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Abstract

This study quantitatively analyzes the effects of emission inventory choices on the simulated particulate matter
(PM) concentrations and the domestic/foreign contributions in the Seoul Metropolitan Area (SMA) with an air
quality forecasting system. The forecasting system is composed of Weather Research and Forecasting (WRF)-
Sparse Matrix Operator Kernel Emissions (SMOKE)-Community Multi-Scale Air Quality (CMAQ). Different
domestic and foreign emission inventories were selectively adopted to set up four sets of emissions inputs for air
quality simulations in this study. All modeling cases showed that model performance statistics satisfied the criteria
levels (correlation coefficient >0.7, fractional error <50%) suggested by previous studies. Notwithstanding the
apparently good model performance of total PM concentrations by all emission cases, annual average concentra-
tions of simulated total PM concentrations varied up to 20 pug/m’ (160%) depending on the combination of emission
inventories. In detail, the difference in simulated annual average concentrations of the primary PM coarse (PMC)
was up to 25.2 pg/m’ (6.5 times) compared with other cases. Furthermore, model performance analyses on PM
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species showed that the difference in the simulated primary PMC led to gross model overestimation in general,

which indicates that the primary PMC emissions need to be improved. The contribution analysis using model direct

outputs indicated that the domestic contributions to the annual average PM concentrations in the SMA vary from

44% to 67%. To account for the uncertainty of the simulated concentration, the contribution correction factor

method proposed by Bae ef al.(2017) was applied, which resulted in converged contributions (from 48% to 57%).

We believe this study shows that it is necessary to improve the simulated concentrations of PM components in

order to enhance the accuracy of the forecasting model. It is deemed that these improvements will provide more

accurate contribution results.

Key words : Air quality forecasting, PM,,, PM, 5, Emissions inventories, Relative contribution
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SRR A ARA A= FHE0] ok &F Al 9l
Aol §3lgt PM,, (PM,,, Particulate Matter of which
st A} =
o RE AR AL FA d71E JEAAES &
@t PM,, JRE AFstaL UH(MOE, 2012). A
PM,, die B9 9 Yo diste 4B+ 5=5
“EL27(0~30 ug/m’), “2E” (31~80 ug/m’), “Lj&»
(81~150 pg/m’), “ul-¢- L} (151 pg/m* o]4hH 2 o] 7}

A FE FE< At ok 53, ¢
PM,,0] d&E Afol= Bt 5538 PM,, 5% &
25 f& 9ol He wiEdS Aofste HAAH
2 o] AJgio] HEHTH(MOE, 2017). o] 7oA o
¥ BUE 5] o238 okt 5= o] At
2 71012 sl Wz B o g5 9o} dlx
899 5% o& S sjox B4 S| Fast
A RZE L gl

ZWolA PM,, T o2 RAMEATE BY d&5%

L pEswd v BamAEE Ao Lehdtt
(MSIP, 2015; NIER, 2011a). gHtd o2 tf7]d w4
o] HaHAL o] f2= 71 YYAE (Kim er al.,
2017a; Jeong et al., 2007)9} vjl&F A& (Digar et al.,
2011)7F 23+ ¥Qlo g XEHL). & A8 F9
Az @A o LA thFo 2 ki = FHOMA
of A|Ho] 7L mAHA A AEAY Aaof 27 pri-
mary (1Z}) PM,, 9}&%F H=(In and Kim, 2010), &=
FASHE &Y BBt (Bae et al., 2015) Fo] A
wrE el Bamele geloz Ryd w glch A
PM,, = HEF 55o] 7= EFEAS AT

diameter is 10 um or less) ‘&S

BB /‘\Zo
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A Eof 1st7] Y5t Tkt HiEF BES A
AE WO FHasz o]gste] FPEHI Tk
(NIER, 2015). 28, &3 B& A9 uZ PM,,
HARsEO| Zpolof TRt Hroh AA AL %’:L =437
7101 Y elof et A= °P—<] lg—f&

