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Intermodal transportation, as an efficient form of transport organization, is a key technology and means for the logistics industry
to balance transport costs and efficiency. How to deeply analyze the key factors constraining the level of development of
multimodal transportation in China, building multimodal transportation development evaluation index system and evaluation
model, evaluating comprehensively the multimodal transportation development level in China, and putting forward targeted
countermeasures is of great practical significance. Based on the hesitant fuzzy multiattribute decision-making method, this paper
analyzes the key factors influencing the level of multimodal transportation development from the perspective of sea-rail in-
termodal transport and further uses the interval number discretization and likelihood deviation maximization multiattribute
decision-making method to construct a mixed-data index evaluation model, which is combined with data from 11 provinces
(cities) in China. -e study shows that there is a big gap among different provinces (cities) in China concerning the level of
multimodal transportation development. Besides, the volume of intermodal container transportation and railway mileage are the
core factors affecting the level of multimodal transportation development, and the results of the evaluation model can objectively
reflect the level of multimodal transportation development and problems in each province (city). -e research results further
enrich the theoretical system of intermodal transportation development and provide a reference for the relevant management
departments in formulating intermodal transportation plans and policies by putting forward pertinent suggestions in the field of
management. In the future, the research direction should include the ecological environment, economic benefits, and other
indicators into the evaluation system, expand the research scope of the modes of combined transportation such as public rail
transport and public air transport, and improve the applicable scope of the evaluation model and the evaluation capability of
specific scenarios.

1. Introduction

International Multimodal Transport means the carriage of
goods by at least two different modes of transport on the
basis of a multimodal transport contract from a place in one
country in which the goods are taken in charge by the
multimodal transport operator to a place designated for
delivery in a different country that was defined by the United
Nations Convention in 1980 [1]. According to the technical
and economic advantages of the various modes of trans-
portation, logistics transport can be intermodal to improve
efficiency and reduce energy consumption and greenhouse
gas emissions. -e experience of European and American

countries shows that intermodal transportation can improve
transport efficiency by 30 percent or more, decrease cargo
losses and cargo discrepancies by up to 10 percent, reduce
the cost of transporting goods, and decrease road traffic
congestion by 20 percent ormore of transportation costs and
up to 50 percent. With the rapid development and con-
tinuous improvement of the regional comprehensive
transportation network in China, the range of cargo
transport options continue to expand, and the multimodal
transportation system will be the key direction of future
transport logistics development in China. Although certain
progress and achievements have been made in the devel-
opment of multimodal transportation in China, the overall
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level of development is still not high, and there is a large gap
compared with Europe and the United States. -erefore,
how to deeply analyze the key factors influencing the level of
development of intermodal transportation in China and
seize the main contradictions in the process of multimodal
transportation development has become an important issue
in the field of intermodal transportation research in China.

At present, domestic and foreign scholars have carried
out researches on the evaluation of the development level of
multimodal transport according to different research
perspectives and methods, including qualitative, modal
transport, stakeholder, and comprehensive evaluation
perspectives, etc. Xu et al. [2–4] made qualitative studies on
the development level of comprehensive transportation,
container multimodal transport synergies, and multimodal
transport channels from an overall qualitative perspective.
With the development of multimodal transport, the scope
of its definition has not been limited to the transnational,
gradually formed in accordance with the combination of
different modes of transport. Du and Shi and Fang et al.
[5, 6] evaluated the circulation process and path advantages
and disadvantages of container sea-rail combined transport
from the perspective of sea-rail combined transport. Berli
et al. and Han et al. [7, 8] studied the advantages and
disadvantages of sea-land coordinated development and
sea-land combined transport network paths from the
perspective of sea-land combined transport, respectively.
From the perspective of land bridge multimodal transport,
several researchers [9–11] studied the operation mecha-
nism and development level of long rail and short truck
multimodal transport. From the perspective of sea-air
transport, Lu et al. [12] studied the development level of
sea-air transport network with airports as transit nodes and
international routes from the Far East to Europe and the
Far East to Central and South America. -e multimodal
logistics network formed by different methods is a complex
network. -ey include transportation nodes, trans-
portation connection edges, transit nodes, and transit
connection edges [13], which are mainly composed of
“service network” (local service network) and “internal
operation network” (linehaul operations network) [14].
-e complex network involves many stakeholders, decision
makers, operations, and planning activities [15], of which
freight shippers, carriers, and logistics authorities (plan-
ners) are the three main stakeholders [16]. From the
perspective of different stakeholders such as shippers,
carriers, and governments, the development level evalua-
tion of multimodal transport has different focuses on
transportation cost, transportation time, pollutant emis-
sion, and transportation emission [17–22]. With the de-
velopment of the multimodal transport network trend,
comprehensive evaluation research on the multimodal
transport has also gradually emerged. -e evaluation
mainly involves in the degree of collaboration between
multimodal transport participants and links, system be-
havior, service quality, evaluation standards, line perfor-
mance evaluation, etc., as well as environmental costs,
operating costs, transportation costs, infrastructure costs,
transportation duration, door-to-door transportation,

