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Abstract

In this paper, we use the HDDM (High-order Decoupled Direct Method)-driven ozone sensitivity to predict change
in 0zone concentrations in response to domain-wide NO, (Oxides of Nitrogen) and VOC (Volatile Organic Com-
pound) emission controls over the Seoul Metropolitan Area during June 11~ 19, 2007. In order to validate the
applicability of HDDM to NO, and VOC control scenarios, the HDDM results are compared to Brute Force Method
(BFM). For VOC controls, NME (Normalized Mean Error) between BFM and HDDM remains less than 2% until
the domain-wide VOC emissions are reduced by 80%. The NME for a 40% reduction in the domain-wide NO,
emissions is less than 5% but increases abruptly after further reductions in the NO, emissions(i.e., 80% reduction).
The results indicates that it may be inaccurate to use ozone sensitivity coefficients estimated at a given base emission
condition in predicting ozone after NO, reductions larger than ~50% of the domain total in the SMA. Therefore,
HDDM application on piecewise emissions is desirable to predict ozone response to emission controls with accuracy
(i.e., truck emissions rather than the domain total). For computational efficiency, HDDM shows approximately 30%
faster than the BFM sensitivity approach.

Key words: VOC and NO, emissions, Control strategy, Ozone response, Brute force method, High-order decoupled
direct method
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VOC (Volatile Organic Compounds) 5 A& uj
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Matrix Operation Kernel Emissions; Benjey et al., 2001)
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2] 7% 2006¥ INTEX-B (2006 the International
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Table 1. WRF and CMAQ configurations used in this study.
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Meteorology Physical parameterizations Options
Short-wave radiation Goddard shortwave radiation
Long-wave radiation RRTM scheme
WRF Land-surface option Unified NOAH land-surface model
Version 3.2 Cumulus option Kain-fritsch (new Eta) scheme
Microphysics option WSM 3-class simpleice scheme
Boundary-layer option Y SU scheme
Air quality Modules Options
Chemical mechanism SAPRC99
Chemical solver EBI
Aerosol module AERO5
Boundary condition Default profile for the 27-km domain
CMAQ Advection scheme YAMO
Version4.7.1 Horizontal diffusion Multiscale
Vertical diffusion Eddy
Cloud scheme RADM
Anthropogenic emissions 2006 INTEX-B and 2007 CAPSS
Biogenic emissions MEGAN
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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 in the 3-km resolved
domain represent Air quality Monitoring Stations
(AMS) used to evaluate model performance. AMS
selected to plot ozone isopleths are depicted in
the 3-km domain. Regions A, B, C, and D are pre-
pared to compare HDDM and BFM results for emis-
sion control scenarios.

4 28-S A 3lgd T} (Cohan et al., 2005).
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Fig. 2. Hourly ozone, NO,, NO and NO, over the SMA during the modeling period. Observations at 96 AMS inside the
SMA are compared to the simulation. Dots are observed 1-hr concentrations, and grey area shows the
simulated range. Thick and thin line represents observed and simulated average, respectively.
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Fig. 3. Scatter diagram of hourly ozone and NO, during the modeling period. Observations at 96 AMS inside the SMA

are compared to the simulation.
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Fig. 4. Daily maximum 1-hr ozone over the Seoul Metropolitan Area for (a) June 18 and (b) June 19, 2007. Diamond
symbol and color represent the location of AMS and observed ozone.
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Fig. 6. Ozone response surfaces to domain-wide NO, and VOC emissions for June 18, 2007. A cell in which the highest
daytime (10~ 17KST) 1-hr ozone is observed for the day is selected for each region. Center circle represents
ozone concentration predicted with base emissions.
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Fig. 8. Episode average ozone predictions with base emissions and after reductions in domain-wide NO, emissions by
10%, 20%, 40%, and 80%. Regions A, B, C and D are depicted in Fig. 1. Ozone for each region is averaged for
the hour when ozone predicted with base emissions is above 60 ppb. MNE and MNB are calculated with
Equations 4 and 5.
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Fig. 10. Episode average ozone predictions after domain-wide NO, (left) and VOC (right) reductions by 40%. Ozone
with BFM (top) and HDDM (middle) are compared. Ozone is averaged for the hour when ozone predicted with
base emissions is above 60 ppb.
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Table 2. Average CPU time per a simulation day for different methods to estimate ozone response to emission change.

) Sensitivity method Emissions method
CPU time? (sec) _—

HDDM BFM BFM

Base simulation (T,) 523 523 523

5 sensitivity parameters® 2,901 (=T,x5)° 4,184 (T, x 8) -

Total 3,424 4,707 -

5 sensitivity results 3,424 4,707 3,138(=T,Xx 6)

10 sensitivity results 3,424 4,707 5,753

25 sensitivity results 3,424 4,707 13,598

IMPI run (4 x 2) with eight 2.92 GHz processors
?Five sensitivity parameters: §V, S®, §@, §@, and §@
3 Estimated using Equation 6
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Appendix

BFME o83 o2 ulzt= A5 A olelst
Zo| FAAEE ol gstel thehd 4 e} (Tang et
al., 2011; Environ, 2008).
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