F=d 7|27 s A A 274 A 5%

J. KOSAE Val. 27, No.5(2011) pp.580~ 602

Journal of Korean Society for Atmospheric Environment
DOI: http://dx.doi.org/10.5572/K OSAE.2011.27.5.580

20074 6 TEH E
SAPRC99 3}stEH Z|dt
Ozone Simulations over the Seoul Metropolitan Area for a 2007

June Episode, Part I: Evaluating Volatile Organic Compounds
Emissions Speciated for the SAPRC99 Chemical Mechanism

obFulsta B

(20114 7Y 6% A 4, 2011

o
¢}
e
N
1o
4
oX
N
o
=
[
L
(o)
e
(o)
e
B
=2

Soontae Kim*
Division of Environmental, Civil & Transportation Engineering,
Ajou University, Suwon, Korea

(Received 6 July 2011, revised 2 August 2011, accepted 9 September 2011)

Abstract

Volatile organic compound (VOC) emissions in the 2007 CAPSS(Clean Air Protection Supporting System) emis-
sions inventory are chemically speciated for the SAPRC99 (Statewide Air Pollution Research Center 99) mechanism,
following the Source Classification Code (SCC) matching method to borrow the U.S.EPA’s chemical speciation
profiles. CMAQ simulations with High-order Direct Decoupled Method (HDDM) are in turn applied to evaluate
uncertainty in the method by comparing the simulated model VOC species to the observations in the Seoul Metro-
politan Area(SMA) for a 2007 June episode.

Simulations under-predicted ALK 1 to ALK4 in SAPRC99 by a factor of 2 to 5 and over-predicted ALK5 by a
factor of 7.5 while ARO1, ARO2, OLE1, and ethylene (ETH) are comparable to the observations, showing relative
difference by 10 to 30%. OLE2 emissions are roughly 4 times overestimated. Emission rates for individual VOC
model species are revised referring to the ratio of simulated to observed concentrations. Impact of the VOC emission
changes on the overall ozone prediction was insignificant for the days of which 1-hr maximum ozone are lower
than 100 ppb. However, simulations showed ozone difference by 5 to 10 ppb when high ozone above 120 ppb was
observed in the vicinity of Seoul. This result suggests that evaluations on individual model VOC emissions be neces
sary to lead ozone control plans to the right direction. Moreover, the simulated ratios of ARO1 and ARO2 to NO,
are roughly 50% lower than the observed ones, which imply that adjustment in NO, and VOC emission rates may
be required to mimic the real VOC/NO, condition over the area.
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Fig. 1. WRF (dashed box) and CMAQ (solid box) modeling
domains at a horizontal resolution of 27 km, 9 km,
and 3 km, respectively. Dots and open boxes in the
fine resolution domain represent Air quality Moni-
toring Stations (AMS) and Photochemical Air Moni-
toring Stations (PAMS).
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Fig. 2. Surface weather map for June 18 (top) and June
19 (bottom), 2007 at 15 KST.
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Table 1. WRF configurations and modeling domains.
(a) WRF configurations

Physical parameterizations Scheme
Short-wave radiation option  Goddard shortwave radiation
Long-wave radiation option ~ RRTM scheme

Unified NOAH land-surface model
Kain-fritsch (new Eta) scheme
WSM 3-class simpleice scheme

Y SU scheme

Land-surface option
Cumulus option
Microphysics option
Boundary-layer option

(b) WRF modeling domains

. Horizontal resolution
Domains

27km 9km 3km
P-alpha 30
Map projection  P-beta 60
(Lambert P-gamma 126
conformal conic) X-cent 126
Y-cent 38
Easting (-2403, 2511) (-261,513) (33, 189)
Range(km)  \orthing (~1971, 1917) (~612, 189) (~165, %3)
Easting 181 79 79
Number of cells - \orining 143 9% 79

o]z AHH x| o] La}= (http://egis.me.go.kr/egis/
home/info/m02_DB_a2.asp) & A}-&-3}9i ).
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mujgle]eh. WRF AL A] o] 88 B34 58 &
1o A AskAE WRF 24} A 32 MCIP (Meteoro-
logy-Chemistry Interface Processor) version 3.62 o]
g3t 7144 AR E Fulsigon, o8 o&
s Wz A 9 B3ksh malel ol g3ksieh 714
FARZ|Z- 2007 649 14 ~209 2 df7]d ®AP]
7ol o] 9 (64 1~9%)& spin-up 7|7te® o] &
ahsieh. 714 mAR RS 78] 10 mal whe} o)
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Fig. 3. Observed and simulated 10-m wind speed at (a) Seoul, (b) Incheon, and (c) Suwon.
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Fig. 4. Observed and simulated 10-m wind direction at (a) Seoul, (b) Incheon, and (c) Suwon.
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Table 2. Summarized statistics for 10-m wind speed and
2-m temperature.

