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Abstract. This article studies operational patterns in container liner shipping with the emphasis on End-To-End (ETE),
Round-The-World (RTW), and pendulum patterns. The first research issue deals with their deployment on designing ship-
ping routes on the East—-West corridor. The second issue compares their operational characteristics to realize their strength
and weakness. The empirical work is carried out using 2074 route records of the top 20 shipping lines from 1995 to 2011.
During the period, ETE was the dominant pattern. From 81 to 93% of the surveyed routes operated under this pattern.
Pendulum was in favour in the early 2000s, but its use later declined. Round the world had been expected as an innovation
in the industry but it was employed limitedly. An important feature of RTW and pendulum patterns is to include multi-
ple trades on a single route, which can bring about the advantages of traffic bundling and less fleet requirement. On the
other hand, multiple trades result in more complexity of these patterns, displayed through long voyage distance and time,
a greater number of visited regions and more ports of call. Additionally, the deployment of mega vessels is also restricted

due to traffic discrepancy between trade lanes.

Keywords: maritime transport geography, container liner shipping, operational pattern, end-to-end, round-the-world,

pendulum.

Introduction

Container liner shipping can be considered as a network-
based industry. Its operation greatly depends on the design
of shipping networks, formed by various routes. There are
many network issues, which have attracted much atten-
tion from the research community, for instance: network
optimisation (Tran et al. 2017; Chen, Zeng 2010); ship de-
ployment (Lim 1994; Cullinane, Khanna 2000); network
analysis (Ducruet 2013; Tran, Haasis 2014); regional ship-
ping network (Fremont 2007; Robinson 1998). This article
concentrates on operational patterns, an issue with little
consideration in the market.

Basic operational patterns of container liner shipping
consist of Hub-And-Spoke (H&S), End-To-End (ETE),
Round-The-World (RTW), pendulum and triangle (An-
geloudis et al. 2007; Dynamar 2007; Ma 2006; Slack 1999).
The H&S is the base for the transportation system where-
by different routes are combined through transhipment
activities to expand the coverage of shipping services. The
other four patterns determine route configuration and de-
pict how ships on a loop travel between trade regions.

Almost all studies involving the operational patterns
have been involved with the H&S, for example: regional
H&S system (Gouvernal et al. 2005; Wang, Slack, 2000);
viability of transhipment hubs (Baird 2006; Fleming 2010;
McCalla 2008); optimal system (Aversa et al. 2005; Gelareh
et al. 2013; Imai et al. 2006); interlining and relay hubs
(De Monie 2001; Notteboom 2012; Rodrigue et al. 2009).

In contrast, not many works deal with other pat-
terns. Different variants of route configurations deployed
in the 1980s are described by Pearson and Fossey (1983).
Formerly considered as a major innovation in liner ship-
ping, the RTW pattern has attracted significant interest
from researchers to evaluate its operational, commercial
and economic aspects as well as success and failure of us-
ers (Gielessen 1991; Kim 1987; Drewry 1986; Lloyd’s List
1994; Container Insight 1988; Lim 1996). Cost compari-
sons between the ETE, RTW and pendulum patterns are
carried out by Lim (1996) and Pearson and Fossey (1983).
Fleming (2010) compares the three patterns in serving
the global market regarding geographical constraints, de-
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ployed vessel size, traffic potential and empty container
repositioning. Ashar (1999, 2000, 2002) analyses inherent
deficiency of the patterns used in practice and propose a
new equatorial RTW pattern to restructure the container
shipping system. Visser and Braam (2001) also suggest a
backbone system, using mega ships and a few hubs along
the equatorial axis to transport the world-wide traffic.
Whereas the model of Ashar (1999, 2000, 2002) is based
on the RTW pattern, their model is on the basis of the
pendulum pattern.

The shortage of literature on route configuration
encourages us to explore deeply into the field. Two key
issues are carried out in this research. The first one is the
application of the operational patterns on designing trans-
continental East-West shipping routes. The second one is
a comparative analysis between ETE, RTW and pendu-
lum routes regarding number of visited regions, ports of
call, transit time, route complexity, and ship deployment
to have a better view about characteristics of each pattern.
The empirical work is based on the service data of the top
20 shipping lines between 1995 and 2011, published in
Containerisation International Yearbooks (CI 1996-2012).

This paper is structured as follows. Section 1 pro-
vides a description of the operational patterns. Section 2
focuses on their deployment in shipping operation. Sec-
tion 3 addresses a comparative analysis between route pat-
terns. The last section includes some conclusions.

1. Review of operational patterns

1.1. Hub and spoke (H&S)

This pattern plays a key role not only in container liner
shipping but also in other transportation modes. It stems
from the model pioneered by Federal Express in the 1970s
whereby all packages from different sources are collected
through a central hub, then distributed to their destina-
tions (Dynamar 2007). The H&S benefits operators in
terms of density economies by providing more frequent
services, scale economies by deploying larger transport
means, and scope economies by joining freight from dif-
ferent routes (Konings 2006).

It is the fact that a route cannot cover all ports in a
region. A port may be ignored because it cannot provide
adequate traffic to justify a direct call, or it is far from the
arterial passage, or lacks of natural and operating condi-
tions to handle big vessels. Moreover, economics of ship
size also restricts the number of stops on a string (Gilman
1999; Tran 2011). As a consequence, carriers must rely
on the H&S to ensure the efficiency of intercontinental
shipping as well as to maintain their market coverage. Sev-
eral ports are selected as hubs. They are directly visited by
mother vessels and are transhipment points for boxes to/
from their surrounding areas thanks to feeder services. An
ideal hub is situated close to the gravity centre of regional
demand so that detour distance and transport time can be
minimised (Vrenken et al. 2005).

