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Abstract

The STEM I ( Sulfur Transport Eulerian Model 1I ) was adapted to simulate transport
/chemistry/deposition of air pollutants in the Eastern China and Korea. A 32 hour model
simulation starting from 9 A.M. of 1989 November 25 during which no preciptation was
observed. The prevailing wind direction is from west to east. The MM4( Meteorological
Model Version 4) was used to generate meteorological data such as temperatures, hort-
zontal wind velocities and directions, humidities, air densities. Eddy diffusivities, dry depo-
sition velocities and vertical wind velocities were calculated from the meteorological data.
The initial condition and the emission data base were constructed from the measurements
and governmental reports respectively.

The model predictions of NO, NO,, SO;, O at Seoul, Inchon and Pusan agree reasona-
bly well with measurements. The model’s predictability for the primary air pollutants is
improved considerably as the time passes. Thus, it is concluded that the model's
predictability can be significantly enhanced by reducing the uncertainties of initial condi-

tions.
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Fig. 1. Model domain showing the grid structure
and the air pollutant automatic measuring
sites in the Korea.
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(a) Mean Sea Level Pressure(mb) for 9 A.M. Nov. 25, 1989
(b) Mean Sea Level Pressure(mb) for 9 P.M. Nov. 25, 1989
(c) Mean Sea Level Pressure(mb) for 9 A.M. Nov. 26, 1989
(d) Mean Sea Level Pressure( mb) for 9 P.M. Nov. 26, 1989
Fig. 2. Synoptic Weather Map for Nov. 25- 26, 1989.

2 eRE nMaA3lry] £33 variational analysis
(Sasalo, 1970)% AR&3c}. 28y B Afe
MM4oll 2j3t $ubek ulalg te|y BA &
dgr) glerng g3 A4 wAAS UFAIE
E A ulRE 28 A3t AlAe st
Al 3t7) A3l wEAZAE AR E, 9% W
AL o3 zho] AL

oU [ oV , oW _

oy a0 0

AT)E 220 AFEE UF s ¥ AR R
ArAste] mae] 20 0 BEES A4S AL,

4.2 AXY |2 PEH ERT
Ay 2l w1 74 F A1 d 2 delA 7



264 ol4tql-

¥

a) noon on Nov. 25, 1989
b) midnight on Nov. 25, 1989
Fig. 3. The horizontal wind field calculated from
Mw4
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Table 1. Air pollutant emission factor by fuels.

Fuel Unit Pollutant
u ™ Dust| SOx | NOx | CO | THC

Oil kg/K1 | 0.24 |17.3S] 24| 06 }0.024
COAL | kg/Ton | 5A |19.55[ 105 | 0.3 {0.04
S : Sulfur contents( wt% ) of fuels.
A : Ash contents( wt% ) of fuels.

2 ATelA AN WiE YRR AL E
A 93} AR AY g AAeld. o, A
PArg el W33 E Axsld AFHALE 71
HLZ /AT = e Wolt (A2 Er)e A,
1994). ¥Wi& 2152 FHAAM o3 A
EHAA4E A7) fslde g B3
ANE E&sloof ) 22 w2 YRS B
AL AHEstr] gslode F2uEa A8 MWatoh
2 S U BN R YA A LD BE ABE YS
3o} 7} FA oA AR = BHAPE EHsloo}
et 2y A2 E ool 2L AYF) zEE &
AstA] dov] FRANE oj¢ agz AR
e 2189 BgAAge] 2 Ao w]AE o
e e 9 B84 X F(sensitivity and uncer-
tainty analysis)E $3}e] zAl® 4 9)=d|(Shim
et al, 1986; Andrew et al, 1980) & =52 9]
ylole} Ajakgic),
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Tabel 2. Comparison of the China Emission data from three different sources.

