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Abstract. With the rapid development of China’s logistics industry, the efficiency of
logistics enterprises has always been a significant concern of the Chinese government.
Based on comprehensive studies on operation efficiency evaluation of logistics enterprises
at home and abroad, we select the Data Envelopment Analysis (DEA) method to evaluate
management efficiency in urban logistics enterprises. Traditional DEA model does not
consider the internal operation process, and its decision-making units (expressed as DMU
or DMUs in below) are regarded as a “black box”, and traditional two-stage DEA method
opened the “black box”, but only considered the original inputs and final outputs of DMUs,
without addressing the structural problem of intermediate products. We improved two-
stage DEA model, using the shared inputs of two-stages, direct outputs of intermediate
products and additional inputs at the second stage to improve the index structure, so as
to avoid the shortcomings that traditional DEA model may be overscored and traditional
two-stage DEA model may be underscored. We take Xiamen city of China as an example
to carry out an empirical study, because the relative quantity of indicators and enterprises
in the data we used conflicts with “freedom degree” requirement in DEA method, prior
to evaluation, we used correlation analysis and improved principal component analysis
to eliminate the indicators that reflect information overlap and have little impact on the
evaluation result, and the result shows that the index screening method is feasible and
reliable.
Keywords: Logistics enterprises, Efficiency evaluation, Improved two-stage DEA model,
Correlation analysis, Improved principal component analysis

1. Introduction. As the third profit source, logistics is gradually emphasized after nat-
ural resources consumption is reduced and social labor efficiency is enhanced. Nowadays
mobility of social resources is so extensive and active that logistics industry plays a signifi-
cant role. Yet with development of economy, logistics industry is no longer a new industry,
the development of which is intermingled. How to promote the healthy and steady de-
velopment of logistics industry is a key issue confronting each country. In China, the
development plan of logistics industry has been introduced on the national and local
level, such as Logistics Industry Restructuring & Revitalization Plan, Logistics Plan in

DOI: 10.24507/ijicic.15.02.535

535



536 C. YIN, W. GAO, Z. LI, Z. WU AND Y. WANG

the 13th Five-Year (Xiamen is one of the node cities), in order to promote the sustainable
development of logistics industry. It is significant to evaluate the efficiency of logistics in-
dustry scientifically, understand its development status and assess its tendency accurately
for supporting scientific decisions of logistics development missions and guide the trend
of logistics industry.

In this study, Xiamen, which is one of Chinese coastal cities with more active logis-
tics development, is taken as an example to study the operation efficiency of logistics
enterprises in the whole city. Through scientific index system and evaluation model, we
can know the logistics efficiency from different industries, provide decision support for
government departments to propose targeted logistics policies and plans, and provide a
valuable reference for the development of enterprises.

The research adopts a two-stage DEA model for efficiency evaluation of logistics enter-
prises. The total efficiency of DMUs can be assessed by the model and decomposed into
an efficiency value for each stage. Specifically, this study first expounds the evolution pro-
cess of the DEA model and analyzes its shortcomings, and then puts forward the general
idea of this study. Secondly, it constructs the improved two-stage DEA model and the
overall efficiency of the DMU under the two-stage DEA system considering the internal
subprocess; furthermore, in order to improve the credibility of the evaluation system, the
three methods, that is, the preliminary screening of indicators, the index screening based
on correlation analysis and the improved principal component analysis, are selected. Fi-
nally, we use the data of Xiamen logistics enterprises to carry out an example analysis.
Therefore, the model can provide internal operation of DMUs with more accurate infor-
mation. Meanwhile, in the field of theoretical development of DEA method, establishing
a systematic operation model considering input and intermediate products is a heated
topic in current researches.

The innovation of this paper is to classify the logistics enterprises scientifically and
establish the efficiency evaluation index system of logistics enterprises. Through the
correlation analysis method and the improved principal component analysis method, the
excessive indexes have been sifted down and allocated reasonably. The improved two-stage
DEA method can effectively overcome the shortcomings of the traditional DEA method.
Based on the empirical analysis of the efficiency of Xiamen logistics enterprises in China,
this study obtains the efficiency of the five types of logistics enterprises and has a strong
practical application value for the enterprise operation decision and the government’s
development planning of the logistics industry.

