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Spatial convergence of inter-provincial eco-efficiency in China
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2. School of Business, Chizhou University, Chizhou 247000, China)

Abstract Based on the theory of neoclassical economic growth, this study constructs a theoretical framework of the
spatial convergence analysis of the provincial regional Eco-efficiency. Using the provincial panel data from 2004 to 2015
in China, the provincial ecological efficiency by super efficiency DEA model is measured, and the regional differences of
ecological efficiency is analyzed, then the convergence condition of beta through the spatial lag model is tested. The
results show that: 1) The regional ecological efficiency has been improved year by year and regional difference is
obvious, but the differences in most regions are narrowing. 2) There is no convergence in the east area, the middle
area, the west area, even the whole country. 3) Considering the spatial cross-correlation, there is 8 convergence in
each area and the whole country. The convergence rate of 3 is the fastest in the east, the second in the middle and the
slowest in the west. However, after introducing some control variables such as urbanization, the convergence rate of
conditions increases, especially in the east and west. 4) Urbanization and marketization promote the improvement of
ecological efficiency, and the optimization of industrial structure brings stress to the ecological environment. In
conclusion, the improvement of the convergence of ecological efficiency in the region depends on the process of new
urbanization construction, the degree of market-oriented reform and the implementation of industrial structure
optimization.
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Table 1 Descriptive statistical analysis of provincial eco-efficiency measurement indicators inChina

BTy ¥IE P 25 e /IMA SN
Variable Mean Standard variance Minimum Maximum
A A = B . {278 GDP 11 510. 8 10 508. 6 466.1 59 948.5
NI YNZE SN
466. 3 311.3 42.5 1973.3
Employment number
WAL o0
7 609.7 7 828.8 334.329 48 576.9
Capital stock
W AL O hm?
13. 817 9.702 1.05 49.59
Urban construction land area
B o AL, 7 hm? _
435. 35 303. 45 18.76 1 586.59
Cultivated land area
KEHE L m?
ARER1 197.0 139. 1 22.06  591.3
Water consumption
REURTH 2 B . T AR HESE
12 189.7 7921.7 742.5 39 423.3

Total energy consumption
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Total amount of wastewater discharge
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Sulfur dioxide emissions
JH OB A HECE Tt
, 50. 0 36.0 1.2 180
Emission of smoke (powder) dust
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Industrial solid waste emission
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Fig.1 The mean change ofprovincial eco-efficiency in China from 2004 —2015
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Table 2 The statistics of Moran's 1 test of provincial eco- efficiency

AR S [F 25 Weight matrix type

iﬁ HF Queen — B & IEALE MRS W, BT BB U HCF T AR RE W,
RH P e B H P A
2004 0. 365 0.000 0. 266 0. 000
2005 0. 446 0. 000 0.302 0. 000
2006 0. 401 0.000 0.256 0.001
2007 0.381 0.000 0.271 0.001
2008 0.395 0.000 0.284 0. 000
2009 0. 444 0.000 0.305 0. 000
2010 0.432 0. 000 0.293 0. 000
2011 0.399 0. 000 0.259 0.001
2012 0.391 0.000 0.246 0.002
2013 0.338 0.001 0.256 0.001
2014 0.423 0. 000 0.273 0.001
2015 0.324 0.001 0.217 0.003
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Table 3 The selection of fixed effect and random effect model
TR 2K ) IR IR B - fE B EAP
Type of model Likelihood HEN AIC HEN BIC Result

IE] 5 KN fe 416. 223 8.160 23.357 N

, fi6] 7 34 L
BEHLZL N re 358. 898 12.160 34.955
S
N KR fli=12.79, P {fi=0.005 2 2

Hausman Test

T X SAR BT H AN AKIN  BF[] 808 FHRL ]
[ 5 200 AT A B L AR AR ARUSR (B R ATC, BIC i
T Affy s R[] 31 00 7 A 7R A 0o F S AE T T R 43 B
e SR UL [ [ 2 000 1 4 (R I A

3.2.3 SR ASKERN B

AR A E M = K K A SRR o I
SRR BE U 42 [ D R = K XK 8k 1 A AR AN
1 B A xS, FIRALE R G W, 1 W, R A
V) 5 J A TR XoF 4 ] R — K DX B 4 et i S5t A [
5B S5 AN SR 4. 3 A b A P R R EE A B el A
TR Y S RO B B R — L S HUE A
Z2TCIL ORI T R AR AT S . T T Y

