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PM, . Simulations for the Seoul Metropolitan Area:
(1) Application of the Modeled and Observed PM, ; Ratio on
the Contribution Estimation
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Abstract

In this study, we developed an approach to better account for uncertainties in estimated contributions from fine
particulate matter (PM, ;) modeling. Our approach computes a Concentration Correction Factor (CCF) which is a
ratio of observed concentrations to baseline model concentrations. We multiply modeled direct contribution
estimates with CCF to obtain revised contributions. Overall, the modeling system showed reasonably good perform-
ance, correlation coefficient R of 0.82 and normalized mean bias of 2%, although the model underestimated some
PM species concentrations. We also noticed that model biases vary seasonally. We compared contribution estimates
of major source sectors before and after applying CCFs. We observed that different source sectors showed variable
magnitudes of sensitivities to the CCF application. For example, the total primary PM, 5 contribution was increased
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2.4 ug/m® or 63% after the CCF application. Out of a 2.4 pg/m’ increment, line sources and area source made up

1.3 pg/m’ and 0.9 pg/m® which is 92% of the total contribution changes. We postulated two major reasons for

variations in estimated contributions after the CCF application: (1) monthly variability of unadjusted contributions

due to emission source characteristics and (2) physico-chemical differences in environmental conditions that

emitted precursors undergo. Since emissions-to-PM, 5 concentration conversion rate is an important piece of

information to prioritize control strategy, we examined the effects of CCF application on the estimated conversion

rates. We found that the application of CCFs can alter the rank of conversion efficiencies of source sectors. Finally,

we discussed caveats of our current approach such as no consideration of ion neutralization which warrants further

studies.
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Fig. 1. Modeling domains with a 27-km horizontal grid resolution for the northeast Asia (left) and a 9-km for South
Korea (right). The gray area in the right hand side map depicts the SMA (Seoul Metropolitan Area).

3 &gl VA EE =519 oH, £ JAF2F
29 AEY BH2erol 7|E mAeLEE o] 4359
CCFEZ v}ttt npxjete 2, CCFY 2§ & 7)o
T H3E HESHY .

ZUlNUA Y] HEE BEARTL ol
= AdAstAen, BEAbs=o AEZ
Aol S Hbgst=S 14,44, 74, 10€& A5t =2
APttt BAF G2 ZAR ols FFE 1]
A3l =S FHoE S5 9 25 Eet=
27-km #H S E BAF G T 7] = 242
3 e A 9& ZesHe 9-km AL ES] A
P st FAAAS ST (E | =),
71 ZAE A8 713 -wiEF -tk 2A)
AE o5 2ol FAsHA. 714 dEAEE WRF
(Weather Research and Forecast; Skamarock et al.,
2008) version 3.4.1-S 0|83} A5}t WRF =gl
ZAT= MCIP (Meteorology-Chemistry Interface Pro-
cessor) version 3.62 TA g =LE o] 8&3dle] vjE&%
wel 9 o]set whe) Jeaz At o
AA MiEFE S5t A Yol tiske] 20109 CREATE
(Comprehensive Regional Emissions inventory for

Atmospheric Transport Experiment; Woo et al., 2014)

&% B2 olgatdon], it oo dejrs
20134¥ CAPSS (Clean Air Policy Support System) Hj
29 222 olgaqr) WaY BEe )2 vy
AL A2 HISH7] Y8l SMOKE (Sparse Matrix
Operator Kernel Emission; Benjey et al., 2001)& ©]-%
3}o], SCC (Source Classification Code) Z+Zo]| oj gt A
3 ¥ 2 FEkE EHE AT (Kim et al.,
2008). A2 H]&3F-2> MEGAN (The Model of Emis-
sions of Gases and Aerosols from Nature; Guenther et
al.,2006) 29S o]gsto] npgstict. tf7]|d g
2 CMAQ (Community Multiscale Air Quality; Byun
and Ching, 1999) version 4.7.1% o]-&3s} o, zn]
AR BALS $J3) oo} 2% HE-S AEROS (Aerosol
module version 5; Carlton ef al., 2010)E ©]-&3}4Th.
Ao A FA Q] ARFE FHH=E Kim er al.(2017a)

of By AAJ3] 7le= o At

2.2 7| A BEA LHH

S AHE Al o2l AR el EAjeke
g], ©]& % BFM (Brute Force Method)2 ©]&3}H 7]
2 BANSE} 7|oe AL et At viETe] &
A ke WY AR Ffol ZHE 7]0]E (Zero-
Out Contribution, ZOC; ©]3} ‘7| & )E 4] 13} Zo|
A8 4= Q) (Bartnicki, 1999).