2. Literature Review. Since DEA method proposed by American renowned operational
researchers Charnes et al. [1], the model has been widely used in various industries and
departments and have advantages in processing multiple inputs and multiple outputs.
Meanwhile, the model is input-oriented and assumes Constant Returns to Scale (CRS)
and the model is also called CCR (A. Charnes & W. W. Cooper & E. Rhodes) model
or C2R model. In traditional DEA model, internal operations during the process are not
considered. As a “Black Box”, original inputs and final outputs of DMUs are considered by
a single process. However, accurate information of ineffective resources of DMUs cannot
be provided if the internal structure is neglected. To solve this problem, researchers have
conducted many researches on decomposing total efficiency. For instance, Banker et al.
[2] decomposed efficiencies into scale efficiencies and technical efficiencies; subsequently,
Byrnes and Grosskopf [3] identified congestion effect from technical efficiencies; Kao [4]
obtained total efficiency through calculating weighted average of single output value. The
methods decompose efficiency of DMUs into various parts to gain ineffective information
about DMUs; Choi and Ahn [5] solved the problem that the traditional DEA model
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does not provide the grouping information on the efficient units or inefficient units, and
proposed a new approach based on DEA and clustering model. The above literature
depends on the structure of traditional DEA model, not actually opening the “Black
Box”. Färe and Whittaker [6] proposed multistage DEA model, decomposing a production
process into several subprocesses. An output from one subprocess is used as an input to
another. Subsequently, Färe and Grosskopf [7] also proposed the concept of network DEA,
essence of which is to open the “black box” to examine the efficiency of each component of
production process and its impact on overall efficiency of the system. They also pointed
out that the multistage DEA model is a special case of the network DEA model. The above
literature improves the deficiency of the model, opens the internal structure, but is still
based on the traditional DEA model, and the disadvantage is that it mainly emphasizes
the internal structure of DMUs and interdependence of different subprocesses.

Some two-stage models about internal structure of DEA were established in recent
years, such as Castelli et al. [8], Cook et al. [9] and Kao [10]. Among the research
on internal structure, an ordinary internal structure is considered as traditional two-
stage network process, where outputs from the first stage become inputs to the second
stage. Traditional two-stage model mainly emphasizes the internal structure of DMUs
or interdependence of different subprocesses. If input or intermediate products have a
complicated structure, effectiveness of the model will be confined. According to this
problem, some scholars allocated inputs to different stages to improve the model limitation
and proposed to add some inputs in the second stage. For example, Yu and Fan [11], Zha
[12], and Chen et al. [13] proposed a two-stage DEA model of shared input for the first
and second stage; Liang et al. [14] and Chen et al. [15] proposed a two-stage model to add
inputs at the second stage. However, although these studies have considered structural
problems in the construction of DEA model, allocations of intermediate products are
neglected in the effective evaluation and decomposition process.

Lozano et al. [16] and Maghbouli et al. [17] established a two-stage DEA model, con-
sidering both intermediate products and bad output produced by the first stage. Yu and
Shi [18] established a model, adding inputs to the second stage and taking intermediate
product as the final output, implementing the free distribution of intermediate products
and analyzing the problem of maximizing system efficiency by cooperative game. Al-
though these studies have made some improvements on the basis of traditional two-stage
model, for three conditions, i.e., shared inputs of two-stages, newly added inputs to the
second stage and direct outputs from intermediate products, only one or two conditions
are considered.

Referring to the study of Ma [19], this research improves intermediate products of
DMUs in the model of efficiency evaluation. By adopting a two-stage DEA model, one
part of intermediate products are inputted to the second stage while the other part as
final outputs. Compared with the previous literature, the paper not only improves the
limitation of the model but also emphasizes the distribution of intermediate products in
the effective evaluation and decomposition process. Meanwhile, the model considers the
input structure including original inputs to the first stage, shared inputs of two-stages and
newly added inputs to the second stage. Thus, results of evaluation are more scientific
and practical.

3. Improved Two-Stage DEA Model.

3.1. Structure of improved two-stage DEA model. Consider a series of decision-
making units DMUs. Suppose each DMU j (j = 1, 2, . . ., n) joins in the two-stage network
process, shown in Figure 1.
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Figure 1. Structure of improved two-stage DEA model

Suppose each DMU j has two types of inputs: m original inputs, xij (i = 1, 2, . . .,m),
and q additional inputs, xkj (k = 1, 2, . . ., q). Only one part of original inputs xi1j (i1 ∈ I1)
are the inputs to the first stage while the remaining parts xi2j (i2 ∈ I2) are shared inputs
of two-stages, I1 ∪ I2 = {1, 2, . . ., m} and I1 ∩ I2 = ∅. As the constraints in Cook and
Hababou [20], the portion αi2j (i2 ∈ I2, j = 1, . . . , n) should be within certain intervals,
noted L1

i2j ≤ αi2j ≤ L2
i2j.

Suppose each DMU j has D outputs zdj (d = 1, 2, . . ., D) from the first stage and s
outputs yrj (r = 1, 2, . . ., s) from the second stage. Part of zdj are intermediate outputs
or inputs to the second stage while the remaining of zdj are final outputs. Intermediate
part is βdjzdj and the part of the direct output, no longer as input of the second stage, is
(1 − βdj)zdj, 0 < βdj ≤ 1. Similarly, βdj is within the interval of H1

dj ≤ βdj ≤ H2
dj.

