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3l & mAMAY ME 54 9 UE ed=2He @A T U B A
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L& mAAAE dEA)] EAAYGS] 71 =40l eE9 eI
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T o AAARI g E B3 UEtYr| = i (Corsmeier et al., 1997;
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A FFo 93 dFES F5 & F Utk o2 APAFolA &S AT O
Z1ed=d ZAAY FFo] AY & 59 deHd #dFe AR (Chan
and Chan, 2000; Jaffe et al, 2003; Lam et al., 2001, Zf-< &, 2007), 53] <
oS XT3 FHOMAOF A YGAY Y S JdEA
FElverel dEAHY eEFE A5 VAT F IS BAFATH(Akimoto
et al., 1996; Pochanart et al., 1999; Pochanart et al., 2002; 7 -&
AT 5, 2009). o]H g AFES HEAL 227 HAHA &
o AAE H AN I7E e Aol oty tirlEd #HHA FFEIAE
YRS #do] vk YER LU TH(Brulfert et al., 2007, Cheng, 2002; Ding et
al., 2004; Mayer, 1999; Ma and Lyons, 2000; Oh et al., 2006).

AFAHE & Ao B8] AgAAdoe] A, AIFEETE Yol Az 1
A=l o3 FFo] Hof, I 7 AT AHFFY HE F
gA O R L T, dE Fdel At FH AFY tr|ed IS

Hlwd A 23 e A= #aEti(Carmichael et al, 1997; Chen et al,

N

1997; Kang et al, 1999; Kim et al, 2000, 1998a, b; Moon et al, 1999; Ro et
al,, 2001; A+ 5, 2009). AFE AFAY B & 59 45 FHu
o] O H=A ANIHG & ez BRuHy Y& B oy AFANHE
A 24E8E(NOXx=NO,+NO) 9] F=7F =7} $471Ee duss 457 ¥Rl
A2 &= Aotk (Lee et al, 2005). £ HAHo w2 TA A AJA F5,

a9n e9EAY AAY £ 9T 5 BYHA 290 A5 gjrl@gel o

(Chea et al., 2009; Shin et al., 2007, &7+ &, 2010). AFA S A )
2 3 =¥y #FASY A4 AS] a8l #EEEd
Qe AAolH, hEAHOZ 20108 3¥ FAL A A A FAEZA

rlu
ot 2
iy
off o
o
=Dy

IFE HAHER (PM) et Bl=9] 20119 59 = 22 AHoA PMy 571 F
& 1,027 ng/m’oZ el $Euel 20119 FAF AHEE Sl HueEE V)
3} QITHKMOE: Korean Ministry of Environment, 2011, 2012).
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Fig. 1. Geographical locations of 3 monitoring sites (Yeon-dong, Ido-dong and
Donghong-dong) for air pollutants (open circle, A) on Jeju Island. The
meteorological monitoring sites (triangle, M) are located less than
approximately 2 km (Yeon-don, Ido-dong and Donghong-dong) away from the

air pollutant monitoring sites, respectively.
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B AFoNA olgd TR 7 REES AW t7]|2d WRF(Weather
Research & Forecasting model) version 3.5.1 ©|t}. WRF =22 19709t =%t
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Fig. 2. The WPS modelingsystem flow chart.
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ndyg FPA AEE EEAAHLe YSU BAF

% 253 W<HHong and Pan,
1996), oFAA 2] Ao o3 FE A4rstr] #1¥ Kain-Fritesh®] 2% T

7 =3 WeH(Kain and Fritsch, 1993), RRTM ©@3}/7%s} EHAL 2435t w9bQ
(Tacono et al., 2008)7} 30~3.333 km AAFRE et fd=el| HE F
sho} Wz2ADo| A Single Moment 3-class scheme(Hong et al., 2004)<
AREBEATE A &

(Table 1).

243} W9oke Noah LSM(Land Surface Model)& AR&3}th

Table 1. Details of the grids and physical options used in the WRF model.

