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An Analysis of Aerosol Optical Properties around Korea
using AERONET
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Abstract

This study investigates long-term trends and characteristics of aerosol optical depth (1,) and Angstrém exponent
(A) around Korea in order to understand aerosol effects on the regional climate change. The analysis period is
mainly from 1999 to 2006, and the analysis sites are Anmyun and Gosan, the background monitoring sites in
Korea, and two other sites of Xianghe in China and Shirahama in Japan. The annual variations of 1, at Anmyun and
Gosan have slightly systematic increasing and decreasing trends, respectively. T, at Anmyun shows more substan-
tial variation, probably because of it’s being closer and vulnerable to anthropogenic influence from China and/or
domestic sources than Gosan. Both values at Gosan and Anmyun are approximately 1.5 times greater than those at
Shirahama. The monthly variation of T, exhibits the highest values at late Spring and the lowest at late-Summer,
which are thought to be associated with the accumulation of fine aerosol formed through the photochemical re-
action before the Jangma period and the scavenging effect after the Jangma period, respectively. Meanwhile, the
episode-average T, for the Yellow dust period increases 2 times greater than that for the non-Yellow dust period. A
significant decrease in A for the Yellow dust period is attributable to an increase in the loading of especially the
coarse particles. Also we found no weekly periodicity of T,’s, but distinct weekly cycle of PM;, concentrations,
such as an increase on weekdays and a decrease on weekends at Anmyun and Gosan.

We expect these findings would help to initiate a study on aerosol-cloud interactions through the combination of
surface aerosol and satellite remote sensing (MODIS, Calipso and CloudSat) in East Asia.
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dej2&2 o 7k e W7l e g B e] S
AR gt A7 AFee A 92 4
d~dFY 7oz AH oz 77 wFe oo
2&0] Al - FAQ 229 HAE 34 3k L9
o] H1 glot FHoRE ooj2sFE dRE= A2
7H B3 2t d71Fe 23 AFshaA 7))
A7k e F= AS= gtk dlEAal 9= El
Chichone]v} Pinatubo #AFZz 9lgl 7] 29| ¢
Azg ¥ 27 Bl S pre
olejz d7] YZ4aEA}E 2 EH, ol 7|33
ol SHAA dejzde] F XS HAF st A
717} =9} (Michalsky et al., 1994; Robock, 1983).
dlelzgo] d7]F AFAIZ o] B ol FH
3ol 7Fapell o3t mbH Q) AA & W], of o]
2&2 Azl T5o $Ad d9€¢ s
A FEEEE 843 4 e dbdel, el 9
3 AA A A= (scavenging) oFHAS 2w 9ok
=3 Axidee Aoz HelH: AMAAR o
ol2& AAHRAZF shte] 29le|d} B3] o]z
& 37] FlA 0.1~1um =7} dd9] o3 (Accu-
mulation mode) ¢l ] 242 dlZ Al Q19AHe] o]
BE£2H, 355 7fAAMEASS] 83 (nucleation),
TInEo] ofoj2 e delEE: -2 (condensation),
22 7719 A7 E dEHie] AAshs 3 (coa-
gulation) ¢ FA-& 713 A L AR o=
T W71 FolM BRI Eole o 4
FAZ P ohde FEY Fo $4Y 9L 3
=} (Seinfeld and Pandis, 1998).

IPCC 4x}E_ 3114 (IPCC, 2007)¢]] 2)3bA «JA3] AF
A ol F EALETZ olo) 2o 937t oJike] ¥
HAAe M & Aoem AAs gt 7]
Aidez ogFd AFse olabziuis, wgl,
CFCs 59] £47IAae AXFTHoz 372 Z7H &
EE Heo]dHA 034~ 1.66 Wm*e] ¢fe] BAlwx) (7}
xhE 2 o) ololze AL Rz
29 BALas (47 el Qe dlelzs
o #AaHE PAde TRoE iz o
Pyl AT YA D % wArE AP A
BEe} ool 2e- T8 434EE 54 78 0
A wsht 78] AR W3 S 9% 4

FA7)8AEIA 24 Aecs

37} (2 HAeod, 2006). L F AFIA
(MODIS: Moderate Resolution Imaging Spectroradio-
meter) ojv} A AFAFETE (AERONET: Aerosol Robotic
Network) 53 22 13320 delz2d 2AHax
AAAARE By 747 —1.4W/m? -0.35~-0.5
wm?ez AAE v} ¢lok(Chung er al., 2005). ©hek
T dlelze 42 A A B 2Ee A%
E A2 ddEAE agHor AR vl
AR ezn Yhor Agsl= Aoz UdRA Q)
L, F%4 (hygroscopic) W&ol F52] Aza8-&
B dolzg aHd e Z AL 3= o=
2= Qich ooz AAre] bl davnt
>4 &7 Bl 98 LA 73 (Black carbon)-&-
A as 22 £94 (hydrophobic) & =& HId
of efFALE F43he Aol glvt (Ackerman, er
al., 2000). 12)x 3 {7)SHHES AlsEtA o]
Y HMdse] daFAdM TE fU1EEe
545 HHA 78 Aoz A484E S Qo
HhHol| BALe} ZEE ofo] 2&-E wiulE ARMAA
oz 2gapARt AEAtel] dsiMs F5Et
=3 d¥E sk Aoz zAEC &3AME
0.1~0.56 W/m?> 2.2 1}eldel (IPCC, 2007).

