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Abstract
This paper attempts to evaluate the integrated transport effi-
ciency of provinces in China over the period 1988-2009 based 
on DEA model. The results indicate that the spatial pattern 
of three efficiency indexes demonstrates a declining trend 
from the eastern China to the western China, which coincides 
with the spatial pattern of economic development in China. 
The spatial distribution of transport efficiency of provinces in 
China is mainly determined by pure technical efficiency other 
than scale efficiency. Since the level of allocating and utilizing 
transport resources, is relatively low, which means the overall 
transport efficiency will be greatly improved through improv-
ing the ability in the resource utilization process in future. Our 
findings suggest that future development of transport network 
in China should be improved by restructuring and optimizing 
the transport network structure, especially to the necessity of 
building an open and efficient integrated transport system.

Keywords 
integrated transport efficiency, pure technical efficiency, scale 
efficiency, data envelopment analysis, China

1 Introduction
It is well known that an efficient and reliable transport sys-

tem forms the backbone for the development of any national 
or regional economy. As a consequence, there has been much 
research has focused attention on the measurement of effi-
ciency in the transport systems. Since the beginning of eco-
nomic reforms and an open-door policy in 1978, China has 
experienced rapid economic development. In parallel with 
these economic developments, there have been remarkable 
developments in Chinese transport infrastructures. This implies 
the development of transport infrastructures in China has com-
pleted network skeleton building and scale expansion prelimi-
nary stage and has constructed one integrated transport system 
whose ability, structure and spatial distribution can ensure the 
rapid development of China’s socio-economy (Jin et al., 2009). 
The development of transport infrastructures is character-
ized by intensive capital input, intensive energy consumption 
and pollution emissions (Szendrő and Török, 2014). Against 
the background of continuous constraint intensification of 
resources and energies in China, it is, therefore, very useful to 
examine transportation efficiency from the geographical per-
spective. The objective of this paper attempts to improve our 
understanding of the transport efficiency from the geographical 
perspective. During the 30 years of large-scale development 
of transport infrastructure in China, how is the transportation 
efficiency and how does its spatial pattern change? These are 
questions we hope to answer in this paper. 

The remainder of this paper is structured in four main sec-
tions. The second section presents a brief review on the trans-
port efficiency assessment. The third section proposes the 
methodology and describes the data collection for assessing 
regional integrated transport efficiency. The fourth section pre-
sents an analysis of changes in transport efficiency resulting 
from transport developments. This is followed by discussions 
of the relationship between the elements of transport efficiency 
and sensitivity analysis. And finally, in the conclusions we 
present an overview of the most important findings and some 
avenues for further research.
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2 Transportation efficiency assessment: a literature 
review

The term efficiency refers to the relationship between real 
or observed values of output(s) and input(s) and the optimal 
values of input(s) and output(s) used in a production process 
(Karlaftis and Tsamboulas, 2012; Torok et al.,2014). Relevant 
literature has primarily been devoted to comparing and evaluat-
ing different transport agencies, including public transit agen-
cies (e.g. Nolan, 1996; Kerstens, 1996; Karlaftis, 2003, 2004), 
railway systems (e.g. Oum and Yu, 1994; Cowie, 1999), air-
port /airline (e.g. Schefczyk, 1993; Barros, 2007) and mari-
time (e.g. Tongzon, 2001; Cullinane et al., 2006). Most early 
research mainly applied the partial ratio indicators to evalu-
ate transport efficiency, such as vehicle hours per employee, 
vehicle kilometres per active vehicle, passengers per revenue 
vehicle hour (Tomazinis, 1977; Mackie and Nash, 1982; Lee, 
1989). Fielding et al. (1978; 1985) also defined a set of indica-
tors to measure the performance of public transport systems 
in the USA. These indicators were separated in three catego-
ries: efficiency, effectiveness and overall indicators. Based on 
this work, many authors have used the proposed indicators to 
analyse transit system efficiency and productivity (eg. Tal-
ley and Anderson, 1981; Fielding, 1992; Oum and Yu, 1994; 
Markovits-Somogyi et al., 2012). Based on the multi-inputs 
and multi-outputs nature of transport systems, the advance-
ment of data envelopment analysis (DEA) approach has gener-
ated a growing body of literature on applications in transport 
efficiency studies (Farrell, 1957; Charnes et al., 1978; Marko-
vits-Somogyi and Bokor, 2014). Many studies have examined 
the effects of deregulation, subsidies and scale of the firm on 
the performance of transport firms by use of DEA model. For 
example, Pina et al. (2001) did a DEA study of 15 urban pub-
lic transport companies in Spain. Nolan (1996) investigated 25 
mid-sized bus firms using USDOT section 15 data from 1989 
to 1993 based on DEA model and tried to identify the rela-
tionships between the efficiency scores and agency character-
istics using Tobit regression. Viton (1997; 1998) examined the 
technical efficiency of US multimode bus transit and discussed 
technological challenges facing the industry. Recently, several 
DEA approaches have been generated by researchers in order 
to overcome non-storable and “black-hole” characteristics of 
transport services (Kao, 2014). For instance, Karlaftis (2004) 
analyzed the efficiency and effectiveness of 256 transit systems 
from 1990 to 1994. Yu et al. (2009; 2012) proposed a mixed 
structure network DEA model to simultaneously estimate the 
production efficiency, service effectiveness and operational 
effectiveness of multimode transit firms. In addition, some 
studies have explored the performance of airports and con-
tainer ports. Moreover, with increasing focus on the problems 
of resources and global climate change, there is a growing body 
of studies on resource efficiency and carbon dioxide emission 
efficiency of transport. In particular, Ruzzenenti et al. (2009) 

