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Abstract This study mainly investigates the environmental efficiency of 267 Chinese cities from 2004 to 2012 through a metafrontier, direc-

tional and super-efficiency approach. First, we explore the regional and time heterogeneity of environmental efficiency. Then, we compare the

technological gap ratio in different regions and years. Lastly, we analyze the technological and management potential in different regions. We

determine that the gap between environmental efficiency under group frontier and metafrontier widened from 2009 to 2012, indicating that envi-

ronmental efficiency varies in different regions in China. The technology gap ratio has decreased in the four regions. This result confirms that

the regional heterogeneity of environmental efficiency has increased. Thus, strengthening environmental management is crucial. China must im-

prove green innovation to decrease energy consumption and abate carbon emissions.
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1 Introduction

China has become the largest producer of CO, emissions. It must
abate its fossil energy consumption and reduce its carbon emis-
sions. Cities contribute substantially to environmental pollution.
Hence, examining the environmental efficiency of China’s cities is
imperative. This study mainly analyzes the environmental efficien-
cy of several cities in China to explore regional and time heteroge-
neity. The remainder of this paper is organized as follows. In Sec-
tion 2, we analyze the related literature on environmental efficien-
cy and carbon emission performance. We discuss the methodology
and data used in the study in Section 3. In Section 4, we examine
environmental efficiency from static and dynamic perspectives. In
Section 5, we present the conclusions drawn from the study and

discuss policy recommendations.

2 Materials

Considering the increasing levels of environmental pollution, many
scholars have focused on environmental efficiency. Chen et al.
(2015) examined the environmental efficiency in China both hori-
zontally and vertically''!. Many scholars have also analyzed the
determinants of environmental efficiency, such as the international
trade and the global financial crisis™ *’. Given the increasing vol-
ume of carbon emissions, many scholars have also studied carbon
emissions and their performance, such as the relationship between
environmental research and development investments, the analysis
of regional differences, the research on fossil fuel power plants,
and the examination of CO, performance* ™. Compared with pre-
vious studies, the potential contribution of this work is as follows.

First, we investigate the environmental efficiency of 267 prefec-
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ture-level or higher cities in China from 2004 to 2012 through a
metafrontier, directional, and super-efficiency approach. Further-
more, we compare the variability of environmental efficiency in
China in different regions and years from the static and dynamic
perspectives. Finally, we explore the regional and time heteroge-
neity of the technological gap ratio.

3 Methodology and data

3.1 Directional distance function DEA has been used in
many fields after the pioneering works of Farrell e al. (1957) and
CCR (1978)1°7"),

proportionate changes in both desirable and undesirable output,

The conventional distance function permits

which contradicts our production objective. Fare et al. (1994) in-
tegrated undesirable output into the DEA model""’. Chung et al.
(1997) introduced the directional distance function, which simul-
taneously determined the maximum expansion of the desirable out-
put and the contraction of the undesirable output'™’.

3.2 Super efficiency According to traditional CCR (1978) ,
DMUs are inefficient when they are within the production possibil-
ity set; they are efficient when they are on the boundary of the
production frontier. However, traditional CCR (1978) has weak
discriminating power when DMUs are simultaneously located on
the frontier. In this case, comparing the efficiency of different
DMUs on the frontier is difficult .
this limitation above.
3.3 Metafrontier
the " heterogeneity of production technology" . To address this lim-

Super efficiency can solve
The traditional DEA frequently disregards

itation, metafrontier has been adopted by many scholars, who have

incorporated group frontier and metafrontier "’

. We have pres-
ented several assumptions, that is, N DMUs exist, and all of these
DMUs are divided into J groups. In the jth group, the number of

DMUs is N,. The total environmental efficiency potential (TEEP)
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of DMUs can be decomposed into technological potential ( TP)
and management potential (MP). Technology gap ratio (TGR) is
defined as the ratio between environmental efficiency under meta-
frontier (ME) and that under group frontier (GE).

3.4 Data
evaluate the environmental efficiency of 267 cities in China from
2004 to 2012. The desirable output is the gross regional product

We use metafrontier directional super efficiency to

(GRP). The undesirable output includes industrial wastewater
discharge, industrial sulfur dioxide production, and industrial soot
discharge. The input includes capital stock and labor. All data are
obtained from China City Statistical Yearbook from 2005 to 2013.
We estimate capital stock through perpetual inventory with the de-
preciation rate to be 9.6% . According to China Economic Census
Yearbook (2008), we divide 31 provinces into four different re-
gions. These four regions are the eastern region, the central re-

gion, the western region and the northeastern region.

