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This paper aims at integrating data envelopment analysis (DEA) and analytic hierarchy process (AHP) to
evaluate the economic development achieved by local governments in China. Since most similar evalua-
tions are multi-objection problems, which both DEA and AHP are capable of solving, the integration of
these two approaches is shown to be even more powerful. The proposed integrated DEA/AHP model
can evaluate and rank different alternatives. In addition, a time-scale comparison of the economic perfor-
mances of local governments in China was carried out using the malmquist productivity index (MPI),
which indicated that there is a trend of economic growth. However, empirical results indicate that after
discounting the advantages of location and political connections, the east district provinces of China do
not have superior economic performance or a better MPI index, as compared with other districts. This
result is contrary to our original hypothesis.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The world has changed drastically over the past few decades,
especially economic issues. Many developing countries like as
BRICs (Brazil, Russia, India and China) are becoming influential in
the economic growth of the world; among those nations, China
has achieved the highest level of economic development and
growth and is endeavoring to attract foreign direct investments
(FDI) to successfully develop their economy. Additionally, China
has the largest market and the most important base of manufac-
tured products in the world. Its major strength is an abundance
of skilled and inexpensive manpower. All facets of China’s econ-
omy have exhibited growth trajectories, suggesting that it will re-
main attractive to investors. In 2001, China joined the World Trade
Organization (WTO). After that time, China’s economic develop-
ment has grown at a higher rate than any other nation in the world,
10.7%. This is higher than the average worldwide GNP growth rate
of 5.1% in 2006. In addition, in 2006, China had a foreign exchange
reserve approaching 2000 billion USD, a national economic contri-
bution to the world of approximately 13%, and was the third larg-
est trade country as well as possessing the fourth largest economic
entity. Additionally, the FDI growth rate was 4.5%, fourth in the
world. All relevant information in the 2007 Chinese trade yearbook
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indicates that it has become an integral player in the world
economy.

Although China has taken progressive steps in economic devel-
opment, there still exist significant differences among different re-
gions, and it is a commonly held conception that the economic
development of the coastal east region is better than that of the
middle and west regions. Even local governments have taken dif-
ferent measures for major initiatives of industrial development,
simplification of investment procedures, enactment of investor-
friendly laws, liberalization of trade policy, safeguards of intellec-
tual property rights, etc. Significant variation may also be due to
location, support from the central government and the manage-
ment effectiveness of local governments.

DEA and AHP are methods that have been extensively used to
evaluate and rank multi-objective decision alternatives. This paper
aims to clarify and understand the different phenomena between
regions and to the rank economic performance of local govern-
ments using an integrated quantitative (DEA) and qualitative
(AHP) approach. Moreover, we hope to examine the true economic
performance of every local government in China and to provide a
metric by which to compare them after accounting for the advan-
tages given by location and political connections.

2. Literature review

AHP was developed by Saaty in 1980. For over 20 years, this
approach has been used and studied extensively and has been
applied especially to multi-criteria decision making (MCDM).
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AHP also has been applied in several different fields, such as activ-
ity planning, alternative choosing, optimization, resource alloca-
tion, conflict resolution, etc. (Ahmad et al.,, 2006). Furthermore,
AHP has been used to evaluate multi-objective design alternatives
from Muther’s systematic procedure (1973) for facility layouts and
to integrate mathematical linear approaches such as Linear Pro-
gramming (LP), Integer Linear Programming (ILP), Mixed Integer
Linear Programming (MILP), Goal Programming (GP), and Dynamic
Programming (DP) (Vaidya and Kumar, 2006); Ho (2008) found
some researchers had focused on integrating this method with
Fuzzy Theory, Artificial Neural Networks (ANN), cost-benefit anal-
ysis, Quality Function Deployment (QFD), SWOT analysis, and
simulation approaches, among others. AHP software, called the
Multi-Media Authorizing System (MAS), has been in use since
2002 (Lai et al., 2002). This software uses the group decision-
making technique, which involves six software engineers. MAS
has been used to evaluate numerous products. The decision tool
for the selection of advanced technology is another proposed mod-
el (Kengpol and Brien, 2001). This model integrates a cost-benefit
analysis model, a decision-making effectiveness model, and a
common criteria model and is available from Time Compression
Technologies (TCT).

The DEA initially developed as the CCR model by Charnes et al.
(1978) and the BCC model by Banker et al. (1984) have been used
for the purpose of evaluating the relative efficiency of similar eco-
nomic production systems. Studies covering a wide array of empir-
ical work, such as evaluating the socio-economic performance of
nations during the last decade, have made it clear that the model
must be flexible (Golany and Thore, 1997). Consequently, a number
of alternative DEA models have been proposed. Even so, there is of-
ten a need for customization of the model to a specific application
environment. To address this need, a variety of model extensions
that increase the flexibility of DEA models have been proposed.
The common set of weights (CSW) model can be applied to all
DMUs and their efficiencies to solve a single problem. A method
for ranking DMUs has been presented (Jahanshahloo et al., 2005).
DEA has been used for the comparative performance analysis of
governments (Ramanathan, 2006a). The advantages of applying
DEA to the rank economic performance of governments has been
comprehensively discussed in several studies, including works by
Charnes et al. (1994) and Farrel (1957) among others. A model
without inputs or outputs was deployed by Adolphson et al.
(1992) as a solution to the superconducting supercollider; a model
with pure input but no outputs was also developed. Lovell and
Pastor (1999) developed radial DEA models without inputs or out-
puts based on the above model have shown that (i) a CCR model
without inputs (or outputs) is meaningless; (ii) a CCR model with
a single constant input (or with a single constant output) coincides
with the corresponding BCC model; (iii) a BCC model with a single
constant input (or a single constant output) reduces to a BCC model
without inputs (or outputs); and (iv) all BCC models, including
those without inputs (or outputs), can be condensed to models hav-
ing one less variable (the radial efficiency score) and one less con-
straint (the convexity constraint).

There have been limited studies regarding both DEA and AHP
methods. Integrated DEA and AHP models are popular in facility
layout design. Yang and Kuo (2003) proposed a DEA and AHP ap-
proach to a facility layout design (FLD) problem. A computer-aided
layout-planning tool, Spiral, has been used to generate a consider-
able number of layout alternatives, as well as to generate quantita-
tive decision-making unit (DMU) outputs. A weighting of the
qualitative output performance measures by DEA/AHP has been
used to solve multiple-objective layout problems. However, this
approach only considers a constant input case that is different from
the standard DEA model, because the cost associated with a change
incurred at the layout design stage is usually negligible. Therefore,

a Banker-Charnes—Cooper (BCC) model without inputs has been
adopted for solving the layout performance frontiers problem. In
this field of study, the Charnes-Cooper-Rhodes (CCR) model has
been applied to quantitative and qualitative data, transforming
the fractional program to an ordinary linear program. In a similar
work, Ertay et al. (2006) integrated DEA and AHP for facility layout
design (FLD) in a manufacturing system, and presented a decision-
making methodology based on data envelopment analysis (DEA)
that used both quantitative and qualitative criteria to evaluate
the FLD. Takamura and Tone (2003) presented a combined DEA-
AHP approach to address the relocation of several government
agencies from Tokyo and to compare alternative locations. Saen
et al. (2005) proposed a combined DEA-AHP approach to measure
the relative efficiency of slightly non-homogeneous decision-mak-
ing units (DMUs). Since some DMUs lack one or more features (i.e.,
input and/or output), the AHP was used to provide a real-world
estimate of missing values for the DMU. To do this, two alterna-
tives were compared. The alternatives include (i) DMUs that lack
the feature(s) and (ii) the series means of other DMUs. The data
for the mean of other DMUs was obtained by taking the mean of
each feature of all of the DMUs, except for the one that has the
missing value. The data was assumed to be normally distributed.
In recent years, some researchers have endeavored to make vari-
ety on this domain. Azadeh et al. (2008) integrated DEA and AHP
with computer simulation for railway system improvement and
optimization; they considered both quantitative and qualitative
variables for efficiency assessment and performance optimization
by integration simulation. Korpela et al. (2007) proposed an ap-
proach for selecting the warehouse operator network by combining
DEA and AHP. DEAHP (data envelopment analytic hierarchy pro-
cess) is a new model that has been developed by Ramanathan
(2006b); it is a hybrid methodology of DEA and AHP, used to prove
that DEA correctly estimates the true weight when applied to a con-
sistent matrix formed using a known set of weights. The use of DEA
was further proposed to aggregate the local weights of alternatives
in terms of different criteria to compute the final local weight.
Sevkli et al. (2007) used the DEAHP model to evaluate supplier
selection; this study focused on one of the most important subjects
in supply chain management and provided a better decision for
supplier selection using appropriate quantitative approaches.

