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Numerical Simulation of NO. Concentration considering SST Effects

Gyeong-Mee Won, Hwa-Woon Lee and Yoo-Keun Kim
Department of Atmospheric Sciences, Pusan National University, Pusan, Korea
{Manuscript received 27 November, 2000)

For the purpose of predicting air pollutants concentration in Pusan coastal urban, we used an Eulerian
model of flow and dispersion/chemistry/deposition process considering SST effects which estimate through
POM. The results of air quality model including emission from various sources show that the seasonal
variation pattern of respective pollutants was affected by the seasonal SST fields and local circulation.
Horizontal deviation of diurnal SST was 25~4K, especially large gradients in coastal region. Through
numerical simulation of wind fields we predicted that local circulation prevailed during daytime in summer and
nighttime in winter. So high concentration distribution showed toward inland in spring and summer seasons,
while high concentration distribution showed at inland near coast in autumn and winter.
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Fig. 2. Calculation region for numerical simulation of

Pusan coastal area.

189

18g ALY NO, 5% TAZY

32 Axd

ddrde Fa dzZifFEFN SSTH n=7] 4
f drizde HEDAL 18, dgrde HERFL
5RoZ & 1222 =) 5 time steprltt HAFHS
Bal BAS dES FESE 283 LY &RV W

BeES 6}95’\1:}.

1

l

il

aga Agte) 893S A BA 54° w2 7)
2 ole 9) Fese AHe FHole Uy FHA
5S¢ @9 AF7AF 2ZR)e2RE A
02 HEE AEF ED)E Bdve A2 ASAR
9 Sl uiFAsh SEFE F, R Ry

& Zold s i} ZmAS HEoEH BE d3

1As] Qojx)7] Wjio) B mrio NES
a=-1 AA o¢=0 742 HEsty AAZNE o]&3d
Agnze sl ztzy HAHAE 78 4 Ut 3xY
(R 2o)dae Aae dA 4T time step? o] {7}
F3F A time steplZ AR AT time step
“7“3}7] Ha dHHoz Ay P mrd A
+ CFL(Courant-Freidrichs-Levy) #A|2H} oA x =7
o &) oh& Zo] FAsA

Aths_LI_l_ _81; -112 (16)

A7NM =2 @D+ U ©) L, U T AAEHAAE
A& 5ol 29 time step2 W o] AAY
90% 2 =, WH 2=o thg time stepd] #AE

D AT S U
< ch 3T oy a7

Z 93, d7M =20+ U ©1 T}

NO; 3% dF2de $A89 Ay RAJIANE
sl A7NAAGGY Ae AX FPsa, o
BAANR std AHNAAELE ALESE nesting B
& AHgeiinh AAzAe 4AWEL Clarkst Rarley”
9] FXAHA o8 AMALY=I T2 23 FUAL
AL&-shgl e,

Adddes ste L9EAL SO; NO, HC, CO,
Os 53 Z& F8 QFGEH disiMolxw B AT
e Adutuidl 7109 NOE FHoz AZdE ¥
EA4E FALFAYG. FANEYE AT AZPANA 9
z7leke 2 LgEA disty 199549 2 AH9 H
# TRE d¥sdon, oF% REed AEY TN
ZAHE #eZ d3RYgeze FEEXE Eo) 100m
A E #e gozZ FUX, 100mo)ddMe ALdY
Aol 1/100] HA A¥Hos AAH=E 2l
Aok =g WEA Ao aFoli} sty Muln 2L o
FLAYT FTHIY A Fo AL dEMe
BaAY mEge Altdste w2 WEgdsEE uds
o wW&u &S AAsgd.

A AAzxAoRE ANE] AddA AL HAG
7"71 FE g VHARE sy, AgdHoME IHE
P st AAEd AL £, A4S Z o,
ol &3t ohg Al o] Tl

K ac = F, -

=

=

5 (18)



4 3 -0

9 AAzdoRE FY5AA
_5%201 “a%:o (19)
2 93, FE3AME AAMA WS 24 ge
B A A
4. A 224 FARS

B Apod 74 mdg F3) ARE d5d &=
2 FARYEAEd(Fig 3, 4 Ad HE FHEXE

4AAE BF AUAGNA HEFoR
A a, AEFTY AAY He digtd EIdA 229
gradient’t ZA JYehdes AL E 5 Uy Iy
el " ded &5 B9 A% 2865K, 9E
2086K, 7h& 2938K, A¢ 2848Kolen, 353 A
g9 WP LEaE 138K oAt AR Gy
371 ey 59 A

