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Research on the state and spatiotemporal evolution of ecological civilization in the

urban agglomeration on the middle reaches of the Yangtze River
MA Yong" , HUANG Zhixun

Academy of Tourism Development Hubei University, Wuhan 430062, China

Abstract: With the rapid development of the global economy, the contradiction between economic development and
environmental degradation becomes increasingly severe. People have started to realize the importance of environmental
protection during the course of economic development. The urban agglomeration on the middle reach of the Yangtize River
occupies an important place in China’s regional development, and it belongs to a key zone in territorial development.
Development of the urban agglomeration must adhere to the concept and principles of ecological civilization. This article
evaluates the state of ecological civilization in the urban agglomeration on the middle reaches of the Yangtze River between
2009 and 2013, using a combined entropy weight and TOPSIS method. This article analyzes the cause and key factors that
make ecological civilization vary by using an Environmental Kuznets Curve and obstacle degree model. Using global spatial
auto—correlation analysis, this article measures the degree of spatial agglomeration for the urban agglomeration on the middle
reaches of the Yangtze River. In addition, this article conducts a visual cluster analysis of ecological civilization for different
regions using the Jenks natural breaks classification method. The four main research findings are as follows: (1) The five

key factors affecting the ecological civilization of the urban agglomeration on the middle reaches of the Yangtze River are:
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GDP per capita, per capita retail sales for social consumer goods, the service industry’s added value as a portion of GDP,
total available water resources per person, and per capita annual disposable income for urban residents. (2) In the greater
Wuhan megalopolis, Wuhan's ecological civilization is maintained better than its surrounding cities; this ecological
civilization gap between Wuhan and its surrounding cities is evident. The Changsha-Zhuzhou-Xiangtan urban agglomeration
follows the Changsha-Zhuzhou dual-core model, partially driving the ecological civilization development of nearby cities,
while exerting little effect on the ecological civilization of relatively remote cities. The ecological civilization of the cities and
areas surrounding Poyang Lake differs slightly. Over the past five years, the ecological civilization of these cities and areas
has been developing noticeably. (3) The clustering characteristics of the urban agglomeration on the middle reaches of the
Yangtze River have changed from a weak negative correlation to a weak positive correlation between 2009 and 2013; in
2012, it started showing a strong tendency towards agglomeration. (4) The ecological civilization of Xiangyang and Yichang
degrades year by year. It has fallen from the upper part of the ecological civilization Kuznets Curve to the lower part.
Economic stimulus contributes little to ecological civilization. The sustainability of ecological civilization construction of
Jiujiang is insufficient and has great volatility. It is unable to maintain a good level of ecological civilization over a long

period.

Key Words: ecological civilization; spatiotemporal evolution; entropy weight; TOPSIS; obstacle degree model; spatial

auto-correlation ; urban agglomeration; Yangtze River
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Table 1 The evaluation index system of the ecological civilization level of urban agglomeration on the middle reaches of the Yangtze River

EE7 TN Bt~ B ¥ =3
Target layer Rule layer Index layer Unit Attribute
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Table 2  Changes in index entropy and weights

40 Year T H Ttem X1 X2 X3 X4 X5 X6 X7
2009 H, 0.9800 0.9839 0.9611 0.9775 0.9378 0.9725 0.9696
W, 0.0337 0.0271 0.0655 0.0380 0.1047 0.0463 0.0512
2010 H, 0.9770 0.9867 0.9556 0.9688 0.9035 0.9679 0.9656
W, 0.0346 0.0200 0.0668 0.0469 0.1454 0.0484 0.0517
2011 H, 0.9839 0.9855 0.9696 0.9740 0.9350 0.9705 0.9560
W, 0.0264 0.0238 0.0499 0.0427 0.1067 0.0485 0.0722
2012 H, 0.9368 0.9835 0.9857 0.9787 0.8855 0.9692 0.9522
W, 0.0862 0.0225 0.0195 0.0291 0.1561 0.0420 0.0652
2013 H, 0.9552 0.9790 0.9785 0.9810 0.9234 0.9699 0.9604
W, 0.0634 0.0298 0.0304 0.0269 0.1085 0.0426 0.0561
X8 X9 X10 X11 X12 X13 X14
2009 H; 0.9644 0.9845 0.8920 0.9549 0.8962 0.9654 0.9665
W, 0.0599 0.0261 0.1819 0.0760 0.1749 0.0582 0.0564
2010 H, 0.9493 0.9856 0.8850 0.9579 0.9069 0.9537 0.9723
W, 0.0763 0.0217 0.1731 0.0634 0.1402 0.0697 0.0418
2011 H, 0.9803 0.9859 0.8811 0.9510 0.9119 0.9345 0.9716
W, 0.0324 0.0231 0.1951 0.0804 0.1446 0.1075 0.0466
2012 H; 0.9821 0.9860 0.8880 0.8899 0.9132 0.9479 0.9681
W, 0.0244 0.0191 0.1528 0.1502 0.1184 0.0711 0.0434
2013 H; 0.9797 0.9861 0.8921 0.9120 0.9128 0.9279 0.9358
W, 0.0287 0.0197 0.1528 0.1246 0.1235 0.1022 0.0909

