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Variations of Ozone and PMj;o Concentrations and Meteorological
Conditions according to Airflow Patterns of their High Concentration
Episodes on Jeju Island

Seung—Bum Han, Sang—Keun Song*, Yu—Na Choi
Department of Earth and Marine Sciences, Jeju National University, Jeju 63243, Korea

Abstract

The classification of airflow patterns during high ozone (Os) and PM 1o episodes on Jgju Island in recent years (2009-2015),
as well as their correlation with meteorological conditions according to classified airflow patterns were investigated in this
study. The airflow patterns for Oz and PM1o were classified into four types (Types A-D) and three types (Types E-G),
respectively, using the HYbrid Single-Particle Lagrangian Integrated Tragjectory (HYSPLIT) model and synoptic weather
charts. Type A was the most dominant airflow pattern for Os episodes, being characterized by the transport of airflows from
urban and industriad areas in China with the highest frequency (about 69%, with a mean of 67 ppb). With regard to the PM1o
episodes, Type E was the most dominant airflow pattern, and was mostly associated with long distance transport from Asian
dust source regions along northwesterly winds, having the highest frequency (about 92%, with a mean of 136 pg/m’). The
variations in the concentration of Os and PM1o during the study period were clarified in correlation with two pollutant and
meteorological variables; for example, the high (low) Os and PM1o concentrations with high (low) air temperature and/or wind
speed and vice versa for precipitation. The contribution of long-range transport to the observed PMyo levels in urban sites for
different airflow patterns (Types E-F), if estimated in comparison to the data from the Gosan background site, was found to
account for approximately 87-93% (on average) of its input. The overall results of the present study suggest that the variations
in Oz and PM 1o concentrations on Jgju Island are mainly influenced by the transport effect, as well as the contribution of local
emissions.
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(Oh et al., 2004; Xiaet al., 2007; Song et a., 2012).
ojgt A= RE threAloA e thr|d, 53] &F
(Og) 2} mIAIRX|(el, PM19) 9] ‘s =813}t A 7]} @ ¢
AT A 5 B2 AET S Hofth A& =
H, A o] W2 thieA] XS] B9 7t AAL
4 =2 7] 2x70] FAEH F3le ko] 2hiksy
A LEFEO Aol F3lsh, vigr Wt =
59 oheFst 71zl whet AT eFo] Al Y
SHHAY T om aF 2 Aeghdde] o8|
FHA o] FFE wAA HrKSong and Shon,
2008; Kang et a., 2012). o]2]o) %, EA] 7] 295-e
A HollA ] A at Adollat gkl Zo] ofyel,
At ole] 7| dAvtE AAeE
(LRT: Long-Range Transport) 2] 4gFo 2 213 UE}
4= QIt(Ding et al., 2004; Oh et al., 2006; Brulfert
et a., 2007). of2] APAofA eES 3t 7]
L HAEHY LRT7} A &% Aksol 9k
= A7 91a(Kim et a., 2007; Song et al., 2010;
Kang, 2012), 53] F=5 3Rt SHOFA|oF 2|9
A v E AR T} 71 dR o] okl fIAIgE vt
2ol AZA O] eEFk Aol 7]ogk Aol B
&% t{Pochanart et d., 1999; Pochanart et al., 2002;
Song et al., 2009).

dutd oz fi7ledEd shv B 29d
ETFSIAL Qe AL} 2 o] Jit A = Y
A= Az tE S Hehdt(Yoon et a.,
2005). Q1e} 2peFo] MR o] Q= theAlolA=
& 37 9 ol FuiEel o 7| edE=d st
ARE 5 Qe v, v AR (A, Al A
F)olA= AAA Q] =R uiEo] 7] wjzol viEY
of o3t FFEc) RERE O pF JFo] F AT
= A Hrh SesEaeree] Aqte] wEw
(NIER, 2013), tf7| e =4 5 nHA7L ==
FE A E] SuEE fdEs 719=7t
At 30~50% =oletal 4% vl qlr.
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I HHY) FFE v Ao, A or F=it
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A Wl = Aoz YERGTHKIm et al., 2009;
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Song et al., 2014). 2002~2014 £t A|F=2| AF
o+ 2E FE(E3], AHEA 55504 F 36 pph)
£ fEvEte] thE gimA(ol, A&oll4] oF 18 ppb)
A HT) =0 Ao g Higul ¢) om(KMOE, 2003
~2015), oF&d] A|IFE0] 7|82 EA| B} g
NG5 181 LAEHSLRT 9 5 B34l &
Qo & lsf A ofshd Ao R gt .23 &
AFSHA| BIAH (o], PM1g) AL, 2] 2] B &l <]
S G Al T A9 714 921l LRTo X3
g B4 ols) B FFS wisthe A-E
7} ¥k E] 9t Song et dl., 2014).

