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Abstract: The understanding of the competitiveness of different ports under the background of
China’s “Belt and Road Initiative” (BRI) is critical for drafting appropriate plans and taking suitable
actions to select the best port in the logistics supply chains. A novel Multi-Attribute Decision
Analysis (MADA) was proposed for the evaluation of port competitiveness. In the developed
MADA method, the interval Analytic Hierarchy Process (AHP) and the projection method was
combined for the evaluation of port competitiveness. Three container ports in Asia including
Shanghai, Hong Kong, and Singapore were studied under the background of China’s BRI. The
results demonstrate that the port of Singapore is the most competitive at the initial stage of China’s
BRI, followed by Hong Kong and Shanghai in the descending order. The results were validated by
SWM and TOPSIS method, and sensitivity analysis was also carried out. The competitiveness of
the three ports in the next ten years were also studied with the consideration of the influences of
China’s BRI, and the results reveal that Shanghai port can even exceed Hong Kong port and

Singapore port if it can effectively take the advantage s of China’s BRI.

Keywords: Competitiveness; port; Multi-attribute decision analysis; interval AHP; projection

method



1. Introduction

The concept of ”China’s Belt and Road Initiative” (BRI) refers to the Silk Road Economic Belt
and the 21%t Century Maritime Silk Road initiative unveiled by China’s President Xi Jinping in
2013 (Swaine, 2015).The Belt and Road Initiative which aims at building strong connectivity and
cooperation between China and the rest of Eurasia has great potential to improve the relationships
between China and these countries, stimulate the economic prosperity and enhance common
security. Maritime transport plays a significant important role in the BRI. Accordingly, the
construction of port infrastructure, the promotion of the cooperation among the ports, and the
planning of logistics supply chains among different ports is of vital importance for appropriately
designing the most suitable strategies for promoting the BRI. However, different ports should have
different roles in the BRI due to the difference in geographical position, deep-water berth, berth
length, container handling capacity, registered shipping capacity, and route accessibility, etc.. The
difference in these influential factors leads to different port competitiveness. While the
understanding of the competitiveness of different ports under the background of BRI can help the
administrators to appropriately plan the future logistics network and select the most competitive
port among multiple alternatives. Therefore, the evaluation of the competitiveness of the main ports

is significantly beneficial for the decision-makers involved in the BRI.

Various studies have been carried out for competitiveness evaluation of ports. These studies can
be divided into two types: one focusing on developing the criteria system for port competitiveness
evaluation, and another focusing on developing Multi-Attribute Decision Analysis (MADA)
methods for analyzing the competitiveness of the ports. As for the criteria system for port
competitiveness evaluation, Yeo et al. (2008) developed a structure including a dozen of indicators
in seven dimensions, including port service, hinterland condition, availability, convenience,

logistics cost, regional center, and connectivity for evaluating the competitiveness of the ports in
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Korea and China. Onut et al. (2011) employed the fuzzy analytic network process to select the best
port among seven alternatives considering 20 sub-criteria in six main criteria. Lee and Hu (2012)
employed the IPA (importance-performance analysis) to identity the implications for improving
port service quality and further for port competitiveness enhancement. VVan Dyck and Ismael (2015)
developed a hierarchical structure which consists of 14 indicators in 6 dimensions for port
competitiveness evaluation. Parola et al. (2017) summarized the key drivers of port competitiveness,
including port costs, hinterland proximity, hinterland connectivity, port geographical location,
operational infrastructures, operational efficiency, port service quality, maritime connectivity,
nautical accessibility, and port site. Ha and Yang (2017) developed a port performance indicator
system which consists of 6 dimensions, 16 principal port performance indicators, and 60 port
performance indicators for port performance measurement, and the independency and

interdependency among these indicators were also investigated.

As for the MADA method for analyzing the competitiveness of the ports, Jim Wu and Lin
(2008) employed Data Envelopment Analysis (DEA) to investigate the efficiency of India’s
container port operations. Yuen et al. (2010) studied the competitiveness of the ports from the
perspectives of the users by using Analytic Hierarchy Process (AHP) to investigate the relative
weights of the influential factors using the judgments of the users. Yeo et al. (2011) employed the
fuzzy methodology for measuring the port competitiveness based on the judgments of the experts.
Yuen et al. (2012) used AHP to analyze the relative importance of the factors which influence
container port competitiveness according to the preferences of port users, including shipping liners,
forwarders and shippers. Yang et al. (2014) employed the fuzzy evidential reasoning model for
guantitative evaluation of port security which is a critical issue of port competitiveness. Yeo et al.
(2014) developed an innovative conceptual port choice method by integrating the fuzzy logic

method. Zavadskas et al. (2015) combined AHP and fuzzy ratio assessment method as a multi-



