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Ozone is the one of the important oxidants in the atmospheric chemistry and also has adverse effects on plant and human

health. The ozone concentration has an increasing trend in East Asia. There are a few monitoring sites which meets the air

quality standard regarding ozone. In order to focus on the relation between high ozone concentration episodes and emission

sources, temporal variation in the ozone concentration from 2005 to 2017 in five Japanese remote sites of Rishiri, Sadoseki,

Oki, Tsushima, and Goto were analyzed. The high concentration outliers (O; ouiier) Were defined from normal data (O3 nomar)

using the two curve fitting methods. The traceback analysis using a backward trajectory (METEX) was conducted to determine

the relation between the transport area and the Os .. The frequency of transport from the Korean Peninsula to Rishiri was

increased in Os gy The air mass was transported from South China or Korea to Oki in Oj gy There is a deep relation

between the Korean Peninsula and South China as the transport pathway. The difference in the transport pathway has a

significant effect on the high ozone concentration in the remote area.
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Fig. I Location of five monitoring sites and the separation

of the area in the backward trajectory analysis.
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Fig. 2 Daily averaged ozone concentrations measured at (a)
Rishiri, (b) Sadoseki, (c) Oki, (d) Tsushima, and (e) Goto.
Gray circle shows the daily averaged ozone concentration.
Black and open circles show the outlier of the high
concentration, and the low concentration each according to
the curve fitting method. The dashed and bold lines show the
best fit curve and the long-term trend according to the curve
fitting method.
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Table 1

Number of the high ozone concentration episode in each monitoring site. The number shown in parentheses is the

high ozone episode occurred simultaneously in no less than two monitoring sites.

The case of O; guier (number)

Month
Rishiri Sadoseki Oki Tsushima Goto
1-3 7 (0) 5(1) 6(2) 2(2) 3(1)
4-6 59 (21) 68 (37) 53 (34) 33(21) 16 (9)
7-9 16 (5) 32 (16) 43 (17) 19 (15) 27 (11)
10-12 9(0) 2(1) 3(1) 4(0) 1 (0)

A SN % KR EILE 2 f 3 2 ik 8y — ik
20124F 22 5 2015 4F O ERSMASBEZ [Nz b L ¥ N
SEEHENNPRE L B L STVE I ENSHARZRTT S

3588 — V3R EETRICKRE 2 BE5 A TwE
WZ EPTRENT,

e B (Fig. 3(b)) D¥iér. T+ L ¥ FIs O4EF 050
FEIZOWTdH, k8 y — ¥ DIETHO,EEIZONTH
WM 2 BN R S 3, Bt/ 8 8 — LI K o T B
WEWIZR O N h o 72,

BRI (Fig. 3(c)) D Fsfr. HEHALER & #8 L 7z %8 4 —
2B WT, +0.37 ppbv/yr (p<0.05) DB IE R 25 H S 1
7205, FOMOHRE/NY — v TIEHME R ABEB SR S Nk
Mo lze HEHALEZ BT 2% 85 — v & LY RS
MHEDIHBELREMER LTV D 720, FRCHPEEILE S, 5
DL DB R ZT T L REENEZ 5N 5,

xH G (Fig. 3(d)) ¥ty W R %2 Rl 3 2%/ 3y — v
TO;MEDF NIz, WIEELED S ORESHR L 7206
Oz EEATE 7 W REMEDR SNz — T, AFAFFITIX
MR 70 B9 A5 7% < v OsIRFEDEEBIIH L T B E 5
ZBEEINY — VR W WIZT 2 IXTE LD o7

R (Fig. 3(©) 1 F L ¥ KA O TFH 0125\ C
by KLY — 2 DAEFI O EE I DT b W2 A2 B
IR ST, Bk 8y — Ik o TEBHEIIE VLR
bNeh oz,

3.3 Oznoma PEIE/INEZ — 2 T & DEEFAR S DHEH
EFHMEEF L L, HEORVER (Y — v SHFICOW
THMEROAFHO;BEEZRD, h—TT 4 v T4 7
P X D L 22 FER S & o K % 4T - 72 (Fig. 4).
=TT 4 v T4 Y 7FIE ) U2 5 3
TR E BIT4, SHITRK. 7. SAICHR/ANE Ko7z, ks
F—vZEIZh =TT 14 v T4 v T EOEGRN G F LR
L. Wik 8 — Ol Lce 2 A, FbL, ¥R
WL BRI CIE% 8y — v T OFEHEBICRE R R
Mol MEBIOHEOEREY (4-6 4. 7-97) Tldi%k
N = TEDOAFHOREICENRKE L, FFICT-IAT
WIHARZRHT 256, REMU, PEEULBL OIS
T %6, AFLNBEOORETH 72, T-9HIX
KTEEZ R L AARZ @l L -5 R I EE T 254
ML, HRZHHLZGAIZEEMIVWEEZONRS, L

