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Abstract: Through an empirical study of ocean-borne trade between Hong Kong and New
York, we combined qualitative and quantitative analysis to examine route selection decisions in
a post-expansion era of the Panama Canal. A two-stage methodological framework was developed
to assess the competitiveness of the three route alternatives, namely the Panama and Suez canals and
the US intermodal system. In the first stage, a combination of literature review and expert knowledge
was employed to identify the determinants of route selection. In the second stage, fuzzy theory
and the multi-criteria decision-making technique were used to evaluate the criteria and the route
alternatives. The results indicate that transportation cost is the most important factor in choosing
a route, followed by transportation time, reliability, and route characteristics. The “all water route”
via the Panama Canal is preferred over the Suez and U.S. intermodal options.
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1. Introduction

In recognition of the paramount importance of the Asia–Pacific–United States (U.S.) East
Coast market, the Panama Canal expansion project has contributed to transit time reduction and
accommodation of larger vessels [1,2]. Inarguably, the expansion of the Panama Canal has been of
vital importance to global supply chains, and it has been accompanied by changes in maritime and
multimodal transport and logistics patterns not only in the Pacific, but throughout the east–west
trade [3–6]. Therefore, understanding the changes taking place in the shipping routes between Asia
and the Americas has been indispensable in developing ocean carrier strategies. A number of studies
have attempted to examine the implications for US West- and East-Coast ports [1,5,7,8]. However,
studies regarding changes in global shipping networks and liner shipping operations [9] are still scarce.

Route selection is a complex multi-criteria decision-making (MCDM) problem in which qualitative
and quantitative factors must be considered simultaneously. Previous studies propose mostly
mathematical algorithms and models, while only a few studies utilize expert knowledge to solve
routing problems [10–12]. In response to the need for efficient supply chain systems, rather than a direct
comparison of transportation cost and time [11,13], various qualitative factors, such as reliability, safety,
and security are of paramount importance, as mathematical measures have limitations in terms of
illustrating numerical values accurately [14].

In this respect, our study investigated the determinant factors affecting route selection from
Hong Kong to New York with insignificant differences in terms of sailing time and distance among
alternatives via the Suez and Panama Canals, based on actual decision makers on route selection in
liner shipping companies. To solve the MCDM problem, the fuzzy method, and the technique used to
order performance according to similarity, the ideal solution (TOPSIS) methodology was applied to
evaluate the transportation alternatives mentioned above. The method of fuzzy TOPSIS methodology
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is a common and powerful technique to identify the optimal transport route [15,16]. As a result,
this study provides insights into the competitiveness of shipping route alternatives in the highest
global container trade from the view of liner shipping companies to select the optimal route among
the three alternatives.

To achieve this objective, following the Introduction, Section 2 reviews the related literature
on route selection and implications in the expansion of the Panama Canal, and then the applied
methodology is introduced in Section 3. The findings and important insights into the studied issues are
highlighted in Section 4. Finally, Section 5 provides the conclusion, implications, limitations, and future
research recommendations.

2. Literature Review

2.1. Route Selection

To enhance efficiency and effectiveness, one of the most prioritized and crucial decisions in supply
chain management is transportation mode selection [17]. The decision-making process, to increase
service quality and reduce cost and time, is increasingly complex [12]. Hence, efforts have been made,
using various approaches, to increase awareness of route optimization among transport researchers.

Several previous studies solve the routing problem primarily using mathematical algorithms and
models, such as mixed-integer programming and dynamic programming mainly aiming to minimize
cost and time. Shintani et al. [18] proposed a genetic algorithm-based heuristic for containership
routing networks that incorporates empty container repositioning among calling ports. Chang [19]
proposed a mathematical model considering three crucial characteristics of international intermodal
routes to choose the optimal route while minimizing the time and cost. Rich et al. [20] evaluated
the mode choice and crossing for freight in the Oresund region by applying a weighted discrete
choice model. Yang et al. [21] introduced an intermodal network optimization model to evaluate
the 36 alternative routings for freight moving from two Chinese origins to four Indian destinations.
Thereby, the most competitive routes qualifying transportation time and cost were identified by
applying the principles of goal programming. Xie et al. [22] discussed the specific problem in
multimodal transporting hazardous material by mixed integer programming. Ayar and Yaman [23]
solved the routing problem by considering trucks and scheduled and capacitated maritime services
at a minimum cost of transportation and stocking at the seaports by applying two mixed-integer
programming formulations and valid inequalities. Cho et al. [24] utilized the label setting algorithm,
a kind of dynamic programming algorithm, to identify the optimal route that minimizes the transport
cost and time simultaneously among alternatives including single transport modes and intermodal
transport from Busan to Rotterdam. Tian and Cao [25] introduced a generalized interval fuzzy
mixed integer-programming model to solve the multimodal freight transportation problem under
uncertain environment. Woo et al. [26] compared the real total transportation costs from Korea to
the US of a Korean auto-parts company employing the inventory-theoretic model considering direct
transport costs, in-transit carrying costs, and warehouse inventory costs. In an effort to diminish
the environmental impacts associated with maritime transportation, the reduction of emissions
has been considered in developing solutions to routing problems. Fagerholt et al. [27] developed
an optimization model to determine maritime route and speed by qualifying the minimum operational
cost and the regulations of emission control areas. Zis and Psaraftis [28] presented a modal split model
to examine the modal shifts between maritime and land-based modes in sulfur emission control areas.

