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Abstract A long-range transport model including a detailed chemical reactions was applied to
characterize the transboundary pollutant transport during both wintert and the Baiu season, and
model results were compared with the aerosol high concentration observed in Tsushima, Chi-
kugo-Ogori and Seoul in June 1991 and Feburary 1992. Long-range transport model results and
backward trajectory analysis indicate that mesoscale phenomena such as synoptic scale high/low
pressure change and the Baiu rainfront located between the southern part of China and the south
of Japan island plays an important role for transportation the air pollutant emitted from China and
Korean peninsula and for its transport/transformation to the northern Kyushu area. It was re-
vealed that the north-south movement of Baiu rainfront is significantly important for the aerosol
high concentration over the Kyushu and western part of Japan area.
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1. Introduction

Acid deposition is widely recognized as one of the most serious global atmospheric poltution
problems. East Asian countries face a potential regional scale, international acid deposition
problem, and have recently started to expand their monitoring activities.

It is pointed out that wind pattern variations associated with synoptic scale pressure system
changes are extremely important for the transboundary transport of pollutants (Uno et al.,
1997a). To understand the long-range transport phenomena, series of special aerosol observa-
tions (surface and airborne) have been conducted during the winter monsoon because high con-
centration of SO, and sulfate are usually observed.

Recently, Mori et al. (1997) and Waka-matsu et al. (1996) revealed that the aerosol concen-
tration level is also high during the early summer rainy season (in Japan, it sets in early June and
over in the middle of July). This rainy season is characterized by an existence of a west-east
oriented beltlike precipitation region (rainy meso-front), whose latitudinal location is primarily
determined by interaction between the Pacific subtropical high and continental / Okhotsk high.
Because direct contributors to rainfall amount consist of synoptic and mesoscale systems such as
fronts, low-level jets, and vortices, so the distribution of rainfall amount in the belt is non-
uniform and the location of this rainbelt zone oscillates south-north direction due to the relative
strength of the Pacific and continental high pressure system. It is important to notice that air mass
under the Pacific high pressure system is relatively clean while the air mass under the continental
high is usually polluted due to the existence of the intense pollutants emission area. In this paper,
long-range transport simulation results during the early summer rainy season by STEM-II (Car-
michael et al., 1986) is reported.




2. Observation and STEM results

2.1 Synoptic Weather Pattern and Observation Data in June 1991

The field observation details and the results of a basic analysis of the observed aerosol data
have already been reported in Wakamatsu ef al. (1996) and Mori et al.(1997). In this observa-
tion, aerosols were collected at three locations in Japan and Korea - two urban sites (Ogori in
Fukuoka prefecture, Japan and Seoul, Korea) and one rural site (Tsushima in Nagasaki prefec-
ture, Japan) shown in Figure 1. Aerosol samples were collected over periods of one to two
weeks every two months from August 1990 to February 1992 (with four or eight hour nter-
vals). The high average concentrations of NOs", SO,>, Ca*" and Mg** were detected in June
1991. The observation in June 1991 was conducted during the meteorological condition for
typical rainy season.

The rainy meso-front stayed near the south edge of the Japan Islands from the beginning of
June, and the wind convergence zone was observed along the meso-front lines. The wind speed
of the northern part of this meso-front was relatively small and the air was stagnant. Precipitation
was recorded on the 12th, 13th, 15th, 19-20th and 25-26th, June 1991 at Tsushima (Heavy rain
of 44 mm was recorded on the 13th. Except for this heavy rain, total precipitation was 14 mm).

Figure 2 shows the location of rainy meso-front and the isentropic backward trajectories
calculated from Tsushima from June 11 to 28, 1991 at 1500 m level. It is very clear that the
existence of a west-east oriented rainy meso-front and a beltlike precipitation region (25° N~
35" N) divided the atmosphere between the Pacific maritime airmass and continental/ Okhotsk
airmass. Trajectory paths can be classified into two categories, that is, the transport from
maritime airmass and the continental air mass which has very stagnant characteristics between
the north of Kyushu, Japan and the Korean peninsula.

Figure 3 show the time variation of (a) hourly precipitation at Tsushima and (b)-(d) SO,*
observed in three observation sites, respectively (Open circles in figure shows the observation),
and the STEM results (legends in figure indicate the heterogeneous reaction rate experiments

discussed later). Arrows in figures indicates the wind speed and horizontal direction at z=1000
m .
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Fig. 1 Location of observation sites and STEM calculation domain.




Fig. 2 (a) Location of rainy meso-front at
June, 13, 14, 15, 16 and 18, 1991 (b) lo-
cation of rainy meso-front at June, 20, 23,
24, 25 and 26, 1991 (c) isentropic back-
ward trajectories calculated from Tsushima
at z=1500m for 36 hours. Number in fig-
ure indicates the backward trajectory start-
ing date.

2.2 Numerical configuration of STEM
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Fig. 3 (a) Time variation of hourly precipita-
tion observed at Tsushima. Time variation
of observed (open circle) and numerical
values (bold line for Exp. 1; broken line
for Exp. 0) for SO,* at (b) Tsushima,
(c) Ogor, (d) Seoul. Arrows in figures
indicate the wind vector and direction at
z=1000m.

