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a  b  s  t  r  a  c  t

Although  sustainability  recently  became  a key  factor in  social  science,  little  progress  has
been  made  toward  improving  the  measurement  of sustainability  performance.  This  paper
proposes  composite  corporate  sustainability  performance  indicators  using  a meta-frontier
generalized  directional  distance  function.  This advanced  approach  can  measure  the  effi-
ciency  of corporate  social  responsibility  activities  by benchmarking,  while  simultaneously
considering  industrial  heterogeneities,  using  the  meta-frontier  approach.  First,  we  pro-
pose  the  concept  of  a meta-frontier  generalized  directional  distance  function.  Second,
several standardized  composite  indicators  related  to corporate  sustainability  performance
are developed.  The  meta-frontier  directional  distance  function  is estimated  by  solving  a
series  of  data  envelopment  analysis  models.  Chinese  state-owned  listed  enterprises  are
then  empirically  examined  using  the  proposed  model.  We  find  significant  group  hetero-
geneities  in  terms  of  corporate  sustainability  performance.  We  also  derive  some  policy
implications  using  the  empirical  results.
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1. Introduction

Sustainability has recently become a key factor in
social science. The World Commission on Environment
and Development first presented the concept of sustain-
able development in 1987. This Commission suggested the
first official definition of sustainable development as those
activities that aim “to meet the needs of the present with-
out compromising the ability of future generations to meet
their own needs” (United Nations, 1987). Since then, there
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has been increasing concern about corporate sustainability,
with efforts toward international standardization in sus-
tainability reporting, such as the Global Reporting Initiative
(GRI) and ISO 26000 providing guidelines for social respon-
sibility, both of which are now internationally recognized
and widely adopted by corporations. Despite the increased
awareness of the conceptual and practical applications
of corporate sustainability, however, questions remain
about how to measure sustainability performance. Unfor-
tunately, as Briassoulis (2001) indicates, little progress has
been made toward improving the measurement of corpo-
rate sustainability performance. The present paper bridges
this gap in the literature by proposing a new methodology
for measuring corporate sustainability performance.

The Chinese government is particularly concerned with
the sustainable development of the country. China’s 12th
Five-Year Plan for 2011–2015 seeks to establish a “green,
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sustainable development concept.” In this Plan, the gov-
ernment announced several new targets for sustainable
development, such as

• increasing the proportion of nonfossil fuels in energy con-
sumption to 11.4% by 2015,

• reducing energy consumption per unit of gross domestic
product (GDP) by 16% from 2010 levels by 2015,

• reducing sulfur dioxide (SO2) emissions and chemical
oxygen demand (COD) by 8% from 2010 levels by 2015,
and

• reducing carbon dioxide (CO2) emissions per unit of GDP
by 17% from 2010 levels by 2015.

Clearly, the need to reduce emissions and promote
sustainable development poses a challenging task for Chi-
nese state-owned enterprises. This situation is reflected in
the dearth of sustainability publications by Chinese enter-
prises. As recently as 2006, it was almost impossible to
examine and/or compare the sustainability performance
of Chinese companies, because only 16 local firms pub-
lished sustainability reports. However, by 2010, almost 600
Chinese companies reported their sustainability practices.

Practicing sustainability through corporate social
responsibility (CSR) and environmental management
practices is costly for firms in the short run (Walley
& Whitehead, 1994). According to Porter and Kramer
(2006a, 2006b), however, strategic sustainable activities
can become a source of innovation, new business oppor-
tunities, and competitive advantage for firms in the long
term. Therefore, “doing good” is crucial for companies in
the long run. This paper, thus, measures how a firm can
perform sustainable activities more efficiently in order
to increase profits and improve its market value, or in
other words, to improve the firm’s strategic sustainability
performance.

Simple ratio indicators, such as carbon intensity, such as
carbon emissions per product or energy efficiency, energy
consumption per product, are widely used for measur-
ing a company’s environmental performance. However,
such indicators are too simplistic to provide the informa-
tion necessary for multidimensional decision making. As
Zhou and Ang (2009) indicate, composite indicators are
increasingly recognized as a useful tool for performance
monitoring. Therefore, a composite indicator approach to
measure sustainability performance provides insightful
information.

