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Spatio-temporal characteristics and optimal path of PM, 5 pollution in
Yangtze River Delta urban agglomeration

Based on the perspective of industrial transformation and technology upgrading

WANG Yiyi
(School of Public Administration, Hohai University, Nanjing 211100, China)

Abstract: Accurately grasping the spatio-temporal characteristics of PM, 5 pollution and its driving effect will help to promote
the sustainable development of the Yangtze River Delta urban agglomeration. Based on the city-level panel data set from 2007 to
2017, this paper uses a dynamic spatial panel (DSP) model to analyze the distribution and driving factors of PM, 5 pollution in the
Yangtze River Delta urban agglomeration. The results show that there are significant temporal dynamic evolution characteristics and
spatial correlation of PM, 5 pollution in the region, and the spatial heterogeneity distribution of PM, 5 pollution within the region is
relatively stable. For the Yangtze River Delta urban agglomeration, although the industrial structure upgrading and technological
progress are conducive to alleviating PM, 5 pollution, technological progress has played a more important role. In addition, another
important finding is that the combined effect of industrial structure upgrading and technological progress can significantly suppress
PM, 5 pollution. To continuously improve the air quality of the Yangtze River Delta urban agglomeration, a regionally differentiated
governance and joint prevention and control mechanism should be established. Regional governments should promote the continuous
upgrading of industrial structure and energy structure, and exert the positive effects of technological progress on the environmental
governance through the independent development and technology importing.

Keywords: PM, s pollution; industrial structure upgrading; technological progress; dynamic spatial panel model; Yangtze
River Delta urban agglomeration
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Table 1

Statistical description of variables

bR PMysT5it/mg-m™ FRALESHTIH% HoRIED 28t RoT SR /% SSm % E/kmkm™ JRE/C FEK/mm

FEE 50.34 41.76 1.04 65 530.06 53.27 1.41 16.93 1323.41
brifE2E 10.17 8.18 0.38 31673.25 17.14 0.38 1.01 350.28
e IMEL 23.03 23.36 0.81 10 588.99 17.90 0.81 13.80 605.20
[ONI:E 71.24 71.80 2.65 154 983.70 89.39 2.65 19.30 2 626.80
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ST REGL DR 1A, B RN T4 SR A R, 4% Tl
WO AN HEAT T T AR A ARG 56 o 7 B ARG 56 1Y)
SEh b, SRR T T MR I B IE . e ad
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Fig. 1 Dynamic evolution of PM, 5 pollution in the Yangtze River Delta urban agglomerations
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Table 2 Global Moran's | results of PM, 5 in the Yangtze
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t/a 4 J7Moran’s | VA
2007 0.395™ 3.195
2008 0.472™" 3.759
2009 0.450™" 3.598
2010 0.519™ 4.044
2011 0.522™ 4.153
2012 0.329™ 2.786
2013 0.453™ 3.608
2014 0.634™" 4.909
2015 0.534™" 4.222
2016 0.476™ 3.762
2017 0.507™" 3.979
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Fig. 2 LISA clust map of PM, 5 pollution in the Yangtze River Delta urban agglomerations
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Table 3 The regression results of three groups of models