Seoul Incheon Suwon

Mean observation 2459 2275 2354
Mean prediction 2314 2202 20.86

Temperature  Mean bias -145 -072 -268
(°C) Gross error 1.85 1.99 2.87
RMSE 2.45 2.67 3.47

10A 0.8996 0.8688 0.8687

Mean observation 2.33 2.06 1.90
Mean prediction 2.80 2.90 2.75

Windspeed  Mean bias 0.48 0.85 0.85
(m/s) Gross error 0.92 1.36 1.26
RMSE 116 1.72 152

I0A 0.7620 0.5385 0.7074

Wind direction RMSE 575 73.6 70.9
(degree) I0A 0.9187 0.8605 0.8767

Table 3. CMAQ configurations and modeling domains.
(@) CMAQ configurations

Description

CMAQ
Chemical mechanism
Boundary condition

Version 4.5 w/HDDM implemented
SAPRC99
Default profile for the 27-km domain

Advection scheme PPM
Horizontal diffusion Multiscale
Vertical diffusion Eddy
Cloud scheme RADM

(b) CMAQ modeling domains

Horizontal resolution

Domains
27km 9km 3km
Map projection
(Lambert The same with WRF

conformal conic)

Easiing (-2349, 2376) (~180,432) (0,177)
Range(km)  \orthing (~1728, 1755) (~585, 162) (~135, 51)
Easting 174 67 58
Number of IS\ ihing 128 82 61

A EAbE 3] W s stel Fag e
o, j#=ke A$, 23 AR ASE 2702 Az oE
Wte ko] wah ®zk=E vepidh

= g gk dst pel @ e sk o
<3t 7ol A (4ol 23 Aakd 4= Qo

1
Cip=CotAg q‘l)+EAgj2§ff)+ 4

T 71832 A 27 A A 55

A @A S A A e 23 gk
AgPol 93] gkel WeksA) ol MAkE s ol
271l wet 1 Fews) A es Sk 1
o}

o 4 239e) ZOCE A @el T 2314
o WEeE wF AT A9 Ae=—1o] He ol
A @l Nsted el stel A (5)s) rel vepd 4
oleh. oju) Ae=—1% ThAF o3 e whZake] 100%
AR A% ulstnz T eqee] 7l ns 4
ERIECE

_cw_1lco

¥ AFelM= CMAQ BAMA S} 48 F3f =AL
5 VOC s=9} I=%xF vlwsly VOC 3}1ah34
WEske] 4 Hels Aoz 7 Este], HDDM
BALE Ba wiEHS A, ol% W 2gdew TR

3 4 eggezyeEel B7] F VOC s ]

A= oJaFE AlsHke) wat, ZOC ARy el 7=
ate] F=H A A VOCFHRE oF A4 n|
A= ogFe AME3Ela, VOC wiZe B3two] upe
$Z dEExe] Wil AxE Hrislgcoh

A ske) vl mE S15ted Fahat el A B
Z5 & 5559 VOCE & d7ellA] ]85 SAPRC99
shat w7 Zel] e mHl VOCEo = A -5t
BAP=xo] HE o]&slydt}. A CMAQ Version
4.50] wj£F+= SAPRC999] 7-$ w|&=+:= VOCE
30 7fe] sstgow FRE, B AFME o4
LA wiE= = F2 VOC #3tErte wejslr] ¢
3} ALK1~5(Alkenes) 5%, OLE1~ 2 (Olefins) 2%,
ARO1~ 2 (Aromatics) 2%, HCHO (Formaldehyde),
g3 ETH (Ethylene) 5 11%& HAlo = sl
ISOP (Isoprene)2] 73-¢- @ EAJAle] =23 VOC %
o7& 3ht, F2 &4 F AAA wiEHE vl
A$H VOC i Ege] 3ets Eiol 24E 5t

ol

S
A7) BAee 28] gtk A&
ek %ol wigk odsk W AbgE wiESke] ¥ =
ZAEE B =79 Zul=¥(Song and Kim, 2011)-2-
w3 4 glth. HCHO =3t %3}t =Aalgel| =
e AdAE dov, =Y A 2FE YA
293 VOC=ZA] (Hwang €t al., 2006) 1 <338k 3+

7 A

=3l9e).



