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available at the end of the article and apply it to a virtual maritime network with one origin, two destination ports, and

one hub port. The generalized costs of shippers in the optimum direct shipment and
in transshipment for the shipping lines model are compared to evaluate the choice
between direct shipment and transshipment. We find that competitiveness of the
port as a hub, indicating the cargo volume aggregated in transshipment, is essential
for examining the cost-effectiveness of direct shipment and transshipment. The
comparison between the cost-effectiveness of direct shipment and transshipment is
based on the configuration of each network, especially in terms of frequency and
the vessel size deployed. Direct shipment can be more cost-effective for short
distances.
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Introduction

Maritime shipping networks comprise two types of transport systems: direct shipment
and transshipment. As the term suggests, direct shipment involves a carrier transport-
ing cargo from the origin to destination using a single service. In transshipment, the
carrier transports cargo from the origin to destination by combining multiple services.
Specifically, the carrier aggregates several services in an intermediate port, called a
hub, and transports the cargo via this hub, combining the appropriate services. As
transshipment cargo needs to be transported via one or more additional ports to arrive
at the destination port, it involves additional navigation distance, navigation time, port
charges, and stevedoring charges (Hsu and Hsieh 2005). Conversely, the number of
shipping services required to connect all points of origin and destination in transship-
ment is fewer than in direct shipment. Fewer shipping services reduce the network
construction cost (O’Kelly and Miller 1994). Notteboom et al. (2019) found that the
volatility of ports that largely handle direct shipment cargo differs from that of ports
that largely handle transshipment cargo. Thus, distinguishing between direct shipment
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and transshipment can enable port management bodies (i.e., port authorities) to design
their port strategies.

Wilmsmeier and Notteboom (2011) revealed the importance of cargo demand in de-
termining whether to implement direct shipment or transshipment. When cargo de-
mand is high enough to justify direct calls to ports, the ratio of transshipment declines.
In fact, the ratio of direct shipment between Shanghai port and Japanese ports, consid-
ered short-distance trade (as the distance between Shanghai and Tokyo ports is 1021
nautical miles), is 95.9% as of November 2018 (Ministry of Land, Infrastructure, Trans-
port and Tourism [MLIT] of Japan 2018), with Shanghai being the port with the largest
trade volume to/from Japan. Thus, in high cargo demand conditions, majority of the
cargo is transported through direct shipment. In contrast, some other ports with similar
cargo demand have different direct shipment ratios. For example, the total cargo vol-
umes between Xiamen, Vancouver, and Rotterdam ports, and Japanese ports are almost
equal—as of November 2018—at 241588 freight tons, 305,375 freight tons, and 298,000
freight tons, respectively (Ministry of Land, Infrastructure, Transport and Tourism
(MLIT) of Japan 2018). However, the direct shipment ratios between these three ports
and Japanese ports are 92.2%, 77.2%, and 64.5%, respectively (Ministry of Land, Infra-
structure, Transport and Tourism (MLIT) of Japan 2018). Note that the distance from
Xiamen, Vancouver, and Rotterdam ports to Tokyo port is 1328 nautical miles (nm),
4324 nm, and 11,119 nm, respectively. The differences in the ratios of direct shipment
and transshipment can be observed by comparing the pairs of trading ports. Thus, it is
evident that factors other than cargo demand, such as different geographical conditions,
influence the choice between direct shipment and transshipment.

Although literature on direct shipment and transshipment exists, few studies consider
both these systems of maritime transport. Hsu and Hsieh (2005) analyze the trade-off
between shipping and inventory costs in direct shipment and transshipment. Direct
shipment is more cost-effective than transshipment, given the optimum vessel size and
frequency in high cargo demand. Wilmsmeier and Notteboom (2011) identify four
phases of network evaluation with regard to direct shipment and transshipment and
find that the growth of market size of ports has caused the rise in direct services and
undermining of hubs. These two studies investigate the significance of cargo demand
in implementing direct shipment. However, there is a research gap in that the factors
other than cargo demand that influence the comparison between direct transport and
transshipment have not been analyzed.

