L)

Check for
updates

Journal of Korean Society for Atmospheric Environment
Vol. 34, No. 3, June 2018, pp.469-485
https://doi.org/10.5572/KOSAE.2018.34.3.469

p-ISSN 1598-7132, e-ISSN 2383-5346

OMEX S 7HHSE et S

Evaluation of the Effectiveness of Emission Control Measures to
Improve PM, . Concentration in South Korea
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Abstract

On September 26,2017, South Korean government has established the Particulate Matter Comprehensive Plan to

improve Korean air quality by 2022, which aims to reduce annual mean surface PM, 5 concentration to 18 pug/m’.

This study demonstrates quantitative assessment of predicted PM, 5 concentrations over 17 South Korean regions

with the enforcement of the comprehensive plan. We utilize the Community Multi-scale Air Quality (CMAQ)
modeling system with CAPSS 2013 and CREATE 2015 emissions inventories. Simulations are conducted for 2015
with the base emissions and the planned emissions, and impacts from model biases are minimized using the RRF

(Relative Response Factor). With effective emission reduction scenario suggested by the comprehensive plan, the

model demonstrates that the surface PM, 5 concentration may decrease by 6 pug/m’ (23 ug/m’* — 17 ug/m’) and 7 pg/

m* (25 pg/m’ — 18 pug/m’) for Seoul and South Korea, respectively. The number of high PM, 5 days (daily mean>25

pg/m?) also decreases from 21 days to 4 days.

Key words : PM, 5, Comprehensive plan, Exceedance, CMAQ

.M B

) ol EA] (PM,) FE= 2012E71%] 2

B4 7,

*Corresponding author.
Tel : +82-(0)31-219-2511, E-mail : soontackim@ajou.ac .kr

th4 Z7bske 2 A)0|H (Kim ef al., 2017a), 2015 2
= ABF PM,; & 26 pg/m’Z (AirKorea; http://

www.airkorea.or.kr), WHO (World Health Organiza-
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Table 1. Emissions reduction scenario.

Emission Emissions reductions (ton/year)
sector Primary PM,; SO, NOy voC
Power plant 877 21,403 53475 1,054
Industrial 4,330 106,610 146,963 -
Transportation 7,739 4017 201,669 22240
Residential 4,750 1,235 4984 43,061
Total 17,696 133,265 407,091 66,355
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71 RAE €3] NCEP (National Center for Envi-
ronmental Prediction)2] FNL (Final aNaLysis)2 7|
A2 2 WRF (Weather Research and Forecast; Skama-
rock and Klemp, 2008) version 3.5.1-& $35}352oH,
A% gHe 29 2ot |1EGRS BT HEFS
A &Y L A9 HBFS WPt AYae
o} A wj&E9] 74 MEGAN (Model of Emissions
of Gases and Aerosols from Nature; Guenther et al.,
2006) version 2.04E o] 83| A3}t 21914 W&
Fo| A% 2R 9ol dtistel= CREATE (Compre-
hensive Regional Emissions inventory for Atmospheric
Transport Experiment; http://aisl konkuk.ac .kr/ais/emis-
sion/create.do) 2015, YA Fo] tfsled= CAPSS
2013& BFo 2 20159 ) thgh 74 (projected) Hi&
F EE=S npHsYg 2, SMOKE (Sparse Matrix

Operator Kernel Emission; Benjey et al., 2001) version

Table 2. WRF configurations.

Physical options Scheme

Boundary layer
Cumulus
Land-surface
Long-wave radiation
Short-wave radiation
Microphysics

YSU (Hong et al., 2006)
Kain-fritsch (Kain, 2004)

NOAH (Chen and Dudhia, 2001)
RRTM (Mlawer et al., 1997)
Goddard (Chou and Suarez, 1994)
WSM3 (Hong et al., 2004)

Fig. 1. Modeling domain at a horizontal resolution of 27-km (left) and 9-kim (right) used in this study. The black circle in
right panel shows AMS monitors. AMS: air quality monitoring stations.
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Table 3. CMAQ configurations.

Module Option

Horizontal Advection
Vertical Advection
Horizontal Diffusion
Vertical Diffusion
Aerosol

Chemical mechanism

Yamo (Yamartino, 1993)

Yamo (Yamartino, 1993)

Multiscale (Louis, 1979)

Eddy (Louis, 1979)

AEROS (Binkowski and Roselle, 2003)
SAPRC99 (Carter, 1999)
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Fig. 2. Emissions changes in 2022 compared to 2015; (a) NO,, (b) SO,, (c) NH,, (d), PM,;, (e) VOC. Percent represents
emissions reduced between 2015 and 2022.
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Fig. 3. Percentage of NO, emission reduction from the major source categories in 17 regions.
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Fig. 4. Percentage of SO, emission reduction from the major source categories in 17 regions.
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Fig. 5. Meteorological model performance evaluation over South Korea in 2015.

