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XU Yong,/GUO Zhen-dong, ZHENG Zhi-wei, DAI Qiang-yu, ZHAO Chun, HUANG Wen-ting
(College of Geomatics and Geoinformation, Guilin University of Technology, Guilin 541006, China)

P‘Mﬂ_5 Concentration in the ChengduiChpngqing Urban Agglomeration from 2000 to

Abstract; Studies on the spatio-temporal variation and driving mechanism of PM, ¢ concentration in the Chengdu-Chongging urban agglomeration are of great significance for
regional atmospheric environment protection and national economic sustainable development. Based on PM, s remote sensing data, DEM data, in situ meteorological data,
MODIS NDVI data, population density data, nighttime lighting data, road network data, and land use type data, a series of mathematical methods such as Theil-Sen Medium
analysis and Mann-Kendall significance test, combined with the Geo-detector model were used to analyze the spatio-temporal variation and multi-dimensional detection of the
driving mechanism of PM,  concentration in the Chengdu-Chongqing urban agglomeration. The results showed that the overall PM, . concentration showed a fluctuating
downward trend in the Chengdu-Chongqing urban agglomeration from 2000 to 2021, and the PM, 5 pollution was the most prominent in winter. PM, 5 concentration exhibited
obvious spatial heterogeneity with “high in the middle and low in the surrounding areas. ” The high-PM, 5 concentration areas were mainly concentrated in Zigong, Neijiang,
Ziyang, and Guang'an, and the areas with a PM, ¢ concentration decrease were mainly concentrated in the west of Chongging. Influencing detection results showed that the
spatial heterogeneity of PM, 5 concentration in the Chengdu-Chongqing urban agglomeration was influenced by the combined effects of climate factors, topographic factors,
vegetation cover, and anthropogenic factors. Furthermore, elevation, slope, and road network density were regarded as the dominant factors influencing the spatial
heterogeneity of PM, 5 concentration in the study area. Topographic factors and climate factors showed the highest and lowest contribution rate to the spatial heterogeneity of
PM,  concentration, respectively. The contribution rate of topographic factors and anthropogenic factors had gradually increased, and the contribution rate of climate factors
and vegetation cover had gradually decreased in the study area from 2000 to 2021. Interaction detection results showed that the spatial heterogeneity of PM, 5 concentration in
the Chengdu-Chongging urban agglomeration was mostly affected by the interaction effects of elevation and road network density, slope, precipitation, sunshine duration, and
land use type. The interaction detection results exhibited obvious regional differences on the city level. For instance, the spatial heterogeneity of PM, 5 concentration in
Chengdu, Deyang, and Leshan was mostly affected by the interaction between different influencing types, and the spatial heterogeneity of PM, 5 concentration in Dazhou,
Meishan, Ya'an, Ziyang, Neijiang, and Zigong was mostly affected by the interaction within a single influencing type.

Key words; Chengdu-Chongqing urban agglomeration; PM, 5 concentration; Geo-detector; driving mechanism; topographic factor; climate factor; anthropogenic factor
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Table 1 Types of influencing factors
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W T RRE(X,) L B (X)) IR (X;)
SIR(X,) L BEK(Xs) . HEI R (X, ) . HIXHBE (X;)
HUAH (X )
HiH R F NDVI(X,)
BRI BE (X, . NHBEE (X)) . R E (X)) Flt
HFRIAZEAL(X )

AT

AICHT

% HE FEMETEp(PM, ) BMEI 51N 49. 60
47.75,32.43 43.76 F 74.17 pg-m . 4E PR R ¥
I, p (PM, ) 5 /ME 1B ZE 2020 4, 7 28.98
pgem ™, p(PM, o) BRME 1 LTE 2013 4F, ) 63. 02
pgem . 2000 ~ 2021 4F Sy TR PM,, ;e B4R
fH 5 3 & B R B, A B R Oy ~70,91
b (m’ea) ~ IR B AT P, v TR
P, A RPR N =426 pg: (m’-a) 7' ,E§ PM, , i
JE R b e ,7\11—0. 72 },qg-(m3 ‘a) -1 ;_)""‘- d._

