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Analysis of Influencing Factors of Haze Monitoring in Chengdu-Chongqing Economic Circle Based on
Hierarchical Bayesian Model
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Abstract: Objective A scientific and effective method for analyzing haze influencing factors is established to solve the
regional moderate and mild air pollution in the Chengdu-Chongqing area. Methods The hourly monitoring data of air
quality from 2014 to 2022 in Chengdu-Chongqing Economic Circle were obtained, and the nested structure characteristics
of the monitoring data were used to construct a three-level Bayesian development model at the annual time-site-region
level, and the comparative analysis of classical OLS, IGLS estimation, empirical Bayesian and complete Bayesian was
carried out, which demonstrated the advantages of the complete Bayesian method. Results The PM, ; concentration is
affected by comprehensive factors including air pollutants, meteorology, population, economy, industrial structure, and
agricultural production, and the change rate of PM, s concentration is affected by CO, SO,, and urbanization rate.

Conclusion The use of hierarchical modeling to analyze haze monitoring data with nested multi—level structures is more
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learning mechanisms, it can further enhance the accuracy of model parameter estimation and prediction.
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scientific and reasonable. By incorporating Bayesian statistics, which allows for the utilization of prior information and
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Fig.1 Annual average concentration of PM, ; at monitoring stations in Chongqing City and Sichuan Province

(2) W] sl o5 T JiE L IX 75 YR 25 B8] 7 B 2 A
21 X 2015—2022 4EE R K LA V5 JuiR s
X i, PR 1,2015—2022 4F R PU)14E 3 Ak,
60 T 1 45 b DA AR AR B A s AR, VAR )14 KRR
TGy L BT, YT Y X T2 R AR AL I
B AR X Ferb s B FH | A 5T EES R A R
15 YL M T AT . R K DA LS e A] R 2015
AR R RAEDUI4E B BT 9. 5 FRES 2022 4F R
BARAEDUNIAE VM TR 0.8, ] UL I T 23 A h A Ak 5

el S SOR B, (H KRG RER I
FERTAMr Ko P, 18 2 3 X 25 S0 B B K,
LA HL X PM,, 5 W ASARIR SR 43 A i Fp 2 A — &
2015—2022 4F B A FRRRES HASE B3, i h X
TR BERIRTR R B R, JE X — AR AR 2R A IR T
JEZ2 ., QnRGESTT F 2015 4F B (R R 2019 4EAY
FARAE, XAE 2019—2022 4[] % 2 5 35 M 7 89 o5 b AL
2015 AEFFURTFEE T R, (A HEZ AW 8l o N A JLAF#R
BT AE 2022 AEHI RO 23 ST AR

R1 AAHHE 2015—2022 EFEE R ETRRESEX HEE
Table 1 Percentages of areas with severe or above pollution from 2015 to 2022 in Chengdu-Chongqing area %o
2015 2016 2017 2018 2019 2020 2021 2022
B3 9.5 A5 BT 16.8 Bt 3.4 *M 2.0 TE2S TR 1.4 FMO0.8
ARAR 6. 1 A4S PRA 5.2 e 2.2 HELS XM 0.9 RAER0.9 B35 0.6
ML 5.6 kM 3.6 TE 4.6 kM 2.2 A0 L0 B370.9 0.8 T2 0.6
ENM 4.9 PN 3.5 R 4.4 TE2.0 B®O0.8 Fh M o.8 k0.7 &Nl 0.5
JBh 4.8 TR 3.2 f%M 3.9 f&r 1.9 &1 0.6 &1 0.6 B7r0.7 KN 0.5
Fo 4.7 #%m2.9 A 3.8 AR #7% 0.6 RAR0. 6 121 0.6 &N0.5
w47 JB 2.3 PN 3.5 R 1.2 FRAR 0.5 R 0.6 0.5 R 0.4
TEA45 e 1.8 Bl 3.5 I % 0.9 AP 0.5 J 0.3 #%0.5 PRAR 0. 4
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Table 2 Index system of influencing factors of annual
time—site—region three—level haze monitoring
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Table 3 Null model estimation results of PM, ; concentration

