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Abstract

This study investigates the impact of increased adoption of eco-friendly vehicles on ozone (O3) concentrations in South
Korea, utilizing the community multiscale air quality (CMAQ) model. In the summer of 2017 (June-August), we conducted
two experiments: a BASE experiment, representing baseline emissions, and an R_30 experiment, involving a 30% emission
reduction due to eco-friendly vehicles. The contrast between these experiments reveals that, while most air pollutants
decreased with reduced vehicle emissions, O3 concentrations surprisingly increased (up to 2.1 parts per billion) across South
Korea. A further examination of O3 concentration changes was conducted by analyzing daytime and nighttime variations as
well as wind direction. During the daytime, O3 concentrations notably rose near metropolitan areas due to reduced Os titration
(O3 + NO — O, + NO) resulting from emission reductions. At nighttime, O3 concentrations exhibited a greater increase,
attributed to the transport of daytime-generated Os to rural regions. Notably, the impact of reduced emissions in metropolitan
areas on O3 concentrations in downwind areas varied depending on the prevailing wind direction. These findings highlight that
the promotion of eco-friendly vehicles, though effective in lowering certain air pollutants, might not directly influence O3
concentrations. This study underscores the need to comprehensively understand the complicated chemistry of O3 to develop
effective strategies for air quality management.
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Fig. 1. Domains of WRF and CMAQ numerical simulations. The blue circles and red triangles in Domain 2 are automated
synoptic observing system (ASOS) and air quality monitoring station (AQMS), respectively.
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Table 1. Model configurations for the WRF simulation
WRFv4.1.1 D1 D2
Horizontal resolution 27 km 9 km
Number of grids 100 x 110 100 x 100
Vertical layers 15 layers
Initial data ERA5
Radiaition option RRTM scheme (long-wave)
Dudhia scheme (short-wave)
Land surface option Noah Land-Surface Model
Microphysics option WSM 3-class simple ice scheme
PBL option YSU scheme
Surface layer option Monin-Obukhov Similarity scheme
Simulation period 2017. 05. 25. 00 UTC - 2017. 09. 03. 00 UTC
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Table 2. Model configurations for the CMAQ simulation
CMAQv5.3.2 D2
Horizontal resolution 27 km 9 km
Number of grids 88 x 98 88 x 88
Vertical layers 15 layers
Emission data MIX 2010 CAPSS 2017
MEGAN v2.1
Chemical mechanism CB6r3
Aerosol Option AERO7

Simulation period

2017. 05. 26. 00 UTC - 2017. 09. 02. 00 UTC

Table 3. Air pollutant emissions by vehicle type in CAPSS 2017. BC was excluded because it was not included in the 2017

inventory
Emission (ton/yr) CcO NOx SOx TSP PMio VOC NH; PMzs
Passenger cars 114,450 41,023 97 169 169 15,315 3,914 156
Taxis 639 238 2 2 33 104 2

Vans 3,966 15,451 394 394 629 16 363
Buses 6,825 28,981 15 195 195 11,447 29 179
Freight cars 48,360 226,640 101 6,483 6,483 12,149 160 5,964

Special cars 968 2,494 2 65 65 285 3 60
RVs 21,104 116,175 40 2,085 2,085 3,027 160 1,918

Two-wheeled vehicles 40,840 3,037 12 79 79 3,036 52 73
Total 237,152 434,098 277 9,473 9,473 45,920 4,437 8,715
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Fig. 2. Distribution of vehicle emissions difference between BASE and R_30 experiments for CO (a), NOy (b), SOx (c), NH;

(d), VOCs (e), PMio (f), PM25 () and TSP (h).
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Table 4. Statistical parameters used for the model evaluation. N is the number of data used for the evaluation, M is the sim
ulated value, O is the observed value and O is observation mean

Statistics

RMSE

10A

o4& o moshe AE Hou, 10A7F 47
0.963} 0.702.2 e} mdo] #=o] MFdS d
Rosiact. ti71d 42 2o HEL2 7|2 EdS
ARESE BASE Adlel thsll 4345k, NO.2H 039
RMSEZt 22} 17.76 ppb, 21.82 ppb, MBE= ZtZt
5.38 ppb, 0.61 ppbE WE} Bdo] &2 tha- 3}
o ROJot= A o2 SRIE ek, kARt 7|4 2] B
o] A3 At} uR7FA 2 NOLSF 059] 10A el Z+
7Y 0.672 0.712 =4 YEFSTHKim et al., 2020).
F7F2 Fig. 40l &2 29 713t &< WRFSH CMAQ
e 2] B o] Ao et Z 714 2 71l a4
O AAE-E Uetylon, mdlo] 9] A7H W54
ZF oot 9l8-2 SIS ofol & AollA
g 2] Bo] AapEo] e A-Fat ol o
£ 05 5k HEE 245170l F3totrtar wtskqict.