In addition to being a feedering centre, a hub can
also act as an interlining or relay centre. In the interlining
function containers that bypass ports are transhipped at
the regional hub. Afterwards, they are transported to their
destinations by mainline vessels, not by feeder ones as in
the traditional function. The variant permits two ETE ser-
vices to operate effectively as four services (Sutcliffe, Rat-
cliffe 1995). More ports can be served without lengthening
mother ships’ itinerary. In relay function, operators can
extend service coverage and flexibility by linking East-
West and North-South loops operating in different direc-
tions (Stenvert, Penfold 2007). Containers are switched
between trunk ships and delivered to their destinations,
which are not in the same region as the transhipment
hub (Figure 1). For instance, a box from North East Asia
(NEA) to Australasia could be first shipped by a NEA -
North Europe route; then transhipped in Singapore and
carried to the customer by a South East Asia — Australa-
sia route. The relay system based on some strategic hubs
is claimed to successfully facilitate the global coverage of
Zim in the 1990s, though the Israeli carrier only provided
a smaller number of routes (Gardiner 1998).

Scattering/feedering
85% of sea
transhipment traffic

Interlining/cross
feedering 15% of sea

transhipment traffic ~ Switching/relay

Figure 1. Transhipment functions (Rodrigue et al. 2009)

According to UNCTAD’s Liner Shipping Connectivity
Index (UNCTAD 2009), 17.2% of pairs of countries could
be linked by direct liner shipping services; 62% by one
transhipment; 18.6% by two transhipments; and for the re-
maining 2.2% by three transhipments. Container shipping
must depend substantially on the H&S system to ensure
the global coverage. The continual growth of transhipment
operation has been noted. The average number of trans-
fers between ship and shore was 2.0 in 1960, up to 2.9 in
1980, 3.2 in 2000 and 3.5 in 2012 based on Frankel (2004)
and Drewry (2013). The worldwide transhipment han-
dling volume increased more than 40-fold between 1980
and 2012, from 4.2 to 174.6m TEUs (Drewry 2013). The
transhipment incidence also moved up from 11 to 28%.

1.2. End-To-End (ETE)

ETE is the most common pattern in container shipping.
Most intercontinental routes, whether they serve East-
West or North-South trades, follow this pattern (Dynamar
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2007). Basically, ETE ships sail back and forth between
two continents. ETE routes are not complicated, relatively
easy to organize and do not require high investment.

The simplest form of this pattern is displayed in Fig-
ure 2, in which containers are only carried between two
regions. Routes to serve the Trans-Atlantic and Trans-Pa-
cific trades often fall into this form. Another variant is to
link more than two regions on a single loop. For instance,
the North Europe - NEA service in Figure 3 goes through
the intermediate regions of South East Asia and the Mid-
dle East. Routes between NEA and East Coast North
America may also serve the port ranges of West Coast
North America, and Central America and the Caribbean.

The third variant is a combination of two or three
simple ETE routes servicing the same trade lane into a
single one. It has been not popular in the industry with
only one or two services on the Trans-Atlantic or Trans-
Pacific lane in yearly operation. In Figure 4, the butterfly
service is similar to two ETE ones. They both operate on
the Trans-Atlantic corridor with the overlap in the North
European port range, whereas the ranges in East Coast
North America are different: (New York, Norfolk) and
(Charleston, Miami, Houston). Instead of operating in-
dependently, they are integrated through the overlapping
ports. In practice, such butterfly route has required fewer
deployed ships than two separate routes (Drewry 2000;
SOL 2008; Chineseshipping 2011). The saving is attribut-
able to shorter total time spent in port ranges.

1.3. Round-The-World (RTW)

RTW is the only pattern directing ship movement in ei-
ther westbound or eastbound direction (Figure 5). A ship
circumnavigates the world and travels along the East-West
axis through major strategic maritime passages. It attempts
to serve the three key trade lanes of Trans-Atlantic, Trans-
Pacific and Europe — East Asia on a single trip.

In 1984, the first RTW services were inaugurated by
Evergreen and United States Lines (USL). They expected
cost advantage from the breakthrough to escape from cut-
throat rate wars in the market (Drewry 1986). However,
only Evergreen had succeeded in the new pattern. The
demise of the RTW strategy forced USL to file for bank-
ruptcy at the end of 1986. Some pronounced mistakes of
USL include (Gibney 1987; Knee 1987; Lim 1996; Willm-
ington 2004):

- inflexibility in terms of cargo (serves only 40 foot
containers), routing (only eastbound) and large
ship size;

- low speed;

- bad service quality;

- market miscalculation.

Besides the traditional RTW services like those of
Evergreen and USL, there have been secondary RTW ones
passing through Australasia (Figure 6). On the loops, ships
travel not only along the East-West axis, but also North—
South on some legs. For example, in 2004, the RTW route
jointly operated by P&O Nedlloyd, CMA-CGM and CP
Ships (ANZ Westabout) made a global tour via Europe,
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Figure 5. RTW models (NA - North America; EU - Europe)

East Coast North America, Australasia and South East
Asia. In 2006, CMA-CGM organized a RTW loop (RTW
Pan) to call the three former markets.

1.4. Pendulum

This pattern is also known as ‘figure-of-eight’ or ‘double
loop’ (Gardiner 1998). It has gone into operation since the
1970s by an Israeli operator Zim. Another pioneer is a
Taiwanese carrier Yangming, which kicked off a service in
the second half of the 1980s. A pendulum route is a com-
bination of two or three ETE ones operating on different
trade lanes. It aims to serve the three continents as a RTW
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Figure 6. The RTW routes of USL and Evergreen (Drewry 1986)

route, but the ship travels both eastwards and westwards,
not only by one direction. Additionally, one key leg on the
East—West axis is often absent from the ships’ itinerary.

Following the pendulum, a ship moves between the
three continents of Asia, Europe and North America, one
of which plays a role as the middle market or as the ful-
crum of the loop. As a pendulum, the ship swings to either
side of the fulcrum to serve the two remaining markets.
An operator could depend upon strongly captured traffic
in the fulcrum to secure the service. Yangming’ s strategy
was to utilise the key cargo base in Taiwan, representing
up to 40% of its liftings, to develop its first pendulum ser-
vice in the 1980s (Boyes 1985).

