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Atmospheric Studies Using a Three-Dimensional
Eulerian Model in Kyongin Region
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The numerical modeling and comparison with observations are performed to find out the detailed structure of
meteorology and the characteristic of related dispersion phenomena of the non-reactive air pollutant at Kyoungin
region, South Korea, where several industrial complex including Siwha, Banwol and Namdong is located. MM5
(Fifth Generation NCAR/Penn State Mesoscale Model), 3-D Land/Sea breeze model and 3-D diagnostic meteoro-
logical model have been utilized for the meteorological simulation for September, 2002 with each different spa-
tial resolution, while 3-D Eulerian air dispersion model for the air quality study. We can see the simulated wind
field shows the very local circulation quitely well compared with in-site observations in shoreline area with
complex terrains, at which the circulation of Land/Sea breeze has developed and merged with the mountain and
valley breeze eventually. Also it is shown in the result of the dispersion model that the diurnal variation and
absolute value of daily mean SO; concentrations have good agreement with observations, even though the instant
concentration of SO; simulated overestimates around 1.5 times rather than that of observation due to neglecting
the deposition process and roughly estimated emission rate. This results may indicate that it is important for the
air quality study at shoreline region with the complex terrain to implement the high resolution meteorological
model which is able to handle with the complicate local circulation.

Key Words:3-D Land/Sea breeze model, 3-D diagnostic meteorological model, 3-D Eulerian air dispersion
model, Complex terrains, Local circulation, MMS5, Shoreline region
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Fig. 1. Diagram of the dispersion modeling procedure.

388



39 eed FATAL o
LA AN 3)
dz s 0
Qe PAAe

s 2
9 S
L i(,(ﬂﬁ_@)+i(,(”_8_)+ 2 (g2
t  ox z) oy\ "8y; \S—z| 8z oz
4)
W% AL
s 2
L _6_(1(1{_61(1_)+~6_(Kﬂﬁ)+ 5 g0
dt  ox or oy 8y S— z,| oz ‘8z
®)
A% AL
T Bw 1,85, 88 aS
ot 3_!/ S—z, (G ot tu 6T+v-6;l_/) ©)
1 8z, ,azg _
S—zg (u o v 2 )=0
Z Fojxin
71 A,
AGEA =
£ =8 (2-2,/5-2) 2 FoAH
Al A
i=—a—+u—a— vi—{-w 6,, =z
da ot ox 3y z
a8 3 Exner &% « &
oAk
=glL] = waam.
o
gade test 2ol Adt
as_1 [ a . i _
%_2 O(m sz, )+ 2 lols=z e D
AFHT AN AAEE w'E
. S Z 85, aS_ aS
w = S—zgw S—zg(at +u3m+ 81/) (8)
Z -5, 0z, 0z
S—z, u ox UT{/))
2 Fojxn,

olelA uw & A7 xy W FHuEAH Lol
H ot e AZL 08 2HUE UEY o s, ST
EFAUARY o], se 2l Ay Fol 2= A

ol wol, f= AYAAL,YE 4% xy BB

20N

o
L
o

X o

3o N

B]—b‘]:oi cﬂu}.l,]_ mﬂ-a]
A 5 YA 3o vy o
AR £ QA @ AF7A
Mg o] nuiEe 47 FxE
#& Powerd A& AHEsto] A
%l‘i} 131‘4 o] power H3& 1
e & e 44 e A
v}tz % o7} A},
249 #4 ¢ BF T
2 37(}1 71Amo] g?-rdt} a8y 3
29 AR A4 4 5 e ogddol AUk
2|74 —r7}ZH FXH Yo FHE 7T
T ged 2 e g4 B #4E 2%
aa] 71448 A Belo|dstE Mellor and Yamada®
7b AbEF Weln o vuAe EYFH AIRA
zo] BENRE ABRAEE Sherman”o|u}
Dickerson'” ¢ 2 oha ot} Az ASE B
Ao e ggdx 22w AAAzte] YF @
o] 287 Wi ALy Ay dAH 3
o] %7lo] A= Powerd 3 & AHE3to] 4
g FERE Te) Wi nke) }E FEF W
312 neld 4 e g¥ol gl
B AFoME o)) UEEARdo)2Yg By
Jgel N e AFRE)2¥0e 2 AT A
A FARDY S AP ¢4 AABS
22 2 334 AF TR AFgps Ak Fa7s)
o J|E AR 2 #4F dHFESFE UEL, o] AR
22E X {29 A E Monin -Obukohov A} o] &
% ]1\1“ RossbyArAl o202 |d&A 3
Ao REHA vt BAsk 4
Atk olFA ALY wige AR @
T4 AAE ¥y ol AAS
T AAEA "4

=2

M orie

.3

s ot
i N T

o

Azt elA 9
SEEERES )
A
gae e
EAS)| BZ??\;%E}.



