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Improving the accuracy of NO, concentrations derived from
remote sensing using localized factors based on
random forest algorithm

FU Miao
( School of Economics and Trade, Guangdong University of Foreign Studies, Guangzhou 510006, China )

Abstract: NO, is a main air pollutant that damages human health and ecological environment. Based on
NASA's NO, concentrations retrieved from Aura OMI, the prediction accuracy of NO, concentration is
improved in this work using the random forest algorithm, the Geographic Weighted Regression (GWR)
and the Multi-scale GWR model respectively. Localized data of economy, population, road network and
slope within 8 km of the sampling point, as well as the point values of meteorology, vegetation and
elevation are used as correction variables in the models. It is found that the three models increase the cross
validation R* of NASA's concentrations, from original 0.48 to 0.74, 0.71 and 0.70, respectively. Among
the three models, the random forest algorithm is the most accurate one, with a low root mean square error

(RMSE) of 6.4 pg/m’ and a low mean absolute error (MAE) of 4.98 pg/m’, and its speed is much faster
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than multi-scale GWR. In addition, the accuracy of random forest algorithm is also higher than that of
most existing studies of similar extents. In terms of the concentration correction of NO,, it is found that the
contribution of localized factors of economy, population and road network is at least 11.24%. In addition,
based on the random forest algorithm, the distribution map of NO, estimated concentration for county-level

cities in China is also presented.

Key words: NO, concentrations; localized factors; random forest algorithm; geographic weighted

regression; multi-scale geographic weighted regression
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Fig. 1  The comparison of the distributions of NO, ground-level observed and satellite-derived concentrations. (a) Ground-level

observed NO, concentrations; (b) NASA satellite-derived NO, concentrations
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Table 1 Statistical description of observed, NASA and the cross validation concentrations

Variable Count Mean Std Min 25% 50% 75% Max
Obs_NO2 1494 31.850 12.504 5.435 22.329 31.421 40.205 76.919
NASA_NO2 1494 22.490 14.862 0.600 9.600 19.550 34.400 64.800
GWR_NO2 1494 31.087 10.988 7.860 22.891 30.003 38.151 80.722
MGWR_NO2 1494 31.853 12.022 -0.544 22.822 30.789 40.035 73.671
RF_NO2 1494 31.962 10.479 8.515 24.035 30.955 38.975 64.301
T Std RARbRiEZE
0045 > 0.04 ® 0.045 ©
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Fig.2  The histograms of the cross validation concentrations from the three algorithms.

(2) GWR_NO,; (b) MGWR_NO,; (c) RF_NO,
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Fig.3  Cross validation results of the GWR, MGWR and random forest. (a) GWR; (b) MGWR;

(c) random forest; (d) random forest 2
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Table 2 The comparison of cross validation results of the models

Model CVr CVR Slope RMSE MAE MAPE Reg R*
NASA 0.6937 0.4813 0.8246 14.3809 11.8655 0.4066 NA

GWR 0.8426 0.7100 0.7405 6.7895 5.2021 0.1904 0.7880

MGWR 0.8370 0.7005 0.8047 7.0156 5.3053 0.2002 0.9400
Random forest 0.8582 0.7365 0.7192 6.4223 4.9850 0.1953 NA
Random forest 2 0.8413 0.7078 0.7065 6.7986 5.2283 0.1994 NA
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Fig. 4  The comparison of the predicted concentrations from the four approaches for Tibet. (a) NASA_NO,; (b) GWR_NO,;
(c) MGWR_NO,; (d) RF_NO,
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Fig. 5 County-level NO, concentrations predicted by the random forest algorithm. (a) Nationwide; (b) North China Plain;

(c) Yangtze River Delta; (d) Guangdong Province; (e) Urumgqi, Xinjiang
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