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Abstract

Recently, high ozone episode occurred frequently in Korea. Moreover ozone episode
occurred not only in the city but also in background area where local anthropogenic sources are
not important. It analyzed frequency exceeding 100ppb ozone at air quality monitoring stations
in Seoul and rural area during 1995-2004.

This paper reports on the use of the Community Multiscale Air Quality (CMAQ) modelling
system to predict hourly ozone levels. Domain resolutions of 30km, 10km, 3.333km (innermost)
have been employed for this study. Summer periods in June 2004 have been simulated and the
predicted results have been compared to data for metropolitan and rural air quality monitoring
stations.

The model performance has been evaluated with measured data through a range of
statistical measures. Although, the CMAQ model reproduces the ozone temporal spatial trends
it was not able to simulate the peak magnitudes consistently.

Key words : 0zone episode, 0zone transport, photochemical modeling
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1) CMAQ 28 AL
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A 7 Community Multiscale Air Quality
Model (CMAQ ver 4.4) (Dennis et al., 1996; Byun
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CCTMOf|A] Process Analysis(©]s} PA) 42 &

MM5 CAPSS, ACE-ASIA
(Meteorological Model) Emission

McIP
Meteorology-Chemistry
Interface Professor

Emission-Chemistry
Interface Processor

Pragram Control

Fundamentals of
Processing

Dynarics for CMAQ

CMAQ Chemical Transport Model(CTM)

Plume-in Grid
Treatment

Governing
Equations

Gas Phase Cloud
Chemistry and
Dynamics

Table 1. CCTM Processes and PACP Codes

PACP Code
XADV Advection in the E-W direction
YADV Advection in the N-S direction
ZADV Vertical advection
ADJC Mass adjustment for advection
HDIF Horizontal diffusion
VDIF Vertical diffusion
EMIS Emissions
DDEP Dry deposition
CHEM Chemistry
AFRO Aerosols
CLDS Cloud processes and aqueous chemistry
PING Plume-in-grid

Process Description

Note: The following process codes can also be used in the

PACP.
XYADV Sum of XADV and YADV
XYZADV Sum of XADV, YADV, and ZADV
TOTADV Sum of XADV, YADV, ZADV, and ADJC
TOTDIF Sum of HDIF and VDIF
TOTTRANS ~ Sum of XADV, YADV, ZADV, ADJC, HDIF
and VDIF

g 717k diste] oS AAste] AR, Exo
o2 g - 2 Sl ol Beks 5o 4o
U2 process'd 719=E 4 = Ak E 12
PA2] process®} PACP codeE UERH Zlo]t},

E3F @EFE SA (P2t ASA(0)2te] A}
H7HE flste] & 29 T2 ALRS Fol EAH R
B7lsksitt.

Table 2. The statistical treatment methods for the comparison
of data

m n

2 2 Yoipij
AA

m n m n

DIDIAIDIDINAY
FliEl Flil

Correlation coefficient (r) r= /

Root Mean Square Error

1 n
RMSE=/; .Zl(cm‘ Coi?
=

chemistry
Aerosol
;;’:;E;’; Chemistry and
Dynamics

Integration of Science Code into Models-3

Fig. 1. Schematic of CMAQ modeling system (adapted from
Byun et al., 1998)

(RMSE)
Normalized Mean Square NMSE = (G- G
g Error (NMSE) N _P
G G
Fractional Bias (FB) FB= ——————
0.5(C,+ C)

Cp: predicted concentration, Co: observed concentration
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Fig. 2. Domain architecture for MM5 and CMAQ used for this application. MM5 domain 1 : size = 138 x 114 grid cells and
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Table 3. The grid system of the MM5 and CMAQ

Domain grid size Number of grid Origin (km)
(km) X Y LC-X LC-Y
MM30L 30 138 114 -2070 -1710
CM30L 30 117 102 -1980 | -1620
MM10L 10 69 75 -240 -540
CM10L 10 63 69 210 | -510
MMO3L | 3.333 75 66 -30 -160
CMO3L | 3.333 69 60 -20 -150

Table 4. Sigma Value and height of MM5/KMA

NO.

