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Abstract

In this paper, firstly, the factors related to the changes of PM2.5 concentration are screened out by
Spearman correlation analysis and grey relation analysis through two relative comparisons, and
the degree of influence of the factors on the concentration of PM2.5 is derived by random forest
regression. Then the LSTM neural network model was combined with the multi-step prediction
model to construct an LSTM multi-step prediction model and the step size was set for predicting
the value of PM2.5, and the model effect was evaluated according to the root mean square error

TEAEH .

NES|I M £, ETR, WIEAT, BIE. BT ISTM 20 B ) 2 U5 R B S B D). S e, 2023,
12(12): 5057-5071. DOI: 10.12677/aam.2023.1212497


https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2023.1212497
https://doi.org/10.12677/aam.2023.1212497
https://www.hanspub.org/

ETHL %

test. Finally, the dataset was brought into the LSTM multi-step prediction model and the step size
was set to predict the value of AQI.
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Figure 1. Flow chart of factor screening and its impact extent on PM2.5
Bl 1. ERFERY PM2.5 FNiEERIEE

Table 1. Normalized results

F 1. 3—HER

PM2.5 PM10 O3 SO, CcO NO, [ 7K [k KIE Rl B
0.16204  0.357357  0.286821  0.579710  0.304347 0.45 0 0.9597544  0.052  0.0424886  0.35483871
0.29231  0.432432  0.077519  0.797101  0.434782 0.625 0 0.9413369  0.032 0.068285 0.44086021

0.38737  0.546546  0.170542 0.6086 0.521739  0.70833 0 0.9178035  0.036  0.0644916  0.61290322

0.468 0.6486 0.1434 1.00 0.6521 0.9416 0 0.891200  0.032 0.086494 0.6272401
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Figure 2. Heat map
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Table 2. Spearman correlation coefficient table

2. IR REBEXAER

PM10 Cco NO, SO, iR SIE KH F& 7K 0, B

0.877 0.704 0.693 0.576 —0.524 0.494 —-0.287 —0.233 —0.205 —0.022

AR5 PM2.5 IREEAR LA LK E A PM10. CO. NO,. SO, LK <. Hrd PM2.5 5 PMI0.
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Table 3. Grey relational coefficient table
3. KREARKER

PM10 SO, co NO; 0; Rt Al K7k 1L vis

n(1) 0.800302  0.544872  0.634567  0.778465 0.755249  0.385302 0.819626  0.807044  0.72173  0.719116
n(2) 0.699513  0.497628  0.600479  0.778265 0.631073  0.435161 0.657634  0.690592  0.770972  0.781123
n(3) 0.697524  0.693189  0.609058  0.788209  0.563469  0.485246 0.587294  0.607629 0.689169  0.758546

n(4) 0.606112  0.484673  0.513721 0.731203 0.516349 0.541814 0.533995 0.566993  0.758874  0.734993
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n(5) 0.509884  0.591528 0.694882  0.877329  0.482308 0.587041  0.51295  0.541016 0.791808  0.941167

n(6) 0.398784  0.724863  0.636296  0.922382  0.383845 0.834949 0.419654  0.39901 0.79549  0.515409

7(3039)  0.681256  0.953647 0.731681  0.858704  0.845658 0.385978  0.96783  0.865718  0.504648 0.909916
7(3040)  0.686514 0.965865 0.702018 0.771482  0.81773  0.391695 0.888504  0.882195 0.487701  0.885877

n(3041)  0.651197 0.874803  0.968119  0.759287  0.759765 0.401272  0.828482  0.990714 0.786943  0.553698

AT PM2.5 5 PMI0. CO. NO,. SO, "l K. FEK. Osv MBFEIMFIRIREE, SR 4.

Table 4. Grey relation degree table
4. KERER

PM10 SO, Co NO, 0, JRE i LN iy gvis

0.88858  0.888244  0.855305 0.764862 0.688445 0.82769 0.813349 0.776017  0.507679  0.411858
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Figure 3. Ranking of importance of each factor on PM2.5
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Figure 4. Flowchart of PM2.5 multi-step prediction model and its visualization
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Figure 5. Step prediction flowchart (taking a step of three as an example)
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Figure 6. Flowchart of LSTM data processing
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Figure 7. Relationship diagram of variance, standard deviation, mean square error, standard error
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Table 5. Table of RMSE for multi-step prediction (PM2.5)
= 5. SETNHFRIZERPM2.5)

RIEAS 3 B 55T 7 BT 12 35 15
RMSE 19.36 18.15 18.19 18.42

Table 6. Three-step prediction results (PM2.5)
= 6. =HEKTMLER(PM2.5)