A ST R A 12000 ~ 2021 4F pCPMy )&
A3 (ARG BT B BT (62. 80 pg-m a¥) | A
T (59.95% gt | e I (56,96 pgerh )
p(PM, ;) SIRLIAR A R 17 2 7 %2 (33. 00 pgem
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JIMA. AEPR R EE ., 2000 ~ 2021 45430 TT PM, 9
PR TR, FRER AT £ 2 2% H
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Bt Fretg BT 2 HE 22 [ - 0.43 pge(m’-a) 7' ] &Y
JUEEE 4 AZET PM, S R [ fie 1 19 329 S 22
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T B BT IR

ZE BTk, 2000 ~ 2021 4F i 0 BE PM, 75
YUl NP 444 p(PM,, 5 ) SB35 i PR B5 25 <R
HARE(GB 3095-2012) BT #LAE 19 35 pg-m ™, JULH:
JEATE PM, TG G e i 2 H 2000 ~ 2021 4F A% i
RTTHE PM, s W B BRI R S 3. FEAR B A 2
WRPEE F, ATT, NI, ST Z 0 PM, WK EEY
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AR H PM, W T RER1E.
3,12 AUHTIRTTRE PM, R4S ) AR AL AR fIE

HIE 3 (a) FIZE 2 TN, NEEIR 7, Wi ik il
T HE BE KEML T p(PM, ) H1H 7
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H 57 (97.09% ) FIPNTT.(96. 63% ) , T FR (5 B /N
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AL, KRR AR I RUHEZE PM, (¥ 5 52 B0 35 F [ i 34 i) T
— T RE(A0) = HHB(AL) = TMH(A2) THH(A3) = JEH(A4) - JHE(AS)
-= SR1lI(A6) = PHI(AT) - JH1lI(AR) -~ HiFH(A9) - RMITUALD) - HiL(ALL)
- ET(AL2) o FEd(A13) (AL Hi(A15) - BEPH(ALG)

(a) 544

e ugem™

A0: y =-0.905 1x+60.011, R*=0.315 3, P<0.01
Al y = -0.935v+66.548, R=0.250 1, P<0.05
A2:y=-0.899 3x+58.179, R*=0.330 5, P<0.01
A3y =-0944x+64 952, R?=0.282 7, P<0.01
Ad: y=-0.830 1x+58.501, R*=0.286 9, P<0.01
AS:y=-1.198 3x+69.5, R*=0.373 8, P<0.01
A6: v =-0.774 5x+55.941, R*=0.283 4, P<0.01
AT:y=-0925 5x+62.531, R*=0.309 1, P<0.01
AS8: y=-1.043 9x+66.77, #*=0.289 1, P<0.01
A9: y=-0.743 8x+52.738, R>=0.300 3, P<0.01
A10: v =—1.078 6x+67.094, R7=0.341 4, P<0.01
All:y=-1249 50474319, R?=0.328 9, P<0.01
Al2:y=-1.273 3x+71.518, K*=0.351 4, <001
Al3:y=-04319x+3797, R2=0.260 1, P<0.05
Ald: v=-0.964 2x+66.022, R*=0.313, P<0.01

h

(b) %

e lugm™

Al5:y=-1.157 8x+76.118, R*=0.303 1, P<0.01
Al6: y==1274 Tx+71.618, R*=0.341 1, P<0.0
AD:y=-0952 1x+58.697, R*=0.358 6, P<0.01

