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Air Quality Modeling of Ozone Concentration According to
the Roughness Length on the Complex Terrain
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Abstract

The objective of this work is the air quality modeling according to the practical roughness length using the build-
ing information as surface boundary conditions. As accurate wind and temperature field are required to produce
realistic urban air quality modeling, comparative simulations by various roughness length are discussed.

The prognostic meteorological fields and air quality field over complex areas of Seoul, Korea are generated by
the PSU/NCAR mesoscale model (MMS5) and the Third Generation Community Multi-scale Air Quality Modeling
System (Models-3/CMAQ), respectively.

The simulated O, concentration on complex terrain and their interactions with the weak synoptic flow had rela-
tively strong effects by the roughness length. A comparison of the three meteorological fields of respective rough-
ness length reveals substantial localized differences in surface temperature and wind fields. Under these conditions,
the ascended mixing height and weakened wind speed at night which induced the stable boundary stronger, and the
difference of simulated O concentration is 2~6 ppb.
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2.1 x| 2d

2 a7l ARgE AEES 6l AddTR
(U.S. National Center for Atmospheric Research)2}
Ay e} Z3 o s}k (Penn Stat. Univ.)e] 25 7§ist
xdle]l MMS5 (Mesoscale Meteorological Model ver-
sion S)o|n], el e THEHEE QT3 ETIAA S
A5k 3 9loh(Dudhia, 1993).

71 SRR AR Bd2E 5 A5
(US Environmental Agency)ollA] 7§23t Models-
3/CMAQ (Third Generation Community Multiscale
Air Quality Modeling System, Byun and Ching, 1999)
oz 313t} Models-3/CMAQ &) 7§ =4
Q3oie] 2o} chepsiel, olel 7 29 BAE 54l
of wejd 4 ik CMAQE 6709 A= A
17)¢] #}8t. % wd (CCTM, CMAQ Chemical
Transport ModeD)2 FA=e] i}k dstxE]aA o
2%+ CB-IVE Alg-3gdk

2.2 948 X8

2.2.1 J|M4& =7 ¥ XE ZAXZE

2 a7l ARz 27 9 AA YHA=
= 3A)7F k] KMA/RDAPS (Regional Data Assim-
lation and Prediction System)& A}2-3}9iv} 714 =
) AwrAAzAL A Aol ke 2e
Ase pEs] dskel BAR AY AuA2d
(EGIS)?] A% 90 m (3-seconds)q] A i=Atm
(¢]3} KDEM)E& =9 M fine domainel] Aoz
WAbsk Tk (o) 8¢ 5, 2005). o] & AbAl A=
Age APneAg] A FAlol nsfitE
3} HE A 7P Aol &R X 27}
g Zlo|vh. AA g7 el A= Landsat TM $]4d ¢34
3} SPOT $143°34-& A5l ks 9=
E At AZRYRAEAY, 9AA, ARAY, 2
A, A, WA, £ T EREEez FAHE A
el = 30 mFe] HEF EXIAZA=(FH 1
50,000, KLUYE Ajztslgon, £ dFoM= by
Moz mE o o] Ag3ld SR It
(Lee et al., 2006).
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Geographic Information System) AF&F o] &3 EA|
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Table 1. Land amount in use at Seoul area (Source from
2005, Seoul, department of building planning).

Category Amount in use (%)
Residence 32.217
Apartment 1.381
Business section 2.633
Industry section 2.827
Road 10.009
Forest ’ 32.213
River 4.040
Parking place 14.648
A large scale apartment 0.019
A large scale building 0.001
A large scale factory 0.012
Total 100.000
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Table 2. Distribution number of buildings driven from GIS and roughness length at Seoul.