Morrell (2008) and Francis et al. (2007) reveal that low-cost carriers implementing
direct transport have a cost advantage in short-haul flights in the air transport network.
Despite the differences in the network configurations of air and maritime transport, this
implies that the choice between direct shipment and transshipment is influenced by
geographical factors, such as distance. Several studies on maritime networks emphasize
the importance of the geographical conditions of ports. For example, Chang et al.
(2008) and Gohomene et al. (2016) find that shipping lines, including trunk liners and
feeder service providers, consider port location a critical factor in port selection. Ng
and Kee (2008) indicate that the optimum vessel size depends on distance, that is, lar-
ger vessels are cost-effective for longer distances. Veldman et al. (2016) proposed to ad-
dress the port choice problem with a logit model based on maritime distance and
vessel size. Sun and Zheng (2016) and Notteboom (2011) discuss the appropriateness
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of a hub location. Kavirathna et al. (2018) reveal that Colombo port lacks competitive-
ness as a hub in relay networks, due to geographical conditions such as deviation from
the trunk line.

Thus, although cargo demand and geographical conditions are important in deter-
mining whether to implement direct shipment or transshipment, the conditions in
which these factors affect the choice are unclear. Therefore, this study aims to investi-
gate the conditions influencing the choice between direct shipment and transshipment,
focusing on two factors: geographical distance and demand.

When designing maritime network, shipping lines consider a trade-off between the
requirements of shippers and own operational cost (Ducruet and Notteboom 2012;
Wang et al. 2015; Hsu and Hsieh 2005). The operation of direct shipment or transship-
ment can be affected by the cost of shipping lines and shippers. Thus, this study devel-
oped the two-stage model between shipping lines and shippers. In this model, shipping
lines deploy the optimum vessel size and frequency for own cost minimization and the
genialized cost of shippers is calculated based on the time cost and monetary cost. We
compare the generalized cost of shippers in the optimum direct shipment and trans-
shipment for the shipping lines by the two-stage model to evaluate the choice between
direct shipment and transshipment. The developed two-stage model is applied to sim-
plified virtual network. We change the cargo demand and geographical conditions be-
tween ports in the virtual network. Note that we focus on the analysis of the factors
such as cargo demand and geographical conditions. However, other factors that might
affect the choice between direct shipment and transshipment such as marketing efforts,
schedule design and service quality of ports are not considered.

The remainder of this paper is structured as follows. Methodology section presents
the methodology used in this study. Numerical analysis and results section discusses
the numerical analysis and results of applying the developed model to a virtual net-
work. Conclusions section states the conclusions drawn from the study findings and of-
fers directions for further research.

Methodology

Model development

This study uses a two-stage model comprising shipping lines and shippers. As decision-
makers in the upper stage, shipping lines design two different networks comprising one
service for direct shipment and multiple services for transshipment. In the lower stage,
the shippers’ generalized cost for direct shipment and transshipment is calculated. The
notations of the model are as follows:

if Port name (i # j, ij © o: origin, h: hub, and d: destination)
k Name of the transport system (DR: direct shipment or TS: transshipment)

GCf Generalized cost of the shippers using transport system k from port i to j [USD/TEU (20-ft equivalent unit)]

Cs;  Cost of the shipping lines from port i to j [USD/month]

vc;  Vessel costs (capital and operating costs) from port i to j [USD/day]
fc;  Fuel cost for transport from port i to j [USD/day]

pc; Port charges for transport from port i to j [USD/time]

hc;  Handling charges in port i [USD/TEU]

f;  Frequency from port i to j [time/month]
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Model development (Continued)

sj  Vessel size deployed from port i to j [TEU]

vy Navigation speed from port j to j [knot]

u;  Navigation distance between port i and j [nm]

Q;  Total container cargo demand from port i to j [TEU/month]
g;  Cargo flow at one call from port / to j [TEU/time]

oy  Freight rate for transport from port / to j [USD/TEU]

L;  Loading/unloading volume per hour in port i [TEU/hour]

T, Time taken to enter a port, including pilotage and waiting in anchorage, in port i [hour]
Wt Wait time of shippers in port i [day]

a Value of time of shippers [USD/hour-TEU]

y Unknown parameter for slot utilization

u Unknown parameter for distance of the hub port

S6ng  Unknown parameter of cargo demand from the hub to destination port, to reveal the competitiveness of
the hub port

Shipping lines

The behavior of shipping lines as carriers is characterized by a model with the objective
of maximizing their own profit. The freight rate to shippers, comprising the main
revenue component for shipping lines, is influenced by several market factors, such as
competition between services operated by different carriers. This study assumes strong
competition between shipping lines, leading to lower freight rates, and diminishing the
differences in freight rates among shipping lines. For maximizing their profit, shipping
lines need to minimize the cost of each service. Therefore, in this study, the shipping
lines’ objective is to minimize their own cost for the given inputs. The shipping lines
determine the vessel size (s;), vessel speed (v;), and frequency (f;) for each route (from
port i to j). Equation (1) expresses the shipping lines’ cost, calculated as the product of
the frequency of calls and the operation cost per call.

