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In recent years, China keeps working on restructuring the country’s multimodal transport and highly develops the high-speed rail
(HSR) infrastructure to improve transport efficiency. As the economic engine of China, the Yangtze River Delta region keeps
leading the HSR development and the transporting modal transformation within the whole country.(e fast development of HSR
on the one hand highly improves passengers’ travel efficiency and, on the other hand, releases the capacity of conventional rail
infrastructures to support regional multimodal freight transport. (is study applies a three-level AHP structure and constructs a
comprehensive index to evaluate the development of a rail-based multimodal freight transport network including railway, rail-
water, and rail-road. (e comprehensive index contains 14 quantitative and 8 qualitative indexes, covering the rail-based in-
frastructures, multimodal transport capability, freight transport performance, and transport sustainability. (e comprehensive
index is then applied to analyze the rail-based multimodal freight transport for the Yangtze River Delta region. (e operational
data of 59 freight stations and more than 200 railway links of the Yangtze River Delta were recorded. About 172 valid ques-
tionnaires were collected to score the qualitative indexes, and all the quantitative indexes are scored based on the real-life freight
data. (e results reveal the impacts of HSR development on rail freight transportation and show that Zhejiang has led rail freight
transportation while Shanghai mainly leads the waterway freight transportation. Meanwhile, Anhui performs very well on road-
rail transportation and Jiangsu has made a great improvement on water-rail transportation.

1. Introduction

In the past five years, China invested more than 80 billion
yuan each year in the construction of high-speed rail (HSR).
By the end of 2019, the total revenue length of HSR in China
had reached 35,000 km and ranked first place in the world.
HSR commanded a share of 64.4% in the total rail passengers
by the end of 2019. At the same time, the development of
HSR and the shift away from traditional passenger rail
services have released the capacity of conventional rail in-
frastructures to support freight transport including multi-
modal freight transport. In China State Council’s)ree-Year

Action Plan for Promoting Transport Restructuring (2018-
2020) ()e Action Plan) released in 2018, rail-based freight
transport was given unprecedented attention and improved
the bulk freight volume via rail and water was set as the
priority goal of this action plan.

As the economic engine of China, the Yangtze River
Delta region including three provinces, Jiangsu, Zhejiang,
and Anhui, and one province-level city (municipality),
Shanghai, accounts for about 1/4 of the national GDP with
only 2.1% of the nation’s land area.Within this area, both the
traditional railway and HSR are highly developed and lead
the whole country. (e total revenue length of HSR in
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Yangtze River Delta has already reached 5,000 kilometers,
and four main HSR lines go through in this region and join
in Shanghai, as shown in Figure 1. (e Jinghu, Hukun, and
Yanjiang HSR lines all start from Shanghai and link through
several main cities in the Yangtze River Delta. Meanwhile,
the Yanhai HSR is also being designed to link the main
coastal cities of the Yangtze River Delta. As a result, the HSR
had already been the main choice for rail travelers, and the
released capacity of conventional rail infrastructures is
transferred for the use of freight transportation in the
Yangtze River Delta. At the same time, with the imple-
mentation of )e Action Plan since 2018, rail-based mul-
timodal transport has been quickly developed. Such
revolutionary changes have not been documented and ex-
amined by the existing studies. Even in other countries
where the HSR network has been developed, the impact of
HSR on freight transportation, particularly its impact on
rail-based multimodal transportation, has been largely
ignored.

(erefore, this study aims to document the current status
of the development of rail-based multimodal freight
transportation in the Yangtze River Delta due to the capacity
freed up by the launch of HSR. In addition, we construct an
AHP-based performance index comprising qualitative and
quantitative indicators to evaluate the development of the
rail-based multimodal freight transportation network in-
cluding rail-rail, rail-water, and rail-road. (is study will
inform relevant stakeholders, particularly the policymakers
to recognize the current performance of the multimodal
transportation in each province in the Yangtze River Delta,
which will assist them to design a long-term transport
master plan for a multimodal freight transport network in
the Yangtze Delta as HSR construction continues in this
region.