analyzed energy efficiency evolution of European road freight 
transport sector and found the level of resource efficiency has 
been improved by 60% in recent 30 years; Loo et al. (2012) 
traced the historical evolution and spatial disparity of CO2 
emissions from passenger transport in China.

In China, studies on transport efficiency were mainly carried 
out through constructing transport efficiency evaluation index 
system, e.g. Wu (2001) defined the conceptual aspects of trans-
port efficiency evaluation as allocation efficiency of transport 
systems, technical and economic efficiency of transport modes 
and transport organization efficiency, and the results indicate the 
level of transport efficiency in China was very low compared 
with developed countries. Wang et al. (2008) investigated the 
efficiency evolution of transport industries during 1980-2005 
in China based on Malmquist-DEA model and found that the 
technical efficiency continued to decrease after 2000. Gao et al. 
(2011) took 18 railways bureaus as the decision-making units in 
China and evaluated the organizational efficiency of 18 railway 
transport firms in 2007 based on the Network DEA model. Jiang 
(2010) investigated the efficiency of the logistics network of 25 
cities employing DEA. It is interesting to see that his work does 
not evaluate firms but regions, the inputs characterize the level 
of economic development, and the accessibility of transport, 
while the output is freight transport performance in tonne-kil-
ometer realized on different elements of the transport network. 
In addition, Wei et al. (2013) evaluated the sustainability effi-
ciency and capacity efficiency of Chinese cities based on DEA 
model. The results showed stronger eastern and central cities 
focusing more on high capacity efficiency and low sustainabil-
ity efficiency while western cities do the opposite.

From this brief review of the existing literature, it can be 
inferred that despite there being a large body of studies on 
transport efficiency, there are at least two areas where the avail-
able evidence on transport efficiency measurement is very lim-
ited, namely, 1) the majority of this literature focuses the per-
formance of transport firms from a management perspective, 
relatively little attention has been paid to the wider geographi-
cal aspects of the efficiency of regional transport systems; and 
2) the selection of output variables in previous studies almost 
only considered positive economic products, it is necessary to 
select undesirable output as well as desirable output variables. 
The objective of this paper is to improve our understanding 
of the regional transport efficiency from the geographical per-
spective. More specifically, this paper focuses the performance 
of regional integrated transport systems by evaluating the tech-
nical, pure technical and scale efficiencies in Chinese provinces 
over the period 1988-2009.

3 Data and Methodology 
As mentioned in the literature review, the term efficiency can 

be viewed as a ratio or even just as a relationship between the 
inputs and outputs of a DMU. So the term regional integrated 
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transport efficiency can be defined as follows: the ratio of the 
service and other outputs produced by the regional integrated 
transport systems and the resources utilized for this production. 
The integrated transport efficiency is a comprehensive repre-
sentation of rational resource allocation, utilization, operation 
and management for regional transportation resource.

In this paper, integrated transport systems are composed of 
highway, railway and inland water transportation. Maritime 
transportation and air transportation are not included in the 
analysis due to their different operational features. Based on the 
availability and statistical consistency of the data in choosing 
appropriate DMUs for our study, the provincial level adminis-
trative unit (including provinces, centrally administered cities 
and autonomous regions) are used due to they have a lot of 
freedom to allocate resources within their regions and its nature 
as the basic spatial unit for studying socio-economic develop-
ment. The provinces of Tibet, Hong Kong, Macau and Taiwan 
are excluded because data are not available.

This paper uses data from 1988 and 2009 to evaluate the inte-
grated transport efficiency of each of these provinces using the 
DEA model described later. All information has been obtained 
from the annual reports of National Bureau of Statistics of China 
including the Chinese Statistical Yearbooks of 1989 and 2010, 
the Chinese City Statistical Yearbooks of 1989 and 2010 and the 
yearbooks of 30 Chinese provinces(centrally administered cities 
and autonomous regions) relating to the relevant years.

Fig. 1 The geographical area in China.

