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Investigation of the Cause of High Ozone Episode Days Using Trajectory Analysis
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Abstracts

High ozone concentrations result from an increase in the emission of precursors and the complex interaction between
the synoptic weather condition caused by the pressure pattern and the local circulation induced by the topography. The
increase in the emission of precursors is a direct cause of high ozone concentrations but in reality, it is impossible to
know the hourly change of the emission correctly. So the cause of the high ozone concentrations is inferred indirectly
from analyzing the hourly variation of ozone concentrations at regional air quality stations and the air current.

Busan is located on the southeast coastal area in the South Korea and has various air pollution emission facilities.
Moreover the Busan is influenced by the neighboring industrial complex and has the typical circulation frequently occurred
in the coastal area such as land-sea breeze. And therefore high ozone concentrations appear widely. In this sense, it is
necessary to estimate the location of the emission source and to analyze the trajectory path of air current in order to
control air pollution problems efficiently. The forward and backward trajectories in the urban scale like the Busan can
be calculated by the HYSLIT(Hybrid Single Particle Lagrangian Integrated Trajectory) model usually used to analyze the
long range transport such as the Asian dust, with the result from three-dimensional atmospheric dynamic model,
WRF(Weather Research and Forecast).

In this study the high ozone episodes, the days of the daily maximum ozone concentration exceeding 0.1 ppm at least
two stations or more, were selected according to the ozone concentrations at air quality monitoring stations in the Busan
and the surrounding area. The detailed wind fields and meteorological elements in the Busan and the surrounding area
at the high ozone episode days were calculated by WRF with 4 domains, the AWS(automatic weather station) data in
domain and the NCEP FNL(Final) operational global analysis data. The result of WRF simulation was entered into the
HYSPLIT model to find out the forward and backward trajectories of the air current. The trajectory patterns were compared
to the hourly variations of the ozone concentration at regional air quality stations to find out the transport of ozone from

the surrounding area.
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Fig. 1. Investigation area and locations of air quality monitoring stations.
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Table 1, Lists of air quality monitoring stations in Busan, Ulsan and Gyeongsangnamdo

Busan Ulsan Gyeongsangnamdo
Station name 1D Station name 1D Station name 1D
Gwangbok—dong KB Mugeo—dong MG Aju—dong AJ
Jangrim—dong JN Bugok—dong BK Dongsang—dong DS
Hakjang—dong HJ Samsan—dong SS Sambang—dong SB
Deokcheon—dong DC Sinjeong—dong SJ Bukbu—dong BB
Yeonsan—dong YS Yaeum—dong YE Ungsang—eup WS
Daeyeon—dong DY Yeocheon—dong YC Daean—dong DA
Cheongnyong—dong CY Daesong—dong DS Sangdae—dong SP
Jeonpo—dong JP Nongso—dong NS Sangbong—dong SB
Taejongdae TJ Hyomun—dong HM Gaeumjeong—dong GE
Gijang—eup Gd Deoksinri DS Gyeonghwa—dong KH
Daejeo—dong DJ Sangnamri SN Myeongseo—dong MS
Bugok—dong BK Hwasanri HS Bongam—dong BA
Gwangan—dong KA Seongnam—dong SN Sapa—dong SP
Myeongjang—dong MdJ Yongii—dong YG
Noksan—dong KS Ungnam—dong WN
Yongsuri YS Hoewon—dong HW
Jaw—dong JA
Sujeong—dong SJ
Daesin—dong DS




P+ At)=P(t)+ V(Pt)At (1)
P(t+At)=P(t)+05[V(Pt)+
V(P,t+ At)]|Atzz
A7IA V= A2 &= WS Uehdn

B AFoME T 7}z BAog HYSPLIT 2dS A
gajolet, WA TEE o2 FUHQ Al Tlofsp]
$#]5Fe] NCEP(National Centers for Environmental
Prediction)olA] Algdt= A A+ 7]4dAES] GDAS
(Global Data Assimilation System) FNL(Final) & A}
gobo] 48AIZE AR BAS AT, waY AD
AR e BAR o] Falne] AgEs duFoR A4
gt A A )RR A SHeAEsF 1° &2 vla
2 G7] wZol FAR o] At Ql FySEE Thefst
7ol HE7t 9le Aoz FuEg fhgog iEE