In Figure 7, the ships cross over the Pacific Ocean
from East Asia to West Coast, then East Coast North Amer-
ica. Afterwards, they traverse the Atlantic Ocean to the
Mediterranean Sea, turn around and return to the fulcrum
North American, then end up in East Asia to complete a
cycle. The ships operate between East Asia and the Medi-
terranean Sea via the Panama Canal. They transport con-
tainers on the Trans-Atlantic and Trans-Pacific corridors,

AR ¢

whereas the Mediterranean Sea — East Asia one is exclud-
ed from their voyage. Such service is not affected by any
vulnerability of the Suez Canal (Pearson, Fossey 1983), but
suffers from the ship size restriction of the Panama Canal.

Based on the middle market, three major pendulum
models can be classified. An extension of the pendulum,
named horse-shoe shaped model (Pearson, Fossey 1983),
comprises all the key legs on a string. This grand pen-
dulum loop swings between East Coast and West Coast
North America through the two fulcrums of Europe and
Asia. Because the Panama Canal is excluded from the ship
journey, the service could avoid the trade restriction be-
tween the US West Coast and East Coast as well as nauti-
cal limitation of the canal (Figure 8).

The pendulum pattern is employed not only on the
East-West corridor, but also on the North-South one. To
such an extent, it may include secondary markets in Aus-
tralasia, Africa and South America. For example, loops are
designed to link Europe, South Africa (fulcrum) and Aus-
tralasia, or East Asia, South Africa (fulcrum) and South
America.

Figure 7. Zim’s pendulum route in 2011 (ZIM 2016)
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Figure 8. Pendulum models (NA - North America; EU - Europe; WC - West Coast; EC - East Coast)

1.5. Triangle

This pattern links three markets in one way. It aims to
counteract trade imbalance by focusing on denser traffic
directions between markets to improve ship slot filling
factor. For instance, on a typical triangle route (North Eu-
rope — Australasia — South East Asia — North Europe),
operators exploit volume dominance of the southbound
leg from Europe to Australasia, and the westbound one
from South East Asia to Europe. The triangle pattern is
almost as old as international shipping (Pearson, Fossey
1983) and employed a lot in tramp shipping, which often
suffers seriously from trade imbalance. However, its use in
liner shipping is not common and only limited in minor
trades or applied by carriers, who can combine contain-
ers with other bulk cargoes. The selection of three opti-
mal traffic flows to launch a feasible triangle route can be
rather sophisticated.

2. Deployment of operational patterns
2.1. Data description

This article aims to study operational patterns of inter-
continental routes on the East—West axis. The routes link
markets in the three continents of North America, Europe
and Asia. Data is retrieved from 2074 service records of
the top 20 shipping lines in the years 1995-2011, pub-
lished by Containerisation International Yearbooks (CI
1996-2012). Basic features of a service consist of port ro-
tation, arrival schedule, ship fleet and operators. From the
collected data, it can determine other information related

to the shipping service: trade regions of call as well as their
order on the loop, operational pattern deployed, transit
time between ports, route length, fleet capacity and the
number of weekly calls (Table 1).

2.2. Results

The East-West shipping (Figure 9) volume climbed sig-
nificantly from 15.41m TEUs in 1995 to 35.35m TEUs
in 2003 and 68.61m TEUs in 2011 (Drewry 2000, 2004,
2012). It accounted for 42.1% of the global volume in
2011. Being the first international container shipping cor-
ridor, but North America - Europe has been left far be-
hind by North America - Asia and Europe - Asia in terms
of shipping traffic. From 1995 to 2011, its traffic went up
by only 1.8 times (from 3.47m to 6.24m TEUs) in com-
parison with 3.18 times (7.51m to 23.9m TEUs) of the sec-
ond and 5.84 times (4.44m to 25.93m TEUs) of the latter
corridors. During this period, the Europe - Asia traffic ex-
perienced the greatest boom. It even overcame the North
America - Asia traffic from 2006. Intra-regional trades
between East Asia, South Asia, and the Middle East also
underwent substantial surge from 1.7m TEUs in 1999 to
12.6m TEUs in 2011. These shipping flows could be served
not only by intra-regional but also by trans-continental
Europe - Asia routes.

New trans-continental routes and vessel fleet were
added to the transportation system in harmony with the
growth of the East-West traffic. The system developed
from 96 routes (the fleet of 1.48m TEUs) in 1995 to 123
routes (3.52m TEUs) in 2003 and 132 routes (6.5m TEUs)

Table 1. Information of a shipping service (CI 2012)

Service name: APX
Operators: APL and MOL

Year in operation: 2011

Port rotation: Chiwan (arrival day 0); Hong Kong (1); Kaohsiung (2); Busan (5); Kobe (7); Tokyo (8); Balboa (24); Puerto
Manzanillo (25); Miami (29); Jacksonville (30); Savannah (31); Charleston (32); New York (34); Antwerp (43); Felixstowe (44);
Bremerhaven (45); Rotterdam (47); Le Havre (49); New York (56); Norfolk (57); Charleston (59); Puerto Manzanillo (63); Balboa
(64); San Pedro (72); Oakland (74); Tokyo (86); Kobe (87); Chiwan (91)

Regions of call: NEA — Central America and the Caribbean — East Coast North America — North Europe — East Coast North
America — Central America and the Caribbean — West Coast North America — NEA

Operational pattern: Pendulum, with the middle market of North America, side markets of NEA and North Europe
Number of ships: 13; Total fleet capacity: 60889 TEUs; Average ship size: 4684 TEUs
Route length: 32269 miles; Voyage time: 91 days; Number of weekly calls: 27
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in 2011. The breakdown of shipping routes, deployed fleet,
and the number of weekly calls based on operational pat-
terns bears out the domination of the ETE in route config-
uration in the years 1995-2011 (Table 2). From 81 to 93%
of transcontinental routes on the East-West axis operated
under the pattern. Their portions in the combined fleet
capacity and total calls were in the ranges from 68 to 92%
and from 68 to 89%, respectively.