3. Study framework

The proposed method and hierarchical framework for this study
are shown in Fig. 1, which diagrams the procedure and details the
research steps. The focus of this study, which integrates DEA and
AHP approaches, is to compare local Chinese governments.

3.1. Analytic and evaluation methodology

The first step in this study is to identify which variables are
important to the analysis and measurement of the indices of AHP
and DEA, followed by weighing and comparing the efficiency of
the alternatives. The China People’s Daily (2008) published an arti-
cle entitled “Report of local government and official performance
evaluation in China”, which indicated that other important factors
in addition to the GDP should be used as measuring indices. These
include the level at which development is maintained, harmony of
the society, work ethic and morality, economic growth rate, Engel’s
coefficient, environmental quality, etc. In addition, Unite state offi-
cials in researches at Oregon State University have presented addi-
tional major economic indices: level of employment diversification,
creation of new enterprises, professional service, R&D, personal in-
come, international trade growth, net growth of employment, eco-
nomic diversification, investment, expenses of employee, labor
income, labor poverty percentage, and language ability (Thiel and
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Fig. 1. Study framework.

Leeuw, 2002). Recently, Virginia state suggested five new perfor-
mance measuring indices: the input index (ex; total working cost,
actual labor work hours), output index (ex: rail road, officials, public
affairs), outcome index (ex: death rate of traffic accidents), effi-
ciency index, and quality index (DPB of Virginia, 1995). The Taiwan-
ese central government also presented economic performance
indices to evaluate local governments, which included an index cat-
egory, a direction (positive or negative), and an attribute (CPA of
Taiwan government, 2006), as shown in (Table 1).

After reviewing the above information and the relevant litera-
ture, we selected measuring indices that are independent and rep-
resentative of China. Consequently, ten correlative measuring
indices were used as decision variables during analysis. Since the

Table 1
Economic performance index of Taiwan local government.

variables have different attributes and characteristics, they were
divided into two groups. Two of the ten variables are uncontrolla-
ble and are used in the AHP analysis, while the other eight are con-
trollable and used in the DEA analysis. Each of the variables
described in detail in Table 2. The geography location (GLO) and
politic & economic resources (PER) variables require AHP since
they are qualitative attributes, the result of synthetic weights
which become input data to the DEA model; Although government
execution (GEX), foreign direct investment (FDI), Entrepreneurship
(EPS) etc. are controllable variables, the practical consideration are
attributed to the inputs of DEA model in this study; The other vari-
ables, including Gross Domestic Product (GDP), Imports (IMP), Ex-
ports (EXP), Incomes of Government (FIN), and Incomes of Family

Category Index Index direction Index attribute
Finance Average financial debts per person - Outcome
Annual total expenditure - Outcome
Industry Number of enterprises + Input
SMB total payment Outcome
Transportation Highway transportation flow + Input
Average commute hours - Outcome
Rate of unemployment Rate of unemployment - Outcome
National income Average citizen income + Input
Tax system Annual total local tax + Input
Consumer protection Response time per complaint — Process
Information technology (IT) Percentage with a home computer + Outcome
Percentage with internet access + Outcome
Percentage using mobile phones + Outcome
Tourism Growth rate of tourism + Outcome

Data sources: prepared by this study.
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Table 2
Variables’ attribute used in the study.

Description

DEA attribution

(1) Uncontrollable variables/abbreviation
Geography location/GLO

development.
Politic & economic resources/PER

Location variable expresses mainly the convenience of economic

Synthetic weights of AHP analysis
transformed into DEA inputs

This variable expresses how easily local governments receive

political and economic resources from the central government

(2) Controllable variables/abbreviation

Government execution/GEX This variable expresses the executive validity related with the input
economic performance of local governments
Foreign direct investment/FDI Direct capital investments from foreign enterprises. Input
Enterprises/EPS Entrepreneurship measured by new enterprises each year Input
Gross domestic product/GDP Gross domestic product of each local government Output
Imports/IMP Total annual foreign imports Output
Exports/EXP Total annual domestic exports Output
Incomes of government/FIN Total annual financial income of local governments Output
Incomes of family/FAM Total family income per family within the local government Output
region
Data sources: prepared by this study.
Table 3
Decision making units (DMUs)
DMU DMU1 DMU2 DMU3 DMU4 DMU5 DMU6 DMU7 DMUS8
Name Beijing Tianjin Liaoning Shanghai Jiangsu province Zhejiang Fujian Shandong
municipality municipality province municipality province province province
District East East East East East East East East
DMU DMU9 DMU10 DMU11 DMU12 DMU13 DMU14 DMU15 DMU16
Name Guangdong Hebei province Sanxi province Jilin province Heilongjiang Anhui province Jiangxi Henan province
province province province
District East Central Central Central Central Central Central Central
DMU DMU17 DMU18 DMU19 DMU20 DMU21 DMU22 DMU23 DMU24
Name Hubei province Hunan province Neimenggu Guangxi province Chongqing Sichuan Guizhou Yunnan
municipality province province province
District Central Central West West West West West West
DMU DMU25 DMU26 DMU27 DMU28 DMU29 DMU30 DMU31
Name Xizang (Tibet) Shanxi province Gansu Qinghai province Ningxia Hui regions  Xinjiang Uygur Hainan
province province
District  West West West West West West East

Data sources: prepared for this study.

(FAM) etc. are attributed to outputs that can be directly analyzed
with the DEA model.

The next steps involve the use of the analytic tools of the DEA
frontier and the DEAP2.1-XP software package and are as follows:
Expert Choice was used for AHP analyzing to get synthetic weights,
the qualitative variable data were analyzed with Expert Choice to
obtain available local weights, which were transformed to input
variables for the DEA model. The DEA analysis was performed via
Radial DEA models without inputs (Lovell and Pastor, 1999) and
with the complete model of Charnes et al. (1978); the differences
of both models were then compared. Consequently, efficiency
scores were generated, and these scores were used to discriminate
which DMUs (Decision Making Units) are better. The rankings for
all of the DMUs used to evaluate economic performance and the
meaning of the DMUs will be explained in the next section.

Finally, time series analysis was used to measure local govern-
ments’ economic growth trends. Window analysis (WA) and
malmquist productivity index (MPI) are two valuable analysis
models and have been applied and extended to MPI, the window
malmquist index (WMI), and the output-oriented Malmquist Index
models. This study uses the output-oriented MPI model.

3.2. Decision making units (DMUs) generation

In 2008, there were 23 provinces, 4 municipalities, and 4 auton-
omous regions in China. The 31 total local governments were situ-
ated within the zones of three different districts (see Table 3), and

for the 31 Decision Making Units (DMUs) used in this study, we
analyzed the economic performance with both DEA and AHP
methods.