2. Background

(e study targets the multimodal freight transport network
among three provinces (Zhejiang, Jiangsu, and Anhui) and
one municipality (Shanghai) in (e Yangtze River Delta
region. Based on the freight transport data in 2018 and 2019,
the study chooses 59 rail stations (the chosen stations ac-
counting for 80% of the whole rail transport traffic in 2018 in
Yangtze River Delta) as the key nodes to form the evaluation
network. (e evaluated network includes not only cities
from the arterial rail lines but also main cities from the
branch lines. (is sampling network thus contains 31 cities
with HSR stations and more than 200 railway links as shown
in Figure 2. In order to capture the booming water-based
transportation performance [1] considering sustainable re-
quirements as mentioned in Tan and He [2] and He et al. [3],
eight ports with railway freight stations are also evaluated in
this research.

All the 59 evaluated rail stations are located in the
conventional rail freight network within the Yangtze River
Delta. As every city in the Yangtze River Delta has already
been linked by the HSR, all the evaluated freight stations are
likely affected by the HSR development. To have a closer look
at the effects of the HSR development, this study separates

the 59 stations into 29 arterial stations and 30 branch sta-
tions. All the 29 arterial stations are located along the na-
tional eight vertical and eight horizontal HSR lines. (e
distribution of the 59 stations can be found in Table 1.

(e freight and container traffic at these stations in 2019
for the three provinces and Shanghai is reported in Table 2. It
can be seen that arterial stations recorded the largest in-
crease, particularly in Jiangsu province. However, the freight
traffic at the stations in Shanghai slightly dropped from 2018
to 2019. Freight traffic at the arterial stations in Anhui also
recorded a slight decrease in 2019.

(e freight multimodal network in the Yangtze River
Delta is well developed. For the rail-road transport, Anhui
outperformed the other three provinces because of the
highly developed conventional railway freight network (see
Figure 3). Meanwhile, rail-road is rarely used to distribute
freight and containers in Shanghai.

Figures 4 and 5 present the market shares of water-based
multimodal transportation modes at eight ports in the
Yangtze River Delta area in 2019. It can be seen that rail-
water mode accounted for a very small share in all the
provinces except for Anhui. (e region has very developed
water transportation systems, andmost of these ports mainly
focus on water-water freight transportation. For container
transportation, road-based transport is still the first choice
by customers for most areas in the Yangtze River Delta.
(ere is much room to promote the rail-water model in this
region.

3. Literature Review

China’s first HSR was launched between Beijing and Tianjin.
(e first long-haul HSR was the HSR put into use in 2009. A
decade later, China has become a world leader in HSR
construction [4]. (e total length of China’s HSR will reach
38,000 km by 2025 and 45,000 by 2030.(e impact of HSR on
various aspects of the economy has been well studied (for a
good survey, see [5]). After more than ten years’ construction,
the entry of HSR has made a significant impact on the re-
gional development in China. Chen andHaynes [6] propose a
conceptual framework to assess the impact of HSR on re-
gional economic disparity. (ey confirm that the regional
economic disparity has been decreased since the development
of HSR in China. Zhang et al. [7] studied the impacts of HSR
development on regional equity in China and found that the
launch of HSR is positively associated with provincial equity.
Long et al. [8] report that the entry of HSR accelerates urban
expansion and benefit more for the underdeveloped central
and western cities in China. Liang et al. [9] hold a similar
view. However, Li et al. [10] found that positive impacts are
shown to be greater for metropolis than small cities, which
implies that HSR also contributes significantly to the eco-
nomic development of the wealthy eastern region [11] in-
cluding the Yangtze River Delta Region and Pearl River Delta
Region [12]. Despite these positive impacts, Sun andMansury
[13] pointed out that HSR may also contribute to the wid-
ening gap between developed and underdeveloped regions.
Overall, it seems that the benefits brought about by HSR are
significant and unambiguous. However, up to today, there is a
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lack of systematic and comprehensive approaches to quantify
the impacts of HSR on the economy as a whole or one
particular industry or sector.

