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Abstract: To clarify the temporal and spatial distribution characteristics of air quality and the driving factors is of theoretical
values for the effective prevention, control and treatment of air pollution. This research is based on the air environment moni-
toring data (incl. AQI and six pollutants concentrations routinely monitored) during the period from January 2015 to Decem-
ber 2019, covering 31 cities in the middle reach of the Yangtze River. Statistical analysis and Kriging spatial interpolation are
used to analyze the spatial and temporal distribution characteristics of urban air quality; the spatial auto—correlation method is
adopted to examine the spatial dependence and heterogeneity of pollutants, and spatial regression models and geographic de-
tectors are used to identify factors affecting air quality and their influence.The research presents AQI of the urban cluster in the
middle reaches of the Yangtze River decreases overall from 2015 to 2019, except for the increasing trend of O, concentration,
the concentrations of the other five pollutants all show a downward trend; seasonal concentrations of AQIL, PM,; , PM,,, NO.
and SO, present the fact that the characteristics of higher in winter and lower in summer, but O; is opposite to that. PM.;, PM,,
and O; are the primary pollutants that have caused air pollution in the past five years; the spatial distribution of AQI, PM.; and

PM,, is higher in the northwest and lower in the southeast, while O, is higher in the north and lower in the south, CO is higher
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in the west and lower in the east, and SO., NO, are concentrated in local areas. AQI, PM.;, PM,, and O; are spatially depended

and of spillover effects, CO and SO. show a spatial accumulation trend, while NO. has no obvious spatial correlation. There is

a significant positive correlation between AQI and the concentrations of PM.;, PM,, and Os, and as well a certain correlation

exists among the different pollutants. The ratio of secondary and tertiary industries, industrial waste gas emissions, and the

number of civilian cars are common factors that affect the AQI and the concentrations of the six pollutants, while there exist

discrepancies in the impacts imposed on different pollutants by climate parameters temperature, wind speed, rainfall and rel-

ative humidity, in addition, by the urbanization rate, regional GDP, built—up district area, green coverage, and road network

density; the natural factors i.e. temperature and rainfall, and the socio—economical factors such as industrial waste gas emis-

sions, the ratio of secondary and tertiary industries, and civilian cars, etc. exert higher influence on the air quality, while

the influences of the green coverage, road network density in urban space construction are relatively weak.

Key words: air quality; temporal and spatial characteristics; spatial auto—correlation; influencing factors; spatial regression

model; geographic detectors
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Table 2 Global Moran’s I of AQI and 6 pollutants in Middle Yangtze River from 2015 to 2019
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AT AT ) A [ AR SRR (K1 9) o 45 R IR, AQI
TEJRERZS o] L WAFAE 4 B I B2 R AR AIE , Horb s —
RUAE R 2 o A AE WAL 9, IR (IRER SR W i 4R

AR AR S | 2 IR SR TIT 119 24 5 e VA A 8 1) 255 [
W ACHFAE ; PM,s . PMyy, 0,50, NO, . CO V5 4L 4 v , 3
IR =~ AR R AR T R AR 5.11.6.2.2.3 1,
Bk SO. Y5 Y4 1) 1o — e £ T TR I T o A 76 TG A
HE, A P E LB P, X B Ah T i — i X 1
ST A A TS Gk BE K- AR R R, 5 R L L2
2305 Yok R BN B D) 5 AR IR AR R Bk vl Bt K
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KK 8.6.8.8.3.54, ZHUE P AEVLVT A T, ixx 28
WG e KOG 23 TS YR R 455 5 TR BN T
A B T R A o 1.2.1.2.2.34>, )
A1 PMas Al PM, B AH G HR 43 0 AEFE 145 — IR AR 2R
RIS o 38 AL T v — I B AR — 5 b DX 3 T 2 S
SRR FE G A Bist A ¢, Z R
Mo 458718 o
33 ZFAMEYREAZTH)N
3.3.1  AQI K 6375 Juiy 2 [a] S 4B

