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Abstract

Columnar aerosol properties retrieved from solar radiation were investigated at the Yongin (YGN) SKYNET site
over seven years from October 2008 to October 2015. Hourly averages were calculated when the data were
available, and back trajectories were calculated to examine the effects of regional transport. Data recovery rate was
low at 6.6%, primarily because solar radiation was measured only under daytime clear-sky conditions. Mean values
of the fine-mode volume fraction (FMVF) as well as its seasonal variation were similar to those of PM,/PM,,
although the coarse-mode fraction of column aerosols tended to be slightly larger. The values of single scattering
albedo (SSA) and FMVF were lower in spring due to the effects of mineral dust, and higher in summer due to
secondarily-formed inorganic ions. Back trajectories were grouped into five clusters according to the directions of
transport paths. Aerosol loading was highest for Cluster 2 from the northwest, but SSA and FMVF were not
particularly high or low because aerosols were composed of various materials with different properties. Aerosol
loading was lowest for Cluster 5 from the Pacific Ocean passing through the south end of Japan, whose SSA and
FMVF were highest as secondarily-formed inorganic ions were mixed.
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Fig. 1. Location of the SKYNET YGN site in the Global Campus of Hankuk University of Foreign Studies (HUFS)

(127.27°E, 37.34°N, 167 m above sea level).
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AOD (aerosol optical depth)2} AE (Angstrom expo-
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gle scattering albedo), T2 7|EE 52 AFFUALIZ
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Fig. 2. Mean volume size distribution over the entire
measurement period. v, and v, denote the
fine and coarse mode volume concentrations,
respectively. The fine mode volume fraction
(FMVF) is defined by v;,./V,,., Where v, is the
sum of v, and v_,,.. Fine and coarse modes are
separated by the local minimum of the bimodal
distribution, which is represented by dotted line.
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Fig. 3. Differences in column aerosol properties between maximum and minimum values among clusters with increas-

ing number of clusters.
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Fig. 4. Mean locations of back trajectories by cluster when the number of clusters are five (a) and six (b).

Table 1. Number of data® by season and cluster of back trajectories.

Cluster Spring Summer Fall Winter Sum
1 181 (4%) 64 (2%) 59 (1%) 32 (1%) 336 (8%)
2 666 (16%) 56 (1%) 449 (11%) 711 (18%) 1,882 (47%)
3 489 (12%) 116 (3%) 299 (7%) 396 (10%) 1,300 (32%)
4 114 (3%) 67 (2%) 70 (2%) 99 (2%) 350 (9%)
5 24 (1%) 114 (3%) 28 (1%) 3 (0%) 169 (4%)
Sum 1,474 (37%) 417 (10%) 905 (22%) 1,241 (31%) 4,037 (100%)

“Except for SSA which was used when AOD >0.2. There were no AOD thresholds for other properties.
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Fig. 5. Mean properties of column aerosols by season. Error bars indicate the standard deviation.
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Choi et al., 2014). 3F-EHX|+= hematite, goethite 5 Ak
sldo] W& 5438}7|%= 3FA|Tk(Schuster et al., 2016)
2R FFer Fo AL AA SSAVE Wk
(Khatri ef al., 2014). 620 = =& 7] &3} 73t QA2
AR ED QAR E 5 22 FUlol s&Tt &
o} SSA2} FMVF7} &=o}2l 4= Q1th(Choi et al., 2016).
=30 ulste] VC7} 42% 28t Eol= AOD:
21%% Zastged, nA9 9 Y dAtse] dde &
Bx 02 AkA7)7] HRotk 7Hol= AODE} VC



0.8

5 06- 055
<
4 - 0.36 T
0 030 029 028
D T T T T T
0.5 -
0.4 T
3 03
g— 0.23 "|'
0.2
0.16
] 0.13 on o
0.1+ : :
0 T T T
3 4 5
Cluster

A4 ol

0.96

0.92

SSA

0.88
0.84

0.8

T

0.94

H 092 093

A2 §Ax 9 24

AolzE 54

T

0.96

= (]

0.8

0.6 4

0.4

FMVF

0.2

- ‘I@—'

