYARS5~10 mm) GG 3517
ol PMy &%=l Hl& PM:so &%=7F wi-¢ SEA1(20% olW) YEbRoh(E44
5, 2011).

—~

Aes giaez 3 Aadgel vustH(EAET £33 2014), ofd 2wt
Al PMose A% sea-salt S A9t =& A (water-soluble, insoluble

BC)¢ s&=7F MaAA e 50% oW #%=5 YHetlla = v sea-salt 5=+
A A08 ug/m’)el Blal SASHAY A JeERgTheld 2 mak 2 dol A z+Hz}
143, 081 pg/m’). °l& 4 Wo] vtz & Qe AFA G Aeld 54 fi
ol Ao AbmEL
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Fig. 4. Annual variations in the mean concentrations of aerosol chemical
components in (a) PMys observed at Aewol site and in (b) PMss and (c) PMjp

observed at Gosan site during 2010-2014.
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Time (month)

Fig. 5. Same as Fig. 3 but for the monthly mean concentrations of PMjy,
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Fig. 7. Weekday and weekend variations in the mean PMiy concentrations
observed at three air quality monitoring sites (Ido-dong, Yeon-dong, and

Donghong-dong) during 2001-2014.
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Fig. 8. Diurnal variations in the mean PMjy concentrations observed at three air
quality monitoring sites (Ido-dong, Yeon-dong, and Donghong-dong) during
2001-2014.
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Fig. 9. Weekday and weekend variations in the mean concentrations of aerosol
chemical components in (a) PM2s at Aewol site in 2013 and in (b) PMss5 and (c)

PMio at Gosan site in 2010-2014.
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Table 4. Concentrations of aerosol chemical components in PMsys and their optical properties at a wavelength of 500 nm

estimated by OPAC model at the Aewol site in 2013

Component Concentration  (ug/ mg) Optical property

Spring Summer Fall Winter Oy (Mm ') Ose (Mm™) Oex (Mm'h)
Water-soluble ~ 14+12" 8.1£8.0 7.2+6.4 8.9£9.2 1.43/0.85/0.76/0.94"  129/79.8/48.2/54.9 130/80.7/49.0/55.8
Insoluble 2.4+1.6 1.7+15 1.7+1.2 1.6+14 0.24/0.17/0.17/0.16 0.62/0.45/0.44/0.41  0.86/0.62/0.62/0.57
BC 0.9+0.6 0.6+0.4 0.7+0.5 1.1+1.1 7.49/4.54/6.01/9.12 2.18/1.32/1.75/2.66  9.67/5.87/7.77/11.8
Sea-salt 1.3+0.7 2.3£1.0 1.6+1.4 0.9+0.4 < 0.001 5.87/12.4/6.36/3.18  5.87/12.4/6.36/3.18

% Meantstandard deviation.

b Spring/summer/fall/winter values.
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Table 5. Concentrations of aerosol chemical components in PMsys and their optical properties at a wavelength of 500 nm