Along the East-West axis, 9 key trade regions are
categorized: West Coast North America, Central America
and the Caribbean, East Coast North America, North
Europe, the Mediterranean Sea, the Middle East, South
Asia, South East Asia, and NEA. 132 different configura-
tions linking regions between two continents are collected.
Based on the easternmost and westernmost regions, they
can be classified into 19 ETE route segments to serve

0.6m

6.1m

East-West trans-continental traffic. Their deployment on
the shipping system is illustrated in Figure 10.

In the years 1995-2011, NEA - West Coast North
America, East Coast North America — North Europe
and North Europe - NEA routes were the most impor-
tant ETE ones on the Trans-Atlantic, Europe - Asia and
Trans-Pacific corridors. Altogether, they often accounted
for more than 50% of the combined East-West routes and
fleet capacity. Furthermore, it could be observed the great
upgrading of East Coast North America - Mediterranean
routes, Mediterranean — NEA and North Europe - South
Asia routes, and NEA - East Coast North America routes
via the Panama Canal to adapt to the upswing of shipping
demand.

The North Europe - NEA and NEA - East Coast
North America routes were often the longest ETE ones
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Figure 9. The East-West shipping flows (unit - TEUs; NA - North America; EU - Europe; ME - Middle East;
SA - South Asia; EA - East Asia) (Drewry 2012)

(=) (o)
;R

\_/v<\_/

CHCHC

Westernmost region

Middle region

\_/'

Pendulum route

Westernmost region  Easternmost region
End-to-end route

Arrow’s width correspond with the number of routes

Easternmost region

EC: East Coast North America; EU: North Europe;

MED: The Mediterranean Sea; MID: Middle East; SA: South Asia;
SEA: South East Asia; NEA: North East Asia,

WC: West Coast North America

Figure 10. ETE and pendulum routes on the shipping network (EC - East Coast North America; EU - North Europe;
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WC - West Coast North America)
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with the length of over 23000 miles (Table 3). From 2009,
some longer routes above 27000 miles were designed to
connect NEA and East Coast North America via the Suez
Canal. Compared with the routes via the Panama Canal,
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the new routes suffer from longer travelling journey, but are
advantageous in terms of no ship size restriction and high
potential for collecting goods from the intermediate mar-
kets of South East Asia, South Asia and the Middle East.

Table 2. Breakdown of routes, deployed fleet and weekly calls by operational patterns

Number of routes Deployed fleet (1000 TEUs) Number of weekly calls

ETE PDL | RTW | TRI Total | ETE PDL | RTW | TRI Total | ETE PDL | RTW | TRI Total
1995 83 9 4 0 96 1138 201 140 0 1480 867 169 74 0 1110
1996 93 7 4 0 104 1219 209 117 0 1545 924 134 72 0 1130
1997 78 10 2 0 920 1330 366 85 0 1782 812 202 39 0 1053
1998 71 11 2 0 84 1415 430 87 0 1932 768 225 39 0 1032
1999 80 12 2 0 94 1497 514 78 0 2089 835 249 38 0 1122
2000 90 12 2 1 105 1814 615 79 12 2521 939 262 40 6 1247
2001 90 13 2 1 106 2100 728 83 6 2917 928 280 38 7 1253
2002 82 18 0 1 101 2111 971 12 3093 855 392 7 1254
2003 109 13 0 1 123 2815 693 16 3524 | 1113 286 7 1406
2004 123 12 1 2 138 3261 667 35 51 4014 | 1235 248 18 16 1517
2005 139 10 2 2 153 3948 541 74 63 4626 | 1348 207 37 16 1608
2006 143 11 2 3 159 4313 571 81 98 5063 | 1368 213 41 22 1644
2007 153 14 0 1 168 4853 672 0 31 5556 | 1454 253 0 9 1716
2008 143 15 0 1 159 5014 806 30 5849 1415 281 9 1705
2009 110 12 2 0 124 4513 752 83 0 5348 | 1229 226 21 0 1476
2010 125 12 1 0 138 5411 762 42 0 6216 | 1395 231 14 0 1640
2011 123 8 1 0 132 5991 457 55 0 6503 | 1328 153 16 0 1497

Notes: ETE - end-to-end; PDL - pendulum; RTW - round-the-world; TRI - triangle.

Table 3. Operational parameters of major ETE routes

ECNA - North Europe NEA - WCNA North Europe - NEA

Route | Time | Length Size Route Time | Length Size Route Time | Length Size
1995 12 9533 2806 25 12950 2905 18 23598 3443
1997 12 9639 2747 21 13431 3409 18 23453 3863
1999 15 9516 2617 22 13079 3417 18 23404 4085
2001 12 28 9405 2826 25 34 13047 3729 21 57 23459 4918
2003 11 28 9229 3335 33 34 13010 3970 20 58 23606 5657
2005 12 28 9205 3246 42 34 12708 4489 30 57 23123 5957
2007 15 28 9374 3360 40 33 12672 4945 31 58 23059 7255
2009 10 31 9403 3632 28 35 12877 5732 26 65 23708 8378
2011 12 32 9706 3930 28 37 12520 6341 29 70 23371 9188

ECNA - MED NEA - ECNA MED - NEA

Route | Time | Length | Size Route | Time | Length | Size Route | Time | Length Size
1995 2 9672 1662 3 23577 3081 5 19111 2083
1997 7 11325 1225 4 23602 3331 4 19343 2223
1999 4 10224 1600 4 23886 3014 5 20294 3219
2001 9 32 10924 2136 6 61 23316 3331 5 55 19775 2997
2003 10 32 11133 2394 12 60 23323 3693 10 54 18961 3605
2005 9 32 11097 2327 15 57 23244 4003 16 52 18465 3603
2007 9 35 11203 2790 16 56 23089 4391 26 54 18466 4436
2009 6 36 11213 3866 9 56 23182 4381 14 61 19538 6017
2011 6 36 10478 3393 12 61 23015 4404 16 64 19457 6285

Notes: Route — the number of routes operated between two regions; Time [day] - average voyage time; Length [mile] - average
voyage length; Size [TEU] - average ship size; ECNA - East Coast North America; WCNA - West Coast North America; MED - the

Mediterranean Sea.



