BFHARRLPEE F 9% HFIRK
J. KAPRA Vol. 9, No. 3, (1993) pp. 207-215

2 SAEZAS 0l88 MEA
DSE E oFo e AT

Prediction of High Level Ozone Concentration in Seoul
by Using Multivariate Statistical Analyses.
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Abstract

In order to statistically predict O; levels in Seoul, the study used the TMS (telemeted air
monitoring system) data from the Department of Environment, which have monitored at
20 sites in 1989 and 1990. Each data in each site was characterized by 6 major criteria
pollutants (SO, TSP, CO, NO,, THC, and O;) and 2 meteorological parameters, such as
wind speed and wind direction. To select proper variables and to determine each pollutant’s
behavior, univariate statistical analyses were extensively studied in the beginning, and then
various applied statistical techniques like cluster analysis, regression analysis, and expert
system have been intensively examined. For the initial study of high level O, prediction,
the raw data set in each site was separated into 2 groups based on 60 ppb O, level. A hier-
archical cluster analysis was applied to classify the group of data sets having over 60 ppb
O; into small classes. Each class in each site has its own pattern. Next, multiple regression

. for each class was repeatedly applied to determine an O, prediction submodel and to deter-
mine outliers in each class based on a certain level of standardized redisual. Thus, a pre-
diction submodel for each homogeneous class could be obtained. The study was extended
to model O, prediction for both on—time basis and 1-hr after basis. Finally, an expert
system was used to build a unified classification rule based on examples of the homoge-
nous classes for all of sites. Thus, a concept of high level O, prediction model was devel-
oped for one of O; alert systems.
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ek FARHAN A 2 FAE AT A4
TAEE FUAOE AAS T AGE EFd= 3
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AR Ao A2 ¢ g AN, A2 o)A A
Do EFstgct. sixRez, & 20709 HA%
A F R AT FEALE o]&F 3 AL
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F =60pph O,
Qutlier 9212]——) Multi-Regression Qualitative
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L YES
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No —
Correcting Cases ](———{ Test Rule
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[ Unified O, Prediction Model ||

Fig. 1. Flow chart for developing O, prediction
model.
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Kwanghwamun Seasonal SO2 Trend(1989)

250

S02 Conc. (ppb)

8 910 1112131415 1617 18 19 20 21 22 23 24
Time

1234567

|7*Winter - Spring # Summer = Fall

Fig. 2. Diurnal and seasonal variations of SO, at
Seoul in 1989.

Bangidong Seasonal TSP Trend(1989)
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Fig. 3. Diurnal and seasonal variations of TSP at
Seoul in 1989.

Kwanghwamun Seasonal CO Trend(1989)
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Fig. 4. Diurnal and seasonal variations of CO at
Seoul in 1989.
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Kwanghwamun Seasonal NO2 Trend(1989)
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Fig. 5. Diurnal and seasonal variations of NO, at
Seoul in 1989.

Mullae-Dong Seasonal THC Trend(1989)
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Fig. 6. Diurnal and seasonal variations of THC at
Seoul in 1989.

Kwanghwamun Seasonal O3 Trend(1989)
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Fig. 7. Diurnal and seasonal variations of O at
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27} ety AAEEZE AL M- ML 23
I, 7HE, ¥, 9% £A4E FE7F 9tk Cos
OH7| (radical)sl o}sf AbstE/e] FA==A4 NO
Fxo ol 0,8 AdEch 4548 OH 44
o fEld =4 (FL& FE ¥ LEFE, A4
g)olm 2 (Poulida, 1991), COs =+ oEo ¥
3, F7e Fad Ae=2 xAg ). NO,¢} THC
£ A AR 2 % vAe 2 9EAR
deiA Stk 29 59 o), NO& 234 8~94]
Apelo] RFEFL vheham, FEekel astehrh
oF 54 olF M ALsicirt olE Aol
oAl ZAade AFE 4ok THCE ¥ 63
o) 7Hed Agole oA 114X Asichs)
oF 12~74] Abolo] ST F 84 olFFH A
Arats A =itk 3F3 BAE Azl
TG wssl FodstA seted), wWA 2Ad %
=7} goteh AW sEFel: Aol A% ¥
tod, Fhe, 4%, ¥ w02 $Eob i
eE FEAYL 2 T3 o], 2.F 3~44
Abold FHdlgEE Boleom, dE Fod Ad&A
7HAE AwsErt JEbgch AEME2 = o Hd
7 =& 5xob Jelhd R, ASAd A sk
=4, 1AL ALHL AL A AT of
71Z27e] 22l GEAQ 2 F2 YL w37
g Eolct o2 FeedEATN gxAU SAe
2 o Fo] Wt AL ¥ 25, ¥ 4
4%, AFSelH oF Fol L2RTEAL 24
°] 3l& W oFo] A vehdrtis Be X
gk} (Angle, 1991; Feister, 1991; Korsog, 1991;
Poulida, 1991; Lefohn, 1992; Wolf, 1992).