ZO0C;= Cgyee = Cppy ()

oA719llA ZOCiiz BiET joll &gt 7199 %=, Cypee 71

J. Korean Soc. Atmos. Environ., Vol. 33, No. 5, 2017



a8 S g W WS PR ded

2 BANSE, Cony s WIS /& AT $ EANsEO|TH

ol gt 7|0l A 9 Y EE 7|2 BARSE(Cyy)
o BBE, = RABE} BEEES dup} A}
Lobol whe rebach BAHOE A BARS o
¥ B =S xSt glom, o] & QI 7o = 4t
A GA] B =E E33HH(US. EPA, 2007; Oreskes
et al., 1994). v] AR A= olet 2 tf7]d =A
2] ES=E Aetsly] fste], @A Aol W
1‘%‘%5 (COBS’Curr('m)Q‘]' E/\}%E (CMOD,Currem)‘% H]—%l—‘g‘
2 o drof it FE5E (Copsrune) N5 Al T
A& o] 83kt (U.S. EPA, 2007).

COBS,Future = CORS,Curmn X CMOD’Furure /CMOD,Currenz (2)

ATAA Cuop s T AEel] e BAEER
AAZE WEF WS T BASES oJuat. 4] 20
A—1 CMOD,Furure/CMOD,Currem—t_ 7]% E}\]- EHH] HH%EO]: t\ﬁﬁ-
% mjo) & WshulS Uehyn], RRF2 3ot
(U.S EPA, 2007).

4 2% WiEF Wste] TE dAlsE A Ao B
A ES AR ol§37|RTke A EE 7|E 270
N BEEEel BASES] ATjHQl v)&g 483}
Ao g7l BAe) BHES Fol7] it kg
o] dgtolt.

419 7= oA WiE st AFe] mASES
o s, o7le] WAE BSEE A ¢
3 eto® 4] 2% HgH Tt o] e 4

ol

ZOCivadj = ZOC/ X COBS,Currem/ CMOD,Cunm 3)
471904 ZOC, = VEEEES WHIstel HAH )
=7 J 9] 714 =olH, Coss current! CMOD,CurrentI_‘:_ T gy

LN EER R Ve PEE VBT
T RAALZ B Lo A= Contribution Correction
Factor (CCF)2 A 9J3}9ith. o, RRF= 2ALS] A&
A Wshee olgsied WEF W ¥ UIEES
Hahe Aolng Aepe] BEo| 12E|A] ghoul, RRF
7122 19Kt CCFSF BAHE 7|6 % (ZOC,,) E
2

¢

[}

Jadj
AFe] HEo] M HA Fshe Dol TA T
ZUAEA ] B &Y E4o] ofd o7 EHo]
S Aoz HA ESE QA ZF SAEE Yolst
th. whebA, RREQ] A9 67hx] 38 74 A8l 34t

ol

]_

¢

ot

D71 INA A 33 A A5 &

d, A4, 4 iE, OC, EC 9 7]EF A& dis 242}
APEBIES st ot oo CCF 3 RRF9F vd7h
A2 W8 F420 Aol Hste Ay st

W Ao Hig CCF A S sl #&5see =
degetde £3F d7led A58 |
F2)9] A &9 2uAEA] JEFES ©]85
o, BAFs = CMAQ BAL Aol A HFE54 4
o FUT YA At EH Y AE FES FE0)
o o]&stqitt. & AFolAe FHk=E Kim et al.
(2017a)0l4 =&d =8 Zu|AHA] 7| = CCF
£ 283t 2uAHA AE 7= WIS A
sttt 220l ®F Hol7] o2& CCF =&9 37
LS F= 1o AA3] Aestile

