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Abstract

Diurnal variations of wind field and pollutant dispersion over the Yosu area under the insolation conditions of
summer and winter were investigated by using the Regional Atmospheric Modeling System (RAMS). Initially,
horizontally homogeneous wind fields were assumed on the basis of sounding data at the Kwangju upper-air
station for days whose morning wind speeds were below 2 m/s. In these days, the sea breeze prevailed in summer
while the land breeze lasted for a few hours in the morning; the effect of synoptic winds was strong in winter with
some inclusion of wind variations owing to the interaction between sea and land. The predicted wind direction at
the location of the Yosu weather station captured an important change of the sea—land breeze of the observed one.
The predicted wind speed and the air temperature agreed with observed ones in a reasonable range. In the morning,
both in summer and winter, winds around the source location were diverged and became weak between the
mountainous area to the southeast and the Kwangyang Bay to the north. Winds, however, accelerated while
blowing to the east and south and blowing on the mountainous area. Complicated wind fields resulted in high
pollutant concentrations at almost all receptors considered. These high concentrations in the morning were even
comparable to the ISCST3 calculations with the worst—case and typical meteorological conditions designated by
USEPA (1996). On the other hand, in the afternoon, the wind field was rather uniform even in the mountainous
area with development of mixing layer and the concentration distributions being close to the Gaussian distri-

butions.
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Table 1. Model grid parameters in the present study compared with those in the previous one for investigating the

terrain effects.

Grid I Grid II Grid 111 Grid IV Important changes from the previous study
Number of grid 390x37  26x22  29x29  41x38 Model domain is enlarged from 420 x 420 x 8 km® to
points in the X, Y, x 25 x 25 x 25 x 25 i : id oints i
and Z directions 456 x 432 X 18 km® by adding 4, 2, and 5 grid points in
Horizontal grid spacing 12km 3km 1km 1/3km each direction. Horizontal grid spacing is the same as

70 m in the lowest layer

Vertical grid spacing 1,000 m in the highest layer

before, but the depth of the lowest layer is increased
from 30m to 70 m.
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Fig. 1. Modeling domain and grid locations. The boundary of the Yochon Industrial Estate including the reclamation
area is represented by a dotted line in the right figure. The filled contour represents the elevation above sea
level at intervals of 200 m in the left figure and 50 m in the right figure. The ‘+’ symbol within the estate denotes
the location of the hypothetical source. @ in the right figure is the Yosu Weather Station and U] in the left

figure is the Kwangju upper-air station.
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Fig. 2. Diurnal variations of ground-level average wind
speed and most-frequent wind direction at the
Yosu weather station in summer (June to August)
and winter (December to February) from 1990 to
1998.
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Fig. 3. Diurnal variations of wind speed distribution at
the Yosu weather station in summer from 1990 to
1998. Each section represents the frequency of
wind speed <2 m/s, 2 to <4 m/s, 4 to <6m/s, and
6 m/s and higher from the bottom, respectively.
The upper figure shows variations on clear days
with mean cloud cover below 3/10 and the lower
figure on cloudy days with mean cloud cover
above 5/10. .
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Table 2. Important modeling options used In the present study being different from the previous one.

Model . . N . . " . L
characteristic Previous study for investigating the terrain effects Present study for investigating the diurnal variations
Initialization Uniform wind field with a speed of 4m/s at a given ~ Horizontally homogeneous wind field on the basis of
direction observations at the Kwangju upper - air station
Surface Layer  Initially no heat and moisture fluxes, only Louis (1979) parameterization of vertical heat, vapor and
considering momentum flux momentum fluxes
Soil and Not considered Multi -level prognostic soil model (Tremback and Kessler,
vegetation 1985) and vegetation parameterization (Lee, 1992)
Radiation Not included Without cloud effect (Mahrer and Pielke, 1977)
Wind Speed (m/s) Wind Speed (m/s) F&2 B ITRE 200hPaz}x] A4 Zr)3io,
0 5 10 15 20 25 0 20 40 60

Pressure (hPa)

Wind Direction

Wind Direction

Fig. 4. Vertical profiles of mean wind direction and speed
on clear days in summer and winter from sound-
ing data at the Kwangju upper-air station.
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Fig. 5. Comparison of observed and predicted values of
wind direction, speed, and air temperature at the
Yosu weather station on clear days in summer.
The solid rectangle denotes observed values and
the solid line predicted values.
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Fig. 6. Distributions of ground-level wind velocity and air temperature on Grids | and il in summer. As in Fig. 1, sym-
bol ‘+’ and @ in the right figure indicate the locations of the source and the Yosu weather station, respec-
tively. Darkness scale in the right side denotes the scale of air temperature in °K.
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Fig. 7. Comparison of observed and predicted values of
wind direction, speed, and air temperature at the
Yosu weather station on clear days in winter. The
solid rectangle denotes observed values and the
solid line predicted values.

