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Abstract

A new neural network model has been developed to predict short—term air pollution
concentration. In addition, a multiple regression model widely used in statistical analysis
was tested. These models were applied for prediction of daily maximum ozone concentra-
tion in Seoul during the summer season of 1991. The time periods between May and Sep-
tember 1989 and 1990 were utilized to train set of learning patterns in neural network
model, and to estimate multiple regression model. To evaluate the results of the different
models, several performance indices were used.

The results indicated that the multiple regression model tended to underpredict the
daily maximum ozone concentration with small r*(0.38). Also, large errors were found in
this model; 21.1ppb for RMSE, 0.324 for NMSE, and —0.164 for MRE. On the other
hand, the results obtained from the neural network model were very promising. Thus, we
can know that this model has a prominent efficiency in the adaptive control for the non—
linear multi— variable systems such as photochemical oxidants. Also, when the recent
new information was added in the neural network model, prediction accuracy was in-
creased. From the new model, the values of RMSE, NMSE, MRE and r? were 13.2ppb,
0.089, 0.003 and 0.55 respectively.
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Fig. 1. The configuration of a three—layer perce-
ptron neural network( after Lee, 1994).
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Fig. 2. Location of air pollution monitoring sites
(®) and meteorological site(l ).
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sites belong to each satellite city of Seoul.

South-north TM coordinate (km)
5 £
o =]

420

3.2 23 o By

&R 4 3z eEFSE Sy sy
AMe-E 712 Y WgFE 3 AeAq 3ol
ErhssteR % @ 5 A8E o4ty FA
AE 9 FE AR FHoE Aadly *}%Slﬁ
o} =3 dAabgkot 712 oldx dir)Fe] 4
< di7lesd B4 33k 7]zt Fodsle %.3.
3 g4ol2g 7l 2 AFH 7Ig AHFEE ol
43l Hdgeg Alarsisct. o]AY wjAgt AR
FolA 7123 AdisEs 14494 1619 333
T o4l an] AAE 16A7tA 9] AR
3193, 102156 16417119 54 9 JE i
FT4E 378l ojfalgr). ¥ EP2AEE 2
Abel A2 714 ARS) AL A Y ABE
o]4-3led EFZaxrwd(o]FW, 1991)2 A4}
o WA 164198 FHEn=E oA o E3S
2% (MMD : maximum mixing depth)2 7}33}o]

A AAZED D 227

HA o)) o]g-a}gir).

ArlFe wEd 13 L9EAEL F35o2
4, GAEA Babe uhe-g doF] oEn 2
& B3 o gEASL YA (Altshuller, 1988) ==
44 (Leahey and Hansen, 1990)4)7]7] s2& ¢
EFEE 4537 st Ae L9EA 437
uhg 713k olddte AE BE FASY WA
= 38 Yo7} At oFE AFEARA AL
APE 9 BEriie 8 242 4y,
2] et Aol glofAE AEAdo g e uf
23 AFEAe] Fe&o2 F45 o] of 80km ¥
oj7 FAAGNA nEEL] 2Fo] wAYH (o]
3, 1994)7F et =3F o]Ai7]9} o]E(1991)
< AR 2EFE FHE sl FTALH
AFAdY F /AR Yra FAEE FIHE
<+ AAS AL S AR 6 Qi) olHF
A Mgl Fte] SHA o2& Mg #
A A wiER edBA oilq PAHE $= gl
2, FHo A MR 13} 2 dEA o]
AEAge] ¥R olEsHo AAHI o]
o}

\'i’: AFe A o8 A este] LA Hel
A EAR AR ol9dlx FH AR &
Aol FAE 15 & ARE oY dHFo X
A7} A" FH Ad x A8E £ F
el P WEFEE A4 F FAS A%
EAA2Y Fx 28 FolA FARL FHI Aoio.
A&A e A1} P FEE A whie
€ A A7kl A9 207 A FeAA FAH =}
EE 7hed F4zd sl ol43glc)

