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Table 1 The statistical description of all variables
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TP AR BENLETIRCR lee 0.67 0.11 0.99 0.31 3679
WHTIEKT N H%EE/(N/km’) Den 42479  327.69 2661.54 4.7 3679
TAERKT Tk E/(J7t/kmd) Aggl 0.01 0.23 13.92  0.001 3679
WA (R BTV ITN) Lit 1.09 1.09 13.09  0.03 3679
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PR REC AR Ind 82.12 4129 94822  0.09 3679
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Fig. 1 The spatio-temporal pattern of industrial eco-efficiency and PM,; pollution

2.2 TSRS PM. K TN X R

T Tl R ACR 5 PM. s R B 25 DR I AL ARAE , SR T HEERL 0 A — 3% Y
ERHERAR . ARIEEE PR, R R AR BT B Ak BRI 64T Levin-Lin-
Chu (LLC). ADF-Fisher fil IPS FLAIARAG Y, 255K B AS B 4 0 PR8I (62).
PE—2 ATH AR GMM A T8 Tl AR Z280R 5 PMLs 15 Y S B AR FE SAE DT 1) o Ol
AR A5 N N B A T, SR CEGREZE LT 5 AT
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Table 2 Test for stationariness of variables

LLC 5 ADF-Fisher ¥ 56 IPS 4556
(L ORI — — — — — —
Giiti Tk Giitim M Giit BEN
InPM. 5 -7.614 0.000 36.606 0.000 -15.087 0.000
Inlee -43.7195 0.000 139.708 0.000 -29.615 0.000

1. LLC FANIAR KIS IV (1) Adjusted ¢{H, 1fif ADF-Fisher K5 %] W A& 1E 5 19 inv. chi-squared {f .
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Table 3 Results of panel VAR model

h_InPM, h_Inlee
h_InPM,s(-1) 0.7807(9.22) h_InPM,s(-1) 0.0237(9.15)
h_Inlee(-1) -0.442""(-7.3) h_Inlee(-1) 0.856"7(415.76)
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a. InPM, s %F InPM, 4 fik i 1 b. InPM, sX} InZee ) ik i 17
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Fig. 2 Impulse response of industrial eco-efficiency and PM.s pollution
H Ml 2B SRR PML 575 Gl it S 7 S50 5 22 70 AT R, ZEAS[RIEF I PML 575 G4 1Y
W 2EH, A SR BTHIRA 1415 99.99%,  UEH] PM, 55452 H B il g g i ok, T
AR ZSECRAS PMLs 15 Y 7 25 STRRR AR /N, (HIFARE 2L Tl A 8RR PML s 15 Y
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s, JCHORRTHA A T b o St SE— 2D A 2 AR RS I W R A AR
HIRKR, RN 1%RENKET, Tl AEBSCREPML RS 2 A, FEE, PM.s
TE 1% 5P TR Tl AR SRR 2SR, UL & A XUl 2 AR R EFOE R
2.3 T AES PM, KT 25 £ BT

SR FH AR HE 2 ) 1 AR IR — 25 20 B Tl A 55508 5 PML s 15 e 15 77 76 e 25 ekt
(£4), MFEATH, P& Moran's IEYINIE, Hisd B &SR, (H45 0 SR,
AR AL, 42 J7) Moran's T{E H1 2004 4E14 0.0813 5 3h F [ % 2016 4E11 0.0793, $ilH T
WA SRR S PM.si5 Y23 (R S T o X R 2s (B SCBRARAE 6 B Tl A 808 5
PM, 575 Y4 52 1F [ JCIR T AE 25 R AR SR RS H, (I — R A T 51k,

T4 2004—2016 F PM,; 5 T AFER=EHEX R

Table 4 Bivariate Moran's / index between PM, s and industrial eco-efficiency during 2004-2016

Ay 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Moran's / 0.0813 0.0702 0.0729 0.0664 0.0873 0.0806 0.0715 0.0811 0.0714 0.0727 0.0782 0.0780 0.0793
VA 3385 2942 3.001 2726 3912 3490 3.099 3.698 2971 3250 3.494 3.805 3.748

P 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

AU 4 e 25 0] A DA Mr Tk 7R Tl AR S80S PM.s 5 Y 1Y Jar s isf 45 Bk
FRAE, 5 R RS 5 LISA i 23 BRI — 5 i B =, IF 2B E 2004 4F . 2008 4F |
2012 4F 12016 4FHEF 25 R FTRRAL, R S M % 42 Sy SR U BRARRAE , B iR R IR ([
fEE 5ERE) Wikfrer (E3),