( Unit : 1000ton/yr)

SO« NOx
AREA NIST CRI CYB NILST CRI CYB
1987 1987 1989 1987 1987 1989
1. Beijing 415 416 349 267 237 259
2. Tianjin 294 729 283 165 171 186
3. Hebei 1,065 932 1,510 614 439 846
4. Shanxi 838 660 1,455 387 309 794
5. Inner Mongolia 651 504 1,036 219 161 389
6. Liaoning 998 1,031 1,195 583 553 885
7. Hlin 353 271 443 264 187 419
8. Heilonhjiaing 583 503 750 400 312 657
9. Shanghai 653 1,078 536 298 473 296
10. Jiangsu 1,607 2,075 2,220 489 607 680
11. Zhejiang 415 633 503 197 291 258
12. Anhui 502 646 232 ‘ 343
13. Fujian 246 253 318 111 111 139
14. Jiangxi 454 389 640 158 138 251
15. Shndong 1,975 1,791 2,686 566 495 758
16. Henan 982 907 1,233 428 381 628
17. Hubei 572 616 665 271 282 376
18 .Hunan 551 469 708 269 231 439
19. Guandong 527 720 624 261 249 332
20. Guangxi 458 362 674 123 105 165
21. Sichuan 2,577 2,642 4,012 396 378 739
22. Guizhou 752 657 1,573 116 92 279
23. Yunnan 748 698 413 132 121 224
24. Tibet 2 2 3 3
25. Shaanxi 1,017 1,034 1,399 198 195 280
26. Gansu 271 245 351 123 111 199
27. Qinghai 59 44 61 41 27 48
28. Ningxia 215 143 298 56 39 83
29. Xinjiang 210 190 328 105 82 183

% N.LS.T . National Institute of Science and Technology.

C.R.I: the Japan Central Research Institute.
C.Y.B : Chinese Year Book.
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A dehde AdH dske Age] dFRgE ¢
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o 2A vehdch E 2lqe AdA Wse 3
213lA] o3 dwke 18 s dHEE 1
23] st sjEts 2Ase] AMgsigded »
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A wEgel 15ui7F & gtelle 3T 29E
A WEFel 05W7 iEdoa 7 dr)e
e wEFs Wss)x g duEE F
©}.(Shim et al, 1986)

Table 3. The composition of RHC emisson.

Chemica species mass STEM I chemical species
fration
Alkane 0.63 |[propanex0.5(8)
alkane*(9)
Olefins 0.138 |Propene* 0.5(10)

butene%0.5(11)

Ethylene 0.0573|Ethylene* 1(12)

Aromatics 0.142 |benzenex0.4(13)
cresol*0.1(14)
toluene* 0.4(15)
xylene%0.1(16)

HCHO 0.0125|HCHO*1(25)

Other aldehydes|0.0174 |RCHO% 0.5(26)

CH.CHO*0.5(27)

* The number inside the '( )’ specifies the chemi-
cal species identification number used in the
STEM 11.
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Fig. 4. The major Chemical species concentration
profiles outside of Model domain.
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W71 AZ wepd AdAF ool g} gy e dE
Ao B A1z qrledERy zrE 9L
AR SHe FPHAT A2x Wr)e e 3
Aoz ¥t FuF PEHo 9loj ol @2
9 F2AEY Ao A Al dr)edE
Ao JAEAA P A2 drledER Y 4K
AA R} 1.5~2u) 24 AR s Fleo] BEo|r)
dutdez AR AASLE M rledEA
75 2000 st A2x WrleQEAe 7
£ 35008 AAsts o] BEolt} B AR
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. 2 ATl Alg" AR AAS ge (&
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Table 4. The value of extrapolation modification number{ HT) for various chemical species.

species HT Propane 1000. xylene 1000. HONO 1000.
NO 1000. alkane 1000. MEK 1000. HCHO 1000.
NO, 1000. propene 1000. CH,COCH 1000. CH,CHO 1000.

HNO; 1750. butene 1000. PAN 1000. RCHO 1000.
NH; 1000. ethene 1000. ppN 1000. ARCHO 1000.
SO, 1000. benzene 1000. El- NO, 1000. CH,COCHO 1000.

SULFATE 1750. cresol 1000. PBZN 1000. DIAL 1000.
O, 5.x107 toluene 1000. HO; 1000. CHOCHO 1000.

