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Abstract

The ozone concentration is one of the important environmental issue for measurement of the atmospheric condi-
tion of the country. In this article, two time series ARE models, the direct ARE model and applied ARE model
have been considered for analyzing the ozone data at southern part of the Gyeonggi-Do, Pyeongtaek, Osan and
Suwon monitoring sites in Korea. The result shows that the direct ARE model is better suited for describing the
ozone concentration in all three sites. In both of the ARE models, eight meteorological variables and four pollution
variables are used as the explanatory variables. Also the high level of ozone data (over 80 ppb) have been analyzed

at the Pyeongtaek, Osan and Suwon monitoring sites.
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Table 1. List of air pollution variables and meteorologi-
cal variables.

Variable Contents and timing Unit Notation
Previous day’s maximum
0sl 1 hour O, ppb Yoy
SO, Daily maximum | hour SO, ppb S,
NO, Daily maximum [ hour NO, ppb N,
CO Daily maximum | hour CO  O.1ppm O,
Daily maximum | hour 3
PMI0 PMIO Ug/m® P,
Temperature Dally maximum | hour °C T,
surface temperature
. Average wind speed
Wind (from 06 hour to 18 houry /S Wi
Average cloud amount _
Cloud (from 06 hour to 18 hour G
o Sum of radiation 2
Radiation (from 05 hour to 20 hour) MIM R,
. Average relative humidity
Humidity (from 09 hour to 15 hour) % H,
. Sum of precipitation
Rainfall (from O1 hour to 24 hour) mm A
Dew Dew point temperature C D,
at 15 hour
Waterp Water vapor pressure hPa v,

at 15 hour

< %= (maximum temperature), 4 A} 2 (global
radiation), 34 (wind speed), A}t 4% (relative humid-
ity), 745 (rainfall), ©]&7-&% (dew point tempera-
ture), 2-2F (amount of cloud), $=Z7]3} (water vapor
pressure)& Atgg)ov] & (o vjeht 9lct

Al 4352 A7) AR olAISOy),
°]AkEHA 4 (NO,), LAFEFRES(CO), PMIOE AHS-3)
W, ezA}asl o] ZRMATIA P, oA
PUAA S BEAE 0] §3}h, 2003~20051¢) 59 1
2~99 3099 Ad ARE AL AH4D
W) AmE = 16 ekt ek 8579 A4 A=
o 4279 d7) Aol A ARE 7 AmE
AlZbE E2 oz wlws] e&ne] AdAA ) 7}
H ¥ ADNE Ak o2 B, YAFR)
Hpe 239 Al ARRAZE 22 9E 5204
of qte A1gstelnh 7 el A A7
= = 19 et givk & 12] Notatione 4#3}) 6
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Fig. 1. The box plots of (yearly and monthly)ozone con-
centrations at southern part of Gyeonggi-do. The
circle indicates outliers of the ozone concentra-
tion.
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Table 2. The direct ARE model for ozone concentration.
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Table 3. Factor loading of meteorological variables.

Area Direct model Variable Factor 1 Factor 2 Factor 3
Y, =0.148Y,_,+0.230P+0.01 7R, —0.146 W +¢,, Maximum
—.504 803 -9.416E—02
Pyeongtaek g, =0.124¢,_s+e, temperature
Y, =0.111Y,_,+0.41 IN,+0.070P,+0.013R, Rainfall 615 4.878E-02 391
Osan —0.383C,+e,, Wind speed 6.609E—02 —7.589E~02 961
g, =0.186g,_,+0.275¢,_5+0.188¢,_ ., +e, Humid 860 376 3.224E—02
Suwon Y,=0.290Y,_;+1.4728,+0.138T,—0.388W,+¢,, Dew point 467 866 —1.688E—02
g =0.147g,_,+0.172¢,_s+0.116€,_5+e, temperature
Water vapor point 448 .880 —2.858E—-02
Radiation -.951  —4.060E—02 —4.778E~02
o] 7,8,9%Ye) wls] ¢ F2x=r} A el A Cloud amount 881 161 3.455E—02
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Table 4. The applied ARE model for ozone concentra-
tion.

Area Applied model

Y,=0.221Y,_,+0.389P,— 10.132Fact | +¢,
g,=e+0.186¢_j9

Y =0.141Y,_,+0.622N,+0.102P,— 8.6 76Fact 1,
Osan +3.054Fact 2,+¢,,
€,=0.176¢,_,+0.200¢,_5s+0.181¢g,_ 1, €,

Y, =0.422Y,_,+0.619N,—7.017Fact [,
+5.809Fact 2,+¢,
€=0.141¢,_, +e,

Pyeongtaek

Suwon

5. % 7tX| ARE 2&2| gy

L&xwd #A3 F 71X ARE 23, direct ARE
233} applied ARE 2.8 &3l A fﬂ'/‘*i 233 =
o) glel ARARe AL BHE o) g3hedch 2R
RS 22 $E Yoh 599550 o) 4%

