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Abstract

Atmospheric particulate matter pollution has become one of the primary factors endangering human
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health. The analysis and forecasting of urban particulate emissions can provide a scientific basis for
improving air quality and formulating pollution control measures. This paper uses daily data on the
Air Quality Index (AQI), PM2.5 concentration, and PM10 concentration from 2014 to 2018 in Beijing,
Shanghai, and Guangzhou as research samples. After removing outliers and performing interpola-
tion, ARIMA and SARIMA models were applied to analyze the time series characteristics and predict
air quality for the next three periods. The results indicate that the actual values fall within the 95%
confidence interval, with most data exhibiting a relative accuracy of less than 10%, and the models
show a high degree of fit. Additionally, the study reveals a downward trend in AQI, PM2.5 concen-
tration, and PM10 concentration in Beijing, Shanghai, and Guangzhou, with significant short-term
improvements in air quality.
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Figure 1. Box diagram before pretreatment of AQI, PM2.5 and PM10 in Beijing
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Figure 2. Box diagram of pretreatment of AQI, PM2.5 and PM10 in Beijing
2. L= AQI. PM2.5, PM10 F&bIE /G FE 4%

b) “Fratkie

N T IS KRR P yE s, BATR ST 24, M E TR E L, EREL
G BAVEHX 60 2 BdE2EAT I Fr 1B 1 221

M2 PRI B TT DL H R ES 20 I PP A AE S R 2 ki %, 5 B AT AR AL 2], JRATT 1 Jo w7 A4E
Wl RS P IBEAT — 2 4R, KBRS AL B A (P A AE B B O e A A, ot AT —
TR E B Y AR . WAL 3.

e iAQl L HPM2.5 JtxAiPM10

140
120

120
100

BAQI
100
BPM10
80

T T T
0 10 20 30 40 50 60 0 10 20 30 40 50 60

t t

L#gHiPM2.5 L#gHPM10

100

80 90

90

80

BAQI
B25
4

BPM10
70
I
/D —
—

70

0 50
e<e\,
——

60

DOI: 10.12677/aam.2024.1311481 4993 I3RS


https://doi.org/10.12677/aam.2024.1311481

RELT 5%

IHAQl

J M PM2.5

;M TPM10

100
L

b25t

BAQI

?e

T
40

B10

920

80

70

Figure 3. Linear fitting of AQI, PM2.5 and PM10 in Beijing, Shanghai and Guangzhou
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Figure 4. Sequence diagram after smoothing
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LR AQl

> Box.test(diff(diff(bAQIt),lag=12),type = "Ljung-Box")
Box-Ljung test

data: diff(diff(baQIt), lag = 12)
X-squared = 10.683, df = 1, p-value = 0.001081

g AQl
> Box.test(diff(diff(baqIt),lag=12),type = "Ljung-Box")
Box-Ljung test

data: diff(diff(bAqIt), lag = 12)
X-squared = 5.8933, df = 1, p-value = 0.0152

I AQl
> Box.test(diff(bAqQrt),type = "Ljung-Box")
Box-Ljung test

data: diff(baQIt)
X-squared = 9.8054, df = 1, p-value = 0.00174

LI PM2.5
> Box.test(diff(diff(b2.5t),Tag=12),type = "Ljung-Box")
Box-Ljung test

data: diff(diff(b2.5t), lag = 12)
X-squared = 8.4646, df = 1, p-value = 0.003621

L5 PM2.5

> Box. test (diff (diff(b2.5t),7ag=12),type = "Ljung-Box")
BFFIARERERE

Box-Ljung test

data: diff(diff(b2.5t), lag = 12)
X-squared = 5.5378, df = 1, p-value = 0.01861

I~ PM2.5
> Box.test(diff(diff(b2.5t),1ag=12),type = "Ljung-Box")
Box-Ljung test

data: diff(diff(b2.5t), Tag = 12)
X-squared = 7.9021, df = 1, p-value = 0.004938

LI PM10
> Box.test(diff(diff(bPM10t)),type = "Ljung-Box")
Box-Ljung test

data: diff(diff(bPM1OL))
X-squared = 21.45, df = 1, p-value = 3.632e-06

L35 PM10

> Box. test(diff(diff(bPML0t),Tag=12),type = "Ljung-Box")
BFFITRARERE

Box-Ljung test

data: diff(diff(bPML0t), lag = 12)
X-squared = 16.194, df = 1, p-value = 5.716e-05