influencing factors
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Table 4 Estimation results of unconditional three—level development model
P IGLS f#t OLS 1& 3+
f& A AR P1E A& AR AR P14
B B 50. 441 2.824 <0. 001 51. 100 1. 149 <0. 001
B (KF 1) -2.792 0. 505 <0. 001 -2. 840 0.471 <0. 001
ol (K- 3) 178. 966 55.192 0. 001
o (K 3) 4.940 1.756 0. 005
[ AL 2K B 0,0 (KF3) -11.355 7.496 0. 130
o (KF2) 21.581 4.992 <0. 001
al(RF 1) 46.232 3.346 <0. 001 224. 331 14. 076 <0. 001
—2In(likelihood) 3 625.374 4 191. 508
AIC 3 639.374 4 197. 508
R5 STE-KFEARKRBESHMETER
Table 5 Parameter estimation results of multivariate three—level development model
5 x IGLS 1%t OLS 43t
(RIS FRAEIR P& AR FRAER P14
By 48.791 1.978 <0. 001 47.885 0.919 <0. 001
B (KF 1) -1.098 0. 567 0. 053 -0.597 0.404 0. 139
ZA1(K-F 2) 1.422 0.730 0. 051 1.297 0.902 0. 150
ZA2( K 2) 2.309 0.743 0. 006 0. 830 0.911 0.362
ZA3(KF2) -1.633 0.442 <0. 001 -2.660 0.521 <0. 001
ZA4(KF 2) 0. 600 0. 321 0. 062 0.741 0. 495 0.134
ZAL * 1 ( KT 2) 0. 801 0.359 0. 026 0.531 0.442 0.230
B ZA2 #t(KF2) 1.384 0.369 <0. 001 1. 817 0.432 <0. 001
Z ZB1( K 3) -0. 143 0. 670 0. 831 1. 026 0. 605 0. 090
54 ZB2(KF 3) -2.615 1.211 0. 031 -6. 640 0.982 <0. 001
2 ZB3(KF 3) 3.374 1.327 0.011 3.736 1. 041 <0.001
ZB5(KF 3) 0. 390 2.329 0. 867 2.324 1. 157 0. 045
ZBT(K&F 3) 3.008 2.921 0.303 -0.812 1.310 0.536
ZB8(K-F 3) -0.044 0. 565 0.938 -1.170 0. 635 0. 066
ZB10(&-F 3) 0.243 7.176 0.973 3.200 2.317 0. 167
ZB15(K-F 3) -0.702 0.734 0.339 1.934 0.613 0.002
ZB17(K-F 3) 4.438 1.737 0.011 2.978 0. 648 <0. 001
ZBT * t(K-F 3) -0.759 0.432 0.079 -0.703 0. 341 0.039
o (RF 3) 69. 696 22.489 0.398
i al (RF3) 3.769 1. 340 0. 002
75: 0,0 (KF3) -3.393 4.018 0. 005
5 o (KF 2) 12. 102 3.107 <0. 001
al(KF 1) 34.354 2.512 <0. 001 99. 057 6. 265 <0. 001
—2In(likelihood) 3 395. 809 3 716.784
AlC 3 342. 809 3 756. 784

E AR ZARENAIE ARG FMT Z, 40 ZA1 A7 CO(pg/m’) #9474,
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T2 i =KV &R BRI IGLS Al 11 77 12 %t
A5k ZB1 . ZB5 . ZB7 .ZB8 .ZB10 . ZB15 Myt A i %,
{Hk SR A 5 PM,  AETEA DG, B0 248 1 = /K-
R AR 2 A Y DL ik B 4 W Ay 11, X L 43 A DL i
AT 7 R A A, 135 R 5 5 R B 4 L TGS
it 225 DU 3R 58 4 DU 7 YA X L 18k 58 42 D
MR RS AT Rk 6 iR, 7Es e Dl
Wror vk, 25 R R S 5 BRI MEZ) B B B [ Rk
I SRR BILASON, 2 88 1Y) 6 56 43 A A E h IE A Je X
— ARG, RS DU Al T O vk v KR 3

rh AR ZB7 ZB8 ZB10 MZe /A i B N IES
Sems , HAh S HCR H 1GLS At

WRIER 6, B NSEA T B EHRE, L E
ZB1 .ZB5 . ZB15 FUKY- 3 RERAEEE UM T 2 0, TEL
6 DL B B A R RS B T 5E 4 UL 3 R Y
T B3 HUONSEG T AAS BE RIARE LR 22 £ ok
F, 504 VU S 7k I br v 158 22 TE 8 2 1 8 300 S 50
SEREH LSO S HHE H 2256 DU s AR E IR 22/
Ji MUK 3RO, 56 42 DU 7 74 1% DIC
3 191. 731, /NF456 DU Y 3 200. 338, b 1ia 5¢
4 DU A T DU 3 ik,
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Table 6 Bayesian estimation results of multivariate three—level development model