estimated by OPAC model at the Gosan in 2010-2014

Year Component Concentration (/zg/mg) Optical property

Spring Summer Fall Winter O (Mm ) 0sc (Mm™?) Oex (Mm'h)
2010 Water-soluble 12+5.8 10£84 9.6£86  7.7+6.2 1.23/1.05/1.01/0.81" 77.7/66.2/63.7/51.2  78.9/67.3/64.8/52.1
Sea-salt 1.2+1.6 0.6+0.2 0.8+0.7 1.9+1.9 < 0.001 4.63/2.25/3.06/7.50  4.63/2.25/3.06/7.50
2011 Water—soluble 11+5.6 9.3£75 11+6.1 16£12 1.18/1.25/1.13/1.64 74.1/78.9/71.4/103  75.3/80.1/72.6/105
Sea-salt 0.7+£0.5 0.5+0.5 0.6£0.5  0.7+04 < 0.001 2.66/1.81/2.37/2.19  2.66/1.81/2.37/2.79
2012 Water—soluble 19+13 8.6£5.6 11£75 17£13 1.95/0.91/1.15/1.78 123/57.1/72.4/112 125/58.1/73.5/114
Sea-salt 1.1+0.5 1.5+0.9 1.1£0.7  1.0+0.8 < 0.001 4.12/5.82/4.21/3.74  4.12/5.82/4.21/3.74
2013 Water-soluble 18+134  6.3#4.1 6.4+3.8 1110 1.93/0.66/0.67/1.18 122/41.9/42.3/74.5 124/42.6/43.0/75.6
Sea-salt 0.9+0.8 0.4+0.3 0.2+0.1  0.9+0.9 < 0.001 3.40/1.55/0.94/3.28  3.40/1.55/0.94/3.28
2014  Water-soluble 16+10 16£7.8 74+£3.8  11+£11 1.68/1.65/0.78/1.12 127/126/59.7/85.4 130/127/60.4/86.5
Sea-salt 0.7+0.3 0.5+0.4 0.5£0.6  0.8+0.5 < 0.001 3.04/2.18/2.51/3.78  3.04/2.18/2.51/3.78
Total Water—-soluble 15+9.8 9.5+6.9 9.0+65 12«11 1.53/1.00/0.94/1.26  101/67.3/61.8/84.1 103/68.3/62.8/85.4
Sea-salt 0.9+0.9 0.7+0.6 0.6+0.6  1.0+1.1 < 0.001 3.49/2.68/2.59/4.10  3.49/2.68/2.59/4.10

? Meantstandard deviation.

b Spring/summer/fall/winter values.
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Table 6. Same as Table 5 but for aerosol chemical components in PMjg

Year Component Concentration (/zg/mg) Optical property
Spring Summer Fall Winter O (Mm ) 0sc (Mm™?) Oex (Mm'h)
2010 Water—soluble 17+12 1149.3 14+12 15+12 1.8/1.25/1.52/1.46  114/78.9/95.6/92.15  116/80.2/97.0/935
Sea-salt 9.6+10 5.4+38  6.6%6.3 89%6.6 < 0.001 36.8/20.3/25.9/34.1  36.8/20.3/25.9/34.1
2011 Water-soluble 18+10 12+8.6 13+64  17+13 2.04/1.41/1.41/1.81 128/89.2/89.1/113.8  131/90.4/90.6/116
Sea-salt 3.7+2.8 3.7+2.6  45+32  4.2+3.1 < 0.001 15.2/18.0/17.3/16.9  15.2/18.0/17.3/16.9
2012 Water-soluble 22+12 1059 12486  20£15 2.44/1.08/1.33/2 154/68.0/84.0/126 156/69.1/85.3/128
Sea-salt 5.4+3.9 5.0£3.2 6.8t4.4 59448 < 0.001 21.2/20.1/27.2/23.9  21.2/20.1/27.2/23.9
2013  Water-soluble 23+17 12+8 1058 14412 2.58/1.38/1.11/1.51 163/87.0/69.9/95.4  166/88.4/71.0/96.9
Sea-salt 7.8+6.9 9.0£8.2 5.9+4.8  7.5%6.2 < 0.001 28.2/39.2/23.2/30.4  28.2/39.2/23.2/30.4
2014  Water-soluble 20+14 13+9.8 11+6.0  17+£13 2.36/1.95/1.11/1.78  180/149/84.4/135 183/150.7/85.5/137
Sea-salt 45+39 3.0£23 59455 1010 < 0.001 21.4/14.0/27.6/479  21.4/14.0/27.6/479
Total Water-soluble 20+13 12+8.3 12+87  16+£13 2.24/1.39/1.30/1.70  147/92.7/84.9/113 150/94.1/86.2/115
Sea-salt 6.2+6.5 5453  6.1#51 7.5£7.2 < 0.001 24.6/23.7/24.8/31.9  24.6/23.7/24.8/31.9

? Meantstandard deviation.

b Spring/summer/fall/winter values.
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Fig. 11. Monthly variations of AOD at a wavelength of 500 nm for each
aerosol chemical component in (a) PMz5 at the Aewol site in 2013 and in (b)