Cluster

103

Fig. 6. Mean properties of column aerosols by cluster of back trajectories. Error bars indicate the standard deviation.

ok 7Eole wEHAlE § Hiolemia o
F©o 2 OC (organic carbon) H&0|, A&oll&=
3 S}491R AMgo] Wol BC WiZo] A

2 Wth(Jeong et al., 2011; Ryu et al., 2004). BC7}
OCe] H]gto] SSA7} 22 ¥FH FMVE7Z} 0}(Choi et
al., 2016), 7k&0) H|ste] ALol SSAZ} AL
FMVFE 27kt A2 848 4 9o,

3.3 AN 2T B l0|2E S4

a9 62 A1 22 2H ol2E 54t &
3 1914 AOD2} VC7} 71 ot ool =& ol 71
Bk 099 Arjdos LA olFsin e o
AREL TFHIAUAT A oo MRS B &
A= SSAE #3 2~4KHTh £33 FMVFE 3] 4,52
o Wk FMVFE 24 2904 718 @2d SSAE 7}
 dol FEUA Y ¥ FAY + k. olF =
Aol 18], WEE 5 F8 FA TR A8 AL
(METRI, 2004) =Hj4AE S&3] o|$T W3 °lF
&Lk w27| glFo|ct ®at ofyz}, Lee ef al.(2007)
o] $= el CSHNET (Chinese Sun Hazemeter
Network) A2 E EAgH ZAafo| o3} A ARE-0]
He 557 TUAHSY A T AT ZAEEA

oI SSAZF 74 stk v,
VC7} 71 ot ool 2%
9} FMVF7} 744 =t} 8ok
oE YFEAA9} B4
2o} SSAZL obd 4

el

[

Z3 soﬂfﬂh AODS}

li} HE=29 9Tl

9lth. SSA7} Zold Yeloz

L oge AT 4+ ot 29949 HEe 9T
o] A]u=o]etd FMVE7} 2fofof 332 AODE 0.1 1

Ho= o5

trolof gt} (Smirnov et al., 2011, 2002).

&S AR 22 F7jo]&o] EZEHA FMVEeL
A SSA7} Eolxl Aoz Hozlnh
Z3 19 AL ofo]ZE ofo] WL T oy B

o] &34 A
thH EMVE7} B
Auto] Fof WAst= AN & 5
FEUA7L EFE™ FMVEZL Wolbg

oz AgztET). 019y od
Eolok SILHE 1014 24 19
A= A o)),
a,

dx HiEE

ZT O] =iy

o oz BaBao] Yrid SSAZH B Wolof

SHAIGHE 104 o9 WA HISE Ee
27 B7]0] 20| EgE SSATH 4455
24 2t F2UA Y hEA HHole,
FERA ) Ggo] Hdz
o] AA =
11 SSA} FMVF=

L
i

Az}
o A
= T

el
ol
Ty 3~5
Fadte 2% 770l el
m&olth AODS} VC7F 2| & HAs)
Z7hsth 24 1~3 4k ga

J. Korean Soc. Atmos. Environ., Vol. 33, No. 2, 2017



2R, SSAL FE
AR 9k, FMVFE 23} B7]0] 23} o] fAkste] 7

4, Q0 U HE2
o) Folofsti 2= AR2 ) SKYNET YGN

2742014 20084 1095E 20159 10974 77
270t 2 ulE| & ol gate] 24T A ooz Ee
EANL AT A Fol| EFsl= AALE £A 5o
At 22 RE ool2Eo] BF, Yohd B4 B
sl W T80 Qi B F Wol A42g o
& 4 9lo] AR o] 6.6%2 Wekth T} g
g W o agdlE Wl te REw
AAY &, BARCRRE FUTE 2 2,30 B
T dERoany §U=E 24 571 /M Hol 1A
A de 2 st AS7H Aek gkt
A&l 543 PM,JPM,, v dBto] 0.37~
0.65219| H|3}lo] FMVFQ AA HH42 036~0552
tha SR Zpol7h ZA] P Fofl WAL o Foll
=2 A4 H3E FUsGT 2E dozEoAME
HHoll= A FFo = SSAL FMVEZL @i, of
ol 22 #7171 B9 FFe=E SSA% FMVF
7F =0Tk 7Feolls Hiol A Aol 93 OC viE
o] @t Hlsto] AZoe S 9% AR A
§o 2 BC Hj&o] Wol 7k&ol Blste] A&l SSA7}
ZF4a3tal FMVEZ} %—7]-6]-@1:]-
W] WE JAA ERolAe *L%HJE g$Es A
U =l MRS E fEE & o
2F ol 7P Wtk 2y E“O] ZgtE Rt
Edo] £3% 7ol SSA9F FMVFEE thE Zyel
Hjsto] 5983 AU 3A Gt EAZCZRH
FEe 23 2 FEuAY duy HHez 5wt