Hme oz Zhe] lo| 77kess dmze] wo
o majelch AbA} B0 AEE T X B4

RMSE (root mean square error)2} 1A (index of
agreement) o]m )2 A1 (2)¢} zie}

RMSE=1/ %il(oi-pi)z
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2(0 -p)’
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RMSE (root mean square error):= 3te] #5432 £
£ wolch A7kl 20033 RE} 200511 59
BE] 997tA)e] AhR Z 2003 SURE] 20049 9
4744 3069 A=E At 2 5L AT =y

7] $A s s A 239 A3 &
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TF-571 7ol = F 23o] B Agsht, applied ARE
z3o] & o] At Aoz vehgov 570
= applied ARE®] ZAAA S R¥e] 045302 Axd
o] wi-e 7 vleldw direct ARE®] RS 0.9362.
2 ¥4 vehgo Agdoes ezxw B A
Al % direct ARE 23j0] & v AH3qt Aoz
vhebyde

] 2o}, direct ARE 232 Az AHL38}7]7} vw
A 7vdslr] Wi e 2%x BAoz direct ARE
23& AR o] A Aoz AzbEa

N
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3 77} o Foj Aok F& AT
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t}. Lyons et al. (1991)3} Ludwig ef al. (1995)] ¢}s}
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Foz 1X7FE9t 120ppbs 2Fshd 0FE s
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Table 5. The goodness-of-fit test of direct and applied ARE models.

AT 369

Modeling period (n=306 days)

Verification period (n=153 days)

Method Area
R? RMSE 1A R? RMSE 1A
Pyeongtack 0.922 14.913 0.873 0.969 12.869 0.901
Direct ARE Osan 0.769 12.387 0.903 0.951 11.967 0.897
Suwon 0.878 16.419 0.764 0.936 16.771 0.859
Pyeongtaek 0.889 17.003 0.896 0.958 14.466 0.889
Applied ARE Osan 0.792 13.276 0.896 0.906 13.082 0.884
Suwon 0.906 15.323 0.856 0.453 15.073 0.904

100 ppb& 2H3}= 2
2 A3t = 6>
d 5olA] 20053 997HX] dubAel wyEE B
4 9l 80ppb o]} Hi& A FEgS YH,
=¥g BN molth x| gulr} 1= d5e) 1%
= FFkel 234 AolE Bolx Ut 1FE 4
1 20036l He2 eAbx] o], 42k 259, 24
Az Jepdar, 200430 = HElz) o] 194, 20054
ol $UA o] 30d2 A Jelge dHe A
By, A e 5 69 5= 47t wel et
WY 20059 %6 5, 649 #ul ofe}l 7, 8=
% A7t AgHE 2~69 7HA] vepdoh

B A7edME dubd 1= AE wEsld, A
7] FRAY F FeAe 2003 5Ll 2005 9
Y7tA] 8] &5 %5 59ppb o3}, 60 ppbell Al 79 ppb
Atel, 80 ppbell A 99 ppb Ate], 100 ppb o] /¢e] 4 1%
o2 gl T old whE A= 7t 2769, 1174,
459, 1792 Jehgoh roizel 1wz B 4 9l
+ 80ppb o]it= 62U = velytdt

25 2 &35 = wEl 12%5F0 ABussl
HFREol o7l UEAZ BAMEA (ANOVA)F}
Duncan @8 & A A& 3 A= = 74
o). gAakstelA (COYRE Al9] & &2 11749 =
E EEeE 5o £33 %A §-23 2to)7t Q)
= Zlog BAMEYY. 53] 5]HHS F PMI0S &
Fyxo 4 15 2% o8 A7} Sl Aoz
Vel s, e &2y wr) Skl Wk PMI0E $7}
= Zoz vepdvh 7F4#F (Rainfall) o]&3 &
= (Dew), 27| (Waterp)2 321% [60, 79], (80,
991, {100, eo]& F-2J8t Ao]7} ¢l [0, 591 1F
Fodt Aol Qe Aoz EAHGND 2F5Es)
Z713tel| whet e, oled 2%, 7| A

Table 6. Monthly days and average of high level of ozone
concentrations (over 80 ppb) at the southern
part of Gyeonggi-do.