According to Hsu and Hsieh (2007), operation cost comprises three elements: capital
and operating costs, fuel cost, and port charges. Capital and operating costs include the
total expenses paid for vessel operation each day. We renamed them vessel costs (vc;)
in this study, comprising the cost of chartering the vessel and operating costs,
including maintenance, repair costs, and so on. The shipping lines incur the vessel
costs for the total voyage time that includes navigation time, expressed as the
relationship between navigation distance and navigation speed (u;/v;), the time taken
for loading or unloading in the port (g;/L;), and the time taken to enter the port,
including pilotage and waiting in anchorage (7;). Fuel cost (fc;;) comprises the expense
related to fuel consumption. Wang and Meng (2012) conclude that fuel consumption is
the third power of navigation speed. We multiply the fuel consumption by navigation
time to take the sailing time into consideration. Port charges can be categorized into
the charges for the vessel and for handling cargo. In this study, the former is termed
port charges (pc;) and comprises the charges for servicing the vessel—including, for
example, pilotage and towage—paid twice, that is, at the origin and destination port.
The latter is termed handling charges (kc;), paid for handling cargo in the container
yard, and charged per container. Thus, we calculate the handling charges per call (g;).
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There are two constraints. First, per eq. (2), the vessel capacity of the shipping lines
exceeds total cargo demand (Q;). Parameter (y) representing slot utilizations is set
based on Wang and Meng (2012), as described in Input Values and Network
Conditions section. Equation (3) indicates that the cargo volume at one port of call is
calculated based on the total cargo volume and frequency. Parameter (Jy,) expresses
the aggregated cargoes with the same destination but different origins, in the hub port.
For example, if parameter J,, equals one, there are no services from the hub to
destination port without a simulation target origin—destination (OD) pair. If parameter
Ona equals five, then four times the cargo volume between the simulation target OD
pair is aggregated in the hub port, to transport five times the cargo volume.
Additionally, this parameter indicates the port’s competitiveness as a hub, because a
larger hub port would aggregate more cargo, thus expressing a larger value. We can
simulate the effects of the differences in port competitiveness by modifying this
parameter.

min CS,']' = fl]( I/CL']'(T,‘ + qij/LL- + Mi]'/Vi,‘ + T]' + qu/L/) +fCijl/Z~Mij/l/,']’ +pCi JFPC] + (hCi + hC})qL/>

/i ij»SijsVij

subject to:
y'fij'sijZQij (2)
Tna = Ona*Qoa/fha (3)

Second, vessel costs, fuel cost, and port charges depend on the vessel size, and are
calculated using eqgs. (4), (5), and (6), respectively. The coefficients of these equations
are estimated in previous studies (Tran 2011; Kim et al. 2019), using several methods,
including the least squares method based on actual data of container vessels. The
term BP in eq. (4) indicates the bunker price, set at 387.5 USD/ton, indicating the
average in 20 major global ports from July 31, 2018 to August 29, 2019, sourced from
Ship and Bunker (2019).

fe;; = BP-(0.0392 - 5;; + 5.582) /(5.4178 - s0;17)* (4)

veij = 108.05 - 5% +1.4095 - 5 + 6125.9 (5)

pe;; = 0.3936 - (12.556 - 5;; + 1087.2) + 5356 (6)
Shippers

In this study, we calculate the generalized cost per TEU of shippers, to enable them to
choose between direct shipment and transshipment. Equation (7) expresses the
generalized cost for direct shipment. Wt; indicates the waiting time at port i, such as
for the customs procedure. The term 30/2f,, represents the average waiting time for
calling the vessel. As the unit of frequency is times per month, the number 30 is
multiplied. As for denominator, the number 2 is used to calculate the average value
(Wang et al. 2014). Other time-related factors considered include the navigation time
and loading or unloading time. The monetary cost of shippers includes the freight
rate (o;) calculated in eq. (8), imposed by the shipping lines. As expressed in eq. (8),
the shipping lines determine the freight rate based on avoiding a deficit. The smallest
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integer value is calculated as the freight rate, exceeding the total cost by cargo demand.
Equation (9) expresses the generalized cost for transshipment. The generalized cost for
direct shipment includes origin to destination port, while the generalized cost for trans-
shipment includes origin to hub port, and hub to destination port. In principle, the

generalized costs for direct shipment and transshipment have the same components.
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Calculation flow

