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Abstract

Prior to containerization, consumer goods shippesHa were termed “general cargo.” With
the development of containerization in the 1960, transportation of cargo changed
dramatically, leading to the global phenomenon km@s the “container revolution.” The
impact of containerization has been enormous bedaust only reduces transport costs but
also improves the safety and reliability of transation and promotes international trade.
Although containerization progressed after standatidn in the late 1960s, progress slowed
in the 2000s. Both academics and practitionersgrized that this was primarily the result
of the completion of the process of conversion fganeral cargo. Therefore, it is important
to increase container cargo in the future by exiplginiche markets and goods that are not
traditionally carried by container shipping. Thudogus on bulk cargo containerization
(BCC) is essential.

Further, BCC can also lead to increased efficienayontainer shipping because it helps to
alleviate differences between outbound and inbofraiyht and it reduces the cost of
returning empty containers to the export port. Tlmemoting BCC is of great significance
in terms of increasing both the freight revenue afiiciency of container shipping
companies.

The primary purpose of this dissertation is to osdow containerization of bulk cargo
takes place and the factors that are involvedomptting this mode of transport. To this end,
the author attempts to identify both the macroeatin@nd microeconomic factors affecting
BCC. Macroeconomic factors include the status abus economies and their infrastructure,
while microeconomic factors include specific BCC cid®on-making entities, the
relationships between those decision-making estitend the structure of the decision-
making process. In addition, various research Hgs®s are tested and policy measures
aimed at promoting BCC are proposed.

First, the factors involved in promoting BCC in tBast Asia region are analyzed using
cluster analysis and simultaneous equation modeliiigen, based on interviews with
practitioners, the decision-making structure isneixed. Second, using a calculation based
on the consignee’s cost function and the contahgaping company’s profit function, BCC
selection factors, decision-making processes, aodogsed BCC promotion measures are
analyzed. It is found that cost reduction for cgnses plays a significant role in promoting
BCC. Further, a combination of policies in relattorother factors, including cargo handling
costs, procedural expenses, and improved contpiodrand equipment performance is
necessary if BCC is to be promoted. The findings @ldicate that it is essential to focus on
characteristics such as demand size.
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CHAPTER 1

INTRODUCTION



1.1 Background

Since the container revolution of the 1960s, comtiazed cargo shipping has continued to
increase worldwide. Until container shipping comeeh flexible, multi-deck general cargo
carriers with appropriate handling equipment usuakrried goods such as consumer
products, which were called “general cargo.” Thegoavas loaded mainly by humans, in

what was a labor-intensive process.

A container transportation system enables cardeetoarried in rectangular containers that
are of standard size throughout the world. Contaiaee stored in yards on quays, from
which they are loaded onto container ships. A doetatransportation system enables
significant savings in terms of the energy requii@doading and unloading of vessels and
shortens the vessels’ mooring time. Further, bexthescontainers are of uniform shape and
size, it has become possible to send them dir&athy the shipper to the consignee using not
only ships but also a variety of other means afdp@rt such as rail and road. This not only
dramatically reduces the cost of cargo transparalso improves the safety and reliability

of transportation, thus significantly promotingamational trade.

Containerization has also been recognized as angrferce behind globalization. Drucker
(2007) noted that container shipping was indispielesan relation to the tremendous
expansion in world trade from the 1960s to the 200@ addition, Krugman (2009)

commented in a lecture that “When we think aboahtelogy that changes the world, we
think about glamorous things like the Internet. Byou try to figure out what happened to

world trade, there is a strong case to be madettivals containers.”

As container shipping has become established,rbgoption of cargo carried in containers
has also increased. The weight-based ratio of cwrtahipping to all global ocean cargo
(containerization rai$ rose from 4.5% in 1986 to 14.6% in 2008 and thedportation of

! Before the development of containerization, cdrgight rates varied depending on the nature ottrgo,

even when the size and weight were the same. Haowesith the development of containerization, ineas
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general goods such as consumer products, which teraitial focus of the increase in

container cargo, increased significantly until tingt half of the 2000s.

However, growth in the containerization rate hagisated since the latter half of the 2000s,
and the rate was still only 15.8% in 2017 (see fedul). A primary reason for this stagnation
is that containerization of general cargo, whict baen central to the increase in container
cargo, has now become standard. Rodrigue and Nottel(2015) argue that although
containerization of general cargo was increasirtg 2807, there has been no change since

then, particularly in developed countries.

Containerization Rate
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Figure 1.1 Global Containerization Rate

Source: Clarksons Research Shipping Intelligentabdae

where no dangerous goods are involved, even i€timents differ, the calculation of freight (FAKtex per
container is constant, with shipping companies ipa#king into account cargo volume rather thamgoaralue.
The value-based containerization rate, definedhasvalue of container cargo divided by the valuealbf
seaborne trade cargo, seems to be an inappropregeure for containerization because it tends melede
with other economic factors such as the foreigmharge rate and the oil price. Thus, the decisicnmade to

use the weight-based containerization rate indisisertation.



The existence of imbalances in cargo movementsdsetwnainhadland backhaul is also a
fundamental problem in container shipping. Thisatabce has increased since the latter half
of the 1990s because of the structural change®balproduction networks. In 2017, the
imbalance in the container trade volume amounte&#t@ million TEU, or 21.4% of global
containerized transportation via interregional esutWith container shipping, it is essential
to maintain schedules, and thus it is more diffitolresolve this imbalance than in the case
of bulk shipping. Of the overall operating expensd#scontainer carriers, 5-8% are
repositioning expenses, and the financial burdente container shipping industry as a
whole is between 15 and 20 billion USD (Sandral, 2016).

Index (1996=100)
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Figure 1.2 Global Growth in Container Ship Capacity, ContaiGargo Trade, Average
Ship Capacity and Number of Container Ships
Source: Clarksons Research Shipping Intelligentabdae

2 The term “mainhaul” does not appear in many Ehgtisctionaries. However, this term is often used by
practitioners to indicate the direction of tradattis larger in volume. For example, the mainhaulthe
container trade route between East Asia and Nanterica refers to the route (or direction) from Hssie to
North America. The antonym for “mainhaul” is “baekh.” Thus, the backhaul for the above route is the
direction from North America to East Asia.



Moreover, as shown in Figure 1.2, container shipacdy is growing, in terms of both
average capacity and ship numbers. In 1996, theageecontainer ship capacity was 1,527
TEU and there were 1,911 ships. However, by 201& average capacity was 3,895 TEU
and there were 5,151 ships. This growth in shippaggacity has been much faster than that
of container cargo trade, resulting in an excepplsgwof container shipping. Hence, container
shipping companies are suffering from the detetimnain market conditions as a result of
shrinking margins for container cargo and increamaguply. Therefore, container shipping
companies, container terminal operators, and atlaeistry participants involved in logistics
are seeking new types of container cargo.

To mitigate the problems related to container shigpit is necessary to either reduce the
supply of container transportation services or exghe demand for container transportation
services. However, a decline in the supply of sewwill lead to a reduction in international
trade, which will reduce profits. Therefore, a $iln that increases the demand for container
transportation services is preferable. RodrigueNwottieboom (2015) argue that it is crucial
to develop niche markets and acquire commoditigisithve not previously been transported
by container. One possibility is bulk cargo congaimation (BCC), which is the focus of this

dissertation.

BCC involves the use of shipping containers togheicargo that is usually transported by
bulk carriers, and is receiving increasing attenfrom both practitioners and academics as
a potential solution to the problems currently confing container shipping. BCC not only
has the potential to increase the volume of calgppgd by container but also offers an
opportunity to increase efficiency because theqi types of cargo that can be freighted
using BCC are also likely to be backhauled (UNCTA&D13). However, to the best of the
author’s knowledge, there have been no previousestadopting a holistic approach to BCC
and proposing a mechanism for BCC. Therefore, dissertation seeks to answer the

following questions to clarify the mechanism by ethBCC might emerge.

The first question relates to the potential of Bf@fn the macroeconomic perspective. That

is, what are the potential benefits and challerajean increase in container shipping as a



result of BCC? The second question involves thésaeemaking structure. That is, who is
engaged in the decision-making process and whabriaare important to them in their
decision-making regarding the preferred transpiorainode. The third question relates to
the potential of BCC from the microeconomic perspec That is, do decision-makers have
incentives to containerize bulk cargo, and if sbatvmethods should be used to promote
BCC?

1.2 Research Objectives

The primary purpose of this dissertation is to tdgrihe mechanism underlying BCC, that
is, how BCC takes place and the most effective outlof promoting this mode of transport.
To this aim, both macroeconomic and microeconomuitairs related to BCC are examined.
Macroeconomic factors include the status of varmumtries’ economies and infrastructure,
while microeconomic factors include specific demisimaking entities, the relationships
between those entities, and the structure of tlesid@-making process. Therefore, the
dissertation proceeds in terms of research obgsxtlvto 3 presented below. In addition,

policy measures to promote BCC based on the resiulle analysis are proposed.

Research Objective 1:

Conducting an econometric analysis and identifyinghe macroeconomic factors related
to promoting BCC as an important background for deésion-making by agents.

- Classification of traded goods to analyze trengsatd containerization.

- Development of an econometric model taking intcoaot simultaneity and endogeneity

to identify the macroeconomic factors related totamer shipping in East Asia.

Research Objective 2:

Identifying the decision-making agents and factors affecting the change in
transportation mode between bulk shipping and contaer shipping.

- Analysis of factors affecting decision-making bwygtitioners in relation to BCC using

an interview-based survey.



- Organization of these decision-making factors ahd tecision-making structure

regarding BCC into a hypothesis related to Rese@fgjhctive 3.

Research Objective 3:

Assessing whether decision-makers have economic emtives to execute BCC by

comparing their costs and profits

- Assessment of the choice of transport mode by madikionsignees between bulk and
container shipping based on total costs includinglpase costs, tariffs, and changes in
the value of the goods.

- Assessment of the choice of services offered byatoer shipping company based on

total profits from both mainhauling and backhauling

1.3 Study Scope

The scope of this dissertation involves contairaian, including the recent stagnation and

trade imbalances that have occurred, and the cli@teeen container shipping and bulk

shipping.

BCC is not a new form of containerization but itnist widely used and focused among
practitioners. Thus, clarification of the mechanisnaderlying BCC adds to the literature on
containerization, and is a contribution of this séidation. To derive the mechanism
underlying BCC, the structure of BCC is analyzeddaaon both macroeconomic and
microeconomic factors. That is, the impact of ecenitoconditions and infrastructure,

decision-making entities regarding BCC, the relships between those entities, and the
structure of the decision-making process are exaaniifhis contributes to the literature
regarding maritime economics and logistics studiesause it clarifies the mechanism

underlying containerization as it enters a newestag

It is worth noting that there are other means oféasing container cargo. For example, the
development of a supply chain using refrigerateef@r) containers facilitates the transport

of foodstuffs, medicines, chemicals, and bever@Besrigue and Notteboom, 2015). These
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innovations have added value to containerized pr@amation, especially among developed
countries. However, the volumes of these produasanificantly less than those of bulk
cargo, and sometimes reefer containers are useactdaul bulk cargb In addition, BCC

could be used to alleviate this imbalance wherbéistang a cold transport chain. Therefore,

BCC is the focus of this dissertation.

Further, regarding the choice of transport modeyipus studies have tended to focus on a
choice between maritime container transport andransport because of similarities in the
types of products and contracts involved. Althomgimerous practitioners have addressed
the changing trends in containerization, thereldeen a lack of research on the choice of
transport mode. Therefore, it is important not dndyn an academic perspective but also for
practitioners to find the boundary or thresholdhef change in transport mode between bulk
shipping and container shipping. Research on B@Eiges useful information in relation to

the acquisition of new types of cargo and the sieleof the appropriate transport mode.

1.4 Dissertation Outline

The dissertation is divided into seven chaptershasvn in Figure 1.3. Chapter 1 provides

the background, problem statement, and purposelajedtive of the dissertation.

Chapter 2 outlines the current status of contaiaéion in general and the containerized
shipping of bulk cargo in particular. First, thatsts of containerization in terms of diffusion
and stagnation is reviewed. Then, the current prabih terms of container shipping, trade
imbalances, and repositioning is stated. Nextctmainerization of bulk cargo is introduced
as a potential new cargo source. Then, the custatus of containerization in terms of types
of goods, value, and routes is outlined. Finalyg tharacteristics and benefits of BCC are

presented. Also, in Chapter 2, a preliminary anslg&the current situation regarding BCC

3 Tank containers are not used to backhaul bulkochegause tank containers are usually dedicatspeicific
goods such as wine or chemical products. Thusaimymases shippers or consignees own these costaind
take repositioning costs into account in advance.



is conducted, and this is used as a referencédaarialyses conducted in Chapter 4 and later

chapters.
Chapter 1
Background, Problem Statement, Objectives
Preliminary Analysis (Objective 1) v

Macroeconomic
Aspect of BCC
(Objective 2)

Chapter 2

The Current Status of Container Shipping of Bulkdda

Chapter 3

Review of Previous Studies

v

Microeconomic
Aspect of BCC
(Obiective 3)

A 4 v

Econometric Analysis of BCC in East Asia

Chapter 4

Chapter 5

Decision-making Structure Regarding
the Choice between Bulk and Containgr
Transpor

A

Chapter 6
Cost Analysis of BCC

v

Chapter 7
Conclusion

Figure 1.3 Organization of Dissertation

Chapter 3 presents a review of the literature canicg containerization and international

trade issues, the benefits of containerization, @medious studies on BCC. The literature

regarding choice of transportation mode is als@meed because BCC is related to the choice

between bulk shipping and container shipping.

Chapter 4 examines the macroeconomic aspect of BCidentifying factors that should

encourage containerization in intra-East Asiandrdelrst, an analysis of intra-East Asian

seaborne trade is conducted usikgneans clustering to identify trends toward



containerization of various commodities on varidtede routes. Then, an analysis is
conducted using simultaneous equation modellinddntify the critical factors that promote

containerization in each cluster. In Chapter 4,rilationship between the macroeconomic
environment and containerization in its aggregdteth is considered using econometric
analysis. In other words, the background is pravifte the decision-making analyses that

are conducted in Chapters 5 and 6.

Chapter 5 examines the decision-making structunelation to BCC using an interview-
based survey. The decision-making factors relatdshipping companies, logistics
companies, and shippers are summarized, and thenyridecision-makers in relation to
BCC are identified based on the survey results.mbéasures necessary to promote BCC are
then identified.

Chapter 6 presents a core part of the analysigdiegathe decision-making structure in
relation to BCC. Based on the results presentéchiapter 5, the incentives for consignees
and container shipping companies are analyzecdetttifgt the decision-making process and

key factors in the selection of BCC, as well agpppsed BCC promotion measures.

Chapters 5 and 6 present the factor analysis ualdartin Chapter 4 in more detail by
decomposing the results into those relating toiddial decision-makers. In Chapter 5, based
on interviews with practitioners, the decision-nmakfactors relating to individual decision-
makers in relation to BCC are shown, and the datisiaking structure is illustrated. In
Chapter 6, the results of Chapter 5 are used dsattis for analysis and the hypotheses that
are constructed based on the results presenteldapt€ 5 are verified.

Chapter 7 provides concluding remarks and discusegractical applicability of the

findings of the dissertation and areas for futuoeky
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CHAPTER 2

THE CURRENT STATUS OF CONTAINER SHIPPING OF

BULK CARGO
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2.1 Introduction

Because ships are suitable for mass transport,areindispensable in international trade.
In 2017, maritime transport accounted for 69.4%lobal trade based on weight, and 54.4%
based on value. Containerization of maritime cér@®advanced since the middle of the 20th

century, and has played a critical role in streagihg the global economy.

The reason that BCC, which is the subject of thsseftation, is attracting increasing
attention is that containerization has expandediigpver the last half century, while the
amount of cargo that can be transported in containas stagnated. Thus, BCC provides an
opportunity for containerization in the future. $hehapter outlines the current situation
regarding BCC in relation to the progress of corgdization. Then, the stagnation of growth
in containerized cargo and the significant factorglation to this problem are outlined. Next,
the problem of imbalance is described. Imbalancdss a problem with bulk carriers, but
the problem is even greater for container shipsrthest adhere to tight schedules and carry
containers on their return journey, regardless lodétiver they contain cargo. The emergence
of bulk cargo as a potential new source of cargb¢hn reduce this imbalance for container
shipping companies is described. Then, the culreliktcargo transportation process and the
container shipping process are examined to illtesthe difference between these
transportation modes. Next, the current statusootainerization in general and BCC in
particular are presented. Finally, the advantagd®GL for both shipping companies and

shippers/consignees are outlined.

2.2 Diffusion of Containerization

Stopford (2009) outlined the situation prior to theroduction of containerization. Until the
1960s, when containerization began to spread, slypgmpanies operated flexible multi-
deck carriers fitted with handling equipment. Hiebiy was important because the ships had
to transport various types of cargo in combinatiath passengers. This business was labor-
intensive, time-consuming, and complicated. Morepwargo was frequently damaged.

After WWII, as international trade began to incesasxporters/importers began to demand
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international transport services that were fasbere reliable, and safer. The solution to this
problem was “containerization,” which standarditleel transport of general cargo by using
containers. By standardizing the cargo unit, th@omhg company could invest in

mechanized systems and facilities that increasedugtivity.

One benefit of containerization was to increasedtiieiency of cargo handling and port
operations. From April 1956, when the Ideal-X, finst ship to carry containers, departed
from New Jersey bound for Houston carrying 58 3&-fmontainers, there was an ongoing
reduction of costs. The estimated loading costferdeal-X was 15.8 cents per ton, whereas
the estimated loading cost for cargo not packemdonhtainers was $5.90 per ton at that time
(Bernhofenet al, 2016). In addition, Bernhofeat al. (2016) pointed out that the labor
productivity of the port, which was 0.627 tons person per hour in 1959, increased sharply
to 4,234 tons per hour by 1976. As the efficienéyoading and unloading improved, it
became possible to use larger vessels for trarsmortof cargo by containerization, and as

a result, the average size of vessels increased.

The ability to establish an intermodal system (deamtransportation by land and sea) is
another benefit of containerization. The spreathefmultimodal system has made it easier
to distribute production bases and establish glahgdply chains. For example, parts
processed in Southeast Asia can be sent to Chireséembly and then exported to Japan,
Europe, and the United States (US). This has retitremsportation costs and expanded
global trade. In this regard, Levinsohn (2006)estathat “Transportation has become so
efficient that for many purposes, freight costsndb much effect economic decisions.”

Despite these benefits, the adoption of this nestesy was somewhat slow in the beginning
(Rua, 2014; Guerrero and Rodrigue, 2012). By 1868tainerized trade was still minimal,
accounting for less than one million TEUs or 1%otél trade (Fentoat al, 2018). Shippers
were unwilling to adopt the new system immediatphgferring to wait until they were sure
that containerization would prevail and an industandard for containers and their handling
had been established (Koech, 2013). In 1964, dimes®f 10 feet, 20 feet, 30 feet, and 40
feet long, and eight feet high and eight feet wige approved as ISO standards, and then
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in 1966, a height of 8 feet 6 inches was addedKgpee 2.1 and Table 2.1). The prevailing
American standards became the international stdedand from this point on leasing
companies began to order large numbers of contiteading to the rapid development of
containerization (Watanabet al, 2008). Adoption followed an S-shaped pattern and
occurred throughout the world during the 1970sE3®Ds. By 1983, almost 90% of countries
had constructed at least one container port (speé-R.2).

Figure 2.1 Standardized Containers (Left : 20 foot, Right fd@x )
Source: Mr. Tomohide Nogaki of Japan Shipownersokstion

Table 2.1Specification of Standardized Containers

Size Length Width Height Weight | Load limit | Capacity
(mm) (mm) (mm) (ka) (kg) (m3)

20 foot 5,898 2,352 2,393 2,300 21,700 33.0
40 foot 12,032 2,352 2,393 3,810 26,670 67.7
40 foot

) 12,032 2,352 2,698 3,970 26,510 76.0
High Cube
45 foot

) 13,557 2,352 2,698 4,820 25,660 86.0
High Cube

Source: Usui (2012)
Note: Specifications differ slightly between conti manufacturers.
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Figure 2.2 Adoption of Containerization following ContaineraBtlardization

Source: Koech (2013)

Note: The year of containerization adoption iswiedi as the year in which the first container
port was constructed. The figure shows the pergenté countries engaged in international
maritime trade that adopted containerization byvargdate relative to the total number of
adopters at the beginning of the 21st century.

Guerrero and Rodrigue (2012) divide the stage®nofainerization from 1970 to 2010 into
five “long waves” (see Table 2.2). The first wavwe that referred to above, when
standardization and containerization were yet tadb@pted in any significant way. This is
termed the early-adopters stage. By the 1970g, fraasatlantic and transpacific services
had been established through ports in the US, We&tarope, and Japan. This was the
economic triad that spearheaded globalizationattime. The second wave can be regarded
as the expansion of containerization, and occuaredng this triad and its trade partners in
regions such as the Caribbean, the Mediterranemhnpawly industrialized economies in
Asia. The third wave was the global diffusion sta@entainer handling volumes grew in
East and Southeast Asia (excluding China). Dutiag period, these areas were incorporated
into global trade relationships with the commencetnaé offshoring and the emergence of

new transshipment hubs such as Singapore.
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Table 2.2Waves of Containerization, 1970-2010

Period ig??(l%s)' 1970-1985 1980-1990 1995- 2005-
Pioneer ports Large
established | Expansion of | diffusion into | The container
containerized | the triad and | new markets | became the
operations in | its trade (Latin standard Peak growth
Overview the economic| partners America, transport unit | and the
triad (North | (Caribbean, | Middle for the global | establishment]
America, Mediterranea | East/South | economy, of niches
Western n, Asian Asia, “The China
Europe, and | Tigers) Southeast Wave”
Japan Asia
Expansion of
Setting up of glopal supply Spillover
. chains, and
Adoption of | global supply effect and
. Early trade T . the
Driver I Containerizati| chains and new
substitution : emergence of .
on transshipmen . transshipmen
China and
hubs X hubs
transshipmen
hubs
Antwer Rotterdam, Shanghai,
P, Tokyo, Hong | Singapore, Shenzhen, Tangier Med,
.| New York, .
Representative Kong, Colombo, Gioa Tauro, | Caucedo,
Los Angeles, . i .
ports Kaohsiung, Busan, Dubai| Ningbo, Yingkou,
Oakland, . 2 )
N Jeddah, Algeciras Tanjung Prince Rupert
agoya .
Kingston Pelepas

Source: Guerrero and Rodrigue (2012)

The fourth wave occurred in the late 1990s, whertiainers became established as a global
standard for transporting cargo. Chinese ports wetaded in global shipping networks and
post-Panamax shipstarted to appear. Moreover, new transshipmerd buth as Salalah in
Oman and Colon in Panama emerged. In addition, pats were developed during this
period to accommodate the growth in emerging ecoe®euch as Vietnam, India, and Brazil.
A transshipment hub was also developed in Tanjweigdas in Malaysia by global terminal

operators. Kavirathnaet al. (2018) note that competition among hub ports becam

4 A “Panamax” ship was a vessel that was ablevmate the old locks along the Panama Canal, whidhded
container ships up to about 5,000 TEUs in capaByythe latter half of the 1980s, many practitiankad
assumed Panamax restrictions to be the upperdfraitontainer ship’s capacity.
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increasingly fierce around this period. The fifthdamost recent wave has seen newly
emerging ports meeting various concerns by filipgcific roles such as avoiding congestion,
reducing transit time, and providing direct raihoections. In addition, they point out that

the fifth wave has seen a pause in the growth ofatoer shipping.

2.3 Stagnation of Containerization

Evidence emerged from the late 2000s onwards stiggethat the growth in container
shipping may not be sustainable in the future. dtainerization rate rose from 4.5% of
global ocean freight in 1986 to 14.6% in 2008. Heareas the upward trend in general cargo,
which was the driving force behind the increasecontainer cargo, weakened, the
containerization rate stagnated from the lattef ¢fathe 2000s, and was steady at 15.8% in
2017. Rodrigue and Notteboom (2015) point out twettainerized freight increased from
21% of general cargo in 1980 to around 65% from721002012. Fentoet al. (2018) note
that container cargo accounted for 21% of dry sesboargo in 2005, but was still only 23%
in 2015.

An important reason for this stagnation is that¢betainerization of general cargo, which
has been the driving force behind the increaseimainer cargo to date, has now been more
or less optimized. Rodrigue and Notteboom (201 tpmut that, particularly in developed
countries, the completion of the conversion to am@rized transport is rapidly approaching.
It has been shown that the switch to containermshgphas already occurred for most goods
that can be transported in this way. Fenanal. (2018) note that the slowdown in
containerization is inevitable because many comtigzdihave already become fully

containerized.

Another primary reason for this stagnation is ttfanges in the global economic structure
have reduced promotion effect by economic growthnternational trade. Takatoret al.

(2016) and Mori (2016b) both pointed out that trgdewth has failed to match economic
growth. First, there has been a change from inv&stiio consumption-centered economic

structures in developed countries in the 21st e¢gntBecond, there has been significant
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technological progress in countries such as Chadenaembers of the ASEAN. Third, it can
be seen that there has been a pause in the expafsiwe global value chain. These factors
have had an impact on container transportationmesi The average ratio of the container
freighted growth rate to the global real economiowgh rate was 3.2 from 2000 to 2008.
However, since 2009, it has fallen to 2.1 (Rodri2@1 7). Fentomt al. (2018) confirm this
finding, stating that “as the wave of globalisatiwes slowed, container growth is only just
matching GDP growth.”

2.4 Imbalances in Container Shipping

The existence of imbalances in cargo movement®potamer routes is a fundamental reason
for recommending the shift from bulk carriers totzner vessels. Asymmetries in container
trade volumes exist on several container routesaarcan be seen in Table 2.3, the imbalance
in 2017 amounted to 34.7 million TEUs or 21.4% &dbgl container transportation via
interregional routes. As for intraregional routiagre was an imbalance of 1.3 million TEUs
during 2017 for the Japan—China route accordirigi®Markit's World Trade Service.

There was an upward trend in trade imbalances fiteenlatter half of the 1990s, with
structural changes in global production networleslieg to substantial endemic increases.
These imbalances have since escalated as a rédolv @xport demand in the US and
European countries and the low cost of manufaayuniew containers in countries such as
Chin&. For instance, imbalances increased from 18%émspacific trade and 27% for FE—
Europe trade in 1995 to 67% and 65%, respectivel®005 (Theofanis and Boile, 2009).

5 Container manufacturing was initially concentrdtethe US. Then, Japan emerged as the domiraermpLntil
Korea took its turn in the 1980s, during which tiK@rean companies produced more than 70% of thiliwor
shipping containers. The Chinese container marwrfagtindustry had barely begun in the 1990s, apidly
increased production to the point where Chineseaufaaturers had a 90% share of the shipping contaiaeket
by 2002 (Globalization Monitor, 2011) and about 3@ share of the market by 2015 (China Industry
Information Network, 2017).
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Table 2.3Container Cargo Trade Imbalances for Each Inteynad) Route in 2017

Mainhaul : Backhaul Imbalance
Routes Mainhaul from
(TEV) (TEV) (TEV)
FE-North America 18,607,823 FE 7,987,415 10,620,408
FE-Europe 15,816,578 FE 7,838,154 7,978,424
FE-IS and ME 7,532,426 FE 2,844,860 4,687,566
FE-South America 3,629,152 FE 1,802,003 1,827,149
FE-Sub-Saharan Africa 2,849,139 FE 1,183,911 1,665,228
Europe-North America 4,683,912 Europe 2,734,658 49,254
Europe-Sub-Saharan
) 2,016,494 Europe 824,795 1,191,699
Africa
Europe-IS and ME 3,878,136 Europe 2,741,609 1,236,5
FE-Oceania 2,617,095 FE 1,609,699 1,007,396
North America-South ]
) 2,879,082 North America 2,481,501 397,581
America
Others 6,986,622 4,705,954 2,280,668
Total for Inter-Regional
71,496,459 36,754,559 34,741,900
Routes

Source: Container Trades Statistics

Even with bulk shipping, imbalances exist, butstdasier to address these imbalances
because shipping companies or operators have redbility in the operation of bulk
vessels than in the operation of container ve¢Sédipford, 2009). However, there is a greater
need to adhere to pre-determined schedules ininenthipping, and thus it is more difficult

to resolve imbalancés

6 Of course, trade imbalances remain a probleimebtlk transportation system, and there are easesovhere
owners pay charterers to use their vessels. FongigaSand (2011) reported a negative freightstating that
“On 13 January, the Baltic Exchange Capesize Rolifefrom China/Japan to Europe was estimated atgnin
USD 229 per day. Since then the rates have worsaredfurther. At those rates, far below break-edBiEX
levels, owners are literally paying charterersauyctheir goods in order to reposition the vesséhe lowest

possible expense.”
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Shipping companies are responsible for the shippisgs caused by these imbalances. In the
voyage cash flow model created by Stopford (20883uming transpacific routes, the total
repositioning cost was 2.9 to 4.1% of the navigatosts. Rodrigue (2017) estimated that
repositioning costs paid by shipping companies artexlito about 16 billion USD or 15%
of container management costs. Further, the Ba3tmsulting Group pointed out that 5-8%
of the operating expenses of container carriersegrasitioning expenses, and the burden on
the shipping industry as a whole is 15-20 billicBJ(Sanderst al, 2016,

Container shipping companies have tried to mairtigimt control over their containers by
reducing freetime and increasing retention felesaddition, they have attempted to optimize
container logistics by unloading/loading in warebes or distribution centers in the
immediate hinterland of the relevant ports (Thesfaand Boile, 2009). However, many
measures are unable to be improved significamtlg thus additional measures are necessary

to reduce trade imbalances.
2.5 Bulk Cargo as Additional Container Cargo
Container shipping companies are suffering fronetedoration in market conditions as a

result of shrinking container cargo margins andeased supply through more vessels and

larger vessel sizes.