Al:y=-1.020 1x+66.155, k*=0.277, P<0.05
A2y =-09351x+55.963, R?=0.383 8, P<0.01
A3:y=-1.040 Tx+65.304, R?=0.307 9, P<0.01

y
5
4
¥y
¥ =-0.882 8x+56.27, R*=0.3493, P<0,01
AS:y=-1.157 Tx+64.682, R2=0.394 7, P<0.01
¥ =-0.847 5x+55.913, R2=0.3254, P<0.01
¥=-0.935 2v+61.038, #=0.349 5, P<0.01
1y =—1.088 4x+65 93, R2=0.311 9, P<0.01
A9: y = -0.890 2v+54.968, R*=0.35, P<0.01
AL0: v =~1.08 39x+64.461, R¥=0.366 6, P<0.01
All:y=-1.225 1x+71.472, R*=0.350 4, P<0.01
Al2: y=-1.244 Tx+68 83, R2=0.359 8, P<0.01
Al3:y=-0.531 7x+39.324, R?=0.331 6, P<0.01
Al4: y=-1.008 1x+65.296, R¥=0.350 9, P<0.01
AlS:y=-1.109 6x+72.537, R*=0.317 6, P<0.01
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(c) i %

el /ug-m™

2006 2009 2012 2015

Al6: y=~1.257 8x+69.178, R*=0.358 1, P<0.0]

AD: v =-0.721 3x+40.727, R*=0.326 7, P<0.01
Al:y=-0883x+47.514, R*=0.300 1, P<0.05

A2:y=—0.643 8x+37.725, R*=0.339 9, P<0.01
=0.911 7x+47.047, R*=0.334 6, P<0.01
Ad:y=-0.639 1x+38.018, R*=0.312 4, P<0.01
AS:y=-0.843 3x+44.822, R*=0.358 7, P<0.01

A6y =-0.661 4x+39.91, R*=0.264 9, P<0.05
AT:v=-0661 Tx+40.882, R7=0.298 8, <0.01
A8y =-0.904 6x+47.08, R*=0.282 3, P<0.01
A9:y=-0.656 4x+37.545, R*=0.318 2, P<0.01

A10: y=-0.838 8x+45.574, R=0.334 6, P<0.0]
All:y=-1.104 3x+52.077, R?=0.342 8, P<0.01
Al12: v=-1.039x+50.025, R*=0.352 3, P<0.01

Al3:y=-03909x+28 611, R?=0.248 6, P<0.0¢
Ald:y=-0.814 9x+45423, R7=0.323 2, P<0.01
Al5: y=-1.040 3x+52.975, R2=0.310 4, P<0.01

2000 2003 2006 2009 2012 2015
L0
B2 2000 ~ 2021 FAUAET R PM, iR E R EZH

Fig. 2 Temporal variation in PM, 5 concentration in the Chengdu-Chongqing Urban Agglomeration from 2000 to 2021

.= 2 3,
2018 2021 Alb: y 1.089 8x+50.144, R=0.359, ’<0.01
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(d) HE AD: y = =1.043 2¢+55.762, R*=0.435 6, P<0.01
Al:y=-1121 2x+61.155, R*=0.413 8, P<0.01
A2:y = -1.023 5x+54.763, R*=0.420 5, P<0.01
A3:y=-1.108 5:+58.939, R?=0.444, P<0.01
Ad: y = -0.930 3x+53.07, R2=0.380 3, P<0.01
65 AS:y=-1.362 4x+65.029, R2=0.469 5, P<0.01
i A6y = ~0.891 5v+51.653, R2=0.410 3, P<0.01
@ AT:y=-1.118 2v+59.32, R2=0.423 3, P<0.01
= AS8: y = 1 288x+63.348, R?=0.457, P<0.01
=2 A9:y=-0.775 1x+45.911, R*=0.410 4, P<0.01
40 AL0: y = =1.220x+62.001, K*=0.455 8, P<0.01