626

The pendulum was the second most common pat-
tern. In reality, almost all shipping lines in the top 20
involved in the pattern. From 1995 to 2002, pendulum
routes were increasingly deployed and played an impor-
tant role in the global shipping system. 18 routes contrib-
uted to some one third of the total calls (392 weekly calls)
and fleet capacity (0.97m TEUs) in 2002. Some major
carriers reserved a big part of their fleet for pendulum
services. As a result, the capacity of their pendulum fleet
could be comparable with that of ETE one, for example
Maersk Line (0.17m vs. 0.23m TEUs); Hanjin (0.2m vs.
0.1m TEUs); CMA-CGM (0.04m vs. 0.1m TEUs). Never-
theless, many pendulum routes were suspended in favour
of the ETE system afterwards. In 2011, the ratios between
the two segments of these carriers remained solely 1:10,
1:9 and 1:42, respectively. Overall, merely 8 routes fell into
the pendulum and constituted around one tenth of the
total calls and fleet capacity.

Of the four pendulum models presented in Sec-
tion 1.4, the three former ones were always in use. It could
be noted the shrink of second-model routes stretching be-
tween North America and Asia through the fulcrum of the
Mediterranean Sea (Table 4). The phenomenon stemmed
from the shift of the easternmost market from NEA, to
South East Asia, then South Asia. Forth-model pendulum
routes were the longest in the market. They were first in
operation between 1997 and 2003 and emerged again
from 2009. In the latter period, the ships also sailed be-
tween the two seaboards of North America via the Suez

N. K. Tran, H.-D. Haasis. A research on operational patterns in container liner shipping

Canal. However, they only visited East Asia but omitted
North Europe and the Mediterranean Sea in the middle
of the voyage.

The RTW had been expected as a breakthrough in
the industry, but its application had been rare. Only Ev-
ergreen has successfully employed it for a long time. In
the mid-1990s, half of the Taiwanese carrier’s East-West
fleet capacity was assigned to two long-standing RTW ser-
vices. However, they have been abandoned and substituted
by pendulum and ETE services since 2002. Occasionally,
RTW loops had been designed by carriers such as Cho
Yang and DSR-Senator (in the 1990s); CSCL, CSAV and
Zim (in the mid-2000s); CMA-CGM (from 2009). By
2002, a pair of RTW loops had been often launched si-
multaneously to serve the global trade on both directions.
Nevertheless, shipping lines only preferred either an east-
bound or a westbound route at later times.

Between 2000 and 2008, a few triangle routes were
launched on the East-West network by Maersk Line,
CMA-CGM and CP Ships. The ships often travelled east-
wards from East Coast North America to the Mediterra-
nean Sea, then South Asia. Afterwards, they changed the
direction to return to the starting range. The journey was
more or less the same with that of the pendulum routes to
link these regions, but bypassed Mediterranean Sea ports
on the westbound leg. A priority of the triangle loops
could be to serve increasingly westbound traffic from
South Asia to East Coast North America.

Table 4. Operational parameters of pendulum, RTW and triangle routes

Pendulum 1 Pendulum 2 Pendulum 3

Route | Time | Length Size Route Time | Length Size Route Time | Length Size
1995 2 34147 2896 5 25018 2080 2 32133 2742
1997 4 32797 3125 2 28126 2376 3 33173 3016
1999 4 32675 3440 2 29065 3017 4 34798 4097
2001 5 90 32303 3733 1 91 29128 2831 5 88 32983 4575
2003 4 90 32803 4298 2 73 24906 3264 6 87 32915 4660
2005 4 91 32552 4432 2 70 22506 3457 4 84 31684 5023
2007 5 88 32253 4622 6 59 21151 4019 3 86 30136 5267
2009 5 89 32271 4713 4 61 21612 4707 2 91 30833 7439
2011 2 91 32134 4697 4 64 21555 4675 1 98 31412 5556

Pendulum 4 RTW Triangle

Route | Time | Length Size Route | Time | Length Size Route Time | Length Size
1995 4 26489 3116
1997 1 39545 3993 2 26736 3863
1999 2 39242 3727 2 26875 4108
2001 2 100 38722 4087 2 70 26626 4138 1 56 19098 1521
2003 1 105 39232 4253 1 49 19098 2646
2005 2 77 27591 3506 2 49 18970 3961
2007 1 49 19113 4366
2009 1 98 37189 6059 2 77 25612 4857
2011 1 112 37189 7763 1 77 26796 5015

Notes: Route — the number of routes in operation; Time [day] - average voyage time; Length [mile] - average voyage length; Size

[TEU] - Average ship size.
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3. Comparative analysis of ETE,
pendulum and RTW routes

In this section, five factors are employed to compare oper-
ational characteristics of ETE, pendulum and RTW routes:
Multiple trades, Complexity, Multiple calls, Transit time and
Ship deployment. The three latter factors stem from the
decisions of route design, see more description in Tran,
Haasis (2014; 2015b). The factor of Multiple calls measures
the average number of ports of call per region. It is the is-
sue of port selection. If more ports are visited in a service,
its operators will be closer to final markets in exchange of
longer voyage of their fleet. Transit time measures how fast
containers can be shipped from origin to destination ports
and can be considered as a quality indicator of a shipping
service. Ship deployment is the matter of suitable ship ca-
pacity. The use of bigger size benefits carriers in terms of
lower shipping costs thanks to scale economies. Addition-
ally, two other factors are taken into consideration. The
factor of Multiple trades is related to the number of trade
regions in a shipping route to show market coverage of the
route on the East-West corridor. Complexity is to indicate
the scale of a route regarding market coverage, deployed
fleet, nautical distance and voyage time.