PMs5 and (c) PMjg at Gosan site in 2010-2014.
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Table 7. Monthly variations of direct aerosol radiative forcing

at the Aewol site in Jeju from January to December 2013

(DARF, W/m® for each aerosol chemical component in PMss

Water-soluble Insoluble BC Sea-salt Total
Month SFC TOA ATM SFC TOA ATM SFC TOA ATM SFC TOA ATM SFC TOA ATM
Jan -26.18 -21.01 517 -7.96 -1.89 6.08 -21.88 5.31 27.19 -6.39 -6.00 0.39 -62.41 -23.58 38.83
(-10.22)  (-820) (2.02) (-3.11) (-0.74) (2.37) (-8.54) (2.07) (10.61) (-2.62) (-2.46) (0.16) (-24.49)  (-9.32) (15.16)
Feb -17.09 -14.04 3.05 -8.55 -1.94 6.61 -20.23 5.02 25.25 -6.75 -6.31 0.44 -52.61 -17.26 35.35
(-6.80) (-5.60) (1.21) (-3.41) (-0.78) (2.64) (-8.08) (2.03) (10.11) (-2.51) (-2.35) (0.16) (-20.81)  (-6.70) (14.11)
Mar -35.89 -28.31 757 -8.79 -1.73 7.07 -23.39 6.31 29.7 =7.40 -6.88 0.53 =75.47 -30.61 44.86
(-1850) (-1456) (3.94) (-4.52) (-0.89) (3.63) (-12.03)  (3.25) (15.27) (-3.65) (-3.39) (0.27) (-3871) (-15659)  (23.11)
Apr -33.62 -26.79 6.83 -9.41 -1.71 7.70 -22.13 6.22 28.35 -7.15 -6.60 0.55 -72.31 -28.88 43.43
(-22.43)  (-13.40) (9.04) (-4.75) (-0.87) (3.89) (-11.17)  (3.15) (14.32) (-3.63) (-3.35) (0.27) (-41.99) (1447 (2752)
May -58.53 -45.94 12.60 -9.78 -1.64 8.14 -28.39 8.19 36.58 -7.46 -6.86 0.59 -104.2 -46.25 57.91
(-35.22) (-25.04) (10.19) (-5.22) (-0.90) (4.32) (-15.09)  (4.39) (19.48) (-4.07) (=3.77) (0.30) (-59.61) (-25.32) (34.29)
Jun -37.30 -30.22 7.08 -8.89 -1.55 7.34 -21.63 6.23 27.86 -7.56 -6.98 0.59 -75.39 -32.52 42.87
(-23.31) (-18.89) (4.42) (-5.55) (-0.97) (4.59) (-1352) (3.89) (17.41) (-4.83) (-4.45) (0.37) (-4722) (-2042) (26.80)
Jul -27.81 —-22.75 5.05 -8.56 -1.55 7.01 -18.27 5.29 23.55 -9.73 -8.89 0.84 -64.36 -27.91 36.45
(-15.72) (-12.86) (2.86) (-4.84) (-0.88) (3.96) (-10.33)  (2.99) (13.32) (-5.41) (-4.94) (0.47) (-36.30) (-15.70)  (20.60)
Aug -29.24 -23.92 5.31 -8.19 -1.51 6.68 -18.06 5.14 23.20 -8.52 -7.83 0.70 -64.01 -28.12 35.89
(-17.46) (-14.31) (3.15) (-4.91) (-0.91) (4.00) (-10.81)  (3.08) (13.89) (-5.10) (-4.68) (0.42) (-3828) (-16.82) (21.46)
Sep -24.61 -19.99 461 -8.75 -1.73 7.03 -19.03 5.21 24.23 -9.29 -8.57 0.73 -61.68 -25.08 36.60
(-11.94)  (-9.71) (2.24) (-4.25) (-0.84) (3.41) (-9.24) (2.53) (11.76) (-4.50) (-4.14) (0.35) (-29.92) (-12.16) (17.76)
Oct -18.96 -15.44 3.53 -7.85 -1.67 6.18 -19.21 4.97 24.17 -5.93 -5.54 0.39 -51.94 -17.67 34.27
(-9.39) (-7.65) (1.75) (-3.89) (-0.82) (3.06) (-9.51) (2.46) (11.97) (-3.01) (-2.82) (0.20) (-25.81) (-883) (16.98)
Nov -23.68 -18.86 4.82 -7.06 -1.61 5.45 -18.28 4.48 22.76 -5.67 -5.31 0.36 -54.69 -21.31 33.39
(-11.69)  (-9.31) (2.38) (-3.48) (-0.80) (2.69) (-9.02) (2.21) (11.23) (-2.79) (-2.61) (0.18) (-26.98) (-1050) (16.48)
Dec -25.81 -20.58 5.23 -7.89 -1.88 6.00 -24.12 5.87 29.99 -5.60 -5.28 0.33 -63.42 -21.88 41.55
(-11.14)  (-8.88) (2.26) (-3.38) (-0.81) (2.57) (-10.29) (2.5) (12.80) (-2.36) (-2.22) (0.14) (-27.17)  (-9.41) (17.76)
Annual -30.04 -24.10 5.94 -8.42 -1.68 6.74 -21.03 5.66 26.68 -7.35 -6.80 0.55 -66.84 -26.93 39.91
(-15.87) (-12.1) (3.76) (-4.22) (-0.84) (3.37) (-10.53) (2.84) (13.37) (-3.69) (-3.42) (0.27) (-34.31) (-1353) (20.78)