< rlo o]:o _I

il

ot

shgon], B8A, BEROR Ypo| Wste FEUA
o gFol Fastert. AFORHE YFEOE 39

He 2 5 AHE ool 2 ool 7Py AgkAw 2%
B7]0]2.9] GO SSASH FMVEZ 713 RSt
UAFE ZHY 4 QB BHe oz
gout 992 23 BEAAL ol mE AFS B
A4 gpeleh AP S ATRE | PRANE TR

-

=

a7 A 33 A A2 &

Fol= AT olol2B) SHE AXO G BYY
o ofelzol F2 A 50 gaep) deos
FAE ooi2E9] A RIE 2PEo] m} A
719 wet tt2ra $o71 Qs (Yu et al., 2010;
Schneider et al., 2006).

#Ate| 2

ol A= 714 71FHE A - o5 B ST E
A 9733t AFY (KMIPA 2015-6010), 2015 t3tel=
TLHoL FFALYTH(NRF-201551A5B8036201),
a8 3 FFeFojistn wjstede] KYges
TS

References

Arola, A., G.L. Schuster, M.R.A. Pitkédnen, O. Dubovik, H.
Kokkola, A.V. Lindfors, T. Mielonen, T. Raatikainen,
S. Romakkaniemi, S.N. Tripathi, and H. Lihavainen
(2015) Direct radiative effect by brown carbon over
the Indo-Gangetic Plain, Atmospheric Chemistry
and Physics, 15(22), 12731-12740.

Charlson, R.J., S.E. Schwartz, J.M. Hales, R.D. Cess, J.A.
Coakley, J.E. Hansen, and D.J. Hofmann (1992)
Climate forcing by anthropogenic aerosols, Science,
255(5043), 423-430.

Choi, S.-H., Y.S. Ghim, Y.-S. Chang, and K. Jung (2014)
Behavior of particulate matter during high concen-
tration episodes in Seoul, Environmental Science
and Pollution Research, 21(9), 5972-5982.

Choi, Y. and Y.S. Ghim (2016a) Estimation of columnar con-
centrations of absorbing and scattering fine-mode
aerosol components using AERONET data, Journal
of Geophysical Research: Atmospheres, 121,
doi:10.1002/2016JD025080.

Choi, Y. and Y.S. Ghim (2016b) Assessment of the clear-sky
bias issue using continuous PM,, data from two
AERONET sites, Journal of Environmental Scienc-
es, http://dx.doi.org/10.1016/j.jes.2016.02.020.

Choi, Y., Y.S. Ghim, and B.N. Holben (2016) Identification of
columnar aerosol types under high aerosol optical
depth conditions for a single AERONET site in
Korea, Journal of Geophysical Research: Atmo-



spheres, 121, 1264-1277.

Draxler, R., B. Stunder, G. Rolph, A. Stein, and A. Taylor
(2012) HYSPLIT4 user’s guide, http://www.arl.
noaa.gov/documents/reports/hysplit_user_guide.
pdf (Last accessed September 2012).

Dubovik, O., B. Holben, T.F. Eck, A. Smirnov, Y.J. Kaufman,
M.D. King, D. Tanré, and I. Slutsker (2002) Vari-
ability of absorption and optical properties of key
aerosol types observed in worldwide locations,
Journal of the Atmospheric Sciences, 59(3), 590-
608.

