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Evaluation of the Effect of Traffic Control Program on the
Ambient Air Quality in Seoul Metropolitan Area Using
the Lower Level Stability Index of Atmosphere
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Abstract

The effects of Traffic Control Program (TCP) on the ambient urban air quality of SO,, NO,, O3, and PM,, were
evaluated in Seoul metropolitan area by using the lower atmospheric vertical stability index and daily mean wind
speeds. The vertical stability index; temperature lapse rate between 1000 hPa and 850 hPa geopotential height
fields, were used to identify daily vertical stability index during the 2002 World Cup period where traffic amount
was reportedly reduced to half the number of vehicles. The indicated air quality levels of TCP days were then
compared with those of the cases observed with analogous vertical stability during the recent 3 years from 2000 to
2002.

The result indicates that the effect of TCP on the primary air pollutants are found to be approximately 39%, 23%,
and 20% lower for SO,, NO, and PM,, respectively. The secondary air pollutant; ozone, showed relatively smaller
decreasing rate (13%) of daily mean concentrations (even increased during the night time). The comparison of daily
maximum or peak concentrations reveals that the pronounced decreasing effects of TCP on the ambient air quality
for both primary and secondary air pollutants, suggesting that TCP is one of the effective strategies to control peak
or higher concentrations for most urban scale air pollutants in and around the Seoul metropolitan area.

Key words : Traffic Controlling Program (TCP), Air quality, Seoul, Metropolitan area, Vertical Stability Index of
the Lower Atmosphere
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Fig. 1. A 850 hPa chart. The letters A, B, C, D indicate the
locations (®) where the geopotential heights are
read to compute the geostrophic wind at the
center (¢).
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Table 1. The surface meteorological conditions for the period of Traffic Control Program enforced over the Seoul

metropolitan area.
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fi
TCP Stability Wind (850 hPa) s:vl;;ge Rela'tiye Mean Max. rec?pi-
Case Date : (S) — d humidity Temp. Temp.  tation
time ) Speed . Direction Spee (%) ¢0) co) (mm)
(m/s) (Degree) (mfs)
Case 1 30/May 06:00~18:00 9.0 8.6 262 (W) 39 78 19.0 24.5 4.0
Case 2 31/May 06:00~ 18:00 9.0 5.1 308 (NW) 3.0 79 19.5 25.7 1.5
Case 3 12/Jun. 06:00~18:00 6.6 8.7 240 (SW) 0.9 71 18.6 229 15.5
Case 4 13/Jun. 06:00~ 18:00 -4.3 52 256 (W) 33 70 19.8 24.4 -
Case 5 24/Jun. 06:00~ 18:00 54 4.7 122 (SE) 2.7 76 16.4 17.7 6.0
Case 6 25/Jun. 06:00~ 18:00 33 49 6.7 (NE) 2.0 49 19.8 25.0 -
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and its associated traffic volume factors
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Table 2. Monthly data associated with vertical stability index of the lower atmosphere over Osan (from Byun et al.,

1995).
Mean (m) Stgn_dard Mean of Tot.days Mean of Tot. days
Month o Deviation (o) less than(m-o) less than(m-c) greater than(m+¢) greater than (m+G)
O 0 o) O °C °
Jan. 6.68 3.17 247 54 11.90 48
Feb. 6.14 2.83 2.13 48 10.58 48
Mar. 5.75 2.64 1.89 52 9.87 50
Apr. 6.47 3.26 1.78 46 11.52 41
May 5.64 3.25 0.92 49 10.50 50
Jun. 3.97 2.62 0.55 45 8.18 38
Jul. 1.88 2.00 - 0 5.40 31
Aug. 1.77 1.89 - 0 5.05 42
Sep. 3.12 2.83 0.04 45 8.40 39
Oct. 473 2.78 0.04 45 8.40 39
Nov. 5.15 3.05 1.14 51 10.00 52
Dec 6.03 3.75 1.23 52 11.87 56
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Fig. 3. The 850 hpa 00UTC weather charts for six cases (from Case 1 to Case 6) when the TCP (Traffic Control
program)-enforced days.
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Table 3. List of selected days for analyzing the effect of Traffic Control Program and the summary of their
meteorological conditions.

