L)

Check for
updates

Journal of Korean Society for Atmospheric Environment
Vol. 33, No. 4, August 2017, pp.377-392

https://doi.org/10.5572/KOSAE.2017.33.4.377
p-ISSN 1598-7132, e-ISSN 2383-5346

s ZO0IMEX sE2AL () 2LEHE, HESEHE
Xd 716 H MEE o4

PM, . Simulations for the Seoul Metropolitan Area:
(1) Estimation of Self-Contributions and
Emission-to-PM,; Conversion Rates for Each Source Category

LLE* - HEE -9 M- ALY AR 207
olrdiEtm BAFHEET "BAR BRI, Tu)FEA R BAR, T F 2 ALY A,
gAY )% - 4 A4, NIV ARA - FAATY BARRE

Soontae Kim*, Changhan Bae, Chul Yoo", Byeong-Uk Kim?,
Hyun Cheol Kim”* and Nankyoung Moon”

Department of Environmental & Safety Engineering, Ajou University, Suwon, Korea
YAir Quality Policy Division, Ministry of Environment, Sejong, Korea
?Georgia Environmental Protection Division, Atlanta, GA, USA
"NOAA /Air Resources Laboratory, College Park, MD, USA
YUMD / Cooperative Institute for Climate and Satellites, College Park, MD, USA
*Environmental Assessment Group, Korea Environment Institute, Sejong, Korea

(Received 8 April 2017, revised 2 June 2017, accepted 15 June 2017)

Abstract

A set of BFM (Brute Force Method) simulations with the CMAQ (Community Multiscale Air Quality) model
were conducted in order to estimate self-contributions and conversion rates of PPM (Primary PM,;), NO,, SO,,
NH;, and VOC emissions to PM, 5 concentrations over the SMA (Seoul Metropolitan Area). CAPSS (Clean Air
Policy Support System) 2013 EI (emissions inventory) from the NIER (National Institute of Environmental
Research) was used for the base and sensitivity simulations. SCCs (Source Classification Codes) in the EI were
utilized to group the emissions into area, mobile, and point source categories. PPM and PM, 5 precursor emissions
from each source category were reduced by 50%. In turn, air quality was simulated with CMAQ during January,
April, July, and October in 2014 for the BFM runs.

In this study, seasonal variations of SMA PM,  self-sensitivities to PPM, SO,, and NH; emissions can be
observed even when the seasonal emission rates are almost identical. For example, when the mobile PPM emissions
from the SMA were 634 TPM (Tons Per Month) and 603 TPM in January and July, self-contributions of the
emissions to monthly mean PM, ; were 2.7 pg/m’ and 1.3 ug/m’ for the months, respectively. Similarly, while NH,

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

J. Korean Soc. Atmos. Environ., Vol. 33, No. 4, 2017


https://crossmark.crossref.org/dialog/?doi=10.5572/KOSAE.2017.33.4.377&domain=jekosae.or.kr&uri_scheme=http:&cm_version=v1.5

378 Aed A

m}l‘-:

A - Add - 294

Mo

emissions from area sources were 4,169 TPM and 3,951 TPM in January and July, the self-contributions to

monthly mean PM, s for the months were 2.0 ug/m’ and 4.4 ug/m’, respectively. Meanwhile, emission-to-PM, 5

conversion rates of precursors vary among source categories. For instance, the annual mean conversion rates of the

SMA mobile, area, and point sources were 19.3, 10.8, and 6.6 pg/m3/ 10°TPY for SO, emissions while those rates
for PPM emissions were 268.6, 207.7, and 181.5 (ug/m’/10°TPY), respectively, over the region. The results
demonstrate that SMA PM, 5 responses to the same amount of reduction in precursor emissions differ for source

categories and in time (e.g. seasons), which is important when the cost-benefit analysis is conducted during air

quality improvement planning.

On the other hand, annual mean PM, s sensitivities to the SMA NO, emissions remains still negative even after a

50% reduction in emission category which implies that more aggressive NO, reductions are required for the SMA

to overcome ‘NO, disbenefit’ under the base condition.