-

3.1 7|12 ZAH E7t

& Aol o]&H 714 2l tf7]sst mde 7]
229 Y7t FHH=E Kim er al. (2017a)9]A4
== =8 AR 7HdsHA FEstd, =4
Aoz @A) FRAA AREE ABASR)
0.82, NMB (Normalized Mean Bias) 2%=, Emery et
al. 201704 AAE AF AT 0.7 o4,
NMB 10% ©]3h & BE3tich. 8, & As 2]
AR 8] 7id A=l tiet E40] Fa%t vh, ZF A&
o tg A= BAHE F7k2 AN

a9 2= 2AF B4 71741 201439 149,449,749,
109 thisto] 2u|AHA] d2E dB+ FE HAF
FYEE Bl Zolth. YBF WEARE 7 WALY
ofl thako] 80% 71 ol % rHsIhont, 108 A
o, A4, dEE e 25Yo] wot o]& 7Hedt
Az 7 1192 Aok 718 A=Y 3¢ 2nAd
A & AN G2 AR BEAEES Fatel Adte
= #ol7loll o]& 7 SRR £t dHH o=
He B4o] itk BAIZ B ZuARA BEE
T 39 ug/mPelY HF HARSELE 31 ugm’s &
FEES 21% 71 T 2ASRY, JRASE 0808
Bt 7id &S A% 7IE A& (Others), 344,
OC (Organic Carbon) 2.2 Z}Z} BAMZ|7F B &=
=% o8] ZAF H& (EEAHE 49% (6.4 pg/m?), 23%



F= 204 WA FE BAL 0D #E5FE ] BARSE HE H8o 2 7= WE HE 449

(a) Sulfate
40 40| 40| 40
— n=26 " — n=21 " - n=27 " -— n=11 "
€ R=071 7 € R=0.88 g € R =0.90 ’ € R=087 7
> 30iBias = -2.85 s B a0iBias=-2.77 4 > ap}Bias=-139 4 D 30iBias = uzs s
2 ¥Y=029X+182 , 2 Y=045X+3.08 , 2 Y=064X+281 , 2
o o o o
@ /s o) 7 o o @
5 20 s S 20 s % E 2 g ° s
3 ] 3 3
£ ’ E 7 % £ Z 1S
@ @ e @ Z o @
2 10 L 10 © L 10| o [}
£ 2 o 2 2
& Jan. ks ° Apr. & Jul. &
5 S S oFo S
%) o @ o @ o 7]
40 ) 10 20 40 0 10 20 30 40 0 10 20 30 40
Sulfate observed (pg/ms) Sulfate observed (pg/m ) Sulfate observed (ug/m®) Sulfate observed (ug/m°)
(b) Nitrate
40 40 40
T n=28 " < T n=27 v z n=11 "
R=0.80 % R=0.28 4 R=0.87 ’
D gplBias = 1.05 s > D aplBias =-0.64 s D gglBias=1.44 #
= Y=074X+3.86 =4 = = Y=1.03X4+113
o o o o
2 2 £ £ e
3 3 3 g 2 o /7
£ £ £ £ ® /8
n n 2 2 o
2 2 2 e 1w/
£ £ £ £ %s Oct.
z z z z
10 20 30 40 0 10 20 30 40
Nitrate observed (g/m’) Nitrate observed (g/m’)
(c) Ammonium
E 7 E E 2 7 E
£ n=28 l £ £ n=25 n £ n=11 "
2 |R-os88 e 2 |R-074 7 2 [R-o0s7
o 15|Bias =-0.25 s =1 o 15/Bias=-0.58 7 o 15/Bias = 0.13 /
2 Y=063X+168 £ £ Y=050X+278 £ Y=084X+039 ,
] 2 3 ] =] 4
£ 10 s © 15 £ 10 E 10 s
@ 9 @ @ @
£ [ £ £ £ 2
ERN ® E] ER 2 4 &
c e] c c c o
2 < Jan. | ¢ 2 2 1 Oct.
£ Po E £ £
< 0 < < O < o
0 5 0 15 20 0 5 0 15 20 0 5 10 15 20 0 5 10 15 20
Ammonium observed (ug/m”) Ammonium observed (ug/m”) Ammonium observed (ug/m®) Ammonium observed (ug/ms)
(d) Organic Carbon
e P B Plaa2s 17
T T |R=047 4 < < R =0.80
£ < Bias = -1.52 s S S Bias = -1.41 e
2 2 jolY=024x+152 ES 2 10lY=043x+063
o bl ° ° 7’
o jo3 o ji}
k<] k<] k<t k<t ¢
S = E E s’
£ £ 5 £ E 5 p
@ @ @ @
[
38 8 |9 8 38 o Oect.
0 0
5 10 15 0 5 10 15 0 5 10 15 0 5 10 15
OC observed (ug/ml) OC observed (ug/ma) OC observed (ug/ml) OC observed (ug/mﬁ)
(e) Elemental Carbon
b PO bl Oz ot lnazs i
o~ g|R=076 / o~ glR= oaa 4 o~ g|R=082 s —
€ Bias = 0.21 s € Bias = / £ Bias = -0.05 ’ £
D |Y=084X+1.03 B |Y= 051><+oa1 s D |Y=041X+073 >
0 s E - N s s
o o o o
£ 7 2 e L e 2
S a4 L) 2 / S 4 Y g
£ %ot o £ 4 £ s £
S 2 Jan. S 2 Apr. S 2 2 Jul. 3
o © i} m o
0 [ 0
o 2 4 6 8_10 0 2 4 6 8 10 0 2 4 6 8 10 10
EC observed (ug/m°?) EC observed (ug/m°) EC observed (ug/m°?)
(f) Others
z Tlnaz o s b TS ol € a1z " o lnet0 "
£ R =0.80 ’ £ R =063 ’ S |R=026 # £ |R=036 g
S 0/Bias =-4.69 0o p S 4o} Bias = 1031 ’ 2 solBias=-671 s D 50!Bias = -4.01 ’
5 Y=078X+-050 5 Y=019X+186 o Y=008X+307 ~ 5 Y=028X+198
2 2 # 2 P2 2 ’,
© ©
22 2 ’ 2 ’ S 2 ’
£ £ / = 7 % s
FT [T ’ 2 10 4 [T 4
3 o I3 Vs o 2 o6 o @ /.
5 1. Jan. | § Mn 5 chl | 5 | gm  Oct
[ oled ol 20, 0
0 10 20 30 40 0 10 20 30 40 0 10 20 40 ] 10 20 30
Others observed (ug/m°) Others observed (ug/m°) Others observed (pg/m ) Others observed (ug/m°)