253 2E7} &

25~4K 7‘35.‘?‘:"4 SSTR #
29 7} time step UM} s Fe Aol AY
& R ERE ANE 5 YSE %‘ F U

S5E&80) 993 489 3 §%9 7}
B R w2 A s, x’\]@ B F7r2
¥ = 5K ATE 2 PARNE 2K AER
A GAZEe) B EY W) 7 vElg AR o FHo
Ak, AgH o ALY AFe LAANDY WEY 2
7} YRt ¥ 1300LSTo)&d ®olA Rt 3
B7le) £x 27} 35K AER 2R oy wAZG
o Hd 10K 7AR xR 9o B &3 2
S 92 F [k o F FANREL E& 2ol Al
HrE SERIE FHPFAL AFLY NG
2tz o Hms) Hg W BEgy Zdgel AA
A8 Age 5gn

i oX m
of 4 42

Zfo]
=%

i A A v
r}o o

2 o o
[o v u
N

‘rm

SPRING SUMMER

Y - DIRECTION { x SKM}

Y - DIRECTION ( x 5KM)

LARE T a Er g

T T T CRC RN
X - DIREGTION ( x 5KM) X - DIRECTION { x 5KM)

AUTUMN

WINTER

Y - DIRECTION { x 5KM)

Y - DIRECTION ( x 5KM)

X- D(RECT!ON ( x 5KM)

of SST for four

X - DIRECT]ON(X 5KM)
Fig. 3. Horizontal distributions
seasons. {unit : K)

g 2

180

3

4. AR d71FE% T2
2 deA A dYlHER 2dg B AEd
ntEde T4esch

1000LST

¥ - DIRECTION
¥ - DIRECTION.

Y- DIRECTION
¥ - DIRECTION

T
X - DIRECTION
0100LST

T
X - DIRECTION
2200LST

Y- DIRECTION
¥ - DIRECTION

X - DIRECTION

O500LST

¥ - DIRECTION
¥ - DIRECTION

T
X - DIRECTION X - OIRECTION

4. Horizontal wind fields at z#=50m during the
spring in the coarse mesh region.

Fig.

1000LST

¥ - DIRECTION
Y - DIRECTION

¥ - DIRECTION
¥ - DIRECTION

T
X - DIRECTION
0100LST

¥ . DIRECTION

¥ - DRECTION.

~ ™ = —r
X - IRECTION X - DIRECTION

0500LSY

0300LST

- DIRECTION

¥ - DRECTION
|

— T —r—rr—y
X - DIRECTION X - DIRECTION

Fig. 5. Same as Fig. 4 but for summer.



SST &#& najd Add

AFFTedol vuy F&A vehte B3 9459
W71 F 5 X (Figs. 4~5F X9, 1000LSTH #HF
o] wekely] Al&sry 1300LST~1700LSTo &= ¥& A
Foll % AFFE Ao detA &z, FFA #HF o]
FAste] AAH oz FFol FASA et o,
TEAL #8952 Aoz FHNGA FHAt Fd
S¥0l Ex Jdou @A vE #Fe 23
7t Aol o F&E A vEhdo £ dIlREF B
E(Fig. v 4953 dvHZ FAEY 1000LST~
2200LSTol= 4§ &) F&o] 3, 0100LST~
0500LSTel= o A uetwth wabx A g A
9 HFFLEL 452 oS Felo] vedE & #
AT}

7Heel W71 %% (Fig. 6)& 1300LSTol &lFo] %
@at7] Al &ste 1700LSTol e T 2eEg & 5 3
ey, &3 ofFol HlEA Wl HFHe 2xA
7t Aol 2 Fo] A detda glow, 2200LST~
0500LSTel = &, dE3#e da 2 #§f§3Y 2xa2
As B §Fol AL Yo 53] A%F29 AP
X F&ol 2 ui@ge Rolx i

A&(Fig. N BAZ 7H&3 sy, BEdd 3
Fol 7 EEEA Euan Ao FHdME FF9 9

L

o}

FAY YA GAANE ZAE AL u
BoBo R Bojusta Yt wARdE A5
eEdz JenY o 29 $%o Y4 AL
% qo,

M rly o o

¥ - DIRECTION

¥ - DRECTION

¥ - OIRECTION
¥ - DIRECTIN

¥ - DIRECTION

¥ - DRECTION

- ARECTION

v
eI EALIOlE
ey

¥ - DIECTION

Fig. 6. Same as Fig. 4 but for autumn.