2007d 64 x4 <&

3. 7% o n

3.1 VOC EAlsE

9 5o £xd AHe B3EEAL F ©
A el A st} AHH oz w2 VOC #3555
Hol= 74, A, B4, 2|3 #F Al dis)
AP)zkel 69 49~2097k4] A=E A VOCEE
WS SAPRCO9 mALEH 2 RF3dle] A
dlatsinh AWEe AEH = Aol Mol tolu-
ene, mp-xylene, ethylene 5 2 VOCEFEe°] t2
@Eoﬂ s Ao s ¥ ASEE fARE
2 39 68 £ vl AAY 72

o g

= -
= R R g

CRECRIEDEL
S EEEIEER

2 6(a)ol] A A" ALK1e] 7 SAPRCY9 3}3}
el olsk(Ethang & 9w HAEE T
Y 4 glov), RE F4aelA HagrEw 9l
ALK2:= =23} (Propane), ol4 "l (Acetylene)
s dxsir, BE SA oA HSFxel w3 7
3] thehta 9IeH (s 6(b) 2
z). =4 Aol ALK2¢} F=lgl VOCe =4
55 A EH propaned FA, 74, 2el|A 3~4
ppb W2l 2 =41 gtk ALK13} ALK27} 3445
7FEE ol % 3ht=E Hanetal. (2006)2 =4 5
7k s xEke] propane FAH] 7} 90.9%= B 11E)
Qort ] $ARe LPG Aeke] oY mevde
Az g2 ALK32} ALK4e] 77 26% A= vt
3= wba, ALK13} ALK26 = ZH2t 1%, 3% A =2
Fehar o)} = butaneoli} ethane o] &
EA]7k (Han et al., 2006) AH8-3 A= wjEFo]
20071 CAPSS ul&wf E-5o £dHA] 7] w&

N

ERA -4 SHARE o $ SAPRCO I 0447154 w3

% Je¥As 97 587

o7 FA =}l ALK3E iso-butane, n-butane 502
72399, 23 6ol 1wl AXY A wxe] A
$ Az Qs Qe 79, BRAME YAt %
AP AN w3 FRel e 20 o)
43718 3 ek ALK3 2Abs o] digh 210
zoCg wdl 793 ¥4 A% AP FeH)
Qo b 9ol vls) Ao ¥ Aoz
AR o)) Wl 23] A¢ AT Hed
o] ejgo] T, RAe] nls) vk, o] 9] w22
B 2 G2 b Bzpsel w1 WA 2t
Aoz ®Helg

1%‘ 52 ¥ ALK4e] =+

O

A X

o

ﬂ

tane, n-pentane, n-hexane 5-
A= isopentane =7} ¥
A= n-hexaned] #=%x71 1.5 ppb A= =2 isopen-
tanesl] W]l A thehdeh ALK4S] mARsE: o)
P2o] 2 A HagrE 1 Qo 55, 3
F % 23 24z 2~4d sl WA mARE D
Sieh. a3, ALK3¢l: tha s e eiqle) wo]
I I Tgezs o] Fedde did ] 2
o7 wAlE 1 glth

ALK5:= ALK1~ALK4e] n]s] OH uF-&-A]o]
£ VOC 3}stx0 = (Carter, 1999), t}2 EAz= o
E?ﬂ R2E A% 5uf o)A g rteta olvh 2