It is a common belief that the local governments of the east dis-
tricts are wealthier and have more abundant resources than the
middle and west districts. This study aims to determine the verac-
ity of this assumption. Therefore, we not only focus on the evalua-
tion of different districts, but of all local governments. We believe
that local governments have a greater impact on DMUs than larger
districts. However, since 31 local governments are present, it is not
easy to differentiate between the economic performances of each.

3.3. AHP for qualitative performance evaluation

AHP is a multi-criteria decision making method that uses hier-
archical or network structures to represent a decision problem and
then develops priorities for the alternatives based on the decision-
maker judgments throughout the system (Saaty, 1980). AHP is also
a kind of value function method; the reason for adopting AHP,
especially for qualitative performance data, is the fact that qualita-
tive factors are often complicated and may conflict with each
other. Additionally, user acceptability and confidence in the analy-
sis provided by the AHP methodology is high in comparison with
that of other multi-attribute decision approaches (Zakarian and
Kusiak, 1999). Other benefits of AHP include: a systematic way
for subjective decision processes, sensitivity analysis, information
about the evaluation criteria’s implicit weights, and better
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understanding and participation among the members of the
decision making group and, hence, a commitment to the chosen
alternative (Shang, 1993).

Although AHP is a popular and useful method, it has several
shortcomings, and some modifications have been suggested to im-
prove this approach. Firstly, instead of using an additive scale rang-
ing from 1 to 9, several alternative scales exist. One of the most
common scales is the geometric scale (Lootsma, 1999). Another
improvement is the implementation of a method for priority
estimation, proposed by Saaty (1980), called the eigenvector
technique.

The most controversial issue in the use of AHP is the rank rever-
sal phenomenon, where the ranking of alternatives determined by
AHP may be altered by the addition of another alternative for con-
sideration. To prevent this problem, the concept of absolute mea-
surement and the multiplicative variant of AHP can be used
(Saaty, 1987). Another criticism is that AHP is not an axiomatic
framework. However, Saaty (1986) has provided the necessary axi-
oms that pertain to reciprocal comparisons, homogeneity, inde-
pendence, and expectations.

The purpose of using the AHP method in this study is to obtain
the weighted values that indicate the relative importance of the lo-
cal governments’ alternative for each criterion. At each level, the
participants are asked to determine a comparison matrix by com-
paring pairs of criteria where the alternatives at the lowest level
are compared against the standards that are established by the
participants. More alternatives make the rating method more con-
venient. An analytic focus on the rating method enables decision-
makers to easily evaluate a large number of alternatives. In the
AHP method, an element is compared against an ideal property,
and generally, only the final alternatives are absolutely measured.
The AHP approach is attractive because it has been shown to be ro-
bust and consistent (Ertay et al., 2006).

The robustness can be verified by a sensitivity analysis of the
weights. In other words, robustness is related to the sensitivity of
the eigenvector, which computes the relevant rankings according
to the evaluation criteria. One problem is the sensitivity of the
weights given by eigenvector components to slight changes in
the judgment values. Clearly, it is desirable that the weights not
fluctuate widely with small changes in judgment. In this study,
the Expert Choice package program is used for the sensitivity anal-
ysis of the pair-wise comparison of model alternative layouts. De-
tails of the analysis are provided in Section 4.2.

If A is a Matrix as follows:

Wi /WiWy /Wy ... Wy /Wy,
Wa /WiWy /Wy ... Wy /Wy

A=lag] = | : ,

Wi /WiWp /Wy ... Wy /Wy
then the matrix formula of eigenvector X is:
AX =X,

A is used to indicate the eigenvalue.
After rearrangement, we obtain the matrix formula

(A— DX = 0.

Another critical issue of AHP is consistency, which can be veri-
fied using the consistency ratio. For example, for consistency to be
found, if a; = 2, aj = 3, then ay must be equal to 6. AHP does not re-
quire that judgments be consistent or even transitive, since the
judgments are totally random in nature. Here, the important point
is that the consistency of a matrix of such random judgments

should be worse than that of a matrix of informed judgments. This
measure can be used to compare and evaluate the consistency of
informed judgments.

The consistency index (CI) of a matrix of comparisons is given
by CI = (Amax — n)/(n — D1). Here, Amqx is the maximum eigenvalue,
and n is the size of the matrix. The consistency ratio (CR) is ob-
tained by determining the CI ratio and the random index (RI).
DeSchutter developec}‘ the following relationship between the in-
dex RI and n:RI = 1.98 [(n — D2)/n] where 1.98 is the average value
of the ratio of each value computed from n =3 to 15, divided by
(n — D2)/n for the corresponding value of n (Saaty, 1994).

3.4. DEA evaluation method

DEA is a popular mathematical programming methodology
based on the Efficiency Frontier. It has been successfully employed
to study the comparative performance of units that consume simi-
lar inputs and produce similar outputs. These units are generally re-
ferred to as DMUs. When assessing the performance of government
economic development, DEA combines the performances of gov-
ernments in terms of several desirable and undesirable attributes
into a single scalar measure, called the efficiency score. An effi-
ciency score of unity indicates the highest values of desirable attri-
butes and the lowest values of undesirable attributes. An efficiency
score of less than one is considered as sub-optimal for a given set of
attributes. Two assumptions can be made while computing effi-
ciency scores using DEA, namely, constant returns to scale (CRS)
and variable returns to scale (VRS). The assumption of CRS is said
to prevail when an increase in all inputs (i.e., an increase in terms
of undesirable attributes) by 1% leads to an increase in all outputs
(i.e., an increase in terms of desirable attributes) by 1%. The VRS
assumption prevails when the CRS assumption is not satisfied. It
has been shown that DEA efficiency scores computed with the
CRS assumption (hereafter, called CRS efficiency scores) are less
than or equal to the corresponding VRS efficiency scores, due to
the difference in scale size of DMUs. The VRS efficiency of a DMU
measures only technical efficiency, while CRS efficiency accounts
for both technical efficiency and efficiency loss when the DMU does
not operate in its most productive scale size. The ratio of CRS to VRS
scores is called the scale efficiency. The scale efficiency of a DMU
operating in its most productive size is thus 1. Before detailing
our study, we discuss the advantages of using DEA for a compara-
tive performance analysis of the governments concerned.

3.5. Radial model with or without input

Lovell and Pastor (1999) proposed the Radial DEA model with-
out input or without output. They developed four models: (1) a
CCR model without input or output that was shown to be meaning-
less, (2) an output-oriented (input-oriented) CCR model with a sin-
gle constant input (output), (3) a BCC model without input (or
without output), and (4) a new formulation of the BCC model,
which was shown to be completely applicable.

This study uses the third and fourth Radial DEA models to ana-
lyze the relevant data. The third model shows that an output-ori-
ented (input-oriented) BCC model with a single constant input
(output) is equivalent to an output-oriented (input-oriented) BCC
model without inputs (outputs). The final formulation of the envel-
opment problem for an output-oriented BCC model without input
is as follows:

Max ¢

[

st.  Yi=¢Y,,
efl=1,
A= 0,
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A complete and new formulation of a BCC model with input is
as follows:

Max ¢

(N

st. YAz ¢Y,,
X1 < X,
efi=1,
A= 0,

Since <1, we can consider a new variable 0 = 1/y. The substitu-
tion of 0 for ¢ in the BCC envelopment problem yields:

l\/f[}i_n 0
st.  Yix=(1/0)Y,,
A<

XA < Xo,
efi=1,
i =0,

3.6. Time series analysis-MPI (malmquist productivity index)

In addition to the static performance result, in this study, we
also analyzed dynamic trend performance over several years. WA
and MPI are popular approaches (Fare et al., 1994). Here, the MPI
method is used to understand technological practice trends in local
Chinese governments, as well as changes in the efficiency of the
technologies during two different time periods. The MPI approach
is better for time series analysis. DEA is used to determine the effi-
ciency frontier of a specific period. MPI links the result of the DEA
analysis to extend the study period and provides a comparison of
the economic performance.

