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A Study on Prediction of Ozone Concentration Using Photochemical Model in Busan Area
- Numerical Simulation of High Ozone Episode Using CMAQ at August 2006 in Busan -
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Abstract

Busan located in the south-east coast of Korea peninsula is surrounded by complex coastal lines and mountain, so it has
various local circulations. The ozone concentration was higher in Busan than other cities and the number of ozone warning
concentration(hourly ozone concentration exceeding 0.12 ppm) increased. To identify high ozone concentration, it is
necessary to determine urban wind field and horizontal ozone concentration.

In this study, to understand highly ozone concentration episode at 7 August, the MMS5 and the CMAQ(Community
Multiscale Air Qality Model) was simulated from 06 August to 08 August.

The meteorological input data was created by the MM and the emissions of CB-e= chemical component was generated by
CAPSS 2004 and the EPA's speciation profile.

The result of numerical simulation was a little different with real concentration, because of limitation of simulation method
using single domain.
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Fig. 1. Annual mean variation of ozone concentration in major
cities.(unit:ppm)
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Fig. 3. Example of the real-time air quality forecasts with
CMAQ from the National Weather Service.
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Table 1. Number of frequencies exceeding hourly ozone standard(0.1ppm) during May to October at each annual(Numbers in

parentheses denote %)

Vo —Month 5 6 7 8 9 10 Total
2000 810.10) 5(0.06) 16(0.21) 810,10} 37 (0.08)
2001 210.02) 10(0.13) 37 (0.48) 3(0.04] 52 (0.11)
2002 1100.01) 10(0.11) 10(0.11) 18(0.19) 39 (0.07)
2003 410.04) 6 (0.07) 1(0.01) 1810.20) 29 (0.05)
2004 4(0.04) 18(0.17) 4(0.04) 26 (0.04)
2005 410.04) 131(0.12) 26 (0.23) 17(0.15) 1(0.01) 61 (0.09)
2006 210.02) 231(0.19) 1(0.01) 92(0.78) 22(0.19) 3(0.02) 143(0.20)
Total 21 61 55 167 62 21 387

Table 2 . Number of the ozone warning through 2000 to 2006

Y ear 2000 2001 2002 2003 2004 2005 2006
Number 3 2 2 4 3 2 9
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Fig.4. Diurnal variation of hourly ozon concentration at air
quality monitoring station from 6 to 14 August 2006.
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Table 3. The list of ozone warning
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Fig. 5. Daily mean variations of temperature( ), cloud
amount(1/10) and wind speed(m /s) on August.
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Fig. 6. Synoptic weather maps at 0900 LST on 7 August.
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Date Section Ozone alert start Ozone alert end Max concentration
6/5 west =415 16 0.128 ppm =4S 18 0.099 ppm =48 16-17 0.128 ppm
8/7 south S4HE 14 0.137 ppm S4E 20 0.074 ppm S4E 16 0.192 ppm
8/7 west &S 14 0.129 ppm =S 22 0.097 ppm A& 17 0.153 ppm
8/8 east 259 13 0.129 ppm 258 14 0.086 ppm 2579 13 0.129 ppm
8/8 south 2t 13 0.183 ppm a2t 15 0.060 ppm M) 13 0.183 ppm
8/10 south e 13 0.122 ppm et 15 0.109 ppm 2th 14 0.137 ppm
8/13 south <2l 13 0.145 ppm et 17 0.110 ppm et 13 0.145 ppm
8/14 south 2 11 0.121 ppm a2t 13 0.083 ppm M) 11 0.121 ppm
9/29 south S48 15 0.138 ppm S48 19 0.088 ppm S48 16 0.151 ppm

Table 4. Days of exceeding hourly ozone standard(0.1ppm) on August 2006

Date 8/06 8/07 8/08 8/09

8/10 8/11 8/13 8/14 8/24 8/29

Number of site 1 10 9 1

4 1 5 5 1 1
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Table 5. MMS configurations
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PBL scheme

