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Abstract. The low-carbon logistics park location is related to the development of lo-
gistics industry. The location research on low-carbon logistics park has some practical
significances. From the angle of economic factors, social factors, facility construction and
low-carbon layout, we analyze 20 impact indexes on low-carbon logistics park location,
and construct the index system. The decision making trial and evaluation laboratory
(DEMATEL) method can expand by triangular fuzzy semantic translation into fuzzy ar-
eas and applications, which overcomes the DEMATEL method’s inaccuracy when dealing
with the relationship among system factors. Case study shows that the key impact indexes
on site selection of the low-carbon logistics park are consumer market distance, traffic
convenience, natural conditions, urban traffic remission and impact on ecological envi-
ronment. The research shows that fuzzy DEMATEL method is suitable for low-carbon
logistics park location; and it has reference value to the future development.
Keywords: Low-carbon, Logistics park location, Fuzzy DEMATEL method

1. Introduction. Modern logistics industry, as a new industry, has been developing
rapidly in recent years; and its development degree is becoming a key role in measuring the
comprehensive economic strength of country and region scales. The site selection is impor-
tant for logistics park, which determines the park’s operation in the future. Researchers
have concentrated in quality, quantity and combination of both analytical perspectives
on the site selection method. Quantitative analysis method mainly involves mathemat-
ical models and corresponding algorithms. For example, L. Yang et al. established the
logistics center location model based on different quantitative algorithms respectively to
determine the optimal location [1-3]. When qualitative methods are applied in the se-
lection process, the relationship among the various factors is considered. The qualitative
methods mainly include the analytic hierarchy process (AHP), fuzzy comprehensive eval-
uation, Delphi method, artificial neural network and data envelopment analysis, etc. [4].
Some scholars combined AHP and fuzzy comprehensive evaluation to study logistics park
location [5,6]. They set up the evaluation index system of influencing factors on site se-
lection of logistics park, which realized the advantages of two methods effectively. S. Liu
and T. S. Felix used a hybrid heuristic algorithm to solve the problem of the distribution
center’s location [7]. They integrated multiple algorithms based on the original algorithm
to compensate for the limitations of using a single method to solve the problem.

On global scale, carbon emission of the logistics industry is up to twenty percent of the
total carbon emissions. As a result, it is a trend to achieve a low-carbon development for
the modern logistics industry. The logistics park as a gathering area of the comprehensive
logistics service should be low-carbon layout and operation to protect the environment.
Therefore, low-carbon factors considered in the logistics park site selection can increase
the rationality of the optimal location. Most studies consider the factors influencing the
location of the logistics park for the model need; and less analyze the influence on the
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relationship among various factors and low-carbon factors. In this paper, we use fuzzy set
theory to analyze the relationship of comprehensive influence among various factors and
the influence degree of the low-carbon logistics park location based on the decision making
trial and evaluation laboratory (DEMATEL) method, so as to provide references to the
location of low-carbon logistics park. The DEMATEL can analyze the relationship among
the system elements through graph theory and matrix tools. We study innovatively the
problem of low-carbon logistics park location by DEMATEL to make the results more
accurate, which is proved by the case study.

The rest of the paper is organized as follows. Section 2 constructs main influential
factors on site selection of low-carbon logistics park. In Section 3, the methods are
reviewed and analyzed. In Section 4, the case studies are demonstrated. Finally, the
conclusions are presented in Section 5.

2. The Determination of Low-Carbon Logistics Park’s Location Influential
Factors. The low-carbon logistics park’s location should not only consider the economic
and social benefits that logistics enterprises in the park bring, but also needs to consider
the factors of infrastructure conditions and relevant low-carbon factors.

2.1. Economic factors. Firstly, it is necessary to consider the land conditions, such as
the reasonability of land price. Next, we should consider the cost and the investment
level in the logistics park. Then, the consideration is whether there are enough human
resources conditions, and whether the development of the logistics park can promote
the development of regional economy. Finally, the logistics park should be constructed
in the concentrated area of target customers in order to achieve more logistics service
requirements.

2.2. Social factors. First, the improper location will seriously affect the urban traffic.
Second, we should take the impact on the surrounding residents into account. In addition,
the logistics park’s location should be consistent with urban planning and the government
logistics planning, which is one of the important factors to the development of the logistics
park. Finally, the convenience of traffic can promote the development of the park orderly
and it attributes to reduce logistics costs appropriately when the distance to the consumer
market is comprehensively considered.

2.3. Facility construction. As a specific area of logistics park, its development must
consider the comprehensive utilization avoiding idle space. Transportation conditions
play an important role in the process of logistics distribution. Therefore, the choice of
the transportation mode should be considered appropriately. Perfect infrastructures are
important supports for logistics park construction and operation, so the logistics park
should have good supporting facility.