duration of transshipment operations, comfort, safety,
reliability, stability, and other indicators [18, 23–27].

It is necessary to face a situation where an attribute may
have different evaluation values in the aspect of multimodal
transport evaluation. However, neither the expert review
method nor the analytic hierarchy process can meet this
realistic requirement. Hesitant fuzzy sets allow more than
one value for the membership of an element [28], which can
effectively deal with the situation where experts are hesitant
and difficult to make decisions in the decision-making
process. -erefore, it is conducive to building a model to
improve the accuracy of the results by introducing hesitant
fuzzy multiattribute decision-making to the level of multi-
modal transport development during the evaluation process.
At present, the multiattribute decision-making method is
gradually applied in many fields. How to accurately analyze
the uncertain information in the decision-making process to
make a scientific and reasonable decision is the key to the
current research. -e fuzzy multiattribute decision-making
method is used to solve the problem that, when under
environmental data, each decision-making individual in the
decision-making group calculates the preference value
according to the attributes of the decision-making object
with their own preferences and existing knowledge, and then
sorts and selects the best. -e scientific nature and appli-
cability of the hesitant fuzzy multiattribute decision-making
method have been generally proved [29–33].

-erefore, it is of theoretical and practical significance to
establish an evaluation index system for the development
level of multimodal transport in China, to evaluate the
development level of multimodal transport in China ob-
jectively and accurately through the actual data, to analyze
the key factors restricting the development level of multi-
modal transport in China in depth, and to propose corre-
sponding countermeasures. As intermodal transportation
requires the entire transport process as a whole, combining
different modes of transport to form a continuous, optimal,
integrated transport network of goods, necessarily involving
a certain spatial range by a variety of transport elements,
resource integration features, we will introduce the hesita-
tion fuzzy multiattribute decision evaluation method, and
on the basis of determining the alternatives and attribute sets
for the multimodal transportation level evaluation problem,
we will use the Delphi method to obtain the hesitation fuzzy
matrix and further use the constructed evaluation model to
obtain the comprehensive similarity of each alternative and
conduct a comprehensive decision analysis according to the
final results to provide countermeasures and suggestions for
improving the level of multimodal transportation
development.

2. Research Design

In view of the above problems, this paper intends to explore
and study the evaluation and practice of the development
level of multimodal transport from a new perspective and
thinking, specifically as follows: (1) study the optimization of
multimodal transport network from the perspective of
comprehensive development level evaluation; (2) deeply
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analyze and examine the factors affecting the development of
multimodal transport and build an evaluation index system;
(3) study the mixed multiattribute index decision-making
based on the combination of accurate data and interval type
data; (4) the evaluation model is constructed, and the ob-
jective data of the development status of multimodal
transport is used to analyze and verify the feasibility of the
algorithm and give the targeted countermeasures for the
development of multimodal transport.

