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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, ozone transport, photochemical modeling
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Table 1. CCTM Processes and PACP Codes

PACP Code Process Description
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

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
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Table 2. The statistical treatment methods for the comparison
of data
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Root Mean Square Error
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Fig. 1. Schematic of CMAQ modeling system (adapted from
Byun et al., 1998)
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Cp: predicted concentration, Co: observed concentration
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Table 3. The grid system of the MM5 and CMAQ

Number of grid
X Y

Origin (km)
LC-X LCY

grid size
(km)

Domain

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(hPa) (m)

Full sigma Half sigma

P(hPa)

Height
(m)

[SS RN

L ~1 O\ I W

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

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 5408.0 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)& 33202 319t CMAQY] |RZ2 (2) 7|AkRt
WS e 639 T} 3 MRS Ik 4SS IR Sellieh Ol WideE 9

I AZFOR 4R [AH R 7HHS
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e A
wm=

) By

(1) =7|(Initial Condition) %! ZAHI=.

7 sigma

3 i AAbEo] AR E= MMV 3.5) 30km AHE
£ ogsto] A3, o] AFE+= Nesting 7S
E3) 27} 10kme} 3.333km AR}l thaf melle)S

l

l

AstAry, =HAEE AEE MMS Ak

Z(Boundary

condition) A&
27]5—_51}55__ ETZ—“
Aol EAfoh= Y
719 294 dSEre] & S vxich £ o
FolA= 30km Y ﬂ0ﬂ gt 275 e 24 Aart
Rom g 32 AP 27| s eA RS BE A9
ZH(CMAQA A= profile data &) o.2 sfaL
CMAQ 33}t A3 APAITHS: 484702 6}
ik
CMAQ 2Ho] FA|3} AdA| o= 79| i3
=127 (constant boundary condition)& ©]-&3
A Gt o 2 99 mdlof A AAgE v
AZF AIE AAIZRAsEA = (dynamic boundary
condition)& ©]-&sto] thA] A Hsh= W A
eH5lar Qlef, 2 Sl A= 10km AARE] 749 27]
l"—EXPﬂg} AR S E=ARE 30km AARR] A9
Aol k&Rt AAE ARSI PR =
3.3km ZA}e] ZA9oll= 10km AR ALtEIE
A&

KAk Azt 2}

N
B9 suRA nUY %

Meteorology—Chemistry Interface Processor
version 2. 2MCIP2)¥82 AA 2F CMAQe! ¢
ERyisy
(3) Hi=

vl 19 ARt F 71 ARS il A8
shotek. 2 ¥ AR 30km 27 G913 X))
2L 93 vhET AEEA 20014 Fotilolet
Befo A ol ololzBe| Bel, stef, BAkH &
S TSI AT 7150l IR G siofs]
A3t =Alv5 = T2 IH(ACE-Asia, Asian
Pacific Regional Aerosol Characterization
Experiment; homepage http://saga.pmel.noaa.
gov/Field/aceasia/)o A @ojl &pol), o] Ak=
O AR A7)= 1 xT° M 0= FopAlot 3l Hef
B A ddiE xR, o] ArE o]&5t
30km A=l theh viEF A= S 2Hdstelet,

7 WA Ahm= 20019 H7) 2l AR A
AAHl(Clean Air Policy Support System: CAPSS)
AM A=S lkmx1km sPPER 4RSS 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 A2} 997} 3.333km ZAA} P9 vij&eF 2}
Fof ARSI 20019 % CAPSS AFg= B ot
o] g Wdl 2004 A 3= 39 2] 7H40] 9lom o]
A7l Al ERAI9Y A o] Eskgle
_iu]-] E}:o] 1:]-_,_4_]- rx:]7}5]04£ 7]J:Ho] Olr,].

ACE-Asia #ZolA dojzl wi&wke 7jEos
ato] CAPSS A&7t 9l F9ellAl= CAPSS Hi&
T ARE ol 8sieirh

HlEEALR S0l A VOC= 3318} Hkgof ois}
L 293 7| o gEARA BR3Ao] & ®ul ol

Z2 g3 ¢ wr} e 2v 2 A A
3l7] Slalas B VOO HiET Ao] 4ol
QT EHAEE, 2004). CMAQE A= 315H
2|24 0 24 RADM-II (Stockwell et al., 1990),
CB-IVe} SAPRC99E A ¥staL glom] & Ao
Al CB-1V (Gery et al., 19895 AME-3F3TE. 3 6
2 B oj5tof| ARE-E CB-IV (Carbon Bond—4)2] 3}
oF5& HEhd Aol

B Ao ACE-Asia®} CAPSS &%) |
EollA NO2J vl&& 118f3ted CAPSS] VOC =2
&S A8t o 30km FZ2e] vOoCcH|E
2 ALD2 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] Hi&Ho g RE ZkzF ALD2
1.5, ETH 3.9 FORM 50. ISOP 6.0 OLE 2.3, PAR

0.05 TOL 1.0 XYL 0.7¢] si&Al4~E &-83to] Hj
Z9 AHAEIAT

a9 3 AR 7] AEEAY 3470 2
o3} 912:2)%)(No, 35)9] 100ppb o4} &2 44 11
=2 yehd Aoltk Ae 347 A< 10¥7t
100ppbolt Bk WAL 24 853]=2 UERGO.
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Fig. 3. Frequency of exceeding 100ppb ozone at air pollution monitoring stations in
Seoul (34 sites) and Wonju during 1995-2004
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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 0zone 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
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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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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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