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Tab.2 Eco-efficiency value of each city in the Bohai Rim area with and without considering undesirable outputs
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Fig.1 Spatial and temporal distribution of eco-efficiency in the Bohai Rim area
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Fig.2 Distribution of double threshold value of technology level, city scale and environmental regulation
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Tab.6 Estimation results of model parameters
ANt FE A EX1e A £33 AR hE FEL
PGDP 0.007 PGDP 0.007 PGDP 0.001 PGDP 0.012
(0.013) (0.014) 0.012) (0.013)
STHD 0.051™ STHD 0.060™" | STHD 0.054™ STHD 0.046™
(0.013) (0.015) (0.013) (0.013)
INEX 0.010 INEX 0.009 TECH 0.089"™ INEX 0.010
(0.009) (0.009) (0.023) (0.009)
SCAL -0.305"" TECH 0.091™ | SCAL -0.273"" TECH 0.073™
(0.009) (0.023) (0.008) (0.023)
INFO 0.003 INFO 0.006 INFO 0.007 SCAL -0.307"
(0.020) (0.021) (0.020) (0.008)
ECRE 0.004 ECRE 0.005 ECRE 0.002 INFO 0.004
(0.011) (0.011) (0.011) (0.020)
E-ITECH<S)) 0.149™ | E-KSCAL<r) 1.982" | E- INEX<p1) 0.131° E-I[ECRE<v)) 0.050"
(0.047) (0.034) (0.028) (0.021)
E-I(5, < ENER<3)) 0134 | E-I(r<SCAL<t)  —0335"" | E-I(p < INEX<pn) 0.073™ E-I(vi< ECRE<v))  0.034"
(0.039) (0.012) (0.016) (0.016)
E-I(ENER > 6,) 0.097" | E-I(SCAL>1) -0.334"" || E-I(INEX> i) 0.031"" E-I(ECRE > vy) 0.023
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C 1.181™ C 0.974™ | C 1.056"™ C 1.155™
(0.0852) (0.073) (0.078) (0.079)
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Eco—-efficiency in the Bohai Rim area based on undesirable outputs
and threshold regression model

HAN Zenglin, WU Ailing, PENG Fei, SUN Jiaze, XIA Kang
(Marin Economy and Sustainable Development Research Center, Liaoning Normal University, Dalian 116029,

Liaoning, China)

Abstract: Using the slack based measure (SBM) model of undesirable outputs, we measured the eco-efficiency
of 44 cities in the Bohai Rim area from 2005 to 2015, depicted the spatiotemporal change characteristics, and
analyzed the influencing factors with panel threshold regression model for stimulating ecological civilization
construction and sustainable development. The results are as follows: (1) Eco- efficiency value is generally
overestimated without considering undesirable outputs, indicating that undesirable outputs in the process of
economy activities reduced true economy value fairly and considering undesirable outputs is reasonable; (2)
From 2005 to 2010, the eco- efficiency types generally improved, but they deteriorated from 2010 to 2015,
possibly relating to the transform of economic development mode and driving forces; (3) There exits
interprovincial differentiation and imbalance in the number and spatial distribution of eco-efficiency types and a
clear spatial aggregation character in regions of same eco-efficiency type; (4) Double threshold character appears
in the relation of technology level, city scale, openness to the outside world, and environmental regulation for
eco-efficiency. Industrial structure has a vital impact on regional eco-efficiency. Improving the capabilities of
technology uptake and re-innovation, joint pollution control, and the quality of population, strengthening the
"technical effect" heightening positive influences of threshold variables on ecological efficiency in the Bohai
Rim area, and optimizing industrial structure and information system construction are also important methods for
improving ecological efficiency.

Key words: eco-efficiency; undesirable output; panel threshold; Bohai Rim area