2 ATl M= Tkt & % Higo 2 4
o A7 AREA Friet 01“531 T4 A&
BAEE BAS B9 ey 25 woﬂ TE PM,,
T A%sE % AEsTY 2A AREE AHEY
t}. T3t BFM (Brute Force Method)S ©]-&3}o] H|&
T =2 g0 w9l 4 Uk 45U PM, 5
Eof tgt Sl WEe) FloiE WelE 2Yalas
Shoict. & A7) A3HE BT PM,, AR AHE 3
g R AR AN 2 WA e ol
AL Siat o712 ouude) 7)olE 23t o)g A 7]
24271 9§ 4 g AC BoE,

2, g7 9H

2.1 2A|ZH A e XS

2 de] 7|7k vad X ro|HA A
H B B=x79 o]&o] 7S 2014 1€ 1Y
~12¢ 3192 At BAY G-E 27-km $~H A}
Eghgoz guE, 48 % FF gL Aol =
FHES AT B AT AT mAe] B
A9 0w APE B 99 o188 ZAYe
AAE 27 17 2ok 24 ARE BS99 714
&AL RE = MADIS (Meteorological Assimilation Data
Ingest System; NOAA, 2005)5 o]&3}g o, tj7]d
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D Modeling domain (27-km resolution)
|:| Seoul metropolitan area

@  MADIS observation site

. Air quality monitoring stations

Fig. 1. CMAQ modeling domain with a 27-km horizontal resolution used in the study. The inset map shows the Seoul
Metropolitan Area (SMA). Black dots represent MADIS monitors and gray squares inside the SMA represent Air

Monitoring Stations.

H2AagL 238 299 1117] AMS (Air quality
Monitoring Station) At2E 0] 83} tt.

2.2 7| Y=xtz

714 92Xt 5 = WRF (Weather Research and Fore-
cast; Skamarock et al., 2008) version 3.5.1-% o] &3t =
A £33 YAEE AR 21, MCIP (Meteorolo-
gy-Chemistry Interface Processor) version 3.6& ©]-&
shol M2 AV % /12 mue deda Jee
ZHskT. 714 2718 2 BAAEY %% NCEP
(National Centers for Environmental Prediction)oj| A
A F=+&= 0.5°x0.5°GFS (Global Forecasting System)
A2E ol&stth APARY 7L SRTM (Shuttle
Radar Topography Mission)2 3] 2% 90 m 3fA4F
=9] DEM (Digital Elevation Model) AtR2E o] &3}
ouf ERolgARRE BAR FHE AR o|$d
Atk 32 A2 F2E 30522 145t WRF 2
9 750 ol AR SHE E 10] AN

2.3 WEY YAXR

B Ao 29 Q198 waY B olg
0E T % 7|9E A4S A3 BARE & 29 o)
Y3t =0 tfstei= INTEX-B 2006 (the
Intercontinental Chemical Transport Experiment-Phase
B 2006; Zhang et al., 2009)2} MICS-Asia 2010 (Model

Table 1. The configuration of the WRF modeling used in

this study.
Description

WRF Version 3.5.1
Micro Physics WSM6
Cumulus Scheme Kain-Fritsch
Long Wave Radiation RRTM
Short Wave Radiation Dudhia

PBL Scheme YSU

LSM Scheme NOAH

Inter-Comparison Study for Asia; Li et al., 2017) W&
% 222 ojgaiqrt. Fo] elel INTEX-B
2006 2 CAPSS (Clean Air Policy Supporting System)
2007, CAPSS 2010 R} 2 & o83}t =W/ 9] A7t
&% 552 SMOKE (Sparse Matrix Operation Ker-
nel Emissions; Benjey et al., 2001) version 3.1& ©o]-&
3te] A g3l eH, SCC (Source Classification Code)
¥ A7 9 B BuiASE B (Kim e al.,
2008) tf71d 2d g A9 wigdor Wt
o}, ¢k, MICS-Asia 20102] 7% degree (=) @9 Z
A A2g B A7l 2ol WA AARS s
o, W& R 4 w2t AZtEE d S5HE 2l
e