Another group of studies suggests that the routing problem is affected by multiple attributes
along with transportation cost and transportation time. Shinghal and Fowkes [29] considered cost,
transit time, reliability, and frequency, estimating the influential of freight mode choice in the Delhi to
Bombay (India) route. Norojono and Young [30] proposed a disaggregate mode choice model proposed
to examine how multiple attributes—safety and reliability—affect mode choice. Danielis et al. [10]
clarified that time, reliability, and safety are of paramount importance compared to cost in assessing
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the service of freight transport from logistics managers’ perspective. Danielis and Marcucci [31]
considered the attribute cut-offs in the mode choice between road only and intermodal, applying a logit
model, to evaluate shippers’ preferences. The results show that cost, loss and damage, and flexibility
are significant, followed by transit time, late arrivals, and frequency. Wang and Yeo [12] proposed
Fuzzy Delphi and Fuzzy ELECTRE I methods to examine intermodal routes from Korea to Central
Asia from the perspective of logistics companies decided by five principal determinants: total cost,
reliability, transportation capacity, total time, and security. Belosevic et al. [15] evaluated the project
alternatives by using extended VIKOR method under fuzzy environment. Moon et al. [16] applied
fuzzy TOPSIS to analyze the Korea–Europe transport routes.

2.2. The Expansion of the Panama Canal

The Panama Canal is well known as one of the most crucial trading connections for maritime traffic
in the world [4]. The Panama Canal was opened in 1914, contributing significantly to reducing transit
time and cost for the container shipping industry [32], connecting the Atlantic and Pacific Oceans.
The artificial waterway is operated by canal locks to lift ships up to 26 m above sea level. However,
the capacity of the pre-expanded canal is limited by the vessel size of approximately 4400 twenty-foot
equivalent units (TEUs) because of the drawbacks of the canal’s width and depth, although container
vessels continue to increase in size. It is expected that the sizes of container ships will continue to
grow in the future, as ultra-large Panamax containerships are scheduled for delivery over the next
several years. Moreover, the Canal had a drawback of long transit times derived from the width of
the locks, which were too small to allow two-way traffic time [1]. According to statistics issued by
the Panama Canal Authority (PCA) (2014), it took an average of 8–10 h to pass through the canal and
26–28 h of additional average waiting time. Hence, the Panama Canal Authority conducted the largest
expansion project by increasing both the depth and width of the canal to meet the growing demand
of international trade to use larger vessels as a result of economies of scale (Table 1). The expansion
allows large vessels up to 12,600 TEUs to transit the canal, thus increasing its capacity dramatically.
In addition to increasing the capacity of the canal for a large number of ships, the transit reservation
system complies with an 18-h transit time. The expansion of the Panama Canal resulted in a significant
emission reduction of 17 million tons of CO2 in one year of operation as statistics of PCA (2017) by
shorter traveling distance and larger cargo volume carrying. Moreover, compared to other alternative
routes from Asia to U.S. East Coast such as via the Suez Canal and using U.S. intermodal system,
transiting the Panama Canal produces the least CO2 emission per TEU at 2.51, 3.02, and 2.64 tons,
respectively (PCA, 2015).

Table 1. Particulars before/after the Panama Canal’s expansion.

Before Expansion (1914) After Expansion (2016)

Capacity (Container vessel, TEUs) 4400 12,600
Length (m) 304.8 427
Width (m) 33.5 55
Depth (m) 12.8 18.3
Draft (m) 12.4 15.2

Source: Korea Maritime Institute (2013).