WAL T Queen — i 4B 3 AN T A B 1] 05 45 51 41
A R TR E LR —0. 469 EHAE 1% 09 &1k
IRV bl A g U0 B AR SRR S G K R
S 1) 3 FR ¢ B 4 [ 2 10 AR SRR AFEAE B 4 XIS
il B R A AR S RO S ST — A SR R K
AR PEER Y B E I U BR VS ERAE 500 Y 3
IR 3 g A 56 At A X SR A T 120 1
EVERES KB T B A XS B 3 A Xk
BRI A S ROCR ZE R W AR 4 /DN Y& o b IXC 1) 451 56 b [X
BN RAFAER . BB DIE R S, 4
=K X3 A i S S R, 4 B ke 0. 633,
1.284,0.403,0. 124, R Epfeth , th ik Z , VAR At

x4 AHNEEETHSXE SARREMGEITER

Table 4

The estimation results of regional SAR model under two weight matrices

T Queen — [ A UL AL E HE W,

b 3 -2 T B R A B W,

A5 Based on Queen’s first-order neighborhood Geographical - economic distance
Variable weight matrix weight matrix
EE il e PYER 2 H AR AR P ER
HABCE InEco —0.469"™ —0.723"™ —0.332" —0.117" —0.470"" —0.738"" —0.291" —0.114"
(—0.127) (—0.132) (—0.092) (—0.049) (—0.129) (—0.135) (—0.071) (—0.049)
O REL o —0.141"  0.213"  —0.513""  —0.069 —0.101  0.220"  —0.811"" —0.273"
(—0.045) (—0.046) (—0.132) (—0.118) (—0.114) (—0.067) (—0.259) (—0.155)
FEA L 330 143 66 121 330 143 66 121
Number ofobs
h R* 0.149 0.192 0.062 0. 045 0.142 0.183 0. 088 0.048
Pseudo R*
W R ASRAE XS 4L log L 431,94 163. 44 143.79 221.57 429.75 161. 82 147. 67 222.75

Hex % %, % %

Note: * % %, % %,

O WS R AKX v =—In(1 + B THHEMGH,

s A RIFRIRTE 126,5%,10% KK B3 355 PR b ez,

% represents respectively that it is significant at 1%, 5%, and 10% levels. The numbers in brackets are standard error.
P P y g
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3.3 pEGKESH
3.3.1 #HHEEZHRBFFRKERR

B AR S5 T T 45 A X 28 U R RN R B
P FRAE AR S AEA 6] B e g > RS0 s+ 5 &
MRS IKT o R 5 22 7 ] IS 78 v fiin A i) DX 35
AR SRR I AR A AR O SCBR BB 5 DX
AL K- (URB) X AMEAE BECOPEND | 77l 25 74 {1t
16 (IND) T 7 1L F2 B (MAR) L8 # & (AGDP) | 3
B AL CAECP) B A1 (ASTL) ¥y 52w 1 A4 248
HORMERTH 1,

Wi 5 00 B 1 S BT R AL DR A 1T ] i T 4R
FXFPEERA F T 5 RE I T L 291k [H
R A RN RS Y QA s A X (s
TS B AR RO . R R T AN O
MANHHERFER, MIMKAERHER DR S
SAE GDP w5 b H R 3RO R AN AF BE R Y
D303 5 A 5 AR S Sk i R L B R T AE R
TR N RS B B AR RO . 7l S A
K = =7 B B 7E GDP S E o T o b
GEZ S 0. 4,5 ==k & (5 0.6), 77

ol 235 4y )0 Pl T R 3 I AR AR A R UL 4K
TP 3 5% A e 7 o e Ji 22 5 o o AV T B8 A
PREEI R o T 5 AR SR A PR A AAE Aol A
WA GRS BN EHE R R B T 2R R
T 2 T 51 T A T ok 8] A ol 3% 52 BT
W 29 R B A i A R A A R O Tk
AR H RG22 5 3K O SUR T RO B K
R 3 JBE A 5 05 R B S5 1 9 R R S B B MUK
PR AR S AT BE 2 i 1 85 S RS T 2
TUSE o PRS0 8 2R TN Tl 95 v B AR 0%
W N Tl 75 G 3 B B 2 L PR I TG e TR )
/0N REREAE AR A ROCREE T . BRI AT A
[ Py e ] R R AR SR 7R RO T — > M DX 4
BT HE 1 LA K B H BB X AR 2 RCR A IE )
e FEAE T