3.2 ZEEM9 41

TAEY F EHFD aylde] A& 2AEE
wyjo 2 fejvtel FAVIER (1993d= A
ehE o)gdtdtt §, 4 2 57HA 29E
Ao HuexE 1A #FHA7EA SO, 30 ppb,
TSP 150 pg/m?®, NO, 50 ppb, THC 3 ppm#} CO 8
A7y &4 7|% 2 9ppmed UFE oz 2t 4
G2 odEA AFE BAMINYY. 2EFE
7} 60 ppb wigkql A= FAe A, dHFE
Aol A e E25%rt 7 w8 welEF A2 A9
o AgE, TU%, AT AL JFAHer o
T3tk AR 9~1071A1 9] 5AE e a3
Do 2 RFEHAEY, & £AGANN E2 55E
eld o gEAe SO, TSP, THCYrh o2& %
0~10 ppb, 10~30 ppbe] 7%, 7t4 & s}
2 Jehd 2 dEAL S0,932, 30~60 ppbel A&

TSP7} 2 718-& Jelfed, 74 ze 722
Bal 7 COArt. o]9} zho], ALHd) AHBI gl
dd AEE FTHEAHINDEZH, HEE 2F0]
ehd A1 7 wigo BEAHe FAHow zaAY
sl

2&%57} 60 ppb oJ4Ql RHFE EHY A,
T2%, 7%, M8 E, dAS, HelF, 45F,
2RE, AFES dAaeR 2F9 dire 25
dge] B, 2¥x DPuls, FFFe BY F
ztA e SAREAHE A=sddct o] ASx o]
BAVEAE AR B 2A8EY, 12717
A Holy LR R BFIgy, Aex 3
Mool &), zZt egEale] & wsigle Heb
g BEE Erh ole} Fo) 7 29 EAe B4
£ ZAstE BAL 2 F:dEed AUA x5
2 £ 9%& v A& QA (factor) Fpehe] Fw)
Aqjeor YAt HAEHY) HAmes £3
(35, 1993)¢ Fase}.
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ez stk dAHY 2 EFEE FAHY o
A el A FHEAN oA FHEY F &
" aAGE HALAE A9, FHEHL F ¥
d 2GS HAARAT 2do] 2 ¥5AA
R* &, =& #94¢ B2t F3EA <A
3|zl o] R?e] 0.24~0.56°]3] A7k A Ate]
§ 0.84~0998%2 wj-¢ =A veputch o]g
= E75" 2A4AGY 2 S o] FAHEA
5 oldY FARdro o 2 5AA oy
71 A& Sgich

Wolff (1992)= e &A47He] vjAyHole}
£ 7FAslel, VOCe} NOxH| & & o| 83l 2 &4
A9z 4& A7 nh glen, Korsog (1991)& &
£5 5 dsle digt 7Yz 7Ax g HrhE
=d A Ay A 2dE g v g #
AFoME WEAHY 2E25EF d 557 ¢
&, 57k 2 9E€ A (80, TSP, CO, NO,, THC)}
Z5 (WS) 5& Wa2 AAD, o3 &%
= Zhg widygHeR ztag HI¥Y ¥, SPSSE
o] &5l oA I FHEA (stepwise regression)
S 33 A, Fo)de] MAR FAH Al AL
. &, FeolE e A3 0.998, WolF A
w32 093, 5% H1e 0922 Rlfe] 713
Aot =%, 2 23Ge] 2dAdld Z Sdg
9] eEdFd dF AAALT (FlH9=E ! coeffi-
cient of determination)& X 1o A As e} +
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Table 1. Contribution of independent variables for
the on—time O, prediction model.

Table 3. Contribution of independent variables of

O, prediction model for 1-hr after basis.

Pollutants | SO, | TSP | CO | NO, |THC|W.S |Total%

Pollutants SO, [TSP| CO |NO,| O, [THC|W.S|Total%

Class1|11.0{14.2| 5.3130.0{24.3} 7.1 | 91.9
Class2| 6.7| 75| 3.7]62.7] — [15.1| 95.6
Class3)18.4]18.611.2|46.3| 3.8| 1.5 99.8
Classl| 4.2 21.1]13.5|16.7(13.9(17.9| 87.3
Class2| 0.2 134.0|44.2f 37| 25| 1.6 | 86.2
Class3| 6.7 | 7.8}117.0} 6.5|27.0/28.3| 93.3
Classl|{ 0.1 0.9} 86| 80| 0.7|74.2| 92.4
Class2| 4.6 129.2] 5.6 2.8]27.7]19.2| 89.1
Sungsui+Class3|12.6 | 30.6(12.0| 1.6 | — |28.4| 85.2
Dong |Class4| 7.3 | 7.3|25.0| 3.6 41.9]| 2.8} 87.8
Classb| 0.2116.8|54.3| 87| 25| 1.7 ] 84.0
Class6| 6.6 | 6.924.4|23.3|13.7(16.2| 91.2

Kuui-
Dong

Bangi-|
Dong

Kuui- |Classl | 8.4 811 3.2| 0.3(57.0{10.6| 2.9 90.5
Dong |Class2|79.4| 5.2 85| 03| 1.0| 40| 1.5 99.8