A3 ETAL, Tl A 25508 5 PMas 15 Y i i QI T 1l X AR vh /0 A7 F o EE S bk Tl
B LR S T R = A 3l T A N R AT, s T e TR L A R
B RICA AT RE . 2R = A i R sk AR RO T s Tl AERRCRE S PMLsTS
PUARAR IR T I X 22 53 A0 T R/EBHI AT HE . O3k i S pu b X T, i /B0
FARICHIK ; Tk A BHCR S PMus T3 YA CHER A XA R F rp R, TolkZERS
R PMLs 15 Y% AR OCIBE S T8 My DX D) 53475 —F 7 B T v by B 17 BB ol B sl

AN TR A BE N Tl AR 25300 PMLs 15 Y 5 IR A SE Ak i e 850 - 5 4l = Sy .
R TR R AR R T B A KT 801, I R 4 2R X S5 (R4 R X il sh 78 1k
B, ARARAE B X B0 1 2004 4 75 /148 22 2016 4R 9041, i 4 58 DX B0 U 1 2004 4F
[ 75 AR 2016 4F 4 594>, R IR R AU T e 47 38 N 22 2016 4E19 53 1>, AR ALE;
BRFE, DN BN £ eI 23 S AR 2 B B Bm iR e I, 4ERF R S AU HE
FE/N0.890, WELT Tk A SRS PM,s¥5 YLt a8 LBRERAE 1Y BEAR KA . KA
FAUGE ARSI ) BT, e I 288007 Ak, AERAU 0.072, SRR ALERE
ST ] 1 38R AR K, 4 0.110, UEIASZ Tolk A= 38R el s, J8 RIS T PML.s
15 QARG N AT gt
2.4 T A ZSREEIT PM, Y 5 18] 54 06 35 5

T T A SRR S PM, s 15 A7 AE B & AR 25 SCIBer , R A s () T AR A A 12
WX A2 (B SE MR RLN; o R e U RS i S X SRl A I ARGHEA T I, ARl A %S
] . BRI 2 ROniA kT e, AR ks (R s Aot ] [ 50 16 A J 3 71 LRAS 36 92 I
XS] [ 280G T B[] 4] 5 R 22 (] 1 5 &%z, - H. LMllag 5 LMerror i i3 1% 1 1. 3514
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Fig. 3 The spatio-temporal association type between industrial eco-efficiency and PM.,; pollution

K%, RLMlag Fll RLMerror FEANTE 12 5% 14 5 PERG S0, D4 BRI T sk 22 v B 2
1] [ ARG, SEM AT SLM 4 A 48 A 7% [ 23 W] A8 BN TR 1) {H RS B 28 SR IFAS
REFIWTI 2K SLM Y SEM, 1157 % & SDM AL S A B 25 51 . phy 2 [A) AL SE AR 2 75 ml i
Ak 23 )i I B2 AR 25 B R Y Wald Kr B 452 (58.1098, P<0.01; 77.1092, P<0.01) &
LR ¥ B0 45 5L (57.4837, P<0.01; 76.0806, P<0.01) W%, 2% [a] o2 #5% AAf {7 ik
SLM 5% SEM, It4h, i Hausman kG545 % (354.5330, P<0.01) nJ’Hl, N5 48 FALRLN
TR SR FH 24 [ea) b B ] [ 2 s AR o PR, 43 ks R [ B ] [ A 25 00 [T 2 )
73 AR AN SR, R AT 25 [ 200 ) SDM Sl i+ ke (3R5).
A% S A, AERHE] [ E SO AR AL Tl AR ASRCRST PM,s 15 e HLAT I 35 A 6 i) 5
M, 355 PM,s 75 32 Tl AR A0 il i 1 g 485 SR AH— 3800 1 s 1) 1 g 50 AR 7Y g 400
JERG, 2 [R) [ E 5 0 23 [ O AR LG BE Y R T 0.9, H 25 )i f A8 0 5 ) 3R 4
WEONIE, I JE I IX PM, 75 YR AR HL X PM, 75 Yt B B R IE e, H TR
RN PMLsT5 Y 52 i S5 B B2, 18P Tl A= SRR 2l SO i 7 PMLsi5 e, X
T, — R BN Tl A SRR A F S R LK, AEIITE 0.63~0.71 [ 30,
SR AR A BCREAAE—E 2200, TSR Ia R T2l 55— Tl