A wjZFo] A2 MEGAN (The Model of

Emissions of Gases and Aerosols from Nature; Guen-
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ther et al., 2006) version 2.0.4 & o|&3}o] n}H3}H o
™, SAPRC99 (Statewide Air Pollution Research Cen-
ter, Version 99; Carter et al., 1999) #|AUZL vlgo
2 Sa3 2 Sustdch A4 QY Wag
2 # 29| Case 1~Case 49| Bj&F 22 T Ao w2t
AR QA9 WE elel oY BAS 9w
e e oo
X3S 2 Ao o].Q.E] WEe B2o] EXS
gst Aoz 7 Yoo eyt o} INTEX-B 2006
2 NASA (National Aeronautics and Space Administra-
tion)2] INTEX-B Z2AEof ofsf A= ict. i
AL ofAlo} 219 9| 227 =7+E E3FskAL et Hi
He 38 A9H LEA(EA, 3, 2T, FAS
et glew, 28719 AlFEZ<Ql SCC2 FA4H <
ek A L FGEZL 04 (SO,, Sulfur dioxide),
A AARHE (NO,, Nitrogen oxides), PM,,, PM, s (Partic-
ulate matter of which diameter is 2.5 um or less), H|H|
& 3]dkA $-7|313HE (NMVOC, Non-methane volatile
organic compound), 37]¥k4 (OC, Organic carbon),
BC (Black Carbon), ¥AFs}lekA (CO, Carbon oxide)Z

l-kl m{)u

Table 2. List of foreign and domestic emissions invento-
ries for air quality simulations.

Emission regions

Foreign Domestic
Case 1 INTEX-B 2006 INTEX-B 2006
Case 2 INTEX-B 2006 CAPSS 2007
Case 3 MICS-Asia 2010 CAPSS 2007
Case 4 MICS-Asia 2010 CAPSS 2010

74 - 595 - deH

T/d= o] Slth. MICS-Asia 20102 opX|o} A oA
oj&E= Tt HiEE 5o TF¢HE ARE, T
o] tfale] MEIC (Multi-resolution Emission Inventory
for China; http://www.meicmodel.org), €&o] ts}o
JATOP (Japan Auto-Oil Program) Emission Inventory-
Data Base 2010, Q1% ¢} t3}¢] Lu er al.(2011)2] A&
7b o] &= em, YA ofxop A Hof tfstol=
REAS (Regional Emission inventory in Asia; Kuroka-
waet al.,2013) AR S v& O 2 ATt W& &
2 B, 3, 1F, FA disto] olitekg, AaAt

3=, §71%4, PM,, PM, 5, BlHE 3] {7]3K
E, 87|84, BC, 9AgtetA ARo] ZgEo] 9o
o, %9 (Agriculture) 2-22] A9 otmyjoiyl Z3lE

o] qich. CAPSS+= = %]ﬂﬁh“i} Ao A Algste Azt
=7b &% E2oith. vjE& Y EA4 wEt Hi{-F
ER-atF-AERE FEE Jlen, 52779 SCC
2 450 ok Wi AFTA A, 2, ) &9
2 o|AikslEt, AAASHE, gy o}, TSP (Total sus-
pended particles), PM,,, PM,;, 34 |7]38&
(VOC; Volatile organic compound), QA4 A RA]
£ AlFsk th(Lee et al.,2011).

2.4 H7|& AL & 7|0{E EA Qi

£ 29 W% 28 74¢ vigon s vy
CMAQ (Community Multiscale Air Quality; Byun and
Schere, 2006) version 4.7.1 2 o] &3}o] th7]2 &
BASLGE T ool 2 2 EL2 AEROS5 (Aerosol module
version 5; Carlton et al., 2010), 3}t H|# &L SAP

Table 3. Major characteristics of INTEX-B 2006, MICS-Asia 2010 and CAPSS (2007 & 2010) emission inventories.