Deriving from the significance in the volume and value of shipments from Asia to America [1],
there have been a number of research initiatives concerning this market, especially with potential
considerable changes in the Post Expansion Panama Era [33]. Fan et al. [8] focused on the effect of
the expansion of the Panama Canal on container cargoes to U.S. markets in an optimization model
accounting for congestion and demand uncertainty. They found that inter-port competition would
be intense in the East Coast ports and that congestion and waiting time would be improved in the
West Coast ports. Furthermore, Leachman [7] proposed a model for port and modal allocation for
container shipments from Asia to the U.S. to minimize time and inventory costs. The author identified
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the shipment divers from Los Angeles and Long Beach to other alternatives if their port fee increases,
as the total transportation time remains constant. On the other hand, Martinez et al. [1] conducted
multilogit modeling basing on two datasets to determine the factors that affect coast choice between
the East Coast and the West Coast caused by the Panama Canal expansion. The model simulated
that the greatest increase in traffic to the East Coast is from shipments originating at East Asian ports
(China, Hong Kong, Macao, Korea, Japan, Mongolia, and Taiwan). Liu et al. [34] applied cooperative
game theory to examine competitive–cooperative relationships in the U.S. container import market.
As the impact of Panama Canal expansion, the East-Coast players gain considerable market power in
contrast to the losing West-Coast players.

These studies mainly focused on the U.S. ports’ impact in the Post Expansion Panama Canal Era,
but the studies relating to changes in shipping routes selection are scant. It is evident from the literature
that solving route selection using mathematical algorithms to minimize cost and time entails limitations
to be examined for specific routes and factors having no data, such as service quality and reliability [12].
Therefore, it would be necessary and suitable to examine changes in the east–west route as an impact
of the Panama Canal expansion. Thies study focused on routing selection using a sample of container
cargo vessels originating in Hong Kong and destined for New York via the Panama Canal and via the
Suez Canal, where the differences in distance and transit time are approximately 386 nautical miles
(NM) and 21 h, respectively. A method that incorporates both quantitative and qualitative factors from
the perspective of liner shipping companies is proposed to estimate route choice.

3. Methodology

Route selection is a typical MCDM under uncertainty, as determined by both quantitative and
qualitative factors (Figure 1). Despite the fact that without real data, experts’ knowledge is significant
to evaluate qualitative factors, it is challenging to achieve exact numerical values for comparative
ratios [14,35] due to the nature of uncertainty and imprecision of preferential models [36,37]. The fuzzy
theory is a suitable method to reduce the uncertainty of evaluation to improve the accuracy of
judgments using linguistic scales [38]. In addition, TOPSIS is one of most widely used tools to deal
with complicated MCDM problems [39–43] such as choosing logistics service providers [44], choosing
fuel vehicle [45], ranking causes of delay [46], and choosing facility site [47–50]. Hence, a combination
of fuzzy evaluation and TOPSIS methods is a good approach to evaluate the influential factors and
transport alternatives from Hong Kong to New York.
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Figure 1. Research diagram for the route selection.
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3.1. Fuzzy Method

A fuzzy method introduced by Zadeh [51] was employed to judge the relative significance of the
criteria. The method has been commonly utilized to overcome the multi-attribute decision-making
problem basing on linguistic expression with a continuum of grades of variables. A fuzzy set
is characterized by a membership function in which a grade of membership ranges from zero
to one. In fuzzy theory, classical bivalent sets are commonly named crisp sets. Triangle fuzzy
numbers comprised of three parameters (a1,a2,a3), and the membership function µA(χ) are denoted
as Equation (1).

µA(χ) =


0, χ ≺ a2

χ−a1
a2−a3

, a1 4 χ 4 a2
a3−χ
a3−a2

, a2 4 χ 4 a3

0, χ � a3

(1)

The ith triangle fuzzy number in membership function “n” is calculated by Equation (2).

A = (a(i)1 , a(i)2 , a(i)3 ), i = 1, 2, . . . , n (2)

Furthermore, fuzzy number is measured as:

A = Aave =
A1 + A2 + . . . + An

n
=

(∑n
i=1 a(i)1 , ∑n

i=1 a(i)2 , ∑n
i=1 a(i)3 )

n
= (a1, a2, a3) (3)

The linguistic variables were expressed in words that fulfilled indicating as fuzzy set.
The relative importance of weights of criteria assessed are divided into seven grades: “very low”,
“low”, “medium low”, “medium”, “medium high”, “high”, and “very high”, as shown in Table 2.

Table 2. Linguistic variables for the preference of each criterion.

Linguistic Scale Fuzzy Number

Very Low (VL) (0.0, 0.0, 0.1)
Low (L) (0.0, 0.1, 0.3)

Medium Low (ML) (0.1, 0.3, 0.5)
Medium (M) (0.3, 0.5, 0.7)

Medium High (MH) (0.5, 0.7, 0.9)
High (H) (0.7, 0.9, 1.0)

Very High (VH) (0.9, 1.0, 1.0)

Aiming to convert all results to actual values, de-fuzzification is the final step in which the center
of gravity is a widely applied measurement [52]:

y∗ = a3 − 2
√
(a3 − a1)(a3 − a2)/2 (4)

where y∗ is the G-factor and its value is measured by the center of gravity.