*Values represent the DARF for each aerosol chemical component calculated by the SBDART model during the day (07:00-18:00 LST in

spring, 06:00-19:00 LST in summer, 07:00-18:00 LST in fall, and 08:00-17:00 LST in winter).

"Values in parenthesis represent the DARF for each aerosol chemical component estimated for 24 hours.
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-88, +1.1 W/m?e.2 714 A 2&E= Qo)

_39_



Table 8. Monthly variations of direct aerosol radiative forcing (DARF, W/m?) for each aerosol chemical component in PMss
and PMjo at the Gosan site in Jeju during 2010-2014 (12:00 LST)

PMzs PMio
Water—soluble Sea-salt Water—soluble Sea-salt
Year Month  SFC TOA ATM SFC TOA ATM SFC TOA ATM SFC TOA ATM
Total Jan -46.39 -36.94 945 =797 -7.38  0.58 -59.13 -46.57 12.56 -1558 -1413 145
(2010-2014) Feb -50.26 -38.95 11.31 -7.58 -7.00 057 -57.82 -44.50 13.32 -1382 -1246 136
Mar -51.62 -39.40 12.22 -7.98 -7.31 0.67 -66.62 -49.82 16.81 -1507 -1333 174
Apr -50.88 -39.25 11.63 -7.22 -6.62 0.61 -65.75 -49.90 15.85 -13.16 -1154 162
May -54.79 -41.70 13.09 -6.55 -6.02 0.53 =74.02 -54.71 19.30 -10.36  -9.20 1.17
Jun -57.76 -44.25 13.52 -6.71 -6.13  0.58 -66.98 -50.55 16.43 -9.97 -8.84 1.13
Jul =27.72 -2164  6.08 -6.56 -6.02 0.54 -42.53 -32.72 9.81 -1288 -11.12 1.76
Aug -29.54 -2296  6.59 -6.84 -6.27  0.57 -39.05 -29.96 9.10 -1243 -1092 151
Sep -37.42 -29.18 824 -6.71 -6.18 052 -47.18 -36.34 10.84 -1165 -1040 125
Oct -33.44 -2659  6.85 -7.21 -6.66  0.55 -42.52 -33.46 9.05 -14.08 -1259 149
Nov -39.88 -31.98  7.90 -7.06 -6.56  0.50 -49.27 -39.01 10.27 -15.13 -1365 147
Dec -36.86 -29.71 715 -7.55 -7.02 0.53 -46.34 -36.87 9.47 -17.16 -15659 157
2010 Total -38.29 =298 874 -7.64 -7.01 0.63 -50.28 -38.56 11.72 -1425 -1269 156
2011 Total -44.17 -34.38  9.95 -6.95 -6.41 0.54 -56.26 -43.03 13.23 -1148 -10.33 1.14
2012 Total -46.74 -36.21 10.52 -7.63 -7.01 0.62 -54.57 -41.63 12.94 -13.20 -11.80 1.40
2013 Total -39.37 -3043 894 -6.83 -6.32 0.57 -52.16 -39.80 12.35 -1461 -13.00 1.61
2014 Total -47.79 -37.84  9.95 -7.11 -6.56  0.55 -62.05 -48.35 13.70 -1384 -1235 149
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of g A Hol A gtshgito] wE HALZA Y A7tHEE SFCe TOAC dls)
2t 7} Fig. 159 Fig. 16). WA SFCollA Azt HALGA 22 A
d e st dEgle]l BF BEAZEEe] M & dojue w12~ 144D
7FE 24 deEsth(Fig. 16). dE 5ol wE = 12474 HA S7kstth 124
o % -101 W/m’2 714 2 2AZAE9L Jelwon, olF Hxa gasts 7
FE HATh ol FsEnkgo] &gt v Fete 5% (53] water-soluble 4
w)7F bl whep EARAE e FUbeE 3o ® Helth SFCeA]
water-soluble 4 %o 9|8t EALZAE S BH 1240 Hu -53 W/m’® FA 5
o 4 AH F water-solubled] 7|olE F EANGA|H Y 49~52% = 3}t
A F M & 719EE YEUI tgo® BC 4R 719 %(28~31%)7F =
#H2 SFCo vpxi7tA = Ald 3 A
glol SH(E3 BAE 1240 SEAFAEE -49 W/m®, %o BAAHL
+9.6 W/m*)oll 714 ZA vebutthinsoluble A 2])(Fig. 16). TOAIA &< ZA}
A3 % water-soluble® 57~83% = 7} & 7]ol=E yedlon BC AES
TOANA <ol BAZAHS dekdoh124e] Al 96 W/m’). TOACIA
insoluble g2 vt AIZH12~13A))ol w2 EAGAIE S e T

