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Abstract

Container shipping lines are exposed to various risks in their internal operations and
external interactions with the upstream transportation suppliers and downstream
demanders, whether these risks are recognised, managed and addressed in a cursory
manner, or altogether ignored. In order to allow better understanding and control of the
risks that exist in container supply chains (CSCs, the chain aggregations of the lines and
their suppliers/demanders), the stakeholders/organisations can proactively assess their
reliability and robustness in advance, or reactively discover risks after a detrimental
event occurs.

The purpose of this study i1s to explore and analyse various CSC rnisks, derive their
common themes, deal with the corresponding uncertainties and develop a proactive and
advanced risk assessment methodology with novel and flexible modelling techniques.
However, the literature review in the context of CSC risk research has indicated that
such a task is not straightforward considering the facts that aq) the chains are
characterised as having the nature of complexity, uncertainty and dependence, which
may constrain the applicability and practicability of traditional risk assessment methods
in the chains and b) compared to the nuclear, chemistry, aerospace and marine
(including shipping and offshore) industries, there is a significant gap between academic
research and industnal safety and reliability demand in the logistic field, particularly in
the post-9/11 era.

| Starting with the development of a conceptual risk assessment model based on a
modified Formal Safety Assessment (FS4) methodology, this study focuses on the

research of novel and effective risk analysis and risk based decision making techniques
using various uncertainty treatment theories and methods. They include:

o A discrete fuzzy set technique.

e A continuous fuzzy set technique.

e An evidential reasoning (ER) approach.

e A belief fuzzy rule-based approach.

e A fuzzy link-based approach.

e A Bayesian network (BN) model.

e An ER based Bayesian probability distribution model.

e A hybrid decision making method of combining fuzzy logic, BN, ER and
multiple attribute utility theory (MAUT).

A considerable body of high quality publications and reference matenals is produced to
support the methods and techniques developed.
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The methodological view to the risk assessment adopted in the thesis 1s based on a
requisite logical modelling, where risk and decision models are first generated to support
risk assessment and decision making under uncertainty in a specific analysis constraint,
and then refined when more generic and wider analysis contexts are provided and
incorporated. Such a process keeps being conducted until the risk assessors and decision
makers have confidence and satisfaction with the results and prescriptions obtained from
the modified and upgraded models. Consequently, the models developed can be well
suited to dealing with different risk assessment and decision making problems, generic
or special and objective or subjective, in CSCs.

Findings from this research imply that the conceptual risk assessment methodology and
its attached unique risk analysis and decision making techniques have provided a way of
presenting the organisations in CSCs with a consistent way of making a comprehensive
assessment of the factors associated with complex risk and decision modelling. The
approaches described will, based on a thorough and detailed analysis of the possible
uncertain contexts, present the results of the analysis in a simple, transparent and
justifiable way that could be understandable by the assessors or decision makers not
versed in dealing with the complexities and uncertainties of the chain systems involved.
Although the risk assessment and decision making approaches are presented on the basis
of the specific context in CSCs, they can also, with domain-specific knowledge, be

tailored to facilitate risk and decision modelling in other application areas where a high
level of uncertainty is involved.
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Chapter 1 — Introduction

SUMMARY

This chapter gives a brief introduction and essentially “sets the scene” for the thesis by:
making key definitions used in the study; giving a background analysis (understanding
research necessity from a practical viewpoint); demonstrating the challenges of
conducting the research by following the explanation of the research objectives, either
primary or subsidiary; presenting and justifying the methodology employed; stating the
hypothesis and discussing how it is to be examined, tested or addressed and where this
appears in the thesis; describing the layout and scope of the thesis and summarising the
deliverables, contributions to knowledge and achievements against objectives.

1.1 Definitions for Typical Terms Used in CSC Risk Assessment

Accident: An unintended event involving fatality, injury, property loss or damage, and/or
environmental damage (Wang and Trbojevic, 2006).

Container_Supply Chains (CSCs): A natural process of evolution of liner shipping
services 1n the era of containerisation. CSCs can be defined as one logistics distribution

service that extends liner shipping services, which are provided on a regularly scheduled
basis to the pre-determined ports, to inland transport services to complete efficient flow
and storage of container cargoes, information and related value added services from
point of origin to point of consumption for the purpose of conforming to customers’
requirements.

Decision _Making: The process of sufficiently reducing uncertainty and doubt about
alternatives to allow a reasonable choice to be made from among them (Harris, 1998).

Formal Safety Assessment (FSA): FSA 1s based on the principles of identifying hazards,
evaluating risks and cost benefit analysis (CBA), and has as its objective the

development of a framework of safety requirements for shipping in which risks are
addressed in a comprehensive and cost effective manner (MS4, 1993; MCA, 1996). The
FSA methodology comprises five inter-related steps as follows (MS4, 1993):

1.  Identification and ranking of hazards.

2.  Quantified assessment of the risks arising from the hazards identified in Step 1.

3. Identification of regulatory options for controlling the risks defined in Step 2.

4.  CBA of the risk control options (RCOs) identified in Step 3.

5 Recommendation for decision making, based upon the information derived in
the preceding steps.

The research necessity from an academic viewpoint is illustrated in Chapter 2.