3.2. Fuzzy-TOPSIS Method

The TOPSIS method which is one common technique for the multiple-criteria decision-making
(MCDM) problems was initially developed by Hwang and Yoon [53]. The main concept is to select the
optimal solution with the furthest distance from the negative-ideal solution with the worst performance
and the shortest distance from the positive-ideal solution that is the composite of the best values. In the
classic TOPSIS, crisp values are used to evaluate the performance of alternatives, but it is inadequate
in real situations due to the imprecision and vagueness of judgments. Thus, fuzzy TOPSIS efficiently
addresses the problem in which linguistics expression is used instead of numerical values and the
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ratings are illustrated by means of linguistic variables [34,54]. The process of the fuzzy TOPSIS method
is shown as follows:

Step 1: In terms of subjective factors, an expert questionnaire is used and defined in linguistics
terms represented by a fuzzy number, xij, i = 1, 2 . . . n; j = 1, 2 . . . m, to rate alternatives. To eliminate
the normalization step, the fuzzy linguistic rating xij, the range of normalized triangular fuzzy numbers
is 0 to 10 (Table 3).

Table 3. Linguistic variables for the preference of each alternative.

Linguistic Scale Fuzzy Number

Very Poor (VP) (0, 0, 1)
Poor (P) (0, 1, 3)

Medium Poor (MP) (1, 3, 5)
Medium (M) (3, 5, 7)

Medium Good (MG) (5, 7, 9)
Good (G) (7, 9, 10)

Very Good (VG) (9, 10, 10)

In terms of objective factors, the values are represented by crisp real numbers that need to be
transformed into fuzzy ratings, as proposed by Chou [55]. Firstly, let Ro

ijn = (co
ijn, ao

ijn, bo
ijn) be the crisp

quantity of the objective factors, where co
ijn = ao

ijn = bo
ijn. The criteria are featured in various units and

must be transformed into dimensionless indices to ensure compatibility with the linguistic ratings.
The alternative with the lowest cost (or highest benefit) should have the highest rating as follows:

R̃ijn =
{

Ro
ijn

∣∣∣maxi{bo
ijn}
}
× 10 (5)

where maxi{bo
ijn} > 0, R̃ijn denotes the transformed fuzzy rating of objective benefit Ro

ijn; R̃ijn becomes
larger when objective benefit Ro

ijn is larger.

R̃ijn =
{

mini{co
ijn}
∣∣∣Ro

ijn

}
× 10 (6)

where mini{co
ijn} > 0, R̃ijn denotes the transformed fuzzy rating of objective cost Ro

ijn; R̃ijn becomes
smaller when objective cost Ro

ijn is larger.
Step 2: Calculate the weighted normalized fuzzy-decision matrix by

ṽ =
[
ṽij
]

n∗j, i = 1, 2, . . . n; j = 1, 2, . . . m (7)

ṽij = ṽij ∗wj (8)

where wj is the fuzzy weights measured by using expert questionnaires using the fuzzy method.
Step 3: Measure positive-ideal (FPIS, A∗) and negative-ideal (FNIS, A−) options based on

Equations (9) and (10):

A∗ = {v∗1 , . . . . . . . . . . . . , v∗i } =
{
(maxjvj, i ∈ ωb), (minjvj, i ∈ ωc)

}
(9)

A− =
{

v−1 , . . . . . . . . . , v−i
}
=
{
(maxjvj, i ∈ ωb), (minjvj, i ∈ ωc)

}
(10)

whereωb is the sets of benefit criteria andωc is the sets of cost criteria.
Step 4: Calculate the distances of each alternative from the ideal option and the

negative-ideal option:

D∗i =
m

∑
j=1

d(Ṽj, Ṽi), i = 1, 2 . . . n (11)
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D−i =
m

∑
j=1

d(Ṽj, Ṽi), j = 1, 2 . . . m (12)

d(ã, b̃) =
√
(1/3) [(a1 − b1)

2 + (a2 − b2)
2 + (a3 − b3)

2] (13)

where a and b are two triangular fuzzy numbers presented by the triplets (a1,a2,a3) and (b1,b2, b3).
Step 5: Identify the relative closeness of each alternative to the ideal option. The relative closeness

of alternative Ai concerning A∗ is characterized as follows:

FCi =
D−i

D∗i + D−i
, i = 1, 2, . . . n (14)