3ol 7|3 AR wEH(KMOE, 2015),
ATz 571 t718H 7|5 2 9Ed 5 o|keist
(SO2), OAFEFA(NO,), UARSHEEA(CO)= T+ 7]
& A3 23R gk vhd, Oz} PMyp A5 7]
222 23} 31= 7102 eRgth 2009~20154 &
F AFA (0] =S, As, 585 AF) Os LAt
<+ 100 ppb2} 8417t <t 60 ppb 273 7|5 Za}sl4:
£ 1, 2009~2013ofl2= 14]7F 7 100 ppb 21}
147 A8 flglent 201433} 2015 ofl = 2F2 A
A| 5439} 183] 2 UFEFgom, 8417k H<F 60 ppb =
FHIE HH 703](20134) ~ 2583)(20094)=
200990 U53] =A UEPSTE PMio 24AF Bt
100 pg/m® 23 324 A 93)(20124) ~ 74
$](20104) = 2010'd0] 71 =] YEPTHKMOE,
2010~2016). & 4= AlF=A|Y o718 wstel
A 7|2 AFEA, HA 223 ulAHA Y] e
U3l 9 o] 5AHRE Tetsty] $lste] & S AEH ]
eE AHYS AR, ZF e Ede] ZFuE
& EFokeh B3 7| Fued 5 A3) 71l

o A, 7|21t 54 7 2F 9 PMy 5=

AFA (0 eF, A5 555 X)) 71225
2, =4 FolA Oz} PMyoit 274
7IEAE 2R R, & AFoA= olHdt F oF



AZA S 92 B ulHRA) D5EAe] 7| FofEe] e S wsleh /)R B4 185

Aol sl AR A5 XPstect. WA,
e 7d7H2000~20154) AFA| o] ©& Wl mAw
A(efl, PMyo) a5 Al DS A5 f1ske] T
AR e7IEA = AmE oSkt
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Bt 100 ppb 237} #(2014~2015\) ol et i}
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25 22 80 ppb S 7|E 0 & d1Fof 1A|7t o|AF 23}
Sl 9g T AR ARSI, vHEAE
sl AN BALYAL WA A
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Z71% gehiol % sk Ae 2 Al
AF717HEE AFA S 3x 9] @& A wAHA]
Wi AL doR 0B A0 )RS i
23517 o8] u= S g)7|J(NOAA, Nationa
Oceanic and Atmospheric Administration) oA A|&-
3= HYSPLIT 4 (HY brid Single-Particle Lagrangian
Integrated Trajectory) W Elo] Su}2] HAlS 23]
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Fig. 1. Geographica locations of 3 monitoring sites (Al: Ido-dong, A2: Yeon-dong, and A3: Donghong-dong) for air
pollutants (open circle) on Jgu Island. The meteorological monitoring sites (triangle) are located less than
approximately 2 km away from the air quality monitoring sites, respectively. M1: Jgu Regional Meteorological
Administration, M2: KBS Jgju Broadcasting Station, and M3: Seogwipo Weather Station.
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CHKarppinen et a., 2004; Timonen et a., 2013;
Ahmed et a., 2015). Yt o 2 LRTo| 23t PMyo
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Fig. 2. 120-h backward trajectories of the air mass arriving at 500 m and 1 km AGL over Jgju Idand for the representative
arflow patterns (Types A-D) on high ozone concentration days.
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Table 2. A datistica summary of the hourly mean concentrations of Os; and PMyo at Ido-dong, Y eon-dong, and Donghong
-dong sites according to the different airflow patterns during 2009-2015

[A] High ozone concentration days

Airflow pattern All ldo-dong Y eon-dong Donghong-dong
Type A 67.24204° 63.4+20.5 70.6122.1 67.5£18.6
(3-138)° (6-138) (3-134) (12-114)
Type B 66.7+14.8 62.9+15.1 69.9+14.9 67.8+14.5
(22-117) (22-94) (26-91) (40-117)
Type C 65.3+20.6 59.3+17.8 70.4+24.2 66.1+20.0
(11-160) (11-102) (19-125) (15-160)
Type D 57.9+21.3 56.0+20.0 56.5+24.2 61.3+19.7
(12-96) (12-96) (22-91) (26-90)
[B] High PMyo concentration days
Airflow pattern All Ido-dong Y eon-dong Donghong-dong
Type E 135.8+131.3° 134.6x122.4 139.7+132.1 133+140.4
(3-1224)° (12-1224) (3-1034) (3-1027)
Type F 60.6+53.5 44.3+59.8 96.0+21.8 41.4+53.0
(3-238) (6-238) (62-129) (3-199)