Frfr B AP S8 o3 A B diE 2 2ok B O [ K
Bl ) A [ G AR S ),k ERE B AR A
R A 8 i AT 37 35, 00l 75 e 3 B % BT R A
GDP P E S EAT 11980 224 2004, e it P4
W 5 R,

RS PEHUHESREENSITERHE

Table 5 The statistical description of § conditional convergence empirical analysis variables
AR Ak 4 ¥ 18 T 1 2 RAME RKRMHE
Variables Mean Standard variance  Minimum Maximum

e &I R —0.381 0.324 —1. 259 0.574
Logarithm of eco-efficiency
B AL A 0.518 0.141 0. 269 0.896
Urbanization rate
XF MR A BE 0.332 0.401 0.036 1.722
External dependence degree
Pk Z e 0.438 0. 034 0.351 0. 557
Industrial Structure Optimization
AR 0.133 0.075 0.030 0. 449
Degree of marketization
A GDP % 4. 78/ A 10. 058 0.579 8. 482 11. 388
Logarithm of GDP per capita
Tl 775 G 3 B WE X 45 T/ A 3. 401 0. 749 1.268 5.482
Logarithm of the investment in industrial pollution control
N IRy 26 SR VTN 0.834 1.252 —1.928  3.768
Domestic patent authorization per capita
FEAEL Number of obs 330
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3.3.2 wmhHEEMG®E

N TRRE B ARSI T T AR AL A
FOFRR (O BEAT Al . LR 5 2N < [ S50
I BEHLARNE 5 2 [ A e A58 R 717 18 1 il =[] i S

AR ZEMATY . A g 25 RN 6. 25 2L i /R Nk
W] R A0 ASE TR o B /R R AG B 4 SR I s A e A8 R AR A A
23 () )G B AL (SARD o 4R i AR 415 B 4% 1 A0 AR ik £ 6
Y] L e X010 [ 5 500 SAR BERUR HEAT A4 T

R6 SHMITHEIERE

Table 6 Selection of parameter estimation model
TR 5 ISR E AR A5 B a2 v ) DL 34 5 5o ) e

Type of model Likelihood AIC BIC Result

[ 5 %k iy fe 435. 336 36. 160 104. 544
fi] 7 B4

BEMLEL N re 373.616 40. 160 116. 142
= &2 K K Hausman Test chi® (17) = 83.17 Prob>=chi* = 0. 000
TL/RTEM B Wald Test chi?(8) = 9.16 Prob>=chi*= 0. 329 B AL SAR #5i7Y

3.3.3 R ASHERE LML

R V9 e AL 4 B s UL T [ A 900 Y 45 []
T S A AR 43 ) Xt 4 [ R = R X B AR AR I SRR A T
TRGEG AR AN 7. b RS B Y 1] 09 Y
X 7 A AR ) 25 A 2 ORI SR (BRI 8 230 L 130 W A
R PO BCRGE R AT FE Y . T TR 23 A LA &S [] A
FEFE W, 10 08 25 28 D ] ot SAR IR . 42 [
A5 v G B SR R AE 120 1 S M KT b i A

5, H <70, Ul B 4 8 © 4R b P AR A7 7E B AR IR
B, BEE 2T R PGSR A X AME A B LT
YA B A A 2 i AR — BLa ), A DL R A A
Hi DX A SRR K 8 2 45 B S KO . Ml s
RB LSBT 25 36 M X 5 K, WP Bk 2 7 3
e/IN o A DA B AR HP VS I WA SEGH B 43 R < 0. 612,
1.505,0. 408,0. 198, 13t W 7R &8 by X 114 A 25 880 o ol
WS T RS KT s FE R v B b DX P AR M IX

x7T WMAMNEEETHSXE SARREMGEITER

Table 7 Estimated results of regional SAR models under two weight matrices

HF Queen — 4B AL EHIERE W, b P - 25 0 B B A SRR W,

s Based on Queen’s first-order neighborhood Geographical - economic distance
Variable weight matrix weight matrix

