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INTRODUCTION

We are delighted to welcome our friends and colleagues, both old and new, to the 20%"
International Symposium on Logistics in the historic university setting of Bologna, Italy.
Bologna was chosen as both an attractive venue, as it is home to the world’s oldest university,
as well as being a city with ongoing strong links to industry (especially in the automotive and
metal fabrication sectors). To mark the occasion of our 20* symposium, we have chosen the
theme of “Reflections on Supply Chain Research and Practice”. We hope this gives participants
the opportunity to reflect upon how logistics and supply chain management has changed since
the symposium was held for the first time in Nottingham, UK in 1993. During this time, a great
many changes have occurred in this discipline (ranging from technologies, processes and
methods), affecting both industry and academia alike.

For us as event organisers, it is especially gratifying to see that this year’s symposium will once
again be a truly international event having attracted submissions from across the globe. This,
together with the healthy balance of participants who have contributed regularly to the
symposium over the years, combined with many first time participants who inject new ideas
and points of view into the community, promises to make the event an enjoyable and valuable
experience.

A particular strength of the ISL community is the enthusiasm of the participants. As the number
of parallel sessions during the programme is kept low, many participants value the personal
touch and community feeling that this engenders. Having the opportunity to receive personal
feedback during the formal sessions, coupled with discussions and debates at the many
informal events that the symposium offers, invariably results in a memorable experience.

As before, all abstracts and/or full papers were reviewed by two academic experts from the
field of Logistics and Supply Chain Management. This book of proceedings containing the
accepted papers, has been organised according the following categories:
e Risk, Disruption and Complexity Management
Supply Chains and Networks
Collaboration and Relationships in Supply Chains
Environmental Sustainability and Green Logistics
Transport and Distribution
Maritime and Port Logistics
Knowledge Management and E-Business in Supply Chains
Decision Support Techniques, Technologies and Processes
Service Supply Chains
Food and Agriculture Logistics
Supply Chain Performance Management
Education and Training

To date ISL has been held in Europe, Africa, Australasia and Asia (please see full list below).
Following last year’s successful event in the emerging economy of Vietham we are very much
looking forward to meeting you all at this year’s symposium in Bologna, Italy.

Last but not least we would like to take this opportunity to express our sincere thanks to all the
presenters, delegates, reviewers, Advisory Committee members, invited guest speakers and
local organising team for their interesting and worthwhile contributions. Finally, our special
thanks go to Mrs Lesley Gray for her excellent administrative support and Mengfeng Gong for
her support and help in preparing the proceedings.

Professor Kulwant S Pawar, Professor Helen Rogers and Professor Emilio Ferrari — July 2015
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RESPONDING TO THE DISRUPTIONS EFFECTIVELY - RESEARCH RESULTS
ON THE SUPPLY CHAIN FLEXIBILITY
Grazyna Wieteska, Ph.D.
University of Lodz, Faculty of Management
22/26 Matejki street
90-237 Lodz, Poland

ABSTRACT
The purpose of this paper is to discuss how to build the flexibility in supply chain. It
presents the results of the survey conducted in 2013 among the companies operating in
the B2B market. They can assist managers during decision making process on how to build
the competitive supply chains in a turbulent environment of XXI century.
INTRODUCTION