criteria tool for selecting the best deep-water port in the Eastern Baltic Sea.Lee and Lam (2015)
developed a novel approach for competitiveness evaluation by overcoming the limitations of the
previous studies through considering port competitiveness in relation to port devolution according
to a globalized economy. Kim (2015) developed an applied market share index-AMS (additive
market share) to analyze the revealed competitiveness of some major ports in the East Asian region.
Wang and Chen (2016) used AHP method to prioritize the influential factors of port
competitiveness and found the measures to improve the competitiveness. Nguyen et al. (2016) used
the hierarchical cluster analysis method to classify 11 container ports in Northern Vietnam by using
the data about competitiveness. Kim (2016) used the entropy weighting method which can avoid
the subjectivity to determine the weights of the criteria for competitiveness evaluation of ports, and
applied the TOPSIS (Technique for Order Preference by Similarity to an Ideal Solution ) to rank a
set of ports in Korea and China. Huiling et al. (2017) used the correlation matrix weighting method
to determine the influential factors of port competitiveness, and the matter-element model was
employed to determine the competitiveness grade of the port. Hales et al. (2017) employed AHP to
analyze the data collected in 72 largest seaports for an empirical test of the balanced theory, and the
relative importance of the variables for volume competitiveness and that for investment
competitiveness were identified. Ke and Wang (2017) firstly established an index system for
competitiveness evaluation of major port cities, and then employed principal component analysis,
hierarchical analysis, and cluster analysis to rank the major port cities in China according to their
competitiveness. Zhen (2017) used Data Envelopment Analysis (DEA) to investigate the
competitiveness of Shanghai port from 2008 to 2013, and 25 indicators were used as inputs and 6
indicators were used as outputs. Ha et al. (2017) employed the DEMATEL (Decision-Making Trail

and Evaluation Laboratory) and ANP (Analytic Network Process) to determine the weights of the



port performance indicators, and the fuzzy rule based evidential reasoning algorithm was employed

to determine the integrated performances of the ports.

All these studies can effectively help the users to assess the competitiveness and prioritize the

ports according to their relative competitiveness. However, there were still some research gaps:

1)

()

Port competitiveness evaluation is usually a multi-attribute decision analysis problem, and
the calculation of the weights of the evaluation criteria of port competitiveness is critical
for accurate evaluation (Yue et al., 2010). The subjective weighting methods such as AHP
and Delphi method were usually employed to determine the weights because these
methods can reflect the preferences of the users. However, it is usually difficult for the
users to use a single number to rating the relative importance of the evaluation criteria or
compare the relative importance between each pair of criteria;

There were two types of criteria for port competitiveness evaluation: one type is the hard
criteria which can be descripted quantitatively with units, and another type is the soft
criteria which cannot be descripted quantitatively with units and were usually depicted
qualitatively. However, some of the previous literatures only consider one of the two types
of criteria. Meanwhile, some studies only used the semi-quantitative approach for port
competitiveness evaluation. For instance, some studies used fuzzy set theory or the Delphi
approach to obtain the data of the ports to be evaluated; while the data of the ports
regarding the hard criteria cannot be fully used. On the contrary, some studied only used
the data of the ports about the hard criteria; however, the data about the soft criteria were

not used.

In order to overcome the above-mentioned research limitations, a novel MADA model was

developed by combining the interval AHP and the projection method, both the hard criteria and the



soft criteria can be used in the competitiveness evaluation of ports, the data of the ports to be
evaluated with respect to the soft criteria were determined by the interval AHP method according to
the judgments of the experts. In addition, the weights of the evaluation criteria were also determined
by the interval AHP. The projection method was used to assess the competitiveness of the ports and
rank the ports after determining the decision-making matrix which includes the data of the ports
about the evaluation criteria and the weights of the evaluation criteria. All in all, this study aims at
developing a MADA method to measure the relative competitiveness of different container ports in
Asia under the concept of China’s ”Belt and Road Initiative” initiative, and three major ports
including Shanghai, Hong Kong and Singapore were studied by the proposed model. The main
innovations of this study consist of (i) the interval AHP method which can capture the ambiguity of
human’s judgments and allows the users to use interval numbers instead of crisp numbers was
employed to determine the weights of the indicators as well as the relative performances of the data
with respect to the soft criteria; and (ii) the incorporation of both the hard criteria and the soft

criteria for the evaluation of the competitiveness of ports.

Besides the introduction, section 2 presented in the MADA method for competitiveness
evaluation of the ports; a case was illustrated in section 3; the results of the case study were

discussed in section 4; finally, this study was concluded in section 5.

2. MADA method

The multi-attribute Decision Analysis (MADA) method was proposed in this study. The interval
Analytic Hierarchy Process (AHP) was firstly introduced for calculating the weights of the criteria
for competitiveness evaluation of ports, and the projection method was then proposed for

determining the competitiveness degree of the ports.



2.1 Weighting method

There were usually three kinds of ways for determining the weights in MADA: one is based
on human subjective judgments (subjective method), another is to determine the weights of the
evaluation criteria based on the data of the alternatives with respect to the evaluation criteria
(objective method), and the other way is the combined weighting method by combining the weights
determined by the subjective method and that determined by the objective method. Subjective
method which is based on human judgments can fully reflect the preferences/willingness of the
decision-makers, thus, the subjective weighting methods, i.e. Analytic Hierarch Process (AHP)
(Saaty, 1978) and Best-Worst (BW) method (Rezaei, 2015), have been widely used for weights
determination. The subjective methods such as AHP and BW method usually used the numbers
from one to nine and their reciprocals to establish the comparison matrix or the comparison vector,
but it is usually for difficult for the users to establish the comparison matrices or the comparison
vectors with absolute consistency. Meanwhile, it is also not easy for the users to use single number
to depict the relative importance/priority of one element over another (He et al., 2017; Ren et al.,
2014). In order to overcome the above-mentioned two problems, the interval AHP was used to

determine the weights of the criteria in this study.