Height

P(hP’cl) (m)

Full sigma Half sigma

P(hPa)

Height
(m)

[SS RN

R ~1 O\ N W

11
12
13
14
15
16
17
18
19
20
21
22
23
24

26
27
28
29
30
31
32
33
34

.00000000
03157895
06842105
10526316
14210526
17894737
21578947
25203158
28947308
32631579
30315789
40000000
43684211
47308421
51052632
54730842
58421053
62105263
05789474
09473684
73157895
76842105
.80000000
83157895
85789474
88221053
90326316
92331579
94010526
95489474
96768421
97921053
99000000
1.00000000

20887.6
17827 4
15269.7
13675.0
12314.7
11145.8
10114.4
9209.0
8430.4
77272
7107.5
6514.4
5971.8
5468.0
49777
45134
4055.7
3627.4
32114
27984
2409.3
20377
1726.6
1429.0
1187.7
966.5
791.8
631.0
4794
362.7
2703

50.00
80.00
115.00
150.00
185.00
220.00
255.00
290.00
325.00
360.00
395.00
430.00
465.00
500.00
535.00
570.00
605.00
640.00
675.00
710.00
745.00
780.00
810.00
840.00
865.00
888.10
908.10
927.15
943.10
957.15
969.30
980.25| 164.4
990.50|  84.8
1000.00 0

01578948
.05000000
08684211
12368421
16052632
19736842
23421053
27105263
30789474
34473084
38157895
41842106
45520316
49210527
52894737
50578948
00263158
03947369
67631579
71315789
75000000
78421053
81578948
84473085
87005264
89273084
91328948
93171053
94750000
96128948
97344737
98460527
199500000

05.00

97.50
132.50
167.50
20250
237.50
27250
307.50
342.50
377.50
41250
447.50
48250
517.50
55250
587.50
62250
657.50
092.50
727.50
762.50
795.00
825.00
852.50
876.55
898.10
917.63
935.12
950.13
963.23
974.78
985.38
995.25

19146.3
16288.8
144313
12947.0
11715.5
10616.6
9643.7
8810.7
80074
7412.0
0804.5
6232.7
57175
5219.2
4746.1
42823
3839.2
3419.9
3002.0
2600.2
22233
1877.7
1577.5
1308.4
1076.2
875.2
713.0
553.2
416.0
3165
2166
1195
45.4
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Table 5. 16 Sigma Value of CMAQ modeling
MM5 No (full level) |CMAQ No. (full leve)|  Full sigma P (hPa) |Height (m)| Half sigma P (hPa) | Height (m)
1 16 .00000000 50.00 20887.6 07105263 117.50 15136.4
5 15 .14210526 185.00 12314.7 23421053 272.50 9643.7
10 14 32631579 360.00 7727.2 40000000 430.00 6514.4
14 13 47368421 500.00 5468.0 52894737 552.50 4746.1
17 12 .58421053 605.00 4055.7 .63947369 657.50 3419.9
20 11 09473684 710.00 2798.4 73157895 745.00 2409.3
22 10 76842105 780.00 2037.7 .80000000 810.00 1726.6
24 9 83157895 840.00 1429.0 85689474 864.05 1196.9
26 8 88221053 888.10 966.5 90276316 907.63 795.8
28 7 92331579 927.15 631.0 93171053 935.12 553.2
29 6 94010526 943.10 479.4 .94750000 950.13 416.0
30 5 95489474 957.15 362.7 96128948 963.23 316.5
31 4 96768421 969.30 270.3 97344737 974.78 216.6
32 3 97921053 980.25 164.4 98460527 985.38 119.5
33 2 .99000000 990.50 84.8 99500000 995.25 45.4
34 1 1.00000000 1000.00 0
(half level}& 33522 a19itt. CMAQS] A%52 (2) 71ebs
MM5 BRI S5 7] & MEE a2 AgSH  sAREE e FAEeIN Yl 9

i, Ayzo g2 ZH-2 A o F THALS
Q7gsto] 3 5ol Lrehf it

e A
wm=

7 sigma

3

j e A o] AMEE= MM5(V 3.5) 30km A4

£ olg3fe] AEst9ILt, of A5 Nesting 72
£3) 217t 10k} 3.333km Aol tfs) 2L

(1) =7(Initial Condition) %! Z
condition) A=
ZF

z7]lr_5x].§_‘— md Al—g.o_ A]XLOF_ ]7 o]
ARl EAohe LHEHY FERA BT
718 L A=A dlSsEe] & JF= nxith
FollAl= 30km Gl tiFt 27)5= S A=t
Rom g 3 AP 27| eA RS BE A9
ZHCMAQOI A= profile data A&)o=2 51
CMAQ F3std A3 APAITHS 48X 7t =2 5}
iy

CMAQ 2Hlo] FA|3} AgA| o= 79| i3
F=A} & (constant boundary condition)& ¢85}
A Gt o 2 99 mdlof A g v
AZF AAE AAZRAsEA = (dynamic boundary

AAIZZ4(Boundary

o= =

re
[N

condition)Z ©0]8-3}o] thA] A= e A
BI5ta Qlet, £ Aol A= 10km ZAF] A9 27)