3.1 Output and input measures
The accuracy of the estimated efficiency measurement by 

DEA depends on the use of appropriate inputs and outputs. 
Most commonly, labour, capital and energy are used as inputs, 
and Passenger-km and freight-km are used as outputs. In this 
paper, three inputs and two outputs used to measure efficiency 
can be detailed as follow (Table 1):

Output 1: efficiency output including passenger-km (PK) 
and freight-km (FK).

Output 2: undesirable output is CO2 emission volume (CO2).
Input1: network length (NL) including railway distance, 

highway distance and inland waterway distance.
Input 2: fleet size (FS) including the number of passengers 

and freight trains, the number of service vehicles and the num-
ber of service ships.

Input 3: total staff (TS) including the number of staff and 
workers in railway, road and water transportation.

Table 1 The input and output indicators for the DEA model

variable
first-class 
variable

second-class variable

Input 
variable

network length 
railway distance, highway distance, inland 
waterway distance 

fleet size 
number of passenger and freight trains, 
number of service vehicles, number of 
service ships

total staff 

employees of railway transportation, 
employees of road transportation, 
transportation, employees of water 
transportation

Output 
variable

efficiency output passenger -km, freight-km

pollutant output CO2emission volume

The descriptive statistics of these variables over the 2 years 
of study are given in Table 2 below.

Table 2 Descriptive statistics of the variables

Variables Year Maximum Minimum Average
Standard 
Deviation

Passenger-km
1988 9209769 178401 2195229 1931304

2009 18869000 856000 7143333 4956959

Freight-km
1988 1283 5 385 303 

2009 14373 364 3702 3421 

CO2

1988 1733276 85427 742204 442293 

2009 29418668 837787 9278244 6982819 

Network 
length

1988 13186 544 4439 2668 

2009 141757 449 53982 38010 

Fleet size
1988 54082 69 4373 10774 

2009 463264 2036 140930 117115 

Total staff
1988 27 2 14 7 

2009 29 2 13 7

As a thumb rule of DEA, the number of DMU should be 
three times greater than the number of the inputs plus out-
puts. As mentioned above, this paper was carried out for 29 
and 30 Chinese provinces (centrally administered cities and 
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autonomous regions) in 1988 and 2009 respectively, which 
means the number of input and output variables is not more 
than 10. Therefore, in order to reduce the number of inputs and 
getting comprehensive scores, we ran a weighted sum method 
to the second-class variable in Table 1.

In this study, we considered the loading factor for passenger 
and freight of transportation modes as the weight coefficient, 
i.e. the ratio of total annual passenger-km/freight-km of each 
transport modes to overall total annual passenger-km/freight-
km. Moreover, due to different units of passenger-km and 
freight-km, we should convert the passenger-km and freight-
km into comprehensive turnover volume index, which reflects 
total passenger and freight turnover volume completed by each 
transport modes. The comprehensive turnover volume index is 
calculated as follow:

PF F P Aki ki ki i= + ×( )

W PF
PFki
ki

ki
k i

=

= =
∑
1 1,

Where:
PFki is the comprehensive turnover volume of the ith transporta-
tion modes in the kth provinces, (i is assigned with 1-3, 1 for 
railway, 2 for road and 3 for waterway);

Fki is the freight turnover volume of the ith transportation modes 
in the kth province;
Pki is the passenger turnover volume of the ith transportation 
modes in the kth province;
Ai is the conversion coefficient of passenger and freight trans-
port. According to the standard of conversion coefficient of 
passenger and freight transport of national statistical system 
in China, in this study, the conversion coefficient of railway, 
highway and waterway passenger turnover volume have been 
assigned with 1, 0.1 and 1 respectively. 

Due to the lack of official CO2 emission data in China, the 
CO2 emission data from transportation of each province were 
derived from references (Loo and Li, 2012). The more the CO2 

emit, the worse the performance of transport systems is. In 
order to simultaneously take efficiency output and undesirable 
output into consideration for DEA model, CO2 emission was 
normalized as follows:

δ ν
νk

k

= ×min 100

Where: 
δk is the normalized value of CO2 emission of kth province, 
0<δk<100; Vk is the actual value of CO2 emission of kth prov-
ince, Vmin is the minimum value of CO2 emission of provinces 
in China.

3.2 Data envelopment analysis
DEA is a non-parametric programming technique for meas-

uring the relative efficiency of decision-making units (DMUS) 
that perform similar tasks (Charnes et al., 1989). It determines 
a set of weights such that the efficiency of a target unit rela-
tive to other units is maximized. In other words, DEA defines a 
non-parametric best practicing frontier and then measures effi-
ciency relative to that frontier. Since DEA does not require an 
assumption of a functional form relating inputs to outputs and 
can simultaneous analysis the relationship between multiple 
outputs and multiple inputs, this model has been extensively 
used within research.

In this paper, each province is treated as a DMU. BCC input-
oriented model has been employed, which means how much 
resources can be reduced without changing the outputs pro-
duced to make regional integrated more efficiency. Mathemati-
cally, VRS suggests that the estimated production frontier can 
pass anywhere relative to the origin in input-output space.