The interval AHP which consists of four steps was used in this study based on the works of Saaty

(1978) and Ren et al. (2017):

Step 1: Employing the nice-point scale system (as presented in Figure 1) by Saaty (1978) to
determine the comparison matrix. It is worth pointing out that the users were asked to use interval
numbers rather than the crisp numbers to establish the comparison matrix. For instance, the
superiority of one element comparing with another is between “essential superiority
“(corresponding to 5) and “very strong superiority” (corresponding to 7), then, the interval [5

7] was used to depict the relative superiority between these two elements. In a similar, the other



elements in the comparison matrix can also be determined for a case with n elements, as presented

in Eq.1.

Equal Moderate Essential Very Strong Absolute

Figure 1: The nice-point scale system for comparison
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where xijL and xi‘f are the lower and upper bounds of the element in cell (i,j) of the comparison

matrix.

Step 2: Determining the ideal comparison matrix. In order to determine a comparison matrix
satisfying the consistency check, a programming as presented in (2) was developed for determining

the elements in the ideal comparison matrix (Ren et al., 2017).
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where xIJ represents the element in cell (i,j) of the ideal comparison matrix.

Step 3: Determining the optimum weights. According to programming (2), the optimum solution

a;; could be obtained. Then, the ideal comparison matrix can be determined (see Eq.3). Finally, the

optimum weights can be determined using the traditional AHP developed by Saaty (1978) based on

the comparison matrix presented in Eq.3.
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2.2 Projection method

Various MADA methods were used to evaluate the competitiveness of the ports, i.e. AHP (Yuen
et al., 2012; Song and Yeo, 2004; da Cruz et al., 2013), grey relational analysis (Teng et al., 2004),
Fuzzy Multi-criteria Grade Classification (FMGC) (Huang et al., 2003), fuzzy approach (Yeo and
Song, 2006; Yeo et al., 2011), fuzzy AHP (Wang and Li, 2011;Tao and Lu, 2010), Customer
Satisfaction Degree Index (An and Liu, 2009), system dynamic (Briano et al., 2010), and Chernooff
Faces model (Liu et al., 2013), etc.. All these methods can help the users to rank the ports according
to their competitiveness; however, there is no method that can tell the users how the
competitiveness of the ports fit with the best ideal port in their mind. In order to address this, the

projection method was developed to evaluate the competitiveness of the ports in this study.

In the projection method, the decision-making matrix was firstly standardized and weighted;
subsequently, the ideal best solution was also determined; then, the projection of each alternative to
the ideal best solution was calculated; finally, the alternatives were ranked according to the

projection of each alternative.

Assuming that there are m alternatives (A1, Ao,..., Am) to be assessed by n criteria (Cy, Co,...,Cn),
and the data in the decision-making matrix was presented in Table 1. s is the data of the i-th
(i=1,2,...,m) alternative regarding the j-th (j=1,2,...,n) criterion, and ; (J =12,..., n) represents

the weight of the j-th (j=1,2,...,n) criterion.



Table 1: Decision-making matrix

After determining the relative importance/weights of the attributes, the projection method for
multi-criteria decision making can be employed to prioritize the alternatives, and it consists of four

steps based on the works of Xu and Da (2004), Xu (2004), and Sharma and Gandhi (2006):

Step 1: Standardizing the decision-making matrix. The objective of this step is to standardize all the
data in the decision-making matrix to make them dimensionless and to eliminate the effects caused
by physical dimensions (Zhang et al., 2013). The methods for standardizing the decision-making
matrix were presented in Eqgs.5-6. Note that Eq.5 can be used to standardize the data with respect to
the benefit-type criteria, and Eq.6 can be used to standardize the data with respect to the cost-type

criteria.

A (5)
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where v is the normalized data about ;.

Step 2: Determining the weighted data. After determining the standardized decision-making matrix,
the weighted standardized decision-making matrix can be determined by Eq.7, and the results were

presented in Table 2.

V. =V @, (7)

where v, is the weighted standardized decision-making matrix.

Table 2: The weighted standardized decision-making matrix

Step 3: Determining the best-ideal solution and the worst ideal solution. After determining the
standardized decision-making matrix, the best-ideal solution (BIS) and the worst ideal solution

(WIS) could be determined, as defined in Eq.8 and EQ.9, respectively.
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The best-ideal solution (BIS) and the worst ideal solution (WIS) are the constructed best and

worst solutions which can be used as references to measure the alternatives.