I~ PM10
> Box.test(diff(diff(bPMi0t),lag=12),type = "Ljung-Box")
Box-Ljung test

data: diff(diff(bPMiOt), lag = 12)
X-squared = 7.5524, df = 1, p-value = 0.005993

Figure 5. White noise test for nine sequences
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AEGR N, SRR S E AME—, A 2 B EI A AL, R ATTSI N AIC AT BIC
YA T AS ) 23 5 R ) 3647 22 VR 3% B auto.arima() B8 B 2 B, LU E S AL A B R [5]. L
ANPREAY 4 ERIE L AR A K, RIGAE R P B E KT B MK 0.05, F£HFHH I KE MG B 2 RIhH
0, BAIET), RN SHRENE, HRIURNSE. RAHERINE 1.

Table 1. AQI index, PM2.5 mass concentration, PM10 mass concentration model formula, AIC and BIC values of the three cities

=1 ZATHR AQI #E%. PM25 REIRE. PM10 REREEE AN AIC, BIC &

R N AIC BIC

AQl  SARIMA(1L11)x(10,0),  (1-0.2806B)(1-B)y, =(1+0.9268B)(1-0.3038B%)s, 500.93 509.24

kit PM25  SARIMA(L11)x(L0,0),,  (1-0.2849B)(1-B)y, =(1+0.8926B)(1-0.2692B")s, 509.49 517.67

2

PM10 ARIMA(1,1,1) (1-0.4868B)(1-B)y, =(1+0.923B)¢, 510.38 516.62
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AQI  SARIMA(0,1,2)x(1,0,0),,

# PM25 SARIMA(0,L1)x(110),,

PM10  SARIMA(0,11)x(111),

AQI  SARIMA(2,1,0)x(0,0,1),

2

"M PM10  SARIMA(21,0)x(0,11),

PM2.5 SARIMA(0,1,1)x(0,11),

(1+05748B)(1-B)y, =(1+0.3177B)(1-0.2494B% )¢,  442.02 450.32

(1+0.8404B)(1- B)y, = (1+0.59938" ), 316.46 322.01

(1+0.6783B)(1-B)y, = (1+0.3341B)(1+0.4976B)s,  339.1 246.33

(1+0.7772B)(1-B)y, =(1+0.3565B)(1-0.4268B" )5, 461.83 470.14

(1+0.5915B)(1-B)y, =(1+0.3732B)(1+0.3882B" )¢,  355.79 363.02

(1+0.8858B)(1- B)y, = (1+0.77938% ), 317.74 323.09

3) BREALZMER IS
a) Q-Q K%
b) REHRFKLK
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Figure 6. AQI, PM2.5 and PM10 Q-Q of Beijing, Shanghai and Guangzhou