4 Discussions

4.1 Static analysis We evaluate environmental efficiency by
using a metafrontier, directional, and super efficiency ap-
proach. Fig. 1 presents the time evolution of environmental effi-
ciency under group frontier and metafrontier from 2004 to 2012.
GE and ME denote the environmental efficiency under group
frontier and metafrontier, respectively. From 2004 to 2006, the
gap between environmental efficiency under group frontier and
metafrontier narrowed down. From 2006 to 2009, the gap grad-
ually increased. However, the gap widened from 2009 to 2012.
Environmental efficiency under group frontier is higher than that

under metafrontier.
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Fig. 1 Environmental efficiency in different years

4.2 Technology gap ratio

sessed using the ratio between environmental efficiency under

The technology gap ratio is as-

metafrontier and under group frontier. When the technology gap
ratio approaches 1, group frontier moves closer to metafrontier,
and the difference between metafrontier and group frontier is
smaller. When the technology gap ratio approaches 0, group
frontier moves further to metafrontier, and the technology hetero-
geneity between them increases. In summary, the technology gap
ratio in the entire country decreased from 2004 to 2012, which
demonstrated that environmental technology heterogeneity in-
creased in China. After 2009, the technology gap ratio in the
eastern region is highest, followed by that in the northeastern,

western, and central regions.
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4.3 Technological and management potential Fig. 3 shows
the average values of technological potential and management po-
tential in different regions. TP and MP denote the technological
potential and management potential, respectively. The western
region exhibits the highest MP, followed by the eastern, central,
and northeastern regions. These results indicate that the west and
the east should reinforce environmental regulation by combining
command-and-control and market-based incentive approaches to
decrease environmental pollution. The central region has the lar-
gest TP, followed by the northeastern, western, and eastern re-
gions. This outcome indicates that the central and northeastern
regions must improve green technology to abate carbon emissions.
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Fig. 3 Technological potential and management potential in dif-
ferent regions

5 Conclusions

Based on the empirical analysis, the regional heterogeneity of envi-
ronmental efficiency has increased. We posit several policy implica-
tions based on the result of the analysis. First, the environmental
management can be strengthened by linking command-and-control
measures with market-based incentive measures to improve environ-
mental efficiency. Furthermore, the technology gap ratio has devia-
ted among the four regions in China, which indicates that the heter-
ogeneity of environmental efficiency has increased in different re-
gions. Thus, China must downsize pollution-intensive industries and
develop clean industries. Finally, technological potential declined
from 2004 to 2006, but increased dramatically after 2009. On the
average , technological potential is lower than management potential.
Thus, China must improve green innovation to decrease energy con-
sumption and abate carbon emissions, which can promote economic

sustainable development.
(To page 50)
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system, and incorporate ecological environment into the performance
assessment, conduct regular inspection, and announce to the public
from time to time. Leaders as an example should transform the crite-
rion of taking economic growth as the single indicator to the assess-
ment including ecological and environmental performance.

Current economic growth mode exerts huge impact on ecologi-
cal environment. We must curb such situation, transform econom-
ic growth mode, vigorously develop low carbon economy, and
strengthen ecological and environmental protection. This not only
conforms to requirement of global climate cooperation, but also
conforms to the sustainable development path. Sustainable devel-
opment is a development mode widely accepted by both developing
and developed countries. To realize sustainable development, we
should ensure basic ecological process and keep the life mainte-
nance system, and ensure continuous utilization of environment by
human beings. Environmental protection is the key point for reali-
zing sustainable development. For this, we should properly treat
the relationship between economic development and environmental
protection. In conclusion, developing the low carbon economy in
Jiangxi Province is of great significance.

Ce00®00

00400400

(From page 45)

References

[1] CHEN J, SONG M, XU L. Evaluation of environmental efficiency in
China using data envelopment analysis[ J]. Ecological Indicators, 2015
(52): 577 -583.