Floor Total Error  Avg. building Roughness
Area 1 2 3 4 5 6 6o buildings buildings  height (m) length (m)
A 12,621 8,471 3,755 2,547 1,154 361 29,409 91 4.387 1.75
B 8475 8,959 3481 2,046 1,292 438 25,379 37 4.959 1.97
C 9,035 11,426 3952 1,882 896 195 27,825 55 4.529 1.807
D 7,067 10,221 4,166 2,156 742 129 25,099 78 5.001 1.995
E 2,981 13,318 5,150 3,460 1,321 186 26,815 21 5413 2.159
F 13,186 13,241 5,222 2,655 1,103 243 36,259 68 4.526 1.805
G 6,174 15,743 4419 2,639 1,202 130 30,805 39 4.906 1.957
H 18,996 15,039 5,307 3,031 1,191 232 44,402 134 4.243 1.692
I 10,439 12912 3,713 2,760 986 85 31,245 31 4.437 1.770
J 4,050 5736 2,706 2,200 809 123 16,429 78 6.019 2401
K 4,360 4,070 2,002 1,670 867 152 14,604 227 7.233 2.885
L 14,175 15,593 5499 4245 1,923 220 42,160 348 4.552 1.816
M 8,737 12,889 4,887 2,801 1,201 2064 31,321 60 4.778 1.906
N 9,680 11,186 5354 3017 1895 472 32,476 89 5.191 2.071
0 3266 9,073 3,772 2447 1217 193 1 20,904 49 5.986 2.388
P 6,422 10,027 4,023 3955 1,898 296 27,387 105 5.924 2.363
Q 6,203 9,729 3,068 2314 1,522 158 23,869 69 5.627 2.245
R 2,703 9,568 2,480 1,369 669 108 17,267 63 5.089 2.030
S 12,148 12,724 4,065 2468 1,011 179 33,660 56 4.854 1.936
T 8,397 14,104 3,988 27709 1,046 227 31,003 87 4.789 1.910
U 4928 16,799 5855 3854 1,795 616 34,679 83 5479 2.186
\Y% 2297 5742 3312 2504 2570 993 18,877 117 7.383 2.945
w 1,968 5,439 4,820 3,798 3,846 1,563 1 23,691 66 8.315 3.317
X 1,996 8,641 4,112 3,742 4,177 514 24,449 26 7.090 2.823
Y 3459 9700 3542 2488 1935 264 22,219 30 5.810 2.312
Total 183,772 270,350 102,650 68,757 38268 8,341 2 692,733 2,107 5.461 2.171

(A: Jongrogu, B: Junggu, C: Yongsangu D: Sungdonggu, E: Kwangjingu, F: Dongdaemoongu, G: Joongranggu, H: Sungbuckgu, I: Kangbuckgu, J:
Dobonggu, K: Rowongu, L: Eungpyunggu, M: Seodaemoongu, N: Mapogu, O: Yangchungu, P: Kangseogu, Q: Gurogu, R: Keumchungu, S:
Youngdeungpogu, T: Dongjakgu, U: Kwanakgu, V: Seochogu, W: Kangnamgu, X: Songpagu, Y: Kangdonggu)

I el Aexde] Azl 9 AN P
2.10me] e 7R glew, 7t Az =9, 49
TFollA M 2 gF AR 2% 34 293 mE
SEREEIEE) .

A MMM 27]A2 AFHT e =49
AA7] 7kl 0.5m (USGS, U.S. Geological Survey) s
o flela AALE A1) Ax] A7) e o )
7} =& Aoz Jelygt} Boucouvala and Bornstein
(2003)2 Los AngelesE wiAto= MMSE o| &3t
FA NN =4 AR FE 4~5Smz B
u} gl

2.3 Tzl oo gl 2| X
=2AAR wHde 18 o Jehigle
12 38°N, 126°Ee]t}. 71AAF mele] 7]

»d

3 o)
W, 1 A

AR AL vzl 33709 sigmaZoln], BA e
AgE MMSe] St Bl 3 T8 w4s) 3
A (cloud physics and precipitation processes)i 74>
A (precipitation processes)2- 247y AdS - 817F%
I3 BAEES 18slE 2443 4Py (Grell er
al., 1995)3} Reisner 2 (Reisner, Rassmussen and Bru-
intjes, 1998)& A3t 2] AR R4
A -5 (explicit cloud)z 43} 3l <hu}EAbe] Aps
248 F83) T FE-5AF Wb (Cloud-radia-
tion scheme)& AHg-3liv} =3 AAFE BARH:
EEAoz AdHoz AAZ WM B EEE
WA A7) MRF 7 A 4] (planetary boundary layer,
Hong and Pan, 1996)-% A}&-38}a1, 8w 53} A
(Explicit Moisture Scheme)©. 2 Reisner Graupel
Scheme (Reisner er al., 1998)% A}-8-3}5 e} E-AFA]
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Fig. 1. The coarse and nested grid domains used in this study.

(Radiation scheme)©.2 RRTM long wave scheme
(Mahrer and Pielke, 1997)%, A& =43} 24 (sur-
face scheme) 2. 2% Pleim-Xiu Land-Surface scheme
(Pleim-Xiu Land-Surface Model coupled to the Pleim-
Xiu PBL and combined land-surface and PBL model)

o] AE Helzo.

2.4 AHY BA 9l AEHMA
2 d7oxe $£AYEE oFdt Agd AR
7ol 28R £, 44 £4 F FH AAl
33ke nlmslr| f3sle, AFAL FHF
ek A A FFA L] ulgte] =A
o] FEZM $Ho] FEHUA Yehbe o2
gl wxx Al 7)1zk 20054 64 99 ~64 11
Qg AYstel mAYE 27} Sehlch ol A
F& 5~Tms 9] ARA (WSW)E 481 A|7be]
whe} A (veering)dtT Ql-&-& viehllo], vhas of%h
F37) o AN wto] 2EY 4 At
Ahsel Qe ¢z AR A Lelsel ol=ia A
odg gmels uishAlel A 2AR: dr1ed B2
4 9 A 43 A% Fog AmTt FHel,
7t F4-¢ 2 drlegEAe AHA U At
Axg gtotd £ gl7] ol (A A8 5 1996).
wdl=) o) i AXNYEE & 3, 40] Yehd
ule} 2t} o] % Ed 293 godd] s mad=
st A Amdela 7)Aok wiAE A
21 AR g3k uwalr] $ste] = AA
of = xEy x29) A7 (roughness length)2)

J

o{njz

Q7| gAs A A 23 W A4 %

Table 3. The MM5 grid system of the horizontal dimen-
sions for model integration in Fig. 1.