In this study, we consider a virtual maritime network instead of a real one, so that we can
easily modify the two factors—geographical distance and cargo demand—as illustrated in
the examples in Fig. 1. The virtual network has one origin port, two destination ports, and
one hub port. These are the minimum required values to investigate the influence of
geographical changes in one port on another. For instance, focusing on the shipment to
Destination 2 in Fig. 1, we can simulate the influence of geographical changes in
Destination 1 on Destination 2, by comparing examples 1 and 2.

Figure 2 illustrates the calculation flow of this study. First, we determine the number
of OD pairs and the four factors, that is, cargo demand (Q;), distance (u;), value of
time (&), and bunker price (BP), as inputs for the virtual maritime network. Second, we
implement the two-stage model in direct shipment and transshipment separately. At
the upper stage, the shipping lines decide the variables including vessel size, navigation
speed, and frequency to minimize their cost in each network, as expressed in eq. (1). In
transshipment, the calculations are further categorized as from origin to hub port and
from hub to destination port. Theoretically, we can calculate one of the decision vari-
ables, that is, the optimum navigation speed, because the cost of the shipping lines is a
concave function of the navigation speed, as expressed in eq. (1). The partial differenti-
ation of eq. (1) can be calculated to obtain the optimum navigation speed in eq. (10).
As vessel and fuel costs are positive, we can calculate the optimum navigation speed
based on these costs, as expressed in eq. (11). The optimum navigation speed depends
on vessel and fuel costs; especially, as fuel cost is in proportion to bunker price (BP),
the optimum navigation speed decrease when bunker price increase. This matches the
property of the relationship between operating speed of vessels and fuel price

P
Example 1 Hub Example 2 Hub

Destination 1 Destination 1

Origin Origin

Destination 2 Destination 2

00—

f———————]
! 3000 nm
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I | |} |
! 5000 nm ! ! 5000 nm !

Origin — Destination 1 : 1000 TEU  Origin — Destination 2 : 2000 TEU Origin — Destination 1 : 1000 TEU  Origin — Destination 2 : 2000 TEU

Fig. 1 Examples based on a virtual maritime network
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| Comparison between GCEF and GCT3 |

Fig. 2 Calculation flow

(Notteboom and Vernimmen 2009). Furthermore, as vessel and fuel costs depend on
the vessel size, the optimum navigation speed also depends on it, thus enabling a direct
calculation of the optimum navigation speed using the optimum vessel size. Owing to
the relatively low computational complexity required to obtain optimum values of the
other decision variables, including vessel size and frequency, we implement a brute-
force search as the solution algorithm.

In the lower stage, the shippers’ generalized cost is calculated based on the shipping
lines’ decisions on vessel size, navigation speed, and frequency. Subsequently, we
compare the generalized cost of each network. We compare all patterns of the inputs,
such as distance and cargo demand of OD pairs, to reveal cost-effectiveness of direct
shipment or transshipment. These calculations are coded in MATLAB, which is a
multi-paradigm programming language and numerical computing environment, and

processed on an Intel® Core™ i5-8265U processor with 8 gigabytes of random access

memory.
dCs;; iilkij
a‘jj :fljz ! (2 fey V?j—VC,‘j) where v¢ > 0 and fc > 0 (10)
ij ij
5

VCij
= 11
=57 )

Numerical analysis and results

Input values and network conditions

Several input values are required in this study. As discussed in Calculation Flow
section, we set one origin port, two destination ports, and one hub port in the virtual
maritime network to determine the influence of geographical changes through a simple
calculation. As illustrated in Fig. 3, in this virtual network, the conditions of one of the
destination ports, the focus port (Destination 2), are modified only slightly, while major
changes are made to the conditions of the other destination port (Destination 1).
Specifically, as expressed in eqgs. (12) and (13), we modify the distance from 100 nm to
10,000 nm and cargo demand from 500 TEU to 10,000 TEU. In each case, the distance
of Destination 1 changes significantly, while cargo demand (Q,;) remains constant at
2500 TEU for three cases: the short distance case (u,; =2000 nm), mid distance
case (u,; =5000 nm), and long-distance case (u,; =8000 nm). The influence of

