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Abstract

A considerable amount of research on uncertainty in supply chain management has
been undertaken, but in such works transport has been regarded as a marginal
activity within supply chains. Also, the link between the supply chain and the
environmental performance of transport operations has been established at a macro
level. Supply chain uncertainty can have a significant impact on the efficiency of
transport operations at the micro level. Inefficiencies in road freight transport
operations can have a knock-on effect on the cost of transport and the level of CO2
emissions in supply chains. Therefore, the mitigation of supply chain uncertainty
within transport operations can minimise the risk of disruptions in the delivery
process, so transport resources can be utilised in the most efficient and least
polluting manner. Furthermore, in logistics research, there has been a focus on
measuring the absolute and/or average performance of road transport operations.
One aspect of performance measurement that appears to be under-researched is
the impact of unexpected events upon transport performance.

The overall aim of this thesis is to link the uncertainties originated within the supply
chain and externally with the economic and environmental performance of road
freight transport operations and also to identify potential mitigation tools and/or
approaches to minimise their effects. This aim has been achieved in two research
stages, the first one deductive and the second stage inductive.

In the deductive stage, a conceptual model was developed by adapting existing
manufacturing-focused uncertainty frameworks. This model has been refined
through the application of focus groups and confirmed in a structured questionnaire-
based survey. The outcome of this stage of the research was the four main
uncertainty clusters that affect more transport operations in UK. These uncertainty
- clusters are: delays, variable demand and/or inaccurate forecast, delivery constraints
and insufficient supply chain integration and coordination. Furthermore, the main
uncertainty cause found in the focus groups was unplanned road congestion.

In the inductive stage, uncertainty evaluation assessments in three FMCG
distribution networks were undertaken to evaluate the effects that different
uncertainty causes have on the economic and environmental performance of such
operations. An ‘extra distance’ measure was developed for these assessments,
further complemented by including the time dimension of performance in two of
them. As a result of this, a new and innovative transport uncertainty evaluation tool
has been developed. According to the empirical findings of the case studies, the
main uncertainty clusters found in the deductive stage of the research are the
~ uncertainty clusters that contribute more to the generation of unnecessary kilometres
run within the distribution networks assessed. Moreover, delays at loading and/or
unloading bays are the main cause of additional time within the delivery process.
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Figure 1.1 Underlying concept of the thesis

Extra CO2
emissions

In this chapter, the research problems encountered at the beginning and throughout
the research will be introduced, together with the objectives of this PhD. The chapter
also outlines the methodology undertaken to address the gaps identified in the
literature on uncertainty and transport performance. Finally, a summary of the
findings will be presented.

1.1 Theoretical perspectives of the thesis

Before introducing the problem proposition and objectives of the thesis, it is pertinent
to discuss about the wider theories considered for undertaken the research project
and also other theories that were not considered, but can be linked to the research
topic. There are a number of theories that have been considered to develop this
thesis. They are process-based orientation, network and systems theories. Also, the
PhD topic can be linked to other relevant fundamental theories that have been
applied in logistics and supply chain management. These theories are transaction
cost economics and the resource dependency theory.
{

Several authors recommend applying a process-based orientation to evaluate and
improve the performance of organisations (Porter 1985, Davenport and Short 1990,
Hammer 1996, Grover et al. 1995, Walton 1996). A process-based view involves
identifying both the external elements, processes executed to respond to macro- and
task-environment impacts, and internal factors, processes driven the strategy of the
organisation and determining the organisational structure, of the organisation’s
environment that affect processes (Kiraka and Manning, 2005). In the case of this
PhD, the supply chain process considered is freight transport, this process include




1.0 Introduction to the thesis

Scientists at the Mauna Loa observatory in Hawaii say that CO2 levels in the
atmosphere now stand at 387 parts per million (ppm), up almost 40% since the
industrial revolution and the highest for at least the last 650,000 years
(hitp://www.esrl.noaa.gov/amd/ccagltrends/). According to DEFRA (2006), freight
transport contributes 6% of the total CO2 emissions of the UK. However, within the

transport sector, road freight transport represents 22% of the total UK CO2 emissions
(Department for Transport, 2007). Hence, freight transport has become a relatively
far more important supply-chain function than in the past, due to its impact on the
environment. There is a need for freight transport to be used in more flexible and
responsive ways, to respond effectively to customer demand (Narus and Anderson,
1996) while at the same time minimising the impact of transport on costs and on the
environment (Morash and Clinton, 1997; Duclos et al, 2003). The overall aim of this
PhD is to: |
Link the uncertainties originated within the supply chain and externally with the
economic and environmental performance of road freight transport operations and
also to identify potential mitigation tools and/or approaches to minimise their effects.

In order to achieve this aim, it is important to introduce the underlying concept of this
thesis, which is shown in Figure 1.1. Uncertainty should be linked with inefficiency in
transport operations. Uncertainty originated within the supply chain and externally
can generate extra or unnecessary transport movements within distribution networks
and delays within the delivery process. This can increase the total transport cost and
the \CO2 emissions of the network. However, when uncertainty generates delays
within the delivery process without causing vehicles to miss the next load scheduled
for them, ‘extra time’ is added to the transport plan. ‘Extra time’ increments the total
transport cost, but it does not increase the total CO2 emissions of distribution
networks.




through synergistic relationships between the network members’ (Bolumole et al.,
2007). These two theories have been applied in the thesis to firstly define the
boundaries of the conceptual model (the five sources of uncertainty affecting
transport operations) and secondly select the unit of analysis for the thesis (the
logistics triad as the minimum network arrangement of any supply chain).

Transaction cost economics is other theoretical perspective that can be linked to the
research topic of the thesis. Transaction cost economics is based on the economic
assumption that decisions regarding a company's ownership are focused on
reducing the sum of its transaction and production costs (Coase 1937; Williamson
1975) and any excessive costs may generate transactions that can be transferred to
the company’s partners (Bolumole et al., 2007). Companies can achieve their main
goal, maximising profits, by participating in three different governance structures: the
market (one-off transactions for standard investments), hierarchical structures
(vertical integration through direct ownership); and hybrid structures (combining
elements of the market and hierarchical mechanisms) (Bolumole et al., 2007).
According to Williamson (1975), ‘production costs can be defined as the cost of
building and running an “ideal” machine, while transaction costs as the costs which
are generated by departures from perfection, such as friction’. In transaction cost
economics, there are three key variables: frequency, uncertainty and asset
specificity (Halldorsson et al., 2007). The application of a transaction-based view has
been found in a number of recent logistics research studies, e.g. restructuring of
supply chains (Croom, 2001), logistics outsourcing activities (Halldorsson, 2002),
and buyer-supplier relationships (Mikkola, 2003), Uncertainty can prevent
manufacturing and freight transport operations within logistics triads to achieve their
target costs, since unexpected events can make these operations to deviate from
their initial plans. Transaction cost economics as a theoretical perspective was not
considered for the development of the research topic of this PhD, but it can be linked
to the results of the thesis. Since, analogies of the Williamson’s (1975) definition of
production and transaction costs can be made from the transport costs originally
planned by transport operations and the transport costs incurred after uncertainty
events occurred.




Other theoretical perspective that can be linked to the thesis is the resource
dependency theory. This theory focuses on competitive advantages generated by
the ownership of heterogeneous assets (financial, physical, human, technological,
organizational, and reputational) and capabilities (combination of two or more
assets) (Grant, 1991; Penrose, 1959; Prahalad and Hamel, 1990). As Halldorsson et
al. (2007) stated, this theoretical perspective is the starting point for many strategic
supply chain decisions. As the theory of logistics outsourcing emphasizes (Boyson et
al.,, 1999), the role of 3PL within supply chains is based on the need that
manufacturers and retailers have of focusing on their core competences. In the
thesis, the 3PL (transport operation) as the entity that take most of freight transport
decisions acts as a buffer for most of the demand uncertainty and operational
inefficiency generated by their partners. Also, the 3PL (transport operation)
outsources to road freight transport subcontractors unexpected increases in volume
required to be moved at short notice in an attempt to minimise the negative effects of
demand uncertainty originated by their customers.

In the beginning of the thesis, the process-control, network and system theories have
been considered to develop the research topic as opposed to the other theoretical
perspectives mentioned because of the fact that the main aim of the researcher was
to ideritify and measure high frequency and low-to-medium impact events that affect
road freight transport at tactical and operational levels. Transaction cost economics
and the resource dependency theory were not considered since they relate more to
the strategic planning of logistics and freight transport. However, they can be

implicitly linked to the research topic developed in this PhD.
{

1.2 Problem proposition and objectives

A considerable amount of research on uncertainty in supply chain management has
been undertaken (Davis, 1993; Mason-Jones and Towill, 1998; Van der Vorst and
Beulens, 2002; Geary et al, 2003; Peck et al, 2003), but in such works transport has
typically been regarded as a marginal activity within supply chains (Stank & Goldsby,
2000) and has not been considered explicitly. To start addressing these
shortcomings, it is necessary to determine what forms of uncertaivnty affect transport




The first stage of the research is deductive in nature, since the research objectives

are derived from the literature. These objectives are outlined in Chapter 2. These

objectives are to:

Determine the uncertainty causes affecting freight transport operations by
adapting and translating existing manufacturing-focused uncertainty
frameworks to make them suitable for the analysis of uncertainties affecting
transport operations

Evaluate the causes of supply chain uncertainty that impact on the
environmental and economic performance of the road freight transport sector

Clarify how transport operations mitigate uncertainty..

The second stage of the research is inductive in nature, because the research

objectives were derived from the first two case studies (Chapters 7 and 8). These

objectives are to:

Introduce the concept of ‘extra distance’ as a means of assessing the
marginal impact that deviations from the transport plan have on the economic
and environmental performance of road freight transport operations

Evaluate the uncertainty causes affecting freight transport operations in terms
of their impact on the environmental and economic performance of these
operations and identify potential mitigation tools and/or approaches to
minimise their effect

Develop a decision-making tool, based on a combined assessment of ‘extra
distance’ and ‘extra time’, for the diagnosis of the effects that different causes
of uncertainty have on the performance of road freight transport operations, in
terms of cost and CO2 emissions. \

1.3 Outline of the methodology

The literature on the topic of this thesis is at a conceptual stage, since little empirical

research has been developed so far. In logistics, there have been two main

epistemological perspectives, positivism and critical realism. The epistemological

perspective taken in this PhD is critical realism, since the research topic needs to be




operations. Previous, research has introduced the concept of the logistics triad
(Beier, 1989; Bask, 2001). The logistics triad is formed by three entities, the shipper,
the carrier and the customer, working together to deliver value to the end consumer
while keeping the total coét of the supply chain down. Only when the various
different sources of uncertainty affecting the use of transport in the logistics triad
have been identified will it become possible to determine what their relative impact is
on transport performance. Following such diagnosis, it becomes possible to improve
the performance of logistics operations within supply chains.

Recently, the link between the supply chain and the environmental performance of
transport operations has been established at a macro level. McKinnon (2007)
developed a framework where six sustainability ratios link the supply chain
processes with CO2 emissions generated by freight transport operations. However,
these ratios can also be influenced by uncertainty in freight transport at operational
level. Supply chain uncertainty can have a significant impact on the efficiency of
transport operations. Inefficiencies in road freight transport operations can have a
knock-on effect on the cost of transport and the level of CO2 emissions in supply
chains. Therefore, the mitigation of supply chain uncertainty within transport
operations can minimise the risk of disruptions in the delivery process, so transport
resourées can be utilised in the most efficient and least polluting manner.

In addition, in logistics research, there has been a focus on measuring the absolute
and/or average performance of road transport operations (Fowkes et al, 2004;
McKinnon and Ge, 2004). One aspect of performance measurement that appears to
be uhder-researched is the impact of unexpected events upon transport performance
(for example, Department for Transport, 2007). In effect, the marginal impact of
supply chain uncertainty on freight transport performance at an operational level has
not yet been explored. There is evidence of performance measures detailing the
number of incidents that occur, and also macro-level measures of planned versus
actual distance travelled. However, there have not been any studies that have
assessed the impact of supply chain uncertainty in terms of the extra movements
and extra time required within the transport network.




explored first at a superficial level and subsequently explained at a micro level. At
the beginning of this PhD, the topic was clarified at a macro level through the
application of methods that include practitioners and simultaneously using
quantitative methods to generalise their perceptions. Therefore, the topic was
explored first at a conceptual level and later refined through the application of focus
groups. The findings from the focus groups were confirmed in an online structured
questionnaire-based survey.

The research topic also needed a great deal of explanation at a micro level to
develop diagnostic tools that could inform future decision making in companies,
supply chains and industry. In achieving that, the researcher explored what occurs in
real-world scenarios, so the case study method was applied by mixing qualitative
and quantitative data collection techniques taking a similar approach to the work of
Van der Vorst and Beulens (2002). Thus, in the final stage of the research,
uncertainty causes were evaluated in three (Fast Moving Consumer Goods) FMCG
distribution networks. Also, in these three case studies, a decision-making tool for
the diagnosis and mitigation of uncertainty causes was developed.

1.4 Outline of the thesis

Exploratory Deductive Inductive Synthesis
stage stage stage stage
Chapters 2 Chapters 4, 5 Chapters 7, 8 Chapters 10
and 3 and 6 and 9 and 11

Figure 1.2 Research stages of the rest of the thesis

This section presents an outline of the rest of the thesis to give a clear structure to
the reader. Figure 1.2 summarises the research stages of the PhD. The following is
a list of the chapters together with their overall content:




In Chapter 2, the gaps in the literature on supply chain uncertainty and
transport are explored. In this chapter, the three objectives from the deductive
stage of the PhD are formulated

Chapter 3 presents a discussion of the methodology and methods applied in
undertaking the research

Chapter 4 includes a conceptual model of uncertainty and transport
developed from the literature. This model is the theoretical foundation of the
thesis. It categorises transport uncertainty in five sources: shipper, customer,
carrier, control systems and external uncertainty.

In Chapter 5, the conceptual model developed in the previous chapter is
refined through the application of seven focus groups. In the focus groups,
four main clusters of uncertainty were found: delays, variable demand and/or
inaccurate forecast, delivery constraints and insufficient supply chain
integration and coordination.

Chapter 6 presents the application of a structured questionnaire-based survey
used to confirm the findings from the focus groups. The four main clusters
identified in the focus groups were confirmed in this survey

In Chapter 7, the definition of ‘extra distance’ is developed in a case study
based on a primary distribution network from the UK FMCG sector. In this
case study, the uncertainty causes identified are evaluated in terms of their
economic and environmental impact and their frequency

In Chapter 8, the ‘extra distance’ measure is complemented by introducing an
‘extra time’ measure. A combined assessment of ‘extra distance’ and ‘extra
time’ is undertaken in a secondary distribution network from the South African
" FMCG sector. In this case study, the uncertainty causes identified are
evaluated in terms of their economic and environmental\ impact and their
frequency

Chapter 9 presents the third case study of this PhD. In Chapters 7 and 8, due
to the fact that the two distribution networks assessed do not make available
to the researcher appropriate telematics data, the effects of route diversion
due to unplanned road congestion and road restrictions could not be
measured. In Chapter 9, the assessment undertaken in Chapter 8 is repeated
but in addition includes route diversion in the ‘extra distance’ assessment




Chapter 10 presents a synthesis of the findings from the deductive and
inductive stages of the thesis. This chapter aims to highlight the overall
contribution of the PhD. Also, based on the findings from the two stages of the
research, in this chapter, a refined decision-making framework for the
diagnosis and mitigation of uncertainty in road freight transport operatio‘ns is
developed and discussed

Finally, Chapter 11 includes statements to link the objectives from the two
stages of the research, which have been outlined in this chapter, with the
overall findings of the thesis. Additionally, this chapter highlights the
limitations and further enquiries and/or opportunities of for future research
derived from this thesis.
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complexity of supply networks, and as a result, can impact on relevant supply-chain
factors, e.g. information visibility and communication between partners.

Also, at the asset and inter-organisational levels, due to globalisation pressures, the
geographical dispefsion of supply network has considerably increased in the last 20
years (Peck et al, 2003). In parallel, Warburton and Stratton (2005) identify that risks
with globalisation can affect supply chain performance: “The decision to move to low-
cost offshore supply resulted in the responsiveness of supply chain deteriorating and
the accumulation of expensive excess inventory, markdowns and even write-offs”.
From a transport perspective, uncertainty can arise from the increase of outsourcing
and geographical dispersion within the supply network. In addition, Rossi (2009)
determined that a more centralised network could present lower risks in several
regards, such as technology, supply chain, process, demand, and risk of exposition.

Previous, research has introduced the concept of the logistics triad (Beier, 1989;
Bask, 2001). As shown in Figure 2.1, the logistics triad is formed by three entities,
the shipper, the carrier and the customer, working together to deliver value to the
end consumer while keeping the total cost of the supply chain down. The shipper is
the entity that ships and supplies the goods, the carrier is the logistics provider. In
research on the logistics triad, the role of the carrier is often considered to be
passive or marginal (Mason and Lalwani, 2004). The organisations responsible for
supplying or demanding goods (i.e. suppliers and/or customers) are assumed to be
the prime decision makers and hold almost all power in the relationships (Mason et
al, 2007).
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Figure 2.1 Logistics triad (adapted from Bask 2001)
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holding and obsolescence costs (Mason-Jones and Towill, 1999). Either way,
uncertainty can lead to increased total costs. The supply chain partners can either
invest in state-of-the-art ICT systems to keep the level of inventory down and control
the transport movements with their distribution networks, or they can also have slack
capacity to help them respond to any variation of demand. Traditionally, in the
supply-chain uncertainty literature, little attention has been paid to the causes and
consequences of uncertainty within freight transport operations. Uncertainty affecting
transport operations can lead to unnecessary transport movements within
distribution networks, and as a consequence, it can increase the cost and CO2
emissions of such operations. Therefore, in this thesis, the objective is to address
this gap in the literature.

Successful managers today need to take a broad view of the role and responsibilities
of transportation management in an integrated supply chain (Stank and Goldsby,
2000). Recently, transport has become a relatively far more important supply-chain
function than in the past due to its impact on the environment. In order to cope with
the uncertainties originated within the supply chain and externally, there is a need for
freight transport to be used in more flexible and responsive ways, to respond
effectively to customer demand (Narus and Anderson, 1996) while at the same time
minimising the impact of transport on costs and on the environment (Morash and
Clinton, 1997; Duclos et al, 2003). Seen in this light, it is clear that, whilst effective
transport operations can enable the delivery of customer value to an extent where
integration of transport operations into the overall supply chain is critical to improving
supply chain performance (Stank and Goldsby, 2000; Mason and Lalwani, 2004), to
date'there appears to have been a failure in properly integrating transport into supply
chains. As a result, the economic and environmental effects of uncertainty on freight
transport operations are likely to be greater, since the supply chain is less
responsive to unexpected events.

This thesis considers transport uncertainty in terms of variations in a number of
factors, including transit times, schedules (for example, to take into account delivery
windows), volume and transport mode. A traditional approach to investigating the
logistics impact of uncertainty is the use of ‘Inventory Theoretic’ models following
Baumol and Vinod (1970). Typically, these models identify the total costs of transport
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2.4 Uncertainty and risk in supply chains

Sometimes the term uncertainty is confused with risk, so it is important to clarify how
these two concepts differ. Risk is a function of outcome and probability and hence is
something that can\be estimated qualitatively most of the time and in some cases
quantitatively. If the probability that an event could occur is low but the outcome of
that event can have a highly detrimental impact on the supply chain, the occurrence
of that event represents a considerable risk for the chain. Uncertainty occurs when
decision makers cannot estimate the outcome of an event or the probability of its
occurrence. However, uncertainty increases the risk within supply chains, and risk is
a consequence of the external and internal uncertainties that affect a supply chain.

Increases in the uncertainties in supply and demand, globalisation, reduction in
product and technology life cycles, and the use of outsourcing in manufacturing,
distribution and logistics resulting in more complex supply networks, can lead to
higher exposure to risks in the supply chain (Christopher and Lee, 2004). Haywood
and Peck (2004) highlight that “a number of managerial trends including JIT delivery,
supplier rationalisation programmes and widespread outsourcing of non-core
activities have all served to increase the efficiency of supply networks”, but at the
same time, “there are concerns that these measures appear to have increased
supply chain vulnerability” (Svensson, 2000).

Peck et al (2003) have developed a risk framework where they define risk at four
levels:
. o
e Linear pipeline level
o Asset or infrastructure level
e Inter-organisational level, and

e Wider macroeconomic level.

In the linear pipeline, quality failures, suboptimal performance, volatility in demand or
changing market place requirements can increase risk. At both the asset and inter-
organisational levels, the ownership of the asset or infrastructure is an essential
factor that contributes to supply chain risk. Outsourcing can lead to increases in the
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between carriers within a distribution network due to lack of horizontal
communication within the network. Parallel uncertainty can lead to an increase of
empty miles within distribution networks. Unforeseen uncertainty is the consequence
of deterministic chaos and long-term planning. In this case, a supply chain can have
a very good Iong-ierm planning process, but many things can change that are
unforeseen when the long-term plan is undertaken, so contingency planning needs
to be included in the long-term plan. These contingencies can lead to an increase in
the fixed cost of transport. More recently, Peck (2009) established that one of the
main causes of supply chain risk is that business COntingency planning tends to
extend only as far as the ability of an organisation to maintain its own core
operations under otherwise normal external conditions. Furthermore, chaotic
uncertainty is general, non-deterministic chaos that cannot be predicted by a
mathematical function.

Macro Level | Micro Level

General Variable, multi-goal and
Variation constraints

Foreseen . .
Uncertainty Amplification and parallel

Unforeseen | Deterministic chaos and long-
Uncertainty | term planning

Chaotic General non-deterministic
Uncertainty | chaos

Table 2.1 Micro-level Types of Uncertainty in Supply Chains (Prater 2005)

Prater's (2005) framework categorises uncertainty in terms of its predictability. The
overall aim of this thesis is to link the uncertainties originated within the supply chain
and externally with the economic and environmental performance of road freight
transport operations and also to identify potential mitigation tools and/or approaches
to minimise their effects. However, it is first necessary to define supply chain
uncertainty. According to Van der Vorst and Beulens (2002),
Supply chain uncertainty refers to decision making situations in the supply chain in
which the decision maker does not know definitely what to decide as he is
indistinct about the objectives; lacks information about its environment or the
supply chain; lacks information processing capacity; is unable to accurately

predict the impact of possible control actions on supply chain behaviour; or, lacks
effective control actions.
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and inventory, and how these vary according to choice of transport mode or
transport carrier. Most relevant here is the fact that the issue of uncertainty is
addressed through the cost of increased safety stock held to prevent stock-outs due
to variability in transit times. Such methods are still used, as for example by Swan
and Tyworth (2001) in their study of the impact of unreliability in American rail freight
services. However, this thesis measures the effect of uncertainty in terms of the two
dimensions of transport performance, time and distance, rather than its impact on
inventory levels within the supply chain.

A large body of research employing a wide range of methods continues to highlight
the inventory impact of transport-related uncertainty. Closs et al. (2003), for
example, investigated rail wagon delays specifically in the chemical sector, and
concluded that even quite small changes in rail transit times and, more relevantly
here, transit time variability, could significantly reduce safety stock levels for the
shippers concermned. Stank and Crum (1997) examined the impact of border delays
between Mexico and the USA, on both Just-in-Time (JIT) and non-JIT sectors.
Amongst their conclusions they identified that, particularly in the JIT sector, some
possible inventory reductions were being foregone to achieve greater transport
reliability, for example through the use of more consolidated services implying larger
consignment sizes than firms would consider ideal. In an analysis of transit times
and their variability on ocean liner shipping routes, Saldanha et al. (2006) suggested
that the issue of variability over-rode that of absolute speed, and hence carriers may
be better off adding slack time into their published schedules in order to achieve
better reliability. In this thesis, the overall aim of the researcher is to link the
uncértainties originated within the supply chain and externally with transport
performance in terms of unnecessary time and distance. ‘

Whilst such a focus on trade-offs between transport costs and inventory costs is still
highly  relevant in many circumstances, the research studies in supply chain
management previously mentioned tend to be based on a traditional paradigm of
individual actions by supply chain players acting in a non-co-operative environment.
There is a need for alternative approaches that build on more modern supply chain
thinking, which emphasises the potential benefits of co-operation between supply
chain partners to prevent actions by one player causing spill-over effects elsewhere
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2.0 Literature Review

2.1 Introduction

There is a need t(; give much more attention to the transport functions of the supply
chain. In current times, this has become even more important, since transport
operations have a considerable impact on the environment. The focus of this thesis
is on clarifying the relationship between supply chain uncertainty and the
performance of freight transport operations. In order to achieve this, it is necessary
first to explore the existent literature on manufacturing and supply chain uncertainty,
together with the relationship between supply chain uncertainty and risk. Also, it is
important to establish the links between supply chain uncertainty and green logistics.
Consequently, in this chapter, a literature review will be undertaken to link supply
chain uncertainty and risk with the environmental performance of freight transport

operations.

The chapter first presents a background on the literature developed in the topic. It
then proceeds by defining uncertainty in broader terms based on the degree of
predictability of different types of uncertainty. Following that, a section on supply
chain risk, vulnerability and uncertainty is presented to clarify the relationship
bétween these topics of research. Subsequently, the relevant literature on supply
chain uncertainty is introduced and the first three research objectives of the thesis
are derived from this literature. Subsequently, the links between supply chain
uncertainty and the environmental performance of freight transport operations are

draw(n.

2.2 Background to the topic

Uncertainty affecting different operations within supply chains presents a major
obstacle to the delivery of superior customer value (Davis, 1993; Mason-Jones and
Towill, 1999). Faced with such uncertainty, manufacturing, logistics and retail
companies in the supply network will typically either aim to track the variations,
hence leading to increased on-costs, or else buffer themselves against such
variations through inventory, thereby, as a consequence, risking additional stock
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in the chain. One of the potential benefits of co-operation between supply chain
partners is that when the carrier is properly integrated into the supply chain, the
freight transport operation is likely to be more responsive to uncertainty.

Recent UK research, for example Lalwani et al. (2004), have highlighted the fact that
freight transport planning and procurement can be the responsibility of either the
supplier or the customer, depending on the terms on which business is transacted.
The traditional nature of relationships within the logistics triad is that the carrier does
not take a strategic role in the decision making process within the supply chain.
However, due to growing adoption of practices such as ‘factory gate pricing’, where
retailers effectively purchase ex-works from their suppliers and co-ordinate collection
of goods with their existing outbound transport movements to improve vehicle
utilisation, it is increasingly common for transport to be arranged and managed by
the customer (Potter et al., 2007). Models based on the logistics triad, therefore,
need to be able to accommodate the effects of different arrangements of
responsibility for the organisation, procurement, management and control of freight

transport operations.

2.3 What is uncertainty?

As Table 2.1 depicts, Prater (2005) developed an uncertainty framework that can be
used to classify different uncertainty causes by establishing their degree of
predictability. This framework classifies uncertainty from macro to micro level. At a
macro level, uncertainty is typified as general variation, foreseen uncertainty,
unforeseen uncertainty and chaotic uncertainty. General variation consists of
variable, multi-goal and constraint uncertainties, which can be defined as the general
variation that a process has. This is the most predictable type of uncértainty.

Foreseen uncertainty is caused by amplification and parallel interactions. An
example of amplification is the demand amplification that usually occurs from
customers to their suppliers due to insufficient information visibility. Demand
amplification can force road freight transport operations to run unnecessary transport
movements, and as a consequence, this can have a negative effect on cost and CO2
emissions. Also, an example of parallel uncertainty is the potential duplication
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Rapidly changing circumstances on the part of suppliers or their customers result in
significant uncertainties for carriers who must respond to such changes, often at
short notice (Boughton, 2003). As a result, carriers may build considerable amounts
of flexibility into their service offerings, perhaps in terms of volume, route, fleet mix
and time, with cost ifnplications. It appears that there are low levels of understanding
and consideration of how the actions of one triad member impact on the operations
(and the costs, revenues and profits) of the others. One important benefit of the
model developed in the following chapter is that it will help logistics triads to assess
the impacts of supply chain and external uncertainties on logistics operations. The
model will also be a foundation framework for the diagnosis and reduction of
uncertainty affecting the logistics triad.