Step 4: Determining the projection of each of the alternatives to the BIS and that of each of the
alternatives to the WIS.
The i-th alternative can be recognized as a vector v, =[v,, v, v, ], and the projection of

the i-th alternative to the BIS can be calculated by Eq.12 (Xu, 2004; Xu and Da, 2004).

P(v; > V) =|vi[[cos(v;,v*) i=12:--,m (12)

where P(v, — V") is the projection of each of the alternatives to the BIS, |v;| represents the norm

of v, and cos(vi,v*) is the cosine of included angel between v, and v*.

vi]| and cos(vi,v*)can be determined by Eq.13 and Eq.14, respectively (Xu and Da, 2004).

Ivi[l = Z(Vij )2 (13)

j=1
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According to Eq.13 and Eq.14, Eq.12 can be simplified as (Xu, 2004):

P(V—)V*)z’?— i=12,---.m (15)

Therefore, Eq.15 can be employed to calculate the projection of the i-th alternative to the BIS. The

greater the value of P(v, —v"), the closer the alternative to the BIS. Accordingly, the greater the
value of P(v, — V™), the more superior the alternative will be. After determining the projection of

each alternative to the BIS, the alternatives can be prioritized, and the greater the value of the

projection, the more superior the alternative will be (Xu and Da, 2004; Xu, 2004).

3. Case study

The Belt and Road Initiative refers to the Silk Road Economic Belt and 21 Century Maritime
Silk Road, a significant development strategy launched by the Chinese government with the
intention of promoting economic cooperation among countries along the proposed Belt and Road
routes. The Initiative has been designed to enhance the orderly free flow of economic factors and
the efficient allocation of resources. It is also intended to further market integration and create a
regional economic co-operation framework of benefit to all. Connecting Asia, Europe and Africa
along five routes, the Silk Road Economic Belt focusses on: (1) linking China to Europe through

Central Asia and Russia; (2) connecting China with the Middle East through Central Asia; and (3)



bringing together China and Southeast Asia, South Asia and the Indian Ocean. The 21st Century
Maritime Silk Road, meanwhile, focusses on using Chinese coastal ports to: (4) link China with
Europe through the South China Sea and Indian Ocean; and (5) connect China with the South

Pacific Ocean through the South China Sea (Huang, 2016; Liu and Dunford, 2016; Cheng, 2016).

Focusing on the above five routes, the Belt and Road will take advantage of international
transport routes as well as core cities and key ports to further strengthen collaboration and build six
international economic co-operation corridors. These have been identified as the New Eurasia Land
Bridge, China-Mongolia-Russia, China-Central Asia-West Asia, China-Indochina Peninsula, China-
Pakistan, and Bangladesh-China-India-Myanmar. Ports play a significantly important role for these

five routes; however, the competitiveness of the ports is different.

In order to demonstrate how to use the developed model for competitiveness prioritization of the
ports under the background of Belt and Road Initiative, three important ports including Shanghai,
Hong Kong and Singapore were studied in this section. Ten criteria in three dimensions including
natural conditions (N), shipping conditions (S), and external conditions (E) were used to measure
the competitiveness of these three ports based on literature reviews (see section 1) and a focus
group meeting in which six experts including two professor whose research focuses on maritime
policy and technology, two senior researchers of green shipping, and two port managers who are
very familiar with these three ports were invited to participate. There are three natural conditions
including geographical position superiority (Ci1), deep-water berth (C.), and berth length (Cs).
Container handling capacity (Cas), route accessibility (Cs), concentration of vessel (Cs), and
registered shipping capacity (C;) are the four shipping conditions. There are also three external
conditions, including tax (Cs), market freedom (Cog), and political factor (C10). Among these, deep-

water berth (C>), and berth length (C3). Container handling capacity (Cs), concentration of vessel
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(Cs), and registered shipping capacity (C7) are hard criteria, and the residual criteria (i.e.

geographical position superiority, tax, and market freedom) are soft criteria.

Table 3: The data of the three ports with respect to the five hard criteria

Unit Type Shanghai Hong Singapore
Kong
Deep-water berth (C2) units Hard 46 24 42
Berth length (Cs) m Hard 12298 7694 10300
Container handling capacity (Ca) 1.00E+04TEU Hard 3362 2229 3258
Concentration of vessel (Cs) Units per month Hard 2700 1520 3600
Registered shipping capacity (C7)  1.00E+04tonnes Hard 1393 3600 3300

Note: The data of the alternatives with respect to the hard criteria was adapted from Zhang (2015).