INTEX-B 2006

MICS-Asia 2010 CAPSS 2007 & 2010

Target region 22 countries and regions in Asia

29 countries and regions in Asia

South Korea

Representing Year 2006

2010

2007, 2010

4 source categories; power plants,
industry, residential, transportation
(28 detail SCC)

Emission source

5 source categories; power
plants, industry, residential,
transportation, agriculture
(no detail scc)

12 upper levels, 54 intermediate
levels and 312 lower levels
source categories.

(527 detail SCC)

S0,,NO,, PM,,, PM,;, OC,

Species NMVOC. CO. BC

S0,,NO,, NH;, PM,5, PM, 5,
OC,NMVOC, CO,BC

SO,,NO,, NH,, TSP, PM,,
PM, ,, VOC, CO

Spatial resolution 30 min X 30 min

Administrative districts in
South Korea

0.25°x0.25°

Reference Zhang et al., 2009

Lietal., 2017

Lee et al., 2011
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Table 4. The configuration of the CMAQ modeling used

in this study.
Option Description

CMAQ Version 4.7.1 w/ BFM
Chemical mechanism SAPRC99
Chemical solver EBI
Aerosol module AEROS
Boundary condition Default profile
Advection scheme YAMO
Horizontal diffusion Multiscale

Vertical diffusion Eddy
Cloud scheme RADM

RCO9E olgatsict. 5452
o, 4539 ol 32mz AFsidct g712 nd
o A% FHE T 4o Felstol

A9l 710)= 4
U 712 WE g

£ BFM 7)€ olgaist. 0|
gARE vgoz /2 BAE

ST Artet A 29 wWiETFol dad £
Z3F Qe } o2 Auaty AFE o] g3t
A (D3 2ol M= ASE Auste W olth(Bart-

nicki, 1999). A (1)o]|A S= w2 io gt ug=

A4, CoE 718 E*}—‘EE, Ciw= &Y 1o dis] uf

EFE x% WA T ARAEH FEo|H, e, = HY

=9 i i3t siE&F ML (x/100)S 2u]sic).
CO_Ci %

= 1
S; A D

ei x%

&4 19 7]9% (ZOC, Zero-Out Contribution)=
gA XY E= viE&9Y viESTF AHHES 100%=2

7AAske] 4] ()2} 2ol A4k 4= Ik

Z0C,=S,x 100 @

~

& EF-=Y AN vAF o] YERt=
739 ZOCAHE-& 93t BFM & A] wl&3 28| &
xo et 2g AHEE ZOC7t Aolg BY 4 qltk
(Bae et al., 2016). & AL AL &k W3lgo] of
< 2 of BT £ Qs $3F 0] = (Tonnesen
and Dennis, 2000)2} A& 7]~—s} 2 w2 A7
3 52 13, T WEFS 50% AHste] 714
T BAte] o]-g5k3itt.

£ 28 PM, 92 FPE % FHe 7oz 84 501

3.2 I

3.1 7|¢2AL At

71 EA ] 3t A= H7F= NOAA (National
Oceanic and Atmospheric Administration)of| 4] A|-&-3}
£ MADIS #3228 £ o|&3t¢ith. 18 20 FHOA
oF A|e1g thaFo.= A} Qdolol Sl MADIS 249
ARE Z7HAoZ FHste o HF 2-m 2% 2
10-m Bofl gt AlAE W AHEEE AAeloc) &
sol 2714 A2 Ane wor exo] ¢ 2]

8 ATASRIE 097 o1, BAE 1°C ojatz B3
At e fofet mAE D], Be) B AR

AG7E 075 oV goR A Re

(59%) ) =LA} SHATE.

S ) 2.0 m/s

3.2 HIEE Hlw

9 32 & A7) ol8H & 550 e ¥
& HYE S99 30) 2 3H s=d (3
%] 3(b)) A el thste] Bl Holoh. LFEH 9| Azt

SR Anng, 39 49 USRS MICS-

Asia 20107} INTEX-B 2006 v}&% 22o] zjo|7}
2% WA= FAFSHA APE = oiqict. vhd, Atk
L MICS-Asia 20100] 40% 3A|, YFYol= INTEX-
B 20060 25% 24| AR atch. 2| =} (PMC, Coarse
Particulate Matter)®= INTEX-B 2006 vj&%o] 5% 3
A, primary PM, ;= MICS-Asia 2010 ¥j&3F0] 9% =2
A A et