Domains Domainl Domain? Domain3
(D1) (D2) (D3)
Cells in x-direction 160 148 133
Cells in y-direction 130 118 103
Vertical layers 20 20 20
Horizontal resolution (Km) 30 10 33
Microphysics WERF Single Moment 3-class scheme
Cumulus Kain-Fritsch scheme forD1,D2
Radiation (long/shortwave) RETM/ Dudhia
Plapetary Boundary layer YSU
Surfacelayer MDMS similarity
Land Surface

Noah Land Surface Mode

_10_
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i

FARE 9% F3st girjd mde v= 874 A (US. Environmental
Agency)oll A 7]4E Models-3/CMAQ(Third Generation Community Multiscale
Air Quality Modeling System, Byun and Ching, 1999; Byun and Schere, 2006)
o ver 50.10th °] Ed& 2F FAAHS HWsty] S e gEdR
(multi-scale) 7174@%437 A oFd(multi-phase) @] 3}8HHE-S-S ARAIA o
7 @& (multi-pollutants)= A 1A F Aot FHH A2 B2}

AFE 1@ mole] AFAEE mY ) wHLS BANE A

CMAQ 743 A3aAALE Fig. 5.9 2om, 5701 Fao HAg AAH 1 7/hY
318 F ZP(CCTM, CMAQ Chemical Transport Model)= 7}tk A2 3}
Ao 7|4nd A)Es CCTMe YEAE 2oz H3sis 7144 Agnd

¢

MCIP(Meteorology-Chemistry ~ Interface  Processor), W&% A=<l
Bl e<

2FZ3k=  JPROC(Photolysis  Rate  Processor), Z7|5=x71e AAse

-

ECIP(Emission-Chemistry Interface Processor), =2 3] 7|3te] th3h

ICON(Initial CONditions processor)¥ wjAIZF  AAlsE=ExdS A3t
BCON(Boundary CONditions processor)©] SITHU.S. EPA, 1999). £ Aol A
© I EF ARE aFH oz AHYsr] fa AA dAE Z2IaHE ol &

sto] CCTME w2 F dHARE B3ttt CCTM2 A2 golA 438
ARES ol &3 F5He w2 e nEEte WAz A&l Hr]ed(2¥) F
S-S AE3T. CMAQ FAoA WRFY 7424 AxEs Edi2 MCIP &
g AAA ol

H =l WRFY 3 AAAA S Arakawa CE, 2=Ze} #4<l
MM5el 8% Arakawa B9} T3 AA FFollA AlLtEY B4 (v)
HHEAE2 A4Ae] &3 A% EAE(dot point)oll, E

&5 5& mAgoA AEn. webA vbg MEAES] AR ZolE
Aotz /% WAFIg ol MCIPo A Hof . A AA= =2d W ditstd #
3 7|(generalized coordinate)E 3l 714 EE HEAQ] o-HEARZ dAAHS f

A3kt
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Fig. 5. CMAQ chemistry-transport model and associated preprocessors.
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CMAQ< olgfle] A3} o] A4tdE s=gtel sk =
& AAISH= Process Analysis 71H<= WAlSaL o, 2 AxH & 55 A

d-Ado gk 8 A3 o]fF(advection) F  EAKdiffusion), A

(3

(deposition), 183l 3}8HF-3-(in-situ chemical production) 59 Ath& 7]o&
< A4Fsh= IPR(Integrated Process Rate)@ 3318t REgAA S THH R H7rt
3= IRR(Integrated  Reaction  Rate)®  T=o]JHGipson,  1999;
http:/ /www.epa.gov/asmdnerl/ CMAQ/CMAQscienceDoc.html).
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CMAQ =R %7/ AA 2L coarse domain®] T3] A= EPACIAl A F3l=
29 A%, fine domain®] W3 A= coarse domaing nested downdle] ¢
g3t AthFigl). EdHo ALEH oloE<E wWAYELS AERO-05, 3stWAUSE
< SAPRC-99°]|H, 3 P AZA 4= Z+2F Multiscalet ACM2 (Asymmetric
Convective Method) schemes, % Advection scheme2 PPM(Piecewise
Parabolic Method)& A}-&3}%1th.