3.1. Multiple trades

An ETE route is mainly dedicated to the trade between its
westernmost and easternmost markets. Additionally, more
goods flows can be attracted by including intermediate
port ranges between the two extreme markets of the route.
By 2007, about half of the ETE routes on the East-West

Table 5. Captive trades of RTW and pendulum routes

Pattern Captive trades
Eastbound RTW | Eastbound global
Westbound RTW | Westbound global
Pendulum 1 Trans-Pacific, Trans-Atlantic

Trans- Atlantic, Europe - Asia, Intra Asia,
North America — Middle East, North
America - South Asia

Pendulum 2
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corridor only consisted of two regions. Afterwards, opera-
tors tended to extend their market coverage and looked
for more throughputs by adding more regions on their
services. Consequently, the share of the simple ETE strings
moved down in the range between 41 and 43%.

RTW and pendulum routes covered wider geograph-
ical scope than ETE ones (Table 5). A greater number of
markets can be served, which leads to more region-to-
region container flows able to be transported on a single
loop. A pair of eastbound and westbound RTW strings
can serve all the global East-West traffic. Nearly all the
key flows can be shipped by the forth-model pendulum
route, except the one between East Asia and East Coast
North America (ECNA). In addition to Trans-Atlantic and
Europe/Asia trades, the third-model pendulum service
can carry the extra ones between ECNA and the Middle
East, and South Asia.

Between 1995 and 2011 (Table 6), an ETE ship visited
3.48 regions per route on average, the figures were 7.44
for a pendulum one and 6.7 for a RTW one. The former
could only serve 5.5 region-to-region cargo flows, whereas
the second 16.31 and the latter 22.67 flows. Thanks to the
multiple trades, operators can employ RTW and pendu-
lum ship slots several times. Strong legs can subsidise
weak ones (Lim 1996), so the negative effect of any trade
variability can be reduced on the whole service. In ad-
dition, the combination of various trades on a loop may
help carriers to deal better with container imbalance and
repositioning as the experience of Evergreen, see more in
Lloyd’s List (1994).

The integration of a series of consecutive ETE ser-
vices possibly allows carriers to run a service with smaller
fleet commitment due to the saving on total voyage time.
In accordance with our estimation (Figure 11), total voy-
age time of the eastbound and westbound RTW routes
were 6 days less than that of separate ETE ones (140 days
vs. 146 days), whereas the saving of the fourth-model pen-
dulum one was 8 days (111 days vs. 119 days). The merger
of Zim’s Trans-Pacific and Asia - Mediterranean loops
into a pendulum one in 2001 lowered ship requirement by
one unit (Drewry 2001). Carriers may have more incen-
tive to exploit pendulum or RTW routes during the period
of tonnage shortage. The strongest use of the pendulum

Pendulum 3 Trans-Pacific, Europe — Asia, Intra Asia pattern in 2002 seemed to coincide with the aggressive
Pendulum 4 Global traffic except East Asia - East growth of the East-West shipping demand, which was

Coast North America 4 percentage points higher than the growth of the supply.

Table 6. Multiple trades on shipping routes
1995 1997 1999 2001 2003 | 2005 | 2007 | 2009 | 2011
The average number of visited regions on a loop
ETE 3.49 341 3.48 3.46 343 3.43 3.33 3.62 3.55
Pendulum 6.89 7.7 8.25 8.08 7.92 7.3 6.71 6.92 6.63
RTW 6.75 7 7.5 6.5 6.5 4 6
The average region-to-region cargo flows served by a loop

ETE 5.53 5.35 5.55 5.49 5.44 5.31 5.04 5.83 5.65
Pendulum 14.89 17.1 19.42 18.77 17.85 15.6 14.07 14.58 13.63
RTW 23 24.5 28 20.5 22 8 18
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Figure 11. Average voyage time of different route patterns in 2001 (EC - East Cost North America;
EU - North Europe; NEA - North East Asia; WC - West Coast North America)

3.2. Multiple calls

Unlike intercontinental airplanes often calling at a sin-
gle hub per region, trunk line vessels often pass through
more than a stop. As a matter of course, the pure hub and
spoke or single regional hub seems to be impractical in
container shipping. The decrease of mother vessels’ daily
cost may not pay off extra feeder and handling cost. Gil-
man (1999) argues that although transhipment hubs have
become more important, their use should not be seen as
an alternative of multi-port operation. Network strategies
of Maersk Line, Evergreen, Huyndai and MOL, presented
by Fremont (2007), Sartini (1999) and Tongzon, Chang
(2009), confirm the coexistence of the hub and spoke and
multi-port systems to permit extensive market coverage.

Shuttle services operating between two ports have
been sometimes launched but with very short lifespan
(see more in Drewry 2001, 2010; Visser, Braam 2001).
The closest connection makes possible to carry cargo very
fast and keep highly reliable service. However, the shuttle
routes must rely much upon the two hubs’ traffic as well as
suffer from ship size’s restriction due to small cargo catch-
ment area. In the early 2000s, the ECS high-speed service
between Hong Kong and Trieste (Italy) quickly came to an
end, chiefly because of poor utilisation levels and lack of
customer support (Drewry 2001).