DLV LHEID VL OD, KEMDS% SN DEYE
WO EED 2 LW REMEA R I, T-9 HIZH T & ik s
=BT O ENRKEL LD LI REEI RSN
770

3.4 Ojouier PEIE/ING — 2 DFFE

O3 outer \CHFBIN 2053288 5 — Y R LT T 572012 1-3
H. 4-6H. 7-9H. 10-2H @30 AT &Mz R o
O3 outtier & O3 normal THIE /3 Y — V DEIGDO LI AT 5720 %
i85 — SR D L EEG I CH R =N D B LR EXIT-
720 Fig. SIZHRIpL, EVEBIME, BRIk, 3k, ALBICBIT 5
O3 outier & O3 normat DL N T — > DE G &Z/RT o

O3 noma PFEH W (1-3 A, 10-12A) Tid. v 7 F 71
rhE B ER & il g B k8 8 — C DEIG DS e LD F)
e o7 E713a y 7 i ERALE A 5 O ik A380% Lk
oz EPERINR, BEE, B, AE TIPERILE
BT 2887 — Y OFIENL L 2 0 BEELIR ClEEEE
LEERHT 2EEPHINT 2@ ON . T2 HE
TR EFESERHT A8 = 0320% RED 5 Fib A
WAl O N7z, RENIEGH & R L CHARZ &N T
HEEINYT — %L Do 4-6 HDHARZREHT 5 Hiiik /<
Y — Y OEGITHIADL LS NT30% 5 540% Th - 72,
7-9 O HARRK D%y — > OFEE R, FPLaT40% &A%
Wb oo, EIERRIE, FEkE B, AET50% M e %o
TBY., EELERNY =V o Tw,

Nagashima et al. (2010) (25T, CHASER (Sudo et al.,
2002) Z 7z P L—H =R X D EL @R A
PHDOREIZH T HHGHEPRDLNT WD, HANDS
DFHI1E20% 3-5H). 40% (6-8 ) LBREMICHL %5
2R S, BEEH O O I L CHEOFH 513 12%
(3-51). 10% (6-8 1) W fif ¥ )& o % 5 135% 2 &
(3-5H. 6-8H) & JEH M\ # 1A 3/R ¥ 17z (Nagashima
et al., 2010)c ML —H—iEIC X 5 O BEOFLHR LB
PRAABAT % W 728 7 — SRR H AR D 5 02388
W2 2 FMAT ZIRT HAEE L TWwb,

O3 outtier & O3 nommal 2BV D578 5 — ¥ OEIG DEALH S
O3 gutic: DHIE /N Y — DY AR L 720 3PHMIZBIT S
O3 outlior D BB A 2 W EIEL Os qutie PTE /S S —
DREHZET LI EVNELV, ZO72O, 30HHO
Os outie V10 LA F DA, O3S0 HERA L 720



APAN=—~ -4
=on o

>.~,
)
b
g
HiE

60
g (a) Rishiri -@=-Russia
=50 -
e apan
2 _eNorth China
-E 40 +Russia
] Russia
§ 30 + Japan
Iof =@-North China

N
o

=®-Best fit curve

n N~ (o)} ~ ™ n ~
o o o - - - -
& 6 & o o o o
N N N N N N N
__60 =®-Japan
Q2
2 -e-North China
s 50 +Japan
40 =8-North China
5 North China
o
§ 30 + Korea -
S | () sadoseki North China
20 1 ! L1 L1 L1 + RUSS|3
w5 g - @ © r~-e-Bestfitcurve
©® ©6 © © ©o o o
N N N [9V} [9V} [9V} N
_60
) (c) Oki ‘ Korea
%50 /\? -@-Japan
2 “¥:# __ North China
£40 + Russia
o)
[&] _._ .
§30 North China
S _._North China
20 L L L L I + Korea
8 &5 8 T 2 ¥ T.e-Bestfitcurve
© 6 6 o o o o
N N [9\] N N N N
__60 |
2 Korea
oS p
50 l-.-Japan
=
2 =@-Korea
% 40 P +Japan
8 =@-North Chi
% 30 o !na
S | (d) Tsushima -O-N‘;(”h China
O 20 PR L 1 1 + Korea

L 5 g =T @ © ™~ @-Best fit curve
© © ©6 © o o o
N N [9\] [9\] N N N
60
z (e) Goto =@-South China
[« %
250 =@-North China
[
2 North China
g 40 +Korea
c
© -0
8 50 Japan
3 North China
o

+South China

- ®-Best fit curve

N
o

N~
-
(=]
N

2009
2013
2015

Fig. 3 Annual variations of the ozone concentration of the
top 5 transport patterns in frequency in (a) Rishiri, (b)
Sadoseki, (¢) Oki, (d) Tsushima, and (e) Goto. The annual
average is calculated from the daily ozone concentration
except for the outlier. The solid lines show the annual
concentration in each transport pattern. The annual average
calculated from the best fit curve is shown as the dashed line.

