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Abstract: The accurate understanding of the real-time dynamic evolution patterns of the air quality index (AQI) is
crucial for air pollution control and urban public health governance. Therefore, we extend the AQI feature information
from the temporal dimension to the spatio-temporal dimension by constructing a three-dimensional space tensor.
Furthermore, a spatio-temporal forecasting network model based on the multi-scale three-dimensional-convolutional
neural networks-convolutional block attention mechanism (3D-CNN-CBAM) is proposed to improve the AQI
prediction accuracy. First, the effective screening is performed on the influencing factors data. Second, the AQI and its
influencing factors are decomposed into subsequences with different modes. Then, based on the three aspects of time,
spatial geographic location, and influencing factors, a three-dimensional spatial tensor is constructed to reflect the
spatio-temporal characteristic evolution of AQI data. Third, a 3D-CNN-CBAM network model is designed to predict
the subsequences, which can effectively extract the crucial spatio-temporal correlational features between the AQI and
its influencing factors. By learning the importance of local AQI sequence features, the model can assign different
weights to spatio-temporal information, thereby enhancing the influence of critical information and reducing the
interference of redundant information. The proposed method is applied to the daily AQI prediction in the three major
urban agglomerations from 2019 to 2024. The results show that the proposed method is suitable for predicting the AQI
with spatio-temporal attributes and exhibits higher forecasting accuracy and applicability compared to existing methods.
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three-dimensional space tensor; multivariate empirical mode decomposition
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Ji, K25 T B (0 TR0 AR 1 AT 4 b 3, 759 3 g T
JETCTRIT PN T AQI 1) f3 28 Tl 45 L, n Pl 4 .

TEE 4 AT 2 I R T S b E 5 TME 2 (] 1)
6 G = 1 T 51 s e el b 3 N | o A
T AQI, H FUIAA 5 S PR i FE A0 A, R A AR SC 7 vk
REME A R L A QU 1 52 A% f 2 SREAIE, AT Y
b %1 e AQI Hi 48 1) S B v B 45 8. PR e, AR S i A
A I IO RG B, 3 F T AQII, 2% Tl T A% 5
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FEAH
(c) J7IHTT AQIFM R X LE
B4 FUNBRIILL

J7E R AQI TN 45 5, — J7 A B T2 Ui 2 T &
G958 R AT RS AE I TIUEAS 2, AT 12E 2 A B i R B ST
PP I, DA FRAIG AR e XU 55 — 7 1T, AQI T &% SR fig
% PRI RIS 1) B A S, DA i IX 3k
N SRS SR 3
2.3 FUMSRXTEL o4

A SCR) FH 4 Fhoiw 22 VP 48 A, B 35 46 0) 1% 22
(MAE). “F¥J#H%f /5 % (AVR). )5 1R % % (RMSE)
IR L %F 43 bR 25 (WAPE) A A 5256 45 SR 1 3
bR A, X 5 20 S G 347 % b dr, BASGUIE AR SC P
TN 5 R B R, 3 A B SR B g Rk 1
H7R.

1) FEAEBL RN b, 78 A SC 7 iR R Rl b, F A 8
FhHEAERIAL 43 I%F i T AQLL AL 5T AQIANT M T
AQIFEAT TR, LK 56 3D-CNN-CBAM A5 7Y [ F00 4
e, FEAERTY 2 50 CNNAE AL, GRUBERY . Aot Bfs
JE T (XGboost) 7Y | To A% I — U il Th] S 45 ) =[]
JF(QSSVR) A7 . SVR AT | K45 #1812 (LSTM) £
R ZWRABBCT IS (Holt) LA K™ S [A1 VA 44 4 57
77 % (Garch) B AL P R R 19 1~5, 12~19
PL K 25 ~ 32 fT 7, A %1 MI-MEMD-3D-CNN-CBAM
JEAE 4 PR Z VPN $8 b L35 3R 0 H B A0 1 F00 kG
J&, 1 B 3D-CNN-CBAM 1% 24 8 9 A5 2032 HL AQI /77
G 2 B B B RRAE. 5546, 78 8 FiAS [R] (1) AQL T
FFTIRTE B 73 vh AR T HoAt 6 P T HLE8 5 21 07
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ik TEF S TR T7 % MAE AVR  WAPE  RMSE
1 MI-MEMD-CNN 44389  0.0499 69809  6.2208
2 MI-MEMD-GRU 13.6781 04170 21.5108 17.9769
3 MI-MEMD-XGBoost 52254 00580 82177 67064
4 MI-MEMD-Garch 29.0740 2.0039 457232 39.4061
5 MI-MEMD-Holt 165.0671 45.1029 259.5924 186.953 1
AT = A o T 6 MEMD-3D-CNN-CBAM 6.4374 0.0688 10.1237  7.3017
7 MI-3D-CNN-CBAM 47407 0.0565 74554  6.6190
8 MI-MEMD-3D-CNN-CA 41978 0.0359 6.6017 52732
9 MI-MEMD-3D-CNN-SA 44648 0.0386 7.0216 54724
10 CEEMDAN-FE-LSTM 427877 32611 672900 502704
11 MI-MEMD-3D-CNN-CBAM (A7)  3.9020 0.0276 6.1364  4.6279
12 MI-MEMD-CNN 340336 09843 429075 51.9982
13 MI-MEMD-GRU 309296 09832 389941 51.9705
14 MI-MEMD-XGBoost 283216 08167 357061 47.3649
15 MI-MEMD-QSSVR 282879 0.8302 35.6636 47.7552
16 MI-MEMD-SVR 282946 0.8301 35.6721 47.7538
17 MI-MEMD-LSTM 317761 08111 40.0614 47.2023