N AR R PR 4 [ i Gk [
HABCE InEco —0.458™ —0.778"™ —0.335"" —0.180"" —0.459"™ —0.792™ —0.301"" —0.180"™"
(0.121) (0.108) (0.126) (0.030) (0.123) (0.117) (0.10D) (0.030)
W E AL % URB 0.521" 1.331" 0.615 —0.336 0.483 1.276" 0.432 —0.403
(0.304) (0.674) (0.542) (0. 848) (0.303) (0. 685) (0.499) (0.857)
Xt AMEAE . OPEN 0. 020 0. 090 1.010" —0.040 0.023 0.085 0.839""  —0.052
(0.037) (0.073) (0.253) (0.065) (0.037) (0.071) (0.203) (0.059)
ek g5 A £t 4k IND —0.728 —3.390" —3.372” —0.278 —0.743 —3.152 —2.704" —0. 355
(1.052) (2.059) (1.666) (1.041) (1.069) (2.025) (1.469) (1.061)

TR BE MAR 0.590™ 0. 252 —0.270" 0.394" 0.579" 0. 247 —0.307" 0.361"
(0. 185) (0.229) (0.097) (0.207) (0.193) (0.243) (0.074) (0.208)
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T8

HTF Queen — [ AP AN FH AL W,

Mo P28 U B B AL AR W,

75 Based on Queen’s first-order neighborhood Geographical - economic distance
Variable weight matrix weight matrix
| AR AR [ 2 AR ki [
B E LAGDP —0.087 —0.379™ —0. 007 0.322" —0.086 —0.389" 0.039 0.340"
(0.102) (0.103) (0.0395) (0.157) (0.104) (0.107) (0.0320) (0.159)
WEE LA LAEPC —0.004 —0.019 —0.007 0. 006 —0.004 —0.019 —0.011 0. 005
(0.012) (0.014) (0.023) (0.01D) (0.012) (0.015) (0.020) (0.01D)
FHEA1# LASTL 0.000 1 0.001 9 —0.0049 —0.0501" 0.001 5 0.005 9 0.000 1 —0.050"
(0.019 4) (0.0357) (0.0226) (0.0252) (0.0198) (0.0369) (0.017 2) (0.024 9)
/{‘H%,%éﬁ(p —0.153™ 0.218™ —0.501"" —0.0144 —0.105 0.212" —0.886"" —0.275"
(0.051 2) (0.029 7 (0.136) (0.115) (0.118) (0.060 7 (0.242) (0.155)
FEA %X Number of obs 330 143 66 121 330 143 66 121
1% R* Pseudo R* 0.20 34 0.022 3 0.1354 0.020 9 0.189 9 0.020 3 0.250 9 0.030 5
M R AL SR AE 5 8 logLll 439.976 174. 366 382.006 233.063 437.313 172.163 156. 982 234. 346

TEaox e w0 o, 2 SPRIFORTE 120,5%,10%0 MKF T W3 465 BT o br iR

Note; % % %, % % and * respectively represent significant at 1%, 5%, and 10% levels. The numbers in brackets are standard error.

MR ERE BRI m R E T
FVERLL  H AR BON IE X Ul WA R 3 A A 1
XA SRR M $R T A e BEAE . = R KOk
IR S 3L DX RN T Sl L R R O RO L 10
I A T80 3t DX 10 18 SR A A ) 1 8 D50 1 4 3R HLAGE
RO A KA AR T IR A TSR L Al gt T AR A AR
R o AR X T 4k R RO IE L AR g d
o 0 PRI b DX O B M X R
IE o AR XA T AR BE e ok T B A 42 BR
B A M T2 R R AR R T A B ey S 4 pL A
AT Bt B A) » 2x BHL 1k i R RE R g 35 2 Al
A s[RI RS A DXCBAS FL A BB 34 ) 223K {HL Aol
BLH VR i AN TR o A DR % T L B A% 11
AR ST AP R L AES AR SO AR T T R
M+ Ji PRl — 775 TG AT BE A T W 44 14 BT 12 5 A 1) T
FARRE M E UL, LA L R WA . O —
7 1 T S AR B e Y DX RS AN B FE AR S Y
B YRR B HE A R Ml DX T X 2 B R T R AT RE L
B, 7 DX T b A R R AR G T2 E R
B3 o {EAHRS 2 3508 0 v 0 ) ol T 5 W 51 A R B
2o WA T TR B BT B IR IE R X R BI BE URA
SECTR R VY S M DX AR A HE Y sk = BB IR