Let us first define the model variables:
j: index of decision-making units, j=1,…,n,
i: index of input, i=1,…,m,
r: index of output, r =1,…,s,
xij: the ith input for DMUj,
yrj: the rth output for DMUj,
λj: the non-negative scalars(weight)for DMUj,
μ: the optimal output level.
Mathematically, the input-oriented BCC model can be writ-

ten as:
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Notice that μ =1.0 is always a feasible solution to the DEA 
model. If μ=1.0 also turns out to be the optimal solution, then 
DMU0 is technically efficient, since the model is unable to find 
a virtual DMU with a higher level of output without increasing 
the current level of input. If the optimal solution is greater than 
1.0, then the DEA model has identified a virtual DMU that can 
perform better than DMU0. This indicates that DMU0 is not 
technically efficient. The higher the value of is, the less effi-
cient the DMU0 is. The relative efficiency score of DMU0 can 
be calculated as 1/μ.

In addition, the overall efficiency (OE) of the VRS model 
can be decomposed into pure technical efficiency (PTE) and 
scale efficiency (SE), the expression for which is as follows:

(3)

(4)

(1)

(2)
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(5)θ θ θm TE SE= ×

Where,  θm  indicates the OE index of province obtained 
from VRS model;  θTE  is the PTE index, and  θSE  is the cor-
responding SE index.

4 Empirical results
4.1 Transport efficiency evaluation based on DEA 
model

Table 3 presents an overview of overall efficiency, pure 
technical efficiency, scale efficiency and the types of returns-
to-scale. Columns 1 and 2 in Table 3 list the DMU number and 
name of each province. Columns 3 and 7 provide the overall 
efficiency for each of these provinces in 1988 and 2009, recep-
tively. During the research period, the average overall efficiency 
value of provinces improved as can be seen from 0.578 to 0.704, 
an increase of 21.80%. The results indicate that regional inte-
grated transport efficiency in China had a relatively low over-
all efficiency, despite the overall efficiency value in China as 
whole shows improvement. This suggests that by adopting best 
practices, transport systems of provinces in China can, on an 
average, reduce their inputs of network length, total staff and 
fleet size by at least 20.6%, and still produce the same level of 
outputs. However, the potential reduction in inputs from adopt-
ing best-practice technology varies among different provinces.

As can be seen in the results given in Table 3, of the 29 
provinces, five provinces achieved 100% DEA efficiency in 
1988. The efficient provinces are Tianjin, Hebei, Heilongjang, 
Hainan and Ningxia. In 2009, of the 30 provinces, five prov-
inces including Tianjin, Zhejiang, Anhui, Hainan and Qin-
hai are found to be DEA efficient. These efficient provinces 
together define the best-practice or efficiency frontier. It means 
the transport production process in these provinces is function-
ing well and can convert their inputs into outputs with high-
efficiency level. Furthermore, it is noteworthy that not all well- 
developed provinces achieved high-efficiency ratios. Beijing, 
the capital of China, had the overall efficiency values of 0.514 
in 1988 and 0.486 in 2009, respectively; Shanghai, the most 
developed province in China, had the overall efficiency values 
of 0.276 in 1988 and 0.852 in 2009, respectively. 

Furthermore, some efficient provinces experienced the dra-
matic decrease in their efficiency values between 1988 and 
2009. The provinces of Hebei and Heilongjiang are typical. 
These two provinces were traditional industrialized base in 
China. However, DEA results show their overall efficiency 
value dropped from 1.000 to 0.624 and 1.000 to 0.304 respec-
tively. This demonstrates that Hebei and Heilongjiang were 
actually falling behind some other provinces in utilizing 
transport resources. Conversely, some provinces achieved tre-
mendous improvements in their efficiency value during the 

research period, such as Shanghai, Jiangsu, Zhejiang, Anhui, 
Fujian, etc. 

With respect to pure technical efficiency (PTE) and scale 
efficiency (SE), columns 4 and 8 indicate the PTE value in 
1988 and 2009. It can be found that the average PTE value 
of provinces increased from 0.646 in 1988 to 0.799 in 2009 
(+23.64%). In addition, columns 5 and 9 report that the aver-
age SE value of provinces has slightly increased from 0.870 in 
1988 to 0.896 in 2009(+2.98%). These results imply that the 
increase of overall efficiency value can be primarily attributed 
to the improvement of PTE. Further, it has been observed that 
14 provinces acquired the status of “locally efficient” since 
they attained the PTE value equal to 1 but “globally ineffi-
cient”, such as Beijing, Liaoning and Shanghai. This implies 
that overall inefficiency of these provinces is not caused by 
poor input utilization, but rather is due to the operation of these 
transport production activities at an inappropriate scale size.

