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Abstract Modeled PM, 5 (Particulate Matter of which diameter is 2.5 um or less) impacts of point source emissions and
thus their conversion rates are subject to vary depending on stack parameters as well as its primary and precursor emission
rates and other environmental factors. In this study, we compare the modeled impacts of NO,, SO,, NH;, VOC, and Primary
PM, 5 (PPM) emissions from major stacks in two large facilities to surface PM, ;5 concentrations to illustrate the importance of
stack parameters during the estimation. A set of simulations comprised of a control run and emission sensitivity runs were
conducted during the period of the 2016 KORUS-AQ (Korea-United States Air Quality). For the comparison, an electric
generating utility (EGU) and a non-EGU (NEGU) within a local authority have been selected to assure similar testing
environments. Ratios of the modeled conversion rates between two facilities at the local level were 0.1, 3.8, and 0.2 for SO,,
NO,, and PPM emissions, respectively, while those ratios at the national level become closer to 1 (0.5, 1.4, and 0.7,
respectively). The horizontal gradient of the modeled conversion rates for SO, and PPM sharply drops near the NEGU due to
relatively short-to-medium tall stacks in the facility. In case of NO, emissions, the maximum modeled conversion rates during
the simulation period appeared about 70 km downwind of the NEGU. It implies that, in addition to emission rates from point
sources, stack parameters should be taken into consideration to develop practical air quality improvement plans, and
emission reduction priority may change depending on receptor setup.
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LA & HiE v e uhAsHITH(MOE, 2017, 2013).
PM,, B BT A TR 999 e

AH O A= PM, 5 (Particulate Matter of which dia- W& 1A Z+S7F 2 a5t ¥4, AH¢] BEo] Ty
meter is 2.5 um or less) = NS $I5] ‘==H o HedY 9A 1 iAot (Kim et al., 2017b; Kim et
71873 Z12A1S), pAHA] T A 5O al, 2004).
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=514 HiEE 7t 71 e9=22] PM, =
o dgke (=2 D9 MiETE PM,s 5= 9%
Kim et al., 2017¢)<> ©|& 7 243°] t7] 7o whet
22k 4 Itk (Kim et al., 2017¢; Karamchandani et
al., 2017; Yuan et al., 2014; Cohan et al., 2007). ©]+=
PM, s 74 422 B2 F2o] t7] SollA 22 A
AJ=]7] Wj2o]t} (Han and Kim, 2015; Zhang et al.,
2012a; Dunker et al., 2002). ©|& g+ WiEF-5 = 7+<]
HAEdS eske Al LAY I i
ANE 25 et e =2 32k Fotel RdlS
F3t th713 AL o] 853 Qltt (Cheng et al.,
2013; Zhang et al., 2012b; Sciare et al., 2010; Ying et
al., 2006; Wang et al., 1998). 32} gs}st mAF A T
LA e dY viEFS dirH o= 71 sk
EEY Hedd g2 71 2 2R AL (EF
o] @ A%, HlE £ 9 2%)2 vrgsto] 24
o2 FEHjEth(Community Modeling and Analysis
System, 2012). T]=2] 73-¢ MY viEEd o
€ HEF-s AL 195 flst] vigxade
HSIA[A 7] RARE HinA o £k, 11 F
= "] WS v Tt (Baker ef al., 2016; EPA, 2016;

Baker and Kelly, 2014; Baker and Foley, 2011). ©]¢]| H]
aff, SiolM = e AL MiEEdol e PM, s &
T gaFolut, Al W HRIAE st mhE S o
A A7 EEe AAoloh
2 AT A= = (Seoul Metropolitan Area;
SMA)T} o] 23t Sl 1|5t A7t A F=
<= dido= 33+ Fetet gi714d
HARE Foll 25 AlY viExde] g PM,; 5
T Ft AEE Ato], viE Aol o A
I 52 AT o] F Sl FF AdEHE A
HiE1A] Z2to] o ke WSk 240] ti7]d 74
AL o DA FE FafE]ojof g2 Hlrt
5] 3721 -8 2 A J 9ol mE Hdehe9]
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Fig. 1. Air quality simulation domains at horizontal resolutions of 27-km, 9-km, and 3-km, respectivley. Black stars in the right
panel show the locations of Sources A and B analyzed in this study.
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H 20169 6¥ 1047}FA]0]H,
7to 2 AAS & nAE 9
g 13} o] Fehs

0] 10¥-& pre-run 7|
getaict. mA dele 1
EHSE 3-km 58 AT A7
2 AR5t on, 27-km@} 9-km 3 s E A
o1t 1A RARE T3l AAxES sk
L 71 Bl et 71 dsiAtE vhee
5te] v]=sl ¥ 7] (National Oceanic and Atmo-
spheric Administration) |4 Al-5-5t= A4 2=
NCEP-FNL (National Centers for Environmental Pre-
z71%o g 7|4 mElel WRF (Wea-
ther Research and Forecasting; Skamarock et al.,
2008) version 3.4.1- =245} %Itk WRF Ai}= MCIP
(Meteorology-Chemistry Interface Processor; Byun
and Ching, 1999) version 3.6-= ‘53l ZH|S}i T},
& dddmes SHSE ot CAPSS
(Clean Air Policy Support System) 20125 ET|Z
2015 HiETS F4 viE=57 CREATE (Com-

diction-Final)2

prehensive Regional Emissions inventory for Atmo-
ol g3t
2919l SMOKE (Sparse Matrix

spheric Transport Experiments) 2015
o|E Hig o= HiETF
Operator Kernel Emission; Benjey et al., 2001)& 55
A7 g 9 ek RS AA Q1914 viE
T dHARE ntdstg o, 2 HlEH2 MEG-
AN (Model of Emissions of Gases and Aerosols from
Nature; Guenther et al., 2006) version 2.1 S} t}.
4714 BARE CMAQ (Community Multiscale Air
Quality; Byun and Schere, 2006) Z&-& 0]-85t5.0
o, £ 02 50 mb7HAE 28502 ekl 25k
O] #oli= oF 32m= A5ttt ®dof| gt ApAet