International experiences have proven that the HSR
development has direct and indirect effects on regional
development and creates opportunities to reconstruct the
urban system, in both spatial and economic terms [14].
Cascetta et al. [15] evaluated the impact of HSR on economic
growth, transport accessibility, and regional quality in Italy
ten years after the HSR operation and found significant links
between these variables. With the development of the HSR
network, the impacts of HSR are also widely received in
China. Chen [16] assessed the economic and environmental
impact of HSR development from the regional development
perspective with proofs where the effects of HSR on the
increase of the land value, housing value, and tourism de-
mand are real and significant. From the tourism perspective,
Weng et al. [17] revealed that the HSR has become the main
choice for short- and medium-range travel distances for
tourists. (e domestic tourism market improvement due to
the presence of HSR is particularly for small- and medium-
sized cities. Chen and Haynes [18] and Yang and Li [19] both
found that the development of HSR can attract more in-
ternational tourism and boost inbound tourism.

Furthermore, the development of HSR poses a big
challenge to traditional transport markets especially the air
transport sector [5, 20]. Zhang et al. [21] and Zhang et al.
[22] demonstrated that the negative impacts on air transport
are strong with the entry of HSR, particularly for major
airline routes. (e development of HSR has forced airline
companies to reduce their prices and improve services,
particularly punctuality to retain existing and attract new
passengers [23, 24]. Its threat to low-cost carriers is more
prominent due to the close substitution of the two [25].
Meanwhile, the opening of HSR has gradually reshaped the
regional freight transport structure. With the entry of HSR,
rail-based freight transport becomesmore competitive in the
regional multimodal transport systems. It is acknowledged
that the HSR-based freight transport system is more efficient
and cost-effective [26]. However, the development of the
HSR-based freight transport network requires a significant
investment which is not an easy decision for many gov-
ernments [27].

(erefore, the conventional railway infrastructure con-
tinues to play an important role in rail-based freight
transportation. Li et al. [28] indicate that there has been a
significant reduction of conventional train services because
of the entry of HSR, which makes room for freight
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Figure 1: Major HSR lines in Yangtze River Delta.

Scientific Programming 3



transportation using the traditional train lines. (is repre-
sents a spillover effect of HSR development. However, in the
existing literature on HSR impacts, little has been said about
the promotion effect of HSR on the development of rail-
based freight transportation. (is research aims to fill this
literature gap by designing a comprehensive performance
index to measure the development of the rail-based freight

multimodal transport system, including rail-rail, rail-road,
and rail-water in the Yangtze River Delta.

4. Methodology

(is study applies a three-level AHP structure and con-
structs a comprehensive index to evaluate the development
of a rail-based multimodal freight transport network. (is
AHP-based performance index contains 14 quantitative and
8 qualitative indicators, covering the rail-based infrastruc-
tures, multimodal transport capability, freight transport
performance, and transport sustainability. (e index has
three levels with the first level including regional distribution
network, multimodal transport capacity, and transport
operational performance sustainability as shown in Table 3.
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Figure 2: (e rail-based multimodal freight transport network in Yangtze River Delta.

Table 1: (e distribution of evaluated rail freight stations ∗.

Shanghai Zhejiang Jiangsu Anhui
Arterial stations 6 8 10 5
Branch stations 0 11 5 14
∗Shanghai is the key node for several HSR arteries; thus, all the stations in
Shanghai are classified as arterial stations.
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All the indicators are selected by the brainstorming meeting
with experts experienced with rail-based transport from the
Yangtze River Delta region. Meanwhile, a questionnaire was
designed to collect transport experts’ opinions on the
qualitative indicators.(e survey includes two parts: the first
part is to compare the significance between indicators as
shown in Table 4; the second part is to score the qualitative
indicators (C11, C12, C13, C21, C22, D31) based on the
questions in Table 5. (e questionnaires were sent to more
than 200 logistics companies that had multimodal freight
transport experience and 172 valid questionnaires were
collected. Meanwhile, all the quantitative indicators are
scored based on real-life freight data.