Today, companies have to deal with an increasing number of internal and external
uncertainties for supply chains [Simangunsong, Hendry and Stevenson, 2012]. The
entrepreneurs were witnesses of many different situations that seriously disturbed supply
chain processes, e.g. destruction of components in a small fire and lack of supplies [Chopra
and Man Mohan 2004], powerful earthquake and destabilization of the automotive sector
[Brennan 2011], heavy rains and a drastic increase in the price of hard drives [Hardy
2012], global financial crisis and domino effect of bankruptcies [Blome and Schoenherr,
2011], terroristic attacks [Sheffi 2001], cyber-attacks and losing customer trust [Bristow
2014]. Many different adverse events lead to a serious destabilization of both supply and
demand areas in value chains. At the same time, increasing competition and customer
driven markets mean the need of ensuring high product quality as well as the continuous
and fast supplies. Simultaneously, companies have to deal with the emerging risk, which
source are suppliers (e.g. late, incomplete deliveries, problems with components’ quality)
and clients (e.g. changing expectations and unpredictable demand especially for the
products of the short life cycle). The enterprises can perform risk identification and prepare
plans of risk reduction but unfortunately they cannot predict all potential problems. It
means that they cannot prevent them all. The more that the risk is never zero. In fact,
they cannot influence some of the uncertainties, especially these coming from macro-
environment. This all brings the necessity of building the supply chain ability of adapting
to the sudden changes while maintaining the proper customer service level, and the ability
of returning to the pre-crisis balance effectively. The literature points that responding to
the disruptions that are occurring in the internal or external environment requires
flexibility. At the turn of the 19th and the 20th centuries the flexibility was primarily
analyzed in terms of manufacturing flexibility. It was established that manufacturing
flexibility consists of several different dimensions [Sethi and Sethi 1990, Gerwin 1993,
Gupta and Somers 1996, Koste and Malhotra 1999, D'Souza and Williams 2000, Vokurka
and O'Leary-Kelly 2000]. Some authors present more holistic analysis, because they refer
to the strategic flexibility [Lau 1994, 1996] and the organizational flexibility [Sanchez
1995]. Finally, the latest papers describe the widest approach. They examine the flexibility
in terms of supply chain management. In a dynamic environment of XXI century it turns
out that building flexibility by a single link is insufficient. In turn, suppliers and clients can
contribute to the manufacturing flexibility [Kayis and Kara 2005]. That is why, companies
should involve their value chain partners in building it. Many papers point that supply chain
flexibility is multi-dimensional [Vickery, Calantone and Drége 1999; Duclos, Vokurka and
Lummus 2003, 2005; Soon and Udin 2011]. On the other hand, there are not many
research results [Candace, Ngai and Moon 2011; Fayezi, Zutshi and O’Loughlin 2014; Sokri
2014] on how enterprises prepare to the disruptions in the area of supply and demand.
This paper fills this gap presenting the unique research on activities that are run by the
enterprises to ensure supply chain flexibility. Additionally, it takes an attempt to relate
supply chain flexibility to other concepts.
SUPPLY CHAIN FLEXIBILITY AND ASSOCIATED CONCEPTS
Supply chain flexibility is “the ability of an organisation to manage the internal (e.g.
manufacturing) and interfacing (e.g. procurement and distribution) processes, as well as
its key suppliers/customers to respond to expected changes in supply, product and demand
in an efficient manner enabled by both technological and social platforms” [Fayezi, Zutshi
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and O’Loughlin 2014]. Flexibility is “a key characteristic of an agile organization”
(Christopher 2000), the basic concept of agility (Fan et al. 2007) and one of four agile
supply chain capabilities: responsiveness, competency, flexibility, quickness [Lin, Chiu and
Chu 2006]. “Agility is a business-wide capability that embraces organizational structures,
information systems, logistics processes and in particular, mindsets” (Christopher and
Towill 2001). Agile supply chain is market sensitive, virtual and bases on process
integration and network (Christopher 2000). Supply chain flexibility is multi-dimensional.
According to the literature analysis conducted by Stevenson and Spring (2007), the
definition of supply chain flexibility should take into account robust network flexibility, re-
configuration flexibility, active flexibility, potential flexibility and network alignment. The
supply chain flexibility can also consists of four categories: supply network, supplier-
purchaser relationships, supply chain design and inter-organisational information systems
[Stevenson and Spring 2007]. According to the other authors [Duclos, Vokurka and
Lummus 2003; Coronado, Andrew and Lyons 2007], supply chain flexibility contains six
following components: operations system flexibility (connected with manufacturing and
service, it allows to change resources in operational processes to react to the customer
needs, as well as to switch production between plants and change production volume),
market flexibility (quick new product development or improving existing one according to
the technological changes), logistics flexibility (an ability to receive and deliver products in
terms of changes in supply and demand cost effectively), supply flexibility (deals with
volume, mix, delivery uncertainties [Tachizawa and Thomsen 2007] as well as with
adjusting supplier base to the customer needs), organizational flexibility (involves human
resources management that allows to change labor and workplaces in terms of different
customer needs), information systems flexibility (refers to the supplier-purchaser systems
integration, sharing customer demand data and adjusting IT systems to the changes in
information needs to respond to demand changes). In turn, Fantazy et al. (2009)
established that the literature refers to the twelve flexibility dimensions.

Flexibility influences the company’s performance positively [Sdnchez and Pérez 2005]. It
is one of the four performance dimensions of operations and supply chains. The others are:
time, costs and quality [Bozarth and Handfield 2008, pp. 29-31]. Sourcing flexibility,
manufacturing flexibility and delivery flexibility together with a speed can also be regarded
as supply chain agility that is necessary to deal with internal and external vulnerability
(which are: demand and forecasting uncertainty and supply chain complexity) [Prater,
Biehl and Smith 2001]. The flexibility can also be compared to the adaptability [Gattorna
etal, p.126]. In turn, adaptability, agility and alignment create the best value supply chains
[Lee 2004]. In certain circumstances, the adaptability approach can be used where the
flexibility approach cannot be, for example, information sharing reduces the uncertainty
impact but not always the business partners would like to share information with the
company [Chan eta al 2009]. Some authors refer to the size of the flexibility. Narain et al
(2000) indicates three types of flexibility: necessary, sufficient and competitive. Fayezi et
al (2014) distinguish two types of flexibility: actual and required. The required one is
defined as “the optimal amount and type of change necessary to respond to supply chain
uncertainties”. The uncertainty presents both risk and opportunity [COSO 2004, p.1],
accordingly: the threat or the chance that some event will occur and bring certain (negative
or positive) effects. Some authors point an important difference between risk and
uncertainty. The risk can be calculated whereas uncertainty means that all potential
scenarios cannot be predicted [Svensson 2002]. In turn, the AS/NZS ISO 31000:2009
standard points that risk is an “effect of uncertainty on objectives”.

In recent 20 years, the concept of supply chain risk management has been developing very
dynamically, due to the observed global disruptions. Many authors researched and
described supply chain risk definition, risk factors and ways of dealing with them [G.
Wieteska 2014]. The main aim of the risk management is the identification of all potential
risks and choosing the best strategies to deal with their too high levels, e.g. avoiding,
reducing (likelihood and/or effects), transferring (outsourcing, insurances)
[AIRMIC/ALARM/IRM: 2002, 2003; COSO 2004]. The main sources of supply chain risk are
following [Braithwaite 2003, pp. 6-7]:
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e internal risk factors — processes (disruptions of assets and infrastructure), controls
(problems with procedures, systems, applied rules that help control the processes);
mitigation, i.e., focusing on the prevention and absence of plan in case an adverse
event occurs.

e external risk factors - demand (all disruptions related to the flow of products,
information and money between the customers and company), supply (disruptions
of the flow processes in relations with suppliers), environmental (external factors,
difficult to control, which may affect the company either directly or indirectly
through the suppliers and purchasers)