The data of the three ports with respect to the hard criteria were derived from the published work
(Zhang et al., 2015), as presented in Table 3. However, it is impossible to gather the data about the
soft criteria from the published works directly. The brainstorm method was used in this study to
determine the relative scores of the three ports. The six experts were firstly asked to rank the three
ports according to their superiority with respect to each of the soft criteria. Then, they were asked to
use the interval numbers composed by the numbers 1 to 9 to establish comparison matrix. It is
worth pointing out that each group of experts firstly discussed with their colleagues for collecting
their opinions and preferences. Thus, the weighting method was used not only for determining the
weights of the criteria/indicators, but also for determining the relative performances of the ports

with respect to the soft criteria. It is worth pointing out that the experts’ judgments were based on
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the effects of the corresponding ports for promoting China’s BRI. Taking the relative scores of the
three ports about the geographical position superiority (C1) as an example, the superiority sequence
of the three ports with respect to C; was firstly determined by the six experts, and the result from
the best to the worst is Singapore, Hong Kong, and Shanghai after group decision-making. The
relative preference of one of these three ports over another with respect to geographical position
superiority was determined according to their geographical position in China’s BRI. For instance,
the six experts held the view that the comparison of Singapore with Hong Kong was recognized as
“between equal superiority and moderate superiority” (corresponding to [1 3]). Then, the interval
from 1 and 3 was used to depict the relative superiority of Singapore comparing with Hong Kong
with respect to geographical position superiority. The interval comparison matrix for determining
the relative superiorities of the three ports with respect to geographical position superiority (C1) was

presented in Table 4.

Table 4: The interval comparison matrix for determining the relative superiorities of the three ports

with respect to geographical position superiority (C1)

Shanghai Hong Kong Singapore
Shanghai 1 [1/2 1] [1/2 1]
Hong Kong [12] 1 [1/3 1]
Singapore [12] [13] 1

According to programming (2), the programming for determining the ideal comparison matrix
can be established for determining the relative scores of the three ports about the geographical

position superiority.
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Min (X,X55 = Xi5)" + (XigXap = X5) " + (Xp1 X3 = Xa3) ™ + (XpgXay — Xp1) ™ + (Xgy Xy, — X32)2 + (X3 X — X31)2

X5, —1<0
x,-1=0
X5, —1=0
Xz —1=0
X,%X5 —1=0
XX —1=0
X55X5 —1=0
(16)
After solving programming (16), the elements of the ideal comparison matrix for
determining the relative scores of the three ports about the geographical position superiority can

be obtained, and the results were presented in Table 5. Accordingly, the ideal comparison

matrix can be determined, as shown in Eq.17.

Table 5: The elements in the ideal comparison matrix

Xij Xll X12 X13 X21 X22 X23 X31 X32 X33

Value 1 0.8230 0.5527 1.2150 1 0.6715 1.8094 14892 1
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C, Shanghai Hong Kong Singapore

Shanghai 1 0.8230 0.5527 17
Hong Kong  1.2150 1 0.6715
Singapore 1.8094 1.4892 1

The optimum weights which represent the relative scores of the three ports with respect to the

geographical position superiority can be determined, and the results were presented in Eq.18.
[a)l, ®,, a)3] = [0.2485, 0.3019, 0.4496] (18)

Accordingly, the relative scores of the three ports with respect to the geographical position
superiority were 0.2485, 0.3019, and 0.4496, respectively. In a similar, the relative superiorities
of the three ports with respect to route accessibility (Cs), tax (Cs), market freedom (Cy), and

political factor (C1o) can also be determined, and the results were presented in the Appendix.

In a similar way, the weights of the criteria in each aspect of competitiveness and that of the
three aspects can also be determined. Taking the relative weights of the four indicators in
shipping conditions including container handling capacity (Ca), route accessibility (Cs),
concentration of vessel (Ce), and registered shipping capacity (C;) as an example, the interval

comparison matrix was presented in Table 6.

Table 6: The interval comparison matrix for determining the relative weights of the four

Ca Cs Ce Cs
Container handling capacity (Cs4) 1 [1/2 1] [2 4] [1/3 1/2]
Route accessibility (Cs) [12] 1 [3 5] [1/2 1]
Concentration of vessel (Cs) [1/4 1/2] [1/5 1/3] 1 [1/6 1/4]

Registered shipping capacity (C7) [2 3] [12] [4 6] 1
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The ideal comparison matrix for determining the relative weights of the four indicators in

shipping conditions can also be determined, see Eq.19.

C, C. C, C
. 1 06492 20000 0.3585
15404 1  3.0807 05523 (19)
. 05000 03246 1  0.1793
, 27892 18107 55784 1

o

O 000

Then, the local relative weights of container handling capacity (Ca), route accessibility (Cs),
concentration of vessel (Cs), and registered shipping capacity (C7) can be obtained by the traditional
AHP method, and the results were presented in Table 7. It is apparent that registered shipping
capacity was the most important indicator to measure the superiority of the shipping conditions,

followed by route accessibility, container handling capacity, and concentration of vessel

Table 7: The local relative weights of container handling capacity (Ca), route accessibility (Cs),

concentration of vessel (Ce), and registered shipping capacity (Cv)

Indicators Cs Cs Ce Cs

Weights 0.1715 0.2642 0.0858 0.4785

In a similar way, the weights of the three dimensions of port’s competitiveness and that of the
criteria in the other two dimensions can also be determined, and the results were presented in the

appendix.

The global weight of each indicator can then be determined, and the results were presented in

Table 8.