[2] DOGANAY SM, SAYEK S, TASKIN F. Is environmental efficiency
trade inducing or trade hindering[ J]. Energy Economics, 2014 (44) .
340 - 349.

[3] WOO C, CHUNG Y, CHUN D, et al. The static and dynamic environ-
mental efficiency of renewable energy: A Malmquist index analysis of
OECD countries[ J]. Renewable & Sustainable Energy Reviews, 2015
(47) . 367 -376.

[4] LEE KH, MIN B, YOOK KH. The impacts of carbon (CO,) emissions
and environmental research and development (R&D) investment on firm
performance[ J]. International Journal of Production Economics, 2015,
167.1 - 11.

[5] ZHOU G, CHUNG W, ZHANG X. A study of carbon dioxide emissions
performance of China’s transport sector[ J]. Energy, 2013, 50(1) ;302
-314.

[6] YAO X, ZHOU H, ZHANG A, et al. Regional energy efficiency, carbon
emission performance and technology gaps in China: A meta-frontier non-
radial directional distance function analysis[J]. Energy Policy, 2015,
84.142 - 154.

[7] ZHANG N, CHOI Y. Total-factor carbon emission performance of fossil

fuel power plants in China: A metafrontier non-radial Malmquist index a-

cecce00e

References

[1] State Forestry Bureau. Forest Resources Statistics of China[ M ]. State
Forestry Bureau,2009. (in Chinese).

[2] National Bureau of Statistics of the People’s Republic of China. China
Statistical Yearbook [ M]. Beijing: China Statistics Press, 2009. (in
Chinese) .

[3] LIU QL, CHEN YF. An assessment of the urban eco-environment quality
in Fuzhou City[J]. Journal of Fujian Teachers University ( Natural Sci-
ence), 2006, 22(1): 112 -=116. (in Chinese).

[4] FENG R, CHEN SJ. Research on the situation and development of low
carbon economy in Guangzhou [ J]. International Economics and Trade
Research, 2010, 26(7): 67 —=72. (in Chinese).

[5] CHEN XG, YANG Y. Considerations about and suggestions on creating
the forest city in Nanchang City[ J]. Sci-Tech Information Development &
Economy, 2009(15) : 104 —106. (in Chinese).

[6] LAI YB, XIE W. Research of urban eco-environment situation of Fushun
and its control countermeasures[ J]. Environmental Protection Science,
2002, 28(2): 36 —=38. (in Chinese).

[7] YANG FH, ZHAN Q, WANG PH. Thinking on changing economic
growth mode of Jiangxi Province [ J]. Prices Monthly, 2009 (12). (in
Chinese) .

nalysis[ J]. Energy Economics, 2013, 40(2) ;549 —559.

[8] LI A, ZHANG Z, ZHANG A. Why are there large differences in per-
formances when the same carbon emission reductions are achieved in dif-
ferent countries[ J|. Journal of Cleaner Production, 2014, 103; 309 -
318.

[9] FARRELL MJ. The measurement of productivity efficiency[ J]. Journal
of the Royal Statistical Society, 1957, 120(3) :377 -391.

[10] CHARNES A, COOPER WW, RHODES E. Measuring the efficiency of
decision making units[ J]. European Journal of Operational Research,
1978(2) : 429 - 444.

[11] FARE R, ZHANG Z. Productivity growth, technical progress, and effi-
ciency change in industrialized countries[ J]. American Economic Re-
view, 1994, 84(1) :66 —83.

[12] CHUNG YH, FARE R, GROSSKOPF S. Productivity and undesirable
outputs; A directional distance function approach[ J]. Microeconomics,
1995, 51(3) :229 —240.

[13] YANG L, OUYANG H, FANG K, et al. Evaluation of regional environ-
mental efficiencies in China based on super-efficiency-DEA[ J]. Ecologi-
cal Indicators, 2014, 51.:13 —19.

[14] O DONNELL CJ, RAO DSP, BATTESE GE. Metafrontier frameworks
for the study of firm-level efficiencies and technology ratios[ J]. Empiri-
cal Economics, 2008, 34(2): 231 —255.

[15] CHIU CR, LIOU JL, WU PI, et al. Decomposition of the environmental
inefficiency of the meta-frontier with undesirable output[ J]. Energy Eco-
nomics, 2012, 34(5) :1392 - 1399.