2.1. IndexConstruction. -e design of the evaluation index
system should follow the principles of scientificity, fea-
sibility, and objectivity. -at is to say, index construction
should be based on scientific and reasonable analysis, be
operable and easy to operate, and reflect objective facts as
much as possible. Combining and analyzing relevant
literature, Yang [34] used the system engineering method
to build a multimodal transport performance evaluation
index system including mobility and reliability, safety,
environmental management, cost efficiency, and eco-
nomic development. Zhu et al. [35] set up the evaluation
index system of container multimodal transport effi-
ciency level from three aspects of system efficiency,
technical efficiency, and operation efficiency. Combined
with the development mission of China’s multimodal
transport, based on the analysis of references, following
the principles of science, feasibility, and objectivity, the
evaluation indexes of regional multimodal transport
including production capacity, policy strength, and
service quality are selected. According to the data types of
precise and interval indexes, the indexes can be divided
into quantitative indexes and qualitative indexes.
According to the changing trend of index data value and
the performance trend of the evaluation object in this
aspect, the index can be divided into benefit index and
cost index [36]. -e evaluation index system of regional
multimodal transport development level is obtained as
shown in Table 1.

For the fuzziness index, the scoring method of 1–10
points is used for measurement, and the following nine
intervals are used for the division of 1–10 points with ref-
erence to the scoring method of the Likert scale. -e cor-
responding descriptions of different interval standards are
shown in Table 2.

2.2. Model Construction. To evaluate the development level
of multimodal transport in province (city), this paper not
only considers the quantitative indicators such as the volume
of container sea-rail transport, the proportion of container
throughput, railway operating mileage, the amount of
government investment, and the number of multimodal
transport demonstration projects but also considers the
qualitative indicators such as the business level, service state,
and technical level that reflect the service quality of mul-
timodal transport. -erefore, it is necessary to analyze the
mixed data composed of precise data and interval data.
-erefore, this paper uses the method of maximizing the
deviation between interval separation degree and scheme

attribute, finds the optimal objective weight vector and the
comprehensive index value of each scheme through the
decision matrix, establishes the mixed possibility comple-
mentary judgment matrix, and obtains the sorting vector
and sorts according to the scheme of component size to get
the optimal scheme.

(1) Building decision matrix
Set X � x1, x2, . . . , xn  as the evaluation object set,
U � u1, u2, . . . , um  as the evaluation index set，
W � w1, w2, . . . , wm 

T as the weight vector of the
evaluation index, wi ≥ 0, wi ∈ [wl

i, wu
i ], 

m
i�1wi � 1.

-is paper uses an evaluation index uj ∈ U to
evaluate evaluation object xi ∈ X and get the accu-
rate evaluation value m1 and interval evaluation
value m2(m1 + m2 � m). Furthermore, the decision
matrix A � (aij)n×m � [(aij)n×m1

, (al
ij, au

ij)n×m2
] can

be obtained by applying all the evaluation indexes to
evaluate all the evaluation objects.

(2) Normalization of decision matrix
As mentioned above, indicators can be divided into
accurate type (Quantitative) and interval type
(Qualitative) according to the type of indicator data
value. At the same time, indicators can be divided
into cost type and benefit type according to the
change of indicator value and the changing trend of
evaluation results under the indicator. -erefore,
indicator types can be divided into four types:
quantitative cost type, quantitative benefit type,
qualitative cost type, and qualitative benefit type. On
the basis of references [37], different types of data are
standardized as follows.
-e standardized formula of quantitative cost index
data:

rij �
minjaij

aij

, j ∈ N. (1)

-e standardized formula of quantitative benefit index
data:

rij �
aij

maxjaij

, j ∈ N. (2)

-e standardized formula of qualitative cost index data:

r
l
ij �

1/au
ij 

�����������


n

j�1 1/al
ij 

2
 ,

r
u
ij �

1/al
ij 

�����������


n

j�1 1/au
ij 

2
 ,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

j ∈ N. (3)

-e standardized formula of qualitative benefit index
data:
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j ∈ N. (4)

Here, N � 1, 2, . . . , n{ }. Based on formulas (1)–(4),
the decision matrix A � (aij)n×m � [(aij)n×m1