Fig. 2. Observed and modeled daily average concentrations of (a) sulfate, (b) nitrate, (c) ammonium, (d) organic car-
bon, (e) elemental carbon and (f) others at the monitoring sites in the Bulgwang super site for the simulation
month in 2014.
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Table 1. Contribution correction factors for PM,; constit-
uents at the Bulgwang super site for the simula-
tion months in 2014.

Sulfate Nitrate Ammonium EC OC Others
January 1.77 091 1.05 092 074 150
April 1.35 1.18 1.19 150 1.62 322
July 1.14 1.09 1.09 1.04 258 271
October  1.10 0.87 0.97 099 1.64 193
Mean 1.34 1.01 1.08 1.11 1.65 230

NB-Observed Others concentration is estimated with the following
equation: Others =PM, ; —sulfate — nitrate —ammonium —EC —OC —
Na—K—Cl—Ca—Mg. Modeled concentration of Others was estimated
as the sum of two modeling species, A25I and A25]J.
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Fig. 3. Contributions of (a) SO,, (b) NO,, (c) NH,, (d) VOC, and (¢) PPM emissions from SMA to surface PM,; concentra-

tion averaged for the simulation months in 2014.
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Table 2. Comparison of base and revised self-contributions from PPM emissions in the SMA to surface PM,; species concentrations. The percentage represents the
relative change in self-contributions after applying contribution correction factors.