In addition, we further note that the remaining 24 provinces 
in 1988 and 25 provinces in 2009 are relatively inefficient. 
These inefficient provinces can improve their efficiency by 
reducing inputs. The value of overall efficiency among the 
inefficient provinces in 2009 range from 0.272 for Shanxi to 
0.954 for Ningxia, and this imply that Shanxi and Ningxia can 
reduce their inputs 72.8% and 1.46% receptively, while leav-
ing their output levels unchanged. We utilized the quartile val-
ues of OE obtained from DEA as three cut-off points to divide 
inefficient provinces into four distinct categories: category 
(highly inefficient, category (below average), category ( above 
average), and category (marginally inefficient). Among these 
categories, the provinces belonging to “highly inefficient” and 
“marginally inefficient” category should require special atten-
tion. The provinces of Shanxi, Heilongjiang, Yunnan, Inner 
Mongolia, Jiling, Qinghai and Beijing fall in this category 
(Table 4). The provinces that have attained OE values above 
the third quartile value but less than 1 are included in “mar-
ginally inefficient” category. It is worth mentioning here that 
these provinces are operating at a high level of operating effi-
ciency even though they are not fully efficient. In other words, 
these provinces can attain the status of efficient provinces by 
bringing little improvement in the resource utilization process.

4.2 Relative change of transport efficiency
Table 3 shows that the average OE value of provinces in 2009 

outperformed that of 1988. In fact, most provinces showed neg-
ative percentage changes in DEA efficiency between 1988 and 
2009. Does this mean that the 29 provinces’ transport efficiency 
in 2009 is worse than that in 1988? In order to answer this ques-
tion, we can group the 2 years’ data together and treating each 
of the 29 provinces as a different DMU in each of the 2 years. In 
other words, we convert these 29 provinces into 58 DMUs with 
two representations for each---one for 1988 and one for 2009. 
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Table 3 The integrated transport efficiency of province in China