4. Empirical Analysis

4.1. Alternative Routes from Hong Kong to New York

A case study on the route from Hong Kong to New York is performed to clarify the benchmarking
rule in choosing an optimal route. The study examines all three main alternatives for container
transport from Asia to the U.S. via the Panama Canal, including North America’s western ports via
the land bridge to North America’s eastern ports (Hong Kong–Los Angeles–Chicago–New York) and
through the Suez Canal (Table 4, Figures 2–4). According to statistic of PCA (2015), by 2014, the shares
of the three alternatives named via the Panama Canal, the Suez Canal, and using the land bridge were
roughly equivalent at 37%, 32%, and 31%, respectively. The two other alternatives using the Cape
of Good Hope and the Arctic Ocean were eliminated from consideration. In terms of an alternative
around South Africa’s Cape of Good Hope, the route would increase shipping time as it is more
suitable for oil tanker or tramper service rather than liner service due to a considerably extended
shipping time compared to other alternatives. Regarding the route via the Arctic Ocean, the alternative
would be a comparable selection with a significant reduction in distance, but the existing limitations are
major challenges for shipping companies in conducting deployment, such as the harsh environment,
inadequate infrastructure for navigation, fueling, repair, and navigability at certain times of the year.

Table 4. Cost analysis for the alternative routes between Hong Kong and New York.

Route Vessel
Size (TEU)

Port Cost
(USD $)

Bunker Cost
(USD $)

Capital Cost
(USD $)

Operation
Cost/TEU (USD $)

Via the
Panama Canal

8600 1,643,892 1,814,349 2,380,000 743.72
10,000 1,726,087 1,922,352 2,660,000 708.81
13,000 1,985,000 2,253,001 3,150,000 642.43

Via the
Suez Canal

8600 1,302,752 2,040,078 2,618,000 759.34
10,000 1,367,890 2,139,004 2,926,000 722.80
13,000 1,573,073 2,458,035 3,465,000 651.84

Using U.S.
intermodal system

8600 162,366 1,367,225 1,666,000 407.08
10,000 170,485 1,465,557 1,862,000 393.04
13,000 196,057 1,732,917 2,205,000 359.48

Source: Hyundai Merchant Marine, 2016.

4.2. Selection and Weight of Determinants and Alternatives

The decision-making process for maritime route selection is determined by shipping companies.
Therefore, considering the perspective of liner shipping companies is of vital importance. To clarify
the process, two rounds of surveys were conducted using experts’ knowledge. In the first round,
the criteria identification was based on literature review and open-ended questions and brainstorming
sessions with experts in liner shipping companies. In the second-round, the survey was conducted by
applying Fuzzy TOPSIS to weight the factors and alternatives.
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In the first-round survey, previous studies regarding the selection of transport routes and
implications from the expansion of the Panama Canal were examined among experts to acknowledge
the emerging problem during 27 days (from 7 June to 3 July 2017). Respondents included general
managers, operation managers of Hyundai Merchant Marine, the former Hanjin Shipping and business
analysts for Heung A Shipping, PIL Singapore and NYK Japan, who have more than 23 years of
professional experience. These experts were invited to participate in interviews aiming to discard
superfluous factors and add missing factors extracted from the literature. The interviews were
conducted face to face and by email to achieve the concession of seven determinants: transportation
time, transportation cost, shipment size, reliability, route characteristics, the load capacity of
railways/trucks, and vessel size.
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Figure 2. Transport route for container cargo from Hong Kong to New York via the Suez Canal.
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Figure 3. Transport route for container cargo from Hong Kong to New York via the Panama Canal.
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Figure 4. Transport route for container cargo from Hong Kong to New York using U.S.
intermodal system.

However, among the seven factors affecting the three alternatives via the Panama Canal,
the Suez Canal, and using the U.S. intermodal system in the case study of Hong Kong–New York,
the capacities of railways and trucks, shipment size, and vessel size were unsuitable to take into
consideration. Although the factor “capacity of railways and trucks” is considerable in making
decisions among single-modal and multimodal transport routes, the factor was inappropriate to
become a criterion to compare all-water routes (via the Panama Canal and via the Suez Canal) and
multimodal route using U.S. land bridge. Similarly, the factor “vessel size” was eliminated to estimate
the alternatives because there is no difference in capacity accommodating containership size deployed
for the Asia–Pacific–United States (U.S.) East-Coast route. Therefore, the four factors that are the
most influential determinants on route selection—transportation time, transportation cost, reliability,
and route characteristics—were considered for the second-round survey (Table 5).

Table 5. Determinants for route selection.