B ODPHLRY SSPAL DSPHLAY
R Tl (a) LT (b) i (c) FET(d) iR (e) BETI(D)
0.479 9™ 0.414 1™ - - 0.265 5™ 0.2622™
f -3.33 -2.86 - - —4.24 —4.65
- - 0.658 6™ 0.645 9™ 0.609 3™ 0.602 8™
P - - -18.92 -16.87 -14.89 -13.93
0.505 6 0.713 9 —0.145 6™ —0.166 4™ -0.132 4" —0.149 8™
s -1.41 -1.37 (—2.58) (—2.86) (-2.59) (—2.77)
—0.190 1 -10.150 6 —0.026 3 ~1.800 3™ -0.014 2 -1.4277"
In Tp (-1.10) (-1.37) (-0.53) (—2.74) (-0.35) (—2.65)
- —2.809 1 - —0.491 6™ - -0.393 1"
In(Is x Tp)
- (-1.39) - (—2.63) - (—2.57)
—0.061 0 —0.091 6 —0.146 2" —0.145 5" —0.099 5° —0.103 5™
n B (-0.71) (—0.94) (—2.34) (—2.44) (-1.75) (—1.94)
0.556 2™ 0.563 5™ 0.009 5 0.036 0 0.067 4 0.077 4
Ul -3.08 -2.79 -0.07 —0.25 —0.49 -0.59
0.3812 0.3916 0.036 5 0.028 6 0.036 1 0.0317
T -1.51 -1.02 -1.17 —0.87 —0.94 -0.77
—0.522 5" -0.422 8 1.053 4™ 0.999 3™ 0.874 3™ 0.836 4™
nTe (—1.66) (-1.01) -3.36 -3.17 -3.21 -3.06
0.379 5™ 0.368 5™ —0.070 0" -0.071 6" —0.068 4" —0.069 8
i Pr -4.08 -3.91 (-1.79) (—1.85) (-1.83) (-1.87)
PURIIUE(E] 260 260 286 286 260 260
LM-Errori 4 - - -0.131 -0.13 —0.128 -0.125
Robust LM—Errorf6 4 - - —0.146 —0.149 —0.142 -0.146
LM-Laghi 56 - - -0.018 -0.016 -0.009 -0.008
Robust LM-Lag# 45 - - -0.037 -0.028 -0.016 -0.011
AR(DKE6 0 0 - - 0 0
AR 55 -0.418 -0.916 - - -0.48 -0.355
Hansenid & 1H1 46 50 -0.183 —0.188 - - -0.222 -0.22
e L UE A IFRRp<0.10, p<0.05F1p<0.01; FEES N HZE.

() AR B REMEIEAR PM, s 5 RR S . 8% LRFRN, REON-1.427 7, XKW, SR ]
B, FORPEE AT REE 1% B EMKF DR =M fen) PM, s To e . SOkt



124 IREE LR R

549 3

A D) 3 AR PR S ¥ YooK P i R R E T, — 5 T,
Fo R 2D BR A% W 2 45 T A 7 R RN g TR R HH 2
Fo AT RCR R IR A AR R LT RE A R KR
BLPE A RE TR 2%, NIRRT Qe ) HEROK - o
T35, FR B REAS RIS BN I H]
IR, X5 Qe HE RO T A R AT LR

(3) 7 Ml 5 Ka) TR AL AR K4 15 1 255 300
23Xt PM, s BOHER™ A= B S (I EH . SRR
WHZEASHEI T RECH T H B, RECh-0.393 1,
FEURAIE AL A7 b 25 R T R AE AT PM, 5
15 L W R fif VR A2 3 Y o BRI AT LIS Bl
Al i . TR R A A, e R AR AR A
b 1) % Ji s BT LATINGH 28 5% e e p AL TORY [ £ 2 BB
Az, BRI HE P G5 F 9, 38 Xl 4574 2
AR 0 R B, v LLR B, i K = A
Wz SR R, R AR AR B8
A —E M BUWRAE A, BEAR A E R .

()% TR AR &L, 2807 R RACERT PM, 5 1554
AR EWINEIER . A RR A X, K =
WTRE SR L O Bt 2 R A, Sk KAl ok
(RSN 2B T 3T PM, s 15 5% 3T Ak /K1)
RECH IR IEA 2, R T ] DA — 2
5o ) 1 R NI =B A U R R R SO Ay T Ao
BLRBUN R KA SERIE . S B DGR
W AN BRIEIH FE R, PR, T AR AT B S
PM, s 15 genim g . HR, eIk ik AR b, 15 4Ly
AT AR A ), 15 G B A B FR RS i SRR
P25, LN RESLBUIG AT . 15 Y b BRI AN
JE RN e SCR AR 25 205 Yy b B AN ] i %
1%, M S ORISR TS e HE L . 28 %
12 PM, 5 5 L BRI R 3R, 2202 DR A I 25
(14D 144 R et B - b T R %) BIL B 2 R A 1
e ALB ZEE R A HE A 25 T BURBHE AR I,
28 BEIHIEARIG, SORFIFHLEN 4 BT AR
FRUREE . X T HAARER, SHA RIS
R—2, mR AT S s e A2, TR
H PM, s FkifeoE H KRBERIFES . okl
T TEAE FH AT LA HE A R A S T A D T 5 B X6
PM, s UK 14 ikl

