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Abstract

A new box model is proposed to describe the dynamic trend of the spatially averaged concentrations of
pollutants over a large urban area such as metropolitan Seoul. Being averaged temporally and spatially over a
thresh-hold scales, the dynamics of the pollutant concentration becomes simple enough that the governing
equation can be expressed in an explicit algebraic form as a function of several meteorological factors and the
pollutant emission rate. The single most important meteorological factor is the wind speed dominating the daily
variations of the pollutant concentrations. Given the meteorological data from the surface station in the
metropolitan Seoul, the model concentration shows excellent agreement with observations from January 1, 1990 to
December 31, 2000: the modeling uncertainty, for example, of NO, concentrations, defined as mean differences
between the model concentrations and observations is 16% of the model concentrations. Even for PM,, of which
secondary sources are considered to be very important and simple box model is irrelevant to, the model

performance turns out good, modeling uncertainty being about 32%.
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Table 1. Monthly best fit parameters averaged over 12 years from 1990 to 2001.

Month
Pollutant Parameters
2 3 4 5 6 7 8 9 10 11 12
K 1.82 1.57 1.72 2,12 2.24 2.51 1.88 2.04 1.94 1.92 1.50  1.36
NO, Kp 0.00 0.00 0.00 0.00 1.74 1.82 0.23 0.42 0.00 0.00 0.00 0.00
Cy 2.42 2.15 3.24 6.54 8.93 15.8 5.95 8.94 6.45 5.29 247 329
K 0.79 0.75 0.74 0.96 1.51 1.21 1.03 1.09 0.98 1.10 0.75 0.67
CO Iz; 0.00 0.00 0.00 0.00 1.46 1.25 0.00 0.00 0.00 0.00 0.00 0.00
Cy 2.55 2.36 2.82 3.96 5.35 6.02 4.50 4.73 5.04 4.18 1.59 258
K 0.97 1.08 0.93 1.48 1.66 2.27 1.51 1.57 1.36 1.19 0.87 0.87
SO, K; 0.00 0.00 0.00 0.00 3.1 2.56 0.74 1.09 0.00 0.00 0.00 0.00
Cg 1.67 0.86 2.45 4.26 4.69 4.55 3.66 3.93 343 4.49 1.13  1.76
K 0.90 1.11 . 1.98 1.69 2.38 1.92 1.22 0.99 1.09 0.94 094 0.72
TSP Kp 0.00 0.00 0.00 0.00 3.82 2.32 1.03 1.52 0.00 0.00 0.00 0.00
Cg 19.1 18.4 31.8 60.0 36.3 37.8 322 26.2 20.1 19.1 17.1 209
E 0.72 0.83 0.93 1.85 3.73 2.77 0.97 1.17 0.79 1.05 0.84 0.86
PM,, Kp 0.00 0.00 0.00 0.00 4.42 3.34 1.50 1.66 0.00 0.00 0.00 0.00
Cg 36.1 17.4 58.7 83.6 49.6 43.5 44.8 22.5 114 9.22 380 312
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Table 2. Model errors against measurement data (1990 to
2001).

Table 3. Correlation coefficients between model calcul-
ations and measurement data (1990 to 2001).

Absolute error

Relative error* (%) (ppb' or ug/m3 )

Pollutant
Average  Maximum Average  Maximum
NO, 16 25 5.09 9.53
co 16 24 2.35 9.11
SO, 20 33 . 4.06 20.2
TSP 27 46 224 71.9
PM,, 32 51 219 51.1

*defined as L, norm of daily deviations (i.e. errors) divided by monthly
average concentration.

tNO,, CO and SO,.

