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An Analysis of the Case related with High PM10 Concentrations
Using a Fine Grid Air Dispersion Modeling in Ansan Area
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In this study, the scenario for a numerical modeling of the fine grid scale air dispersion phenomena was
proposed and an analysis of the special event which was occurred on September 3, 2002 was performed using
by a coarse grid prognostic meteorological model, a fine grid diagnostic meteorological model and a fine grid
air dispersion model.

Based on the results, we found that the local circulations, like as land-sea breeze, should be seriously
considered for evaluating the high PM10 concentration event and for making the reduction policy of the major
air pollutant emissions in Ansan area.

Key words : Coarse grid prognostic meteorological model, Fine grid diagnostic meteorological model, Fine
grid air dispersion model, Local circulations, land-sea breeze
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Fig. 2. Topography and KMA observation network
of modeling region.

Table 1. Informations of KMA observation site

Site # Lat. (N} | Lon. (E) Location
KMA (545) 37.330 126.800 Ansan
KMA (565) 37350 126.780 Siheung
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Table 2. National ambient air quality standards

Averaging| National ambient air
Pollutant Period quality standards
1-hr 0.15 ppm
Sulfur Dioxide B
(SO 24-hr 0.05 ppm
Annual 0.02 ppm
Carbon Monoxide I-hr 25.00 ppm
(CO) 8-hr 9.00 ppm
1-hr 0.15 ppm
Nitrogen Dioxide N
(NO») 24-hr 0.08 ppm
1-hr 0.05 ppm
Particulate Matter| 24-hr 15000 pa/m
(10 microns or less)
(PM10) Annual 7000 pe/m
Ozone 1-hr 0.10 ppm
(03) 8-hr 0.06 ppm
Le = s
oo Annual 050 p/m
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Table 3. Date reported above national ambient air quality standards and the concentrations at automatic air

quality monitoring network for PM10

Site # year month dat concent-ration| Site # year month dat concent-ration
131191 2002 1 12 179.2 131192 2002 6 5 167.2
131191 2002 1 13 162.2 131192 2002 6 6 183.7
131191 2002 2 4 1654 131192 2002 9 2 160.2
131191 2002 3 17 294.6 131192 2002 9 3 3330
131191 2002 3 18 210.3 131192 2002 9 4 169.9
131191 2002 3 19 1539 131192 2002 9 11 1505
131191 2002 3 21 353.0 131192 2002 9 19 1593
131191 2002 3 22 4311 131192 2002 10 10 152.5
131191 2002 4 8 671.1 131192 2002 10 17 270.7
131191 2002 4 9 481.2 131192 2002 10 18 2184
131191 2002 4 10 1573 131193 2002 1 11 191.0
131191 2002 4 17 187.8 131193 2002 1 12 1724
131191 2002 9 3 1795 131193 2002 1 13 1772
131192 2002 1 4 150.6 131193 2002 2 4 2105
131192 2002 1 11 194.8 131193 2002 2 5 1889
131192 2002 1 12 206.2 131193 2002 3 1 221.7
131192 2002 1 13 203.1 131193 2002 3 2 18.5
131192 2002 2 4 185.2 131193 2002 3 17 278.0
131192 2002 2 5 199.83 131193 2002 3 18 200.4
131192 2002 2 7 161.0 131193 2002 3 20 1639
131192 2002 3 1 189.0 131193 2002 3 21 3886
131192 2002 3 2 1935 131193 2002 3 22 369.5
131192 2002 3 17 346.7 131193 2002 3 26 164.8
131192 2002 3 18 2549 131193 2002 4 8 490.7
131192 2002 3 19 181.7 131193 2002 4 9 367.1
131192 2002 3 20 187.0 131193 2002 6 6 168.0
131192 2002 3 21 599.6 131193 2002 9 3 293.3
131192 2002 3 22 4787 131194 2002 2 4 165.2
131192 2002 3 26 164.8 131194 2002 3 17 199.6
131192 2002 4 2 213.0 1311H4 2002 3 18 1580
131192 2002 4 8 665.1 131194 2002 3 21 425.0
131192 2002 4 9 4243 131194 2002 3 22 3175
131192 2002 4 10 202.0 131194 2002 4 8 508.2
131192 2002 4 12 1739 131194 2002 4 9 366.4
131192 2002 4 17 240.5 1311%4 2002 6 6 1584
131192 2002 4 19 170.3 131194 2002 9 3 2554
131192 2002 4 20 168.9 131194 2002 10 18 159.5
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Table 4. Conditions for three-dimensional Eulerian
air dispersion model simulation