,

(al
ij, au

ij)n×m2
] can be transformed into a normalized

matrix R � (rij)n×m � [(rij)n×m1
, (rl

ij, ru
ij)n×m2

].
(3) Weight vector solution

-e weight vector W solution follows the idea of
maximizing the overall deviation value of the eval-
uation object under the evaluation index set.
According to the definition of interval distance in

literature [38], we can set interval number
a � [al, au], b � [bl, bu] and regard
D(a, b) � ‖a − b‖ � |bl − al| + |bu − au| as the dis-
tance degree of interval number a, b. Under a certain
index uj ∈ U, the deviation value of evaluation object
xi and other evaluation objects are expressed by
Lij(w), while Li(w) represents the sum of deviation
values of all the evaluation objects:

Lij(w) � 
n

k�1
r

l
ij − r

l
kj



 + r
u
ij − r

u
kj



 wj, i ∈ N, j ∈M,

(5)

Li(w) � 
n

i�1
Lij(w) � 

n

i�1


n

k�1
r

l
ij − r

l
kj



 + r
u
ij − r

u
kj



 wj,

i ∈ N.

(6)

Furthermore, build the overall deviation function of the
evaluation object under all indexes:

L(w) � 
m

j�1
Li(w) � 

m

j�1


n

i�1


n

k�1
r

l
ij − r

l
kj



 + r
u
ij − r

u
kj



 wj.

(7)

To solve the weight vector W is to solve the maximum
L(w) value problem under certain constraints. -e
solution equation is as follows:

max L(w) � 
m

j�1


n

i�1


n

k�1
r

l
ij − r

l
kj



 + r
u
ij − r

u
kj



 wi

s.t. w � w1, w2, . . . , wm( 
T
,

wj ∈ w
l
j, w

u
j , wj ≥ 0, 

m

j�1
wj � 1.

(8)

Table 1: Evaluation index system of regional multimodal transport development level.

First level indicators Secondary
index -ree-level indicators Type

-e development level of multimodal
transport

-roughput

Sea-rail intermodal container volume/TEU (X1) Quantitative index of
benefit type

Proportion of intermodal container throughput
(X2)

Quantitative index of
benefit type

Total mileage of railway operation/kilometre (X3) Quantitative index of
benefit type

Policy strength
Government investment/100 million yuan (X4) Quantitative index of

benefit type
Number of multimodal transport demonstration

projects/unit (X5)
Quantitative index of

benefit type

Service quality

Business level (X6) Qualitative index of benefit
type

Service attitude (X7) Qualitative index of benefit
type

Technical level (X8) Qualitative index of benefit
type

Table 2: Fuzzy interval division standard and description.

Interval
standard

Description of qualitative index interval
standard

Business level Service
attitude Technical level

[1, 2] Terrible Terrible Terrible
[2, 3] Very poor Very poor Very poor
[3, 4] Quite poor Quite poor Quite poor
[4, 5] Poor Poor Poor
[5, 6] General General General
[6, 7] Good Good Good
[7, 8] Quite good Quite good Quite good
[8, 9] Very good Very good Very good
[9, 10] Great Great Great
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(4) Solution of the comprehensive index value
-e comprehensive index value zi is the sum of the
evaluation values of each province (city) in the
evaluation system of the multimodal transport de-
velopment level index. -e calculation formula is as
follows:

zi � 
m

j�1
rijwj, j ∈M, (9)

where wj is the weight of the jth index, rij is the
evaluation value in the normalized matrix
R � (rij)n×m � [(rij)n×m1

, (rL
ij, rU

ij)n×m2
].

(5) Constructing the complementary matrix of possi-
bility degree
According to formula (9), the comprehensive index
of each province (city) is interval data. It is necessary
to introduce the concept of interval comparison
possibility to compare interval numbers. -e defi-
nition of interregional probability in the cited ref-
erences is as follows [39]:
Let a � [al, au], b � [bl, bu], and S(a) � au − al,
S(b) � bu − bl; then,

P(a≥ b) �
max 0, S(a) + S(b) − max a

u
− b

l
, 0  

S(a) + S(b)
.

