
Ecological Indicators 50 (2015) 206–214

Contents lists available at ScienceDirect

Ecological Indicators

journa l homepage: www.e lsev ier .com/ locate /eco l ind

Short Communication

Assessment of sustainable development: A case study of Wuhan as a
pilot city in China

Xiaohong Chen, Xiang Liu ∗, Dongbin Hu
Collaborative Innovation Center of Resource-conserving & Environment-friendly Society and Ecological Civilization, School of Business, Central South
University, Changsha, China

a r t i c l e i n f o

Article history:
Received 6 December 2013
Received in revised form 29 October 2014
Accepted 3 November 2014

Keywords:
Sustainable development
Environmental friendly
Resource conserving
Vector angle
Euclidean distance
China

a b s t r a c t

Building resource-conserving and environmental-friendly society (referred to as “two-oriented society”,
TOS) is an important way proposed by the Chinese government to achieve sustainable development. In
this paper, a pilot city of constructing TOS in China-Wuhan is taken as a case to evaluate the performance
of TOS from 2005 to 2012. Treating the indicators of TOS as multi-dimensional vectors, this paper pro-
poses a methodological framework by integrating the methods of vector angle and Euclidean distance to
measure the angle and distance between the vector of annual status of TOS and the vector of planning
target of TOS. Based on this, the paper employs coordination (the angle between the two vectors) and
effectiveness (the distance between the two vectors) to describe the performance of TOS and its subsys-
tems, including economic development (ED), social and people’s well-being (SW), resource consumption
(RC), resource recycling (RR), environmental quality (EQ) and pollution control (PC). Moreover, grey rela-
tional analysis approach is used to analyse the core factors influencing TOS construction. Results reveal
that the performance of TOS in Wuhan is continually improved in the study period while the perfor-
mance of its subsystems shows several differences: (1) both coordination and effectiveness of TOS, ED
and SW keep on improving, while those of EQ fluctuate; (2) the effectiveness of both RR and PC shows a
downward trend while the coordination of them fluctuates; (3) the actual value of RC indicators reaches
the planning targets. Based on the analysis of determinants, we suggest that strengthening technological
ability and adding investment are extremely important to improve the performance of RC and PC. For
the sake of improving RR, it is critical to provide more government public expenditure and encourage
financial institutions to provide more loans to stimulate and support the businesses. Moreover, increas-
ing the amount of R&D funding and maintaining steady external economic environment are proved to
be effective to improve all subsystems of TOS.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Sustainable development (SD) is a common goal across the globe
in the 21st century. However, large amount of energy consump-
tion, environmental pollution and carbon emissions generated in
China pose negative threats to Chinese SD (Zhang and Wen, 2008).
Therefore, the Chinese government has been paying increasingly
more attention to exploring ways for conserving resources and pro-
tecting the environment without damaging economic growth. The
Chinese government directly proposed SD as part of the national
strategies in 1994, and has implemented it by various economic
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models such as circular economy, low-carbon economy, as well as
building two-oriented society (TOS).

Over the past decades, plenty of literature focus on propos-
ing indicators and methods for evaluating the performance of
SD (Rinne et al., 2013; Li et al., 2009; Böhringer and Jochem,
2007; Hopwood et al., 2005) and investigating its determinants
(Zhang et al., 2012; Wei et al., 2012; Conroy and Berke, 2004).
For example, Compendium of Sustainable Development Indicator
Initiatives identified about 600 sustainable indicators for SD
performance (Parris and Kates, 2003). Böhringer and Jochem
(2007) and Hammond et al. (1995) reviewed the consistency
and meaningfulness of various indicator and composite index,
and proposed many principles and theoretical frameworks about
SD assessment. Dalal-Clayton and Bass (2006) and Moldan et al.
(2012) proved that an aggregate SD index and indicators linked
to targets are of great importance for policy makers because they
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can be unambiguously interpreted and easily communicated to
the general public. However, scientific rules elaborated by Ebert
and Welsch (2004) have not been taken into account enough
for aggregating indicators towards composite indices because
of lacking the generally accepted rules for normalization and
weighting, and being short of the commensurability of various
variables (Böhringer and Jochem, 2007). Moreover, it was still
an open question to construct a versatile methodology (Singh
et al., 2012). Even though various evaluation methods had been
employed, such as principal component analysis (PCA) (Yang et al.,
2011), super efficiency data envelopment analysis (DEA) model
(Wu et al., 2014), and super slack-based measure (SBM) model with
undesirable outputs (Li et al., 2013). The evaluation results of PCA
and DEA models are greatly influenced by sample size and struc-
ture, which means that different data and sample size often lead to
changes in evaluation results. In addition, from the practical view,
planning is helpful for promoting SD for all countries (Conroy and
Berke, 2004), especially for China which has a highly centralized
planning system to lead and guide the development of cities (Xie
and Costa, 1993). Therefore, the objectives mentioned in the plan
should be taken into account when evaluating the performance
of SD.