(e single-level ordering method is used to score the
three-level index system. To validate the index system’s
consistency, this study uses the ANC (Asymptotic Nor-
malization Coefficient) method to calculate the maximal
eigenvalue of the AHP judgment matrix B and its corre-
sponding eigenvector. (e judgment matrix B is defined as

B �

b11 · · · b1j

⋮ ⋱ ⋮

bi1 · · · bij

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
, (1)

where bij represents the importance of index i to index j at a
certain level. (e matrix B is obtained by the expert scoring
method. Each column of the matrix is then normalized, with
the formula as follows:

bij �
bij

 bij

, i, j � 1, 2, . . . , n. (2)

(e matrix after column normalization is added by row
to Wi �  bij. (en, the vector W � [W1, W2, . . . , Wn]T can
be normalized as

Wi �
Wi

 Wj

, i, j � 1, 2, . . . , n. (3)

(e eigenvector can be expressed as
W � [W1, W2, . . . , WN]T, so that the maximal eigenvalue
λmax of the judgment matrix can be calculated through

λmax � 
n

i�1

(BW)i

nWi

. (4)

(e solution of the maximal eigenvalue λmax is the basis
of the consistency verification, which is carried out by the
following formulas:

Table 2: (e 2019 traffic of the evaluated freight stations in Yangtze River Delta.

Yangtze River Delta Shanghai Zhejiang Jiangsu Anhui

Freight traffic (000’tonnes)

Arterial stations 44478.29 6936.2 15687.36 19332.22 13717.36
Year on year 20.91% −1.39% 19.81% 38.13% −0.20%

Branch stations 40050.05 — 14231.31 2668.31 11955.57
Year on year 14.99% — 24.63% −5.06% 25.62%

Total 84528.34 6936.2 29918.67 22000.54 25672.93
Year on year 18.03% −1.39% 22.05% 30.91% 10.36%

Container traffic (000’TEU)

Arterial stations 1369.66 322.57 482.99 531.37 138.32
Year on year 47.94% 22.25% 37.75% 90.50% 90.21%

Branch stations 515.46 — 339.75 34.58 35.52
Year on year 37.34% — 27.45% −3.76% 9.28%

Total 1885.11 322.57 822.75 565.95 173.84
Year on year 44.88% 22.25% 33.30% 79.75% 65.21%
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Figure 3: (e rail-road freight transport traffic.
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CI �
λmax − n

n − 1
×

1
RI
< 0.1. (5)

CI represents the consistency verification value. (e
value of RI depends on the dimensions of the index. Di-
mensions 1 to 4 are 0, 0, 0.58, and 0.90, respectively.

If the verification results of CI meet the above condi-
tions, the index system meets the consistency requirements.
(e eigenvector W � [W1, W2, . . . , WN]T can be considered
as the evaluation index weight that represents the impor-
tance ranking of the index to its superior index. (e de-
scription of the significance comparison between indicators
can be found in Table 4. Using equations (1)–(4), the index
scores for qualitative indicators (C11, C12, C13, C21, C22,
D31) can be calculated. For quantitative indicators, calcu-
lations are made using real-life data. (e details of the raw
data for every indicator can be found in Table 5. It is
necessary to normalize the data of different dimensions and
then calculate the corresponding scores. By doing so, we can
obtain different scores of the third-level indicators. (e
second-level indicators’ scores are obtained by the weighted
sum of the corresponding third-level indicators’ weights and
scores. (e first-level indicators’ scores are obtained by the
weighted sum of the second-level indicators’ weights and

scores. (e scores of different indicators can be applied to
analyze the development of multimodal transportation
within the evaluated network.

5. Results and Discussion

5.1. )e Impact of HSR on Railway Transportation in Yangtze
River Delta. To reveal the different features of HSR impacts
on the arterial and branch stations, Figures 6–9 compare the
transport traffic (both freight and container traffic) in 2019
with the data in 2015 (the vertical axes in these figures
indicate the traffic data in 2019 minus the corresponding
data in 2015).

Compared with 2015, the rail freight traffic experienced a
drop in 2019, probably because, in recent years, China has
taken actions to restrict the consumption of coals to protect
the environment, which has decreased the demand for bulk
transportation. It is also noticed that the drop took place at
branch stations. In contrast, the arterial stations recorded a
substantial increase in traffic, largely due to the capacity
release as a result of the HSR development. It seems that
freight traffic has become more concentrated in the arterial
stations. Our interviewers note that with the development of
the HSR network, more passengers (80% of the total railway

Table 4: (e description of the comparison significance between indicators is introduced as Mu and Pereyra-Rojas [29].