(10)

Define the possibility that P(a≥ b) is a≥ b. In this
definition, P(a≥ b) has the following properties:

(a) P(a≥ b) + P(b≥ a) � 1
(b) If P(a≥ b) � P(b≥ a), then P(a≥ b) �

P(b≥ a) � (1/2)

(c) If aU ≤ bL, then P(a≥ b) � 0; if aL ≥ bU, then
P(a≥ b) � 1

(d) For three interval numbers a, b, c, if a≥ b, then
P(a≥ c)≥P(b≥ c)

Based on formula (10), we can get the comple-
mentary judgment matrix of possibility degree
P � (Pij)n × n.

(6) Sorting vector solution
On the basis of the complementary judgment matrix
of the possibility degree of each province (city), the
calculation formula of the sequence vector
h � (h1, h2, . . . , hn)T of the fuzzy complementary
judgment matrix is obtained [38]:

hi �


n

j�1Pij +(n/2) − 1 

n(n − 1)
.

(11)

-e ranking vector of probability matrix P is obtained,
and the development level of multimodal transport in
each province is ranked according to the component
size of the ranking vector.

3. Empirical Analysis

From five aspects of production, policy, and service, this
paper makes an empirical analysis on the development level
of rail sea intermodal transport in 18 provinces (cities) in
China, obtains the original data through the port Yearbook,
provincial Yearbook, annual report, and other documents,
and constructs the decision matrix as shown in Table 3 by
applying the evaluation index system in Table 1.

According to step 2, the benefit and cost indicators as
well as formulas (1)–(6), the decision matrix A can be
transformed into a normalization matrix as shown in
Table 4.

-e single objective optimization model is established by
using the idea of interval distance and a maximum deviation
of the scheme index:

max D(w) � 16.6w1 + 20.98w2 + 20.46w3 + 11.89w4 + 17w5 + 3.36w6 + 2.94w7 + 2.90w8

s.t. 0.12≤w1 ≤ 0.18, 0.10≤w2 ≤ 0.16, 0.10≤w3 ≤ 0.18, 1.12≤w4 ≤ 0.16, 0.08≤w5 ≤ 0.14,

0.08≤w6 ≤ 0.14, 0.08≤w7 ≤ 0.14, 0.06≤w8 ≤ 0.12,



8

i�1
wi � 1, wi ≥ 0, i ∈ (1, 2, 3, . . . , 8).

(12)

Using Python 2.7 software to solve the model, the op-
timal weight vector is W � (0.18, 0.16, 0.18, 0.12, 0.14, 0.08,
0.08, 0.06).

According to formula (9), the comprehensive index
value zj(w)(j ∈ N) is as follows:
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ZA(w) � [0.2687, 0.2839],

ZB(w) � [0.4568, 0.4750],

zC(w) � [0.3252, 0.3458],

zD(w) � [0.7118, 0.7324],

zE(w) � [0.2355, 0.2531],

zF(w) � [0.3738, 0.3890],

zG(w) � [0.4291, 0.4477],

zH(w) � [0.1325, 0.1477],

zI(w) � [0.5429, 0.5605],

zJ(w) � [0.3661, 0.3813],

zK(w) � [0.3157, 0.3333].

(13)

Calculate the possibility of the comparison of the
comprehensive index values of multimodal transport in
different regions and establish the possibility matrix:

p �

0.5 0 0 0 1 0 0 1 0 0 0

1 0.5 1 0 1 1 1 1 0 1 1

1 0 0.5 0 1 0 0 1 0 0 1

1 1 1 0.5 1 1 1 1 1 1 1

0 0 0 0 0.5 0 0 1 0 0 0

1 0 1 0 1 0.5 0 1 0 0.5 1

1 0 1 0 1 1 0.5 1 0 1 1

0 0 0 0 0 0 0 0.5 0 0 0

1 1 1 0 1 1 1 1 0.5 1 1

1 0 1 0 1 0.5 0 1 0 0.5 1

1 0 0 0 1 0 0 1 0 0 0.5

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

.