Table 4. Statistical model performance evaluation of
meteorological model.

2-m 10-m
temperature  wind speed

(°C) (m/s)
Mean (observed) 13.27 2.01
Mean (simulated) 12.51 3.35
Bias -0.77 1.34
R 0.99 0.86
MB (Mean Bias) -0.77 0.74
MGE (Mean Gross Error) 1.19 1.34
NMB (Normalized Mean Bias) (%) -5.78 1.34
NME (Normalized Mean Error) (%) 8.97 66.80
FB (Fractional Bias) (%) —4.81 47.81
FE (Fractional Error) (%) 9.58 4781
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Fig. 6. CMAQ model performance evaluation over South Korea in 2015.
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Table 5. Statistical model performance evaluation of CMAQ over South Korea in 2015.

Number of Mean Mean
data (observed) (simulated) MB NMB NME B FE
Seoul 364 22.96 32.58 0.84 9.62 41.92 50.30 24.15 3753
Incheon 361 28.59 3249 0.79 3.90 13.65 32.67 704 2975
Gyeonggi-do 365 25.50 30.79 0.84 529 20.74 34.33 1235 3047
Gangwon-do 362 25.79 20.63 0.77 -5.16 -2001 32.26 —3256 4358
Chungcheongbuk-do 351 25.26 28.70 0.76 344 13.63 63.07 450 35.15
Chungcheongnam-do 43 2721 26.99 0.76 -022 —0.81 2433 —-2.15 2599
Daejeon 317 25.35 29.15 0.76 3.80 15.01 37.86 345  37.65
Sejong 138 21.57 14.25 0.60 -732 —3395 4193 —48.06 54.72
Gyeongsangbuk-do 314 24.52 29.85 0.73 5.32 21.70 36.39 16.67 3294
Gyeongsangnam-do 365 25.67 25.13 0.79 -0.55 -2.14 2726 —1161 29.87
Daegu 364 25.22 24.59 0.77 -0.63 —-2.51 29.98 —11.13 3251
Ulsan 362 2439 24.29 0.80 -0.10 —-041 27.61 =902 30.30
Busan 365 25.52 22.71 0.79 —2.81 —-11.01 27.88 —-2201 33.13
Jeollabuk-do 345 28.26 26.50 0.71 -1.76 -6.23 3543 —-15.63 39.29
Jeollanam-do 363 24.30 2691 0.82 2.61 10.73 26.98 334 2528
Gwangju 361 26.33 24.55 0.77 -1.78 -6.78 31.83 —18.98  37.65
Jeju 139 20.89 13.09 0.58 —-7.81 —37.37 44 47 =55.13 60.73
Unit: mean (pg/m®), NMB (%), NME (%), FB (%), FE (%).
Emery et al.(2017) goals for 24-hr total and speciated PM, s: NMB < £ 10%, NME <35%, r>0.70.
Emery et al.(2017) criteria for 24-hr total and speciated PM, ;: NMB < + 30%, NME <50%, r>0.40.
Boylan and Russell (2006) goals for 24-hr total and speciated PM: FB < + 30%, FE <50%.
Boylan and Russell (2006) criteria for 24-hr total and speciated PM: FB < £ 60%, FE <75%.
(a) 2015 (b) 2022 (c) 2022~2015
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Fig. 7. Spatial distributions of PM,; concentrations in (a) 2015, (b) 2022, and the difference (c) 2022 ~ 2015.
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Fig. 8. Time series of daily PM,; concentrations over South Korea.
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Appendices 1 and 2 tabulate emission control measures and corresponding emission reductions. We prepared tabu-
lated data in Korean instead of English for clarity.
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Appendix 1. Classification of emission control measures and source categories applied to estimate air quality
improvement in the study.
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Appendix 2. List of emission control measures and corresponding expected reductions of air pollutant emissions.
AR (E)
Bk
PM, SO, NO, voC
R E
AA| 17,696 113,265 407,091 66,355
W25 A 877 21403 53475 1,054
L3 AutstEdda BE tesd 2 27E 257 9.962 21481 328
FAE 10%03 des2dds 98 AHE
+9 5 Aerdda detE 90 1,886 4,129
bl 2030 7HA] AR U A] HHRH]Z 20% 237 5513 9,558 411
A AT JoF 293 4043 18,307 315
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s 9 F5EE g4 93.409 84,762
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Az} BT s (E2) 355 10 12,573 3329
A2 T A= AW (ER)
371 Zlﬂﬁi} O EAu B A (ER) 0 0 74 47
cﬂE/q LABAS ONG A2 AW I (22) 156 3 10,243
ol &A} ¥ %Pﬁ} 9 A7)0l &2 Hg S (22) 68 100
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