241 Frameworks for assessing uncertainty

Table 2.2 shows the most recent uncertainty frameworks considered for developing
the conceptual model for the thesis. Most of them have as a unit of analysis a dyad
formed by the supplier and its customer. Also, some of them consider networks of
suppliers, warehouses and retailers (Wilding 1998a, Wilding 1998b, Peck et al.
2003). Furthermore, Geary ate al. (2003) and Van der Vorst and Beaulens (2002)
cdnsider a manufacturing process affected by its supply chain as a single entity as
their unit of analysis. The most relevant aspect from all these frameworks is that with
the exception of Waters (2007) all of them do not consider transport, at least not
explicitly, into their analysis of uncertainty. In this PhD, the aim is to explore of how
uncegtainty affects transport as one of the main process of the supply chain. Hence,
in selecting the uncertainty framework for developing the thesis conceptual model,
the researcher was influenced by three wider theoretical perspectlves the process-
control, system and network theoretical perspectives.

The reason for taking a process-based orientation is that it was necessary to treat
transport as a process that in reality is planned, monitored and controlled from a
central plannin'g office in most of distribution networks. Transport is not considered in
any of the uncertainty frameworks shown in Table 2.2. As mention in Chapter 1, a
typical transport operation plan and execute deliveries for its customers centrally and
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Authors Brief description Unit of | Inclusion Supply
Analysis of chain level
transport
Waters (2007) | It classifies uncertainty in two sources: intemnal | Supply Yes at the | Strategic
and external uncertainty and recommend | chain strategic
mitigation strategies to respond to these two level
sources.”
Wilding It classified three sources of uncertainty affecting | Network No Operational
(1998a) the supply chain: demand amplification, parallel
interactions and deterministic chaos.
Wilding It is an extension of the Wilding's (1998a) but | Network No Operational
(1998a) focusing on deterministic chaos.

Table 2.2 Frameworks for assessing uncertainty

As it have mentioned in Chapter 1, the application of a network theoretical
perspective is reflected on the fact that the unit of analysis throughout the thesis is,
as Figure 2.1 shows, the logistics triad (supplier, carrier and customer) proposed by
Bask (2003). The logistics triad (Bask 2003) influences highly on the development of
the conceptual model. It facilitates the transition between the supply-chain-based
uncertainty framework and the conceptual transport-based framework developed in
the thesis. In most distribution networks, the transport planning office in a typical
distribution network communicates and deals with a network formed by suppliers and
customers. Furthermore, as discussed in Chapter 1, the boundaries of the
cbnceptual model were defined by applying a system theoretical perspective. In
both, the deductive and inductive stages of the thesis, a network view was taken to
identify the main causes of uncertainty affecting transport operations within supply
chains, but these main causes of uncertainty were categorised based on the

boundaries of the conceptual model.
{

Various uncertainty frameworks have been considered to develép the conceptual
model since transport as a processis affected considerable by uncertainty originated
by suppliers, customers and external sources. Hence, the Uncertainty Circles
(Mason-Jones and Towill 1999) shown in Figure 2.2 were selected because the
initial objective was to identify sources of uncertainties which can affect transport
operations. Although this framework is aimed at monitoring and controlling supply
chain variation impacting on a manufacturing process, its generic principles can be
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in the presence of failures in the network the transport planning the transport

operation by re-planning the initial transport plan. Hence, a process-based

orientation is suitable to explore and measure transport uncertainty in a distribution

network.
Authors Brief description Unit of | Inclusion Supply
Analysis of chain level
transport
The framework links supplier performance and | Dyad No Operational

Davis (2003) |demand uncertainty with  manufacturing
inefficiency. It is focused primarily in medium
impact events that occur very frequently at
operational level.

Geary et al | This uncertainty framework aims at linking | Process No Operational

(2002) uncertainty causes from each source of
uncertainty of the Uncertainty Circle (Mason-

Jones and Towill, 1999) framework with different
types of effects.

Mason-Jones | It includes four main sources of uncertainty | Supply No Operational

& Towill | affecting manufacturing operations: the supplier, | chain

(1998) the demand, the factory and control systems. This
framework is an extension of the Davis’s (1993)
uncertainty model.

Peck et al. | It proposes four levels of supply chain risk, | Network No Strategic and

(2003) processivalue stream, asset and infrastructure operational
dependencies,  organisational and inter-
organisational networks, and the environment. It is
linked to the Mason-Jones and Towill (1999)
framework as well.

Prater (2005) | It categorises uncertainty affecting supply chain in | Dyad No Strategic and
four main categories: general variation, foreseen operational
uncertainty, unforeseen uncertainty and chaotic
uncertainty. The boundaries of these frameworks
include the strategic and operational levels.

Svensson | It classified uncertainty into two categories: | Dyad No Operational

(2000) sources and categories of disturbances. Sources
of disturbances can be classified as direct or

i indirect disturbances and categories of
disturbances are divided into quantitative and
qualitative disturbances.

Svensson | It includes two dimensions of uncertainty: time- | Dyad No Operational

(2001) and relationship dependence. "

SCOR Model | It includes plan, source, make and deliver as the | Dyad Not Strategic and

7.0 main source of uncertainty. This framework can be explicitly operational

—_— applied at either strategic or operational.

Van der Vaart | It attempts to identify all the uncertainty sources | Process No Operational

(1996) that could affect a materials procurement function
in the supply chain.

Van der Vorst | It adds three dimensions to the Uncertainty Circles | Dyad No Operational

& Beaulens | from Mason-Jones and Towill (1999): quantity,
(2002) quality and time. This framework has been based
on the Uncertainty Circles, (Mason-Jones and

- Towill, 1999).
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the logistics triad — the set of relationships between the supplier of the goods, the
customer for the goods and the logistics provider (or carrier) (Figure 2.1). As has
been mentioned previously, the conceptual model developed for this thesis has its
roots in previous research on the logistics triad where it has been argued that this
represents the minimum set of dimensions for supply chain analysis (Beier, 1989;
Bask, 2001).

2.5 Linking supply chain uncertainty to the environmental performance of

freight transport operations

Recently, the link between the supply chain and the environmental performance of
transport operations has been established at a macro level. McKinnon (2007)
developed a framework where six sustainability ratios link the supply chain
processes with CO2 emissions generated by freight transport operations (Figure 2.3).
However, these ratios can also be influenced by uncertainty in freight transport at
operational level. In the specific case of road freight transport, as can be seen in
Figure 2.3, there are six ratios that can impact on the level of CO2 emissions of
transport operations. These ratios are handling factor (the number of links in the
supply chain), average length of haul, modal split, average load on laden trips,
average empty running and fuel efficiency (McKinnon, 2007). Transport uncertainty
can have a negative impact on these key ratios.

¢ Handling factor: this is affected by supply chain structure. At an operational
i level, inappropriate sourcing (Christopher and Lee, 2004; Giunipero and
Eltantawy, 2004), problems in supplier capacity (Cavinato, 2004) and location
and storage uncertainty (Van der Vorst and Beulens, 2002; Fowkes et al.,
2004) can have a negative impact on supply chain structure. These can make
the information flow and communication between supply chain partners less
transparent and reliable.

e Average length of haul: the efficiency of vehicle routeing influences this ratio.
A rigid routeing plan can lead to inefficiencies in the transport routeing
process (Naim et al., 2006). This can cause diversions due to unplanned road
congestion. Also, insufficient fleet capacity can be a cause of disruption of
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strategic component of the supply chain or a specific source of supply chain
uncertainty.

The recent body of work on supply risk and vulnerability has added an important new
dimension of exogenous events to the Uncertainty Circle (Peck et al, 2003).
Examples of such events might include terrorism, industrial action, disease
epidemics and severe weather conditions. Transport operations may be seriously
affected either directly through such events or more indirectly through government
regulations and controls aimed at preventing their occurrence or minimising their
impact. Furthermore, businesses may decide to change their strategies, including
their supply chain strategies, to minimise the future impact of government
interventions such as taxation changes or new regulations that may be looming on
the horizon but whose shape is not yet known for certain. Whilst the work of Peck et
al (2003) has added value to the supply chain uncertainty literature, external
uncertainty needs to be more fully defined and integrated with the other sources of
uncertainty initially proposed by Mason-Jones and Towill (1999).

Other supply chain uncertainty frameworks such as Wilding 1998a, Peck (2003) and
Prater (2005) could have been used to develop the conceptual model, however they
ara more suitable to measure very high impact events which occur very infrequently.
These frameworks are more suitable for studying uncertainty affecting supply chains
at strategic levels. On the other hand, the combination of the Uncertainty Circles
(Mason-Jones and Towill 1999) and the logistics triad (Bask 2003) enables the
research to achieve one of the main objectives of this PhD, which is to measure
uncertainty that affects day-to-day road freight operations most of the time affected
by low-to-medium impact events that occur very frequently.

The first objective of this thesis is:
To determine the uncertainty causes affecting freight transport operations by
adapting and translating existing manufacturing-focused uncertainty frameworks to
make them suitable for the analysis of uncertainties affecting transport operations.

This objective will be achieved by developing a transport-focused uncertainty model
from a supply chain perspective. The foundation stone of this model is the concept of
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3.0 Methodology

This chapter aims to present and justify the methodological path selected for this
PhD and provide detailed information on the application of the research methods
used by the author,‘ which are focus groups, survey and case studies. Firstly, two
epistemological perspectives, positivism and critical realism, are presented,
discussing how these have influenced logistics research and the topic explored in
this thesis. Following that, the existent methodological issues of logistics research
and evidence of the application of methodological triangulation in logistics are
discussed. Subsequently, a section on the research methods used in the PhD and
their application in the logistics discipline is introduced. Also, at the end of the
chapter, the author concludes with a synthesis of the methodological path applied.

The discipline of research in this PhD is logistics. Logistics plans, implements, and
controls the flow and storage of products, services, and related information from
suppliers to end consumers in order to meet customers’ needs (Stock and Lambert,
2001). Arlbjorn and Halldorsson (2002) have defined the hard core of logistics as the
physical and demand information flows. However, they have stated that the logistics
discipline has a protection belt, which are the areas of logistics research that do not
explicitly relate to the hard core of the discipline. This presents considerable
confusion, since a proportion of researchers within the logistics discipline have
tended to undertake research by borrowing theories from other fields. This will be
discussed following presentation of the three epistemological perspectives that best
reflect research methodology in logistics. Subsequently, the methodological issues
of the logistics discipline are discussed and the methodological path of the PhD is
introduced. Finally, the applications of the methods used in the theéis, focus groups,
survey and case study in logistics are discussed. ‘

3.1 Epistemological perspectives

In this section of the chapter, three epistemological perspectives, positivism,
interpretivism and critical realism are discussed, emphasising the main differences
between them and the implicatiéns and limitations that are involved in their
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The second objective of this thesis is:
To evaluate the causes of supply chain uncertainty that impact on the environmental
and economic performance of the road freight transport sector.

Also, the third research objective of this PhD is:
To clarify how transport operations mitigate uncertainty.

This will be explored in the deductive stage of the PhD, Chapters 4 to 6, but
explained in-depth in the case studies presented in Chapters 7 to 9.

2.6 Concluding remarks

So far, the existent literature on supply chain uncertainty and transport has been
examined. Three research objectives have been derived from this literature review.
The first is to determine the causes of uncertainty that impact on freight transport
operations and the second is to evaluate them by applying a methodological
triangulation strategy. In this thesis, the literature review does not include the
development of the conceptual model of thesis, due to the fact that it can be argued
that a conceptual model can be part of the research path of the thesis.

In the next chapter, the methodology applied in this thesis will be discussed. Then, a
transport-focused conceptual model is developed by categorising the existing
literature on supply chain and transport uncertainty. After that, in the two following
chapters, the conceptual model is refined by applying focus groups and confirmed by
applying a questionnaire-based survey. Thus, the first two objectives of the thesis
will be largely answered in the Chapters 4, 5 and 6. The third research objective
derived in this chapter will be addressed initially in the survey (Chapter 6) and after
in more detail in the case study chapters (Chapters 7, 8 and 9). Jointly, the results
from these three chapters will help to generalise the finding of the thesis as a whole.
Subsequently, the model will be tested at a micro level by the application of the case
study method to quantitatively evaluate all the uncertainty causes impacting on road
transport operations in terms of th/e consequences that they have on the cost and
CO2 emissions of road transport operations.
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Moreover, unpredictability in arrival times and reduction of efficiency of
multimodal hubs (Fowkes et al., 2004) can inhibit the split from road to rail.
Average load on laden trips: this ratio can be affected by two factors: vehicle
utilisation on laden trips and vehicle carrying capacity by weight and volume.
If carriers have single vehicle configuration carriers are forced to choose a
type of vehicle that may not always match the customer requirements in terms
of volume and commodity type (Naim et al., 2006),. Also, transport delays due
to inefficiency at the supplier and/or carrier can have a negative effect on the
average load on laden trips (McKinnon & Ge, 2004), since, due to delays, a
potential full load in a single vehicle can become two half-full vehicles.
Average empty running: the level of back haulage can affect this ratio. If
demand for transport is not managed in a holistic way, empty miles between
destination of inbound shipments and origin of outbound shipments can
increase (Esper and Williams, 2003), and as a result, the overall vehicle
utilisation can decrease. The level of back haulage is a key factor in achieving
high levels of fleet utilisation. Difficult and non-standard orders (Boughton,
2003; Fowkes et al,, 2004; Vickery et al,, 2004) in terms of location of
destinations can have a negative effect on the level of back haulage.

Fuel efficiency: the degree of exposure to traffic congestion can affect this
ratio. Road congestion is increasingly affecting transport operations
(McKinnon and Ge, 2004). If traffic congestion levels are predictable, then this
can be planned for, but in many cases congestion results in variable and less
predictable travel times and hence a less reliable service (Van Schijndel and

Dinwoodie, 2000; Golob and Regan, 2001). However, when a lorry is running

t at low speed because of high levels of traffic congestion, its fuel efficiency can

be negatively affected.

Supply chain uncertainty can significantly impact on the efficiency of transport
operations. Inefficiencies in road freight transport operations can have a knock-on
effect on the level of CO2 emissions in supply chains. Therefore, the mitigation of
supply chain uncertainty within transport operations can minimise the risk of
disruptions in the delivery process, so transport resources can be utilised in the most
efficient and least polluting manner.
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e “Science must be conducted in a way that is value-free”. Therefore, research
should be undertaken in an objective manner, so a researcher should not accept
that his values and beliefs can sometimes bias his research.

3.1.2 Interpretivism

Interpretivism offers a holistic perspective on a given issue and allows complex
social situations to be explored and explained. This supports the researcher in
coping with the existent complexities of the real world (Remenyi et al.,, 2005).
Interpretivists “have the view that a strategy is required that respects the differences
between people and the objects of the natural sciences and therefore requires the
social scientist to grasp the subjective meaning of social action” (Bryman and Bell,
2007). They believe that the subjectivity of the actors needs to be considered. The
principles of Interpretivism are:

e Reality is made by a combination of multiple constructs and is influenced by
the person who holds them (Guba, 1990)
Meaning is imposed on the object by the researcher and an interaction
between the researcher and the object from which meaning is obtained
(Crotty, 1998)
In order to understand what is happening and why it is happening, there is a
need to focus social research on the meanings and values of actors (Crotty,
1998)
The researchers are an active part of the research process and lack a neutral

point of observation (Mentzer and Kahn, 1995)
i

' The interpretive approach focuses on understanding a phenomenon rather
than on measuring, explaining or predicting it (Mentzer and Kahn, 1995;
Bryman and Bell, 2007). \ |

3.1.3 Critical Realism

Regarding epistemology, critical realism is a philosophical perspective that can be
positioned in the middle of the spectrum between positivism and interpretivism. From
an ontological position, both positivism and critical realism seek for objectivity in
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2002). In logistics, there has been a predominance of positivist research based on
quantitative methods (Frankle et al, 2005). However, a discipline might underscore if
its academic works are not conducted based on a wide methodological approach
(Dunn et al, 1993).

3.1.5 Positivist research in logistics

In logistics, two quantitative methods that can set their roots from the positivist
perspective are analytical modelling and survey (Frankle et al., 2005). Analytical
modelling is applied to simulate material and information flows of simplified supply
chains and to explore what-if scenarios that are difficult to investigate in a real
supply chain. Due to the fact that logistics networks are extremely complex, systems
need to be simplified to a large extent. An example of a study that has followed this
approach is Lee and Tang (1997). These types of academic works have attempted
to model logistics flows defining quantitative logistics parameters. Between them
there is a common feature, they have developed their models from basic
assumptions, e.g. a single-product system, constant demand, a single supplier and
customer, and so on, and meanwhile the real-world systems are multi-variable
networks composed of many combinations of products, suppliers and customers. On
the one hand, these authors have oversimplified real-world scenarios to simulate
them. On the other hand, there have been other academic research works where the
researcher(s) have embedded more detail into the models. From some of these
works supply chains have implemented new strategies to improve their performance.
An example of this type of analytical modelling is the work that Disney et al. (2003)
undelitook to determine the impact of Vendor Management Inventory (VMI) in
transport. This particular work has had a considerable impact on the UK grocery
industry. ) '

Other logistics researchers have based their works mainly on quantitative surveys
applying assumptions that are largely from a positivist perspective (Stock et al, 2000;
Li et al, 2005). They have tended to link independent variables, such as best
practices or facility location, with performance. In their studies, they tested the
association between variables that often have a vague or subjective definition and
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e “Human factors need to be considered to disentangle structures beyond
superficial social events” (Bryman and Bell, 2007).

Positivism seeks for the simplification of systems through the isolation of variables or
system closure. However, the impossibility of achieving experimental closure is a
barrier to a scientific approach in studying social science (Collier, 1994).
Researchers should explore and analyse research problems as an open system, but
“although closure of the system is tricky and not all critical realists think that can be
overcome, Baskhar's response is to look for analogues or substitutes in social
science for the role of scientific experiments” (Benton and Craib).

In critical realism, the application of grounded theory is recommended for the
development conceptual models (Glasser and Strauss, 1967). Recently, there have
been contradicting views regarding the application of grounded theory. Grounded theory
is one of the main methodologies which critical realists applied. Glasser and Strauss
(1967) emphasise that ‘grounded theory is an inductive research methodology which
consists of a set of research stages resulting in the development of conceptual
categories/concepts’. They also said that ‘these categories/concepts are interlinked to
each other as a theoretical explanation of actions/decisions/behaviour of the actors
participating in a research project’. As Allan (2003) stated, ‘this view of grounded theory
contradicts the traditional way of developing theoretical models, where researchers
derive their models from the literature’. However, according to Strauss and Corbin
(1990), ‘researchers require being aware of the vast body of theoretical codes to
improve their sensitivity during the data collection process and starting from zero
theoretical knowledge may cause researchers to be immerse in the more difficult
challenges of grounded theory’. ‘

3.1.4 Influence of positivism and critical realism on logistics research

Positivism and critical realism are the two main approaches applied to explore
logistics phenomena, since hardly any research in logistics has applied
interpretivism as a sole perspective. It is very difficult to establish the boundaries of
the logistics discipline, as “its protection belt is very broad” (Arlborn and Halldorsson,
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social science research (Bryman and Bell, 2007). However, positivists believe that
neutrality on the researcher’s part is perfectly achievable; whereas, critical realists
acknowledge that their values and beliefs could bias their research, but they apply
methods to mitigate this effect.

Critical realism was “pioneered by a number of works in the UK during the 1970s,
such as Harre’s realist philosophy and Hesse’s models and metaphors in scientific
thinking” (Benton and Craib, 2001). A number of UK authors influenced its
development (Keat, 1971; Keat and Urry, 1975; Benton, 1977; Baskhar, 1998).
However, “Baskhar’'s work has provided the most systematically developed and
influential version of the approach, especially in its account of social science”
(Benton and Craib, 2001).

Critical realists advocate the need for disentangling the structures that generate
events in the real world. These structures are not observable at the superficial level,
so researchers need to apply the practical and theoretical work of social science to
identify them (Baskhar, 1989). Therefore, social science requires the application of
different methods and procedures more capable of addressing the fact that human
beings are the main actors in social systems, contrasting this with natural sciences”
(Bryman and Bell, 2007). Hence, the assumption that positivists make that the same
methods applied in natural sciences can be applied in social sciences is rejected.

Benton and Craib (2001) discussed the principles of critical realism:

o Critical realism shares with positivism the principle that “the external world is

¢ independent of our knowledge of it”

e However, critical realists believe that “the external world is knowable and
open to change” (Benton and Craib, 2001), so it differs from the positivist
principle in that only theory developed from directly observable phenomena
are valid

e For critical realism, “the structures of the real world need to be explored in
detail, since the surface that usually positivist research covers can be
misleading” (Benton and Craib, 2001)

I
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are difficult to measure. They describe the surface of what is happening in logistics

operations by applying structured questionnaires to a large sample.

These two approaches have many positivist features in common. First, they require
oversimplification and system closure to apply the deductive approaches of natural
sciences. Secondly, they only regard as knowledge theories developed from
observable phenomena. Thirdly, they do not consider actors’ perceptions about
these phenomena. Therefore, their studies mainly describe the real world at a
superficial level. They have influenced logistics theory in the early stage of their
research topics by describing the whole, but after that more detailed research was

needed.
3.1.6 Critical realist research in logistics

Recently, critical realism has gained the interest of an important number of logistics
researchers. In logistics research, there is a trade-off between theoretical rigour and
industrial relevance (New and Payne, 1995). It is important to apply both quantitative
and qualitative research to develop and improve logistics research (Naslund, 2002,
cited by Magan et al, 2004). A considerable number of logistics authors have applied
different kind of triangulation to achieve depth and industrial relevance in their
studies, and meanwhile, achieving high standards of theoretical rigour.

According to Easterby-Smith et al (1991), there are four sorts of triangulation, data
triangulation, investigator triangulation, methodological triangulation, and
trianghlation of theories. Methodological triangulation has been applied to consult
actors about results of quantitative studies. New and Payne (1995) developed a
logistics performance model applying initially a quantitative survey, after which they
consulted 53 logistics practitioners in a series of panels. Mangan et al (2004)
developed a decision-making model of ports management. They applied first an
inductive approach to clarify the overall features of the UK port industry, and then
ran in-depth case studies to determine cause-and-effect relationships.
Subsequently, they developed a decision-making model to forecast the impact of
management decisions of a panel ‘of 10 logistics practitioners. These two studies
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The research topic also needed a great deal of verification at the micro levels (e.g.
company- and employee- levels) to develop diagnostic tools that could inform future
decision making in companies, supply chains and industry. In achieving this, the
researcher needed to explore what occurs in real-world scenarios, thus mixing
qualitative and quantitative techniques in the application of the case study method,
such as the work of Van der Vorst and Beulens (2002).

3.1.8 Research methodology and the thesis topic

Due to the lack of intensive research developed in the logistics discipline and the
unexplored stage at which the research topic was at the beginning of the PhD, the
topic needed first to be clarified at a superficial level, before being explained at a
company level to truly develop cause-and-effect models that reflect the real world
and achieve an acceptable level of rigour. It is necessary to consider the perception
of practitioners, but to triangulate their qualitative opinions with other sources of data
(e.g. hard company data and simulation models). Therefore, critical realism is the
most adequate perspective in this case, although positivist researchers can still
contribute by developing research works to add theoretical rigour to the topic.

The author needed to address the deductive objectives of the thesis in order to
identify and evaluate the sources and causes of uncertainty that impact on the
environmental and economic performance of transport operations and to clarify how
transport operations mitigate uncertainty. Subsequehtly, the inductive objectives of
the thesis needed to be addressed, firstly to define how these uncertainties can be
measured at the micro level, and secondly, to evaluate their impact on the economic
and environmental performance of transport operations. Therefore, methodological
triangulation was required and the critical realism principles were applied to
complete this research project.

3.2 Methodological issues in logistics research

In comparison with other fields and/or disciplines such as psychology, strategic
management and human resources, relatively little attention has been given to
methodological issues in the logistics literature. As New and Payne (1995) observe,
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have considered the social interactions that can exist in the real world, while
applying quantitative methods to achieve rigour in their studies. Also, they have
taken account of the overall picture, subsequently disentangled the structures
beyond the superficial level to develop valid models.

Other logistics researchers have used data triangulation in the application of case
studies. Van der Vorst and Beulens (2002) have applied the case study method
using different means of data collection. They ran three detailed case studies to
observe how supply chain uncertainty has an impact on logistics performance. In
these case studies, qualitative methods such as participant observation and semi-
structured interviews were used, after which quantitative methods such as hard-data
statistical analysis and value chain mapping were applied. Subsequently, they
developed a quantitative business simulation model to generalise their results.
Firstly they started consulting practitioners at a very disaggregate level to
disentangle their social structures and secondly they generalised the results of the
case studies they ran by developing a quantitative model.

Overall, critical realists have influenced this field by applying methodological and
data triangulation. They have included in their research projects logistics
practitioners who manage real-world operations. They have developed valid and
reliable cause-and-effect models without oversimplifying the very often complex real-
world scenarios. However, they have also applied the survey method to define the
overall picture at a superficial level at the beginning of their studies, or in other cases
at the end of their research projects, applied business process simulations to
quantitatively generalise the outcomes of their case studies.

3.1.7 Author’s own research perspective

The author’'s academic career has developed from a scientific engineering
background at an early stage to a more qualitative background focusing on clarifying
logistics practices. In this PhD, the author has continuously considered the
perceptions of practitioners regarding the research topic. The literature on the topic
of this thesis is at a conceptual stage, since little empirical research has been
developed so far. The author starts the thesis by taking a deductive approach, but
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3.3 Methodological path of this thesis

The methodological path of this PhD can be described as iterative and muilti-
methodological. As proposed by van der Zwaan and Engelen (1994), in order to
develop new theories, researchers need to follow a research path that is often
characterised by three stages: exploration, explanation and validation. Kerssens-van
Drongelen (2001) has applied a combined deductive and inductive methodological
path in his PhD research. In this PhD, the author has followed a similar
methodological route: exploration, verification and explanation.

Figure 3.1 shows the methodological path of this PhD. Initially, the researcher took a
deductive approach by consulting the existing literature on supply chain uncertainty.
First, at a conceptual stage, a critical literature review was undertaken to categorise
the uncertainties identified by previous research works in the topic of supply chain
uncertainty. The outcome of this stage was a transport-focussed uncertainty model.
After that, in order to refine the conceptual model, the opinions of UK logistics
practitioners were consulted through the application of seven focus groups, following
which the results of the focus groups were verified by designing and running an
online structured questionnaire. Subsequently, the researcher applied an inductive
approach to develop a new and innovative tool to link uncertainty with the economic
and environmental performance of road transport operations. An initial pilot case
study was undertaken of a logistics provider from the UK FMCG sector. The ‘extra
distance’ measure was developed to evaluate the relative importance of different
uncertainties in terms of cost and CO2 emissions. In developing this tool, the
literature was consulted, but such a measurement tool was not yet developed.
Therefore, as in the case of Kerssen-van Drongelen (2001), an inductive approach
was taken. Subsequently, two case. studies were run to improve the validity of the
tool developed in the first case study and to improve the findings of the overall

thesis.
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The following two sections présent a discussion on how to apply focus groups and
the survey method, together with examples of the application of these two methods in
operations management, supply chain management and logistics and the potential
limitations of these two research methods.

3.3.2.1 Focus group method

Focus groups can be defined as group interviews. They have not been extensively
used within logistics and are still less popular as a research method (Larsen and
Halldorsson, 2004) compared, for example, to case studies (Dinwoodie and Xu,
2008).The focus group method is a group dynamic that aims to control the direction
of the research (Krueger 1998a). It can also be defined as a qualitative method that
explores the perceptions of the participants. The focus group method is an

interpretivist method.

