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Application of MODIS Satellite Observation Data for
Air Quality Forecast
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Abstract

Satellites have been valuable tool for global/regional scale atmospheric environment monitoring as well as
emission source detection. In this study, we present the results of application of satellite remote sensing data for air
quality forecast in Seoul metropolitan area. AOT (Aerosol Optical Thickness) data from TERRA/MODIS
(Moderate Resolution Imaging Spectro-radiometer) satellite were compared to ground based PM,, mass
concentrations, and used to estimate the possibility of the aerosol forecasting in Seoul metropolitan area. Although
correlation coefficient (~0.37) between MODIS AOT products and surface PM, concentration data was relatively
fow, there was good correlation between MODIS AOT and surface PM concentration under certain atmospheric
conditions, which supports the feasibility of using the high-resolution MODIS AOT for air quality forecasting. The
MODIS AOT data with trajectory forecasts also can provide information on aerosol concentration trend. The
success rate of the 24 hour aerosol concentration trend forecast result was about 75% in this study. Finally,
application of satellite remote sensing data with ground-based air quality observations could provide promising
results for air quality monitoring and more exact trend forecast methodology by high resolution satellite data and
verification with long term measurement dataset.
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Fig. 1. Domain area for MODIS satellite data in this
study.
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Fig. 2. Schematic diagram for aerosol forecast using MODIS satellite data in this study.
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Fig. 3. Time series of MODIS aerosol optical thickness and hourly average PM,, mass concentrations at Seoul, Korea

in 2004.
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Fig. 4. Linear correlation of MODIS AOT and PM,; mass
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Table 1. Correlation results between MODIS AOT and ground based PM concentrations.

Reference Index Site R Linear equation
Eengel-Cox et al. (2004b) Hourly PM, 5 STN-M 0.396 PM, s=22.55 AOT+6.35
Eengel-Cox et al. (2004b) Hourty PM,, IMPROVE (Acadia N.P.) 0.796
Eengel-Cox et al. (2004b) Hourly PM,, IMPROVE (Big Bend N.P.) —-0.052
Eengel-Cox et al. (2004b) Hourly PM, IMPROVE (Shenandoah N.P.) 0.334
Kittaka er al. (2004) Hourly PM, 5 SLAMS/NAMS (Duluth, MN) 0.67
Kittaka er al. (2004) Hourly PM, 5 SLAMS/NAMS (Chicago, IL) 0.73
Szkykman et al. (2004) Hourly PM, 5 SLAMS/NAMS (Chicago, IL) 0.76
Wang & Christopher (2004) Hourly PM, 5 Jefferson county, AL 0.70
Wang & Christopher (2004) Daily PM, 5 Jefferson county, AL 0.98 PM,5=72.43 AOT+0.86

STN-M: The Speciation Trends Network and PM; 5 Mass network
N.P.: National Park

SLAMS: The State and Local Air Montoring Stations

NAMS: National Ambient Monitoring Stations
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Table 2. 6-hour interval forecast (maximum 24 hour) based on MODIS AOT and -24 hour backward trajectory from

HYSPLIT.
Date AQT Date AOT Date AOT Date AOT Date AOT
3/20 0.42 4/17 0.68 6/4 0.41 10/3 0.33 10/22 0.20
+6 hr 0.43 0.57 0.33 0.18 0.23
+12 hr 0.47 0.56 0.25 0.07 0.12
+18 hr 0.42 0.51 0.23 0.07 0.12
+24 hr 0.40 0.50 0.19 0.04 0.12
Avr 0.43 0.56 0.28 0.14 0.16
Forecast (-) (++) (++) (++) +)
3/23 0.55 4/21 1.27 6/5 NA 10/5 0.07 10/23 0.33
+6 hr 0.74 1.18 NA 0.16 0.28
+12 hr 0.83 1.15 NA 0.07 0.23
+18 hr 0.84 0.85 NA 0.26 0.12
+24 hr 0.92 0.80 0.49 0.18 0.22
Avr 0.78 1.05 0.49 0.15 0.23
Forecast (——-) (+++) NA (——) (++)
3/30 0.42 4/22 NA 6/9 0.97 10/6 0.29 10/26 0.45
+6 hr 0.66 NA 0.97 0.18 0.29
+12 hr 0.48 NA 0.98 0.18 0.30
+18 hr 1.10 NA 0.99 0.19 0.37
+24 hr 1.09 1.03 1.02 0.19 0.35
Avr 0.75 NA 0.99 0.21 0.35
Forecast (——-) NA (—) (++) (++)
3/31 0.35 4/23 0.59 6/10 0.80 1077 0.54 10/27 0.30
+6 hr 0.28 0.58 0.80 0.68 0.30
+12 hr 0.21 0.55 NA 0.57 0.28
+18 hr 0.28 0.30 NA 0.46 0.28
+24 hr 0.29 0.28 NA 0.54 0.28
Avr 0.28 0.46 0.80 0.56 0.29
Forecast (+4) (++) NA (-) +)
4/5 0.28 4/24 0.39 6/11 1.18 10/8 0.71 10/28 0.42
+6 hr 0.30 0.47 0.97 0.39 0.42
+12 hr 0.28 NA 0.78 0.30 0.44
+18 hr 0.27 NA 0.63 0.26 0.41
+24 hr 0.24 NA 0.42 0.18 0.39
Avr 0.27 NA 0.79 0.37 0.41
Forecast (+) NA (+++) (+++) (+)
4/8 0.52 4/28 0.45 6/12 NA 10/12 0.24 10/29 0.39
+6 hr 0.43 0.48 0.48 0.30 0.37
+12 hr 0.51 0.40 0.51 0.25 0.36
+18 hr 0.53 NA 0.62 0.07 0.34
+24 hr 0.67 NA 0.72 0.05 0.38
Avr 0.53 0.44 0.58 0.18 0.37
Forecast (=) NA NA ++) (+)
4/11 0.28 4/29 0.46 6/13 0.58 10/14 0.21 10/30 0.41
+6 hr 0.18 0.60 0.71 0.47 0.34
+12 hr 0.19 0.26 0.85 0.47 0.34
+18 hr 0.20 0.29 0.85 0.09 0.32
+24 hr 0.21 0.52 0.82 0.13 0.31
Avr 0.21 0.42 0.76 0.27 0.34
Forecast (++) (+) (—~—) (—) (++4)
4/13 0.69 6/1 0.35 6/14 NA 10/15 0.28 10/31 0.32
+6 hr 0.66 0.27 0.57 0.09 0.34