P IGLS 443+ 25 N vt B 453+ %4 e b4 i
A (AR %) P14 FEHHE (AR R ) P14 Fe A (AR 3% ) it
By 48.791(1.978) <0.001  49.298(2.084) <0.001  48.955(0.471) <0. 001
B.(KF 1) ~1.098(0.567) 0.053 ~1. 085(0.541) 0. 045 ~1.075(0. 328) 0. 001
ZAL(KF 2) 1.422(0. 730) 0.051 1.439(0.751) 0. 055 1.419(0. 387) <0. 001
ZA2(KF 2) 2.309(0. 743) 0. 006 2.044(0.753) 0. 007 2.035(0. 402) <0. 001
ZA3(KF 2) -1.633(0.442)  <0.001  -1.685(0.453)  <0.001  —1.645(0.323) <0. 001
ZA4(KF 2) 0. 600(0. 321) 0. 062 0. 601(0. 320) 0. 060 0.610(0. 260) 0.019
ZA1 % 1(KF 2) 0.801(0.359) 0. 026 0. 830(0.361) 0. 022 0.820(0. 258) 0. 001
B ZA2 % t( K 2) 1.384(0.369) <0.001 1.350(0.372) <0. 001 1.364(0.247) <0.001
7z ZB1(KF 3) -0.143(0. 670) 0.831 -0.161(0. 674) 0.811 -0. 148(0. 050) 0. 003
# ZB2(KF 3) -2.615(1.211) 0.031 -2.494(1.272) 0. 050 -2.535(0.452) <0. 001
& ZB3(KF 3) 3.374(1.327) 0.011 3.159(1.374) 0.022 3.070(0. 457) <0.001
ZB5(KF 3) 0.390(2.329) 0. 867 0.108( 1. 602) 0. 946 0. 200(0. 050) <0. 001
ZBT(KF 3) 3.008(2.921) 0.303 3.000(0. 050) <0. 001 3.000( 0. 050) <0. 001
ZB8(KF 3) -0.044(0. 565) 0.938 -0.044(0.005)  <0.001  —0.044(0.005) <0. 001
ZB10(&F 3) 0.243(7.176) 0.973 0.298(0. 049) <0. 001 0.298(0. 049) <0.001
ZB15(K&F 3) 0.702(0. 734) 0.339 0.779(0. 706) 0.270 0.703(0. 193) <0.001
ZB17(AF 3) 4.438(1.737) 0.011 4.119(1.643) 0.012 4.024(0.481) <0. 001
ZBT * t(F 3) -0.759(0. 432) 0. 079 -0.821(0. 469) 0. 080 -0.773(0. 308) 0.012
o (KF3) 69. 696(22. 489) 0.398  101.970(40.170)  0.011 70.059(3.051) <0.001
* o (KF3) 3.769( 1. 340) 0. 002 5.081(1.945) 0. 009 3.998(0. 178) <0.001
fk 0,0 (KT 3) -3.393(4.018) 0. 005 -5.037(6. 151) 0.413 -3.010(0.519) <0. 001
;, o2 (RF2) 12.102(3. 107) <0. 001 12.352(3.425) <0. 001 12.012(0. 529) <0. 001
o (KF 1) 34.354(2.512) <0.001  35.302(2.651) <0.001  34.915(1.309) <0. 001
~2In( likelihood ) 3 395. 809 Deviance( MCMC) 3 200. 338 3 191. 731
AlC 3 342. 809 DIC 3302. 600 3 286. 94
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i b XU 28 T Pl 5% 4k s 00 52 ) DR 3R =K SF D
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