Qualitative research is based on the assumption that ‘the world can only be
understood from a point of view of the individuals who are directly involved in the
activities which are to be studied’ (Denzin and Lincoln, 2003). However, ‘many
regard qualitative researchers as soft scientists or even journalists’ (Denzin and
Lincoln, 2003). The focus group method, in contrast, makes interaction between
several participants a key part of the data collection process, with group discussion
generating and testihg new ideas and opinions. The researcher can also tailor the
structure and content of a focus group discussion to the particular needs of the
research project, making it a very flexible data collection technique.
t

According to Frankle et al. (2005), “there would seem to be a nu\mber of potential
opportunities provided by the use of multiple methods in the logistics discipline”.
Focus groups can be applied to complement other methods. As Jack and Raturi
(2006) recommend, in methodological triangulation researchers should choose
methods with complementary strengths and non-overlapping weaknesses.
Combining qualitative and quantitative data can improve the rigour and reliability of
research findings. When the research topic has not been studied in the literature,
focus groups can be used as a’'means to refine a conceptual model, so the
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researcher can have a better idea of associations between variables before

designing a survey. Focus groups can also provide further validation of a conceptual

model that has already been tested against statistical data. Furthermore, They can

be used to guide the research of a series of case studies, because through the group

sessions the researcher is able to confirm the design of the case studies in terms of

research themes, scale and scope (Krueger, 1998a).

Before discussing the advantages and disadvantages of the focus group method, it

is important to introduce the main characteristics. Krueger (1998a) has established

the main features of this method:

It is a focussed discussion that starts open and ends by focusing on the
specific aspects that the researcher is particularly interested in investigating

It involves experts in a specific field and the level of group members’
knowledge on the topic is one of the factors influencing the optimum group
size

The group composition should be designed to maintain a balance of
similarities and differences between participants, so the facilitator can ensure
an interactive group discussion

Focus groups are conducted in series, so that when a point of theory

saturation is reached the researcher can stop the data collection.

Its application has advantages and drawbacks. The focus group literature highlights

the advantages of this method:

It is an innovative way to solve business problems (Bryman, 2004)

'The researcher has a high degree of flexibility regarding the research plan
(Krueger 1998a)

Focus group discussions are formed by a small group that can represent a
large population (Krueger, 1998a)

Data collection is cost-effective (Patton, 2002)

Interaction among participants enhances data quality (Patton, 2002).
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However, it has certain limitations that need to be considered during the planning
stage:

e The researcher has less control over proceedings than in individual semi-
structured interviews (Bryman and Bell, 2007)

e The analysis p;rocess is a rather time-consuming activity (Bryman and Bell,
2007)

e Focus group facilitation requires flexibility and a set of specific skills on the
part of the researcher (Bryman and Bell, 2007; Patton, 2002)

e The divergént views of individual members can be inhibited by dominant
views from the rest of the group (Bryman and Bell, 2007; Patton, 2002)

e A focus group strategy is beneficial for identification of major themes but not
so much for the micro-analysis of subtle differences (Krueger, 1998a)

e Compared with most qualitative methods, focus groups typically have the
disadvantage of taking place outside the natural settings where social
interactions normally occur (Madriz, 2000)

e The available response time for any particular individual is restrained in order
to hear from everyone (Patton, 2002).

The role of focus groups in multi-methodological path in logistics research

Due to the fact that in this PhD methodological triangulation has been applied and
the focus group method is an important aspect of the methodological path of the
thesis, a literature review on the contribution of focus groups to multi-methodological
research projects in logistics and supply chain management has been undertaken.
Throu‘Qh a comprehensive search of the logistics literature, it is possible to identify a
number of papers where the research design includes focus groups. In particular, the
search focused upon journal articles and targeted databases such as Science Direct,
Emerald Insight and EBSCO Business Source Premier. The main search term was
‘focus group’ and either ‘logistics’ or ‘supply chain’. Both terms are used to reflect the
different perspectives people have on the relationship between logistics and supply
chains (Larsen and Halldorsson, 2004). The term ‘workshop’ is also substituted for
‘focus group’, and papers containing the term consulted to see whether the research
was, in effect, using focus groups. -
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As depicted in Appendix 1, the focus group method has contributed in different ways

to multi-methodological path in logistics research projects. The papers found in the

literature search were then classified into a number of distinct categories, reflecting

the main types of research identified by Saunders et al. (2007):

Descriptive — one example of such an application exists in the literature,
where the focus group method was used to examine the current state of
automotive supply chains (Holweg and Miemczyk, 2002)
Exploratory — these papers used focus groups to investigate a particular
issue. This category can be further sub-divided into three:

o Sole method — these papers directly use the findings of the focus

groups to draw conclusions about the issue being investigated. Cullen
and Webster (2007) use no other method, while Mangan and
Christopher (2005) and Manuj and Mentzer (2008) complement their
focus groups with other methods (a survey and interviews
respectively). In this case, the methodological path applied did only
include focus groups, which does not reflect the approach that logistics
researchers have applied most of the time in the past

Construct development (Sink et al. 1996; Mentzer et al. 1997;,
Dinwoodie 2001; Lancioni et al. 2001; Golicic et al. 2003; Guinipero et
al. 2005; Evangelista and Sweeney, 2006 and Tian et al. 2008) — this is
the Iargest grouping and uses the focus group to identify the main
constructs for a wider scale survey. Similarly to the papers under this
category, in the particular case of this PhD, focus groups were applied
as an exploratory method and their findings were qsed to design a
structured questionnaire

Other — two other papers applied focus groups in" an exploratory
manner. Christopher and Jittner (2005) used the focus group findings
to influence their choice of case studies while Rae-Smith and Ellinger
(2002) assess the impact of an action research study. The latter is the
only example found of exploratory focus groups being used after other
empirical research methods.
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e Explanatory — in this category, the focus groups are used to assess in more
detail causal relafionships observed by the use of other methods. Two distinct
groupings exist:

o Survey results — these papers use focus groups to provide more depth
to survey findings. In the examples from New and Payne (1995) and
Juttner (2005), a number of focus groups are used because of low
survey response rates. Rinehart et al. (2004) and Bernon and Cullen
(2007) use fewer focus groups as their response rates are higher

o Other opinion based methods — here, the focus groups provide more
depth as well as the potential to further generalise the findings.
Methods used prior to the focus group discussions include interviews
(Dainty et al. 2001; Blackhurst et al. 2005), a workshop (Jittner et al.
2007) and a Delphi study (Melnyk et al. 2008).

More details on the contribution of focus groups in multi-methodological path in
logistics research can be found in Appendix 1. They have been analysed on the
basis of the following factors: research approach, role of focus group within the
research strategy, research design, format of the focus group and the analytical
process. These are key stages in the focus group method and are discussed in more
detail shortly. |

The focus group process

Figure 3.3 depicts the different stages in the application of the focus group method
and the factors that influence each stage. First of all, the research problem needs to
be defined. This decision is reflected in the categorisation of Iogistids research in the
previous section. After defining the ‘research problem, the focus group procedure
needs to be designed. The literature suggests that two factors determine the
controllability of the group discussion and the quality of the data gathered: group size
and composition.
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¢ Exploratory
o Confirmatory
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y
Participant Feedback

Report
Workshop

Figure 3.3 Adapted generic focus group process (Krueger 1998a, Morgan 1998)

Figure‘ 3.4 depicts how group size can influence the group discussijon controllability
and the quality of the data. According to Krueger (1998a), as Figure 3.4 shows, in
order to achieve ideal levels of data richness and group control,/a focus group
session should have between 6 and 10 members. If a focus group session has more
than 10 members, the facilitator needs to apply alternative strategies to manage the
group effectively, such as splitting it into smaller groups. If the facilitator has enough
assistants, the group can be divided into two. Otherwise, the facilitator needs to
extend the time arranged for the session. On the other hand, if there are fewer than
6 members, the group discussion can be poor. However, if the group members are
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experts from a particular field, the minimum acceptable number of members is 4,
since each participant has a greater contribution to make in terms of knowledge and
insight (Mbrgan, 1998). Referring to Appendix 1, it seems that in logistics, focus
group size has tended to be at the larger end of the scale. Further, it appears that
the focus groups conducted in Europe tend to be smaller in size than those in North
America. Only two examples from the latter region had 10 or fewer participants in
their focus groups (Lancioni et al., 2001; Golicic et al., 2003).

100

-4~ Cantrollabilitv

—=— Data quality

Index (0 to 100)
’ = N WO OO O N O ©

o

1 2 3 4 5 6 7 8 91 1 1 1 1 1 1
Number of participants

Figure 3.4 Effect of group size on quality and controllability (Krueger, 1998a)

In tern;s of group. composition, the mix of interests and expertise must clearly reflect
the purpose of the research. Some diversity of background and knowledge is,
nevertheless, required to build new ideas and make group participant/s ‘think outside
of the box’. On the other hand, it hag been suggested that group discussions work
best if conducted with like minded people (Eggins et al., 2008). Therefore, in the
design stage, the research team needs to find the right balance between similarities
and differences within group members (Krueger, 1998a). If participants are too
similar, the group discussion may not be sufficiently holistic, open and innovative.
However, if they are too different and there are no evident synergies between them,
group discussions can become diffuse and unproductive.
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The literature also considers how focus group discussions should be conducted. It is
important to decide on whether a structured or unstructured approach is taken. A
structured approach presents the participant with a number of potential topics related
to the issue being discussed. In contrast, the unstructured approach poses a few
prompting questions to initiate a free discussion between participants. The evidence
from the papers in Appendix 1 suggests that, for logistics, an unstructured approach
is more popular for exploratory studies and a structured approach for explanatory

studies.

The facilitator should have certain skills to reach the standard required in terms of
data quality and controllability. According to Krueger (1998a) and Morgan (1998), the
facilitator should play different roles to ensure a rich and interactive discussion:
» Expert consultant in the topic discussed, having a similar level of knowledge
of the subject to that of the group as a whole
» Challenger, questioning the opinions of participants, making the group rethink
their assumptions and not allowing dominant members to divert the
discussion onto less relevant topics
* Referee, intervening when there is conflict between participants
« Discussion leader, actively facilitating and guiding the group
» Effective interrogator, capable of asking probing questions
» Mentally alert and free from distractions
» Listening and taking notes at the same time, keeping a written record of the
discussion.
The ap‘>proach taken to facilitate focus groups should be directly linked to the initial
research objectives. However, the approach can be modified to take account of the
specific circumstances of each new droup and the level of theory saturation achieved
previously.

In order to achieve a high level of data quality in the analysis stage, it is good
practice to employ an assistant facilitator to ensure that group discussions are
appropriately recorded and notes taken (Krueger, 1998a). Their facilitation skills can
complement those of the main facilitator.
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Venue layout and equipment are other important success factors in the organisation
of focus group sessions. The venue layout needs to ensure that all the participants
are able to listen to the facilitator and fellow participants and they can easily see the
presehtation used to support the facilitation. The venue layout needs to be a room
that offers a considerable amount of flexibility in terms of chairs and tables, so that it
can be possible to re-arrange the layout depending on the number of attendees that

turn up.

The other two stages in the application of the focus group method are data analysis
and participant feedback. The literature briefly describes three factors that the
researcher should consider when analysing focus group data, namely frequency,
extensiveness and intensity of participants’ opinions (Krueger, 1998b). The majority
of papers in Appendix 1 adopt some form of clustering exercise, either manually or
with the help of software. However, the literature does not consider further the
quantitative approaches that can be used in the analysis stage to improve objectivity
and rigour. It is also important to test for theory saturation to ensure that the findings
are as complete as possible. According to Krueger (1998a), theory saturation is
reached when an additional focus group does not add any new theme to the data
collected, but adds more cost to the data collection process. In effect, the opinions
expressed within a focus group are the same as those identified through previous
focus groups. Generally speaking, theory saturation tends to be reached after the
fifth session (Krueger, 1998a; Morgan, 1998). Only one paper in Appendix 1
explicitly tests for theory saturation (Cullen and Webster, 2007). This could raise
concerps in the other cases as to the credibility of the findings, although they do all
deploy methodological triangulation which reduces the risk of bias.

The process culminates in the writing of a final report and dissemination of feedback
to participants (Krueger, 1998a).

3.3.2.2 Survey method

Quantitative research is considered more rigorous since validity and reliability can be
statistically proven (Bryman and Bell, 2007; Patton, 2002; Saunders et al., 2007).
This statistical validity is often gained, however, at the expense of a deeper
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understanding of attitudes, behaviour and processes, much of which requires the
collection and interpretation of qualitative data. @ A survey can be applied to
interrogate practitioners or customers by using mailed questionnaires, telephone
calls, personal interview about themselves or about the social units in which they live
or work (Rossi et al., 1983). The survey method is based on the assumption that the
sampling process of a survey obtains information about a large population with a
known degree of accuracy (Rea and Parker, 1992).

In operations management, work on the survey method has derived three types of
survey research (Pinsonneault and Kraemer, 1993; Filippini, 1997;, Malhotra and
Grover, 1998). Forza (2002) has defined these three types of survey research:

e Exploratory - this type of survey research is applied when the aim is to gain
insights about the topic. Usually a conceptual model has not been developed
and the topic needs to be better understood. Also, it can help the researcher
to find initial evidence of associations between variables and define the
boundaries of the model. As can be seen in Appendix 1, Rinehart etal. (2004)
and New and Payne (1995) have applied the survey method as an exploratory
tool.

~ o Confirmatory - this type of survey research is used when well-defined

concepts and models on the research topic are available in the literature. It

has the aim of testing the validity of existing theories and explaining these

theories much more. In this type of survey research, the investigator needs to

develop hypotheses that serve as linkages between concepts. Evangelista

; and Sweeney (2006) and Tian et al. (2008) applied the survey method after

developing a conceptual model from the literature and refining that model by

using focus groups (see Appendix 1). When they designed, piloted and ran

their surveys, the conceptual model was based on a sufficiently robust body of
theory

e Descriptive - this type of survey research has the objective of understanding
the relevance of a research topic. Its main objective is not theory
development, although it can guide both theory building and theory refinement
(Dubin, 1978; Malhotra and Grover, 1998,; Wacker, 1998). An example of the
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application of descriptive survey research in logistics is the model of supply
chain practices and performance developed by Li et al. (2005).

The survey research process

Forza (2002) developed a framework to guide researchers on how to undertake
survey-type research in the field of operations management. He developed the
theory-testing survey research process, which consists of the following six stages:

1. Link to the theory level - at this stage, the researcher needs to conduct a
search of secondary sources including the literature, databases and
government reports. This stage has the objective of:

e Defining boundaries of the survey in terms of the unit of analysis and
population, and
e Developing the constructs of the survey and linkages between them based
~on the initial hypothesis of the survey.

2. Design — At this stage of the survey, the research needs to consider the
existent external constraints to clarify the data needed in the survey.
According to Zikmund (2002), samples are defined as subsets or parts of a
larger population. According to Saunders et al (2007), there are two sorts of
sampling strategies: probabilistic and non-probabilistic. Also, the sample of a
survey needs to be defined and researchers use probabilistic samples that
most of the times are selected randomly to reduce the risk of bias. Moreover,
the profile of the survey invitees needs to be selected at this stage. According
to Kotzab (2005), over three quarters of invitees from surveys run in logistics
hold senior management positions. However, the decision of how senior the
respondent should be is made based on how strategic is the topic
investigated in the survey. F\urthermore, the investigator needs to select the
data collection technique and develop the measurement instrument for the
survey. Saunders et al (2007) defined two types of questionnaires, self-
administered and interviewer-administered. Nevertheless, according to
Kotzab (2005), about 60% of samples of survey papers published in the
Journal of Business Logistics between 1993 and 2003 applied a non-
probabilistic sampling strateby. In the case of this PhD, the researcher has
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selected a self-administered questionnaire to avoid influencing the responses
of the survey participants.

3. Pilot testing - At this stage, the researcher needs to select a smaller sample to
test the validity of the survey constructs and the initial hypothesis and also to
check the appropriateness of the questions. This pilot sample can be selected
randomly or purposively, since it is important to know that the pilot participants
who will assess the validity of the survey are willing and able to do so.

4. Collect data for theory testing - At this stage, the investigator administrates
the data that is returned by the survey invitees and identifies the clusters of
samples with low response rate, and in the follow-up process, focuses -
attention on these clusters. In addition, at the end of this stage, the researcher
should estimate the degree of non-response bias and take an informed
decision regarding when to stop the data collection.

5. Analyse data: In operations management and logistics, usually this stage
involves testing the significance of the relationship between the survey
variables and determining the degree of strength of the correlation between
independent and dependent variables. Other researchers have applied cluster
analysis without focusing on the correlation between variables. In this PhD,
the aim of the survey was to determine the degree of importance of the
uncertainty clusters found in the focus groups, rather than concentrating on
clarifying the relationship between variables. Also, it is important to notice that
any data analysis process depends highly on which type of data is collected.
According to Saunders et al (2007), two types of data can be gathered

, through the application of a survey: categorical data- nominal and ordinal, and
quantifiable data- discrete and continuous. The former is data that cannot be
quantified but can be ranked, such as in the case of the data obtained from
the early questions of the survey in this PhD; and the latter is data that can be
quantified from the perception of respondents, such as the data gathered in
the second part of the survey in this PhD, or from hard measurements.

6. Generate report - In the survey report, the investigator needs to draw both
theoretical conclusions and managerial implications for the survey
respondents. Additionally, thg researcher needs to provide information about
the further opportunities derived from the survey.
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It is important to mention that from the survey process developed by Forza (2002)
the steps that influence the quality of research more are steps No. 1 to 4. According
to Frohlich (1998) and Forza (2002), at the stage of linking to the theory level (Step
No. 1), the researcher has the opportunity to select an industrially relevant topic, so
they can find central government institutions such as the Department for Transport to
sponsor the survey. At the design and pilot testing stages, the investigator can
ensure the validity and appropriateness of the questionnaire and select respondents
who are highly interested in the topic. Also, identifying respondents from multiple
mailing lists can assist the researcher in securing a high response rate. At the pilot
stage, the survey can be pre-tested and the researcher also assesses the formatting
of the questionnaire. When the researcher is conducting the survey, Frohlich (1998)
recommended a pre-notice letter and a polite appeal in the actual invitation letter to
encourage practitioners to contribute to the survey. In addition, Frohlich (1998)
suggests that survey respondents should be offered a report based on the survey
findings. In the case of postal mail surveys, the researcher should include a pre-paid
postage envelope to allow respondents to reply to the survey without inéurring any
additional cost for themselves. Furthermore, Frohlich (1998) emphasised the
importance of a persistent follow-up process. According to Kotzab (2005), 37% of
survey papers published in the Journal of Business Logistics between 1993 and
2003 applied one round of follow-up reminders and 12% applied two rounds of
follow-up reminders. This means that according to Kotzab (2005) 51% of these
papers did not apply Frohlich’s (1998) recommendation of undertaking a follow-up
after an invitation is send to the potential survey participants.
{

The survey method applied on its own can have a number of limitations:

e It is only capable of describing and/or explaining the surface of a topic
(Bryman and Bell, 2007; Saunders et al, 2007).

e Low response rate has always been an ongoing concern in conducting
mail surveys (Greer et al., 2002). Nowadays, access to the opinion of
logistics practitioners is very restricted by confidentiality and productivity
rules set by companies.

* Measuring a construct from the perception of practitioners based on a
Likert-type scale can carry a considerable degree of subjectivity.
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The next section includes background information about the case study method and

its application in logistics and supply chain management.

3.3.3.1 Case study method

“A case study is an empirical enquiry that (1) investigates a contemporary
phenomenon within its real life context, especially when (2) the boundaries between
phenomenon and context are not clearly evident” (Yin, 2003, pg. 13). A case study is
one which explores a real-world situation to answer specific research questions and
which seeks a range of evidence, and which has to be abstracted to obtain the best
possible answers to the research questions (Gillham, 2000).

According to Aastrup and Halldorsson (2008), the application of the case study
method in logistics and supply chain management research can derive its origins
from the critical realist perspective, since its aim is to clarify generative mechanisms
that underlie practice and performance. The case study method is inductive and
qualitative in nature, in contrast to strategies which apply experimental designs
seeking to establish universally applicable statements, associated with deductive
and quantitative research (Dinwoodie and Xu, 2008). In the case of this PhD, an
inductive approach was applied in the first case study and tested in the other two
case studies. Also, the case studies applied in this thesis are based on the
triangulation of quantitative data on uncertainty events that generate unnecessary
distance and time and interviews with the practitioners in charge of the transport
operations studied. Consequently, the approach used in the case studies is a mix of
quantitative and qualitative data collection techniques. This contradicts the view of
Yin (1993) and Dinwoodie and Xu (2008) that the case study method is a merely
qualitative method.

Yin (1993) has defined three types of case study research: exploratory, explanatory,
and descriptive. According to Yin (2003), the aims of these three types of case
studies are:
o Exploratory - to define the questions and hypotheses of a future research
project or determine the feasibility of the desired research or data collection
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approach. The first case study in this PhD project aimed to develop and test a
new measure to link uncertainty with the economic and environmental
performance of road transport operations, thus having a similar objective as
the latter aim proposed by Yin (2003). According to Dinwoodie and Xu (2008),
this type of case study research has been applied in logistics to:
1. understand a process better,
2. derive tentative hypotheses for future research, or
3. prototype a proportion of a novel context
o Descriptive - to present a comprehensive description of a research topic
within its context
e Explanatory - to collect data to explain cause-and-effect relationships between
variables and explain how events occur. Following the pilot case study, the
two subsequent cases have in broad terms a similar objective;' however, they
also have the aim of ensuring the development of a robust measurement
system designed to evaluate the link between uncertainty and transport
performance. This type of case study research has been categorised by
Dinwoodie and Xu (2008) in three sub-categories: validation studies, theory
refinement and theory extension. Validation studies have been used in
logistics: (1) from a positivist perspective, often via application of a procedure,
to differentiate between items, (2) to illustrate the benefits of an approach, or
(3) from a qualitative viewpoint, to further case study selection to identify
further cases of interest (Dinwoodie and Xu, 2008). On the other hand, theory
refinement studies has been applied in logistics: (1) to refocus previous
studies, (2) to analyse the dynamics of change, (3) to study the impact of

e

intervention (these last two usually described as action research), or (4) to
research specific processes (Dinwoodie and Xu, 2008). Furthermore, theory
extension studies have been applied in logistics: (1) to explore the generic
principles of strategies or characteristics of supply chain management in other
contexts or sectors, or (2) to contribute to a non-conclusive theory.

Stake (1995) added three other types of case studies: Intrinsic - when there is an

explicit interest in the case on the part of the researcher; Instrumental - when the
case study is applied to explain its evidence further to the researcher; Collective -
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when a group of cases is studied. Explanatory case studies are usually applied for
explaining causal investigations (Tellis, 1997). In the case of this PhD, explanatory
case study research has been applied to triangulate the findings of case studies with
the research evidence obtained during the initial stages of this PhD.

Scholz and Tietje (2002) have introduced the concept of embedded case study as ‘a
research method that considers more than one unit of analysis and usually are not
limited to qualitative analysis’. Also, they stated that an embedded case study allows
a multiplicity of techniques to be applied to the different units of analyses. In logistics
and supply chain management research, from a total of 109 journal papers published
between 1996 and 2008, 68 papers based their findings on a single case study and
41 of them used multiple case studies (Dinwoodie and Xu, 2008). A total of 15 of
these papers have as unit of analysis a network or supply chain and 65 of them have
as unit of analysis an organisation (Dinwoodie and Xu, 2008). In addition, 49 of them
did not use another method to complement the findings of their case studies
(Dinwoodie and Xu, 2008). In this PhD, the unit of analysis of the three case studies
is a distribution network formed by three organisations: supplier(s), logistics provider;
and customer, since it was important to assess the whole network instead of one
organisation. The unit of analysis of the case studies has been selected based on
the concept of the logistics triad (Beier, 1989; Bask, 2001). Also, it is believed in this
PhD that case study research should be part of a methodological triangulation
strategy rather than the methodological path alone.

In terms of the quality factors that need to be considered while designing and
running a case study, Mayring (2002) proposed six quality" factors: process
documentation, safeguarding interpretations by argument (or feedback from the
practitioners), research process structured by rules based on an initially agreed and
approved data collection protocol by the practitioners, closeness to the study items
(defining the boundaries of the data collection), communicative validation (constantly
seeking feedback from practitioners), and triangulation by applying interviews and
seeking the opinion of different actors. In addition, Yin (2003) stated that the validity
of a case study should be initially assessed in terms of its constructs, when collecting
the data internally in the organisati/on, and after finishing the case study, externally
by comparing the case study with another from the same sector.
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Stuart et al. (2002) have proposed five stages of case study research:

1.

2.

3.

4.

5.

Development of the research questions - The research questions are
developed depending on the research objective of the case study. At this
stage, the type of case study proposed by Dinwoodie and Xu (2008) is
selected

Instrument development - First the researcher needs to define the unit(s) of
analysis for the case study, deciding which stage of the supply chain will be
studied. Also, the researcher needs to choose and secure access to the case
study or a number of case studies, depending which approach is taken

Data gathering - At the beginning of the data collection, the case study is in an
exploratory stage where the researcher is identifying the appropriate sources
of evidence for the case study. After that, the data gathered is validated by the
researcher through the application of semi-structured interviews to
appropriate practitioners

Data analysis - Usually in operations management, data from case studies is
primarily in the form of transcripts from interviews, so a technique to compare
data from multiple case studies needs to be selected. However, in the case of
this PhD, comparisons are drawn in three dimensions: (1) merely quantitative,
the findings from the evaluation of the impact of different supply chain
uncertainty on transport performance; (2) depending on the data available,
how the assessment tool has been applied; and (3) from interviews, the
researcher has determined the uncertainty mitigation approach applied by the

three case study companies

, Case quality- This stage is executed when the researcher disseminates the

results of the case study to the company management staff and to other
practitioners from other companies but from the same industry. Both
recommendations have been applied in this research project, the findings of
the first case study have been validated in the other two and the findings from
the first two case studies were validated in a workshop where the audience
was comprised of practitioners from the UK road transport sector.
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A number of authors have identified the weaknesses of case study research in

supply chains:

The investigator did not specify the reason for selecting a single case
study (Seuring 2008, Asstrup and Halldorson 2008). The selection of
the three case studies was based on the characteristics of the FMCG
sector where uncertainty can considerably affect transport performance
Just one stage of the supply chain is approached, ignoring the network
characteristics of supply chains (Seuring 2008, Asstrup and Halldorson
2008). In this research project, a triad perspective was maintained in
the three case studies

Data collection has been undertaken via few interviews and analysis of
the company website (Seuring 2008). In this PhD, the findings of the
three case studies are based on the triangulation of performance data
gathered from the companies and continuous involvement of the
logistics managers in charged of the transport operations studied

The papers did not properly clarify how the data was analyséd (Seuring
2008). In this thesis, the data was analysed by applying a quantitative

- case-and-effect exercise

Finally, how the rigor of the research was ensured (Seuring 2008). The
rigor of the findings from the three case studies has been ensured
through the internal dissemination within the three companies and their
customers and suppliers, together with external dissemination within
the sector to which they belong.

3.4 Concluding remarks

In this PhD, a multi-methodological approach has been applied for a number of

reasons. Firstly, the philosophical approach of the PhD candidate can be positioned

in the critical realist perspective. Secondly, the topic of research was unexplored at

commencement of the PhD, so the surface of the topic needed clarification before

explaining the mechanisms of the topic at a micro level. From the literature review a

conceptual model was developed and the initial objectives required the interrogation

of practitioners at a macro level. To do this, the researcher took a deductive research
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approach. Béfore starting any case study, the literature oh how the impact of
uncertainty on transport performance can be measured at micro level was searched,
and no evidence of any measurement system was found. Therefore, an inductive
research approach was taken following the realities and recommendations from the
first case study. However, the measurement system developed in the first case study
was refined in the two subsequent case studies.