2.4. Low-carbon layout. The logistics park location requires superior natural condi-
tions for the foundation. Its development must also consider environmental factors.
Therefore, it is very important for the park to greening design. In terms of water treat-
ment, the proper use of water resources should be considered. Low-carbon logistics park
location needs to take the elements of sustainable development and the impacts on the
ecological environment into account, which is the environmental protection requirement.

According to the comprehensive analysis of the four factors, low-carbon logistics park
index system of the main influential factors on site selection is shown in Figure 1.
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Figure 1. Main influential factors on site selection of low-carbon logistics park

3. Fuzzy DEMATEL Method. DEMATEL is a kind analysis method of system fac-
tors. It establishes a direct impact matrix among various factors through the logical
relationship to obtain the degree of each factor influence, center and reasons for degrees.
Nevertheless, the effects of each factor are often ambiguity. Therefore, we need to calcu-
late and analyze the influence matrix which is transformed by triangular fuzzy number
to strive for the accuracy of the results.

3.1. Establishing expert rating scales. We assess each expert’s comprehension of the
influence degree among various factors by the factors comparison. The influence degree of
factor i to factor j is showed by using 0, 1, 2, 3, 4, which represent the affecting relationship
of no, very low, low, high and very high. Then we establish the direct influence matrix of
various factors.

3.2. Semantic conversion by triangular fuzzy number. The effect among system
factors is often ambiguity; therefore, we convert the influence degree which is set by
experts to corresponding triangular fuzzy number, as shown in Table 1. And the direct
influence matrix is converted to the fuzzy number matrix.

Table 1. The semantic conversion

Semantic term Influence score Triangular fuzzy number
No influence 0 (0,0,0.2)

Very low influence 1 (0,0.2,0.4)
Low influence 2 (0.2,0.4,0.6)
High influence 3 (0.4,0.6,0.8)

Very high influence 4 (0.6,0.8,1.0)
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3.3. Dealing with the blur. The evaluation result of each expert is converted into
triangular fuzzy numbers according to the semantic transformation relationship. xk

ij =(
lkij,m

k
ij, r

k
ij

)
denotes the influence value of factor i to factor j by expert k. lkij is the left

value of triangular fuzzy numbers; while mk
ij and rk

ij are middle value and right value
respectively. The defuzzification steps are as follows.

Step 1: standardize the triangular fuzzy number matrix.
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, and K denotes the experts number.

Step 2: calculate the left (ls) and right (rs) standard values.
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xmk
ij

1 + xmk
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. (4)
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Step 3: calculate the total standard values.
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Step 4: calculate the influence value of factor i to factor j by expert k.

wk
ij = min lkij

1≤k≤K

+xk
ij∆

max
min . (7)

Step 5: calculate the average influence value of the factor i to factor j by all experts.

wij =
1

K

K∑
k=1

wk
ij. (8)

3.4. Calculation of the mutual relationships based on DEMATEL method. The
relationship matrix A = [wij]n×n is standardized; and the comprehensive influence matrix
T = [tij]n×n is obtained. Finally, calculate the effect degree fi, affected degree ei, center
degree mi, and reason degree ni.

D = A/ max
1≤i≤n

n∑
j=1

wij. (9)

T = D1 + D2 + · · · + Dn. (10)
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4. Empirical Analyses.

4.1. Case analysis based on fuzzy DEMATEL method. Shijiazhuang H Group
plans to build a low-carbon logistics park in order to analyze the main influential factors
on site selection. The main influential factors, such as the economic factors, social fac-
tors, infrastructure construction and low-carbon layout, should be analyzed synthetically.
There are four levels and a total of 20 factors. Through expert scoring evaluation, direct
influence matrix A and semantic transformation are shown in Table 2 and Table 3.

Table 2. Direct influence matrix A

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12 A13 A14 A15 A16 A17 A18 A19 A20
A1 0 0 2 0 2 0 0 2 0 0 0 0 4 0 0 0 3 0 2 0
A2 0 0 0 0 0 2 0 0 0 1 0 0 0 3 2 0 0 0 1 0
A3 0 3 0 3 2 0 0 2 0 0 0 0 4 4 4 0 3 3 3 0
A4 0 2 1 0 3 2 0 2 0 0 0 0 1 0 1 0 2 2 2 0
A5 3 1 1 3 0 4 0 4 3 3 1 0 3 2 2 0 0 1 3 1
A6 1 3 0 4 3 0 0 3 0 1 0 0 4 1 3 0 0 0 2 0
A7 0 2 0 0 2 3 0 4 4 4 3 0 0 3 0 1 0 0 0 3
A8 2 0 0 3 3 4 0 0 0 1 0 1 3 2 0 0 0 0 3 0
A9 3 0 1 0 4 0 4 3 0 4 4 3 2 1 0 0 3 3 2 3
A10 3 2 1 3 4 3 2 3 3 0 2 3 3 3 4 0 2 3 4 2
A11 4 3 3 2 4 2 2 4 2 2 0 4 3 3 0 0 0 0 0 0
A12 3 4 0 1 3 3 3 3 2 1 3 0 1 4 2 0 0 0 2 0
A13 1 0 2 3 4 1 0 4 2 3 0 0 0 2 4 0 2 2 1 2
A14 0 4 3 1 2 2 4 3 0 2 4 2 2 0 2 1 0 0 2 3
A15 0 2 3 3 1 3 0 1 0 2 0 0 2 0 0 0 1 1 3 1
A16 3 2 1 0 2 0 0 4 3 1 0 0 3 1 1 0 2 2 3 2
A17 0 0 3 1 1 0 0 4 4 1 0 0 2 0 1 3 0 0 2 4
A18 1 0 2 0 0 0 0 4 3 2 0 0 2 0 1 2 1 0 3 4
A19 2 1 2 2 2 2 0 3 2 3 0 0 3 1 2 2 1 3 0 3
A20 2 2 2 1 3 2 1 4 3 4 0 0 2 3 2 3 3 2 3 0

