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Abstract

Development of an artificial neural network model was presented to predict the daily maximum SO; concen-
tration in the urban-industrial area of Ulsan. The network model was trained during April through September
for 2000-2005 using SO, potential parameters estimated from meteorological and air quality data which are
closely related to daily maximum SO, concentrations. Meteorological data were obtained from regional model-
ing results, upper air soundings and surface field measurements and were then used to create the SO; potential
parameters such as synoptic conditions, mixing heights, atmospheric stabilities, and surface conditions. In partic-
ular, two-stage clustering techniques were used to identify potential index representing major synoptic con-
ditions associated with high SO, concentration. Two neural network models were developed and tested in differ-
ent conditions for prediction: the first model was set up to predict daily maximum SO, at 5 PM on the previous
day, and the second was 10 AM for a given forecast day using an additional potential factors related with
urban emissions in the early morning. The results showed that the developed models can predict the daily
maximum SO, concentrations with good simulation accuracy of 87% and 96% for the first and second model.
respectively, but the limitation of predictive capability was found at a higher or lower concentrations. The
increased accuracy for the second model demonstrates that improvements can be made by utilizing more recent
air quality data for initialization of the model.

Key Wonds : SO,, Urban-industrial area, Potential parameters, Artificial neural network, Cluster analysis
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Table 1. Statistical tests for determining the number of

clusters
Number of clusters R? Pseudo-F  Pseudo-t*

9 0.13 20.45 16.48
8 0.13 21.89 9.37
7 0.07 14.16 63.40
6 0.04 9.51 35.92
5 0.04 11.12 10.62
4 0.03 11.74 8.99
3 0.02 12.20 10.62
2 0.01 16.28 8.03
1 0.00 - 16.28

Table 2. Summary for statistics of SO, concentrations and cloud amounts for the classified seven synoptic patterns during

April through September, 2000-2005

Daily max. 1-h

No. of high SO, days Daily mean cloud amount

a
Pattern No. of days SO, con. (ppb) ¢ 1-0/120 ppb)* (10ths of sky cover)
Pl 241 (22.5) 812 33 (13.7) 85
P2 340 (3L.7) 89.4 58 (17.1) 53
P3 28 (2.6) 1121 10 (35.7) 25
P4 62 (5.8) 103.0 17 (27.4) 57
Ps 95 (8.9) 94.4 2 (232) 19
P6 225 (21.0) 93.4 55 (24.4) 39
P7 81 (7.5) 79.1 9 (11.1) 7.1
P8 1.1y ; - 31

* The values in parenthesis indicate the percentages for the individual pattern.
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Table 3. Potential factors associated with the episodes of
high SO,

The probability of SO, exceedances at each synoptic
pattern (%)

u and v component for upper winds on 850 hPa (m )
Daily maximum PBL(planetary boundary layer) height (m)
Vertical temperature gradient (C)

Mean surface wind speed (1000 ~ 1600 LST and 0100
~ 0600 LST) (m s™)

u and v component of surface winds at 0500 and 1300
LST (m s

Daily maximum temperature (C)

Rate of sunshine (fraction)

Cloud amount (10ths of skycover)

The maximum SO, concentration on previous day (ppb)
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Fable 4. Contingency table used for verification of the SO, prediction accuracy

Predicted SO» con. < 120 ppb

Predicted SO» con. > 120 ppb

Observed SO, con. < 120 ppb
Observed SO, con. = 120 ppb

A

C

B
D

of HAE gz FHHH(H 5 F2) ol ¥&F
£ Ay o B3, 2RI X 120
ppb o2l )3 wlas=de ¥ (Bias)9} H
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Table 5. Statistics for the evaluation of different two models

Model A Model B
N° RMSE Bias N° RMSE Bias
High SO, day 126 46.2 0.3 31 6.7 0.8
Non-high SO, day 540 27.6 1.2 91 13.2 11

® N indicates the number of days for each group.
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