To understand the observed characteristics of long-range transport of pollutants, an atmos-
pheric transport model which includes detailed chemicat reactions, the STEM-II (Carmichael et
al, 1986), was applied. STEM-II is a three-dimensional Eulerian numerical model which ac-
counts for transport, chemical conversion, and deposition of atmospheric pollutants. The major
features of STEM -II include: emission of pollutants from point and area sources; transport by
advection, convection, and turbulent diffusion; and spatially and temporally varying wind,



temperature, pressure, water vapor, precipitation, and cloud fields. A detailed description of
STEM-II can be found in Carmichael et al. (1986).

In the present application, no precipitation or cloud processes were considered. The East
Asiamodel domain wasal® latitudex 1’ longitude grid system. The model domain covers
from110° Eto 150" Eand20° Nto 50" N. This horizontal domain is divided into a 41
x 31 mesh. The vertical model domain consists of 10 layers from ground level to 10,000 m. The
vertical grid levels are 200, 400, 700, 1000, 2000, 3000, 4000, 5000, 7000, 10000 m. Global
analysis meteorological data (GANL) by Japan Meteorological Agency (JMA) are used for
wind field data.

STEM numerical calculations were started with zero initial values except for O (which was
set 35 ppb throughout the calculation domain). Simulated atmospheric aerosol concentrations
were then compared with the intensive measurement data. It is important to point out that the
present model results are compared with short time interval measurements of atmospheric
aerosol concentrations.

Experiments were conducted by changing the pre-assigned heterogeneous reaction rate
(SO,-gas—S0,*-aerosol) from 0.0 %/h (Exp. 0) to 1.0 %/h (Exp. 1).

2.3 Results of STEM application

Figure 3 compares model simulation SO, results (dashed line = 0%/h, straight line = 1%/h
heterogeneous reaction rate) and observation data (open symbol) at Tsushima, Ogori and Seoul.
Model concentrations in the first vertical level were used in this plot.

Figure 4 shows horizontal wind vector, the calculated distribution of SO42' (contour in
pg/m®) and conversion factor, F, (tone) at z*=200 m level on June 14, 16, 22 and 25 1991. Here,

F, is defined by
___ Soris] :
* S0,[81+ SO;7[S] )

Figure 3 indicates that the STEM calculation successfully simulated the typical time variation
of observed SO,” concentrations. However, the model generally well predicted sulfate concen-
tration levels, some of periods are higher than observation (overprediction was obvious from the
20th to 22th as can be seen in Figure 3). One highly plausible interpretation of this overprediction
is the fact that the present model application ignores wet removal processes.

Itis clear from Figure 4 that the rainy meso-front line plays an important role in the trans-
boundary transport of pollutants. A high pollutant concentration region was simulated in the
eastern part of China and southeast part of Korean peninsula, these polluted regions are mostly
located at the northern part of rainy meso-front region. It is also important to point out that there
are very sharp concentration gradients between Kyushu, Japan and the southern part of the Ko-
rean peninsula (Figure 4). Horizontal diffusivity in model and this strong concentration gradient
are another reason of concentration level overprediction at Tsushima and Ogori.

The calculated concentrations at Tsushi-ma decrease after June 24 because the rainy meso-
front moved from the southern edge of the Japan Islands to the southern part of Korean peninsula
and these area is covered by the maritime clean air.

Difference in simulated SO,” between the heterogeneous reaction rate of 0%/ and 1%/ is
small in Tsushima and Ogori. This fact indicates that the gas phase reaction played an important
role at the northern part of rainy meso-front because the air is very stagnant at there, and most of
SO, was already converted to SO,*.
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Fig. 4 Wind vector, SO,* (contour; contour interval is 3pg/m*) and sulfate conversion
factor F| (tone) from Exp. 1 at z=200m. Wind scale indicates wind speed of 12 mvs.
(a) June 14, 1991, (b) June 16, 1991, (c) June 22, 1991, (d) June 25, 1991.

Present numerical study ignored the precipitation or cloud processes in transport and
chemical reactions even if the STEM has the proper module to handling these processes. This is
because the reliable high resolution cloud and precipitation distribution was not available. To
overcome these problems, new numerical approach based on the RAMS will be discussed in
the following section to the same episode.

3. Summary }

High aerosol concentration level was observed within an early summer rainy season (June
1991) in Japan. West-east oriented rainy meso-front line (rainbelt located at 25° N~35° N)
characterizes the rainy season and divides the atmosphere between the less poliuted Pacific mari-
time airmass and polluted continental airmass.




To understand a long-range transport phenomena during this season, STEM-II are applied.
STEM results explained well the concentréﬁon variation, and indicates that the strong concentra-
tion gradients exists at the northern side of rainy meso-front (typically at Korea and Kyushu
Japan). It was found that the location of rainy meso-front plays an important role for sulfate
concentration level in Japan and Korea. Numerical results also indicates the importance of wet
removal processes near rainy meso-front region.
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