What is interesting, these risk factors overlap with the four supply chain uncertainty areas
which require developing the flexibility [Fayezi, Zutshi and O’Loughlin 2014]: supply (e.g.
supplier non-compliance with orders), process (e.g. breakdowns), control (poor
information systems) and demand (e.g. fluctuations, lack of marketplace transparency).
Flexibility can minimize the supply chain risk whereas contingency planning increases
flexibility [Skipper and Hanna 2009]. Supply chain risk management is directed into the
prevention especially while the business continuity approach - into reacting to the
disruptions that have already occurred [BS 25999-2:2007]. Its goal is to maintain the
proper level of the customer service when some supply chain resources are suddenly lost.
Contingency planning introduces the term of supply chain vulnerability [Svensson 2002,
2004]. Vulnerability is “a condition that affects a firm’s goal accomplishment depend upon
occurrence of negative consequences of disturbance”. This definition is similar to the risk
definition. Risk is “a likelihood that the event occurs and influence objectives achievement”
[COSO 2004]. Vulnerability is regarded as complementary to resilience and to be an
opposite to robustness [Scholz, Blumer and Brand 2012]. Other studies say that resilience
is “the ability of a supply chain to cope with change” and it has both proactive and reactive
character. The former refers to the robustness and the latter to the agility [Wieland and
Wallenburg 2013]. The resilient supply chain is able to “respond to and restore operations
after an unexpected, major disruption occurs” through preparing particular business
continuity plans [Rice and Caniato 2003], e.g. for the area of supply (avoid single sourcing;
increase inventory buffers), area of manufacturing (use multiple plants), area of human
resource (have cross-trained employees), area of communication (back up data).
Summing up, supply chain flexibility is closely related to other concepts, like risk
management, business continuity, supply chain agility, vulnerability and resiliency. All
these concepts are aimed at building responsiveness and adaptable supply chains.
METHODOLOGY

The post survey was conducted at the end of 2013. The paper-and-pencil option was
chosen. This option in comparison with e-mail survey is more effective in Poland, where
obtaining high response rates is very difficult. On the base on the previous experience it
can be stated that companies are rather reluctant to take part in the researches in general.
The study covered the companies operating in the B2B market in Poland. It was assumed
that respondents should know the importance of building relationships with suppliers and
clients. That is why, the main selection criterion was ISO 9001 certification. The source of
the companies’ data was an Internet Polish database HBI (http://www.hbi.pl). Out of the
total of 3857 sent questionnaires and 182 properly fulfilled, unique and usable responses
were included in the analysis. Although the structure of the questionnaire was simple, the
return rate was relatively low. Unfortunately, this size of rate can be a limitation influencing
the credibility of research results. One of the objectives of the study was to identify the
activities that are performed by the companies to respond to the disruptions in the area of
supply and demand effectively (Table 1). One of the hypotheses is that companies the
most often use traditional buffers to ensure supply chain flexibility. The respondents had a
possibility to mark a free number of standardized items placed under the question. The
percentage of each answer was calculated. The simplicity of the questionnaire stemmed
from the fact that supply chain flexibility is not a well-known and formalized approach in
Polish companies. Moreover, the subject of the research was studied for the first time by
the author. It was also certain that a too complex questionnaire can influence the response
rate negatively. The answers were analyzed in terms of size of the company, spatial range,
specific market on which products are offered and origin of capital of the company. The
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surveyed companies operate in different sectors. However, the results in terms of this
criterion are not presented hear.

FINDINGS

The traditional way of dealing with uncertainties in supply chain is buffering [Giunipero and
Eltantawy, 2004; Zsidisin et al., 2000]. According to the survey results, the most often,
companies build the supply chain flexibility using multisourcing (92,82%) and higher safety
stocks (77,90%). This ensures continuity of flow processes in the situation of lack of
supplies or sudden demand changes. Interestingly, keeping spare production
capacity/distribution in the supply chain is one of the least run activities (50,83%).

At the third place, there are regular supply market analysis (77,35%). Their conducting
supports supply base optimization and the possibility of cooperating with many suppliers.
Additionally, companies differentiate location of suppliers using both local and foreign
suppliers (66,85%). Local suppliers can increase the flexibility in the face of a sudden
foreign supply disruption [Prater, Biehl and Smith 2001]. Just behind there is sharing
information with partners e.g. on demand and production plans (70,72%). Simultaneously,
more than half companies focus on improving the accuracy of demand forecasts and joint
planning in the supply chain. The companies should not only be buffer-oriented but also
increase sharing information [Duclos, Vokurka and Lummus 2003]. Supply chain
integration increases flexibility and dealing with supply chain uncertainties [Sezen 2008].
In order to improve information flow, respondents declare that they implement different
strategies and solutions e.g. EDI, ERP, ECR, CPFR (56,35%). On the other hand they
improve the flow of goods through the implementation of other solutions/strategies, e.g.
cross-docking, RFID, VMI (49,17%). However, this activity has the last place among all
presented in the survey questionnaire. According to around 60% of surveyed enterprises
the flexibility is built by increasing product variety. Product variety requires flexibility and
influences the competitive advantage when manufacturing and marketing are properly
aligned [Wagner 2012]. 55,80% of companies stated, that they look for material
substitutes. This activity is a proper, especially when supply risk is high [Kraljic 1983].
Simultaneously, nearly 57% of surveyed entities declare a close cooperation in the field of
product quality and budget with suppliers. Involving suppliers in the product development
determines market flexibility [Wieteska 2014]. Around 60% respondents marked in the
questionnaire preparing business continuity plans and half of the companies declared
conducting risk analysis and risk reduction plans. Risk management and contingency
planning seem to be important activities related to the supply chain flexibility [Skipper and
Hanna 2009]. Finally, switching production between plants determines operations system
flexibility [Duclos, Vokurka and Lummus 2003; Coronado, Andrew and Lyons 2007]. It
allows to move the orders from the areas covered by the crisis to the stable one [Rice and
Caniato 2003]. Having more than one manufacturing plant declared 52,49% respondents.
SUMMARY