Factor Definition

Transportation time Time from the Departure Port to Arrival Port

Transportation cost Operation cost per unit for shipping from the Departure Port to
Arrival Port including port cost, bunker cost, and capital cost

Reliability Reliability of the transportation method and node’s facilities

Route characteristics
Characteristics of the port and links included in the route,

such as terminals, waterways, air drafts, and political
environments, which impact the operation of facilities

In the second-round survey conducted during 37 days from 10 July to 15 August 2017,
the 12 experts were invited to complete the survey including the experts who participated in the
first round to broaden the view of liner shipping companies to evaluate the factors and alternatives
based one the criteria determined in the first-round survey. Therefore, the fuzzy TOPSIS method was
applied to establish the weights of factors. The respondents are vice president, general manager,
senior managers, and business analysts of SM Line, Core Bridge Consulting, and Cyberlogitec,
who have average 19 years of working experience as operation managers and managers in the former
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Hanjin Shipping, which was a Korean liner carrier providing services crossing the Suez Canal and
Panama Canal.

4.3. Assessment of the Criteria

The experts assessed the relative importance of factors using the linguistic variables shown
in Table 2 and the results are shown in Table 6. It is indicated that, among the determinants
of route selection, transportation cost was prioritized followed by transportation time, reliability,
and route characteristics.

Table 6. The ranking of the determinants of route selection.

Factors Fuzzy Score Defuzzification Rank

Transportation time (0.66; 0.82; 0.91) 0.79 2
Transportation cost (0.73; 0.86; 0.92) 0.83 1

Reliability (0.48; 0.68; 0.87) 0.68 3
Route characteristics (0.36; 0.55; 0.74) 0.55 4

According to liner shipping companies’ perspective, the highest priority was given to
transportation cost when deciding upon the shipping route, as this factor contributes tremendously
toward the total cost of cargo transport affecting the profit of the company and freight rates.
Furthermore, transportation time was also a crucial factor when considering the route selection.
A shorter transportation time would reduce the lead-time of transportation and increase ship
turnaround times. The route selection decision-making process examined the factor reliability
simultaneously to ensure on-time performance, avoiding uncertain and risky situations faced in
transporting, especially at sea. Additionally, the route characteristics included the characteristics and
constraints of the nodes and links that constitute the route, which is a significant factor to provide
a stable shipping service.

4.4. Assessment of the Alternatives

To guarantee the objective of comparison, quantitative value is supreme, but there are major
obstacles to achieving crisp value. Therefore, a combination of qualitative and quantitative analyses
for selecting routes was applied to avoid subjectivity. The evaluation of subjective factors—reliability
and route characteristics—was conducted using the questionnaire relying on the judgment of decision
makers. A performance scale of each subjective factor is presented, as the linguistic terms as well as
transformed into the fuzzy ratings, in Table 7.

Table 7. Fuzzy ratings for the alternatives regarding subjective determinants.

Subjective Criteria Fuzzy Scores

1. Reliability
Via the Panama Canal (5.50; 7.42; 8.92)

Via the Suez Canal (3.67; 5.42; 7.25)
Using U.S. inland system (4.75; 6.42; 8.00)

2. Route characteristics
Via the Panama Canal (4.17; 6.17; 8.00)

Via the Suez Canal (3.75; 5.58; 7.42)
Using U.S. inland system (5.25; 6.83; 8.08)

Regarding the objective factors—transportation time and transportation cost—the real data
would be transformed to fuzzy scores to ensure the compatibility of objective and subjective analyses.
The crisp quantities for objective factors transformed into fuzzy ratings based on Equations (5) and (6)
are illustrated in Table 8.
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Table 8. Fuzzy ratings for the alternatives regarding objective determinants.

Objective Criteria Quantity Fuzzy Scores

1. Transportation time (hours)

Via the Panama Canal 623 (8.22; 8.22; 8.22)
Via the Suez Canal 644 (7.95; 7.95; 7.95)

Using U.S. intermodal system 512 (10.00; 10.00; 10.00)

2. Transportation cost (USD/TEU)

a. Vessel size: 8600 TEU; Load: 7850 TEU

Via the Panama Canal 743.72 (10.00; 10.00; 10.00)
Via the Suez Canal 759.34 (9.79; 9.79; 9.79)

Using U.S. intermodal system 2027.08 (3.67; 3.67; 3.67)

b. Vessel size: 10,000 TEU; Load: 8900 TEU

Via the Panama Canal 708.81 (10.00; 10.00; 10.00)
Via the Suez Canal 722.80 (9.81; 9.81; 9.81)

Using U.S. intermodal system 2013.04 (3.52; 3.52; 3.52)

c. Vessel size: 13,000 TEU; Load: 11,500 TEU

Via the Panama Canal 642.43 (10.00; 10.00; 10.00)
Via the Suez Canal 651.84 (9.86; 9.86; 9.86)

Using U.S. intermodal system 1979.48 (3.25; 3.25; 3.25)

The final ranking of the alternatives is demonstrated in Table 9. The assessment of the three
alternative routes illustrates that the shipping route from Hong Kong to New York via the Panama
Canal is preferred by liner shipping companies, followed by via the Suez Canal and the U.S. intermodal
route in the three scenarios of different vessel sizes and shipment sizes.