DMU Province
1988 2009

OE PTE SE RTS OE PTE SE RTS

1 Beijing 0.514 0.666 0.772 irs 0.486 1.000 0.486 drs

2 Tianjin 1.000 1.000 1.000 - 1.000 1.000 1.000 -

3 Hebei 1.000 1.000 1.000 - 0.624 0.627 0.995 drs

4 Shanxi 0.453 0.494 0.917 irs 0.272 0.278 0.979 drs

5 Inner Mongolia 0.902 0.972 0.928 irs 0.360 0.361 0.997 drs

6 Liaoning 0.894 0.916 0.976 irs 0.608 1.000 0.608 drs

7 Jiling 0.584 0.710 0.882 irs 0.448 0.452 0.990 drs

8 Heilongjiang 1.000 1.000 1.000 - 0.304 0.329 0.926 drs

9 Shanghai 0.276 0.565 0.487 irs 0.852 1.000 0.852 drs

10 Jiangsu 0.525 0.575 0.913 irs 0.864 1.000 0.864 drs

11 Zhejiang 0.498 0.584 0.853 irs 1.000 1.000 1.000 -

12 Anhui 0.689 0.746 0.923 irs 1.000 1.000 1.000 -

13 Fujian 0.313 0.434 0.721 irs 0.720 0.833 0.865 drs

14 Jiangxi 0.373 0.487 0.766 irs 0.761 0.787 0.967 drs

15 Shandong 0.542 0.576 0.941 irs 0.700 1.000 0.700 drs

16 Henan 0.784 0.801 0.979 irs 0.703 1.000 0.703 drs

17 Hubei 0.472 0.511 0.923 irs 0.537 0.785 0.684 drs

18 Hunan 0.540 0.578 0.933 irs 0.947 1.000 0.947 drs

19 Guangdong 0.405 0.463 0.876 irs 0.773 1.000 0.773 drs

20 Guangxi 0.402 0.492 0.817 irs 0.741 0.792 0.935 drs

21 Hainan 1.000 1.000 1.000 irs 1.000 1.000 1.000 -

22 Chongqing 0.537 0.552 0.972 drs

23 Sichuan 0.318 0.345 0.923 irs 0.664 0.676 0.981 drs

24 Guizhou 0.362 0.493 0.735 irs 0.934 0.961 0.971 drs

25 Yunnan 0.163 0.227 0.719 irs 0.339 0.363 0.933 irs

26 Shannxi 0.409 0.504 0.811 irs 0.588 0.647 0.908 drs

27 Gansu 0.578 0.727 0.795 irs 0.879 1.000 0.879 drs

28 Qinghai 0.541 0.544 0.995 irs 1.000 1.000 1.000 -

29 Ningxia 1.000 1.000 1.000 - 0.954 0.977 0.976 irs

30 Xinjiang 0.215 0.311 0.691 irs 0.533 0.534 0.998 drs

number of efficiency 5 5 5 5 14 5

Mean 0.578 0.646 0.870 0.704 0.799 0.896

Notes：OE refers to overall efficiency; PTE refers to pure technical efficiency; SE refers to scale efficiency. RTS 
refers to returns to scale. irs refers to increasing returns-to-scale, drs refers to decreasing returns-to-scale, - refers to 
constant returns-to-scale.
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Table 5 shows the results obtained from proceeding in the 
manner above mentioned. Column 1 represents the DMU names 
allocated to each province. The DMUs numbered from 1 to 29 
in column 2 refer to 29 provinces in 1988, while the DMUs 
that are numbered 30 to 58 in column 4 refer to these same 29 
provinces in 2009. Column 3 and 5 indicate the correspond-
ing DEA efficiency for these 58 DMUs. The last column indi-
cates the percentage change of OE value by each province from 
1988 to 2009. The results show that most provinces increased 
their efficiency value, and the average change value of OE 
efficiency is 42.6% during the research period. Furthermore, 
there are seven provinces with negative percentage changes, 
which were mainly the traditional industrialized base of China, 
such as Hebei, Liaoning, Jiling and Heilongjiang. Neverthe-
less, there is something of value to be gained by using both 
tables (Table 4, 5). For instance, all DMUs (except for Hainan) 
which are 100% DEA-efficient appear so in 2009 but not in 
1988. The last column in Table 5 indicates that some province 
that located in Eastern and western China have acquired signif-
icant improvement in terms of their efficiency values, such as 
Shanghai (270.43%), Jiangsu (116.54%), Zhejiang (157.73%), 
Sichuan (113.87%) and Guizhou (169.36%). This result is in 
line with previous analysis on section 1 that in order to satisfy 
increasing transport demands induced by rapid development, 
there have been remarkable developments in Chinese transport 
infrastructures during the study period. Finally, the fact that 
DEA indicates significant achievement in these provinces may 
provide decision-makers and managers with reasons to inquire 
more deeply into factor inducing such changes.

4.3 Returns to scale
Table 3 also provides the nature of returns-to-scale for each 

province. The results indicating that most of the provinces 
have completed the phase of increasing return to scale to the 
phase of decreasing return to scale. In 1988, of 29 provinces, 
24 provinces are operating below their optimal scale size, and 
thus experiencing increasing returns-to-scale. The results indi-
cate that the problem of transport shortages of these provinces 
was very serious at the initial stages for reform and opening-up 

Table 4 Categorization of inefficient Provinces

Highly inefficient
(OE<0.498)

Below average
(0.498<OE<0.616)

Above average
(0.616<OE<0.755)

Marginally inefficient
(OE>0.755)

Shanxi Xinjiang Hebei Jiangxi

Heilongjiang Hubei Sichuan Guangdong

Yunnan Chongqin Shandong      Shanghai

Inner Mongolia Shannxi Henan Jiangsu

Jiling Ningxia Fujian Gansu

      Qinghai Liaoning Guangxi Guizhou

Beijing Hunan

Table 5 DEA efficiency of the 58 provinces in 1988 and 2009

Provinces
DMU
(1988)

OE
DMU
(2008)

OE
Relative 

change (%)

Beijing 1 0.280 30 0.486 73.57

Tianjin 2 0.638 31 1.000 56.74

Hebei 3 1.000 32 0.624 -37.60

Shanxi 4 0.201 33 0.272 35.32

Inner Mon-
golia

5 0.800 34 0.360 -55.00

Liaoning 6 0.881 35 0.607 -31.10

Jiling 7 0.559 36 0.447 -20.04

Heilongjiang 8 1.000 37 0.304 -69.60

Shanghai 9 0.230 38 0.852 270.43

Jiangsu 10 0.399 39 0.864 116.54

Zhejiang 11 0.388 40 1.000 157.73

Anhui 12 0.486 41 1.000 105.76

Fujian 13 0.289 42 0.719 148.79

Jiangxi 14 0.361 43 0.761 110.80

Shandong 15 0.431 44 0.701 62.65

Henan 16 0.537 45 0.703 30.91

Hubei 17 0.305 46 0.537 76.07

Hunan 18 0.483 47 0.947 96.07

Guangdong 19 0.348 48 0.773 122.13

Guangxi 20 0.381 49 0.741 94.49

Hainan 21 1.000 50 1.000 0.00

Sichuan 22 0.310 51 0.663 113.87

Guizhou 23 0.346 52 0.932 169.36

Yunnan 24 0.155 53 0.339 118.71

Shannxi 25 0.331 54 0.587 77.34

Gansu 26 0.507 55 0.878 73.18

Qinhai 27 0.541 56 1.000 84.84

Ningxia 28 1.000 57 0.912 -8.80

Xinjiang 29 0.211 58 0.533 152.61

Means 0.496 0.708 42.67
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policy. In contrast, of 30 provinces, 28 provinces are oper-
ating in the zone of decreasing returns to scale in 2009, and 
thus downsizing seems to be an appropriate strategic option 
for these provinces in their pursuit to reduce unit costs. On 
the whole, as the numbers of provinces which are operating at 
decreasing returns to scale are dominant in the total number of 
provinces in the sample, we can say that there is a further room 
to introduce modern technology so as to improve the technical 
efficiency of these provinces. 