H 65 21 A Hegsdel o3 3] 27
‘JrE‘r‘JrJ_ el ol AMAs] fEiME o Hed
o) wiE=F f olell HFt ek TR A=A}

g g &}c} 20079 wiEEF AmelA 7P =2 VOC
&S 2Bk Sle FEe] f714A A e
oz n A zaade diEe e, A
g F718A wEel HEMe ZE fETFel
ALK5Z FEEF 3 glor, o]z <qls] ALKS57} df
BhHe Aoz fekdeh a9 SelA Felo] w7
F=5 = ALKS E}ﬂé—"— g1}, methyl cyclohexane,
n-octane 5-o] A, 74 5 AN AHHo=
E7 vebdd

ARO13} ARQO2°] F2 FAEAL 7Z+7} toluene
3 mpxylenee] 7ba A vehde, 37, 23 54
A 7Pt FeA Helg(Zd 6(f)$‘r ()R
718719 FR7F AR L A=A A W)
Zgko] Ae 1] 3AH Zzaddrl= 3

% A =7}
AROle 2, 8% A =7} ARO22 1%+ Hbd, Han

e

rir

m

i

J. KOSAE Vol. 27, No. 5(2011)



588

(zouw)suezueqifieip-d
(zoyv)auszueqifiperp-w
(zoyw)ouszuaqfypowin-¢'z'
(zoyv)suszusqiiypownn-4'z'L
(zoyv)ouonjoilfe-o
(zouv)euszusgifipawnn-g'c'}

: = S gy [zOYY)euanjoyfye-d

(zowy)euanjoyfuyie-w
(zouv)suajfx-o
(zouv)euafx-d'w

o 4p(LOYY), puazuag

~a) (LOYY)ouszuag fdosd-u
(LOYY)euszuag)idosdos)
(Louv)euszusgifpe

(Louy)

- el (z370)0uRIMs
(za1oleunuad-z-s12
(z310)eusjuad-z-sues
(za10)eumng-z-s12
(z370)euaing-z-suen
(1310)eunxay-|
(1370)eusiued-|
(1310)eumng-|
(13710)euejfdosd
(H13leusiiipe

(53 Tv)ouesapun-u
($¥Tv)auessp-u

(g3 v)oueuou-u

(g3 Ty)auejao-u

(53T )eusuadifiawin-p's'z
(g3 Tv)euexayoafajfyaw

o (5T jouexayfyiour-g

(s Tvlsusiuadifiyiawip-£'z
(syTwleuexayfujaurg
(s¥Tv)euexayojafa
(pyiTwleusuad fiawi-p'2'z
(P )oueiuadifyiowp-v'z
(#)Tv)eueiuadojakafiyiaw
(pyTv)ouexay-u
(pyiw)eueiuadfyaw-¢
(P¥Tv)eumuadifiyiourg

& (exv)ouringfpownp-z'z
(exTv)eueing-u

(exTv]eurinqos)

4} _«g._dme._e_.bwmu

T T T T T T T T Ty [T T T T T
LoverDinesd oyt Dot Sty Jhe R S I =) L2t
I T .....wm =)
FrnBinss < e . L= Fovs g
[ TS I B il A G [
LD m ERTNS 3 M- _r nw Sy i
. A ] it : » | b~
...... B s e o kiid
serdisansienisr i senst o R L -
LN ot (o (i L
I TR HOC SN TR R et R L
f iasnds . -
||||||||||||||||| ee—- | - | — ET— —
R R RO e} ; L
R e @+ L
ik + | L
L ] F. -
N G 8 L
I | L
o L
o i 1 JO r
& - F . F
vty -k .
EREE | T v
bodondode  } L
) F -
L b L
[ I
e L
coo-Ep | L
Cele L bbb b e g (GM WU DY U
R S G I : ;
g b L
<« I
. B r
: celm o F -
: Riin G L
NS [
L P L -
i PR t L
! O S L
;. o-+ome | L
= N F
R 1] F
FHTIN SO W . S i
Wi ] e — e F
: = L I L
. R, 1 [ L - r
S e e Y . S (S -
it _O_Jﬂﬂu._r.ta RO o T TR B v o0 i
2 ® BN ©OWTMNTO 2B ®~OWBTMHONTO QO

(gdd) uonesnuasuon

(qdd) uonenussuon

(qdd) uonesjuasuon

(qdd) uonenuasuon

Fig. 5. Box-whisker plots of measured VOC concentrations at (a) Guwol, (b) Bucheon, (c) Bulkwang, (d) Gwangju during

the modeling period. VOC species are arranged for SAPRC99 model species in parenthesis. A factor of 0.3 is

applied to convert benzene to ARO1 (Carter, 1999).