Key words : PM, 5, SMA, Emissions (NO,, SO,, NH;, VOC, and PPM)-to-PM, 5 conversion rates
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Z|2 PM,, (Particulate Matter of which diameter is
10 um or less) ¥ PM,  (Particulate Matter of which
diameter is 2.5 pm or less)o] thet =& B o] =o}
el et 7|3 FAAGL 28, =8 9 7 A
AA AN 71 BAY Ee AAALY +YH A o
W& AZYAS AESIY JATH(SMA, 2017; MOE,
2016). AEA Y= PM,; = MAAE S 98]
Me B 528 U5T 5 e A wiETel g1
gjojof sh= FAlol, A AE TG ] 5=
HAAE F7Fd 4= e B|-E-AE I} (cost-benefit) E40]
g @ 3}t (Kwon et al., 2016).

A s=A 9 v@adt FrkE M=
217k AgdiFo] PM,; s &= 3t drht ddFS
FeAol thigt BAo] 858 o2t A H -vj
ST -FEE olojAl= 4 EATA A Azt Hl
SF2 Agd DANA o] v HA 7hsst
u, AR ElEel 2%t PM, s s = W3 ASele @
< 8471 a2 Eofof gt

A d7] F PM,s T ARuE A% IR

+ sulfur dioxide (SO,), oxides of nitrogen (NO,) &
o ti7] ¥ AgtE = 22k Aol FR3H(Kim er al.,
2016, 2012; Choi er al., 2013). 3+H, 22} AJA 14 o) A
d7led=29 vAd% 2 ¢ (nonlinear) HH-g- S4o=
A3l wWiEF - =9 TA £ AFHolA gt
(Zhang et al., 2012; Dunker et al., 2002).
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HujEdol w2t wjEEAe] et A& Sof H
Zol i AW +1. $4 9% 5 T A, vy
& AR B4 (GE S0l
HEEe 249 38t 24, 748 wlE 9 OE gr1e
QEY % 5 BE 047 SEo 9% wAn.
web FURE 2719 Az viEol it PM,s 5=
Wt WY ER0 T oA uee 4 o
(Karamchandani et al., 2017; Cohan et al., 2007).
olelgt ol$2 PM,,o) 23 44T W& - 5]
HIAZ ol thEt iAol 2 334 F3s mdo]
o]-8-Ht}(Kim et al., 2017b; U.S. EPA, 2017; Cohan er
al.,2007). FW] AL $=d 23} 7|EAE 53 2
=7} ZF PM, s AT 4] 7]oj = B4 o] CMAQ (Commu-
nity Multiscale Air Quality; Byun and Ching, 1999) &
CAMXx (Comprehensive Air Quality Model with Exten-
sions; Environ, 2010) S9o] &&= v} It} (Kim et al.,
2017d; NIER, 2013). Karamchandani et al. (2017)<
CAMXE olg3te] SRAG] 0 % PM,of et
H&Yd 7|9 =S AP 3 o0, Henneman et al.(2017)
< CMAQ¥} SA7IHE Faf TdAdnof it 714
ol A7 BT BT ol9h SAlEA
Nopmongcol et al. (2017)2 335}t BALS E3) v]=
oAA A7|&F Bgo] PM,;¢F && k=0 nA= 9%
= 71& A ERY 48 gaet A7) Ak F, A%
of W& wE&F F7t2 FESt] dHEYth n] &7
3] 5% hEA8e AT AY D W) BE HE
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Fig. 1. CMAQ modeling domains at horizontal resolutions of 27 km (left) and 9 km (right).

ZF 87 AL 23 PM, s S 3837 9fste] 4F9
A3HE-2l ‘trade ratio’ = ‘offset ratio’ S o|-83}1L Q)
ThH(U.S. EPA, 2014; NACCA, 2011).

E8H= B (Kim ef al., 2017c)9] A= CMAQS o] &
3 )2 mAl 453 SR AR AT, A
A Ag ARl dele Fa4T 45D 5 2
W e A o gt F94] 2] oS AR
o} 3 = X g tis) ‘NO, disbenefit’ 2 T
He BB A HAF E4o] yEu, o= =2 A4
d = st BdS dgstsith

