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Abstract
Inresponse to the severe fluctuations of air quality and frequent extreme pollution events in Chengdu,
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as well as the lack of layered comparative studies in existing research, this paper constructs three pro-
gressive prediction models based on daily air quality monitoring data from 2020 to 2025: univariate
LSTM, multivariate LSTM, and multivariate LSTM with attention mechanism. A specific error evalua-
tion for extreme pollution (AQI > 150) is also introduced. The experiment uses a 21-day time step for
one-step-ahead prediction. The results show that after introducing six pollutants (PMz.s5, PM1o, O3, SOz,
CO, NO2), the multivariate LSTM significantly outperforms the univariate LSTM in terms of MAE, RMSE,
RZ,and MAPE. The attention mechanism further improves R2 to 0.7981 and reduces MAPE to 23.63%,
while the extreme pollution prediction error decreases by about 25% compared with the univariate
model. All three models converge effectively without overfitting, and the attention mechanism signif-
icantly enhances the ability to capture key periods and peaks on top of the multivariate model. Overall,
the multivariate LSTM model with attention mechanism demonstrates promising applicability in both
routine prediction and extreme pollution scenarios, and may serve as a useful reference for air quality
forecasting and heavy pollution response in Chengdu.
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RATAT0A, FE IR R Qe T5 PR AL OB R [ 7] W05 4R S5 4E /R RS PMa.s R 5 N 11 58 23 XU
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2.1. KIEHAICIZMLZ(LSTM)
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ST BAT]S B T DA R TP AN GREIR6 B R 8, T iz 2830 A R LR PR e Tl

LSTM oot S an T
B [T b — I 204 BRI AR B R
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BT AQI A AR KB ) SO R R IR & A REE, 128875 G iR & U . SRR s SRl

DOI: 10.12677/5a.2026.157160 178 Gt 58


https://doi.org/10.12677/sa.2026.157160
https://citydev.gbqyun.com/index/chengdu

S

AT 1%, STASMERME NG, DRI IS . 00, it o A PRI 4 S5 1.
3.2. BIEEXRGHIFES

3.2.1. AQI KB FRFIZE L o3 4R

Wi 1 s, 2020~2025 FERGETT AQL 741 I “ WU 7 ZEAT kSl A2 AQI iy, V54
SR H AQI MMM, MiLErreE. X —HE S50 2 AR ¥ Bk EE VK.
WeAh, FPAIHRAFLE 2 UG 250 MM AQI mifE, X I HP B 28 B RS Jead F2 . AR b, RAIRILE AR
SFRURFAE, IMH 507 ZREN RIS, AR G2 MR LU LA, R TR LSTM SRR 5 24 S A it
AT TR 6 B

RERT2020-20254FA01 R BT

250 — A0l
e AQl > 150

200 ‘

0l G L il

Aal

© ] B o o
& & Y b & @W &
B

Figure 1. Daily AQI variation curve of Chengdu from 2020 to 2025
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Figure 2. Axis-separated boxplots of air quality indicators

E 2. &= SRERRDSHAELZLE

DOI: 10.12677/5a.2026.157160 179 Gt 58


https://doi.org/10.12677/sa.2026.157160

SR H

3.2.3. BSRUEXYES

AR 3 IR, AQI 5 PMas. PMuo IAHIG R E 537108 0.67 1 0.68, H B35 IEAHK, RHM
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Figure 3. Correlation heatmap of air quality indicators
3. ERREHRFHEXMERNE
3.24. RBHESREHIFRIEEST
Table 1. Descriptive statistical results of air quality indicators in Chengdu
= 1. pEmESRERFERESITER
AQI PMas PMio 03 SOz CO NO2
mean 74.99 37.53 58.41 93.91 4.44 0.65 29.87
std 34.56 2591 35.69 49.44 1.7 0.17 13.18
min 18 4 6 6 2 0.3 5
25% 48 20 33 55 3 0.5 20
50% 68 31 49 83 4 0.6 28
75% 95 48 76 128 5 0.7 38
max 253 187 399 247 14 1.6 93
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i NRIN); @ 27458 LSTM ($ii A\ AQI & PMas. PMjp. O3 SO». CO. NO, AT HH); B %
A LSTM + 3 & AL (75 i L Ak ot g sk St 1) 25 (58 NINAL ) o = b 280 SR AR ) 0 80808 1) 49
T Jo 356 0T B A 2 AR A N R R L B DTk -

T %5 e E N AR E . B B 2 5 B CO FKT 2 mg/m®, PMys iliA30H pg/m®), B
MR MEHUE 22 S BORBUERAE E PR R, 2l ZafesE S U SaaE 2 . ik, R Min-Max JH—4k
R AR 20, 11X H], AxXan=N13)FR:

x =T (13)

b, x B xRN GREE b AE R I B AME A B KA, AR A FH [F)— 2 A, e s it % o
[ R P A =S 110 e el 1 R == O 7 V) B2 9 s B T ) Y 8
3.4. FBERIE OEABEIE
LSTM # A B Ry NN [ 2 K SE 751, AR W B0 & VAR B 2 IR EAR . W DK EN L,
FRELERE NN d (AR N 1, 28N T), W ¢ MEARBIESE L ANEED FRFERI AR, R8N J5 S2)
ZIW) AQL1E, WxR(14)Fs:
Xt :{xt—L+l’xt—L+27"'sx,}a
yt = AQIH—I’
g B AR T 2 AT Y Rl R 2~3 B, RSO E L=21K, 21 RE D& —IREG il i
VP SLG MR Z O MBI B A . EBP KN 1, PR AR AR,