7 If the imbalance is substantial for shipping camips, they must operate dedicated vessels to brimgjy
containers back. For example, Theofanis and B200%) stated that up to 19 vessels with a carrgapacity

of 8,000 TEUs are required each week for emptysiipaing from the US to overseas destinations.

8 Containers are usually owned by container shippompanies and container leasing companies. Aicgptad
the estimates of Triton International, the worlli#isgest container lessor, leasing companies owligiutlg
more than 50% of all containers in 2017. Furthteshowed that the number of containers owned tsirga
companies had nearly doubled since 2010, whiladhger owned by shipping companies has remainadyste

at around 20 million TEUs (Triton International 13).

° Freetime refers to the period container shippimgpanies allow to consignees or their represeatatiefore
returning the empty containers to the containerotef retention fee is a charge by container shigpi
companies if the period of retention by the consiggexceeds the freetime.
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As a result of increases in both the average dizhips and ship numbers, container ship
capacity is growing faster than the amount of cdoetacargo, resulting in excess supply of
container shipping. Because there is no opportunitncrease existing types of container
cargo, shipping companies and terminal operatoes te find additional types of cargo if

they are to increase their revenues. Rodrigue artebbom (2015) argue that it is crucial to

develop niche markets and attract cargo that higsraviously been transported by container.

Therefore, BCC, which involves the transport in teamers of bulk cargo that has
traditionally been carried by bulk carriers, ig@atting increasing attention, and importers
have begun to change to container shipping aspheferred transport mode for bulk cargo.
However, this method is not new. In the 1980s,aswsed as part of a shipping company’s
empty container return strategy from the US to Aaral a grain transporter near the port of
Los Angeles used containers to transport cereaarg as 1974. A well-known example of
BCC is the transport of coffee beans, which begapetcarried in containers in the 1980s,
and are now almost exclusively transported by éoata(Stopford, 2009; Rodrigue and
Notteboom, 2015). In Japan, BCC has been usedlatior to hay since the 1980s and

soybean imports since the 1990s.

BCC came to notice in the latter half of the 20@@sr a sudden rise in bulk freight rates.
The freight rates for dry bulk carriers rose draosdly because of an expansion in the gap
between the supply of and demand for bulk carrietsle the freight rates for container
vessels remained relatively stable. As a resultjative cost advantage for containerization
emerged, and importers shifted to container vedgselsauling bulk cargo. Theofanis and
Boile (2009) pointed out that in 2008, imports ohtainer cargo at PSW ports declined while
exports increased partly as a result of the shdbome minor types of bulk cargo to containers.
Mongelluzzo (2007) also pointed out that the insesim container use was derived mainly
from a dramatic increase in the export of grainsdtainer from the US. At the time, the
capacity of bulk carriers was limited, and they evanable to handle the increased volume
of grain. Meanwhile, container vessels had sufficexcess space to move this cargo along

the westbound transpacific route from the US ta Basa.
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The increase in the use of containers for bulk@asgorts from the US was also studied by
Wilson and Benson (2009) using Waterborne Commdata. According to their study,
11.7% of all international cargo from/to the USL®O0 made use of containers, in terms of

tonnage. This figure increased to 19.5% in 2005.

Advances in technology are considered to have dednt increase in container shipping
(Matsuda and Kawasaki, 2013; Clettal, 2015), especially in relation to BCC in the late
2000s. For example, in 2004, the US company AdvdiBteel Recovery (ASR) invented
prompt loading/unloading facilities for ferrous agrtransported by container vessels. ASR
obtained a US patent for this system in 200/ 2009, A-WARD, a New Zealand company,
obtained a US patent for a “container tilter,” agealoader/unloader that works by tilting
containers. These facilities allow for fast, effict, and cost-effective loading and unloading

of bulk materials transported by container.

Entities such as shipping companies and port masay@ect BCC to provide new sources
of cargd'. For example, if the average containerization cditeommodities that currently
have a containerization rate of 1% to 90% incredse®.0%, global containerized trade
would rise by 8.9 million TEUs or 6.3%, while gldlshy bulk cargo trade would only fall
by 1.5942 Further, the need to improve the efficiency afitainer transportation is another
reason BCC is receiving increased attention. Astimead earlier, one reason for introducing
BCC was the existence of an imbalance between malimy and backhauling. Thus, BCC
had developed mainly in relation to backhauling @D, 2013) in an attempt to increase
container shipping companies’ revenues by decrgahis imbalance. As a result, BCC is
considered to be a practical solution to the proldé reducing repositioning costs (Rodrigue
and Notteboom, 2009).

10 Seabrook (2008) explains the development of FAS eletail.

1 1ron ore and coal accounted for 41% of bulk cangyvements in 2017 (NYK Research Group, 2017). Hawev
many practitioners do not consider these goode tapipropriate for containerization, although treeesome
exceptions such as Ukraine and China. Yahg@l. (2016) outlines the Chinese practice of contaieelriz

transport of coal mined in Shanxi and Inner Moraoli

12 Author calculations based on IHS Markit's Worldhdie Service data.
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2.6 Transportation Processes for Bulk Shipping ashContainer Shipping

Figure 2.3 shows a simplified diagram of bulk slmgpand container shipping.

| Bulk Shipping |
Collection, Storage, Unloading, Storage,
Loading Distribution
Production Site Berth,Silo, Berth, Silo, Consignee
Elevator Elevator
o Ox > O
Truck, Rail, Barge H Truck, Rail
(possibly by way of consolidation center) M (or directly connected)
Port of (Break Bulk) Port of
Departure Arrival
Container Shipping H
Vanning Storage, Loading Unloading, Storage Devanning
Production Site Transloading Facilities Container Terminal Container Terminal Consignee
(o] o " Oi 0
Truck, Rail Truck, Rail Container Ship . Truck, Rail
Port of Port of
o Truck, Rail Departure Arrival
Vanning

Production Site

Figure 2.3Bulk Shipping and Container Shipping Processes

In bulk shipping, producers carry cargo to consiowecenters such as consolidation centers

(see Figure 2.4), from where the cargo is transplotd quayside storage areas by trucks,

railcars, and barges. In the cases of cerealstamical products, they are kept in dedicated

facilities such as elevators and silos (see Figusg that enable storage of large quantities

and play a role in cargo handling as well. Cramefookside facilities are used to load/unload

bulk cargoes (see Figure 2.6 and Figure 2.7). Brélakvessels usually have cranes that can

be used for loading and unloading. The cargo isqalaon trucks or railcars at a quay or

storage facility and transported to its final destion. Sometimes the elevator or silo is

directly connected to the final destination.
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Figure 2.4Country Grain Elevator in Champaign County, Ohio

Source: Dual Freq,
https://commons.wikimedia.org/wiki/File:Rural_Chaangn_County_grain_elevator.jpg

Figure 2.5Grain Elevator in Vancouver

Source: United Grain Corporation

Figure 2.6 Bulk Carrier "CAPE HAYATOMO”

Source: Kawasaki Kisen Kaisha, Ltd.
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Figure 2.7Workers Loading Imported Soybeans onto TrucksRadrm in Nantong in China
Source: Jiji Press Photo, Ltd

In container shipping, producers pack containeeseiiter termed “vanning”) at the factory
or production location or transport the cargo te ttansshipment facility for vanning (see
Figure 2.8). Vanning methods differ among varioypes of commodities. Some
commodities such as scrap steel and hay are paskisgd while materials such as liner bags
are occasionally used to contain granular commexlguch as grains (see Figure 2.9). In the
case of grains grown in the central areas of thethkS cargo may be vanned after being
transported to the transit facility in Californigy bail (see Figure 2.10). Cargo that is
transported by container ship (see Figure 2.11has removed from the containers at the

final destination (hereafter termed “devanning”).
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Figure 2.9Malt Packed in a Container Using a Liner Bag

Source: Nippon Yusen Kaisha

i - =

Figure 2.10Containers Hauled by Train at Long Beach, Califarni
Source: Union Pacific Corporation
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Figure 2.11Container Shig ONE COMMITMENT”
Source: Ocean Network Express Pte. Ltd

Because bulk transport enables commodities to hedim large quantities, it is suitable for
supply to large-scale markets. However, it is ne@gsto accumulate at least 1,000 tons of
cargo to utilize bulk shippirld Meanwhile, container shipping is more applicablemall-

lot shippind*. Moreover, it operates at high frequency and wigihort leadtime, so it is ideal
for frequent shipments to markets of relatively seale. In bulk transportation, grain that
is produced by numerous farms is combined befoighteansported to the departure port
and freighted as a single cargo. Conversely, coetdransportation enables shipments to
remain separate after vanning, and thus is suifablthe transport of “identity preserved”

cargo, thereby enabling various production locatiand varieties to be identified.

13 Even a load of 1,000 tons is insufficient to ¢diaan entire ship. When shippers or consigneeg ttase types
of cargo by bulk shipping, they lease an areaarthid of a bulk carrier.

14 As indicated in Table 2.1, a 20-foot container camy about 20 tons of cargo. However, contaih@ping is
only viable if customers have sufficient cargoilicafcontainer. Therefore, forwarders offer ldssrt container
load (LCL) services, whereby they collect varioaggoes that are headed for the same destinatiocoaniine

them in a single container.
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It is also worth noting that freight rates for cainer shipping are usually higher than those
for bulk transport. In December 2017, the voyageraxt fee for a handysize bulker carrying
28,000 tons of bulk cargo from the west coast ef ti5 to Yokohama Port was 9,508
USD/day-ship, meaning a freight cost of 6.8 USD tper (excluding cargo handling fees).
Meanwhile, the rate for a 40-foot container was &/8D (excluding terminal handling
charges in Yokohama), or 27.1 USD per ton, neany fimes higher than the bulk shipping

rate.

2.7 Current Status of BCC

2.7.1 Trends in Containerization

As noted above, containerization commenced in dgeel countries for the movement of
general cargo. Since then, containerization hasdaoed its scope in terms of both
commodities transported and geography. Figure ghd®s the current status and underlying
trend in containerization using the containerizatiate®. In addition, IMF classifications,
which are based oper capitaincome, trade diversification, and the degreentégration

into the global financial systeff) are used to categorize developed and developimgtges.

The containerization rate in relation to global itiae trade was 8.6% in 1995, increased to
10.0% in 2000 and 13.0% in 2007, remained at 12-ft3%everal years, and was 13.2% in
2017. Containerization rates were higher in refatmexports from developed countries than
those from developing countries. Containerizatates for export from developed countries

either showed no significant change or declinedclvBupports the view of Rodrigue and

15n this section, movement data released by IHNMatWorld Trade Analysis is used rather than @arkson
data used in Figure 1.1. This is because altholayk$dn data covers a longer period, it does rubtidie origin

and destination information.

16 IMF sets (1) theper capitaincome level, (2) export diversification, and (B tdegree of integration into the
global financial system as the main criteria ugeddssify the world into developed countries aaedetbping
countries. The nominaler capitaGDP for developed and developing countries in 28 Bhown in Appendix
l.
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Notteboom (2015) that developed countries havehezhdhe limit of containerization
through conversion from general cargo. Containgdnaates have remained at around 13—
15% (14.8% in 2017) for trade between developecht@ms. Meanwhile, in relation to
exports from developed countries to developing tes) containerization rates remained at
around 20% prior to 2008, and then decreased201i¥. This decline was mainly the result

of a surge in the export of bulk cargoes such amgifrom the US to China.

Containerization Rate
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Figure 2.12Containerization Rates from 2000 to 2017

Source: IHS Markit's World Trade Service

Note: Country categorization is based on the IMNWa@rld Economic Outlook database.
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The containerization rate for exports from deveaigpcountries to developed countries has
continued to increase, rising from 6.8% in 200Q0®82% in 2007 and 14.1% in 2017. This

reflects the continued growth of the manufactusegtor in developing countries such as
China and members of the ASEAN. Changes in theagosttization rate for trade between

developing countries are similar to the overallbgllochanges, with a slight increase in the
first half of the 2000s, followed by a period cdghation. The containerization rate increased
from 8.2% in 2000 to 11.6% in 2007, before settbt®—11% (11.2% in 2017). The surges
in both containerized cargo such as manufacturediggand bulk cargo such as iron ore
occurred at the same time, and thus the growtharcontainer trade volume was canceled
out by the growth in the bulk shipping trade volur@entainerized cargo has increased by
84.0% over the last decade, while total bulk cdrge increased by 90.9% over the same

period.

Looking at the shares of container cargo, tradesden developed countries accounted for
29.0% of the world total in 2000, but this had astnbalved to 14.8% by 2017, while the
cargo volume only increased 1.2 times from therégin 2000. Cargo from developed
countries to developing countries accounted fob%3o0f the world total in 2000, and
remained relatively unchanged in 2017 at 24.8%palgh the volume increased 2.5 times.
Trade from developing countries to developed coemtaccounted for 32.5% of the world
total in 2000, but had decreased slightly to 3010¢62017, although the cargo volume
increased 2.3 times. Trade among developing casaccounted for 15.0% of the world
total in 2000, and had increased to 30.4% by 2@ifh the cargo volume increasing 4.9

times.

2.7.2 Containerization by Commodity Group

In 2000, the number of commaodities for which thetaemerization rate was greater than 80%
was 85 out of the 202 commaodities classified by M&kit based on the ISIC system. In
2007, this number was increased to 102 and fuittveas 115 in 2017. Figure 2.13 shows
the containerization rates by commodity over thet tlecade and the average growth rate
between 2000-2007 and 2008—-2017.
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Containerization Growth Rate
for 2008—-2017 compared with 2000—2007
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Figure 2.13Average Containerization Rate for Each Commodityrdtie Period 2008—
2017 and Growth Rate Compared with that for theode2000—-2007

Source: IHS Markit's World Trade Service

For the purposes of this study, commodities hawenkdivided into four areas based on
containerization rates during the period 2008-204d the average growth in
containerization rates between 2000-2007 and 2@8~Z he first group (group 1 in Figure
2.13) contains 97 commodities (out of a total ofl ZB0mmodities) with an average
containerization rate of more than 80% and less ®9a growth. This group mainly includes

commodities such as machinery, electrical applisnm®dstuffs such as fruit, and apparel.

An example of an item in group 1 is “Plastics imiary Forms and Synthetic Rubber.” The

average containerization rate for this item wag®&0during the period 2008-2017, but this
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had declined from an average of 88.9% for the ple2l@00—-2007. The surge in Chinese bulk
imports from Singapore and ME countries, and ame@mee in Indian, Indonesian, and
Vietnamese bulk imports from China, Singapore, dapan contributed to the decrease in

the average containerization rate.

The second group had an average containerizatierofanore than 80% and more than 5%
growth. This group contains 12 commodities thatmyanclude foods, flowers, and building

materials, as well as “Optical and Measuring Eq@pmMeters and Counters,” a form of
precision machinery. Group 2 also includes “Janedlie3, and Honey.” The average

containerization rate for this item was 83.8% foe tperiod 2008—-2017, which was an
increase from the average rate of 59.5% for then@&@000—2007. Containerization of these
products increased worldwide in the first halflogé 2000s, and the continuation of this trend

contributed to the increase in the average contaatéen rate.

The third group had an average containerizatianaob80% or less and more than 5% growth.
This group contains 17 commodities that mainlyudel food ingredients, building materials,
and some raw materials. For example, Group 3 aont@hicken and Turkey Meat, Frozen.”
The average containerization rate for this item 6&3% for the period 2008—2017, which

was an increase from the average rate of 57.2%éoperiod 2000-2007.

Here, it is worth noting that a decline in demastikely to increase the containerization rate.
An example of this is the item “Meat and Fish PrdduNot for Human Consumption; Dog
and Cat Food, etc.” in Group 3. The average coetation rate for this item was 35.1%
for the period 2008-2017, which was an increasm ftioe average rate of 28.1% for the
period 2000—-2007. However, some of the increasdikelg caused by a decrease in demand.
In Japan, imports fell by 1.1 million tons or 46.8%tween 2001 and 2017, while the
containerization rate for Japanese imports rosa 88.2% to 43.0% during the same period.
The reduction in Japanese imports was probablgrifgant factor in the increase in the

average containerization rate.
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The fourth group had an average containerizatitsnat80% or less and less than 5% growth.
This group contains 75 commodities that mainlyudel larger machines, food ingredients,
recycling materials, building materials which a@sd processed, and some raw materials. For
example, Group 4 includes “Chicken and Turkey Mé&agsh or Chilled.” The average
containerization rate for this item was 53.8% Far period 2008-2017, which was a decrease

from the average rate of 62.7% for the period 2Q00+.

2.7.3 Containerization and the Value of Commodiéis

Figure 2.14 shows the relationship between commautit values (USD per kilogram) and

containerization rates in 2017. This relationskipat linear, and the correlation coefficient
between commodity unit values and containerizates is 0.07. Meanwhile, the correlation
coefficient between the natural logarithm of comihodnit values and containerization

rates is 0.61.

Containerization Rate
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Figure 2.14Relationship between Commodity Unit Values and
Containerization Rates in 2017
Source: IHS Markit's World Trade Service

Note: The dotted line indicates the approximateseu
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As can be seen from Figure 2.14, containerizat@srfor low-value commodities or goods
(including some types of bulk cargo) tend to be,lbwt increase rapidly in response to a
slight increase in commodity unit value. With soexeeptions such as trains and traflgrs

cargo seems to be almost fully containerized if ting value is more than 5 USD per

kilogram.

Table 2.4Commodity Unit Values and Average ContainerizatRates in 2017

USD per kilogram
Below Above
$2 $2-4 $4-6 $6-10 | $10-15 $15-20%$20
Average
Containerization Rate 46.1% 81.3%| 82.3%| 79.4%| 83.4%| 89.9%| 86.6%
Number of Commodities 80 32 22 18 20 10 19

Source: IHS Markit's World Trade Service

Table 2.4 shows the average containerization fategarious unit values. As can be seen,
the average containerization rate for commoditigh @ unit value of less than 2 USD per
kilogram is 46.1%, while for commodities with a umalue of between 2 USD and 4 USD
per kilogram, the average containerization ratesemse significantly to 81.3%. However,
the average containerization rates are not sigmiflg higher for commodities with even

higher unit values.

2.7.4 Containerization and Trade Routes

Although, as noted earlier, the overall rise intagmerization has stagnated in recent years,
the situation differs across various trade route2000, containerization rates varied from
0.8% (ME to FE) to 67.6% (IS to CAC) (see Table) 2t by 2017, containerization rates
had increased along almost all trade routes, vgrfyom 1.5% (Oceania to South America)
to 68.7% (FE to North America) (see Table 2.6).g0aiends to be more containerized if

17 Shipping companies normally use pure car cardegeneral cargo ships to carry these types gbcar
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more manufactured goods are shipped, whereas neritition rates are likely to be lower

if raw materials for energy production such as @wal crude oil are transported.

Table 2.5Containerization Rates between Various Areas ir0200

North South
Ameri | Ocean| Ameri World
Africa | CAC | FE EU IS cé ia ce ME Total

Africa 10.1% | 59% | 3.8%| 3.8%| 2.0%| 1.9%| 7.2%| 2.1%| 4.1%| 3.6%
CAC 17.9% | 13.3% | 13.0% | 42.2% | 38.2% | 14.3% | 9.8% | 10.4% | 16.5% | 18.1%
FE 26.7% | 35.8% | 19.3% | 43.1% | 12.0% | 46.6% | 14.0% | 35.8% | 39.9% | 24.6%
EU 23.7% | 33.0% | 40.5% | na | 21.9% | 22.3% | 58.3% | 34.5% | 28.7% | 24.8%
IS 32.7% | 67.6% | 6.4% | 34.6% | 19.7% | 54.8% | 20.7% | 11.1% | 27.3% | 15.7%

North Americi 6.8% | 16.0% | 21.1% | 13.3% | 23.2% | 2.1% | 27.3% | 18.3% | 11.2% | 12.4%

Oceanii 9.8% | 40.0% | 2.6% | 3.5%| 3.5% | 17.4% | 14.8% | 1.6%| 5.6% | 3.5%

South Americ 6.1% | 2.7% | 4.7%| 6.6%| 3.1%| 6.8% | 28.8% | 14.6% | 54% | 6.6%

ME 3.0% | 29.9% | 0.8% | 3.2% | 3.2% | 25% | 2.4% | 1.3% | 16.2% | 2.0%

World Tota 12.7%| 8.1%| 10.1% | 9.8% | 5.0% | 11.1% | 16.2% | 14.8% | 15.6% | 10.0%
Source: IHS Markit's World Trade Service

Table 2.6Containerization Rates between Various Areas irv201

North South
Ameri | Ocean| Ameri World
2017 | Africa | CAC | FE EU IS ce ia ce ME Total

Africa 12.7% | 8.8% | 3.2%| 7.2%| 3.1%| 52%| 2.7%| 3.8%| 15.6% | 5.9%
CAC 22.1% | 32.1% | 22.9% | 45.3% | 13.7% | 25.3% | 28.1% | 20.5% | 39.9% | 28.2%
FE 37.1% | 31.8% | 22.8% | 67.7% | 12.6% | 68.7% | 23.4% | 48.5% | 49.2% | 30.3%
EU 19.6% | 42.1% | 45.5% na | 24.3% | 39.3% | 63.4% | 34.6% | 28.7% | 31.8%
IS 20.6% | 56.2% | 10.3% | 29.4% | 15.5% | 57.0% | 16.2% | 35.3% | 20.5% | 20.6%

North Americi | 14.0% | 14.9% | 23.0% | 11.9% | 17.2% | 2.7% | 34.6% | 11.8% | 22.9% | 15.2%

Oceanii 18.7% | 678% | 1.2% | 8.6% | 2.9% | 32.7% | 29.2% | 1.5% | 8.8% | 1.9%

South Americ | 10.0% | 9.0% | 2.8% | 7.6%| 2.9%| 11.7%| 15.3% | 16.1%| 6.4% | 6.3%

ME 12.7% | 31.7% | 2.4% | 6.2% | 2.5% | 55% | 7.9% | 8.8% | 21.8% | 4.4%

World Tota 18.4% | 17.5% | 9.8% | 17.2% | 7.6% | 23.4% | 23.3% | 18.6% | 22.7% | 13.2%
Source: IHS Markit's World Trade Service
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In addition, it is worth noting that the contaireation rate for each route is not symmetric.
For example, in 2017, the containerization rateterroute from FE to North America was
68.7%, while it was 23.0% in the opposite directibnis suggests that there is an opportunity

for increased containerization to alleviate tradbalances to some extent.

2.8 Benefits of BCC

When a shift is made to BCC, shippers/consigneesliyform a new contract with another
shipping company because most shipping compargedaaticated to either bulk shipping or
container shipping operations, and few provide lsa&tvices. In the case of bulk transport,
the shipping contract may be via a trading company broker, but in many cases the
shipping company and shipper/consignee form a ticeatract, while in the case of
container shipping, shippers/consignees are mdelylito delegate this role to their
forwarders®. Thus, a container shipping contract is more &kian air cargo contract than a

bulk shipping contract.

It is also worth noting the different frequencidsbalk transport and container transport.
Bulk shipping carries a large amount of cargo i @hipment that is then used over a
relatively long period. Therefore, the frequencybafk shipping between the same OD by
the same shipper/consignee is not high. Howevés,hiard for shippers and consignees to
switch from container shipping back to bulk shigpim the middle of a fiscal year or
planning period because the volume required toabeed by bulk shipping is usually larger
than the volume shipped by consignees in the digeal year or planned period. That is,
once a transport mode has been selected, customustscommit to using that mode for a
specified period. Customers can use bulk shippimy@ntainer shipping in combination,
but the ratio cannot be changed during the spécperiod. This means that if customers
choose container shipping, their cargo will be iedrin small units for the duration of the

contract period.

18 Direct contracts with container shipping compardes also used. However, this mainly applies tgear
customers.
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Regarding the development of BCC, shippers/consigrigave come to recognize the
advantages inherent in container shipping, suchigiger frequency and smaller lot sizes
compared with bulk cargo shipping (Ishihara and &d2D10; Mongelluzzo, 2007). For
instance, the management of individual cargo etslatively simpl& (Clott et al, 2015;
Rodrigue and Notteboom, 2015). In addition, thet g trade is relatively low when
container shipping is used (Mongelluzzo, 2007).particular, container shipping is an
advantageous transport mode for smaller shippersigoees, and can reduce the risk of
surplus inventory and price volatility (Mongelluzze007). The volume per bulk carrier
shipment is much larger than that for containepinig, therefore bulk carriers enable the
transportation of larger volumes of cargo. Econenuiescale suggest that the unit price of
goods shipped in bulk would be lower. However, shipping also poses greater risks for

shippers/consignees, as noted above.

Moreover, the leadtime for container shipping tetadise shorter than that for bulk shipping
(Rodrigue and Notteboom, 2015; Mongelluzzo, 20@f¢ thus the consequent earlier

settlement is another advantage of using contaimeping (Mongelluzzo, 2007).

BCC also offers benefits to consumers. Some coasmgjrespecially in developing countries,
only need small amounts of bulk cargo, thus if tveyt to use bulk shipping, various factors
may prevent them from importing the cargo they nexguror example, bulk carriers tend to
be large, and if they cannot enter a port neactimsignee, or the consignee does not have
sufficient storage space or facilities to receiva@gmificant amount of cargo that will result
in high levels of inventory, they will be unable ¢btain the cargo they require. Hence,
container shipping, which enables smaller amourit&tconsigned, is more suitable for these

consignees.

19 Traceability is also a benefit of container shigpiClottet al. (2015) pointed out that shippers and importers
increased their use of container haulage becaltitetafceability. Nishi (2008) used the exampla dapanese
importer who used container shipping for the impbrdible soybeans to prevent them from being dhixith
GMO soybeans.
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Some consignees, mainly in developed countriesiinegdentity qualified bulk cargo (e.g.,
non-GMO soybeans and stamping steel) because thaydparticular interest in safety or
quality, even though the cost is higher than tlidgutk shipping. If they use bulk shipping,
there is a possibility of their product being cantaated by non-qualified cargo like GMOs.

Container shipping enables consignees to preskevimtegrity of their consignment.

Non-GMO Soybeans

Figure 2.15Examples of Identity Qualified Bulk Cargo
Source: The Organic & Non-GMO Report, Taiho Indp€io.,Ltd.

A practitioner advised that BCC of soybeans watigated by natto producers who were
uncompromising regarding the quality of the ingead$ they used. In Taiwan, BCC
progressed in relation to scrap iron and agricaltimports in the latter half of the 2000s
(Matsuda and Kawasaki, 2013; Lirn and Wong, 20E3en within East Asia, including
Southeast Asia, BCC is progressing in the 21stucgnthrough the transport of goods
including building materials, recycled productsdoclothing, steel, and aluminum.

Another benefit of BCC is also related to small@pment sizes. BCC makes it possible to
transport a small initial amount as an experimememit is not yet known what the level of
demand for the product will be. Container transjgdometimes used for such purposes as
sending experimental shipments of grain and the lik developing countries and

transporting an initial supply of raw materials factory start-ups. Container transport can

20 See Nishi (2008) for details regarding the comgamation of soybean imports into Japan.
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also offer a more efficient transportation mode whe economy contracts and demand is
reduced. Many studies have argued that the transpmmte should be chosen in response to
the stage of the product cycle (e.g., Murakami liatsuse, 2014). Container shipping is an
efficient way to transport small volumes at boté ihitial and closing stages of the product

cycle.

2.9 Chapter Conclusion

This chapter has outlined the current status of BEIfSt, the progress of containerization,
including periods of diffusion and stagnation, wasiewed. Then, problems inherent in
container shipping, namely trade imbalances andsigpning, were outlined. Next, BCC
was introduced as a solution to the problems ajretdon of containerization and trade
imbalances. Finally, the characteristics of cormmishipping and bulk shipping were

illustrated, along with the current status and fienef BCC.

In developed countries, the trend toward contazadion has not changed significantly since
the beginning of the 21st century, as reporteddgyrigue and Notteboom (2015). In addition,
since the latter half of the 2000s, bulk transgayin developed countries to developing
countries has increased, leading to a sharp dedlittee containerization rate. Meanwhile,
the containerization rate for trade from developicguntries to developed countries
continues to rise. Although container cargo trad@c¢reasing among developing countries,
bulk cargo trade is also increasing, and thus th&ainerization rate has not changed

significantly since the late 2000s.

