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Abstract

Amidst ongoing urbanization in China, air pollution in major cities has become a pressing environ-
mental and public health issue. To improve the accuracy of air quality forecasting, this study employs
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daily Air Quality Index (AQI) data from 2014 to 2024 for five national central cities—Beijing, Shanghai,
Guangzhou, Tianjin, and Chongqing—to construct Seasonal Autoregressive Integrated Moving Aver-
age (SARIMA) and Holt-Winters exponential smoothing models, and compares their predictive per-
formance. The results indicate that both models effectively capture seasonal and periodic fluctuations
in AQI sequences, with out-of-sample prediction relative errors below 10%; however, the SARIMA
model demonstrates better fitting accuracy in most cases. This study reveals that urban industrial-
energy structures and transportation policies are key factors influencing air quality changes.
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Figure 1. Monthly AQI for Beijing, Shanghai, Guangzhou, Tianjin, and Chongqing
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Figure 2. Processed time series of AQI for Beijing, Shanghai, Guangzhou, Tianjin, and Chongqing
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Table 1. SARIMA model selection and AIC Values for five major Chinese cities
F=LAER. B3 ML XiE. EREH SARIMA REFRT N AIC (B

i AIC

Jb SARIMA (0,1,2)x(2,1,2),, 640.778
g SARIMA (0,1,2)x(1,1,2) , 567.146
I SARIMA (0,1,2)x(1,1,2) , 589.539
o SARIMA (2,2,2)x(1,1,2),, 645.445
R SARIMA (0,1,2)x(0,1,2),, 571.742
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Figure 3. Model diagnostic plots for Beijing, Shanghai, Guangzhou, Tianjin, and Chongqing
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Figure 4. Tests on model residuals for Beijing, Shanghai, Guangzhou, Tianjin, and Chongqing
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Figure 5. Holt-Winters fit and forecast for Beijing
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Table 2. Forecasting accuracy of two models for Beijing

2. ARHRERBE O

E HSEfE 95% B 51X 8] HEXTREEE

H— 95.55 93.23 (85.79, 100.67) 2.43%
SARIMA (0,1,2)x(2,1,2) | 54 78.80 71.65 (62.52, 80.78) 9.07%
5= 71.59 70.20 (61.39,79.01) 1.94%
F—H 85.35 93.23 (75.54, 95.16) 8.45%
Holt-Winters $550°FI5 1% ] 72.19 71.65 (63.26, 81.12) 0.75%
=1 72.54 70.20 (63.78, 81.30) 3.33%
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Figure 6. Holt-Winters fit and forecast for Shanghai
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Table 3. Forecasting accuracy of two models for Shanghai

3. EiEmmIEREE

WAME  AESE 95% B A7 X [F] AR BE

E o i 69.20 63.90 (62.27, 76.13) 8.31%
SARIMA(0,1,2)x(1,1,2) , b 59.73 61.55 (52.79, 66.67) 3.00%
= 55.65 58.27 (48.71, 62.59) 4.50%
i 69.20 63.90 (62.27, 76.13) 8.29%
Holt-Winters 85 FIg1% FoM 63.47 61.55 (56.53,70.41) 3.12%
= 61.68 58.27 (54.74, 68.62) 5.85%
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Table 4. Forecasting accuracy of two models for Guangzhou

=4 TN RERBE SN

AME  ESEE 95% B 15X 8] HEXTREEE

#—H 60.64 62.63 (51.93, 69.35) 3.17%
SARIMA (0,1,2)x(1,1,2) , - 65.64 66.55 (56.93, 74.35) 0.15%
= 67.64 75.09 (58.93, 76.35) 9.94%
E o i 62.82 62.63 (53.47,72.17) 0.30%
Holt-Winters $8#(°FIF% o 67.64 66.55 (58.29, 76.99) 1.64%
=M 74.82 75.09 65.47, 84.17 0.36%

( 9 )
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MITH AQI{H, Holt-Winters 45 %517 i R HE (1t 5 L SEBRUL A 1 F00 -

Table 5. Forecasting accuracy of two models for Tianjin

5. RiEMMEBEBESN

Tt e HYE 95% & 15 X [A] FEX R FE
i 103.19 104.74 (96.40, 113.08) 1.50%
SARIMA (2,2,2)x(1,1,2),, g . 94.77 87.29 (78.95, 95.63) 7.89%
=1 91.52 88.77 (80.43,97.11) 3.01%
M 97.74 104.74 (92.81, 102.67) 6.68%
Holt-Winters 85071515 = 83.67 87.29 (78.74, 88.60) 4.15%
=4 81.62 88.77 (76.69, 86.55) 8.06%
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Figure 9. Holt-Winters fit and forecast for Chongqing
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Table 6. Forecasting accuracy of two models for Chongqing

6. ERTARENEE S

e HIAE 95% B {5 X [7] X R
SARIMA(0.1,2)x(0,1,2) B 66.18 67.10 (62.44, 69.92) 1.37%
b X e 12
s 72.99 68.77 (69.05,76.91) 6.13%
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