A~
)

&

C_ _ 9 o— 2 e— 2
E_ or (UC) 8y (UC) 8z (wC)
_;__i(](”a_c) _é_(](”ﬁg) i(}(a_c)+(p_ L)
(747 or 8y 8y gz \ ¢4z

9

o714 P WZFel oa) AAEE 34 1eln

L& A% A o8 A9sE #3224 ug
.

B Ao e olfF FAH A HE Ty 9
ato] okt $9f Amrt YElvEs 9HE Hgd &
& 22 9 (finite element method)!’2 o] & 8tg o
W Aate] §8A4T A Fgol AA 3 Y A
Ae dadHez xol F= A B (time
splitting) ¥HL AFE Y gl st ) 3]

9] 4# s Crank-Nicolson® %Al #3 A%
¥ (implicit finite difference method) 2.2, 2] 29
A Az &4 A4 K= Monin-Obukhov AHAbe]
2 (similarity theory)'"& A&t Aatsigon
A8F oA 7] EF F7AE t7] SA =}
AAG Agd AxFY A i A4S I8
of Ageten AxF A9 UF FAAZANE o
&% 2AYE olfstel uf W s

3, gy AA%F 99 A% $2 ASE AR 6
@ Holgt PHEL F(RI)E o] 4 Blackadar'® el
o3 e AL o) g3t
R —R
K, = K+ §(k=1)"—5— (10)
A7 Ky =10 m’ s, [ = 100 m, Re = 47
AHESTEA 0259 gholn SE 44 uigd Hof,
g df - o o} &t 5% . 2oy o
Hf‘:é'gg*&z—‘ Ao = eAE IR gE $9 o
%525 Jehdo

3. 248 Hz

31 A 714 B A5

311 24 42 29 Ay

Fig. 29 2002 9¢€ 59, 15¥¢ zZ#j1 259 0900
LSTel thsto] MM5lA E28 F3 7FE2 7|47
A4 71943 10 m 1% wEde Jehy.

WA AL s FALE 97 AFS A
HE W, 20029 9¥S uri AAAAEe S0 &
e gol Bou FAE e FAOE YR
2 AN #AxE AU Bgon 29E 9%
BHe WRE Bao AdeME AL e
o Ao 84 319 2L AHE FQ9 A5
g

=

K3

32 4
fw

= T M
¥ "FAHRusa)'7t 9¢9 19 ¢y} FaAde

e, olF & FALE £ w/¢Y

2w

fot

3an

3
)

PN

VgAte o] B o] Bt F&dls F1A
s
A&HA oY, GEAWAME 15~16Ye] ¢
AvteE 71989 g2 AF 137 mn, Ha 122
m, FF 103 m 5 AT, AR, AFE 7
g AR 100 m oY B& vt gt ds
e uNY 7HEAE Eo] FE7E do] w9t

wooa

A

fo

o, 28~ = HES Aye 7¢tT ] 9gsto
B FRANE FAHoz 7t gt olgs 4y s

B3 g2, §2 Z7t 3ol FWst A71gte
Gl AL 99 156%0 HYHQ 7heA e @
24 g@x o] o]y 27199 9FYA AW 9
4 254 9 A+E A, FUEE o)FA 17
@3t Azleke] 3~599 FU2 FHax|w o}
SHEE 271%ke) AlFe] dBYE §Fe] 1 3K
€ FASIL e JHUE Holn Sitk o)d] mabA
A e FAE Al TS 8 ¥ 5 o

N8N BEd 7S, 5 334 714
AR vk, 71, 719 293 2Akd SR

2

-
o T,
f

AL BAZ =ol, FHE W4 (Monin-Obukhov
Length Scale) Z.2jil vi&&E T 2] 7|4 &

- 0T

2 3Akd AEF 249 9 ARR ALHAG

312 A FE 29 Ay

Fig. 39 %X 759 228 993 (TM #%; X
160~190, Y 418~445 km)3} 7 A¥D g 3
713k91 2002 99 19+%E 9€ 309 &, 7Fed A
FHom vede THIY FMTY Ao 2
SR HEH o R olF4 mr|Ye] dwtre E3}
& o Yetue G5 29 98 549 499
99 2599 A3 dial 29 A4 10 m 5% up
FAE 67 E o2 YR a2 AP e Ay
R 2d FF FAZd #ge] Xzt 999
XA dEoz sietie]l Astn ¢les o
F AUtk ¢ AF 183 AMAYGe] THHEE
2d gq& ddsgon AP 49y 2E A
Qu F2A G 100~200 m 2= Abo] x5
AHeR uE7 Be XYL 2d 99 29
Y g9 H5F%oz o
Ak

o714, 99 59 ¢] =
] APH R e o, o]
AFEZ9 vl#E sty 2 F&o] 2F x|
TS F7EQ1 1200 LSTOl AF Alde] ubdo)
b Ao, A& Azbdiql 1800 LSTe) o]28 sfqt
ZANA AF ALGe uigoe] dA3 P e
T Atk ole TBF] AF ALY Ao =