340

AEAE A5 Tl A SRR PML 75 G BRSNS i 2500

745

x5 SDMREUfLITHER

Table 5 Estimation results of SDM

g 2% [ [ 5 AU i ] ] 550 24 ] 7 5500
Inlee 0.1942(1.73)° ~0.1114(-2.46) 0.2430(2.13)"
InDen -0.0032(-0.30) 0.2890(18.85)™ -0.0065(~0.60)
Indgg! -0.0089(-1.27) 0.1134(7.81)" -0.0151(-2.08) "
InLit -0.0037(-0.43) ~0.3112(-17.74)" ~0.0089(~0.99)
InTec -0.0366(~3.99) " -0.0184(-0.86) -0.0435(-4.63)""
InInd -0.0003(=0.05) 0.0635(4.22)™ 0.0001(0.00)
InGeba -0.0092(-1.70)" 0.0704(4.92) -0.0124(-2.27)"
W xInlee -0.3316(-1.86)" -0.3810(-2.82) 0.2148(0.77)
WxInDen -0.0622(-2.38)" -0.0685(-1.77) -0.0725(-2.74)""
WxIndggl 0.0074(0.95) 0.067(2.06) -0.0879(-3.52) "
WxInLit 0.0239(1.99) " -0.0636(-1.34) -0.0224(-0.92)
WxInTec -0.0159(-0.86) -0.3249(-5.62) -0.0771(-3.11)""
WxInlnd 0.049(3.54) " 0.091(2.16) 0.0535(2.30)
WxInGeba 0.0254(1.77)° 0.0154(0.37) -0.0032(-0.21)
Rho 0.852(59.89) 0.362(13.38) 0.7190(36.04) ™
7 0.0071 0.0870 0.0072

R 0.9716 0.6540 0.9713
LMlag 3618.142" 310.805™ 991.272"™
R-LMlag 34,758 83.192"" 49.643™
LMerror 3591.523" 227.845™ 968.440™
R-LMerror 8.138™ 0.232 26811

LR A5 9039.461™ 1300.739"
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Table 6 Results of direct and indirect effects of SDM

A hE HEON (B4 SRARON

Infee 0.2919(2.442)" 1.3598(1.446) 1.6517(1.682)"
InDen -0.0162(~1.350) -0.2645(-2.815)"" -0.2807(-2.809)
Indgg! ~0.0284(-3.427)"" -0.3462(-4.012) " -0.3745(-4.122)™"
InLit -0.0122(-1.213) -0.0940(~1.072) -0.1063(~1.143)
InTec -0.0576(-5.530) " -0.3738(-4.367) " -0.4315(-4.787)""
Infnd 0.0068(0.787) 0.1812(2.264)" 0.1879(2.223) "
InGeba -0.014(-2.285)" -0.0409(~0.749) -0.0549(~0.945)

AN, T HRE G B RN N -0.0162, {HIFAS 3, H a4 5 RN 3
-0.2645, FRUYIm I 8 B A8 i A ) T80 A M PML s 75 e AR B . DRt 25 T
o7 Tl 2 5 N 1A ER ) AR I 1) R R, B KRR B R N SRR, A TrialT
RO, BRI SEEIAEE R T Tl 8 RKF- 1Y B2 5 ML ma sy e & 7, B &
FRELR] Tl X, 43 THME R AP Talk AR 254 B F I PMLsT5 G52 s SR IEE 0 B
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Table 7 Results of dynamic SDM

AR 25 [ [ E R s ] 1 52 5017 23 ] 2 55N
InPM. 5., 1.0571(158.55)"" 0.3137(17.68) "
WXINPM ) 0.2621(11.66) " -0.0821(-2.05)"
Infee 0.1395(2.19)" 0.0357(3.84) " 0.1308(2.08) "
InDen 0.0057(0.53) -0.0080(~1.24) 0.0019(0.18)
Indgg! -0.0083(~1.13) -0.0271(-4.58)"" ~0.0119(-1.62)
InLit -0.0126(-1.40) 0.0110(1.50) -0.0124(-1.36)
InTec -0.0380(~4.00)** 0.0011(0.13) ~0.0473(-4.99)""
Inind -0.0031(~0.40) -0.0006(~0.09) 0.0048(0.61)
InGeba -0.0132(-2.26)" 0.0008(0.14) ~0.0116(-2.00)
WxInlee 0.1526(1.53) 0.2823(10.14) ™ 0.0440(0.29)
WxInDen ~0.0331(~1.27) -0.0608(-3.97)"" ~0.0511(-1.99) "
WxIndggl 0.0064(0.78) -0.1335(-9.77)"" -0.0398(~1.51)
WxInLit -0.0453(-3.36)"" 0.2367(11.60)*" -0.0247(~0.99)
WxInTec 0.0006(0.03) 0.1813(7.51) " -0.0338(~1.32)
WxInlnd 0.0204(1.44) ~0.0434(-2.49) " 0.0396(1.65)"
WxInGeba 0.0101(0.63) 0.0479(2.74) " 0.0003(0.02)
Rho 0.8598(46.29) 0.3815(22.46) " 0.6910(28.92)
7 0.0074 0.0142 0.0073

R 0.1650 0.9910 0.7530
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Table 8 Results of direct and indirect effects of dynamic SDM