Comprehensive influence matrix is calculated according to Equations (1)-(10); and each
row and each column of the matrix are summed to obtain the comprehensive effects of
relational tables, as shown in Table 4.

4.2. Result analysis. According to the reason degree value, the influence factors on low-
carbon logistics park site selection of H Group are divided into two categories. The first
category is the cause factors. The sequence is consumer market distance, traffic conve-
nience, natural conditions, easy urban traffic, impact on ecological environment, govern-
ment logistics plan policy, urban planning coordination, water treatment, transportation
facility, investment level and degree of greening. These factors have direct influences on
the location of low-carbon logistics park. The second category is the result factors. The
order is impact on the surrounding residents, logistics costs, human resources, regional
economic radiation, demand for logistics service, park extension rate, land price, sup-
porting facility conditions, and park sustainable development. These factors are severely
affected by other factors.

According to the center degree, the order is government logistics plan policy, regional
economic radiation, impact on the surrounding residents, park expansion rate, park sus-
tainable development, urban planning coordination, transportation facility, impact on
ecological environment demand for logistics service, investment level, supporting facility
conditions, traffic convenience, water treatment, degree of greening, human resources,
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Table 4. Comprehensive relationship

fi ei mi ni fi ei mi ni

A1 0.895 1.457 2.352 −0.562 A11 1.951 0.954 2.905 0.997
A2 0.611 1.493 2.104 −0.882 A12 1.848 0.794 2.642 1.055
A3 1.586 1.415 3.001 0.171 A13 1.729 2.329 4.058 −0.601
A4 0.957 1.706 2.663 −0.749 A14 2.020 1.731 3.751 0.289
A5 1.834 2.528 4.362 −0.695 A15 1.190 1.728 2.918 −0.539
A6 1.229 1.901 3.130 −0.672 A16 1.629 0.715 2.344 0.914
A7 1.673 0.937 2.610 0.736 A17 1.434 1.263 2.697 0.170
A8 1.209 2.852 4.061 −1.643 A18 1.582 1.274 2.856 0.309
A9 2.258 1.580 3.838 0.678 A19 1.780 2.161 3.941 −0.382
A10 2.586 1.888 4.473 0.698 A20 2.203 1.497 3.701 0.706

consumer market distance, easy urban traffic, land price, natural condition and logistics
costs. The higher the factor’s center degree is, the higher we can choose and optimize.

4.3. Determination of the location. There are four alternative addresses for low-
carbon logistics park construction of the H Group. The first is located in Liangcun
development zone close to the inland port. The second is nearby Douyu, near the railway
hub. The third is in the northwest of Luquan, near Shijiazhuang-Taiyuan expressway.
The fourth is in the northwest district of Zhengding, near Beijing-Zhuhai expressway.
According to reason degree and center degree sequence, we can analyze each site character.
We choose the first site as the best low-carbon logistics park location for the H Group by
comparison.

5. Conclusions. Based on triangular fuzzy number, we put forth the DEMATEL eval-
uation model. The empirical analysis generates good results with strong operability in
actual application. Related studies show that the sensitivity of the DEMATEL method is
low, which is suitable for the decision problem. The fuzzy DEMATEL method provides
a support for the decision-making and the development of logistics park. Compared to
other multi-objective decision-making methods, fuzzy DEMATEL method takes into ac-
count the impact of the relationship among various factors. It is convinced in the relation
calculation by using fuzzy set theory. However, the applicability of the method remains to
be enhanced for the larger complex systems, such as social, economic, and ecological sys-
tem. At present, the development of low-carbon logistics park is not yet mature and the
related research is less. Therefore, it needs scientific practice test in the future study; and
it still needs to optimize the low-carbon logistics park location model and the evaluation
indexes in order to make the results scientific and rational.
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