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NUMERICAL SIMULATIONS OF LONG-RANGE POLLUTANT TRANSPORT
FROM COASTAL TO INLAND MOUNTAINOUS REGIONS
T. Yamada, S. Bunker and E. Niccum
1. INTRODUCTION

Kurita and Ueda (1986) presented ar. example of the long-range transport
of pollutants which frequently occurs in summer in Japan under light gradient
wind conditions. High concentrations of photochemical oxidants were observed
in late evenings in the mourtainous reglon approximately 160 km northwes;t from
the large industrial zone located along the Tokyo Bay. Pollutants were
apparently transported by the large-scale circulations produced by the
combination of southwesterly valley winds induced by thermal lows Jocated In
the mountain ranges, and southerly sea-breeze circulations in the Pacifie
Ocean coastal region (Kurita et al., 1985).

We wish to simulate and evaluate the vrelative importance of these
circulations by using a time dependent, three-dimensional mesoscale model,
HOTMAC, High Order Turbulence Model for Atmospheric Circulations. The model
equations of HOTMAC and numerical procedures are given 1In the following

sectionn. The modeled winds are compared with the observations in section 3.

2. HOTMAC
Thi basic equations for HOTMAC for mean wind, temperature, mixing ratio

of water vanor, and turbulence are similar to those used by Yamada (1981,

1985). Surface boundary conditionyd are constructed from the emplirical
fermulas by Dyer and Hicks (1970) for nondimensional wind and temperature
profiles. The temperatures in the soll luyer are obtalned by solving the heat

conduct. fon equation. Appropriate boundary conditions are the heabt  encrpy



balance at the soil surface and specification of the soil temperature at a
certain depth.

The lateral boundary values are obtained by integrating the corresponding
governing equations cxcept that variations in the horizontal directions are
all neglected.

An initial wind profile at the southwestern corner of the computational

domain 1is first constructed by a:suming a logarithmic variation (initially u
»

= 0.2m/sand z = 0.1 m) from the ground up to the level where the wind speed
o

reaches an ambient value (2 m/s). Initial wind profiles at other grid
locations are obtained by scaling the southwestern corner winds to satisfy
mass contlnuity., Wind directions in the upper layers Iln summer over Japan are
generally westerly. Thus, initial wind directions are assumed to be westerly
everywhere.

Measurements by tethersondes indicate thai the vertical gradlents of
potential temperature above the surface inversion layer are approximately 3.1
K/1000 m. Thus, the vertical profile of potential temperature is assumed to
increase linearly with height: © = 303 + 0.0031 z. Initial potential
temperatures are assumed to be uniform in the hcrizontia. directlions. Initial
values for water vapor are constructed by using the initial potential
temperature profiles, pressure at the sea surface (1002 mb), and relative
humidity, 50% (80% over the water) {n the layers up to 2.4 km above the
surface and 10% above that level, The turbulence kinetie energy and length
seale are Initiallzed by uatng the Inltial wind and Lemperature profiles, and
the relationships obtalned from the level 2 model. Theae  eogproasions  are
already glven by Yamada (197%) and are not repeated hore.

The governing equat.fonsg are Integrated by using the Alternating Direction

Implicit mothod (Richtmyer and Morton, 1967) and a Lime Increment i chosen to



satisfy the Courant-Friedrich-Lewy criteria. In order to increase the
accuracy of finite-difference approximations, mean and turbulence variables
are defined at grids which are staggered both in horizontal and vertical
directions. Mean winds, temperature, and water vapor vary greatly with helight
near the surface. In order to resolve these variations, nonuniform grid
spacings are used in the vertical direction. A grid of 39 x 41 x 16

(vertical) peints is used to cover a computational volume of 380 x 400 x 7.3

3
km .
3. RESULTS
Integration 1is initiated at 5 a.m. and continued until 4 a.m. the
following morning. Initially, wind directions are assumed westerly
everywhere. The ailr temperature close to a sloped surface facing south or

east becomes higher, due to the shortwave radiation heating from the sun, than
the air temperature at the same height but away from the surface. This
temperature difference results in a horizontal pressure gradient which moves
air up the slope, i.e., valley winds. The valley winds are comblned with sea-
breeze circulations, rersulting in two large mesoscale circulations: one from
the Pacific Ocean and the other from the Japan Sea (Fig. 1). These
circulations converge over the mountaln ranges and form a clear front by 3
p.m. (Fig. 1). The modeled horizontal wind vectors and the convergence lline
are in good agreement with the measurements (Fig. 2 of Kurita and Ueda, 1986)
obtalned by the Automiated Meteorological Data Acquition System (AMeDAS): a
comprehensive  surface metcorological network which  covers Japan with
instruments  spaced on  the average every 20 km. Vertical profilea of the

modeled 0 and potantial Lemperature at statfon S1 (Fig. 1) are shown In Flg.
W

‘. The modeled mixed layer depth s approximateiy 1000 m. This low mlxed



layer height limits vertical mixing of pollutants: a favorable condition for
the long-range transport of pollutants.

In order to evaluate the relative importance of the sea-breeze
circulations and the valley winds for long-range transport, two additional
numerical simulations are performed: ocean is replaced by land in Case 2 and
ground elevation 1is removed In Case 3. Figure 3 for Case 2 shows close
resemblance to Fig. 1 (Case 1 where both topography and ocean are included),
indicating topugraphy is essential for generating circulations responsible for
the long-range transport of pollutants from the coast to the mountainous
region, On the other hand, Figure 4 for Case 3 with ground elevation removed
shows little penetraticn of the sea-breeze, particularly ‘n the Pacific Ocean

coast region.
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Figure Captions
The modeled horizontal wind vectors and a convergence iine at 10 m
above the ground at 3 p.m. Ground elevation is contoured at every
4Oo0 m with solid 1lines. The dashed 1lines indicate intermediate
levels.

Vertical profiles of the modeled 0 and potential temperature at
station S1 in Fig. 1. "

Same ag for Fig. 1 except the ocean is replaced by land.

Same as for Fig. 1 except the ground elevation is removed.
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