Looking at the status of containerization by catggaf goods, the group that has a high
average containerization rate but no significaoingh over the last decade includes goods
such as machinery, electrical equipment, fruit, applarel. This group may have experienced
a decline in the containerization rate as a redwdh increase in bulk transport. The group of
goods with both a high average containerizatior ratd significant growth includes
precision machinery, food, and flowers. Contairedran of these items has progressed since

the early 2000s, and is continuing to grow. Theugr@f goods with a low average
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containerization rate but significant growth inahsdfood ingredients, some building
materials, and some raw materials. One reasohdantrease in the average containerization
rate of these goods is a reduction in transportatiumes as a result of a decline in demand.
The final group of goods has a low average contaiaton rate and low growth, and

includes recycling products and some raw materials.

The relationship between the unit value of the cahity and the containerization rate is not
linear. The containerization rate increases shamplgn the unit value rises to between 2
USD and 4 USD per kilogram, but there is no sigaitfit difference in containerization rates
at higher unit values. Looking at containerizatrates by route, the rates tend to be higher
on routes where manufactured products are caaretllower on routes where large amounts
of raw materials for energy production are transggbrFurther, the containerization rates for
various routes are not symmetric, confirming tlgmgicant imbalances that exist in relation

to containerized transport.

The benefits of BCC include shipping to small ordinen-sized consignees, risk avoidance
in response to changes in demand, inventory remiyctind shorter leadtimes, enabling
shippers of bulk goods to make full use of the atlvges of small-lot transport by containers.
From these results, it seems that trade using BCfodused on imbalanced routes from
developed countries to developing countries. ¢rigial to acquire items that do not have a
high containerization rate at present such as raemals, food ingredients, building

materials, and recycled products. In addition #ttAnsportation of new types of goods, the
benefits of BCC are expected to be demonstratéhinsportation not only to areas where

demand is expected to increase in the future Isottal areas where demand has decreased.

Thus, BCC may provide new business for containgapafig. As mentioned in Section 2.5,
if the transportation mode for commodities shiftavard container shipping, global
containerized trade will rise significantly, whitkry bulk cargo trade will only fall by a

relatively small amount.
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CHAPTER 3

REVIEW OF PREVIOUS STUDIES
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3.1 Introduction

This chapter provides a review of the literatui th considered relevant to this dissertation.
First, studies on the progress of containerizagi@npresented, followed by the literature on
the stagnation of containerization in recent ye8tsadies on imbalances in containerized
transportation are also reviewed because thisigraficant factor in the promotion of BCC.
Then, studies of BCC and transport mode selectienraviewed. Finally, conclusions

regarding the direction of future research areeresl.

3.2 Literature on the Progress of Containerizatia

As noted previously, containerization is regarded emeans of promoting international trade.
Levinsohn (2006) presented a comprehensive histiorgntainerization and highlighted the
reduction in trade costs that it facilitated. Hunlsn@007) used five-digit SITC codes to
analyze a sample of commodities imported to thérth@ 1974 to 2004 to determine patterns
in international marine and air transportation spahd found that thed valoremcost was
significantly reduced when exporting countries gndds were controlled for. It was found
that when the share of containerized cargo douliedassociated transportation costs only

increased by 13.4%.

These reductions in transportation costs as atrefstntainerization encouraged an increase
in international trade. Bernhofet al. (2016) examined the trade promotion effect usimg a
econometric model covering the period of contairefoption and showed that
containerization has been one driver of the glabéibn of the economy in the second half
of the 20th century. First, they defined contair&tion adoption as the point at which the
handling of containers at port or rail terminalantoenced. In addition, they regarded
containerization as a technology specific to vaiqairs of exporting and importing
countries, which were represented by a dummy vigriabhey analyzed data from 157
countries for the period from 1962 to 1990, anadtthigided this period into three sub-periods.
The first sub-period was from 1962 to 1965, whemdtwas no diffusion of containerization,

the second was from 1966 to 1983, when contairgetizmsport was introduced all over the
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world, and the third was from 1984 to 1990, whemew countries introduced containerized
transport. Their analysis was based on four-digitCScodes and examined whether the
introduction of containerized transport had a pesitimpact on the amount of trade and
whether the future containerization of new prodwetslld have a positive impact on the
amount of trade. Their results showed that cont&aton has had a significant influence
on the growth of bilateral trade, and in some calsesmpact was still being felt 15 years
later. Further, their estimation results showedamy the stimulation effects of increasing
the amount of trade for containerizable productshsas automobile parts but also the

complementary effects for non-containerizable potglsuch as automobiles .

Other studies have conducted more sophisticatadtstal analyses to examine the impact
of containerization. Cosar and Demir (2017) analy#tee impact of containerization on
shipping costs. First, they analyzed a trade mddsled on monopolistic competition
involving companies that produced heterogeneousigjd@ontainer transport costs include
higher fixed costs than general cargo transportsctsit the additional costs as a result of
increased transport distances are relatively Idver&fore, cargo that is to be shipped over
long distances is better suited to container shippihan general cargo shipping. Based on
this, they used an econometric model to analyze alaexports from Turkey in 2013. It was
found that companies with higher productivity colesed that the use of container
transportation increased profitability. Furtherge tisost of the first mile of container
transportation is 1.27 times that of general cdrgasportation, but the cost elasticity in
relation to distance is lower for container tramtgmon. Therefore, the difference in
transportation costs between general cargo tranapdrcontainer transportation tends to fall
as the distance increases. Moreover, they foundtthasportation costs were lower for
container transportation over distances of mora @8 kilometers. For example, the costs
for the journey between China and the US were 2881 using container transportation. In
addition, they showed that trade values fell byuatb 30% for average-distance trade
partners if containers were not used, and thaffiduse increased to 40% for long-distance
trade partners. However, the increase in trademelas a result of the development of

containerization was not significant because lesdyctive companies were able to engage
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in trade as a result of the development of conteagon, and these companies did not add

significantly to the overall value of trade.

Regarding the development of containerization, @uer and Rodrigue (2012) used
hierarchical cluster analysis and divided the etotuof the global container port system
into seven classes representing five long waves, ebwhich corresponded to a stage in the

development of containerization.

Rua (2014) analyzed the adoption and diffusion aftainerization using microeconomic
and econometric modelling. She first analyzed th@ice of transportation mode between
container and general cargo ships by firms andcelsoby governments concerning the
introduction of container ports using a monopatisbmpetition model, basing her analyses
on the following premises. First, a container shifaster and the leadtime is shorter, so the
cost per unit of freight is lower for container ghing. Second, the cost of introducing
container transportation is higher because it esgary to introduce a more sophisticated
logistics system. Third, the cost of introduction falling year by year. Under these
assumptions, she used econometric models and gdanél data regarding containerization
from 1956 to 2008 and obtained the following resuli) Companies with high productivity
choose containerization as the cargo transportatimte because the growth in income from
exports means that the fixed costs per unit aracesdl (i) As the fixed costs gradually
decline, even firms with low productivity will bebke to make increasing use of
containerization. (iii) As the container transptida network grows, the share of container
shipping will rise. (iv) If governments expect thantainer usage will grow substantially,
the introduction of container ports will proceed.

Rodrigue and Notteboom (2009) outlined the potéwtiacontainerization, stating that the
container is “much more than a box; it is a veabmproduction and distribution,” after

examining the changes over the half century sincgainer transportation was introduced.
They pointed out that although the introductiomeév modes of transport took time, it was
not only the introduction of a new transportatioethod but also changes in production

methods, maritime logistics, inland logistics, atisumption through intermodal transport
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that needed to be considered. They also notedatfiemfial use of container transportation at
almost all stages of the supply and commodity ¢remd anywhere where adequate transport
infrastructure has been developed.

3.3 Literature on the Recent Stagnation of Contaierization

Containerization progressed in the first half a&f #8000s, but then stagnated, as explained in
Chapter 2. Fentort al. (2018) interviewed 30 leaders and experts in shippelated
industries seeking their comments regarding thentestagnation of containerization. They
explained that “Fundamentally, this is because nmamgmodities have fully containerised
already.” In addition, they stated that “the futofecontainerisation then will be decided by

how ‘mid-containerised’ commodities evolve.”

From the academic perspective, Rodrigue and Natteb(2015) reached essentially the
same conclusions as Fenteiral. (2018). Based on the premise that recent develofsme
containerization have occurred in stages, theyimadlthe progress of containerization as
follows: (1) change in transport mode from geneeafo, (2) low freight rates offered for
imbalanced routes (backhauling), (3) increasesansshipments, and (4) trade expansion
through economic growth. Conversely, they noted ithaecent years, (4) growth through
economic expansion is becoming less dynamic, (i3tgution had been almost completed,
especially in developed economies, and (2) theesblaempty containers is relatively stable.
Hence, they insisted that (3) growth through inseektransshipments, and the development
of niche markets and new opportunities are necgdsaexpand containerization. They
proposed the containerized transport of goodsarctdmmodity sector such as minerals and

grains (i.e., BCC), as well as the transport afigefated products such as frozen foods.

3.4 Literature on the Effect of Trade Imbalances

In addition to the need to find new types of cartp@ need to improve the efficiency of

container shipping is another reason to focus o€ B&s shown in Chapter 2, there are
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significant imbalances in cargo volumes betweemitvail and backhaul transport on many
container trade routes, these imbalances beingasge lin many cases that shipping
companies are sending numerous empty containeksdasia (Stopford, 2009; Notteboom,
2012).

Theofanis and Boile (2009) examined global emptgtaimer logistics and analyzed the
empty container management problem. They foundttigateason for the surge in container
trade imbalances was the change in the global ptaoiunetwork since the 1990s, and
pointed out that although repositioning involvesliidnal costs, it is necessary to balance
demand and supply. Then, they classified the ptayavolved in the empty container
logistics industry, that is, container shipping @amies and container leasing companies. In
addition, they explained the multilayered structofethe empty container management
industry at the global, interregional, regionalddocal levels. Finally, they introduced
various studies aimed at alleviating the problend gqresented some sophisticated,
technology-based optimization strategies. Howern®my of the advanced solutions have
been unsuccessful because container shipping coespare reluctant to share sensitive

commercial information.

In the literature on international economics, tredé imbalance problem is sometimes
referred to as the “backhaul problem.” Ishikawa diadui (2017) explained the problem

using a theoretical model. A shipping company caislits operations so that the backhaul
problem is minimized. However, when import tariied quotas are imposed, there is a
possibility that the volume of imports needs taréguced, and thus to avoid an increase in
the backhaul problem, both the import volume areldkport volume must be reduced. In
other words, the presence of an imbalance may derpeevent an increase in the trade

volume.

3.5 Literature on the Benefits of BCC

BCC has been proposed as an effective way to redypmesitioning costs (Rodrigue and
Notteboom, 2015). Indeed, BCC mainly occurs intretato backhauling (UNCTAD, 2013).
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In relation to Asia—North America trade routes, B8& mostly developed in westbound

trade (i.e., from North America to Asia).

Prentice and Craven (1980) conducted an early stddCC and outlined its economic
potential. Other early studies were mainly focusedthe export of grains from North
America (Prentice and Craven, 1980; Vaatal, 2003; Prentice and Hemmes, 2015). This
reflects the fact that practitioners have focusedrade imbalances in the FE and North

America since the early years of containerization.

Nita et al. (2008) estimated the containerization rates frortlie US, excluding trade with

Japan, using the Port Import/Export Reporting er¢PIERS) database. They found that
the containerization rate in Asia—US trade incrddse8.3% in movements from Asia to the
US and 21.5% in movements from the US to Asia betwE997 and 2007, and concluded
that BCC had contributed to the greater increas®liimime from the US to Asia. They found

a positive correlation between the rise in the aio@trization rate and the increase in
container cargo volume from the US to Asia (exatgddapan), but could find no such

correlation for trade from the US to Japan.

Some researchers have addressed the environmesuialsirelating to BCC. Suzuki and
Kurokawa (2013) examined levels of €@missions in relation to the wheat trade from
Vancouver to Busan and found that containerizatimnd reduce C®emissions by about

21%. Akakuraet al (2009) also found that G@missions could be reduced by improving

the containerization rate in trade from North Amario Asia.

3.6 Factors Affecting the Choice of TransportatiorMode

In addition to the studies of Rua (2014) and Caesat Demir (2018) pointing out that the
productivity of exporters is a factor in choosingntainerization, other studies have
developed quantitative models regarding BCC. Masut Kawasaki (2013) and Kawasaki
and Matsuda (2014) analyzed shippers’ choices leetwmilk shipping and container
shipping in relation to trade routes from the UR\&ia. The former analyzed ferrous scrap
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trade from the US to Korea and Taiwan, while thieefaanalyzed wood pulp trade from the
US to Japan, Korea, and China. They both develtjgtimodels in which choice was the
dependent variable and freight rates, commodityestiport of loading, and other economic
factors were explanatory variables. The resultsvsidothat the progress of BCC differed
depending on the importing country. They also shbthat the most important explanatory
variable was port of loading, as the choice ofgintimode was heavily reliant on where the

port of loading was located.

Clottet al.(2015) used an optimization model to determinereseybeans harvested around
lllinois should be exported from. They proposecdéhalternative routes; shipping by barge
down the Mississippi River to New Orleans, raihsport to Norfolk, or rail transport to Los
Angeles. Regarding the option involving barges dtvenMississippi River, they considered
the possibility of congestion as a result of praidewith locks. Xianget al. (2017) used the
Geospatial Intermodal Freight Transportation madeinalyze the optimal network design
for US soybean exports, and concluded that shippindparge to New Orleans was the
cheapest route for many areas in the Midwest ambahe Mississippi River corridor. They
also recommended increased investment in infrastrei@along the Mississippi River and at

the New Orleans port facilities to generate sigaifit reductions in transportation costs.

Lirn and Wong (2013) analyzed choices between baligo transportation and container
transportation by Taiwanese grain shippers and itap They distributed questionnaires to
26 Taiwanese shippers and used the fuzzy analgtiarichy process to analyze the responses.
They divided 12 criteria into three groups (totast; control of cargo and quality, and service
provided by shipping companies) to identify thedas that influenced the choice of transport
mode, and found that total cost was the most imapotiactor. They also showed that the
most influential criterion among the 12 criterisagxned was the difference in the price of
grain between exporting and importing countriedlofeed, in order, by inventory cost,
transportation cost, and in-transit inventory costese four criteria all belonged to the total
cost group. In addition, they showed that grainangrs or shippers exhibited a slight

preference for bulk shipping rather than contaghgpping when markets were stable. Their

48



study provides considerable insight for this ditsden because they focused on the choice

between bulk shipping and container shipping.

BCC is one possible choice in terms of transpod@endn the transport mode selection model,
the influences of freight, non-freight charges, aadyo characteristics are often taken into
consideration. For example, Miyashita (2002) comsidopportunity costs attributable to
fares, inventory costs, product cycle changes, lagistics response capability in the
selection of either air transport or container $gort. Tsuboet al. (2010) considered the
choice between container shipping and air tranapiort using a model that took time, cost,
inventory cost, and obsolescence cost into accddumtakami and Matsuse (2015) showed
that products that are at peak valuation tend taréesported by air, while they are
transported by container shipping when they relhelpbint of maturity in the product cycle.
They investigated how shippers’ choices reflectptogluct life cycle of commodities. Using
structural equation modelling, they found that pineduct life cycle of cargo exported from
Japan was perfectly correlated with the upwarddmvehward movements in the air transport
ratio.

3.7 Chapter Conclusion

BCC is a new form of containerization, and thua isew transport mode that shippers can
select. Thus, clarification of the mechanism unded BCC contributes to the literature by
providing new knowledge relating to containerizatiand transport mode selection.
Therefore, previous studies on containerizatiooluising the recent stagnation and trade

imbalance issues, as well as studies on transpatérselection were reviewed in this chapter.

Previous studies on containerization have tenddddos on trends in containerization in
relation to economic development and its influenoeinternational trade. However, few
studies have addressed the mechanism underlyintpigerization, in particular, the
mechanism in recent years. These studies haveddo¢ssed macroeconomic aspects such

as the status of various economies and their iméretsire. In addition, studies focusing on
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maritime affairs or maritime economics have tenttedoncentrate on descriptive analysis,

and thus more quantitative analysis should be wakien using appropriate models.

Therefore, to derive the mechanism underlying B@@s dissertation examines both
macroeconomic and microeconomic aspects. Thdtasmpact of economic conditions and
infrastructure levels, decision-making entitiesameting BCC, the relationships between
those entities, and the structure of the decisiakinyg process are all considered. This
provides a meaningful contribution to the literatwegarding maritime economics and
logistics studies because it clarifies the mectmaniaderlying containerization as it enters a
new stage.

This dissertation also contributes to the literateegarding transport mode choices. As
mentioned in Chapter 2, prior research on modetetein relation to international transport
has mainly focused on the choice between contahipping and air cargo transport because
of similarities in the types of goods that haveliianally been transported using these modes.
However, there has been a lack of research onattters influencing the choice between
bulk shipping and container shipping.

Many practitioners including shipping companiesjpphrs, and consignees are now
confronting the changing trend in containerizatidhis dissertation provides a meaningful
reference in relation to the sourcing of new typésargo and the selection of the most
efficient cargo transport mode.
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CHAPTER 4

ECONOMETRIC ANALYSIS OF BULK CARGO

CONTAINERIZATION IN EAST ASIA
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4.1 Introduction

In this chapter, factors related to BCC in EaseAdapan, Korea, China, Taiwan, Hong Kong,
Malaysia, Singapore, Thailand, Vietnam, Indoneasial, the Philippines) are examined using
cluster analysis and simultaneous equation moddfingt, trends in the containerization rate
in relation to various goods are identified usihgster analysis. Then, the determinants of
the containerization rate are identified using $iemeous equation modeling. In the model

estimation, characteristics are classified intctets.

The first reason for choosing East Asia is thatvibleme of short sea container shipping is
significant in this region. The second reason s dliversity in the region in terms of

economic development and trade. This enables usiderstand the relationship between
economic development and containerization. Thedthigason is that container port
development is progressing in East Asia, and thegiossible to understand the relationship

between containerization and container port deveé&g.

The promotion of BCC will result in an increasehie volume of cargo handled by container
shipping companies. Currently, the volume of cargosported by container in East Asia
exceeds that along the transpacific and FE-Eurmytes. As new cargo types are introduced
with the promotion of BCC in this region, contais&ipping company revenues will increase,
as will efficiency through the reduction of imbatas. It is well-known that container

shipping has increased international trade andeplaykey role in promoting the second era
of globalization (Bernhoferet al, 2016). Thus, increasing container shipping corgpan
revenues, reducing repositioning costs, and impgpthe market environment are all of great

importance.

This chapter is organized as follows. In Sectid) 4luster analysis of factors affecting the
progress of containerization is presented. SeetiBrexplains the formulation and analysis
using simultaneous equation modeling. Section 4ekgnts the estimation results, and

Section 4.5 summarizes and discusses the resutid fo Sections 4.2 and 4.4.
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4.2 Cluster Analysis

4.2.1 Data and Variables

In this section, factors affecting the progressaitainerization are examined using cluster
analysis. Traded goods are grouped according tacteaistics, and the characteristics of the
groups are analyzed. Container trade volume (MTshalulk trade volume (MT basis),
container trade amount (USD basis) and bulk tradeuat (USD basis) in the East Asia
region are analyzed using IHS Markit’'s world tratia. Bulk trade volume is calculated as
total seaborne trade volume less container tratlengy including cargo carried by general
cargo ships in addition to bulk carriers. IHS Magdathers trade statistics for each country
and estimates the amount of transportation ane tvatle by transportation mode for each
item, classifying goods in accordance with ISICendlhe containerization rate is calculated
by dividing the container shipping volume by th&atseaborne trade volume. Goods with
an average containerization rate from 2000 to 20&ither more than 99% or less than 1%
were judged to have no competition between contaim@ping and bulk shipping, and were

excluded. This left 127 goods for analysis.

The following seven variables were used: [1] chaimgeontainerization rate (percentage
points) between 2007 and 2000, [2] change in coat&ation rate (percentage points)
between 2014 and 2007, [3] average containerizaditen(%) from 2000 to 2014 (4) average
unit price (USD/kg) between 2000 and 2014, [5] ager seaborne trade volume (MT)
between 2000 and 2014, [6] change in containeetvatlime (MT) between 2000 and 2014,
and [7] change in bulk trade volume (MT) betweefi@and 2014.

These variables were used for the following reasdjd he changes in the containerization
rate up to and after 2007 were calculated becaoseigtie and Notteboom (2015) pointed
out that the conversion from general cargo trarisjgocontainer transport stagnated from
around 2007. [2] The average containerization veds used to determine whether the
stagnation in the growth of containerization ocedrifollowing the completion of the

conversion to containerized shipping. [3] Containede volume and bulk trade volume were

calculated to assess whether the significant remtudh bulk trade volume caused the
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containerization rate to rise despite the decreasentainer trade volume. [4] The average
unit price and average seaborne trade volume vadengted because these are crucial factors

affecting containerization, and are also usefuhelets for classifying goods.

Cluster analysis uses thlemeans method, which is non-hierarchical and dwige

observations intdk clusters. Data are assigned to each cluster inrdacoe with the

evaluation function shown below. The distance betweepresentative poirlt, of cluster
Sand datax is expressed bﬂX - H . k-means clustering assigns datdo clusterS o)

that I, is the nearest representative point forXll] S that satisfies evaluation function

(4.1).

k
mXi“ZZ”X_“i || (4.1)

i=1 xOS,
The k-means method requires the number of clusters tebErminecex ante Thus, three
standards were applied: (1) whether the contaiatoiz rate was high, (2) whether growth
in the containerization rate was large, and (3)thwrethe demand for seaborne trade volume
was growing. At least eight clusters are consideestbssary to assess these factors, and so

ten clusters were used to provide a margin forerro

4.2.2 Results of Cluster Analysis

The results of the cluster analysis are shown €l'd.1. The values shown in each cell are
the average values for goods included in eacherlushe goods in each cluster are shown
in Table 4.2

Even though there is a considerable difference datCluster 1 (14.3%) and Cluster 7
(2.1%), the change in the containerization ratsfB®00 to 2007 shows that containerization
was progressing across all clusters, confirming toatainerization advanced during that

period. Conversely, the increase in the containédn rate declined between 2007 and 2014,

2! Detailed results are shown in Appendix I.
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when even Cluster 9, which showed the most groanlty increased by 4.3%, while the

changes in the containerization were negative fost€rs 2, 3, 4, and 7. Overall, progress in

containerization stalled around 2007.

Table 4.1Results of the Cluster Analysis

Cluster | No. Change in Change in Containerization | Unit Seaborne | Change in | Change in
No. of Containerization | Containerization| Rate Price Trade Container | Seaborne
goods | Rate from 2000 | Rate from 2007 ($/kg) Volume Cargo Trade
to 2007 to 2014 (10,000 | (10,000 (10,000
tons’ tons tons
1
(Middle) | 8 14.3% 2.1% 59.5% | 0.6t 59C 315.( 77.4
2
(Middle) 5 9.5% —8.0% 61.9% 1.0F 1,302 599.t 338.¢
3
(High) 44 5.7% —0.1% 76.2% | 10.5Z 23 7.2 0.5
4
(High) 3 8.2% —0.4% 93.8% | 4.27 13€ -30.2 -9.8
5
(High) 20 10.5% 1.6% 79.2% |  2.5¢ 231 137.1 14
6
(High) 25 7.6% 1.1% 87.1% | 7.1:Z 83 48.2 1.2
7
(Low) 10 2.1% —0.1% 24.7% 1.7¢€ 214 42.¢ 105.¢
8
(Low) 5 4.9% 2.3% 20.7% | 0.57 2,94: 653.2| 1,483.
9
(Middle) | 3 9.9% 4.3% 56.2% | 0.4Z 154 —27.4 -75.2
10
(Low) 4 3.0% 0.9% 11.3%| 0.5€ 757 104.1 610.7
Table 4.2Rough Classification of Goods for Cluster Analysis
Number of
Cluster Na | Good: Good:
1(Middle) 8 | Stones and Cements, Fertilizers, Building Materiakscycling Goods
2(Middle) 5 | Chemical Products, Fruits and Vegetables, Woods
3(High) 44 | Machinery, Agricultural Products
4(High) 3 | Cotton, Synthetic Fibers, Apparel Raw Materialsffiais
Metals, Iron, Chemical Elements, Industrial MachyneDrinks, Plastig
5(High) 20 | Products
6(High) 25 | Fruits, Vegetables, Machines, Foods, Clothing
Fertilizers, Feed Materials, Animal and Vegetabils,0Rice, Wood Chips
7(Low) 10 | Motor Vehicles
8(Low) 5 | Steel Products, Organic Compounds, Stones
9(Middle) 3 | Fertilizers, Phosphate, Paper, Oilseeds, Fruit©fbExtraction
10(Low) 4 | Petroleum Products, Oils, Cokes, Scrap Metals
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Clusters 3, 4, 5, and 6, which have a high avecagéainerization rate, include goods such
as fresh food, machinery, and apparel. These ctuttad to contain small goods and high-
value goods. Conversion from general cargo tramgpatontainer transport has advanced
further for these goods than for those in othestelts, with containerization achieving

significant progress by around 2007.

Machinery and agricultural products account forriegority of goods in Cluster 3, with the
average unit price being the highest among all tetas However, the average
containerization rate is lower for this clusterrthiais for Clusters 4, 5, and 6. The growth in
the volume of container trade is also moderate @vetpwith that in Clusters 5 and 6, and
the growth in the containerization rate since 2i303lightly negative. However, the growth
in bulk trade volume over the same period has Iseeal. It is worth noting that goods in
Clusters 3, 4, 5, and 6 also have a low contaiatoa rate. For example, the containerization
rate of grapes and plums is about 60%. In additibare are specific routes where the
containerization rate for the cluster as a wholews for example, the containerization rates
for the Philippines—China route and the Malaysiativam route are less than 50%. This may
be related to the lack of container services osdhmutes. According to the Alphaliner
database, only 38 services are offered on theppmks—China route including semi-liners
and roll-on/roll-off (RO-RO) ship services. Thisagtremely low comparing with the 135
services offered on the China—Vietnam route andltte services offered on the China—
Taiwan route. The Malaysia—Vietnam route is alsdasserviced, with only 45 services on
offer.

Cluster 4 includes goods such as apparel-relatednaterials and products. Between 2000
and 2014, container trade volumes and bulk tratlenwes were decreasing, but the decrease
in container trade volumes was more significannhthbiat in bulk trade volumes. Since
containerization of goods in this cluster was coesably advanced, the decrease in container

trade volumes mainly reflected the decrease iretvadme%’.

22 Nippon Kaiji Kentei Kyokai (2015) analyzed tradertds for apparel-related goods in Asia (from Nea
Asia to India) in 2003 and 2013. In terms of sytithfibers and textiles, procurement by Chinesedrtgrs
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In Clusters 5 and 6, the container trade volumeitagased significantly even though the
bulk trade volume has hardly increased at all. Tthesgoods in these clusters are those for
which container transportation has remained fixedame extent. Cluster 5 contains goods
such as aluminum, concrete products, and steerialateThese goods are larger in volume
than those in Cluster 6, which includes goods sischhachines, food, and clothing. Cluster

5 contains goods with low unit prices.

Clusters 1, 2, and 9, which have medium averaguowrization rates, include goods such
as building materials and chemical products. Thi pmce of goods in these clusters is
around 1 USD/kg or less, which is considerably lothan that of goods in the Clusters 3, 4,
5 and 6. Containerization of goods in these clgstdvanced significantly up to around 2007,

but the situation varies from 2007 onwards.

Cluster 1 contains goods such as building mateaatsrecycling materials. The container
trade volume and bulk trade volume were both irginga and increases in the container
trade volumes were larger than those in bulk tramlemes before 2007. Even after 2007,
changes in container trade volumes are higher toerthan half of the goods in this cluster.
Therefore, since 2007, the growth in the averageamoerization rate for this cluster has

been small but positive.

The goods in Cluster 2 include chemical product®dy and fruits. The containerization rate
in this cluster has declined since 2007 becausthefsignificant increase in bulk trade
volumes in the latter half of the 2000s. For exampkports of processed fruit goods from
Thailand to China have increased significantly sitice latter half of the 2000s, but the

containerization rate fell sharply because bulkgport was mainly used.

Cluster 9 contains goods such as fertilizers andmaterials such as phosphate, newspaper

and uncoated paper, oilseeds, and fruits for dibekon. As the procurement of these goods

increased as a result of economic development.cltised a reduction in the trade volumes of gaoGiuister
4,
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has switched from domestic sources to suppliesaeiEast Asia, the seaborne trade volume
in East Asia has been on a downward trend. Moredlvercontainerization rate rose because
the bulk trade volume decreased more than the ipentaade volume. This is a case where

container transportation remained steady despgiteetshrinkage.