Table 8: The global weights of the ten indicators for measuring the competitiveness of the ports

Indicators C1 C Cs Cs Cs Cs Cy Cs Co Cio

Weights ~ 0.1554 0.0487 0.0665 0.1022 0.1575 0.0511 0.2852 0.0513 0.0382 0.0437

The relative importance of the ten indicators can be divided into three categories: significantly
important group, strongly important group, and weakly important group. The significantly
important group consists of registered shipping capacity (Cv), route accessibility (Cs), geographical
position superiority (C1), and container handling capacity (Cs). The strongly important group
includes berth length (Cs), tax (Cs), and concentration of vessel (Cg). The other indicators including
deep-water berth (C.), market freedom (Co), and political factor (Ci0) belong to the weakly

important group.

Subsequently, the decision-making matrix for ranking the competitiveness of the three ports can

be determined, as presented in Table 9.
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Table 9: The decision-making matrix

Unit Shanghai  Hong Kong Singapore  Weights

Geographical position superiority (Cy) / 0.2485 0.3019 0.4496 0.1554
Deep-water berth (C2) / 46 24 42 0.0487

Berth length (Ca) m 12298 7694 10300 0.0665
Container handling capacity (Ca) 10°TEU 3362 2229 3258 0.1022
Route accessibility (Cs) / 0.1764 0.3031 0.5205 0.1575
Concentration of vessel (Cs) Month 2700 1520 3600 0.0511
Registered shipping capacity (C7) 10% 1393 3600 3300 0.2852
Tax (Cs) / 0.1111 0.4444 0.4444 0.0513

Market freedom (Co) / 0.1484 0.4280 0.4236 0.0382
Political factor (C10) / 0.5741 0.1799 0.2459 0.0437

After determining the decision-making matrix, the developed projection method for multi-
criteria decision making was used for assessing the competitiveness of the three ports. The
procedures of the projection method for ranking the three ports according to their competitiveness

were presented as follows:

Step 1: According to Egs. 5-6, the standardized decision-making matrix can be obtained. Taking
the data of the three ports with respect to the geographical position superiority as an example, the

standardized data can be obtained by Egs.20-22.

~ 0.2485
J0.2485? +0.30192 + 0.4496>

=0.4171 (20)

!
V shanghai,C,
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~ 0.3019
1/0.2485% +0.30192 + 0.4496°

—0.5067 1)

14
VHong Kong,C,

~ 0.4496
1/0.2485% +0.30192 +0.4496°

=0.7546 (22)

14
VSingapore,Cl

In a similar way, the other standardized data in the standardized decision-making matrix can

also be determined, and the results were presented in the Appendix.

Step 2: According to Eq.7, the weighted standardized data in the decision-making matrix can be
obtained. Taking the data of the three ports with respect to geographical position superiority (C1) as

an example, the weighted data can be obtained by Egs.23-25.

0.4171x @, = 0.4171x0.1554 = 0.0648 (23)
0.5067 x @, = 0.5067 x 0.1554 = 0.0787 (24)
0.7546x @, = 0.7546 % 0.1554 = 0.1173 (25)

Similarly, other elements in the weighted standardized decision-making matrix can also be

determined, and the results were presented in the Appendix.

Step 3: According to Egs. 8-11, the best ideal solutions and the worst ideal solutions can be

obtained, and the results were presented in Table 10.

Table 10: The best ideal solutions and the worst ideal solutions

C1 C> Cs Cs Cs Cs Cs Cs Co Cio

BIS 0.1173 0.0336 0.0460 0.0663 0.1306 0.0387 0.2022 0.0357 0.0264 0.0386

WIS 0.0648 0.0175 0.0288 0.0439 0.0443 0.0164 0.0782 0.0089 0.0091 0.0121
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Step 4: According to Eqs.15-16, the projection of each port to the BIS and that of each port to the

WIS can be determined, and the results were presented in Table 11.

Table 11: The projection of each port to the BIS and that of each port to the WIS

Shanghai Hong Kong Singapore
Projection to BIS 0.1378 0.2340 0.2736
Ranking 3 2 1

It is apparent that the competitiveness of the three ports from the most competitive to the least
is Singapore, Hong Kong, and Shanghai. However, the data of these three ports with respect to
some criteria such as registered shipping capacity (Cv), tax (Cs), market freedom (Co), and political

factor (C10) will change with the development of China’s BRI, and there are several reasons:

(1) Itis certainty that the promotion of China’s BRI can stimulate the international trade among
Asia, Europe and Africa, thus, the registered shipping capacities of these three ports will
increase for undertaking more freight;

(2) More and more tax/tariff reduction measures will also be implemented in Shanghai, Hong
Kong and Singapore to facilitate the international trade and increase the competitiveness of
these three ports;

(3) Shanghai, Hong Kong and Singapore play a significant important role in China’s BRI, and
the market freedom of these three regions will also be improved by drafting some supporting
policies and regulations to promote the benefits of the stakeholders in the international trade
with the development of China’s BRI; and

(4) The negative impacts of political factors on the competitiveness of the three ports will be

mitigated because some top-level strategies shall be drafted to promote the development of



China’s BRI in Chinese mainland and Hong Kong Special Administrative Region.
Meanwhile, Singapore shall also draft some strategies to retain its geo-advantages in

China’s BRI.