4 HEREBREW
ABIETE oA 1A = A3 B 0 7 L 2548 T 2

AR X PM, s 15 Q452 . 451K, K =
FASTTRERY) PM, s 15 Y AFAE ik 25 (R I 1 2l A A8 R
fEANZS [ AH OCHE o PRI, X T X &, 9870 4
WKLY 15 Y W BRI A5 25 TN R B X BB
7 S 03 5 B ) PO 1 NTETR 17 R B i OB e 2 e 8
T, 7L S5 H AR D% PM, 5 15 Y419 5%
Ml A7 i 25 5 . LR, A T 45 F 28 Bl
A PV BCRAR T2, (B AR D TR PM, s 15 41
AR R RMAE- . A, BRI Al
LER TR A ARV X PM, s 15 9 BA M HIVER -
FEF I, SR

(1) ARIE PM, 5 B =5 78 A2 4% Ja) 43 H7 S Moran’ 1
DU AEE 1y 238 SR, K = A T A [) b DX A (] Y
PM, s HERIOK - PR, 25 IHLAA KR, K = FAK
THE RS 2200 St TR, AR B8 > M A% 0 N 28 355 R Jré K
e, ST A (] A DX s R T G s HE R . AR P S
ARG YRR B NS (AR DG, K = AR T RERE 2 A
TG YL X, HG g XORIIRTE YL X 3 RS HAok
Ui, R N ZEN L R R AR
JE T i Y, W L % WML 2% TR A
MG IME TR YK, Rl Trhis geix .,
XTT PMy s e 15 G4 X, BRI 5 56 T 5 Tl 36
HIT5 G, R S A A RIS IR HL s 4
B, s gL IXCAT LA R 25 ST Je R i it A T Y
UCEEH X o O T S b X, BRI il 5 25 <5
YL AR B, I AR R S IR IX
AT DL AR S AR ofe T R B AT G A it 1 X3
X FAZ 2SR DX, BN AR T BN XoF i 2 15 Y 5 A
a5 YL IR AR, IR v s AR P Ak

(2) B TR = AT PM, 5 75 LRI 7E 1
FMERES, AR =MAWTHAE T 4 MW7
WX (BT VLR WivL A AR ) F 26 Mg T, A
(] A7 IR IX S 2 R ) X I VR A TR B s TG e i 5%
B AT T DX A B A ML, B
e OB TS G i HE ) XS AR . — 5 T, BUR Y
B B 2 TS e ) RN IR TR, il e — 1Y
Pt IREVRIECR R R, P XA R A B, ST X
N 5 Yt MERR 25 UMRAIL . o — 7 aT,
S XA AT B AL W2 R AR A T AR
RN o HeAk, B E— 20 s AL PR A B A A v Ak,
P RBUNTERR BRI 5 h S B E . BRItz
A, R RT Hb 7 BURFPEAS 1A 3R 0 B8 38, HEAT 200



5514

Tt KT PM, 5 75 Qe 28R IE S HRAR AR —E T 7 M e BRI R T A AL A 125

PCRER XS 2R 7l PG R 2R, AREEAE ST A
SRR PRI OR P IR I A

(3) MR 905 30 28 2 1) v Al R R [ D ) 25 28, 7l
LR TIRANEAIKTRET 22 W E AR PM, 5 BOHERL
Ko K = AR RO A 2 (7l 45 44 A BE R
it picit, SR E AW, —J7 ), 4 T4
A PEOR, WK IR T2 LA g il Ak 2R
SabRifE . BREEE ARG R HECE SR, BRI AE IR
SE AT ey £ B Ml A PROBEE I, B AR IR
R A5 3 R RE R R S . 5 — T
1T, 7 LA AR IR 55 O 3 1) S Tl 4548, 8Dl
AERHERCER R M, BURARE S PR L ) K . Bl
IEBEIIR S A BT A, it A WP AEAR S |
AW A BARIK o BRICZ AL, BRI R
5 el ol AR RE IR AR RE IS R A L

R

(1] 253, Jae, #a5AE, 45, TR PM, 5 28 3 AR 53
Hr: 2015—2017 4F [J]. FRIFRL 22441, 2018, 38(10): 3816 —
3825.

[2] GENIAUX G, MARTINETTI D. A new method for dealing
simultaneously =~ with spatial autocorrelation and spatial
heterogeneity in regression models[J]. Regional Science and
Urban Economics, 2018, 72: 74 — 85.