Clusters 7, 8, and 10, which have low average aostiaation rates, include goods such as
metals, stones, and cooking oil. The unit pricegadds in these clusters are 1 USD/kg or
less, which is about the same as that of goodslusters with medium average
containerization rates. In addition, the averagdsme trade volumes are the largest in these
clusters because goods in these clusters tendiedwy. Containerization of these goods did
not progress significantly until around 2007, andise bulk trade volume increased more

than the container cargo volume from 2000 to 2014.

Goods in Cluster 7 include fertilizer, feed matsrisuch as hay, animal and vegetable oils,
rice, and wood chips. Unit costs and average sealtoade volumes are similar to those of
Cluster 5, but there is a big difference in therage containerization rate. Containerization
rates for around half of the goods in Cluster 7lided from 2007. Conversely, the
containerization rates did not decrease for thieafehie goods in the cluster, while they rose
slightly for fertilizer raw materials, foods suck meat and fish, and hay.

Cluster 8 includes goods such as steel produagsnar compounds, and stones. Overall,
although the containerization rates for these ganedow in East Asia, some goods such as
stones, which are in high demand for tombstonesat for the highest trade volumes, with

significant volumes of container trade between dagad China and between Japan and
Korea (Matsuda, 2014; Matsuda, 2016).

Goods in Cluster 10 include petroleum products, aibkes, and scrap metals. The unit prices
of these goods are the second lowest, and aveoaggerization rates are the lowest of any
cluster. Some practitioners believe that transpiortain dedicated containers looks

promising for goods in this cluster. In additioontainer transportation of scrap metal still
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accounts for a significant share of exports from S to countries such as Taiwan and
Turkey.

Finally, it is worth discussing seasonal fluctuatian demand for goods. As can be seen from
Table 4.2, goods such as food crops and raw mkstenehich experience seasonal
fluctuations in demand, are contained in clustbi thave both high and low average
containerization rates. However, also can be seem Table 4.2, it seems to be apparent that
containerization rates tend to be relatively higimerelation to goods for which seasonal
fluctuations in demand are less significant. Thenesfthe existence of seasonal fluctuations
in demand may not have a significant influence e ¢hoice of transport mode. That is,
except for sharp fluctuations in demand, theretsmuch hedging of risk through the choice
of transport mode. However, there is a possihiligt hedging of risk is occurring on various
individual routes because the cluster analysis ected in this chapter combined the route

information.
4.3 Outline of Simultaneous Equations Model

4.3.1 Model Formulation

In the simultaneous equations model, containedmratites in relation to imports and exports
between exporting and importing countries are mgmmas the final dependent variable. In
addition, the extent of the influence of trade elstaristics such as seaborne trade volume
and import and export costs on both the exportiogntry and the importing country is

identified. That is, the containerization ratein yeart of bilateral tradei is estimated

using equations (4.2) — (4.4).

Yit =:Bo +ﬁ1>§t +:82Zr +B3L|1t t & (4.2)

Xit =ao+alYit +02Zt +(IJ_§ +1 (4.3)
Zi = Vo t X H VLY Ty ds T4 (4.4)
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The seaborne trade volume in ygaof bilateral trade is indicated by, . The ratio of the

container freight rate to the bulk freight rateinslicated byz . L' L%, andL® are
vectors of exogenous variables used in equatio@y, (4.3), and (4.4), respectively, , 7. ,

and 4 are error terms used in each equation.

Equation (4.2) provides a formula for calculatimgptainerization rates, which is the ultimate
objective of the analysis. It aggregates individtrahsportation mode decision-making,
which determines the containerization rate basdeti®@seaborne trade volume and the freight

rates for container shipping and bulk shipping atteér factors.

Equation (4.3) is used to estimate the seaborde tralume in bilateral trade. It aggregates
individual decision-making regarding the seaboradé quantity (i.e., the lot) based on the
containerization rate, the freight rates and thessof the economies of the exporting country
and the importing country. In estimating this fotegubilateral maritime distance was
adopted as an explanatory variable in relatioméattansportation cost. Real GDP is used to
measure the size of a country’s economy. Equat{d®d) and (4.3) are both demand
functions that determine the demand for seaboatetrolume and container trade volume,
respectively.

Equation (4.4) is used to estimate the relativeglferate of container shipping and bulk
shipping based on the seaborne trade volume, cemization rate, and other factors.
Equation (4.4) is a collection of supply functiangelation to container shipping and bulk
shipping. It should be noted that not only thetreéalevels of container freight and bulk

freight but also the overall freight level influendecision-making. Thus, it is preferable to
build a model based on absolute values. Howeveause it is difficult to collect bulk freight

data on an origin and destination (OD) basis, edtons are made using a model that

determines the relative freight rate of contairiepging and bulk shipping.
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4.3.2 Notes on the Analysis
First, it is worth noting again the period over ahigoods shipped by either bulk transport
or container transport are consumed. As statedettié 2.8, once a transport mode is

selected, a specified period of time must elapsiéthe next selection can be made.

In an interview, a consignee confirmed the aboa&estent and mentioned that the ratio of
bulk shipping to container shipping is initiallytdemined for each route in accordance with
the management plan drawn up at the beginning efifital year. However, even if the
consignee wishes to use bulk shipping, containgpsig might be used temporarily when
the consignee wants to import cargo quickly ambisprepared to wait until sufficient cargo
is accumulated for a bulk shipment. Many comparimulate management plans for
periods of three months, six months, and one yeat review their long-term management
plans annually. Although there are differencesdooanting systems and practices among
countries and companies, shippers/consignees vusnake decisions once or several times
per year. The formulation of the model presenta@,hie which a decision is made once a
year, makes it possible to examine trends in tlezgen of the transport mode in aggregated

form.

The formulation of the simultaneous equations madiécts the fact that seaborne trade
volumes, containerization rates, and freight ratesdetermined at the same time. When a
person exports or imports a specific good via &ifipgoute, he/she usually decides on the
transport mode and the shipping volume at the siime Due to negotiations between
shipping companies and their customers, not omyreight rates but also the cargo quantity
and the share of various transport modes will flatt. Thus, the cargo quantity and
transportation mode share is determined at the samethe freight rates. Even
shippers/consignees who use bulk shipping and icantahipping at the same time or who
contract with multiple shipping companies and fameas may experience some timing

variations. However, there is no problem if seabotrade volumes, container freight
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volumes (containerization rates), bulk freight sagend container freight rates are determined

almost simultaneousty

When estimating the simultaneous equations moldelehdogeneity problem occurs where
the endogenous variable and the error term arelated*. To deal with this, the three-stage
least squares method (3SLS) is used. First, eadbgenous variable is regressed on all
exogenous variables. Second, using the previousssign-estimated values as instruments,
all equations are estimated using the ordinarytlegeares (OLS) method to compute
residuals and determine cross-equation correlatidhsd, the generalized least squares

(GLS) method is used to estimate model parameters.

In estimating equation (4.2), the range of the depat variabley, is limited to [0,1].

However, OLS and GLS do not restrict the range, thnd might be inappropriate for this
analysis. Therefore, the natural logarithm of tlElratio is used, which is defined as

|n(Y“/1—\g)25. However, becausee‘trplm (Yit/1-\ﬁ):oo, data are excluded from the

estimation wher, =125,

Trade between neighboring countries with land bardealso considered. In this chapter, 11
East Asian countries (Japan, South Korea, ChinajgHdong, Taiwan, Vietham, the
Philippines, Indonesia, Thailand, Malaysia, andg@pore) comprise the sample. However,
in cases where countries share a land border piaiasion by a land-based service becomes
an option in addition to container shipping andtallipping, which affects both the transport

mode decision and containerization rates. Therefiie following country combinations

23 Murakami and Matsuse (2014) applied almost theesarathodology as that used in the econometric model

used in this chapter to estimate the choice betwestainer shipping and air transport.

24| there is endogeneity, a correlation betweerethanatory variables and the error term is presel the

estimated coefficients lose their consistency. TRUSS is not an appropriate estimation method.

25 This is the logit conversion, thus this estimatian be regarded as a logit model using aggredatad

26 Some observations in Cluster 4 were excluded.
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were excluded from the analysis: China—Viethamn&hHong Kong, Malaysia—Singapore,

Malaysia—Thailand, and Malaysia—Indonesia.

Finally, there is a limitation to the analysis cantkd in this chapter. Here, regression
analyses are performed for each cluster. Howeligstar analysis is conducted for container
transportation throughout East Asia, and thus médfon on the degree of containerization

applicable to each route is abstracted. Averagéaomrization rates by OD and cluster are
shown in the tables in Appendix Il. It is worth imgf that the result of the regression analysis
is based on the clusters into which the contaiaédn on each route is grouped. Table 4.3
indicates differences in containerization ratesveenthe results of the cluster analysis and
the average for each route. In fact, the differdreteveen the containerization rates for each
cluster shown in Table 4.1 and the average comtaat®n rates for each cluster shown in

Appendix Il does not exceed 10% except for Clusteand 9. However, there is a possibility

that the results of the regression analysis defiiate the actual degrees of containerization

as a result of the method of analysis, especialtglation to Clusters 7 and 9.

Table 4.3Differences in Containerization Rates betwdenResults of Cluster Analysis

and the Average for Each Route

Cluster

Cluster 1 | Cluster 2 | Cluster 3| Cluster 4 | Cluster 5| Cluster 6 | Cluster 7 | Cluster 8 | Cluster 9 10

Cluster

Analysis 59.5%| 61.9%| 76.2%| 93.8%| 79.2%| 87.1%| 24.7%| 20.7%| 56.2%| 11.3%

Appendix 52.4%| 64.7%| 75.7%| 90.2%| 80.8%| 90.4%| 37.3%| 21.9%| 85.2%| 11.2%

Differenc

e 7.1%| -2.8% 0.5% 3.6%| -1.6%| -3.3%| -12.6%| -1.2%| —29.0% 0.1%

4.3.3 Explanatory Variables, Dependent Variablegand Data

Table 4.4 shows the explanatory variables, depén@eiables, and data used in the analysis.
At the time of estimation, natural logarithms amken for all variables excluding
containerization rates and the relative volumesootainer shipping and bulk shipping. This
enables the coefficients to be compared in pergentarms, making the results easier to
interpret (Stock and Watson, 2007).
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Table 4.4Data Outline and Summary Statistics

Variable Unit Data Source Average Standard | Observations
Exogenous Variables Used for Estimating the Contagrization Rate (Yit)
Container Handling TEU UNCTAD, MLIT | 25,780,806 36,404,639| 54
in Exp. Country
Container Handling TEU UNCTAD, MLIT | 25,780,806| 36,404,639 54
in Imp. Country
Cost of Export in Exp. USD/Container | WB “Doing
Country (PPP) Business” 710 200 99
Cost of Import in Imp. USD/Container | WB “Doing
Country (PPP) Business” 785 283 99
Container Trade Imbalance TEU IHS Markit 32 198,29 | 1,487
Exogenous Variables Used for Estimating the SeaboerTrade Volume it)
Real GDP of Exp. Country Mil. USD (2005 World Bank 1,041,226 1,587,146 99
Real GDP of Imp. Country Mil. USD (2005)  World Bank 1,041,226 | 1,587,146 99
Distance Nautical Miles AXS Alphaliner 1,503 788 101
Exogenous Variables Used for Estimating the RelatevFreight Rate (4:)
Bqu_Carrler Capacity for the Mil. DWT Clarksons ResearclL 577 123 5
Previous Year
Contalngr Ship Capacity for 1,000 TEUs Clarksons Resear¢i4,702 1,895 5
the Previous Year
Bunker Oil Price for the
Previous Year USD/MT Clarksons Research554 115 5
(380 CST, Singapor
Exogenous Variables Used for Estimating Various Enagenous Variables
Unit Price USD/kg IHS Markit 6 21.98 13,545
Dummy for each year - - - - -
Endogenous Variables
Containerization Rate (Y % IHS Markit 0.59 0.31 12,711
Seaborne Trade Volume (X | MT IHS Markit 547,807 1,633,330 13,545
Container Freight Rate (X USD/FEU Drewry Shipping 949 248 494
Consultants
BDI (Zi) Index Baltic Exchange 2,977 2,279 9
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Containerization rates and relative freight voluraes ratios, and thus do not take natural
logarithms. Because the acquisition of freight rdéga between ports was restricted, the
analysis period was set from 2010 to 2014. Basetth®mesults of the cluster analysis, 127
goods were aggregated into 10 clusters. In additiom value of each variable such as

seaborne trade volume and container trade volunseaggregated by cluster.

a) Exogenous Variables Used for Estimating the Coainerization Rate (Y, )

The exogenous variables used in equation (4.2stinate containerization rates are the
container handling volume of importing and expayteountries, import and export costs of

importing and exporting countries, and imbalancedntainer trade volumes.

The container handling volume of the exporting angdorting countries shows the number
of containers handled (throughput) in the formxjat, import, transshipment, and empty
container transportation at the port of each cquhiiring the year in question. For countries
other than Japan, the annual figures publishedMW@TAD are used, while figures published
by the Ministry of Land, Infrastructure, Transpartd Tourism (MLIT) are used for Japan.
In this chapter, the container handling volumesisdiuas a proxy for the processing capacity
of the country’s port infrastructure. Containerpgiing seems to be utilized more at ports
with high throughput because containers are handileck efficiently at these ports, and
numerous container vessels visit these ports ghymy containers are more readily available

for use. Therefore, containerization rates shoaldigher in countries with more active ports.

The export costs for the exporting countries ardittport costs for the importing countries
were obtained from the “Doing Business” databaddigiued by the WB. These data are
based on information provided by private-sectoreetgin international logistics. The cost
of exporting and importing one container of cargoconverted into dollars, and price
fluctuations are taken into account. This cost gay not only for land transportation in
the country but also for institutional or soft iatructure because when the country’s legal
system does not impede transportation, the proaédosts, which reflect the country’s level
of soft infrastructure, will be low. A rise in thesosts is likely to lower the containerization

rate because they inhibit the use of containespartation.
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The imbalance in container trade volume betweemtri®s is the difference between the
export volume and the import volume of containegodor all goods. For the purposes of
this chapter, the imbalance is defined as “the aioet trade volume imported by the
importing country from the exporting country” lé$se container trade volume exported by
the importing country to the exporting country” daatalculated using IHS Markit data. For
example, the imbalance when Japan is the expoctogtry and China is the importing
country is the container trade volume imported byn@ from Japan less the container trade
volume exported from China to Japan. A rise inithigalance means that the import volume
has become relatively larger in relation to theaekpolume. This places downward pressure
on the container freight rate for exports, and ghauld increase the volume of containerized

exports.

b) Exogenous Variables Used for Estimating the Sealne Trade Volume (X, )

The exogenous variables used in equation (4.3timate the seaborne trade volume are the

real GDP of the exporting and importing countried ¢he ocean distance between them.

Real GDPs (base year 2005) were obtained from tBed@&tabase, while ocean distances
were obtained from the AXS Alphaliner database. Tstance between the exporting
country and importing country is defined as theattise between the largest container port
in each country. The largest container ports ineacintry are Tokyo (Japan), Busan (Korea),
Shanghai (China), Kaohsiung (Taiwan), Hong Kongrgi&ong), Port Kelan (Malaysia),
Singapore (Singapore), Laem Chabang (Thailand), Mg (Vietham), Tanjung Priok
(Indonesia), and Manila (the Philippines).

c) Exogenous Variables Used for Estimating the RelatesFreight Rate (z, )

The exogenous variables used in equation (4.43timate the relative freight rate are the
bulk carrier volume for the previous year, the eimg¢r ship volume for the previous year,

and the average bunker price for the previous?etine overall capacity of ships indicates

27 Using the previous year's data avoids the simaitaiproblem concerning the determination of theacity of
the vessels.
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the potential supply level. Decisions regardingophig services in the current period are
based on capacity in the previous period becausgpial companies have to decide on
shipping capacity in advance. An increase in balkier capacity shifts the bulk trade supply
curve to the right, leading to a fall in bulk freigates. Meanwhile, an increase in container
shipping capacity shifts the supply curve for corgatrade to the right and leads to a fall in
container freight rates. However, it is not cleaadvance how these effects will affect the

relative freight rate’s.

In addition, the bunker cost accounts for a largeg@ntage of the operating expenses. For
example, for the three Japanese shipping compahgsn Yusen Kaisha, Mitsui O.S.K.
Lines, and Kawasaki Kisen Kaisha, fuel costs actalirfor 31.2% of their operating
expenses for FY 20f8. Therefore, bunker price fluctuations affect markenditions
through changes in operating costs. In some cadasnker adjustment factor is applied to
raise or lower freight rates according to past fu&les. In general, container ships are faster
and consume more fuel (International Maritime Orgation, 2009). Therefore, an increase

in the fuel price places upward pressure on coetdneight rates.

d) Exogenous Variables Used for Estimating Equationsi(2), (4.3), and (4.4)

Of the explanatory variables, the unit price andrydummies are used in plural equations.
The unit price is the average unit price for edokter in bilateral trade, and is calculated by
dividing the seaborne trade value by the seaboaue tvolume. In the cluster analysis, the
average containerization rate tended to increasgdods with higher unit prices. There is
an incentive for each shipper/consignee to redueenitory costs by decreasing the volume

per shipment because inventory costs tend to Heehifipr goods with higher unit prices.

28 For example, assuming that the supply functionbtitk trade and container trade are linear, ttagive freight
rate is calculated using the first approximatiorthad. Then, the signs of the coefficients of thipming
capacities are affected by the constant term si§ttze original supply functions. Therefore, itist possible
to specify beforehand whether the sign of the shippacity is positive or negative in the estinmt@rmula.

29 Weighted average value of bunker costs as a sifiaperating expenses in the non-consolidated ircom
Nippon Yusen Kaisha, Mitsui O.S.K. Lines, and Kaskasisen for the 2015 fiscal year.
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Because container transportation is appropriatesiieall-lot transport, it is likely that the

containerization rate will rise as the unit prinereases.

Dummies are used for trade in years other than gDik@licate that the trade was conducted
during that year. The reason for using a year dunsmg enable more accurate estimation
by controlling for each year’s unique effects theg unable to be represented by variables in
the model. Since the importance of controlling #ifects unique to each year does not
change even if the goods change, year dummieswe¢rexcluded priori when analyzing

specific cluster®.

e) Endogenous Variables

The relative freight rate is used as an endogewaiiable in addition to the containerization
rate and the seaborne trade volume. This is olstdipelividing the container freight rate by
the bulk freight rate. Monthly container freightea between various ports are published by
Drewry Shipping Consultants, and are based on theage of spot freight rates collected
from forwarders at each port. The annual averagesesl in this chapter. In cases where no

data are available the freight rates from/to thexest port are used.

The bulk freight rate is based on the BDI, whicthis daily index of bulk carrier charter fees
published by the Baltic Exchange. This calculatesweighted averages of ship sizes and
freight rates that are reported by shipbrokeredagilanelists in relation to all shipping routes.

The average annual BDI figures are used in thiptena

30 Some dummies are excluded for some years in Babld his was done by the software package R dirtlee
of estimation to avoid perfect multicollinearity ere regression coefficients cannot be determined.
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4.4 Results of Simultaneous Equation Modeling

The results of the simultaneous equation modelieghown in Tables 4.4 to 4.6. The overall
system coefficient of determination is shown inltheer part of Table 4:6 and varies from

0.60 to 0.97. Thus the estimation results mairgaplanatory power.

4.4.1 Results for Seaborne Trade

a) Coefficients of Real GDP and Distance

The estimation results for seaborne trade volureeshown in Table 4.5. The sign of the
coefficient of real GDP of the exporting countrysignificantly positive for each cluster.
This indicates that economic development in expgrtiountries has led to an increase in

seaborne trade volume.

The coefficients of real GDP in importing countrage®g significantly positive in all clusters

except for Cluster 4. Economic development anagisiemand in importing countries have
led to an increase in marine transportation volufoesnost goods. Cluster 4 had negative
coefficients, but they were not significant. Thigster is made up of raw materials used in
light manufacturing industries, and thus it canibkerred that this result was because
industrialization in importing countries had advedaevith economic development, and thus

manufacturers had transferred their bases overseas.

The coefficients of distances between exportingntes and importing countries were
positive for all clusters except Cluster 9 and gigant for Clusters 2, 7, 8, and 10. This

suggests that bulk shipping, which can carry lapgantities of cargo at once, is extremely

31 The coefficient of determination (adjusted) Ray take a negative value in the estimation madetl in this
chapter. In the simultaneous equation model usBigs3it is known that the determination coefficgeot each
equation take a negative value, or more than ufibere are some indications that the coefficient of
determination lacks adequacy as an index of exf@angower in simultaneous equation modeling (e.g.,
Matsuura and McKenzie, 2012). However, to show d@Rplanatory power of the estimation results, the
coefficients of determination of the simultaneogaagion system (systen?)Rare calculated and shown in the
lower part of Table 6.
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cost competitive for long-distance trade. In additigoods in Clusters 7, 8 and 10 originally
had a low containerization rate, as shown in Table Therefore, it is likely that bulk
shipping would be used for long-distance tradeooids in these clusters as demand increases.
However, in relation to the goods in Cluster 2, athhhave relatively high unit prices and
containerization rates, not only bulk transport &lsb container transport may be selected,

even for long-distance trade.

Table 4.5Estimation Results for Seaborne Trade

Cluster 1 |Cluster 2 |Cluster 3 |Cluster 4 |Cluster 5 |Cluster 6 |Cluster 7 |Cluster 8 | Cluster 9 |Cluster 10
GDP of 0.593** | 0.839%* | 0.992** | 0.909** | 0.875%* | 0.841** | 0.669** | 0.760** | 0.597** | 0.276%*
Exporting
Country (In) (0.060) (0.057) (0.064) (0.101) (0.044 (0.056)  O[@®) (0.255) (0.083) (0.101)
GDP of 0.343** | 0.642** | 0.539** -0.070 0.434*+* | (0.535** | (,294%+* 0.458*** 0.189* 0.818***
Importing
Country (In) (0.066) (0.047) (0.054) (0.109) (0.036 (0.070)  0EB) (0.057) (0.092) (0.065)
0.125 0.479*+* 0.118 0.0003 0.079 0.031 0.665**F 0.446+** -0.007 0.397*
Distance (In)
(0.125) (0.104) (0.118) (0.140) (0.079 (0.119) 18®) (0.103) (0.129) (0.160)
Containerization  0-745* 1.804** | 0.945%* | _0.674* | -0.135 2.707** | —0.013 2.709% | 1.257* | —1.091%**
Rate (In) (0.404) | (0.184) | (0.213)| (0.294)|  (0.147 (0.489) 3®) | (L098) | (0.211)| (0.360)
Container 2.694%+* 0.607 —6.157%*|  1.222 -1.878**|  0.463 0.954 -0.871 7.361%  0.667
Freight
Rate/BDI (0.823) (0.775) (0.708) (1.067) (0.558 (0.751)  962) (1.257) (1.075) (1.090)
—0.445%* | _0.618*** | 0.213** -0.179 0.176 0.531**| 0.451%* | —1.819%* | —0.911** | —0.099
Unit Price (In)
(0.126) (0.104) (0.104) (0.228) (0.150 (0.080) 110) (0.679) (0.124) (0.106)
Dummy for 2011 —0.628** 0.014 2.006** | -0.212 0.656** | —0.132 -0.214 0.794* | —1.662*1 0.023
(0.307) (0.296) (0.285) (0.427) (0.194 (0.293)  36m) (0.378) (0.426) (0.415)
Dummy for 2012 —-1.588** | -0.292 4.229%* | -1.003 1.356** | -0.267 -0.587 0.916 —4.472%F  -0.184
(0.566) (0.547) (0.510) (0.751) (0.384 (0532) 6@ (0.775) (0.745) (0.762)
Dummy for 2013 —0.902* —0.096 2.512%** —0.555 0.84*** -0.155 -0.384 0.543 —2.814*t* —0.045
(0.369) (0.357) (0.336) (0.523) (0.250 (0.350)  447) (0.482) (0.501) (0.497)
Dummy for 2014 —1.253** | -0.223 2.936** | -0.655 0.975** | —0.348 -0.490 0.448 —-3.560*F  0.096
(0.440) (0.419) (0.386) (0.600) (0.300 (0.419)  5(®) (0.608) (0.593) (0.576)
. *k - Kk _ Kokk _ Kk | *kk || Kokk _ _ kkk [ Kok
Constant 3.101 11.26 7.349 1.146 3.995 12.45 6.772 3.018 7.553 9.306
(1.403) (1.347) (1.739) (2.871) (1.197 (1.940) 8[B) (4.775) (1.896) (1.867)
Observations 472 472 472 367 472 472 472 472 465 470
Adjusted R 0.2613 0.2854 —0.3804| 0.2958 0.6568 -0.57r8 0.3831 0.5637 -0.3390 0.2230

Note 1: Standard errors in parentheses.
Note 2: *, ** and *** indicate significance at thH%, 5%, and 1% levels, respectively.
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b) Coefficients of Containerization Rates

The coefficients of containerization rates are ificemtly positive in six clusters (Clusters 1,

2, 3, 6, 8 and 9). In these clusters, seaborrde t@lumes are increasing along with
containerization rates, and the increase in coatashipping contributes to the increase in

seaborne trade volumes.

Conversely, when the coefficients of containeraatiates are significantly negative, as is
the case in Clusters 4 and 10, it is likely that tise of containers reduces the transport
volume. Even cargo that previously used bulk smgpvill no longer be able to be carried

by bulk carriers if demand falls from previous leveThus, the transport mode has to be
changed. This suggests the possibility of switchimgontainer transport in response to

reduced demand.

c) Coefficients of Relative Freight Rates

The trends in the coefficients of relative freigtates differed among clusters. The
coefficients for Clusters 3 and 5, which have redy high containerization rates, are
significantly negative. Demands for the goods gsthclusters relatively sensitive in relation
to container freight rates. If the container freigite rises, transportation costs will also rise,
reducing demand for imports. Meanwhile, Cluster$ Bnd 9 have significantly positive
coefficients. Demands for the goods in these clasiee relatively insensitive in relation to
container freight rates. Container transportatsonat likely to decrease as much in response
to increasing container freight rates. The coedfits of the clusters other than those
mentioned above were not significantly differerdnfr zero, and thus freight rates did not
have a significant influence on seaborne trademeki For goods in these clusters, demands

are relatively insensitive in relation to freightes.
4.4.2 Results for Relative Freight Rates

Table 4.6 shows the estimation results for reldftigght rates, which represent the ratio of

container freight rates to bulk freight rates.
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The coefficients of the capacity of bulk carriershe previous year are significantly negative
for all clusters. Thus, the relative freight raezteases as the bulk carrier capacity increases.
The coefficients of the capacity of container shipghe previous year are significantly
positive in all clusters. Therefore, the relativeight rate increases as the container ship

capacity increases.

Table 4.6Estimation Results for Relative Freight Rates

Cluster 1 |Cluster 2 |Cluster 3 |Cluster 4 |Cluster 5 |Cluster 6 |Cluster 7 |Cluster 8 |Cluster 9 |Cluster 10

Capacity of bulk _gq g5 | _g0 05w | _60.35%* | _58.08%+ | —59.96%+ | —61.11%+ | —59.81% | 5972+ | _58.46=+ | _58.70%
carriers for the

previous year
(In)
Capacity of 107.4% | 106.8°* | 107.1%* | 103.0%* | 106.3"* | 108.4** | 106.1%* | 10597 | 103.8** | 104.0%*
container
vessels for the
previous year | (11.79) (12.42) (11.86) (14.04) (11.86 (12.16 213 (11.84) (12.23) (12.41)
(In)
Average Bunkef 119 0.140 0.117 0.145 0.128 0.089 0.10: 0141  080.1| 0.169
Price for the
previous year

(6.605) (6.958) (6.645) (7.860) (6.641 (6.813)  4¢B) (6.633) (6.853) (6.953)

i 0.145) | (0.153) | (0.146)| (0.174)  (0.146 .150) 1e#) | (0.146) | (0.151) | (0.153)
dkk Kkk dekk Kkk Jekk | kk kkk Kkk dekk  dekk

Seaborne Trade 0066 0.045 0.038 0.027 0.048 0.039 0.07 0.044 0.046 0.036
Volume (In) (0.008) (0.008) (0.009) (0.009) (0.009 (0.009)  OgB) (0.006) (0.006) (0.007)
Containerizatio] 0026 | —0112+*| -0.083* | -0.036* | 0022 | -0.233%1-0.154* | —0.035" | -0.075"* | 0043
Rate 0.026) | (0019 | (0019 | (0022 (0.015 0.049) ofm) | (0015 | (0.012)| (0.037)
Dummy for -0.007 ~0.004 |  -0.004 0.002 ~0.00 ~0.002 —0.0p9 0070.| -0.016 | -0.004
2011 0.027) | (0029 | (0.027)| (0031  (0.027 0.028) ogy) | (0.027) | (0.028)| (0.028)
Constant _646.8 | —643.0" | 6447 | —610.9%* | _640.4%* | _652.3%+ | _630.1% | _637.9% | _624.7+* | _626.1%+*
(7046) | (7422) | (r088)| (®387)| (70.84 (7267) 68 | (70.75) | (73.10)| (74.18)
Observations 472 472 472 367 472 472 472 472 465 470
Adjusted R 0.5410 0.4802 0.5437 0.5019 0.5432 0.4140 0.40p1 5630. | 0.4826 0.4704

Note 1: Standard errors in parentheses.
Note 2: *, ** and *** indicate significance at thH%, 5%, and 1% level, respectively.