3.5. BUESEXIS

NEPPERERLZ ALRE ST, SIS TR 7 AR A e R 73 I 2R B (85%) BIE£R(10%) ISR (5%),
BB AR RMEE, FFEREHNA 5. EAREONN =2171, B THENEALWA5)FR:
N, =| Nx85% | =1845
N, =| Nx10%]|=217 (15)
N,,=N-N,, —N,, =109

test train

WEREAL T FPAIATES, M TR SE, Wb R s, AZ5I%dRE, TR =k,
IGUERURTES: 12 FR T RER, B b I 2RI R A, DLy b 805 MR TP AR R,

(14)
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4. REIE
4.1. BTE LSTM iRAHE

WA LSTM SR LA S AQUFSNSIAN , MEAREHEFIIIEE AL . 255 R A P2 LSTM, Herh
—JZ 128 HUT, HTR 64 Ht, M tanh WIE . PIJR Dropout (Fufl 0.15) KR AR (32 M
JG +ReLU, i 7 sl 4 B ALk . SN BRHELL IS B0 21 RIS F Be(EIE 21 % 1), it AR —H AQI
TME . VIR MSE 4R Adam fEAEER, HEIRA/DN 8, AU 100, Fofr 5T Ko ) 58k, T4l
SHMENLE 2.

Table 2. Parameter configuration of the univariate LSTM model

F2 BT LSTM RESHRLE

= 24 ZHUH
N2 N R 1
S8 E 2w gE| 128
LSTM 2 1
TS PR AL tanh
Dropout JZ 1 Dropout L4 0.15
LSTM E 2 s B e H H 64
s BRAL tanh
Dropout JZ 2 Dropout EL {5 0.15
\ 4 o H 32
IR WO R ReLU
i 2 i T A 1
I )25 K 21
R Adam
5 BRI 2L MSE
IAZH AR 100
HEIR AN 8
R LR 12

7E: LSTM ZERABOE RN tanh, IR0 e B 2% =) 8 005 0% .

4.2. ZTE LSTM i&8HiE

TEHAR R LSTM Atk |, AR SCHMEEZ AR E LSTM #8Y, [FIFF 5]\ PMas. PMjos Oszv SO2. CO. NO»
SIS R E N BNRHE, 5 AQI SLFRIMI R Z e RN, DA% 315 Gl (T I 7E R R, $RFH TN 2 5
FasE M.

NORIEX EE AT, BRI EhMg . 248 M ciE . Busms. BN AR E LSTM 54—
B, AUCKNGEREE RN 21 x 7, BI-LIUERR, 21 K& M. @il ZRERES, A ] BEAC R — AR Sk 5)
T, JEHAE AQI P AR LI B IR T A B . VI E RN ik ss . Kk %L, Dropout. Ff%. %%
RN G BB —3, PR MEREE B SR RHER I DTk, A SN B WK 3.
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Table 3. Parameter configuration of the multivariate LSTM model
3. 2T = LSTM BRSHEE

=24 ¥ SR
HNZ F T R 7

T RPARIIH SR SNGSHN 5% 2 .

43. MEFBRNNBINZTE LSTM {E845E

it AR TR BEIN FP 15 B AR ), AAEL AR LSTM Zal B Sl N ApLs], ik g £
= ST E T TA) 0 (1 S B, 4 s OB BB | PRI 75 0 B OR BE P J2 LSTM 4544, 7E28 )2 LSTM
R INONVER R TR SRR, £ Softmax VA AL INBUR A AL B4 RAFAE A &, BAET
AQI s b FF A5 Je mie S5 OCHER B, F A A ER 2 TN GE R . IZRAECE 5 AT PR 2 —E((Adam.
MSE. #lt/X 8. Dropout 0.15. 5% J¢ %% ) 238 K), TRUERTLL Ao E R IBEHRIEAN B2l 2R 40~
FETH T ORI BURRIESRIEE 71, & F T AT AQI BRI AL i RS TN 7 5, BRSO E
Wz 4.

Table 4. Parameter configuration of the multivariate LSTM model with attention mechanism

54 ZTELSTM + FENHGIERSHEE

E S ZHH
LIPS LTPANR PSR (4 7
ERNE A B BR A Softmax

HE: RARIIHEI MR SNGSHIY 55 2 6.

5. KBERS5 1R
5.1. FRBEGIRSESES T

PSR ik 2 v 458 2 1 28 BE 08 B S 9 28 127 ST /R . INSIGER T 52 Re 1, &P R A
ORI BB . AR @IS GRS IR R AR, X SRR U S B AT be AT, &5
Bk 4~6 Fix.

