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Abstract

Concentration of Air Quality Models (CMAQ) has a deep connection with emissions and wind fields. In particular
the wind field is highly affected by local topography and plays an important role in transport and dispersion of con-
taminants from the pollution sources.

The purpose of this study is to examine the impact of interpolation on Air quatity model. This study was designed
to evaluate enhancement of MMS5 and CMAQ predictions by using Four Dimensional Data Assimilation (FDDA),
the SONDE data and the national meteorological station and the MODerate resolution Imaging Spectroradiometer
(MODIS). The alternative meteorological fields predicted with and without MODIS data were used to simulate spa-
tial and temporal variations of ozone in combined with CMAQ on June 2006.

The result of this study indicated that data assimilation using MODIS data provided an attractive method for gener-
ating realistic meteorological fields and dispersion fields of ozone in the Korea peninsular, because MODIS data in
10km domain are grid horizontally and vertically. In order to ensure the success of Air quality model, it is neces-
sary to FDDA using MODIS data.
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Fig. 1. Domain architecture for MM5-CMAQ used for this application. MM5 domain 1: size=162 X 50 grid cells and reso-
lution=30 km. MM5 domain 2: size=72 x 81 grid cells and resolution=10 km. CMAQ domains are six grid cells
smaller in each size. Modeling domain of MMS5, sonde observation stations (left) and surface meterological sta-

tions (right).

Table 1. The grid system of MM5 and CMAQ modelling.

) Number of grid ~ Projection origin

Domai Grid size
omain (km) X v LAT LON
(deg)  (deg)
MMS5_30 30 138 114 20.52 106,97
CMAQ_30 30 117 102 21.45 107.58
MMS5_10 10 72 81 32.47 123.42
CMAQ_10 10 66 75 3275 12373

* Map center: 126°E, 38°N
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Table 2. Details of the physics options used in the MM5 model.

MMS V3.7 NO_FDDA MODIS_FDDA
Horizontal resolution 30km, 10km
Vertical layers 35 layers (top: 50 hpa)
PBL scheme MRF (Hong and Pan, 1996)
Radiation scheme RRTM (Rapid Radiative Transfer Model)
Initial and boundary data RDAPS (3 hourly) FDDA (1 hourly)
Nudging coefficients None g 4 i )5(3(01—(:_5471’.1
30 km: Met-data. (72), Sonde (85)
FDDA data None 10 km: Met-data. (72), Sonde (6)
MODIS data (72 x 81)

% G, obs nudging coefficient, G,: analysis nudging coefficient, Met-data: Meteorological surface observation data, RDAPS: Regional Data Assimilation
and Prediction System

(Unit: ton/year)
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Fig. 2. Emission distribution of CO, VOC, SO, and NO, in Asia, 2006.
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Fig. 3. Maps showing distribution of Correlation coefficient (r) between weather station and MM5. Size of each circle
scaled from the minimum to the maximum values for each map.
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Fig. 4. Maps showing distribution of Root Mean Square Error (RMSE) between weather station and MM5. Size of each
bar scaled from the minimum to the maximum values for each map. NOFD_RMSE which does not use FDDA.
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Fig. 5. Time series plot of simulated versus observed O; concentrations (at cities of Metro, Ulsan, Wonju and Goseong)

during the entire study period. Legends, OBS (=
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Fig. 6. Horizontal distribution of surface wind field and ozone concentration (A, B) simulated by CMAQ, observed con-
centration (C) at air quality monitoring stations. Vertical distribution of surface wind field and ozone concentra-

tion (D, E) simulated by CMAQ.
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Table 3. Definition of the traditional evaluation statistical
measures.

C,—Cy (C,—C,
Correlation coefficient (r) r=(*M

°C,°C,
I N

Root Mean Square Error (RMSE) RMSE= EZ(CP‘Co)z
1
. ‘ 1 G-C,
Fractional Bias (FB) FB=———
2 (C+Cy)

Mean Bias (MB) MB— Z(C -Cy)

C,;: predicted concentration, C,: observed concentration
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Table 4. Statistical performance for meteorological parameters during the period of 2006 in Korea Peninsula.

RMSE

FB MB

Weather stations I\g;'t:f
before after before after before after before after
Gangneung  0.686 0.737 3.637 3.134 0.006 0.005 0.010 1.370
Seoul 0.788 0.800 3.156 3.097 0.004 0.004 0.008 1.385
Temp. Daejeon 0.805 0.810 2.861 2.501 0.004 0.001 0.007 0.501
) Daegu 0.792 0.849 2.632 2.315 -0.002 —0.001 0.007 -0.393 718
Gwangju 0.786 0.851 2.392 2.027 0.001 0.001 0.007 0.184
Busan 0.650 0.773 3.035 2.384 ~0.0011 —-0.0021 —0.3350 —-0.6152
Jeju 0.741 0.851 1.841 1.620 —0.002 —-0.001 —-0.553 -0.247
Gangneung  0.441 0.451 1.232 1.245 0.067 —-0.008 1.216 1.203
Seout 0.452 0.458 1.216 1.203 1.308 1.028 2.667 2.359
WS Daejeon 0.342 0.349 0.843 1.067 0.961 0.363 1.650 1.302
(m/s) Daegu 0.433 0.494 1.565 1.718 —-0.242 —-0.255 1.544 1.461 718
Gwangju 0.414 0.482 0.707 0.651 0.809 0.562 1.549 1.341
Busan 0.444 0.403 2.901 2.157 0.498 0.627 2.057 1.523
Jeju 0.572 0.665 2.443 2.287 -0.167 -0.231 —0.850 —0.105
Table 5. Statistical performance for hourly ozone concentrations during the period of 2006 in Korea Peninsula.
Site name r RMSE FB MB No. of
(No. of site) before before after before after before after data
Gangneung (1) 0.225 0.170 20.15 20.17 0.074 0.048 3.124 2.002
Seoul (100) 0.730 0.730 13.20 12.51 ~-0.035 —0.082 -0.916 -2.099
Daejeon (7) 0.646 0.657 16.60 14.88 0.180 0.099 5.257 2.786
Daegu (13) 0.618 0.614 18.52 18.49 —0.214 -0.215 -5.778 -5.816 718
Gwangju (9) 0.452 0.514 18.42 17.21 —-0.004 -0.053 -0.127 -1.635
Busan (10) 0.460 0.451 17.42 17.25 —0.360 —0.387 -7.338 -7.811
Jeju (1) 0.370 0.490 15.91 15.84 0.208 0.250 8.072 9.919
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Fig. 7. Maps showing distribution of Correlation coeffi-
cient(r), difference with and without MODIS data.
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