ALl y=-1.594 9x+72.22, R*=0.490 2, P<0.01
Al2; p==1.465 2c+67.224, R7=0.466, P<0.01
Al3:p=-0.414 9x+32.902, R*=0.319 6, <0.01
Ald: y==1.167 3x+62.322, R*=0.442 7, P<0.01
AL5:y=-1.494 8x+74.008, R*=0.468 9, P<0.01

e HEugem ™

Al6: y==1.554 9x+68.594, R*=0.478 7, P<0.01

1y =-1.329 6x+95.52, R*=0.260 7, P<0.01

AD: y=-1256 3x+88.613, R7=0.296 7, P<0.01
Al:y=-1.129 8x+95 961, R*=0.184, P<0.05
A2:y=-1.342 1x+87.942, R*=0.329, P<0.01
A3:y=-1.096 5x+92.71, k*=0.203 4, P<0.01
Ad: y ==1.247 5x+90.595, R?=0.263 4, P<0.01
AS5:y=—1.846 4x+107.86, R*=0.395 8, <0.01
A6: y = =0.990 3x+79.434, R*=0.257 3, P<0.01
AT: v =-1.310 6x+92 451, R*=0.299, P<0.01

¥

¥

1y =-0.939 6x+75.377, R*=0.243 5, <001
A0 y=-1.581 6x+100.7, R*=0.339 9, P<0.01
All:y=-1.590 1x+107.25, R*=0.3, P<0.01
Al12: v =-1.793 2v+104.77, R*=0.358 9, P<0.01
Al3: y=-0.497 6x+51.873, R=0.186 8, ’<0.05
. . s Ald: y=-1247 3x+95.345, R2=0.286 1, P<0.01
S o @ Al5:p==1.503 2x+110.84, #*=0.292 8, P<0.01

25 1 L 1 1 L 1 L 1 1 1 1 L 1 L it
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T REC Aoy | .76 3258 74102 _9k35 1677  88.24  67.42 5898 8.75 83.23
TR ( A].,') o4 16. 41 68. 02 90. 53 0.51 95.28 83. 59 31.98 9.47 99. 49
HIR( Arz) 17.88 30. 44 26.12 96. 60 33.37 82.12 69. 56 73.88 3.40 66. 63
FERH(A3) 11.31 56. 50 65.26 90.97 0. 00 88. 69 43.50 34.74 9.03 100. 00
B (A4) 0.15 14.34 5.88 97.43 3.03 99. 85 85. 66 94. 12 2.57 96.97
I (A5) 10. 85 71.51 88.45 97.32 45. 82 89. 15 28.49 11.55 2.68 54.18
RII(A6) 4.40 16. 19 57.65 74.32 1.81 95. 60 83. 81 42.35 25. 68 98. 19
i (AT) 22.39 40.70 34. 14 96. 52 11.95 77.61 59. 30 65. 86 3.48 88.05
JE1LI(A8) 18.98 20. 81 80. 41 89. 68 0. 60 81.02 79. 19 19.59 10.32 99. 40
4RBH(A9) 7.57 59.23 29. 05 85.53 8.77 92.43 40.77 70. 95 14. 47 91.23
B FE(A10) 0. 00 28. 49 17.01 100. 00 16. 64 100. 00 71.51 82. 99 0. 00 83. 36
AYT(ALL) 15.24 33.18 96. 63 100. 00 5.03 84.76 66. 82 3.37 0. 00 94.97
BT (AI2) 0. 04 75.52 83.75 100. 00 0.71 99. 96 24.48 16.25 0. 00 99.29
HE2E (A13) 7. 66 28.65 2.95 44.81 8.31 92. 34 71.35 97.05 55.19 91. 69
HE(Al4) 18.17 25.53 84. 40 99.98 6.98 81.83 74. 47 15. 60 0.02 93.02
H3T(Al5) 11.18 10. 99 97. 09 99. 95 10.70 88. 82 89.01 2.91 0.05 89. 30
P (AL16) 5. 60 40. 17 99. 43 100. 00 11.52 94. 40 59.83 0.57 0. 00 88. 48
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Fig. 3 Spatial variation in the average, changing trend, and significance test of PM, 5 concentration

