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Abstract
Metropolitan Area (SMA) on PM, 5 concentration was estimated by the brute force method with the Community Multiscale Air

The impact of diesel vehicle emissions which accounts for a 90% of the on-road mobile NOy emissions in the Seoul

Quality (CMAQ) model during the seasonal PM, ;s management from December 2019 to March 2020. The period mean impact of
the SMA diesel vehicle emissions on the PM, s concentration was 0.8 ug/m?® over the SMA during the simulation period, which
was led by organic carbon (OC, 0.4 ug/m?) and primary PM, s (0.4 ug/m?) rather than nitrate (0.0 ug/m?) formed from NOy. When
the impact of NOy emissions from the diesel vehicle to the monthly mean nitrate was evaluated, the negative impact, so-called
‘NOy-disbenefit; in which NOy reductions increased nitrate formation appeared in December 2019 (-0.5 ug/m?) and January
2020 (-0.1 ug/m3). An alternative air quality simulation with an additional 50% reduction of NOy emissions from all the emission
sources except the on-road mobile greatly reduced the NOy-disbenefit effect. As a result, the NOy-reduced condition increased
the overall impact of the SMA diesel vehicle emissions on PM, 5 and nitrate over the region by up to 1.3 ug/m? and 0.5 ug/m?,
respectively. It implies that even the same emission control may exhibit different effectiveness in the PM, s change depending
on the NOy conditions. Thus, it is necessary to better understand how the non-linearity of the secondary PM, 5 formation plays a
role in determining the overall impact of emission abatement plans to improve air quality over a region.
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Fig. 1. Modeling domains at horizontal grid resolutions of 27 km (top left) and nested 9 km (top right). The black triangle sym-
bol shows the Automated Synoptic Observing System (ASOS) weather station in Seoul, and the blue circles represent the

urban air quality monitoring stations in SMA.
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Table 1. Air pollutant emissions in South Korea and the Seoul Metropolitan Area (SMA) based on CAPSS 2016.

(unit: kilotons per year, KTPY)

Region Source NOy SOy PM,5 VOC NH;
Total emissions 12483 359.0 100.2 1024.0 301.3
South Korea Diesel vehicle emissions 4163 0.1 96 16.9 0.3
(33.3%) (0.0%) (9.6%) (1.7%) (0.1%)
Total emissions 326.1 31.8 15.9 300.2 57.3
SMA Diesel vehicle emissions 1568 0.1 32 53 0.1
(48.1%) (0.3%) (20.1%) (1.8%) (0.2%)
Table 2. WRF and CMAQ simulation configuration used in this study.
Option Reference
Initial field FNL NCEP, 2000
Micro physics WSM6 Hong, Dudhia and Chen, 2004
WRF Short wave radiation RRTMG lacono et al., 2008
Long wave radiation RRTMG
PBL scheme YSU Hong, Noh and Dudhia, 2006
Chemical mechanism SAPRC99 Carter, 2000
CMAQ Aerosol module AERO5

Boundary

Profile for 27 km, 27 km nest down for 9 km

Table 3. The emission scenarios for the impact analysis simulations of the SMA’s diesel vehicle emissions on PM, 5 concentra-

tions under two different NOy conditions.

Case Simulation Description
Case 1 BASE1 Emissions based on the CAPSS 2016

SENS1 A 100% reduction of diesel vehicle emissions in the SMA from BASE1

BASE2 A nationwide 50% reduction of NOy emissions from all the emission sectors in the CAPSS except
Case 2 the on-road mobile emissions

SENS2 A 100% reduction of diesel vehicle emissions in the SMA from BASE2
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Fig. 2. The time series and scatters of observed and simulated daily mean (a) 2-m temperature, (b) 10-m wind speed, (c) rela-
tive humidity, and (d) precipitation at the Seoul weather station during the simulation period of December 2019 to March
2020.
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Table 4. The statistics of PM, 5, 05, NO,, and SO, at air quality monitoring stations in the SMA during the simulation period.

Observed mean Simulated mean Bias NMB R
PM, 5 24.1 yg/m3 27.6 ug/m? 3.6 ug/m? 14.8% 0.75
O3 37.5ppb 35.4ppb -2.1ppb -5.6% 0.83
NO, 23.8ppb 30.8 ppb 7.0 ppb 29.6% 0.89
SO, 3.2ppb 3.0 ppb -0.2ppb -6.3% 0.51
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Fig. 4. Impact of the SMA diesel vehicle emissions on the
period mean PM, s concentration during the period of
December 2019 to March 2020.
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Table 5.The impact of diesel vehicles on PM, 5 concentrations during the simulation period. (unit: pg/m3)
PM, 5 Nitrate Sulfate Ammonium oC Others

SMA +0.8 0.0 0.0 0.0 +04 +04
Seoul +1.0 0.0 0.0 0.0 +0.6 +04
Gyeonggi +0.7 0.0 0.0 0.0 +0.4 +0.3
Incheon +0.6 0.0 0.0 0.0 +0.3 +0.3
pg/m’(2.5%), 13 0.6 pg/m’ (2.3%) 2 A Zpol5  ©l, 0|9} T2 A= 49] NOx-disbenefit E7}of| ©]
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Fig. 5. Impacts of the SMA diesel vehicle emissions on the monthly mean PM,; components in (a) SMA, (b) Seoul, (c)
Gyeonggi, and (d) Incheon during simulation period of December 2019 to March 2020.
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Table 6. NOy-to-nitrate conversion rates for the diesel vehicle emissions in the SMA under different NOy conditions during

the period of December 2019~March 2020.
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Fig. S1.The time series and scatters of observed and simulated daily mean (a) 2-m temperature, (b) 10-m wind speed, (c) rela-
tive humidity, and (d) precipitation at the Seoul weather station during the simulation period of December 2018 to March

2019.
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Table S1.The impact of diesel vehicles on PM, 5 concentrations during the 2018 simulation period. (unit: ug/m3)
PM, 5 Nitrate Sulfate Ammonium ocC Others
SMA +0.6 -0.1 0.0 0.0 +04 +0.4
Seoul +0.9 -0.1 0.0 0.0 +0.6 +0.4
Gyeonggi +0.6 -0.2 0.0 0.0 +0.4 +0.4
Incheon +0.5 -0.1 0.0 0.0 +0.3 +0.3

Fig. S3. Impact of the SMA diesel vehicle emissions on the period mean PM, 5 concentration during the period of December
2018 to March 2019.
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Table S2. NOy-to-nitrate conversion rates of diesel vehicle from this study, and those of other source types from other studies.

NOy to nitrate

Case Period Source type  Source area Receptor area (ug/m3/MTPY)
SMA -0.1
| 1.
Case 1 Seou ' 0
Gyeonggi -03
This . Incheon =11
2019.12.~2020.03. Mobile SMA
study ' SMA 26
Case 2 Seoul 14.4
(50% NOy reduction) Gyeonggi 39
Incheon 13.8
2014.01. =51
Kim et al. 2014.04. . -1.9
(2017¢) 2014.07. Mobile SMA SMA -0.1
2014.10. 1.4
South Korea 34
Source A (Tall) SMA 34
Juetal. Chungnam 6.2
2016.05.01.~2016.06.10. Point Ch
(2019) omn ananam o uth Korea 48
Source B (Short) SMA 54
Chungnam 10.7
South Korea 35
w/ NH3 Gan
gwon, h 7
Bae etal. 2017.02.20.~2017.09.30.  Point Chungnam,  Chungnam 2
(2020a) G buk South Korea 0.5
w/o NH yeongbu
3 Chungnam 1.0
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