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NUMERICAL SIMULATIONS OF LONG-RANGE POLLUTANT TRANSPORT

FRCM COASTAL TO INLAND IIIOUNTAIN(XJSREGIWS

T. Yamada, S. Bunker and E. Niccum

1. INTRODUCTION

Kurita and Ueda (1986) presented ariexample 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 mountainous region approximately 160 km northwe;t From

the large industrial zone located along Lhe Tokyo Bay. Pollutant3 were

apparently transported by the large-scale circulations produced by the

combination of southwesterly valley winds induced by thermal lows located in

the mGuntain ranges, and southerly sea-breeze circulations in the Pacific

Ocean coastal region (Kurlta et al., 1985).

We wish to simulate and evaluate the relative importance of these

circulatjzms by using a time dependent, three-dimensional mesoscale model,

HOTM!lC, ljigh Qrder ~urbdlence ~odel for ~tmospheric ~irculatlons. The model

equations of HOTMAC and numerical procedures are given in the following

sectlorl. The modeled winds are compared with the observations in sectloll3.

2. Himhlc

T),,. basic cquatlons for I{OH4ACfor mean wind, temperature, mixing ratio

of water v~inorland turbulence are similar to L.hose used by Yarnnda (1981,

1985). s~lrracc tml]ndary condlt.lol.~nrc constructed from the umpjrlcal

I’crmulnsby llycr;~fldIllcks(1!70) f’ot”florldlmerl:llorra1 wInd and Lempor.atllrc

prof’llcs. nl~ t.mq~cr;lt;lresIllth(? :101} Ii,y(!rnrc obt:~jncdby :wlvlrl};Lhe hciit

crrndllct.inneqllntlun. A~]pruprji\L(!Ix:llnri:lryrolldltlons arc the ll[?:tL(~llcr~y



balance at the soil surface ;Indspecification of the soil temperature at a

certain depth.

The lateral boundary values are obtained by integrating the corresponding

governing equations except that variations in the horizontal directions are

all neglected.

An initial wind profile at the southwestern corner of the computational

domain is first constructed by a::suminga logarithmic variation (initially u
M

: 0.2 m/s and z ❑ 0.1 m) from the ground up to the level where the wind speed
o

reaches an ambient value (2 m/s). Inltlal wind profiles at ~Lher grid

locations are obtained by ~caling the southwestern corner winds to satisfy

mass continuity. Hind directions in the upper layers in summer over Japan are

generally westerly. Thus, initial uind directions are assumed to be westerly

everywhere.

Measurements by tethersondcs indicate thai the vertical gradients of

potential temperature above the surface lnverslon layer are approximately 3.1

K/1000 m. Thus, the vertical profile of potential temperature is assumed to

Incrmse llnearly with height: G = 303 A 0.0031 z. Inliial potential

temperatures are assumed to bc uniform In the hcrlzoltii.directions. Initial

values for water vapor arc constructed by using tl,e initial potential

temperature profiles, prcssllrcat the sca surface i1002 rob), and relative

humidity, 50% (80% over the uatcr) in the layers up to 2.4 km nbove the

surf;lcr!and 10% above that Icvr?l, ‘rhel,llrt)ul~ncf?klnctlc IIncrgy ;Ind length



.

satisfy the Courar]t-Friedrich-I.(?wycriteria. In order to increase the

accuracy of finite-difference approximations, mean and turbulence v,aria,bles

are defined at grids which are staggered both in horizontal and vertical

directions. Mean w

near the surface.

spacings are used

nds, temperature, and water vapor vary greatly with height

n order to resolve thes~ variations, nonuniform grid

in the vertical direction. A grid of 39 x 41 x 16

(vertical) pcints is used to cover a computational volume of380 x 400 x 7.3

3
km.

3. RESULTS

Integration is initiated at 5 a.m. and continued until 4 a.m. the

following morning. Initially, wind directions are assumed westerly

everywhere. The air temperature close to a sloped surface facing south or

east becomes higher, due to the shortwave radiation heating from the sun, thm

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 combined with sea-

breeze circulations, resulting in two large mesoscale circulations: one from

the Pacific Ocean and the other from the Japan Sea (Fig. 1). These

circulations converge

p.m. (Fig. 1). The

are In good agreement

over the mountain ranges and form a clear front by 3

modeled horizontal w[nd vectors and the convergence

with Lhe mr?asurt’mcnts(Fig. 2 of Kllrltaiirld Umia,

ot)talnmi by the Allt,omat.r?dW?teorologlcnl l):It;IAcqlllticmSystorn(AMcDAS

compr[?hot]sIvc Sllr f:l[!t? mf?t(?orolofiICil] net.wot’kWh i ch covers .lil[)”lll

1ine

986 )

.. a

with

ln~trllm(wt.s:Ip:lc(?dou the ;lver;lge(?vcry 20 km. V(?rt.lcalI)rofll{?nOf t,hc

nlo(ll?!f![io ;Indp(.)tontla]ttimp{?r;l~,lll,naL st,;ltlonS1 (Fig. 1! nrr?3hoW11Irl Fig.
w

2. h? mf)(iulnd mIxrd l,qyor{l~~)t,hIN :~[)~)t’~)xl~l:it-.(!iy1(100m. This low mlxrd



l.(yerheight 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 is 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 topography 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 penetration of the sea-breeze, particularly ‘.nthe Pacific Ocean

coast region.
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Figure Captions

Fig. 1. The modeled horizontal wind vectors and a convergence line at 10 m
above the ground at 3 p.m. Ground elevation is contoured at every
400 m with solid lines. The dashed lines indicate intermediate
levels.

Fig. 2. Vertical profiles of the modeled a and potential temperature at

station S1 in Fig. 1.
w

Fig. 3. Same as for Fig. 1 except the ocean is replaced by land.

Fig. 4. Same as for Fig. 1 except the ground elevation is removed.
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