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ABSTRACT 

The infrastructure construction is playing an important role in the development of Liaoning Coastal Economic Belt, 
whereas a calculation and analysis on the relative efficiency of its 6 cities’ infrastructure investment will offer a useful 
reference to the decision on the future investment scale and structure of this area’s infrastructure. Based on DEA model 
and from the viewpoint of constant scale return and changing scale return, this paper calculates the comprehensive rela- 
tive efficiency and scale relative efficiency of the infrastructure investment in Liaoning Coastal Economic Belt in 
2000-2009, and draws the following conclusion: Infrastructure investments in Dalian, Jinzhou and Panjin are compre- 
hensively relative efficient, while infrastructure investments in Dandong,Yingkou and Huhudao are comprehensively 
relative inefficient. Infrastructure investments in Yingkou and Huludao are technically efficient, but inefficient in the 
sense of scale, and are taking increasing scale returns, while the infrastructure investment in Dandon is inefficient from 
both the technology and scale senses, and is showing a decreasing scale return. 
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1. Introduction 

The term of “infrastructure” was introduced to the field 
of economics in the 1940s, however, economists have 
much earlier realized the importance of public facilities 
such as the navigation, port, warehouse, and water con- 
servancy project. With the rapid development of China’s 
economy and the increasing demand from urban and ru- 
ral inhabitants for the quality of their livelihood and their 
surrounding environment, infrastructures role as the car- 
rier of social and economical activities is paid more and 
more attention. Data Eivelopmeit Aialynin，DEA, raised 
by A. Charienis, W. W. Cooperan and E. Rhoden, is an 
effectiveness comprehensive assessment method with 
multi-index inputs and multi-index products, which is 
mainly used to assess the relative effectiveness of similar 
companies, therefore, it is also a method of appraising 
the relative efficiency of decision-making unit with 
multiinput and multi-product. Its basic idea is to spread the 
single-input and single-output engineering efficiency 
concept to the effectiveness assessment of decision- making 
unit with multi-input and multi-output, to apply the mathe- 
matics planning to assess the relative effectiveness of 
multi-input and multi-output “unit”. It decides whether 
the DMU is effective by the means of its observation 

data, essentially, it decides whether the DMU is located 
in the leading edge of production possible anthology. 
Based on DEA model and from the viewpoint of constant 
scale return and changing scale return, this paper aims to 
analyze the comprehensive relative efficiency and scale 
relative efficiency of the infrastructure investment in the 
Liaoning Coastal Economic Belt in 2000-2009. 

2. Evaluation Model 

2.1. C2R Model (Constant Scale Return) 

The C2R model which is used to evaluate the comprehen- 
sive relative efficiency of Liaoning Coastal Economic 
Belt is as the following: 
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In the above formula, letter n indicates the quantity of 
DUM of the same kind; m and t respectively indicate the 
quantity of input index and output index; 

0ij  and 
0ij  

indicate the ith input and the rth output of the j0th DUM; 
t – i and t + r are Slack variable; δ is normally 10-5; η 
indicates the comprehensive efficiency of the infrastruc-
ture investment in Liaoing Coastal Economic Belt. 

a b

2.2. BC2 Model (Changing Scale Return) 
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At the beginning, we determine the comprehensive re- 
lative efficiency of each DUM by the application of C2R 
model. If a DUM is DEA efficient, in other words, both 
scale efficient and technically efficient, it supposes that 
the infrastructure investment structure of this DUM is 
sensible and that its capital efficiency is relative high; If 
a DUM is DEA inefficient, we should take one step ah- 
ead to determine whether it is technically efficient or not. 

3. Samples Choosing and Data Processing 

This paper regards the six cities of the Liaoning Coastal 
Economic Belt as the DUMs, including Dalian, Dandong, 
Jinzhou, Yingkou, Panjin and Huludao. All of adopted 
samples are selected from or calculate based on the offi- 
cial statistical data of this region in 2000-2009, which 
includes the input data the capital inventory of fixed- 
asset and employee number, and output data-GDP. 

All the adopted data are from the “Liaoning Statistical 
Yearbook” (2000-2009). In this paper, the total social 
fixed-asset investments in each city in 2000 and 2001 are 

derived from the ratio of each city’s total social fixed- 
asset investment to the Liaoning Coastal Economy Belt 
total social fixed-asset investment multiplying the same 
year Liaoning Coastal Economic Belt total social fixed- 
asset investment respectively; The quantities of employ- 
ment of each city in 2000 and 2001 are derived from the 
average increasing speed of the quantities of employment 
in each city in 2002-2009.  

The infrastructure fixed-asset inventory of each city in 
each year is calculated by the means of perpetual invent- 
tory method. To eliminate the influence of the inflation, 
the infrastructure fixed-asset investment of each city in 
each year is converted by the fixed-asset investment pri- 
ce index into constant data; GDP data are converted by 
the means of GDP conversion index, regarding the year 
of 2000 as base period. 