FU =l 99 ¢ F4isE2 INTEX-B
20060] 7} 3 A wjE&FS AHASka 1o, CAPSS
20079] B¥]3] 190%, CAPSS 20109f |3} 410% =T}
WA 2AFSHE2 CAPSS 20070] 7HY 2 wi&3FS AHY
343 9lom], INTEX-B 20060] ]3] 7%, CAPSS 2010

of w|s} 40% =t} StmUo} T3 CAPSS 20070] 7}
2 lEde s, OE WEsd 55EY 70%
7bg Aok 2 A= CPASS 20100] 71 & vi&F
< AFA3}A, INTEX-B 2006¢] H]3} 20%, CAPSS
2007¢] H]3} 10% =t} Primary PM, = INTEX-B
20060] 7H 2 WiE&FE A5k, CAPSS 20079 H]
3 1.030%, CAPSS 20109 H]3} 330% A A= o]
Qlch. BHASHE T} primary PM, 5 B &3F0] Atz og
£ Aol& K&l o]f-= INTEX-B 2006 Wj&% 55|
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Fig. 2. Time series of observed and predicted 2-m temperatures and 10-m wind speeds in Northeast Asia.

Table 5. Performance statistics of the WRF simulation in this study for 2-m temperatures and 10-m wind speeds.

Variables Statistics Quarter 1 Quarter 2 Quarter 3 Quarter 4
Mean (observed) 4.8 18.7 242 10.0
Mean (predicted) 52 17.7 23.7 10.9
o R" 0.98 0.98 097 0.99
2-m Temperature (°C) 10A? 098 095 098 0.99
RMSE? 1.11 1.10 0.84 1.31
Bias 041 -0.79 —-048 097
Mean (observed) 34 33 30 34
Mean (predicted) 54 44 4.0 52
. R 0.83 0.77 0.75 0.9
10-m Wind Speed (m/s) I0A 053 0.66 0.65 0.65
RMSE 2.32 1.64 1.47 2.23
Bias 2.06 1.18 1.09 1.95

"R : Correlation coefficient
PTOA : Index of Agreement
YRMSE : Root Mean Square Error

CAPSSo| ulsf| Aetaeiddad] ujEdE A A4 20060] MICS-Asia 20100] H]8] Jojzoz o
3t7] fRoz wodc 2 Yae] 4 CAPSS & #WgE Btk Y7t ¥EAY Xjol: wi&F
olF7] o mEt F8 ujEUo] AR Aolshy] o
TorE ot 9l € S°1, INTEX-B 20069] 73-¢- A4 2H4ite
% INTEX-B  Hl&F9] 50%, AA| A2 wiE4o] 40% 7hgol

el A
AU IS )
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Fig. 3. Comparison of monthly SO,, NO,, NH, and PPM (Coarse and Fine) emissions for each emission inventory over
China and Seoul Metropolitan Area.
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SN wiEE, ST THsE0l ¥2 AE
o vjEFo] w2 S4& Edoh dEYote] dist
A= A dEYot viEFe] 50% 7HFo] ¥l BAREC]
ofsf wiE = o], HIZARE0] B2 3ol HiEFo| ¥F
SHAl ok S wiE el tid Et WA Aole &
A AFE HiE B4 o7t AholE HIRst LT
HjEdol dis) A= & F5=7F AEH307] HeEd
Ao Z "ot CAPSS 20109 9 AaAsHE 9
F8 HEd ol s Al diste] NIER (2014)¢]
AL SR A7 MEA A8F el wet Al Hie
Fol S7hshe 58S Elnh I8 3004 &+ 3=
Ae M2 o8 & S04 AR Fof 97w
%ol A EHUETHE ZAE A% WiEF 4R
A2 TG A AEE= Al wet AA 71
TAA olgste AEE wiEFe] @t + e
o}, o|2 Q8] HF EARsE EI W 4 Joke J
oltt.