2] 7|84 3R] A 27A A 55



20074 69 S5 0ERA |- RAGEHARE ol §8 SAPRCOO H858 N4 47124 2 Y9 %7 589

=S Area (a) ALK1
4 | | m—Point
—— Mobile
O OBS o
3 < Model ! 1

Contribution & ZOC (ppb)

i
I
¥
I
Jo

o o . (b) ALK2 |

Contribution & ZOC (ppb)
o - (4] W £ (4] -] ~

-
o

(c) ALK3

Contribution & ZOC (ppb)

o (d) ALK4 |

Contribution & ZOC (ppb)

-0

L)
L

(e) ALK5

(=]
(=]
T

-
w0
T

Contribution & ZOC (ppb)
2
T

7

N A S L

Suckmo Guwol Bucheon Bulkwang Gwangju Yangpyoung Pocheon

(=]

Fig. 6. Measured and simulated VOC concentrations for SAPRC99 model species at the photochemical air monitoring
stations during the modeling period; (a) ALK1, (b) ALK2, (c) ALK3, (d) ALK4, (e) ALKS5, (f) ARO1, (g) ARO2, (h)
OLEH1, (i) OLE2, and (j) ETH. ZOCs of area, point, and mobile sources area presented with stacked bars.

J. KOSAE Vol. 27, No. 5(2011)



590

o,
SN
Eu)

14

p— === Area f) ARO1
2 12y = Point ( ) 1
2 0l == Mobile 4
8 O oBS o
g 81 < Model e— ; 7
S &b ; k|
% 4F O k|
s \ N o
o 2k prikid < ey £

" =GO S NN .

5
= o (g9) ARO2
[ 4 4
[
2 af : i 1
5 Q o
S 5 i
\ BB .

0 r\—t@ﬂ oy L\\ \‘] e

1.0

(h) OLE1

. Ct;nﬂ'ibugun&:OC [pgb)
e 1 EE ¢
o+
7__E
7
o
Z ©0
] -
<D

0.8
_ L (i) OLE2
g 0.8l el ]
o <
2 o
‘g 0.4 ]
2
£ 0.2} 2 s |
S — ]

0.0 —O— N 1 [_8_“ 83—

(J)ETH j

Contribution & ZOC (ppb)
~N w - (5] (-] ~

L I S

Suckmo Guwol Bucheon Bulkwang Gwangju Yangpyoung Pocheon

‘A -

Fig. 6. Continued.

2] 7|84 3R] A 27A A 55



20074 69 x4 &

Z2A} |- 3335225 o] 43 SAPRCI9 313H5 3 UA 57184 vl &

% s 97 501

Table 4. Ratios" of modeled and observed volatile organic compound concentrations at the selected PAMS during the

modeling period.

Suckmo Pocheon  Gwangju Guwol Bulkwang Bucheon Y angpyoung Ave? Rg/éti?g
ALK1 0.3 0.2 0.4 0.3 0.2 0.5 0.3 0.3 33
ALk2 0.3 0.3 0.1 0.2 0.1 0.2 0.1 0.2 5.0
ALK3 0.7 31 0.3 0.7 0.2 0.7 0.6 05 20
ALK4 0.5 0.7 0.2 0.7 0.4 0.8 0.3 0.6 17
ALK5 - - 38 9 5 84 6.1 75 0.1
ETH - 13 4 14 0.8 1.9 19 13 0.8
OLE1 - 0.8 0.5 0.9 0.7 0.9 11 0.8 13
OLE2 - - 0.2 18 45 4 34 0.3
ARO1 0.4 0.6 0.3 13 0.5 11 05 0.9 11
ARO2 - - 0.4 0.8 0.6 1 0.5 0.8 13

YRatios are estimated using the median values of observed and modeled concentrations.
20bservations at Guwol, Bucheon, and Bul kwang are used to caculate the average.

etal. (2006) w2 W HE=A FHUES] S
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Fig. 10. Ozone (left) and ozone difference (Base-Revised; right) between simulations with Base and Revised VOC emis-
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Fig. 12. Observed and simulated ratios of NO, to ARO1 at (a) Bulkwang and (b) Bucheon during the modeling period.
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