*PM,, and TSP (total suspended particulate).
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1991 0.82 0.88 0.91 0.74
1992 0.79 0.89 0.92 0.70
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Fig. 1. Daily NO, concentrations (in ppb) versus daily average wind speeds in 2001: solid lines from box model,
squares from MOEAQS (Ministry of Environment Air Quality Station) measurement.
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Fig. 2. Daily CO concentrations (in ppb) versus daily average wind speeds in 2001: solid lines from box model,
squares from MOEAQS (Ministry of Environment Air Quality Station) measurements. '
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Fig. 3. Daily SO, concentrations (in ppb) versus daily average wind speeds in 2001: solid lines from box model,
squares from MOEAQS (Ministry of Environment Air Quality Station) measurements.
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Fig. 4. Daily TSP (total suspended particufate) concentrations (in ug/m®) versus daily average wind speeds in 1990: solid
lines from box model, squares from MOEAQS (Ministry of Environment Air Quality Station) measurements.
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Fig. 5. Daily PM,, concentrations (in pg/m3) versus daily average wind speeds in 2000: solid lines from box model,
squares from MOEAQS (Ministry of Environment Air Quality Station) measurements.
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Fig. 6. Scatter diagram of model concentration (Cy, in ppb) and measurements (C,) for daily NO, averages from 1990

to 2001.
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2001.
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Table 4. Monthly average emission rates of the metro-
politan Seoul area in year 2000 (Joh et al., 2003).

Emission
Month NO, S0, PM,,
(kg/month) (kg/month) (kg/month)
January 7550210 2112003 608671
February 8154775 1999045 609256
March 7638105 1549234 598131
April 6617466 972819 525873
May 6619102 965346 540940
June 5621652 590329 469192
July 5638565 576902 452360
August 5708697 670606 446464
September 6047156 994758 477510
October 5950834 1374204 480434
November 7757754 2007391 586149
December 8931836 2338092 689284

Table 5. shape factors estimated from year 2000 data.

[¢)
Month Sonw O
Gon (NO,) Oys (50,) Gop (PM;) /G(:; /(5[(])2
January  0.1209238E-02 0.5918551E—03 0.1335698E—01 2.04 22.57
February ~ 0.1459268E-02 0.1255600E-02 0.3085731E-01 1.16 24.58

March 0.1963838E~02 0.1148954E-02 0.2691720E-01 1.71 23.43
April 0.1556487E-02 0.6157362E—-03 0.1291187E-01 2.53 20.97
May 0.1858258E-02 0.6401850E-03 0.1996523E-01 2.90 31.19
June 0.1022831E-02 0.4370447E~-03 0.2259201E-01 2.34 51.69
July 0.1519890E-02 0.7193592E—03 0.1399328E—01 2.11 19.45
August  0.7549885E-03 0.982693SE-04 0.9429650E-02 7.68 95.96
September 0.1038505E-02 0.270417SE-03 0.1170656E-01 3.84 43.29
October ~ 0.1041871E-02 0.2124867E-03 0.1650592E-01 4.90 77.68
November 0.1035093E-02 0.4752437E-03 0.1927838E-01 2.18 40.57
December  0.9113468E-03 0.4187175E-03 0.1051816E-01 2.18 25.12
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Table 6. Meteorological coefficients (C1) and relative
model errors in monthly average concentration

for year 2000.
NO, SO, PMq
CI Rei. CI Rel. CI Rel.

(x107%) error (X 107%) error (X% 107*) error

January 0.439 0.001 0.267 0.009 0.651 0.002
February 0.408 0.017 0.397 0.001 0.105 0.000
March 0.468 0.004 0.329 0.001 0.769 0.047
April 0.437 0.001 0.198 0.004 0384 0.033
May 0.433 0.008 0.168 0012 0348 0.017
June 0.371 0.008 0.165 0.009  0.756 0.008
July 0.353 0.001 0.183 0.002 0416 0.031
August 0.224 0.006 0313 0014 0327 0.010
September  0.375 0.020 0.118 0.018  0.648 0.001
October 0.533 0.006 0.140 0.010  0.115 0.008
November 0.485 0.001 0.280 0.002  0.115 0.004
December  0.438 0.014 0.236 0.001 0.595 0.021
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