(Unit: pg/m®)

(a) Area PPM emission
PM, Sulfate Nitrate Ammonium ocC EC Others
Base Revised Base Revised Base Revised Base Revised Base Revised Base Revised Base Revised

contribution contribution contribution  contribution  contribution contribution contribution  contribution contribution contribution contribution  contribution contribution contribution
Jan. 1756 1.990 (13%) 0091  0.162(77%) 0020  0.018(=9%) 0039  0.041(5%) 0392 0290(-26%) 0589  0.542(-8%)  0.625  0.937(50%)
Apr. 1.537 3.090 (101%) 0.172 0.233(35%) 0.026 0.030(18%) 0.072 0.085 (19%) 0.257 0.416(62%) 0.540 0.810(50%) 0471 1.517(222%)
Jul. 1439 2.566 (78%) 0.161 0.184 (14%) 0.000 0.000(-) 0.054 0.059 (9%) 0.248 0.641(158%) 0.575 0.598 (4%) 0.400 1.083 (171%)
Oct. 1.929 2.698 (40%) 0.111 0.122 (10%) 0.071 0.062(—13%) 0.063 0.061 (=3%) 0.397 0.651 (64%) 0.726 0.719 (—1%) 0.561 1.083 (92%)
Mean 1.665 2.586(55%) 0.134 0.175(31%) 0.029 0.028 (—5%) 0.057 0.062 (8%) 0.324 0.499 (54%) 0.607 0.667 (10%) 0514 1.155(125%)
(b)Mobile PPM emission
Jan. 2.695 3.025(12%) 0.030 0.053 (77%) 0.022 0.020 (—=9%) 0.017 0.018 (5%) 0.925 0.684 (—26%) 0.522 0.480 (—8%) 1.179 1.769 (50%)
Apr. 1.580 3.617(129%) 0.030 0.040 (35%) 0.025 0.030 (18%) 0.019 0.023 (19%) 0.524 0.850 (62%) 0.284 0.425 (50%) 0.699 2.250(222%)
Jul. 1273 2918(129%) 0024  0027(14%) 0018  0.019(9%) 0014  0015(9%) 0433 1.17(158%) 0232 0241 (4%) 0554  1.500(171%)
Oct. 2.268 3.640(61%) 0.033 0.037 (10%) 0.058 0.050 (—=13%) 0.031 0.030 (—3%) 0.760 1.246 (64%) 0.424 0.420 (—1%) 0.963 1.858(92%)
Mean 1.954 3.300 (69%) 0.029 0.039 (35%) 0.031 0.030 (—3%) 0.020 0.021 (6%) 0.660 0.974 (47%) 0.365 0.392(7%) 0.848 1.844 (114%)

Table 3. Comparison of the base and revised self-contributions of SO, emissions from the SMA to the surface PM,; concentrations. The percentage represents the
relative change in self-contributions after applying contribution correction factors.

(Unit: pg/m®)

(a) Area SO, emission

PM, Sulfate Nitrate Ammonium ocC EC Others
Base Revised Base Revised Base Revised Base Revised Base Revised Base Revised Base Revised

contribution  contribution  contribution  contribution  contribution contribution contribution  contribution  contribution contribution contribution contribution contribution contribution
Jan. 0367  0570(55%) 0278  0493(77%) —0.003  —0.003(-) 0.103  0.108 (5%) -0.004 —0.003(-26%)  0.001 0.001(-) -0.009 —0.013(50%)
Apr. 0242 0319(32%) 0227 0307(35%) —0.050 —0.059(18%) 0.067 0.079(19%) -0.001 -0.001(-) 0000 —-0.001(50%) —0.001 —0.003(222%)
Jul. 0267 0287 (7%) 0267 0305(14%) -—0.062 —0.068(9%) 0.064  0.070(9%) 0.000 —0.001(158%) 0.000 0.000(-) -0.001  —0.003(171%)
Oct. 0089  0.094(5%) 0.061 0.068 (10%) 0.004 0.003(=13%)  0.024  0.023(-3%) 0.000 0.000 (-) 0.000 0.000 (-) 0.000 0.000 (-)
Mean 0241  0319(32%) 0209 0.293(40%) -0.028 -0.031(13%) 0064  0.070(9%) -0.001 -0.001(-5%) 0.000 0.000(-) -0.003  —0.005(78%)
(b) Point SO, emission
Jan. 0071  0.114(61%) 0.060  0.105(77%) 0.000 0.000 (-) 0022  0.023(5%) -0.003  -0.002(-26%)  0.002 0.001(-8%) —0.008 —0.013(50%)
Apr. 0.140  0.186(33%)  0.126  0.170(35%) —0.024 -0.028(18%) 0.039  0.047(19%) 0.000 0.000 (-) 0.000 0.000 (-) —-0.001 0.002 (222%)
Jul. 0.260 0.294 (13%) 0.254 0.290 (14%) -0.056  —-0.062(9%) 0.064 0.070 (9%) 0.000 —0.001(158%) 0.000 0.000 (=) -0.001 0.003 (171%)
Oct. 0059  0.062(5%) 0.039  0.043(10%) 0.004 0.004 (-) 0016  0.015(-3%) 0.000 0.000 (-) 0.000 0.000 (-) 0.000 0.000 (-)
Mean  0.132  0.164(24%) 0.120 0.152(27%) -0.019 -0.022(13%) 0035 0.039(10%) —0.001 —0.001(-) 0.000 0.000(-) -0.002 -0.004(74%)
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Table 4. Comparison of base and revised conversion rates of (a) area, (b) mobile, and (c) point source emissions in the SMA to monthly mean SMA PM,; during the
simulation period in 2014. The percentage represents the relative change in conversion rate as a result of applying the contribution correction factor.