3.2. Improved two-stage DEA model. Consider the two-stage process shown in Fig-
ure 1, 0 < αi2j < 1, 0 < βdj < 1. To be more exactly, under this situation, two decisions
have to be made for each DMU: resource allocation and redistribution of intermediate
products. During the two-stage process of shared inputs, free intermediate products and
the new input at the second stage, relative efficiency of DMU 0 at the first stage is θSF1

0

and that at the second stage is θSF2
0 , which can be obtained by the following two models:

θSF1
0 = max

∑D
d=1 u1

dzd0∑
i1∈I1

νi1xi10 +
∑

i2∈I2
ν1

i2
αi20xi20

s.t.

∑D
d=1 u1

dzdj∑
i1∈I1

νi1xi1j +
∑

i2∈I2
ν1

i2
αi2jxi2j

≤ 1, j = 1, . . . , n

L1
i2j ≤ αi2j ≤ L2

i2j, i2 ∈ I2, j = 1, . . . , n

u1
d, νi1 , ν

1
i2
≥ ε, d = 1, . . . , D, i1 ∈ I1, i2 ∈ I2 (1)

θSF2
0 = max

∑s
r=1 uryr0∑

i2∈I2
ν2

i2
(1 − αi20)xi20 +

∑q
k=1 νkxk0 +

∑D
d=1 u2

dβd0zd0

s.t.

∑s
r=1 uryrj∑

i2∈I2
ν2

i2
(1 − αi2j)xi2j +

∑q
k=1 νkxkj +

∑D
d=1 u2

dβdjzdj

≤ 1, j = 1, . . . , n

L1
i2j ≤ αi2j ≤ L2

i2j, i2 ∈ I2, j = 1, . . . , n

H1
dj ≤ βdj ≤ H2

dj, d = 1, . . . , D, j = 1, . . . , n

ur, u
2
d, ν

2
i2
, νk ≥ ε, r = 1, . . . , s, d = 1, . . . , D, k = 1, . . . , q, i1 ∈ I1, i2 ∈ I2 (2)
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where νi1 are the weight associated with initial inputs i1; ν1
i2
, ν2

i2
are respectively the

weights associated with shared inputs i2 in the first stage and second stage; u1
d, u2

d are the
weights associated with outputs d from the first stage and as the inputs in the second stage;
νk are the weight associated with additional inputs k; and ur are the weight associated
with final outputs r.

Even if there are only parts of the outputs of the first stage which become the inputs
of the second stage, the value accorded these intermediate measures should reasonably be
assumed as identical in the two stages. Moreover, ∀i2 ∈ I2, xi2 is the same inputs for the
whole process, and the weights of these inputs can be supposed to be equal in each stage.
We can therefore assume that u1

d = u2
d = ud (d = 1, . . ., D) and ν1

i2
= ν2

i2
= νi2 (i2 ∈ I2) in

models (1) and (2). Calculation formula of total efficiency of two-stages can be defined
as θSF

0 = w1θ
SF1
0 + w2θ

SF2
0 , in which:

w1 =

∑
i1∈I1

νi1xi10 +
∑

i2∈I2
νi2αi20xi20∑

i1∈I1
νi1xi10 +

∑
i2∈I2

νi2xi20 +
∑q

k=1 νkxk0 +
∑D

d=1 udβd0zd0

(3)

w2 =

∑
i2∈I2

νi2(1 − αi20)xi20 +
∑q

k=1 νkxk0 +
∑D

d=1 udβd0zd0∑
i1∈I1

νi1xi10 +
∑

i2∈I2
νi2xi20 +

∑q
k=1 νkxk0 +

∑D
d=1 udβd0zd0

(4)

The fractional programming model of total efficiency of DMU 0 is:

θSF
0 =

∑D
d=1 udzd0 +

∑s
r=1 uryr0∑

i1∈I1
νi1xi10 +

∑
i2∈I2

νi2xi20 +
∑q

k=1 νkxk0 +
∑D

d=1 udβd0zd0

s.t.