SR T RE 18

MI-MEMD-Holt

297.5891 38.7028 375.1823 326.0668

19 MI-MEMD-Garch 422855 1.1230 533110 55.5432
20 MEMD-3D-CNN-CBAM 28.5242 0.8354 359616 47.9048
21 MI-3D-CNN-CBAM 28.2929 0.8295 35.6699 47.7346
22 MI-MEMD-3D-CNN-CA 28.6049 0.8532 36.0633 484125
23 MI-MEMD-3D-CNN-SA 283912 0.8378 35.7939 47.9750

24 MI-MEMD-3D-CNN-CBAM (£ J5#k)  27.9532

0.7730 35.2418 46.0817

25 MI-MEMD-CNN 16.3219 0.8577 282927 239182
26 MI-MEMD-GRU 20.4206 1.1536 353976 27.7377
27 MI-MEMD-XGBoost 162997 0.8513 28.2543 23.8277
28 MI-MEMD-QSSVR 16.2944 0.8541 28.2450 23.8676
29 MI-MEMD-SVR 162932 0.8541 28.2431 23.8671
30 MI-MEMD-LSTM 19.3800 1.0877 33.5937 269343

BRI =AMk it 31

MI-MEMD-Holt

41.0844 3.0814 71.2167 45.3342

32 MI-MEMD-Garch 20.0940 1.0019 34.8315 25.8497
33 MEMD-3D-CNN-CBAM 16.3329 0.8547 283118 238756
34 MI-3D-CNN-CBAM 16.2660 0.8512 28.1959 23.8264
35 MI-MEMD-3D-CNN-CA 163565 0.8587 283528 239319
36 MI-MEMD-3D-CNN-SA 16.2879 0.8544 28.2338 23.8710

37 MI-MEMD-3D-CNN-CBAM (£ J5#) 15.9728 0.8210 27.6877 23.4008

V£ I T 45 5 MI-MEMD-Holt 1 MI-MEMD-Garch
77 ¥ B T AR 2 . | e ] 0, Holt 45 B4 AT Garch
FEAUARE F T AQI 41 i isf 23 T, Jst IR 7 T+ 3 7
PR = 201 7 40 R B A AR AIE, T AQIT 1| B A AR 2.
PEFI AP AR MR RREAE, DR s DL B TR A LA 25CR.

2) S5ANHEAT MIAH G MR 58 6] L. 7R A S 5 ¥4
) FEA b, AN AT MIAH G MR 36, BP AN 5 18 H g 1l
AQI. Jb5ITT AQIAN) ™ JH 17 AQI 737l 5 VL = £ ¥

X, 5t v 3 X AT BRI = A o X 3 32 Bk 1 25 <
5 G RS G IR 2% ) 4 M R Al 2 1 A S 1, LB
BT A FH 2 52 1 R 22 I A\ s 25 FR0 A 2 i MEMD-
3D-CNN-CBAM J5 i, X &5 B ansk 14 6. 20 f133
JIT 7, 3 5 v IR 4 Fh TN A% 22 VEAR 48 bR 480 i AR
A, 3 3 R M7 VR AT AH SR A 56, BE 9% 43 a1l i
w5 i AQILL AL HT T AQIAI ™ N T AQIAHIEFE
R R, AT TUARAS BRTHUL A T 2 1 T3,
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3) SAHEAT 2 RSy R b, JEF AR Sk,
AN FE 2 RRE 4y iR 5 1%, B3 FI ] 3D-CNN-CBAM
A5 TR B B = 4 5K & 1R B 25 R AIE, 12 8 MI-3D-CNN-
CBAM J5¥. S thas R ange 141 7. 21 134 ffros, 3 7
J7 V2 [ TR FEE ISR T AR S 7 ¥, 3 B MEMD J7 72
BEOE K HE 2 M AN AR AR M 10 52 2% 17 971 o i R R
BB, P AR M T SR ) T A A B 10, L SE IR R
JRUBE B R AIE (14 R