in the Chengdu-Chongqing Urban Agglomeration from 2000 to 2021
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Table 3 Top three ¢ values of influencing factors in the Chengdu-Chongqing Urban Agglomeration in 2000, 2010, and 2021
(A 2000 4F: 2010 4F 2021 4F
ST TR (AO) X,(0.68) . X,,(0.53)F1 X;(0.51) X,(0.72) . X5(0.55) 1 X}, (0.53) X,(0.65) . X,,(0.51)F1 X, (0.50)
JRAB(AL) X,(0.70) | X;,(0.62) Fl X5 (0.54) X,(0.80) , X;((0.63)F X5(0.61) X,0(0.74) . X, (0.63)F1 X;(0.51)
PR (A2) X,,(0.65) . X5(0.60)F1 X, (0.58) X,(0.61), X,,(0.61)F1 X, (0.43) X,,(0.66) . X, (0.56) il X (0.54)
THEFH(A3) X,(0.83), X,(0.83)F1 X;(0.72) X,(0.89) ., X, (0.88)FI X, (0.77) X,(0.75) . X, (0.73)F1 X, (0.72)
KM (A4) X,(0.80) . X,,(0.76)F1 X, (0.74) X5(0.80) . X,(0.79) 1 X}, (0.79) X(0.79) . Xq(0.78) 1 X, (0.77)
I (AS) X5(0.35) . X,(0.26)F1 X,(0.24) X,(0.32) . X;(0.32) 1 X5(0.31) X(0.24) . X, (0. 11)F1 X, (0. 11)
IRII(A6) X,(0.78) . X,,(0.71)F1 X, (0.65) X,(0.80) . X,,(0.72) I X, (0.66) X,(0.79) . X,,(0.73)F1 X, (0.58)
Vi (A7) X,(0.78) . X,(0.77) F1 X, (0.72) X,(0.76) . X,,(0.71) 1 X, (0.61) X,(0.75) . X,,(0.71) 1 X;(0.57)
JE1LI(A8) X,(0.87) . X5(0.86) I X, (0.82) X,(0.90) . X,(0.85)FIX,,(0.82) X,(0.87) ., X, (0.82)F1 X,,(0.81)
RBH(A9) X,(0.77) . X(0.75) 1 X, (0.71) X,(0.88) . X,(0.88)FIl X,,(0.81) X,(0.87) . X, (0.84)F1 X,,(0.81)
FIFT(AL10) X5(0.32) . X;5(0.32) F1 X4 (0.28) X,0(0.45) . X;(0.32) #1 X4 (0.25) X10(0.28) | X4 (0.26) #1 X, (0.24)
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HTT(ALS) X,,(0.58) . X,(0.26) %1 X (0.19) X,0(0.64) , Xy(0.28)F1 X,(0.23)  X;,(0.44) | X4(0.41) F1 X,,(0.21)
FIH(AL6) X, (0.61) , X;(0.48) #1 X5 (0.35) Xg(0.41) | X4(0.34)F1 X, (0.21) X (0.46) . X4(0.34)F1 X, (0.11)
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Table 4
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Top three ¢ values of interaction detection between influencing factors in the Chengdu-Chongqing