Hed Ass TdSdATA dirlmd A¥ey ALdA2"(Clean Air
Policy Support System, CAPSS)& 53l 4F8EAth CAPSS= A, A, | 294
H & 73 E(Source Classification Codes, SCO)oll @} 1d @9 E 4HHY
A i EF(kg/year)olH, FUHCEE A=E 1 km x 1 km AAEE AHEE O
At

Table 2. CMAQ configurations.

Options
CMAQ Version 5.0.1
Chemical Mechanism SAPRC99
MCIP FINAL-Data
Advection scheme Piecewise Parabolic Method
Aerosol Mecahnism AERQO-05
Horizontal Diffusion Multiscale
Vertical Diffusions Asymmetric Convective Method
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(a) Type A
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Fig. 6. 168-h backward trajectories of the air mass arriving at
500 m and 1 km AGL over Jeju Island for the representative air

mass patterns (Types A-D) of high ozone concentration days.
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(c) Type C
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Fig. 7. Same as Fig. 5 except for the representative air mass

patterns (Types E-G) of high PM;y concentration days.
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(C) Type G

NOAA HYSPLIT MODEL
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Fig. 7. (Continued)
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Air mass Number of

type Ozone Days

Table 3. Frequencies of the high ozone concentration days exceeding 80 ppb/h for the different air mass types during
2009-2013.

Total
66

2009

Ozone days belong to each type

2010

2011

Type A 45 (68.2)

Ido-dong

4.07-08/5.08/6.01/8.28/10.19

2012 2013

10.17

10.17/5.15/6.27/10.06

Yeon-dong
Donghong-dong
11 (16.7)
Ido-dong
Yeon-dong
Donghong-dong
7 (10.6)
Ido-dong
Yeon-dong
Donghong-dong
3 45)
Ido-dong
Yeon-dong
Donghong-dong

Type B

Type C

Type D

6.12
6.12
6.12

5.07/5.29

4.10

10.17
10.17
9.13-14

5.15/6.27/10.06

3.31

3.28/5.16
5.17/5.28
5.17/5.28

5.24

5.17

5.28

“The number in parenthesis represents percentage (%)
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Table 4. Frequencies of the high PMj, concentration days exceeding 100 ug/m’ for the different air mass types during

2009-2013.
Air mass Number of Dusty days belong to each type
type Dusty Days
Total 2009 2010 2011 2012 2013
114
Type E 107 (93,9)* 2.20/3.16/10.19/12.25-26/ 11.11-13/11.27/12.03/ 3.19/3.22/4.15/5.01-04/ 3.24/3.31/11.28-29 1.01-02/3.01/3.09-10/3.19/
12.29-30 12.10-11 5.13-14 4.09
Ido-dong 4.16
Yeon-dong 12.02 12.03
Donghong-dong 12.02 4.16
Type F 3 (2.8
Ido-dong 12.03
Yeon-dong 4.16
Donghong-dong 12.03
Type G 4 (3.3) 5.12
Ido-dong 12.02
Yeon-dong

Donghong-dong

“The number in parenthesis represents percentage (%)
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Table 5. A statistical summary of the mean concentrations of O3 and PMj at Ido-dong, Yeon-dong, and Donghong-dong

sites according to the different air mass types (Types A-D and Types E-G).