Therefore, China’s BRI will influence the registered shipping capacity, tax, market freedom, and
political factor of these three ports, but the influencing levels on different ports may be different.
Assuming that China’s BRI has three levels of influences on the three ports including “significant
influence”, “moderate influence” and “weak influence”. Significant influence, moderate influence
and weak influence can lead to an annual increase of 30%, 10% and 5% for the data with respect to
these four criteria (C7, Cg, Cg and Cao), respectively. Based on the results of the focus group
meeting, China’s BRI was recognized having “significant influence” on the port of Shanghai,
“moderate influence” on the port of Hong Kong, and “weak influence” on the port of Singapore.

The relative competitiveness of these three ports in next ten years can be determined, and the results

were presented in Figure 2.
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Figure 2: The competitiveness of the three ports in the next ten years with the considerations of the

influences of China’s BRI

According to the results presented in Figure 2, it is apparent that the port of Shanghai will
become more competitive than the port of Hong Kong from the sixth year, and it will also exceed
the port of Singapore and be the most competitive one among these three ports from the seventh

year. Therefore, the following implications can be obtained:

(1) With the development of China’s BRI, the infrastructure, the policy and regulation system,
market environment and tax/tariff system related to the port of Shanghai may be
significantly improved, and this port will become more and more competitive, and it can
even exceed the port of Hong Kong and the port of Singapore and become the most
competitive several years later if the port of Shanghai can effectively take the advantages of

China’s BRI;



(2) The development of China’s BRI also has positive influences on the competitiveness of the
port of Hong Kong and the port of Singapore, but the influential levels on these two ports
are relatively lower than that on the port of Shanghai. This is the reason why the port of
Shanghai will become more and more competitive. Comparing with the port of Shanghai,
Hong Kong port and Singapore port will become less and less competitive though the
competitiveness these two ports will also be improved with the development of China’s
BRI. Accordingly, some actions and measures should be taken to retain the competitive
advantage of the port of Singapore and that of the port of Hong Kong. It is worth pointing
out that the “competiveness” mentioned herein represents the relative competitiveness of
these three ports, thus, the competiveness of three ports will all become more and more
competitive comparing with their past status, but the improvement speeds of the three ports

under the background of China’s BRI are different.

4. Discussion

In order to validate the results determined by the projection method, the sum weighted
method (SWM) and Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS)
method were also employed to determine the relative competitiveness of the three ports based
on the data in the weighted standardized decision-making matrix and the standardized decision-

making matrix. The results were presented in Figure 3.
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Figure 3: The comparison of the results determined by the projection method and that by WSM

and TOPSIS

It is apparent that the priority order of the three ports with respect to the competitiveness
determined by the projection method is consistent with that determined by WSM and TOPSIS.
Thus, the projection is reliable for competitiveness evaluation of ports. Moreover, the results
determined by the projection method can also show the projection of the competitiveness of the

ports to the best ideal port in their mind.

Sensitivity analysis was also implemented by changing the weights of three dimensions for
competitiveness evaluation of ports and keeping the local weights of the criteria in each
dimension as the same with that determined by the interval AHP. The following cases were

considered in this study:

=0.2706 , o

shipping conditions

=0.5961, o,

external conditions

Base case: o =0.1332 (determined by

natural conditions

interval AHP);
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Figure 4: The results of sensitivity analysis

The results reveal that the weights of the criteria have significant effects on the projections of the
three ports to the BIS (see Figure 4); however, the competitiveness order of the three ports kept the

same even changing the weights of the ten criteria in the above-mentioned three cases.

5. Conclusions

China’s Belt and Road Initiative plays a significant important role in stimulating the economy

growth of the world, and ports as one of the most important infrastructures undertake the tasks of



assisting the shipping transport. Accordingly, the understanding of the competitiveness of the main
ports related to this strategy will be beneficial for appropriately planning and designing the shipping
transport in the Belt and Road Initiative. A novel multi-attribute decision analysis method by
combining the interval Analytic Hierarchy Process and the projection method was developed for
assessing the competitiveness of the ports. The weights of the criteria for competitiveness
evaluation of the ports were determined by the interval AHP which can successfully overcome the
difficulty of assuring the consistency in the traditional AHP method, and the users can also depict
their opinions/preferences more accurately comparing with the other weighting methods. Besides
the calculation of the weights of the criteria for competitiveness evaluation, the interval AHP was
used to obtain the relative scores of the ports with respect to some soft criteria which were also used
for competitiveness evaluation. The projection method was used to determine the projection of each
port on the hypothetical best ideal solution for determining the competitiveness of the ports. Three
ports have been studied by the developed multi-attribute decision analysis method, and the results
reveal the feasibility and accuracy of the proposed method. The results demonstrate that the port of
Singapore is the most competitive under at the initial stage of China’s BRI, followed by Hong Kong
and Shanghai in the descending order. This also demonstrates the strategic role of the port of
Singapore in China’s BRI. The results were also significantly important for China’s administrators
for promoting China’s BRI. China should appropriately handle the geopolitical problems-especially
the relationship with Singapore for adequate use of Singapore port as a critical strategic belt for
shipping China to the world. The main factors which lead to the competitiveness difference between
the port of Singapore and Shanghai consist of geographical position, route accessibility, registered
shipping capacity, tax, and market freedom. It is apparent that the improvement of the soft power of
the port of Shanghai is the key for improving its competitiveness under the background of China’s

BRI. The competitiveness of the three ports in the next ten years were also analyzed with the



considerations of different influences on these three ports caused by China’s BRI, and the results
reveal that the port of Shanghai can even exceed the port of Hong Kong and Singapore with the
improvement of the three ports with respect to registered shipping capacity, tax, market freedom,
and political factor.