In recent years, some studies evaluate SD performance by
regarding the indicators of SD as an n-dimensional vector. For
example, Wei et al. (2012) defined the indicators describing China’s
regional pollution control performance (PCP) as an n-dimensional
vector. They aggregated the best and worst performance of each
indicator in all regions of China and defined them as optimal vec-
tor and threshold vector, respectively. Taking the optimal vector
as a benchmark, all components of this vector can be viewed as
the value requirements of the corresponding components of the
vector of China’s regional PCP. Afterwards, Euclidean distance with
weighting was employed to calculate the gap between the vec-
tor of the current regional PCP status and the optimal vector. The
gap that reflects the effectiveness of value requirements of all indi-
cators can be recognized as regional PCP. However, besides the
value requirement of each indicator, the coordination requirement
of all components of a vector also should be taken into account.
The coordination requirement means the proportional relations
among all components of a vector (the vector of regional PCP in
Wei et al. (2012)) should be consistent with the proportional rela-
tions among the corresponding components of the other vector
(the optimal vector of PCP in Wei et al. (2012)), which indicates
that all indicators of PCP should be developed simultaneously. The
coordination requirement can be reflected by the directions of
vectors. The direction of vector can be calculated by vector angle
which is widely used as a term of cosine similarity in various areas
including information retrieval and decision making (Ye, 2011).
Duwairi (2006) viewed several keywords in a student essay as a
vector and compared it with the vector of keywords in a model
essay to evaluate the performance of the student essay by cosine
similarity. Cosine similarity treats each object (the keywords in a
student essay in Duwairi (2006)) as a vector, and then calculates
the cosine of the angle between two vectors as a similarity measure
of them.

In the case of SD, the planning targets of SD compiled by the
government can be regarded as the ideal objective of SD construc-
tion (like the model essay in Duwairi (2006)). Moreover, only when
all indicators achieve targets, can the status of SD be recognized as
reaching the ideal objective. Therefore, by taking the SD indicators
as a multi-dimensional vector, the planning targets of SD indicators
can be viewed as an objective vector. The direction of the objective
vector implies the coordination requirements of its components.
Each component of the objective vector indicates the value require-
ment of the indicator. Consequently, comparing the vector of the
annual status of SD with the objective vector, both the coordination

(direction of the two vectors) and effectiveness (distance of the two
vectors) can be calculated to evaluate SD performance.

This paper presents a detailed analysis of SD performance of
Wuhan which is a pilot city of building TOS in China. The meth-
ods of vector angle and Euclidean distance are used to calculate
the coordination and effectiveness of TOS. The coordination and
effectiveness are displayed in the same diagram to depict the per-
formance of Wuhan’s TOS construction. Furthermore, this paper
analysed core factors influencing TOS performance of Wuhan by
grey relational analysis.

The rest of this article is organized as follows: in Section 2 we
give a short introduction of Wuhan and introduce the methodology
in detail. Section 3 presents a summary of the findings of our anal-
ysis. Finally, we propose recommendations for the government to
improve TOS more coordinately and effectively.

2. Materials and methods

2.1. Study area

Wuhan is the capital city of Hubei province, which is located in
central China (see Fig. 1). As one of the pilot areas constructing TOS,
Wuhan covers an area of 8.49 thousand km2 and has a population
of 10.22 million inhabitants in 2013.

Wuhan is an old industrial base collecting optic-electronic,
automobile manufacturing, iron and steel manufacturing. Coal is
the dominant energy source in the city. Environmental pollution
caused by rapid economic growth and unbalanced industry struc-
ture is a great challenge to the SD of Wuhan. Therefore, Wuhan
was approved to be a pilot city of constructing TOS by the Chi-
nese government in 2007. In order to promote and accelerate TOS
construction, Wuhan has put forward a comprehensive plan called
Synthetically Reform Experimental Implementing Scheme for TOS
Construction of Wuhan depicting the vision, objectives and meas-
ures of constructing TOS. The plan works out as a basic plan guiding
the development of the city.

2.2. Evaluating the performance of TOS

2.2.1. Index system of TOS
As a practical way for SD in China, TOS refers to a system in which

resources are efficiently exploited and environment is effectively
preserved to acquire the highest economic and social benefits. As
such, we can divide the TOS system into six subsystems, including
economic development (ED), social and people’s well-being (SW),
resource consumption (RC), resource recycling (RR), environmental

Fig. 1. Location of Wuhan in Hubei province and China.
Source: This map comes from Wikipedia: http://en.wikipedia.org/wiki/Wuhan
#Industrial zones.
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