Page 7 of 15
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Hub

Up1  Destination 1
Short : uy; = 2000, Qp; = 2500

Mid : u,; = 5000, Q,; = 2500

Destination 2 Long : u,; = 8000, Q,; = 2500
[nm] [TEU]
100 < uy, < 10,000 [nm]
and 500 < Q,, < 10,000 [TEU]

Uop = f - min{ Upq, Uy}
w=1/2,1/3,1/4

Fig. 3 Simulation network

geographical changes can be estimated by comparing these three cases. We compare
the generalized cost of shippers in each combination of network conditions to identify
those in which the generalized cost for direct shipment is lower than that for transship-
ment. Eq. (14) expresses the distance from the origin to hub port (u,,). We assume that
the distance is determined by multiplying a parameter y to the distance between the
origin and destination port. The closer of the distances to the origin among Destina-
tions 1 and 2 is chosen. The value of u is set as one of three values (1/2, 1/3, or 1/4).

Shipping lines can decide on one of these to minimize their cost.

Uoy = {100 - m|1< m < 100, n; € N} (12)
Quy = {500-11,|1 15 <20, meN'} (13)
Uop = p min{ Uy, U } (14)

Table 1 exhibits the other input variables and conditions in this model. We refer to
Wang and Meng (2012) for estimation of handling charges (hc;) and to Waterfront
Vitalization and Environment Research Foundation (WAVE 2011 for estimation of the
value of time (a). We have estimated the values of other variables, such as loading/
unloading volume per hour (L;) by ourselves, as references are not available for them.
Furthermore, shipping lines can decide on one vessel size with 15 variations, between
1000 TEU and 15,000 TEU. In the route from the origin to hub port, it is assumed that
shipping lines can choose 7 vessel types of a size between 1000 TEU and 7000 TEU, to
avoid vessels that are too large for the feeder.

Results
We observe 100 cases for the distance of Destination 2 from 100 nm to 10,000 nm.

However, the results for distances over 3000 nm are identical. Thus, the results for

Table 1 Input parameters in simulation

Parameters Origin Hub Destination Source

Handling charges in port i [USD/TEU] hc; 60 100 60 Estimated by the author
Loading/unloading volume in port i [TEU/hour]  L; 100 - 100 Wang and Meng (2012)
Time taken to enter the port [hours] . 8 12 8 Estimated by the author
Shippers’ waiting time in port i [days] Wt 2 - 1 Estimated by the author
Value of shippers’ time [JPY/hour] a 2200 WAVE (2011)

Parameter for slot utilization y 0.7 Estimated by the author
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distances over 5000 nm are omitted from Figs. 4, 5 and 6 to improve the visibility of
the figures.

Cargo demand

Figure 4 illustrates the simulation results of Destination 2, where the geographical
location of Destination 2 is modified slightly to create three cases (i.e., short, mid,
and long distance) in relation to Destination 1. The horizontal line indicates the
distance between the origin and Destination 2, while the vertical line indicates the
cargo demand from the origin to Destination 2. The dark blue cells indicate
advantageous conditions for direct shipment in terms of the generalized cost of
shippers.

Figure 4 reveals no prominent difference among the results of the three, that is, the
short-, mid-, and long-distance cases, except for over 3000 nm and 3500 TEU. Thus,
geographical changes in different destination ports with cargo from the same origin do
not influence the shippers’ generalized cost, as we calculate the shippers’ generalized
cost in Destination 2 based on the configuration of origin—hub and hub—Destination 2.
Although the distance of Destination 1 can influence the hub position, it does not affect
another important configuration, that is, the frequency of origin—hub and hub—Destin-
ation 2. Therefore, the geographical location of the other port and the cargo demand
between the origin and destination ports do not influence the shippers’ generalized cost
in these three cases.