The coefficients of seaborne trade volume are sagmitly positive for all clusters. Thus, the
container freight rate increases as the maritiradetrvolume increases. This is because
relatively long contracts ranging from one yeasaweral years are common for bulk shipping.
Moreover, the amount carried in one shipment igdaiand thus the frequency of bulk
shipping is relatively low. Hence, bulk shippingé&atively insensitive to market trends in
seaborne trade. In the case of container tradespoatation contracts are generally

concluded within one year, and the frequency oftaiaer shipping is relatively high. In
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addition, the proportion of spot cargoes is sigaifit. Therefore, the freight rate incorporates
changing market conditions relatively quickly. lede container shipping is considered to
have emerged as a result of rapid changes in fre@gés in response to changing market

trends.

4.4.3 Results for Containerization Rates

a) Coefficients of Container Handling in the Exportng Country

Estimation results for containerization rates dreva in Table 4.7. The coefficients of
container handling volumes in exporting countri@sewnot significantly different from zero
for Clusters 3 and 6, while they were significaqtbsitive for Clusters 4 and 5. This suggests
that products with a high containerization rate lmilgave an insignificant impact on port

infrastructure development in exporting countries.

In Clusters 1, 2, and 9, which have medium avecaggainerization rates, the signs differ,
although they are all significant. The signs foustérs 2 and 9 are significantly negative,
suggesting that the containerization rate decreasescontainer port infrastructure
development progresses. When infrastructure dewredapis progressing, not only container
terminals but also bulk cargo berths are often awed?. Thus, in relation to the goods in
these clusters, there is a possibility of usingiadd bulk berths to pursue economies of
scale following port infrastructure developmenteTdign of the coefficient for Cluster 1 is
significantly positive, suggesting that containbipping has progressed in line with the

development of ports.

The results also differ among Clusters 7, 8, andvhich have low average containerization
rates. The coefficients for Clusters 8 and 10, Wwhiclude numerous types of bulk cargo,
are significantly negative. For the goods in thdssters, it is considered that economies of

scale will be pursued in line with the developmehport infrastructure. For the goods in

2 The correlation coefficient between global corgainade volume (total of export and import volujaesd bulk
transportation volume (total of export and impatiwnes) from 2000 to 2014 was 0.78. This is a gtpwsitive
correlation, suggesting that container port devekt and bulk port development proceed roughlyairaltel

in a given country.
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Cluster 7, which include numerous food products, ¢hefficient is significantly positive.
This suggests that containerization of goods is thister will progress in line with port
development because containerized shipment of thgesels is likely to benefit from

improvements in hard infrastructure.

Table 4.7Estimation Results for Containerization Rates

Cluster 1 |Cluster 2 |Cluster 3 |Cluster 4 |Cluster 5 |Cluster 6 |Cluster 7 |Cluster 8 |Cluster 9 | Cluster 10

Conzﬁiner 0.549%* | —0.187*+ 0.147 0.248* 0.393*+ | _0.011 0.138*** | —0.104** | —0.392%* | _0.156%*
Handling

'(’l‘ )EXIO- Country | (0.159) (0.057) (0.147) (0.142) (0.132 0.049)  04®) (0.026) (0.080) (0.041)
n
Container 0.637** | —0.259** | —0.218* | —0.385** | 0.129 | -0.102* | 0.214** | -0.185** | —0.314** | 0.480***
Handling

i(fl‘n')mp- Country | (9.173) (0.068) (0.103) (0.084) (0.115 (0.049) o6 (0.033) (0.063) (0.117)

Cost of Export 0.600%* | —0.382%*+ | —0.134 0.653 0.319 -0.03 0.559%F —0.221* | —0.827** | -0.275
in Exp. Country

(In) (0.290) (0.133) (0.294) (0.449) (0.328 (0.142) 1) (0.116) (0.263) (0.279)
Cost of Import | 1.354=* | —0.097 0.580% | —1.312***| _0.326 0.056 —0.323* —0.156** | —0.594** | 0.688***
in Imp. Country

(In) (0.394) (0.111) (0.237) (0.299) (0.230, (0.087)  18m) (0.052) (0.168) (0.184)

Container Trade —0.134** | —0.084** | —0.184*** —0.022 —0.129** | —0.065*** 0.001 —0.042**| -0.025 0.136***

Imbalance (In) ©.056) | (0.034) | (0.057)| (0.053)| (0.063 ©.028) o@) | (0.012) | (0.044)| (0.046)

Seaborne Trade | 0679 | 0.413* | 0024 | 02467 0.411%* | 0.093* | —0.221%* | 0261 | 0.543"* | -0.407"
Volume (In) 0185 | (0.064) | (0.134)| (0.080)  (0.117 (0.054) 068) | (0.020) | (0.056)| (0.069)
Container Freight 28117 | 6252 | -3.6417 | —0.883 | —2.801%*| -2304* | 1488 | -1626 | -6.188" | 3.400
Rate/BDI (0.907) | (0.500) | (0.455)| (0.624)  (0.648 (0.201) 5@®) | (0.228) | (0.513)| (0.593)

0.005 | 0.224% | 0.506** | 0.353% | 0.750%* | —0.012 | 0.2447* | 0.626** | 0.592=* | —-0.032

Unit Price (In)
(0.107) (0.049) (0.072) (0.118) (0.091 (0.039)  0%B) (0.020) (0.075) (0.045)

Dummy for 2011 —0.855*** | 1.857** | 1.048*** 0.32 0.633** | 0.705*** | —0.499** | 0.321** | 1.485%* | —0.953***

(0.286) (0.216) (0.202) (0.270) (0.242 (0.124)  207) (0.093) (0.242) | (0.206)

Dummy for 2012 —1.856*** | 4.125%* | 2.369*** 0.393 1.795%* | 1.522** | —1.079*** | 0.946™** | 3.714%* | 2. 12%*

(0.588) (0.371) (0.347) (0.459) (0.448 (0.211)  4(®) (0.167) (0.393) (0.414)

Dummy for 2013 —1.045%+* | 2.44%+* 1.505%** 0.097 1.073%* | 0.919%* | —0.696*** | 0.551** | 2.203*** | —1.230***

(0.359) (0.262) (0.251) (0.343) (0.297 (0.146)  267) (0.116) (0.288) (0.277)

Dummy for 2014 —1.283** | 3.024*** | 1.961** 0.179 1.349%* | 1.177** | —0.813** | 0.756*** 2.85%** | —1.419***

(0.448) (0.306) (0.288) (0.394) (0.354 (0.168)  3(®) (0.135) (0.326) |  (0.323)

Constant —23.82%% | 9 313 2.443 11.72* 0.524 4.603*| —6.159% 3.982* | 21.57** | —9,193%**

(7.473) (2.400) (5.226) (6.360) (5.658 (2.193) &) (1.625) (3.790) (2.367)
Observations 472 472 472 367 472 472 472 472 465 470
Adjusted R -1.231 -2.011 -0.1295 0.111§ 0.1159 -0.4119  -0.56610.5755 -0.8296 -2.012
System R 0.6585 0.9710 0.7266 0.7711 0.7112 0.9210 0.60[L9 9230. 0.9478 0.7643

Note 1: Standard errors in parentheses.
Note 2: *, ** and *** indicate significance at tHH%, 5%, and 1% level, respectively.
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b) Coefficients of Container Handling in Importing Countries

The coefficients for container cargo handling voasmin importing countries are
significantly negative for all clusters with highieaage containerization rates except Cluster
5 and all clusters with medium average containgdraates except Cluster 1. This reflects
the fact that bulk shipping increases and contaagon rates fall in importing countries
with well-established port infrastructure. In Clerst 7 and 10, which have low average
containerization rates, the coefficients are sigaiftly positive, suggesting the possibility of

increasing the containerization rate if the poftastructure is improved.

c) Coefficients of Export Costs in Exporting Countres and Import Costs in Importing
Countries

The coefficients of export costs in exporting coiestare insignificant for Clusters 4, 5, and
6, which have high average containerization rdtbs. goods in these clusters are relatively
expensive, and it seems that even a slight changyepiort costs will be insufficient to change
the transport mode. However, the sign of the coefiit for Cluster 3 is significantly negative,

suggesting that an increase in export costs resudtgall in the containerization rate.

For Clusters 1, 2, and 9, which have medium avecagé&inerization rates, the coefficients
are significantly negative for Clusters 2 and Qgmsting that an increase in export costs
reduces containerization rates. Practitioners hpoisted out that customs clearance and
procedural burdens in relation to container shiggre greater for container shipping than
for bulk shipping. Thus, for goods that do not havegh containerization rate, these burdens
may hinder the increase in container transport. ddefficient for Cluster 1 is significantly
positive, suggesting that an increase in expoiisdeads to an increase in containerization

rates.

For Clusters 7, 8, and 10, which have low averamgainerization rates, the results differ
among clusters. The signs of the coefficients flus@rs 8 and 10 are negative, while the
coefficient for Cluster 7 is significantly positiv&he results for Clusters 8 and 10 suggest
that increased export costs will reduce contaiaéion rates, while the result for Cluster 7
suggests that they will increase container shipping
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The coefficients of import costs in importing coues are negative in six clusters (Clusters
2,4,5,7, 8, and 9), suggesting that an incramgeport costs reduces container shipping of
goods in these clusters. However, the coefficitmt€lusters 1, 3, and 10 are significantly

positive. Although goods in Cluster 3 do not seerbd responsive to increased import costs
because of their high unit prices, shippers/coresgrof goods in Clusters 1 and 10 do not

seem to be concerned about increased import cesgstd the low unit price.

d) Coefficients of Unit Prices, Imbalances, SeaboenTrade Volumes, and Relative
Freight Rates

The coefficients of unit prices are significantlgsgive for all clusters except Clusters 1, 6,
and 10. This is consistent with the conventionedwand the result in Chapter 2 that container

shipping is chosen for goods of high value. Clisséand 10 have negative coefficients.

The coefficients of imbalance are significantly atage for Clusters 1, 2, 3, 5, 6, and 8, while
they are insignificantly negative for Clusters 4l&h These results suggest a tendency for
the containerization rate not to become too highrautes where there is a significant
imbalance, that is, routes where imports are greatteeded by exports. The coefficients
were insignificantly positive for Cluster 7, andmsificantly positive for Cluster 10. This
implies that the containerization rates for goodsthese clusters may increase as the
imbalance increases. As shown in Table 4.1, gao@usters 7 and 10 include many types
of bulk cargo with low containerization rates aona lunit prices. Therefore, shipments of
these goods in containers may be a useful tochddressing imbalances. Conversely, the
coefficients for Clusters 1 and 8, which also ideéubulk cargo, are negative, and thus
container shipping is not progressing in relatiothtese clusters, even on routes with large
imbalances. In promoting BCC as a means of allenygdimbalances, it will be necessary to

consider how to promote containerization of thesedskof goods.

The coefficients of seaborne trade volume were tivag#or all clusters with a high average
containerization rate (Clusters 3, 4, 5, and 6)epkdor Cluster 6. This suggests that an
increase in the seaborne trade volume does notdemdincrease in the containerization rate

for goods that already have a high containerizat®. Moreover, this is consistent with the
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recent stagnation in the progress of containedmati relation to highly containerized goods.
The coefficients of seaborne trade volume wereifsigmtly positive for all clusters with a
moderate average containerization rate (Cluster®, hnd 9) except for Cluster 1. This
suggests that there is a high possibility that wavgo in these clusters is being carried in
containers. For Cluster 2, although the bulk tredleme increased in the latter half of the
2000s, the overall containerization rate has beewgliing, suggesting that the
containerization rate may be higher for routes gittater seaborne trade volume. In addition,
because the trade volumes of goods in Cluster 8esmeeasing overall, seaborne cargo tends
to be transported by containers where bilateraletisurvives. The coefficients of seaborne
trade volume for clusters with a low average comazation rate (Clusters 7, 8, and 10) are
significantly negative except for Cluster 8. Agdinis suggests that there is a tendency to
choose bulk transportation in pursuit of econongéscale on routes with a significant
amount of seaborne trade. Conversely, the coefié@ Cluster 8 is significantly positive,
suggesting that container shipping is frequentldusn routes with a significant volume of
seaborne trade.

The coefficients for relative freight rates in ¢krs with high average containerization rates
(Clusters 3, 4, 5, and 6) and those with mediumaayeecontainerization rates (Clusters 1, 2,
and 9) suggest that the rise in container freigteés has reduced the containerization rate.
However, the results for clusters with low averagatainerization rates (Clusters 7, 8, and
10) are somewhat different, suggesting that theeiniscontainer freight rates should not be

taken into account.

4.5 Chapter Conclusion

This chapter analyzed the factors relating to B&@aritime trade in East Asia. First, cluster
analysis was undertaken using data on seaborreevcdaimes from 2000 to 2014 and trends
in the progress of containerization by goods weeaiified. Goods that were not transported
at all or goods that were almost exclusively tramgul by container were excluded. The 127
goods that remained in the sample were divided Iftaclusters based on seven criteria

including trends in the containerization rate and prices.
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The results of the cluster analysis presented ati®e4.2 revealed the following findings.
[1] Regardless of the cluster, as Rodrigue andd¥ottm (2015) pointed out, the progress of
containerization stagnated around 2007. [2] Clsstéth high average containerization rates
have low average transport volumes and unit pri¢8s.Clusters with low average
containerization rates did not experience much@ssjin containerization even before 2007.
[4] Containerization rates may be relatively higlker for goods belonging to clusters with
low average containerization rates on some tradéeso [5] There is room for further
progress in containerization of some goods on fipeciutes, even goods in clusters that

already have high average containerization rates.

Next, the factors influencing the containerizatiates for each cluster were analyzed using
simultaneous equation modeling. Explanatory vagabicluded imbalances, container trade
volumes, seaborne trade volumes, container hanglhgmes of exporting countries and

importing countries, and unit prices of goods.

The results of the analysis presented in Sectidmediealed the following findings. [1] The
impact of seaborne trade volumes on containerzataes is positive for goods with a
medium average containerization rate and negatore goods with a low average
containerization rate. Significantly positive cdateons between seaborne trade volumes and
containerization rates were not evident for goodh & high average containerization rate.
[2] The impact of relative freight rates on contimation rates is negative except for goods
with a low average containerization rate. [3] Comga port development in importing
countries may raise containerization rates for gamith a low average containerization rate,
but bulk transportation facilities are generallyweleped at the same time. [4] Reducing the
export costs of exporting countries, mainly in tiela to goods with a low average
containerization rate, may encourage increasedagwrttransportation. [5] Reductions in
import costs of importing countries also encourageeased container transportation. [6]
There is a tendency for goods of high value torbasported by container. [7] For some
goods, BCC can be a useful tool for reducing iniega. [8] For some bulk cargoes, even
though containerization has not been used thusofaesolve imbalances, BCC should be

considered in relation to the transportation osthgoods.
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From the viewpoint of encouraging container shigpiof goods with a low average
containerization rate, it is essential to redugmoeixand import costs, including costs related
to transport of goods to the port prior to shipmamdl landing and customs procedures, in

addition to maintenance costs relating to portland-based infrastructure. These measures

are also necessary from the viewpoint of reduainigalances.
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CHAPTER 5

DECISION-MAKING STRUCTURE REGARDING THE CHOICE

BETWEEN BULK AND CONTAINER TRANSPORT

80



5.1 Introduction

Previous studies regarding BCC were reviewed inp@&re8. However, these studies did not
address specific BCC decision-making entities réhationships between those entities, and
the structure of the decision-making process. Thesgin an attempt to identify the optimum
BCC promotion policy, the decision-making structisexamined based on interviews with
practitioners and a survey of the literature remgaythe entities related to BCC.

The decision-makers that were targeted in thisarebanclude shipping companies, logistics

companies, trading companies, shippers, consigaadgyort-related personnel. BCC is one
possible transport mode that might be considereal r@sult of changes in factors such as
freight rates, costs other than freight rates,thedcharacteristics of the cargo. For example,
Miyashita (2002) discusses air transport and coatdransport modes by addressing factors
such as freight rates, inventory costs, and progdycte changes. The opportunity cost

attributable to logistics compliance is also coaesgdl as a factor in mode selection. In this
dissertation, the decision-making structure is nizgd in accordance with the context of

such a selection model.

The structure of this chapter is as follows. Secdl outlines the interview survey method.
Section 5.2 analyzes the survey results to pressnmmary of the decision-making factors
affecting shipping companies, logistics comparées| shippers, and identifies the primary
decision-makers in relation to BCC. Section 5.4¢usses decision-making agents in relation
to BCC. Section 5.5 proposes measures necessprgrtmte BCC and provides a summary
of the chapter and conclusions.

5.2 Outline of the Interview Survey

5.2.1 Interviewees

From January to July 2017, personnel from 23 comggam Japan and the US were
interviewed. Interviewees were chosen not only frelmpping companies, but also from
other related organizations. The Port of Los Angféleng Beach in California is responsible
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for the largest volume of BCC in the world, and wageted on the assumption that it would

contain people with considerable knowledge of BCC.

The breakdown of the interviewees in Japan is Bewe: six shipping companies, three
forwarders, two consignees, two container leasiompganies, one industry newspaper
reporter, and three trading companies. With thepecation of Japan Shipowners’
Association, an experienced representative from dbwtainer section coordinated the
interviews with Japanese shipping company persomwigb also collected answers from
foreign and logistics subsidiaries of each compdimg other respondents were interviewed
individually. In non-Japanese shipping companiegpadese sales staff were the main
respondents, and in forwarding companies, the persocharge of maritime freight
responded. In trading companies, people involvethénbulk transport of crops and pulp
products responded. The consignee respondentsp@&epde involved in the procurement of
raw materials for the manufacturing industry andgde experienced in the logistics of crop
freighting. Experienced representatives from comaieasing companies responded. Finally,

the industry newspaper reporter was investigatieigds in the trade of scrap metal.

The breakdown of the organizations representeditgyviiewees in California in the US is
as follows: one forwarder, two port administratosee terminal operator, one container
transloading company, and one scrap trading comp@epresentatives of the Japanese
shipping companies, in particular Mr. Hirotaka Akai of Shipfan, helped to make
appointments with respondents in the United Stafbs. respondent from the forwarder
mainly handled cargo related to Japan and Koreahad considerable experience in Asia
prior to working in the US office of the shippingrapany. The port authorities were the
managers of the marketing departments of the RHdrbe Angeles and the Port of Long
Beach. The respondent from the terminal operatsriwaharge of the bulk transport division.
The respondents from the container transloadingpemm and the scrap trading were

interviewed on site.
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5.2.2 Survey Questions

The main questions were related to the generalsstat BCC and decision-making, and

information on BCC and its future. The questiorns swummarized in Table 5.1 and the full

questionnaire is presented in Appendix V. Somestioes were changed in response to

either the status of respondents or their repieseover, following the review presented in

Chapter 2 and the literature survey presented iap@n 3, documents relating to

containerization and bulk transportation were exeiprior to the interviews, and various

issues that were contained therein were reflectéloe questions that were asked. They were

also used to complement the responses when sunimgaBZC promotion measures.

Table 5.1Main Questions in the Survey

General status of BCC

Decision-making agent and
information collection

regarding BCC

Future of BCC

Commencement time

Decision-making agent

Optimisgarding BCC

Main consignees of

containerized cargo

Factors in decision-making

The possibility of promoting
BCC through automation,
digitization, and innovations i

container shipping

Main types of containerized

cargo

Sequence of mode choice

Challenges to promoting B

Benefits and disadvantages

Change of contracts through
BCC

Differences between bulk

shipping and container

shipping

Opportunities for acquiring

information regarding BCC
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5.3 Decision-Making Factors Regarding BCC

5.3.1 Decision-Making Factors of Interest to Shjging Companies / Logistics
Companies / Shippers / Consignees

Respondents representing shipping companies, iogistompanies, and consignees
commonly cited leadtimes, freight rates, cargo hagdosts, inventory costs, procedural
costs, item characteristics, and cargo values @erfaaffecting their choice between bulk
shipping and container shipping. This is consistgtit the standard mode selection criteria
described earlier.

Leadtimes and freight rates were the most sigmifi¢actors in transport mode selection,
being cited by 17 of the 23 respondents. Becausefitster and more frequent, container
transportation usually offers a shorter leadtime gueater punctuality. Bulk carriers cannot
depart without a full cargo, and often have to wainter ports to either load or unload their
cargo. Regarding freight rates, container shippomgpanies sometimes offer a very low rate
for bulk cargo instead of transporting empty camtes. Some shipping companies term this
“equipment contrdf,” and use it to collect cargo from backhaul exptthat are located
near mainhaul importers in places where it is clifti to obtain backhaul cargo. Meanwhile,
container shipping companies and forwarders weneemmed about shippers’/consignees’

reluctance to pay the transportation costs of deatazed bulk cargd.

Costs other than freight rates were other commampntioned items. Either shippers or
consignees pay these costs up front, but eventtiadly are charged to the consignees.
Thirteen respondents commented about cargo hanalistg and inland transportation costs.
In the case of container shipping, freight rateduide port handling costs, and sometimes

also include the cost of inland transportation. allsyi when shipping companies or

33 This method is used to collect cargo from nearppseers when the importers are located in theamktb

34 This supposes that shippers and consignees apapzred to pay transportation costs in excessoeftain
percentage of the value of the cargo. In Japantifioaers term this the “freight rate paying capat
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forwarders arrange port and inland transportatsbiippers or consignees pay the costs of

these services.

Meanwhile, FIO contracts are standard in bulk sinigpand shippers or consignees are
required to arrange the loading and unloading ef ¢ghrgo. However, when shippers or
consignees can use facilities such as a graintelevhis does not present a problem. In the
case of bulk transport, these costs will be paicsihyppers or consignees directly to port

transportation companies, trucking companies anaeosvof bulk facilities.

The cost of vanning /devanning is another cargallvag cost. For goods that are difficult to
pack, shippers and consignees need the facilitied aquipment necessary for
vanning/devanning. For example, when some woodpagked into a container, a molding
process may be necessary, and when liner bagsedet@ carry goods like cereals, the cost
of the liner bag® and the filling/discharging device must also benko Even with scrap

metals, container loadéPsand container tilters are needed (see Figure 5.1).

Figure 5.1 Container Loader (left) and Container Tilter (battright)
Sources: A-WARD

35 A liner bag is a disposable inner pouch useddarying goods that are difficult to pack into a iner such as
powders and liquids. When vanning, the liner baglé&ed inside the container before being filledr F
devanning, the container is tilted, the liner ksagjiced open using a special cutter, and the ntadee removed.

36 A container loader is a device that consists lfxawith a hole in the upper surface that is useoaick bulk
cargo into a container, and a container tilter degice that enables containers to be loaded alodded by
being tilted to one side.
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Seven respondents mentioned inventory costs. Sinlie transport carries a significant
amount of cargo in one shipment, inventory maimeeracosts are higher. Expensive
facilities such as silos and elevators are necgésacargo storage. Inventory interest céfsts

are also higher for bulk transport (Rodrigue, 2017)

Six respondents mentioned procedural costs indudustoms clearance fees and other
document submission expenses. In the case of batisgort, many countries allow the
shipment to clear customs while cargo handlingndeuway, and some respondents noted
that this was more flexible and straightforwardn@ersely, in the case of container transport,
multiple procedures are necessary because numgemssactions are involved. Moreover,
the customs clearance procedure is stricter, dndoaliments including those relating to
cargo handling permissions, quarantine certificadas tax payments have to be submitted
before the arrival of the ship. In addition, thera cutoff point beyond which acceptance by

container yards and container freight stations &}E8ases.

Table 5.2Import Costs in Various Regions (USD/container)

Latin
Europe | Americ | Middle
East & a &the | East & Sub- OECD
Asia & | Central | Caribbe | North | South | Saharan High
Pacific | Asia ar Africa | Asia Africa | Income | Tokya

Costs for border
compliance such as 431.0| 185.1| 684.0/ 540.7| 638.0/ 686.8] 111.6 275
customs clearanc
Costs for documentary
compliance

Source: World Bank’s “Doing Business” 2018 report

111.4 94.7| 119.5| 266.2| 341.6/ 300.1 25.6 107

Note: The cargo is automobile parts in 15-ton coets and the data are for the period until
June 2017.

In the case of trade with developing countriesidli®a possibility that procedural costs may
be higher as a result of unclear criteria basetthemriginal system and the need to use paper
documents as a result of delays in installing 1GEdud systems. As can be seen from Table
5.2, the import cost for containerized cargo is.234SD (=111.6+25.6) per container in

37 This refers to interest on funds raised to pureliagentory.
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developed countries and even higher in developinmties. Investigations by Maersk and
IBM in September 2016 found that of the 2,000 USarged for the transportation of each
container from Mombasa to Rotterdam, 300 USD wasefkpenses such as customs

clearance procedures (Groenfeldt, 2017).

Two respondents also mentioned demurrage costsuage is a charge that is payable if
the cargo has not been loaded or unloaded prithgoscheduled departure time, and is
applicable to tramp vessels including bulk carrié&/ben the agreed departure time is passed,
the shipping company incurs dwelling charges. Coselg, shippers or consignees receive a
premium when the ship departs before the agreedrtep time. Because the demurrage
status is unknown to shipping companies, shippard, consignees in advance, they are

uncertain about payments/receipts.

Characteristics of goods were also cited as a ideeimaking factor. Ten respondents
mentioned item characteristics of material aspddtsides the ease of packing described
above, the ease of preservation is also relevagletision-making. In the case of bulk
shipping, the large quantities of cargo carried #Hrelonger leadtimes mean that damage
tends to be worse. Thus, preservation becomes impatant. Container shipping involves
smaller transportation quantities and shorter lestt, and thus there are less preservation
problems. However, humidity and temperature managéeare essential in the containerized

transportation of crops (Lirn, 2017).

Nine respondents cited market characteristics.opfi@on was expressed that containerized
transportation is suitable for goods that dependpmt transactions and for which trends are
too unreliable to predict demand fluctuations. 8iitas difficult for traders of goods that are
dependent on spot transactions to hedge agaiwst fluctuations, the risks attached to bulk
transport tend to be greater. In addition, goodsmoich demand fluctuates have a higher
level of inventory risk. However, small-lot shipgisan reduce these risks. Moreover, goods

that involve numerous small consignees are suifableontainer shipping.
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5.3.2 Decision-Making Factors that are Mainly ofnterest to Shipping Companies

Eight respondents, mainly from shipping companigged concerns about damage to
containers as a factor in decision-making. Bullgoamay cause damage to containers and
contamination to both containers and sfip€ontainers are mainly owned by shipping
companies and leasing companies, and shipperssigrees are usually responsible for any
damage or contaminati¢thh However, they do not always meet their obligagichherefore,
there is concern about problems in relation talitgtwhen leakage of cargoes such as liquids

and powders causes damage to containers and%hips

Seven respondents mentioned issues regarding indeslaand cargo weight. There is a
weight limit of about 20 tons for 20-foot contaia@nd about 25 tons for 40-foot containers,
and goods with low specific gravity can be fullyckad within these weight limits. However,

bulk cargo tends to have a very high specific gyaand even if cargo is loaded to the weight
limit, there is often still space inside the con&i Further, if all containers are loaded to
their weight limits, it might not be possible tdl fll the container slots on ships without
exceeding their deadweight limits. Shipping companare also concerned about fully

weighted vessels carrying empty containers.

Six respondents mentioned the difficulty of prongricontainers. BCC often requires
numerous containers, and shippers/consignees aretistes required to procure up to 100

containers, causing difficulties in both procuretamd operations. However, this problem

38 Scrap metals and wood/steel materials may dan@gaicers, and waste paper may be dirty. Cerdailss,c
and hay can enter gaps in containers. Becausetesthracts salt water, odors and moisture mayireimahe

container.

%9 Regarding container damage, respondents from shipging companies commented that they alwaydylari
who is responsible for damage and assure custamerging that they will identify the perpetratior the case
of damage to a container. Moreover, they take mstof the container in advance so that they cak tits

condition.

49When the leaked goods are dangerous, the risksaeased. There is also a risk of explosionrasalt of the
inclusion of dangerous goods in shipments of sonefals. There have also been cases where weaptns an

refugees have been found in containers.
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can be overcome by establishing transloading feeslinear places where there are many

types of imported cargo and using empty contaif@rexport cargo (Rodrigue, 2017).

In addition, four respondents pointed out the Mee@xpertise in handling, packaging, and
storage facilities for dangerous goods, and in gmeg facilities to handle them. Two

respondents also mentioned the problem of cargndaimement. This refers to the risk that
containers are not collected at the destinatiort porcontainer depot because many
consignees are unknown small and medium-sizedmiges, and may not arrive to collect

their cargo.