This PhD offers evidence of the advantages of taking a multi-methodological
approach. Findings from the initial stages of the research assist the researcher in
generalising the results from the case studies. Also, the findings from the conceptual
model, focus groups and survey defined the scope of the case study. Furthermore,
the combined deductive-inductive approach can be used as a exemplar case when
future researchers explore the macro level and subsequently explain the findings
from the macro level through the application of case studies.

The research methods applied in this research project can be supported in the future
with the application of business simulation methods, so the framework of transport
uncertainty can be validated and fully generalised.

3.5 Contribution

To Methodology in logistics research

This chapter highlights the benefits of applying methodological and data triangulation
in Iog}stics research. In addition, it demonstrates that there is a lack of balance
between academic rigor and industrial relevance in logistics research and a critical
realist approach can be used to address this problem. Moreover, it shows when a
deductive approach is applied, as well as the benefits of applying an inductive
approach when studying a phenomenon at the micro level. Regarding the methods
applied in this PhD, specifically in the case of the focus group method, from the
generic literature, two frameworks have been developed to guide future applications
of this method in logistics. Furthermore, the chapter includes a review that
demonstrates how focus groups can complement other research methods. This
review can also guide future research in logistics.
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To PhD

This chapter justifies the multi-methodological approach applied in the PhD.
Additionally, it justifies the application of the research methods used in the four
stages of the PhD research methodological path. It highlights the limitations of each
method applied in the PhD and how they were addressed in their application.
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4.0 Conceptual model

4.1 Introduction

In the literature reviéw chapter, the literature on supply chain uncertainty and risk
has been explored. Also, the aim of this chapter is to start answering the first
objective of the thesis, which is:
Link the uncertainties originated within the supply chain and externally with the
economic and environmental performance of road freight transport operations and
also to identify potential mitigation tools and/or approaches to minimise their effects

This aim will be achieved by considering perspectives from wider theories such as
system and network theories and process-based orientation. The Uncertainty Circle
framework (Mason-Jones and Towill, 1999) has been selected as a starting point for
the development of the PhD conceptual model since it takes a supply chain
perspective to assess uncertainty affecting manufacturing operations. As it has been
mentioned in Chapter 2, transport will be treated as a supply chain process
throughout the thesis. The aim of the conceptual model developed in this chapter is
to frame the rest of the research undertaken in the thesis. Because, it facilitates the
identification and evaluation of uncertainty events which affects transport operation

at tactical and operational levels.

4.2 Method

i
The literature review developed previously in the thesis supports the choice of the

logistics triad as the initial concept around which to integrate all the supply chain
uncertainty literature (Beier, 1989). Because most attention has been paid in the past
to uncertainty research from a manufacturing perspective, a need was identified to
undertake a comprehensive search for literature focusing on uncertainty within
transport operations, or affecting transport operations. Hence, a thorough search
was conducted using databases such as ABI/INFORM, Emerald, ScienceDirect,
IngentaConnect, EBSCO Business Source Premier, academic journals, electronic
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journals, trade magazines and reports, including information from freight best
practice surveys.

The methodological framework formulated in the methodology chapter will be used.
This part of the research is undertaken by developing a conceptual model from the
existing literature on the topic. This recognises that to date the logistics triad
uncertainty model has been developed purely as a conceptual model. In the
following chapters, it will be further developed and validated through the application
of research methods such as focus groups, surveys and case studies. The data
obtained from such empirical research will be used to develop, refine and validate
the model, so that it can be used both in the industry and for further academic

research.

Before embarking on the literature search, a plan of the potential areas and themes
to be interrogated was undertaken. The principal objective was to develop a holistic
supply chain uncertainty framework, but focusing on supply chain uncertainty issues
that can potentially impact on the economic and environmental performance of
transport operations. A series of keyword combinations were selected for the search.
The starting point was the phrase ‘transport uncertainty’ with alternative words for
each part also considered. The idea was to find uncertainty causes that can directly
impact on transport performance. However, in many cases, the impact was more
indirect, so other key words were needed. Due to potential ambiguity between the
terms ‘uncertainty’ and ‘risk’, both were used. In the literature, there are papers on
risk th?t also relate to supply chain uncertainty. The literature shows that ‘flexibility’ is
a possible response to uncertainty in supply chains (Naim et al, 2006) and was
therefore included as an alternative keyword to locate previous works on uncertainty
in a less direct manner. ‘Uncena{nty’, ‘risk’ and ‘flexibility’ were also used as
keywords in combination with keywords that are similar to ‘transport’, ‘supply chain’,
‘manufacturing’, ‘demand’ and ‘external’ (Figure 4.1). An additional avenue was to
identify key academic journal papers in the topic area and to examine the references
cited in these papers.

A systematic approach to synthesising the literature was adopted. Firstly, a
spreadsheet was constructed to summarise all the causes of uncertainty found in the
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relevant papers identified in the search. Secondly, those causes were categorised
into the five main sources of uncertainty of the model which will be discussed in
more detail later. After that, in order to define where uncertainty originates from, a
series of clusters were developed within each of the five uncertainty sources.

Logistics
Supply chain

Uncertainty .

. Transport

Manufacturing

Flexibility \ :

Demand

External

Figure 4.1 Keywords for the literature search

4.3 Transport and supply chain uncertainty

In this section of the paper, the logistics triad uncertainty model will be presented
and the logic followed in developing the model will be explained. The starting point
for the development of the model was the Uncertainty Circle (Mason-Jones and
Towill, 1999). The Uncertainty Circle has been developed from a manufacturing
perspéctive. This model has been refined at this stage of the @hesis to identify
different sources of uncertainty within the logistics triad taking a transport
perspective. This is because, according to the literature review, uncertainty affecting
transport operations seems to be under researched. The refined model can be seen
in Figure 4.2. The conceptual model considers the carrier as the transport process
and adds external uncertainty, reflecting Peck et al.’s (2003) framework, to highlight
the fact that logistics yoperations are open systems. Uncertainty can be initiated from
any one source and can potentially affect other members of the logistics triad. In this -
respect, it is important to bear in mind the point made earlier that responsibility for
the transport operation may rest with either the upstream or the downstream partner.
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is because there could well be effects on whether loads of product are ready for
despatch on time, or on the likelihood of full or part loads being rejected by
customers (and hence having to be returned). Similarly, problems in the
manufacturing operation itself, such as ineffective scheduling, problems with quality
control or operational problems such as machine breakdown, can also delay the
loading of products at the supplier’s facility or lead to high rates of product return.
According to a freight best practice report published by the Department for Transport
(2007), 7% of the delays within the delivery process originate at loading bays. A
significant number 6f authors highlight the potential impacts of poor inventory and
order management on transport performance. Operational problems in the storage
process can impact on quality and create unnecessary returns (Van der Vorst and
Beulens, 2002). This can also create the need for unnecessary transport

movements.

A smaller number of papers discuss the impact of suppliers failing to engage in
effective supply chain management with their customers; for example, not with
customers to obtaining accurate demand forecasts for planning purposes. Such poor
demand forecasting between different supply chain members can produce significant
levels of amplification in orders within the chain (Mason-Jones and Towill, 1999),
with knock-on effects on transport demand, and as a result, it can generate
inefficiency in transport operations. A lack of supply chain integration and control
can also cause duplication and fragmentation in the delivery process (Cavinato,
2004). Furthermore, limited communication in the ordering process can cause
suppIiPrs to amplify the demand from customers, so artificial transport demand can
be generated. See Potter and Lalwani (2008) for a greater analysis on the impact of
demand amplification on transport[. Demand amplification can have a serious

environmental knock-on effect on transport operations.

The relatively large amount of literature identified and discussed in this section
reflects the topicality of management issues such as supplier management, quality
management and inventory reduction in recent years, and whilst most of the
literature in such fields does not consider transport impacts to any great extent, the
potential impacts on the efficiency of transport use are recognised.
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Area Cause of Uncertainty Authors Papers
Problems in supplier Cavinato (2004), Giunipero & Eltantawy (2004), 5
capacity Childerhouse & Towill (2003), Mason-Jones &

Towill (1999), Van der Vorst & Beulens (2002)
Inefficiency of supplier Christopher & Lee (2004), Geary et al. (2002), 8
Supplier N Esper & Williams (2003), Serel (2008), Shah
(2009), Huang et al. (2009), Chiang (2008),
Avhinder et al (2009)
Inappropriate sourcing Christopher & Lee (2004), Giunipero & 4
Eltantawy (2004), Tseng (2009), Rossi (2009)
Lack of supply chain Geary et 2002, Cavinato (2004), Childerhouse 2
integration and control & Towill (2003)
Supply chain infrastructure | Cavinato (2004) 1
.| dispersion
3‘;‘;‘:53:::: Lack of communication in | Geary et al (2002) 1
the ordering process
Inconsistent demand Mason-Jones & Towill (1999) 1
forecasting by different
supply chain members
Inappropriate Product Life | Vickery et al (1999), Van der Vorst & Beulens 7
Cycle Management (2002), Geary et al (2002), Childerhouse &
Towill (2003), Christopher & Lee (2004),
) Vickery et al (1999), Lockamy Il (2008)
Marketing Lack of integration between | Giunipero & Eltantawy (2004),Vickery et al 2
Marketing and Production (1999)
Packaging Uncertainty Beier (1989) 1
Promotion Uncertainty Beier (1989) 1
Operational Problems Childerhouse & Towill (2003), Cavinato (2004), 10
Giunipero & Eltantawy (2004), Mason-Jones &
Towill (1999), Geary et al (2002), McKinnon &
Ge (2004), Van der Vorst & Beulens (2002),
Geary et al (2002), Rossi (2009), McKinnon et
Manufacturing al (2009), Song (2009)
Problems in Quality Control | Childerhouse & Towill (2003), Mason-Jones & 5
Towill (1999), Van der Vorst & Beulens (2002),
Geary et al (2002), Vlajic et al. (2009)
Ineffective Scheduling Van der Vorst & Beulens (2002), Childerhouse 3
& Towill (2003), McKinnon & Ge (2004)
~ Inventory and order Lalwani et al (2006), Schwarz & Wang (1999), 8
Inventory and | management uncertainty Christopher & Lee (2004), Morash & Clinton
Order (1997), Childerhouse & Towill (2003), Mason-
Management Jones & Towill (1999), Galasso et al. (2009),
Kaipia (2009)
Shipping uncertainty Morash & Clinton (1997), Fowkes et al (2004), 3
Transport, Department for Transport (2007)
Shipping and | Storage uncertainty Van der Vorst & Beulens (2002) 1
Storage Transport management Fowkes et al (2004), Geary et al (2002) 2
issues

Table 4.1 Sources of uncertainty related to suppliers

The amount of literature also reflects the fact that it has been very common for

manufacturers to assume responsibility for outbound transport operations. If the

supplier of the goods is responsible for outbound distribution activities such as
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organization of the downstream transport and warehousing, further important
sources of uncertainty are generated. Issues will arise if transport is managed
inefficiently, or if transport and distribution networks are not adequately attuned to
the needs of the product during marketing and promotional initiatives (which may
change pack size and packaging requirements) or to the differing needs at different
stages of the product life cycle. If, on the other hand, major customers (such as large
multiple retailers) opt to manage the transport function and collect products ‘ex-
works’, uncertainties due to these latter elements are not the responsibility of the
supplier, and hence are more appropriately categorized as being related to the

customer. ‘

4.3.2 Uncertainty related to customers

In contrast to the previous section, the focus of this section is on the sources of
uncertainty which can be related to inappropriate management at the destination of
the goods to be transported. Table 4.2 summarises the findings from the literature
search of the main causes of transport uncertainty relating to the customer. Rather
less literature was identified than for suppliers, but nevertheless it is possible to
identify some key themes.

Boughton (2003), Morash and Clinton (1997) and Fowkes et al. (2004) all identify
inefficient unloading processes, reflected in differences between the agreed and
actual unloading times and in excessive waiting or queuing times as a significant
source of uncertainty. This is confirmed by a freight best practice report published by
the Department for Transport (2007) for the UK food sector where 26% of the delays
within the delivery process are generated in unloading bays. This can generate the
need for the deployment of more resources and can also potentlally create the need
for unnecessary transport movements. Practices such as ‘factory gate pricing’,
where the recipient of the goods assumes responsibility for inbound transport, can
offer one way to mitigate such uncertainties. Other literature (Cavinato, 2004; Van
der Vorst and Beulens, 2002) points to further potential transport uncertainties
caused by poor management of distribution centres or retail outlets. Despatch of
inaccurate quantities to retail outlets can lead to stockouts and loss of sales (Vickery
et al, 1999), and may call for emergency deliveries or returns which will impact on
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overall transport efficiency. This can have both a significant economic and

environmental impact on transport performance.

capacity too small

Area Cause of Uncertainty Authors Papers
Lack of integration of all Milligan (1999), Geary et al (2002), Naim et 3
strategic areas within supply al (2006)
chains
Transport not included in Milligam (1999) 1
Supply purchasing costs
Chain Rigidities in the distribution Naim et al (2006) 1
Management | network, static nodes, the same
links
Wrong location of retail outlets, | Vickery et al (1999) 1
| excessive stock and loss of
sales
Difficult and nonstandard Boughton (2003), Fowkes et al (2004) 3
orders, excessive Vickery et al (1999)
customisation creating
excessive variations in the
demand for transport
Suboptimal order consolidation | Milligan (1999) 1
Wrong weekly forecast from Mason-Jones & Towill (1999), Van der 6
Ordering and | customers Vorst & Beulens (2002), Rojas & Frein
Inventory (2008), McKinnon et al (2009), Ustundag
Management &Tanyas (2009), Bichescu & Fry (2009)
Wrong operational planning of | Morash & Clinton (1997), Cmkonic et al 2
transport and inventory 2008)
Higher customer expectation, Lalwani et (2006), McKinnon et al (2009) -2
-| impacting on delivery frequency
Lack of visibility to the shipper | Esper & Williams (2003) 1
of consolidations and carrier
optimisation plans
Unloading time uncertainty, Boughton (2003), Esper & Williams (2003), 5
waiting or queue times between | McKinnon & Ge (2004), McKinnon et al
delivery appointment and (2009), Department for Transport (2007)
unloading
Unsynchronised transport- Morash & Clinton (1997), McKinnon et al 2
Unloading | congestion, confusion and poor | (2009)
processes delivery sequencing at the
t customer receiving docks
Rigid delivery window in Fowkes et al (2004) 1
customer unloading facilities,
more significant in operations
more likely to incur late arrivals
Special promotions Morash & Clinton (1997) 1
Excessive time-to-market Cavinato (2004) 1
Store and Costs and loss opportunities Cavinato (2004) 1
depot due to wrong innovation
management | Inefficiencies in labelling Van der Vorst & Beulens (2002) 1
Wrong store layout and shelf Van der Vorst & Beulens (2002) 1

Table 4.2 Sources of uncertainty related to the customer
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As with supplier uncertainty, a failure by customers to engage in effective supply
chain management with supply chain partners and ineffective order management
and inventory management systems are both further contributors to transport-related
uncertainty. Poor order and inventory management by customers can put pressure
on suppliers and carriers, for example by causing unnecessary variations on freight
transport demand (Fowkes et al., 2004), and as a result, unnecessary transport
movements can be generated. Inaccurate weekly forecasts from customers can
affect transport demand considerably (Van der Vorst and Beulens, 2001) by causing
stock-outs, requiring emergency deliveries or by obsolescence, possibly leading to
excessive product returns. Esper and Williams (2003) give importance to problems in
the effectiveness of the consolidation of consignments, which are generated due
poor visibility of information.

If the customers for manufactured products (such as major multiple retailers) choose
to take control of the supply chain operations including transport and warehousing,
then shortcomings in supply chain management on their part can result in very
considerable logistics uncertainty. This may result from poor supply chain planning at
a tactical level or rigidities regarding supply chain infrastructure. Lack of integratibn
of all strategic areas, purchasing, sales, and transport, within the logistics triad can
cause problems of information visibility, and as a result amplify the demand for
products and transport (Naim et al., 2006). If there is not sufficient information
visibility, the carrier does not have enough time to generate the most optimal
transport plan.

4.3.3 Uncertainty related to carriers

Table 4.3 summarises the main causes of transport uncertainty relating to the
carrier. The carrier can internally create uncertainty to the members of the logistics
triad, largely due to communication and operational problems regarding information

and physical processes of transport.
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Area

Cause of Uncertainty

Authors

Papers

Empty miles between
destination of inbound
shipments and origin of
outbound shipments

Esper & Williams (2003)

Scheduling and
routing

{

shipment and scheduling

(2009)

Disruption of operations due Fowkes et al (2004), Swan & 5
T t Fleet to insufficient fleet capacity or | Tyworth (2001), Closs et al (2003),
ransport lee unreliable carrier service Ahlert et al (2009), Colicchia &
Management Dallari (2009), McKinnon et al
(2009)
Single vehicle configuration Naim et al (2006) 1
Lack of flexibility in terms of Morash & Clinton (1997) 1
time, location, item or delivery
-frequency
Transport delays due to Mason et al (2003), McKinnon & 5
internal reasons, e.g. Ge (2004), Vlajic et al. (2009),
defective vehicle and lack of McKinnon et al (2009),
Transport Process driver Department for Transport (2007)
(Physical and Narrow scope to change to Naim et al (2006) 1
| . other distribution channel,
nformation Flows) different goods
Insufficient information Mason et al (2003), Rossi (2009) 2
visibility regarding location of
trucks and drivers
Lack of communication Choy et al (2007), Naim et al 3
between different carriers and | (2006), McKinnon et al (2009)
different transport modes .
Collaboration between two Fowkes et al (2004) 1
Transport network hauliers or two transport
management operations, let arrivals impact
in the whole system, in series
Demand for transport is not Naim et al (2006) 1
managed in a holistic and
collaborative way
Unpredictability in arrival Fowkes et al (2004) 1
times, reduction of efficiency
of transport hubs
Lack of flexibility of transport Christopher & Lee (2004), Rossi 2

Rigid plan of routing

Naim et al (2006)

Logistics providers safety
slacks, extra lead times to
build in safety times, extra
unnecessary capacity

Christopher & Lee (2004)

Delays leading to implications
with respect to drivers' hours
regulations

Fowkes et al (2004)

Cost and profitability

Low margins

Hoffman (2006)

Table 4.3 Sources of uncertainty from the carrier

A UK study by Fowkes et al (2004) identified various sources of delay to freight

transport resulting in variability in journey times. Three kinds of delay to freight

transport were identified: /

(1) Delay resuiting from an increased journey time, with fixed departure time;
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(2) An increase in the spread (or range) of arrival times for a fixed departure
time;
(3) Schedule delay, where the departure time is effectively put back.

The authors argued that a high level of certainty and reliability of journey times is an
essential requirement for an effective operation. Reasons for such a requirement
are: (1) demand considerations (JIT and Quick Response strategies; port deadlines;
‘hub and spoke’ operations) and (2) supply-side issues (two-way loading;
consolidation of deliveries; implications on driving hours; scope for round-the-clock
operation; order management and warehousing regimes). Journey time reliability is
also important in the context of rising operating costs, narrow profit margins and
attempts to improve the efficiency of transport operations. When a vehicle is late,
that vehicle can miss the next load scheduled for it, and as a result, an additional
and unnecessary trip can be generated, which has a significant impact on the
environmental performance of road transport operations.

Insufficient fleet capacity can be a cause of disruption of transport operations,
delaying the delivery process to customers (Fowkes et al 2004). Uncertainty can also
be originated because of lack of carrier flexibility in terms of time, location, delivery
frequency or vehicle configuration (Naim et al., 2006). This can limit the opportunities
to perform load consolidation within the distribution network. Inefficient fleet
management, reflected in poor vehicle utilisation or excess empty running, can
negatively impact on transport operations (Esper and Williams, 2003) in terms of
extra iand unnecessary cost and CO2 emissions. If demand for transport is not
managed in a holistic and collaborative way, issues such as empty running, delivery
delays, and low transport capacity utjlisation are likely to arise (Naim/et al 2006).

Uncertainty can result from transport delays due to internal reasons such as
defective vehicles or lack of drivers (Mason et al., 2003; McKinnon and Ge, 2004). In
the UK food sector, 26% of the delays within delivery process are generated due to
internal inefficiency problems (Department for Transport, 2007). Uncertainty in the
form of a lack of information about the location of trucks and drivers can lessen
visibility on the customer side and /delay the delivery process (Mason et al, 2003).
This can generate the need for sourcing a vehicle from a more remote location than

73



the vehicle that was initially scheduled in the transport plan. Meanwhile, transport
network management can be another significant source of carrier uncertainty. There
can be integration and collaboration issues because of lack of communication
between different carriers, possibly involving different transport modes (Choy et al,
2007). When hauliers attempt to integrate their transport work for different clients in
sequence, major delays can be compounded, leading to significant impact on clients
towards the end of the work schedule (Fowkes et al, 2004). The way that transport
demand is managed can affect the flow and utilisation of the transport network.

Carrier uncertainty can also originate in the scheduling and routing processes. Lack
of flexibility of shipment and transport schedules (Christopher and Lee, 2004) can
cause operational problems at customer facilities and result in delays in the delivery
process. Inefficient transport scheduling can make arrival times more unpredictable,
hence having a detrimental impact on the efficiency of hubs (Fowkes et al, 2004).
Very rigid routing plans can require extra unnecessary capacity (Christopher and
Lee, 2004), and it may be difficult to source the most suitable vehicles for the work,
particularly in highly specialised conditions (Naim et al 2006).

The typically low margins in much of the freight transport industry (Hoffman, 2006)
can result in uncertainties as operators struggle to balance costs against their labour
resource pressures and legal obligations. Financial exigency may dictate that
hauliers bid for work at low rates, and then struggle to meet the required level of
performance. Delayed journeys can be highly problematic due to constraints
regarqing the legal maximum working time of a driver (Fowkes et al, 2004), as
vehicles may need to wait for a replacement driver in the middle of the delivery
process.

4.3.4 Uncertainties relating to control systems

Uncertainties relating to control systems can be classified into information
management uncertainties, ICT systems uncertainties and physical systems
uncertainties (Table 4.4). Information uncertainty can result from inaccurate
information on inventories, demand (actual and forecast), production plans, capacity,
and order status within the supply chain (Christopher and Lee, 2004). This is usually
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a consequence of the lack of a systematic means of handling information (Choy et al
2007), preventing the information available in ICT systems from being updated
quickly. Any such information uncertainty caused by demand forecast inaccuracy
can lead to increased demand amplification backing up the supply chain from
customer to suppliers (Mason et al., 2003). Therefore, unnecessary inventory is
potentially moved within the supply chain and carriers may be required to perform
emergency deliveries, possibly involving poor vehicle utilisation. This can add
unnecessary miles to distribution networks, and as a result, extra cost and COz2

emissions.

Area Cause of Uncertainty Authors Papers
Inaccurate information of Christopher & Lee (2004), 6
inventories, actual demand and Boughton (2003), Carter & Ferrin
forecast, production plans, capacity, | (1996), Christopher & Lee (2004)
and order status within the chain Mason-Jones & Towill (1999),

Information Mason et al (2003)

Management Insufficient information due to lack Choy et al (2007) 1
of systematic means of handling
information .

Forecast inaccuracy throughout the | Mason et al (2003), Christopher & 2
chain, demand amplification ’ Lee (2004)

Information flow rigidity, not Corry & Kozan (2006), Carter & 2
adapting while the journey happens | Ferrin (1996)

Inventory control systems, that does | Tyan et al (2003) 1

IGT Systems not allow hori.zontal collaboration

M nt between carriers

anageme Transport is not included in the Mason et al (2003) 1
inventory control systems
Incorrect information input on ITC Geary et al (2002), Christopher & 2
systems Lee (2004)
Poor stock auditing Geary et al (2002), Van der Vorst & 2

Physical Beulens (2002)

Systems No synchronisation and poor Geary et al (2002) 1

Management visibility among adjacent processes
Wrong location at DCs Van der Vorst & Beulens (2002) 1

Table 4.4 Sources of control systems uncertainty

Regarding ICT, rigidity in the information flow, such as the lack of real updated data
during a journey (Corry and Kozan, 2006), can create a significant degree of
uncertainty in the delivery process. In many cases, inventory control systems do not
allow horizontal collaboration between 3PLs (Tyan et al, 2003), so transport
management is fragmented and transport movements from carriers cannot be
optimised. This produces duplications between carriers with distribution networks.
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This can be an outcome of the use of suboptimal inventory systems that do not
include transport (Mason et al, 2003). Moreover, there could be problems in the set-
up and operation of key ICT systems (e.g. MRP, EDI) (Christopher and Lee, 2004).
This issue can generate considerable information distortion within the logistics triad,
so the wrong product mix may be delivered to the customer and consequently the
customer may return part of the load. In turn, this can produce the need for
unnecessary trips and increase the overall cost and carbon footprint of the transport
function of supply chain. However, information control is not the only source of
control uncertainty in transport operations. Physical control systems can be another
significant source of uncertainty for the logistics triad. Poor stock auditing and poor
quality control systems can equally produce confusion (Geary et al., 2002).

4.3.5 External uncertainty

In this section, the impact of uncertainties emanating from external sources that are
not under the control of the logistics triad will be discussed, such as variations in key
transport macroeconomics, demand unpredictability and congestion (Table 4.5).
Uncertainty in transport macroeconomics has been highlighted as a significant issue
that affects transport operations; a number of authors (including practitioners,
Boughton, 2003) have highlighted variations in fuel prices and HGV driver shortages
as important macroeconomic issues that have recently affected freight transport
operations in the UK.

In regent years, there has been considerable uncertainty over the price and
availability of fuel, both in the short term and in terms of the future resource cost of
fuel, (particularly conventional diesel) and the future availability of such fuel. In the
short term, the UK fuel crisis of Aut;Jmn 2000 caused severe short /term shortages,
resulting in major uncertainties for many road hauliers (Whiteing et al, 2002). Prices
have been quite volatile in recent years and whilst larger users, such as major rail
freight companies, can minimize the impact of short term volatility through forward
buying and hedging, small operators are not able to do this. Further uncertainty is
caused by lack of knowledge of future changes in fuel taxation. In the face of rising
oil commodity prices on world markets, some previously announced increases in UK

fuel duty have been postponed or cancelled, but others have not.
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These uncertainties related to the price of fuel (including the effects of future
changes to fuel taxation) are not likely to have a significant physical impact on
companies in the triad in the short term, although there is some danger of disruption
if a carrier is made bankrupt as a result and ceases operations at short notice.