o]F T HHA oz (F2 ANHoz WA
g A7) SAtaIral ohyg ooz &-T5
dzabgel o3t 715t 9a Fed =4 IAA)
%9 sheltt. HA7A] AFAF olelzd THE
I —03~-18Wm? e Yraas s A
o2 VehgAR, o delzd Fvl WE 78
WAbE Z7b(leled 13 2P ET $2 Twomey
&3 Twomey (1977))el] 213k 3&atE =8t 7o
2 789 AFAE 2A dAG FEHY 3=
(LWC: Liquid Water Content) 5] W3} (o2& 2
2} 7V &3 &2 Albrecht &3} Albrecht (1989)) =
< A oFelrt. L] AFAFA 2F oolz
& HEIE 78 749 & I = (Ackerman ef
al., 2004), 33l = 9§ (entrainment)el] ]
3t 23 A= o 97134 24 (Kim et al., 2008)
o me} dllzd THEHI) A3t T2 AdHE &
ATt BuE T Qe el wekst AddAgAL
Y A B5E A, 2l B3 A st
2A9E B odezs PEIAE sl 9
o1} of27EA] AFA FAHAAM A3 olsr}
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ok AA AAAM HE 2R B FH4H,
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o A3 B3 el lert ol A4l 3 Aol
e dlejzg Agerg di Holr] dlted di7]
AR ooz g FsleFolt FHA F =
g g7} gioh dbdel ellelz2&e] AFLAARS
2 FAAHNM dH oz Hr] Ful9] oejzd A

B 28 4 e Aol dok odelzg AN
AFPZ] Al A7l g3 delzd Ay HA

Y 2% = (AERONET) =z a3eld], 1993 A=
ol Al AAA 100e)2) F5TL 2E A
=2 Az} (Holben er al., 1998). e % o]
9} 70033 (2004)-2 2003 5Yol) UAF Ao}
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BAL B ksl AHHQ o] B} 7}
Age} d7]ed L 7heAE FAd v
Kim et al. (2006)8- MODIS, Lidar 2128} 77 AERONET
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o}, olulel = ACE-Asia (Huebert et al., 20030} ABC
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AT e od (2006)2 AFLARAE o] 47 o
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29) QAT ojHe wFT Pl

geb B 47E 9 olelnd-7E 4ras
Qe 7] He A7) ANAY ooz 4
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Sunphotometer= 77} channel (340, 380, 440, 500,
670, 870, 1020 nm)ell A} Elefe = R o AU}
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Fig. 1. The study domains and locations of the main remote sites (Anmyun and Gosan) in Korea along with Xianghe

(China) and Shirahama (Japan).

Table 1. Locations of AERONET stations used in this stu-

dy.

Name Location Altitude (m) Coordinate
Xianghe China 36 N39°45’E116°57
Anmyun Korea 47 N36°31’E126°19’
Gosan Korea 5 N33°16’E126°10’
Shirahama Japan 10 N33°41’E135°21"
3714 4, (500 nm)3} A, (870 nm)E M2 ThE F 3

A2 oju|gic)

F2 8437 F2ar B2 AF A
F24Ag5oln, v|wAla 2 FF A= Xianghe, o
2.2 Shirahama 3 4£8 4835939 1, = 1).
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g o1}, Xianghe (046)B el A2 Ayl $Folgln
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Fig. 2. Annual variations of box plot (1%, 5%, 25%, 50%,
75%, 95%, 99%) of T, (870 nm) at Anmyun (up) and
Gosan (down) during 1999~ 2006. The dashed line
denotes the mean value and solid line indicates
median.
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Fig. 3. Annual variations of box plot (1%, 5%, 25%, 50%,
75%, 95%, 99%) of A (500~ 870 nm) at Anmyun
(up) and Gosan (down) during 1999~ 2006. The
dashed line denotes the mean value and solid line
indicates median.
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Table 2. Statistics of 1, (870 nm) obtained at Anmyun, Gosan, Xianghe and Shirahama during 1999~ 2006.