2 AT HEF - v2Y vAF A W3t BAE
A or AYsty] A Aoz 7| HARE o) &
sto] AAEZ WjEFE PM,s 322 S & e
T HiEETE PM, 2] HEe (o5t HEE)S F
stz stgich. ol & Sl = Ao gt o
4, iEEEE PM,; 7| =& 4HY5l7] $1s BEM
(Brute Force Method) BEAFS 42335145 20, B Ao o]
£9 2% A8S veon LS ARt
ob& BFM 43 ] 3% el 4448 A=
ST, A 7 5 AAYE A fol8o] o] =

o5}t
2. A7 wy
2.1 7|2 A}

339 Bt BEe ol §d o)y mAE 93
WRF (Weather Research and Forecast; Skamarock et

al.,2008) version 3.4.1 22 0]&3}o] 7|4 YRR
£ nlisholth SEA PM,, 7|4 BAS I8 mAb
Qe YRS TP okm £ INE 9o
353 5 FAZRE ) A ofF FFEA L.
km B2A G99 AAxAS wpsty] 93 27-km 5
H =Y A9 2AF 99E EHlstithaE 13
2). A&7} EXgEE 273 = DEM (Digital Ele-
vation Model) A=} 237 F&E7F AA=E ]85
o, WRF 2A} 23S MCIP (Meteorology-Chemis-
try Interface Processor) version 3.6 2.2 *]2]5}o] ulj&
F A B 71 2Ae] o]kt

BAF 717H2 201499 7 ARE 71 E4E
s 149,449, 74, 1090 tiste] g 24
Arst e, 1087+9] pre-run 7|3 A3t H
552 FFOF A gl disjA= 20109 CREATE
(Comprehensive Regional Emissions inventory for
Atmospheric Transport Experiment; Woo et al., 2014)
A=E, I tisiA+= 2013 CAPSS (Clean Air
Policy Support System) A2E TS 2 3} o,
SMOKE (Sparse Matrix Operator Kernel Emission)&
0]-4-3}o] SCC (Source Classification Code)H A]Z7F
FPe SRR AH WEFS wtAstdt
(Kim et al., 2008). 2t ¥j&F At&= MEGAN (The
Model of Emissions of Gases and Aerosols from Nature;
Guenther et al., 2006)S ©]-&35}o] &8}k

9718 2AE 93 CMAQ version 4.7.1 & ©]-&3}
gL, VOCs (Volatile Organic Compounds) vl &3Fo]|
gt 3kelE B5 = SAPRCY9 (Statewide Air Pollution
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Research Center, Version 99; Carter, 1999)& ©]-83}%1
o 718 3 71 ARl thd Hok AARE 7]
FH=E(Kim er al., 2017¢)S F=23 4= Qo

2.2 LEHE 7|0 & TEkE AU

&2 ATl Botet 2d F CMAQE HIE o=
BFM 7|H& 2850 7|0l 245 35t ¢ich. BEM
< 7|2 &l gt 2AL =9 #SHE wjEwol
ot BAF 59 2}po]E ulgt o 2 "7 & (sensitivity)
£ A o2, 44 48T 4 Qe v Uz
T ZAo] 2291 wjEw W Ao gt A EE 7]
o= @ AEE Fo] @8 4 AUTHENVIRON, 2010).

BFM 2§ A, ti4 vi&4 joll diste] 71 wis
< o1& BA FE(C)ot €7 HIBRHE AE(E
AFolA= 50%) MlEFS o] 83 ZA FE=(Ci )
ZEE o9 4] (1)x} Zo] Zero-Out Contribution
(ZOC; & =&olAE Vo=’ W3 7)E ALt
% 9l

ZOCJBFM= Cbase_cj,-so% )

0.5

o] ZOC & A (2)9+ Zo] A&3std A= A
S A4S 4
ZoCP™

Emis;

Emission-to-PM, ; Conversion Rate = 2)
o}7]oll A Emisq= #iE joll thgt 7] wi&d2s Uet
Wk

&% PR A2 B4 diido] He did Age=
DEE B A (DI A A A E = we 4
AA| 7] &= (self-contributionS 2Ju])@} A}A| AZHE-
2 27 27181t dl & S0 $=d Yol A5t
t 2HYoRRE W& WS EE 0] PM, 2 XSy
o] = PM,; ko PlX= FFS A 719 =0
s,

AR 9 Al AeES 0] &84 ¥l BFM 2
A ATE ARECR o] 8d 4 o, o] A%
A~ o] 4] WhE Q] HAL Basith(eE &
of, Az, MiEEdd, A GE, A3t A=l
) A 2 AFolA e AR AR wiEE
AeES gz E Agdide] digt PM,; 5=