The output-oriented MPI is defined as follows:

Dt(x”‘,y‘“) 172
D'(xt,y")

Dt+1 (X[+1 .yt+1)

MPIE (X1 y1 Xyt = ey

)

D' is a distance function that measures the efficiency of the conver-
sion of inputs x* to outputs y* in the period t, so if there is a techno-
logical change in period (t+ 1), then D*'(x%,y") is the efficiency of
conversion of the input during time ¢, to the output during the per-
iod t # D'(x",y"). The MPI is a geometric average of the efficiency and
technology changes in the two periods being considered. It can be
written as:

MPIL (x4, ye+t xtyt)
or
MPI - TEC X TC,

_ Dty 1/2 " DH (xt+1 1) 12
D'(xt.y") D (xt yt) ’

where TEC is the technical efficiency change and TC is the technol-
ogy change. TEC measures the change in the CRS technical efficiency
from t to t+ 1. If TEC-1, there is an increase in the technical effi-
ciency of the conversion of inputs to outputs. TC represents the
average technological change between the two periods. In addition
to MPI, TEC, and TC, other efficiency changes over time may be de-
fined. For example, the VRS efficiency change for a government can
be calculated as the ratio of its VRS efficiency for period t + 1 to that
for t (Fare et al., 1994).

4. Empirical study and illustration
4.1. Empirical design

There are ten variables in this study, two qualitative variables
used for AHP analysis and the others for DEA. AHP is a multi-crite-

ria decision-making method that uses hierarchical or network
structures to represent a decision problem and then develops pri-
orities for the alternatives based on the decision-maker judgments
throughout the system. The hierarchical structure of the two vari-
ables is given in Section 4.2.1.

DEA is a popular mathematical programming methodology
based on the efficiency frontier, and both CCR and BCC models
must consider whether variables attribute are inputs or outputs.
This study measures ten variables that are used for evaluating
economic performance. GLO, PER, GEX, FDI and EPS are inputs,
while the other five variables are outputs, as indicated in Fig. 1
and Table 2. The 31 local governments designated as DMUs are
important and are presented in Table 3, which also provides the
alternatives for the study.

4.2. AHP analysis

Ten executive managers working in the Taiwanese Tooling De-
sign and Manufacturing Enterprise Group were invited to partici-
pate in this study. All of them have been working over 5 years at
different factory in China, four were at Nanjing factory, three were
at Tianjin factory, while the remaining in Taiwan. Before evaluat-
ing, we explained the meaning of AHP as well as instructed the de-
tail rules that how to proceed with this study separately to
participants, afterward each participant was asked to develop a
comparison matrix by comparing pairs of criteria, so that the alter-
natives at the lowest level are compared against the standards
established by the AHP method. For the purpose of ensuring that
comparing pairs were valid and objective, we deleted the unrea-
sonable pair value of each participant by CI index, then averaged
and analyzed evaluating comparison pairs to obtain synthesis
weights by AHP method. Since the GLO and PER attributes are
qualitative, AHP pair comparisons must be used to obtain the
DMU weights. This is presented in Section 4.2.2.

Both approaches will be integrated by converting the variables
and local weights of the AHP analysis into input variables and by
combining this with the original data in the DEA analysis.

4.2.1. Hierarchy structure

oo || rper |
I I
31 DMUs 310MUs |

4.2.2. Weight value of AHP

AHP analysis can be used to obtain the variable weights and to
indicate the relative importance of the local government alterna-
tives for each criterion. At each level, the participants are asked
to determine a comparison matrix by comparing pairs of criteria.
An increased number of alternatives make the rating method more
convenient. The analytic focus of the rating method enables deci-
sion-makers to easily evaluate a large number of alternatives. In
the AHP method, an element is compared against an ideal property,
and only the final alternatives are measured. This study utilizes the
Expert Choice software package to measure the comparison ma-
trix, and the results are provided in Fig. 2.

4.2.3. Sensitivity analysis and consistency index
Sensitivity analysis is used to understand major trends, and the
final results (Fig. 3) indicate that east district provinces in China
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Fig. 2. Synthesis weights and ranking of DMUs.

Fig. 3. Performance sensitivity diagram.

have more advantages than the central and west districts, in re-
gards to geography location and politic and economic resource
support. In addition Shanghai and Beijing are the most able to ob-
tain resource support from the central government, as these two
municipalities are a priority regardless of the FDI. This conclusion
is coincident with prior conceptions.

Additionally, the Cl is a very important process that clarifies and
verifies the judgment of all participants. The study determined that
both CI variable values are less than 0.01; this means that all par-
ticipant comparisons can be considered rational.

4.3. DEA model analysis

Before using the DEAP2.1-XP and Frontier Analyst 4.0 software
package, we performed a correlation to determine any significant
effects between input and output variables. After this, the CRS
and VRS efficiencies were used to rank the economic performance
of local governments under different conditions (such as without
and with input), in order to understand the effects of different sit-
uations like geography location, execution of local governments,

foreign direct investments, politic and economic support from
the central government, etc. completed DEA model analysis with
inputs is commonly used to evaluate the efficiency frontier be-
tween inputs and outputs; for a DEA model without inputs, the
effectiveness of the model is evaluated without concern for input
requirements; in this study, we also analyze DEA model with quan-
titative input variables excluding GLO and PER to understand the
cause and effect of quantitative attribution of input variables and
compare with completed DEA model mentioned above.

MPI was used to analyze the economic growth rate of each DMU
and to rank their economic performance. In general, it is very
important to locate optimum investment locations in China using
different models and approaches, and results obtained with or
without inputs determine which local governments have the best
performance. A detailed illustration of the above study follows in
Sections 4.3.2-4.3.6.

4.3.1. Data collection for DEA analysis
DEA data was collected from “China’s Economic and Trade Year-
book” (2006, 2007), which is a resource providing abundant and
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detailed information. At first, we categorized information accord-
ing to characteristics of different variables, then integrated GLO
and PER local weights analyzed by AHP approach (see Fig. 2) to
be used as input for the 31 DMUs in 2005 and 2006 for DEA anal-
ysis. The measurement of the input and output variables are not
similar, due to their different characteristics. Input data of synthe-
sis weights are qualitative and arbitrarily judged, with the percent-
age used as the common measuring unit; the other input data
included GEX (government execution), FDI (foreign direct invest-
ment) and EPS (new enterprises) indicates how many new enter-
prises are established within a specific period and demonstrates
the effectiveness of local government business recruitment are
quantitative used to be the measurable variable of DEA analysis.
Output data are all quantitative, and common variables used to
indicate the DMU economic performance include GNP, which is
the most important in economic performance, is expressed in bil-
lion/10 RMBs; IMP (Import Dollars) and EXP (Export Dollars) both
indicate the performance of international trade and are expressed
in billion/10 of dollars; FIN (Financial Income) is an indicator of the
local government income, which is a very important index of gov-
ernment management, and uses billion/10 RMBs as its unit; FAM
(Family Income) indicates the income per family, which is another
indicator of government economic performance, and uses RMBs as
the unit.

4.3.2. Correlation analysis

The correlation analysis between inputs and outputs is used to
identify any cause and effect relationship between input and out-
put variables. In this study, we assume that p > 0.05 is not signif-
icant, p <0.05 is significant, p <0.01 is more significant, and
p £0.001 is the most significant. After checking p value of Tables
4 and 5, finds that most correlation coefficients are strong and
have a p value less than 0.05, it indicates that all results of the
correlation analysis are improved. The meaning of this phenome-
non is that all output variables will be affected by the input vari-
ables, and the relationship between cause and effect is significant.
This also indicates that the DEA model performance is beneficial.
The variations between 2005 and 2006 are not significant, and
the data for each year is consistent and stable as expected. In
summary, the DEA model analysis is shown to produce satisfac-
tory results.

