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Abstract

Ozone pollution is getting worse in most major cities. The weather type
which occurs during the autumn months, when the northern edge of the
tropical depression reaches this area, has weak-to-moderate easterly winds
covering the region. It is unfavorable for pollutant dispersion, resulting in
high O3 concentrations. So far, few studies have discussed the complicated
photochemical reactions associated with meteorological conditions,
topographical features and air quality, because of the poor vertical
meteorological data and the complicated local topographical patterns. This
study intends to discuss the features of topographical and meteorological
conditions triggering high Oz concentration episodes, photochemical
reactions at the surface and the vertical profile of O3 episodes and source of
the air pollutants.

The surface data of meteorological parameters (wind speed, wind
direction and mixing height) and air pollutant concentrations (O3, NO, NO,
and CO) was analyzed by basic statistical methods and principal
component analysis (PCA). Also, to compensate for the deficiency of the
recorded data, we used a tethersonde balloon system to collect vertical
meteorological parameters and air pollutant concentrations. In addition, we
also quote the air pollution model (TAPM), a computer model developed
by Commonwealth Scientific and Industrial Research Organization
(CSIRO) Australia. Moreover, we also used with the local meteorological
data assimilation to simulated the trajectory of air parcel in this study.

Results indicated that high O; concentration episodes occurred when the
tropical depression drifted northward and approached Taiwan. The titration
reactions could be classified into three temporal phases - 0000 LST - 0600
LST, 0900 LST - 1000 LST and 1200 LST - 1300 LST. During the first



phase, the Oz and O3/Ox (Ox = Oz + NO,) linear relation of the regressions
was the strongest (R® > 0.8), and the topographical feature clearly
dominated the spatial characteristics of Os; concentration variation,
classified into three spatial patterns- the coastal region, the urban area and
the inward area. The rate of the regression at the height of 15 - 50 m (R? =
5.92E-01) was higher than that at the height of 300 - 600 m (R* =
3.40E-01). This indicated that the rate of production of NO, at 300 - 600 m
was larger than that at the height of 15 - 50 m. The contribution of CO
concentration in calm winds (wind speed < 1.5 m/s) was more than 50 %.
In this phase, the air pollutants came mainly from local emission. During
the third phase, the nearly constant ratio O3/O,, indicated that Os
concentration rose abruptly but the NO, concentration was near constant
since the O3 concentration is produced in considerable quantities under the
strong solar radiation and reacted with limited NO to produce NO,. The O;
episode appeared after this phase and was not included in the statistical
classification of temporal and spatial characteristics. For instance, on
September 17, 2005 at 1500 LST the high O3 concentration, 121.5 ppb,
episode occurred at less than 100 m in Nantou due to four factors: the
accumulated precursors of Oz during the previous night, mixing height of
635 m, solar radiation of 1.34 - 2.52 MJ/m? (1200 LST - 1500 LST) and
low wind speed (< 3 m/s). The TAPM simulated indicate that the most of
the air pollutants from the coastal and urban area are transmitted by the air
parcel trajectory. The trajectory of air parcel move-way with alike the
direction of air pollutants source. It means that we can use the follow or
back trajectory of air parcel to interpret the air pollutants source in the

future.

Keywords: O3 episode; Titration effect; PCA; Tethersonde system; TAPM
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