ol rlo
)
A=)
1o
2
i
o,
fu
ﬂllﬂi
“
19,
ol
Qi
N
1o
ol
R
fr
~
O:;::
St
N
2,
X
il

o] lgo] Aol A, S He= A
Al 713 R AR flste] 71 md g skqlct
(Fig. 2). WA FAA S HAoll A7 Al 71734382 44
317] 9J5te] F4FE 71442 WRF(Weather Research
and Forecasting model)S 433t 1 km ZA
(73%x70)8] Al 717 AFEstodet. Al 7177 A4
of AH&-E WRF+= o] A+t & ddolA de A
I e W71 AlAFoltt, WRF AJARS A3} a4
o] wg} NCAR(National Center for Atmospheric
Research)o| Al 7§&tEl ARW(The Advanced Research
WRF)2} NCEP(National Centers for Environmental
Prediction)of4] 7= NMM(The Nonhydrostatic
Mesoscale Model)®] & F7F7F 9lon, 2 AoA=
ARW(3.3 ¥A)7F AH&-E 9Tt ARWE= 4= mollA] =3
km®| o] 4§ 7hesk HEast At AmEst o
T o RAT, A SRR Fo ARHT, 27] ¢
gAoRE= 1,07 x 1,07 9 sF=E 7, 6AI%E
7rA 08 AFE= NCEP FNL A2E AHg3Hqith A&
A& = SRTM(Shuttle Radar Topography Mission) 3
% ABE AHESI T, EAJo]) ARE USGS(United
States Geological Survey)? EX|o]& AEE AL&3}
Atk =HlQl 2 =9 s ETF 2442 27 km, 9 km,
3 km, 1 km?¢l 47]¢] =Holo g A 5}% o ufx|jak
TRl BAF Ao AR GAl 7143 S Hsto
FAR S SH0R SAt A 77 2gEESE A
Aotk AR 24 AP -8-2 Table 29t Zth WRF
Rulg o s 4RSS A 71 A RS AleE @EYY A

o
shid

X
=2

Fig. 2. WRF domain configurations. Right plot shows the location of domain 4 and left plot shows the locations

of domain 1 to domain 4.
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Table 2. The configurations of WRF
Domainl Domain?2 Domain3 Domain4
Horizontal grid 108 x 108 91x91 61%X55 73x70
Horizontal resolution 27 km 9 km 3 km 1 km
Vertical layers 34 layers

WRF Single—Moment 6—class scheme

Physical options

RRTM schem
Dudhia schem
MM5 similarity
Noah Land Surface Mode
Yonsei University schem
Kain—Fritsch schem

Initial data

NCEP FNL(Final) Operational Global Analysis data

Table 3. Number of high ozone episode days from 2007 to 10 2012 in Busan, Ulsan and Gyeongsangnamdo

Year Apr, May Jun, Jul. Aug. Sep. Oct. total
2007 1 3 2 3 2 11
2008 1 3 3 7 4 3 3 24
2009 3 3 4 1 3 4 18
2010 3 9 3 4 3 22
2011 1 2 6 3 1 13
2012 1 12 4 7 2 5 1 32
total 10 23 26 23 16 18 4 120
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Table 4. Statistical test for determining number of clusters to retain

Number of clusters R’ Pseudo—F Pseudo—t”
6 0.245 7.3 2.3
o 0.216 7.9 4.3
4 0.194 9.2 3.2
3 0.070 4.4 17.6
2 0.036 4.4 4.3
1 0 - 4.4

Table 5. Monthly and yearly number of days for daily maximum ozone patterns(1—4) during 2007 to 2012
for days any of two ozone monitoring station exceeding 0.1 ppm in Busan, Ulsan and

Gyeongsangnamdo

Pattern Year Apr. May Jun, Jul, Aug. Sep. Oct. Total

2007 1 1 2

2008 2 1 1 1 5

1 2009 1 2 1 4

(18.3%) 2010 1 3 4

2011 0

2012 4 2 1 7

Total 1 10 4 0 3 3 1 22

2007 1 1

2008 1 1

2 2009 1 3 5

(19.2%) 2010 3 1 1 5

2011 1 1 2

2012 4 1 4 9

Total 2 4 8 5 3 1 0 23

2007 1 1 2 4

2008 1 1 2 2 2 8

3 2009 1 1 1 5

(32.5%) 2010 2 3 2 1 1 9

2011 2 3 2 7

2012 2 3 6

Total 9 9 7 9 39

2007 1 1 1 4

2008 4 4 2 10

4 2009 1 1 2 4

(30.0%) 2010 1 2 1 4

2011 2 1 1 4

2012 1 2 3 3 1 10

Total 3 3 5 11 7 5 2 36

The value in parenthesis indicate the frequencies(%) of the classified cluster.
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Fig. 3. The spatial distributions of mean daily maximum ozone concentrations for each pattern(unit : ppm).
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Table 6. The number of days for daily maximum ozone patterns(1—4) according to the synoptic trajectory

cluster(1-3)

patterl pattern? pattern3 patternd total
clusterl 5 12 18 15 50
cluster2 14 9 11 21 55
cluster3 3 2 10 0 15
total 22 23 39 36 120
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Diurnal variations of ozone concentrations at 48 air quality monitoring stations within Busan, Ulasn
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forward and backward trajectories at MS, KS, KA, HM and

16LST(+8 hr).
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Fig. 12. The daily maximum ozone concentrations(unit : ppm) and forward
and backward trajectories at KS, TJ, KA, WS and 18LST(£8 hr),

