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Tab. 1 Evaluation index system of ecological efficiency in the Yellow River basin
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Tab. 2 Statistical description of each variable

A RS As 44 B ¥iH P i 2 fe/ME IEPN:]
B i AR AR Eco 0.783 0.194 0.366 1.306
fiff T A5 dik Foll A AL TL 0.281 0.213 0.002 1.722
7l R etk TS 2.285 0.127 1.982 2.663

P AR AN¥ GDP/Jt pergdp 5.040 X 10% 3.327 X 10* 6.916 10" 2.366X10°
WAL R/ % urban 52.513 14.851 21.263 95.000
TR/ % open 0.510 0.956 0.001 8.851
BARAH innov 46.830 25.024 4,437 95.307
A I 37 HY expenditure 0.205 0.134 0.067 0.916
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Fig. 1 Temporal variation of ecological efficiency in the Yellow River

Basin and its upper, middle and lower reaches
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Tab. 3 Moran index of ecological efficiency and industrial structure
AELY AEABHCR Moran'l - PEALABIfE Moran'T — PMb 444k Moran'T || 4E4%  EZASECK Moran'T - P2k AL Moran'T P25 2% 4k Moran'l
2011 0.191€0.099) 0.141¢0.155) 0.213(0.129) 2015 0.290€0.277) 0.262(0.257) 0.244(0.174)
2012 0.152(0.116) 0.160(0.155) 0.188(0.098) 2016 0.312(0.294) 0.226(0.262) 0.276(0.218)
2013 0.114€0.072) 0.169(0.134) 0.248(0.149) 2017 0.257(0.290) 0.171€0.193) 0.209(0.196)
2014 0.297(0.215) 0.211€0.205) 0.199¢0.141) 2018 0.297(0.282) 0.104(0.104) 0.154(0.150)
N N
20124F A 20144F A
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0.0 17K V- 9 Jd 2 P A 36 DAL T o T DA 308 3 2 M ¥ i kg 25 () R 25 A A I — 35 i JR I X, s [l ks i A i — 20
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Tab. 4 Results of Lagrange multiplier test

Spatial distribution of ecological efficiency in the Yellow River Basin

6 g 5 AR LM-lag

LMe-error

Robust LM-lag

Robust LM-error

SGiiHE 222.999 " *

531.451" "~

7.002" "

W E K

Fon p<<0.01, " * FIiR p<<0.05, " Fn p<<0.1.
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28 LORAG Y AR SO T 2 ] % 22 L A 5 (0] A R 5 22 AL A T 22 S AR M ] U R R R AT X L, 2
UL 5.SEM Al SDM R 4 25 [8] 152 22 59 A1 ¢ R K00 o 0.906 A1 0.887, HARTE 120 B9 KF T i ad 3 1
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Tab. 5 Regression estimation results of spatial Durbin model

AR OLS SEM SDM
Intercept —1.806* * * (—7.924) —2.370* * * (—9.234) —3.4137 " (—2.803)
TL 0.235* * * (4.501) 0.109 " (2.101) 0.135*** (2.629)
Ts 0.083" * " (3.773) 0.058 " (2.555) 0.065" * " (2.897)
Log_pergdp 0.306* * * (10.052) 0.415** * (12.202) 0.437** " (12.983)
Log_urban —0.479* * * (—8.323) —0.612*** (—10.346) —0.640* * * (—10.920)
Log_innova 0.014(1.018) 0.007(0.540) 0.011€0.809)
Log_open 0.007(0.999) 0.014* (1.954) 0.025* * * (3.318)
Log_expenditure 0.012(0.372) 0.004(0.118) 0.025(0.695)
lag T 1.060 " * " (3.792)
lag Ts 0.276* * * (2.692)
lag Log_pergdp —0.315* * (—2.393)
lag Log_urban 1.021* * ¥ (3.357)
lag Log_innova —0.183" * (—2.158)
lag Log_open —0.045(—1.275)
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Study on eco-efficiency and the driving effects of industrial structure
transformation in the Yellow River Basin

Yang Dongyang®, Zhang Han", Miao Changhong™", Wang Xiangbiao®, Zhang Jing"®

(a. Key Research Institute of Yellow River Civilization and Susta inable Development &. Collaborative Innovation Center of

Yellow River Civilization; b. College of Geography and Environmental Science, Henan University, Kaifeng 475001, China)

Abstract: As a comprehensive index to measure the status of regional sustainable development, ecological efficiency can
reflect the coupling and coordination of economic development and resources and environment. Exploring the spatiotemporal dy-
namic of ecological efficiency and the impact of industrial structure transformation on ecological efficiency in the Yellow River
Basin can provide scientific support for formulating industrial transfer route for regional development, promoting regional eco-
logical civilization construction and improving development quality. In this paper, the super efficiency SBM model with non-ex-
pected output was adopted to measure the ecological efficiency of prefecture-level cities in the Yellow River Basin from 2009 to
2018. We divided industrial structure transformation into two dimensions: industrial structure rationality and industry structure
upgrading, and constructed a spatial Durbin model to analyze the impact of industrial transformation on the ecological efficien-
cy. The results showed that the overall ecological efficiency and industry structure upgrading of the Yellow River Basin kept a
slow rising trend, and the lower Yellow River region has higher ecological efficiency and reasonable industrial structure. Both
the rationalization of industrial structure and the upgrading of industrial structure have a positive effect on the ecological effi-
ciency . and urbanization has a negative impact on ecological efficiency. The transformation of industrial structure should be con-
tinued to promote, the level of scientific and technological innovation and opening to the outside world should be moved up in
the Yellow River Basin. Simultaneously, fundamental shift of urbanization to resource-conserving and eco-environmental pro-
tection should be noticed.

Keywords: ccological efficiency; industrial structure transformation; super-SBM model; Yellow River Basin
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