Judgement: In the context of risk assessment, judgement 1s not simply the final decision
but 1s an integral part of the whole risk assessment progress with the essential nature as
the ability to make a critical assessment of evidence (Chicken and Posner, 1998).

Hazard: A physical situation with a potential for human injury, damage to property,

damage to the environment or some combination of these (Henley and Kumamoto,
1992).

Probability distribution: The characteristic of an item expressed by the probability that it
will perform a required function under stated conditions for a stated period of time
(Henley and Kumamoto, 1992).

Reliability: Reliability can be defined either as the probability that a system or a
component performs its specified function as intended within a given time horizon and
environment, or in other words as the probability of the absence of failures affecting the

performance of the system over a given time interval and under given environmental
conditions (Kuo and Zuo, 2003; Andrew and Moss, 2002).

Risk: A combination of the probability of occurrence of an undesired event and the
degree of its possible consequences (Wang and Trbojevic, 2006).

Risk assessment: A comprehensive estimation of the probability and the degree of the

possible consequences in a hazardous situation in order to select appropriate safety
measures (BS 4778, 1986; Wang and Trbojevic, 2006).

Robustness: Robustness can be defined as the extent to which a system is able to
perform its intended function relatively well in the presence of failures of components or
subsystems (Santa-Fe institute, 2001).

Safety: Freedom from unacceptable risk or personal harm (Wang and Trbojevic, 2006).

Threat: An action or a potential action likely to cause damage, harm or loss (Burns et al.,
2003).

Uncertainty: A situation in which a person does not have the quantitatively and
qualitatively appropriate information to describe, prescribe or predict deterministically
and numerically a system, its behaviour or other characteristics (Zimmermann, 2000).

Vulnerability: In a CSC context, vulnerability can be defined as an exposure to serious
disturbances, arising from a hazard or a threat (Also see Section 3.2.2).

1.2 Background Analysis

Globalization and containerization processes have been the impetus behind the
significant advances in the world prosperity and economic development experienced in
the last twenty years of the 20" century. They have caused many transformations within



the world economy and their consequences are extending to all sectors of commercial
and industnal activities, including the liner shipping environment. Responding to the
new trends and increasingly considering the requirements of commercial partners,
suppliers and customers throughout the globe, liner container shipping is undergoing an
evolution from an original transport service of shipping lines to an advanced CSC
system. The CSC system integrates the services of shipping lines, ports and inland
transport, and consequently extends from port-to-port to door-to-door services. One
most obvious property of this evolution is that the port and inland transport services are
effectively integrated rather than simply physically combined with the shipping lines by
many value added services and exchange of information. The integration provides the
- ability of a “one stop shop” service for the chains. The emerging paradigm for the “one
stop shop” service has been predicated on a near-frictionless international transport
process. The paradigm has allowed, however, the CSCs to contribute to economic
prosperity and also rendered them uniquely vulnerable to many risks, which range from
the possibility of physical breaches in the integrity of shipments to the interruption of
information communication. The stakes of these risks are extremely high, as any
important breakdown in the chains would fundamentally cripple the world and/or
regional economy.

Moderm CSCs are very complex, with many paralle] physical and information flows
occurring in order to ensure that products are delivered at the right time, in the right
place, at the right cost and at the right quality (Rushton et al., 2000). Thus, supply
networks may be a more accurate term than supply chains (Chapman et al., 2002). The
cooperation and dependence among the entities in the container supply networks
increase their interdependent and cooperating risks. Furthermore, the other drives
towards more vulnerable supply chains mainly include many uncertainty related factors
(i.e. the unavailability or incompleteness of historical failure data) resulting from more
volatile markets and less predictable economic operating rules, the widespread adoption
of Just-in-Time (JIT) rather than just-in-case practices, and the physical extension of
supply chains originating from a global sourcing strategy, etc.

1.3 Research Objectives and Their Hypothesis

The primary purpose of this research is to generate a conceptual risk assessment
methodology for CSCs based on a modified FS4 framework that takes risks from
vulnerability (fuzziness and incompleteness) rather than hazards into account and
considers the relationships between risk factors as networking instead of hierarchical
structures (randomness). Providing such a methodology for the companies involved in
CSCs enables them to 1dentify, manage and control the vulnerability of the chains and to
support the satety planning for both mitigating and continuity actions.



In order to achieve this aim, some subsidiary objectives need to be carefully addressed.
They are:

e Developing novel fuzzy based models to analyse and rank the threat-based risks.

e Generating a non-linear and non-additive utility synthesising function using an
evidential reasoning (ER) algorithm to make the risk-based decisions with a
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