
is fully loaded, the advantages of shipping car-
riers choosing KAO increase. In addition, the
larger the mother ship is, the more favorable it is
for shipping carriers to choose KAO as the hub
port. This is presumably one of the important
incentives for KAO to establish a deep-water
wharf.

C As shown in Fig. 4, a higher gross handling ef-
ficiency (R, TEUs/h in terminal) is associated
with a shorter ship berthing time. In this sce-
nario, the operating time and cost of shipping

carriers at the terminal is reduced. When we set
the feeder-ship size and mother ship size as 3K
and 12K, respectively, we determined that a
greater loading and unloading efficiency of KAO
(30% increase, R ¼ 135 / 175 TEUs/h) was
associated with greater cost savings for shipping
carriers (�3.19 / 6.29). These findings indicate
that the higher the loading and unloading effi-
ciency is, the higher the cost advantage is for
shipping carriers. They also indicate that the
larger the mother ship is, the more favorable it is

Fig. 4. Effects of KAO handling efficiency on cost saving for the westbound F/E route.

Fig. 5. Effects of COVID-19 on port selection costs for the westbound F/E route.
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to choose KAO as the hub port. These findings
clearly indicate that KAO should have an up-to-
date deep-water wharf and loading and
unloading equipment to maintain the trans-
shipment advantage of mother ships.

D Fig. 5 shows an example of a mother ship on the
F/E route facing port congestion because of the
pandemic, forcing it to wait for approximately
48 h off the coast of SGP. In this scenario, if the
shipping carrier chooses KAO for trans-
shipment, as long as a 12K mother ship and a 2K
feeder-ship are used, then the carrier can save
approximately 21.34 USD per TEU compared

with the case of SGP for transshipment, indi-
cating a high efficiency. For the same mother
ship, the cost savings of the shipping carrier
decrease (21.34 / 11.93 USD) with the increase
of feeder-ship size (2K / 5K). However, for the
same feeder-ship size (e.g., 2K feeder-ship),
when the size of the mother ship increases (12K
/ 24K), the cost savings achieved with KAO
as a transshipment hub become limited
(21.34 / 21.45 USD). These findings indicate
that the COVID-19-associated port congestion
problem faced by several large hub ports on the
F/E route has been detrimental to transshipment

Fig. 6. Cost saving for the eastbound F/E route.

Fig. 7. Effects of mother ship LF on cost saving for the eastbound F/E route.
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activities and has been directly reflected in the
costs of shipping carriers, which are quite
substantial.

4.2. Fig. B: transshipment cost estimation from
RTM to Haiphong (Figs. 6e9)

A As shown in Fig. 6, selecting SGP as a trans-
shipment port in the eastbound F/E route is
cost-effective for shipping carriers. For example,
shipping carriers can save 1.22 USD per TEU by
using a 12K mother ship with a 2K feeder-ship
compared with using KAO. For the same mother

ship size, a larger feeder-ship size is associated
with larger cost savings for choosing SGP
(1.22 / 6.45), but the cost savings do not in-
crease. However, with the same feeder-ship size,
a larger mother ship is associated with higher
cost savings for shipping carriers selecting KAO,
but the difference is not large. These findings
indicate that, compared with KAO, SGP has a
more competitive advantage.

B The scenarios shown in Fig. 7 are the same as
those in Fig. 3. As shown in the figure, the larger
the LF rate is, the larger the supply of goods is.
In this scenario, the shipping carriers would

Fig. 8. Effects of KAO handling efficiency on cost saving for the eastbound F/E route.

Fig. 9. Effects of COVID-19 on port selection costs for the eastbound F/E route.
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have a high cost advantage for choosing SGP,
but this advantage would gradually decline. This
scenario indicates that the advantages of ship-
ping carriers choosing KAO would gradually
increase with the increase of the supply of goods
and mother ship size, similar to the aforemen-
tioned result: the deep-water wharf built by
KAO meets the berthing requirements of ship-
ping carriers.

C The scenarios shown in Fig. 8 are the same as
those in Fig. 4. As shown in the figure, the
greater the loading and unloading efficiency of
KAO is, the greater the unit cost savings of
shipping carriers (�3.55 / 5.93) are. This sce-
nario indicates that the higher the loading and
unloading efficiency of a terminal is and the
larger the mother ship is, the more favorable it is
for shipping carriers to choose KAO. These
findings clearly indicate that the new deep-
water wharf of KAO is expected to maintain
some of its transshipment advantages.

D The scenarios shown in Fig. 8 are the same as
those in Fig. 5. Because of the pandemic, ship-
ping carriers can save approximately 19 USD per
TEU (with 2K feeder-ships) if they choose KAO
rather than SGP for transshipment. In this
scenario, regardless of the mother ship size,
choosing KAO has a cost advantage, and the
problem of port congestion is clearly not
conducive to the transshipment activities of SGP.

5. Concluding remarks

In this study, we investigated the deployment of
ships on the F/E trunk route by alliance carriers.
Given the cost variations that shipping companies
may face because of the COVID-19-associated hub
port congestion problem, we proposed an explana-
tion for route deployment and port selection. Many
of the scenarios proposed herein still represent the
actual operating behavior of current shipping com-
panies between strong ports (e.g., SGP) and ordi-
nary ports of call (e.g., KAO). Our results indicated
that the ships deployed in different hub ports on the
traditional F/E main route by shipping carriers
should be large enough to reduce the unit shipping
costs. For ports that are less competitive in the first
place, shipping carriers should improve the loading
ratio of mother ships in these ports to gain the
advantage of transshipment costs. The loading and
unloading efficiency of terminals is the most crucial
factor in rapidly improving the competitiveness of
container ports.
To increase the competitiveness of ports and cater

to large ships, several traditional container ports in

Asia have built deep-water wharves to attract ship-
ping carriers to berth. This approach can help in-
crease the berthing demands of shipping carriers.
We used KAO as an example to confirm that gaining
the advantages of transshipment and attracting the
sources of reexport containers from neighboring
countries would be difficult in the absence of a
deep-water wharf.
Our results indicated that the mother ships of

shipping carriers deployed on the F/E route in
container ports in Asia should be sufficiently large
and that the loading ratio of the mother ship to the
cargo source should be sufficiently high to gain the
cost advantage of transshipment. This is also a
unique factor in route deployment and port selection
for carriers [18]. In addition, a higher loading and
unloading efficiency of terminal equipment at a port
is associated with a higher overall competitive
advantage for that port. Otherwise, given the current
trend of large ships, traditional container ports
without large cargo sources and deep-water wharves
would encounter difficulties in attracting shipping
carriers to berth. In addition, although the port
congestion problem observed at the F/E trunk
because of the pandemic is not as serious as in North
American ports, it affected the route deployment and
port selection decisions of shipping carriers. The
limitations of this study are that neither the varia-
tions in ship sailing speed nor the variety of ship
fuels were considered. Future research should
therefore incorporate these two variables to make the
results more applicable to the shipping industry.
Major shipping carriers within Ocean Alliance in

East Asian ports consider local supply quantity and
deep-water wharf conditions as the selection criteria
for their ports of call. As part of Ocean Alliance,
Evergreen has a fixed supply of goods and an old
container terminal in KAO. However, it requires a
deep-water wharf in the new port area as soon as
possible and needs to equip the portwith new loading
and unloadingmachinery and equipment to allow for
the deployment of larger containermother ships so as
to retain its transshipment advantage in KAO.
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