Summing up it can be stated, that gathered data confirm the hypothesis. However, except
traditional buffering, enterprises run many other activities to deal with the supply chain
disruptions effectively. All variables defined in the questionnaires were pointed by over a
half of the companies who took part in the research. Comparing the particular segments it
can be noticed that in most cases the big companies, entities with foreign capital, offering
products on the foreign market and of international spatial range build supply chain
flexibility more often than small/medium enterprises with Polish capital and national spatial
range. This confirms that international environment is more dynamic and demanding, what
brings the urgent need of increasing supply chain flexibility. There are some limitations of
the empirical study. One is the small return rate. Although the research results come from
a pilot, the article can support business practice during taking decisions on flexibility.
According to the literature analysis, implementing supply chain risk management or
business continuity management can be the first step of building supply chain flexibility.
Further researches should concentrate on the identification of the activities ensuring
particular types of flexibilities pointed in the literature and the role of other concepts in
building supply chain flexibility.
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Products

Number of employees offered on

Spatial range Origin of capital

Activities, that companies run to ensure the flexibility in specific
responding to the disruptions in area of supply and market
demand. ° = 2 = 5 = c
— o | 8 . 5 £ o o9 § o
3 L go E= gg £ ESTO =5 o
IE S o n O 8 e c£e '8 [§) '8 oL e L
N the size of the segment 182 42 93 47 142 40 37 145 87 95
Multisourcing 92,82 90,48 | 94,62 | 89,36 | 90,80 | 89,86 | 86,49 | 93,79 | 92,96 90,00

Increased safety stocks materials/components/ final | 77,90 66,67 | 87,10 | 68,09 | 73,56 | 73,91 | 67,57 | 80,00 | 78,17 75,00
products

Regular supply market analysis 77,35 64,29 | 79,57 | 82,98 | 71,26 | 73,91 | 56,76 | 82,07 | 74,65 85,00

Sharing with partners information on e.g. sales, production | 70,72 69,05 | 69,89 | 72,34 | 59,77 | 60,87 | 43,24 | 77,24 | 68,31 77,50
plans

Differentiation location of suppliers (e.g. cooperating with | 66,85 61,90 | 67,74 | 68,09 | 58,62 | 60,87 | 48,65 | 71,03 | 63,38 77,50
local and foreign suppliers)

Increasing product variety 61,33 57,14 | 61,29 | 63,83 | 54,02 | 56,52 | 35,14 | 67,59 | 59,86 65,00

Preparing business continuity plans 60,22 54,76 | 59,14 | 65,96 | 55,17 | 56,52 | 48,65 | 62,76 | 59,15 62,50

Focusing on improving the accuracy of demand forecasts | 59,12 59,52 | 58,06 | 59,57 | 54,02 | 53,62 | 48,65 | 61,38 | 59,15 57,50
and joint planning in the supply chain

Close cooperation in the field of product quality and budget | 56,91 54,76 | 54,84 | 61,70 | 51,72 | 52,17 | 43,24 | 60,00 | 57,04 55,00
with suppliers

Improving flow of information through the implementation | 56,35 50,00 | 53,76 | 65,96 | 51,72 | 55,07 | 37,84 | 60,69 | 56,34 55,00
of solutions/strategies, e.g. EDI, ERP, ECR, CPFR

Looking for material substitutes 55,80 57,14 | 53,76 | 57,45 | 51,72 | 52,17 | 37,84 | 60,00 | 54,93 57,50
Conducting risk analysis and risk reduction plans 54,14 47,62 | 53,76 | 59,57 | 47,13 | 47,83 | 37,84 | 57,93 | 51,41 62,50
Having more than one manufacturing plant 52,49 50,00 | 50,54 | 57,45 | 48,28 | 47,83 | 37,84 | 55,86 | 50,00 60,00

Keeping spare production capacity / distribution in the | 50,83 45,24 | 51,61 | 53,19 | 44,83 | 44,93 | 35,14 | 54,48 | 49,30 55,00
supply chain

Improving flow of goods through the implementation of | 49,17 47,62 | 47,31 | 53,19 | 43,68 | 44,93 | 32,43 | 53,10 | 48,59 50,00
solutions/strategies, e.g. cross-docking, RFID, VMI

Table 1. Activities, that companies run to ensure the flexibility in responding to the disruptions in the area of supply and demand. The results from the study
conducted at the end of 2013 in Poland. The comparison of segments for the following criteria: number of employees, spatial range of the company, products
offered on specific market and origin of capital in percentages are presented.

Source: Own study (2013).
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ABSTRACT

A bushfire is an important public health and safety issue in Australia. Late evacuation in
bushfire is a crucial stage of emergency response, which requires a quick emergency response
to potentially a life threatening condition. Inadequate time to evacuate residents has resulted
119 deaths in the Black Saturday 2009 bushfire in Victoria, which is 68 per cent of total
fatalities. Hard constraint of limited evacuation time window (clearance time), uncertainty
associated with the direction and intensity of bushfire, road disruption, and elderly and
disabled evacuees pose challenges to timely evacuation of people. A decision support system,
which is capable of computing timely allocation of resources, is thus required to enhance the
capacity of fire services agencies. This paper develops a multi-objective optimisation model for
assigning shelters and vehicles and evaluating routing options to transfer late evacuees from
assembly points in bushfire affected areas to shelters. Three bushfire scenarios are generated
to incorporate constraints of restricted time-window, potential road disruptions, the capacity
and availability of rescue vehicles and shelters. The multi-objective problem is solved by
€-constraint technique. The objective functions are simultaneously optimised to maximise the
total number of late evacuees by minimum assignment of rescue vehicles and shelters. This
model develops a decision support system for fire agencies to minimise resource utilisation
and maximise coverage of bushfire affected areas.