H] FH Pearson Z %%+ 2015-2019 4F K VT H 3% Ik
T HE AQL K 6 Tt 15 Ye ik FE AR I A T G 11 o0 Hr (3=
3). SRR, AQI S SO, Z FMiY Hifth 5 Fh 5 YL 1
FEIH B S 0 TE AR G, P 5 PMLs (PML, (O A G R

KT 0.5, UL T I 542K DL PM.s . PM,, . O: /E
23 B G Rt DX T s R RS R K. A
7] 75 e ) 2 (A2 A — 2 A CHRE , o PM.s . PM
2 ) 2 B 2 A IR AH M (p<0.01) , L #45 NO,
SO..CO 75 YLy e B A7 A 538 1 1E 10 4 (p<0.05)
AN, 0,5 PM o 22 I 52 B0 4 25 19 TE A G E (p<0.1)
15 CO. S0, NO, Z [ & L & 2 11 11 AH 5C (p<0.1) o
FIRZER SR AP A5 B, —RIE LT SR
i AR R ARG 20 e AT R
KA WALS P (VOCs) 45 HAREH , A2 1 mT I A5
RO N, T B PML 5 PML R B TH 5 5 55 AMIE S8 2k
IR 1 45 1F T 23 14 #E NO,. SO, CO Z5 /i A9y 7= 4=
Fetb2z Ry, iE—2 A — RG99 O,

R3  AQLEK 6 TUi5 4k EIEIREX ST

Table 3 Correlation analysis of AQI and 6 pollutants concentration

EX e S AQI PM.; PM,, SO, NO, (o} CO
AQI N 0.81 5% 0.775%%% 0.114 0.396%* 0.540%* 0.365%*
Sig. 0.000 0.000 0.159 0.000 0.000 0.000
PM.. N 0.81 5% 0.868%* 0.185%* 0.389%# 0.067 0.314%5%
' Sig. 0.000 0.000 0.021 0.000 0.406 0.000
PM,, N 0.775%:% 0.868%# 0.23 7% 0.375%% 0.142% 0.466%#
Sig. 0.000 0.000 0.003 0.000 0.078 0.000
50, N 0.114 0.185% 0.23 7% 0.085 —0.365%%** 0.022
Sig. 0.159 0.021 0.003 0.295 0.000 0.783
NO, N 0.396% 0.3897# 0.375%%% 0.085 -0.145% -0.011
Sig. 0.000 0.000 0.000 0.295 0.072 0.888
o, N 0.540%* 0.067 0.142* —0.365%* -0.145 —0.197%*
' Sig. 0.000 0.406 0.078 0.000 0.072% 0.014
o N 0.365%:# 0.3145% 0.466% 0.022 -0.011 —0.197%*
Sig. 0.000 0.000 0.000 0.783 0.888 0.014

T R 0.01 G AT 3 5 4 7E 0.05 PRI A SEME i 25 5 # 78 0.1 G A ek i 3

3.3.2

AQI L 6 355 JE M B S N 3%

P 20194 A AR5 At 2855 DL Rl 2 ]

W TH e bR A L PR 5T FLX AQI K 6 15 i YL
Wel o F TS A E AR B, 15 G ) NOL YR FEE AN TE
23 (1] AE DG, PR i R R A AR AT 9K P45 OLS il
1M AQI S HoAth 5 5 Yepy dyim f 1 25 0] F AH Gk 5
WIR 2 [B] AR | DL 4R R AR i 5 28 R i )
SIS [T ARSE R B H S S0k 560 0F —
AR BERRE I A ] A X (AR 8iR 22 ) o [FIR
I8 UE 23 8] 5] 45 0 (i & B i A OLS [l U5 4 kg Xof
R I X BURLR B (LL) AR 3R HEIME (AIC) i FL 2%
HEDIE (SC) 3 AU BE 6 Br 0 W7 2 P 70 1) 5 3L
HorR LL (B8 K, AIC FIl SC /)N, Frm B il 3l &
SO . AR AT LUE 25 (8] [m] S AR A F0L A5 2
T OLS 81, 156 HH 2 [a] b B3 7 75 2 Ao 5 5 i [A]
EHr R 240

