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Abstract

The performance of a modeling system consisting of WRF model v3.3 and CMAQ model v4.7.1 for forecasting
PM,  concentrations were evaluated during the period May 2012 through December 2014. Twenty-four hour aver-
ages of PM, 5 and its major components obtained through filter sampling at the Bulgwang intensive measurement
station were used for comparison. The mean predicted PM, 5 concentration over the entire period was 68% of the
mean measured value. Predicted concentrations for major components were underestimated except for NO; . The
model performance for PM, s generally tended to degrade with increasing the concentration level. However, the
mean fractional bias (MFB) for high concentration above the 80" percentile fell within the criteria, the level of
accuracy acceptable for standard model applications. Among three bias correction methods, the ratio adjustment
was generally most effective in improving the performance. Albeit for limited test conditions, this analysis demon-
strated that the effects of bias correction were larger when using the data with a larger bias of predicted values from
measurement values.
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WRF (Weather Research and Forecast) v3.3 (Skama-
rock and Klemp, 2008), SMOKE (Sparse Matrix Opera-
tor Kernel Emissions Processor) v2.1 (http://www.
smoke-model.org), 18|31 CMAQ (Community Multi-
scale Air Quality) 223 A|AH v4.7.1 (Byun and
Schere, 2006)S ©]-&3}o] 2012¢ 59FE 20144 12
A7HA] o 37t PM,s =5 9535t WRFS| =
713k 2.2 GFS (Global Forecasting System) A2 & ©]
43ttt WRF 22 A3t2 2] MCIP (Meteorology-
Chemistry Interface Processor)< ©]|-&3}o] vjE&AI&
A2let di71d mdgo] datt AwE x5t

E 12 CMAQ ©o]-& 2ot} A9 HiESA=2E,
FEoFA oo tidfA= 2006 INTEX-B (Interconti-
nental Chemical Transport Experiment-Phase B) A&
£ (Zhang et al., 2009), Sttt disjA= 2007¢
CAPSS (Clean Air Policy Support System) A2E
(http://airemiss.nier.go kr) ©]-83}% 21, SMOKEE ©]
goto] AAp AR E Asich AEIFY WEAR
2+ MEGAN (Model of Emissions of Gases and Aero-
sols from Nature) v2.04 (Guenther et al., 2006)2 ©]-&
steith 19 18 CMAQY] A% BHo . $RUF
A2 270 247 27,9, 3kmgich. A gFo 2L A
Int FRE 0|83t 1, 50kPaztA] 15F0]%eH 7}t
A obl39] ol of 32mgick. mdy Alxge) o
8 715 A S/ G CMAQIIHE
2578 o183 A2 B3 AmstA Rk

Table 1. CMAQ modeling system configurations.®

Chemical mechanism SAPRC99
Chemical solver EBI

Aerosol module AEROS

Boundary condition Default profile for the 27-km domain
Advection scheme YAMO

Horizontal diffusion Multiscale

Vertical diffusion Eddy
Cloud scheme RADM

*SAPRC, Statewide Air Pollution Research Center; EBI, Euler backward
iterative; AEROS, the fifth-generation modal CMAQ aerosol model;
YAMO, Yamartino advection; RADM, Regional Acid Deposition Model.
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Fig. 1. Modeling domain consisting of three grids with horizontal resolutions of 27, 9, and 3 km. Location of the Bul-
gwang intensive measurement station is shown on the finest grid.
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Table 2. Model performance for PM,;.
Measured (pug/m’)* Predicted (ug/m’)* MFB R Slope Relative intercept
Overall 27.3 18.5 -042 0.69 0.56 0.17
(a) By concentration range (percentile)
<20" 9.9 8.2 -0.32 0.30 0.74 0.11
20"~40™" 16.3 119 —-0.40 0.18 0.65 0.11
40"~60" 23.0 16.8 -0.39 0.37 144 -0.97
60"~80" 32.1 21.6 -048 0.32 0.99 -048
> 80" 552 34.1 -0.51 0.37 0.44 0.29
(b) By chemical components
NO,” 445 5.31 043 0.65 0.65 045
Nohs 6.45 3.60 -0.56 0.61 0.40 0.28
NH,* 3.36 2.96 -0.12 0.66 0.62 0.30
Na* 0.15 0.02 —148 0.36 0.13 0.17
Cr 0.19 0.18 -0.22 0.15 0.16 0.83
oC 4.89 2.11 -0.79 0.56 0.28 0.35
EC 1.77 0.74 -0.77 0.46 0.18 0.56
Other® 6.04 3.61 -0.34 0.35 0.19 0.69

"Mean concentration.
"The lower limit is exclusive while the upper limit is inclusive.
“The remainder of PM, 5 excluding the components listed above.
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Fig. 2. Mean fractional biases (MFBs) for PM,; and major
components. Solid lines denote upper and lower
limits of the performance criteria, and dotted lines
denote those of the performance goals. In (a),
MFBs are shown by concentration ranges, <20"
percentle, 20"~40" percentle, and so on, from the
left along with overall mean.
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Table 3. Effects of the bias correction on the model performance for PM, .

Method Measured (ug/m”) Predicted (ug/m®) MFB R Slope Relative intercept
None 273 18.5 -042 0.68 0.56 0.18
Mean subtraction 273 273 0.08 0.68 0.56 0.44
Ratio adjustment 273 273 —0.06 0.68 0.82 0.18
Best-fit line fitting 273 273 —-0.24 0.68 1.00 0.00
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Fig. 3. Mean fractional biases (MFBs) for PM,; and major
components with ratio-adjusted bias corrections.
Symbols and lines used are the same as in Fig. 2.
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Table 4. Effects of the bias correction by ratio adjustment on the model performance for PM,;.

Year Measured (ug/m’) Data used Predicted (ug/m’) MFB R Slope Relative intercept
233 None 152 —-043 0.55 0.40 0.39
233 Same year 233 -0.03 0.55 0.61 0.39
2012 233 2013 243 001 0.55 0.64 0.39
233 2014 204 -0.15 0.55 0.54 0.39
233 2013,2014 220 -0.08 0.55 0.58 0.39
29.6 None 18.5 -0.46 0.62 0.37 0.40
29.6 Same year 29.6 -0.01 0.62 0.60 0.40
2013 29.6 2012 284 -0.06 0.62 0.57 0.40
29.6 2014 249 -0.18 0.62 0.50 0.40
29.6 2012,2014 262 -0.13 0.62 0.53 0.40
28.8 None 214 -0.39 0.78 0.78 -0.05
28.8 Same year 28.8 —0.11 0.78 1.05 -0.05
2014 28.8 2012 328 001 0.78 1.19 —0.05
28.8 2013 343 0.05 0.78 124 —0.05
28.8 2012,2013 33.6 0.04 0.78 1.22 —0.05
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