Table 4
2005 Correlation between DEA inputs and outputs.
Input Output
GNP IMP EXP FIN FAM
GLO .647(°) .808(°) .753(°) .842(°) .924(9)
.000 .000 .000 .000 .000
31 31 31 31 31
PER 447(%) .700(%) .552(") .702(%) .888(°)
.012 .000 .001 .000 .000
31 31 31 31 31
GEX .503(") .697() .591() 732(9) .921(9)
.004 .000 .000 .000 .000
31 31 31 31 31
FDI .894(9) .837(9) .924(°) .863(°) .520()
.000 .000 .000 .000 .003
31 31 31 31 31
EPS .919(%) .679(°) .814(°) .870(%) .614(°)
.000 .000 .000 .000 .000
31 31 31 31 31
 p=0.05.
b p<0.01.
¢ p <£0.001.

Table 5
2006 Correlation between DEA inputs and outputs.
Input Output
GNP IMP EXP FIN FAM
GLO 639(9) 812(9 747(9) 830(9) 931(9)
.000 .000 .000 .000 .000
31 31 31 31 31
PER 436(%) 7109 544(°) 685(°) .899(°)
.014 .000 .002 .000 .000
31 31 31 31 31
GEX 499(%) .693(°) 573(°) 711(%) 928(°)
.004 .000 .001 .000 .000
31 31 31 31 31
FDI 896(%) 816(%) 917(9) 876(%) 535(%)
.000 .000 .000 .000 .002
31 31 31 31 31
EPS 911(9 642(9) 791(9) 864(%) 591(9)
.000 .000 .000 .000 .000
31 31 31 31 31
¢ p=<0.05.
b p<0.01.
¢ p<0.001.

4.3.3. DEA model analysis without input

In this section, we will overviews the use of the Radial DEA
model of Knox et al. (1999) without inputs. It differs from the
DEA model with inputs. By removing inputs from the model, a con-
straint formula with input variables as XA < X, can be developed,
it also means that the inputs are cognized no difference. A CCR
model without inputs is meaningless, and this model is used for
the BCC model. This study assumes that variables like geographical
location and central government economic support can be com-
pared on an equivalent basis. In actuality, support from the Chinese
central government is inherently unequal; the interior provinces
have always lacked central government political and economic
support, which limits the entrance of FDI, In addition, international
trade activity is limited as a result of higher transportation costs,
etc. A DEA model without inputs allows for each of the local gov-
ernments to be evaluated solely on their own merits, without out-
side input. This was performed for two years of data (2005, 2006),
giving results for the VRS efficiency, scale efficiency, and ranking
series, as shown in Table 6.

Table 6 shows that the CRS and VRS efficiencies are equivalent.
Since the CCR model is meaningless as mentioned above, the
DEAP2.1-XP software was used to generate CRS efficiency values
as VRS. All scaled efficiency values (CRS/VRS) for the DMUs were
equal to 1, suggesting that there was little difference between
them. A simple survey of the VRS efficiency shows that a DMU va-
lue of 1 indicates a better technical efficiency, and values smaller
than 1 correspond to a lower technical efficiency. A ranking of all
DMUs by this criteria results in the sequence presented in Table
6. East district provinces and municipalities, such as Shanghai,
Jiangsu, Zhejiang, Shandong, and Guangdong generally exhibited
the best technical efficiency; DMUs in the central and west dis-
tricts had a lower technical efficiency, with values of less than
0.5 for some governments of these districts. This indicates a very
inefficient economic performance. This result is reflected in certain
social aspects in China, such as the continuing increase of the Gini
coefficient and the serious gap between the rich and poor. This eco-
nomic inefficiency is an important contributor in the current social
problems.

4.3.4. DEA model analysis with all inputs
This section details how the full DEA model with inputs is used
to measure scale efficiency, compare productivity, and evaluate the
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Table 6
Efficiency scores and rankings for 2005 and 2006, excluding input.
No. DMUs CRS efficiency VRS efficiency Scale efficiency Return of scale Ranking
2005 2006 2005 2006 2005 2006 2005 2006 2005 2006
1 Beijing 0.954 0.983 0.954 0.983 1.0 1.0 - - 3 3
2 Tianjin 0.678 0.691 0.678 0.691 1.0 1.0 - - 7 7
3 Liaoning 0.537 0.552 0.537 0.552 1.0 1.0 - - 12 12
4 Shanghai 1.000 1.000 1.000 1.000 1.0 1.0 - - 1 1
5 Jiangsu 0.829 0.862 0.829 0.862 1.0 1.0 - - 5 5
6 Zhejiang 0.949 0.962 0.949 0.962 1.0 1.0 - - 4 4
7 Fujian 0.668 0.674 0.668 0.674 1.0 1.0 - - 8 8
8 Shandong 0.828 0.843 0.828 0.843 1.0 1.0 - - 6 6
9 Guangdong 1.000 1.000 1.000 1.000 1.0 1.0 - - 1 1
10 Hebei 0.566 0.579 0.566 0.579 1.0 1.0 - - 9 9
11 Sanxi 0.478 0.485 0.478 0.485 1.0 1.0 - - 20 19
12 Jilin 0.466 0.473 0.466 0.473 1.0 1.0 - - 22 22
13 Heilongjiang 0.464 0.464 0.464 0.464 1.0 1.0 - - 24 23
14 Anhui 0.471 0.488 0.471 0.488 1.0 1.0 - - 21 17
15 Jiangxi 0.462 0.462 0.462 0.462 1.0 1.0 - - 25 24
16 Henan 0.552 0.568 0.552 0.568 1.0 1.0 - - 10 10
17 Hubei 0.502 0.507 0.502 0.507 1.0 1.0 - - 15 14
18 Hunan 0.536 0.537 0.536 0.537 1.0 1.0 - - 13 13
19 Inner Mongolia 0.490 0.501 0.490 0.501 1.0 1.0 - - 19 15
20 Guangxi 0.498 0.479 0.498 0.479 1.0 1.0 - - 16 21
21 Chongging 0.549 0.560 0.549 0.560 1.0 1.0 - - 11 11
22 Sichuan 0.495 0.501 0.495 0.501 1.0 1.0 - - 18 15
23 Guizhou 0.437 0.441 0.437 0.441 1.0 1.0 - - 29 28
24 Yunnan 0.497 0.487 0.497 0.487 1.0 1.0 - - 17 18
25 Tibet 0.506 0.433 0.506 0.433 1.0 1.0 - - 14 30
26 Shanxi 0.444 0.448 0.444 0.448 1.0 1.0 - - 27 26
27 Gansu 0.434 0.432 0.434 0.432 1.0 1.0 - - 31 31
28 Qinghai 0.432 0.435 0.432 0.435 1.0 1.0 - - 30 29
29 Ningxia 0.434 0.444 0.434 0.444 1.0 1.0 - - 28 27
30 Xinjiang 0.429 0.483 0.429 0.483 1.0 1.0 - - 23 20
31 Hainan 0.436 0.455 0.436 0.455 1.0 1.0 - - 26 25
Mean 0.581 0.588 0.581 0.588 1.0 1.0
Table 7
Efficiency scores and rankings for 2005 and 2006, including all inputs.
No. DMUs CRS efficiency VRS efficiency Scale efficiency Return of scale Ranking
2005 2006 2005 2006 2005 2006 2005 2006 2005 2006
1 Beijing 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
2 Tianjin 0.809 0.853 0.882 0.903 0918 0.944 Drs. Drs. 29 31
3 Liaoning 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
4 Shanghai 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
5 Jiangsu 0.872 0.879 0.874 0.880 0.997 0.999 Drs Irs 19 22
6 Zhejiang 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
7 Fujian 0.992 1.000 1.000 1.000 0.992 1.000 Drs - 21 1
8 Shandong 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
9 Guangdong 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
10 Hebei 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
11 Sanxi 0.989 1.000 1.000 1.000 0.989 1.000 Drs - 22 1
12 Jilin 0.843 0.840 0.883 0.881 0.954 0.954 Drs Drs. 28 30
13 Heilongjiang 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
14 Anhui 0.896 0.900 0.900 0.903 0.996 0.996 Drs Drs. 20 23
15 Jiangxi 0.814 0.819 0.840 0.847 0.970 0.967 Drs Drs 26 28
16 Henan 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
17 Hubei 0.890 0.884 0.901 0.891 0.988 0.992 Drs Drs. 23 24
18 Hunan 0.928 0.925 0.944 0.935 0.983 0.989 Drs Drs. 25 25
19 InnerMongolia 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
20 Guangxi 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
21 Chongging 0.909 0.977 1.000 1.000 0.909 0.977 Drs Drs. 30 26
22 Sichuan 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
23 Guizhou 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
24 Yunnan 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
25 Tibet 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
26 Shanxi 0.959 0.943 0.990 0.969 0.969 0.973 Irs Irs 27 27
27 Gansu 0.901 0.957 1.000 1.000 0.901 0.957 Irs Irs 31 29
28 Qinghai 0.870 1.000 0.870 1.000 1.000 1.000 - - 1 1
29 Ningxia 0.869 1.000 0.870 1.000 1.000 1.000 - - 1 1
30 Xinjiang 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
31 Hainan 0.957 1.000 0.972 1.000 0.984 1.000 Irs - 24 1
Mean 0.952 0.967 0.965 0.974 0.985 0.992
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output-based efficiency. Therefore, this model is also called the
output-oriented efficiency model. The study assumed that all local
governments had an unequal amount of resources and support
from the central government, which covers differences due to loca-
tion and political/economic support. Superior performance is a re-
sult of abundant support from the government and location
advantage. Local governments like Shanghai and Beijing obtain re-
sources from the Chinese central government that greatly exceed
that received by the western poor areas. The result of this inherent
inequality is that few FDIs will become involved in these poorer
interior provinces, and international trade activity becomes scarce.
A further problem is that increased transportation costs to these
places have a further economic impact. The DEA model accounts
for these inputs factors so that each local government can be eval-
uated under equal conditions. The DEA analysis was performed
over 2005 and 2006, giving results for the VRS efficiency, scale effi-
ciency, and rankings, as shown in Table 7.