¢

|
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Fig. 15. Diurnal variations of direct aerosol radiative forcing (DARF, W/m?)

at the surface (SFC) for each aerosol chemical component in PM2s during

four seasons in 2013. WS: water-soluble, IS: insoluble, BC: black carbon, and

SS: sea-salt.
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Table 9% o2 o & veboll A 4FE¥ SFC, TOAS EHEAMGAH ) ofd 9 11
A A A AFEE BAMGAIE S vlacgk spolth WA, ofd A oy e
A A v, wAAFNA dofmE HAGAIE S 5 SFColA -16
(Arabian Sea)~-31 W/m® (India, Bay of Bengal), TOA°|A -83 (South
Korea, Gosan)~-16 W/m” (Gosan)2. 2 AF71zF 33 59 =79 o]zt 9l
= e agstyl ofd AN F SARGAH(SEC, TOACAM 2H2h 21~
60 W/m’, -6.7~-25 W/m?)¥} wwd fAEA AbEd ow dudy
(Takamura et al., 2007, Kim et al, 2010; Ramachandran, 2005, Kedia et al.
2010). =3, WA o] ooj2E sfehgd ol wE HAREA 2 SFCe TOAC!
A water-soluble?} BC A& X7 o€ AFoA AEd EA4AH 3% FAFHA
U x5 9$A AEE A tHKim et al, 2006; Yoon and Kim, 2006).

A A9 A3 T =AAGY ooj2F JAGAIES TOAMAM= -7
(Pakistan, Karachi)~-35 W/m® (Pakistan, Karachi)©.2 ¥ &3} vl &
AFAY 2 & Boeu SFColAMi 41 (India, Ahmedabad)~-96 W/m’
(Pakistan, Karachi)e= <F 27}z =ZA AF=FHJAG(Alam et al, 2011;
Ganguly and Jayaraman, 2006). $tH, EA|A] Ge|A BC A2 49 SFColA
~14.1 (India, Pune)~-33 W/m” (India, Hyderabad) 2.2 o4 | Hd| n]3] Huj
A7t =A YJEb o TOACAE +31 (India, Pune)~+9 W/m’ (India,
Hyderabad) 22 FAFSAY Hol 4587 =A F4 5 A tH(Badarinath and
Latha, 2006; Panicker et al., 2010). 3+ ZA| A Go| A dust Ao HAAH
& A APdF Au, SFCOlA -50~-194 W/m®, TOA°IA -7~-35
W/m 2 ofd A @ol Hle] wj$ & BAAAH gro] A& E ArH(Alam et al,

2014). ®b 13k x| o] PMas, PMig 3FsHd2d HAPGAI 2 Alzbd

off

= =
7]