After the reform and the opening-up policies in 1978, rapid 
economic development provided good condition for construct-
ing China’s transportation system, so the development of 
transport infrastructures has been improved dramatically and 
has constructed one integrated transport system whose ability, 
structure and spatial distribution can ensure the rapid develop-
ment of China’s socio-economy. However, in recent years, since 
the transport planning in China could not consider completely 
the China’s national conditions, and its developing stage, sev-
eral problems on the transport infrastructure construction 
became worse, such as over expansion, over-duplicated con-
struction, unreasonable competition. The excessive capacities 
of transport development result in that most of the provinces 
are operating at the zone decreasing return to scale. Our find-
ings suggest that future development of transport development 
in China should be improved by restructuring and optimizing 
the transport network structure, especially to the necessity of 
building an open and efficient integrated transport system. 

4.4 Transport efficiency of provinces by region
From the perspective of China’s development and the polit-

ical factors at play in that development, the country is geo-
graphically divided into three major areas---an eastern coastal 
area, a central area and a western area. The 30 provinces that 
form the basis of this study have therefore been categorized 
on the basis of these three areas. As presented in Fig. 1, there 
are eleven provinces in eastern coastal China, eight provinces 
located in central China and twelve provinces located in west-
ern China respectively.

Table 6 and Fig. 2 report the average DEA efficiency of 
provinces located in the three main areas. It is noted that spa-
tial distribution pattern of all types of DEA efficiency value 
of the provinces demonstrates declining trend when comparing 

eastern China with central China and western China during 
the study period. The results are correlated with the overall 
level of economic development in those three areas. In 2009, 
the value of OE, PTE and SE of eastern regions were 0.760, 
0.932 and 0.825, respectively, the highest was the PTE; These 
three indexes for central regions were 0.496, 0.579 and 0.774, 
respectively, the highest was SE and the three indexes for west-
ern regions were 0.640, 0.679 and 0.941, the highest was SE.

Fig. 2 DEA performance of provinces located in the three areas

5 Discussion
5.1 Decomposition of OE, PTE, and SE

According to Eq. (5), the overall efficiency (OE) can be 
decomposed into pure technical efficiency (PTE) and scale 
efficiency (SE). PTE is an effective index representing the 
production technology levels, resources utilization and allo-
cation levels, and management capacity of transport activity 
in province; SE is a useful index indicating the effects of the 
transport resources scale of province. Despite the attractiveness 

Table 6 DEA efficiency of provinces located in the major areas in 1988 and 2009

Regions

1988 2009

Overall 
efficiency

Pure technical 
efficiency

Scale 
efficiency

Overall 
efficiency

Pure technical 
efficiency

Scale 
efficiency

Eastern coastal China 0.576 0.661 0.844 0.760 0.932 0.825

Central China 0.523 0.573 0.787 0.496 0.579 0.774

Western China 0.499 0.571 0.753 0.636 0.679 0.941
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of efficiency scores in understanding socioeconomic perfor-
mance, the relationship between OE, PTE and SE remains an 
important issue that needs to be solved.

The results presented at Fig. 3 illustrate an attempt to 
answer this question. For each plot in Fig. 3, the x axis repre-
sents the overall efficiency and y axis indicates the pure tech-
nical efficiency (left) and scale efficiency (right), respectively. 
According to the relation between overall efficiency and all 
decomposed efficiency, the more plots concentrate on the 45° 
line, the greater is the contribution of decomposed efficiency 
to overall efficiency, otherwise, it is weaker.

Obviously, the fitting degree between technical efficiency 
and overall efficiency was relatively high in both 1988 and 
2009, and the value of correlation coefficient was 0.903 in 1988 
and 0.772 in 2009, receptively. In contrast, the fitting degree of 
scale efficiency with overall efficiency is poorer, and the value 
of correlation coefficient was 0.530 in 1988 and 0.028 in 2009, 
receptively. The results indicate that pure technical efficiency 
was most dominant influence on overall technical, when com-
pared with scale efficiency.

It is noteworthy that the spatial distribution of transport 
efficiency of provinces in China is mainly determined by pure 
technical efficiency other than scale efficiency. This conclusion 
is not in line with previous studies on city efficiency in China 
(Li et al., 2005; Fang et al., 2013), which reached a conclusion 
that the status of city efficiency is mainly determined by scale 
efficiency other than pure technically efficiency. The city effi-
ciency refers to the operational efficiency of cities’ economic 

production from the overall perspective. As one of the key 
factors supporting economic development, the construction 
of transport should according to the principle of ‘moder-
ate advance’. After the introduction of the reform and open 
policy, in order to support the rapid economic development, 
both central government and sub-level government invested 
a lot of capital to construct transport infrastructure, and the 
scale of transport infrastructures has experienced large-scale 
expansion. The agglomeration scale effect of transport pro-
duction has been released and the level of scale efficiency is 
very higher. However, since the level of allocating and utiliz-
ing transport resources is relatively low, so the pure technical 
efficiency value is very low. In other words, the overall trans-
port efficiency will be greatly improved through improving the 
ability in the resource utilization process in future.