Pyeongtaek Osan Suwon
Year Month days(mean) days(mean) days(mean)
May 11(90.73) 12(94.33) 0
June 8(87.88) 8(91.50) 6(98.50)
2003 July 4(89.50) 3(87.33) 5(101.60)
Aug. 1(83.00) 1 (88.00) 2 (86.00)
Sep. 1(92.00) 0 2(82.50)
Total 25(89.36) 24(92.25) 15(95.73)
May 6(84.83) 1 (84.00) 1(84.00)
June 9(113.22) 3(102.00) 6(108.67)
2004 July 2 (102.00) 0 2(89.50)
Aug. 1(87.00) 1(86.00) 4(89.25)
Sep. 1(95.00) 0 1(95.00)
Total 19(100.74) 5(95.20) 14(97.64)
May 8(93.50) 6(89.67) 12 (90.08)
June 5(90.80) 2(82.50) 8(91.38)
2005 July 2(106.50) 2(96.00) 6(116.17)
Aug. 4(90.75) 2(89.00) 4(89.50)
Sep. 0 1(94.00) 0
Total 19(93.58) 13(89.77) 30(95.57)
s Aoz A=,
oo WG Fo BUA Fo shbe Tpmel

#at BAolct dnkd] w3 =9 o 3 FE7) 80
ppb o]} H ado] Hs e, b $rF A H9
direct ARE 2.34]& 2N Axprl = 8o eyt
o % 89 Adlp RE 28yt 23 %2
o] Ayuipos & g2 velds 53] & 29
23N A4zt a2 veRdd 5371 (W), ¥+
F(C) & 8N T vehtA] dgte T o= =
7¢] Duncan B3 7# A} M BRo] ¥ %}
[80, 991, [100, o]ell M= F7]|qkt 32 f-2l%
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Table 7. Results of ANOVA and Duncan’s multiple range test of the explanatory variables for ozone concentrations in

Pyeongtaek.
. Duncan’s multiple . Duncan’s multiple
Van'flb]e ANOVA range test Vangble ANOVA test
(unit) p-value (unit) p-value

Grouping Mean Grouping Mean

Al 35.01 D! 6.12

B!? 39.98 B! 6.31

NO, (ppb) 0.000 2 4427 CO (0.1 ppm) 0.301 Al 648
D? 4547 c 7.09

Al 7.04 Al 81.11

B? 8.65 B? 103.90

SO, (ppb) 0.000 p 10.89 PM10 (Ug/m?) 0.000 - 15011
D’} 11.94 D* 155.18

Al 2577 D! 0.00

o B! 26.85 . C' 0.28
Temperature (°C) 0.000 c 2726 Rainfull (mm) 0.000 B! 24.05
D? 29.47 A? 107.66

D! 16.01 D! 44.03

1.2 1.2

Wind (m/s) 0.000 gm } ;S;‘ Humidity (%) 0.000 gz 45‘2:(3)3
Al 22.29 Al 67.15

D! 118.43 D! 149.61

: 138.1 ! 168.4

Dew (°C) 0.000 g, 12?.821; Waterp (hPa) 0.000 ](3:1 1320;
A? 170.40 A? 203.57

Al 1248.3 D! 3.22

B? 1969.6 c 3.81

adiati 3

Radiation (MJ/M”) 0.000 23 2228 8 Cloud 0.000 B2 514
D? 2344.9 A3 7.54

Note: The A, B, C, D letters means ozone concentrations of [0, 591, [60 ,79], [80, 991, {100, o] respectively. In 2 3% letter, the same letters are not

significantly different at 0.05 level.

Table 8. Direct ARE model for high level of ozone con-
centrations (over 80 ppb).

Area Model R? RMSE
Y,=0.181P,+0.252T +¢,,
Pyeongtaek £,=0.378¢,_4—0.3166,_19+¢, 0.984 10.777
Y,=0.550N,+0.156D,+0.020R,
+¢,
0.984 7512
Osan £,=0.362¢,_,+0.501,_, ? 5
—0.458¢,_¢+E,
Y,=3.286S,+0.186T,+0.078D,
Suwon +e, 0.985 12.389
=-0.403¢,_5+¢,
atol7t ¢17) wEal Aoz H7hee
Hel, oAk £9) A Ao AAA L 27} 0.984,

0.984, 09852 & 54 ZAAASLRT =4 vehds

=l 7| s gs] ) A 23 A3 =

w3k Al e =% RMSE7} % 52] RMSERT} =
A el 2&Fx7l 80ppb o]l A = 89
direct ARE 23j2]o] &% w8 2 Mdis) Fn A
A% oz Jehgeh

7. A %

AN, A7) B A HY, 04 59

o eEwes A4 294 F o4 Fesl ARE

Eyoz $ASYGTH ARE By ARH4E 24

o AT 4 Qe Yoz AADHEE AEY
o A A2 A AA% 2Yoleh

2 979 ARE R3olAx, 9 &5 5o oJ3e

+ 8% R J14ARS) 455 HAES A
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o= 20054 AE 1539S PAZr|7kow AL4syd
o}
ARE 23oflA, 12%-F2] =& AYHSES A4
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F ol AgT Aoz dehgou, AE70edx
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@ Aow $H=%eh Hgel direct ARE m8je] 2
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BAoll direct ARE .38 A28} Ao & 7o
2 A7)
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