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Abstract: In this study, we utilized the hourly air quality data from 2014 to 2023 in Xingtai city, Hebei Province. The spatiotemporal
variation patterns of air pollutants and their driving factors were analyzed using spatial autocorrelation, gray correlation analysis, and
mutation point testing. The results show that: (1) The comprehensive air quality index and atmospheric concentrations of PM2.s, PMuo,
CO, SOz, and NOz2 in Xingtai city have exhibited a decreasing interannual trend, with intra-annual variations following a "U"-shaped
pattern. In contrast, the Os concentration showed an increasing interannual trend, with an average annual growth rate of
approximately 3.05%, and its intra-annual variation displayed an inverted "V"-shaped distribution. (2) The spatial differentiation of
air pollutants was pronounced, characterized by a significant positive correlation and an overall clustering pattern. Notably, PMz2s,
PM1o, NO2, and Oz exhibited distinct local clustering phenomena. (3) The proportion of the secondary industry was identified as
having the most significant impact on atmospheric concentrations of PMzs, PM1o, CO, and NOz. By contrast, industrial smoke (dust)
emissions played a dominant role in driving variations in atmospheric SOz levels. Moreover, wind speed, along with various other
factors, demonstrated strong correlations with atmospheric Os concentrations. (4) In addition to atmospheric Os, government policies
have demonstrated significant efficacy in mitigating and controlling various air pollutants, albeit with a noticeable time lag for certain
pollutants. The findings of this study can serve as a scientific foundation for the collaborative prevention and control of air pollution
in the Beijing-Tianjin-Hebei region, as well as for policy formulation. It is recommended that future efforts focus on prioritizing the
mitigation of Os pollution in Xingtai city and developing and implementing targeted policies and measures to effectively reduce
atmospheric O3 concentrations.
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Fig.2 Interannual changes of the comprehensive air quality
index in Xingtai city from 2014 to 2023
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Fig.3 Interannual changes of air pollutant concentrations in
Xingtai city from 2014 to 2023
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Fig.5 Spatial variation characteristics of air pollutant concentrations in Xingtai city from 2014 to 2023
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Table 2 Globol Moran's | of the spatial distribution of air
pollutant concentrations in Xingtai city from 2014 to 2023

KAIGHY  Global Moran’s | Z-score P-value
PM;s 0.629221 2.530793 0.011380
PMig 0.842580 3.383231 0.000716
NO, 0.519598 2.374034 0.017595

CO 0.812420 3.287238 0.001012
SO, 0.810858 3.167996 0.001535
O3 0.776891 3.033372 0.002418
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Table 3 Correlation analysis of indicators affecting air pollutant concentrations

A T X1 X2 X3 X4 X5 X7 X8 X9 X10 X1  X12 X13
X1 1

X2 -0.759* 1

X3 -0.827**  0.655* 1

X4 0.865**  -0.778** -0.984** 1

X5 -0.669* 0.092 0.547 -0 .476 1

X6 0.939** -0.604 -0.728* 0.747*  -0.765**

X7 0.891**  -0.718* -0.867** 0.889** -0.516 0.733* 1

X8 -0.901**  0.815**  0.937**  -0.969** 0.484 -0.751*  -0.956** 1

X9 -0.835** 0.552 0.890**  -0.869**  0.694* -0.791**  -0.887** 0.899** 1

X10 -0.707* 0.209 0.585 -0.535 0.826**  -0.860** -0.510 0.487  0.672* 1

X11 0.445 -0.112 -0.197 0.190 -0.686* 0.489 0.319 -0.254 -0.393 -0.390 1

X12 0.534 -0.759* -0.480 0.576 -0.086 0.483 0.397 -0.571 -0.371 -0.036 0.151 1

X13 0.193 -0.024 -0.122 0.107 -0.216 0.249 0.109 -0.070 -0.196 -0.459 0.295 -0.398 1

VE** %R IRP<0.01. P<0.05, F[A.