7|3 A] A 33 A A4 &

A =S 3FHOE 2Pt UL AES
£ 19 £ A7) 0§ BARSL Jesielct. &

AfolME 718 ZARE AlYste F 2

HARS F¥stglon, d, A, | i dEa, Ol 71
&=l tsf 22 50%9] viEES A3stal BEM
HARS 35ttt He dHol A 9] SO,9 e g
NO, Hi&&Z2 o5 Hj&ol &3t PM,; A4 49| H|
A7 §4L Esto] 50% Azt o] €jell 20%%} 80%E
AR BALS FUHA o2 sty on, o5 o]§s)
o] 3549 BFM 2A} A] vlj&FF ¥t A (perturba-
tion)ell WE sloE W ATE WS Eosact
Case 203} Case 21 = Ho|| Z3HE vj& WIS
HEZ b8 2ARN: g 93 A A9 NO,&t SO,
HiEFE A BAR, ST A AvEe 24
Al A S 9 At S AR wE v §st
£ A=t 44 F=2).

3.8t ¥ nF

3.1 LEHE S

2 dFAe e oS s 3T 9E A,
A, deodYoz TR CAPSS 2013 Hl&2E2S =
HeF ool A Aol o]ttt +=d A
of g TEE HY ERE FeEd HEFS =
20f A|AJ8FETE VOC (Volatile Organic Compound) HY
ST 309 EA@E dFelAs &2 metric tong
ofu)) oo m 7P wom, I thF2 NO, Hi&Fe
2 2859 E/d 42Zo|t}. SO, &L 37,804E/9
o2 Hodd H=RE AegHoA wol ujEEH,
EAA o] M) WS ok NH, WETL 564438/
d Ar] HjEHEE Holn, 2 Y 9 F4H
A WiZEth NH,, NO,. 0,9 $E4 % &% @2}
3,320 Mmol/yr, 6,194 Mmol/yr, 592 Mmol/yr)Z} AlA|
Z70)A SO,k NO, 9| it dAiatd o=l Ag
&5 1 sEHA HiEHE A HARE F
AT FEE S = S ZoE addEth B8
9 BEE AuitEz|et BEA da FoA F2
5= PMC (PM Coarse) Hl&H2 PM,, 7} PM, ; Hl&
o) Ajo|2 72 4 k. oleld LAY B 7
ol AW WEEge wel gebAu, A7ig Ao

ol o
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Table 1. List of CMAQ sensitivity runs with Brute Force Method used in this study.

Run # Source region Emission sectors Target species Emission perturbation
Case 1 NO, 50%
Case 2 SO, 50%
Case 3 Point NH, 50%
Case 4 VOC 50%
Case 5 PPM (Primary PM) 50%
Case 6 NO, 50%
Case 7 20%
Case 8 SO, 50%
Case 9 Area 80%
Case 10 SMA NH, 50%
Case 11 voC 50%
Case 12 PPM 50%
Case 13 20%
Case 14 NO, 50%
Case 15 80%
Case 16 Mobile SO, 50%
Case 17 NH, 50%
Case 18 voC 50%
Case 19 PPM 50%
Case 20 NO 50%

h K All *
Case 21 South Korea S0, 50%

Table 2. Emissions rates of selected species from the
Seoul Metropolitan Area (SMA) in CAPSS 2013.

<r§:4nii$§f;zzr) Point Area  Mobile  Total
50: (Zi};) (52&?‘(7)05; (0.2:7?3 37,894
NO. (R i G OP
N (7309‘;3 (gf.;;g (7?(;9073)7 56,443
YOO (i mlom om0
e (1.53/3) (427.57205) (569.’29;:; 17,733
PM, (61.5)‘25) (497.’53%6) (436.§;6) 14,776
w2 o7 2 A EdE g2k 4 Qo
3.2 7|2 Al T}
3 38 HAP|ZF H9F 2-m 7|23 10-m & HA}

A58 74 BEAR} HET Aoz, 7L 4
© 79 Sk mAY} AP 2 WA(-130)F Holr,
10-m £2:9] 72 A% (R)= 0.86~0.900.2 L}e}H
Ut 2o H)3) 98 F 082~1.62m/s AE =74 =