In the years 1995-2011 (Table 7), an East-West route
visited 2.84 stops per region on average. Recently, carriers
have tended to add more regional calls with the upward
trend of the figure from 2.76 in 2007 to 2.99 in 2011. ETE
routes were often designed with more calls per region than
pendulum and RTW routes. The average amount of the
former segment was 2.95 in comparison with 2.71 and
2.69 of the two latter. Fewer visits per region could lead
to the saving of voyage time of RTW and pendulum ser-
vices as displayed in the previous section. According to
the simulation of Ashar (1999), ETE routes suffer from

Table 7. Breakdown of average number of calls
per region by route patterns

1995|1997{1999{2001{2003{2005{2007 (2009|2011

ETE 2.99(3.05| 3 |2.98|2.98|2.83/2.86|3.09|3.04

Pendulum |2.73 |2.62|2.52|2.67|2.78 | 2.84|2.69 | 2.72| 2.89

RTW 2.74(2.79|2.53|2.92 2.85 2.632.67

low slot utilisation on some port-to-port links, which
could be as small as 36% of the ship capacity, due to the
multi-ports of call. On the other hand, they benefit from
closer proximity to hinterland than the other two, which
brings about lower transhipment/distribution costs as well
as higher possibility of regional traffic accumulation.

3.3. Complexity

Pendulum and RTW routes are surely much more com-
plicated than ETE ones. The complication can be dem-
onstrated through the operation in multiple port ranges,
the inclusion of a large number of ports of call, the long
voyage distance and time (Tables 6, 8). As a consequence,
high investment and extremely broad service network are
prerequisites to phase the pendulum and RTW strings
into operation. In 1984, Evergreen spent about $1b to
open two RTW services (Transport 2000, 1985), whereas
it cost US Lines approximately $570m to build the RTW
fleet (Gibney 1987). In 2011, the longest pendulum route
required a fleet of 16 ships. Any investment mistake possi-
bly leads to a serious consequence as the case of US Lines.

Maintaining service reliability is a real challenge on
RTW and pendulum services because their ships travel
through many ports, trade lanes, traffic-crowded sea pas-
sages, and different weather conditions. The ships con-
front higher risks of delay and face more problems than
ETE ships to keep schedule. In a survey of American Ship-
per and the Marine Exchange, out of 8 RTW voyages of
Evergreen, only 6 ones arrived at the port of Los Angeles
or Long Beach on time, whereas all ETE voyages were
punctual (Heaney 2000). Pendulum services was claimed
to fall out of favour in 2007 because port congestion made
them difficult to follow the schedule.

3.4. Transit time

Apart from cost factor, port-to-port transit time is another
one influencing on service competitiveness. It is deter-
mined not only by operating speed of ships deployed but
also by route configuration. Based on the ship schedule, it
is possible to estimate transit time from a port to another
one by a specific route, then average transit time by each
pattern. For example, in 2001, the average transit times
from Hong Kong to Los Angeles of the ETE, pendulum
and RTW routes were 14.1, 17 and 19 days, respectively.
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Table 8. Scale comparison between ETE, pendulum and RTW routes
1995 1997 1999 2001 2003 2005 2007 2009 2011
The average number of calls per loop
ETE 10.45 10.41 10.44 10.31 10.21 9.7 9.5 11.17 10.8
Pendulum 18.78 20.2 20.75 21.54 22 20.7 18.07 18.83 19.13
RTW 18.5 19.5 19 19 18.5 10.5 16
The average length per loop [mile]
ETE 16634 16560 16255 16332 16621 16901 16908 17485 17475
Pendulum 28628 32651 33876 33308 32135 30196 27042 28888 27387
RTW 26489 26736 26876 26627 27592 25613 26796
The average time per loop [day]
ETE 43.21 44.62 44.61 44.49 49.62 52.99
Pendulum 91.23 87.54 84 75.5 81.08 81.25
RTW 70 77 56 77
Table 9. Transit time between ports [days]
2001 2003 2005 2007 2009 2011
Direction EB WB EB WB EB WB EB | WB EB WB EB WB
Hong Kong - Los Angeles
ETE 14.1 18 14.4 19.3 14 19.7 14.2 21.2 16.1 18.9 15.6 20.8
Pendulum 17 20 18 12 16.5 15 18.7 15 19.5 20
RTW 19 20
New York - Rotterdam
ETE 11 9.5 11.5 10 16.7 10 16.3 11.8 15.5 12.5 17.7 12.7
Pendulum 11 9.75 11.3 9.7 11.7 9.7 12 9.5 11.5 10 13.5 9
RTW 14
Hong Kong - Rotterdam
ETE 27.9 22.9 27.4 23.1 29.5 23.7 28.9 25 31.1 27.2 34.7 29.1
Pendulum 25 25 27.3 23.5 27 24.5
RTW 21
Hong Kong — New York (via the Panama Canal)
ETE 29 34 28.1 33 254 31.3 25.4 31.3 27.5 33.2 28.3 36.7
Pendulum 32.9 36.8 33.8 37.8 33 33.3 31 33.3 30.8 34.2 31 37.7
RTW 34 36 31 32 26 30 36

Notes: EB - eastbound; WB - westbound.

Because of a small number of RTW routes in opera-
tion between 2001 and 2011 (Table 9), only 554 samples
were collected to compare average transit time between
ETE and RTW routes. The former was more time-com-
petitive than the latter in 64% of the total samples. Con-
cerning the comparison between ETE and pendulum
routes, the latter had faster transit time in 55% of 5502
port-to-port flows gathered. In particular, pendulum
routes had strong advantage on the Trans-Atlantic trade
lanes with the ratio of 74% and Trans-Pacific ones with
the ratio of 59%. Such advantages could stem from fewer
ports of call per region, leading to faster connection be-
tween the two adjacent regions on the East-West axis. In
contrast, ETE routes provided quicker transportation on
NEA - East Coast North America (61% of the samples)
and had slight time advantage on Europe - NEA routes
(52%). The fact that the pendulum route often consists of

many port ranges leads to the detour of some cargo flows.
For instance, the pendulum ship could deviate to the West
Coast North America instead of directly linking NEA and
East Coast North America as the ETE ship. As a result, the
transit time could become longer.

