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Wavelet Analysis for Optimizating PM, . Concentration Prediction Models
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Abstract: Using multiple linear regression method ( MLR) and BP neural network method ( BPNN) , PM, |
concentration prediction models were built by taking 1 h, 3 h, 6 h, 12 h, 24 h, 48 h as prediction time from
2015 to 2018 in Guigang. The accuracy of the models were tested and compared. The results showed that both
MLR and BPNN could be used in PM, ; concentration prediction. The prediction accuracy declined as the predic-
tion time increased. The mean absolute error ( MAE ) of the prediction models by MLR and BPNN were
4.01 pg/m’ ~15.48 pg/m’and 3.89 pg/m’ ~15.63 wg/m’, respectively. Using wavelet data analysis method
for optimizing the contaminant data and making the model again, both W-MLR and W-BPNN were optimized.
The optimization was significant when the prediction time was from 3 h to 24 h. By W-MLR and W-BPNN mod-
els, the MAE reduced 1.6% ~13.5% and 0.8% ~9.8% , respectively, and W-BPNN model was superior to
W-MLR model in prediction.
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Fig. 1  Distribution of air automatic monitoring

stations and a meteorological station in Guigang
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Table 1 ~ Correlation coefficient between PM, 5 hourly mass concentration and each factor
in each monitoring substation from 2015 to 2017

% BT Tl VL HE T U SR Tl T T i il
S0, p/(pg-m ) 0.355 0.187 0.249 0.194 0.285
NO, p/(pg - m~?) 0.367 0.565 0.555 0.475 0.589

0,p/(png m™?) 0.188 -0.054 -0.028 0.028 -0.013®
PM,, p/(pg - m~?) 0. 855 0. 889 0.913 0.858 0.926
P p/(hPa) 0.273 0.311 0.326 0.315 0.329
T 6/°C -0.189 -0.249 -0.257 -0.231 -0.255
RH/% -0.167 -0.132 -0. 144 -0.175 -0.155
R h/mm -0.077 -0.072 -0.075 -0.065 -0.073
Vo/(m-s") -0.190 -0.277 -0.274 -0.217 -0.266

S t/h 0.031 0. 008? -0.001% 0.023 0.010%
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Table 2 Multiple linear regression (MLR) model of PM, 5 hourly average concentration from 2015 to 2017
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B 1 h vy, =0.979PM, 5 +0. [15NO, +0.0230, —0.041PM,, 0. [11P —0. 183T — 0. 048RH — 0. 23R - 0. 982V + 120. 308

M3 h yy, =0.844PM, ; —0.037S0, +0. 121NO, +0.0760, - 0. 018PM,, —0.351P —0. 622T — 0. 153RH - 0. 394R - 2. 699V +384. 359
B 6 h ygy =0.607PM, 5 —0.07280, +0. 1260, +0.097PM,, - 0. 335P 0. 824T - 0. 276RH - 0. 263R - 3. 363V + 386. 498

B 12 b yp, =0.441PM, 5 —0. 05580, +0. 0830, +0. 133PM,, +0. 369P — 0. 323T 0. 378RH - 2. 568V - 320. 55

Bl 24 b ¥y, =0. 402PM, 5 —0. 12650, +0. 173N0, +0. 096PM,, +0. 096P — 0. 876T — 0. 449RH - 2. 623V —22. 421

Hi 48 h v, =0.293PM, 5 —0. 18350, +0. 209NO, +0. 035PM , +0. 278P — 1. 098T — 0. S2RH - 2. 288V — 188. 151
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Fig. 2 Comparison of the predicted values at 3 h and 24 h
by MLR model with the observed values
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by BPNN model with the observed values
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Table 3 Comparison of predictive performance parameters of the four models

BIUE MAE/  B3iFE RMSE/

BIFE MAE/ 359F RMSE/

Hom I R, $oiF R, s o i Y% R RIF R, - 7
(pg-m™) (pg-m™") (pg-m™) (pg-m™")

g1 h  MLR 0.953  0.947 4.007 6.267 T 12 h  MLR 0.578 0.526 12.936 18.741

BPNN  0.956  0.949 3.891 6.143 BPNN 0. 651 0.533 12.587 18.517

W-MLR  0.988  0.933 5.021 7.095 W-MLR  0.697 0.578 11. 944 17. 674

W-BPNN  0.990  0.929 5.210 7.246 W-BPNN  0.778 0.591 11. 658 17. 260

W3 h  MLR 0.808  0.801 8. 040 12. 135 T 24 h  MLR 0.533 0. 457 13.781 20. 026

BPNN  0.854 0.819 7. 647 11.533 BPNN 0.581 0.472 13.416 19. 839

W-MLR  0.922  0.846 6.953 10. 546 W-MLR 0. 608 0. 480 13. 565 19. 554

W-BPNN  0.939  0.850 6. 898 10. 489 W-BPNN  0.656  0.475 13.311 19.619

W6 h  MLR 0.681  0.661 10. 774 15. 834 Hii 48 h  MLR 0.404  0.365 15. 478 21.457

BPNN  0.752  0.697 9.889 14. 869 BPNN 0.494  0.327 15. 628 22.117

W-MLR  0.815 0.717 9.511 14. 409 W-MLR  0.441 0.361 15.548 21.470

W-BPNN  0.869  0.738 8.977 13.819 W-BPNN  0.545 0. 349 15.727 21.871
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