Ayt

T 4o PM,, A} Atol SEd BAGSHT B
2728 WRadch 190 9BE 55 71E 10%
7he o) mejatt, 4dol 20% 71 Tha melst
o714 9 7] =AY, 22 PM,, AR 24} 3
7H= THH=2 (Kim et al., 2017¢)o]] AAX]3}A T}

M 71 BARSE BFM BAF 23S Hige
E I EE2E HEFe did =4 PM,;
£ skt 1% 2= B i
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Table 3. Statistics for (a) 2-m temperature, and (b) 10-m wind speed at Korean Meteorology Administration weather
stations within South Korea during the simulation period in 2014.

(a) 2-m temperature

Monthly mean (°C)
# of sites R Bias Error RMSE 10A
Observed Modeled
January 79 0.5 0.5 0.96 -0.0 1.1 14 0.97
April 79 13.1 124 0.98 -0.7 1.0 1.3 0.98
July 79 24.7 23.5 0.94 -1.3 14 1.6 0.93
October 79 14.8 14.6 0.97 -0.2 0.8 1.0 0.99
(b) 10-m wind speed
Monthly mean (m/s)
# of sites R Bias Error RMSE I0A
Observed Modeled
January 79 2.13 3.75 0.90 1.62 1.63 1.77 0.65
April 79 221 3.30 0.83 1.09 1.12 1.34 0.71
July 79 201 2.83 0.90 0.82 0.83 1.01 0.78
October 79 1.97 344 0.86 147 1.50 1.72 0.64

Table 4. Statistics for PM,; at SMA urban air quality monitoring stations during the simulation period in 2014.

Monthly mean (ug/m®)
# of sites R Bias Error RMSE I0A
Observed Modeled
January 19 38.5 429 0.87 44 8.8 10.8 091
April 19 375 29.8 0.88 =77 9.0 11.0 0.88
July 19 26.5 26.5 0.75 -0.0 7.8 10.7 0.86
October 19 20.3 21.2 0.79 -09 7.6 7.6 0.85
Annual 19 30.6 30.0 0.82 -0.6 7.9 10.1 091

R 7] At Aol A NO, v &= Aol whet
Z 9 PM,; 527} 23|8 Z718H= ‘NO, disbenefit’
FFOE NO, HiEFo] & EHA YA 59 7]
=7F YeEYaL (Kim er al., 2017¢; SOS, 2017; Lee et
al.,2006), 471 W& 9 7 FARA G disto] &=
A NO, & Aol wat PM,; =7t A E= A
o2 BAEYT. B3, 250 9 Hoddurs
A g HedYoA iEEE NO| Het vi=7t
A AXN =T} Lee et al.(2006) $=A 2 Fof| o
& Yook A 5L ol8F ATE Tl APAY
o] NO, Hi&F°] #ade PM,; s A& o=
dost, g wEol 4 HaEoloF PMys &
Z7tH|2A AT Ao R H U3 th Pun and Seig-
neur (2001)& A Z o} x| Fof t5te] JAFSE A
£ 53 didTe 28 NO, WiEZS Azl w2t
AR SET FHE 4 BaBY}. oleg

l-o

9o
e ==1

7|3 A] A 33 A A4 &

AU Lee et al.(2006) A+ZA ol LR uRe} 2o,
T =X Yo] ‘NO-rich” A NO, s=7}
Solz|H 03] LA T B3)E urLo] £AH7|
g Bolt}. o]} A Ete] Kim ef al. (2017c)= $EH
NO, &S 50%7H7 A= 54 PM, 5=
gt ‘NO, disbenefit” Fgro] YA, NO, Hj&3F
AGAGE Aoz e - ol gl Azt
AL AAstaL WiEd A QA Aol $8d=
2

SO, Hi&Fel it W es +=d A 9 Hedd
of diste] 2A yetuy, SR G 7dEs
NO, &l Hsf dizez A4 yeds & &
Atk ol= & 29 Fo] F=HY SO, HiEFo| NO,
v &l wlsf 22 Hi} welo] gioh

NH; #i&%o] i3t =48 PM,; 5= ==
L FHofA 7H FEHAA Yeh=t, ol= S4t

bl
=]
v

rlr
A
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(a) Point NOx (¢) Area NOy

