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Spatio-temporal changes of eco-efficiency and influencing factors of industrial

land use at the provincial level of China
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Abstract; The current sustainable development level of urban industrial land could be accurately judged by researching the
eco-efficiency of urban industrial land, which is of great significance for conservation and intensive land use. Super-SBM
model is used to calculate the eco-efficiency of urban industrial land in 30 provinces ( cities and districts) from 2000 to
2016 and to analyze the spatio-temporal characteristics of urban industrial land eco-efficiency as well as the empirical
analysis of influencing factors by using panel data model. The results showed that; (1) The eco-efficiency of urban
industrial land use outnumbered a downward trend from 2000 to 2016, with an overall decrease of 5.81% and annual
average decrease of 0.35% , containing a characteristic of a two-stage change of “decrease firstly and then increase” during
the process. (2) The cities with effective eco-efficiency of urban industrial land use outnumber those of ineffective eco-

efficiency. Hainan was ranked top according to the ecological efficiency on average, followed by Beijing and Shanghai and
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the last three were Sichuan, Jiangxi, and Shanxi. (3) The number of eco-efficient provinces ( cities and districts )
decreased greatly firstly and then increased slightly. The effective regions had transferred from eastern, northwestern, and
northeastern regions to southeastern regions, northeast economic developed coastal regions, northwestern regions and
northern regions in China. (4) The means of ecological efficiency of urban industrial land in descending order was
respectively South China, North China, East China, Northwest China, Northeast China, Southwest China, and central
China from 2000 to 2016. There were significant differences in the eco-efficiency of urban industrial land among regions and
the regional differences enlarged with the development of urban industry. (5) The strength of environmental regulation,
industrial agglomeration and industrial opening to the outside world played a significant positive role in promoting the
ecological efficiency of urban industrial land whereas economic development level, the level of land marketization and
industrial property structure played the opposite role and the industrial energy consumption structure and industrial structure
had no significant effect on ecological efficiency. In the end of the paper, there was a detailed discussion about the

limitations of data and index selection in this study and the key directions of future research.
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Table 1 Index system for input and output of ecological efficiency of urban industrial land
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Table 2 Variables and explanations of eco-efficiency influencing indicators of urban industrial land
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Table 3 Eco-efficiency of industrial land in 30 provinces ( cities and districts) of China between 2000—2016
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Fig.1 Spatial distribution of ecological efficiency of urban industrial land in China between 2000—2016
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Fig.2 Industrial land eco-efficiency in seven major regional cities of China from 2000 to 2016
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Table 4 Unit root test results of panel data

s IRFAE —kr &S &S
FEPR UL Horizontal value First order difference Second order difference
Index explanation

LLC PP LLC PP LLC PP
HERR -7.7210 113.8110 -19.7420 324.652 -19.5298 453.7680
Eco-efficiency value (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
2V R K- -13.5577 265.8510 -5.2876 60.5223 -21.4175 425.7750
Economic development level (0.0000) (0.0000) (0.0000) (0.4568) (0.0000) (0.0000)
B -10.0968 138.9730 -5.3510 291.9730 -3.7519 472.9570
Strength of environmental regulation (0.0000) (0.0000) (0.0000) (0.0000) (0.0001) (0.0000)
Tl BEVRTH R 244 -4.1153 210.3610 -12.8498 533.9900 -12.6491 679.4090
Industrial energy consumption structure (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)
Tl =l 25 1.8804 30.2960 -4.0218 173.1410 -9.4054 478.3430
Industrial structure (0.9700) (0.9995) (0.0000) (0.0000) (0.0000) (0.0000)
TP AT AP A TR -4.7398 68.1899 -1.2422 108.3510 ~7.3364 333.6550
Industrial agglomeration degree (0.0000) (0.2188) (0.1071) (0.0001) (0.0000) (0.0000)
T b K -11.9672 103.3530 -6.8326 262.8420 -16.4569 508.0250
The level of land marketization (0.0000) (0.0004) (0.0000) (0.0000) (0.0000) (0.0000)
Tl AN TF K -9.9868 56.1362 -7.3755 191.6180 -11.6054 394.5210
Industrial opening-up level (0.0000) (0.6177) (0.0000) (0.0000) (0.0000) (0.0000)
Tk AT b = A1 -5.5393 93.2246 -4.8561 197.0450 -9.6577 459.4570
Industrial property structure (0.0000) (0.0039) (0.0000) (0.0000) (0.0000) (0.0000)
=+ i fifi FH AR -3.6438 81.7681 14.3525 53.9056 11.3694 175.4740
Industrial land use cost (0.0001) (0.0324) (1.0000) (0.6967) (0.0000) (0.0000)
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Table 5 Panel data model regression results
TRA RN A AR i R 28 AR A AR BEHL B A

fife A b Mixed effect model Individual fixed effect model Individual random effect model
Explanatory variable
Coefficient t-Statistic Coefficient t-Statistic Coefficient t-Statistic
H 4O Constant 1.9418 *** 12.7242 1.9418 7 12.1856 1.9418 "~ 12.1856
20k B K .
{”Ziiﬁ k¥ -0.1714 """ -13.5411 -0.1714 """ -12.9679 -0.1714*"* -12.9679
Economic development level
Sigegr 3
SR . 3.0525°" 2.2446 3.0525° 2.1496 3.0525° 2.1496
Strength of environmental regulation
TV RBUR IS 245
Jkﬂb.ﬁ(ﬁJ it . -0.0284 -0.7115 -0.0284 -0.6814 -0.0284 -0.6814
Industrial energy consumption structure
Tolk =k 24
ik?:ﬂk i 0.1441 1.3450 0.1441 1.2881 0.1441 1.2881
Industrial structure
TolbAT I EE R .
”MT.\“/%%%*EE. 30.0449 *** 15.8225 30.0449 *** 15.1528 30.0449 *** 15.1528
Industrial agglomeration degree
T A AKF .
LA Zﬂt k¥ - -0.1802 """ —3.7445 -0.1802 "~ -3.5860 -0.1802 """ -3.5860
The level of land marketization
AP XA IF K .
. T&H-Hﬂkq: 8.0956 *** 11.6659 8.0956 """ 11.1721 8.0956 """ 11.1721
Industrial opening-up level
N A e .
ikh‘ﬂkf&*)( & -1.4082 """ -7.7101 -1.4082""* -7.3838 —-1.4082""* -7.3838
Industrial property structure
i i . ,
E {Miﬁﬁhkjg -0.8402 """ -22.4264 -0.8402 """ -21.4772 -0.8402 """ -21.4772
Industrial land use cost
R-squared 0.9713 0.9713 0.9713
Adjusted R-squared 0.9705 0.9679 0.9705
Prob ( F-statistic) 0.0000 0.0000 0.0000
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