FLE AL EEe) APk Teht Foel
o Fal3 pEr ¥4 4vh (9% okl ALH 2
M) 3z $IT G8A% 27 daA g 22
2EZT AAE Wolrle o) o Al ¢

£ 3 298 FEI Y. (REF o)
2FE 2GEA olFe] ARAE F3ln glovt
JA| E3r2e] w2 189 BAF 2 M9} F
o] B Ao I3 ehtA] g3 gl

= 39 457 AL obY AZY AFHE =
9o ) Bxat T3 Ex e dn|shel, 13N F
3ol me}t A HE = BAFHUY E 3(a)9} 9
waled wbx] BHFFH} BAFE AT HAAE E
T =3 F4E 25T gtk YoM = g3t
BAT G5 AL o= AFely o}F A&
B,D,E, F&} 37 I-o44 Al Ae] X8 FFoz
2gEAe] FAaEx e, 53] Al o9} 7
& 73ko) Fksled f-o¥ Heot A

Aol e A A3 L ARG 1
R 29 AAANMY wigAEE o] 43
ISCST3 (USEPA, 1995)8} RAMS®} A4t A& ]
welgdeh ey B Q39 Fo| uighte] UMz}
£ 7H el v 37 B ofviet At
Wste 2A7} "ot aeiy REe] gab 2o
M MY wiskAlsr) Fe38 W] 2drEd
vigzlael A4 A FA4o 8% Ay ndHE
313 9o} (USEPA, 1986 and ff.). T2} &AL,
Hrlel o] @A FAJo] H4A < R M=
AEAd A EAH 7R E o4 zH
2dEA Ao 134 BAE siotd "art 9
©}. USEPA (1996)% o9} 722 ol upe} Fet9
zRo2H F& 15mis, M= Fo) AYH =4
o2 £9zke] e F43% A= DO o4&
Astz ot =3t T A gx FAAAY

Table 3. Poliutant concentrations at selected sites after one-hour release® (mg/kg- air).

Site Name Reference Letter Summer Winter
in Figure 9 7 am. 4 p.m. 9 a.m. 3 p.m.

Pyongyo A 14.1 8.7 41.7 6.8
Wolhwa B 17.4 0.0 22.0 39
Chunghung C 29 1.2 0.6 0.7
Chusam D 2.0 0.0 1.7 0.0
Haesan E 43 0.0 13.8 0.0
Ponggye F 1.7 0.0 0.3 0.0
Homyong G 0.0 0.0 0.0 0.6
Sangam H 0.3 0.2 0.0 0.0
City Hall I 1.3 0.0 1.5 0.0

a Ground-level release at a rate of 1 mg/kg-air + s from the volume of 1/3 km x 1/3 km X 70 m, which corresponds to 34~ton release for an hour.
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Fig. 8. Distributions of ground-level wind velocity and air temperature on Grids | and Ill in winter. As in Fig. 1, symbol
‘4’ and @ in the right figure indicates the locations of the source and the Yosu weather station, respectively.
Darkness scale in the right side denotes the scale of air temperature in ° K.
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Fig. 9. Concentration distributions on Grid IV after one-hour release in summer and winter, respectively. Concentra-
tion of the labeled contour is expressed in mg/kg-air. The filled contour behind the concentration contour
represents the elevation above sea level at a 50 m interval. Capital letters [A] through [I] indicate the receptors
in the present study. See Table 3 for the designation of the receptors and poliutant concentrations at those

sites.
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Fig. 10. Comparison of maximum concentrations with
downwind distance calculated with ISCST3 and
RAMS. In the ISCST3 calculation, the worst case
indicates the wind speed of 1.5 m/s and F sta-
bility; the typical conditions indicate the average
wind speed and D stability; the flat terrain was
assumed in both cases.
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