The analysisrelated to Type G was excluded, possibly due to the uncertainty of HY SPLIT model.
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Fig. 4. Diurnal variations of the concentrations of Oz and NO; &t three sites (Ido-dong, Y eon-dong, and Donghong-dong)
for the different airflow patterns (Types A-C) on Os high concentrations days during the study period (2009-2015).
The analysis related to Type D was excluded due to asmall number of data.
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2007). ey AR 9ol A= O A-=4Q1 VOCs
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VOCs9} B AR 1HE-3-& shA =L, o] = <lsf A4
=4 S, RO)E A= 252 Os 5= T
753, @80l 71992 7Fs7d] Arh(Seinfeld and
Pandis, 2006). ¥, ti/dA] o2 the th=Al9h 2

= 71l A 33 B Aol S OR &
2 O3 55(50 ppb o)) 7F TSIk whef tidA)
Aol LFEH FAHEo] EAsIE ke Aol
FoeE yhgo] o] FojA|A] Fou Rz, o] S
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Table 3. Correlation between hourly pollutant concentrations (Os and PM10) and three meteorological variables according to
the dominant airflow patterns (Types A and E) of their high concentration days on Jgju Iland

Air pollutant Os PM1o
Airflow pattern Type A Type E
Air temperature (°C), hourly 0.441 /0.277 10.135 0.132°/0.114"/0.187"

Wind speed (m/s), hourly

Precipitation (mm), hourly

0.415/-0.092'/0.320"
-0.336/-0.030/-0.248"

-0.008/-0.071'/-0.116"
-0.222'/-0.129'/-0.207°

|do-dong/YY eon-dong/Donghong-dong

""" Correlation is significant at 0.05 and 0.01 levels, respectively

ATL717H52H2000~20151) AFA| 0] 9F 2
nlAEA] LsEele] Swuiske) pels e
WP A R] 918, 0GB ES
oho] Afzb(Table 3), 71-& 9 %4 701 298
Al Z] A

g

_E_

Q

S
(N

2 o] zIHIE(Figs. 59} 6), 18]l EA1A]
leO 15_5 22220 OJ3t LRTY 7]045(Table 9=

ol

ol Qe AFA o) 7| oed 7 14ka kol 7l
%’5:_‘(03, PMy) F=8to] AaAlE 3A3(o=

, A5, 58-5)°ll el Lrehdeh Ak FAlof o]
SRS 2 v el 715
B & 2 ZF 71 =2 HI=E x}A|3E Type A2} Type
Eolm, A529] 47} 22 RSS Ao AnAS
o1l A IBHACE 7148 At 28oll 4] et vl 7+
o] 7] H=4 AR (0], A5, F3-5)olA 7t
% 7P SRAFAY A, KBSEESE M)
327174tH) 9 J*ZZP‘*OHH TR IFEI ¢
LA 2 7)e, B2, 023 40 Ak AR e

of

o offt

Table 4. Statistical parameters of the linear regressions for the measured PM1 concentrations between urban and background
sites (Gosan) according to two airflow patterns (Types E-F) of its high concentration days and their estimated

long-range transported portions (kiPM1g gack)

Airflow Period Slope  Intercept R PMl.o a the |300a| Regression Contribution frgm
pattern (k1) (ko) site (ug/m’) kiPM1g_pack (28/m°) LRT sources
Type E Tota (2009-2015) 0.96 10.67 0.7 135.82 118.69 0.87
2009 1.07 294 0.74 113.34 110.95 0.98 (0.92)b
2010 o - - - - -
2011 1.02 7.76 0.72 183.29 171.24 0.93 (0.76)
2012 0.86 8.64 0.63 74.17 65.53 0.90 (0.59)
2013 0.86 17.81 0.62 100.78 84.16 0.84 (0.78)
2014 0.64 42.75 0.48 131.92 84.18 0.64 (0.73)
2015 0.82 3329 0.66 140.66 104.95 0.75 (0.73)
Type F Totd (2011-2012) 0.81 6.36 0.81 60.58 56.36 0.93

The analysisrelated to Type G was excluded, possibly due to the uncertainty of HY SPLIT model.

B\/d ues were calculated from (k]PM 10_53;|<)/(PM 10_Local)

"The values in parenthesis were estimated using the hourly PM1, concentrations during the whole given year including the high PM 1o

concentration days

"Not available due to data unavail ahility at the Gosan background site
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Fig. 5. Relationship between the occurrence frequency of Os (= 80 ppb) and PMyg (=100 pg/m®) and air temperature
according to the classified airflow patterns on their high concentrations days during 2009-2015. The analysis related
to Type G was excluded, possibly due to the uncertainty of HY SPLIT model.
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Fig. 6. Same as Fig. 5 except for surface wind speed.
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