2.2 PMy5 sk Skt HatE My

=250] e A9 siE%2 SMOKE 2HlofA
7V AR 23S AR A 25 EolE Ajtetod,
i ¥iE T (Layer)dt A HiE S0l At
(Community Modeling and Analysis System, 2012).
—~o] tﬂoc] Z—1_§>_Oﬂ OJ_,] 4":7(17(4 HH% lr_o]‘— HHZE/H
o Wt 4= H~4= Wl mof] 0|2 (Gong et al., 2015;
Ghim and Son, 1993), &°1" 7|2, ¥4 5 71484
Hietel selits: Apol= Qlsf ©hel “H%%H PM, 5
TR Mgl AfolE H At (Kim et al.,
2017¢). & 7oA = td Hedde] =5 Ale 2
HE Aol I PM, 5 sk 9 HlaE fl5ted,
S U shute] Aol RISkl =5 Ao HhE
= 0] AA AGEE AR H71E BARE 3
Sttt ot =5 HiE el tie I e A=
T HEETE PM, 5 SRR O] AehES WSkl

o] XA
2 T

7+ AFAAe] JeF2 BFM (Brute Force Method)&
#8510} AASIITH(Nam ef al., 2019; Kim et al.,
2019; Kim et al., 2017a, b, ¢). BEM2 7|2 HALe} B
A g o] viEe SRl BARS] 2} & MR EE
E3) 2] 93k (Zero-Out Contribution; ZOC)&
Holo}, & Ao A= WAL BA
Z8FS 509% Aot

F4sk= A2 W
Al MR RE 4o
o, ofge} 2 A5 o]-8-5kSiTt (Bartnicki, 1999).
Cpase'= 712 BAFEIE, G _sopi= j 2 AU W&
50% A & BARsEE on|gitt zOCE 7|E A}

Table 1. Model configurations for WRF and CMAQ simulations in this study.

WRF
Version 34.1
Micro Physics WSM 6-class
Cumulus Scheme Kain-Fritsch
Long Wave Radiation RRTM
Short Wave Goddard
PBL Scheme YSU
LSM Scheme NOAH Land

CMAQ
Version 4.7.1
Chemical Mechanism SAPRC99
Advection Scheme YAMO
Aerosol Module AERO5
Horizontal Diffusion Multiscale
Vertical Diffusion ACM2
Cloud Scheme RADM
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Fig. 2. Physical stack height and emission rates of (a) SO,, (b) NO,, (c) NH;, and (d) primary PM, 5 emissions from Sources A and
B during the simulation period.
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Table 2. Emission rates of the selected species and emission ratios of NO, and SO, to NH; for Sources A and B.

NH;

PMC

Primary PM; 5 VOC

NO, SO,
(ton/yr) (ton/yr) (ton/yr) (ton/yr) (ton/yr) (ton/yr) NO,/NH; 50,/NH;
Source A 19,147 8,730 2,252 108 450 441 8.5 3.9
Source B 10,726 11,266 320 242 968 3,523 335 35.2
A/B emission ratio 1.79 0.77 7.04 0.45 0.46 0.13
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Fig. 3. Time series and scatter plots of (a) 2-m temperature, and (b) 10-m wind speed at selected Korean Meteorological
Administration Automatic Weather Stations in the Chungnam from May 1 to June 10, 2016. Lines indicate models and circles

indicate observations.
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super site from May 1 to June 10, 2016. Lines indicate models and circles indicate observations.
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Table 3. Model performance statistics for 24-hr PM, s, sulfate,
nitrate, and ammonium concentrations at the Daejeon super
site from May 1 to June 10, 2016.

Mean Mean
(Observed) (Simulated) NMB NME
PM, 5 33.0 223 075 -3243 36.80
Sulfate 6.3 6.5 0.78 4.05 37.63
Nitrate 4.7 5.2 0.82 1149 43.81
Ammonium 3.2 4.0 0.81 2268 41.23

Unit: mean (ug/m?3) for PM, s, sulfate, nitrate, and ammonium), NMB (%),
NME (%), Emery et al. (2017) goals for 24-hr PM, 5, sulfate, and ammonium:
NMB < 10%, NME < 35%, r> 0.70, Emery et al. (2017) criteria for 24-hr
PM, s, sulfate, and ammonium: NMB < 30%, NME < 50%, r>0.40, Emery et
al. (2017) goals for 24-hr nitrate: NMB < 15%, NME < 65%, Emery et al.
(2017) criteria for 24-hr nitrate: NMB < 65%, NME < 115%
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Fig. 7. Period mean contribution from (a) Source A and (b) B on surface sulfate, nitrate, ammonium, primary PM, 5 concentra-
tions in each local governments of South Korea during the simulation period.
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Table 4. Modeled conversion rates of SO,, NO,, and Primary PM, 5 emissions from Sources A and B during the simulation

period. (unit: pg/m3/MTPY)
Receptor
Source
Local Municipal SMA South Korea
A 1.5 1.6 0.8 0.9
SO, to Sulfate B 20.1 4.6 2.0 1.8
Ratio (A/B) 0.1 0.3 0.4 0.5
A 13.3 10.7 54 4.8
NO, to Nitrate B 35 6.2 34 34
Ratio (A/B) 3.8 1.7 1.6 1.4
A 126.6 711 333 289
Primary PM, s to PM, 5 B 844.3 153.0 54.8 39.3
Ratio (A/B) 0.1 0.5 0.6 0.7
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