FZU /BT HA A 224 A6
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Table 2. Continued.

Date AOT Date AOT Date AOT Date AOT Date AOT
+12 hr 0.69 0.27 0.57 0.09 0.31
+18 hr 0.71 0.26 0.55 0.09 ’ 0.29
+24 hr 0.74 0.26 0.51 0.07 0.30

Avr 0.70 0.28 0.55 0.12 0.31

Forecast (-) (++) NA (++) (+)

4/14 NA 6/2 0.34 6/15 0.88 10/16 NA

+6 hr 0.52 041 1.05 NA
+12 hr NA 0.33 0.80 NA
+18 hr 0.56 0.33 1.10 NA
+24 hr 0.56 0.32 0.85 0.32

Avr 0.54 0.35 0.94 0.32

Forecast NA (-) (--) NA

4/16 0.85 6/3 0.60 10/2 NA 10/19 0.29

+6 hr 0.78 0.51 NA 0.18
+12 hr NA 0.48 0.03 0.19
+18 hr NA 0.46 0.02 0.19
+24 hr NA 0.48 0.02 0.17

Avr 0.82 0.51 0.02 0.20
Forecast NA (++) NA (++)

e oMIE Al FollA] BApe} F HAafe] Table 3. PM forecast level based on MODIS AOT trend.
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Table 4. 24 hour variation trends of PM,, concentrations.

Date PM,, Date PM,, Date PM,, Date PM,, Date PM,,
3/20 74 4/17 136 6/4 NA 10/3 24 10/22 75
+24 hr 86 86 70 38 50
Trend 12 -50 NA 14 -25
3/23 91 4/21 153 6/5 70 10/5 46 10/23 50
+24 hr 122 106 NA 79 60
Trend 31 —47 NA 33 10
3/30 61 422 106 6/9 62 10/6 79 10/26 62
+24 hr 97 142 108 164 44
Trend 36 36 46 85 —18
3/31 97 4/23 142 6/10 108 10/7 164 10/27 44
+24 hr 128 44 201 220 97
Trend 31 -98 93 56 53
4/5 47 4/24 44 6/11 201 10/8 220 10/28 97
+24 hr 44 41 144 36 94
Trend -3 -3 -57 —184 -3
4/8 47 4/28 42 6/12 144 10/12 81 10/29 94
+24 hr 46 66 25 42 138
Trend -1 24 -119 -39 44
4/11 71 4/29 66 6/13 25 10/14 12 10/30 138
+24 hr 48 48 33 52 112
Trend -23 —18 8 40 -26
4/13 11 6/1 72 6/14 33 10/15 52 10/31 112
+24 hr 146 66 42 107 147
Trend 35 -6 9 55 35
4/14 146 6/2 66 6/15 42 10/16 107
+24 hr 84 NA 96 48
Trend -62 54 —-59
4/16 94 6/3 NA 10/2 30 10/19 86
+24 hr 136 NA 24 85
Trend 42 -6 -1
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Table 5. Comparisons between 24 hour forecast and differences of 24 hour PM,, concentrations.

Date Forecast ~ 24hr PM, trend Date Forecast  24hr PM,, trend Date Forecast 24hr PM, trend
320 (=) 12 6/1 (++) -6 10/8 (+++) —184
3/23 (——-) 31 6/2 (=) NA 10/12 (++4) -39
3/30 (——-) 36 6/3 (+4) NA 10/14 (——) 40
3/31 (+4) 31 6/4 (++) NA 10/15 (++) 55
4/5 (+) =3 6/5 NA NA 10/16 NA -59
4/8 (=) -1 6/9 (=) 46 10/19 (++) -1
4/11 (++) -23 6/10 NA 93 10/22 (+) =25
4/13 (-) 35 6/11 (+++) -57 10/23 (+4) 10
4/14 NA —62 6/12 NA -119 10/26 (++) —18
4/16 NA 42 6/13 (—-) 8 10/27 (+) 53
4/17 +4) =50 6/14 NA 9 10/28 (+) -3
4721 (+++) —47 6/15 (=-) 54 10/29 +) 44
4/22 NA 36 10/2 NA -6 10/30 (++) ~26
4/23 ++) -96 10/3 (++) 14 10/31 (+) 35
4/24 NA -3 10/5 (—-) 33

4/28 NA 24 10/6 (++) 85

4/29 (+) —18 1077 (—) 56
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