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a b s t r a c t

This paper mainly investigates how 2008's Beijing Olympic Games affects environmental efficiency of
China's cities. First, we evaluate environmental efficiency through metafrontier directional distance
function (DDF), and compare environmental efficiency in different region from static and dynamic
perspectives. We also analyze the different treatment of before Olympic Games, during Olympic Games,
after Olympic Games on different groups. We find that TGR in the east is the highest, which indicates that
environmental production technology in the east has relatively less difference than other three regions.
During Olympic Games positively affected environmental efficiency in Beijing, which negatively affected
on environmental efficiency under metafrontier in neighbor cities. After Olympic Games positively
affected environmental efficiency in Beijing and co-host cities, however, which has insignificant effect on
environmental efficiency in neighbor cities. We try to propose some policy implication. First, it is import
to develop high-end industry and lengthen value chain of China's secondary industry. Furthermore, it is
necessary to improve environmental threshold of FDI and attract clean FDI, which can decrease envi-
ronmental pollution. Last, China will host 2022 Winter Olympic Games. It is important to use more
environmental-soundly building material, and increase clean renewable energy public bus, which can
promote green Olympic Games.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

In 2008, Beijing host Olympic Games. To welcome 2008's Beijing
Olympic Games, China are inclined to strengthen environmental
regulation, which might lead to the decrease of environmental
pollutants and the increase of environmental efficiency. On the
other hand, China tended to increase sports gymnasium,
expressway and other infrastructure investment. Olympic Games
can also add transportation commuting. With the rapid increase of
infrastructure investment and transportation commuting, envi-
ronmental pollutants will increase (Kim et al., 2006; Lorde et al.,
2011), which will lead to the reduction of environmental effi-
ciency. We can see Olympic Games have both positive and negative

impacts on environmental efficiency. We also need to testify the
effect of Olympic Games on environmental efficiency through
empirical analysis. In 2022, China will also host Winter Olympic
Games. We want to propose some policy implications for China's
2022 Winter Olympic Games according to analysis the effect of
2008's Beijing Olympic Games on environmental efficiency.

This paper mainly address FOUR important issues as follows:
Howwill we estimate environmental efficiency of different cities in
China considering technology heterogeneity? Does per capita GDP
have U-shape links with environmental efficiency? Will FDI posi-
tively affect environmental efficiency? How will before, during and
after Olympic Games of 2008 affect different regions in China? To
address the above questions, we mainly investigate how 2008's
Beijing Olympic Games affect environmental efficiency in China.
We try to put forward some policy implications for China's sus-
tainable economic growth and 2022's Winter Olympic Games
which will be held in China.

The traditional directional distance might ignore production
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heterogeneity. To handle this drawback, we will evaluate environ-
mental efficiency through metafrontier directional distance func-
tion. We also compare technology gap ratio of difference regions in
order to check that whether production technology heterogeneity
widened or narrowed down. In order to investigate the de-
terminants of environmental efficiency, we propose four difference
hypotheses as follows: per capita GDP have “U-shape” linkage with
environmental efficiency. The secondary industry rate negatively
impact environmental efficiency. FDI has mixing effect on envi-
ronmental efficiency. 2008's Beijing Olympic Games has mixing
effect environmental efficiency.

The structure of this paper is as follows. We discuss methodol-
ogy in section 2. We propose different hypothesis according to
related theory in section 3. Data is presented in Section 4. In section
5, we compare environmental efficiency from static and dynamic
perspective. In section 6, we conduct bootstrap truncation regres-
sion analysis on the determinants of environmental efficiency. We
propose some policy implications in section 7.