Keywords: Bushfire, Late Evacuation, Multi-Objective Optimisation, Emergency Management

INTRODUCTION

Bushfire is known as one of the most prevalent disasters in Australia. Bushfires are an inherent
characteristic of Australia's environment. A bushfire is defined as ‘a freely burning,
uncontrolled and unplanned fire, which needs to be extinguished’. It includes fires in woods,
forest, scrub, grass or plantation. Bushfires are widespread and occur frequently throughout
Australia and can damage and destroy houses, farms, crops, livestocks and infrastructures
such as roads and rail. Bushfire’s spread and direction are influenced by various environmental
factors such as combustible materials, wind speed and ground slope. Bushfire propogation rate
increases twice with every 10 degree increase in slope; doubles its intensity with a small
change in wind speed and reaches a temperature of 800 degree celcius (Victorian Bushfires
Royal Commission Report, 2009). In recent years, there has been a substantial increase in the
number of bushfire around the world. Global warming and climate change have potentially
increased the risk of bushfire, particularly in peak seasons in many countries including
Australia, USA, Canada and Russia (Teague et al., 2009).

In the situation of a bushfire, the decision to stay or leave early is critical for community
safety. Communities at risk may decide to leave early, or take shelter-in-home or
shelter-in-refuge (Cova et al., 2011). Obviously, early evacuation is the safest option to protect
life. However, some people stay and protect their properties. There are also those who are not
able to evacuate such as people with special needs (disabilities), elderly, and parents with
children. People with no personal vehicle were also need to be evaluated. Some leave at the
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late minute (Victorian Bushfires Royal Commission Report, 2009). Late evacuation often
increases the risk of injury or death. The late evacuation also exposes the evacuees to radiant
heat, which has been found a key factor in human fatalities (Teague et al., 2009). In the event
of severe bushfire prediction, the emergency management agencies notify mandatory
evacuation of late evacuees. The process is to transfer people from assemble points to safe
shelters within the close vicinity. They key problem is when, where and how to safely transfer
the late evacuees from assembly points within a short time window, road disruptions and
capacity constraints of shelters and rescue vehicles.

Designing an effective evacuation plan to transfer people from bushfire-prone areas to
shelters within the time windows using available facilities and resources has remained a key
challenge for fire agencies. The emergency response becomes more difficult as a bushfire
spreads and disrupts the emergency supplies and makes transportation networks less usable
or even inaccessible. Road disruption increases the complexity of the evacuation planning
process and delays the emergency evacuation response. Under such situation, the
development of an evacuation system requires a modelling technique that is capable of
simultaneously considering multiple objectives constraints and scenarios. This paper therefore
develops a multi-objective mixed integer-programming model on the basis of optimization
concepts to find solutions for a large scale evacuation problem of late evacuees during a
bushfire. The €-constraint method is implemented to solve the proposed multi-objective
model.

The remainder of the paper is organized as follows. The Literature review section provides
a summary review of relevant studies in the area of bushfire evacuation planning. Then, the
problem statement is described followed by problem assumptions. The developed
mathematical formulation is presented in the next section. Next section presents the solution
approach. In the next section, the effectiveness of the proposed model will be assessed and
discussed by the implementing a range of bushfire scenarios. Finally, the last section offers a
summary and conclusion of this work.

LITERATURE REVIEW

“Relocation from areas at risk to areas of greater safety is referred to
evacuation(Southworth, 1991). The evacuation planning can be classified into two broad
categories: socio-behavioural studies, which include evaluating the behavioural parameters
(Lindell et al., 2005, Sorensen et al., 2004); and transportation studies comprising application
of optimization methods to displace evacuees (Stepanov and Smith, 2009, Wolshon and
Marchive III, 2007). There are few studies that incorporated both the behavioural and
transportation factors in modelling emergency evacuation (Avella and Boccia, 2009, Yi and
Ozdamar, 2007).

Optimal allocation of shelters is also a critical element in emergency planning. To develop an
effective plan, decision makers consider two important parameters - shelter’s capacity and the
distance to the shelters. However, there are other objectives that should be optimized
simultaneously while satisfying several constraints. Cohon (2004), for example, has
determined various substantial objectives such as behavioural decisions, policies and time
factor that must be considered as critical criteria in analysis by the decision makers. While the
evacuation modelling has substantially advanced, the emergency evacuation of late evacuees
as a multi objective problem has relatively received much less attention.

n

Formally bushfire evacuation is classified into three orders as mandatory, recommended,
and voluntary. Australian “Stay or Go” policy however places the responsibility and decision of
staying and protecting the property or leave early. In similar way in the United States, “"Ready,
Set, Go!” (RSG) policy is in use, which educates people how to get ready to evacuate and when
to evacuate or shelter in place in case of fire. This subject has attracted researchers to
investigate the impacts of each of these policies. As an related research, Arnol (2007) has
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studied how the United States, Portugal, Spain, Italy, Greece and France manage bushfire.
Among all the countries, France and Australia were comparable, because people are suggested
to remain and protect their houses and possessions during a bushfire. The mandatory
evacuation policy was applied in the rest of countries. Despite the evacuation order plays an
important role in saving evacuees during emergency evacuation, there are other factors such
as behavioural decisions that may impress the entire process. The people’s decision during
bushfires can be grouped in three categories: ‘early evacuation’: escape from affected area to
safer places prior to facing the hazard; ‘refuge in shelter’: escape or stay in secure
pre-established shelters along with the prone area; and ‘shelter in home/place’ (late
evacuees): stay at home and defend the property against fire (Cova et al., 2011). Although
shelter in refuge and early evacuation offer a higher level of protection, but these options are
not always feasible especially when the time for evacuation is limited. Also, the current revised
Australian ‘Stay or Go’ policy and the previous one as ‘prepare’, stay and defend, or leave
early’, has investigated by Paveglio et al. (2008). They have pointed out that leave early might
be considered as an option to evacuate, however not in all interface fire situations.