(Unit: pg/m*’MTPY)

(a) Area
NO, SO, NH, vVOC PPM
Base Revised Base Revised Base Revised Base Revised Base Revised
Jan. —44 —4.2(—5%) 14.6 23.2(55%) 390 48.0(23%) 0.6 0.5(=17%) 244.6 277.1(13%)
Apr. -34 —4.2(—24%) 10.8 14.4 (33%) 66.0 80.0 (21%) 09 1.1 (22%) 196.1 394.3(101%)
Jul. -0.8 —1.4(=75%) 12.3 13.9(13%) 90.1 97.6 (8%) 1.1 1.8 (64%) 155.1 276.4(78%)
Oct. -09 —1.1(—-22%) 42 4.4(7%) 35.7 32.1(—10%) 2.1 2.0(=5%) 243.6 340.7 (40%)
Mean -22 —2.6(—18%) 10.6 14.3(35%) 572 63.9(12%) 12 1.4(17%) 206.8 321.0(55%)
(b) Mobile
NO, SO, NH, vVOC PPM
Base Revised Base Revised Base Revised Base Revised Base Revised
Jan. =52 —4.9 (6%) —-164.9 —251.9(53%) 54.0 69.3(28%) 20 1.6 (—20%) 3543 397.7(12%)
Apr. -19 —2.4(-26%) 233 31.8(36%) 127.3 154.4 (21%) 22 2.7(23%) 2193 501.9(129%)
Jul. -0.1 —0.5(—400%) 8.6 9.8 (14%) 146.0 158.0 (8%) 1.0 1.3(30%) 175.8 403.2 (129%)
Oct. 1.5 1.0(=33%) -9.8 —7.3(26%) 63.3 56.9(—10%) 45 4.1(=9%) 316.0 507.6 (61%)
Mean -23 —2.4—(4%) -379 —57.8(=53%) 96.9 109.0 (12%) 24 2.4(0%) 2674 451.6 (69%)
(c) Point
NO, SO, NH, vVOC PPM
Base Revised Base Revised Base Revised Base Revised Base Revised
Jan. -33 —3.4(—-3%) 30 4.8 (60%) 244 25.0(2%) 09 0.7 (=22%) 126.3 156.9 (24%)
Apr. -0.9 —1.3(—-44%) 6.9 9.2(33%) 1249 153.7(23%) 2.6 3.2(23%) 266.8 579.3(117%)
Jul. 0.1 —0.4(—=500%) 12.9 14.5(12%) 128.9 138.6 (8%) 1.3 1.8(38%) 179.3 349.7 (95%)
Oct. -03 —0.5(—=67%) 32 3.3(3%) 27.0 24.6 (—9%) 2.6 2.4 (—8%) 137.0 197.7 (44%)
Mean -1.1 —1.4(-27%) 6.4 7.9 (23%) 75.1 84.1(12%) 1.7 1.8 (6%) 1771 320.5(81%)
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