The results in Table 7 differ from those in Table 6, indicating a
clear distinction between CRS and VRS efficiency scores, since the
CCR model is now meaningful. Even though the value of scale effi-
ciency (CRS/VRS) of the DMUs is 1, 13 DMUs in 2005 and 10 DMUs
in 2006 are less than 1. A review of the efficiency scores and rank-
ing by scale efficiency gives further evidence of a deviation from
that of Section 4.3.3 (a model without inputs), which showed that
the local governments did not vary greatly on efficiency. However,
when accounting for input factors, the change in the ranking is
diminutive and gives the positive result, as now most of the west
district governments have a low ranking when ignore inputs factor,
but when inputs were adopted to analyze with completed DEA
model, the differentiation of efficiency was small (see Tables 6
and 7). This finding is very important for evaluating economic per-
formance, because many factors impact poor economies; the most
important causes are a lack of support from the central govern-

ment and location. When these factors are taken into account in
the analysis, the economic performance results appear to be
counterintuitive.

4.3.5. DEA model analysis with quantitative inputs

The Section 4.3.4 details how the DEA model with all inputs
including qualitative and quantitative variables used to analyze
efficiency, in this section, we remove qualitative variables from
completed model and details how the DEA model with quantitative
inputs only is used to measure scale efficiency, the purpose is to
explore and compare results of different DEA model as well as to
understand the consistence by AHP analysis. Consequently, we find
that most of local governments’ CRS and VRS technical efficiency
scores are very close to mentioned above except Liaoning, Guangxi
and Sichuan as indicated in Table 8, furthermore, the scale effi-
ciency scores of this model is also approach all inputs model. The
meanings of this result are worth exploring because it overturned
our cognition and the results are contrary to expectations. Actually,
the results are better than expected and the variations are a scar-
cely perceptible movement. Even though the efficiency scores of
Liaoning, Guangxi and Sichuan are bigger variation than other local
governments, these local governments are still keep economic per-
formance on a regular basis. In generally, this finding is very
important for evaluating economic performance, because inputs
factors are not affected by variables characteristic. Meanwhile, in
this study, we can approve that the results of AHP analysis also im-
pact poor DEA model efficiency.

4.3.6. MPI for productivity index

The results of this study of performance for 31 DMUs in 2005
and 2006 are presented in Tables 6-8. The MPI and other indices
for the 2005 ~ 2006 period are shown in Table 9. Interestingly,
the MPI for the 25th DMU Tibet is 6.122 and the 28th DMU Qinghai

Table 8
Efficiency scores and rankings for 2005 and 2006, including quantitative inputs.
No. DMUs CRS efficiency VRS efficiency Scale efficiency Return of scale Ranking
2005 2006 2005 2006 2005 2006 2005 2006 2005 2006
1 Beijing 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
2 Tianjin 0.808 0.811 0.820 0.816 0.986 0.995 Drs. Irs 27 21
3 Liaoning 0.832 0.864 0.841 0.877 0.989 0.985 Irs Irs 24 23
4 Shanghai 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
5 Jiangsu 0.872 0.878 0.874 0.880 0.997 0.998 Drs. Irs 15 18
6 Zhejiang 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
7 Fujian 0.909 0.901 0.919 0.925 0.989 0.975 Irs Irs 24 25
8 Shandong 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
9 Guangdong 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
10 Hebei 0.996 1.000 1.000 1.000 0.996 1.000 Drs. - 18 1
11 Sanxi 0.929 1.000 0.932 1.000 0.996 1.000 Drs. - 18 1
12 Jilin 0.819 0.807 0.848 0.829 0.965 0.974 Drs. Drs. 20 26
13 Heilongjiang 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
14 Anhui 0.889 0.842 0.889 0.876 1.000 0.960 - Irs 1 29
15 Jiangxi 0.793 0.751 0.794 0.777 0.999 0.967 Irs Irs 14 28
16 Henan 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
17 Hubei 0.874 0.865 0.880 0.865 0.993 1.000 Drs. - 22 1
18 Hunan 0.901 0.867 0.910 0.893 0.990 0.971 Irs Irs 23 27
19 InnerMongolia 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
20 Guangxi 0.922 0.903 0.925 0.904 0.997 0.998 Irs Irs 15 18
21 Chongging 0.890 0.951 0.894 0.954 0.995 0.997 Irs Drs. 20 20
22 Sichuan 0914 0.899 0.948 0.982 0.964 0.916 Irs Irs 31
23 Guizhou 1.000 0.982 1.000 1.000 1.000 0.982 - Irs 1 24
24 Yunnan 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
25 Tibet 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
26 Shanxi 0.938 0.919 0.961 0.924 0.976 0.995 Irs Drs. 29 21
27 Gansu 0.879 0.926 1.000 1.000 0.879 0.926 Irs Irs 31 30
28 Qinghai 0.857 1.000 0.867 1.000 0.988 1.000 Drs. - 26 1
29 Ningxia 0.760 1.000 0.802 1.000 0.948 1.000 Drs. - 30 1
30 Xinjiang 1.000 1.000 1.000 1.000 1.000 1.000 - - 1 1
31 Hainan 0.957 1.000 0.972 1.000 0.984 1.000 Irs - 28 1
Mean 0.927 0.941 0.938 0.952 0.988 0.988
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Malmquist productivity index analysis over 2005 ~ 2006.