Significance (i) Description
9 Compared with j, indicator i is extremely important
7 Compared with j, indicator i is very strongly more important
5 Compared with j, indicator i is strongly more important
3 Compared with j, indicator i is moderately more important
1 Compared with j, indicator i is equally important
2, 4, 6, 8 (e intermediate values between the two adjacent judgments, used when a compromise is needed

Table 3: (e framework of the AHP-based index.

First level Second level (ird level

Regional distribution network (A)

Multimodal transport infrastructure (A1)

Public rail stations and railway links (A11)
Exclusive railway (A12)
Port shoreline (A13)

Highway density (A14)

Multimodal transport operations (A2)

Public rail freight volume (A21)
Exclusive rail freight volume (A22)

Port throughput (A23)
Highway freight volume (A24)

Multimodal transport capability (B)

Rail-water transport (B1) Rail-water transport volume (B11)
Water-water transport (B2) Water-water transport volume (B21)
Road-water transport (B3) Road-water transport volume (B31)
Road-rail transport (B4) Road-rail transport volume (B41)

Transport operational performance (C)

Transport performance (C1)
Multimodal transport delay (C11)

Multimodal transfer efficiency (C12)
Revenue of multimodal transport (C13)

Technical improvement (C2) Informatization (C21)
Availability (C22)

Safety control (C3) Ratio of accidents (C31)
Average compensation for every accident (C32)

Sustainability (D)
Economic (D1) Improvement of market share (D11)

Environment (D2) Unit energy consumption (D21)
Social (D3) Policy implication (D31)
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passengers in 2019) chose HSR instead of the conventional
railway services especially those along the arterial stations.
As a result, the conventional railway infrastructures were
released for handling freight, which can explain the rise in
freight traffic at arterial stations. (e rise in container traffic
is not surprising as, in recent years, incentive policies such as
those noted in )e Action Plan have been implemented to
promote containerization transportation.

Figures 8 and 9 further report the changes in freight and
container traffic in these two years for Shanghai and three
provinces. (e same pattern can be observed for each
province, suggesting that HSR has promoted the freight
traffic at arterial stations. With the impacts of HSR devel-
opment, the freight transport for arterial stations has been
shown with a better opportunity to lead the rail-based freight
transport. (e results guide policymakers on the one hand
focus on optimizing the conventional rail infrastructures to

Table 5: (e description of original data for every indicator.

Indicators Original data description
Public rail stations and railway links
(A11) (e number of railway stations and links for public freight transport in the evaluated network

Exclusive railway (A12) (e number of railway links of transporting freight for exclusive companies in the evaluated
network

Port shoreline (A13) (e length of the berthing line [30] for the evaluated ports

Highway density (A14) (e highway density which equals the total length of a highway divided by the acreage of the area
for the evaluated regions (Shanghai, Zhejiang, Jiangsu, Anhui)

Public rail freight volume (A21)

(e corresponding freight volume of A11 to A14 in 2019Exclusive rail freight volume (A22)
Port throughput (A23)
Highway freight volume (A24)
Rail-water transport volume (B11)

(e multimodal transport volume in 2019Water-water transport volume (B21)
Road-water transport volume (B31)
Road-rail transport volume (B41)

Multimodal transport delay ∗ (C11) How is the performance of multimodal transport? Do you satisfied with the service of the
multimodal transport considering the possible delay?

Multimodal transfer efficiency (C12) ∗ How is the transferring efficiency in the multimodal stations or terminals?
Revenue of multimodal transport
(C13) ∗

Will you choose multimodal transport instead of your former transport choice? Is the cost of
multimodal transport competitive?

Informatization (C21) ∗ How about the operations system of multimodal transport when you try to use it?
Availability (C22) ∗ Is it convenient for you to get the service for multimodal transport?
Ratio of accidents (C31)

No railway freight accident recorded in 2019 for the evaluated stations and linksAverage compensation for every
accident (C32)

Improvement of market share (D11) (e freight volume improvement (2019 compared with 2018) for multimodal transport in the
evaluated network

Unit energy consumption (D21) (e variation of energy consumption for unit freight transport (total consumption divide total
freight volume)

Policy implication (D31) ∗ How about the impacts of governmental policy implication for multimodal transport?
∗(e target scores for the qualitative indicators are based on the answers to the following questions by invited experts from 0 to 100.