Table 9. The ranking of the alternatives.

Alternatives A* A− FCi Ranking

Scenario 1: Vessel size: 8600 TEU; Load: 7850 TEU

Via the Panama Canal 1.74 7.09 0.80 1
Via the Suez Canal 3.65 5.13 0.58 2

Using U.S. intermodal system 5.94 2.84 0.32 3

Scenario 2: Vessel size: 10,000 TEU; Load: 8900 TEU

Via the Panama Canal 1.74 7.22 0.81 1
Via the Suez Canal 3.64 5.14 0.59 2

Using U.S. intermodal system 6.06 2.97 0.33 3

Scenario 3: Vessel size: 13,000 TEU; Load: 11,500 TEU

Via the Panama Canal 1.74 7.45 0.81 1
Via the Suez Canal 3.60 5.18 0.59 2

Using U.S. intermodal system 6.29 3.20 0.34 3

According to the benchmark criteria, the shipping route via the Panama Canal is superior to the
other alternatives due to the contribution of the most imperative factors such as transportation cost
and reliability. In terms of transportation cost, deriving from the absolute advantage compared to other
transportation modes and shorter distance, the all-water route via the Panama Canal has the lowest
transportation cost among the three alternatives, although the Canal’s toll charge is considerably
higher than the Suez Canal. In addition, the all-water route via the Panama Canal is assessed as the
most reliable selection. The transportation time of the route would be a disadvantage factor compared
to the multimodal transport alternative, but between the two all-water routes, via the Panama Canal
achieves success in saving more time than via the Suez Canal due to the shorter distance.
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As a result of the expansion of the Panama Canal, the shipping route via the Suez Canal was
evaluated to lose its competitiveness with its shipping route counterpart due to its higher transportation
cost as well as longer transportation time. The Egyptian government decided to expand the Suez
Canal because of its contribution to the economy, which is expected to impact considerably on the
composition of the shipping network. However, its competitiveness in transportation cost is gradually
diminished due to the low oil prices and the absolute advantages regarding the cost and time of the
via Panama Canal route deriving from the expansion. Additionally, the reliability of the route was
assessed as the worse because of the political problems between the countries around the Suez Canal
and the threat of pirates in the vicinity of the Suez Canal.

The least-preferred option was to use the U.S. intermodal system. The route has an absolute
advantage in time compared to the all-water routes but the disadvantage in cost diminishes gradually
its competitiveness. The voyage between Hong Kong and New York using the inland transportation
system is shortened by approximately 26% in comparison with the Suez and Panama Canals,
a reduction of 132 h and 111 h, respectively. The substantial reduction in valuable sailing time
would lead to cost savings, including for fuel and transit fees, but the inland transportation costs cause
a significantly higher transportation cost of the whole trip compared to all water routes. Although
rail intermodal routes are far more efficient and productive than they used to be and are relatively
safe and efficient in terms of fuel cost, driver shortages, and environmental matters, the cheaper route
alternatives would be major barriers to increase the preference of the route as transportation cost is
the decisive factor in route choice. However, the route was evaluated as the best among the three
alternatives in terms of the criterion of the route characteristics. The route is the shortest and simplest
sea route with the fewest calling ports and lowest potential risk of piracy or the possibility of political
problems on the waterway.

4.5. Sensitivity Analysis

Deriving from the problems of MCDM in which data are difficult to qualify and are easily
changeable, a sensitivity analysis is a fundamental concept to eliminate the errors of inaccurate
measurements and provide reliable results [56]. Hence, a sensitivity analysis was performed to examine
how the ranking of the alternatives changes when input data including the values and weights of the
criteria change to new values [57]. A sensitivity analysis was conducted by increasing and decreasing
10% the importance weight of each factor. Accordingly, Table 10 presents the results for each of the
four factors, and it illustrates the differences with respect to weighted scores for each alternative route.