The conclusion has drawn from reviewed literature signifies that only few studies have
employed multi objective optimization models for evacuation problems(Shahparvari et al.,
2015, Stepanov and Smith, 2009) Also the majority of literature has focused on minimizing the
total evacuation time without considering other objectives. Therefore, this study aims to
employ an optimization approach to deal with the multi-objective evacuation problem to fill the
aforementioned gap in generating an appropriate evacuation plan applicable in bushfires.

MATHEMATICAL FORMULATION

The evacuation problem contains various objective functions, uncertainties and constraints,
which makes the multi-objective programming much more appropriate method in dealing with
late evacuation problems. Hence, in this paper a multi-objective (MP) method is utilised to
model our problem in this study.

Modelling Assumptions

e The shelters are pre-designated by CFA (Country Fire Authority).
Number and capacity of shelters and rescue vehicles are finite.
The late evacuee population in each assembly point are known.
Evacuee can be transferred to more than one shelter.
Access to routes is restricted by bushfire.
The transfer time between assembly points and shelters is known.

Objective Functions
e To maximise number of people transferred to a designated shelter

e To minimise the number of available resources (Number of assigned shelters and vehicles)

Notations
Sets and Indices

i index for assembly point (Origin townships);

J index for candidate shelter areas (Destinations);

k index for vehicle types;

I set of assembly points;

J set of candidate places of shelters;

Parameters

Cap; Capacity of shelter j;

D; Number of late evacuees in assembly point i to be evacuated;
a; Binary variable; 1 if shelter j is accessible, 0 otherwise;
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Bij Binary variable; 1 if road is not disrupted between node i and shelter j, 0 otherwise.

tij Estimated evacuation transportation time between the assembly points i and shelter j;
p Total number of available shelters;

TV, Total number of available vehicle type k;

VC, Capacity of vehicle type k;

TW; Time window for evacuation people from assembly point i;

Qx Usage cost of vehicle type k;

w Weighted sum coefficient

TP Traffic congestion time factor

DW Time to Prepare, board and alight

Decision Variables

X Number of transferred people from assembly point / to shelter j.

NVL-’; Number of vehicle type k that is required to transfer evacuee from point j to shelter j
Y; (Auxiliary variable) If it is the designated shelter j is available, 1 and 0 otherwise.

S; (Auxiliary variable) If a shelter j is assigned to serve the evacuees, 1 and 0 otherwise.

Mathematical Model

The model is a multi-objective model, which comprises two objective functions and a range of
constraints.

Max f; = ;X Xij (1)

Min f, = WiZij+WZZiZjZkaNVi,; (2)

The first objective function shown in (1), maximises the number of evacuee assembled in
assembly point i which must be transferred toward shelter j in the minimum time and across
shortest route. The second objective function (2) minimises the total number of designated
shelters and rescue vehicles. This goal is set to decrease the expenditures of allocating new
facilities and to distribute the evacuee by the utilisation of minimum available shelters and
rescue vehicles. w;and w, as auxiliary coefficients, are utilised in weighted sum method and
are selected in the range of [0-1] to represent the weight of impression for each parameter
(i.e. shelter and vehicle).

Constraints
The objective functions are subject to the following constraints:

2iSi<p 3
Y = a5 vj "
Xij < BijD; Vi, j ©
X;j((2 x t;; x 1+ TP)) + DT) < TW; ¥, VC NV vij )
i NVE < TV, ik o
YiX; <D i ©
Ky WV 2 0 Vi, j,k (10)
SjlY}':OOTl VJ (11)

First constraint ensures that the number of allocated shelters is less than the maximum
number of available shelters. Next Constraint (4), determines if it is possible to designate a
shelter (Y;) among all possible candidate places S; and the shelter remains available or not.
Constraint (5) ensures that the people at affected point j will be evacuated and transferred to
the shelter j, only if the shelter j is accessible and available. This constraint also measures the
allocated and transferred people to the designated shelter j not to exceed the shelter capacity.
Constraint (6) defines that people at assembly point / will evacuate and transfer to the shelter
j if there is accessible and available road connection between the origins and destinations.
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Constraint (7), states that the total humbers of evacuated people from assembly point j to
shelter j should be transferred before the available time for evacuation considering available
rescue vehicles and their limited capacities in trip toward shelters. Constraint (8) measures the
numbers of designated rescue vehicle type k to transfer people from each assembly point i to
shelter j will not exceed of the total number of available vehicles for all the evacuation process.
Constraint (9) restricts the number of transferred peopled from assembly point i to the shelters
J to not exceed their capacities. Constraint (10) expresses the negative numbers could not be
considered for the mentioned parameters. Constraint (11) restricts the assignment of shelters
and transferring issues to binary values, as §;,Y;are either allocated or not.