Anmyun Gosan
Year Mean SD Median S No. Year Mean SD Median S No.
1999 0.14 0.11 0.11 1.88 42 1999 NA NA NA NA NA
2000 0.20 0.15 0.15 1.56 131 2000 NA NA NA NA NA
2001 0.20 0.17 0.14 1.98 228 2001 0.31 0.22 0.28 3.19 44
2002 0.24 0.21 0.15 1.74 41 2002 0.30 0.17 0.30 0.76 27
2003 NA NA NA NA NA 2003 0.28 0.13 0.25 0.75 78
2004 0.20 0.17 0.14 2.20 143 2004 0.16 0.11 0.12 1.98 140
2005 0.29 0.21 0.25 1.48 71 2005 0.20 0.10 0.20 0.94 53
2006 0.27 0.26 0.19 2.75 92 2006 0.23 0.15 0.22 1.27 91

Xianghe Shirahama
Year Mean SD Median S No. Year Mean SD Median S No.
2000 NA NA NA NA NA 2000 0.08 0.05 0.07 1.13 35
2001 0.50 0.52 0.33 1.98 25 2001 0.15 0.13 0.10 2.56 146
2002 NA NA NA NA NA 2002 0.15 0.11 0.12 1.71 146
2003 NA NA NA NA NA 2003 0.13 0.09 0.10 1.85 177
2004 0.37 0.42 0.24 2.04 87 2004 0.13 0.08 0.11 1.94 240
2005 0.38 0.38 0.25 2.02 277 2005 0.16 0.11 0.13 2.11 243
2006 0.58 0.55 0.40 2.30 134 2006 0.16 0.15 0.11 3.81 204

NA: Not available, SD: standard deviation, S: Skewness, No.: data number

Table 3. Statistics of A (500~ 870) obtained at Anmyun, Gosan, XiangHe and Shirahama during 1999~ 2006.

Anmyun Gosan
Year Mean SD Median S No. Year Mean SD Median S No.
1999 1.33 0.24 1.37 —0.81 42 1999 NA NA NA NA NA
2000 1.09 0.33 1.12 -0.75 131 2000 NA NA NA NA NA
2001 1.12 0.34 1.11 —0.18 228 2001 0.82 0.34 0.79 ~0.07 44
2002 0.97 0.25 1.02 —0.66 41 2002 0.90 0.61 0.77 0.76 27
2003 NA NA NA NA NA 2003 0.89 0.42 0.87 0.08 78
2004 1.33 0.40 1.32 0.05 143 2004 1.08 0.50 1.15 -0.07 140
2005 1.10 0.34 1.13 -0.32 71 2005 0.78 0.36 0.71 -0.01 53
2006 0.94 0.39 0.94 =0.17 92 2006 1.00 0.42 0.99 —-0.26 91
Xianghe Shirahama

Year Mean SD Median S No. Year Mean SD Median S No.
2000 NA NA NA NA NA 2000 1.42 0.29 1.47 -0.49 35
2001 0.73 0.35 0.70 -0.20 25 2001 1.23 0.33 1.29 —-0.46 146
2002 NA NA NA NA NA 2002 1.17 0.37 1.21 -0.63 146
2003 NA NA NA NA NA 2003 1.30 0.32 1.34 —0.58 177
2004 1.17 0.26 1.18 —0.83 87 2004 1.23 0.34 1.29 -0.75 240
2005 1.11 0.31 1.16 -0.71 277 2005 1.23 0.34 1.26 -0.39 240
2006 0.90 0.44 0.94 0.22 134 2006 1.27 0.40 1.35 —-0.49 204
NA: Not available, SD: standard deviation, S: Skewness, No.: data number
BRo ol £ BX9 = FAF 99 o] & /N T U 9vdn FuEA% XiangheE
ﬂi—"‘— A7) fAE REZE BolAw Auby  Alg)stzm o 370 %é 2ol A ) = (skewness)7} 2
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Fig. 4. Monthly variations of box plot (1%, 5%, 25%, 50%,
75%, 95%, 89%) of T, (870 nm) at Anmyun (up) and
Gosan (down) during 1999 ~ 2006. The plot follows
the same manner of Fig. 2.
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Fig. 5. Monthly variations of box plot (1%, 5%, 25%, 50%,
75%, 95%, 99%) of A (500~ 870 nm) at Anmyun (up)
and Gosan (down) during 1999~ 2006. The plot fol-
lows the same manner of Fig. 2.

Table 4. Monthly average rainy days and precipitation amount (mm) at Anmyn and Gosan for 1999 to 2006.

Site I 2 3 4 5 6 7 8 9 0 11 12

Rainydave  Anmyun 5L 38 46 53 68 60 102 84 6l 6 61 70
¥ ey Gosan 9 6 8 79 89 94 107 127 82 6 71 85
Precipitation ~ Anmyun 184 147 201 548 763  (il6 1702 1981 1356 376 333 2025
(mm) Gosan 402 357 502 635 970 1109 1993 2075 932 429 470 306

J. KOSAE Vol. 24, No. 6(2008)
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