Parameters Definition
Grid number 244 x 98
Horizontal grid size 100 m

2002/09/03 0001 LST

3-D pollutant mass conservation
equation

Initial time
Equation

Vertical coordinate
Vertical layers

Terrain-following coordinate

13 layers (10, 50, 100, 200, 400,
600, 800, 1000, 1500, 2000, 3000,

4000, 5000 m)
Grid structure Staggered structure

Finite element Galerkin
technique

Advection scheme

Time splitting technique

3-D land sea breeze model and
3-D diagnostic meteorological
model

KMA AWS (2 stations)

Numerical technique
3-D wind field

Observation Site

Horizontal Maher and Pielk
diffusivity

Dry deposition Not included
velocity

Vertical diffusivity ~ Brost and Wyngaard
Integral time 30 seconds
increment

Initial mixing height 300 m

Spin up times 1 day simulation

Topography, Wind flield & Concentration
2002/09/03 03 LST

172 173 176 175 176 177 178 179 160 181 182 183 184 185 186 187 188 189 190
TM=X (km)

PM10 Concentration (micro—g/m"3)

[*]

A PMI0 255k Abd 24

o3

H R £ ¥ o Hf 4o
fu to ¢ de W rlo
I

Ao

1800 LST ~ 2100

i

=E AR 2 JERiNe
7] 9135te] Fig. 8o <Ak
#&5282 JehA
A A9 AT AF
B9 1200 ~ 1300 LSTE A
pglm®o14e] F& FEE Yl o 53
0900 ~ 1100 LST$}F 1700 ~ 1800 LSTel 72} 300
pg/m® o o2& Mg EL FEE Boln It
I wd Ao e QA AZF ATA A A
0800 ~ 1000 LSTell 200 ~ 250 pg/m’® &} 713 £&
Yehio 1800 ~ 2100 LSToll 150 pg/m® €l

E g Rolxm gk

p=cn
]

ok o

flo 1

Hr ol
o 0

)
>

R
fr

£

N
roe O we W yo,

2 A )

X Ho rlf 12 o ne ap

o8 0

Topography, Wind field & Concentrotion
2002/09/03 06 LST

Py
472 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 1
TM=X (km)

PM1D Concentration (micro-g/m*3)

Fig. 6. Topography, Surface Wind Field and Surface Concentration Field of PMI0 calculated by Fine Mesh

Meteorological Model and Dispersion Model.

983



Topogrophy, Wind field & Concentration
2002/09/03 09 LST

429

OO e

428
427

T2

<

5425

2

¥ a24
423

422

i L L L.

420

D
178 179 jB0 181 182 1B3 184 185 186 187 1B& 1B9 190
TM=X (km)

PM10 Concentration {micro~g/m"3)

Topogrophy, Wind field & Concentrotion

2002/09/03 15 LST
Bl e e S
N

*&‘\\\\\“‘\f‘“ i

TR N N N

~

&
176 177 178 173 180 181 182 1B3 184 185 186 167 188 169 150
TM=X (km)

172 173 174 175

PM10 Concentrotion (micro—g/m"3)

ography, Wind fieild & Concentration
2002/09/03 21 LST

428
427

T

3

)I. 425

2

T azs
423
a22{

a2

420

=z
174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 130
TM=X (km)

PM10 Concentrotion (micro~-g/m="3}

Fig. 6. continued.

stAjo] 71918 Ao R AlREY.