SOLUTION APPROACH

€-Constraint is a common mathematical approach for solving Multi-Objective Problems (MOPs)
proposed by Haims and Freeman (1970).in this approach the main objective goal of problem
will be selected to be optimized. All other objectives will be converted into form of inequality
constraints by assigning an upper bond to each of them. Therefore, a two-steps approach is
developed to solve the model as follows:

Step 1: This step aims to evacuate the entire evacuee population by minimising the number of
assigned shelters and rescue vehicles within the bushfire prone areas. Hence, the model is
solved by considering the objective function f, as hard constraint calculate preliminary optimal
values for parameters of S; as number of required shelters and NV,-’]‘- as number of required
rescue vehicles. Therefore, the model formulation will be converted as follows:
Max f,(x)
s.t. Constraints (3, 4, 5,6, 7,8, 10, 11)

YiXij=D; Vi (12)

Step 2: This step calculates the optimum minimised values of allocated resources while
maximising the number of evacuated people. Therefore, the multi-objective model will be
converted into the following single-objective problem:

Min f,(x)

st. fi) = & (13)
The value of €, is determined as follows:

Ep= .3 XX (14)

Where 2 € [0,1]indicates the maximum percentage of total fault. In this paper, 2 value is
selected randomly in the range of [0.4-0.9] at the discretion of the decision makers. The
model was implemented using the CPLEX solver 12.3 in CPU Intel Core i7® 2310M 2.1 GHz, 4
Gb RAM, 64-bit operational system Windows7 ®.

Case Study

The proposed model is implemented in a real case study (Lake Eildon national park) as a
bushfire-prone area in north-eastern region of Melbourne city (Murrindindi shire network) in
Australia. The area of study contains 6 hazardous townships. The population of late evacuees
in the network are considered to be 33% (Royal Commission and ABS) of the townships
populations gained from ABS (Australian Bureau of Statistics).

Figure 1, illustrates the comprehensive what-if bushfire scenarios accompanied by bushfire
isochrones to show the bushfire-spread scenarios pertaining to the evacuation time windows
based on wind direction and bushfire severity. Therefore in consequence of the bushfire
propagation, it has assumed that in scenario A routes between i, — j;, ig = j,, in scenario B
Routes between i; — j;, i, = j,, is = ja, ig = j, and in scenario C, iy - j;, iy > j, iy > j3, i
Ja is = j1, Is = jo, ig — j, are disrupted.
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Easterly direction and major disruptions
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South-easterly direction and minor road disruptions
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Bushfire Scenario C

North-easterly direction in three points and severe road disruptions

Figure 1 - Case study in 3 Bushfire Scenarios

Also, Table 1 summarizes the inputs of the case study.

Hazardous Townships (Origins) (Popﬁllation) Time 7\;Vmi/|l'1dows
i; Bonnie 171 150 Mins
i, Mainton 29 90 Mins
i; Alexandra 398 105 Mins
i, Acheron 96 120 Mins
iz Thornton 120 75 Mins
i¢ Eildon 219 45 Mins
Shelters Cap;
T;; Traversal Time in Network (Mins) (Destinations) Capacity
Ja J2 J3 Ja
i, 28.8 14.4 24.6 31.2 j1  Taggerty 350
i, 18 27.6 17.4 18 j» Merton 450
i; 10.8 20.4 10.2 10.8 Jj3 Yarck 500
i, 4.8 26.4 16.2 16.8 Jjia  Yea 500
is 7.2 28.2 18 18.6 Total Cap 1800
igz, 15.6 34.8 24.6 25.2
I Assembly points 6
J Candidate shelters 4
TP Inflation traffic congestion time % 0.1
DT Dwell time(Preparation,boarding,alighting) % 0.108
K Vehicle Type Ki(Bus) Kz (Van)
VC Vehicle Boarding Capacity 40 10
TV  Total Available Vehicles 20 30
Q Usage Cost of Vehicles 100 40

Table 1: Inputs of the case study

COMPUTATIONAL RESULTS

The output of the solving model indicates that by assigning 4 shelters (j;,j,, j3,js) the model
optimally is able to cover all the evacuees demand during the predefined time windows in all
the scenarios. The higher number for assigned shelters increases the objective function value
drastically. Thereby, In order to evaluate model performance in the next step, three scenarios

are implemented.

In Scenario A as the simplest scenario, results indicate that the model could appropriately
plan the evacuation process to transfer all the 1033 late evacuees. Regarding to time shortage,
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shelter’s capacity and distance and vehicle’s availability, 11 buses and 10 vans are optimally
assigned to shortest available routes.

Bushfire Scenario A Bushfire Scenario B Bushfire Scenario C
Minor Disruptions Major Disruptions Severe Disruptions
Shelters Assignment (§;) Shelters Assignment (S;) Shelters Assignment (S))
J1 J2 J3 Ja J1 J2 J3 Ja J1 J2 J3 Ja
1 1 1 1 1 1 1 1 1 1 1 1
Evacuated people (X;) Evacuated people (X;) Evacuated people (X;)
J1 J2 J3 Ja J1 J2 J3 Ja J1 J2 J3 Ja
i 0 94 77 0 | i 0 71 100 0 | 0 0 84 87
iy 10 0 19 0 |i 9 0 20 0 |i, 29 0 0 0
is 98 100 100 100 | i3 100 98 100 100 |i; 100 98 100 100
iy 96 0 0 0 |i, 96 0 0 0 |i, 96 0 0 0
is 45 0 75 0 |is 45 0 75 0 | i 0 0 75 45
ig 100 0 99 20 |i, 100 0 87 32 |i, 100 0 22 97
Sum 349 194 370 120 350 169 382 132 325 98 281 329
Uncovered 0 0 0
Evacuated 1033 1033 1033
Number of vehicles (NV{ Number of vehicles (NV{ Number of vehicles (NV{
J J2 Ja Ja J J2 J3 Ja J J2 Ja Ja
i 0 2V 1B 0 | i 0 2V 1B 0 | i 0 0 1B 1B
iy 1v 0 1v 0 |i, 1V 0 1V 0 |i, 2V 0 0 0
i3 iB 1B,1v 1B 3v |i; 1B 1B,V 1B 1B |i; 3V 1B,1v 1B 1B
iy 1v 0 0 0 |i, 1V 0 0 0 |i, 1V 0 0 0
is 1v 0 1B 0 |is 1V 0 1B 0 | is 0 0 1B 1B
ig 2B 0 3B 1B |is 2B 0 3B 1B |i, 2B 0 1B 3B
Total 11 Bus, 10 Van 12 Bus, 7 Van 13 Bus, 7 Van
Number of Vehicle Trips Number of Vehicle Trips Number of Vehicle Trips
J1 J2 J3 Ja 71 J2 J3 Ja J1 J2 J3 Ja
i 0 5 2 0 | i 0 4 3 0 | i 0 0 3 3
iy 1 0 2 0 |i 1 0 2 0 | i 2 0 0 0
iy 3 2B,V 3 4 |i; 3 2B,V 3 4 iz 4 2B,V 3 4
iy 10 0 0 0o |i 10 0 0 0 |i 10 0 0 0
is 5 0 2 0 | is 5 0 2 0 |is 0 0 2 2
is 3 0 1 1 ig 3 0 1 1 ig 3 0 1 1