Eck, T.F., B.N. Holben, O. Dubovik, A. Smirnov, P. Goloub,
H.B. Chen, B. Chatenet, L. Gomes, X.-Y. Zhang,
S.-C. Tsay, Q. Ji, D. Giles, and I. Slutsker (2005)
Columnar aerosol optical properties at AERONET
sites in central eastern Asia and aerosol transport to
the tropical mid-Pacific, Journal of Environmental
Sciences: Atmospheres, 110(D6), D06202, doi:
10.1029/2004JD005274.

Ghim, Y.S., Y.J. Kim, and J.Y. Kim (2001) Influences of air
trajectories on the variations of carbon monoxide in
major cities in Korea for the year of 1999, Journal
of Korean Society for Atmospheric Environment,
17,451-461 (in Korean with English abstract).

Ghim, Y.S., Y.-S. Chang, and K. Jung (2015) Temporal and
spatial variations in fine and coarse particles in
Seoul, Korea, Aerosol and Air Quality Research,
15, 842-852.

Hansen, J., M. Sato, and R. Ruedy (1997) Radiative forcing and
climate response, Journal of Geophysical Research:
Atmospheres, 102, 6831-6864.

Hansen, J., M. Sato, R. Ruedy, A. Lacis, and V. Oinas (2000)
Global warming in the twenty-first century: An
alternative scenario, Proceedings of the National
Academy of Sciences, 97(18), 9875-9880.

Hashimoto, M., T. Nakajima, O. Dubovik, M. Campanelli, H.
Che, P. Khatri, T. Takamura, and G. Pandithurai
(2012) Development of a new data-processing
method for SKYNET sky radiometer observations,
Atmospheric Measurement Techniques, 5(11),
2723-2737.

Holben, B.N., D. Tanré, A. Smirnov, T.F. Eck, I. Slutsker, N.
Abuhassan, W.W. Newcomb, J.S. Schafer, B. Chate-
net, F. Lavenu, Y.J. Kaufman, J.V. Castle, A. Setzer,
B. Markham, D. Clark, R. Frouin, R. Halthore, A.
Karneli, N.T. O’Neill, C. Pietras, R.T. Pinker, K.
Voss, and G. Zibordi (2001) An emerging ground-

based aerosol climatology: Aerosol optical depth

A ol FH2E &UA A AHo|=E 5 105

from AERONET, Journal of Geophysical Research:
Atmospheres, 106(D11), 12067-12097.

Holben, B.N., T.F. Eck, I. Slutsker, A. Smirnov, A. Sinyuk, J.
Schafer, D. Giles, and O. Dubovik (2006) Aeronet’s
version 2.0 quality assurance criteria, Proceedings
of SPIE (Society of Photo-Optical Instrumentation
Engineers), vol. 6408, doi:10.1117/12.706524.

IPCC (Intergovernmental Panel on Climate Change) (2013)
Summary for Policy Makers, In: Climate Change
2013: The Physical Science Basis, Contribution of
Working Group I to the Fifth Assessment Report,
Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA.

Jeong, U., J. Kim, H. Lee, J. Jung, Y.J. Kim, C.H. Song, and
J.-H. Koo (2011) Estimation of the contributions of
long range transported aerosol in East Asia to car-
bonaceous aerosol and PM concentrations in Seoul,
Korea using highly time resolved measurements: a
PSCF model approach, Journal of Environmental
Monitoring, 13(7), 1905-1918.

Kang, D.-K., S.-T. Kim, and J.-W. Kim (1993) A study on the
long-range transport of air pollutants in the North
East Asia, Journal of Korea Air Pollution Research
Association, 9, 329-339 (in Korean with English
abstract).

Khatri, P., T. Takamura, A. Shimizu, and N. Sugimoto (2014)
Observation of low single scattering albedo of
aerosols in the downwind of the East Asian desert
and urban areas during the inflow of dust aerosols,
Journal of Geophysical Research: Atmospheres,
119(2),2013JD019961, doi:10.1002/2013JD019961 ..

Kim, B.-G., Y.-J. Kim, and S.-H. Eun (2008a) An analysis of
aerosol optical properties around Korea using
AERONET, Journal of Korean Society for Atmo-
spheric Environment, 24, 629-640 (in Korean with
English abstract).