(g) Point NH3

rea VOC

P&

[ng/m’]

Fig. 2. Sensitivities of annual mean PM,; concentrations after a 50% reduction of (a)~(c) NO,, (d)~(f) SO,, (g)~(i) NH,,
(i)~() VOC, and (m)~(o) PPM from point, mobile, and area sources in the SMA.
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e 3 HE ARG ol ot wiE o] 2A wrdH
A= Helth Asfiet X H 9] o dHof thste] et
= =L Ao o] 8% CAPSS 2013 v & &2
= 5 NO, AlA Av|2RE WAgst= NH, slip
& gFo g 29 BAP|T 9t =4 NH,
W&o +94 9 MYe WA £xsk=d, o=
FEHIA Y NH, vf& #2E 38 S=dET ofy
ot e 2 AE 4R A9 PM,; B fAdol=
AFE & T A2 gt VOCE #71-8A] AR
5ol 93t HjE H|Fo] Houg Hego o3t 1l
F=t =4 vepdth £3], VOC v &l gt 9zt
=7} SO, &=l vla] &R gh5& AT 4= Sl
PPM (Primary PM) &3] tigh PM,; 5= 913t
= F2 AuAbHR] wiETFo] @ A (Rl H

=) %
AR T30 yeum, ol g FHAA =
2 JFE Hole 13 LAEHY WiEF -5 &
o] ¥t E Aoz Helrh

olgigt A= thFd T2 Al 7HA] SN T4
stot. A, 7R B ool Al Al = $E NH; H

27t =48 PM,; 5% B E 98 58

t}. 3| Wang et al. (2016)1} Kim er al. (2017a)
S NH, s &%) 34 71908t #7144 &l
< FA7I= Hl ol 8HE Aoz BEusig o=
&) viEFol o3t FFS Eo]7] A = NH, Hj
Sl digt B7tet HEZF 2o s AARTE &4,
PPM i &70] -9 APgA o wheh 235 = MiE
H3}7F A5 (http://airemiss.nier.go.kr), L3 20]| A ]
g PM,, 5% He =2 UA=E AetetH A E
= WEFY A=t v Sasioh AR, 2 29
A HegHho] AAsh= HlFo| A Ushdth A&
7R 9] 71 d AR LS 2 Hedds Hdedd
of AFEHA U, FFoll= He Gl et FFEA
9 &g AGA o] x23tEojof & Aol

FEH A= L dLY MiEFT PM,; F=0l
gt 71 =5 a7 39 AAsHT NO o ¢ Ad
of @& = PM,; 7|9 %= 2polE e 4= Qi
dE S0 1¥e] —13pugm’e] L9 7|9EE Ho|=
A AU NO, viEFe A% 491} 7ol dsfir=
Zyzy —02 pug/m’, 0.0 pg/m’ e 2 290] 71 w7} 24 7
28k, o= 49 W 7o F3le} vhgo] EdafA|

oXx H

7|3 A] A 33 A A4 &

o,
o\

\ A

O H

X

I, NO, vj&3F =3t 1o ] Ayt o]

£ Aoz f3Ht 1Yo Aedd
o] th& EAHe| vl A Yeh= o=
S| A cold starto]] 2JgF g3 (Kim, 2014)S vt 7]
23 SMOKE A Al A&H 948 A+ S7HA
71 A2 gk 109 ZAIA = PM, s 5= of
3 4299 NO, W& 7|9=7} 02 pg/m’ 7kFo 2
vebdth 19-S At mARl disiAE A 2 He
HEY NO, W& PM,; 7|7}t vlEsHA] b=
A& & 5 9

S0,9] 7§ wiEFo] H2 AAUS AQstH &
dYd AN VoEE BE ok 3HE Holu, A
A2 WL )3 vepdth Hedde] F9 14
o 0.4 pug/m’, 1040] 0.1 ug/m’ 7102 7] Zjo]
£ Holu g9 &% Hislele & &o)7t glom, 1
ol i3] W 2 Fedde == SO, WiEHF
20008/ A2 AR =224 H|5), PM,; 5%
of thgt 71 == i 4ulf =0 Aol E K elrt.