One respondent also mentioned a problem regareitgntion of containers in importing
countries as a result of system changes and tigigteri regulations. If cargo is inspected
under the regulations of the importing country,réheay be a risk of interference in the
activities of other shipping companies in the sah@ping alliance. For example, one
respondent from a shipping company stated thateSkiauthorities tightened the regulations
in 2013 because garbage was being brought intodimetry in containers, and commencing
in 2018, China started to regulate the importingeof/cling goods such as waste plastics and
paper (Kako, 2018). This has already affected tradbese goods, and some containerized
imports to China have ceased. Conversely, regylaevelopments may support BCC. One
example is in relation to Australian grain expoi®nce 2008, when grain trading was
deregulated in Australia, containerized wheat skipi: have increased tenfold (UNCTAD,
2013).

5.3.3 Decision-Making Factors that are Mainly ofnterest to Consignees

Three respondents mentioned frequency and pungtefkhipments as important factors in
decision-making by shippers. Container transpanmais more frequent and punctual than
bulk transport. It is not unusual for shippers ¢éoftrced to wait for up to a month to obtain

bulk transport in peak seasons such as the graestang period in South America.
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In addition, three respondents mentioned exchamge fluctuations. Favorable rates
encourage the use of containerized transport beahenges in exchange rates can increase

the amounts due for cargo, freight, and other costs

Two respondents also mentioned theft as an isswmfwern among consignees. Bulk cargo
is transported in trucks that may not be sealedhgunland journeys, and may also be

exposed during handling at the port, increasindiketihood of theft.

5.4 Main Decision-Making Agents in Relation to BC and their Behavior

To summarize the above discussion, the main decrsi@king agents in relation to BCC are
shipping companies, logistics companies such asaiuolers, shippers, and consigrfées

Shipping companies and forwarders were advisedltea¢ was a possibility of BCC at port
seminars and through inquiries from shippers anasignees. Although some shipping
companies undertake aggressive sales activitiest oamtainer shipping companies only
propose containerized shipping as an option foppss/consignees to consider, while

forwarders also tend to be passive regarding B@(, r@sponding to inquiries.

A forwarder pointed out that it is necessary fansignees to accept BCC, while a consignee
noted that consignee-led BCC such as the transpoin-GMO soybean imports to Japan
was evident. In addition, a consignee and a shippampany representative both mentioned
that consignees are involved in the choice of thams of transport as part of the management
plan. A port authority marketing director pointadt that consignees make the final decision
on the demand side of the supply chain. Theresis aview that BCC has developed in line
with the changing needs of consignees (MatsudaKawdasaki, 2013). Moreover, trading
companies should also be regarded as consigneas, Ths clear that consignees lead
decision-making in relation to BCC. This is consigtwith the findings of Lirret al.(2013),

who based their analysis on the assumption thagignees make decisions regarding BCC.

41 Terminal operators are also involved, but theyratgein response to requests by shipping companies.
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In addition to financing, some interviewees pointed that procurement of equipment and
changes in contracts needed to be taken into atbguwonsignees as part of their decision-
making process. Regarding financing, cargo procargntosts and freight rates for
containerized shipping are relatively small becatlge volume of cargo per shipment is
smaller than for bulk shipping (Mongelluzzo, 2003nce funds used for bulk transport can
also be used to fund BCC, the problem of financeosignificant in the initial stages.
However, total transport costs over a specifiedoge(for example, one year) tend to be
greater for container shipping, and thus additidimgince is required over the medium to
long term. As for equipment procurement, it is reseey to procure container loaders and
other equipment necessary for container handliege&ls and raw materials also require the
purchase and disposal of packaging equipment sschoatainer liners. Further, if a
consignee has invested in a large-scale bulk peitity such as a silo and elevator, it will
not be possible to recoup the investment cosgltete obtain a return on the investment, if
BCC is adopted because the consignee will no loreggrire the facility, hence a switch to

BCC is unrealistic.

Regarding contract changes, BCC usually involveshange in the contract held with
shipping companies. In the case of bulk transplogtshipping contract may be via a trading
company or a broker, but in many cases the shippimypany and shipper form a direct
contract. In the case of container shipping, thisften arranged through forwarders, rather
than directly with the shipping companies. Howewaterviewees stated that the change in
contract partner was not fundamental to the faid®CC. In addition, because the types of
trucks that are required to transport the cargotbfrom ports differs between bulk shipping
and container shipping, there is a possibility tbahsignees will need to change their

contracts with trucking companies.
Moreover, once the change is made to BCC, a rédunlk transportation cannot occur until

sufficient cargo is accumulated as noted beforeC Bi@fers from the containerization of air

cargo in that BCC involves a commitment that léstsnonths.
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5.5 Summary of the Survey Questionnaire and Chapt Conclusion

Other than practitioners who were actively involwetulk transport such as forwarders and
trading companies, the respondents all agreed BR&E could contribute to increasing
container cargo volumes. Although BCC is not neawilhg commenced in the 1980s, some
representatives of shipping companies and poriaitits indicated that they would like to
see an increase in BCC as one source of new ddayeever, most respondents emphasized
that the choice of transport mode must obey econpnmciples. Based on these responses,
Figure 5.2 shows a conceptual diagram summariziegfactors encouraging decision-

making that promotes BCC.
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Figure 5.2 Decision-Making Factors Encouraging the PromotbBCC

Solid gray arrows represent the influence of emrental changes (e.qg., digitization), black
dotted arrows represent innovations, actions bytaseer shipping companies toward

consignees are represented by solid black arrawgsshippers’ actions are represented by
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thick arrows. In addition, to correspond to thetdas influencing general transport mode
selection, the decision-making factors for consegnare classified into (1) freight rates, (l1)

costs other than freight, (11l) item characteristiand (IV) other factors.

First, in terms of what shipping companies canapromote BCC, a reduction in freight

rates is essential. One shipping company reprasentmphasized that the critical factor in
promoting BCC is the ability to offer low freighaites to bulk cargo customers. Here, it is
important not to measure profitability in terms adrgo carried in one direction, but to

maximize profit on the round trip, even if the {bi rate for returning bulk cargo is low.

Conversely, in relation to mainhaul cargo, it may mecessary to collect an imbalance
surcharg® and to consider flexible freight rates in respotwsthe difficulty of alleviating

imbalances.

Regarding reductions in transportation costs, @ssential to keep costs other than freight
rates as low as possible through innovations thatcargo handling costs in relation to
packaging, port handling, and inland transportaéoa equipment such as vanning and
devanning. Moreover, it is necessary to improvejytagdity of equipment. Thus, to encourage
progress, it is worth considering cooperation vatjuipment manufacturers. Advances in
cargo handling equipment were a key factor in tleggess of BCC in the latter half of the
2000s (Matsuda and Kawasaki, 2013), although soteeviewees pointed out that there is
considerable room for improvement in liner bagseirs of quality preservation and cost.
Improvement in liner bags is also important forugidg container damage. There are also
ways to reduce the cost of introducing new cargalhiag equipment. A shipping company
representative said that the company lends loagihgiding equipment to customers and
teaches them how to use it until the customer$ulsetrained in using the equipment. This

also serves to reduce the introduction and learoasts for shippers and consignees.

Another important factor is a reduction in the aofsprocedures such as digitization. As of

2018, some efforts are aimed at reducing procezhsts by digitizing trade procedures using

42 One interviewee stated that shipping companieasiaeally collect an imbalance surcharge.

93



blockchain technology. Digitizing the transactiastbry not only allows for flexibility in
setting freight rates but also helps to avoid doetadamage and dealing with shippers with
low levels of credibility. Further, simplificationf customs procedures using innovations
such as IC tags is also useful in achieving caktetons. Improved traceability of containers
using this type of technology also contributes tevaating the problem of container

procurement faced by shipping companies.

Apart from cost reduction, it is also necessargaito for cargo collection based on item
characteristics. For example, it is worth consitgricargoes that have particular
characteristics, such as “identity preserved” grafor which traceability is essential, and
cargoes that are located in areas where they canlpp&e carried by container because there
are no ports with bulk cargo handling facilities.addition, it is worth considering container
shipping companies actively promoting BCC by armag@nd introducing inland carriers to
consignees and providing information regarding B&@h as leadtimes, frequency,

punctuality, inventory costs, and risks.
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CHAPTER 6

COST ANALYSIS OF BULK CARGO CONTAINERIZATION
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6.1 Introduction

This chapter explores the behavior of consigneéscantainer shipping companies when
selecting the transportation mode. In Chapter 8, dlecision-making mechanism was
examined based on interviews with practitionergriénary objective of this dissertation is
to assess whether decision-makers have economéntives to adopt BCC. Thus, this
chapter presents an assessment of the behaviotensignees and container shipping
companies regarding BCC based on the findings ptegden Chapter 5.

In earlier chapters, it was shown that a reductiorthe costs listed below increased
consignees’ incentives for choosing BCC (Hypothd3is(i) container freight rates, (i)
transport costs other than freight, and (iii) inteep costs. Item (ii) includes (ii-a)
loading/unloading costs and inland transportatiostEand (ii-b) procedural costs in import
countries such as customs clearance costs. Thigsitpat digitization and innovations in

container shipping promote the adoption of BCCulgiocost reductions (Hypothesis 1a).

Conversely, if consignees can use large bulk uimggi@cilities such as elevators and silos,
incentives for choosing BCC are weakened (Hypoth@3i Further, container shipping
companies have an incentive to promote BCC toimgigate the impact of trade imbalances
(Hypothesis 3).

In this chapter, a cost model regarding transpadenchoices for backhaul trade is used to
examine the incentives for consignees, who arerdegaas the primary decision-makers
regarding BCC, as noted in Chapter 5, and shippamgpanies. The model has a relatively
simple structure but includes a considerable amotidetail. To date, no model has been
proposed that includes detailed information regaydiosts and profits to facilitate the choice
of routes.
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6.2 Decision-making Agents, Costs, and Profits Reing to BCC

6.2.1 Decision-making Agent Behavior

Here, the model used for analysis in this chaptelescribed. Suppose that a certain amount
of bulk cargo is carried from point x in countrytépoint y in country B. It is assumed that
containers can be shipped between country A andtgolB either direct or via a
transshipment port, and shipment from country Baontry A is the main route (mainhaul).
This means that the container cargo volume ondhermr route from A to B is less than that
on the main route from B to A. Although bulk trangpwas initially carried out, it is assumed
that transportation by container has come undesidemation. The container shipping
company is considering whether this mode of trartaion can be offered, and the
consignee is also starting to consider the posyiloif selecting a different transport mode.
However, as indicated in Chapter 4, if a consigiesdes to change from bulk transportation
to container transportation, it takes a certain @amaof time to accumulate sufficient cargo
for bulk transport, and so if the consignee decigeswitch to container transportation, it
will be some time before they can return to bubngport if container transportation is
unsuccessful. Meanwhile, the shipping company natibe able to carry the bulk cargo in a
single container shipment, and so it will needandsseveral container ships to transport the

cargo.

An outline of the analysis is shown in Figure 6riltrying to express the BCC decision, it is
necessary to formulate a set of decision-makersaaset of options (behaviors) that each
decision-maker can choose, and then outline thefligrf each option. Figure 6.1 reflects
the results of Chapter 5. First, the main decisi@akers regarding BCC are container
shipping companies and consignees. Moreover, ihsékat the role of logistics companies
is similar to that of shipping companies such as/éwders. Second, the leading decision-
maker is the consignee. Thus, it is assumed tleaddision-making process to select either
bulk shipping or container shipping takes a formevelty a container shipping company
chooses whether to offer a container shipping serfor bulk cargo, and if it does so, the

consignee decides whether to accept the offer.
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(ii-a) ACCEPT Container
Shipping Company’s Offer

Consignee Uses

CBack_hauI Container Shipping
onsignee 3
(i) Choice by Backhau  (Attain BCC)
Consignee based on
(i-a) OFFER the factors indicated in
Container Figure 5.2

Shipping Service
for Bulk Cargo

Consignee Uses

(i) Choice by Container Bulk Shipping

, Shipping Company (ii-b) DOES NOT ACCEPT
Container based on the factors Container Shipping Company’s
Shipping indicated in Figure 5.2 Offer

Company Consignee Uses

(-b) DOES NOT OFFER Container Shipping Service for Bulk Bulk Shipping

Cargo

Figure 6.1 Decision-making Process in the Selection of BulkpSing or Container

Shipping

The consignee’s choice between bulk and contaihgapmg is based on the total cost
including purchase costs, tariffs, and changelkarvalue of the goods. Further, the total cost
is affected by the factors shown in Figure 5.2 he previous chapter. Meanwhile, the
container shipping company must decide whethefffey 8CC based on total profits from
both mainhauling and backhauling. It is not alwpscditable for shipping companies to carry
backhaul cargo. In addition, shipping companieskirtives to carry cargo depend on the
cost of transporting empty containers back to dlaeling location, the return freight rate, and
whether the destination is a direct source of cdfdgmofanis and Boile, 2009.) Thus, it is
crucial to examine the incentives for shipping camips. These are also affected by the

factors shown in Figure 5.2 in the previous chapter

In general, the consignee is regarded as havingltimeate power over the entire supply
chain in terms of decision-making regarding thesport mode because they are the source
of demand (and payment), as explained in ChapteFhgrefore, it is considered that
consignees lead the choice of transport mode, rétla@ shippers. In addition, even if the

shippers choose the transport mode, consigneebgagdmported goods using a specific
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transport mode, and so shippers cannot ignore tflges of consignees in deciding on the

transport mode.

The results presented in Chapter 5 show that emtahipping companies are not proactive
in encouraging their customers to select a pagictansport mode. Therefore, it is
considered that container shipping companies, fatera, and logistics companies are
relatively passive, and regard themselves solelyeagice providers rather than playing a
leading role in promoting BCC. In addition, forward sometimes become shippers with
container shipping companies, so it can be seenthieacontainer shipping company is
mainly engaged in presenting services and infoonatkFurther, in discussing BCC, the
choice about whether to change to container trah$émocargo that is currently transported
by bulk carrier is considered, and for the saksimplicity, the behavior of the bulk shipping

company is regarded as given.

Itis assumed that the container shipping compawcidés whether to offer container shipping
at a given freight rate. That is, its choices &r@) OFFER a Container Shipping Service for
Bulk Cargo” or “(i-b) DO NOT OFFER a Container Spipg Service for Bulk Cargo.” It is
assumed that the container freight rate is fixetha analysis undertaken in this chapter.
However, it should be noted that this assumptiasdwt necessarily mean that the container
shipping company does not offer a different freigteé. It is simply assumed that the current
freight rate is mutually understood between thetaioer shipping company and the
consignee because the freight rate offered istralard level or has already been presented
to the consignee. As will be described later, cleang freight offers by container shipping

companies can be analyzed in the form of changas Bxogenous variable.

Moreover, for the consignee, it is assumed thatheedecides whether to accept an offer by
the container shipping company at a given freigkg.rThat is, the consignee’s choices are
“(ii-a) ACCEPT the Container Shipping Company’s &ffor “(ii-b) DO NOT ACCEPT the

Container Shipping Company’s Offer.” In additios,far the combined use of bulk transport

and container transport as mentioned above, itbmarinterpreted that the consignee is
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applying a form of mixed strategy from game theoryexhibiting stochastic behavior in

deciding on one behavior with a specific probapiiistribution.

Itis assumed that the container shipping compaeyaies a container shipping service along
the route considered, and has space availablditorséhe backhaul route as a result of a
trade imbalance. In addition, it is assumed thé#tef container shipping company does not
offer a service, the backhaul consignee choosésdhippping. This means that the container
shipping company carries empty containers on thekhmul route, and thus incurs

repositioning costs.

It should be noted that the frequency of bulk tpamsdiffers from that of container transport.
As noted in Chapters 2 and 4, bulk transport caaiarge volume of cargo that is to be used
over an extended period of time, so even if a gyres that is presently using bulk transport
intends to change to container transportation,igafft cargo will already have been
transported for some period into the future. Maagnpanies formulate management plans
in units of three months, six months, or one yaad review their long-term management
plans annually. Although there are differencesdooanting systems and practices among
countries and companies, consignees who use butio daansport usually only make
decisions once or several times a year. This m#atisthe time frame can extend from
several months to several years. Thus, within @&rgittme frame, one load of cargo is
transported when bulk shipping is used, while savirads must be transported when

container shipping is utilized.

Regarding the volume traded, it is assumed thatdinsignee intends to import bulk cargo
of either 3,000 tons or 28,000 tons per shipmelnis iheans that the consignee either enters
into a contract to lease a certain volume in tHd bba general cargo ship (break-bulk ship)
when the cargo weight is 3,000 tons or charterdladarrier when the cargo weight is 28,000
tons. It is assumed that 40-foot containers ard fecontainer shipping, and the weight per
container is calculated based on IHS Markit's Wdndde Service data for 2017.
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Further, it is assumed that one truck can carrycoméainer or the equivalent amount of bulk
cargo, and thus trucking costs are the same fdrdnd container shipping given the same
weight of cargo. Regarding the terms of trades #ssumed that either FOB or Free Carrier
(FCA) is used and the shipper arranges and paysdding the ship in the exporting country.
This assumption simplifies the cost calculationsase inland costs in the exporting country

can be basically included in the purchase costs.

6.2.2 Consignee’s Cost Structure

The sum of transportation costs indicates the gowes’s cost of purchasing the imported
goods. In the analysis undertaken in this chapitertotal cost of international transportation
is defined as the sum of all expenses incurredidieg the purchase price of the imported

goods. Tsubogt al. (2010) considered that the total cost of inteored! transportation could

be divided into “transportation expenses,” “costiaf change in the value of the goods,” and

“inventory costs.” This division is used to caldeldhe cost of purchasing tradable goods
here. The total costs incurred by the importer winglik transportation is selected are given

by the following equation (the subscripindicates that the consignee chose bulk transport)

TG, =C,+ G+ FG+ SPC (6.1)
where C,, represents the total purchase cost (in USD), getyinsurance costs and tariffs,
C; represents the transportation costs for bulk shgppFC, represents the cost of a change

in the value of the goods, ar8PGC, represents the inventory cost.

The transportation cost for bulk shippir@; , is the total ofC,; (the charter rate for the
voyage),C,, (the land transportation and unloading coss), (the cost of procedures
such as customs clearance), a@g, (depreciation of facilities such as silos anddbst of

renting unloading equipment). The charter fee 8D because it is settled in USD. Other

costs are also expressed in USD for ease of céimula
The cost of the change in the value of the go6ds, , is given by:
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T r CcV
FC, = p| dayg +— || ——+——, 6.2
8 p( e 2)(100[865 10(} (6-2)

where p represents the purchase cost plus added valugtilieetotal sales valueglays,

represents the leadtime for bulk shippifigepresents the time frame (in days) represents

the interest rate, an@V represents the change in the value of the goadsyiorted.

The inventory costSPG,, is given by:

SPG :(!2+ o,/ day§j S, (6.3)

where SC represents the unit cost of storing the inventéryepresents a safety factor
coefficient (assume that =1.65%), o represents the standard deviation of demand éor th

goods traded, and represents the volume of goods to be carried.

The total costs incurred by the consignee whenatoat transportation is selected are given
by the following equation (the subscriptindicates that the consignee chose container
shipping). It should be noted that when contairfépging is used, several trips will be
required to carry the same amount of cargo asglesbulk load, and so these costs will be

incurred several times.

TG =Y (Gt Cot FGy+ SPG), (6.4)

whereC,, represents the cost of purchasing the importedigowluding insurance costs
and tariffs,C, represents the transportation cost for containgping, FC_, represents the
cost of responding to a change in the value ofjtaels, SPC,, represents the inventory cost,

andn indicates the number of shipments that are reduoecarry the equivalent of a bulk

cargo shipment.

43 When the demand varies based on the normal dittib N (,u, J) , the probability of a shortage is expressed

as a function of the demand quantity. Conversélei probability of a shortage is assumed, thentijyacan

be calculated using this probability function.Hétprobability of a shortage is set at 0.05, thaadel quantity
is calculated ag/ +1.650 . Thus the probability of a shortage is 0.05 &g 1.65.
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C. is the total of C,. (container freight rate for the backhaul rout€),. (land
transportation and unloading cost€),, (the cost of procedures such as customs clegrance
and C,., (depreciation of facilities such as silos and tdust of renting unloading

equipment).

The container freight cost is expressed in USDdaseause it is settled in USD. Other costs

are also expressed in USD for ease of calculati®assumed that,, is constant over time.
The cost of changes in the value of the goods &€, , and the inventory cos&PC, ,

are in the same form as the formulas presentequat®mns (6.3) and (6.4), respectively, the
only changes being the subscripts and the suffegarding the number of times container

transport is required.

6.2.3 Profit Structure of a Container Shipping Conpany

A container shipping company earns profits fromsbevice it provides. The round-trip profit

is calculated by subtracting the costs of providsigpping services from the revenue
received through freight rates. The reason forid@nsg the round trip is that it is a selection
criterion for either establishing or maintainingcantainer shipping route regardless of
whether the round trip is profitable, and it isoaés criterion in the decision on whether to
accept transportation requests. The round-triptasofiiven by the following equation when

the container shipping company offers to providetamerized transportation of bulk cargo:

71_1 = ]TMain + ﬂBack’ (6-5)

where Tlgack = ZI:CAMt_COS-It—_ pr DAM_ pzr( CACt+ Q\Mt) - R DE-‘Ij
t=1

and”sacﬁzn:[CACt—COST— PRO- prDAM- pf G.*+ G.)- BrDE],

where 7z is the total profit from the round trip, given bye sum ofrz,, ., (backhaul profit)

and 77

Main

(mainhaul profit) for each period COST represents the operational cost per
shipping containerPRQ represents the container procurement @56, represents the

container repair cost,,, represents the container freight rate for the heh container
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route from B to A,DET, represents the cost of the containers remaimrige destination
country for too long,pr; represents the probability that the containeraimaged, which is
positively correlated with cargo weighpyr, represents the probability that the container is
not collected (i.e., the cargo is abandoned), gndrepresents the probability that the

container remains in the destination country forltmg, which is affected by the credibility
of the consignee and the local regulations. Itsisuened that there are no fluctuations in

operational costs or any other related costs ower. t

Conversely, profit from not engaging in containedaransport of bulk cargo (either because

the service is not offered or it is offered butarders are received) is given by:

77—2 :]TMain_ZIMBt’ (66)

t=1

where IMB, = COST- OTHC- DTH( represents the container repositioning @3$t1G
represents the terminal handling charge at the godrigin, andDTHC, represents the

terminal handling charge at the destination port.

Equation (6.6) is similar to the second term onriflet-hand side of equation (6.5), the only
exception being the container return ctdB,. This reflects the fact that if the container

shipping company did not receive orders for corlared shipments of bulk cargo, it would

have to return the containers to their originablamn at its own expense.
6.3 Conditions Necessary to Realize BCC

To realize BCC, the container shipping company nheste an incentive to offer a
containerized shipping solution, while at the saime the consignee must have an incentive

to use containerized shipping.

For the container shipping company, this means ithaitill only offer a containerized
shipping solution for bulk cargo if this will prowaore profitable than not offering this

service. This can be expressed by subtracting iequéd.6) from equation (6.5) as follows:
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7t~ =3 [Coe.~ PRQ+ OTHG+ DTHC- prDAN- p( Gu+ G.)- BrDET>0.(6.7)

Therefore, BCC can be promoted by increasing temlit rate and reducing the cost of
container repairs, procurement, and retention dastise destination country. In addition,
the lower the probability of container damage, safuio receive containers, and overstay as
a result of inspections, the lower the cost of oy a containerized shipping solution for

carrying bulk cargo.

The condition for consignees can be expressddas> TC. . This means that total logistics

costs including purchase costs for container shigppre lower than those for bulk shipping.

This is illustrated in Figure 6.2.

tif TC>TCc

E Backhaul consignee chooses
E (ii-a) ACCEPT Container i
iShipping Company’s Offer i Consignee Uses

| TT1>TT; Shviell E— Container Shipping
i Container Shipping Consignee

} Company chooses (i) Choice by Backhaul (Attain BCC)

1 (i-a) OFFER Container Consignee based on
1 Shipping Service for Bulk the factors indicated in
i Cargo Figure 5.3

(i) Choice by Container
Shipping Company
based on the factors
indicated in Figure 5.3

Container
Shipping
Company

Figure 6.2 Conditions for Realizing BCC
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6.4 Data Analysis

Here, an analysis is conducted of what is neededstablish the conditions whereby

TC,>TG. and 7z >, . Several input variables need to be prepared tona® the

incentives for each shipping type using this motigdut values are all exogenously given.

The process of data preparation is outlined asvda!

Routes from Houston, Los Angeles, Santos, Rotterdard Yokohama to Shanghai and

Yangon, as shown in Figures 6.3 and 6.4, are usethé analysis. It is assumed that no
transshipment occurs for routes to Shanghai, basghipment takes place in Singapore for
routes to Yangon. Goods considered are Recyclemmdt(Ferrous Scrap (HS 7204) and
Waste Plastics (HS 3915)), Grains (Oilseeds (H$442P07) and Soybeans (HS 1201)),
Chemicals (Organic Chemicals (HS 29) and Inorg&tiemicals (HS 28)), and Metals (Flat

roll (HS 7208-7212) and Aluminum (HS 76)).

/. 5.From
Yokohama

2.From LA

3.From Santos .
Assumptlon No Transshipment

Figure 6.3Routes to Shanghai
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Figure 6.4Routes to Yangon

The analysis assumes that the consignee impof@® 30dis per period using 10 routes x 8
goods — 4 shipments (grain exports from Japan) patrns. Grain exports from Japan
rarely occurred, and thus were ignored. In addjtiba analysis considers the case in which

the consignee imports 28,000 tons per period Whogites x 1 good (soybeans) = 8 patterns.

Data used to calculate the consignee’s costs awesim Table 6.1. These data were collected

in 2017. In cases where historical data were diffito obtain, the latest values were used.

The purchase cost of goods under FOB conditiond fmsecalculating the total unit cost is
based on trade statistics. Therefore, the analgsd the total export value in 2017 as the
purchase cost, and the total unit cost is expreasdidle total cost per ton. US export data are
from Datamyne, European data are from Eurostagnksge data are from the Ministry of
Finance trade statistics, and Brazilian data amn fthe UN's Comtrade database. The cost
of purchasing goods is assumed to be the samefoibiolk and container transportation. In

addition, it is assumed that the price remains tearisn any period. This assumption may
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be interpreted as reflecting the fact that consgriex the purchase price by using futures or

some other form of risk hedging to protect thenmfrarice changes.

Tariff rate data are calculated using FedEx’'s Woaliff database and is based on the
average tariff rate per item code for China and iyar. Insurance premiums are based on
the rates for containerized and bulk transporedigin the World Freight Rates website, and
are calculated by multiplying the CIF price by tirhes the insurance premium rate. This
formula is widely used in the industry. IHS MarkitWorld Trade Service data were used to

calculate the amount of cargo that could be paakedcontainers in 2017.

The average 2017 value was used to determine ifmgiist) freight rate. The container freight
rate was based on Drewry’s Container Freight Rasgght, while the terminal handling

charge (THC) was obtained from the MOL Corporati@bsite. Since container freight rates
between Singapore and Myanmar are not includedrewBy’s data, the latest data were

extracted from World Freight Rates in June 2018.