MIASE R, F AR B 207, SO XS

JE B RG-S AQI 2 BILIE 3 A A M HLA7E 0.01
TRV 38 A5, R A AR R 2R X AR X Sl e R 2 S o
g I R, R KR X AQI B 71 1] 5]
HAB IEFAE- o X F ARG 38, K-S PMas.
PM,, .NO, .0, ¥4 5 W { i 1EAH & , U B A0 i &
AR My DRI AR RS S G o AEI E
F£.0.01.0.1 /K- F 5 PM.s O, 22 31 H 55058 1 AH
(LN P9 35 5 M 5 i) AN Ti) AP X 3 1, P YR B8
K, MO/, B IR R BB SR
rRINBLAR SV R TR IBOK R R R AR I K T 1k
B PM.s, T 7K AT CAE FE R i K PHAR S, A B Tk
DO, s RN, FEO RS TR, MRS
PM.;.PM,, . NO, Z [A] 5 {2 1% 1 FH ¢ (p<0.01) , 15
TR 7K X A 5 G 0 il SR A 2 A TR AT L I v g 1
L HE— e FRES s S5 M S . Ak, K
# 5 PM,s .PM,,. SO, . O, 2 B i A9 1IEAHOC (p<0.05) ,
VP XUHUER R, 3 8755 YL e 25 S Pk BB ey
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Table 4 Regression results of influencing factor of AQI and 6 pollutants
A5l AQI PM.; PM,,
OLS =3 [ OLS 23 ) OLS =S AR 2E

X1 13.283 19.501%** 4.172 7.297* 33.869%%* 27.543%%*
X2 10.404 13.003 7% 10.152%* 11.012%%*:* 13.282 11.848
X3 —29.354%** —26.123%** —18.232%%* —16.981#%* —44.306%** —38.279%**
X4 16.170%* 15.996%** 12.985%* 12.691%** 11.531 9.811%*
X5 =7.997 -5.148 -4.990 -2.672 -15.058 -18.589
X6 8.931 6.997 9.577%#% 7.558%* 3.928 9.813

X7 -47.068 —71.965%*%* -23.090 -32.418 -94.134 —108.895%**
X8 0.469 0.852 2.527 2.904 -6.203 =7.550
X9 15.629%* 14.4447%** 12.620%* 11.853%** 18.315%* 17.220%%*
X10 22.207 19.856%* 12.158 9.777#%* 44.757%* 50.774%%*
X11 40.181%%* 25.467%% 37.4847+%* 26.319%%* 25.984 18.006*
X12 -38.190 -2.324 -40.010 -17.946 31.043 52.824
X13 33.125 40.469%** 17.618 19.824 10.376 0.951
X14 -9.678 -2.854 —6.083 -1.279% -8.385 -10.063*
X15 5.965 4.595% 5.382 4.856%* 8.050 9.641%