3.3 ti7|& 7|2+ Eot

HAR] A =S 7HEst7] Aol =E A H9 BA|
7] E4% HEARE o|85lo] PM,, ZAFE=Y] A
A4S B7ISIATHE 6), PM,, BZARs = @A H7}
£ 93} Boylan and Russell (2006)7} A A3t FB (Frac-
tional Bias)@} FE (Fractional Error)®] &3 7]% (goal)
I} 47| & (criteria)S, Emery ef al. (2016)] AAH
Al A BR7|ET HAT|EE o] &5yt
(R 69 st %), H71E YA SMAL ZE AMS
SAREE FHH R AT AAE ARE AT
Aok ZAH7] SATIA Y A PM,, HS5F5EE
49 pg/m®, BARs == 7Hz} 54 pg/m’® (Case 1), 32.8 pg/
m?® (Case 2), 34.4 pg/m* (Case 3), 36.0 pg/m* (Case 4) 2
2 Case 19] 3% BEHAE 10% 7HF I BALSIH S
™, Case 2~Case 49| L Z+Z} 34%, 30%, 27% 24
AL T o] tiste] CAPSS Hil&% S55 ©]
83 A, WaY B2o Meo] B FE Aoe)
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Table 6. Performance statistics for the modeled PM,, concentrations spatially-averaged across all surface monitoring

sites inside the SMA.

Annual Case 1 Case 2 Case 3 Case 4
Mean (Observed) 494 494 494 494
Mean (Predicted) 54.0 328 344 36.0
R (24-hr) 0.75 0.81 0.77 0.77
FB (24-hr) 5 —46 —40 -36
FE (24-hr) 30 48 43 41
Unit: mean (pug/m’), FB (%), FE (%)

Boylan and Russell (2006) goals for 24-hr total PM: FB < +30%, FE <50%
Boylan and Russell (2006) criteria for 24-hr total PM: FB < £ 60%, FE<75%.
Emery et al.(2016) goals and criteria for 24-hr PM, s, Sulfate, and Ammonium: r>0.70, r>0.40.
Table 7. Statistics for PM,, and its component concentration at the Bulgwang super site in Seoul.
Case 1 Case 2 Case 3 Case 4
PM Mean 573 34.8 36.7 38.4
x( 52 3 ug/m’) R (24-hr) 0.62 0.77 0.75 0.73
~H8 NMB (24-hr) 14% -35% —31% —-27%
PMC? Mean 10.0 99 104 109
*(21.6 pg/m’) R (24-hr) 0.31 0.31 0.35 0.34
’ NMB (24-hr) —42% —41% -39% —-36%
PM Mean 48.5 25.7 26.8 279
% (327'55 /m?) R (24-hr) 0.64 0.76 0.73 0.72
~he NMB (24-hr) 49% -32% -27% -22%
Sulfat Mean 54 53 5.8 53
*‘(‘8 ? N ) R (24-hr) 0.60 0.60 0.63 0.67
me NMB (24-hr) —-9% —-20% —11% —-19%
Nitrat Mean 72 84 9.5 8.8
. ('Sr‘ge ) R (24-hr) 0.69 0.69 0.65 0.66
one NMB (24-hr) 23% 55% 88% 61%
A . Mean 43 4.6 52 4.7
. (“5“2"“‘/‘:;‘;) R (24-hr) 0.68 0.69 0.69 0.70
“SHe NMB (24-hr) 9% 12% 34% 21%
Elemental Mean 09 0.8 1.1 1.7
carbon R (24-hr) 0.49 0.53 0.57 0.56
*(1.6 ug/m’) NMB (24-hr) —-36% —40% —23% 22%
Organic Mean 43 23 2.1 2.7
Carbon R (24-hr) 0.55 0.60 0.56 0.57
* (4.0 pg/m’) NMB (24-hr) 20% -37% —449% —24%
Others? Mean 30.0 6.1 4.8 6.4
* (1§ 1 /m?) R (24-hr) 0.48 0.57 0.50 049
i NMB (24-hr) 189% —45% —54% -37%