2. Methodology

Data Envelopment Analysis (DEA) has been used in many fields
since the pioneer works of Farrell (1957) and Charnes et al. (1978),
such as Zhou et al. (2012), Zhao et al. (2015). According to distance
function of Shephard (1970), traditional distance function allows
for the proportionate changes of both desirable and undesirable
outputs, which is not consistent with our production objective.
Chung et al. (1997) introduced directional distance function, which
seeks the maximum expansion of desirable output and contraction
of undesirable output simultaneously. Many scholars has used
directional distance function (Feng and Serletis, 2014; Molinos-
Senanteet al., 2015). However, directional distance function might
ignore input excesses or output shortages. To handle these short-
comings, F€are and Grosskopf (2010) combined the slack-based
measure with the directional distance function. Fukuyama and
Weber (2010) considered both slack-based measure and undesir-
able model. Long et al. (2017) investigated the convergence of eco-
efficiency for China's cement manufacturers by using both direc-
tional distance function and directional slack-based-measure.

Considering numerous environmental indices, Ebert and
Welsch (2004) argued that it is better to be free of ambiguity. It is
important to generate a meaningful multi-dimensional environ-
mental index through a social choice approach, whose underlying
preference ordering is not dependent of admissible transformation
of different variables. Zhou et al.(2006a,b) compared aggregating
methods for constructing the composite environmental index
through an objective measure. Later, Zhou et al.(2006a,b) popu-
larized the use of DEA including slacks-based models in creating a
standardized environmental index. According to different types of
efficiencymeasure, DEAmethodology in energy and environmental
studies include radial, non-radial, slacks-based measure, hyper-
bolic, directional distance function, and others (Zhou et al.,
2008a,b).

However, the efficiency level cannot be compared within
different production frontier owing to production heterogeneity. It
is necessary to distinguish different production frontier. Hayami
(1969) and Hayami and Ruttan (1970) proposed the concept of a
“metafontier”. The metaproduction function can be regarded as the
envelope of commonly conceived neoclassical production functions
(Hayami and Ruttan (1970), p.82). Metafrontiers have been used by
many scholars (Lin and Du, 2013; Zhang and Choi, 2013; Munisamy
and Arabi, 2015).

Traditional DEA often ignores the “heterogeneity of production
technology”. In order to overcome the shortcomings, Hayami
(1969) and Hayami and Ruttan (1970) put forward metafrontier.
Metafrontier incorporates group frontier and metafrontier
(O'Donnell et al., 2008; Chiu et al.,2012). Assume that our produc-
tion function incorporates both desirable and undesirable outputs
(see Fig. 1). The metafrontier MCN0 include three group frontiers:
MM0, NN0, and PP'. Decision making unit (DMU) A is an inefficient
entity. Following the direction of the directional vector OG, the
efficient point of DMU A is projected on Bwith respect to the group
frontier PP0, and its efficient point is projected to C with respect to
the metafrontier MCN'. Following the group frontier PP0, the effi-
ciency of DMU A is (OE: OD). According to the metafrontier MCN0,
the efficiency of DMU A is (OF: OD). Because OE is no less than OF,
the efficiency with respect to the group frontier is no less than that
under the metafrontier.

Weak disposability allows for the proportionate changes of both
desirable and undesirable outputs, which is related with environ-
mental regulation. If related firms pollute natural environment,
they are required to pay for tax or fines for environmental pollution.
However, strong disposability allows for the disproportionate
changes of both desirable and undesirable outputs, which is not
linked with environmental regulation. Related firms can pollute
nature environment freely without paying for fines (F€are et al.,
2007).

Assume that there are N decision making units, and all of these
decision making units are divided into J groups. In the jth group, Nj

denotes the number of the DMUs. According to Cooper et al. (2007),
Zhou et al., 2008a,b, Podinovski and Kuosmanen (2011), and Chiu
et al. (2012), we use directional distance function under group
frontier and meta-frontier to evaluate environmental efficiency of
different cities respectively. The linear programming of environ-
mental efficiency under group frontier is indicated in Eq. (1).
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where l denotes weight of one assessed DMU in its own group
frontier; x, y and b denote input, desirable output and undesirable
output matrix, respectively. The number of input, desirable output
and undesirable output are P, Q and R, respectively. The first
constraint seeks the maximum of desirable output. The second
constraint indicates that undesirable is under weak disposability,
which is related with environmental regulation. We use constant
return to scales.

The linear programming of environmental efficiency under
meta-frontier is indicated in Eq. (2).
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