–15000

–10000

–5000

0

5000

10000

15000

00
0’

To
nn

es

Total
Arterial stations
Branch stations

Figure 6: Freight traffic comparison between 2019 and 2015.

0

200

400

600

800

1000

1200

1400

00
0’

Te
u

Total
Arterial stations
Branch stations

Figure 7: Container traffic comparison between 2019 and 2015.

8 Scientific Programming



support rail-based freight transport for arterial stations and,
on the other hand, release more incentives for promoting
rail-based traffic for branch stations.

5.2. )e Current Status of the Rail-Based Multimodal
Transport in Yangtze River Delta. (e evaluation index
weights based on Section 4 are shown in Table 6. (e index
scores for each indicator and province are reported in Ta-
ble 7. Zhejiang leads other provinces with the highest overall
score, 92.36, followed by Jiangsu, 89.97; Anhui, 88.32; and
Shanghai, 88.05.

(e scores of the first-level indicators are shown in
Figure 10. It can be seen that Zhejiang scores the highest in
multimodal transport capacity, transport operational per-
formance, and sustainability, while Anhui has the highest
score in the regional distribution network.

(e evaluation results of the regional distribution net-
work are shown in Figure 11. Shanghai’s transport infra-
structures are relatively strong, especially in terms of
highway density, port shoreline, and port throughput as
shown in Table 7. However, their weights are small based on
expert scoring which makes Shanghai lag behind in the rail-
based infrastructure and operations. In contrast, Anhui is
more developed in exclusive railway and highway freight
volume, public rail station, and exclusive railway links,
whose weights are relatively higher. As a result, Anhui has
the best multimodal transport operations. Meanwhile,

Zhejiang has a balanced development in public rail freight
volume, port throughput, and its regional distribution
network. In terms of multimodal transport capability in
Figure 12, Zhejiang and Jiangsu have a better overall per-
formance, and they are well developed in rail-water trans-
port. For Shanghai, water-based transport including water-
water transport and road-water transport has developed
more prominently, while Anhui has the best road-rail
transport performance.

(e evaluation results of the transport operational
performance can be found in Figure 13. (e research has
investigated the main multimodal transport market in the
Yangtze River Delta. (e results show that Zhejiang received
relatively higher scores for transport performance and
technical improvement. Shanghai and Jiangsu do not lag too
far behind in these two indicators because the development
of technical improvement and transport performance is well
developed in the Yangtze River Delta region. (ere was no
railway freight accident recorded in 2019 and all provinces
received 100 points. However, the technical improvement
and transport performance of Anhui received relatively
lower points, implying that there is room for improvement
for the indicators of transport delay, transfer efficiency,
revenue, informatization, and availability as shown in
Table 7.

In terms of sustainability, the scores can be seen in
Figure 14. Shanghai is highly restricted by the strong water-
based transport and market, which have affected the
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development of railway freight transport, so the score is
significantly lower. Meanwhile, the governmental policies
seem too weak to promote the transformation of Shanghai’s
transport structure. In contrast, the governmental policies in
Zhejiang are more active to stimulate rail-based transport.

Considering the environmental impacts, Jiangsu has the best
performance with less road-based transport and more green
modals. Meanwhile, Anhui is developing rapidly in the rail-
based multimodal transport based on the well-developed rail
infrastructures.

Table 6: (e evaluation indicators weight.