Air mass O; Total average Ido-dong Yeon-dong D.hong-dong
type density (ppb) (ppb) (ppb)
(ppb)
Mean+1s max min Meanxl1s max min Mean+1s max min
Type A 66 62.8+18.4 96 16 67.8+18.6 99 14 67.3£16.7 98 27
Type B 66.4 63.7+£16.1 94 22 68.1+15.6 91 26 67.8+14.5 96 40
Type C 68.8 65.6+13.5 89 33 72.8+£15.3 98 31 68.4+£16 96 25
Type D 54.3 45.1+£26.1 93 12 56.5+24.2 91 22 61.3+19.7 90 26
Air PM;o Total average Ido-dong Yeon-dong D.hong-dong
mass density (ug/m’) (ug/m') (ug/m’)
type (vg/m’)
Meanzx1s max min Mean+1s max min Mean+1s max min
Type E 136 128.1+151.4 1224 13 144.1+162.5 1034 3 135.3+167.4 1027 3
Type F 60.6 44.3+59.8 238 6 96+21.8 129 62 41.4+53 199 3
Type G 42.3 42.1+54.7 313 8 44.3+74.4 337 8 41.4+18.5 136 6
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Table 6. Correlation between daily mean pollutant concentrations and meteorological variables in the study area during

2009-2013

Site Meteorological variables” PM;, O;
Airtemperature(°C), daily mean 0.1487/-0.3417/-0.190"/0.280" 0.112/-0.501"/0.170"/-0.165""

Ido-dong Wind Speed(m s-1), daily mean 0.013/-0.155"°/0.005/-0.175™ 0.172/0.129°/0.048/0.198™
Precipitation(mm), daily total -0.176"°/-0.161"/-0.104°/-0.167"" -0.159"/-0.079/-0.058/-0.141"
Airtemperature(°C),daily mean 0.117°/0.1727°/-0.073/0.166" 0.18477/0.106°/0.033/-0.082

Yeon-dong Wind Speed(m s-1), daily mean -0.012/0.175°/-0.101°/-0.112" 0.077/0.111°/-0.062/0.146""
Precipitation(mm), daily total -0.1497'/0.173/0.004/-0.221"" -0.1317°/0.118°/-0.003/-0.143"
Airtemperature(°C), daily mean 0.070/-0.173"/-0.129""/0.144 0.205/-0.578"°/0.181"/0.071

Donghong-dong Wind Speed (m s-1), daily mean  -0.013/-0.042/-0.047/0.064 0.166/0.035/0.154/0.398"
Precipitation(mm), daily total -0.1427'/-0.203"/-0.123"/-0.179™ -0.0817°/-0.123"/-0.134"/-0.028

Spring/Summer/Fall/Winter
 “Correlation is significant at 0.05 and 0.01 levels, respectively (2-tailed).
a The meteorological variables were obtained from the meteorological monitoring sites located less than approximately 2 km

(Yeon-dong, Ido-dong, and Donghong-dong) away from the air pollutant monitoring sites, respectively.
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Fig. 9. Same as Fig. 8 except for surface wind speed.
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Fig. 10. Time series of the observed and WRF model-predicted meteorological variables such as (a) air temperature

and (b) wind speed.
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Table 7. Statistical evaluation of meteorological variables between observations
and model-predicted values: results compared at several monitoring sites

during the study period (01 LST 25 June ~ 00 LST 29 June 2011).

Air temperature (°C) Wind speed (m/s)
Total site (13 Site)
RMSE I0A AMB RMSE I0A MB
JRMA 2.18 0.68 0.55 77 0.76 22
Gosan 1.16 0.85 0.09 297 0.89 0.84
Seongsan 1.05 0.79 0.3 3.32 0.76 1.73
Seogwipo 1.38 0.65 -0.68 117 0.64 252
Yeondong 2131 0.71 1.14 4.81 0.63 2902
Udo 0.9 0.65 0.26 4.02 0.78 1.80
Marado 0.8 0.72 0.33 4 0.79 1.93
Seogwang 1.24 0.82 0.16 5.25 D.64 372
Namwon 1.16 0.68 0.15 4.15 0.63 2.98
Hanrim 1.75 0.81 -1.1 2.86 0.85 1.79
Gujwa 1.63 0.77 -1.02 4.42 0.67 2.74
Moslepo 1.15 0.75 -0.39 175 0.83 2.26
Gapado 0.65 0.74 0.03 a7 0.85 1.13
Total 1.34 0.74 0.17 3.36 0.75 220
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study area (in kg/h)..