Classl | 6.3] 3.7] 2.7 0.7 |61.1] 2.7]13.4] 905
Class2| 42| — | 3.0 — (850 — | 1.3| 9356
Class3| 1.5| 1.6 |47.4| 9.6{10.7|18.8] 5.7 95.3

Bangi-
Dong

Class1|14.3]14.0| 4.5|23.9)22.7|12.6] 2.9] 94.9
Class2| 0.6 0.5(23.5| 0.3|64.7| 24| 1.2| 93.3
Class3|16.9} 0.2122.5|12.0)20.2| 8.0]16.1] 95.8
Class4| — | 2.6(10.6| 5.7|57.5| 4.9| 6.3| 87.5
Class5]| 2.1]| 1.6] 1.2} 2.2(63.0|11.8] 6.6] 88.3

Sungsu-
Dong

Table 2. Model equations for predicting O, levels by
1-hr after basis.

Site | Class Prediction Equations R?
Kuui- | Classl [[0,);= —735-0.048[S0,]*+0.021[ TSP]~2.68[CO]
Dong —2.89[NO,]"* +1.6{0;] 0.91

—15%10""exp[ THC]+ 46 6he[ W.5]

Class? [[0:],= 119.03+1543% 10-exp[SO; 469 TSP]"
+0012[COT+ 1769 % 10°[NO,P+0.19[0,] |0.99
—~11885[THC] ' - 0,057 W.S
Bangi-| Class] |[0:],= —99.8-553[80;]" —0.29[TSP]

Dong +62%10%exp[CO]-520[NO;] " +2.1(0:] |08
~114[THC]+21.3hW.S]
Class? [0);= 11.1-120.3[50,] '~ 905 TSP]"
~0.054exp[C0]—0.16]NO, ]+ L2[04] 094

+0.1[THC)-0.21[W.S]

Class3 [0,]= —16.6+8.954% 1050, +0.25[ TSP]
(Outlier) ~7.041 % 10°exp{CO]~ 2.3[NO, ]+ 8293[0;]'| 0.95
+1.503% 10~ THCF - 199[W.S)"

Sungsu| Class] [[0;],= 345.2+2046[SC0;] ' +19841[TSP] "
Dong +1798In[C0] - 9570[NO2] - 3843(0, ] |05
—182.4In{THC] - 395 % 10~ W.S)
Qlass? [[0:],= —154+027[S0;] '~ 0.08[TSP]
+65%10-7exp[CO] - 551[NO,] 0.93
+1[0*)+1[THC)-08[W.S]
Class3 [[0];= —626.3+1079[50,]+ 3392[ TSP
~786{C0)7+13367[NO, " +063[0,] 096
—265% 10 %exp[ THC]'+ 30.3[W.S]

Class4 [[0,]:= ~37.7+0.05[S0,]+9.5In[ TSP]
—1.982 ¥ 10~%exp{CO]—0.93[NO,}+0.78[0,] |0.87
+14.35[ THC]"*—17.1In[ W.S]

Class5 {[0}i= 122.1-0.56[S0;]—42.95In[ TSP}
(Outlier) +1.3[CO]-1920.6[NO,] '+ 1.71[ 0] 0.88
+1946[THC]'+96.5[W.S]™

* (S0,], [NG,], (0], [0:) - (ppb):
[Co], [THC] = (ppb/100) :
(TSP] - (ug/m

g NOsF 2 &84 714 & 719& 3
Ao, wolX e TSP, CO, 4 £ W4r) v
Ao A Aoty 7S E slgm, H4EY Al
A FLo] &4 713 & 7148 319
. & dFdAMe 71457t 2e HEE Ars
T 2dAE NE pdste WAL xR gt
t}.
1A %9 2 2% A JAHY o
£& Y BE A7HEFE o)8Eod 1A F
9 22%5E dE8e Aotk o FHmYe
FAHY eE25E FAERIRG {940 Egt
b E23, E5E 4w d&mde) HARtg
g d3rdiEc) £ Fo48 By +9E,
o) E, Mol A A9, Rle] 0.44~0.
508 e wid, 7 &% wde] AH$ 087 ol
ol foAae Bl 147 Fo dg e &9 3
= 4FE EHEslo HARAE 29, 94
o] ZA HAY FHAAel w=HUL T 2=
SPSSe] wiAE FHARLHE o)l&3dled daxde
2LE2FE FAAE MR Feold, R 3¢ E 13}
Zol, Z azicte] R 2 WL o&EdA
A 7z s FAG Aotk FoEY FHwtidl
Az dA L2557 1A F 2F &4 7}
A & 719 Feow, g 26 4es SO AR
2 719E 3 He Ak welE, AssAde A
WMo 2 Aol e EExrl 2AA A E 7|9
£ #eow, CO, NOJF 58 ¥4I o439 A
4x st

4. B8 2EST ASZEY Iy
4.1 2EEF o|Z2Ee NY.

7 A eF¥x Aoz FAAFe
LEFFEE A5 2, 2 A5 e
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model for 1-hr after level.
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