Area ' Uncertainty Cause Authors Papers
e . Schulz (2002), Boughton (2003), 4
Transport Variations in fuel prices Hoffman (2006), Screeton (2009)
Macroeconomics | Driver shortages and the cost of | Boughton (2003), Hoffman (2006), 5
provision of training and skills Skills for Logistics (2005a), Skills for
development in the logistics Logistics (2005b), McKinnon et al
sector (2009)
Mason et al (2003), Bailey (2009), 4
Market :&g? ulf;ti oar?sd transport demand Galasso et al. (2009),
McKinnon et al (2009)
Boughton (2003), Fowkes et al 5
. (2004), McKinnon and Ge (2004)
Traffic congestion McKinnon et al (2009), Department
Road conditions for Transport (2007)
Preferred route unavailable Fowkes et al (2004) 1
Delays and unreliable travel Van Schijndel & Dinwoodie (2000), 2
times Golob and Regan (2001)
Christopher & Lee (2004), : 7
Severe or sudden . Giunipero & Eltantawy (2004),
external gétemal events that disrupt the Watanabe (2006), Garger (2002),

disruptions LaGrange (2006), McKinnon
(2006), Saldanha et al (2006)

Table 4.5 External sources of uncertainty

Another group of external uncertainties relates to labour shortages and the cost of
provision of training and skills development in the logistics sector. Skills for Logistics,
the official UK Sector-specific Skills Council for the freight transport industry,
recogriises the shortage of large goods vehicle (LGV) drivers as a problem which is
having wider cost implications for the logistics industry. Lack of time and facilities for
training, the substantial costs involved in sending a trainee to a’driving school,
recruitment costs in excess of £1,000 and difficulties in retaining staff are quoted as
factors contributing to this shortage (Skills for Logistics, 2005a). Labour shortages
cause delays in the delivery process and result in the provision of inferior customer
service. Whether or not the sector will be successful in meeting its future training and
skills needs will depend largely on its rapport with government (Skills for Logistics,
2005b). )
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Road congestion is increasingly affecting transport operations (McKinnon and Ge,
2004). In the UK food sector, 19% of the delays within delivery process are
generated due to traffic congestion (Department for Transport 2007). If congestion
levels are predictable, then this can be planned for, but in many cases congestion
results in variable and less predictable travel times and hence a less reliable service
(Van Schijndel and Dinwoodie, 2000; Golob and Regan, 2001). Delays can lead to
delivery refusals at depots. Preferred transport routes may not always be available.
Serious accidents or the need for unplanned repairs can lead to lengthy and
unannounced road and rail closures, resulting in long detours away from preferred
routes (Fowkes et al 2004). Congestion and delays may also have a detrimental
effect on staff morale (and consequently retention of staff in the transport sector)
compounding the driver shortages discussed above (Golob and Regan, 2001).

Other external causes of uncertainty affecting transport operations cannot be
predicted in any way. These can be categorised as chaotic uncertainty since they
tend to happen in a totally random and sudden manner, and can cause unavoidable
disruption to supply chain operations. (Christopher and Lee, 2004; Giunipero and
Eltantawy, 2004). Natural disasters are one example. The Kobe earthquake, for
instance, caused damage to the transport infrastructure which very quickly disrupted
the just-in-time supply of materials to Japanese factories (Watanabe, 2006). Bad
weather can be disruptive, for example causing unreliability in ocean shipping transit
times, although vessel routing may mitigate this (Saldana et al, 2006). More severe
weather events, such as hurricanes, can be extremely disruptive (LaGrange, 2006).
McKinpon (2006) presents a macroeconomic assessment of the potential impact of
massive disruption to road freight transport due to catastrophic failure of a country's
road transport system. In similar veip, although perhaps less random and sudden, it
is difficult to predict the likelihood or the potential severity of industrial action, or to
take effective action to ameliorate its effects. A good example of this is the
uncertainty which resulted from port congestion on the US west coast in 2002,
sparked by industrial action. Some supply chains had to make recourse to the
emergency use of air freight (Garger, 2002).

Demand for products (and hence thé requirement for transport) fluctuates (Mason et
al., 2003) although demand variability varies from sector to sector. In general,
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The model developed acts as a template by which organisations may develop a
supply chain strategy vis-a-vis their uncertainties. By categorising uncertainty into
the five types described, organisations may determine where the greatest
uncertainties lie and hence develop a prioritised plan for supply chain re-engineering
by initially targeting\those uncertainties that result in the greatest risks to the
successful operation of the supply chain. The model will also determine to what
extent the uncertainties can be tackled by a single organisation alone, or in
collaboration with other partners in the supply chain, the wider industry and
government. Not only will this enable the performance of the transport operations to
be improved, but the whole supply chain should perform better (Tracey, 2004).

One important outcome of this work is that, whilst many of the causes of uncertainty
and their impacts can be linked primarily to one particular member of the logistics
triad, in other cases the location of uncertainty depends on which triad member is
responsible for planning, organising, procuring and managing the freight transport
operation. In principle, the impact of any uncertainty can be reduced through the
creation of excellent supply chain control mechanisms and by complete sharing of all
information relevant to the supply chain. Such information sharing will not always be
possible, however, and there will be circumstances when triad members will be
reluctant to share all information. In such circumstances, the continued existence of
information asymmetries implies that supply chain efficiency and performance will
depend on which organisation assumes responsibility for transport. This may be one

reason for the growing use of ‘factory gate pricing’ initiatives, for example.

The results of this chapter will inform the opinion-based and empirical research
undertaken for the following chapter in this thesis. The results of this chapter can
also inform further empirical research undertaken into the area of transport
uncertainty and hence logistics flexibility as a means for accommodating such
uncertainty. The research also highlights the root causes of inefficiency within
transport. Even though the majority of examples cited and discussed in this chapter
refer to road freight transport, the model is intended to be generic and applicable to
all modes, although further work will be required to test and validate whether this will
be possible. Transport inefficiency '— and most especially inefficiency in the use of
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road transport — is closely related to environmental performance, but this relationship
has not been tested in this chapter, and much research is needed to investigate the
impact of transport uncertainty on supply chain environmental performance. This will
be addressed in the case study chapters of this thesis.

4.5 Contribution

To methodology in logistics research

The categorisation undertaken to populate the logistics triad uncertainty model can
be used as a guide in future developments of a conceptual model in logistics,
particularly when researchers are interested in categorising a topic into clusters. In
this case, the researcher counted the number of times each uncertainty cause was
highlighted in the literature. Other dimensions could be included in the
categorisation, e.g. frequency and impact, quantity, quality and time, but there was
insufficient empirical evidence to do that.

To the PhD

The chapter has achieved the first objective derived from the literature review. The
different uncertainties found in the literature were categorised into five uncertainty
sources. This will guide the research in the following two chapters. However, the
model still needs to be refined in terms of scope and also the second objective of this
PhD still needs to be achieved.

To the topic

In this*chapter, the logistics triad uncertainty model has been developed. This model
can be used to guide future research on uncertainty impacting oﬁ freight transport
operation. Also, this model can be used as a diagnostic tool in industry.
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5.0 Evaluating the causes of uncertainty in logistics operations

5.1 Introduction

In the previous chapter, a model of transport uncertainty was developed from
published literature. This model categorised the sources and causes of supply chain
uncertainty in transport operations. However, the model needed to be refined by
logistics practitioners before its validity could be tested by an industry survey. In
order to achieve this, focus groups were chosen over other methods for two main
reasons. Firstly, they provide an efficient way to gather data from a large number of
participants in a shorter time than would be possible with individual interviews.
Secondly, it allowed different perspectives on the subject to be assembled and
compared during an interactive session.

The transport-focused uncertainty model (see Figure 4.2 in Chapter 4) was
developed in the previous chapter. This model needed to be refined by practitioners
by applying an exploratory research method. Therefore, focus groups were selected
to achieve that goal. The objectives of the focus groups were first to identify the main
causes of supply chain uncertainty within current UK logistics operations and,
secondly, to identify the root causes of these uncertainties. The aim of this chapter is
to evaluate the impact of uncertainty on the performance of transport operations. At

this stage, uncertainty causes will be evaluated in a qualitative manner.

The cpapter proceeds by discussing the method applied in the data collection.
Before presenting the findings, a framework to guide the application of the focus
group method in logistics research is discussed. After that, an analysis of the
findings is presented based on both Ehe supply chain role and industfial sector of the
focus group participants. Subsequently, the four uncertainty clusters found in the
data collections are drawn into the conceptual model developed in the previous
chapter. Then, a discussion based on the lessons learnt through the application of
the focus group method is presented. Furthermore, the managerial implications,
research implications and limitations of the findings are presented in the following

’
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two sections. In addition, the contributions of the findings, to logistics methodology,
to the PhD and to the topic are highlighted in the final section of this chapter.

5.2 Method

In the planning stage, seven potential venues were chosen, taking into account
major logistics flows and business locations within the UK. As mentioned in Chapter
3, venue location is not considered to be a key issue in the generic literature of focus
groups (see Figure 3.3). By taking account of the geographical location of potential
participants, their journey time and inconvenience can be reduced, and as a result,
their attendance can be increased. A similar approach is adopted by New and Payne
(1995), Dainty et al. (2001), Guinipero et al. (2003) and Evangelista and Sweeney
(2006). Locations were selected as a pilot session in Birmingham, two sessions in
London, two in Nottingham, and one each in Cardiff and Edinburgh. When selecting
the sample for the focus groups, in order to ensure a high attendance rate and the
required participants’ profile, it was necessary to have participants with previous
research involvement with the academic partners in the Green Logistics project.
Therefore, as recommended by Saunders et al. (2007), a purposive sampling
strategy was applied to identify the potential focus group participants, since it was
important to ensure that the participants’ profile fitted with the research. Postal
invitations were sent to 156 potential participants from logistic-related companies
(manufacturers, retailers, 3PLs, and technology providers), trade associations,
government bodies and logistics consultancy companies. The postal invitations
included information about the Green Logistics projects, a personal invitation letter
and a ?esponse form to confirm attendance. Participants were allocated to a focus
group depending on their workplace location. In order to encourage attendance at
the focus groups, as recommended in the generic focus group literature (see Figure
3.3), participants were offered a written feedback report and a potential invitation to a
dissemination workshop. Evangelista and Sweeney (2006) also offered an incentive
to attendees, but in the form of a free magazine subscription.

From the initial mailing, 26 positive responses were received. A follow-up process
was undertaken combined with the addition of 21 more invitees. This involved e-mail
and telephone contact with the invitees to encourage them to attend. As a result, the
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final number of participants was 58, giving an attendance rate from 171 invitees of
34%. As shown in Figure 3.3 in Chapter 3, group size is one of the key factors to be
considered when designing focus groups. The aim was to have 8 participants per
focus group, as this represents the optimum size according to Krueger (1998). In
reality, the size of focus group varied between 5 and 12 (Morgan, 1998).

The size and composition of the seven focus groups varied widely (Table 5.1). First,
regarding group size, there were three focus groups that did not have the between 6
and 10 participants recommended by Krueger (1998a). Two had more than 10
participants. In the first of these (London 1), the group was divided in two for
. discussions. However, this reduced the quality of data recorded. In some groups the
diversity of sectors represented also impaired the quality of discussion. The Cardiff
focus group had only five participants, but they were from large enterprises and had
a wide knowledge in the topic area. Morgan (1998) suggests a minimum of 4 for
such a group, and depth in the discussions was possible. Golicic et al. (2003) and
Cullen and Webster (2007) both had similar sized groups. The most impbrtant point
regarding size and composition is that all the focus groups followed the
recommendations found in the literature shown in Figure 3.3 in Chapter 3, and in
those instances where these two factors were slightly out of range, the facilitator
adapted the discussion to mitigate this problem.

Focus Group Type of organisation represented No. of
group size . Trade Policy Industrial
session Shipper | Carrier | Customer | Enabler Association | Maker sectors

Birmingham 6 2 1 1 1 0 5
London 1 11 2 2 1 2 2 2 7
London 2 7 2 0 2 2 0 5
pottingham 3 2 1 1 1 1 7
pottingham | - 5 1 2 1 2 1 0 5
Cardiff 5 2 0 1 0 1 1 4
Edinburgh 13 6 1 0 1 4 1 7
Total 58 16 1" 5 9 12 5

Table 5.1 Group size and composition of the 7 sessions

7
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The focus groups were designed to last for half a day for their session. Each
session lasted around 120 minutes and had a refreshment break in the middle.
However, there was a short initial presentation that gave some background to the

overall research project.

In each focus group, the question posed was:
‘Which are the most important causes of uncertainty that inhibit effectiveness of your
transport operations?’

When this question was asked, each participant wrote their suggestions on Post-It
notes, one comment per note. After that, each participant presented and discussed

their notes individually, while the other group members were encouraged to

intervene in the discussion so ideas might be developed further. In this discussion,

participants stated why their selected uncertainty causes have a significant impact

on their operations. The group as a whole then categorised the individual Post-It
notes into clusters. The researcher advised the participants that, given the phrasing
of the question posed, it was assumed that the number of Post-It notes reflected

each issue’s relative importance. Although no one objected to this assumption, the

facilitator ran a discussion asking participants to confirm that the largest cluster
represents the biggest challenge for their operations and/or industrial sectors. The

session ended with a cause-and-effect exercise to determine the main root causes

of these clusters. The clusters form the main unit of analysis of this paper. Notes

were taken by the research team and complemented by audio recordings, to which

all participants agreed prior to the focus group commencing.

After the focus groups, scripts for each session were produced from the notes and
recordings. The Post-It notes recorded by participants were triangulated with the
scripts and the cause-and-effect exercises. The data was synthesised using two-way
tables to compare individual issues with top-level clusters, uncertainty types and
sectors. Also, clusters were compared with the type of participants to see to what
extent the participants’ background may influence their perceptions. The
classification is based on that devel/oped by the European Logistics Users, Providers
and Enablers Group (ELUPEG). However, to avoid clusters becoming too large, as
Table 5.2 shows, this categorisation was disaggregated into the following:
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Shipper — an organisation which ships products to a wide range of external
customers '

Customer — a business that receives products from a wide range of shippers.
They may also have a distribution network internal to the company

Provider — companies where the main business is the provision of transport
and logistics services

Enabler — a company that provides technology or consultancy to facilitate the
movements of goods

Trade Body — an organisation that represents a number of businesses from a
particular sector

Policy maker/influencer — government and other bodies that affect the
external environment within which transport operates.

Supply Chain Role Number of participants Percentage of
participants
Shipper 16 27
Customer 5 9
Provider 11 19
Enabler 9 15
Trade body 12 21
Policy maker/influencer 5 9
Total 58 100

Table 5.2 Breakdown of focus group participants

As stdted in Figure 3.3 in Chapter 3, theory saturation is one of the main factors to

be considered in the process of analysing the data gathered in a series of focus

groups. Generally, when the focus' group method is applied, theory saturation is

reached after the fifth session (Morgan and Krueger, 1997). To confirm theory

saturation, the Post-It exercise was analysed. Figure 5.1.a shows that the number of

new issues raised (on individual Post-It notes) per participant does appear to tail off.

However, when looking at clusters (Figure 5.1.b), there are no new clusters between

the fourth and sixth focus groups. Nevertheless, the seventh focus group represents

a slight exception as new sectors were involved that had not previously contributed

to the focus groups from the drink industry. They identified issues unique to their
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Definition of these terms can be found in Table 5.4. The individual issues behind

these main clusters will be discussed in more detail later in the chapter.

Cluster Definition
Delays occur when a delivery process takes place later than scheduled. Delays are mostly
Delays caused by three factors: road network congestion, supply disruptions, and operational
problems in unloading and loading. _
den\lf:r:l:gl: dlor The demand from customers may be highly volatile and sudden changes may occur due to

h t seasonality and unexpected promotions. The main causes of this include demand volatility;

"}2?:2;36 poor demand forecast accuracy and lack of information visibility.

Delivery Delivery constraints are restrictions in the delivery process that can limit normal transport
. operations. Delivery constraints are a result of three main factors: delivery curfews at the
constraints customer facilities, restricted delivery windows imposed by the customer, and limited
storage capacity at the customer depots.

Uncertainty occurs when the logistics triad processes are not properly synchronised, the
Lack of communication and information flow is r:not effective. The main factors that cause a Igck of
coordination coordination within the triad are high customer demand for transport flexibility,
disconnections between sales and logistics departments at the company level and lack of

integration between carriers and customers.

Rigid The infrastructure of the road and rail network is not flexible in the short term and so inhibits

infrastructure | the performance of transport. Rigid infrastructure can occur at company, supply-chain and
macro-level.

Supply chain Integration withiq .tt]e logistics triad alloyvs a h9listic planning and execution_ of all the

integration logistics triad activities in the transfer of information and materials flow. Insufficient supply
chain integration lessens the visibility and transparency of information within the triad.

Cost Cost uncertainty relates to staff and asset utilisation. Macro problems like driver shortages,
volatility of fuel prices and congestion charges can considerably affect cost. Internally,
companies have operational issues that negatively impact on cost as well.

Technology The logistics triad members can have different levels of technology capability causing

* | unavoidable operational distortions in the information and communication flow and problems
in the delivery process.
Legislation determines the basic rules of the transport sector in the UK. It must be

Legislation sufficiently flexible so companies do not have constraints in terms of staff and assets.
However, legislation can impose restrictions on logistics companies that can affect as usual
trends.

Complexity Complexity can increase if there are many variables involved in the delivery process,
leading to uncertainty. Causes include different and diverse requirements from customers
and drop deliveries to diverse portfolio of customers.

mgl\:gn;?nznt An ineffegtive and fragmented inventory management 'approagh.can cause oper.ational
issues problems in transport originating from a lack of stock available within the supply chain, and
: sub-optimal inventory policies imposed by the customers.
Poor communication within the logistics triad at all levels leads to information uncertainty
Lack of within the logistics triad. Serious operational problems can origlnate through:
communication | - Lack of communication regarding delivery failure from carrier to customer
- Insufficient driver-carrier communication.
- Communication errors between shipper and customer that cause dellvery refusals.
Returns Any operational issues originating from the reverse supply chain, including processes like

recycling, return of defective products and logistics equipment, and remanufacturing.

Global-sourcing

Global sourcing imposes a challenge to the logistics triad, since the high dispersion of raw
materials increase the length of the supply chain. Causes of uncertainty include operational
problems of information visibility, insufficient stock and quality of products.

Inter-modal
operations

A lack of fit between different transport modes, e.g. rail and road, can cause operational
problems in inter-modal operations. Also, operational issues originating by rigid inter-modal
facilities can cause problems in the delivery process.

Table 5.4 Definitions of clusters according to focus groups
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Of the other clusters, rigid infrastructure, cost and technology together represent
around 16% of the total number of issues. The lack of flexibility of both road and rail
infrastructure is considered a major barrier in achieving journey time reliability.
Meanwhile, the transport costs of the supply chain are primarily affected by labour
and asset utilisation and how close are the actual volumes to the transport plan.
Most participants stated that there is an evident gap between the technological
capabilities within the logistics triad. This can be expected because carriers cannot
possibly keep the same pace of technological changes as their partners, since they
often have financial pressures impeding new technology acquisitions.

The other clusters found have fewer than 10 occurrences. Legislation is considered
a source of external uncertainty for the logistics triad, but participants usually focus
on the issues that can be changed internally instead. On the other hand, the issues
under complexity, inventory management and communication were implicitly related
with the other themes that have more occurrences. Complexity increases if the level
of supply chain coordination is low, and if there are significant constraints in the
delivery process. Furthermore, a fragmented inventory management policy can have
a negative impact on the demand and information processes. However, a lack of
communication and supply chain integration can negatively influence the logistics

triad coordin‘ation.

5.3.1 Uncertainty clusters per supply chain role

As well as considering the population as a whole, the results are also classified
according to the role of the participant within the supply chain. The results from this
can be found in Table 5.5. Considering the core members of the logistics triad first, it
can be seen that all three members place a strong emphasis on delays as a cause of
uncertainty. This reflects the direct impact that these have on transport operations.
Both shippers and customers identify variable demand and/or inaccurate forecast as
important. These are the members of the triad that would be affected more by these
types of issues. By contrast, shippers and carriers also identify delivery constraints
as another important factor. It may be that, because the constraints are often
imposed by the customer, they do not perceive them to impact upon their operations.

’
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Table 5.5 Comparison of clusters based on supply chain role

From the remaining classifications, enablers particularly identify coordination as an
issue. This reflects the fact that many of the companies within this cluster provide
software and other services linked to the coordination of supply chains. Therefore,
they are perhaps more likely to identify issues in this area. However, it could also be
that, because they sit outside the supply chain but have a view of all operations, they
can identify issues that those more involved in the operations cannot see. Many of
the trade bodies represent the freight transport industry, and therefore identify delays
as a significant cause of uncertainty. As with enablers, they can also take a broader
view of transport operations and therefore see infrastructure issues that do not affect
individual supply chains but do impact on the freight transport s;/stem as a whole.
Finally, policy makers show a slight bias towards delays but there is insufficient data

to draw meaningful conclusions.

5.3.2 Uncertainty Clusters per Industrial Sector

The final part of the analysis sought to compare between the findings based on
industrial sectors of the participants. This reflects the fact that different sectors are
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subject to different pressures, which may then have an impact on transport
uncertainty. Companies were clustered according to their main business areas, and
the smaller sectors (with 3 or fewer representatives) were then grouped to form an
“Other” category. The results can be found in Table 5.6.
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Grocery 7 7 3 5 1 1 0 0 0 1 1 1 0 0 0 27
Drinks 4 13 2 4 1 0 0 0 0 2 0 0 0 2 2 30
Primary 2 2 5 2 0 0 2 1 4 0 0 1 0 0 1 20
Rail and Inter-
modal 4 0 1 3 5 3 0 0 1 0 0 1 0 0 0 18
Transport
Trade Bodies 5 2 4 1 1 1 0 1 0 2 1 0 0 0 0 18
Policy Makers
and
Influencers 5 1 2 0 1 1 0 1 0 0 0 0 0 1 0 12
Retailer 9 2 2 1 1 0 2 0 1 0 0 2 0 0 0 20
Consultant 2 0 6 2 1 1 0 0 1 0 1 0 0 0 0 14
Waste and :
Reverse
Logistics 3 0 0 4 0 0 1 0 0 0 0 0 2 0 0 10
Construction . 2 1 1 1 1 3 1 2 0 0 0 0 0 0 0 12
Health , 0 3 2 0 0 0 0 0 0 1 0 0 0 0 0 6
Total number .
of Post-It 57 40 38 32 17 | 13 | 10 9 9 7 7 6 4 4 3 256
notes

.

Table 5.6 Comparison of clusters based on industrial sectors

Most of the sectors that took part in the focus groups have a similar distribution of
occurrences within the themes discussed as the overall findings. However, a few
sectors do not follow this pattern. Third party logistics providers, policy makers and
retailers all have a larger share of/Post-It notes from delays. Transport operators
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often have to deal with the impact of uncertainty from delays. This can reduce their
efficiency. Policy makers see the wider economic impact of late deliveries on the
economy of a region or country. Retailers are affected by diverse delays issues,
such as supplier delays, road network congestion and loading and unloading delays.
Delays can stop thg operation of retailers, which in turn can have an immediate

knock-on effect on their service and cost performance.

Another sector that has a different distribution in comparison to the overall trend is
that of drinks. This industry has 13 occurrences out of 30 on issues regarding
variable demand and/or inaccurate forecast, such as insufficient demand forecast,
short notice changes in the customer orders and sub-scale procurement and orders.
These then cause uncertainty for transport operations. The participants from the
drinks sector have global operations (also reflected in the global sourcing cluster), so
their supply chains are usually lengthier than in other sectors. Therefore, this sector

can be greatly affected by variable demand and/or inaccurate forecast.

Finally, it is interesting to note the distribution of issues relating to inter-modal
transport. These only emerged for the drinks and primary industry companies,
despite there being a cluster of inter-modal transport providers. The nature of
operations in the drinks and primary industry sectors makes them well suited to the
use of other modes. However, operators are more focussed on operational issUes,
and particularly the infrastructure with issues such as the lack of flexibility in rail
freight operations featuring in 50% of the Post-It notes in this cluster.

5.4 Gauses of transport uncertainty

The following analysis reflects the clusters identified as the most important during the
focus groups. What is evident is that the sources of uncertainty emerge from
throughout the transport uncertainty model. The top three issues from the four
largest clusters are mapped onto the model to illustrate the impact of transport
uncertainty. This is. shown in Figure 5.3, which provides greater depth to the

analysis.
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utilisation of the two trips is lower than the capacity utilisation of the originally
planned trip, therefore the average load on laden trips can be reduced.

According to the focus group participants, delays are mainly caused by three factors:
road network congeétion, supply disruptions, and operational problems in unloading
and loading. Road network congestion is an external uncertainty source (Figure 5.3)
and participants commented that it can be predictable in some cases but totally
random and unexpected in others. According to the findings from the cause-and-
effect exercise depicted in Figure 5.4, road congestion is not properly embedded in
the transport plan due to the fact that when a new contract is signed and agreed, the
targets and responsibilities that the carrier has are decided without having a clear
framework in terms of KPIs to monitor and control the delivery process. Thus, road
transport congestion is not properly considered when defining the total delivery time.
This happens because new contracts are signed and agreed without any awareness

at the sales department of the transport process.

Road congestion can be mitigated by applying routeing algorithms, so the carrier can
possibly predict the expected congestion within the road transport network and the
fastest possible route can be estimated. However, events such as accidents are not
predictable at all, although it was commented that their occurrence can be mitigated
by the application of GPS systems combined with the development of alternative
plans regarding routeing.

Supply disruption in the production and shipping process can also have a negative
impact on the delivery process. This type of disruption mostly occurs at the shipper.
This is more evident when the supplier is located overseas, so tﬁere is less control
over quality measures and delivery of overseas operations. Therefore, supply
disruption can be mitigated by developing a tight relationship with the shipper. On
the other hand, delays can originate in the unloading and loading process at both the
shipper and customer. Problems at unloading and loading facilities within the
logistics triad can be initiated by, for example, the unavailability of staff or unsuitable
facilities for loading and unloading. Furthermore, as shown in Figure 5.4, the root
cause of delays at loading and/or.unloading facilities is that the carrier does not
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or last minute cancellations of previously agreed loads. Meanwhile, insufficient
information visibility can reduce the accuracy of demand, increasing the levels of
safety stocks at the shipper and the number of unnecessary transport movements.
Insufficient demand accuracy can have a knock-on effect on the demand volatility of
transport regarding volume. This is also due to, as depicted in Figure 5.4, the fact
that there is not a clear framework in terms of transport KPIs, so customers and
shippers are not charged for their volume variability, primarily due to insufficient
coordination and communication in the process of volume demand forecast within
the logistics triad. However, participants agree that this type of problem occurs due
to the fact that customers and shippers are not properly penalised or charged for the
volume forecast inaccuracy and/or late-notification of extra volumes.

In addition, a sub-optimal inventory policy designed by the customer without
including transport operations in the equation can increase the frequency of
deliveries. Therefore, the demand for transport artificially rises, adding an extra
variable to the complexity involved in the delivery process. This can have a negative
impact on transport utilisation and increase costs. This occurs due to the transport
KPls within the logistics triad not being sufficiently clear, so as mentioned before,
customers and shippers are not properly charged for the demand that they generate
artificially. Although one participant particularly identified just-in-time as a cause of
this, a more general view was that transport is often ignored in inventory
management. However, participants commented that this uncertainty can potentially
be mitigated by the implementation of horizontal integration initiatives, such as
inventory and transport consolidation either by the shippers or the carriers.

i

5.4.3 Delivery constraints

Delivery constraints are restrictions in the delivery process that can limit normal
transport operations. They usually occur at the customer facilities, but sometimes
happen at the shipper’s facilities. Delivery constraints are considered by participants
to be the third most significant barrier in transport operations, since they can restrict
the unloading processes, causing queues that potentially delay the return of vehicles
to other loading points. This uncertainty cluster can be linked to one of McKinnon'’s
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usually have an adequate pricing model to charge the customer and the shipper for

inefficiencies, e.g. delays at their facilities.

5.4.2 Variable demand and/or inaccurate forecast

This theme was considered the second most important barrier to achieving a high
level of logistics performance. Most group participants affected by this theme are
from shippers and customers, with 22 and 10 occurrences respectively (Table 5.5).
These numbers are disproportionate to the number of attendees from these triad
members in the focus groups. For many of the suppliers that took part in the focus
groups, the demand from customers is highly volatile and suddenly changes due to
seasonality factors and unexpected promotions. Also, sub-optimal inventory policies
that do not include transport can dramatically increase the delivery frequency, and
consequently the likelihood of failure within the delivery process. Moreover,
participants from the drinks and grocery sectors seem to place more emphasis on
this uncertainty cluster. This could be due to the demand volatility in these two

sectors.

Variable demand and/or inaccurate forecast impact on three of the factors included
in the McKinnon’s (2007) framework the average length of haul, the average load on
laden trips and the average empty running. This uncertainty cluster causes the
carrier to re-plan deliveries and/or collections with a lower capacity utilisation than
originally planned and the carrier tends not to find a backload for these trips, so the
average load on laden trips decreases and the average empty running rises. Also,
sometimes increases in volume come from remote geographical locations where the
carrier cannot find the most economical subcontractor to run the extra trip.