However, because the average general shipping deegght rates for 2017 were not
available, the latest freight rates published byrM/d-reight Rates were used for the
calculation. Further, the rates published by Werigight Rates tend to be higher in situations
where there are no semi-liner routes. Hence, ftaigies are calculated based on the Los
Angeles—Shanghai route, adjusted in proportiorhéorelative distance. It should be noted
that even if the port does not have a semi-linaetepgeneral cargo ships visit the port in
response to requests from shippers/consignees 8isiance is a key factor in determining
freight rates, this assumption in relation to ckting the freight rates for general cargo
shipping seems reasonable. The bulk carrier fremfletis based on the Clarksons Research
SIN 2010 database using the Handysize trip cheater Freight rates per tonnage of cargo
under trip charter are higher than those undema tiharter contract. However, consignees

are not required to pay fuel costs under a tripteh@ontract.
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Table 6.1Data used for Consignee Cost Calculations

| Data Source

| Notes

Purchasing Cost Components

Unit Cost Datamyne, Eurostat, UN Total export values and weights in 2017 are use|
Comtrade, MOF “Trade for calculating unit costs
Statistics”

Tariff FedEX “WorldTariff” Latest Information

Insurance Cost

World Freight Rates

Latest Information (=CIF ptitd *rate)

Freight Rate Components

Container Freight Rate
and Terminal Handling
Costs

World Freight Rates

Mitsui O.S.K. Lines, Drewry’s
“Container Freight Rate Insight”,

Average of 2017 except data from World Freigh
Rates

Freight Rates for
General Cargo Ships

World Freight Rates

Freight rate for routes froos lAngeles to
Shanghai is base of freight rate calculation, and
proportional to distance

Charter Rates for Bulk
Carriers

Clarksons Research

Handysize Trip Charter Rate

Unloading/Inland Transpo

rt Cost Components

Port Facility Charges China Shipping Agency Calculated from tariff rates regarding port labor
(China) Management
Labor Costs and China Shipping Agency Calculated from tariff rates regarding port labor
Devanning Costs (China) | Management

Port Facility Charges
(Myanmar)

Elaborated by the author

Calculated by multiplyiing ratio of PPP-based
per capita GDP between China and Myanmar u

Labor Costs and
Devanning Costs
(Myanmar)

Elaborated by the author

IMF World Economic Outlook Database

5iNg

Cost of Truck Transport

World Bank “Doing Business”

Per shipment

Procedural Cost Components

Cost of Customs

World Bank “Doing Business

”

Cost to import: cleacarand inspections required

Clearance by customs authorities
Cost of Other World Bank “Doing Business” Cost to import: docurteay compliance
Procedures

Inventory Cost Components

Rent of Silos

Elaborated by the author

Based on silos in Tiaajid Yangon

Unit Rent of Warehouse

JETRO

Based on rent of industrial park in Shanghaii
Yangon (n¥month)

Time Components

Traveling Time for
General Cargo Ships and
Bulk Carriers

AXS Alphaliner

Based on an average speed of 1208skn

Leadtime for Container
Shipping

Freightos

Latest information

Unloading Time for
General Cargo Ships and
Bulk Carriers

Japanese Shipowners’ Associati

brBased on 50 tons/hour

Trucking Time

Assumption

One day
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Transportation costs other than freight rates ehotyinventory costs include port facility
usage fees, labor costs, and devanning costs, vaingklassified as cargo handling costs.
Regarding the port facility usage fee, tariffs fioe use of port facilities were obtained from
the China Shipping Agency Management website. Ridggr general administrative
expenses, the tariff for harbor handling was caled based on data from the same website.
Facility usage fees and labor costs in Myanmacal@ilated using relevant figures for China
adjusted by the ratio of per capita GDP for Chind Blyanmar published on the IMF World
Economic Outlook database. The silo usage fee wssdoon the total cost of construction
of the silo built in Tianjin in 2015 and the silbat is planned to be built in Thilawa.
Depreciation charges assume a useful life of 26sy@aesidual value of 10%, and an interest
rate of 5%. The silo usage fee was based on thoa¢hsof amortization. Further, warehouse
rents (mM/month) for industrial parks in Shanghai and Yangeere used to obtain the

warehouse rent per ton.

Data from the WB’s Doing Business database weré tgsealculate customs clearance costs,
procedure costs, and trucking costs. For the cbstustoms clearance, Cost to import:
clearance and inspections required by customs atiéisodata were used, while for the cost
of other procedures, Cost to import: documentamm@nce data were used. Since these
costs are per shipment, they were multiplied by ttemeflect the number of container
shipments. In addition, because it is assumedathattruck can carry one 40-foot container
or the equivalent weight of bulk cargo, the truckiee is the same for container and bulk
transportation.

Leadtime for general cargo ships and bulk carieisased on AXS Alphaliner’s distance
database. Moreover, the speed of bulk carriersasagsmed to be 12.5 knots. Since various
forwarders and container shipping companies inditte¢ leadtime or schedule for each route
in relation to containerized transport, there ismeed to calculate the leadtime based on
distance and speed for container shipping. Thezeteadtimes for container shipping are
based on quotations provided by forwarders, with shortest leadtimes published by
Freightos, which lists quotations from various farders, used in the analysis. Unloading

times for general cargo ships and bulk carrierewatculated based on a rate of 50 tons/hour
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that was obtained from Japanese Shipowners’ Adsmtiavebsite. Trucking time was
assumed to be one day.

Data used to calculate the container shipping cowyipgrofit and set parameters are shown
in Table 6.2.

Table 6.2 Data for Calculation of Container Shipping Compdprpfits and Parameter

Setting
Data Source Notes

Parameter

Time Frame Assumption 90 days

Volume Carried Assumption 3,000 tons or 28,000 tons

Safety Coefficient Assumption 1.65 (= 95% service rate)

S.D. of Demand Assumption 100 tons

Interest Rate Assumption 5%

Value Decaying Rate Assumption 0.06% for grains, 0% for waste, 0.0b% f
other good

Value Added for Goods Assumption 10% (same as insurance company's
assumptior

Parameter for Container Shipping Company

Container Repairing Cost Based on interviews with 1,000 USD/container
shipping compar reps
Probability of disorder Based on interviews with  0.20%
shipping company re
Probability of undeliverable Based on interviews with ~ 0.001%
shipping company re
Container Retention Cost Based on interviews with ~ 40.5 USD/month/container
container leasing company
reps
Probability of Retention Based on interviews with ~ 10%
shipping company re
Container Procurement Cost WB's Doing Business Proxy: Trucking cost to carry an empty
databas container from the van pool to the shipp site

Parameter values are based on interviews with iposers. The container repair cost is
assumed to be 1,000 USD. This was determined basedlvice provided by a shipping
company representative. However, it should be ntitatithe repair cost was considerably

higher for containers that were badly damaged. fireeability of failure (pr;) was set at

0.2% based on interviews with representatives@sttipping companies. The probability of
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cargo abandonmenpf, ) was set at 0.001%. However, according to thepshg company

representatives, in a normal environment, carga@dyrament only occurs once a year at most,
and thus the probability is quite low. A contaiteasing fee of 40.5 USD was used, which
is equivalent to a one month lease by the leastmypany assuming that the container is
returned by the end of the month. Regarding coetaleasing, the leasing fees vary
depending on whether the lease is short term @ term and whether the container is new,

therefore an average value was used. The contagtesttion probability pr, ) was set at

10%.

Container procurement costs are taken from the VilBisg Business database. The inland
transportation costs in each country were use@litutate the container procurement cost,
which is the cost of sending containers from thetamer yard or empty container depot to
the shipper’s site and the cost of transportingaiaers from the mainhaul consignee’s site
back to the port. It is assumed that shipping corigsacannot pass these costs on to the
customers entirely. Interviewees stated that shgppiompanies may arrange trucks to
transport containers from the shipper’s site topbe, but the cost was not passed on to the

shippers enough.

Regarding inventory costs, a standard deviatiateimand of 100 tons and a safety factor of

1.65 (i.e., a service rate of 95%) was assumedawigqe a suitable safety margin.

6.5 Calculations

Table 6.3 shows the total costs per ton of contdana@sport and bulk transport of each type
of good to each destination port. The cost of dortatransportation to Shanghai is lower
for all types of goods except waste plastics, wihikecost of bulk transportation to Yangon
is lower for all types of goods. This implies tla@nsignees prefer to avoid the cost and
leadtime involved in transshipment because cargéattgon is carried direct. For routes to
Shanghai, the base container freight rates aredréow enough. This suggests that
container shipping companies prefer to transpartainers to gateway ports where there are

numerous types of export cargo available for bagkha
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Table 6.3Total Cost/Ton by Goods and Destinations

To Shanghai To Yangon
Unit USD/ton Container Bulk Shipping | Container Bulk

Shipping Shipping Shipping
Ferrous Scrap (HS 7204) _986 993 923 845
Waste Plastics (HS 3915) 403 372 451 309
Soybeans (HS 1201) _b525 534 589 519
Oilseeds (HS 1204-1207) _ 2415 2,493 2,159 2,134
Organic Chemicals (HS 29) 1,519 1,532 2,520 2,467
Inorganic Chemicals (HS 28) | _3,730 3,789 3,070 3,025
Flatroll (HS 7208-7212) 2,197 2,231 2,189 2,140
Aluminum (HS 76) 2,754 2,796 4,401 4,391
Total 1,834 1,860 2,073 2,013

Table 6.4 shows the total costs per ton of theouarcost items for container transport and
bulk transport to each destination. Container frartcosts are higher in terms of freight rate
but lower in terms of insurance premiums, changbervalue of goods, and inventory costs.
The lower insurance cost reflects the shorter issdtMoreover, multiple shipments free

consignees from having to maintain a large inventarhich contributes to further cost

reductions.

Table 6.4Total Cost/Ton Comparison of Cost Items by Desitma

To Shanghai To Yangon
R Container Bulk Container Bulk
Shipping Shipping Shipping Shipping
Purchase Cost 1,623 1,623 1,810 1,810
Ocean Freight 47.7 24.2 124.7 26.5
Unloading/Inland Costs | 12.8 14.4 9.6 10.2
Insurance 215 44.2 24.8 49.3
Tariffs 97.0 97.1 67.7 65.4
Procedural Costs 1.7 0.2 1.7 0.2
Cost of Change in the 24.6 43.0 30.5 44.4
Value of Goods
Inventory Costs 6.2 13.8 3.8 7.6
Total 1,834 1,860 2,073 2,013
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Table 6.5 shows the total costs per ton of contairensport, bulk transport, and bulk
transport to silos of 28,000 tons of soybeans en.ts Angeles—Shanghai route. The volume
of cargo enabled by bulk shipping facilitates geeaeductions in transportation costs than
the corresponding increases in costs in relatioohemges in the value of the goods and
inventory costs. Moreover, the use of silos off@asiderable benefits for bulk shipping in

terms of economies of scale and reduced trackidgrarentory costs.

Table 6.5Total Cost/Ton Comparison for the Los Angeles—Shangoute (soybeans)

Unit USD/ton Container Shipping Bulk Shipping Bulk Shipping to
Silos
Purchase Cost 386 386 386
Ocean Freight 25 12 12
Unloading/Inland Costs 16 13 5
Insurance 9.6 9.6 9.6
Tariffs 12.2 12.2 12.2
Procedural Costs 0.18 0.02 0.02
Cost of Change in the 9 28 28
Value of Goods
Inventory Cost 1.3 9 2.6
Total 456 471 457

Table 6.6 shows the average and median contaitierizeates of various goods from the
exporting countries (the United States, EU cousjrigrazil, and Japan) adopted in the
analysis to China and five countries in Southeasa A 2017. Both the average value and
the median value are shown because there arewhses the containerization rate is either
very high or very low. Since IHS Markit's World Tda Analysis data are used for Table 6.6,
the figures were calculated on a country-to-couhtrgi$*. Conversely, transportation costs
are calculated on a port-to-port basis in the aislyndertaken in this chapter. It should be
noted that goods are not in line with the HS cdubeause the data source is not aligned with

this system. Because of these limitations, it fBadilt to compare the data in Table 6.6 with

44 |n Table 6.6, figures on routes from EU countdes calculated on a region-to-country basis, wthitese for
routes from Los Angeles and Houston are calculateghn area-to-country basis.
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the results of these calculations, but they indichat there is little difference between the

results of the cost analysis and the real-worlddra containerized transportation.

Table 6.6Comparison of Average and Median ContainerizatiateR by Goods and

Destinations in 2017

: To Myanmar, Cambodia, Brunei,

Vo Clel Laos, and Papua New Guinea

Average Median Average Median
Scrap Metal 50.4% 34.5% 41.5% 12.7%
Waste and Scrap of 79.6% 83.4% 87.1% 89.7%
Rubber, Synthetic
Fibers and Plastics
Soybeans 39.8% 2.2% 52.3% 52.3%
Oil Seeds and 57.3% 44.6% 100.0% 100.0%
Oleaginous Fruits
Organic Chemicals 32.1% 24.3% 45.5% 18.0%
Inorganic Chemical 39.3% 32.1% 42.8% 18.9%
Compounds
Flat-Rolled Iron and 33.9% 23.1% 39.4% 11.8%
Steel Products
Aluminum 62.6% 68.9% 76.7% 68.2%

Source: IHS Markit's World Trade Service

Regarding the Chinese market, the total cost tetmlbd lower for container transportation,
but the containerization rate is not necessarighéi. One reason for this is that bulk
transportation to China has progressed for goods as soybeans, and thus facilities such
as grain elevators are readily available. In otwerds, because the volume of goods
transported to China is already massive, it idyikieat the average bulk shipment is already
larger than that expected by Table 6.3, and theisdist advantages offered by containerized

transport are lost.

Although it is not evident in Table 6.6, there i®adency for lower containerization rates in
relation to transportation from Brazil becausedbst of container shipping to China is lower
in all cases except for waste plastics and orgelmémicals. The FE—South America route
connecting Brazil and China is also known to beghlls imbalanced route, suggesting that
there is an opportunity for BCC to help alleviate trade imbalance between Brazil and
China.
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Container transportation seems to be reasonablyl@ogespite the relatively high cost of
container transportation to the five countries autBeast Asia shown in Table 6.6. This is
likely the result of the small volumes of cargasported: the total volume of cargo shipped
to these countries was only 107,200 tons in 20&i7dEstinations with low levels of demand,
it is necessary to use container transportatioan @ékough the cost is higher than that for
bulk transport, and thus there is an opportunitprmmote container transportation while

demand remains low.

6.6 Sensitivity Analysis

Figures 6.5 to 6.8 show the results of comparisdtise total costs of container shipping and
bulk shipping in terms of the frequency of contaisieipments, the purchase price of goods,
the freight rate (base rate), and the period oveclthe cargo is consumed. These were the

most important factors in relation to transport malécision-making.

Total Cost (USD/ton)
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Figure 6.5 Sensitivity Analysis of Frequency of Shipping
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Changes in the total cost of container shippingtam frequency are shown in Figure 6.5.
The costs shown in Figure 6.5 are the averagel osbales to Shanghai and Yangon. The
total costs of bulk shipping, which remain constan¢ also shown in Figure 6.5. The results
of the sensitivity analysis in relation to contais@ipping frequency suggest that the total
costs of container shipping are higher for routeSthanghai if there is only one shipment.
However, there is a significant reduction in tatasts as the number of shipments increases
from one to two, and total cost become lower thalik Bhipping. This is because multiple
shipments lead to reductions in inventory costs @sis related to changes in the value of
the goods. Since the purchase price of goods atxfumthe greatest proportion of the total
cost of shipping, the impact of such a change gsiicant. There is also a significant
reduction in total costs of container shippingaéswred for routes to Yangon, but total cost
for container shipping remained higher than buiksing.
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Figure 6.6 Sensitivity Analysis of Changes in the PurchaseePr
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Figure 6.6 shows changes in the total cost of aoatahipping in relation to changes in the
purchase price of the goods shipped. As the puechiase increases, there is a tendency for
the cost of container transportation to fall. Alligh it is not evident in the range presented
in Figure 6.6, if the purchase price rises to alfiwat times the current level, the cost of

container transportation to Myanmar will also beédo than bulk trasnportation.

Container freight rates are the most influenti@itda in relation to total costs. Figure 6.7
shows the changes in the total cost of containgpsig in relation to changes in the base
rate. The base rate is the main component of gwtéieight rates, which consist of the base
rate and surcharges such as THCs. On the Myanmtg, ibthe base rate falls to about half
the original level, the cost of container transabon will be lower than that of bulk
transportation. Conversely, on routes to Chintghefbase rate increases to about one and a

half times the original level, the cost competitiges of container shipping is lost.
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The period until the cargo is consumed is anotlygifecant factor in total costs. Figure 6.8
shows the changes in the total cost of bulk shigppirrelation to the period over which the
cargo is consumed. It can be seen that FigureifbeBsdfrom Figures 6.5, 6.6, and 6.7 in that
the total cost of bulk shipping changes as theogeover which the cargo is consumed
changes, while that of container shipping remaimshanged. A longer period suggests the
demand for the cargo becomes weaker. Inventorg @st costs from changes in the value
of the goods will be higher for bulk shipping besauhe consignee has to store this cargo
for longer. Thus, container shipping, which enali@sller shipments, is preferable because
it lowers inventory costs and costs from changekervalue of the goods. Even for the route
to Myanmar, container shipping is cost-competitiveelation to bulk shipping if the period

of consumption for bulk goods is four times longen the base period of 90 days.
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Figure 6.8 Sensitivity Analysis for Changes in the Periodiludargo is Consumed
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6.7 Incentives for Container Shipping Companies

Table 6.7 shows container freight rates, contajm@curement costs, THCs, and the

difference in profit expressed @ag—-7z,. 77 is the total profit from the round trip, while,

is the profit from not engaging in BCC. The figuiaghe right-hand column of Table 6.7

representrz — 7z, per container, and indicate whether a containgpgsig company has

sufficient incentive to offer transport using can&s for various routes. It is assumed that

the container freight rate and transport volumeghgment are both constant.

Table 6.7Container Freight Rates, Procurement Costs, TH@EDafferences in Profit

for Each Route

Container Freight Rate | Container Procurement Cost| THC T — 7T,
Unit USD/container
Houston to Shanghai 1,372 1,361 727 | 629
Houston to Yangon 2,327 1,361 815 709
Los Angeles to Shangha| 576 1,361 777 | -115
Los Angeles to Yangon | 1,873 1,361 865 | -148
Santos to Shanghai 1,232 763 399 759
Santos to Yangon 2,475 763 487 1,275
Rotterdam to Shanghai | 1,357 315 513 1,447
Rotterdam to Yangon 2,331 315 601 1,505
Yokohama to Shanghai | 467 323 547 | 585
Yokohama to Yangon 2,007 323 635 | 928

Profits are reduced on the Los Angeles—Shanghae nehen container shipping is used
because of high container procurement costs anccémtainer freight rates. Since the Los
Angeles—Shanghai route is one of the busiest siggpiutes in the world, numerous shipping
companies are entering the market, and thus tles far container shipping have become
extremely competitive, which is expected. Meanwhitltamage to containers, cargo
abandonment, and retention of containers at thénd#éisn port do not seem to present
problems. Incentives for container shipping comesisieem to be greater in relation to the

routes to Yangon, but shipping is usually outsoditoeoperators on feeder routes, and thus
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it seems that the incentives for large shipping pamnes are less than the figures in Table

6.7 would suggest.

6.8 Chapter Conclusion

In conclusion, the findings in relation to the hiipeses proposed in Section 6.1 are presented.
Hypothesis 1 proposed that a reduction in costis aa¢ares promoted containerization. This
is valid for freight rates, although a substanteduction in fares is required. As for costs
other than freight costs, the ratio of these ctsthe total cost is so low that it is difficult to
promoted BCC by reducing these costs, indeed awertahipping is already cheaper in terms
of inventory costs. Thus, Hypothesis 1 is not supgab This also implies that digitization
and innovations in container shipping will not pid®/ sufficient cost reductions to promote

the adoption of BCC, and thus Hypothesis la issnpported either.

Hypothesis 2, which proposed that container trartapon will not be competitive against

bulk transportation using facilities such as séwm&l elevators, is supported. Despite bulk
transport leading to increased inventory costsptakr conditions being equal, the effect of
economies of scale through the use of bulk cargiitias on reducing cargo handling costs
and inventory costs is significant. Finally Hypatlse 3 which proposed that container
shipping companies have an incentive to use BCQllgviate trade imbalances, was

somewhat supported, although the incentive is igoificant.
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CHAPTER 7

CONCLUSION
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7.1 Summary

In this dissertation, several reviews and analgselsa survey have been conducted to fulfill
three objectives relating to issues regarding BE@Chapter 2, the history of containerization,
challenges to containerization, and the curreriistaf BCC were reviewed. In Chapter 3,
the existing literature was reviewed. In Chapteard geconometric analysis was conducted.
The results indicated that to encourage contaieérshipping of goods that currently have
low containerization rates, it is essential to Ewexport and import procedure costs
including freight costs to the port, costs aftendimg, and costs in relation to customs
procedures, as well as undertaking maintenancerbfpd land infrastructure. In Chapter 5,
the decision-making mechanism was examined basedemiews with practitioners, and it
was found that the consignee is the leading detisiaker. Most respondents emphasized
that the choice of transport mode must obey econpmmciples, and thus it was found that
a reduction in freight rates is the most importidtor influencing decision-making. In
addition, reductions in other costs such as untgadosts and procedural costs are essential
in promoting BCC. In Chapter 6, a cost analysis e@sducted to test the hypotheses that
were presented. The results suggested that a reductfreight rates would be effective,
while reductions in other costs do not seem toufigcgent to promote BCC. The results also
suggested that BCC is more suitable when demanedakening. Further, container shipping
companies have incentives to promote BCC for somoelg and routes, but these incentives
are not strong. A summary of these results is ptesebelow, followed by concluding

remarks.

7.2 Clarification of the Mechanism Underlying BCC

Here, research objectives 1 to 3 are addresseetldtion to objective 1, an econometric
analysis provided several findings from the macooeenic viewpoint. It was found that

goods with a low containerization rate are mairdyried on backhaul journeys, and BCC
may be useful in reducing imbalances. The anadtgigests that investment in infrastructure
and a reduction in export and import costs shouddnote the containerization of goods that

currently have a low containerization rate.
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Regarding objective 2, an examination of the denisnaking process revealed that factors

such as ocean freight costs, loading/unloadings¢@std customs clearance costs had the
greatest effect on the choice of transport modewvé¥er, the cost analysis presented in

Chapter 6 suggested that reductions in these wastisl not be sufficient to promote BCC.

In relation to objective 3, the cost analysis réegdhat a reduction in the freight rate is the
most effective means of promoting BCC, but a carsidle reduction is necessary. Other
costs such as procedural costs are not signiffeatdrs. Expanded analyses are expected to

provide more insights regarding the promotion of@BC

In this dissertation, the mechanism underlying B@&s examined based on the current
situation from both the macroeconomic and microeaan points of view. In Chapter 2, the
current status of containerization and problemsroating containerization were reviewed,
and the goods and routes that should be considerd®ICC were identified. It was found
that BCC is useful in backhaul trade from developedntries to developing countries and
trade between developing countries such as fronziBta China, and that the most
appropriate goods include food, building materiedsy materials, and recycling materials.

Furthermore, BCC is useful for carrying small voksrof differentiated goods.

In Chapter 4, the relationship between the macm@oic environment including
infrastructure and aggregated containerization exasnined using econometric analysis. It
was found that BCC could provide a solution to pneblem of imbalance in containerized
transportation. Further, it was found that infrasture development, as well as institutional
improvements, particularly in importing countriesuld contribute to the development of
BCC.

Chapter 5 examined the decision-making structuckfaotors influencing BCC based on
interviews with practitioners. In promoting BCCnsignees play a leading role in decision-
making, while freight rates, costs other than téguch as inventory costs, and other factors
such as item characteristics and leadtime play lestaantial role in decision-making.

Consignees play a leading role because they hanetage the supply chain and develop
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import systems. Thus, they play a leading rolesicislon-making in relation to BCC because
of the nature of the goods handled by BCC. It setlaisgoods transported by BCC tend to
require some degree of processing, either by timsigoee or by other parties, although

further verification is necessary in relation testissue.

Chapter 6 presented an analysis of decision-makirgjation to BCC based on the total cost
of transport including purchase costs for consignaed marginal profits for container

shipping companies. For consignees, reduced freigteds and demand are the most
significant factors influencing the choice of can&ized transportation, while reductions in

customs clearance costs do not have a signifidkatte

What is important here is that while practitionen® aware that costs are important,
macroeconomic environmental factors are impliatlo recognized as influencing decision-
making, that is, they involve costs that cannodbiectly converted into monetary terms.
This is why both microeconomic cost factors and nm@conomic environmental factors are
included in Figure 5.2. Conversely, these imptoists do not account for a substantial share
of total costs for individual consignees. Thusstheosts are not emphasized in Chapter 6.
However, at the national level, it seems that grebénefits can be realized by developing
not only hard infrastructure such as ports and spadt also soft infrastructure such as

improved customs clearance procedures.

7.3 Practical Applicability

The results presented in the previous chaptersisgtl for practitioners. First, they can
assist container shipping companies in utilizihng@B@s a strategy to help eliminate

imbalances. This in turn can help to improve thexsapanies’ operational efficiency.

In addition, it became clear who will have the miafllence in promoting BCC. The results
of interviews with practitioners presented in Cleay@ showed that the consignee’s role is
essential because they control the acceptancensysteimported cargo and consider the

supply chain when deciding whether to use contaedrimport for bulk cargo. Even if trade
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conditions such as CIF are used, it is difficuligioore consignee requests. Thus, it is crucial
to encourage consignees, who play a leading rgleyniderstanding their needs, thereby

potentially creating new business.

Furthermore, in clarifying what kinds of goods telext and what measures to take in
promoting BCC, it is necessary to provide suggestioot only to container shipping
companies but also to port authorities. It was shtvat it is essential to select goods with a
relatively low level of demand and to promote thkestion of BCC by reducing freight rates.
This finding is useful because it provides guidedirfor container shipping companies,

governments, and port authorities to promote BCC.

The information presented in Chapter 2 suggests B@C would be beneficial on
imbalanced routes from developed countries to dgwed countries. It is crucial to attract
goods that currently do not have a high contaiaéion rate such as raw materials, food
ingredients, building materials, and recycling prag. In addition to the transportation of
differentiated items, the benefits of BCC are expeédo be demonstrated in transportation
to areas where demand is either expected to irecigake future or has already decreased.

This is confirmed by the results presented in Géragt

Regarding the relationship between BCC and faciock as a reduction in procedural costs
and increased investment in ports, the resultepted in Chapter 4 suggest that these efforts
can be useful to some extent in promoting BCC. Heareghe results presented in Chapter 6
suggest that the effects of these efforts aredithiand thus it is necessary to combine these

approaches with other initiatives to promote BCC.

Based on the results presented in the previous tetsapthe following actions are

recommended to promote BCC. First, shipping congsasiould consider outsourcing cargo
collection and marketing activities because shippead consignees of BCC tend to be small.
This presents a burden for container shipping conesabut forwarders specialize in these

types of activities. Thus, container shipping comesa will be freed of this burden by
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outsourcing. This will also strengthen the roleyplh by logistics-related subsidiaries of

shipping companies such as Damco and Yusen Lagistic

In addition, innovations in terms of digitizatioreanecessary to collect as much information
as possible about customers. Goods transported @§ #nd to be aimed at meeting
temporary demand, and thus identifying customerataristics is essential for promoting
BCC. For example, collecting information about gigiis and consignees using blockchain
technology is useful prior to entering into trartgats because shipping companies can verify
the credit status of shippers and consignees.réhisces the risk of nonpayment, container

retention, or cargo abandonment.

Second, for port authorities and government offégighe results presented in Chapter 6
suggest that transshipment may interfere with BTRus, it is recommended that port
authorities develop infrastructure to enhance comree because BCC is preferable for
direct transport routes. Further, enhanced poititfas provide increased incentives for
shipping companies. Further, even though the epudisented in Chapter 6 did not support
the hypothesis that a reduction in procedural cesessential for promoting BCC, such a
reduction should still be pursued to facilitatereased trade. Even though cost reductions
alone are insufficient to promote BCC, they willezt not only BCC but also the future of

other forms of container shipping.

In addition, the provision of subsidies might beauseful strategy for promoting BCC,
particularly in importing countries such as the WiSs recommended that subsidies should
be provided to encourage backhaul cargo to rechippers’/consignees’ burdens, especially
in relation to PSW ports, because the most effeatray to promote BCC is a significant
reduction in freight rates. It is also recommentleat these subsidies should be distributed
not only to shippers/consignees but also to coatashipping companies that carry
containerized bulk cargo. Subsidies to containgapshg companies to encourage the use of
BCC seem preferable to the construction of tramtapfacilities, as is currently being

promoted by port authorities in California.
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7.4 Limitations and Future Research

Although this study revealed several useful findinthe analyses were limited by data
constraints and the methodologies used. For exatimgiee was no consideration of seasonal
and short-term fluctuations in demand and suppbtabse the containerization rate was only
considered on an annual basis. There is a posgitiat the containerization rate falls at

various times of the year, in particular at graamnest time, which might lead to either under-
or overestimation of containerization rates. Thmited route information for the cluster

analysis undertaken in Chapter 4 meant that neacielwas available regarding risk hedging
by route. Future research is necessary in relédiomis issue using improved methodologies
and more detailed data. It might also be necessgmessure governments and the UNCTAD

to release trade statistics by transportation miog&jding container trade

Finally, this dissertation was unable to discugsréiationship between containerization and
the demand or product cycle in sufficient depth.Migashita (2002) and Murakami and
Matsuse (2014) noted in their analyses of the prbdycle and choices in transportation
mode between maritime container transport and anga; the relationship between
containerization and the product cycle seems tinpertant, as noted in Chapter 2. Further

analysis of this relationship should be undertakefmture studies.

45 To the best of the author's knowledge, the US aaphn are the only sources of information regarding
containerized trade. The EU releases trade statigyi transportation mode, but they only show #aberne

trade volumes.
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Table A.I.1 Nominalper capitaGDP of Developed Countries and Developing Cousit@iassified by IMF

Developed Economies Developing Economies

Latvia i 15,547 | Gabon | 7,972 | Kosovo | 3,880, Cameroon | 1,401, i

Source: the IMF's World Economic Outlook database
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Table A.ll.1 Detailed Classification of Goods Included in theistér Analysis

Cluster No.

Number
of Good!