191

NG, % #4294

¥ - DIRECTION

1700LST

¥ - DIRECTION
e xinx s
v o
a5 o}

¥ - DIRECTION

¥ - DIRECTION
ettt i ttddd

it ddds

¥ - DIRECTION

Fig. 7. Same as Fig. 4 but for winter.

5. AdY di7leqd FE9 FX29

A g Hehi2e F8 LHEAY NO9 ¥¥s)
TEEXE AEd dE FARYEAT. NS ¥ %=
FARY Y AgHolW WEEEE Fig. 8% Zh NO,
W& A9 ¥l g9 A Awiyezm
29490 QA £EI}I Jon 53, AFaFo] e
MF N iEEe 223 33 F Ay o dd
W&ol 4% BAFANM wEH &) A YeEd Ag
T o

NOx (@/sec)

Y - DISTANCE (KM)

3 = - ™ al e =

X - DISTANCE (KM)

Fig. 8 Distribution of NOx emitted from total sources.

AdY FELE(Figs. 9-120E BAZ w2 o)
e AV AYTUT Aujadd AT Adx



270

g FYGA nFEE Jeluen, I ol
o]% - 2itste d¥s g et Ade oe
FrAlelE AA A g, o) EHY WA EX
o) gl Hdeddy Adgoz wotagH® wa A
B o dAztdle] 557 #A4 veElhtz Az E
oA AFH BYE Ryt 2 29 A,
1000LSTH = ZAMEYAHAA ¥Zd NOvt @es
7] A &ete siEn 2¥xor Ad FAAL AgFA 9
g FAFe) REES FHOE AFEEFE HolX YT,
A ZH 7L =

o},

dAIZE 3m/s ©l3te] <& K% 9
dgoz daute uEHdgA HEE NO= WS
o7 o|Fstx Fatglom, 1500LST, 1700LSTelE 7]
Fo wato] niHo] sitoRRE 9 thh oFF uigo]
Eo] 1700LSTel+= 1300LST Htt WEZo 9L 3
AAT GA Ao ZFE BHALE &F9 IF
oF detmorg o|FFUAM gdo] YA Hol @
ANzZrote] FrRApel7t Weol wrh t&o] AgdE M
I 7l FEFol FAEIARE F40] Z3Eo o] 7}
2R gy o) A Aoy nWiEYE A9
WA G2 sE7t ¥A &=

o

1300LST

]

1000LST

Y - DIRECTION
Y - GIRECTION

2200LST

Y -DIRECTION
Y - DIRECTION

Y - DIRECTION
Y - DIRECTION

- RECTI(.)N X<DI"RECTION

Fig. 9. Concentration distributions of NOz simulated
from air quality modeling during the spring
in the fine mesh region.

2

192

Y - DIRECTION
.

z
<]
=4
3]
g
4
3
>

v L .
X - DIRECTION X - DIRECTION

Y - DIRECTION
Y - DIRECTION

Y - DIRECTION
Y - DIRECTION

v
X - DIRECTION X - DIRECTION

Fig. 10. Same as Fig. 9 but for summer.

Y - DIRECTION
Y - DIRECTION

. b E) . : Ll
X- DIRECTION X - DIRECTION

Y - DIRECTION
Y - DIRECTION

v s
X - DIRECTION
01

Y - DIRECTION
Y - DIRECTION

" E E
X - DIRECTION

"
X - DIRECTION

Fig. 10. Same as Fig. 9 but for summer.



SST &sE 2 ALE NO; 5% TR

Y - DIRECTION

Y - DIRECTION

Y - DIRECTION
Y - DIRECTION

[ ] El ¥ [ W ¥
X - DIRECTION X - DIRECTION

Fig. 11 Same as Fig. 9 but for autumn.

1300LST
+

Y - DIRECTION
Y - DIRECTION

Y - DIRECTION
Y - DIRECTION

Y - DIRECTION
Y - DIRECTION

7
X - DIRECTION

o
X - DIRECTION

Fig. 12. Same as Fig. 9 but for winter.