∑D
d=1 udzdj∑

i1∈I1
νi1xi1j +

∑
i2∈I2

νi2αi2jxi2j

≤ 1, j = 1, . . . , n∑s
r=1 uryrj∑

i2∈I2
νi2(1 − αi2j)xi2j +

∑q
k=1 νkxkj +

∑D
d=1 udβdjzdj

≤ 1, j = 1, . . . , n

L1
i2j ≤ αi2j ≤ L2

i2j, i2 ∈ I2, j = 1, . . . , n

H1
dj ≤ βdj ≤ H2

dj, d = 1, . . . , D, j = 1, . . . , n

ur, ud, νi1 , νi2 , νk ≥ ε, r = 1, . . . , s, d = 1, . . . , D, k = 1, . . . , q, i1 ∈ I1, i2 ∈ I2 (5)

Let t =
∑D

d=1 udzd0+
∑s

r=1 uryr0∑
i1∈I1

νi1
xi10+

∑
i2∈I2

νi2
xi20+

∑q
k=1 νkxk0+

∑D
d=1 udβd0zd0

, and define µd = tud, µr = tur,

υi1 = tνi1 , υi2 = tνi2 , υk = tνk, ωi2j = υi2αi2j and ηdj = µdβdj. Model (5) is equal to the
following linear programming:

θSF
0 = max

D∑
d=1

µdzd0 +
s∑

r=1

µryr0

s.t.
D∑

d=1

µdzdj −
∑
i1∈I1

υi1xi1j −
∑
i2∈I2

ωi2jxi2j ≤ 0, j = 1, . . . , n

s∑
r=1

µryrj −
∑
i2∈I2

υi2xi2j +
∑
i2∈I2

ωi2jxi2j −
q∑

k=1

υkxkj −
D∑

d=1

ηdjzdj ≤ 0, j = 1, . . . , n

∑
i1∈I1

υi1xi10 +
∑
i2∈I2

υi2xi20 +

q∑
k=1

υkxk0 +
D∑

d=1

ηd0zd0 = 1

µd, µr, ηdj, υi1 , υi2 , υk, ωi2j ≥ ε, d = 1, . . . , D, r = 1, . . . , s,

j = 1, . . . , n, i1 ∈ I1, i2 ∈ I2, k = 1, . . . , q (6)
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Model (6) provides the model of total efficiency of DMU under the two-stage DEA
system with internal subprocesses shown by Figure 1.

3.3. Efficiency decomposition of improved two-stage DEA model. Model (6)
considers both structures of inputs and intermediate products. Decomposition of efficiency
can be obtained by the following model. When the first stage is endowed with priority,
its efficiency can be obtained by the following formula:

θSF1∗
0 = max

D∑
d=1

µdzd0

s.t.
D∑

d=1

µdzdj −
∑
i1∈I1

υi1xi1j −
∑
i2∈I2

ωi2jxi2j ≤ 0, j = 1, . . . , n

s∑
r=1

µryrj −
∑
i2∈I2

υi2xi2j +
∑
i2∈I2

ωi2jxi2j −
q∑

k=1

υkxkj −
D∑

d=1

ηdjzdj ≤ 0, j = 1, . . . , n

D∑
d=1

µdzd0 +
s∑

r=1

µryr0 − θSF∗
0

(∑
i1∈I1

υi1xi10 −
∑
i2∈I2

υi2xi20

+

q∑
k=1

υkxk0 −
D∑

d=1

ηd0zd0

)
= 0∑

i1∈I1

υi1xi10 +
∑
i2∈I2

ωi20xi20 = 1

µd, µr, ηdj, υi1 , υi2 , υk, ωi2j ≥ ε, d = 1, . . . , D, r = 1, . . . , s,

j = 1, . . . , n, i1 ∈ I1, i2 ∈ I2, k = 1, . . . , q (7)

And efficiency value of the second stage can be obtained by θSF2
0 =

θSF∗
0 −w∗

1θSF1∗
0

w∗
2

. When

the second stage is endowed with priority, its efficiency value can be obtained by the
following:

θSF2∗
0 = max

s∑
r=1

µryr0

s.t.
D∑

d=1

µdzdj −
∑
i1∈I1

υi1xi1j −
∑
i2∈I2

ωi2jxi2j ≤ 0, j = 1, . . . , n

s∑
r=1

µryrj −
∑
i2∈I2

υi2xi2j +
∑
i2∈I2

ωi2jxi2j −
q∑

k=1

υkxkj −
D∑

d=1

ηdjzdj ≤ 0, j = 1, . . . , n

D∑
d=1

µdzd0 +
s∑

r=1

µryr0 − θSF∗
0

(∑
i1∈I1

υi1xi10 −
∑
i2∈I2

υi2xi20

+

q∑
k=1

υkxk0 −
D∑

d=1

ηd0zd0

)
= 0

∑
i2∈I2

υi2xi20 −
∑
i2∈I2

ωi20xi20 +

q∑
k=1

υkxk0 +
D∑

d=1

ηd0zd0 = 1

µd, µr, ηdj, υi1 , υi2 , υk, ωi2j ≥ ε, d = 1, . . . , D, r = 1, . . . , s,
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j = 1, . . . , n, i1 ∈ I1, i2 ∈ I2, k = 1, . . . , q (8)

And efficiency value of the first stage can be obtained by θSF1
0 =

θSF∗
0 −w∗

2θSF2∗
0

w∗
1

.