A S N S A ] RN SUNEE 2 O SRRSO
Inlee 0.3077(2.53)" 0.8701(0.96) 0.5108(2.45)" 6.1439(0.32)

InDen -0.0043(-0.39) -0.1607(~2.00)" -0.0145(-0.63) -0.9902(~0.25)
Indggl -0.0174(-2.12)" -0.1467(~1.68)" -0.0333(-2.13)" -0.8240(-0.55)
InLit -0.0162(~1.60) -0.1100(~1.37) -0.0293(~1.55) -0.4930(~0.29)
InTec -0.0551(=5.12)"" ~0.2054(-2.58)"" -0.0940(-3.15)"" ~1.4578(-0.22)
Inind 0.0099(1.20) 0.1362(1.71)’ 0.0223(0.75) 1.0015(0.15)

InGeba -0.0120(~1.84)’ -0.0226(~0.42) ~0.0193(~1.61) ~0.1552(-0.20)
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Table 9 Results of sub-regional spatial lag regression

BT R i [ pire[

Infee -0.5477(-4.68)"" 0.0191(0.31) 0.1668(2.61) " 0.4361(4.60) "
InDen 0.1853(8.39) ™" 0.4342(33.66) 0.4111(27.27)"" 0.2798(16.08) ™
Indggl 0.1284(10.41) ™ 0.0014(0.18) -0.0362(-3.03) " 0.0985(8.77) "
InLit -0.2079(-8.28)"" ~0.1071(-6.53)"" ~0.0722(-3.04) " -0.0802(-2.62)""
InTec ~0.3653(~7.14)"" ~0.0043(~0.17) 0.2415(7.5)"" ~0.0516(~1.58)
Inind -0.3425(-9.46) " -0.0037(-0.27) -0.0276(~1.36) 0.1078(5.38) "
InGeba 0.1541(3.22)" 0.0925(3.93) " 0.0099(0.56) -0.078(-2.55) "
Rho -0.087(-1.72) " 0.137(3.43)™ -0.04(~1.06) 0.008(0.19)
7 0.1132 0.0260 0.0684 0.0241

R 0.4324 0.7335 0.7305 0.8328

LR 336.4115™ 252.6049™ 167.4672™ 2192451
Hausman -492.7477" 14.8111° 60.1267" 2695.1631°
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Influence and spillover effect of industrial eco-efficiency
on PM;; pollution

LI Zai-jun', HU Mei-juan’, ZHANG Ai-ping’, ZHOU Nian-xing’
(1. Research Institute of Central Jiangsu Development, Yangzhou University, Yangzhou 225009, Jiangsu, China;
2. School of Geography Science, Nanjing Normal University, Nanjing 210023, China; 3. School of Tourism and
Culinary Science, Yangzhou University, Yangzhou 225127, Jiangsu, China)

Abstract: By means of spatial analysis and econometric models, the spatio- temporal
correlation characteristics and effects between PM.,;s pollution and industrial eco-efficiency of
prefecture-level cities in China from 2004 to 2016. The results show that: (1) Industrial eco-
efficiency and PM,; shows a pattern of spatio-temporal staggered distribution. Areas with high
PM.; pollution are mainly concentrated in the North China Plain and the middle and lower
reaches of the Yangtze River, while high industrial eco- efficiency areas are distributed in
coastal cities such as the Yangtze River Delta, the Pearl River Delta and the Bohai Rim
Economic Zone, and a few major cities in the urban agglomerations of central and western
China. (2) There is reciprocal interaction relationship between industrial eco- efficiency and
PM.; pollution. Industrial eco-efficiency has a negative cumulative effect on PM.s pollution,
and shows a "U-shaped" pattern, while the influence of PM,s pollution on industrial eco-
efficiency is manifested by the positive cumulative effect of "inverted U- shaped" change.
(3) Industrial eco-efficiency and PM,;s pollution have significant spatio-temporal association,
and the evolution of different types of spatio- temporal correlation keeps higher stability.
Thereinto, the high industrial eco-efficiency and the high PM.;s pollution regions are mainly
concentrated in the urban agglomerations of the Beijing- Tianjin- Hebei region, the Shandong
Peninsula and the Yangtze River Delta; the low industrial eco- efficiency and the low PM;
pollution regions are mainly distributed in the urban agglomerations of the Poyang Lake, the
Guanzhong and the western region, as well as in a few cities in the northeast region.
(4) Overall, industrial eco- efficiency has a significant and robust positive effect on PM,;
pollution, but shows significant spatial heterogeneity. Specifically, the industrial agglomeration
level, technological innovation and urban greening rates have a significant negative impact on
PM.; pollution, while the effect of other variables is not significant.
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