NH,9| 7Z¢ Hedde] wiEs 4 7|d=r}t &4
UERUYS (2.0~4.4 pg/m’), 493 799] 3¢ A 2 Al
S AYAANE 0.5 ug/m’ o]4ke] 7|= g Bl e
o] gt 4==d NH, Wi&F2 4,000/9 Y=
A WFsHA Fou, PM, ol thafl 2o 26 o] 4o
71q% ztolE HRIth. VOCe] H¢ 7Hg8 2 AY&
F718A AHE T uiETol B2 e AU PM,; 7]
=7} £ vebdoh Hed o] 9 ujE&S) Alol=
A glov, de gl tigt PM,; 7=+ 1049
735 o2 EArof ]3] 2uf o] EA vEhdtt.

PPM2 =20} Hl =& )it v &eFo] JA|sh= H]
o] For, 7|z Al A 9 Heddd i) A
2oqith A9 Y PPM HiE&HLE 598~634E/Y
TEZE & Zolg Hol|A] govt, d Hit 7o=e |
Y2 7ugm’, 78 1.3 ug/m’E 2u) 7}F 2po] 2 BQlct
PPM B2 d Y HiZFe 1Y 598E, 7Y 774E0|4}, |
A3t 790 digt B 719 == 42 1.8 pg/m’, 14 g/
m' JE2 7Y 238 skt

ol At FYUT 279 wiEFS ARttt
T old &S o2 st wet PM,; 7N
A 5zt gebd 4= USS AAETE EBSE 5 UE )
SE40) e 9d 7|o= Aol LFE PM, s A4
o] RIMgl ALd ¢ MRt A F=o gt of

==

Jo z
oo oy o
2ol N

of o
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Table 5. Changes of SMA PM,; after 30% emission reductions from area, mobile, and point sources during the simula-

tion period in 2014.

January April July October Annual mean
Pollutant Emission sector
ng/m’ (%)
Mobil —0.40 -0.07 0.00 005 —0.11
ope (=0.9%) (=0.2%) (0.00%) 0.2%) (=0.3%)
-0.15 —0.14 —0.04 —0.04 —0.09
NO, Area (=0.3%) (—0.5%) (=0.2%) (=0.2%) (—=0.30%)
Point —0.04 -001 0.00 0.00 —0.01
(—0.1%) (0.0%) (0.0%) (0.0%) 0.0%)
Mobile 0.00 0.00 0.00 0.00 0.00
(0.0%) (0.0%) (0.0%) (0.0%) (0.0%)
o Area 0.12 007 0.08 0.03 007
2 (0.3%) 0.2%) (0.3%) (0.1%) 0.2%)
Point 003 0.04 0.08 0.02 0.04
0.1%) 0.1%) (0.3%) (0.1%) 0.1%)
Mobile 0.09 0.17 0.20 0.09 0.14
0.2%) (0.6%) 0.7%) (0.4%) (0.4%)
061 0.99 132 0.55 087
NH, Area (1.4%) (3.3%) (5.0%) (2.6%) (2.9%)
Point 0.05 0.17 0.18 0.03 0.11
0.1%) (0.6%) 0.7%) 0.2%) (0.4%)
Mobile 0.02 0.02 001 0.03 002
(0.1%) (0.1%) (0.0%) 0.2%) (0.1%)
0.06 007 0.10 0.18 0.10
voc Area (0.1%) 0.2%) (0.4%) (0.9%) (0.3%)
Point 0.02 0.03 001 0.03 0.02
0.1%) 0.1%) (0.1%) (0.1%) 0.1%)
Mobile 081 047 038 0.68 0.59
(1.9%) (1.6%) (1.4%) (3.2%) (1.9%)
0.53 0.46 043 0.58 0.50
PPM Area (13%) (1.6%) (1.6%) (2.9%) (1.7%)
Poin 0.05 0.09 007 0.05 0.06
0.1%) (0.3%) 0.3%) 0.2%) 02%)
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Fig. 4. Conversion rates of SMA (a) NO,, (b) SO,, (c) NH;, (d) VOC, and (e) PPM emissions to monthly mean SMA PM,
during the simulation period in 2014.
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Fig. 5. Conversion rates of NO, and SO, emissions from South Korea to monthly mean SMA PM,; during the simulation

period in 2014.
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