Finally, unique efficiency decomposition can be obtained if θSF1∗
0 = θSF1

0 or θSF2∗
0 =

θSF2
0 .

4. Evaluation Index of Logistics Enterprise. This paper applies improved two-stage
DEA method in study of operational efficiencies of logistics enterprises. Due to the dis-
crepancy among different enterprises, there are more indicators to fill in, which ensures
that data collection is more comprehensive to avoid missing information. However, selec-
tion of numerous indexes may lead to long-winded information or high relevance between
indexes; as a consequence, unnecessary work may be added in the process of efficiency
evaluation. Moreover, DEA evaluation model that we used has the requirement for “free-
dom degree”, which means enough DMUs are needed. The relationship among the number
of input indexes (denoted as M), the number of output indexes (denoted as N) and the
number of DMUs (denoted as K) is 2(M +N) ≤ K; otherwise, confidence degree of eval-
uation results will drop. Therefore, when applying DEA method, the number of input
or output variables should be appropriate. We abridged the stronger relevant indicators
and eliminated the indicators that had less impact on the results of evaluation, which will
reduce complexity of the research problem to ensure the effectiveness of evaluation work.
Here, before the evaluation, we first select the indicators, and specific process is shown in
Figure 2.

Figure 2. Flow chart of index screening

4.1. Preliminary screening and index standardization.

1) Preliminary screening of the index
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Screen the index preliminarily based on observability, consider that number of in-
dexes cannot exceed that of enterprises, delete or integrate indexes whose meanings
overlap or include each other, in order to reduce dimensions of indexes under the
condition of ensuring complete information to the greatest extent.

2) Standardization of index
The purpose of standardization is to remove dimensions, unify the standard of index

and eliminate the impact on evaluation results. We standardize indexes to the interval
of [0, 1], which is positive standardization.

The following is the equation of positive standardization:

pij =
νij − min

1≤j≤n
(νij)

max
1≤j≤n

(νij) − min
1≤j≤n

(νij)
(9)

In the equation, pij – standardization value of the ith index and jth evaluation object,
νij – observation value of the ith index and jth evaluation object, n – quantity of
evaluation objects.

4.2. Index screening based on correlation analysis. Correlation coefficient reflects
the relevance between two indexes. High correlation coefficient means redundancy of the
index. That is to say, it is possible to reduce the highly relevant indicators on the premise
of keeping roughly the same information content. Through correlation analysis, index
system becomes more concise and information is ensured as complete as possible. The
method of screening index based on correlation analysis is as follows.

1) Calculate correlation coefficient between each index
Calculation formula of correlation coefficient among different indexes is as follows:

rij =

∑n
k=1 (zik − zi) (zjk − zj)√∑n
k=1 (zik − zi)2 (zjk − zj)

2
(10)

In the equation, rij is correlation coefficient between the ith and jth indexes; n is the
evaluation object; zik is value of the ith index and kth evaluation object; zjk is value of
the jth index and kth evaluation object; zi and zj are respectively averages of the ith

and jth indexes.
2) Define a critical value M (0 < M < 1). When |rij| > M , delete an index; otherwise,

keep both.

4.3. Index screening based on improved principal component analysis. Prin-
cipal component analysis is the most commonly used in dimension reduction of index.
However, the indexes extracted by principal component analysis are principal component
variables. When the principal component variable is applied to efficiency evaluation of
DEA method, effective frontier can only improve the principal component variable of non-
effective unit involved in the operation. As a consequence, original inputs and outputs
cannot be improved directly, leading to difficulties for managers finding problems. Thus,
for this reason, we propose the improved principal component analysis based on principal
component analysis.

4.3.1. Principal component analysis. Suppose n DMUs and each unit has m indexes.
X = (x)T

m×n is the data set. Specific steps of principal component analysis calculation
are as follows.
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Step 1: Standardize the sample data X and get standard data matrix, Y = yij
T
m×n =

(Y1, Y2, . . . , Ym)T . Standardization equation is:

yij =
xij − xi

si

(i = 1, 2, . . . , m; j = 1, 2, . . . , n) (11)

xi and Si are respectively average and deviation of the sample data.
Step 2: Calculate correlation matrix R = (rij)m×m corresponding to standard matrix

Y. Correlation coefficient is obtained by the following equation:

rij =
1

n − 1

n∑
t=1

ytiytj (12)

Step 3: Calculate eigenvalue of correlation matrix R, λ1, λ2, . . . , λm (λ1 ≥ λ2 ≥ · · · ≥
λm ≥ 0), and corresponding feature vector, l1, l2, . . . , lm. Eigenvalue can be calculated by
the eigenvalue equation, |R − λI| = 0, li = (l1i, l2i, . . . , lmi)

T , j = 1, 2, . . . , m.
Step 4: Extract principal component according to cumulative contribution. Contribu-

tion rate of each component is bi = λi (
∑m

t=1 λt)
−1

(i = 1, 2, . . . , m). According to the
cumulative contribution rate principle:(

k∑
t=1

λt

)(
n∑

t=1

λt

)−1

≥ 85% (13)

Select k principal components Zi =
∑m

t=1 ltiYt (i = 1, 2, . . . , k) as the new input vari-
ables.