E 6. dtmm. L&, ™ AQI. PM2.5. PM10Q-Q

e AQl

> Box.test(fitSresiduals,type = "Ljung-Box") #k %[
Box-Ljung test

data: fitSresiduals
X-squared = 0.11785, df = 1, p-value = 0.7314

£ AQl
> Box.test(fit§residuals,type = "Ljung-Box") #%ZEH
Box-Ljung test

data: fitSresiduals
X-squared = 0.00042986, df = 1, p-value = 0.9835

o AQI
> Box.test(fit$residuals,type = "Ljung-Box") #%% (1
Box-Ljung test

data: fit$residuals
X-squared = 0.5308, df = 1, p-value = 0.4663

Figure 7. Residual tests for nine models

E 7. AMRERFRERE

4) BRBITRH BoE B2

Jt= PM2.5
> Box.test(fit$residuals,type = "Ljung-Box") #§k %
Box-Ljung test

data: fitSresiduals
X-squared = 0.14277, df = 1, p-value = 0.7055

& PM2.5
> Box.test(fitSresiduals,type = "Ljung-Box") #%=5
Box-Ljung test

data: fitfresiduals
X-squared = 0.045344, df = 1, p-value = 0.8314

I~ PM2.5
> Box.test(fit$residuals,type = "Ljung-Box") #7k%(1
Box-Ljung test

data: fit$residuals
X-squared = 1.8954, df = 1, p-value = 0.1686
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Figure 8. Fitting of the three forecast trends of AQI, PM2.5 and PM10 in Beijing
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TIIPM10
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1L PM10

> Box.test(fitSresiduals,type = "Ljung-Box") #0k%[]
Box-Ljung test

data: fitSresiduals
X-squared = 0.17999, df = 1, p-value = 0.6714

L35 PM10

> Box.test(fit$residuals,type = "Ljung-Box") #%

Box-Ljung test

data: fitSresiduals
X-squared = 1.2228, df = 1, p-value = 0.2688

I~ PM10
> Box.test(fit$residuals,type = "Ljung-Box") #5k%[1
Box-Ljung test

data: fit$residuals
X-squared = 0.075686, df = 1, p-value = 0.7832
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L
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Table 2. Accuracy analysis of AQI, PM2.5 and PM10 models in Beijing
2. b= AQl. PM2.5, PM10 {&BIEE 547

Jbx T AQI Je T PM2.5 Abx{TT PM10
MO BN e L Rt B e L st e orer R
%W 8055 87.24 ﬁgéé] 008 7132 4310 gzl'.(l)i'] 039 7961 87.07 1[52’%_22'] 0.09
B 8004 8349 Eggg] 004 3810 40.47 [8’21_'348‘;' 006 7196 8L75 l[gigg] 0.14
B=H 8529 9156 Eiég] 007 5142 4105 [8*31_5722]’ 020 8045 79.16 {%Zg] 0.02
EigAaQl EigPM2.5 E3gPM10
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Figure 9. Fitting chart of three forecast trends of AQI, PM2.5 and PM10 in Shanghai
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Table 3. Accuracy analysis of AQI, PM2.5 and PM10 models in Shanghai
2 3. B3 AQl. PM2.5, PM10 {RRUEE R
g AQI ¥ PM2.5 g1 PM10
. , BE A . , #E A . . #E A
5y ﬁ\]-" N IO ﬁ\]'ll N " IO ﬁ\r‘[l N .
HIMA  FONME X[ HIUHME FONME X[ HYME  TME X ] £y
o [47.03, [20.29, [36.29,
F— 7968 67.71 88.38] 0.15 50.68 32.87 45.45] 035 61.00 55.63 74.97] 0.09
s — [48.78, [23.73, [26.04,
FE M 7107 69.56 90.33] 0.02 39.63 36.46 49.19] 0.08 50.54 46.19 66.35] 0.09
e — [52.40, [16.68, [27.82,
B=H] 8587 73.27 94.15] 0.15 3294 29.56 42.44] 0.10 65.00 48.75 69.68] 0.25
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Figure 10. Fitting chart of the three forecast trends of AQI, PM2.5 and PM10 in Guangzhou
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Table 4. Accuracy analysis of AQI, PM2.5 and PM10 models in Guangzhou
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T AQI P} 115 PM2.5 P} 17 PM10
et wi T I s e 200 T e mae D5 Y
BW 7265 7477 [95555% 003 3897 3570 [52(5’;37] 008 5920 59.01 [831672;] 0.01
B 4868 7592 [9556241] 056 3197 36.26 [gﬂg? 0.3 4865 5273 [7278;33] 0.08
B0 6719 67.71 [5‘227711] 001 4790 46.88 [5’21516] 002 6935 64.88 [931807(% 0.06
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