4.5 J|atgipeol AHY

TALET] FAHAFe} AR JYLEEE S
8171 YA e HA  wlfricition velocity), z
(roughness length), Monin- Obukhov length, 7]
GHETY 7 vl AR ojop o). oleyd
714WeE Aasbz] fste] R dFelA] A=l
By o2 2}

u, 202 EHY
A EZA el 49 4l friction velocity )= WFH24
Eol9 AHXqldl, 53} o] Ao}

G714 e AA S 9] WA AdgHelw p
= W79 "o} K-theory approximations}
Monin- Obukhov similarityS o]-£3}s  2)(14)9
momentum flux zw-s otel 2} o) vieby 4= i}

u,:M ceerasccecestetecstscnnaasnnne ( 15)

% dz

wm i —
f,ﬂ (L) z

ke von Karman Atgolm 22 7l&EEoldld],
€ AFE 2E29 Fold 1ImE AA3AY. 2z
(roughness length)= 33k £x7] go] &
Folol X E9 EFo weld deixled 2 o



STEM 11 & o4& &3 FFERE NG9 drjedEd o] 5/38/3A3 Ao 3¢ A7+ 269

FollHe ulhE AL AGedE (& 5)9 Pa-
nofsky and Dutton(1984)ell ols] 228 e A}
43tdx, NESY 257} viciduiel: Hicks and
Liss(1976)ol 98] fr=d 48 AMg-slqdot.

Z0 waler=0-016u'2/g+V/(9.1U') ............... (16)

714 v 5 Ageld.
Businger et al.{1971)& A&XE oj&3}d &
3} 2ol 0,73t

thol oty £ 3 Monin-Obukhov length

o719 FAEE dFY AZIE Jehlle F8%
alztolct. MV4oll M Auee] 22825 A%
s, B4l Hesle] dfr) AHE Abge] AR
H7lelle FA G, weby £ dFedAe F53
Hio) Axgke 383 o7] FA=FE File
Pasquille] Stability class(1961)& AHg-slgdct <
F9 ax e Monin- Obukhov lengthe= o 4&
o] &3+ AAtslgich.

1_*_4.7(%) ;_i_>0 LL=a+bloga, .................................... (18)
2 2
‘”'"<Z)= 1 =0 e(17) 6714 a b= Wl GAEe wE e,
[1-15(£) "] s £<0 Golder(1972)7} AAIR & A4tk
Table 5. Surface roughness and SO, surface resistance{s/m).
Insolation{ Watts/mi )
Land-use Season Z S400 [200~400] 0~200 | Night | Wetted
Spring 1.00 1000 1000 1000 1000 1000
Summer 1.00 1000 1000 1000 1000 0
Urban Early Fall 1.00 1000 1000 1000 1000 1000
Late Fall 1.00 1000 1000 1000 1000 1000
Winter 1.00 200 200 200 200 200
Spring 0.03 50 60 75 100 0
Summer 0.25 70 120 200 500 0
Agriculture Early Fall 0.10 500 500 500 500 100
Late Fall 0.005 50 50 50 50 50
Winter 0.001 100 100 100 100 100
Spring 1.00 100 200 400 1000 0
Deciduous Summer 1.00 60 130 300 1000 0
Forest Early Fall 1.00 1000 1000 1000 1000 500
Late Fall 1.00 1000 1000 1000 1000 500
Winter 1.00 1000 1000 1000 1000 1000
Spring 1.00 150 240 400 1000 0
Coniferous Summer 1.00 150 240 400 1000 0
Forest Early Fall 1.00 800 800 800 800 100
Late Fall 1.00 800 800 100 1000 100
Winter 1.00 500 500 500 500 500
4.6 22 E0| &4 A2 (Eddy diffusivity) AT WE AEsn FYLEE] TP (Kxx,

G5 :w-g— detle 2480 #4ASE )
o agAse GAAA AREG. THH £
Ae F2 shdel oy wlel S 24
Age datel olsle] dohnE $A4ET
o) HAAS(Kzz)E A48T HAAS(Kxx,
Kyy)®oh 3] Agstelopst geh & @704
= ofdhg} ol FAxETe] FUHATE W) &

Kyy)s #3245°] firsRe 5o ada 7}
At

EotY el

Aol e E39 ¥o] Zigt convective
velocity scale w.oll 2j3}o] e}-g-3} 7o} 244§
o} &AtAl4E AArgoH(Lamb et al,, 1977).
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i 25(k %) " 1-15(/ 1" 0<Z<0.05
z z2
) 0.021+0.408(Z)+1.351 £
FZ4 Z3 24 2
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e 4096%"+2.560% 005<£<06 (19)
0.2exp[6—10%] 06<Z=<11
L 2z
0.0013 £>11

A7A Ze EF59 Eo], convective velocity
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Sl aEy
Shir(1973)7} 12}99] turburent transport model
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e 522 OO
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3 Aefell 3= Rober A. Harley et al.(1993)&-
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Fig. 6. The vertical eddy diffusivity profiles in
Seoul.

