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Abstract

The forecasting system for Today’s and Tomorrow’s PM 10 was devel oped based on the statistical model and the
forecasting was performed at 9 AM to predict Today’s 24 hour average PM 10 concentration and at 5 PM to predict
Tomorrow’s 24 hour average PM10. The Today’s forecasting model was operated based on measured air quality
and meteorological data while Tomorrow’s model was run by monitored data as well as the meteorological data
calculated from the weather forecasting model such as MM5 (Mesoscale Meteorological Model version 5).

The observed air quality data at ambient air quality monitoring stations as well as measured and forecasted meteo-
rological data were reviewed to find the relationship with target PM10 concentrations by the regression analysis.
The PM concentration, wind speed, precipitation rate, mixing height and dew-point deficit temperature were major
variables to determine the level of PM 10 and the wind direction at 500 hpa height was also a good indicator to iden-
tify the influence of long-range transport from other countries. The neural network, regression model, and decision
tree method were used as the forecasting models to predict the class of a comprehensive air quality index and the
final forecasting index was determined by the most frequent index among the three model’ s predicted indexes. The
accuracy, false alarm rate, and probability of detection in Tomorrow’s model were 72.4%, 0.0%, and 42.9% while
those in Today’'s model were 80.8%, 12.5%, and 77.8%, respectively. The statistical model had the limitation to
predict the rapid changing PM 10 concentration by long-range transport from the outside of Korea and in this case
the chemical transport model would be an alternative method.
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Table 1. Number of exceedance of 24 hr average PM10
standard in major cities and region in 2008.

City or Region Number of exceedance
Seoul (27)* 748 (27.7)°
Busan (17) 258(15.2)
Daegu (11) 251(22.8)
Incheon (15) 393(26.2)
Gwangju (7) 139(19.9)
Dagjeon (7) 95(13.6)
Ulsan (13) 297(22.8)
Gyeonggi (64) 2030(31.7)

& Total no. of ambient air quality monitoring station in the city or region.

b No. of exceedance of the PM10 24 hour standard per the monitoring
station.
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Table 2. Common predictor variables used to forecast PM2.5 (U.S. EPA, 2003).

Variable Usefulness Condition for high PM2.5%

500 mb height Indicator of the synoptic-scale weather pattern High
Surface wind speed Associated with dispersion and dilution of pollutants Low
Surface wind direction Associated with transport of pollutants -
Pressure gradient Causes wind/ventilation Low
Previous day’s peak PM2.5 concentration Persistence, carry-over High
850 mb temperature Surrogate for vertical mixing High
Precipitation Associated with clean-out None or light
Relative humidity Affects secondary reactions High
Holiday Additional emissions -

Day of week Emissions differences -

“Relative condition is |ocation and season dependent.
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Fig. 1. The outline of tomorrow’s PM10 forecasting system.
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Fig. 2. The outline of today’s PM10 forecasting system.
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Fig. 3. Correlation between Target PM10 and measured input variables.

671

J. KOSAE Vol. 26, No. 6(2010)



672 F&A - £ - W3¢ - 451

r=0.11
250

1504

1004

Target-PM10 (ug/m®)

0 100 200 300 400
500hpaWD_03 hr (deg)

(a) Wind direction

300

2501
2004

150

Target-PM10 (ug/m®)

r=0.03

20
500 hpa WS_03hr (m/s)
(b) Wind speed

60

80
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Table 3. Health category classification of PM10 concentration range to CAl.

Category Good Moderate Unheadlthy for sensitive groups Unhealthy Very unhealthy
PM10 (ug/m®) 0~30 31~80 81~120 121~ 200 201~ 300
Forecasted
< &
& &\f} s f\
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Fig. 7. Contingency table for category forecast.
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Fig. 8. Comparison of observed PM10 with predicted PM10 by neural network model for a self-studying period.
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Table 5. Statistics of model performance for self-studying period.

Neural model Regression model Decision tree model Final forecast
Statistic name
Today's Tomorrow's Today's Tomorrow's Today’s Tomorrow's Today's Tomorrow's
Accuracy (%) 815 75.4 82.6 69.7 79.9 61.9 82.7 70.8
Upward accuracy (%) 11.2 135 8.3 16.3 45 211 8.1 16.3
Downward accuracy (%) 7.2 111 9.1 14.0 155 17.0 9.2 12.8
Bias 0.99 0.74 0.92 0.61 0.69 0.69 0.89 0.61
False alarm rate (%) 26.4 26.6 229 359 15.7 51.7 220 321
Probability of detection (%) 72.8 54.3 71.2 394 58.2 331 69.6 417
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Table 6. Statistics for operating performances of the forecasting system.

o Neural model Regression model Decision tree Final forecast
Statistic name
Today's Tomorrow's Today's Tomorrow's Today’'s Tomorrow's Today's Tomorrow's
Accuracy (%) 775 62.2 79.2 70.4 825 66.3 80.8 724
Upward accuracy (%) 15.8 30.6 10.8 224 5.8 17.3 10.8 204
Downward accuracy (%) 6.7 71 10.0 7.1 117 16.3 8.4 7.2
Bias 1.00 1.86 0.89 0.86 0.78 0.29 0.89 043
False alarm rate (%) 222 538 125 333 14.3 100 125 0.0
Probability of detection (%) 77.8 85.7 77.8 57.1 66.7 0.0 77.8 429
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