Unit: mean ( pug/m®), NMB (%)

*=CQObserved mean value

"PMC=PM,,—PM, 5

20thers = PM, s — Sulfate — Nitrate — Ammonium — EC — OC

Emery et al.(2016) goals and criteria for 24-hr PM, 5, Sulfate, and Ammonium: NMB < + 10%, NMB < £ 30%;
24-hr Nitrate: NMB < £ 15%, NMB < + 65%; 24-hr Organic Carbon: NMB < +15%, NMB < + 50%;

24-hr Elemental Carbon: NMB < +£20%, NMB < +40%.
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Fig. 4. Simulated contribution of quarterly mean (a) PMC, (b) EC and (c) Others for each case over the Bulgwang moni-
toring site. Bars represent amount of precursor emissions.
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Fig. 5. Simulated contribution of quarterly mean (a) Sulfate, (b) Nitrate and (c) Ammonium for each case over the
Bulgwang monitoring site. Bars represent amount of precursor emissions.
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Table 8. Contribution correction factor of PM species in each case.

(a) PM coarse (b) PM others
Case 1 Case 2 Case 3 Case 4 Case 1 Case 2 Case 3 Case 4
Ql 1.7 2.1 20 19 Ql 0.5 22 3.1 2.5
Q2 2.7 2.8 2.7 2.5 Q2 0.5 2.8 32 2.5
Q3 2.3 1.8 1.8 1.6 Q3 0.5 2.1 22 1.6
Q4 2.1 19 1.8 1.8 Q4 0.3 1.6 19 13
(c) Sulfate (d) Nitrate
Case 1 Case 2 Case 3 Case 4 Case 1 Case 2 Case 3 Case 4
Q1 1.6 1.5 1.8 24 Q1 09 09 10 1.0
Q2 1.3 14 1.2 1.3 Q2 1.6 12 1.0 1.1
Q3 1.8 1.8 1.2 1.3 Q3 1.7 12 0.8 1.1
Q4 1.1 14 1.3 14 Q4 1.1 1.1 0.8 0.8
() Ammonium (f) EC
Case 1 Case 2 Case 3 Case 4 Case 1 Case 2 Case 3 Case 4
Ql 1.1 1.1 1.2 1.3 Q1 1.5 20 1.5 1.1
Q2 1.3 12 1.0 1.1 Q2 3.6 32 20 13
Q3 1.6 14 1.0 1.1 Q3 19 1.5 12 0.7
Q4 1.1 1.2 1.0 1.0 Q4 1.2 1.5 12 0.8
(g OC
Case 1 Case 2 Case 3 Case 4
Ql 0.9 1.6 1.9 1.5
Q2 14 2.3 22 1.7
Q3 1.0 1.7 1.8 13
Q4 0.7 1.5 1.9 1.3
3.5 7|0 HFA+ Mo IE 2ol i BAAG S JRAL FFS 25
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Fig. 7. Comparison of foreign and domestic relative contributions of (a) PM,, and (b) PM,; between base case (left) and

CCF case (right) during the simulation period.
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Table 1. Statistical parameters and description.

Statistical parameters Description Range Good value
1 n
Mean ﬁ(zpz) —®~® -
i=1
1 n
Bias ~Q R-0) — oo~ 0
L =
. . =1 (Pi=0;)
Normalized mean bias (NMB) — ) X100 —100~+100 0
Z[:1 (Oi)
=1[ (0, — 0) x (P, — P)]
Correlation coefficient (R) — — —1~+1 1
[z 00— 0p xz, -
T (P=0)°
Index of agreement (I0A) 1 &= = = 0~1 1
£ T, (P — Pl + P — O])?
n . — 0.2
Root mean square error (RMSE) M 0~ o 0
A n
1(¥™, (P —0;
Fractional bias (FB) — M x 100 — 100~ + 100 0
n\yn Fit0;
I 55—
Fractional error (FE) 0~ +100 0

1/ In, 1P -0,
= % x 100
™M\zn, =

P =Predicted concentrations
O =Observed concentrations
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