R 0.876 0.907 0.875 0.894 0.763 0.815
LL -80.931 =77.810 —73.736 =71.910 -91.952 =90.156
AIC 193.863 189.619 179.471 177.820 215.904 212.311
SC 216.807 213.997 202.415 202.198 238.848 235.255
- SO, NO, O CO
- OLS 2SR % OLS OLS 25 [l I OLS ZE MR 2
X1 4.516 3.040 14.096* 9.254* 5.607%* -0.046 -0.112
X2 -3.305 2.844 9.949 -11.452 —11.499%%* 0.249 0.230
X3 1.540 -1.359 —18.327%#%* 7.913 8.808 0.118 0.187
X4 3.076 2.660%** 9.562 5.880 7.292%% 0.013 0.003
X5 3.287 0.419 2.473 4.011 3.731 -0.103 -0.102
X6 3.229 6.868%** 12.131%* —20.001%** -18.566 0.308 0.450%%#%
X7 15.943 -1.333 -20.094 22.542 18.131 -0.551 -1.267
X8 2.643 0.603 -0.045 2.841 4.836 -0.255 -0.290
X9 -1.737 2.641%* 4.759% 1.197 1.206* 0.161 0.108**
X10 9.768 19.224%** 22.845% 17.129 17.806* 0.760* 1.0127%%*%*
X11 -2.258 3.494* 10.723%* 22.692 13.800%* 0.635 0.618%*
X12 —13.008 -0.176 -13.758 49.091 39.858 0.050 0.609
X13 -13.005 -16.604 16.636 -26.493 —22.774 -0.762 -0.938
X14 1.576 6.870 -4.368 -3.211 -2.617 -0.307 —0.4171%%*
X15 -0.204 1.827 -0.222 2.166 2.457 0.022 0.054
R 0.716 0.934 0.786 0.605 0.691 0.499 0.640
LL —59.616 —51.938 =74.189 -82.920 -80.353 27.592 30.106
AIC 151.232 135.877 180.378 197.840 194.706 —23.184 -28.212
SC 174.176 158.820 203.322 220.783 219.083 —0.240 —5.268

XV AESSR) X2 RN ) (X3 (AR K &) XA(AEE X3 X5 (A ) Xo(ifb %) . X7 (31 GDP) X8 (2B I 4hg% 1 GDP L
) X9 = FUED) X10C TR SHR) X1 (RANAEIA ) X120 M%) X13 (K ) X145 0 E % 5) X15 (BRI ;
e ek ek I SERAE 0.1,0.05,0.01 KF T e AR

FES 2P R E i, N OV S PRA AN G
Fb DA B A 228 ZE AR 2 ST o 45 TR A 4 A T il
FER T, W = O Tl R A HE R AR R
AR TINA B X AQI K 6 Fhis Yty #4 B 1A . Y
TEARSE , BRI A0 7= b 25 | Tl B SRR e 52
RGP AR X I s S i T BRI E A
WAL % 5 PM, ;. SO, NO, . CO & i 3 IF A ¢ , 1l
WA KO3 R, AR XSRS PR of 2 1 1
2 o KRR N T RAIRTT, 8 T 48 985% 86 A
FURAEREE T B 51817, MU FEE ZREIR , I8 2157
26 4% T L Rl Ut AL, il T R R A R R A
PIER, S FECORAEYINE, 3T GDP 5 AQIL,
PM, £ FN B35 1Y TAH 56 (p<0.01) , Ui FH X2 5% &
JEIKF RSB TR R SRR . AR P EKC 2

WL, AR ESIRN R ZE U RIINZ, YL T &
JEBIE—E KOV B2 7 A BT, e 300 T R TR
() LA SR BE TR T 0 0, B 2 ik i 2 A B
ARBLAT Pl

ST s TRl R T, X T AR S AQI B i
FHIIEAR G, % B 5 AQIL PM.; \PM,, 2 [AI A7 7E
SR IE A DG o IR A X WPk, — A 5
J A 35 L, S SR B AR AL T e T A S A%
I, AT 4306 28 505 e 7 A AN R I ™, 5 — )y T 4
B DR TET AR A O, R T R H R R B R
[F] i i D) 235 B85 g 185, 52 5 T LBl ZE vl ik g, fifi 75
J& Bk AL s zc iy =C AT AR £ | BRI & 7 A
W2 RAHEL, (145 PM.; PM, U T ETHY, S b E
T RN PM.s . PMuy . CO B 25 (%) 47 1) 52, 158
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Fig.10 Detection results of different influence factors of AQI and 6 pollutants
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