(14)

According to formula (11), the order vector of proba-
bility p is W � (0.0636, 0.1182, 0.0818, 0.1364, 0.0545, 0.0955,
0.1091, 0.0455, 0.1273, 0.0955, 0.0727).

Table 3: Decision matrix.

(X1) (X2) (%) (X3) (X4) (X5) (X6) (X7) (X8)
Shanghai (A) 15.56 0.39 465.10 170.00 1 [8, 9] [8, 9] [7, 8]
Shandong (B) 63.81 2.49 5726.40 118.00 2 [7, 8] [8, 9] [8, 9]
Jiangsu (C) 25.17 1.46 2816.40 89.24 3 [7, 8] [7, 8] [8, 9]
Liaoning (D) 111.92 5.74 5914.70 45.90 4 [8, 9] [7, 8] [8, 9]
Fujian (E) 16.87 1.08 3191.40 106.20 1 [6, 7] [7, 8] [7, 8]
Guangdong (F) 43.26 0.69 4200.70 85.20 3 [7, 8] [8, 9] [7, 8]
Guangxi (G) 29.76 4.91 5191.40 40.63 1 [7, 8] [6, 7] [7, 8]
Hainan (H) 0.86 0.41 1033.40 181.00 1 [6, 7] [7, 8] [6, 7]
Hebei (I) 20.60 5.50 7162.00 70.70 3 [7, 8] [7, 8] [7, 8]
Tianjin (J) 34.93 2.32 1148.90 9.25 1 [7, 8] [8, 9] [7, 8]
Zhejiang (K) 42.64 1.55 2624.00 124.00 2 [8, 9] [7, 8] [7, 8]

Table 4: Standardized decision matrix.

(X1) (X2) (X3) (X4) (X5) (X6) (X7) (X8)
Shanghai (A) 0.14 0.07 0.06 0.05 0.25 [0.30, 0.38] [0.29, 0.37] [0.26, 0.33]
Shandong (B) 0.57 0.43 0.80 0.08 0.50 [0.26, 0.34] [0.29, 0.37] [0.29, 0.38]
Jiangsu (C) 0.22 0.25 0.39 0.10 0.75 [0.26, 0.34] [0.25, 0.33] [0.29, 0.38]
Liaoning (D) 1.00 1.00 0.83 0.20 1.00 [0.30, 0.38] [0.25, 0.33] [0.29, 0.38]
Fujian (E) 0.15 0.19 0.45 0.09 0.25 [0.22, 0.30] [0.25, 0.33] [0.26, 0.33]
Guangdong (F) 0.39 0.12 0.59 0.11 0.75 [0.26, 0.34] [0.29, 0.37] [0.26, 0.33]
Guangxi (G) 0.27 0.86 0.72 0.23 0.25 [0.26, 0.34] [0.22, 0.29] [0.26, 0.33]
Hainan (H) 0.01 0.07 0.14 0.05 0.25 [0.22, 0.30] [0.25, 0.33] [0.22, 0.29]
Hebei (I) 0.18 0.96 1.00 0.13 0.75 [0.26, 0.34] [0.25, 0.33] [0.26, 0.33]
Tianjin (J) 0.31 0.40 0.16 1.00 0.25 [0.26, 0.34] [0.29, 0.37] [0.26, 0.33]
Zhejiang (K) 0.38 0.27 0.37 0.07 0.50 [0.30, 0.38] [0.25, 0.33] [0.26, 0.33]
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-e right ordering vector w and the possibility degree in
proof P are obtained, and the ordering of interval number
zj(w) is as follows:

ZD(w) ≥
1

ZI(w) ≥
1

ZB(w) ≥
1

ZG(w) ≥
1

ZJ(w) ≥
0.5

ZF(w) ≥
1

ZC(w) ≥
1

ZK(w) ≥
1

ZA(w) ≥
1

ZE(w) ≥
1

ZH(w). (15)

According to the size of zj(w) (i � 1, 2, 3, . . . , 8) value,
the provinces (municipalities) are ranked as follows:

D≻
1

I≻
1

B≻
1

G≻
1

J ≻
0.5

F≻
1

C≻
1

K≻
1

A≻
1

E≻
1

H. (16)

It shows that Liaoning is the province with the highest
level of multimodal transport development, followed by
Hebei, Shandong, and Guangxi, with the advantage prob-
ability of 100%. Tianjin is ranked fifth with a 50% advantage
over Guangdong, followed by Guangdong, Jiangsu, Zhe-
jiang, Shanghai, Fujian, and Hainan, with the advantage
probability of 100%. According to the weight of the indexes
in the model, we can see sea-rail transport capacity, inter-
modal container throughput ratio, and railway mileage are
the main influence factors affecting the development of
regional sea-rail transport, Liaoning with good infrastruc-
ture foundation, a higher rate of cargo containers, and high
proportion therefore ranked first, but in the aspect of
government investment and personnel service attitude in
Liaoning is yet to be promoted. Hebei, Shandong, Guangxi,
and Tianjin all have a good logistics network foundation and
container freight volume, and at the same time, have dif-
ferent degrees of problems in the proportion of container
combined transportation, multimodal transportation dem-
onstration project, business level, and so on. Guangdong,
Jiangsu, Zhejiang, Shanghai, Fujian, and Hainan are at a
disadvantage compared with the northern provinces in sea-
rail combined transport due to the developed sea transport
and water systems around them. Meanwhile, the above
provinces should fully recognize their own advantages and
disadvantages and develop sea-rail, sea-land, water-to-water,
and other combined transport modes in an integrated
manner.

4. Conclusion

Based on the perspective of sea-rail intermodal trans-
portation, this paper deeply analyzes the key indicators that
influence the level of intermodal transport development,
constructs a mixed multievaluation index system which
includes precise and interval data, and evaluates the level of
multimodal transport development in 11 provinces (cities)
in China by using the fuzzy multiattribute decision method
model.

-e following conclusions are drawn: (1) -e evaluation
method of regional multimodal transportation development
level is studied from the perspective of sea-rail multimodal
transportation, and the intermodal transportation devel-
opment level evaluation index system based on sea-rail
multimodal transport is constructed through the analysis of

relevant literature and a questionnaire survey of experts and
industry insiders. (2) -e application of the multiattribute
decision model solves the problem of unifying data stan-
dards for multiple indicators of intermodal transportation
and provides new ideas for obtaining more objective and
comprehensive evaluation results. (3) Based on the per-
spective of sea-rail intermodal transportation, we solve the
weights of mixed evaluation indexes and obtain the key
factors for the development of intermodal transportation in
each province (city) as cargo containerization, containerized
sea-rail intermodal transportation volume, and railway
mileage, which provide the development direction for each
region to improve the level of intermodal transport. (4)
According to objective and real data, qualitative and
quantitative index data will be comprehensively evaluated,
and it is found that the development level of multimodal
transportation in each province (city) of China. It is uneven
and problematic, and more targeted responses need to be
developed.

Based on the research results, the following suggestions
are proposed: First, for government departments, it is
necessary to coordinate the development and construction
of multimodal transport in various regions, increase in-
vestment in multimodal transport infrastructure, guide the
standardized development of industry regulations and
technical standards, and break information barriers to
promote efficient information transmission. Second, mul-
timodal transport operators should fully understand the key
factors affecting the development of their own transport
capacity and concentrate limited resources to strengthen the
core competitiveness.-ird, for shippers, when choosing the
route of multimodal transport service, it is necessary to give
full consideration to the hard targets of the carrier in terms
of containerization of goods, intermodal transport, inter-
modal transport operating mileage, etc., so as to ensure the
efficient and safe delivery of goods.-e research in this paper
also needs to further improve the evaluation index system,
such as increasing the evaluation indexes of ecological en-
vironment and economic benefits, so as to be able to more
objectively and comprehensively evaluate the level of in-
termodal transportation development. Future research
should expand intermodal transportation modes, such as
intermodal road-rail and road-air so that the model can be
adapted to more regional scales and enhance the applica-
bility of the model.
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