SEARS BALYSEARE S AN 47
oA A& 4TS AHET TR
3.3km AX] A9 10km 2] AXATE

AFg3HAC

Adstgich, =rdEE AFEE MM5 2=
Meteorology—Chemistry Interface Processor
version 2. 2(MCIP2)¥82 AA 2F CMAQel ¢
skl
3) =g

& 49 Ame 7 7 A=E Haste] AN
st A HA A= 30km AAF &l 4o 2|
HAS 9%t HiET AR=A] 20019 FoMAloket
Bejgo 2 odolA ool s B2 si5h BAH =
A8 AL AT 7)Eo] vlAE JERe Tiels)]
3t =Alv5 = T2 IH(ACE-Asia, Asian
Pacific Regional Aerosol Characterization
Experiment; homepage http://saga.pmel.noaa.
gov/Field/aceasia/)ollA] @izl Apgolct, o] Atm
o 5 A%} A7) 1 x T 0.2 Foxlo} ul B
HoF A ArhE Tk o] ARG o|g3to]
30km ZA}o]| i3t v A2 S 2HAJ5H )

T A A 20019 %E 7|2 ARy 2
A|AEl(Clean Air Policy Support System: CAPSS)
A A=S lkmx1km sPPER AFESH AolH
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Table 6. Chemistry species of Carbon Bond-IV

CB-IV | CBIV
Lumped | Lumped
Species | Species
Number | Code

Lumped Species Description

1 OLE Olefine carbon bond (C=C)
2 PAR Paraffin carbon bond (C-C)
3 TOL | Toluene (CsHs-CHs)
4 XYL | Xylene (CsH(CH3),)
5 FORM | Formaldehyde (CH,=O)
6 ALD2 | High MW aldehydes (RCHO, R>H)
7 ETH | Ethene (CH,=CH,)
8 ISOP | Isoprene
9 NR None Reactive as methane
10 TERPB | Monoterpenes
11 NH,4 Amonium
12 NO Nitric Oxide
13 NO, Nitrogen Dioxide
14 CO Carbon Monoxide
15 SO, Sulfur Dioxide
16 SULF | Sulfate
17 PM10 | Particle Matter 10
18 PEC Particulate Element Carbon

19 PMFINE | PM Fine(=PM2.5)
20 PNOj | Particulate nitrate
21 POA | Organic aerosol

22 PSO, | Particulate sulfate
23 PMC PM coarse(>2.5)

10km Z#F 993 3.333km ZAAF 499 w3 &}
Fof ARSI 20019 % CAPSS Alg= B o4t
o A W=l 2004 M= 3| €] 7HA o] 9o o]
A7l AlE ERA9Y] EA] At EEkgle
B2 ufEeo] tha Bk LS 7o) Qlrt

ACE-Asia #ZolA dojzl wi&wke 7|Eoa
ato] CAPSS Zt&27} Q= Y 9ellAl= CAPSS HiE
& AHRE olgstart.

HlEHALRE S04 VOC= F3)s) Hk3of
£ 83 7| o HELRA RESAJo] 2

ot S E3 v gl eE2FE At ALt
517] flelix= FeRt VOC e Aol AkEo]
QFEHAEE, 2004). CMAQEH A= 31514
2|74 0 2 A RADM-II (Stockwell et al., 1990),
CB-IV&} SAPRC99E A8l glom & ¢t
A= CB-1V Gery et al., 1989)E5 A5t £ 6
L B o tof] A% CB-1V (Carbon Bond—4)2] 3}
E LERd Aol

B ALl A= ACE-Asia®t CAPSS HiZ2] 1
&4 NO9| vl a12{sto] CAPSSS| VOC &4
H| &S A5 o 30km FH AAHS] VOCH]S
20 AT D2 5950,2089 mole/s - km?, ETH 17808,9464
mole/s - km? FORM 18049,0446mole/s - km?, ISOP
110951,786 mole/s - km?, NR 180128157 mole/s - km?,
OLE 43360.1713mole/s - km?, PAR 55272.498Imole/s -
km?, TOL 6284.4396mole/s - km?, XYL 16430663
mole/s - km?o|t}, o] wjEeo 2 HE ZkzF ALD2
1.5, ETH 3.9 FORM 50. ISOP 6.0 OLE 2.3, PAR
0.05 TOL 1.0 XYL 0.79] si&AlsE 285t Hj
S APFsHI.

m. 72

1. SoIX[Fe 1=k 2EQ| EF

1) dAu = A

% 32 AeA Y d71 29 eS8 3470 A
A1} P52 = (No, 35)2] 100ppb oA+ @& by |l
TE Yehd Aolth, A& 3478 A9 1047t
100ppbolAT Bt LAYEIEE 24 8532 LERto