4.7 ZA=AEEE (dry deposition velocity)
AzAAE4EE drledEde] Fdo AZEHe
#xolr}. Eulerian W73 2de wd9 slgdo]
A EZ 5E 10-40meter A sl Aol BFo
B2, AxHAEcE AN SsldAe RS
A A #E7}A A3} aerodynamic resistance) =
EolA dirledEd F57 2 F3g LA A
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8}(surface resistance)g Iejsleel g}, mdy
7o shell Al A F7HRA] A& L t}A] aerodynamic
resistance®} sublayer resistance® W¥dct. Az
A5Ew 9 sk AFe o)gdl eI P
°) verd 4 gl

R.(aerodynamic resistance)s A E o)A 2§
7] A% (laminar sublayer) AFtAlolo] $1X3 GE
7 A% (turbulent boundary layer)ol &% A3}al
o, otell Az}t o] 2 el S Qo)

I 2) T e
R.————kr— . (23)

o714 P= the stability correction function.2
it =] qeba 4](24)3 4(25)e2 Jehy
= 9tk

0, =exp{0.598-+0.3910( £)- 008 1n(-2)]'}

L
z
(0>f<—1) ......... (24)
—_cZ L 1) ceeerrernnne
U= 5L (o< L<1) (25)

Ru(sublayer resistance)¥ wW7leg&Ae] 2%
7)1 4(laminar sublayer )& 3% of @A} X
Fo2 g o] el 5 et

I N [ —— (26)

9714 Dye 849 f4A R, v AL
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F&TE AAtslgen, AFE7E uitkd  wele
Hicks®t Liss(1976)7F AR ohg48 AM-31y
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(R+Rb)___ln( ku-z/%g"wh( Z/L) _________ (27)

ol9} o] 4w A= sublayer resistances}
surface resistanceg 3h}e} gz Fale A
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resistance7} #lT9 {E3F UHY FHol v u
Folot.
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e FAEed Y AYE dFshed, d9r)edy

39 259 AR FTFH gy ZA 24
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2=y 71& A7 SO0 sulfatee] g QF7)
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71298 43},
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gl Ax 2. £ dFoA sulfated) Az3
A& E A4ke)7) 98 R} RE s} glow
3}le] Wesely(1985)7} A<t AL Algs}qe}.

( Rb+ Rs )= Vs, sulflle_l

Ve ...u..e=5uT'0 » Le=0 -oeeee (28)
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Fig. 7. Land usage map
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Fig. 8. The calculated dry deposition velocity distri-
butions for HNOs.
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Fig. 9. The calculated dry deposition velocity distri-
butions for SO,.
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Fig. 10. The calculated dry deposition velocity dis-
tributions for sulfate.
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Fig. 11. Locations chosen for comparison between
model predictions and measurements.
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Fig. 12. Comparison between model predictions and measurements of NO.
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Fig. 13. Comparison between model predictions and measurements of NO..
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Tabel 6. Mass balance Unit : ton
species NO NG, HNGOs SO, SULFATE
TOTAL MASS(t=0 hr) 959E+-5 597E+5 .000E+00 .329E+6 .000E+00
TOTAL ADVECTION -.190E+4-05 -907+05 -.309E+05 -223E+06 -.359E+04
DRY DEPOSITION S529E4-04 B822E+04 244E+05 399E+05 119E+04
SURF EMISSION 715E+04 192E+01 .000E+00 .194E+05 000E+00
ELEV EMISSION .000E+00 .000E+00 .000E+00 .000E+05 .000E+00
CHEM REACTION ~-.827E4-05 459E+04 .830E+05 ~.106E+05 .159E+05
TOTAL MASS(t=32hr) 452E+03 JA122E+05 S19E+05 917E+05 J15E405
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