rlr e

32, 237 2453t 23 Sojol (2 2 2 5=

13}
BASE @7 R_30 48] 57 me] 2318 24
A9 AFAL] B Sk 0GB A S5 ek

QL

0| 2= JFS Aw Rt R_30 A3 BASE A9
ztolg Autsl| wWiEF T4 w2 CO, NO, NO,
SOz, VOCs9] sk H3lE #4519 o™, 2017¢ o
54 (6-89)9 sx Aol& WSt Fig. 59 W
ehfidlch tiREe eHdEE e A g
T2 S 23t £ A9} FIA] 2GS F
Aoz Z4sidt COo =7t At 7.3 ppb #4s
E4ER Hd 5.1 ppb (NO), 2.7 ppb (NO»),

i}

32
=

0.01 ppb (SO2), 0.5 ppb (VOCs)7} #4aste By
= Heoh ol Ane AF wiE A7 o
AALE Fh HAR A H

Fig. 5914 EH|2& M2 03 57t a7 ¥Y
219& SHoR 95| FUtstelom, A viES
A2 e 2|HoflA= VOCs 5=71 F7Feith=
olt}, 059 FE= S A A GoA i 2.1 ppb 7+
7k B5-E Ho| TE B33 = iy s= A1t
B} (Fig. 5-(). A#] 05 5= 0;9] F8 A
S22 NO&HVOCse] Ex44t 35} wh-g-of] 25 H]
FHoz ZAAHEKSillman and He, 2002; Oh,
2007; Liu and Shi, 2021). NO,9| Hi&%o] &
VOCs-limited Z¥ell4l= VOCs &7t A4S
o 039] FE7t FASHAT, NO, 5=7F HAstaE
= 2358 O3 5&7t 371 Bt (Geng et al.,
2008; Jeong et al., 2012; Seinfeld and Pandis,
2016). & AT F2] Bo] Aol A= Zgol A viE
Hie L EEE F 7P B2 42 A Sk NO G ES
o] Z¥47} (Table 3) th7] & NO &= AR o]ojR
a1, 712 918l 059 A4 &3 (05 + NO — Oz + NOy)
7} A8 NO, HiEZol HEE ol e Al A9
FHOR Q5|8 0; FEIF SUIe Ao BN
(Innes, 1981; Song and Shon, 2008). VOCs<] 74
Fig. 5-(e)oll Uebdl Hie} o] we] A9 FAHo=
FLO| 7P ERIE A=, o= NO, HiEZd Ae
2 QI5 o] MY o= 9] NO, ~5°] dAE A= &
A9t dutd 0 2 NO,-limited®] O; A4 54
Holz 19| A QoM T4500 A A A1

o o o, o >



(a) Temperature

35

y=1.01x
.
.
21 .
o o
e
5
=% o
£ .
2 0.. g
T 8- K "
4
3 $ P
T
3 .
E .
n ] . RMSE 1.79
%
S8 MBE 0.11
IOA 0.96
e T T T T
10 15 20 25 30 35
Observed temperature [°C]
(¢) NO, concentration
2
y =1.34x
g g AERSTS
Q - o
a8 - e .5
c o
% 3, A ‘u:t b
3‘-;- R A 2.:/.
@ - o by 24
g Ry ! £
] . .+
S ] 1 E # i.
z
b N &
] g2
T 2 X RMSE 17.76
= 2 MBE 5.38
IOA 0.65
o T T T T
0 10 20 30 40 50

Observed NO, concentration [ppb]

AP 0 F FL WS 54 B4 619
(b) Wind speed
©
y=1.42x
v 25
B4 ¥
© - PSR RS
oo /%
2o
ofe
o4 el
<
.
o
o =
RMSE 1.56
MBE 0.84
I0OA 0.70
o T T T
0 2 4 6 8
Observed wind speed [m/s]
(d) O; concentration
8
g o ]
8 ° - $s
*3 3
c e 38,
2 2 s <y =0.95x
S g gt B
=1 » g %, ‘ .0 *e
c 200%, ¢ ARSI
[ o3 * Tead S
g X T &
] S0 o
o 9 - o2 & AR
'3 .
S }o’..’o o
@ $oD? o
3 e *
o 84 5 TS RMSE 21,82
= S *
G MBE 0.61
I0A 0.71
S T T T T
0 20 40 60 80 100

Observed O; concentration [ppb]

Fig. 3. Comparison of WRF and CMAQ simulation results with corresponding observations for temperature (a), wind speed

(b), NO; (c) and O3 (d) during the simulation period.
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are averaged from June to August, 2017.
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