-

Frequency/10years
ooB888833888

01234567 89101112131415161718192021222324252627 282930 31323334 35

Wonju

Fig. 3. Frequency of exceeding 100ppb ozone at air pollution monitoring stations in
Seoul (34 sites) and Wonju during 1995-2004



015 - £2% / CMAQE OI8%t +# SotX|%2 us: 2F ol A 199

o, LAl T e 240l e AR 4.35%, 4.35%= VYEFRTY,

£ % 462131, Sle] igre] o] e iy Aleje Bt
o] e 4= 971 el A ] 34

Alo] Fasith=ged A4, 2004). 1
FA| oA Astert WAYRE ol gk uierd
Uehd Zlolct, wighe] Yiskr} o9 it
B2 TAOA] 12A1714], 13410141 20415 214

A, oo vibgnlz PGt o5 A

=2
19 4 199597E 200497H4] 108 (4€-99)
ot A8, 271 A, A 25 A
WL AAEEYE AR F 0F 55 A Y
Bt w004 71 A 34 AR, A7)
66 A, &4 24, 07 2408 BRDZ U e uson) ool sajsich 6% oo 4
Aol A Aol vlstel 24, BFALL AL Lo om0 mue) Apae] &
FEsE S e, HE, AFALS] el s 49 Fol2e o)

= flo
Lo e Mo

Of
—_

AQPO

CERLE RS

1097F YR Yofl A A 2|31 @ E%%=7} 100pph
oA} LFERY W2 46 0|3tk YA oA s
7t Rt o] 4w B 02w 19 5o
H]wakolck, 50l A 100 ppb o}l i Ert L
Be 0 45 Bid 0F S5l 1549
66.34ppbE H1AE Lpehholtt o H1 oE% Sl

<Wonju 95-04 7-12>
=7h vEpd AREE 16410 15.22%, 174 19.57%, o —— e
18A] 39.13%(13A] 4.35%, 14A] 4.35%,154] 8.70%) windspec (e
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Fig. 4. Time series of daily average ozone concentration at Seoul, Gyunggi -
Incheon, Chuncheon and Wonju during April-September. 1995-2004
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Fig. 5. Diurnal variation of ozone concentration in Wonju (left) and Metropolitan area (103
sites, right) for days when daily maximum ozone exceed 100ppb in Wonju
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Fig. 8. Comparison of meteorological parameters between
observed data in Wonju and calculated one by MM5
on June 1-15, 2004
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Fig. 9. Horizontal distribution of surface wind field simulated by MM5 on 15, 20 LST June 11, 2004
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Fig. 10. Ozone time series comparison between observed
data from air quality monitoring stations (average of
108 sites in Metropolitan area) and CMAQ
predictions for 1-12 June 2004
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Fig. 12. Ozone time series comparison between observed
data from Wonju monitoring station and CMAQ
predictions for 1-12 June 2004

Table 7. Statistical measures for CMAQ for 12 days (1-12
June 2004) simulation (unit: ppb)

no. of data|Obs. mean| Cal. mean| r | RMSE | NMSE | FB
288 29.33 27.74 10.75| 15.07 0.25 10.02

Abbreviations: Correlation coefficient (r), Root Mean
Square Error (RMSE), Normalized Mean
Square Error (NMSE), Fractional Bias (FB)
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Fig. 13. Ozone distribution observed at air pollution monitoring sites (left) and calculated concentration by CMAQ (right) on 15, 20

LST June 11th 2004
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Fig. 14. Vertical cross section of ozone calculated by CMAQ on 9, 12, 15, 18, 20 LST, June 11 2004

€ 2000m©F) 57 £4S F

st 95

BTE ATNE A 2000m R AHT 0

=7h eh ARl @521 A4 120ppbe] AT
w 0Z ubo| WRAIELal TS A 650m (620

FEIERAEIL QLo Algtel| wheh AFe] e AR 140ppbo] ek @Eo] EAshaL ek,
eEo] FHOR MAF| ot A& & 4 qlrh
204]9] o2 $=E=Hol|Al 20ppb 0J5ke] 0E 5



204  SFIFEL M16H M 32

Wonju (09-18)

160 TTT A

80 Gas Chem

Init Conc
40
0 LI

[ ]
-80
-120
-160

—200 FoT T7ans

Final Con

—
Dry Dep.

[03] and A[03], ppb

Wonju (19-20)

Hor T
100 P =02as ~rar G orr

80
Init Conc
60

40
20
0 — —
3 0 Gas Chem Dry Dep.

-60
Vert trans

03] and A[03], ppt

Fig. 15. Mass balance of process contribution to ozone concentration on June 11, 2004 in Wonju
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