Good:

1
(Middle)

Building Stone, Worked and Non-Metallic Mineral Bugts, n.e.s., Cement and
Lime, Fertilizers and Pesticides, Metal StructuiReservoirs and Tanks, Nop-
Refractory Clay and Ceramic Products, Veneer, Pbdyv®article Board, Waste
and Scrap Rubber, Synthetic Fibers and Plasticsié\Raper, n.e.s.

2
(Middle)

Chemical Products, n.e.s., Fruits and VegetablespdPed or Preservef,
Inorganic Chemical Compounds, Plastics in Primagrnis and Syntheti¢
Rubber, Wood of Non-Coniferous Species

(High)

44

Agricultural Machinery, n.e.s., Aircraft and Parégricots and Peaches, Fregh,
Beef, Fresh or Chilled, Chicken and Turkey MeatkPBresh or Chilled, Cutlery,
Non-Electric Cooking Appliances, Scissors and Béadiesssential Oils, Perfumes
and Beauty Preparations, Fruit, Dried, Tobacco, &mmactured, Copper Platgs,
Sheets, Foil, Powders, Tubes and Pipes, Corn aylge8n Oil, Footwear, n.e.g.,
Footwear Parts, Industrial Ovens, Furnaces and agerrBurners, Lemons,
Grapefruit, and other Citrus Fruits, Metal Workiktachinery, n.e.s. and Parfs,
Milk Not Concentrated, Yogurt and Ice Cream, Mubkicatruments and Parts,
Soybeans, Sunflower, Sesamum, Colza and MustadbkSEmnsport Equipment
and Parts, n.e.s., Live Animals

4 (High)

Cotton, Synthetic Fibers, Textile Fabrics, Wovett]eNarrow or Special Fabrig

(%)

(High)

20

Aluminum, Articles of Concrete, Cement and Plas®asic Iron and Stee|,
Chemical Elements, General Industrial Machinerng.sa, Insulated Wire and
Cable, Accumulators and Batteries, Kiwi Fruit, GasivyMangos and Duriang
Fresh, Metal Products, Non-Alcoholic Beverages,reel Cider, Plastic Tubef,
Pipes, Plates and Film, Plastics in Non-Primaryrsosind Plastic Products, n.ejs.
Sugar, Beet or Cane, Pulp, Rubber Products, Pgiatia Writing Paper, Molass¢s
and Other Sugars

(High)

25

Apples, Pears and Plums, Fresh, Bearings and GBaiters, Engines ang
Turbines, excl. Aircraft and Vehicle Engines, Colver, Broccoli, Cabbagep
and Lettuce, Fresh or Chilled, Dental Hygiene, Haird Shaving Preparations
Electric Engines, Generators and Transformers, tidat Equipment, n.e.s|,
Vegetables, n.e.s., Fresh or Chilled, Plastic BugdWare, Floor Coverings,
Meat, Prepared or Preserved, Heating and CoolingpEtent, n.e.s., Oranges apd
Mandarins, Paints, Varnishes and Lacquers, WoodwRts, n.e.s., Textile Yarn,
Special Industrial Machinery, n.e.s.

7
(Low)

10

Agriculture and Food Processing Residue and Wastes., Animal ang
Vegetable Oils, n.e.s., Bananas, Hay, Fodder, B@iltake, Machinery ang
Equipment for Mining and Construction, n.e.s., Maadl Fish Products, Not fg
Human Consumption, Dog and Cat Food, Motor Vehjdlegural Rubber, Gumis
and Resins, Rice, Wood and Cork Waste, SawdustcGdia

=

8
(Low)

Flat-Rolled Products of Iron and Steel, Iron ange§tn.e.s., Organic Chemicals,
Sands, Pebbles, Gravel and Crushed Stone, Stanea@dl Other Crude Minerals

9
(Middle)

Crude Fertilizers, Newsprint and Uncoated PaperRaygkrboard, excl. Printing
Paper, Oil Seeds and Oleaginous Fruits, n.e.s.

10
(Low)

Mineral Tars and Distillation Products, Petrolewgty] Palm, Coconut and Palm
Kernel Qil, Pitch Coke, Petroleum Coke, BitumengpdVetal
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APPENDIX IlI

CONTAINERIZATION RATES FOR VARIOUS ROUTES BY

CLUSTER
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Table A.lll.1 Containerization Rates by Route for Cluster 1

China Egrr:g iI‘;\dones Japan gﬂalaysi ngilippi grizgap igi? Taiwan ghailan \n/qietna
China 51.2%| 73.0% | 50.3%| 59.7%)| 62.0%| 77.6% | 59.0%| 60.9%
Kong 70.4%| 51.9%| 31.3%| 58.1% | 66.9% | 63.4%| 73.3%| 56.5%| 70.6%
Indonesia | 64.6% | 58.5% 66.2% 30.9%| 57.4%| 72.3%| 66.8%| 37.6%| 43.1%
Japan 45.4%| 47.1%| 46.3% 30.2%)| 27.1%| 21.4%| 52.0%| 59.2%| 57.7%| 37.8%
Malaysia | 56.1%| 70.7% 56.7% 41.9% 64.0% | 68.6% 53.8%
Philipine | 53 96| 60.79%| 53.3% | 69.7%| 54.4% 54.1%| 60.1%| 70.4%| 47.2%| 22.3%
Singapore | 48.1%| 75.6% | 55.7%| 66.7% 38.7% 58.8% | 70.8% | 56.9%| 53.9%
ﬁg;gg 65.2%| 72.5% | 28.3%| 23.1%| 28.7%| 28.8% | 44.5% 57.6%)| 23.2%| 34.5%
Taiwan | 67.3%| 42.7%| 52.0%| 44.1%| 27.6% | 42.2%| 32.0%)| 30.2% 48.4% | 31.0%
Thailand | 48.0% | 75.3%| 44.9%| 60.4% 63.1%| 52.9% | 67.3%| 67.4% 45.4%
Vietnam 50.7%| 30.9% | 78.1%| 24.4%| 48.4%| 51.8% | 56.3%| 48.7%| 62.5%

Note 1: Containerization rates are average rates #010 to 2014.

Note 2: Containerization rates for pairs of cow#tfrivith common land borders are excluded.

Table A.lll.2 Containerization Rates by Route for Cluster 2

China Egrr]\g iIgdones Japan aMalaysi Egsilippi g:ggap ig;g? Taiwan ghailan \n/1ietna
China 42.8%| 50.3%| 61.4%)| 47.4%| 51.4% | 51.9%| 43.0%| 40.2%
;'gr’]g 76.3%| 74.4%| 67.2%| 67.6%| 63.0%| 79.0%| 79.5%| 70.9% | 81.5%
Indonesia | 42.9%| 66.7% 51.3% 55.3%| 54.2% | 40.5% | 41.5%)| 49.8%| 55.9%
Japan 70.7%| 91.7%| 70.4% 67.3%)| 34.9%| 62.3%| 64.4%)| 60.2%| 76.5% | 79.2%
Malaysia | 55.5%| 87.6% 53.3% 66.2% 50.7%| 49.1% 72.5%
Phibpine | 49 206 | 60.8% | 48.3%| 43.5%| 59.0% 53.1%)| 52.7%| 50.7%| 61.0% | 84.0%
Singapore | 66.6%)| 96.1%| 82.9% | 73.3% 83.6% 69.8%| 82.8%| 70.4%| 87.1%
south 78.4%| 97.5% | 63.9%| 74.4%| 74.6%| 63.1%| 78.1% 74.3%| 48.2% | 69.3%
Taiwan | 89.7%| 93.6%)| 71.1%| 82.8% | 79.0%| 60.2%| 65.8% | 66.1% 78.3%| 87.5%
Thailand | 47.8% | 90.4%)| 67.6%| 61.3% 69.9%| 60.3% | 55.8%| 55.1% 79.1%
Vietnam 54.0%)| 61.6% | 52.9% | 56.3%)| 54.1%| 51.6% | 50.3% | 50.8%| 65.7%

Note 1: Containerization rates are average rates #010 to 2014.

Note 2: Containerization rates for pairs of cow#trivith common land borders are excluded.
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Table A.lll.3 Containerization Rates by Route for Cluster 3

China Egrr]\g ilgdones Japan gllalaysi rl?g:lippi frizgap igl;é? Taiwan 'Gli'hailan \r:]ietna
China 81.0%)| 89.2%| 87.7%| 89.2%| 69.6%| 82.9% | 30.0%| 77.0%
Kong 94.8%| 81.7%| 92.7%| 93.9% | 96.1%| 94.3%| 98.0%| 95.5% | 99.1%
Indonesia | 29.5% | 78.8% 81.7% 81.0%)| 69.1%| 72.2% | 42.2%| 70.2%| 69.8%
Japan 66.9%| 86.8% | 63.6% 68.9%| 66.0% | 80.6%| 73.7%| 69.5% | 71.9% | 69.6%
Malaysia | 59.9%| 72.6% 73.7% 39.9% 78.7%| 75.3% 55.3%
Philpine | 43096 | 69.6%| 81.0% | 77.6%| 85.0% 91.3%| 53.5%| 62.7%| 83.2%| 82.4%
Singapore | 72.2%| 91.2%| 78.9% | 89.4% 69.8% 91.0%| 87.1% | 88.3% | 88.5%
south 73.5%| 83.5% | 84.2%| 81.9%| 73.9%| 69.1%| 62.4% 79.6%| 78.6% | 86.4%
Taiwan | 76.7%| 82.8%)| 83.1%| 72.3%| 78.1%| 74.1%)| 74.9%| 79.9% 72.1%)| 74.7%
Thailand | 83.9% | 85.5%| 78.0%| 86.5% 88.3%| 69.0% | 50.8% | 77.3% 59.9%
Vietnam 90.9%)| 77.1%| 84.0% | 46.0%| 76.7%| 63.8% | 34.8% | 82.3%| 85.6%

Note 1: Containerization rates are average rates #010 to 2014.
Note 2: Containerization rates for pairs of cow#tfrivith common land borders are excluded.

Table A.lll.4 Containerization Rates by Route for Cluster 4

China Egrr]\g iIgdones Japan gllalaysi rl?g:lippi frizgap iglrgz Taiwan 'Gli'hailan \r:]ietna
China 87.9%| 93.09%| 100%| 95.3%| 97.4%| 100% | 85.3%| 90.6%
;'gr’]g 95.9%| 81.4% | 97.5%| 96.1%)| 99.9%| 92.3% | 84.7%| 96.4%| 98.9%
Indonesia | 74.2% | 91.3% 92.3% 91.5%| 97.2%| 87.9%| 85.5%| 86.0% | 84.0%
Japan | 82.5%| 100%| 81.3% 100%| 100%| 100%| 100%| 100%| 100% | 92.2%
Malaysia | 70.2%| 100% 89.2% 98.5% 81.6%| 90.8% 85.3%
Philipine | 94 706| 95.6%| 95.0%| 99.9%| 90.0% 100% | 94.7%| 100%| 91.1%| 99.5%
Singapore | 64.0%| 100% | 90.7% | 84.8% 90.2% 81.8%| 81.5%| 85.4%)| 87.6%
souh | 98.4%| 97.7%| 77.6% | 90.4%| 90.3% | 93.2% | 91.8% 90.1%| 72.6%| 79.8%
Taiwan | 96.9%| 96.2%| 89.2%| 84.0% | 85.2% | 93.5%| 87.3%| 82.0% 84.1%| 85.0%
Thailand | 65.7%| 100%| 82.1%| 85.5% 84.0%| 93.2%| 82.7%| 82.8% 83.8%
Vietnam 87.8%| 86.296| 95.5%| 98.3%| 88.0% | 95.1%| 90.2%| 84.8%| 88.2%

Note 1: Containerization rates are average rates #010 to 2014.

Note 2: Containerization rates for pairs of cow#trivith common land borders are excluded.

141



Table A.lIL.5 Containerization Rates by Route for Cluster 5

China Egrr]\g ilgdones Japan gllalaysi rl?g:lippi frizgap iglrgz Taiwan 'Gli'hailan \r:]ietna
China 83.1%)| 87.0%| 92.4% | 93.5%| 94.7%| 80.2% | 85.5% | 86.2%
Kong 79.9%| 90.6%| 90.1%| 92.9% | 95.1%| 92.8%| 94.7%| 82.0% | 96.9%
Indonesia | 37.4% | 98.2% 81.1% 93.7%| 92.5%| 31.6% | 63.1%| 85.7%| 78.7%
Japan 60.6%| 94.5% | 61.1% 79.1%| 79.9% | 91.5%| 42.0%| 34.2% | 65.1% | 44.6%
Malaysia | 71.6%)| 88.8% 83.1% 79.5% 36.7%| 88.2% 68.6%
Philpine | 77 506| 92.79| 91.8% | 87.5%| 95.1% 93.2% | 86.9%| 83.2%| 82.7%| 90.5%
Singapore | 90.1%| 94.1%| 88.4% | 92.9% 96.0% 85.9%| 83.9% | 87.3%| 93.9%
south 87.9%| 90.9% | 61.5% | 73.5%| 86.1%| 45.6% | 90.3% 68.2%| 64.7%| 73.5%
Taiwan | 88.6%| 91.4%)| 61.6%| 85.1% | 84.0%| 75.1%)| 90.6%| 57.8% 72.9%| 72.5%
Thailand | 79.5% | 85.6%| 87.6%| 92.7% 73.1%| 86.7%| 94.4% | 88.9% 81.8%
Vietnam 89.9%)| 79.7%| 85.6% | 86.2%| 69.6%| 97.8% | 78.0%| 99.5%| 64.8%

Note 1: Containerization rates are average rates #010 to 2014.
Note 2: Containerization rates for pairs of cow#tfrivith common land borders are excluded.

Table A.lll.6 Containerization Rates by Route for Cluster 6

China Egrr]\g iIgdones Japan gllalaysi rl?g:lippi frizgap iglrgz Taiwan 'Gli'hailan \r:]ietna
China 87.8%)| 90.9%| 93.2% | 94.0%| 91.9%| 88.4% | 91.7%| 92.8%
Kong 93.6% | 89.8%| 89.2%| 91.8%| 90.3%| 90.2%| 91.9%| 88.4% | 95.8%
Indonesia | 88.6% | 96.2% 81.1% 96.1%| 90.0% | 97.1% | 88.7%| 92.5%| 94.4%
Japan 90.3%| 93.1% | 88.6% 90.0%)| 75.0%| 90.2% | 80.4%| 73.4%| 91.4% | 88.4%
Malaysia | 76.9%)| 93.4% 82.8% 93.4% 91.9%| 75.8% 95.0%
Philiepine | 76.896| 83.99%| 92.1%| 78.1%| 91.8% 86.5%| 82.1%| 91.3%| 92.8%| 93.0%
Singapore | 92.4%| 93.0%| 91.2% | 93.3% 90.9% 95.6%| 94.0% | 90.0% | 92.7%
south 89.1%)| 95.5% | 94.29% | 88.3%| 92.6%| 90.2% | 92.1% 90.9%| 90.7% | 93.5%
Taiwan | 93.9%| 95.8%)| 94.5%| 84.7%| 91.7%| 90.6%| 93.2%| 94.3% 93.3%| 95.4%
Thailand | 93.4% | 92.1%| 95.0%| 95.3% 94.8%| 94.9%| 97.2%| 95.5% 94.8%
Vietnam 85.3%)| 88.8%| 86.1% | 92.2%| 86.0%| 88.6% | 90.8% | 88.5%| 87.8%

Note 1: Containerization rates are average rates #010 to 2014.

Note 2: Containerization rates for pairs of cow#trivith common land borders are excluded.
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Table A.llIl.7 Containerization Rates by Route for Cluster 7

China Egrr:g iIgdones Japan gllalaysi Egsilippi gzgap igi? Taiwan 'Gli'hailan \n/1ietna
China 51.0%)| 45.6%| 41.3%| 31.3%| 44.2%| 31.3%| 30.4%| 38.3%
Kong 30.1%| 24.9%| 43.9%| 35.3%| 35.5%| 34.6%| 36.6% | 27.9%| 27.6%
Indonesia | 53.0% | 14.2% 66.4% 33.3%| 55.3%| 50.4% | 53.8% | 36.9%| 37.9%
Japan | 30.7%)| 44.2%| 34.9% 33.2%)| 33.4%| 39.3% | 33.8%| 31.8%| 38.8%| 49.6%
Malaysia | 31.3%| 37.1% 20.2% 37.6% 31.1%)| 28.2% 20.9%
Philbpine | 96,496 | 63.5% | 40.8%| 14.1%| 70.8% 50.3% | 22.8% | 25.0% | 26.7%| 26.8%
singapore | 60.3%| 41.8%| 32.7% | 27.2% 26.8% 23.5%| 31.7%| 35.2%)| 39.5%
souh | 42.9%| 43.6% | 38.0%| 53.8% 36.7%| 31.5%| 44.0% 31.8%| 35.9%| 31.5%
Taiwan | 35.5%| 29.4%)| 31.5%| 35.9%| 23.8% | 27.5%| 35.9%| 25.5% 23.9%| 24.7%
Thailand | 18.8% | 29.6%)| 34.3%| 49.6% 22.3%| 57.0%| 61.4% | 43.9% 32.3%
Vietnam 55.5%| 54.9%| 42.5%| 79.1%| 25.7%| 37.4%| 33.2%| 63.2% | 20.0%

Note 1: Containerization rates are average rates #010 to 2014.

Note 2: Containerization rates for pairs of cow#tfrivith common land borders are excluded.

Table A.lIl.8 Containerization Rates by Route for Cluster 8

China Egrr]\g iIgdones Japan gllalaysi rl?g:lippi frizgap iglrgz Taiwan 'Gli'hailan \r:]ietna
China 31.2%)| 16.1%| 36.0% | 34.5%| 45.1%| 38.3%| 8.7%| 29.9%
Kong 18.1%| 28.3%| 16.7%| 14.9%| 23.2%| 23.3%| 11.4%| 27.6%| 9.6%
Indonesia | 18.0% | 24.1% 30.2% 31.0%| 29.3% | 28.4%| 31.2%)| 33.4%| 29.1%
Japan 23.0%| 15.7% | 25.8% 23.7%| 21.1%| 15.3%| 23.7%| 14.8%| 25.5%| 15.9%
Malaysia | 25.1%)| 19.8% 10.8% 16.2% 20.7%| 22.1% 29.0%
Philipine | 18 36| 9.506( 16.9%| 3.2%| 10.9% 1.6%| 17.5%| 5.1%| 23.7%| 14.8%
Singapore | 27.8%| 33.4%| 29.5% | 33.8% 30.8% 25.0%| 34.7%| 30.4%| 26.3%
ig;gg 31.6%| 30.7%| 23.8%)| 26.3%| 27.8%| 26.3%| 23.1% 32.5%| 28.1%| 13.0%
Taiwan | 31.5%| 27.3%)| 26.2%| 21.8% | 24.9%| 23.0%)| 28.6%| 28.4% 27.5%| 27.4%
Thailand | 19.3%| 22.7%| 7.3%| 4.1% 9.2% | 20.8%| 8.4%| 20.7% 5.6%
Vietnam 24.4%| 20.1%| 6.6% | 21.3%| 10.6%| 11.2%| 3.4% | 21.2%| 18.9%

Note 1: Containerization rates are average rates #010 to 2014.

Note 2: Containerization rates for pairs of cow#trivith common land borders are excluded.
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Table A.lIl.9 Containerization Rates by Route for Cluster 9

China Egrr]\g ilgdones Japan gllalaysi rl?g:lippi frizgap iglrgz Taiwan 'Gli'hailan \r:]ietna
China 83.6%)| 24.6%| 76.3%| 75.8%| 93.4%| 60.9% | 67.8% | 80.6%
Kong 95.7%| 95.9%| 95.7%| 95.6% | 95.7%| 95.7%| 88.9%| 95.7%| 85.0%
Indonesia | 94.6% | 95.7% 54.8% 95.7%| 95.4% | 82.3% | 89.3%| 95.7%| 95.2%
Japan 78.0%| 95.3% | 94.3% 94.0%| 93.8% | 95.7% | 87.5%| 91.8%| 95.0% | 93.9%
Malaysia | 89.0%)| 95.6% 33.2% 92.2% 69.9%| 73.1% 92.8%
Philbpine | 51 66| 95.8%| 95.7% | 22.1%| 91.2% 95.7%| 78.5%| 95.6%| 95.7%| 95.4%
Singapore | 94.1%| 95.7%| 94.7%| 95.7% 80.9% 95.6%| 95.7% | 55.5% | 95.6%
south 95.2%| 95.7% | 95.6%| 71.9%| 95.7%| 95.7%| 95.7% 95.7%| 95.7%| 94.1%
Taiwan | 95.4%| 95.0%)| 94.5%| 85.3% | 90.4%| 71.9%)| 95.7%| 95.7% 95.3%| 95.7%
Thailand | 83.5% | 95.8%| 94.8%| 36.8% 95.0%| 94.5% | 83.6% | 95.7% 89.8%
Vietnam 86.7%)| 65.7%| 30.5% | 79.7%| 37.5%| 94.3% | 27.2%| 95.7%| 95.7%

Note 1: Containerization rates are average rates #010 to 2014.
Note 2: Containerization rates of pairs of coustigth common land borders are excluded.

Table A.IlI.10 Containerization Rates by Route for Cluster 10

China Egrr]\g iIgdones Japan gllalaysi rl?g:lippi frizgap iglrgz Taiwan 'Gli'hailan \r:]ietna
China 3.1%| 4.4%| 4.7%| 6.7%| 7.0%| 5.7%| 5.5%| 5.6%
;'gr’]g 12.0%)| 16.4%| 12.0%| 9.6% | 13.1%| 12.0%| 23.2% | 12.0%| 12.0%
Indonesia | 23.6%| 15.5% 5.8% 26.1%| 21.3%| 12.5%| 19.0%| 15.8% | 25.9%
Japan | 21.9%| 14.0%| 11.7% 8.0% | 12.7%| 10.7%| 12.8%| 14.4%| 32.3% | 13.6%
Malaysia | 13.8%| 13.4% 15.3% 26.9% 14.8%| 15.2% 13.6%
Phibpine | 15 496| 12.29| 15.2%| 19.9%| 16.4% 16.9%| 11.5%| 10.6%| 11.4%| 12.2%
Singapore | 2.7%| 4.5%| 5.3%| 8.8% 4.0% 8.7%| 7.4%| 6.9%| 5.7%
south 3.3%| 11.8%| 4.4%| 5.1%| 5.0%| 3.4%| 5.6% 6.7%| 6.6%| 4.0%
Tawan | 4.2%]| 12.0%| 8.5%| 12.9%| 8.5%| 7.7%| 8.2%| 8.3% 8.7%| 2.4%
Thailand | 4.0%| 11.6%| 10.5%| 11.8% 9.0%| 6.8%| 9.4%| 10.3% 4.9%
Vietnam 12.0%| 11.5%| 12.0%| 12.2%| 12.0%| 11.9%| 12.0%| 12.0%| 13.2%

Note 1: Containerization rates are average rates #010 to 2014.

Note 2: Containerization rates for pairs of cow#trivith common land borders are excluded.
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APPENDIX IV

QUESTIONNAIRE USED IN INTERVIEW SURVEY
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Survey Questionnaire for “Study on Bulk Cargo Contanerization”

1. At the Port of Los Angeles and the Port of Long &gaulk cargoes such as ferrous
scrap, soybeans, and animal feeds are often cenised, and bulk shipping and
container shipping coexist for these goods. Pledsae know when containerization of
these goods began and how it has progressed. iioadg@lease let me know the main
destinations for these cargoes.

2. If you know of any other examples of BCC, pleagarie know.

3. Is my understanding that the progress of BCC caattrébuted to (1) innovations in
loading equipment and facilities and (2) a surgé&eight rates in the mid-2000s (and
many shippers’ changing perceptions regarding &mgpim small units) correct? If you
are aware of other factors that are relevant inaéxing the progress of BCC, please let
me know.

4. Who do you think has led the BCC of ferrous scsaybeans, and animal feeds? Please
let me know if you have any other thoughts in tieigard.

Ferrous scrap

a. Shippers

b. Logistics providers (including forwarders) aading companies
c. Consignees

d. Shipping companies

e. Others

Soybeans

a. Shippers

b. Logistics providers (including forwarders) aading companies
c. Consignees

d. Shipping companies

e. Others

Animal feeds

a. Shippers

b. Logistics providers (including forwarders) aading companies
c. Consignees

d. Shipping companies

e. Others

5. When the transportation mode shifts from bulk simggo container shipping, how will
transportation contracts between shipping compaermggmged in bulk shipping and
shippers change? (multiple answers are allowed)

a. Shipping companies will enter into a contract disewith the shippers (i.e., there is no change}, b
the contracting section in the shipping companyehiinge to a liner section for containerized lmakgo,
whereas the contracting section in the shippingpzom will not change and the tramper section will
engage in the bulk transportation.
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b. One contracting party will change to containerizatjo. The new contracting party is a forwarder or
Non Vessel Operating Common Carrier (NVOCC), ané telationship becomes indirect for
containerized cargo. That is, shippers (or congighenter into contracts with the tramper secticth®
shipping company for bulk cargo, whereas shippem@nge deals with the forwarder or NVOCC for
containerized cargo.

c¢. One contracting party will change to containadizargo. The new contracting party is anothepshgp
company that transports containerized cargo.

d. Other parties, e.g. shippers (consignees).tailll to enter into contracts with shipbrokers, BT

will change.

6. A bulk carrier can carry a large volume of cargnjfsa shipper (or consignee) wanted
to send cargo by bulk carrier, they would needigo s longer-term contract. Is my
understanding that shippers (consignees) must emtierlonger contracts for bulk
shipping than for container shipping correct? I§gble, please let me know what the
typical contract length is for bulk shipping andhtainer shipping (multiple answers are
allowed, given that this may vary depending ontyipes of goods).

Bulk shipping

a. Beyond one year (goods )
b. One year (goods )

c. Fixed period shorter than one year (goods )

d. Trip charter (goods )

Container shipping

a. One year (goods )
b. Fixed period shorter than one year (goods )

c. Spot (goods )

7. Because bulk carriers can carry a large volumeugfa, shippers or consignees seem to
decide on the share of bulk shipping and contashgrping they will use to carry their
goods before the trade occurs. If possible, pledbme what form this decision-making
takes (multiple answers are allowed).

a. The shares (in terms of cargo volume) of bulbghg and container shipping are decided at the
beginning of the year or quarter as part of thpghis’ (or consignees’) management plans (i.eppens
(or consignees) regularly make decisions regartiagzolume carried by each transportation mode).
b. Shippers (or consignees) do not make any desisiegarding the volume carried by each
transportation mode, but logistics providers dasthe beginning of the year or quarter (i.e.,dtgs
providers regularly make decisions regarding tHame carried by each transportation mode).

c. The shares (in terms of cargo volume) of bulpgihg and container shipping are decided by shigppe
(or consignees) when shippers collect the cargo.

d. The shares (in terms of cargo volume) of bulg@ihg and container shipping are decided by loggst
providers when shippers collect the cargo.

e. Other

8. Please let me know your company’s view of BCC foods other than ferrous scrap,
soybeans, and animal feeds.

a. These are promising new cargoes, and | think tiippers or other relevant parties should pursusethe
opportunities.

b. It depends on the market situation and the kiid@ods. Some of the bulk cargoes are promisingd,

| think that shippers or other relevant partiesusth@xplore the possibilities related to these casg
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c. | think the potential of these cargoes is uraieytbut | think that shippers or other relevantipa
should respond to shippers’ or consignees’ needs.

d. Even though shippers or consignees might indicateashd for BCC of these cargoes, | do not think
that shippers or other relevant parties should/dhgse cargoes.*

* Please let me know what your concerns are.

e. We never carry these cargoes.*

*Please let me know why not.

f. Other

9. Are recent innovations such as automation of pertises and digitization of trade
procedures likely to enhance the progress of BCC?

a. They have the potential to enhance the progifd3€C.
b. They have the potential to enhance the progreBEC to some extent for some goods.
c. They will probably not have any effect on thegress of BCC.

Please let me know the reason(s) for your answer.

10. What kinds of innovation or development concerrgogtainer shipping or logistics do
you think have the potential to enhance the pregoé8CC?

11. What problems need to be solved to advance BCGB®@lgrcle the issues you think are
important in Table A.IV.1 below (multiple answere allowed).
If you are aware of any other challenges, pleaste Wrese down.

Table A.IV.1 Challenges and Specific Issues regarding BCC
[Challenge |Issues |
|Container availabilit ||Location anccharacteristics of goo |

Pre-use cleaning (to avoid contamination)
Use of liners

Post-use cleaning

Dedicated containe

Container preparation

Bulkers difficult to load horizontally
Vertical loading/unloading (equipment)
Transloading issur

Limitations to about 30 tons (40-foot containers)
2C-foot containers (z—28 tons) preferab

Container loads (10-14 tons per TEU)
Trade imbalances necessitate mitigation strat

Container shipping more consume p@ace (four times more th
bulk shipping)

Considerable sunk investment (transport modesennairials)
Existing distribution channels Established distribution practices
Modal shift inerti:

Container loading, unloading, and
transloading

Cargo weight

Weight distribution

Land requirements at port terminals
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