The final ith principal component is linear combination of standard matrix, coefficient
of which is the component of feature vector li corresponding to eigenvalue λi.

4.3.2. Improved principal component analysis. Similarly, suppose n DMUs and each unit
has m inputs and s outputs. Dataset of input variables is X = (x)T

m×n and that of
output variables is Y = (yrj)

T
s×j, Z = (Z1, Z2, . . . , Zm)T indicates m principal components.

(a1, a2, . . . , am)T indicates relative contribution value of m input variables. The modified
principal component analysis can be combined with DEA method to evaluate the efficiency
of decision unit more effectively. The followings are specific calculation steps:

Step 1: Calculate standardized matrix X∗ of input data X and corresponding relative
matrix R. The methods are the same as above;

Step 2: Solve eigenvalue λ1, λ2, . . . , λm (λ1 ≥ λ2 ≥ · · · ≥ λm ≥ 0) of relative matrix
R by eigenvalue equation |R − λI| = 0. Then solve corresponding feature vector li =
(l1, l2, . . . , lm)T by homogeneous linear equation (R−λI)L = 0 and calculate contribution

rate bi = λi (
∑m

t=1 λt)
−1

, (i = 1, 2, . . . , m);
Step 3: Transform equation Z = LT X∗ (L = (l1, l2, . . . , lm)T ) into X∗ = LZ, then

(a1, a2, . . . , am)T = |L ∗ (b1, b2, . . . , bm)T |.
Absolute value means the absolute value of m elements of column vector.
Step 4: Rank elements of vector (a1, a2, . . . , am)T from big to small and obtain vector

(a∗
1, a

∗
2, . . . , a

∗
m)T (a∗

1 ≥ a∗
2 ≥ · · · ≥ a∗

m);

Step 5: According to cumulative contribution criteria, that is
∑k

i=1 a∗
i∑m

i=1 a∗
i
≥ 85%, extract k

variables to complete the selection of m input variables;
Step 6: Selection of output variables can be completed by the same method.
As can be seen, from transformation of Step 3, several key variables can be selected from

original indexes, and instead of a linear combination of original index, a new principal
component is produced. Thus, original index can be directly involved in the operation of
the DEA model.
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5. Case Study. This paper takes the logistics enterprises of Xiamen as research objects.
Data are collected from questionnaires. The survey collects 12 express enterprises, 15
warehousing enterprises, 21 third-party logistics (3PL) enterprises, 41 transportation en-
terprises and 26 freight forwarding enterprises, from December 2016 to February 2017.
Specific evaluation process is indicated by the example of express enterprises.

5.1. Index processing.

5.1.1. Index after preliminary screening. After preliminary screening, indexes of express
enterprises are shown in Table 1.

Table 1. Index of express-delivery enterprises after preliminary screening

Index ID.1 ID.2 ID.3 ID.4 ID.5 ID.6

Meaning
Total Staff
Number
(Person)

Staff Number
with Bachelor’s
Degree and
Above (Person)

Own Vehi-
cles (Unit)

Enterprise
Management
Software
(Piece)

City Dot
(Unit)

Area of
Warehouse
(Square
Meter)

Index ID.7 ID.8 ID.9 ID.10 ID.11 ID.12

Meaning
Total Business
Revenue
(10,000 Yuan)

Monthly Proces-
sing Order
Quantity (Unit)

Quantity
of Picking
(Piece)

Delivery of
Cargoes
(Piece)

Monthly
Transported
Cargoes
(Piece)

Monthly
Transported
Cargoes
(Ton)

5.1.2. Screening index based on correlation analysis.

1) Calculate correlation coefficient.
2) Classify indexes of each category of enterprises into two types: input and output. Cal-

culate correlation coefficient between indexes from the collection of input and output
indexes. Take the express delivery enterprise as example. Correlation coefficient ma-
trix can be obtained by Equation (10) with indexes of express delivery enterprise after
preliminary screening. Result of calculation is indicated in Table 2.