3.5. Ship deployment

Deploying big vessels has become an important strategy of
liner carriers so as to reap cost saving. The largest contain-
er ship was 4300 TEUs in 1988, then 7100 TEUs in 1996,
15500 TEUs in 2006, and is more than 18000 TEUs now
(Tran, Haasis 2015a). The trend happened most substan-
tially on ETE routes between 1995 and 2011. Noticeably,
the mean sizes on North Europe - NEA, Mediterranean
Sea - NEA and NEA - West Coast North America routes
climbed by 2.67 times (from 3443 to 9188 TEUs), 3.01
times (from 2983 to 6285 TEUs) and 2.61 times (from 2905
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to 6341 TEUs), correspondingly. The biggest ships in the
market have been often launched on the former segment.
The growth on the Trans-Atlantic routes was much smaller
by merely 1.41 times (from 2806 to 3930 TEUs). Though
there was no geographical restriction on vessel capacity
as NEA - East Coast North America routes, the sluggish
traffic and short voyage distance have squeezed ship-
ping lines out of investing in large ships on the corridor.

In the mid-1990s, pendulum and RTW loops could
be comparable to ETE ones related to ship size. Neverthe-
less, they have become more and more disadvantageous
in consequence of the invasion of mega vessels on the key
ETE loops. From 1995 to 2011 (Table 10), the average ca-
pacity of ETE routes went up by 2.22 times, whilst the re-
spective rates of pendulum and RTW ones were 2.05 and
1.61. The largest size on the former sector obtained 15550
TEUs in 2011, whereas those on the two latter sectors were
just 8533 TEUs and 5100 TEUs, correspondingly.

The first factor restricting the influx of big ships on
pendulum and RTW loops has been the constraint of the
Panama Canal. It does not allow the use of Post-Panamax
ships on RTW and first-model pendulum strings. The sec-
ond factor has been traffic discrepancy between different
trade lanes. As it is shown in Figure 12, the ratio between
the volume on the Trans-Atlantic corridor and that on
the Europe - East Asia or Trans-Pacific was less than one
third. Mega vessels could be economical on the two lat-
ter corridors, but subjected to serious under-utilisation on
the former one. Load factor on the eastbound leg of the
Trans-Atlantic trade lane could be merely one fifth of that
on the westbound leg of the Europe — East Asia lane or the
eastbound leg of the Trans-Pacific lane.

Some studies have expected the employment of pen-
dulum and RTW ones as the backbones of the global ship-
ping (Ashar 1999, 2000, 2002; Visser, Braam 2001). Never-
theless, economics of ship size will be still an obstacle for
their ideas. Whereas the Panama Canal’s restriction will
be solved soon thanks to the expansion project, the trade
dissimilarity between the key legs will certainly remain a
challenge for operators to place big vessels on RTW and
pendulum routes.

14m 2.8m 6.1m

@) 7 4m (@‘ 34m @): 13.9m (@

Figure 12. Traffic imbalance between the key legs (EA - East
Asia; NA - North America; EU - Europe) (Drewry 2012)

Conclusions

This article takes into account-deployed patterns of trans-
continental shipping routes on the East-West corridor
between 1995 and 2011. The majority of routes oper-
ated under the ETE pattern. The pendulum pattern was
the second favourite in the market, but the use became
declined in the 2000s. The RTW had been not applied
popularly. Evergreen had been the sole operator capable
of employing the pattern for a long period. The triangle
had occasionally appeared in the industry.

Integration of multi-trades is obviously an important
advantage of the pendulum and RT'W patterns, which fa-
cilitates the consolidation of containers from many mar-
kets. Additionally, the integration could help operators to
reduce the number of ships commitment to the service in
comparison with separate ETE routes thanks to shorter
voyage time.

ETE routes often consisted of more ports of call per
region than the other two ones, which could be their ad-
vantage in terms of hinterland proximity. On the other
hand, they could suffer from higher cost of arterial vessels
and under-utilisation on some regional port-to-port links.

In terms of scale, the pendulum and RTW were evi-
dently much more complex than the ETE regarding the
number of regions of call, ports of call, voyage distance
and time. Consequently, operators were subjected to high
investment and more of a challenge to keep service reli-
ability.

In respect of transit time, RT'W routes seemed to be
less competitive than ETE ones. There were no big differ-
ences between pendulum and ETE ones. The advantage
of the former often existed on the pairs of ports located
in two adjacent regions. On the other hand, the advantage
shifted to the side of ETE ones when the flows were sub-
jected to deviation of ship journey because of intermediate
calls between the original and final markets.

The deployment of mega vessels was restricted on
pendulum and RT'W routes. The first reason is caused by
the nautical limitation of the Panama Canal. The second
one came from traffic discrepancy between the key trade
lanes, resulting in low slot usage on some legs.

Our article has approached a vacancy in network
research in container liner shipping. It may be the first
one to comprehensively survey the application of opera-
tional patterns on route design in the industry. Based on
the empirical work, operational parameters as well as the

Table 10. Ship deployment

1995 1997 1999 2001 2003 2005 2007 2009 2011

ETE AS 3019 3325 3449 3757 4146 4460 5190 6156 6708

LS 4950 6000 6690 7500 8063 9200 12513 13800 15550

AS 2581 3027 3723 4045 4330 4506 4604 5372 5312
Pendulum

LS 4072 4545 6600 6600 6600 6600 6611 9200 8533
RTW AS 3116 3863 4108 4138 3506 4857 5015

LS 4229 4229 4211 4229 4253 5624 5100

Notes: AS - average ship size [TEU]; LS - largest ship size [TEU].
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strength and weakness of the ETE, pendulum and round
the world patterns have been partly demonstrated.

There are still some limitations in our work, which
can raise questions for the future research. The data is
only limited until 2011, so the updated one should be
taken into account to investigate new trends in the ship-
ping industry. This research is more descriptive, the next
steps should develop quantitative models to evaluate
the efficiency of the operational patterns regarding cost,
profit, slot utilization and empty container repositioning.
Finally, the extension of the Panama Canal will remove
its restriction related to ship size, which will lead to the
concern about the viability of the RTW pattern and some
pendulum ones in serving the global market.
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