Kim, D.-H., B.-J. Sohn, T. Nakajima, T. Takamura, T. Take-
mura, B.-C. Choi, and S.-C. Yoon (2004) Aerosol
optical properties over east Asia determined from
ground-based sky radiation measurements, Journal
of Environmental Sciences: Atmospheres, 109(D2),
D02209, doi:10.1029/2003JD003387.

Kim, S.-W., S.-C. Yoon, J. Kim, and S.-Y. Kim (2007) Sea-
sonal and monthly variations of columnar aerosol
optical properties over east Asia determined from
multi-year MODIS, LIDAR, and AERONET Sun/
sky radiometer measurements, Atmospheric Envi-
ronment, 41(8), 1634-1651.

J. Korean Soc. Atmos. Environ., Vol. 33, No. 2, 2017



106 wAS - HgF - A

oX.

Kim, P., Y. Choi, and Y.S. Ghim (2016) Comparison of aerosol
volume size distributions between surface and
ground-based remote sensing measurements down-
wind of Seoul, Korea during MAPS-Seoul, AGU
2016 Fall Meeting, December 12-16, San Francisco,
CA.

Kim, S.-W., S.-C. Yoon, and J. Kim (2008b) Columnar Asian
dust particle properties observed by sun/sky radio-
meters from 2000 to 2006 in Korea, Atmospheric
Environment, 42, 492-504.

KOSAE (Korean Society for Atmospheric Environment)
(2006) Studies on Air Quality Management Plan
for the Metropolitan Area (IV) - Investigation of
Sources of Particulate Matter and Formulation of
Control Strategies, National Institute of Environ-
mental Research, Incheon, Korea (in Korean).

Lee, K.H.,J.E. Kim, Y.J. Kim, J. Kim, and W. von Hoyningen-
Huene (2005) Impact of the smoke aerosol from
Russian forest fires on the atmospheric environment
over Korea during May 2003, Atmospheric Environ-
ment, 39, 85-99.

Lee,K.H.,Z.Li, M.S. Wong, J. Xin, Y. Wang, W.-M. Hao, and
F. Zhao (2007) Aerosol single scattering albedo esti-
mated across China from a combination of ground
and satellite measurements, Journal of Geophysical
Research: Atmospheres, 112, D22S15, doi:10.1029/
2007JD009077.

METRI (Meteorological Research Institute) (2004) Asian dust
(fact sheet).

Park, J.S., Y. Choi, and Y.S. Ghim (2015) Comparison of aero-
sol volume size distributions between column and
surface measurements downwind of Seoul, Korea,
American Geophysical Union 2015 Fall Meeting,
December 14-18, San Francisco, CA.

Prats, N., V.E. Cachorro, A. Berjon, C. Toledano, and A.M.
De Frutos (2011) Column-integrated aerosol micro-
physical properties from AERONET Sun photome-
ter over southwestern Spain, Atmospheric Chemis-
try and Physics, 11(24), 12535-12547.

Remer, L.A., Y.J. Kaufman, D. Tanré, S. Mattoo, D.A. Chu,
J.V. Martins, R.-R. Li, C. Ichoku, R.C. Levy, R.G.
Kleidman, T.F. Eck, E. Vermote, and B.N. Holben
(2005) The MODIS Aerosol Algorithm, Products,
and Validation, Journal of the Atmospheric Sciences,
62(4),947-973.

Rozwadowska, A., T. Zielinski, T. Petelski, and P. Sobolewski
(2010) Cluster analysis of the impact of air back-

trajectories on aerosol optical properties at Horn-

a7 A 33 A A2 &

sund, Spitsbergen, Atmospheric Chemistry and
Physics, 10, 877-893.

Ryu, S.Y., J.E. Kim, H. Zhuanshi, Y.J. Kim, and G.U. Kang
(2004) Chemical composition of post-harvest bio-
mass burning aerosols in Gwangju, Korea, Journal
of the Air & Waste Management Association, 1995,
54(9), 1124-1137.

Schneider, J., S.S. Hings, B.N. Hock, S. Weimer, S. Borrmann,
M. Fiebig, A. Petzold, R. Busen, and B. Kiércher
(2006) Aircraft-based operation of an aerosol mass
spectrometer: Measurements of tropospheric aero-
sol composition, Journal of aerosol science, 37(7),
839-857.