Table 2: Optimal evacuation plans for bushfire scenarios

For example, the evacuees population at the assembly point i, (Eildon township, 219 People)
are planned to be transferred to the sheltersj;, j; and j,. 100 evacuees are planned to be
transferred to Taggerty (j;), 99 evacuees to Yarck (j;) and the rest of 20 evacuees to Yea (j,).
Hence, 2 buses are assigned to transfer 100 evacuees from Eildon (iy) to Taggerty in 3 trips
totally (first vehicle 2 times and second vehicle one more time). Respectively, 99 evacuees are
transported to Yarck (j;) by 3 buses in a single trip and the rest of 20 evacuees are evacuated
by assignment of 1 more bus in 1 way trip between Eildon and Yea to meet the 45 minutes
short time window for Eildon. Results prove that despite the close distance between Merton (j,)
to Eildon (i), evacuees could not be transferred to this shelter due to predefined route
disruptions. In the same way, results indicate that the model could appropriately plan the
evacuation of the assembly point i; at Alexandra with a large population of late evacuees (398
people). Interestingly, All the Acheron (i,) late evacuees population are evacuated to Taggerty
(j,) by 1 van travels 10 times therefore, Acheron (i,) population has more clearance time and
could be evacuated by assignment of fewer vehicles that could do more return trips.

In the second scenario (B), it has assumed that bushfire has propagated slightly faster and
causes more disruptions in the network infrastructure (Table 2). Therefore, transportation
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routes between Eildon (i;) to Merton (j,), Bonnie ( i;) and Thornton ( i5) to Taggerty (j;) are no
longer available. As the results show, based on scenario assumptions, all the late evacuees’
population could be transferred to the safe shelters within the estimated time windows.
Results indicate that the optimal numbers of assigned vehicles to serve the evacuation process
are 12 buses 7 vans. In scenario C as most complex scenario of this study, severe bushfire
situation causes several road disruptions in the transportation network. All the other inputs
dataset are assumed to remain unchanged as the previous scenarios. Results show (Table 2)
that all the 1033 late evacuees could be optimally planned to be evacuated to safe shelters by
the assignment of 13 buses and 7 vans.

CONCLUSION

This study developed a Multi-Objective optimisation model to enhance the emergency
situation response in an event of a bushfire. Key parameters and assumptions such as road
disruption, time window, and resource availability and capacity were simultaneously
considered in this study. The proposed model is formulated as a mixed integer multi-objective
linear programming and is solved by the application of €-constraint method. The results
showed that all the late evacuees (a total of 1033) could be safely evacuated within the defined
constraints. However, at least four shelters should be available at all time to transfer the late
evacuees. Furthermore, the total number of required vehicles as well as their routes assigned
to each was calculated. Our model can be extended to consider bushfire propagation
scenarios, optimal placements of shelters and road’s reliability.
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ABSTRACT

The view of natural scarcity dates back to the work of Malthus in 1798 that
considered scarcity as a constraint on economic growth. This paper develops a
conceptual framework for understanding how manufacturing companies can respond
to the issue of natural resource scarcity. The framework building on RDT identifies
the key antecedents for buffering and buffering strategies, which in turn influence
organisational performance. Our empirical results indicate that the importance of a
resource will mainly lead to buffering strategies such as product and process (re-)
configuration while a low number of suppliers and high switching costs favour
bridging strategies such as relational mechanisms. Concerning discretion over
scarce natural resources, companies are employing buffering and bridging
strategies.

INTRODUCTION

Over the past 200 years, resource scarcity has been considered as a challenging
topic among scientists, engineers and economists because it is a complex issue and
there is a dependence of economies on a finite number of natural resources to
produce consumer goods (Alonso, 2010). A study by PriceWaterhouseCoopers (PwC)
in 2011 of manufacturing firms across the world concluded that more than half of
firms are now affected by metals and minerals scarcity. Despite the wide recognition
of natural resource scarcity, many companies still have not implemented any
comprehensive strategies in order to address this issue (KPMG, 2012). Research into
appropriate responses is also still insufficient in the field of supply chain
management (Bell et al., 2012). A systematic literature review by Matopoulos et al.
(2015) highlighted that there is a need for further research on understanding the
implications of resource scarcity on the supply chain relationships and also the
impact on supply chain configurations.

This study aims to identify the implications of natural resource scarcity on supp