[3] CHEN J, ZHOU C S, WANG S J. Identifying the socioeconomic
determinants of population exposure to particulate matter (PM, 5)
in China using geographically weighted regression modeling[J].
Environmental Pollution, 2018, 241: 494 — 503.

[4] ROMANO C L, TRAU F. The nature of industrial development
and the speed of structural change[J]. Structural Change and
Economic Dynamics, 2017, 42: 26 — 37.

(5] ¥hvk, 8. ke, PSR S RelscRig Tt 1. £35F
MR, 2020(12): 131 — 138.

(6] L, ZWAE, TR A B BT BOR B ET k454 T

I, WZRL, 2020(12): 56 — 71.

[7] CHENG Z, L1 L, LIU J. Industrial structure, technical progress and
carbon intensity in China ’s provinces[J]. Renewable and
Sustainable Energy Reviews, 2018, 81: 2935 — 2946.

(8] #RUEYE. £+ DEA-Malmquist H8OF B2 B R4 =R 7™
b2 B A AR (D], B 9 52 B 5 R, 2020, 50€18):
303 —309.

(9] 224, m W], A, FREEHLE 5 R TG Yl R Rt — o
BT AP IR 4T (0] A2352835F, 2020, 36(9):
182 —187.

(10] B8—n, Wi T3, 30T, v LS A 2 0B e ) 2 3 AR i B

HSEmRF )], A34055, 2019, 35(11): 167 — 175.

(11] JRIEA, Fedib, B, 2. TRINTH A HERS Y Pk B AR AE
SR H R ], I 40 (FLTR), 2020, 37(2): 178 -
186.

[12] TIE X, LONG X, DAI W. Surface atmospheric PM, 5 optical,
satellite distribution depth and of related effects on crop
production in China[J]. Air Pollution in Eastern Asia, 2017, 16:
479.

[13] B aRZe, Wi, &1, . 2018 AF AT F it E 45 YRR HE S /<
AT I, REERLEAAR, 2020, 40(11): 4038 — 4047.

[14] JIN J Q, DU Y, XU L J. Using Bayesian spatio-temporal model
to determine the socio-economic and meteorological factors
influencing ambient PM,s levels in 109 Chinese cities[J].
Environmental Pollution, 2019, 254: 113023.

[15] ARELLANO M, BOND S. Some tests of specification for panel
data: Monte carlo evidence and an application to employment
equations [J]. Review of Economic Studies, 1991, 58: 277 — 297.

[16] BLUNDELL R, BOND S. Initial conditions and moment
restrictions in dynamic panel data models[J]. Journal of
Econometrics, 1998, 87: 115 — 143.

[17] KUKENOVA M, MONTEIRO J. Spatial Dynamic Panel Model
and System GMM: A Monte Carlo investigation. 2009 [R].
IRENE Working Papers 09-01, Irene Institute of Economic
Research.

[18] ELHORST J P. Specification and estimation of spatial panel data
models[J]. International Regional Science Review, 2003, 26:
244 —268.


https://doi.org/10.1016/j.regsciurbeco.2017.04.001
https://doi.org/10.1016/j.regsciurbeco.2017.04.001
https://doi.org/10.1016/j.envpol.2018.05.083
https://doi.org/10.1016/j.strueco.2017.05.003
https://doi.org/10.1016/j.strueco.2017.05.003
https://doi.org/10.3969/j.issn.1000-8306.2020.12.006
https://doi.org/10.1016/j.rser.2017.06.103
https://doi.org/10.1016/j.rser.2017.06.103
https://doi.org/10.13671/j.hjkxxb.2020.0210
https://doi.org/10.1016/j.envpol.2019.113023
https://doi.org/10.2307/2297968
https://doi.org/10.1016/S0304-4076(98)00009-8
https://doi.org/10.1016/S0304-4076(98)00009-8
https://doi.org/10.1177/0160017603253791

	1 研究方法与数据来源
	1.1 动态空间面板模型
	1.2 空间相关性指数
	1.3 变量描述
	1.3.1 被解释变量
	1.3.2 核心解释变量
	1.3.3 控制变量

	1.4 数据来源与处理

	2 长三角城市群PM2.5污染的时空动态性
	2.1 PM2.5污染的时序演变
	2.2 PM2.5污染的空间关联

	3 产业和技术对PM2.5污染的影响
	3.1 模型选择
	3.2 模型结果分析

	4 结论与政策建议
	参考文献