Cumulus scheme
Explicit moisture scheme
Radition scheme

Pleim — Xiu
Kuo
Mixed phase with graupel(Reisner?)
RRTM longwave scheme

Table 6. MM5 domain structure

Domainl Domain2 Domain3 Domaind
Vertical grid 23
Horizontal grid 73X73 73X73 40x 40 34X 34
Horizontal resolution 40, 5km 13.5km 4 5km 1.5km
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Fig. 7. Map depicting of horizontal domain(left) and topography
of domain 4(right).
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Fig. 8. Spatial distributions of Formaldehtde(left) and
NH3(right) from CAPSS(unit : moles/s).
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Table 7. CAPSS emission data by district in Busan(unit : ton/year)
CcO NOx SOx PM—-10 vOC NH3z
Jung —gu 1,021 1,271 517 69 392 28
Seo —gu 1,824 5,491 4618 214 772 73
Dong—gu 1,745 4,861 3,244 210 713 57
Yeongdo —gu 1,782 2,353 2,139 109 1,875 85
Rusanjin —gu 4,608 3,799 130 196 2,198 177
Dongnae—gu 3,091 2,879 1,203 146 1,615 134
Nam—gu 4,185 4,536 132 251 2,108 315
RBuk —gu 3,486 3,272 104 162 1,737 155
Haeundae—gu 4,636 3,858 148 181 2,041 193
Saha—gu 8,510 20,115 4,632 512 6,292 328
Geumjeong—gau 3,023 2951 106 154 1,910 133
Gangseo —gu 2,549 7,396 4,193 282 4,390 391
Yeonje—gu 2,787 2,614 65 137 1,401 103
Suyeong—gu 2,091 1,901 48 91 1,187 84
Sasang —gu 3,696 3,955 278 191 5,371 156
Gijang—gun 1,153 2,234 996 87 1,011 111
sum 50,187 73,486 22,6564 2,994 35,014 2522
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Table 8. CMAQ modeling configurations
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Horizontal resolution
Horizontal grid
Vertical grid
Simulation period
Emission type
Chemical mechanism
MMb5 input domain

1.5km
31x31
23
60 hours
CAPSS 2004
CB-V
Domain 4
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Fig. 10. Horizontal distributions of the simulated ozone
concentration from CMAQ.



B H m & 0] §8 44

12

r

wel e o] of S vt HukA e 2 W Vet chak A A
Zhf off BAHES HFEEE ek A|o] oA A =sh e, @
Azl Fro] oFst B S FHOE HEY B FEs}
vEhie nl, si7kAm A oFzEAIZ ol A

Hol FlgzAd g sE Wit o = A
sk gt

Ot
-

roh 8

il
i

=

&
Rno =2

P 712 oE sk

o8 gyt 27, 3424

AaA717] Holl e sofrlore} FeHi B A&
Z2I3H(ACE-Asia, Asian Pacific

Regional Aerosol Characterization Experiment)s2] &

U EF ARE o8 BavF UE Ao = e Hr

o2t

o2 3

1 FAbgeA] FabgeAl di71 @A A +4 2

2E T dSE o] B A - CMAQE o8-8 2006d 8¥ FAMA o 115k &AM 28] 145

Aol HAarz| o Ae] UAM(Urban Airshed Model)
4g 9 uztE A, RAdE s ose Haeheleg
(1999. 8.)

AFs} 914=5(2003. 8.)

AR, 29 m, UAM-VE |83 §4kxe 1

FE AN SRR, Rk 71@ A e B4 Al19d AL
3(2003).

. U. S. Environmental Protection Agency, Science

algorithms of the EPA Model-3 Community
Multiscale Air Quality(CMAQ) modeling
system(20086).

. MMM, NCAR, PSU/NCAR Mesoscale Modeling

System Tutorial Class Notes and User's
Guide@003)

o1 d, TRl AAde S V1 E RA Y AL

o] Wt oI, FAbdiekn sk AAlehe]w=E(2005.
2.)