193

6.4 £

B dPdME dARAIY ARG drlfERe
FARYoA B AEF P A7) ¥ HYR
-E‘

h

A
1&g B8 Add SSTH a#E ndstd dizieds
=& 83

Aol Bdngs B dofd dHFEdAA
o] Add SSTEES T3 dd3dq e +33 ¢
HEES e 25~4K ooy 53], AGFueM
SR8t A Yegd £3 oF 2x%e Ak
goll Al i FEY 227t FAEY A8 5K, AT
2K o)len, A% 2xAdAMe @A 35K, WAL
10K A=gen, 71549 FARE §8 &9
A RAZd, AL A HADdA FAF
go] gy Aoz dEgch

aan FAAGe WEH AAAGA i A
WEFg Wed A8 39 g7l 2dge sy
o @O NO® s=EEE 4749 2H4Ede aw
24& AR A AFTH ST g ue
olf - Hilste ¥Wiz HEE RAY 53] AEE w
ExtE Mo g9y d¥gor e Heldly, B, A5
dit WS Azol Y WA HA ne=@Y
2 2], F50] FEiso] e A wd o
Fito] 4TF AZHoE AdH T e UF
Agel = @dol Yeiye Helth

off

g

) A8, 2R3, o8, 1994, slFo] FAAHe ¢
7129 FEd v 9%, d#AEH3R, 34),
357-365.

2) e, 1997, AAEARAGY 7| HFY L HER

FTEdZe] @3 FAR, RAdiEgE sty what

e =8

AW, 1997, #AEgdY aF5E 2&EY9 4%

W QEFE FAEY, XAoiga oigy g

ALErY =8,

4) o3¢, AFI, 4AV, 2LF 1997, AUGEANAY
9] dZIFEZAA WG EEY A olFo
o8 SRR, 337 783 A, 6(5), 437-449,

5) °o|3he, AR, 40, B&4, A4, A, A
2, 1997, B4 di7)1A A F=Ue % Auteg A
BEA 2 oE BAFHA gAHE 96-p-0L

6) ol#¥, AR, 470, 2A%, 1999, Agte] Arte
FES XY FAAAY AN GEANEH A
4, #5471 #7383 A, 15(5), 587-598.

7y ol3hg, AR, 97, 1999, MupE: o gEA e
dEgg Y FAXY gird 2de g, 58
773t 3) %), 8(1), 135-144.

8) °]g&, AR, AAN, 2904, 1999, SSTAHE =
e r1e 9o 33y FAdErdy, 3@
733 FA%E3] 2L,

9) ¥7u], 1998, AJEAAHNA HuhjEgde 17
g r1d A 2dy, Badsta ety uhabstg

3

pad



gAH-o] 823 H
=R 2], 14(5), 421-431.
10) o2k, €3V, A%, 1999, H71&3e FA2e  16) 4A0, o5, 1999, AAZAIAGAA 7] F <)

AN SSTE, §5di7| 873 85R), 15(6), 767-777.

1) o2&, ol &7, oM, ZAR, dAv, e,
1998, ¢t =Al A9 dy] F AEHH, &
F7]/483 A, 34(1), 75-86.

12) George L. Mellor, 1996, User's guide for a
three-dimensional, primitive equation, numerical
ocean model.

13) o)3kg, 1987, A G 1 &H Y FRqF BEH G
T, 2B wAbEy =8

14) ©)3}&, wEZ, 1992, 719 Ede] F3}8 wkg
Zdo) 3t A7, 7|8 R, 3(1), 17-29.

15) A7n], oj3he, 1998, §4teg NHFA A4S ngd

g 7] 87 3} 3

000l AHAH &2 Alg oI,

194

3239 FRGEFELY - (1) AP0 thr]Fq)
WX 4, T8RP A, 156), 625-
638.

17) Clark, T. L. and R. D. Rarely, 1984, Severe
downslope windstorm calculations in two and
three spatial dimensions using anelastic interactive
grid nesting A possible mechanism for
gustiness, J. Atmos. Sci.,, 41(3), 329-350.

18) olgtg, AR, 9730, 43, &4, T3,
$4, 1997, ¥4t FgA) 9] d7)A HaEE ¢
Aol B3 A7, FANgw FHEADTFL B
TH 15 1-16.

R X