271 glof @ ATOE dEelt 1248 oo BAgAee 4z

ol WAAHES Fez g AdPAFo Heto] =2 G dEHTh
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Table 9. Comparison of direct aerosol radiative forcing (DARF) between different studies

Location Study period Type DARFsrc (W/m®)  DARFroa (W/m®)  Reference
(wavelength, mm)
Aewol, South Korea 2013 PMy5 Total -20.8 to -59.6 -6.7 to -25.3 This study
(0.3-4.0) Water-soluble -6.8 to -35.2 -5.6 to -250 (24 hour)
Insoluble -3.1 to -5.6 -0.7 to -1.0
BC -8.1 to -15.1 +2.0 to +4.4
Sea-salt -24 to -54 -2.2 to -4.9
Gosan, South Korea — 2010~2014 PM:s water-soluble  -27.7 to -57.8 -21.6 to -44.2 This study
(0.3-4.0) PMjo water-soluble  -39.1 to -74.0 -30.0 to -54.7 (12 LST)
PMys sea-salt -6.5 to -8.0 -6.0 to -7.4
PMio sea-salt -10.0 to -15.6 -8.8 to -14.1
Gosan, South Korea 11-13 Apr 2001 Water-soluble -43to -9.6 =27 to -7.3 Yoon and Kim, 2006
(0.55)
Gosan, South Korea Apr 2001 Water-soluble -10.3 - Kim et al., 2006
(0.285-4.0) BC -10.1
Gosan, South Korea ~ Mar 2005 Aerosol -20.8+9.0 -8.35.3 Takamura et al., 2007
Gosan, South Korea 2001 ~ 2008 Aerosol -28+9.2 -16+4.4 Kim et al., 2010
(0.2-5.0)
Bay of Bengal, India  Feb~Mar 2001 Aerosol =31 -9 Ramachandran, 2005
(0.4-0.85)
Arabian Sea Mar~ Apr 2006 Aerosol -16 -11 Kedia et al., 2010
Bay of Bengal, India  (0.25-4.0) Aerosol -22.4 -12.0
Hyderabad, India Jan-May 2003 BC -33 +9 Badarinath and Latha, 2006
Pune, India Oct 2004 to May 2005 BC -14.1 to -19.5 +3.1 to +3.9 Panicker et al., 2010
(0.3-3.0)
Ahmedabad, India 2002-2005 Aerosol -41%11 to -63+10 -22%3 to -26%3 Ganguly and Jayaraman, 2006
(0.25-4.0)
Karachi, Pakistan Aug 2006 to Jul 2007 Aerosol -56 to -96 -7 to -35 Alam et al., 2011
(0.3-4.0)
Lahore, Pakistan Mar 2012 Dust -50 to -194 -31 to -105 Alam et al., 2014
(0.3-4.0)
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3.32. 7] EAEE & F4

th7] EA}7FE & (HR, heating rate)S oo] 2] 93t E4=2 <ls] 7] =l
89 oA FS JeE HE=2(Koren et al, 2008), = Aol s 7]
TR E} W AAF Eo] Abe])e] Z} ool F dlstA ol wE 7] HAlrtd
&= FASAT. AT7IbERE ofd B Ak AR A dojmE 5FSHAd ol
& W7l BAFE &S BAMRAIE S Fete W I mEA R dloj2Eo] Q=
Bk ololzFo] = AT BAIE &Y A& Fa AAsdd. 1 A
7+ BA7FE &S water—soluble, insoluble,
BC, sea—salt Aol whsle] z+zF 0.32, 049, 1.99, 0.003 K/day®Z FAHE Ao
sea-salt Aol AF AsHd wMig 2 Foem FAHHAK 001
K/day)(Table 10). sea-salt &S A &gt tfFE9 steAdio] weE HAZEE
&8 EH(E3] 599 water-soluble, insoluble, BC Al&-ol thsle] zZ+zb 043,
051, 2.22 K/day)ol & @S UEH O sea-salt w9 HAIE &S o 5 ZH
Z & YERtH(E3E] 7€l 0.009 K/day)(Table 10). =< HAIE &2 7+ 3}
5

EEe we drEF A8 Aoz ARdh

k)