The results displayed in Fig. 4 confirm the two limits: 4000 TEU (cargo demand) and
2000 nm (distance). Relatively low cargo demand of up to 4000 TEU indicates an
overall lower generalized cost for direct transport than for transshipment, although it is
influenced by navigation distance as well. We observe the effect of (§,,,), described in
Shipping Lines Section as the parameter that expresses the aggregated cargo at the hub
port of the transshipment with different origins but the same destinations as those of
the focus port. We assume that the volume of aggregated cargo in the hub port for the
hub-Destination 2 route depends on the cargo demand of Destination 2 (Qy5). In short,
the volume of aggregated cargo is small, in low demand, and with low parameter
values. The economy of density, an advantage of transshipment arising from the com-
bination of multiple services, does not apply effectively within 4000 TEU in this simula-
tion, rendering direct shipment more cost-effective. Therefore, to observe the impact of
cargo aggregation in a hub port, we consider the following two cases by modifying the
volume of aggregated cargo in the short distance case: no aggregation (5,,=1) and
large aggregation (8, = 10). Figure 5 illustrates the results. The vertical line indicates
the number of points in which the generalized cost for direct shipment is lower than
that for transshipment in 20 different cargo demand conditions from 500 TEU to
10,000 TEU. Figure 5 illustrates that in the cases in which the volume of aggregated
cargoes is twice in large aggregation cases, the number of cases in which direct shipment
is more cost-effective than transshipment decreases. Conversely, in the no aggregation
case, transshipment is more cost-effective than direct shipment in almost all cases, be-
cause the economy of density does not apply from the hub port to the destination port ef-
fectively. Thus, there is no reason to implement transshipment if cargo aggregation does
not occur in the hub port. Significantly, as the cargo is shipped simultaneously to
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(Dark blue cells depict cost-effectiveness of direct shipment)

Fig. 4 Results of comparison of the shippers’ generalized cost in three cases

Destinations 1 and 2 and the economy of density applies from the origin to hub port, the
generalized cost for transshipment is lower in some cases. Therefore, direct shipment is
highly cost-effective under conditions where the volume of aggregated cargo is too small
for the economy of density to apply effectively. This indicates the significance of the port’s
competitiveness as a hub for aggregating cargo in transshipment, ensuring cost-
effectiveness.
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Fig. 5 Results of modifying the volume of cargo aggregated in transshipment

With regard to the impact of distance on the network, direct shipment becomes cost-
effective at several points at 2000 nm in over 4000 TEU, as illustrated in Figs. 4 and 5.
This is due to the configuration conditions of each route, such as frequency and the
vessel size deployed by shipping lines. Figure 6 confirms this, displaying the frequency
of each route from 100 nm to 2000 nm in 7000 TEU for the short distance case. Figure
6 exhibits the frequency and vessel size changing at the points in which the cost-
effectiveness of the network changes, that is, 100-200 nm, 600-700 nm, and 1100—
1200 nm. This indicates that the cost-effectiveness of both direct shipment and trans-
shipment depends on their configuration. Direct shipment is not cost-effective in cases
with larger vessel size and low frequency, such as over 1200 nm. Larger vessels are de-
ployed for longer navigation distances owing to higher introduction costs, such as ves-
sel costs, and lower fuel cost per TEU, so that shipping lines deploy the larger vessel
with low frequency. Conversely, smaller vessels with higher frequency is deployed in
short distances and direct shipping can be more cost-effective for shippers. Addition-
ally, the calculation of cost-effectiveness of transshipment depends on its configuration.

N}
o

Frequency : —A— Origin - Hub (TR) ~ —x— Hub - Destination 2 (TR) ~ —O— Origin - Destination 2 (DR)
\ Vessel size: —a— Origin-Hub (TR)  —%— Hub - Destination 2 (TR) —@— Origin - Destination 2 (DR)

Frequency

Vessel size

0
200 300 400 500 600 1000][1100] 1200 1300 1400 1500 1600 1700 1800 1900 2000

Navigation distance [nm] u,,

Fig. 6 Frequency and vessel size of each route in 7000 TEU
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As the trends of changes in each shipment system are different, especially from the ori-
gin to the hub port, direct shipment is not always more cost-effective for short dis-
tances. The difference in the changes can cause uneven cost-effectiveness of direct
shipment and transshipment, resulting in the mottled pattern illustrated in Fig. 4.