4) 5 ) 38 18 5% 25 18] 33 2 A AU 5 L 2
AL TgE, X o fif B Ja B AN R ROBERHE I 7
FUAFI FH 45 4 388 T8 B2 o) 3 2 g AL o] 0 A 28 3k 47
5, 43 513 8 MI-MEMD-3D-CNN-CA 77 % f1 MI-
MEMD-3D-CNN-SA J5y%. Sf g sk 1 418, 94
22, 23, 35136 fFrun. AHECT Rk 71k, AR
T T SR PR TR0 R SR, 2 s ik A T A0 5 i AT 2K
AN BEX I 2 AR R AT A A B, A ST R Re s A AL
L T AQIL JE 5TTT AQIAN) N 1T AQI ) e ief
A5 S, AT S T RS B (B T

5) 5 2 U 7 ik R b AR SO BT T
155 H AR TN AQI %% 1 STk /Y] CEEMDAN-FE-
LSTM J5 VAR R AT LA o #r. X b 25 R anzk 1741 10
7, AR S 1 1) 100 R0 22 B S & T CEEMDAN-
FE-LSTM J7 i, Bt o] WL, A% 3 7532 B A 58 v 1) Tl
M.
34 ®

AQI AU A A, 7] B 52 1) A< iy F1 410 3 1 [X 55 AH ¢
[RI 2R 52 M, LA B 2 S o P R VR ol M S R A X gk
AT B I AE A B T A B T 2 AR AR AR IR AESURT ¥ B
P 2 1 . AR T, B TR 72 240 T SR R R AN
TG G I A 18] G R @ 1, B A% 48 3D-CNN A
TS DU R B R AE AR IR OGBS S Rk, AR S
P2 H I R DK B B2 T 2 RUEE 3D-CNN-CBAM /)
AQII 7 I 77 4. 8 5, A1 FH ML 520 [R 2R AT 7
i%; 4R J5, FI I MEMD #1 SE J7 1305 % JEL UG 17 51 4 filt
R R AT B AR B R R 5 I T R T
73 i) = 4E 77 [A) 5K i 5 Jm, e 3D-CNN-CBAM
Z RN 7 7 H AT T, 45 15 21 B 13 AQI
1) B 4 T 25 SR

T 55 25 S W, AR SCI TR0 77 7256 - R i LA B
V) 0 225 [ XU B Jeg M P 7 1) JEL A 26 v 1 000 S AT R
UFHIE M, B BA BUR 37 AL 35 1) A 50K
2 R ff 51 5 IR B 2 IR AR 25 &, DA 2
HECHE 1) T LA R R A, 45 31 5E BRI 1) 41,

B 4w 7Y T 44 E. 2) 3D-CNN-CBAM
W) 284 AL TR 3ok 2 2] AQIF B1) [X S ] 2 A 1) B B R
JE, BE05 A AU B B G H 1) 25 AT I 345 IR, AT 2% ik
& 255 CNN S BY A7 AE (1) B2 A7 58 7 52 B 1n) . A4 L
TG CNN R, 1245 70 R I0 L S0 AR 1 LU 2 e,
B2 5 i 7 S AR A B AL T — P )
MEAA. 3) AR SCFH A RE A 22 25 (], 35 A b R AT T b [X
(19 AQI S 54 [K] 2%, b — 4 =5 [A) 5K &, LA 38U
WL DR 25 R0 2 S35 Yo i b 25 A8 4k, AT S AQI T
DU A B8 A5 A B %) 2 ) B 28504 2.

AW E S T @ BT = 4 E sk
3D-CNN-CBAM il il #5524, DL S Bt R R A <
15 YW (I 23 3 AR . 7R RSB T, AT DAk — B R
AQIIE BN X [ H AL AN 1€ {5 15, LA EO i 4k 4 ik
AT 1 B M AR A AL B S 573 A, A SCAFF 4 g TR0 JF A
HLAG I P TP S s Il Rt 15 11 R
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