T R HEBSCE R RS SO2 i &R B (1) 52
i 5 K, Bk R BUA 0.765, R JE N — =k 5 B
(0.626). #F[%/KE(0.605). A I1%5E (0.598). T3
KR(0.595) T4 X (0.591), LAFIA LA _E Tk Al
K& (1 R 5% 21N (0.573). 3% He i Tl AR O A HE i
VENSE — @B 3R, € 5 17 RSB SO,
o, WK EE RN — B AR S N E A BT MR
KA SO &R B FHAR BRI, B MRS B
SO %17 5 S BT L PE A B Aot fa e Bk & T
PR 5 K 7R BRI SO2 R FE 1) 3 B Rl 43
KA O BRI 5 B VAR Cky) 2 HE s i 1) 5%
R HCH 0591 7h HARF TR R E & T 0.8,k
AN R HE R 9T 4 X (0.939)> A5 DA _E Tl Al
H B (0.935)>F )5 ii7.(0.934)> A [ ¥ 5 (0.926)> 55
Ak 5 B (0.879)>4F [ 7K #2:(0.8611), 15 HH ~F- 15 X3
FEASE DA b Tl AP RS, O J5 B B (1Y) 500 5
K IX A KA X 5 O H4IZE 59 Biu F2 35 i A
BELL b T Ak 0 ) e e 1 X 38 Tk Ak 7K i
B TV AMEFE I NOL Al VOCs & O 4= i) B %
BUARD). 3 /)N W1 S5 ORI 7410 3% B Tk A A2 2 R
KR O3 iRIRE M EEA L FREZ —. AT 1,14
TS G 3X 27 I 2K A 52 B 10 30k T, e B 4 44K 5 42 ol i
A HE T AN A LA DX 31 B 5 1R] v 2 D) e DA s
XS O3 ¥R B 1) R ) 71,
2.3.3  KATT BB BUR St K A5 R s
M % 2014~2023 4= AR & B4 K05 S i
BRI AR 1~2 A4y, 10~12 4% 0 4k

AT RAE AT (B 7), KB & TS TR 5 et
IR L AL KT LBy i EOSR SC it J 18) 22) f7 AE B 3

A2 AE 2017 47 10 H B EEFE )¢ JH 2 X 2017~2018
FEME TR RIG R IR B IRATE T 2 SLitiv]
KA PMio. NO2. Og Jii 5k 5% 9748 55 ) 433 R
A 2019 4E 10 H. 2019 4E 2 H. 2018 4 2 B
KATG YL G IR B IURAT B)) 7 S8 95 45 R Ja BR
WA T Fofth = Fh oK STS Yo R R R L
A — i Ja Ve SRR & 1A RK A0S Je P i 'k
JEE RS0 G 97 ¥ U SI2 il P 1) 2 A7 7E 22 5 1k,
F1KA PMas. CO. SO, Nof B SR St FBURS . 1 B 3R
FEBR TR PMaos NOaw Oz FFIBUEE St A min 3 3
FEE A1

x4 MEHTARSSRIRERELZWMERZRKREY
Table 4 Correlation coefficients of influencing factors of air
pollutant concentrations in Xingtai city

AN PM;s PMj; NO; SO, Oz CO
A 0.813 0.798 0.843 0.626 0.879 0.843
UNEE- 55 0.756 0.741 0.809 0.598 0.926 0.794
FUBELL b Tl Al H 0.708 0.685 0.743 0.573 0.935 0.744
TR A HEsCR 0.599 0.564 0.608 0.765 0.591 0.615
SRR 0.672 0.655 0.703 0.605 0.861 0.707

T RH 0.742 0.727 0.790 0.591 0.939 0.774
SEYSIR 0.748 0.733 0.801 0.595 0.934 0.789

N 3k 2 B R BUSR SI PR AT R, X R S
it A St e R HEAT NIRRT KSR (R 5),
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Fig.7 Detection of mutation points in air pollutant concentrations during the autumn and winter seasons in Xingtai city
(2014~2023)
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Table 5 Independent samples T—test of air pollutant concentrations before and after the policy implementation
E3ied A AR FHEIE bk T R Welch's T #6546 SFEMEZEM Cohen'sd i

2017-10 /i 17 118.767 32.282

PM2s T=6.145,P=0.000** T=5.410,P=0.000** 46.936 1.834
2017-10 J5 33 71.831 21.468
it 50 87.789 33.849
2017-10 /i 17 186.728 40.489

PMio T=6.858,P=0.000** T=6.142,P=0.000** 67.614 2.047
2017-10 J5 33 119.114 28,570
it 50 142.103 45.991
2017-10 /i 17 62.662 9.387

NO, T=5.868,P=0.000** T=5.921,P=0.000** 16.749 1.752
2017-10 J5 33 45913 9.646
it 50 51.608 12.401
2017-10 /i 17 2.306 0.547

co T=8.398,P=0.000** T=7.370,P=0.000** 1.081 2.507
2017-10 J5 33 1.225 0.360
it 50 1.592 0.671
2017-10 /17 77.772 30.549

S0, T=10.640,P=0.000** T=7.930,P=0.000** 59.802 3.176
2017-10 J§ 33 17.970 8.069
it 50 38.303 34.149
2017-10 /17 57.304 14.521

(o} T=-2.438,P=0.019* T=-2.690,P=0.010* 13.258 0.728
2017-10 J§ 33 70.562 19.803
it 50 66.055 19.111
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