=
e
Y
=2
>
oty
o
2,
s
k=)
it
o,

-

ank Az el B-(Table 11), PMaso] HAZFE &2 2012l 74 27 e
W © 1 (water-soluble, sea-salt A+l t3ste] 22 0.62, 0.01 K/day), AA A
717F & water-soluble A B3 & o]2 oFH(53] 6€9 0802 K/day)
of ZA YEUIL sea-salt A2 HEH & oFHo 7P 2 F(B~8del oF
0.01 K/day)< RAth PMeS &
K/day), sea-salt <2 2013l 714 ZA Ve TH0.033 K/day). %3 A
AT71F 5 PMoe] water-soluble A2 ® & 71 AA YeEl (53] 549
of 1.19 K/day) sea-salt A& oEHd 714 =LA yeldti(E3s] 7€ 0.05
K/day). 3L4F A 3loll A o] FAL7kd & B3k 7f slebd i s 7] 5=l
71918 Ao AlsHT

AaAFo A 7] BAZFE &8 Gosanoll A 20013 ~2008d 9] 1.5~3.0 K/day
(Kim et al., 2010), Egypte] Cairooll 4] 2001d 10€ ~2006d 39| H 1.3~28

—

2 water-soluble A% 2014 (0.80

>~
Rl
N
—|~
nqo

H
rir
E[o{t

K/day (El-Metwally et al.,, 2011), India®] Hyderabadell 4 2008 ~2009%¢] 1.6~
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20 K/day (Sinha et al, 2013), India®] Puneol*] 2004~20099d] 0.6~1.4
K/day (Kumar and Devara, 2012)2 FA % ® dt}. 2 AfolA o 2 w4k
A 7] BAZFE &S AT Aol vlawA FAEE ghs WERATH
ol g XHdeo] 7} st 7198 7 & (Heating rate efficiency, K/day per
unit AOD)ell tiske] AbEs A (Fig. 17), BC A&l 9s 719§ &) of
50 K/day per unit AOD (r=0.848)2 7} =4 UESLS ™, water-soluble g
o] 7}EE& &8 9 133 K/day per unit AOD (r=0.767)0. 2 e}
Insoluble®} sea-salt A& 29 z+zt 331, 0.25 K/day per unit AOD #<
Efl o} ofg- okt AdAdAA(ZHZ r=0.299, 0.436)E HEAth 4o AH§- PMas
9] water-soluble Aol W& 7[EE &8 3.31~389 K/day per unit AOD
(r=0.98~0.99), sea-salt A& W& 7[dE& 382 034~0.72 K/day per unit
AOD (r=0.42~0.77)= Yepbgrt. kA 34k PMpe 7 water-soluble 23]

it

7FEE& &8 330~3.81 K/day per unit AOD (r=0.98), sea-salt &2 71<€ &
EEL 034~056 K/day per unit AOD (r=0.75~0.80)2. % H|n % =& a3

AL e
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Table 10. Monthly variations of heating rate (HR, K/day) for each aerosol

chemical component in PMz25 at the Aewol site during the year 2013

Month Water—soluble Insoluble BC Sea-salt
January 0.288 0.437 2.024 <0.001
February 0.161 0.477 1.881 0.001
March 0.430 0.511 2.216 0.002
April 0.338 0.558 2.118 0.005
May 0.676 0.590 2.135 0.007
June 0.388 0.532 2.082 0.005
July 0.270 0.508 1.760 0.009
August 0.284 0.484 1.734 0.007
September 0.250 0.508 1.809 0.005
October 0.190 0.446 1.802 0.001
November 0.272 0.392 1.695 <0.001
December 0.294 0.432 2.232 <0.001
Annual 0.323 0.487 1.991 0.003
7
@ Water-soluble

—_ 6r v @ Insoluble

2 sl v =49.91x+0.18 v BC

= r=0.848 A Sea-salt

2 .