4. Calculation of the Relative Efficiency of 
Infrastructure Investment in Liaoning 
Coastal Economic Belt 

4.1. The Comprehensive Efficiency Calculated 
Based on C2R Model 

Table 1 reveals that in 2000-2009 the comprehensive 
efficiency values of infrastructure investment in Dalian, 
Jinzhou and Panjin are 1, which means DEA efficiency 
generally, including scale efficiency and technology effi-
ciency. The comprehensive efficiency values of infrastruc- 
ture investment in Dandong, Yingkou and Huludao are 
all lower than 1, which means DEA inefficiency gener-
ally. Briefly, infrastructure investments in Dalian, Jinzhou 
and Panjin are relatively efficient, while those in Dan- 
dong, Yingkou and Huludao are relatively inefficient. 

4.2. The Scale Efficiency Calculated Based on 
BC2 Model 

In spite of the DEA comprehensive inefficiency in Ying- 
kou and Huludao, Table 2 indicates that the technology 
efficiency values in these two cities are all 1, which means 

 
Table 1. Comprehensive efficiency of infrastructure invest- 
ment in Liaoning Coastal Economic Belt in 2000-2009. 

DUM 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Dalian 1 1 1 1 1 1 1 1 1 1 

Dandong 0.654 0.676 0.698 0.713 0.755 0.699 0.672 0.692 0.674 0.737

Jinzhou 1 1 1 1 1 1 1 1 1 1 

Yingkou 0.587 0.593 0.603 0.621 0.629 0.599 0.595 0.541 0.567 0.619

Panjin 1 1 1 1 1 1 1 1 1 1 

Huludao 0.877 0.897 0.9 0.929 0.932 0.893 0.832 0.857 0.799 0.815
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Table 2. Scale efficiency of infrastructure investment in 
Liaoning Coastal Economic Belt. 

DUM crste vrste scale scale efficiency

Dalian 1.000 1.000 1.000 crs 

Dandong 0.654 0.660 0.990 drs 

Jinzhou 1.000 1.000 1.000 crs 

Yingkou 0.587 1.000 0.587 irs 

Panjin 1.000 1.000 1.000 crs 

Huludao 0.877 1.000 0.877 irs 

Note: Crste indicates technology efficiency (comprehensive efficiency) with- 
out considering the scale efficiency; vrste indicates the technology effi- 
ciency (pure technology efficiency) considering scale efficiency; scale in- 
dicates scale efficiency; drs, crs and irs indicate decreasing scale return, 
constant scale return and increasing scale return respectively. 
 
the infrastructure investment here are technologically 
efficient, but inefficient in the term of scale, since the 
scale efficiency values being 0.587and 0.877 respectively. 
On the same time, the infrastructure investment in Dan- 
dong is not only DEA comprehensive inefficient, but also 
technically inefficient and scale inefficient, since the te- 
chnology efficiency value and scale efficiency value be-
ing 0.66 and 0.99 respectively. Among these three cities 
of Dandong, Yingkou and Huludao being inefficient in 
the term of scale, Dandong is taking on an decreasing 
scale return, possibly because the supporting facilities 
have not been set up here yet; Yingkou and Huludao are 
showing increasing scale return, possibly because scale 
effects have not been brought into full play in these two 
cities, and it is advisable to raise the infrastructure in- 
vestment volume, innovate the financing model, and im- 
prove the investment system aw well as project man- 
agement. 

5. Conclusions 

Generally, the comprehensive efficiencies of the infra- 
structure investments in Dalian, Jinzhou and Panjin are 
relatively high, while those in Dandong, Yingkou and 
Huludao are relatively low. Despite their comprehensive 

inefficiency, the infrastructure investments in Yingkou 
and Huludao are technically efficient, with an increasing 
scale return. In these two cities, it is advisable to increase 
the infrastructure investment efficiency and hence give 
an impetus to the economy development by the means of 
innovating the funding model, perfecting investment in- 
stitution and project management as well as increasing 
the investment scale. The infrastructure investment in 
Dandong is neither technically efficient nor scale effi- 
cient, with a decreasing scale return, which means that 
the single-handed improvement of infrastructure invest- 
ment level will not necessarily so bring a better effi- 
ciency in this city, and it is advisable to strengthen sup- 
porting facilities and realize the balanced development of 
its various economy sectors.  

Through the foregoing calculation, it is discovered that 
the comprehensive relative efficiency values of infra- 
structure investment in Dalian, Jinzhou and Panjin are all 
1, however, this result is not proving that the infrastruc- 
ture investments in these three cities are at their best, and 
is just indicating that compared to other DUMs, these 
three cities’ infrastructure investments are relatively op- 
timistic. 
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