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Abstract Ambient exposure to PM (Particulate Matter) is harmful effect on public health and assessment of its exposure
level is essential in health risk estimation. PM;, and PM, 5 concentration reanalysis method using CMAQ with surface data
assimilation and MODIS (Moderate Resolution Imaging Spectroradiometer) MAIAC (Multi-Angle Implementation of
Atmospheric Correction) AOD (Aerosol Optical Depth) has been developed to provide PM exposure level for health risk
assessment in this study and its performance was tested against the measurements in Korea. The assimilation of CMAQ
(Community Multiscale Air Quality Modeling System) with ambient air quality monitoring stations in China and Korea was
applied and the assimilated PM,;, and PM, 5 concentrations shows better agreement with observations. In order to enhance
the accuracy of exposure estimation especially remote area where the air quality measurements are not available, MLR
(Multiple Linear Regression) to predict daily PM concentration with Tkm resolution was applied using predictor variables of
MAIAC AOD, NDVI (Normalized Difference Vegetation Index), CMAQ assimilated PM concentrations, and WRF (Weather
Research and Forecasting) model predicted meteorological parameters. The MLR estimates daily PM;, with R=0.81,
I0A=0.95, and RMSE=14.62 ug/m?> and daily PM, s with R?=0.64, IOA=0.87, and RMSE=9.13 pg/m?>. The annual and seasonal
spatial distribution of PM,;q and PM, 5 could depict key hot spot regions in Korea. The method is expected to be used in
estimating long term PM concentration distributions more than 10 years for health risk assessment in Korea.
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Fig. 1. Locations of ambient air quality monitoring stations in China and Korea.
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Fig. 2. Locations of AERONET stations in Korea.

Table 1. Geographic information of AERONET stations in Korea.
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Site_Name Longitude (decimal_degrees) Latitude (decimal_degrees) Elevation (meters)
Anmyon 126.33 36.54 47
Seoul_SNU 126.95 37.46 116
Gosan_SNU 126.16 33.29 72
Gwangju_GIST 126.84 35.23 52
Baengnyeong 124.63 37.97 136
Yonsei_University 126.93 37.56 97
Gangneung_WNU 128.87 37.77 60
Hankuk_UFS 127.27 37.34 167
Pusan_NU 129.08 35.24 78
leodo_Station 125.18 32.12 29
Socheongcho 124.74 37.42 28
KIOST_Ansan 126.83 37.29 8
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(Lee et al., 2011Db).
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Table 2. The CMAQ model performance with and without assimilations for 2015.

. . RMSE MB NMB
Assimilation Species R R? I0A
P (ng/m?) (ug/m?) (%)
. PM;o 0.43 0.18 0.58 31.41 -10.77 -22.43
Without
PM, 5 0.66 0.43 0.78 14.18 4.16 15.84
With PM;o 0.90 0.81 0.94 14.67 -4.42 -9.20
PM, 5 0.76 0.58 0.82 13.92 6.07 23.10
w0 CMAQ_PM,, & OBS_PM,, Scatter 20— SMAQPM.5 8 OBS PM, 5 Scatter
— P hemezn E — i il . 100
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Fig. 5. Scatter plots of PM,, and PM, 5 with/without assimilation with observations for 2015.
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Table 3. The predictor variables used in MLR.

Satellite data Description CMAQ and WRF data Description
MODIS AOD MAIAC MCD19 AOD M_PM, Assimilated PM;,
MODIS NDVI MAIAC MOD13 NDVI M_PM, 5 Assimilated PM, 5
M_TEMP WRF prediction
M_PLB WRF prediction
M_RH WRF prediction
M_WS WRF prediction
M_PRSFC WRF prediction
sttt Table 4. Correlation coefficients of predictors with target
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Table 5.The performance summary of MLR for 2015.

Method Species R R? I0A RMSE (ug/m?3)
With AOD PM;o 0.93 0.86 0.96 14.78
PM, 5 0.87 0.76 0.93 6.03
) PM;o 0.90 0.81 0.93 14.60
Without AOD
thou PM, 5 078 0.62 087 1020
PM;o 0.90 0.81 0.95 14.62
Integrated
PM, 5 0.80 0.64 0.87 9.13
Table 6. The MLR equations with various conditions for 2015.
Model Species MLR equations
PM MLR_PM;o=211.19 4+ 2.48A0D-0.001NDVI-0.1390M_TEMP + 0.0019M_PBL-0.1227M_RH + 0.2832M_WS +
MLR 10 0.1964M_SPRES + 1.0231(M_PM)
With
AOD PM MLR_PM, 5 = 29.66 + 5.79A0D-0.0004NDV! + 0.1029M_TEMP-0.0034M_PBL-0.0184M_RH + 0.2487M_
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