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Abstract

In this study, the regional climate (WRF) and air quality (CMAQ) models were used to simulate the effects of future urban
growth on surface ozone concentrations in the Seoul metropolitan region (SMR). These analyses were performed based on
changes in ozone concentrations during ozone seasons (May-June) for the year 2050 (future) relative to 2012 (present) by
urban growth. The results were compared with the impacts of RCP scenarios on ozone concentrations in the SMR. The
fractions of urban in the SMR (25.8 %) for the 2050 were much higher than those (13.9 %) for the 2012 and the future
emissions (e.g., CO, NO, NO,, SO,, VOC) were increased from 121 % (NO) to 161.3 % (NO,) depending on emission
material. The mean and daily maximum 1-h ozone in the SMR increased about 3 - 7 ppb by the effect the RCP scenarios.
However, the effect of urban growth reduced the mean ozone by 3 ppb in the SMR and increased the daily maximum 1-h
ozone by 2 - 5 ppb over the northeastern SMR and around the coastline. In particular, the ozone pollution days exceeding the
1-h regulatory standard (100 ppb) were far more affected by urban growth than mean values. As a result, the average number
of days exceeding the 1-h regulatory standard increased up to 10 times.

Key wards : Future ozone concentrations, Urban growth, Climate change, RCP scenarios
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Fig. 1. The nested model domains. Blue and black lines mean the WRF and CAMQ model domains, respectively.
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Table 1. Details of the grids and physical options used in the WRF and CMAQ model

Model Grids and physical options D01 D02 D03
Cels(x by y) 124 by 131 73 by 85 70by 73
Horizontal resolution (km) 27 9 3
Cumulus parameterization Grell 3D X X
Microphysics Lineta

WRF Longwave radiation RRTM
Shortwave radiation Goddard
Planetary boundary layer YSU
Land surface model Noah
Surface layer MMS5 similarity
Célls(x by y) 118 by 125 67 by 70 60 by 63
Chemistry mechanism SAPRC99

- Horizontal advection: hyamo
CMAQ - Vertica advection: vwrf

Other options

- Horizontal diffusion: multiscale

- Aerosol module: aero5

- Gas-phase chemistry solver:
EBI(Euler Backward Iterative)
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Table 2. Experimental designs

Experiments Met data LC data EM data Periods

EXP-F2012 2012 FNL 2012LC 2012 EM May - June, 2012
EXP-R2012 2012 RCP6.0 2012LC 2012 EM May - June, 2012
EXP-R2050 2050 RCP6.0 2012LC 2012 EM May - June, 2050
EXP-U2050 2050 RCP6.0 2050LC 2050 EM May - June, 2050

slolgk 4= Qi) EXP-U20502 = nfef] @&ro]
tigh APgAre] FakS 248l $fato] AAE Ao
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Fig. 29} Table 3] AA5KAC) Fig. 2= 20123}
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. mixed Forest (MXF)

water Bodies (WAB)
herbaceous wetland (HWL)
wooded wetland (WWL)

. sparsely vegetated (SPV)

Fig. 2. The spatia distributions of the present (2012) and future (2050) land cover (LC).
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Table 3. Emissionsin moles day-1 for the present (2012) and future (2050) cases

Pollutants 2012 EM 2050 EM Variation(%)
co 15408 38363 149.0
NO 5306 11727 121.0
NO2 1025 2678 161.3
SO2 689 1679 143.7

vOoC 6516 14533 1230

201233} 205011 2] CO, NO, NO2, SO2, VOC2) Hlj&
& H3LE vlasigick 20121 tjH] 2015W 9] HiERERS
AR 24 121 %ellA] Hd 161.3 % 717 271815
o, 71 FojlA NO27t 7P & 57152 Hglck VOC
AN ol ofgh AR Aol Etsiar ¢
9A e uiEE= VOC o] S718te] 123 % 5718t
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A HiEEs A 2 2dE S 24 FE 2

3.1, 2E! H7}
RCP 7|3t} Auje) 2.0 wol S43 w4 th71d

HiESES APgsl] flste] A1 EXP-F2012 Agat
Base mdlg]e] EXP-R20129] G-o142 B715l7] $Js}
o] 7} A3 WRFe} CMAQ AHE SAA|EE(MB,
MAGE, RMSE, |0A)& 18310 7|59tk WRFR
92 712, s, 55 246 CMAQR R
ARt et @255, d 23 IR BARE Bet @&
o] tisl EAlsHIcHTable 4).

EXP-F2012 A13]2] 7, WRFREo|A mojg o
F50| 7V a7t vl= EPACIA] AXSk= St 71
el 557} 71EA) #(benchmarks) W o] 2= 2
RISk 4= QILHUS EPA, 2007). 7], s, 35
LT =0 |OA(0.96, 0.84, 0.71)9} &S @A ZHMB:
0.47 °C, 0.11 %, 0.04 m/s, MAGE: 0.78 °C, 9.62 %,
1.04 m/s, RMSE: 2.13 °C, 12.21 %, 1.19 m/s)o] L}e}
itk CMAQREof|A] HojE Avfof|i= 1ARKF Bt
SRE=nL =0 |OA(0.75)8 Bgou), d i 1417k
I AR Hqt S F = A o= W2 10A(0.572
0.59)7} UreliiTh. o] Axollx] EXP-F2012 A3 9]
WRF} CMAQ HEis] A7t thad] ©7]4] @2,

Table 4. Statistical evaluations between the observed and modeled parameters from two different Experiments for WRF and

CMAQ, respectively

Experiments Statistics WRF CMAQ
T RH WS 1-hOs Max. 1-h Oz Max 8-h Oz
MB 0.47 0.11 0.04 -0.7 -6.8 -2.1
MAGE 0.78 9.62 1.04 154 16.3 133
EXP-F2012
RMSE 213 12.21 119 19.6 21.3 174
I0A 0.96 0.84 0.71 0.75 0.57 0.59
MB 0.17 3.67 0.64 0.01 -10.6 -5.1
MAGE 453 17.36 115 18.2 209 17
EXP-R2012
RMSE 3.74 21.42 1.79 22.7 26.0 211
I0A 0.89 0.73 0.47 0.65 041 043
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Fig. 3. Horizonta distribution of differencesin T, WS, PBL height, and RH between the EXP-U2050 and EXP-R2012

during daytime for entire modeling periods.
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Fig. 4. Horizontal distributions of differencesin T, WS, PBL height, and RH between the EXP-U2050 and EXP-R2050
(the effect of urban growth) during daytime for entire modeling periods.
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Fig. 5. Same as Fig. 4 except for the differences between the EXP-R2050 and EXP-R2012 (the effect of RCP6.0

scenario).
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Fig. 6. The spatia distribution of mean ozone concentrations during the entire modeling periods (All) and daytime (DT) for
EXP-R2012, EXP-R2050, and EXP-U2050, respectively.
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Fig. 7. Horizontal distributions of differencesin mean ozone concentration and daily max ozone concentration between the
EXP-U2050 and EXP-R2012 (total), EXP-U2050 and EXP-R2050 (U-effect), EXP-R2050 and EXP-R2012

(R-effect), respectively.
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(Number)

Fig. 8. The ozone pollution frequency exceeding the 1-hr and 8-hr regulatory standard for Total, U-effect, and R-effect,
respectively.
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