. Geostrophic
Wind Precipi- Max Wind (850 hPa) orx®
Case Date Stability speed Cloud tation Temp. Temp. —_— 0/X?  (selected
S)CC)  (m/s)  (1/10)  (mm) o) (°C) orx" Speed Direction day)
(m/s) (Degree)
Case 1 2002530 9 3.8 9.3 4.0 19.1 24.5 - 8.6 262 (W) - -
2001515 8.4 2.9 7.1 0.7 16.1 19.0 o 8.1 261 (W) o ®
2001518 9.9 4.1 9.8 0.1 17.9 20.1 o] 9.8 247 (SW) ] L]
2001 5 30 7.5 29 10.0 - 19.5 21.5 o 3.9 230 (SW) o] L]
2001 6 30 11.9 3.0 10.0 539 21.3 235 o 10.7 249 (W) o °
Average 9.5 32 9.2 10.6 18.7 21.7 - 8.1 - - -
Case2 2002531 9.0 3.1 7.1 1.5 19.4 25.7 - 5.1 308 (NW) - -
20006 7 5.4 2.8 7.8 - 22.4 27.0 ¢} 7.2 257 (W) o] ®
2001515 8.4 2.9 7.1 0.7 16.1 19.0 X 8.1 265 (W) o X
2001525 9.3 2.5 6.6 0.0 21.4 26.9 o 4.7 286 (W) o ®
2001 530 75 29 10.0- - 19.5 21.5 o 39 230 (SW) o L]
20025 30 9.0 3.8 9.3 4.0 19.1 24.5 o] 8.3 221 (SW) o ®
20026 1 7.1 2.4 6.0 0.2 20.2 24.8 o 6.7 34(NW) © L]
Average 7.8 2.9 7.8 1.3 19.8 24.9 - 6.5 - - -
Case3 2002612 6.6 0.8 8.4 15.5 18.6 22.9 - 8.7 240 (SW) - -
20006 9 6.2 1.5 5.4 - 20.1 27.1 o 4.0 338 (N) o ]
2001 522 8.0 1.3 9.3 79 20.3 24.8 o 6.0 90 (E) X X
2001616 6.2 1.1 8.1 0.0 21.9 25.1 e} 4.0 219 (SW) o °
20016 19 9.0 0.3 6.1 0.5 21.7 26.8 o] 4.0 221 (SW) o L]
2001 6 24 9.3 0.6 9.5 7.8 20.6 22.5 o} 59 230 (SW) o ®
Average 7.7 1.0 7.7 53 20.9 249 - 4.8 - - -
Case4 2002613 -4.3 33 4.1 - 19.7 24.4 52 256 (W) -
2000 5 24 1.6 2.7 3.6 - 21.9 27.4 o 6.5 293 (NW) © L]
2000 5 28 1.6 35 34 - 18.8 23.7 o 7.8 310 (NW) e} L]
20006 6 2.9 3 1.8 - 223 28.3 o 4.8 321 (NW) o °
Average 2.0 3.1 2.9 - 21.0 26.0 - 6.4 - - ~
Case5 2002624 5.4 2.7 9.6 6.0 16.4 17.7 - 4.7 122 (SE) - -
20005 18 1.6 2.4 7.9 - 16.9 23.8 o 1.9 212 (SW) o ®
20005 23 2.8 23 7.5 - 19.3 25.1 X 6.5 276 (W) X X
2000 5 27 7.2 2.1 9.9 13.3 18.0 19.1 o 6.4 193 (S) o ®
2001515 8.4 2.9 7.1 0.7 16.1 19.0 o 8.1 261 (W) x X
2002515 7.6 2.7 10.0 8.0 18.1 22.0 o 9.0 134 (SE) o °
20025 16 42 32 9.9 35 14.9 17.3 o 6.4 152 (SE) o] ®
2002 6 23 8.2 2.1 10.0 1.5 18.1 21.3 o 1.6 219 (SW) X X
Average 5.7 2.5 8.9 55 17.3 19.8 - 5.7 - - -
Case6 2002625 33 2.0 4.1 - 19.8 250 - 49 67 (NE) -
20005 22 3.5 2.2 6.4 - 20.2 25.5 e} 7.0 265 (W) X x
2000 5 29 1.6 1.9 2.4 - 207 27.0 o] 79 298 (NW) X X
2000 5 31 0.5 2.4 4.8 - 19.9 25.7 o 7.6 81 (E) o °
20006 1 43 22 5.4 0.3 204 26.3 o] 5.2 299 (NW) X X
20006 2 0.8 1.8 5.9 - 21.8 28.3 o 2.8 238 (SW) x x
20006 9 6.2 1.5 54 - 20.1 27.1 o 4.0 338 (N) o ®
2002 6 26 6.7 1.5 2.1 - 209 271 o] 33 23 (NE) o} )
Average 3.4 1.9 4.6 0.15 206 26.6 - 5.4 - - -

% The marks of O/X" and O/X? indicate acceptable (O ) or discarded ( X ), respectively. The discarded cases are ascribed to the references denoted
by bold. The mark O/X™is the final indication resultant to the accepted ( ® )/discarded ( X ) cases for this study.
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Fig. 4. Diurnal variations of SO, concentrations from Case 1 to Case 6 for the period of Traffic Control Program

compared with those for the days with similar meteorological condition.
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