PR T 3R5E IR J7 i/ e BE 1 A 23R 1
AR o AR ML X X A T RE X A 2 R R W A
TE B 25 T R A X O OE . RO AR
T b DXXF SR T A 4 BRI B 50T 5 IR T 28R 1Y
& T 2% ) Bk /) o e 30 s X0 B8 B 5 R B9 5
AR i Y AR T DA A Ak R i O i JRE e
TIREEUGE . YRR X O T, R AR/ HA R
T RE S VY M DX A SR b O 1) BE RO AR 2 A
PREE TS QA R b - F RIS b el R S B (AR
B P ES LA RS A 25 R B R R AR RO B 2R
EORIhERE G T R AR, BARA T R AR
Tl S AEA AL A8 H AT e E AR
Pk O T FLRRAE R B IR R R AT . B
SR A5 R DA R B AR AT B Al 19 32 A AT
S ECRHT R 1) TR T R RO R R LT LA
EZIOR S NG S € NP TN E R BU RN T
[N ATV RN R TS

AR FIN GDP Rl i iy A AR X
AP R 3 DX TR VAR AR X 2R
JEIKPB R » GDP B s 38 7 25 BUR B 22 38 4 Tk
J3 5 AT B A B SERLAR AKF » DT X AR S AR
AT SRS TP A XA 28 T R K- 4 T
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A7 R BT R AR B BT L 4R T B A
R PE TAEBRCRUGE . PR X R OR e i
2 E VA B (H 28 57 K JR K142 T Y B 1) B2 W T 4
WH. Tl 5 g if B BEAR R e 1 B PR
AT RE S R R 45 B g B AR N T 28 T AR B A R AR OK
ool T BB g o AE AT RE L S AR Z3h B
B BN o BT AR A ORI 52 ma ALY
T 3t DX O B RV R R AW 2 L T
T4 19 25 R R A0 AR A JiE T 48 B B 5 Ay Y
FAR T A 2 7 AR AR B ORI K AR T AR SR
HRPETE o AR TR A A 3 DX K RESE 1 A 56 L (H Bl A
LT KAWL T AT AR A TG 3R 85  3E
TR e A W 8 5 BOWE ¢ 438 1 1) 5% 742 X b R )
Je R .

4 ZERT

He B R AR YR PR 2 A X 2 T B K R
MR, FE AT (0 & LS T, 3 AR SRR s
PERRAE 1 BIF 502 55 B 4 (0 R e L P R % R RN B T
e E YA A BT 2B T X SR P A & R
PITAL 25 it . AS B 5% R T BE 0 % DEA R, )
F 20042015 v [ 25 B 1 AR 5008 38 25 [l ik 42
U 2 1 5 1ok DX A S ORI SR 1 L AT T R
5. SERFH . H—, XA SRR R
H BRI 20 1060, KO 2 R H R 4 X
ZEFRTIEG /N R TS . Ko EE s
[F) B AH G B 0 TR B A R AR S ROR AR AE B 4R
WSSOI 5 A UL S A S MO A AR o D S b [X 38 7 A
AR R IS, B4 ERE ., WSGHE E 5 5N
0. 6331 0. 612,75 % JE Hb X 28 5 55 [ K 24 57 )5 -
SO EEWS A TR, = R X IUOR F L 4% i SI0H
HMil1.284,0.403,0, 124, £ e 83 FF Sl . 1. 505,
0.408,0. 198, 2% & [X 45k 28 ¥ FRAE 22 53 )5 » 4= 30 A0 P4
T AT SIS b, R AT B . = A
KA 5 AR AR ECR WS R 32 B Dy kA Ak RN T
il B AR SRR A T IE . = KRR
TR WAL X AR BE L P 254 T 4k =
M B FR L A1 45 0 A2 AR AR T 9 58 ) A7 AE X3
ZE5 . WRBUIL B2 R AR E T AR b X AR A ORI 2
S 7 SR AR AR b XA SRR R T AR
T MR ERT T R T
IR X AE SRR AT ., &5 kKR
IRV X AR B b DX AR 2SR ™ A T 60 [l 5 ) T % P

O DU 7 A IR ) SR . A BT RE D 4R T X Y
P DX AR SRR A T BUR AR

HE TN % 00 A R R WAC SO 3 A AN DL B 48
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