BIE LSTM $Rskhs

— gIR%k
0. 020 — IHERK
0.018
m
K 0.016
e
0.014
0.012

0 5 10 15 2 % %
WIERELIR
Figure 4. Loss curves of the univariate LSTM model
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Figure 5. Loss curves of the multivariate LSTM model

Bl 5. 232 LSTM AR kKR

LSTMHER S iskahsk

— IR

0.022 4 LrnzizES

0. 020

0.018

A ST

0.016

0.014

0.012

0.010

0 10 20 30 40
IEREEIR

Figure 6. Loss curves of the multivariate LSTM model with attention mechanism

6. ZTE LSTM + EENHNFIER IR K HHLLE

FATE LSTM Il k. BAUESURATHIRIE M, )5 T HE 45742, Dropout 5 75 S0 A RO L 1)
oy BRI R, o AQL R TCIE FE B2 5 Al & R AL . 28R LSTM A 215 %
PV NRFAE, USSR TR, AR HRR S i 2 AR EE L T AR B . VR T) LSTM DU 2RI 38 e
PUR/NIRR G, SRS T IR =R R R i Rk, IR T SR P R S5 ek
T, =R e AT RO, RGO R S B & Bk, EREUEZ AR LSTM Zrir M RE
fit.

5.2. {REFE REXTEL AR

5.2.1. TR EAREE R
g g WA AR AE DR R TRCR, SR 4EXTR Z(MAE) 77 iRI% Z(RMSE) 4k
ERH(RY) 5T 408 1 7 LR ZE(MAPE) W SR BEAT SR & VP AL, =R 545 Rk 5 s
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Table 5. Overall performance comparison of the three models

T 5. ZHPIEBIER ML RERTEL

A MAE RMSE R2 MAPE

BASE LSTM 14.08 18.34 0.7228 30.13%
£ & LSTM 12.48 16.45 0.777 27.73%
LSTM + VE&E 1AL 11.74 15.65 0.7981 23.63%

AR, =R G FI0S E E RTat. AR R LSTM {UKEEG 2 AQI F#41, MAE N
14.08, RMSE &y 18.34, R>40.7228, MAPE }y 30.13%, %28, i W B — I 8] /35 4] #fi A e 48 4 ik 25
SUREM AR AL . 288 LSTM 51 ANTUS RWRHIE S, & IR AR B 2 25G5% : MAE £ % 12.48, RMSE
B4 16.45, R2IETFE 0.7770, MAPE [ % 27.73%, UEW 22 PR BIFE A8 A 50 5 A5 R0k 52 0 R 2% 104l
PERE ST AR SIWLHI 225 LSTM RIRL, MAE #f—2 %% 11.74, RMSE 4% 15.65, R2#27t
% 0.7981, MAPE £ % 23.63%, 1EiRZENSMETEE R kG, RFHER IS TA T R

FERFAEALEE, A TN B 5T B .
5.2.2. FURIBLZEITEL S

NS ELUL R B AQI AR AL S IS RUR A I GUER 109 M FEA ) L SILAE 5 Tl 2 i

Poh 2k, =R R fxs b2 SR an s 7~9 o

AR LSTM MR E TS L

160 4

140 4

120 4

— HZ:A0I
—=- Al

HAE

Figure 7. Prediction comparison on the test set of the univariate LSTM model
7. BAE LSTM REUMR S FUN % EE ]

SR LSTM R SEFUMS EE

160

— H3A
=== FRAQI

HAE

Figure 8. Prediction comparison on the test set of the multivariate LSTM model

8. ZAE LSTM REUMR SR FUN % EL ]
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Figure 9. Prediction comparison on the test set of the multivariate LSTM model with attention mechanism
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Table 6. Extreme pollution prediction performance comparison of the three models

= 6. = FPIR BRI S R TUN M REXTEE

it Wom B FE A £ (AQI > 150) Weii{d MAE M {E RMSE
BAE LSTM 1 48.38 48.38
£ZAFE LSTM 1 43.09 43.09
LSTM + {£& 4 1 36.11 36.11

f AT, AR LSTM AHZH {5 YR A IR 2208 B 48.38, U BHALEE AQI J7 SE AR M LA 42
RRMEEGRSEE. SINZTREEE, TWHRZRKE 43.09, HBEKT 10.9%. IIAER PG,
TR ZEE— 2 N R 36.11, MR R EK 7 25.4%, MHHEZAEEAEIK 7 16.2%. X453
A FTUERA TR AL 75 B T B ity (B 000 8 70 75 THD K S AR, T EL S e T B WA B
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LSTM, 5| AZ 05 WAL T 78 70 124815 SR AR S 0 &, RIESR T PR k. 28 =, IATEE S
PG, BRBAEIRZEE . G 2 MR E TN _ Bt — D3RI, JUHAE AQI il a2 AN e (2 F 0 iy i /e %5
Ritte =, BEESIIHINZAE LSTM BARBAVERERIL . faE i, ZLRe hmls, &l
TR T 2SR T S Y AR 55
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