Table 2. Correlation coefficient matrix of express-delivery enterprise

Correlation Coefficient
Matrix of Input Indexes

ID.1 ID.2 ID.3 ID.4 ID.5 ID.6

ID.1 1 0.9352 0.6713 0.452 0.4397 0.799
ID.2 0.9352 1 0.5468 0.4292 0.5074 0.8278
ID.3 0.6713 0.5468 1 0.3367 0.2912 0.4395
ID.4 0.452 0.4292 0.3367 1 0.1709 0.084
ID.5 0.4397 0.5074 0.2912 0.1709 1 0.1584
ID.6 0.799 0.8278 0.4395 0.084 0.1584 1

Correlation Coefficient
Matrix of Output Indexes

ID.7 ID.8 ID.9 ID.10 ID.11 ID.12

ID.7 1 0.8349 0.6379 0.485 0.8349 0.7693
ID.8 0.8349 1 0.6198 0.3707 0.9408 0.9222
ID.9 0.6379 0.6198 1 0.9358 0.7155 0.522
ID.10 0.485 0.3707 0.9358 1 0.5078 0.274
ID.11 0.8349 0.9408 0.7155 0.5078 1 0.912
ID.12 0.7693 0.9222 0.522 0.274 0.912 1
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3) Define a critical value M = 0.9.
If correlation coefficient of two indexes is greater than M, only one index is retained.

Otherwise, both are retained. Table 3 below shows the result of screening index according
to correlation matrix of Table 2 and critical value M = 0.9.

Table 3. Indexes of express enterprises after screening

Retained indexes Deleted indexes Correlation coefficient
ID.1 ID.2 0.9352

ID.8
ID.11 0.9408
ID.12 0.9222

ID.10 ID.9 0.9358

5.1.3. Screening index based on improved principal component analysis. Indexes screened
by correlation analysis include total staff number (ID.1), own vehicles (ID.3), enterprise
management software (ID.4), city dot (ID.5), warehouse area (ID.6), defined as x1, x2, x3,
x4, x5 in order and output indexes are respectively total business revenue (ID.7), monthly
processing order quantity (ID.8), delivery of cargoes (ID.10), defined as y1, y2, y3 in order.
Calculate express enterprises indexes by improved principal component analysis. Table 4
shows the corresponding relative contribution rates of input and output indexes.

Table 4. Relative contribution values of input and output indexes

Contribution values of input indexes Contribution values of output indexes
x2 0.3091

y1 0.4670
x1 0.2897
x5 0.2871

y2 0.4265
x3 0.0698
x4 0.0443 y3 0.1065

From the table above, cumulative contribution rate of variables x2, x1, x5 achieves
88.59%, which means original five variables can be replaced with those three variables;
cumulative contribution rate of variables y1, y2 achieves 89.35%, which means original
three variables can be replaced with those two variables.

Therefore, after screening by improved principal component analysis, deleted indexes
of express-delivery enterprise are enterprise management software (ID.4), city dot (ID.5),
delivery of goods (ID.10). Remaining indexes are own carrier (ID.3), total staff (ID.1),
warehouse area (ID.6), total business revenue (ID.7), monthly processing order quantity
(ID.8).

5.2. Index distribution of DEA evaluation model. Through numerous indexes scr-
eened by correlation analysis and improved principal component analysis, final simplified
indexes of each category of logistics enterprises are obtained. The relative quantity of
indexes and DMUs of each category has met the requirement for “freedom degree” of
DEA model. These indexes correspond with input, output and intermediate indexes of
DEA model and the evaluation that applies the DEA methods is in the following.

Taking express industry as an example, we compare improved two-stage DEA model
with traditional EDA model and traditional two-stage DEA model and demonstrate the
effectiveness of the improved two-stage DEA model. Index distribution of three evaluation
models is shown in Table 5.
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Table 5. Index distribution of three evaluation models

Traditional
DEA
Evaluation
Model

Input
Indexes

ID.6

Traditional
Two-stage
DEA
Evaluation
Model

System
Inputs

ID.6

Improved
Two-stage
DEA
Evaluation
Model

Original
System Inputs

ID.6
ID.3 ID.3 ID.3

ID.1 ID.1
Shared Inputs
of Two-stages

ID.1

Output
Indexes

ID.8
Intermediate
Products

ID.8
Intermediate
Products

ID.8

ID.7
System
Outputs

ID.1
System
Outputs

ID.1

Method of index distribution of other industries is the same as that of express industry,
which is not elaborated here.

5.3. Evaluation and analysis of operation efficiency of logistics enterprises in
Xiamen. According to the screening results of the above indicators, the indexes are
allocated based on the traditional DEA model, the traditional two-stage DEA model,
and the improved two-stage DEA model respectively. By using three models, calculate
operation efficiency of different logistics enterprises in Xiamen. Evaluation results are
shown in Figure 3.