24 Aol AL 13415 B, 2E 240
217} 0,107, 0,103 ppm o2 FE7} Z71517] A &tstol
3AHE 22004 2140744 0.1 ppmol4te] FE7} 1t

Bl Qlek
SAA Aol A= ofE 23Xl &t HiEE S ol

A 0.102 ppm e & 0.1 ppmo|/do] s&=7} vepsith, 7
A A= 13A] FAHA] S S04 0.104
ppm e 2 =27} Z71817] AlZske] 19A17F4] 0.1 ppm
ool F&=7 A&LE AT

201249 59 2649] A= 487 S F 147

o

g

A



175

o

37Mel 24

204 0.1 ppm °]42] S=7F YEREe™ 134578 23

(ZA2)7F A

ﬂo

o

20129 5¢ 2649

oF 317} LR 2ol 4]

-
-

Fig. 12

=

N

o) &
™ < o
vl

~ —
pUENS I
_H_odﬂﬁ_m
NIEEE
TS0
ﬂH,_m_;o
_E _.E
P‘m_loﬁ
Aoo#

N o X
,_n“ﬁﬂm;oa
z.#ommoa._ﬂ
%m:_ﬂm
ilo
Xa®
N R
o#eﬂ7d|.
LRI
M8
£ Hor_aﬂ
ol Y

N
et
)
Mﬂ%ﬂ,ﬁ
Fook
C B X
Yo TR
Oumm_wo_é‘
TR o
T %o
X
B o
)
)AﬂOO‘WH
o A R

-
.

Haolth, B AlE fE1e] 230 sk

N
<

=
=

]
S|

A Sk A, A AAeA v

]_

LIEnAs,

gojrt.

=

Ay

715 o] yehd Ao 4

A

[e)
T

=
il

el
X

=

]

ol)

—

A 22¢

184] o] 7HAl= WA AHolA FEAL vigo] y

24k A QA lA FAZA L vl

1ol A
=

3
2
=

o A A HNA T5

ol

)
e
o
ifo

eioe] 49w =

veh
P b 4= Qe 2427t A4

=

Ho

W7} s

a

2}

2149l 714

el

ol
AL

20104 5¢ 21¢3} o =24 849 4

b Abellolct

QA

0l o
R ==1

2o] Fa}

EE o]

[€)

A

ol

4. HEl19] LH29t 2739 AE AHg 2ol 20109
64 423} 521, 20104 5¥€ 21937} 20124 54 2629

o

[

ok

Ml

[\l

el A 7]

S

AHTE A A3 77l 9

ol

AF 7o)

02 2007delA 20129

oA & il eEF =7} 0.1 ppm o4

20109 5¢ 21¥3 20129 5¢

e ==

9]

o 330

Ak

27 AA ol

o7

[elKe] A~
e ¢ 4 gt

s

Ao w2 )R] Lt

_z.#o
3|

o

ol
OH

Kl

e, AR Al A H]

V., Brown,
Analysis of an ozone episode during the San

Engler,

T. B.,

1. Bigler,

"

Ao A g2 F=7F HERHATE W5l A

. The significance of

Diego air quality study

34(8),

apl.  Met.,,

J.

aloft",

pp. 1863~1876(1995).
]

transport

ol Aol A kAo w

3

X
V—Oﬁo

il
2] Aol A vl

<

L=
.

BIA]
pp. 265~275(1996).

s

5(3),

A AHNA

s

AR 24

1l
<t

T

ol St

2

2. A AR ES o] &3 HYSPLIT =do] &2 A



176

3]7], 40(1), pp.71~86(2004).

ol olekE, AR, "ERAFANM =S wf

£ 71t wgt Xl/\lgﬂﬂom” . =78
s13]2], 18(2), pp.67~83(2002),

. Betchtold, P., Pinty, J. P., Mascart, P., "A

numerical investigation of the influence of
large—scale winds on seabreeze/inland—breeze
type circulations", J appl Met., 30(9),
pp. 1268~1279(1991),

Boucouvala, D., Bornstein, R., "Analysis of
transport patterns during a SCOS97—NARDTO
episode’, Atmospheric Environment, 37(2),
pp. 73~94(2003),

7. Air Resources Laboratory — HYSPLIT Home
Page, http://www. arl.noaa.gov/HYSPLIT in—
fo.php(2012).

8. TFA, &Y BEdS ARRE HfY] F 2 2Hd
o] §1A FAe wigk A" | F=oh7|EE s A,
22(2), pp.179~189(2006).

9. WRF USERS PAGE, http://www,nmm ucar. edu/wrf/users(2019)

10. 23A, olgke, dFT, T, “FIRE A
s oF Aol et 714 " 71 &4 &
=8 ere)A], 17(7), pp.743~753(2008).

=, olad, daat, 4, YA 2ES 0]

o1,

11, A%
T AR Y o TEld By AA ° Py |
=t 7|83 8k3] %], 23(1), pp. 14~28(2007).

o oo oY