) Number of grid points Grid size Time step
Domain _—
x y (km) ®)
1 190 170 30 60
2 69 75 10 20
3 75 85 3 6
4 170 160 ! 5

Table 4. Configurations for CMAQ.

Coarse domain Fine domain

30km 1km
Horizontal grid 144 x 124 70%55
Vertical grid 6 14

Horizontal resolution

Simulation period 120 hours 120 hours
Emissions type ACE-Asia CAPSS
Chemical mechanism CB-1V

MMS input domain Domain 1 Domain 4

steln|e) g AlEsela Faste] vFgk mA Rl
A dolvte di7id zdFge] Fedt 48 Am2
Al (& 5). $A FEAR G wAld dF
A=m AA7E MMS USGSAlA AlZshe 2714
Q] 0.5me)] 3t A}EE Run 1 cased} 3}aL, A|-&X]Y
o A% Frg H31F yol Ass} ARE A==
AEA AZE (& 2) 24 FHF AAY] 7 2.1 me]
i3] 30% FA" Al S Run 2 case, 2419 7 A
2712 AAAez 383 AlE Run 3 case® 3}
el eg £AR e Aagho e Hiell A
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Table 5. Description of MM5-CMAQ numerical experi-

ment.
Roughness
Runs KDEM KLU
Length_0.5 Length_1.5 Length_ 2.1

1 YES YES YES
2 YES YES YES
3 YES YES YES
& =iy

3. mdlz Az

33 2 7 Al disled At AEiAE
A zbefol AAgdt ES Aee dedd A &
AA A 7hd A9 (37.80°N, 126.42°B)el|A] 435
9] g Ao, o]F HA &2] Fiol v} dF-E
GAA Eaes ZHasH Hi dWst vE
vz ik @, AAdE e s AL E3le] dohl:
A mA 2 of7hel] vehis AF: LHEAES
ot T A4S 7] W] AxTANMS] 24
24 Fxo JkE Fm, ofzlgt ofzt AT A Fel
Mol A=F A F3= AL Fasloh F2 ofgld
Sl A HAYsFe R of717 Al S (nocturnal boundary
layer: NBL)eoj2t = H-E2v} B o FojA= Beyrich
and Weill (1993)7} #|s}g} thermal height scale ¥}
o= ozt AAFE AAsI e, dF BAZTH
A4AS AT (EHFA 5, 2002). 22 A A
A olg AR AMESE o7t AFe FelE 1¥
2(byell efligdet. AP H oz Ex| AHez vjo}
HE A dll= 2 1xoM FHRG &%
o] Wiz} Fo] A oA F2 FIaIpe] 7 A
oldl A x99 F7|2 $£EHE olvA] &o| F
9 IR FEEE v 3G o 22 R
o] 37 o2 Felrlr] Wil vehi, o) ¥
A Lx¥sts FA FZAZIH(Swll, 1992). =31
FA M2 ofzk Y ztel W3 AT EA|upee]
gt 3718 FHE 2 BAF WAE 24 2
< =g 37138 A, BAubge] AA Sl
A ok ztat F2F M€ EAIRS M
(Kondo, 1995).
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Fig. 2. Simulated mixing height (a) and NBL (Nocturnal
Boundary Layer) (b) in case study.
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AAZ] ZAol2 ApolollM 2= 7|AHQ FFHEA}
e Az 2 4 9ok ojw) Run 132] el
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3 9)lom, Run 2} A}e]:= 30m, Run 133= 180m
o] zpolE vepli At

2% 3 A4 10mo MY 448 ZF Runell o
sted vJebd 2]} 1100LSTS] 7% A7} 75
217 A1z | A Run Lol A YeluA] gbardd opekst
F4Ae] Fele] ARr] 2719 Wsll o8] FR|H
o] FEEo] AA3) e Qe AL B 4 Yok
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Fig. 5. RMSD analysis between simulated and observed ozone concentrations in each Run case ((a): Sinsuldong, (b):
Daechidong, (c¢): Chunhodong).
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Fig. 6. Horizontal distributions of ozone concentration
simulated by Run 3 and observed ozone concen-
tration at air quality stations(e).
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Fig. 7. Difference (Agyn 3-run2) Of simulated ozone concen-
tration between Run 3 and Run 2 in each station.
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