S

53

%” 51 =3312x024 o i: ;:‘1;163‘)7&0.11

g 1f °

m 0 - A

e

00 02 04 06 08 10 12 14
AOD

Fig. 17. Hourly variations of atmospheric heating rate and scattered plots of
heating rate per unit AOD (heating rate efficiency = regression slopes) for
each aerosol chemical component in at the Aewol site PMss from January to
December 2013.
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Table 11. Monthly variations of heating rate (HR, K/day) for each aerosol
chemical component in PM25 and PM;y at the Gosan site during 2010-2014

PMzs PMuo
Year Month ~ Water-soluble Sea-salt Water-soluble  Sea-salt
Total Jan 0.534 0.005 0.722 0.017
(2010-2014)  Feb 0.662 0.006 0.787 0.022
Mar 0.728 0.010 1.022 0.039
Apr 0.684 0.010 0.951 0.042
May 0.783 0.009 1.187 0.029
Jun 0.802 0.010 0.991 0.028
Jul 0.351 0.009 0.579 0.052
Aug 0.383 0.010 0.539 0.040
Sep 0.478 0.007 0.639 0.027
Oct 0.386 0.007 0.519 0.028
Nov 0.441 0.004 0.585 0.021
Dec 0.396 0.003 0.536 0.016
2010 Total 0.510 0.008 0.695 0.032
2011 Total 0.580 0.007 0.788 0.021
2012 Total 0.617 0.009 0.772 0.028
2013 Total 0.525 0.006 0.736 0.033
2014 Total 0.566 0.007 0.798 0.028
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Fig. 19. Same as Fig. 18 but for each aerosol chemical component in PM;o.
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Abstract

In this study, the temporal and spatial variations of PM;jy concentration and
aerosol (PMss and/or PMjy) chemical components (water—soluble, insoluble,
black carbon (BC), and sea-salt) were analyzed at three air quality
monitoring  sites (Ido-dong, Yeon-dong, and Donghong-dong) during
2001-2014 and Aewol/Gosan sites during 2010-2014, respectively. This study
also calculated optical properties using the OPAC model and direct radiative
forcing using the SBDART model according to aerosol chemical components
at Aewol and Gosan sites.

Overall, the PM;o concentration of three air quality monitoring sites were

highest in spring and lowest in summer. Also, the weekday PMjg
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concentrations were higher than the weekend concentrations and the diurnal
variations of PMio concentration showed an increasing trend during rush hour
(morning and evening traffic). Meanwhile, the aerosol chemical components at
Aewol and Gosan sites, for most aerosol components, reached its peak during
spring. PMz25 chemical components did not change much during the day, but
it showed high concentration during the daytime in Aewol due to increased
photochemical activity (Especially for the water-soluble).

Optical properties (absorption coefficient, scattering coefficient, extinction
coefficient, and aerosol optical depth (AOD)) exhibited the highest contribution
in water-soluble component at Aewol and Gosan site (except for absorbing
BC). The temporal variations of the optical properties for all the aerosol
components were similar to those of their concentrations. In particular, the
monthly variations of AOD for most of the aerosol components (except for
sea-salt) were highest in spring and reached the maximum value during the
daytime. Meanwhile single scattering albedo (SSA) was inversely proportional
to BC components.

The total mean DARFs (direct aerosol radiative forcing) of PMoss derived
over Aewol site (2013) were - 65, -25, and +40 W/m® at the SFC (surface),
TOA (top of atmosphere), and in the ATM (atmosphere), respectively. The
impacts of the water—soluble component on the DARFsrc, DARFrT0s, and
DARFary, which was the most dominant among 4 chemical components, was
-30, -24, and +5.9 W/mz, respectively. In the case of BC, its negative or
positive impacts on the DARFspc, DARFroa, and DARFarm was -21, +5.7,
+27 W/mZ, respectively. Meanwhile, at Gosan site (2010-2014), the impacts of
the water—soluble component of PMss and PMjy on the DARFsrc, DARF104,
and DARFarm were highest in 2014 (-48, -38, +11 W/m® and -62, -48, +14
W/mZ, respectively) and the lowest in 2010 (=38, -30, +8.7 W/m* and -50,
-39, +12 W/mz, respectively). On the other hand, in case of sea-salt

component, it showed a very small value compared to that of the
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water—soluble.

This study confirmed the aerosol concentration and the impacts of aerosol
chemical components on the optical properties or DARF tend to vary
according to the time scales. Future studies should analyze the influence of
the environmental conditions (e.g. RH) and spatial comparison (urban and
remote/rural areas) on optical properties or DARF to better understand the

regional or local behavior of the radiative effects of aerosols.
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