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Estimating Influence of Biogenic Volatile Organic Compounds on

High Ozone Concentrations over the Seoul Metropolitan Area
during Two Episodes in 2004 and 2007 June
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Abstract

Biogenic Volatile Organic Compound (BVOC) emissions are estimated with BEIS3.12 (Biogenic Emissions
Inventory System version 3.12) over the Seoul Metropolitan Area(SMA) and then used in CMAQ (Community
Multiscale Air Quality) simulations for two high ozone episodes in 2004 and 2007 June. The first- and second-order
sensitivity coefficients of ozone to BVOC emissions are estimated with High-order Decoupled Direct Method
(HDDM) simulation in order to estimate the influence of BV OC emissions on ozone using the Zero-Out Contribution
(ZOC) approach. ZOC analysis shows that relative contribution of BVOC emissions on daily maximum 1-hr ozone
is as high as 30% for high ozone days above 100 ppb. However simulated isoprene concentrations were over-esti-
mated by afactor of 2 when compared to the observations at the PAM S (Photochemical Air Monitoring Station) for
the 2007 episode. When assumed that actual BVOC emissions are 50% less than estimated, the ZOC of BVOC
emissions on daily maximum ozone drops by more than 10 ppb for the episode. The result indicates that uncertainty
in BVOC emissions may have significant impact on high ozone prediction in the SMA.

Key words : Biogenic volatile organic compound, Isoprene, Ozone, First- and second-order sensitivities, Uncer-
tainty
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Ui A el 3 BVOC vl =22 BEIS3(Biogenic
Emissions Inventory System version 3)1} MEGAN
(Model of Emissions of Gases and Aerosols from Na-
ture, Guenther et al., 2000) 5-& o]g3le] A" A}
#H 7 glemr (i.e, Lee et al., 2010; Cho et al., 2006),
Kim et al. (2009)¢l] wl== MEGAN3} BEIS3elA
A E BVOC v &k ule} x4 2& 2ARs

k=) 7] 373 813 %] A 27 W A 65
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W &4, 48 EE 71dRkE, 283 e 3 d
Akl A BAAS ARWA ol uhel WA
4> gl (Pouliot and Pierce, 2009; Kim et al., 2009;
Kim et al., 2008). =3+ A}AvjZee o3t B3z
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W Eebe] 9F wae] u]Ax i P Bahwe] o
3 A=xstgch 71" =AF Ale= HDDM (High-
order Decoupled Direct Method, Cohan et al., 2005)-&-
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Fig. 1. 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 Monitoring Stations (AMS) and Photoche-
mical Air Monitoring Stations (PAMS) respectively.
Five AMS (filled circle) are used to compare the
influence of BVOC emissions on ozone at the dif-
ferent locations. Simulations for the coarse resolu-
tion domains provide boundary condition for the
3-km domain.
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RgA o] dsjME AAEEE =XTE ABE
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Research Center, Version 99; Carter, 1999)-2 o]-4-3}
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CMAQ (Community Multiscale Air Quality; Byun and
Schere, 2006; Byun and Ching, 1999) Version 4.5=
ol g-3keih. 3H3 vAYF-S SAPRCOOS ol g5},
5ol Fsh 2L $1314E PPM (Piecewise
Parabolic Method)>} Eddy schemes ©]-8-3}¢t}. of
oz wAsEE pEd 99 3 54
=} (Photochemical Air Monitoring Station, PAMS) =}
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Fig. 2. Domain-wide hourly isoprene emission rates, temperature and solar radiation during (a) June 2~ 10, 2004, and
(b) June 10~ 19, 2007.

(a) 2004 (b) 2007
0004 58 . —_— 0004 &1
0.003 0,003
0.002 I 0.002
0.001 0,001
0.000 2 .
ppmV L 1 66 ppomt\l?o 1
June 12004 11:00:00 June 8,2007 11:00:00
Min= 0.000 at (1.7). Max- 0.003 at (48,28) Min= 0,000 at (1.23), Max= 0.008 at (53.59)

Fig. 3. Episode average daytime (11~19 KST) isoprene concentration for (a) June 15t~ 10%", 2004, and (b) June
10"~ 19, 2007.
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Fig. 4. Hourly isoprene concentrations at the PAMS during June 2~ 9, 2004. Dot represents observed concentration.
Solid and dashed lines show modeled concentrations on the cell, and 3 x 3 cell average, respectively. Parenth-
esis represents land use type for each observation site according to Lee et al. (2007).
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Fig. 6. Box-whisker plots of observed and simulated isoprene at the PAMS during the period of (a) June 2~ 10, 2004
and (b) June 10~ 19, 2007. Observations at Guwol and Bulkwang for 2007 are not shown due to large numbers
of missing data.
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Table 1. Statistics for isoprene concentrations at PAMS; (a) 2004, and (b) 2007.
Rural Commercial Residential
(a) 2004 - :
Suckmo Pocheon Gwangju Simgok Guwol Bulkwang Y angpyeong
Mean Obs 0.48 1.19 0.44 0.25 0.16 0.45 0.35
Mean Mod 0.10 054 0.42 0.25 0.14 0.42 0.51
NMB -0.78 -0.52 -0.01 0.06 -0.11 0.16 0.51
NME 1.01 0.87 0.72 0.74 0.76 0.96 0.94
RMSE 0.88 1.74 0.57 0.24 0.16 0.49 0.48
R? 0.0100 0.2660 0.2726 0.2803 0.2918 0.4005 0.3680
10A 0.4113 0.5314 0.6835 0.6993 0.7344 0.7521 0.7449
Rural Commercial Residential
(b) 2007 - -
Suckmo Pocheon Gwangju Simgok Guwol Bulkwang Y angpyeong
Mean Obs 0.70 0.39 0.20 0.15 - - 0.29
Mean Mod 0.17 0.88 0.70 0.33 0.34 0.45 0.57
NMB -0.76 131 261 127 - - 0.99
NME 0.98 159 2.87 1.64 - - 1.35
RMSE 111 0.93 0.74 0.37 - - 0.55
R? 0.0126 0.0219 0.2230 0.0124 - - 0.2448
10A 0.4072 0.2758 0.4327 0.3550 - - 0.6180
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Fig. 16. Changes in daily maximum 1-hr ozone concentrations estimated after biogenic emissions reductions.
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