In the literature, data envelopment analysis (DEA) of
multidimensional production efficiency has been widely
used to benchmark energy efficiency (Hu & Wang, 2006;
Wei, Ni, & Shen, 2011; Zhang & Choi, 2013; Zhang, Zhou,
& Choi, 2013), environmental performance (Lozano &
Gutiérrez, 2008; Macpherson, Principe, & Smith, 2010;
Picazo-Tadeo & Prior, 2009), and eco-efficiency (Picazo-
Tadeo, Beltrán-Esteve, & Gómez-Limón, 2012; Zhang, Bi,
Fan, Yuan, & Ge, 2008). Moreover, several studies have
used DEA to measure corporate sustainability performance.
Tsolas (2008) uses DEA to derive composite environmen-
tal sustainability indicators, while Partovi (2011) uses it to
select corporate philanthropic projects. Berber, Brockett,
Cooper, Golden, and Parker (2011) measure the efficiency

of charitable fundraising by social enterprises, and Chang,
Kuo, and Chen (2011) use output-oriented DEA to con-
struct a composite corporate sustainability performance
indicator to benchmark corporate sustainability perfor-
mance at the industrial level. Finally, Lee and Saen (2012)
propose a DEA model for assessing composite corporate
sustainability performance based on cross-efficiency and a
dual-role factors model.

An alternative approach for measuring performance
from a production efficiency perspective is adopting
a directional distance function, which is capable of
expanding outputs and reducing inputs. In environmen-
tal economics, the directional distance function (DDF)
has been employed by Picazo-Tadeo, Reig-Martínez,
and Hernández-Sancho (2005) and Färe, Grosskopf, and
Pasurka (2007). Although several researchers use DEA for
the measurement of corporate sustainability performance,
none have applied the DDF to corporate sustainability per-
formance benchmarking. The present study bridges this
methodological gap by using a generalized DDF to measure
sustainability performance.

As the traditional DDF proposed by Chambers, Chung,
and Färe (1996) aims to reduce inputs and expand outputs
at the same rate, it can be regarded as a radial efficiency
measure. However, this radial measure also has several
limitations. Primarily, it does not provide efficiency infor-
mation for specific factors, such as unequal sustainable
performance, because it adjusts all inputs and undesir-
able outputs by the same proportion to efficient targets.
In addition, radial efficiency measures overestimate effi-
ciency when there is slack (Fukuyama & Weber, 2009).
Therefore, it has relatively weak discriminating power in
ranking the entities being evaluated (Zhou, Ang, & Wang,
2012).

Against this backdrop, recent research has sought to
develop alternative non-radial efficiency measures, based
on directional distance, that incorporate slack. For instance,
Fukuyama and Weber (2009) develop a slack-based inef-
ficiency measure by extending the DDF, while Färe and
Grosskopf (2010) propose a generalized non-radial DDF.
Fukuyama, Yoshida, and Managi (2011) and Barros, Managi,
and Matousek (2012) also develop directional slack-based
inefficiency measures and a weighted Russell DDF, respec-
tively. Choi, Zhang, and Zhou (2012) present a slack-based
efficiency measure that incorporates CO2 emissions, and
Zhou et al. (2012) define a non-radial DDF following an
axiomatic approach to efficiency measurement. Zhang et al.
(2013) incorporate the meta-frontier approach into a non-
radial DDF. However, most such non-radial approaches
are applied to measure environmental performance, and
insufficient attention has been paid to multidimensional
sustainability measurement using this state-of-the-art
approach.

In this study, we  extend the generalized DDF proposed
by Färe and Grosskopf (2010) to model corporate sustaina-
bility performance. Previous research on the efficiency
measurement of corporate sustainability focuses on a spe-
cific industry, such as electricity firms by Lee and Saen
(2012). However, ignoring group heterogeneities of dif-
ferent industries can lead to a biased estimated efficiency
score, because heterogeneities among industry groups may
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