Schuster, G.L., O. Dubovik, and B.N. Holben (2006) Angstrom
exponent and bimodal aerosol size distributions,
Journal of Geophysical Research: Atmospheres,
111(D7), D07207, doi:10.1029/2005JD006328.

Schuster, G.L., O. Dubovik, and A. Arola (2016) Remote sen-
sing of soot carbon - Part 1: Distinguishing different
absorbing aerosol species, Atmospheric Chemical
and Physics, 16(3), 1565-1585.

Sirois, A. and J.W. Bottenheim (1995) Use of backward trajec-
tories to interpret the 5-year record of PAN and O,
ambient air concentrations at Kejimkujik National
Park, Nova Scotia, Journal of Geophysical Research:
Atmospheres, 100(D2), 2867-2881.

Smirnov, A., B.N. Holben, Y.J. Kaufman, O. Dubovik, T.F. Eck,
I. Slutsker, C. Pietras, and R.N. Halthore (2002)
Optical properties of atmospheric aerosol in mari-
time environments, Journal of the Atmospheric Sci-
ence, 59(3), 501-523.

Smirnov, A., B.N. Holben, D.M. Giles, I. Slutsker, N.T.
O’Neill, T.F. Eck, A. Macke, P. Croot, Y. Courcoux,
S.M. Sakerin, T.J. Smyth, T. Zielinski, G. Zibordi,
J.I. Goes, M.J. Harvey, PK. Quinn, N.B. Nelson, V.F.
Radionov, C.M. Duarte, R. Losno, J. Sciare, K.J.
Voss, S. Kinne, N.R. Nalli, E. Joseph, K. Krishna
Moorthy, D.S. Covert, S.K. Gulev, G. Milinevsky,
P. Larouche, S. Belanger, E. Horne, M. Chin, L.A.
Remer, R.A. Kahn, J.S. Reid, M. Schulz, C.L.. Heald,
J. Zhang, K. Lapina, R.G. Kleidman, J. Griesfeller,
B.J. Gaitley, Q. Tan, and T.L. Diehl (2011) Maritime
aerosol network as a component of AERONET -
first results and comparison with global aerosol
models and satellite retrievals, Atmospheric Mea-
surement Techniques, 4(3), 583-597.

Takamura, T., T. Nakajima, and SKYNET community group
(2004) Overview of SKYNET and its activities,



A o5 2E §AA Y AHRE FE 107

Optica Pura y Aplicada, 37(3), 3303-3308. dence of column-integrated aerosol properties on
van Beelen, A., G. Roelofs, O. Hasekamp, J. Henzing, and T. long-range transport of air masses in Beijing, Atmo-
Rockmann (2014) Estimation of aerosol water and spheric Environment, 41(36), 7739-7750.

chemical composition from AERONET Sun-sky Yan, P., J. Tang, J. Huang, J.T. Mao, X.J. Zhou, Q. Liu, Z.F.
radiometer measurements at Cabauw, the Nether- Wang, and H.G. Zhou (2008) The measurement of
lands, Atmospheric Chemistry and Physics, 14(12), aerosol optical properties at a rural site in Northern
5969-5987. China, Atmospheric Chemistry and Physics, 8(8),
Wang, Y.Q., X.Y. Zhang, and R.R. Draxler (2009) TrajStat: 2229-2242.
GIS-based software that uses various trajectory Yu, H., M. Chin, D.M. Winker, A.H. Omar, Z. Liu, C. Kittaka,
statistical analysis methods to identify potential and T. Diehl (2010) Global view of aerosol vertical
sources from long-term air pollution measurement distributions from CALIPSO lidar measurements
data, Environmental Modelling & Software, 24(8), and GOCART simulations: Regional and seasonal
938-939. variations, Journal of Geophysical Research: Atmo-
Xia, X., H. Chen, and W. Zhang (2007) Analysis of the depen- spheres, 115, DOOH30, doi:10.1029/2009JD013364.

J. Korean Soc. Atmos. Environ., Vol. 33, No. 2, 2017