As for the weak point of the developed MADA method for competitiveness evaluation of the
ports, the method cannot achieve group decision-making, because the determination of the weights
of the evaluation criteria and the relative scores of the ports about the soft criteria when using
interval AHP is based on the group discussion with a consensus. In other words, this method cannot
fully use the opinions/judgements of all the decision-makers when evaluating the competitiveness
of the ports. Meanwhile, the developed method cannot incorporate the interdependences and
interactions among the criteria for the evaluation of port competitiveness, and all these criteria are
assumed to be independent, but this assumption cannot fit well with the actual conditions (Liang et
al., 2016). Accordingly, developing a multi-person multi-attribute decision analysis method, which
allows a set of different stakeholders to make their decisions and can address the interdependences
and interactions among the criteria for the evaluation of port competitiveness, is needed in the

future work.
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Appendix A

Table Al: The relative superiorities of the three ports with respect to route accessibility (Cs),

tax (Cg), market freedom (Co), and political factor (C1o)

Cs Shanghai Hong Kong Singapore Relative Superiorities
Shanghai 1 [1/2 1] [1/3 1/2] 0.1764
Hong Kong [12] 1 [1/2 1] 0.3031
Singapore [2 3] [12] 1 0.5205
Cs Shanghai Hong Kong Singapore Relative Superiorities
Shanghai 1 [1/4 1/3] [1/5 1/3] 0.1111
Hong Kong [3 4] 1 [11] 0.4444
Singapore [3 5] [11] 1 0.4444
Co Shanghai Hong Kong Singapore Relative Superiorities
Shanghai 1 [1/3 1] [1/3 1/2] 0.1484
Hong Kong [13] 1 [12] 0.4280
Singapore [2 3] [1/2 1] 1 0.4236
Cwo Shanghai Hong Kong Singapore Relative Superiorities
Shanghai 1 [34] [2 3] 0.5741
Hong Kong [1/4 1/3] 1 [1/2 1] 0.1799
Singapore [1/3 1/2] [12] 1 0.2459




Table A2: The relative weights of the three dimensions and the local relative weights of the

indicators in natural conditions and external conditions

Natural Shipping External Relative weights
conditions conditions conditions
Natural conditions 1 [1/3 1/2] [2 3] 0.2706
Shipping conditions [2 3] 1 [3 5] 0.5961
External conditions [1/3 1/2] [1/5 1/3] 1 0.1332
C1 C Cs Relative weights
Geographical position 1 [3 5] [2 3] 0.5741
superiority (C1)
Deep-water berth (Cy) [1/5 1/3] 1 [1/2 1] 0.1799
Berth length (Ca) [1/3 1/2] [12] 1 0.2459
Cs Co Cio Relative weights
Tax (Cs) 1 [13] [12] 0.3851
Market freedom (Co) [1/3 1] 1 [1/2 1] 0.2871

Political factor (C1o) [1/2 1] [12] 1 0.3279
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Table A3: The standardized decision-making matrix

Shanghai Hong Kong Singapore
Geographical position superiority (C1)
0.4171 0.5067 0.7546
Deep-water berth (C»)
0.6891 0.3595 0.6292
Berth length (Cs)
0.6912 0.4325 0.5789
Container handling capacity (Ca)
0.6484 0.4299 0.6283
Route accessibility (Cs)
0.2811 0.4829 0.8293
Concentration of vessel (Ce)
0.5684 0.3200 0.7579
Registered shipping capacity (Cv)
0.2743 0.7089 0.6498
Tax (Cs)
0.1741 0.6963 0.6963
Market freedom (Co)
0.2393 0.6901 0.6830

Political factor (C1o)
0.8833 0.2768 0.3783
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Table A4: The weighted standardized decision-making matrix

Shanghai Hong Kong Singapore
Geographical position superiority (C1)
0.0648 0.0787 0.1173
Deep-water berth (C»)
0.0336 0.0175 0.0306
Berth length (Cs)
0.0460 0.0288 0.0385
Container handling capacity (Ca)
0.0663 0.0439 0.0642
Route accessibility (Cs)
0.0443 0.0761 0.1306
Concentration of vessel (Ce)
0.0290 0.0164 0.0387
Registered shipping capacity (Cv)
0.0782 0.2022 0.1853
Tax (Cs)
0.0089 0.0357 0.0357
Market freedom (Co)
0.0091 0.0264 0.0261

Political factor (C1o)
0.0386 0.0121 0.0165
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