Aoz 2002 9¥ 399 Ag, A&HA F
4 2 o] & o)|RoxA] Rate T AJEH(
g T4, A gz g4d AEF o
o Zo ZR|eFho] uHAE AFEE AL - HF

AL a4 AF AL —>5F ALY 0600 ~ 0900

LSTS 1800 ~ 2100 LSTell& F40°] w9 oFaiA

AR
LS

E ane o Ade] 2EZ 2839 F7E 2
& dzel b assh 28Y AN % 5L
FE e Hol: EAo] gt

984

Pl s &
T 6T
Topogrephy, Wind field & Concentrotion
2002/08/03 12 LST
29 CHLN T ey v T S
28 :
a7
T
Z
> 425
=
" a2
4234 « . s e o
2z
<21 B
B E R R
420 o q
172 173 174 175 176 177 178 179 180 181 162 183 164 185 186 187 188 189 190
TM=X (km) -
PM10 Concentrotion (micro-g/m*3)
Topography, Wing field & Concentration
2002/09/03 18 LST
429 = ) T o o~ NN v
S - R R E R R R RNV
- = i o g
Mﬁ 5 ViR AN
e
=3
> 425
=
<424
423
422
L 3 R
420 an
172 175 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190

TM=X (km)

PM10 Concentration (micco—g/m*3}

Topography, Wind field & Concentration
2002/09/03 24 LST

PR

420 £ |
172 173 174 1?5 176 177 7B 179 1BO 1B) 182 383 1B4 BS 186 )87 88 189 190
TM=X (km) -
PM1I0 Concentration {micro—g/m*3)
3.3 &

B A7 Ee 344 47 A& 5T 2E, 3
A9 oA Az Ag 2d ogln f3% 24HE
Aee e gt gy & e olgsjd, ¢
A dol dizte R 22 (PMI10)9 =A A4 A
259 A2 314 10m9 71 22 Ay
L& A, 20029 it G FAF 7]
o9 AFRUEEY AR F PMI0Y A$ol 2443
Ho BANEAY 150 ug/m’ & 2H3tE G F F
AL @abo] widE AT B HSE AYs)



ol A Az o) &

Diurnal Varigtion for 2002/09/03

[Above : PM10 Concentration{micro—g/m*3) & Below : Wind Speed]
400

350
< 300
%250
€ 200
8
2150

open square : A areg
closed square : B areq

C
=
8 8

I o »~

Wind Speed (m/s)

E T R L .-

o

[

o

12
LST (hr)

14

Fig. 7. Diurnal variation of calculated surface con-
centration of PM10 and wind speed for A and
B region.

i 409 FA
200243 9¢ 3
A Az d)7] 352]’*
1 A A
A (&F 74]%3—’3“% Ag gl 3“75‘ A
— 5F ALl F&o] vl °k3}]11“ -_é:-“’}’ a

L.
Lo

& Ao,

L
A o
o5, o)l

) AA3, A 2002, 424 =
£8 ot div)eg 4
H7hersl A, 11(2), 79-91.

Atkinson, B.W., 1981, Mesoscale Atmospheric
Circulation. London, Academic Press, 495pp.

Mahrer, Y. and R. A. Pielke, 1977, The effects
of topography on sea and land breezes in
two-dimensional numerical model, Mon. Wea.

o

o

~

3

~

985

Automatic Air Quality Monitoring Network Observation Data (2002/09/03}

Concentration (ug/m%)
[ w -3
8 8 8

g

o

5 1 13 15 17 19 21 23
Time (LST)

|—0— Kozan Dong -=- Wonshi Dong -+ Bono Dong - Wongok Dong]

3 7 8

-

Fig. 8 Diumnal variation of measured surface con-
centration of PM10 at automatic air quality
monitoring network.

Rev,, 105, 1151-1162.

4) Estoque, M. A., 1961, Theoretical investication
of the sea breeze, Quart. J. Roy. Meteor. Soc.,
37, 136-146.

5) Park, S.U. and L. H. Yoon, 1989, A Two dimen-
sional numerical modeling of land and sea
breezes as a function of prevailing synoptic
winds, J. Kor, Meteor. Soc., 25(2), 80-93.

6) Park, S.U. and . H. Yoon, 1991, The charac-
teristic features of local weather phenomena
under the various synoptic winds over South
Korea, J. Kor. Meteor. Soc., 27(2), 87-118.