QU e |
1 16222834 4 46 £E2 5864 7 7682 88 84 10

Longitude

of hourly mean NOx emissions derived from

_43_




(a) 6/25 12h

(b) 6/25

VOCs
z T z]
§) == ; §| o=
- . -~ .

z7 =i

g g
8 8 2z
E B # £8 >
a S 2 e
s * ~

- - £

g\ o b o

-
z £
& % < -
T T o
1C0°E 110°E 120°%E 130°E 140°E =
' ?
AL TR T ————
T ————— el
Longitude ongitude
(c) 6/26 00h (d) 6/26 06h
VOCs VOCs

Latitude

Latitude

100°E 110°E 120°E 140°C

R
713 16 2 3t

A
g a7 A3 4 85 41 67 73 70 88 91

Longitude

(e) 6/26 12h

10002

17 15 18 25 3137 43 46 56 61 67 73 78 85 61 67

Longitude

(f) 6/26 18h

=7 =
2 2
- -~ .| 4
z oF z -3
g g
2 & 8z
£8 | 28|
i ]
- 3
7] -
z
2 8 L
=z =
& ]
T T
T00°E 110°E 120°E 130°E 140°E 1C0°E 110°E 120°E 130°E 140°E

e (LTI
1718 8 28 3137 43 48 55 8167 73 78 08 & 87
Longitude

Fig. 13. Spatial distributions of hourly mean VOCs emissions derived from

INTEX-B (East Asia) and CAPSS (South Korea) at the surface layer of the

study area (in kg/h).

(T
31 a7 43 43 55 &1 67 73 78

Longitude

_44_




SR L E(Fig. 14(b))

1

0]
yul

A A A O] WA EE

7]

=
[¢)

=
=

e &
2

=23

uh
A< 69 269 00:00 LSTS] 1
+

v} 2 H

%

=

L

T

5, AL

o

=

Q)
=i

CMAQ ZAFA 09

]

L

Fig. 14+
2 Uehat. A

)

HEZ(Fig. 14(a))9t L AlZtell uw}

L I N S g 5 MWT % HwE T T O
= X ™ R T R o A (- ] o woW 3 W A m ok T W R
F o o) 4o ;o= T K S T om A
3 N~ ) = 1 o T T = M S = ~
Mo L & = o L oo = 2 L F M K
=T W N oo HOF R o _ ¥ X T o L W o= T
= B N X o B o— TN xR g
E Hov Ot AT B p o Wo ) o O.* z_.o 0 ﬂﬂ E o ,_lryl H_._u
2 BT o X o B B Mo A g o
N N B R R e BRC R - e
SR I R S T S DI SR
gy N 4 ow o N m T W oy T P T
T oo oy & M T il B T g o T o R E
T ool o P o = D R i o T
ap N N o W oy o [ Ho  Ho ST ™
= R N ) of 7o w,_m " @ Gl m; 0o HOH m W.o o — o
2 E T At W FaX gt op oo XG5O
o) ™ooRe n MM_ 4 0| — e N =T o dw £y w o
~ . ) _— = — =
AR O I R S R R S A S Sl
o B AJm T = - o X°ORO m o =
=~ o ny 4 2 = o K oE o o - 2K oo
M TwE e By o oy
Mt o] ® o W N = M = > M ‘_ﬂw ° E.# o] T o ™ wﬁ
W T W ™o N ow B 0 I T
™ w___lx_ umO M N A_ﬂl il Gb pl T THH o] K = x 9 umo X0
Mo T T NS o - M P
T L 8T T g e HEuw o 8ET 28w o
. ._OL A N — ﬂ ﬂJI e -
$E 28589 % gE29n 6Ly 22w
= % S Hoo o X g = O o oA o = X
e & ow 7ﬁ oﬁe 5 T - 2 F g § o g 5 N * °
N A op X o @ Ty Z v ~—
WA R Do B ShxgdSde ek
- CTRS S = S X GO R S A
TR B L TS g%%mmg%ﬂmﬂé%@
n g H < N 7% = oF _ gn B N B g M -
Mo B R Yo B T ST SR i w5 ©
o A ¢ 4 8 % a0 S ) o
oo ow D . b B W Do TR P T
N B SR T A ®m®WF I TN M