Therefore, the average length of haul can also rise.

Variable demand and/or inaccurate forecast originate from volatility of customer
demand, insufficient demand forecast accuracy, lack of information visibility and sub-
optimal inventory policies imposed by the customer (Figure 5.3). Seasonality factbrs,
such as the weather, can have a considerable impact on demand volatility, but
unnecessary promotions set by the customer can also produce sudden changes in
the demand trend. This can cause unexpected short-notice extra transport deliveries
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5.4.4 Insufficient supply chain integration and coordination

A lack of coordination within the logistics triad and at the individual-company level
can cause disruptions in the delivery process. However, if there is a high level of
coordination within the triad, it can represent the principal enabler in reducing
uncertainty. Lack of coordination as a theme represents just over 10 per cent of the
total frequency from participants and particularly from enablers.

The main factors that cause a lack of coordination within the triad are high customer
demand for transport flexibility, functional barriers between sales and logistics
departments at the company level and lack of integration between carriers and
customers (Figure 5.3). In many of the industrial sectors represented, customers
require a high level of transport flexibility. This adds one more variable to the already
complex transport process, so tighter coordination is needed to mitigate the
complexity. Moreover, some participants felt that transport is not integrated in
strategic processes, and the level of communication within the triad is restricted
because the carrier is usually a servant rather than truly a partner. This occurs
because within the carrier the sales department is often disconnected from the
logistics function, and sales negotiate new contracts without taking account of the
logistics consequences. This was confirmed in the cause-and-effect exercise, shown
in Figure 5.4. The absence of an appropriate pricing model does not allow more
coordination and communication within the logistics triad, since the supply chain
relationships between carriers, customers and shippers are not at the necessary
level of maturity and trust. An example was given where the sales department
agrees loose and unachievable contracts with the customer and raises the
customer's expectations regarding the level of transport service, and then the
logistics function fails to fulfil expectations. However, a tight contract from the
beginning of the partnership can enable high levels of integration and coordination
within the logistics triad.
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(2007) CO2 emissions ratios. This uncertainty cluster can generate additional
distance onto the planned distance of trips, so the average length of haul rises.

Delivery constraints are a result of three main factors: delivery curfews at the
customer facilities, ﬁght delivery windows imposed by the customer and limited
storage capacity at the customer depots (Figure 5.3). As with road network
congestion, delivery curfews are an external uncertainty source. Examples of the
reasons for delivery curfews include security issues with inventory and delivery
drivers (particularly with early morning and late night deliveries), or local restrictions
imposed to improve the quality of life for local residents. According to the results of
the cause-and-effect exercise presented in Figure 5.4, delivery constraints are not
mitigated appropriately since generally customers do not undertake a proper review
of locality to assess the existent delivery constraints at loading bays located in
restricted areas.

Limited storage capacity at the customer distribution centres and stores restricts the
volume of the delivery and increases the delivery frequency, and as a consequence,
the number of vehicles arriving to storage points. This can encourage increasingly
tighter delivery windows. Six participants agreed that the tight delivery windows that
the customer imposes on carriers and shippers have a negative effect on the overall
transport costs. The only response that customers have to mitigate delivery
constraints are very tight delivery windows that cause excessive queues and delays
at distribution centres. As shown in Figure 5.4, the focus group participants agreed
that this occurs because the supply chain relationships between the customers and
their dartners, the carrier and the shipper, are not very good. Tight delivery windows
increase the transport costs due to the idle time generated when {/ehicles and drivers
are waiting for unloading. Delivery-windows can also have a knock-on effect on
transport performance, since transport journeys usually occur in series. However,
participants felt that the negative effect of delivery windows can be mitigated by
tighter coordination from the customer side to increase synchronisation between

carriers, and greater levels of feedback information from the carrier to the customer.
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5.5 Methodological lessons learnt: Factors that influence the effectiveness of

focus groups

In the literature and also throughout the application of focus groups presented in this
chapter, it was possible to identify a number of key factors influencing the
effectiveness of the focus group, particularly in terms of data quality (Figure 5.5). The
aim of this section is to reflect on the lessons learnt during the application of the
focus group method.

Focus group
effectiveness

isa
function of

A 4

e Sijze
Composition
Interest

is influenced by is influenced by

4 N 4 N
Uncontrollable Factors i Controllable Factors
\ J  help to manage \ J
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¢ Participants’ availability process
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21111 Conducting
a. Facilitation
\ 3.1.1.1.1 Analysis
a. Theory saturation
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411141 Feedback
\_ J \_ J

Figure 5.5 Factors influencing focus group effectiveness

In the focus group literature, much emphasis is placed on group size and
composition. However, it is also important that the participants are interested in the
content of the discussion. The type of company and industrial sector influenced the
level of participation in each focus group session. There are also a number of other
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factors that need to be considered. They have been categorised as uncontrollable

and controllable.

Uncontrollable factors relate specifically to the group participants. There are four
attributes that appea} to affect the size, composition and interest of the focus groups,
namely participants’ knowledge, expectations, availability and personality. People
are only likely to attend if they feel that they have something to contribute to the
topic(s) being discussed within the focus groups. However, it is also important that
participants have appropri‘ate expectations as to what the focus group will achieve
and the related benefit for them and their organisations. Finally, the personality of
participants affects their contribution to the discussion.

Given these unconfrollable factors, it is important to consider the controllable factors
that the researcher can influence. The design stage is the point when it is possible to
ensure that the appropriate people are selected for the focus group. For example,
Mangan and Christopher (2005) targeted executive education students to identify the
skills requirements required for supply chain managers. The method of inviting
participants is also critical. Personal contact with potential participants is important in
generating interest. In the case of this PhD, this happened during the follow up
process but it could form part of the initial invitation. Another important aspect is the
location of the focus groups. By holding sessions around the UK, participants’
travelling time could be minimised.

The nature of the facilitation is important for both stimulating discussion and ensuring
that everyone participates. With a group of diverse personalities, there is a danger
that those who are more confident dominate the discussion and distort the findings.
In the application of focus groups in this thesis, the Post-It note exercise proves an
effective means of encouraging contributions from all participants. By asking
participants to record their opinions before the discussion starts, it helps the
facilitator to bring their opinions into the discussion. Conversely, making the
discussion too structured could reduce the level of discussion, and interest in the
topic might wane. The most important element, however, is for the researcher to
reflect upon each focus group and, if necessary, adjust the facilitation approach to
improve the quality of data collected.
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In the analysis stage, there is the need to reflect upon any bias in the findings.
Testing for theory saturation can help to detect bias and assess the thoroughness
with which the subject has been discussed. Previous applications of the focus group
method in the field, an exception being Cullen and Webster (2007), appear not have
measured the degreé of theory saturation.

Finally, a significant number of participants expressed a desire to take back relevant
information and insights to their organisations. Maintaining good relations with
delegates after the focus group also increases the probability of them participating in

future research.
5.6 Managerial Implications

Although the participants in the focus groups were predominantly from the UK, the
research has identified a number of issues in relation to uncertainty within transport
operations. From this, it is possible to identify some generic managerial implications.
Section 5.4 has highlighted the importance of looking at the whole of the logistics
triad when dealing with uncertainty, as often there are multiple sources involving the
shipper, carrier and customer. Equally, section 5.4 has highlighted the importance of
external factors and managers need to consider how to deal with these issues.
While the easiest approach is to accommodate them within operational plans, there
is scope for engaging' with policy makers to identify ways forward. Indeed, the policy
makers who did participate in the focus groups commented that they found it
beneficial to learn more about the challenges facing the logistics industry.

Another issue that is becoming important for managers today is the issue of the
environment.  In this chapter, the links between transport ' efficiency and
environmental impact have been drawn by connecting CO2 emissions ratios from
McKinnon's (2007) green logistics framework with the four main uncertainty clusters
found in the focus groups. By focussing on the sources of uncertainty within the
logistics triad, companies can address the root causes of issues, rather than trying to

optimise their response based upon current constraints.

I3
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In enabling the above actions, the refined transport-focused uncertainty model is a
tool that can be applied to identify issues leading to uncertainty and their sources.
As demonstrated through Figure 5.3, issues can be mapped against their original
sources and from this an improvement plan targeting the appropriate areas can be
developed. Thereforé, it can help senior managers and policy makers to identify the
main root causes of the barriers that impede economic and environmental

sustainability in logistics.
5.7 Concluding remarks

So far, four main clusters of uncertainty in transport operations have been found-
delays, variable demand and/or inaccurate forecast, delivery constraints and a lack
of coordination. According to the findings, delays are the most important cluster of
uncertainty for transport operations, which might be considered an intuitive result,
but this research shows its frequency relative to other issues. The consequence of
these is to reduce the efficiency of transport operations. Also, in the overall focus
group data, road congestion represents the largest individual issue leading to
uncertainty While congestion due to road works and peak traffic flows can be
incorporated into transport planning, unplanned road congestion (for example, due to
an accident) leads to greater disruption. The challenge for transport providers is to
mitigate the impact of this unplanned road congestion without impacting significantly
on the efficiency of their operations.

In terms of the sources of uncertainty, most issues arise from the shipper, carrier,
customer or external environment. Only a limited number of issues relating to control
systems were raised. This is surprising given that control systems are likely to have
a major influence in determining the'level of transport demand, and perhaps reflects
the lack of integration of transport operations with the rest of the supply chain. In
looking at individual roles within the supply chain, enablers particularly identify lack
of coordination as a major issue, whereas members of the logistics triad were more
concerned with operational issues. However, integration within the triad may enable
businesses to address these more effectively.

?
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developed, guiding the PhD candidate and future focus group applications in
logistics on the relevant factors that influence the effectiveness of a focus group.

To the PhD

The chapter also contributes to the overall methodological path of the PhD by
refining the conceptual model developed in the previous chapter. Different causes
and clusters of supply chain uncertainty that impact on transport operations has
been evaluated. The four most important uncertainty clusters found are: delays,
variable demand and/or inaccurate forecast, insufficient supply chain integration, and
coordination and delivery constraints.

To the topic

This chapter contributes to the topic of supply chain uncertainty and transport by
guiding future research as to which uncertainties impact more on transport
operations. As stated in the previous chapter, most of the literature on uncertainty
focuses on supply chain and manufacturing, while transport is implicitly and
marginally considered. Also, the findings from this chapter can help researchers and
practitioners to prioritise between different uncertainties in terms of their relat}ive
impact on transport performance. However, these findings need to be verified with

more empirical evidence.
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The model has been refined based only on participants’ perceptions. Further
empirical-based research is needed to quantitatively validate it, for each cluster
identifying the frequency with which it occurs and the impact on economic and
environmental performance. This will further strengthen the understanding of the
main uncertainty causes within supply chains in the UK. Those internal to the
logistics triad can be addressed while external issues need to be accommodated, so,
methods for achieving both of these need to be identified through the research.
Furthermore, given the importance industry has attached to road congestion, new
and novel approaches enabling transport planning to respond to unpredictable
congestion needs to be developed, with minimal impact on both environmental and

economic performance.

At this stage of the research, the model has been refined through the application of
the focus group method. The main objective of this stage of the research was to
explore which are the main causes of supply chain uncertainty that impact on
transport operations, rather than provide a comprehensive list of all uncertainties.
The model needs to be verified through the application of the survey method, so
potential participating companies can give frequency and impact scores to each
uncertainty cause found in the focus groups. This will be achieved in the following
chapter. The model should also be tested through the investigatibn of real-world
situations, measuring the marginal impact, in terms of unnecessary miles, and
probability of the supply chain uncertainty causes derived from the focus groups.
This will be addressed in the case study chapters. Moreover, the transport
uncergainty model needs to be incorporated within a wider business process re-
engineering approach to proactively develop and evaluate solutions to reduce
transport uncertainty within supply cl)ains. '

5.8 Contribution
To Methodology in logistics research ;
This chapter has presented an innovative way of applying focus groups to the wider

methodology in logistics. Focus groups have been applied as a complementary
method within the overall methodoiogical path of this PhD. A framework has been
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6.0 The main uncertainty causes impacting on the economic and
environmental performance of road transport operations in the UK

6.1 Introduction

At this point in the thesis, the transport-focused uncertainty model has been
developed and refined in the two previous chapters. In this chapter, the relative
importance of these causes of supply chain uncertainty needs to be determined by
measuring the level of risk that they represent for transport operations. The aim of
the chapter is to verify the model taking a supply-chain perspective, and assess the
risk that different causes and sources of supply chain uncertainty have in terms of
the economic and environmental performance of road transport operations in a UK
context.

To do this, the chapter proceeds by recapping on what has been completed so far
and drawing a link between the conceptual model developed in Chapter 4 and Green

Logistics. After that, the method applied to undertake the research is explained.
| Subsequently, the overall results of the study are presented and analysed. Following
that, the findings are analysed at supply chain member level and also at industrial
sector level. In the final section of the paper, the main research findings are
highlighted together with further research opportunities.

6.2 Refined transport-focused uncertainty model

1

So far, the transport-focused uncertainty model has been develof)ed and refined. In
the previous chapter, four uncertainty clusters and their causes were derived from
the application of seven focus groups. According to the focus group participants, the
main uncertainty clusters impacting on the performance of UK transport operations
are: delays, variable demand and/or inaccurate forecast, delivery constraints and

insufficient supply chain integration and coordination.

This findings need to be verified by interrogating other randomly sampled
participants from companies that operate in the sector with a higher participation in
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the focus groups. The aim of this chapter is to verify the findings from the focus
groups by undertaking a ranking and risk assessment exercise of all the uncertainty
clusters found in the previous chapter to verify whether or not the four main clusters
found in the focus groups are repeatedly the most important ones in a different
sample. This will be achieved by undertaking a questionnaire-based survey
interrogati’ng participants from shippers, carriers and customers from the UK road
freight transport sector. |

6.3 Method

A wider scale survey was undertaken to assess the impact that the uncertainty
clusters, derived from the focus groups phase, have on the sustainability of road
transport operations. In order to achieve an appropriate balance between research
rigour and industrial relevance, a methodology triangulation research strategy was
applied as recommended by Easterby-Smith et al (1991), New and Payne (1995),
Aribjorn & Halldorsson (2002), Mangan et al (2004). The findings from the focus
groups needed verification, since the sampling strategy was purposive sampling.
Also, the opinions of each participant of the focus groups could be influenced by
other dominant participant(s). Therefore, it was necessary to triangulate the focus
group findings with the application of a more quantitative method. This selected

method was the survey method.

In the planning stage, an online questionnaire was designed based on the clusters or
sources of transport uncertainty derived from the focus groups. An online
questionnaire was preferred over a mail questionnaire, since the sample targeted
had access to internet and for participants it could be faster to complete an online
questionnaire rather than a postal questionnaire. In addition, the cost of the online
questionnaire was 60% of the cost of the postal questionnaire. Appendix 2 shows a
copy of the questionnaire. In the questionnaire, practitioners were asked to:
e Provide background information about their companies: annual turnover in
pounds, percentage of that transport cost represented from the annual
turnover, industrial sector and{ supply chain role (shipper, carrier or customer)
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For the full survey, a total of 5000 companies were identified by using the Financial
Analysis Made Easy (FAME) database, from all industrial sectors where the
companies would be expected to either move goods or be directly involved in the
movement of goods.-The only constraint imposed was a minimum company size of
250 employees. The initial invitation letter was directed to a person from the
companyvboard identified in the FAME database, since company’s logistics manager
and/or director names and contact details are not available in FAME. However, it
was requested that the details be passed to a person responsible for leading the
logistics department of the company. The survey was available between December
2007 and February 2008.

After four weeks of low response rate (12 responses), a random sample of 25% of
the total population within the sectors that were responding, automotive, grocery,
retail and road freight transport was selected. Two emails reminders were sent to the
sampled companies as well as contacting them by telephone. As part of this
process, the names and contact details of the person in charge of the logistics
function of the company was obtained for at least 30% of the companies, and
communication was directed to these people instead. In parallel to this, the Charter
Institute of Logistics and Transport (CILT) sent an email inviting all their members
from these sampled companies to participate in the survey. As a result of the follow-
up process including-the support of the CILT, 20 further responses were achieved.
Also, they sent two reminder emails to the non-respondents from the sample
selected, the first one after three weeks and the second one after six weeks of the
initial CILT invitation. The overall increase in responses achieved during the follow-
up stage was from 12 to 56 responses.

By February 2008, 56 practitioners had completed the survey. As Table 6.1 shows,
responses were only received from a limited range of industrial sectors, with four
sectors particularly well represented. Based on the sectors that responded, the
overall response rate of these sectors was just 3.6 per cent. While this is low, the
focus group data added depth to the analysis. Other supply chain researchers also
combined focus groups and survey findings where a low response rate had been
obtained (for example, New and Pe;yne, 1995). Table 6.1 indicates the four sectors
that have used focus group data for extra depth.
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e Select and rank the top four clusters of uncertainty that impact more on their
businesses, based on the 15 uncertainty clusters found in the focus groups

e Assess the economic and environmental impact that their top four uncertainty
clusters selected have on their company’s transport operations using a 5
point-Likert scale (1- very low, 2- low, 3- medium, 4- high 5- very high)

e Evaluate the frequency of occurrence for their top four uncertainty clusters. A
five-item frequency scale was given — daily, weekly, monthly, quarterly and
annually

e List up to five analysis and design tools that their company uses to improve
the efﬁciency of logistics operations. This was not exclusively limited to ICT

solutions.

In the third question of the questionnaire, where respondents were asked to assess
the economic and environmental impact of the uncertainty clusters they were asked
to select in question 2, labels were used to describe the alternatives answers for
impact, since generally it can be easy for respondents to relate to labels such as low
and high rather than numbers such as 2 or 4. Also, a 5-point Likert scale is used
instead of a 3-point Likert scale, since as Matell and Jacoby (1972) demonstrated, as
the number of scale steps increases the likelihood that respondents use the mid-
point category decreases. However, the pilot participants perceived a 7-point Likert
scale to be rather confusing. Furthermore, in the case of the fourth question,
generally the pilot participants felt that the frequency labels reflecting how industry
works were daily, weekly, monthly, quarterly and annually.

Additionally, a definition of each uncertainty cluster was available in the electronic
survey, again based on the focus group findings. These definitions were developed
as an outcome of the focus groups (see chapter 5).

Fifteen practitioners were selected from focus group participants to pilot the online
survey first. Postal invitation letters were sent, and 8 pilot participants responded to
the online pilot questionnaire. As a result of the pilot, a number of changes were
made to improve the readability, relevance and practicality of the survey.
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Spearman's Correlation t-test
Uncertainty No of test
cluster Res;;onse T Critical r el:::;\s Sg Critical | Non-response
value e bias value bias
Delays 34 0.377 2 No 0.775 0.05 No
. Demand and 29 0692 2 No | 0562 | 005 No
information issues
Delivery 23 0131 2 No 0.119 | 0.5 No
constraints
Rigid infrastructure 6 0.669 2 No 0.725 0.05 No
Supply chain ' '
integration 21 0.511 2 No 0.876 0.05 No
Cost : 18 0.177 2 No 0.058 0.05 No
Technology 6 0.566 2 No 0.804 0.05 No
Legislation 14 006 | 2 No 0015 | o005 | Yesdueto
Complexity 19 0.1 2 No 0.053 0.05 No
Inventory
management 10 0.662 2 No 0.374 0.05 No
issues
Lack of \
communication 17 0.654 2 No 0.968 0.05 No
Lack of company
vision about 4 0066 | 2 No 0018 | o005 | Yesdueto
logistics
Returns 5 0.779 2 No 0.782 0.05 No
Global-sourcing 9 0.184| 2 No 0.080 | 0.05 No
Inter-modal
operations 3 1 2 No 0.624 0.05 No

Table 6.2 Results of the two non-parametric tests to verify the absence of non-
response bias

Recently, it has been an emphasis on reducing common method bias in surveys in
the field of Psychology (Podsakoff et al. 2003, Conway and Lance 2010). ‘Method
variance can be defined as the variance linked to the measurement method rather
than to the items being measured, which is attributable to the form of measurement
at the levels of abstraction (the content of specific items, scale type, response
format, and the genéral context) generating response bias such as halo effects,
social desirability, acquiescence and leniency effects’ (Fiske, 1982). This is a trend
that is expanding rapidly in all the disciplines of business and management. It is
important to discuss which strategies were used to mitigate common method bias in
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the survey. According to Podsakoff et al. (2003), in questionnaire-based surveys,

there can be four clusters of common method bias:

Common rater effects: ‘refer to any artifactual covariance between the
predictor and _ criterion variables generated by the fact that the survey
respondent assigning scores to these variables is the same’. In the survey,
this cluster of common method bias was mitigated by interrogating the opinion
of two different samples in the focus groups and survey. Nevertheless, the
potential bias of asking the survey respondents to select the clusters of
uncertainty generated by their partners affecting them was not mitigated.

Item characteristics effects: ‘refer to any artifactual covariance that is caused
by the influence or interpretation that a respondent might ascribe to an item
solely because of specific properties or characteristics the item possesses’.
This source of common method bias was mitigated during the pilot. Through
the pilot, the items were assessed to ensure they were neutral, avoiding any
positive or negative content on them, and they did not stimulate respondents
to score them in any particular way. Also, any overlaps between items or
ambiguity on their definitions were corrected by applying the feedback from
the pilot participants as well as the Likert scale of the potential responses was
revised. According to Podsakoff et al. (2003), there are six possible causes of
item characteristics effects:

1. Item social desirability originates since items may be constructed in
such a way as to reflect more socially desirable attitudes, behaviours,
or perceptions.

2. Item demand characteristics can be generated by hidden cues as to
how to respond to items.

3. Item ambiguity can be generated by ambiguity in items that allow
respondents to respo}\d to them systematically uéing their own
heuristic or respond to them randomly.

4. Common scale formats can be defined as the artifactual covariation
generated by the use of the same scale format (e.g., Likert scales,
semantic differential scales, “faces” scales) on a questionnaire. In
particularly, the measurement of the items was achieved by different
means of measurement. The respondents were asked to rank the
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items first and subsequently to’score them in terms of their economic
and environmental impacts and frequencies. Different scales were
used throughout the questiohnaire, as recommended by Frohlich
(1998) and also the pilot participants.

5. Common scale anchors originates by the repeated use the same
scaling points (e.g. extremely, always, sometimes) on a questionnaire.
This cause of common method bias was mitigated in the same fashion
as common scale formats. The questionnaire did not have repeated
scale anchors.

6. Positive and negative item wording can be caused by the use of
positively (negatively) worded items that may generate artifactual
relationships on the questionnaire.

Item context effects: ‘Refer to any influence or interpretation that a respondent
may have on an item solely because of its relation to the other items making
up an instrument’ (Wainer & Kiely, 1987). This source of common method bias
is related to questionnaires that aim to correlate independeht with dependent
variables. In the specific case of this survey, the aim of the questionnaire was
to identify which clusters of uncertainty were affecting more the respondent’s
freight transport operations rather than correlating constructs. However, there
could have been tradeoffs when participants chosen the four main clusters of
uncertainty affecting their company road freight transport operations. This
source of common method bias was mitigated during the pilot, particularly
when the pilot practitioners refine the definitions of the 15 uncertainty clusters
developed in the focus groups. Also, the fact that these clusters were
developed by a group of 58 UK logistics practitioners ensures that there were
not any overlaps or ambiguity among them. Podsakoff et al. (2003) categorise
this cluster of common method bias in the following five causes:

o ltem priming effects are generated ‘when the positioning of the
predictor (or criterion) variable on the questionnaire can make that
variable more prominent to the respondent and induce a causal
relationship with other variables’. In the survey, all the alternative items
(clusters of uncertainty) were show to the survey respondent at the
same time and were defined neutrally based on the inputs from the

focus group and pilot participants.
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Iltem embeddedness ‘originates by neutral items embedded in the
context of either items worded positively or negatively that take on the
assessment properties of those items’. As mention before, the fact that
the focus group and pilot participants develop the items and pilot
paﬁicipants revised the survey questions ensures that there were not
non-neutral items in the questionnaire. |
Context-induce mood is produced ‘when the first question (or set of
questions) encountered on the questionnaire influence a mood for
responding to the rest of the questionnaire’.

‘Scale length effects are ‘generated if scales have fewer items,

responses to previous items are more likely to be accessible in short-
term memory and to be recalled when responding to other items’. This
was partially mitigated by using 5-item scales for the respondents to
score the frequency and impacts of the four main clusters of
uncertainty chosen and ranked in the first question. As itlh‘as already
been mentioned, even though Matell and Jacoby (1972) récommend
using 7-Likert scales to avoid this sort of bias, the pilot participant
found 5-Likert scales rather clearer than 7-Likert scales.

Intermixing of items or constructs on the questionnaire is ‘caused by
items from different constructs that are grouped jointly may decrease
intra-construct correlations and rise inter-construct correlations’. As
mention previously, this is not applicable to the particular case of this

survey.

Measurement context effects: ‘refer to any artifactual co-variation generated
by the context in which the measures are gathered’. According to Podsakoff
(2003), this source of common method bias can be generated by the fact that
predictor and criterion variables are scored at the same point in time, and/or in
the same location, and/or using the same scale. Firstly, as mentioned before
the importance of the clusters of uncertainty were measured by respondents
by selecting and ranking these clusters and their frequency and impacts wére
measured by using different scales. However, in the specific case of this
survey the items were measured at the same point of time and in the same
location, nevertheless the focus group participants measured them at a
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different point of time, in a different location and using a different scale to the

one applied in the survey.

To analyse the data, the 56 responses were categorised depending on their
company logistics cost and industrial sector. The total rankings of the 15 uncertainty
clusters were calculated. After that, in order to assess the relative importance of the
15 uncertainty clusters, the economic and environmental risk was calculated from
the multiplication of frequency and impact (Pflug and Romisch, 2007). Also, the
means and standard deviations of the risk scores were calculated for each of the 15
uncertainty clusters. To calculate each individual risk score, the impact was
multiplied by the frequency. The former was already based on a numerical Likert
scale while, for the latter, the times were converted into a numerical scale where
‘daily’ was given a score of 5 and ‘annually’ a score of 1. These findings were then
analysed in more detail based on the sectors of the respondent companies, with a
focus on those sectors having both better response rates in the survey (between 4%
and 9%) and comprehensive focus group results to provide extra depth to the
analysis. As seen in Table 6.1, these sectors are grocery manufacturing, retail and
road freight transport. Frequency versus economic and environmental impact
matrices were drawn, with the findings broken down by sector. Moreover, a
categorisation of the tools that companies applied to mitigate uncertainty was
undertaken and an analysis based on the links between the main four uncertainty
clusters found and the mitigation tools categories has been carried out.

In the next two sections of the chapter, the overall findings and the results from the
risk assessments based on the supply chain role and sector of the survey
respondents will be presented.

6.4 Overall Results

In analysing the overall findings, the ranking of the uncertainty clusters is considered
first. Figure 6.1 shows a comparison of the results from the focus groups and survey.
The results shown in Figure 6.1 are based on the total number of post-it notes from
the focus groups and the rank given by the survey participants. The two sets of
results have been normalised (scaled to 100 based on the uncertainty cluster with
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environmental mean risk score is that technology and returns have substantially high
means and low standard deviations. However, these two uncertainty clusters have
only 5 and 6 responses respectively. Moreover, global sourcing, rigid infrastructure
and inter-modal operations have the lowest economic and environmental mean risk
scores and the lowest standard deviations. These three uncertainty clusters do not
seem to represent a considerable challenge for the vast majority of the sample.

6.5 Analysis of the findings based on the supply chain role of the survey

participants

In this section of the chapter, a comparison of the findings will be undertaken based
on the three supply chain roles, shipper, carrier and customer, which took part in
both the focus groups and survey. In this section, the survey results of the supply
chain roles will be used to evaluate the risk scores for each of the top four
uncertainty clusters, while using the focus group findings to provide more depth of
understanding to aid the analysis. Frequencies are ranked as high, medium and low,
where ranks 4 and 5 are high, rank 3 medium and ranks 1 and 2 are low. As such,

the risk analysis is more qualitative in nature.