55 % £ 55 (2020) 225

FIFLD O3 guttier £ O3 normat & P THERZED D - 725 DI,
4-6 . T-9H DL ED S D% — 2 TH Y, Fh
Z 103 orma & JLEE L T4-6 H T+23.4% (p<0.01). 7-9H
T+48.0% (p<0.01) DA SN 7zo FIPLIEHANDIL
HIZH D720 O3 porma (2 BV THIREL B2 S O 8 7 —
YIEP R Os i DEEBLE U CTHIRE B & D ENE
ZHNb,

P B D O gugier Tl 4-6 H OBEEE S+ H A D S Dk
XY — Y DEIEH+13.3% (p<0.05)BEM L 720 O guier D4
B LCHELEE HROEENEZ 5N D0 03 oma D
4-6 HTIRHAD S D%/ S5 — 2 H350% L LB ). Oy ouier
TH HAB L OB EE + HARD S Ok S5 — v O&RD)S
50%PL & o T %o FEIEBIID O5 gie DHEBLE LTH
KO DWEORENETENDL ZEVHITON5,

B D O3 quiiier \KC BV CTHBEREBDB A S N2/ 5 —
ViE. 4-6 H OB E D S Ok 5 — v 3+ 14.9% (p<
0.05) DM SN0 T-9H D HAD L Dk /sy — »
A=352% (p<0.05)DAHEARWMAZ R L, P EHILE+ 8
BB S DRI Y — Y +15.0% (p<0.05) DA E % b
MBS N720 O5 norma PIEMEIHIZ H A D S O/ 7 —
DI50%AEED B DY, O quier T HAD S Dk /87 — ¥ 28
WA, WS F 72iE, R EEALE A+ RS S oS
T — o ~NEALT B EDW DI o T BEEEIMNIIFEE O
BFR b BRI RN A S GRS N D 2 L 2%
WEEZHNL, L Ly KEEMIHRC P o @IE1 58 A5 5
SILDSHE SN D YA Os AT 2 Bn s & hiz,

5t D O gutier T 7-9 H O EHALES + 1 E g 2 &

% /8% — Y OEEICBWTH14.7% (p<0.05) D, HrEH
e+ R B S Ok Sy — X IZBWT+21.3% (p<
0.05) DA RBMA RS Nz Bk E B ) G2 %
IR L 72Hfiki N 7 — 3 e h o Tze PR BRI & Hel L CHb B
FICVE I & % % 15 TlErp ERALER + R E R g 3R A & o ik
ING — A E BN S, o E G A rp E R A
5 DEILDIEDO; gy DFEELE L THRWEE 72,

FIETIEO; quiin P4-6 H. 7-9 B N EICB W THER
JEE+ P ER R A S Ok NS —  OEEH+22.1%
(p<0.05). +21.7% (p<0.05)DAHE MM RSN,
72 TOHTREGHENY — Y OEAED D L E I
+21.4% (p<0.05). HEHALE+ P E7+16.4% (p<
0.05) DA RMEIME R Lz HIBIINEOMMEIZH )., &
By B & B LT & SIS EH I S DRk /S 5 — 3
L BIn$ A S i,

WEDOWHRICTO;RERN DI ERFGHENY - AL T
T HROLENTED, LT ¥ —DO;EMN
90 ppbv L LA, HAREND S O 5-5350%, HED S
DELGD10%RE, BEEEED? S OF5H20%REDH 5 &
FFEd 57T 7z (Nagashima et al., 2010)o HFICHIEEE O
O FEICH T AEERIIL LT Y —DOIEIC L Y K& L
b0, O; D60 ppbv UL FORA MR TE LBETH-



226 J. Jpn. Soc. Atmos. Environ. Vol. 55 No. 5 (2020)

80 - , 80 80
(a)Rishiri =@=Russia (b)Sado-  =@=Japan (c) Oki Korea
70 =8-Japan 20 seki -g-North China =8-Japan
= North China = +Japan . A70 _._North _Chlna
s + Russia g =®-North China| 2 +Russia _
—=60 Russi = 60 North China| &6 =8-North China
c ussia P e
s} +Japan S +Korea 3
£50 -&-North China £ 50 =50
9 Best fit curve e o
c c 2
g 40 g 40 g 40
o o o
30 30 orth China 30 North China
+Russia +Korea
20 1 1 1 1 1 1 1 1 L 1 20 1 L 1 |+|Be|St |flt (];Urye 20 1 1 1 1 ﬂe$t f't clurYe
12345678 9101112 1234567 8 9101112 1234567 89101112
Month Month Month
80 - 80
(d) Tsushima (e) Goto
K
o orea 70 North China
£ Q .
gGO ~®-Japan 360 +South China
= - =@-South China
o Korea o
£50 +Japan S50 -e-North China
. c
§ =@-North China 8 4 _._NorTh China
3 40 . 5 40 +Korea
° _._North China o
(e} +Korea o =-@-Japan
30 ) 30
-@-Best fit curve ®-5csi fit curve
20 L 1 1 1 1 1 1 1 1 1 20 L 1 1 1 1 1 1 1 1

12345678 9101112
Month

1234567 89101112
Month

Fig. 4 Seasonal variation of the ozone concentration of the top 5 transport patterns in frequency at (a) Rishiri, (b) Sadoseki,
(c) Oki, (d) Tsushima, and (e) Goto. The monthly average is calculated from the daily ozone concentration excluding the
outlier. The black line shows the seasonal variation calculated from the best fit curve.
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