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A Study on the Predictability of the Air Pollution Dispersion Model
Composed of the Turbulent Parameters

Park, Ki-Hark - Yoon, Soon-Chang

Dept. of Atmospheric Science, College of Natural Sciences, Seoul National University

Abstract

Gaussian dispersion model is the most widely used tool for the ground level air pollution
simulation. Though in spite of the convenience there are important problems on the Pasquill-
Gifford’ stability classification scheme which was used to define the turbulent state of the
atmosphere or to describe the dispersion capabilities of the atmosphere which was each covers
a broad range of stability conditions, and that they were very site specific, and the vertical
dispersion calculation formula on the case of the unstable atmospheric condition. This paper
was carried out to revise the Gaussian dispension model for the purposed of increase the
modeling performance and propose the revised model, which was composed of the turbulent
characteristics in the unstable atmospheric conditions. The proposed models in this study were
composed of the profile method, Monin-Obukhove length, the probability density function
model and the lateral dispersion function which was composed of the turbulent parameters,
ux(friction velocity), w+(convective velocity scale), T;(lagrangian time scale) for the model
specific.

There were very good performance results compare with the tracer experiment result on the
case of the short distance (<1415m) from the source, but increase the simulation error(%) to
stand off the source in the all models. In conclusion, the revised Gaussian dispersion model
using the turbulent characteristics may be a good contribution for the development of the air

pollution simulation model.

Keyword: Pasquill-Gifford” stability categories, Monin-Obukhove length scale, dispersion
coefficient, probability density function
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a,, a-: up and downdraft frequencies of occurence,
0,0~ up and downdraft velocity

w,, w-: turbulent energy of updraft and downdraft
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heat flux, H) & #< (latent evaporation flux, AE) 7+
o] A A BAIE WHEHY (iterative method)

LAzl 23 u. wse ALte

u(z)-—[ln( ¥y (1) + Py “)] (1)
A9=0(z,)- 9<z1>-—[1n< ()L ] @

M= ge)-gte)= [ 2-¥o(P)+ ¥o()] O

u, = 7/p, friction velocity (7 : wind stress , p : air
density)

k : Von Karman constant

0, : flux temperature scale

q,. : flux specific humidity scale

g : acceleration of the gravity

for unstable surface layer(6,<0 or L<0 )
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Table 1. Model Types

Model type Dispersion function
Typel | o,= {0.082+(0.56 . (%)2} x
0y=0,-t-F,
z 13
Type2 | =178 1, - {1+0'59(_T)}
-1
X 12
_{(1+0.9-(u ) }
0y=0,-t-F,
_ . k z 12 AR/
Typed | Ov=e 074 {05 e-(5) )}+o3 &)
l
X 12
£ = {1409 - o) ]
12
0,=06 X - { 1409 - (—= )}
Type 4 Y (” T
00=06 - w/u
12 W, X
9 —06X/(1+a =—*—
Type 5 g (IraX)™ (&= u-z )

(¢ : probability coefficient)
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Table 2. Meteorology data of modeling

Sampling WD W.S(m/s) Temp.(K)

time (degree) [SFC(0.1m)| 16m |SFC(0.lm), 16m

14:30~15:20| 223 | O0.lm | 234 | 2937 | 2942

Table 3. Input conditions of modeling

Release | Exit. |Exitvelocity| Stack | Grid size Stabili
ili

height(m)| temp(K) | (m/s) |diameter(m) (m) vy
16.00 300 10 003 | X=400,Y=400| 1(A)

~181.56 TM-X(km), 42196~42795 TM-Y (km)
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Fig. 1. Contouring of tracer experiment result at Sihwa area
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Table 4. Comparison of the concentration(ppb)/performance error(%).

Site Observation (Tracer) Type 1 Type 2 Type 3 Type 4 Type 5
. 34925 35.090 35.080 27.866 35.007
1st site 35084
1045 /0.30 /-0.01 /-20.57 1022
. 1.928 2.767 2522 1.952 2061
2nd site 2572
/-25.04 /1.58 /-1.94 12411 -19.87
. 0.579 1.002 0.898 0.671 0.658
3rd site 0.017
/-3305.88 /5794.12 /-5182.35 3847.06 /3770.59
. 0.398 0.733 0.634 0483 0464
4th site 0.007
/5585.71 /1037143 /8957.14 /6800.00 16528.57

¥ st site : 332m, 2nd site : 1415m, 3rd site : 2581m, 4th site : 3114m

% Error(%)= ((revised model’ conc.- observed conc.) / observed conc.) X 100
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Fig. 2. Simulation results
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Table 5. Comparison of oy/(cy/downwind distance) ratio between the revised model’ output with the downwind distance

Site (downwind distance) Type 1 Type 2 Type 3 Type 4 Type 5
1st site 86/ 26 86/26 71/21 108/33 86/39
2nd site 368 /26 256/18 233/16 363/26 344/24
3rd site 671/26 388/15 367/14 579/22 590/23
4th site 809/26 439/14 421/14 666/21 694/22
x Istsite : 332m, 2nd site : 1415m, 3rd site : 2581m, 4th site : 3114m
% Ratio(%) = (revised model’ value / downwind distance) X 100
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