From Figure 3, efficiency values of improved DEA model are mostly between those of
traditional CCR model and those of traditional two-stage DEA model, explicating that
improved DEA model that we used can effectively make up for the deficiency of higher
results of CCR model and lower results of traditional two-stage DEA model.

We regard average efficiency of each type of enterprises as overall efficiency of this
type of enterprises, in order to reflect the overall development of urban logistics, overall
efficiency of various types of logistics enterprises are needed to be compared and analyzed.
The results are shown in Figure 3(f) and Table 6.

As can be seen from Figure 3(f) and Table 6, no matter which model is used in the
calculation, evaluation result of express industry’s operation is the best and that of ware-
housing industry’s operation is comparatively the worst, while results of 3PL, freight
forwarding, and transportation industry are between results of warehousing industry and
express industry. It can be concluded that management level of warehousing industry is
relatively inadequate, which means that it has a greater improvement in space. Under the
benchmark effect of express industry, 3PL, freight forwarding and transportation industry
should obtain advanced experience from operation mode of 3PL, and thus further improve
operation standard.

We compare overall efficiency ranking among 3PL, freight forwarding and transporta-
tion industry in different DEA models. Overall efficiency of 3PL in CCR model and
improved two-stage DEA model is the best among the three. Only in the traditional
two-stage DEA model, it ranks the second in the three, and under this model, overall
efficiency value of 3PL is 0.3053, which is not far from 0.3284 of transportation indus-
try that is ranked the second; therefore, although overall efficiency of 3PL is not always
greater than the others in three models, it is optimal according to the ranking. Between
freight forwarding and transportation industry, although overall efficiency of freight for-
warding is placed the first in front of that of transportation industry in CCR model and
improved two-stage model, overall efficiency of freight forwarding falls two ranks behind
that of transportation industry and the difference is great; therefore, it is inappropriate
to compare these two industries further.
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(a) The evaluation results of express industry (b) The evaluation results of warehousing industry

(c) The evaluation results of third party logistics
industry

(d) The evaluation results of freight forwarding in-
dustry

(e) The evaluation results of transportation indus-
try

(f) Efficiency mean of different types of enterprises

Figure 3. The evaluation results under three models
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Table 6. Efficiency average of various categories of enterprises under three models

CCR model
Traditional two-stage

DEA model
Improved two-stage

DEA model
Efficiency
average

Rank
Efficiency
average

Rank
Efficiency
average

Rank

3PL 0.8809 2 0.3053 3 0.6151 2
Warehousing 0.7648 5 0.0811 5 0.5628 5

Freight
forwarding

0.8616 3 0.1774 4 0.6013 3

Express 0.9312 1 0.3626 1 0.6447 1
Transportation 0.7819 4 0.3284 2 0.5892 4

In all, in the whole logistics industry, express industry and warehouse industry are
respectively “improving” efficiency value and “pulling down” efficiency value, which means
operation of express industry is the best and that of warehousing industry is the worst.
3PL, freight forwarding and transportation are between express and warehousing and 3PL
is better than freight forwarding and transportation.

6. Conclusion. We evaluate operation efficiency of logistics enterprises by DEA method
and two-stage DEA model, delete redundant indexes by correlation analysis and improved
principal component analysis and allocate indexes appropriately. Following conclusions
are summarized from the empirical analysis of five categories of logistics enterprises in
Xiamen.

1) Index screening by adapting DEA method has great effect on evaluation results. The
paper screens indexes with high correlation by correlation analysis, analyzes their im-
pact degree on evaluation results by improved principal component analysis and deletes
indexes with low impact degree. Therefore, information is retained to the greatest ex-
tent as the dimensions of indexes are declined.

2) Traditional DEA method fails to take internal structure of DMU into account, leading
to higher efficiency value. Although traditional two-stage DEA model has opened
the black box, structure problem of input and intermediate products has not been
further discussed, leading to lower efficiency value. However, evaluation results of
improved two-stage DEA model are between them, proving that improved two-stage
DEA method is more effective.

3) Through efficiency evaluation of logistics enterprises classification, logistics efficiency
difference among various types of enterprises or within the same type of enterprises is
obtained, which benefits the scientific decision making of logistics network design and
development plan of enterprises for themselves.

Two-stage DEA method we have adopted does not discuss frontier projection but re-
flects relative effectiveness of whole logistics enterprises by efficiency values. Final ef-
ficiency value is not applied to solving frontier projection. It is suggested that further
studies should focus on how to solving front projection by improved two-stage DEA model
we have used.

Data used in this paper have many indexes, but “freedom degree” is required in DEA
method. How to minimize the number of indexes while ensuring integrity and objectivity
of the information can be discussed in future studies.
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