N7l FEE d&sled slojA dirled <
¥A 5 A4 He aedotd Ha $A7E
Ao ‘%—57} ol &=lejout @ GEA 9] wiES A
7] A A xdge AAPES], AHER}] F
PFE 2HPTE} 3= FAE HE 5 Ut 9
gl oAzt Fwubslei, datsies F 1A
29EA RAEE oA TAREH X719 HF ¥
=% ol&stgdct ojAalstAAE 274 Hﬂ%“ gAt
3347} Astse} oF 1A17F Fo) & FEEF
el 5Ae] glerz 8X%H 10*17}11-‘4 iy
FEE ol&3l4d).

e wylez MY g1y WL e o9
L2E2%E 9 e F4H A9 279 13 edE
A =, 283 6719 714 A2 HA 1570 ¥
Folm 27}t gEo] Hg A7idls} A& wEE F )
o Aejstich



228 ZA43-ol5d

Table 1. Input variables for neural network model
* denote the concentrations measured in
Seoul and it's surrounded area respecti-

vely.
. Period

Variatie (1ocal standard fime) e
Ozone{ ppb) 14-16 Mean
Sulfur dioxide®( ppb) 07—09 Mean
Nitrogen dioxide*( ppb) 0810 Mean
Total hydrocarbon®( ppm) 0709 Mean
Carbon monoxide* ( ppm) 07-09 Mean
Solar radiation{ MJ/m’/12hr) 05—16 Total
Air temperature( C ) 14-16 Mean
East—west wind component({ m/sec) 10-16 Mean
South—north wind component{m/sec)  10—16 Mean
Absolute humidity( g/m’) 14-16 Mean
Daily maximum mixing depth( km) 16 -
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Table 2. Result of stepwise procedure for dependent variable O n=208, R*=0.5, overall F=28.68, P>F

=0.001).
* ; the concentrations measured in suburban area.
Variable Parameter Partial R? C(p) P>F
Intercept ~31.89 - - 0.0001
Solar radiation 0.01 0.245 96.39 0.0001
Total hydrocarbon® 5.35 0.129 47.11 0.0001
Air temperature 1.47 0.048 16.34 0.0001
Nitrogen dioxide* 0.52 0.040 33.36 0.0003
Carbon monoxide -4.75 0.016 12.16 0.0152
Absolute humidity -6.07 0.013 6.50 0.0229
Eest—west wind component -1.01 0.011 9.72 0.0376
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Fig. 3. Comparison between observed and predicted
ozone concentration by estimated multiple
regression modell MRM, n=113).
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Fig. 5. Same as Fig. 3, except for single step neural
network model( SNM).
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F3ARd R A AR, opA A7
zde} dEAs} AZe] o3 A AT E 3
3 R A2 daAe) 24 HEE Jehhe
RMSE: 3 ARd6A 21.1ppbE 714 oo,
MRE =3 —0.1642 2 9 gh& vehy 539



sAle o I LEFE d5E A AAYRAY Y 231

2de X7}l 7B 23 F4 Jrtee AHAE O
eblict. olol] Wi AAGRDY exle AAYoR
2 Jebdoh. oA AARERd Y A5 AAA
£ 0552 A =ede] wjste 0.01¢] et
RMSE®} NMSEx: 7t7} 13.2ppbe} 00892 zh&

22+ Jehyon, 53] MRE: 09 243 2
e el ASA e} g9 11 BEFAE 3
Yepych oj2 XY oA AAgrde d
2EFTE d&sted gleid M AEY nd2
BH7h= el

Table 3. Evaluation of the different model results(n=113).

Model r Regression o MSE( ppb) NMSE MRE
coefficient
MRM 0.38 031 211 0324 Z0.164
SNM 0.56 0.49 138 0.107 -0.037
MNM 0.55 0.60 13.2 0.089 0.003
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