6.5.1 Delays

Table 6.4 depicts the risk assessment for delays for the three supply chain roles. A
high proportion of responses from the three supply chain roles perceive delays as a
very frequént uncertainty cluster. When analysing the impact of delays, there are
more differences between supply chain roles. In shippers and carriers, about 70 and
80% of the responses perceive delays as having a high economic impact, whereas
50% of customers think that delays have a highly negative effect on cost. On the
other hand, the environmental risk assessment shows that a third of carriers -
perceive delays as having a high environmental impact, and the remainder think that
this uncertainty cluster has either a medium or low environmental impact. These
results show a lower proportion of carriers perceiving delays as having a high
environmental rather than economic impact, a third of responses compared with a
75% of responses in the case of economic impact.
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other hand, in the case of frequency, the three supply chain roles assessed have at
least 80% of respondents who perceive that this uncertainty cluster occurs very
frequently.

Frequency
Low Medium High

Cag.,'/f’ - Shipper — 40%
Carrier — 69%

Customer —
20% Customer — 80%

High

Economic Shipper - 30%
Impact Medium Carrier — 15%

Shipper - Shipper - 20%
Low 10% Carrier — 8%

Shipper — 30%
High Carrier — 46%
Customer - 40%

Caler= | Shipper - 20%
Environmental | Medium Cust ono1 or— Carrier — 8%
Impact 20% Customer — 20%
(+]
Shipper — Shipper — 40%
Low 10% Carrier - 38%

. Customer —20%

Table 6.5 Economic and environmental impact and frequency of delays based on
supply chain role

According to the focus group findings, shippers and carriers think that this cluster is
caused by insufﬁcient’ demand forecast accuracy and volatility of customer demand,
whereas customers believe that this uncertainty cluster is originated by the volatility
of end cusfomer demand only. This was expected, since shippers and carriers are
able tc; see the consequences of inaccurate demand forecast from customers,
whereas, customers are only able to see the volatility in market demand.

6.5.3 Delivery Constraints

According to the survey results, an equally large proportion of respondents perceive
delivery constraints as having a high economic and environmental impact on the
performance of transport operations. In the case of shippers and carriers, as Table
6.6 shows, between 60 and 75% of respondents think that this uncertainty cluster
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can have a very considerable economic and environmental effect on their distribution
networks.

Frequency
Low Medium High
Carrier — Carrier — Shipper — 75%
High 10% 20% Carrier — 30%

Customer — 100%
Shipper — 25%

ET;::':tic Medium Carrier — 20%
Low Carrier — 20%

. Carrier — Carrier — Shipper — 67%

High 10% 20% Carrier — 50%
Customer — 100%

; Shipper — 25%

B et | Medium | Carrier — 10%
Low Shipper - 8%

Carrier — 10%

Table 6.6 Economic and environmental impact and frequency of delays based on

supply chain role

According to focus group participants from these two supply chain roles, delivery
constraints are a consequence of tight delivery windows and limited storage
capacity, but shippers also believe that this uncertainty cluster is generated by
delivery curfews at unloading bays at their customer facilities. Only one survey
respondent from a customer selected this uncertainty cluster as one of the four main
uncertainty clusters. This is a trend that was also observed in the focus groups, and
the reason for that could be that customers do not perceive delivery constraints as a
major problem, since they do not have the opportunity to see the knock-on of this

uncertainty cluster.
6.5.4 Insufficient supply chain integration and coordination

As Table 6.7 depicts, a very substantial proportion of the survey respondents from
shippers and carriers perceive insufficient supply chain integration as having a
considerably high economic impact and at the same time a similarly high

122



environmental effect. Particularly, in the case of shippers, 90% of respondents stated
that this uncertainty cluster has a high economic impact and 100% of respondents
said that this has a high environmental effect. On the other hand, in the case of
carriers, about 91% of respondents score this uncertainty cluster as having high
economic impact and 73% of them say that it has a high environmental impact.
Another relevant trend that can be seen in Table 6.7 is that across the three supply
chain roles, a very high proportion of respondents perceive insufficient supply chain
integration occurring very frequently, 100% of respondents in the case of shippers
and customers and 73% of respondents in the case of carriers.

| Frequency
Low Medium High

Carrier — Carrier — Shipper — 90%
High 18% 9% Carrier — 64%
Customer — 50%

Shipper — 10%

Economic Medium Carrier — 9%
Impact Customer — 50%
Low
Carrier — Shipper —100%
High 9% Carrier — 64%
Customer — 100%
Carrier —
Environmental | Medium 9%
Impact
Carrier — . o
Low 9% Carrier — 9%

Table 6.7 Economic and environmental impact and frequency of delays based on
supply chain role

Regarding the causes of insufficient supply chain integration found in the focus
groups, carriers and shippers perceive that this uncertainty cluster is caused by
disconnections between the sales department and logistics section within their
companies. This is because contracts are usually arranged and signed between fhe
sales department and the customer without considering the logistics consequences
of them. Also, carriers perceived that their customers expect them to be prepared to
cope with a high degree of volume demand.
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6.6 Analysis of the findings based on the sectors of the survey participants

As noted earlier, in this section, an analysis similar to the one undertaken in the
previous section will be conducted, but this analysis will be undertaken at a sectoral

level.

6.6.1 Delays

Table 6.8 shows the risk assessment for delays for the three sectors. Generally,
delays occur daily or weekly and have a high economic impact. According to the
survey participants, delays seem to have a higher economic than environmental
impact on transport operations in the grocery and retail sectors. However, the only
exception to this is the road freight sector, where delays are perceived as having an
equally high economic and environmental impact. This can be explained by the fact
that delayed vehicles missed the load allocated to them, initiating the need for extra
trips, thereby increasing the total transport cost and CO2 emissions. Also, delays
occur very frequently in the grocery, retail and road freight sectors.

Frequency
Low Medium High
Grocery- 66%
High Retail- 71%

Road freight - 69%
Grocery- 17%

Ef;:c:;:c Medium ROadg$'9“* - Retail- 29%
; ° Road freight - 15%
Low Road freight - Grocery- 17 %

i 8%

Grocery- 50%
High Retail- 57%
S Road freight - 69%

Grocery- 33%

Environmental | Medium Retail- 43%
Impact
Low Road freight - Grocery- 17%
16% Road freight - 15%

Table 6.8 Economic and environmental impact and frequency. of delays
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In the focus groups presented in the previous chapter, participants from these
sectors provided the root causes of delays. Overall, participants from these three
sectors consider road congestion to be the main cause of delays. However, they also
see failures on the supplier side and disruptions in the loading and unloading
processes as signif[cant causes of delays. If a vehicle is held at loading and/or
unloading points, this has a knock-on effect on the next delivery scheduled for that

vehicle and can instigate the need for an extra trip.

6.6.2 Variable demand and/or inaccurate forecast

According to the survey participants, variable demand and/or inaccurate forecast
have a higher economic than environmental effect on transport operations in the
grocery, retail and road freight sectors (Table 6.9). This can be explained by the fact
that product demand uncertainty can affect volume demand in grocery and retail, but
through the application of transport consolidation this problem can be mitigated.
Since, there is a high degree of variability in these two sectors, the movements of
vehicles in the road freight sector are not affected by this. Also, demand uncertainty
affects the inventory holding cost more than the transport cost. Moreover, variable
demand and/or inaccurate forecast happen very frequently in all these three sectors.
Most companies have continuous replenishment or Just-in-Time delivery as a supply
chain strategy, while retailers offer very frequent promotions to the end consumers.

The root causes of variable demand and/or inaccurate forecast in transport
operations are derived from the focus groups presented in the previous chapter. In
the grdcery and road freight transport sectors, the factors influencing this uncertainty
cluster more are daily volume changes to the customer requirements, because
product promotions by the retailer are not properly communicated to the carrier and
the grocery manufacturer. In addition, participants from these two sectors perceive
demand forecast inaccuracy as one of the main causes of this uncertainty cluster.
Furthermore, in the retail sector, this uncertainty cluster occurs since communication
between the retailer and their partners is not usually the best.
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Frequency
Low Medium High

Grocery- 20% Grocery- 40%
High Retail- 14% Retail- 44%
Road freight - 56%

o Grocery- 20%
Economic * | Medium Retail- 28%
Impact Road freight - 22%

Low Grocery- 20% Retail- 14%
Road freight- 22%

Grocery- 40%
Retail- 58%
Road freight- 11%
Retail- 14%

Environmental | Medium Grocery- 40% | Road freight- 22%
Impact

High Retail- 14%

Grocery- 20%
Low Retail- 14%
Road freight- 67%

Table 6.9 Economic and environmental impact and frequency of demand and

information issues

6.6.3 Delivery Constraints

Table 6.10 shows in more detail a risk assessment of delivery constraints for the
three sectors studied. In the three sectors studied, delivery constraints occur daily or
weekly and have a high economic impact. According to the survey participants,
delivery constraints have an equally high economic and environmental effect on
transport operations in these three sectors. Due to delays at unloading bays at
stores‘in these three sectors, vehicles cannot achieve their scheduled backloads, so
extra trips are needed in consequence of this issue. This has a direct effect on cost

.

and CO2 emissions.

Next, the root causes of delivery constraints are briefly explained. In the grocery and
road freight transport sectors, the factors impacting more on this uncertainty cluster
are delivery curfews at stores located in urban areas and limited storage capacity
within secondary distribution channels. This instigates the need for increasingly

tighter delivery windows that ultimately have a negative effect on subsequent
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scheduled trips. Furthermore, according to the focus group participants, the retailers
impose delivery windows on their partners, but they do not have the opportunity to
see the knock-on effect that delivery windows have on the overall performance of the

logistics triad.

Frequency
Low Medium High

Grocery- 50%

High Grocery- 25% Retail- 50%
; : Road freight- 88%
Economic Grocery- 25%
Impact Medium Retail- 50%

Road freight- 12%

Low Grocery- 25%

Grocery- 50%

N - 0,
High Grocery- 25% Retail- 50%
Road freight- 100%
Environmental G 25%
Impact i et ’
p Medium Retail- 25%
Low Retail- 25%

Table 6.10 Economic and environmental impact and frequency of delivery

constraints

6.6.4 Insufficient supply chain integration and coordination

As can be seen in Table 6.11, most of the survey participants from the road freight
sector perceive insufficient supply chain integration and coordination as having an
equally very high economic and environmental effect on their transport operations.
The grocery sector presents a different trend in the retail sector, with 87% of the
respondents perceiving insufficient supply chain integration to have a high
environmental impact, whereas 71% think that this uncertainty issue has a high
economic impact. On the other hand, in the retail sector, 50% of respondents think
that insufficient supply chain integration has a high economic but low environmental
impact on transport (Table 6.10). One explanation to this may be that there is little
impact on retailers as consumers h/ave alternative products that they can purchase
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and some buffer stock is held at distribution centres to cope with uncertainty. An
alternative consideration is the alleged pressure put on suppliers to make deliveries
(Blythman, 2004), resulting in a low level of delivery failures even when there are

integration issues.

Frequency
Low Medium High

Retail- 50% | Road freight- Grocery- 71%

High 11% Retail- 50%
° Road freight- 67%
Economic . Road freight- Grocery- 29%
Impact Medium 1% Road freight- 11%
Low
bt Grocery- 87%
High | Road frelaht Retail- 50%
° Road freight- 67%
. . Road freight- Grocery- 13%
Environmental | Medium 1% Road freight. 11%

Impact

Low Retail- 50%

Table 6.11 Economic and environmental impact and frequency of insufficient supply

chain integration

In the retail and road freight sector, the factors affecting this uncertainty source are
disconnections between the sales and logistics departments within the supplier and
the ca;'rier and horizontal network duplication between third party logistics providers.
At the supplier and the carrier, the sales department agree a very Ioosé contract with
their customers and the logistics départment cannot execute it with the expected
level of efficiency. Also, horizontal network duplication between third party logistics
providers can affect the level of supply chain integration in the retail sector, since
carriers do not usually interact from the planning process. Thus, if they have a
sudden increase in volume, they need to subcontract an extra trip at the last minute.
Furthermore, in the grocery sector, supply chain integration does not seem to be
foremost on the priority list of the focus group participants.
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6.7 Tools Applied to Mitigate Logistics Uncertainty

According to the survey findings, a high proportion of respondents applied analysis
and design tools that can support their companies to mitigate the effect of the four
main uncertainty clusters found. Table 6.12 shows the link between the four main
uncertainty clusters found in the focus groups and confirmed in the survey and the
mitigation tools applied by companies that responded to the survey. In the four main
uncertainty clusters, companies apply tools that help them to mitigate the effect of
logistics uncertainty. In addition, the mitigation tools that they apply are directly
linked with the problems they face at strategic and operational level.

Mitigation tool % Usage amongst respondents who ranked the cluster as
|8
< 0 - £
Uncertainty £l E| 8] &
ncertain S| 8| @ © . . . .
| 2| o c | High Economic | High Environmental .
Cluster 3 - g ‘Eu Impact Impact High Frequency
5| 8| 5| &
£l5| 8|3
A A -R
jo 3
? 10
Delays X X X 64% 66% 83%
Variable
demand
and/or X 90% 90% 50%
inaccurate
forecast
Delivery o o \ )
constraints X X X . 100% 100% , 88%
Insufficient
supply chain | X X 80% 80% 80%
integration

Table 6.12 Tools applied to mitigate logistics uncertainty

7
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In the case of delays, about 65% of the respondents who perceived this uncertainty
cluster as having high economic and environmental effects and about 83% of
respondents who think that this uncertainty is very frequent, stated that their
companies applied strategic optimisation; for example, distribution network design
software such as Cast and operational optimisation tools such as routeing software
like Paragon. Furthermore, 100% of respondents who perceive delivery constraints
as having a high impact on cost and economic performance said that they also
applied strategic and operational optimisation tools. The main objective of strategic
optimisation tools is to‘ embed uncertainty into the strategic processes e.g.
distribution network design and redesign. A large proportion of that uncertainty is
related to achieving journey time reliability in the delivery process, including all the
existent constraints in the distribution network. Moreover, operational optimisation
such as Paragon helps transport operations to optimise the transport movements
within their distribution networks. Additionally, according to the survey findings,
delays and delivery constraints are monitored and controlled by applying quality
management tools such as TQM and Lean Thinking principles.

Another important trend emerging from the responses of survey participants is that a
substantial proportion of the respondents who perceive that demand and information
issue have a very considerable effect on economic and environmental perform’ance
of their distribution networks, stated that their companies used demand forecasting
tools to achieve a better accuracy of the volumes that their customers need to move.
Also, 80% of respondents who feel that insufficient supply chain integration has a
high economic and environmental impact also said that their companies applied
demand forecasting tools to support the information flow within the logistics triad.

6.8 Reflections on the survey

From the planning process up to the follow-up stage, there were a number of actions
taken to increase the response rate of the questionnaire as well as mitigating the low
response rate obtained in the end. The main strategy used to mitigate the low
response rate obtained was to triangulate the survey data with the focus group
findings. In that way, the 56 questionnaire responses could be compare with the
clusters of uncertainty given by 58 focus group participants and also more depth was
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added to the survey data. Furthermore, due to the initial very low response rate, the

CILT was involved after four weeks that the questionnaire went lived in the internet.

That increases the responses from 12 to 56 responses. However, if other strategies

that were applied from the beginning of the planning stage, an even higher response

rate could have been achieved.

Throughout the planning and execution stages of the survey a number of decisions

were taken which seems to be appropriate to stimulate a fairly high response rate at

the time they were applied. However, if the research had the opportunity to repeat

the exercise, the following strategies to augment the response rate could be taken:

Changing the database for identifying and selecting potential survey
participants: FAME proved to be ineffective in terms of building the invitees’
list, when FAME is used as a database, the employees/managers that receive
the invitation are not the managers responsible for running the logistics
operation of the target companies. Reflecting on this, it would be a better
approach to use initially FAME as means of identifying the companies to be
surveyed, but after having all the companies identifies, sending the invitations
through the CILT. If this is done from the planning stage the CILT would
presu‘mably be more in the position of sending more invitations than 25% of
the companies from the sectors that responded to the first invitation email.
Two rounds of email could be sent, the first one with the initial invitation to
contribute to the survey and the second one as a follow-up email to further
increase the response rate. However, there could be sectors which

traditionally have a higher number of practitioners registered in the CILT and

{
others with very low levels of representation. Hence, the response rate in

some sectors could still be low. Furthermore, the Vvisibility of the
characteristics of respondenté could be affected by restrictions related to data
protection laws.

Involving trade/industry associations throughout all target sectors during the
follow-up process: Trade/industry-specific association, e.g. the road haulage
association, British retail consortium, a number of associations of
manufacturers in the food industry, construction industry association and a
number of associations of automotive component manufacturer and vehicle
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assemblers, could be involved to increase the response rate after three weeks
of the CILT the follow-up email is sent. Nevertheless, the willingness of
warranting access to their list of members or sending an invitation email to
their members can be uncertain and highly unpredictable. Also, due to
confidentiality and ethical restrictions enforced by data protection laws, the
visibility in terms of the sample characteristics and the process of sending
follow-up emails in each of these associations could be rather restricted to the
researcher. Furthermore, by applying this strategy the research could run the
risk of having overrepresentation from some organisations included in the
survey.

e Building a database for the survey with either existent lists of logistics
practitioners used in the Green Logistics project and logistics practitioners
identified in the internet. The main drawback of this strategy is that it relies on
purposive sampling for the selection of invitees.

¢ Giving the survey invitees the option responding to the questionnaire invitation
either by email filling the questionnaire online or by post answering the
questionnaire in a Word file: there could be participants who either do not
have access to the internet in their offices or do not have the sufficient IT
ability to complete the questionnaire online. Hence, it would be appropriate to
give the participants the option of completing the questionnaire electronically
by using Word.com and send a hard copy of their completed questionnaires
by post using a pre-paid envelop. This could cause confusion among most of
the invitees regarding what exactly they require to do. Moreover, this strategy

lcould poténtially increase the costs of the survey significantly.

e Giving the fact that surveys are increasingly having low response rate in
supply chain management and logistics, due perhaps Ito ‘the fact that
practitioners are strongly enc;ouraged by their human resources departments
not to respond to questionnaires because of productivity issues, it would be
appropriate to consider an alternative method to confirm the findings from the
focus groups. As in the study undertaken by Manuj and Mentzer (2008), a
series of individual interviews could be undertaken to verify the focus group

findings.
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As discussed in the ‘method’ section, a number of strategies were applied in the

planning and execution of survey to reduce and mitigate the sources of common

method bias. The fact that the clusters used in the survey were derived by a wider

sample, including trade associations and policy makers, in the focus groups ensure

that the survey findings were appropriately triangulated with the focus group data.

Furthermore, the participation of the eight practitioners in the pilot ensures neutrality

in the questionnaire questions, items and scales. Moreover, the anonymity of the

respondents was protected at all times during the survey. However, there are still a

number of strategies that could have been applied to reduce common method bias

further. These strategies are:

The questionnaire could have been completed by the respondent’s company
and other logistics practitioners in their company’s partners. A question asking
respondents to forward the questionnaire to their partners could be posed in
the end of the questionnaire. Hence, multiple responses from a number of
supply chains could be triangulated. However, this could inhibit the initial
respondents to participate in the first place. Moreover, this strater can bring
some limitations due to the application of snowballing sampling (Saunders et
al., 2007). The calculation of the response rate is much more difficult. Also,
the initial invitees are identified randomly, but they purposely pass on the
questionnaire to practitioners who are interested in the survey.

The questionnaire could have been completed by other logistics practitioners
of the same companies responding to the survey. In this way, the potential
subjectivity of one single person assessing the road freight transport operation
,of a company could have been reduced. However, the initial respondents
could be inhibited to participate as well. Furthermore, this approach brings
similar drawbacks due to the application of snowballing sampling.

The survey respondents could be asked to initially complete the questionnaire
and after two month being invited to revise their answers. Therefore, the
responses at two separate given times could be compared and triangulated.
Even though this strategy could reduce the common method bias, the
response rate in the second round could be considerably lower than the one

in the first round.
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6.9 Concluding remarks

The four main uncertainty clusters identified in the focus groups, delays, variable
demand and/or inaccurate forecast, delivery constraints and insufficient supply chain
integration and coordination, have been confirmed in the survey. From the focus
group findings, the general consensus was that companies concentrate on mitigating
and accommodating to external uncertainties and improving their internal operations.
This has a negative impact on the efficiency of transport operations. According to the
survey findings, delays, variable demand and/or inaccurate forecast, delivery
constraints and insufficient supply chain integration and coordination are confirmed
as the uncertainty clusters that represent a greater challenge for transport operations
within the three supply chain roles and three sectors that took part in the survey and
focus groups.

In addition, these top four uncertainty clusters represent a high degree of risk for the
economic performance of transport operations. However, with the excéption of the
road freight transport industry, respondents from the other two sectors perceive
delays and variable demand and/or inaccurate forecast as having a lower
environmental than economic impact on transport operations. This is also the case
when the analysis is undertaken based on the supply chain role of respondents. This
may be because managers within the three supply chain roles and three sectors do
not have the same level of awareness of the environmental consequence of
uncertainty as of the economic repercussions of uncertainty. Increases in transport
cost can affect the environmental performance of transport operations only if the rise
in cost is generated by an increase in fuel consumption due to unnecessary miles
run caused by logistics uncertainty. In other cases, logistics uncerta;inti/ can generate
time delays without increasing the miles run and the fuel consumption of vehicles. At -
an aggregated level, the three supply chain roles and sectors that participated in the
focus groups perceived road congestion as the principal cause of delays. Time
delays increases the labour cost of transport operations but not the CO2 emissions.

The chapter has also highlighted the causes of the four uncertainty clusters at
sectoral and supply chain role levels. From the sectoral analysis, in the grocery,
retail and road freight transport sectors, unplanned road congestion represents the
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largest individual issue leading to uncertainty. This uncertainty cause is also the
major issue for shippers, carriers and customers. While congestion due to road
works and peak traffic flows can be incorporated into transport planning, unplanned
congestion (for example, due to an accident) leads to greater disruption. The
challenge for transport providers is to mitigate the impact of this unplanned
congestion without impacting significantly on the efficiency of their operations. Also,
the analyses based on sectors and supply chain role, disconnection between the
sales and logistics departments has a considerable impact on the logistics triad
integration, and as a result, on the sustainability of transport operations within the
supply chain.

In addition, regarding mitigation tools applied by UK companies to lessen the effect
of delays and delivery constraints, companies that seem to be more affected by
these two uncertainty clusters applied strategic optimisation tools when designing
the network, operational optimisation tools at the setting stage of the transport plan
and quality management tools to monitor the execution of the trahsport plan.
Moreover, respondents stated that demand forecasting tools are applied to lessen
the effect of variable demand and/or inaccurate forecast, and at the same time, to

achieve better supply chain integration within the logistics triad.

In this chapter, the conceptual model developed in Chapter 4 and refined in chapter
5 has been confirmed based only on participants’ perceptions. As mentioned in
Chapter 3, methodological triangulation has been applied to achieve this objective.
The results from the focus groups increase the depth of the findings, whereas the
survey validates and confirms the focus group findings. This further strengthens the
understanding of the main uncertainty clusters within supply chains iﬁ the UK. The
internal root causes of uncertainty can be mitigated while external issues have to be
accommodated; therefore, mitigation approaches for reducing external and internal
supply chain uncertainty in transport operations need to be identified through the
research. This will be explored in the three case study chapters.

In the next three chapters, the findings are verified through the investigation of real-
world situations, measuring the marginal impact, in economic and environmental
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terms, of logistics disruptions from the loading process at shipper facilities up to the
unloading process at distribution centres and stores.

6.10 Contribution

To methodology in logistics research

This chapter shows how the findings from focus groups and a survey can be
triangulated. It demonstrates that these two research methods complement each
other. Also, it has used a novel risk assessment tool to evaluate uncertainty clusters
within three different sectors and three supply chain roles. This assessment tool can
be used in other sectors and also in other types of transport operations, e.g. inter-
modal transport operations.

To the PhD

The findings obtained in this chapter confirmed the results of the focus groups. The
first two research objectives of the PhD have been achieved. In addition, two
analyses were undertaken in this chapter at a sectoral and a supply chain role level;
the findings from this chapter complement the focus group findings. Furthermore,
this chapter links the uncertainty clusters found with the mitigation tools companies
used to respond to uncertainty. Thus, the third objective of the PhD has been partly
achieved. Moreover, this chapter also guides the selection of the sectors for the case

studies.

To thg topic

This chapter has established an explicit link between uncertainty and the economic
and environmental performance of transport operation. This link w,as‘not previously
clarified in the literature. However, due to the fact, that the findings are based on the
opinion of practitioners, they need to be explained and validated at the micro level.
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7.0 Diagnosis of ‘extra distance’ in a UK FMGC primary distribution network
7.1 Introduction

So far, the research has focused upon gathering evidence of the causes of
uncertainty that impact on transport operations by applying opinion-based research
methods. In this chapter, a case study undertaken to link uncertainty with road freight
transport performance will be presented. In logistics research, there has been a
focus on measuring the absolute and/or average performance of road transport
operations (Fowkes et al, 2004; McKinnon and Ge, 2004). There is scope for
extending the above research further by quantifying the consequences of these
uncertainty causes within transport operations. Sector level surveys in the UK do
highlight the frequency of occurrence of different events and their impact in terms of
time (for example, Department for Transport, 2007). However, this may not translate
into a financial cost if there is flexibility in the delivery network to absorb the delays.
There is a need to understand more fully the marginal distance, ‘extra diétance’, that

occurs due to uncertainty, as this will have a direct financial and environmental cost.

One aspect of performance measurement that appears to be under-researched is
the impact of unexpected events upon transport performance. In effect, the mafginal
impact of supply chain uncertainty on freight transport performance at an operational
level has not yet been explored. There is evidence of performance measures
detailing the number of incidents that occur, and also macro-level measures of
planned versus actual distance travelled (Department for Transport, 2007). However,
there 'have been no studies that have assessed the impact of supply chain
disturbances and disruptions in terms of the extra movements required within the
transport network. Starting with the assumption that any unnecessary distance run
creates a proportional additional cost and output of carbon dioxide, the fourth

objective of this thesis is to:

Introduce the concept of ‘extra distance’ as a means of assessing the marginal
impact that deviations from the transport plan have on the economic and
environmental performance of road freight transport operations.
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In addition, there is a need to evaluate the economic and environmental impact and
frequency that these causes have on road freight transport operations. In order to
achieve this, an ‘extra distance’ measure has been developed in this chapter to link
the uncertainty causes found in the case study with freight transport performance.
Therefore, the fifth objective of this PhD is to:

Evaluate these uncertainty causes in terms of their impact on the environmental and
economic performance of road freight transport operation and identify potential
mitigation tools and/or approaches to minimise their effect

The chapter‘proceeds by explaining the method applied to undertake the research.
Subsequently, the initial definition of ‘extra distance’ is presented and linked back to
the literature. After that, the findings are outlined. Also, the existent connections
between uncertainty and risk and ‘extra distance’ are explicitly drawn. Finally, we
conclude the chapter by highlighting the managerial implications and limitations of
the research and stating the contribution to knowledge of the chapter.

7.2 Case study context

In this case study, the ‘extra distance’ measure has been applied to the primary
distribution network of a UK FMCG supply chain, shown schematically in Figure 7.1.
Products are moved within a distribution network that consists of a number of
distribution centres located throughout the UK. The primary distribution network runs
transport movements from suppliers to distribution centres. During the data
collection, the author was based in the central planning office of this primary
distribution network.