139

No. DMUs Change in Total Technical Change in technical Malmquist productivity Change in pure technical Change in scale efficiency
efficiency.TEC efficiency (TC) index (MPI) efficiency
Without With Without With Without With Without With Without With
inputs inputs inputs inputs inputs inputs inputs inputs inputs inputs
1  Beijing 1.120 1.169 1.030 1.000 1.154 1.169 1.030 1.000 1.000 1.000
2 Tianjin 1.109 1.030 1.019 1.054 1.130 1.086 1.019 1.024 1.000 1.029
3 Liaoning 1.111 1.163 1.028 1.000 1.142 1.163 1.028 1.000 1.000 1.000
4 Shanghai 1.117 1.143 1.000 1.000 1.117 1.143 1.000 1.000 1.000 1.000
5 Jiangsu 1.117 1.071 1.040 1.008 1.161 1.079 1.040 1.006 1.000 1.002
6  Zhejiang 1.111 1.077 1.014 1.000 1.127 1.077 1.014 1.000 1.000 1.000
7  Fujian 1.111 1.075 1.009 1.008 1.122 1.084 1.009 1.000 1.000 1.008
8  Shandong 1.172 1.162 1.018 1.000 1.192 1.162 1.018 1.000 1.000 1.000
9  Guangdong 1.187 1.155 1.000 1.000 1.187 1.155 1.000 1.000 1.000 1.000
10  Hebei 1.111 1.120 1.023 1.000 1.137 1.120 1.023 1.000 1.000 1.000
11 Shanxi 1.109 1.319 1.015 1.011 1.125 1.334 1.015 1.000 1.000 1.011
12 Jilin 1.109 1.057 1.015 0.997 1.125 1.054 1.015 0.997 1.000 1.000
13 Heilongjiang 1.111 1.004 1.000 1.000 1.112 1.004 1.000 1.000 1.000 1.000
14  Anhui 1.111 1.062 1.036 1.004 1.152 1.066 1.036 1.003 1.000 1.000
15  Jiangxi 1.109 1.039 1.000 1.006 1.109 1.045 1.000 1.008 1.000 0.997
16  Henan 1.111 1.103 1.030 1.000 1.145 1.103 1.030 1.000 1.000 1.000
17  Hubei 1.111 1.076 1.011 0.993 1.124 1.068 1.011 0.989 1.000 1.004
18 Hunan 1.111 1.046 1.001 0.997 1.113 1.043 1.001 0.991 1.000 1.006
19 InnerMongolia 1.109 1.046 1.023 1.000 1.134 1.046 1.023 1.000 1.000 1.000
20  Guangxi 1.109 1.112 0.962 1.000 1.066 1.112 0.962 1.000 1.000 1.000
21  Chongging 1.109 1.021 1.019 1.075 1.130 1.097 1.019 1.000 1.000 1.075
22 Sichuan 1.111 1.197 1.013 1.000 1.126 1.197 1.013 1.000 1.000 1.000
23 Guizhou 1.109 1.000 1.009 1.000 1.119 1.000 1.009 1.000 1.000 1.000
24 Yunnan 1.109 1.108 0.980 1.000 1.087 1.108 0.980 1.000 1.000 1.000
25  Tibet 1.109 6.122 0.855 1.000 0.948 6.122 0.855 1.000 1.000 1.000
26 Shanxi 1.109 1.091 1.011 0.984 1.120 1.073 1.011 0.979 1.000 1.004
27  Gansu 1.109 1.000 0.995 1.062 1.103 1.062 0.995 1.000 1.000 1.062
28  Qinghai 1.109 2.322 1.008 1.149 1.117 2.668 1.008 1.149 1.000 1.000
29  Ningxia 1.109 1.574 1.023 1.150 1.134 1.811 1.023 1.150 1.000 1.000
30 Xinjiang 1.109 1.075 1.127 1.000 1.249 1.075 1.127 1.000 1.000 1.000
31 Hainan 1.109 1.141 1.043 1.045 1.156 1.193 1.043 1.028 1.000 1.016
Mean 1.115 1.198 1.011 1.017 1.127 1.218 1.011 1.010 1.000 1.007

is 2.668 in DEA model with inputs. Both numbers are larger, as
compared with the other DMUs. It seems irrational, because Tibet
and Qinghai is located in west China and has few resources, indus-
tries, support, and foreign investment. They only have the most
land but a low population, so one of its key industries is tourism.
Although the possibility exists that incorrect information was sent
to the relevant department, but a check on this has yielded no
abnormal results. Meanwhile we find that due to the smaller value
of input and output variables compared with others provinces, re-
sult in the quantitative analysis is more sensitive and affect the
MPI value of both provinces to be larger.

Table 9 indicates most DMUs MPI value is larger than 1, which
suggests that the economic growth of China is in a favorable situ-
ation. A thorough check of the data shows that the advantage is not
significant in the all local governments except Tibet and Qinghai
which suggests that the economic growth rates are better than
the others. Also we find whatever DEA model be used the MPIs va-
lue of local governments are in close vicinity which ranged from
1.000 to 1.200 in Table 9, the meanings of this results are that most
of DMUs have poor deviation of economic growth rate excluded Ti-
bet and Qinghai are higher mentioned as above. Furthermore, com-
pare the results of different districts indicate that after discounting
as well as taking into consideration the advantages of location and
political connections, since the average MPIs value of each districts
are as follow when discounting concerned: the east district is
1.149; the central district is 1.125; the west district is 1.111, the
east district provinces of China do not have superior economic per-
formance or a better MPI index, when taking into counting for all
inputs variables, even though the Tibet MPI value are neglected,
the economic growth and performance of east district is worse

than another districts. This result is seems contrary to our original
hypothesis.

5. Implications

The results of our analysis have valuable policy implications for
evaluating economic performance and making investment deci-
sions in China. Additionally, there are those who are always suspi-
cious of economic statistical reports of China. We wish to stress
here that the findings of this study were made with critical thought
given to the choice of variables, so the implications discussed be-
low should be considered with this in mind.

1. The prevailing stereotype regarding the economic situation in
China is that the provinces and municipalities along the coast
in China are exhibiting progressive growth in economic devel-
opment and are therefore rich. In some cases, this stereotype
is based on fact. The AHP approach used in this study provides
an understanding of this perception, indicating that most par-
ticipants fall into this stereotype. However, a thorough investi-
gation reveals that this phenomenon is exaggerated by external
social factors. Our DEA analysis shows that the stereotype is not
true.

2. The DEA model is a mathematical programming linear approach
and can help researchers to obtain the best solution for multi-
criteria decision making. This study utilizes two DEA’s model,
one is an analysis without inputs, while the other includes
inputs. The reason for using a model without inputs is to under-
stand the efficiency difference between the east and middle/
west districts in the absence of the disparity in resources and
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support from the central government. The results clearly indi-
cate that the east district performs better than the others, and
the deviation is very large. However, considering that the east
area obtains a high level of support and investment from the
central government and foreign countries, the complete model
with inputs shows that their efficiency values are not as high as
initially perceived. Furthermore, the results even show that
some middle and west local governments have higher efficiency
values than those in the east. This shows that a comparison
based only on the outcomes is inaccurate. Since support to
the regions is unequal, and considering the nature of the
conditions, the west and middle governments are remarkably
effective.

3. Interestingly, this study also finds peculiar results, as the MPI
value of Tibet is 6.122, which is very large. If this value is correct
and if the data from the Chinese government is correct, then
Tibet is one of the most economically viable regions, having
almost quadrupled in growth from 2005 to 2006, which in actu-
ality is impossible. We attribute this result in Tibet to statistical
information error, or it is an aberrant result.