Based on the high priority of transportation time and transportation cost factors compared to
other factors in the decision-making process, preference for the alternatives was significantly sensitive
to changes in these factors’ importance weights. By decreasing 10% the importance weight of the
transportation time factor, the alternative via the Panama Canal and Suez Canal would significantly
increase in competitiveness compared to the alternative using the U.S. system that has an absolute
advantage in transportation time. For the alternatives via the Suez Canal, the change in the sensitivity
of the transportation cost factor was the most notable in terms of the preference for the alternatives.
By increasing the importance weight of transportation cost, the all water route via the Suez Canal
would increase the in relative closeness to be the ideal option, especially because a group of vessel sized
13,000 TEU increases the most, by 0.022. In contrast, the intermodal route using the U.S. intermodal
system would considerably increase in competitiveness if the importance weight of the transportation
cost factor would decrease, as evidenced by the relative close distance to the ideal option, in which
vessel size group of 8600 TEU is more beneficial than the other groups.

Even thoguh there are slight changes in preference scores for the alternatives, no change in the
alternative routes’ rankings occurred. It is concluded that the methods and results are insensitive to
possible errors in assessments, and, therefore, provide reliable results that the shipping route from
Hong Kong to New York via Panama is the optimal route, followed by via the Suez Canal and using
the U.S. intermodal system.
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Table 10. Sensitivity analysis results.

Alternative
Factor That Increases by 10% Factors That Decreases by 10%

Changed Factor Changed Result Changed Factor Changed Result

Vessel size: 8600 TEU; Load: 7850 TEU

Via the Panama Canal
(0.8033) Transportation time 0.8160

(0.0127)

Via the Suez Canal
(0.5842) Transportation cost 0.6060

(0.0218)

Using the U.S. intermodal system
(0.3237) Transportation cost 0.3445

(0.0208)

Vessel size: 10,000 TEU; Load: 8900 TEU

Via the Panama Canal
(0.8060) Transportation time 0.8186

(0.0126)

Via the Suez Canal
(0.5853) Transportation cost 0.6072

(0.0219)

Using the U.S. intermodal system
(0.3286) Transportation cost 0.3486

(0.0200)

Vessel size: 13,000 TEU; Load: 11,500 TEU

Via the Panama Canal
(0.8108) Transportation time 0.8232

(0.0124)

Via the Suez Canal
(0.5900) Transportation cost 0.6121

(0.0220)

Using the U.S. intermodal system
(0.3369) Transportation cost 0.3557

(0.0188)

5. Discussion

The expansion of the Panama Canal is a vitally important project in the maritime industry, causing
changes to maritime transport, multimodal transport, and shipping companies’ strategies and logistics
patterns throughout the east–west route [3–6]. Thus, this paper examines the expansion’s associated
impact to route choice, which is one of the most prioritized and crucial decisions of supply chain
management [15].

Route choice involves many variables other than a direct comparison of transportation cost and
transportation time. To explore the optimal route for container cargoes in the east–west route that is
the largest market in the shipping business, this study examined alternative routes from Hong Kong
(the representative port in South China) to New York (as the base port on the U.S. East Coast) where the
differences in distance are the least among the options via the Panama Canal and via the Suez Canal.
Using a combination of qualitative and quantitative factors, the fuzzy TOPSIS method was applied to
weight four determinant factors and three alternative routes based on the opinions of experts from
liner shipping companies. The results illustrate that transportation cost is the most important factor in
deciding the transportation route, followed by transportation time, reliability, and route characteristics,
and the shipping route via Panama is preferred over the shipping route via the Suez Canal and the
route using the U.S. intermodal system.

Consequently, this study offers several academic and practical implications. In terms of academic
implications, most studies are limited to the choice of the optimal route from the shippers’ perspective,
and the quantitative factors are dominant. However, this study investigated which factors should
be given priority when designing routes from the viewpoint of service suppliers who are actual
decision makers of shipping routes. It is more meaningful in analyzing qualitative factors such as
reliability and route characteristics with the increasing requirement of service quality in addition to
quantitative factors such as transportation cost and transportation time. Furthermore, a sensitivity
analysis was conducted to examine the accuracy of the measurements, overcoming the limitations
of a static analysis. From a practical point of view, this study examined the competitiveness of the
routes through the Panama Canal, the Suez Canal, and the U.S. intermodal system. Therefore, it would
provide a more practical standard in the new shipping environment when planning routes for liner
shipping companies.
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However, the study did not consider factors such as the empty container handling rate and the
empty container reposition cost, which account for a large portion of the operating costs of the liner
shipping company. Besides, environmental factors were not examined in solving the routing problem.
In the future, this study should be extended to a study of two-way routes, considering the factors
related to container utilization, such as cost, time, and frequency of the return of empty containers as
well as the effects on the environment. Moreover, despite wide application of TOPSIS method to solve
the complicated MCDM problems, the rank reversal is unstable. Thus, other modifications such as the
meaningful mixed data TOPSIS could be used to overcome the shortcomings.
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