First level Second level (ird level

0.2139 (A)

0.4220 (A1)

0.5561 (A11)
0.2664 (A12)
0.1150 (A13)
0.0626 (A14)

0.5780 (A2)

0.5438 (A21)
0.2302 (A22)
0.1367 (A23)
0.0894 (A24)

0.1659 (B)

0.5314 (B1) 1.0000 (B11)
0.1640 (B2) 1.0000 (B21)
0.1244 (B3) 1.0000 (B22)
0.1802 (B4) 1.0000 (B23)

0.3972 (C)

0.4390 (C1)
0.4164 (C11)
0.1867 (C12)
0.3969 (C13)

0.2099 (C2) 0.5327 (C21)
0.4673 (C22)

0.3511 (C3) 0.4113 (C31)
0.5887 (C32)

0.2230 (D)
0.3485 (D1) 1.0000 (D11)
0.3746 (D2) 1.0000 (D21)
0.2769 (D3) 1.0000 (D31)

Table 7: Index scores of the third-level indicators.

(e indicators of the third-level Shanghai Zhejiang Jiangsu Anhui
Public rail stations and railway links (A11) 82.23 87.00 88.55 94.23
Exclusive railway (A12) 84.09 86.13 85.68 96.09
Port shoreline (A13) 93.77 85.90 90.56 81.77
Highway density (A14) 96.33 85.57 85.77 84.33
Public rail freight volume (A21) 81.71 93.71 87.92 88.65
Exclusive rail freight volume (A22) 84.09 87.19 84.63 96.09
Port throughput (A23) 92.88 91.89 86.36 80.88
Highway freight volume (A24) 81.24 88.12 89.39 93.24
Rail-water transport volume (B11) 82.67 92.76 94.28 82.28
Water-water transport volume (B21) 92.64 92.45 86.27 80.64
Road-water transport volume (B31) 94.64 89.01 85.72 82.64
Road-rail transport volume (B41) 83.73 87.49 85.06 95.73
Multimodal transport delay (C11) 90.26 93.03 87.67 81.03
Multimodal transfer efficiency (C12) 93.72 89.97 86.6 81.72
Revenue of multimodal transport (C13) 86.57 95.04 87.35 83.04
Informatization (C21) 88.18 94.04 87.75 82.04
Availability (C22) 93.43 92.63 84.52 81.43
Ratio of accidents (C31) ∗ 100.00 100.00 100.00 100.00
Average compensation for every accident (C32) ∗ 100.00 100.00 100.00 100.00
Improvement of market share (D11) 84.50 84.87 86.14 96.50
Unit energy consumption (D21) 81.36 91.47 93.36 85.80
Policy implication (D31) 85.85 95.02 88.11 83.02
∗As no railway freight accident is recorded in 2019 for the evaluated stations and links, the scores for C31 and C32 are 100.
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6. Conclusions

(is research proposes a method to evaluate the current
status of the rail-based multimodal freight transport system
in the Yangtze River Delta economics zone and reveals the
impacts of HSR development on rail-based freight transport.
Here are some major findings:

(1) (e rail-based freight transport gradually plays a
more important role in the multimodal transport in
the Yangtze River Delta region due to the capacity
releases of the conventional railway with the growth
of the HSR network. (e development of HSR has a
positive impact on the rail-based freight and con-
tainer traffic especially for the railway stations along
the eight vertical and eight horizontal arteries.
(erefore, the policymaker should pay more atten-
tion to optimizing the conventional railway sched-
ules for arterial stations to improve freight transport.

(2) (e original transport market and modals still de-
termine the multimodal transport structures. Zhe-
jiang has led the rail freight transport while Shanghai
mainly leads the waterway freight transportation.
Meanwhile, the road-rail transport in Anhui and
water-rail transportation in Jiangsu are also well
developing within the Yangtze River Delta region.
(us, the policymaker should design different in-
centives based on the original transport modals in
each region to promote rail-based freight transport.

(3) Overall, the designed comprehensive index is shown
to be efficient to evaluate multimodal transport,
especially for rail-based freight transport. Currently,
rail-based freight transport is still not competitive
compared with road-based and water-based trans-
port in the Yangtze River Delta region. However, the
timely updates of this evaluation are important for
the government to trace the development of rail-
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Figure 13: (e scores of the transport operational performance.
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Figure 14: (e scores of the sustainability.
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based multimodal transport and release more effi-
cient policies.

Besides, the proposed evaluation method is also available
for evaluating the development of rail-based multimodal
transport for individual cities and logistic centers, which is
also inspiring for developing rail-based freight transport in
different levels.
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