_45_



Wind speed (m/s)

6/26 00h

Vit

Latitude (N)

» | B 2on
- - 90E 100E 110E 120E 130E 140E 150E
2095 100 103 110 115 120 125 130 O L T [
Longitude (E) 1 3 5 7 9 11 13 15
Wind speed (m/
6/26 04h sk (miE)

Latitude (N)

90 95 100 105 110 115 120 125 130 135 140 145 150

Longitude (E) 1 3 5 7 9 1 13 15

6/ 26 08h ‘ ) ‘ Wind fpeed (m/s)

Latitude (N)

90 95 100 105 110 115 120 125 130 135 140 145 150

Longitude (E) 1 3 5 7 9 1 13 15

6/26 12h

Latitude (N)

100E 110E 120E 130E 140E

(I o [ =
Longitude (E) 1 3 5 7 9 1 13 15—

(a) (b)
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model in the East Asia.
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Meteorological analysis to examine the cause of high

concentration air pollution in Jeju:

Observations and modeling study

Seungbeom Han

Department of Earth and Marine Sciences, Graduate
School, Jeju National University, Jeju, Korea

Abstract

In this study, the high concentration episode day of 2 pollutants of the
atmosphere environmental standards (Os; and PMj), which had the most
adverse impact on Jeju island in the past 5 years (2009 to 2013), was selected
and the correlation between this episode day and the main meteorological
elements (temperature, wind direction and wind velocity) were identified in
order to analyze the concentration distribution characteristics, origin and
moving path of the air pollutants (O3 and PMj) appeared in Jeju island and
also to identify the climatic conditions influencing the high concentration Os;
and PM;o. Moreover, this study was conducted to investigate the exceeding
frequency of O; and PMjy concentration for each segment of temperature and

wind velocity. In addition, the analysis on the numerical model was
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performed through the three-dimensional numerical modeling (WRF and
CMAQ) after selecting the episode day of high concentration O; in Jeju
island. As a result, it was analyzed that the increase in the concentration of
ozone and find dust appeared in Jeju island was the important cause of the
external effects resulting from the long-range transport of ozone.

As a result of the backward trajectory analysis, a majority of the air
pollutants appeared in the pattern of air masses flowing from the west. In
particular, the pattern of air pollutants flowing from the industrial complex in
east China had a significantly high frequency. This result indicates that the
transport of contaminated air masses from China makes a huge contribution
to an increase in the ozone concentration of Jeju island. Moreover, the main
causes of the temporal and spatial air quality variation variation were clearly
evidenced in the correlation with the meteorological elements and the
exceeding frequency of pollutant concentration for each segment of
temperature and wind velocity.

Overall, it can be assumed that the atmospheric environment variation of
Jeju island is more significantly affected by the horizontal or vertical transport
in the atmosphere than the local emissions. However, it is impossible to
accurately analyze the direct effects of long-range transport on an increase in
the ground-level ozone concentration considering that there is not a sufficient
amount of chemical measurements and vertical weather and air quality
information. Therefore, it is not possible to rule out a contribution of other
mechanical effects. On that account, it is imperative to conduct vertical
observations on the weather and the concentration of main air pollutants in a
target area for a more accurate analysis. In addition, it is essential to analyze
the relationship between the pollutant concentration and various
epidemiological factors obtained from observation data. Furthermore, it would
also be required to identify the transport mechanism and conduct a

quantitative analysis research through the photochemical transport modeling.
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