Sensitivity analysis

In the above simulations, we mainly focus on the cargo demand and distance. Bunker
price and the value of the shippers’ time are set as inputs with fixed values. However,
these factors can affect the comparison between direct shipment and transshipment.
For example, a higher bunker price may increase costs, particularly for transshipment,
due to the longer total navigation distance between the origin and destination ports, as
the hub port is transshipped. Additionally, bunker price is known to have high
variability. In contrast, shippers with a higher value of time may prefer direct shipment
due to its shorter lead time for transport between the origin and destination port.
Therefore, we conduct a sensitivity analysis focused on these two factors, to observe
any significant change in the key output. The scenarios considered include two cases of
the bunker price decreasing or increasing in the short distance case and §,,=5 as a
low or high bunker price, and two cases of the value of time decreasing or increasing in
the short distance case and §,,; =5 as a low or high value of time. Table 2 presents the
detailed conditions of these scenarios.

Figure 7 illustrates the results of the sensitivity analysis with regard to the bunker
price and value of time. The vertical line indicates the number of points in which the
generalized cost for direct shipment is lower than that for transshipment, similar to the
comparison illustrated in Fig. 5. As exhibited in Fig. 7, the shapes of the trends of
changes in the bunker price are almost the same, and the peaks of the trends shift
slightly to the right as the bunker price decreases. This indicates that a decrease in the
bunker price can expand the area where direct shipment can be more cost-effective.
However, the changes in the bunker price do not affect the results discussed in Cargo
Demand section, that is, direct shipment may be more cost-effective for short distances.
The results for the value of time are almost the same (Fig. 7), with a few different
points, especially for a low value of time. This implies that the difference in the value of
time for direct shipment and transshipment does not influence cost-effectiveness sig-
nificantly. Changes in the value of time do not affect the results discussed in Cargo De-
mand section. Thus, while changes in the bunker price and value of time can affect the
comparison between direct shipment and transshipment, they do not affect the results
significantly.

Conclusions

This study aims to examine the conditions that influence the choice between direct
shipment and transshipment, focusing on two factors: geographical distance and demand.
We develop a two-stage model comprising shipping lines and shippers, and apply it to a
virtual maritime network with one origin, two destination ports, and one hub port. The
conditions of one of the destination ports in the virtual network are modified slightly,
while those of the other are significantly modified. The cases in which the shippers’ gener-
alized cost for direct shipment is lower than that incurred in the destination, with slightly-



Tagawa et al. Journal of Shipping and Trade (2021) 6:4 Page 13 of 15

Table 2 Detailed conditions of the scenarios for sensitivity analysis

Bunker price [USD/ton] Value of time [JPY/hour]
Base 387.5 2200
Low bunker price 2500 2200
High bunker price 500.0 2200
Low value of time 387.5 1700
High value of time 3875 2700

modified conditions, are considered more cost-effective. As previous studies do not
analyze factors other than cargo demand, this study contributes to the literature by ana-
lyzing the both cargo demand and geographical conditions in the comparison between
direct shipment and transshipment and deriving the following results.

First, geographical changes in another destination port with cargo from the same
origin do not influence the shippers’ choice of a network. Although the distance of one
destination port may affect the position of the hub port, it does not affect the other
significant configuration, that of Destination 2, including the frequency of the origin-
hub and hub-destination. The geographical changes in the other destination port do
not influence the cost-effectiveness of direct shipment or transshipment.

Second, in cases of a large volume of aggregated cargo, the costs of shipping lines
decrease, and the economy of density lowers the generalized cost for transshipment.
The port’s competitiveness as a hub, indicating the cargo volume aggregated in
transshipment, is essential for examining cost-effectiveness. Direct shipment is more
cost-effective when the hub port exhibits low competitiveness.

Finally, the comparison between the cost-effectiveness of direct shipment and trans-
shipment depends on the configuration of each network, especially in terms of fre-
quency and the vessel size. Smaller vessel with higher frequency is deployed by
shipping lines in short distances. Direct shipment can be more cost-effective for ship-
pers in short distances.

A major limitation of this study is that the virtual network did not completely
represent the actual maritime network. For example, although we consider the

15
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. -c’*\/./ Y W N aenfe-e-e-ed base
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B high bunker price
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—o— low value of time
—o— high value of time
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Fig. 7 Results of sensitivity analysis
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monetary and time cost as the generalized cost, the service quality, such as delay and
port infrastructure, might affect the competition between direct shipment and
transshipment. One needs to consider non-quantitative criteria for port selection by ap-
plying observed data. These aspects should be investigated in future research.
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