5.2 Sensitivity analysis
In this paper, the selection of output variables considered 

positive economic products and undesirable output at the same 
time. Therefore, it is necessary to check whether our choice of 
outputs in the above-used base case is appropriate and yields 
robust inferences. We conducted sensitivity analysis by consid-
ering an additional model. 

The sensitivity analysis was carried out in the following way: 
the CO2 emission variable was excluded from the input-output 
structure and the resulting efficiency ranking was recorded. 
Figure 4 shows how the exclusion of the CO2 emission variable 
contributed to the change in the values of overall efficiency. It 

Fig. 3 Correlations between decomposed efficiency and integrated efficiency variation

Note: x axis represents the overall efficiency and y axis indicates the pure technical efficiency (left) and scale efficiency (right)
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is well visible that the efficiency value of Hainan, Qinhai and 
Ningxia in 1988 and Qinhai and Ningxia in 2009 are signifi-
cantly reduced due to the exclusion of CO2 emission variable 
from the outputs. Looking closer at the input-output data has 
soon revealed the reason for that: though the passenger-km and 
freight-km of these provinces are very small, the CO2 emission 
value is also very low and this has led to their efficiency value 
being so large. In practice, this means that their CO2 emis-
sion output contributes largely to their overall efficiency in the 
base case. Further, there is not drastically difference in terms 
of overall efficiency value of the rest provinces between the 
base case model and CO2 excluded model. These imply that 
our choice of input and output variables is appropriate, and our 
above-mentioned results are quite robust.

6 Conclusion
This paper has used Data envelopment analysis (DEA) 

model to examine the integrated transport efficiency of prov-
inces over the period 1988 -- 2009.Major findings are summa-
rized as follows:

(1) Overall, the level of overall efficiency and pure techni-
cal efficiency of provinces’ transport systems is relatively low 
while the scale efficiency level is high. The spatial distribution 
of three efficiency indexes demonstrates a declining trend from 

the eastern China to the western China, which coincides with 
the spatial pattern of economic development in China at present. 

(2) During the research period, the average overall effi-
ciency value of provinces reached merely 57.8% and 70.4% 
of the optimal efficiency level in 1988 and 2009 respectively. 
Similarly, the average pure technical efficiency (PTE) and scale 
efficiency (SE) of provinces in 1988 and 2009 was 64.6% and 
79.9 %, and 87.0%, 89.6% respectively. These results imply 
that increases in the OE can be attributed to more substantial 
increases in the PTE.

(3) During the research period, most of the provinces have 
transformed from the phase of increasing return to scale to the 
phase of decreasing return to scale. On the whole, as the num-
bers of provinces which are operating at decreasing returns to 
scale are dominant in the total number of provinces in the sam-
ple in 2009, we can say that there is a further room to introduce 
modern technology so as to improve the technical efficiency 
of these provinces. Our findings suggest that future develop-
ment of transport network in China should be improved by 
restructuring and optimizing the transport network structure, 
especially to the necessity of building an open and efficient 
integrated transport system.

(4) The spatial distribution of transport efficiency of prov-
inces in China is mainly determined by pure technical efficiency 

Fig. 4 Change in overall efficiency values due to the exclusion of CO2 emission as output: 1988 and 2009

Note: Chongqing is not included in sample in 1988
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other than scale efficiency. This conclusion is not in line with 
previous studies on city efficiency in China, which reached a 
conclusion that the status of city efficiency is mainly deter-
mined by scale efficiency. The main reason for these differences 
is mainly attributed to the nature of transport infrastructures. 
As the key factors supporting economic operation, in order to 
support the rapid economic development, with the principle 
of “moderate advance” for transportation infrastructure, both 
central government and sub-level government invested a lot of 
capital to construct transportation infrastructure, and the scale 
of transport infrastructures has experienced large- scale expan-
sion. The agglomeration scale effect of transport production has 
been released and the level of scale efficiency is very higher. 
However, since the level of allocating and utilizing transport 
resources is relatively low, so the pure technical efficiency value 
is very low. In other words, the overall transportation efficiency 
will be greatly improved through improving the ability in the 
resource utilization process in future.

In this study, due to the difficulty of data acquisition, the 
input-output indicator systems adopted in this paper does not 
take into account the indexes of energy consumption and capi-
tal input. Therefore, in order to explore transport efficiency of 
province more precisely, it seems to further explore transport 
efficiency considering the energy consumption and capital 
input data. Furthermore, transport efficiency was evaluated 
only on province scale, so another potential issue for future 
research would be to evaluate the spatiotemporal evolution of 
transport efficiency of city level.
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