6. Conclusion

In this paper, the economic performance of local governments
in China is evaluated by an available model. The results are useful
in improving our understanding of the economy in China. Although
currently known as the largest market in the world, it would ap-
pear that there is potential for even greater growth. China is a
mainland, and each local government has unique features and tra-
ditions. There are many races, different languages, and different
ways of thinking, so a complete understanding of the country is
impossible. Therefore, this study aims to provide some basic infor-
mation that allows for a better understanding of this country.

The results of this paper show that the economic performances
of local governments exhibit a great divergence between different
model analyses. For the DEA model that does not consider input
factors, the east is the highest ranked region, while the west and
central regions are ranked lower. If relevant input factors are con-
sidered, then the ranking significantly changes, and the east has a
lower ranking. This means that the choice of DEA model (with or
without inputs) has a significant effect on the economic conclu-
sions drawn from a study.

Acknowledgements

The author is grateful to the anonymous reviewer and the edi-
tors and to Professor Lee, Professor Wang, and Professor Ho, for
their guidance with the model approach, as well as their encour-
agement throughout this work.

References

Adolphson, D.L., Cornia, G.C., Walters, L.C., 1992. A unified framework for classifying
DEA models. In: Operational Research’90. Pergamon Press, New York, pp. 647-
657.

Ahmad, N., Berg, D., Simons, G.R., 2006. The Integration of analytical hierarchy
process and data envelopment analysis in a multi-criteria decision making
problem. International Journal of Information Technology and Decision Making
5(2), 263-276.

Azadeh, A., Ghaderi, S.F., Izadbakhsh, H., 2008. Integration of DEA and AHP with
computer simulation for railway system improvement and optimization.
Applied Mathematics and Computation 195 (2), 775-785.

Banker, R.D., Charnes, A., Cooper, W.W., 1984. Some methods for estimating
technical and scale inefficiencies in data envelopment analysis. Management
Science 30 (9), 1078-1092.

Charnes, A., Cooper, W.W., Rhodes, E., 1978. Measuring the efficiency of decision
making units. European Journal of Operational Research 2 (11), 429-444.

Charnes, A., Cooper, W.W., Lewin, AY., 1994. Data Envelopment Analysis: Theory,
Methodology and Application. Kluwer, Boston.

China’s Economic & Trade Yearbook. China Economic and Trade Yearbook Publisher
2006.

China’s Economic & Trade Yearbook. China Economic and Trade Yearbook Publisher
2007.

CPA. The study of local government performance index: Referred to England.
America and Japan Models. Central personnel Administration. Taiwan 2006.
DPB. Instruction for setting strategic goals and submitting decision packages/goal
setting and performance budgeting for the 1996-1998. Biennium Virginia.

August 1995.

Ertay, T., Ruan, D., Tuzkaya, U.R,, 2006. Integrated data envelopment analysis and
analytic hierarchy for the facility layout design in manufacturing systems.
Information Sciences 176 (3), 237-262.

Farrel, M.J., 1957. The measurement of productive efficiency. Journal of Royal
Statistical Society A20, 253-281.

Fare, R., Grosskopf, S., Lindgren, B., Ross, P., 1994. Productivity Developments in
Swendish Hospital: A Malmquist Output Index Approach. Kluwer, Boston. 253-
272.

Golany, B., Thore, S., 1997. Restricted best practice selection in DEA: An overview
with a case study evaluating the socio-economic performance of nations.
Annals of Operation Research 73, 117-140 (Chapter 6).

Ho, W., 2008. Integrated analytic hierarchy process and its applications: A literature
review. European Journal of Operational Research 186, 211-228.

Jahanshahloo, G.R., Lotfi, F.H., Memariani, A., Rezai, H.Z., 2005. A note on some of
DEA models and finding efficiency and complete ranking using common set of
weights. Applied Mathematics and Computation 166, 265-281.

Kengpol, A., Brien, C.0., 2001. The development of a decision support tool for the
selection of a advanced technology to achieve rapid product development.
International Journal of Production Economics 69, 177-191.

Korpela, J., Lehmusvaara, A., Nisonen, ]., 2007. Warehouse operator selection by
combining AHP and DEA methodologies. International Journal of Production
Economics 108 (1-2), 135-142.

Lovell, CAK, Pastor, J.T., 1999. Radial DEA models without inputs or without
outputs. European Journal of Operational Research 118, 46-51.

Lootsma, F.A., 1999. Multi-criteria Decision Analysis via Ratio and Difference
Judgment. Kluwer, Dordrecht.

Lai, V., Wong, B.K., Cheung, W., 2002. Group decision making in a multiple criteria
environment: A case using the AHP in the software selection. European Journal
of Operational Research 137, 134-144.

Muther, R., 1973. Systematic Layout Planning, second ed. Cahners Books, Boston,
MA.

People’s Daily. The change of official performance assessment and government
performance evaluating system. China Government 2008.

Ramanathan, R., 2006a. Evaluating the comparative performance of countries of the
Middle East and North Africa: A DEA application. Socio-Economic Planning
Sciences 40, 156-167.

Ramanathan, R., 2006b. Data envelopment analysis for weight derivation and
aggregation in the analytic hierarchy process. Computer and Operation
Research 33, 1289-1307.

Saen, R.F.,, Memariani, A., Lotfi, F.H., 2005. Determining relative efficiency of slightly
non-homogeneous decision making units by data envelopment analysis: A case
study in IROST. Applied Mathematics and Computation 165, 313-328.

Saaty, T.L, 1987. Rank generation, preservation and reversal in the analytic
hierarchy process. Decision Sciences 18, 157-177.

Saaty, T.L., 1986. Axiomatic foundations of the analytic hierarchy process.
Management Science 32, 841-855.

Saaty, T.L., 1994. Fundamentals of Decision Making and Priority Theory with the
Analytic Hierarchy Process. RWS Publications, Pittsburgh USA.

Saaty, T.L., 1980. The Analytic Hierarchy Process. RWS Publications, Pittsburgh PA.

Saaty, T.L, 1980. The Analytic Hierarchy Process: Planning, Priority Setting and
Resource Allocation. McGraw-Hill, New York.

Shang, ].S., 1993. Multi-criteria facility layout problem: An integrated approach.
European Journal of Operational Research 66, 291-304.

Sevkli, M., Lenny Koh, S.C., Zaim, S., Demirbag, M., Tatoglu, E., 2007. An application
of data envelopment analytic hierarchy process for supplier selection: A case
study of BEKO in Turkey. International Journal of Production Research 45 (9),
1973-2003.

Takamura, Y., Tone, K., 2003. A comparative site evaluated study for relocating
Japanese government agencies out of Tokyo. Socio-Economic Planning Sciences
37, 85-102.

Thiel, S., Leeuw, F., 2002. The performance paradox in the public sector. Public
Performance and Management Review 25 (3), 267-281.

Vaidya, 0.S., Kumar, S., 2006. Analytic hierarchy process: An overview of
applications. European Journal of Operational Research 169, 1-29.

Yang, T., Kuo, C., 2003. A hierarchical AHP/DEA methodology for the facilities layout
design problem. European Journal of Operational Research 147, 46-51.

Zakarian, A., Kusiak, A., 1999. Forming teams: An analytical approach. IIE
Transactions 31 (1), 85-97.



	Applying integrated DEA/AHP to evaluate the economic performance of local  governments in China
	Introduction
	Literature review
	Study framework
	Analytic and evaluation methodology
	Decision making units (DMUs) generation
	AHP for qualitative performance evaluation
	DEA evaluation method
	Radial model with or without input
	Time series analysis-MPI (malmquist productivity index)

	Empirical study and illustration
	Empirical design
	AHP analysis
	Hierarchy structure
	Weight value of AHP
	Sensitivity analysis and consistency index

	DEA model analysis
	Data collection for DEA analysis
	Correlation analysis
	DEA model analysis without input
	DEA model analysis with all inputs
	DEA model analysis with quantitative inputs
	MPI for productivity index


	Implications
	Conclusion
	Acknowledgements
	References