7 471, 5%, 199, I 7|2 =2dye
g3 A g7l Edss]F, 11(1), 1-14.

8) A7 M A, 2000, 21C A7) Wi7] 2A A
A A, 621pp.

9) ZHFFATY, 2001, A HERY 4HLY

24 79E 98 AYRAIE A, 142pp.

10) Park, S.U., 1990, Resules of a three-dimen-
sional numerical model of land-sea breezes
over South Korea, J. Kor. Meteor. Soc., 26(2),
78-103.

11) Park, S.U., 1992, Estimation of wind vari-
ances in the boundary layer with results of
the three dimensional land-sea breeze model
over South Korea, J. Kor. Meteor. Soc., 23(4),
435-453.

12) Kim, B.G. and S.U. Park, 1993, Diagonostic
modeling of wind and temperature profiles in
the boundary layer, J. Kor. Meteor. Soc., 29
(4), 281-305.

13) Park, S.U. and C.H. Kim, 1998, A numerical
model for the simulation of SOz concen-



op>

&

trations in the Kyongin region, Korea, Atmos.
Environ. 33, 3119-3132.

14) Peters, L. K, C. M. Berkowitz, G. R. Carmichael,

R.C. Easter, G. Fairweather, S.J. Ghan, J. M.

Hales, L. R. Leung, W.R. Pennell, F. A. Potra,

R.D. Saylor and T.T. Tsang, 1995 The

current state and future direction of Eulerian

models in simulating the tropospheric che-

mistry and transport of trace species - A

review, Atmos. Environ., 29, 189-222.

Russel, A. and R. Dennis, 2000, NARSTO

critical review of photochemical models and

modeling, Atmos. Environ. 34, 2283-2324.

16) Smolarkiewicz, P. K., 1983, A simple positive
definite advection scheme with small implicit
diffusion, Mon. Wea. Rev., 111, 479-486.

17) Smolarkiewicz, P. K, 1984, A fully positive
definite advection transport algorithm with
small implicit diffusion, ]J. Com. Phys.,, 54,
325-362.

18) Haltiner, G.]. and R. T. Williams, 1980, Nu-~
merical prediction Dynamic meteorology, Wiely
and Sons, 379pp.

19) Toon, O.B., R.P. Turco, D. Westphal, R.
Malone and M. S. Liu, 1988, A multidimen-
sional model for aerosols @ Description of com-
putational analogs, J. Atmos. Sci.,, 45, 2123-
2143.

20) Bartnicki, J., 1989, A simple filtering proce-

15

el

(] -
3

986

1

oy
o

fow 3
L

dure for removing negative value from nume-

rical solutions of the advection equation,

Environmental Software, 34, 187-207.

Bott, A., 1989, A positive definite advection

scheme obtained by nonlinear renomalization

of the advection fluxes, Mon. Wea. Rev., 117,

1006-1015.

Carmichael, G.R., L. K. Peters and T. Kitada,

1986, A second generation model for regional-

scale transport / chemistry / deposition, Atmos.

Envir,, 20, 173-188.

Mahrer, Y. and R. A. Pielke, 1977, A nume-

rical study of the airflow over irregular

terrain, Beitr Phys. Atmos., 50, 9%6-113.

24) Businger, J. A., J.C. Wyngaard, Y. lzumi and
E.F. Bradley, 1971, Flux profile relationships
in the atmospheric surface layer, J. Atmos.
Sci., 28, 181-189.

25) Brost, R.A. and J.C. Wyngaard, 1978, A
model study of the stably stratified planetary
boundary layer, J. Atmos. Sci., 35, 1427-1440.

26) Blackadar, A.K. 1976, Modeling nocturnal
boundary layer. Proc. 3rd Symposium on
Atmos. Turbulence, Amer. Meteor. Soc., 46-
49

21

~—

22

=

23)

0D VAN, YRE, BAUE, 1996, 2EFE A EY
o4 W% WEel ME UPE BH, @2
$7 497kt 4, 5(1), 69-77