T8/ 5T c&o] FHTH FaodA F

2E 7

S
o

o
735,
o o
=

o
oX

=

o Horfr

7
®

-

e
N

-3
A

A



et 9o

N . o - .
344 9 deee LG ol 4T AUdAGe WIIAT WA
RN TR R
R N
“ x-.;..““wfz“ - L
)y 4
o2 i ;'
‘ KvT
Tl
T AR AWK
L7711 AN UBORK ’& \ ‘\\“« i
w7 7 TR CCARN ' \V‘.’\‘Q
P S AART L NN NN, RS
.\‘.IQ/// ey FEIURRRN, \ R AN AR e
~ e KRR N
A IR i

_
NN

[
}-\\\\\\\\\&
A

5 B AR AN
. THE DN VLA AN NANNAN § o NS5 v ety Y
st MRS AXREE A NN No - s/
AR AR AR XNV AN ";."M/./’/./////':
RN Your Jimroreesy Seit
CaL AN

PR
vvp
PP

VU
e Y AR
Y s ISP

Fig. 2. Horizontal surface pressure field (left panel) and wind field (right panel) generated from MM5
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Fig. 3. Horizontal pattern of modeled surface wind field and used topography by 3-D diagnostic
meteorological model.
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Table 1. Statistics for hourly SOz concentrations observed and modeled on 192 Site, Wonsi-Dong at September,

2002
SO, OBS. MODEL Regression _ Sys. Unsys. .. _ .
B I0A RMSE Skill Il
(Pb) AVG SD AVG SD b  a 198 RMSE RvSE SKile Skillv Skill_r
812\12# 895 776 1145 932 120 070 043 250 066 856 997 294 128 120 123

Nofe: AVG=arithmetic average; SD=standard deviation; b=slope; a=intercept; I0A=index of agreement (close to 1 shows
skill): Sys. RMSEs=systematic root mean square error;, Unsys. RMSEu = unsystematic root mean square error, Skill_e =
Unsys RMSEu fobserved SD (<1 shows skill); Skill_v = model SD/observed SD (close to 1 shows skill); Skill_r = RMSE/

observed SD {<1 shows skill).

?J_ 104 83 18¢Y
°4/\]% sitedl] A 12
910”1 79 9¥
. 93E)

able 1°ﬂ AAE #FL A
= 79 "HEE 3AM
74] 1,1/;43 ﬂl’\lo}ﬁq AAH o2 mdo]
vl 20 % (AN 71&V) BE 2 F
Azt (bias value)22E 25 ppb A% %711 o)
e Aoz veyt aga 2de HEEE
Blls A#As 9 A= (I0A)E ZZ 0427
7 0665 Hoju glvh Rdo RAFHL wjEF
Aol Aol AIZHA #3850l ‘7’%34 2do] B4
71908 Aoz ol WY ARE 4 ¥ WE
&g Al g3l ddE st d ] “Hr‘)ﬂ AA o)
29 .99 HiEFae $Y Aolrt Qlo] Edd
A mold Fxo Adgtel a7t & & glon,
B oA AMSE Bl A 3A o 319]5101
tzy_w 28 A 2T AR AlRHY.
A of] A] -‘?--4-‘4 AAE site AHY 99 & &
£ Fig. 89 YepA. A #
% 5‘3——_] 74 Ae], 159 ~174 z18n
A FEE JEE g3 o]delA
TS YehgEe 42 A8 293t
JE=d o= AAIEA &2 29
ToE Atgdr
ig. 901] AA T sited] M #F aen
9 99 39, 109 28 x 18%_14 76‘-°r°ﬂ
-2 s el 9¥ 399 Aee
ALY TA vFEAEE %IO] 4 m/soll
P& 1 m/s o]t A= =
‘Holm glew, AA% Fol 1000m

sy zE e, 2

N
N

1

?—J~23‘34_

A ke 2

)
oX o Ly

o_‘>:, U[O
l-n T e

ﬁ

—w..u“oi'rkj

r\‘ o{n

e}

o]
= T =
.

%:-l—\_ =

ki alo
3o

394

2 Al }OJ 0600~1000 LST¢} 1500~2100 LSTel
FE Ao vehvded e E 0700~1200

o -
LST¢}F 1600~1900 LSTe] i ¥ % &4to] veut

A

S02 stn # 192

~
a
a
£
-
>
a
&
3
) ©
5 20 [#]
bS]
bS]
= No. of points (n) =655
. intercept g a) =0.700
, el slope {(b) =1.201
Ry correl. coef.(r) =0.427

O

50
Observation (ppb)
Fig. 7. Scatter diagram and regression line of hourly
SOz concentrations observed and simulated by
~ 3-D dispersion model at 192 site, which is
located on Wonsi-Dong of Ansan city for
September, 2002,

- Model
- ®- Observation

SO (ppb)

e

=2

11 13 15 17 19 21 23 - 25 27 29

September, 2002
Fig. 8. Daily mean SOz concentrations observed and

Simu_lated by 3-D dispersion model at 192 site,
which is located on Wonsi-Dong of Ansan
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