H, . R B Comentropy ) K/, W, - $i05 0T ( Weight) ff
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TBEA A SCHAAKE ARk B T2 17 X3 X4 X8 X10 X12 (AL S B AR R R ia s, 1855015 B
IR HE T D00 45 by DX R O 8 B (1 A 78 S A 8 RAAEG , 1y L e 60 Y P D T A A5 b X 7R X3 X4 X8 X110,
X12 4845 L THRE .,

YIRS 5 AR AL E 5 4F R 19 27K, X10 (0.1711) . X12(0.1403) . X5 (0.1243) . X11(0.0989) . X13
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W) s T 2/3 Db B RYHLIX ; TCIR 2 447 00 ik B R/ INHE 2% 3 2 B ik R - Hh SR HE 44 F8 F8 X5 X10 X1,
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KRR DGR REAG R 1 X 11 (I RERGEE 5 AR RIS IR, 2 2013 AR RhT R HEA CERJESE 2 44, BRI A&l X
R AEEA T DI AR 25 S A2 B 7 o 1) 00 R 55 b 388 I o GDP 9 EEE, B TR EE G, S < IR — i =
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F3  2009—2013 FRIAHFHTHESPEREIZEEREFERE

Table 3 Main obstacle factors’ degree of ecological civilization index in urban agglomeration on the middle reaches of the Yangtze River from

2009—2013

ARy i H FEARHEF The sort of indicators
Year Ttem 1 2 3 4 5
2009 RGPS X12 X10 X5 X11 X13
W/ % 22.45 2221 12.73 8.93 5.90
2010 RPN X10 X5 X12 X13 X11
WRERTRE/ % 20.95 19.33 17.51 7.61 7.49
2011 XSy X10 X12 X5 X13 X11
Wi/ % 23.68 18.27 12.26 12.11 10.27
2012 [EREVSES X11 X5 X10 X12 X1
WL/ % 18.51 18.11 16.95 13.72 10.18
2013 CREDSES X10 X11 X12 X5 X13
WA/ % 17.38 15.03 14.59 12.30 11.56

R4 2009—2013 FATHFEH R ES TR T ERRFE T HIAE
Table 4 Main obstacle factors’ frequency of ecological civilization in urban agglomeration on the middle reaches of the Yangtze River from

2009—2013

FERERRE T He2 H RS H TR %
Main obstacle factor Ranking Times Frequency
X10 1 30 96.77
X12 2 29 93.55
X11 3 27 87.09
X5 4 24 77.42
X13 5 21 67.74
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F PUAELfige 1) B R AT, 2% M

DX A RSSO K, C R DN | e WA AR I 8 0 PHUACL A AT I 8 RSBt | 2% Ml IX A 285 S A K S
25, EHMEH 2000—2013 -/ CALFFHEATHRF , NFE 5 ol LIFHE], 28 M g AR 25 SCRF I 26 5 K 5 4F

KA
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F 5 KT mH AT ESIAKE TOPSIS itE LR

Table 5 The calculation results of the ecological civilization level of urban agglomeration on the middle reaches of the Yangtze River by