In terms of transport planning, the planners receive an estimate of the volumes to be
moved early in the evéning the day before the transport plan is executed. The
transport planners generate a rough estimate of the resources required for the next
day. The deliveries for the most remote suppliers are scheduled late in the evening
on the day that the rough transport plan is generated. The following day, suppliers
send a confirmation of their volume requirements by mid morning. If there are any
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changes after that, extra trips may be added to the transport plan or ‘extra distance’
added to existent trips.

Primary Distribution Secondary Distribution

Logistics Logistics

Provider

Physical flows

Focus in this

chapter

N Information flows

Figure 7.1 Logistics provider position within UK FMCG primary distribution network

There are a number of reasons why this particular case was chosen:

o The ‘extra distance’ measure was perceived to be important, but before
undertaking the case study, there were no previous attempts to measure
‘extra distance’ within this primary distribution network. Also, the operétion
needs to link uncertainty to transport performance, which was the same
objective of this PhD

e The FMCG sector in the UK is very vulnerable to uncertainty, so it represents
a good starting point in the case study stage of the PhD

o i'I'he communication from customers and suppliers to logistics providers in
primary distribution operations tends to be complex, so there was a particular

interest in exploring such an operation.

7.3 Method

In order to undertake the ‘extra distance’ assessment in this logistics provider, the
principles of the case study method/recommended by Yin (2003) have been applied,
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since the tool needed to be tested in a business setting. The unit of analysis for this
assessment is a FMCG retail primary distribution operation.

Due to the lack of research into the marginal impact of transport uncertainty, an
inductive research épproach has been adopted. The reason for this is that before
undertaking the first case study, the boundaries of the transport-focussed uncertainty
model needed to be redefined, since it was necessary to develop an appropriate and
clear measure in order to clarify the impact uncertainty has on the economic and
environmental performanCe of transport operations, and such a measure was not
available in the literature. At the beginning of this case study, the objective was to
make a direct link between miles run, output of carbon dioxide (environmental
performance) and cost, and from this, the concept of ‘extra distance’ was developed
in a brainstorming session that involved the case study company champion.
Consideration was then given as to the different ways in which additional transport
may be required in response to the clusters of uncertainty identified and verified in

the conceptual and opinion-based stages of the research.

According to the findings from the focus groups and survey, the main clusters of
uncertainty that affect transport operations are: delays, variable demand and/or
inaccurate forecast, delivery restfiction, and insufficient supply chain coordination
and integration. However, these needed to be linked with the performance of
transport operations in terms of unnecessary deviations from the transport plan. In
the brainstorming exercise, five types of ‘extra distance’ were identified. Following
that, the concept of ‘extra distance’ as a measure was presented in a discussion
panel to transport planners and logistics managers from the primary distribution
section of the first case study company. They gave feedback about whether or not
each of the initial five ‘extra distance’ types occur in the primary distribution network
studied and the potential causes were also verified in the discussion panel. This
discussion panel with the practitioners in charge of the operation was run before data
collection begén, primarily for two reasons. Firstly, the feedback from the
practitioners was required to evaluate the validity of the measure. Secondly, the data
collection approach to gathering data on ‘extra distance’ needed to be defined.

/
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In the discussion panel, it was agreed that the author of this thesis would observe
the execution of the transport plan from 30" June until 6" July 2008. Archival data on
the causes of ‘extra distance’ was not available as the transport planners did not
record the causes of changes to the transport plan. Also, a confidentiality agreement
was developed and signed before commencing the case study, so the results shown
in this chapter include information that retains the case study company's
confidentiality. Generic terms will be used throughout the chapter and exact locations
are not mentioned either. In addition, in order to avoid disclosing sensitive

commercial information, only percentages are used in the analysis.

Data was collected on the nature of unexpected events and their impact on the total
number of miles run in the network. This information was obtained through
observation of the ‘live’ transport planning process. When a supply chain disruption
or disturbance occurred, four transport planners informed the researcher and the
researcher and they decided whether or not that incident generated ‘extra distance’.
The main principle was that any inefficiency generated during the execution of the
transport plan was ‘extra distance’. However, in terms of increases in the volume to
be moved, only short-notice volume changes that caused the planner to sub-
optimally execute the transport movement were classified as causing ‘extra
distance’. For the purposes of this analysis, only changes in volume to be moved
that were notified or detected after the mid morning cut-off time were classified as
eligible for consideration as causing ‘extra distance’, even though in certain
situations, if volumes had been notified earlier, the loads could have been moved
more efficiently and with less distance run. After that, the extra kilometres generated
by eath of the incidents identified were estimated by using the route planning
software package called AutoRoute. This software package calculates kilometres
with a similar accuracy to Google.com and Paragon. As Table 7:1 shows, before
starting the data collection, the accuracy of AutoRoute was verified by comparing the
measure of distance of a number of routes in the UK. Subsequently, the visible
causes of each of the ‘extra distance’ incidents were also identified. Apart from the
researcher and the four transport planners, a number of managers from the primary
distribution operation were constantly validating the data collected and confirming
that the interpretations of the researcher and planners reflected the reality of the
operation.
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Kilometres
Origin Destination Round trip? Paragon | Google | AutoRoute
North London | London Central Round trip 72.5 72.8 72.6
South East .
North London Midlands Round trip 2528 | 2463 | 250.4
North West North East One wa
London London y 115.9 117.2 115.1
South East North West .
England London Roundtip | o769 | 2769 | 2779
‘ South East
North England | = “Ep\ojang One way 5619 | 5619 | 5622

Table 7.1 Cross-checking the accuracy of AutoRoute

The week when the data was to be collected was selected by using kilometre data
over a twelve month period available for the case study. This week was selected
due to the fact that it was considered by the company staff as a typical or average
period that fairly represents what happens over a 12-month period. Thus, typical
case sampling was applied as purposive sampling strategy (Saunders et al, 2007),
since the objective was to assess the causes of ‘extra distance’ in a week that was
representative of what happens over a twelve month period. Furthermore, during the
data collection, the main objective was to find incidents with a common attribute,
namely, that the incidents collected should generate ‘extra distance’. In this way, it
was not necessary to monitor every single trip run in the network to measure the
effect of route diversion due to unplanned road congestion, in terms of ‘extra
distance’. Moreover, that was not possible, due to the fact that Telematics data on
planned and actual kilometres was not available to the researcher during the week
when the data was collected. However, the company stakeholders felt that an
element of expected road congestion was included within the transport plan.

i
During the data collection, detailed information about the trips that caused ‘extra
distance’ was recorded in a data collection pro-forma (see Appendix 3); this
information includes:

¢ Incident detail: date, incident number, identified and departure times, planned
and actual kilometres.
e Consignment details: supplier name, unit load, whether vehicle was own or
subcontracted, customer location, kilometres run, ‘extra distance’ source,

visible cause and root cause ,
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Subsequently, the results of the data collection were used to estimate the risk that
each cause of ‘extra distance’, in terms of its probability and impact, represents to
the operation. Supply chain risk has previously been estimated in a qualitative way
by investigating the perception of practitioners about the risk that different events
could have on the whole supply network. Geijron (2009) undertook a case study to
assess the risk of supply disruptions within the global Ericsson supply chain. Geijron
(2009) used a matrix for risk evaluation to estimafe the probability and the
consequence of each potential event that can disrupt the supply chain. In topic areas
like that, accurate quantitative data is not available and the researcher needs to rely
on practitioners’ perception. However, in other academic fields, when historical data
has been available, other researchers have undertaken quantitative risk assessment,
e.g Pratt and Magiera (1972). However, when historical data is available, quantitative
risk assessment can be undertaken. Operational risk is defined as the risk of loss
resulting from inadequate or failed internal processes, people, and systems, or from

external events (www.riskglossary.com). Errors and failures within the supply chain

can be monitored and recorded, so their probability and impact can be estimated
based on quantitative data. As stated by Silver (1997), risk is a function of the
probability that an event occurs and the impact of that event. The risk of each cause
of ‘extra distance’ has been estimated as a function of one probability of their

occurrence and their impact.

Due to insufficient live information concerning the route selected by drivers while the
vehicle is on the road, during the data collection, in this case study, it was not
possible to estimate the probability and impact of route diversion due to unplanned
road congestion. This is because, in order to collect data on route diversion, it is
necessary to monitor every trip that is run within the distribution network. Also, the
logistics providers were particularly interested in assessing the risk of the causes of
‘extra distance’ that could possibly be controlled by them and their supply chain
partners. They perceived unplanned road congestion as an uncontrollable cause of
‘extra distance’, so it did not represent a high priority for them.
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In addition, the ‘extra distance’ generated by every incident was calculated. It was
important to record sufficient detail of each incident of ‘extra distance’, because the
practitioners in charge of the operation could validate the data in a more rigorous
manner. An Excel spreadsheet was used to undertake an evaluation exercise that
could link each cause of uncertainty with the ‘extra distance’ generated. Appendix 4
shows this Excel spreadsheet. From the spreadsheet, the extra distance’ generated
by each cause of ‘extra distance’ was calculated. For each cause of ‘extra distance’,
in order to inform futuré ‘extra distance’ reduction programmes, frequency and
impact were also calculated.

The data of ‘extra distance’ was collected most of the time when the planners
received the extra load requirements, before the movements were executed.
However, when suppliers loaded less than they advised after the trips were run, the
logistics provider realised that there was unexpected space in the vehicles. The
logistics provider management team identified two suppliers as the two main culprits
of this type of ‘extra distance’ and the researcher and planners together re-planned
the trips for the whole week and calculated the miles of these trips. Subsequently,
the actual miles were compared with the better optimised miles to quantify ‘extra

miles’.

The cost of every incident of ‘extra distance’ was calculated by multiplying the cost
per kilometre by the extra kilometres run. Also, the Kg of CO2 emitted due to every
incident of ‘extra distance’ was calculated by multiplying the average fuel
consumption in the network by the extra kilometres per incident of ‘extra distance’
and byithe road freight transport conversion factor for diesel recommended by Defra
(2007), 2.63 Kg of COz2 per litre of fuel.

After completing the analysis of the data, a feedback presentation was delivered to
the management team of the primary distribution operation. In that meeting, all the
managers involved validated the findings. From their perspective, this presentation
represented a starting point towards identifying the potential mitigation strategies and

tactics to reduce ’'extra distance’.
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7.4 Initial definition of ‘extra distance’

From the initial brainstorming session, the following definition of ‘extra distance’ was
developed:
Any additional transport movements that are a consequence of
unforeseen changes in the delivery process e.g. due to congestion and/or
late changes in customer requirements.

With this definition, it was assumed that the original transport plan produced is an
optimum given the constraints imposed. From this, five types of ‘extra distance’ were
identified, in response to uncertain events within the delivery operations. These are
described in the following sections and summarised in Table 7.2.

Type of ‘extra e Example of uncertainty cause
distance' Description from literature
E)x(t)raﬁcrirzs;'a:)%et ed U€ | Extra distance needs to be run to Unplanned road congestion
div e?si on minimise the delay to the trip. (Boughton 2003)
. . Loading delays at shippers or at
Extra trips due to Extra trips are req_un_red due. to the fact | . siomers (Geary et al 2003)
delays that the vehicle original assigned to the Unload time uncertainty (Esper and
tri i time.
rip could not arrive on time Williams 2003)
Extra trips due to E())(:r: ntcr:S;hatrifnzatl:)sfei g db&r;a;s;:here '* 1 Demand variability and forecast
g):\gsr::re than economical way to move the extra ;r_u:;ﬁr:%%yegMason-Jones and
volume.
Extra trips due to There is unexpected extra space in the |Inaccurate demand forecast (Mason-
load le sg than vehicles, so the transport plan is Jones and Towill, 1998); Warehouse
advised suboptimal and unnecessary trips are | inefficiencies (van der Vorst and
operated. Beulens 2002)
Extra trips due to A smaller vehicle than planned is Transport delays due to internal
inapprqpriate provided, requiring additional trips to reasons e.g. defective vehicle or
Q X
vehicle size deliver all products. lack of driver (Mason et al., 2003)

Table 7.2 Types of ‘extra distance’ and potential causes

7.4.1 Extra distance due to optimal route diversion

This type of ‘extra distance’ can occur when there is unplanned road congestion
along the optimal route initially planned for the trip, so the vehicle needs to be
diverted. When the driver is informed of a traffic jam that will delay the vehicle, a
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decision may be taken to use an alternative route so as to minimise the delay. If that
occurs, the vehicle runs a greater distance within the trip due to the use of a non-
optimal route.

7.4.2 Extra trips due to delays

Occasionally delays can occur within the delivery process, such as production and/or
loading delays at shippers (Esper and Williams, 2003), unloading delays at
customers (Geary et al, 2003) and unplanned road congestion (Boughton, 2003).
The consequence of each is that the vehicle will be late for the next load in its
schedule, so a different vehicle may be needed to operate that movement, either as
an additional trip, or a diversion of an existing trip. In either case it is likely to be less
efficient and involve more kilometres being run as a consequence of the earlier
delay.

7.4.3 Extra trips due to load more than advised

Inaccurate and/or variable volume forecasts can lead to the short notice requirement
to move additional product volumes. Whilst there may be spare capacity to absorb
small increases, there may be a need for additional trips that are not moved in the
most optimal way due to insufficient time to move the extra load. These result in
‘extra distance’. From a carrier perspective, this type of ‘extra distance’ is difficult to
control since it is generated by the carrier’s supply chain partners. Also, if the carrier
can charge its customer for the ‘extra distance’ run, there is less commercial
incentive for the carrier to mitigate it. However, from a supply chain perspective,
volume forecast inaccuracy and/or variability can have a negative environmental

impact in terms of extra cost and carbon dioxide emissions.

7.4.4 Extra distance/trips due to load less than advised

Equally, inaccurate forecasts can mean the load to be moved is smaller than
originally planned. This would result in unexpected space in the vehicle but
insufficient time to re-plan the network to utilise or remove this empty space. From a
different perspective, this means that the actual volume to be moved could have
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been moved more efficiently, either on fewer trips or truncated trips, which in turn
means that ‘extra distance’ has been run.

7.4.5 Extra distance/ trips due to inappropriate vehicle size

Planning of transport movements is based on specified vehicle capacities within the
transport planning system. If the correct vehicle is not available when required for
loading, due to a planning failure or technical issue with the vehicle, additional trips
can be required in order to complete the delivery of the load.

7.5 ‘Extra distance’ and value-added transport

It is necessary to link the ‘extra distance’ concept back to the literature. Through the
feedback process, it became apparent that the approach adopted is similar to the
identification of waste within lean production systems. Therefore, a literature search

was carried out to see how the two concepts relate.

The concept of value adding activities has its origins in the Toyota Production
System, in particular the principles of identification and elimination of waste.
According to Shingo (1989), waste is any activity that does not contribute to an
operation. Also, Taiichi Ohno defined seven common forms of waste activities that
add cost but no value to the operation: production of goods not yet ordered; waiting;
rectification of mistakes; excess processing; excess movement; excess transport;

and excess stock (Japan Management Association, 1985).

A numiber of authors have tried to apply the seven wastes defined by Ohno to
logistics. At a conceptual level, Sutherland and Bennett (2007) developed a
framework for logistics operations, with seven wastes: /

e Overproduction due to inaccurate demand forecast

e Delays and waiting in loading and unloading bays

e Unnecessary transport movements due to lack of backhaul consolidation

e Unnecessary motions within a warehouse because of unsuitable warehouse

design
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o Warehouse space available inefficiently utilised due to non-standardised
pallet sizes
o Excessive inventory

e Manufacturing errors that caused product rework.

Simons et al. (2004) developed a new measure called Overall Vehicle Effectiveness
(OVE). OVE is the result of combining three attributes: availability, performance and
quality. OVE is affected by four transport wastes: driver breaks, excess load time, fill
losses and speed losses. These four transport wastes have an impact on the
performance of transport operations in terms of time. However, the OVE measure
does not include the distance dimension of transport performance, which can have a
direct transport cost.

The concept of ‘extra distance’ can thus be seen to link directly into that of ‘excess
transport’ proposed by Taiichi Ohno, and more specifically into that of ‘unnecessary
transport due to lack of backhaul consolidation’ proposed by Sutherland and Bennett
(2007). However, the latter appear to propose the ‘lack of backhaul consolidation’,
for which it can be read ‘lack of schedule optimization’, as a direct cause of waste in
itself; this research develops the concept by demonstrating situations where the Iéck
of consolidation is actually an effect, with a series of root causes related to
uncertainty creating it. In particular, the other six supply chain wastes can create
extra trips at the operational level. For example, delays at shippers and/or customers
can lead to a vehicle arriving late back at a distribution centre, so the consignment
fails to make a scheduled transhipment, leading to an unplanned additional trip being
generated within the transport network. Alternatively, warehouse problems can lead
to exc;ssive queues at distribution centres, generating delays that later result in

‘extra distance’.

7.6 Results and analysis

In this section of the chapter, the overall results of the data collection will be
presented first. After that, the impact of the causes of ‘extra distance’ will be

/
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discussed, highlighting their potential root causes. Subsequently, a risk assessment
of all the causes of ‘extra distance’ found will be shown.

During the week of data collection, 2.4% of the kilometres run within the primary
distribution network studied were ‘extra distance’. This generates a proportionate
amount of extra cost and extra Kg of CO2. A total of 68 incidents of ‘extra distance’
were recorded during that week, which represents approximately 3.1% of the total
number of trips run in that period. Even though the total ‘extra distance’ found is
2.4%, it still represents a substantial monetary value for the logistics provider
studied.

7.6.1 Main causes of ‘extra distance’

As shown in Table 7.3, seven causes of ‘extra distance’ were identified while
gathering data. They were late notification of extra volume to be moved, physical
load smaller than advised, loading delays at suppliers, planning failures, unplanned
road congestion, product not loaded and product mis-loaded. Table 7.3 shows the
‘extra distance’, extra cost, extra CO2 emissions and frequency in terms of
percentages. The cost and the Kg of CO2 emissions of the seven ‘extra distance’
causes has been calculated by multiplying the extra kilometres of each cause by the
cost per kilometre and by the average fuel consumption per kilometres and the Defra
conversion factor mentioned in the method section. Given the fact that the logistics
provider only allowed the researcher to show percentages in this chapter and the
percentages of extra kilometres, extra cost and extra Kg of CO2 emissions are the
same for each cause of ‘extra distance’, in this section, the author will only refer to
the per&entages of extra kilometres and of ‘extra distance’ incidents.

‘Late notification of extra volume to be moved’ was the main cause of ‘extra distance’
identified. This cause of ‘extra distance’ represents 39% of the total ‘extra distance’
found. Also, this cause of ‘extra distance’ represents 55% of the total number of
‘extra distance’ incidents observed in the data collection. This cause of ‘extra
distance’ generates the need for extra trips and/or the need for extending existent
trips. Thus, in order to reduce the level of unnecessary ‘extra distance’ run, a key

?
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priority is to improve the accuracy of volume forecast provided to the logistics

providers.
‘Extra distance' ‘Extra distance’ Extra Cost Kg of F %
type Cause Distance (%) (%) coz2 (%) | Frequency (%)
Extra distance due | ~Unplanned road Not d
to route diversion congestion ot measure
Loading delays at
> 7 7 7
Extra distance/trips shippers 6
due to delays Unplanned road
congestion 4 4 4 5
Extra distance/trips | -Late notification of
due to load more extra volume to be 39 39 39 55
than advised moved
Extra distance/trips Physical load
due to load less smaller than 36 36 36 20
than advised advised
Extra.dlstance/.trlps Technical vehicle
due inappropriate failure No incidents found
vehicle size o incidents foun
Planning failure 8 8 8 12
Not considered Product not loaded 3 3 3 1
Product mis-
loaded 3 3 3 1

Table 7.3 Overall impact of ‘extra kilometres’ on the primary distribution network
studied |

Another very significant cause of ‘extra distance’ found in the data collection was
‘physical load smaller than advised’, which represents 36% of the ‘extra distance’
identified in the primary distribution network studied. This cause of ‘extra distance’ is
originated at the suppliers. The number of incidents of ‘load smaller than advised’
represents 20% of the total number of ‘extra distance’ incidents found in the data
collection. This cause of ‘extra distance’ occurs since two particular suppliers usually
plan for more volume than they actually need. Thus, this generates unexpected
space in the vehicles run for the trips, and as a result, the trips are run in a sub-
optimal mannér and ‘extra distance’ is generated because of that. Hence, the
logistics provider needs to revise the forecast of volumes generated by these two

suppliers.
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Consequently, if the delay is more than an hour, it can generate the necessity for an
additional trip;

The other two causes of ‘extra distance’ were identified during the data collection.
They are ‘product not loaded at distribution centres’ and ‘product mis-loaded’ or
loaded to the wrohg destination (distribution centre) by suppliers. As in the case of
planning failures, these two causes of ‘extra distance’ were not identified in the
discussion panel run before starting the case study. Each of these two ‘extra
distance’ causes generates only 3% of the total ‘extra distance’ recorded and is 1%
of the total number of incidents observed in the data collection. Therefore, they
should be at the bottom in terms of priority of any ‘extra distance’ reduction
programme implemented by the logistics provider and its supply chain partners.

After finishing the analysis of the data, the initial definition of ‘extra distance’ was
slightly modified, reflecting the findings from the case study. This definition is:
‘Extra distance as a measure is non value-added or unnecessary distance run
within a distribution network due to supply chain uncertainty, and defined as the
difference between the distance vehicles actually ran, and the distance they
would have needed to have run if: |
e the transport operation had received accurate and timely information on the
volumes to be moved, and/or
o there had been no unexpected delays at loading or unloading points and/or
e there had been no operational failures within the distribution network and/or
o there had been no congestion on the journey that could not have been

foreseen

7.6.2 Risk assessment of ‘extra\distance’ causes

In order to evaluate the relative importance of all of the ‘extra distance’ causes, as
has been mentioned in the method section, the risk that they represent has been
calculated as a function of impact and probability. Figure7.2 shows the impact and
probability of the seven ‘extra distance’ causes found in the data collection.
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‘Planning failure’ represents the third most significant ‘extra distance’ cause, but has

an overall impact of only approximately one eighth of the ‘extra distance’ caused by
inaccurate volume notification from suppliers as already discussed. It is important to
highlight that this cause of ‘extra distance’ was not considered while developing the
initial definition of ‘extra distance’. In total, 8% of the ‘extra distance’ found and 12%
of the ‘extra distance’ incidents are caused by planning failure. In most of the cases,
‘planning failure’ occurs when the communication and coordination within the
distribution network is insufficient. Also, in a few cases, planning errors were found
where planners had committed resources where they were not needed. In mitigating
this ‘extra distance’ cause, the information flow and allocation of resources within the
network required attention. However, in the short term, the logistics provider should
focus much more on finding alternative solutions for achieving more accurate
suppliers’ volumes from the transport planning to the execution of the suppliers’
collections.

‘Loading delays at suppliers’ represent a smaller proportion of the total ‘extra
distance’ found. A small minority of the suppliers tend to hold the vehicles at their
loading bays, but when the delay is more than two hours it could affect the next trip
allocated to the vehicle held. Therefore, the decision is made at the logistics provider
to send the vehicle back to the distribution centre where the product is required and
another vehicle is allocated to collect the rest of the load. This represents 7% of the
total ‘extra distance’ found and 6% of the total number of incidents. Extra trips
caused by ‘loading delays at the supplier’ generally do not have an economic impact
on the logistics provider, since when they occur the suppliers are charged for the
extra trip. However, they have a considerable impact on the overall transport cost
and environmental performance of the whole supply chain.

In the week of data collection, threé other ‘extra distance’ causes'were recorded.
Firstly, when ‘unplanned road congestion’ causes sufficiently severe delays, this
generates the need for an extra trip. ‘Unplanned road congestion’ represents 4% of
the ‘extra distance’ found and 5% of the total number of incidents observed in the
data collection. Within the total delivery time, there is generally about an hour of
slack time embedded in the transport plan to tackle unplanned road congestion.
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Figure 7.2 Risk assessment of ‘extra distance’ causes

‘Late notification of extra volume to \be moved’ occurs about 1.7% of the total trips
run in the network, which means that it is very important to intensify its monitoring
and control. Although it has the lower impact per incident, 103 kilometres per
incident, it occurs relatively far more frequently than the other six ‘extra distance’
causes. Meanwhile, ‘physical load smaller than advised’ has an impact of about 260
kilometres per incident but occurs about 0.6% of the total trips run in the network. It

/
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is important to note that the probability of ‘physical load smaller than advised’ is
lower than ‘late notification of extra volume to be moved'. These two types of ‘extra
distance’ are caused due to inaccuracy of volume forecast at suppliers. Therefore,
they should have similar probabilities. The potential reason why ‘physical load
smaller than advised' has a lower probability is that this type of ‘extra distance’ was
calculated for two suppliers that were identified as the main culprits of the problem.
However, both these causes of ‘extra distance’ can be mitigated by improving the
accuracy of volumes to be moved.

The other five causes of ‘extra distance’ have a medium impact in terms of
kilometres per incident, but they occur as rarely as less than 0.35% of the total trips
run in the network. Therefore, they should be of a lower priority for the logistics
provider and its partners.

7.6.3 Linking ‘extra distance’, uncertainty and risk

In this section of the chapter, the link between supply chain uncertainty aﬁd risk and
‘extra distance’ is explicitly drawn to connect cause and effect. The types of
uncertainty actually observed in the case study have been categorised according to
the framework presented in the focus group findings chapter. In some instances, the
uncertainty arises from more than one source. These are then mapped against the
cause of ‘extra distance’ observed in the case study. The results can be seen in

Figure7.3.

It can be seen from Figure7.3 that the research suggests that operational issues
tend to be generated to a greater extent at the supplier and control systems rather
than at the carrier. Variable demand_and/or inaccurate volume forecast is the major
supply chain uncertainty found in this case study. This uncertainty cluster generates
75% of the extra Kg of CO2 and 75 % of the extra cost measured in the case study in
the form of extra kilometres. ‘Late notification of extra volume to be moved’ is
recorded as a supplier and control systems uncertainty source since the volume
forecast process is one of the control systems of the whole supply chain, and if it is
tightly integrated, volumes could be/more accurate. Other issues relating to the size

of loads are also focused upon the supplier and control systems within the supply
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mitigate uncertainty is influenced by the fact that, for the customer, it is equally
important to ensure that the products are available at the customer facilities at all
times so as to minimise the transport cost. Also, cost factors drive the fact that the
logistics provider considers cost as a highly important attribute. Labour cost and fuel
cost in the UK are very high in comparison to developing countries, and also the
fixed cost of transport is very high. The vehicle acquisition and fuel costs are high in
the UK due to the fact that the tax duty on acquisition of vehicles and of fuel prices is
very high there. Hence, throughout the fleet, an average vehicle capacity utilisation
of 85% is generally achieved, so if there is a disturbance or disruption ‘extra
distance’ is very likely to be generated. The suppliers sometimes are charged for
additional miles run, but this only happens if they are directly identified as the cause
of the ‘extra distance’, which typically means that additional trips have been run
dedicated to moving the supplier’s product.

In terms of the transport planning process, the suppliers need to submit all their final
and confirmed volume requirements by mid morning on the day that their load needs
to be moved. Furthermore, the secondary distribution centres transﬁip volume
movements between them to optimise the movements within the network and
minimise empty miles. The transport plan is fairly flexible; it can be changed if
volume patterns change within the UK. The transport plan is elaborated with the
volume requirement information received from suppliers, vehicles available in each

depot and the existent restrictions within the network.

After the transport plan is completed, any extra volume from a supplier is allocated
either own or subcontracted fleet depending on which is the more cost-effective
given the time available to plan. The most economical routes for all the extra trips
generated by uncertainty are identified by looking at all the movements within the
whole network.

It is important to highlight that the logistics provider charges the suppliers for the
‘extra distance’ generated by them as long as they are identified as the entity that
directly originates the ‘extra distance’. In this particular case study, 82% of the ‘extra
distance’ recorded is generated by suppliers. When the ‘extra distance’ is generated
due to ‘physical load smaller than e;dvised’ the extra kilometres were calculated by
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