Urban Agglomeration in 2000, 2010, and 2021

Z AT (AT N A

2010 4F

2021 4

{0Acs 2000 4

HORIRTTBE(A0)  XyoNX,(0.77)  X3NX,(0.73) F XN X, (0.72)
(AL X,oNX,(0.84) , X,oNX,(0.81)F1X,,NXy(0.81)
TR (A2) X1oNX5(0.79) . X;oNX,(0.77) F1 X; NX5(0.77)
TI(A3) XyoNX,(0.89) . XgNX,(0.89) 1 X,,NX,(0.89)
B (A4) XgNX,(0.88) . X;NXs(0.88) Fil X; N X, (0. 88)
I%(A5) XsNX5(0.47)  X5NX,5(0.47) F1 X, N X, (0.45)
R (A6) XoNX;5(0.91)  X;NX,(0.89) I X, N X, (0.87)
i (A7) X,NX,(0.88) , X,oNX,(0.88) 1 X;NX,(0.87)
JELL(A8) X5NX,(0.94) , X;oNX,(0.93) Al XgNX,(0.93)
SR (A9) X,NX,(0.86) . X,NX,(0.85) I X,N X, (0.84)
FFL(ALO) X5NX5(0.48) . X;NX5(0.46) Fl X5 N X, (0.45)
WIL(ALL) Xy NX(0.57)  X,9NX;(0.52) R X, N X, (0.52)
BT (AL2) XgNX,(0.63) , X, NXg(0.59) 1 X, NXg(0.57)
2 (A13) X,NX,(0.86) . X NX,(0.86) il X,NX,(0.85)
HE(AI4) XgNX,(0.78) | X,oNX,(0.77) F1 X, NX, (0.75)
ATT(AL5) X1 NXp0(0.69) , X, NX;0(0.66) Fl XN X (0. 66)
IH(ALG) XgNX,(0.73) . XN Xg(0.70) I X; N X, (0. 66)

XioNX,(0.80) , XX, (0.78) il X, N X, (0.76)
XioNX,(0.91) |, X,oNX,(0.88) F1 X, X, (0.86)
XioNX{(0.78) , X,NX,(0.76) Al XsNX, (0.76)
XipNX,(0.94) , X,NX,(0.93) 1 X;;NX,(0.92)
XgNX5(0.92) . XgNX,(0.89) 1 X,oNX,(0.88)
X3 NX(0.52) | X5 NX5(0.52) Fl X5N X, (0.49)
XoNX;5(0.92) , X;NX,(0.90) il XsN X, (0.90)
X,oNX,(0.85) , X,NX,(0.83) il XsNX,(0.83)
X1oNX4(0.95) . XgNX,(0.95) Fl XgNX5(0.94)
XeNX,(0.95) , X;oNX5(0.95)F1X,5NX,(0.94)
XyoNXg(0.58) . X,0NX,(0.53)F X,oNX5(0.52)
X1oNXg(0.65) , X1oNX,(0.64) F X, NX14(0.62)
XoNX5(0.61) , XgNX5(0.54) Al X,,NX5(0.53)
X1oNX,(0.87) | X,oNXg(0.86) F1 X, X, (0.86)
XioNX,4(0.74)  X,oNX,(0.74) F1 X,NX,(0.73)

X,oNX,(0.74) . X30X,(0.70) F1 X, 5N X, (0.68)
X1oNX,(0.89) . X,oNX,(0.87) F X, NX,(0.85)
X1oNX5(0.82) | X;oNXg(0.79) A X, N X, (0.78)
XoNX;(0.91) , X1oNX,(0.91) I X1 NX5(0.88)
XgNXg(0.90) , XgNX,(0.89) I X,y N X, (0.89)
XgNX,(0.37)  X;NXg(0.35) Fl XN X4 (0.32)
X1oNX;(0.93)  X;NX,(0.91) I X, N Xg(0.89)
X,oNX4(0.87) , X,oNX, (0.84) F X, NX,(0.82)
X5NX,(0.95) , XN X,(0.94) A1 X, NX,(0.93)
X1oNX4(0.94) | XN Xg(0.93)F1 XgNX,(0.93)
XoNX,(0.51), XN Xg(0.46) F1 X}, N X4 (0.46)
XgNXg(0.62) . X1oNXg(0.58) il X}y NXg(0.58)
XgNX;(0.38) , X,oNX,(0.36) il X; N X, (0.34)
X;NX,(0.89) , X;NX,(0.89) Al X, NX,(0.87)
XoNX,(0.74) | X,oNX(0.74) F X,oNX,(0.71)

X1oNXo(0.76) . X,oNX5(0.74) F1X 5 NK,0(0.70) X, NX4(0.65) . X,5NX,0(0.63) F X, NXg 0. 56)

Xy NX,(0.56) , XgNX, (0. 52) F X, NXg(0.49)

XgNXo(0.64) . XgNX,(0.61)F X, NX5(0.52)
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