- 2009 2010 2011 2012 2013
éity W 305 He4 W 305 B He4 W 30T He4 W 30T B He44 30T He4
C, Ranking C; Ranking C Ranking C; Ranking C Ranking
Kb 0.7469 1 0.6920 1 0.7534 1 0.6685 1 0.7054 1
R 0.6704 2 0.6419 2 0.6754 2 0.6230 2 0.6431 2
mET 0.5989 3 0.5808 3 0.5698 3 0.5676 3 0.5502 3
Bl 0.5099 5 0.5447 4 0.5412 6 0.5293 4 0.5278 4
PR 0.5021 7 0.5073 6 0.5507 4 0.4889 6 0.4965 5
ST 0.4839 8 0.5116 5 0.4938 7 0.5264 5 0.4822 6
J& T 0.4567 10 0.4837 8 0.4861 8 0.4768 7 0.4658 7
HE 0.5282 4 0.4958 7 0.5429 5 0.4243 13 0.4567 8
H s 0.4491 11 0.4349 13 0.4644 11 0.4569 9 0.4472 9
T 0.4343 14 0.4114 18 0.4637 13 0.4251 12 0.4396 10
Yo 0.4178 20 0.4642 10 0.4057 22 0.4436 10 0.4366 11
iR 0.4302 15 0.4675 9 0.4334 15 0.4575 8 0.4320 12
TR 0.4665 9 0.4591 11 0.4838 9 0.4428 11 0.4227 13
FHL 0.4155 21 0.4330 14 0.3861 25 0.3999 18 0.4193 14
IR 0.4286 17 0.4452 12 0.4234 17 0.4123 16 0.4122 15
Mo 0.4214 19 0.4084 19 0.4029 23 0.4064 17 0.3997 16
M T 0.4406 13 0.3987 20 0.4754 10 0.3731 20 0.3949 17
AT 0.4421 12 0.4138 17 0.4234 18 0.3599 23 0.3885 18
AT 0.4037 23 0.3794 25 0.3950 24 0.4128 14 0.3873 19
T 0.5028 6 0.4152 16 0.4686 12 0.3667 21 0.3850 20
BT 0.3847 26 0.3972 21 0.4420 14 0.3473 24 0.3799 21
& P 0.3957 24 0.3775 26 0.4116 20 0.4124 15 0.3797 22
i H T 0.3709 28 0.3865 23 0.4061 21 0.3866 19 0.3714 23
AT 0.4135 22 0.3332 29 0.4236 16 0.3656 22 0.3713 24
il 0.3946 25 0.3640 27 0.3827 26 0.3256 27 0.3701 25
I 0.4292 16 0.3822 24 0.4181 19 0.3407 25 0.3541 26
Kl 0.4258 18 0.4235 15 0.3567 27 0.3137 29 0.3384 27
BT 0.3282 30 0.2994 30 0.3500 28 0.3270 26 0.3065 28
EF3i 0.3227 31 0.2982 31 0.3007 31 0.3256 28 0.2943 29
H XTI 0.3809 27 0.3478 28 0.3371 30 0.2957 31 0.2803 30
M T 0.3527 29 0.3893 22 0.3381 29 0.3032 30 0.2600 31

FHEF T LA EUAT 1 2000—2013 4F K0T RIS | 4 li— EEBRFERT 3 1 BB 0 O, 2 2
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Febs SR B LR A TR R, . BRBE PR 25 TR R AR DN WA & T a2 R JR W L 401, N34 GDP 535515 YL 22 1EAH
K B 5 28T R AL T WX IR 8] 5 2435 B AN G FHE S B A GDP i — B3 K SRER B A5 2]
YEProRIesE , B B RIEAOBUR X R] ™ H O A ) A 2 SO P 25 1 Ak £ A 22 01 = eR B A T 40
4,155 2009 & 2013 R, BLARE R 2090120 0.8511,0.7032( & 1, 2)

S TR T AN E AT = W R VA B2 R S O i w8 AP 1 R Z27 S | B T = T 1B 0 e
SCHHZKSF- LT, 91 B A8 Sk, AWK BE 5 2 1, PR 5 ARk AR S SO KRR SR AT 81 5 280K
ZEIRTT XTI FRHN T A T PMELX ]| 3k Be 3 Tl 26 05 & BRIV I, ZAP R A AT @R LR, 2
SR 1AL I 95 T AR A SO PR 2 VR Ik I 2R A s, AT DR PP R B AT 2 W VR A B, B0 A A SO K
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Fig.1 Kuznets curve of urban agglomeration on the middle reaches of the Yangtze River ecological civilization in 2009
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Fig.2 Kuznets curve of urban agglomeration on the middle reaches of the Yangtze River ecological civilization in 2013
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Table 6 The Moran'’s I index of the ecological civilization level of urban agglomeration on the middle reaches of the Yangtze River

A5y Year Moran's [ J7 2% Variance Z 13493 Z Score P {E P Value
2009 -0.1121 0.0173 -0.5990 0.5492
2010 -0.7556 0.0185 -0.3104 0.7562
2011 -0.3604 0.0180 -0.2020 0.9839
2012 0.1928 0.0188 1.6474 0.0995
2013 0.0574 0.0181 0.6747 0.4999
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Table 7 The clustering results of natural best breaking point the ecological civilization level of urban agglomeration on the middle reaches of
the Yangtze River from 2009—2013
SO B 2009 4 2010 4F
The clustering of the ecological CAHEIX il B C fHIX ] il Ho
civilization level Interval Cities Quantity Interval Cities Quantity
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Fig.3 The ecological civilization level of urban agglomeration on the middle reaches of the Yangtze River from 2009—2013
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