HAGEEAH) 2023/4/30 2023/5/1 2023/5/2 2023/5/3 2023/5/4 2023/5/5

PM2.5 41.10 36.09 43.41 40.08 30.35 29.55
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HIACEEA/H) 2023/5/6 2023/5/7 2023/5/8 2023/5/9 2023/5/10 2023/5/11
PM2.5 31.13 35.81 37.69 42.19 43.15 42.92
Table 7. Five-step prediction results (PM2.5)
= 7. AEHKTUNLERPM2.5)
HIAEEH/H) 2023/4/30 2023/5/1 2023/5/2 2023/5/3 2023/5/4 2023/5/5
PM2.5 31.92 23.95 33.55 32.01 24.29 23.80
HIAEE A/A) 2023/5/6 2023/5/7 2023/5/8 2023/5/9 2023/5/10 2023/5/11
PM2.5 26.35 30.05 31.19 34.68 35.93 36.54
Table 8. Seven-step prediction results (PM2.5)
= 8. LLLKFMLER(PM2.5)
HEAEE/ A/H) 2023/4/30 2023/5/1 2023/5/2 2023/5/3 2023/5/4 2023/5/5
PM2.5 37.43 29.64 34.49 32.04 24.58 24.37
H#I(EE/ A/H) 2023/5/6 2023/5/7 2023/5/8 2023/5/9 2023/5/10 2023/5/11
PM2.5 24.87 27.30 27.83 30.77 32.52 34.54
Table 9. Twelve-step prediction results (PM2.5)
F 9. TTHLEKIUMER(PM2.5)
HEI(EE/ A/H) 2023/4/30 2023/5/1 2023/5/2 2023/5/3 2023/5/4 2023/5/5
PM2.5 47.04 35.03 39.26 36.23 26.66 27.55
HIAEE/ A/H) 2023/5/6 2023/5/7 2023/5/8 2023/5/9 2023/5/10 2023/5/11
PM2.5 27.96 32.67141 36.21 39.66 39.57 40.05
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Figure 8. Visualization of test set and its predicted results (PM2.5)
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Figure 9. Flowchart of AQI multi-step prediction model and its visualization
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Figure 10. Step prediction flowchart (taking a step of five as an example)
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Table 10. Table of RMSE for multi-step prediction (AQI)
3 10. ZETMHFHRIRER(AQI

TS K 3 BT 5 7 7 2T 12 B 5
RMSE 19.36 18.15 18.19 18.42
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Table 11. Three-step prediction results (AQI)
= 11. ZHSKTNER(AQI

HIAEE H/H) 2023/4/30 2023/5/1 2023/5/2 2023/5/3 2023/5/4 2023/5/5
AQI 99.83 88.61 87.46 85.57 83.36 81.88
T SE R 7 J o 7 x 7
H#I(E/ A/B) 2023/5/6 2023/5/7 2023/5/8 2023/5/9 2023/5/10 2023/5/11
AQI 80.81 79.97 79.32 78.82 78.44 78.15
T E R & x & 7 x s
Table 12. Five-step prediction results (AQI)
® 12. AL B KIMLZER(AQD
H#I(E/ A/B) 2023/4/30 2023/5/1 2023/5/2 2023/5/3 2023/5/4 2023/5/5
AQI 100.93 91.52 88.86 88.58 89.03 88.34
T E Rt & &k & P x s
HIEAEE A/A) 2023/5/6 2023/5/7 2023/5/8 2023/5/9 2023/5/10 2023/5/11
AQI 87.48 86.86 86.42 86.08 85.76 85.49
TS e ¥ & P x x &
Table 13. Seven-step prediction results (AQI)
F 13. EELKINLERAQD
HIAEE/ A/H) 2023/4/30 2023/5/1 2023/5/2 2023/5/3 2023/5/4 2023/5/5
AQI 97.5 89.85 88.92 89.24 89.58 90.78
TS e ¥ & P x x &
HIAEE H/H) 2023/5/6 2023/5/7 2023/5/8 2023/5/9 2023/5/10 2023/5/11
AQI 92.35 92.51 92.48 92.59 92.78 93
TSR 7 7 7 x x 7
Table 14. Twelve-step prediction results (AQI)
® 4. TZEHEKINEERAQD
HiAEE H/H) 2023/4/30 2023/5/1 2023/5/2 2023/5/3 2023/5/4 2023/5/5
AQI 102.12 94.54 91.8 89.11 87.39 86.8
TSR B 7 7 7 x x 7
HIAEE A/H) 2023/5/6 2023/5/7 2023/5/8 2023/5/9 2023/5/10 2023/5/11
AQI 87.14 88.13 89.4 90.43 91.86 93.36
T SE R 7 J o 7 x 7
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Table 15. Summary table of the number of warning level colors

TR iR W B JiEnEa) FARE) ¥ it
KE(CK) 311 0 40 5 2685 3041

B, ASOHWINEAE HEAT 7RG, AR I ROR AT PPt . £ Python 4 B AT AL ZE B0

B 11,
IS
500 - — HIE
— FNME
400 -
300 |

200 A

100

0 500 1000 1500 2000 2500 3000

Figure 11. Visualization of test set and its predicted results (AQI)
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