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Abstract

In Disaster Management (DM), reusing knowledge from best practice and past experience is
envisaged as the best approach for dealing with disasters. It is important to recognise however
that there are no identical disasters. But there are obvious similarities. The challenge is to identify
the similarities in the diverse complex characteristics inherently intertwined in the DM
knowledge. There are often various autonomous entities: individuals, agencies, organisations,
involved in the DM that are coming with their interests, hierarchy structures, resources, and etc.,
that need to be interacted and communicated with in DM. They have to deal with uncertainty and

time-sensitivity as the critical factors otherwise any single situation might lead to the catastrophic.

An authoritative agency typically leads the combat of a disaster. The agency organises and
elicits the knowledge subsequently structure it into a sharable and reusable format, the Disaster
Management Plan (DISPLAN). DISPLANs are maintained by the authoritative agencies
encompassing the Prevention, Preparedness, Response and Recovery (PPRR) phases. In a case of
disaster, the DISPLAN will be activated to be accessed by the stakeholders. However, accessing
the knowledge out of the DISPLAN is challenging. Knowledge in DISPLANSs tends to be
structured in a business specification format. Accessing the knowledge can have a subjective
element. The fuzziness and the intertwine of knowledge across all PPRR phases in their structure

can hinder access in a timely manner.

This dissertation contributes to development of a knowledge transfer analysis framework to
unify access to DISPLANS through a unified repository. This framework is developed following
Design Science Research (DSR) methodology in Information System (IS). Agent-Based Models
(ABMs) are used to code the DISPLANS to enable their transfer into a repository. ABMs enable
the representation of many DM characteristics and processes expressed in the DISPLANSs. The
Object Management Group (OMG) Metamodeling Framework is then used to create a repository
that is ready for storing the content of ABMs. The repository itself is underpinned by a metamodel
structure that facilitates the retrieval and DM decision making processes in the context of their
use. The overall approach is evaluated using DISPLANs from the State Emergency Services
(SES) in Australia. The framework is successfully used to analyse and convert the SES
DISPLANSs into the metamodel based repository. The resultant approach and repository enable

better access, sharing and maintenance of the DM knowledge.
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1 Introduction

Disaster Management (DM) knowledge has long been acknowledged as playing a significant role
in reducing the impact caused by disasters. It helps people at the decision-making level to produce
contextual decisions, as they are produced from the interaction of the involved social entities and
their experiences and those who are on the ground to appropriately react towards the disaster.
While DM knowledge is seen as critical, its reuse remains challenging due to its complex structure
and availability. This relates to whether the knowledge is structured in a way other people can
understand it comprehensively, and its accessibility at any point in the timeline of the disaster
management cycle. This thesis contributes to this field by introducing a knowledge analysis
framework to improve structuring and reusing DM knowledge in a timely fashion. The aim is that
the complex characteristics of the knowledge can be disentangled and subsequently transferred

into a representative repository, facilitating sharing and reusing activities.

This chapter sets out the overview to the DM knowledge adoption, the challenges and
motivations of this research and its contributions. It also outlines the structures of the rest of the
thesis. Section 1.1 provides the background and overview of the research. Section 1.2 discusses
challenges and motivation as the drivers in this research. Section 1.3 elaborates the research
objectives. Section 1.4 describes the research contributions. Section 1.5 provides an overview of

the thesis structure and Section 1.6 concludes the chapter.

1.1 Disaster: An Overview

Researches have shown that disaster events will increase significantly in the future (Kundzewicz
et al., 2013), and the most likely causes are the destruction of natural habitat (Hristidis et al.,
2010; UNDESA, 2014) and climate change (Cavallo, 2014). Figure 1.1 illustrates the disaster
trends reported in the World since the 20" century up to early 21" (CRED, 2015).

Natural disasters cannot be prevented, but they can always be better anticipated and studied.
Resultant knowledge can be stored and shared by public and private stakeholders, including
emergency management agencies, law and order authorities, to develop their DM endeavours.
The more complete the knowledge about a potential disaster, the better the decision-making

process becomes (Gulati et al., 2014; Jackson, 2014).
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Figure 1.1 Disaster trends: (a) Number of natural disasters; (b) Number of technological disasters; (c)
Loss caused by disasters economically, reported in the world.

DM includes attempts to prevent a hazard becoming a disaster and/or attempts to reduce the
impact caused by a disaster (UNIDSR, 2015). There has always been a group of people or
individuals an ongoing disaster vortex harnessing the extant knowledge to respond effectively
and efficiently to various disasters. For instance, people in Simeulue island, Aceh Province
(Indonesia), harnessed DM knowledge passed to them from earlier generations (Syafwina, 2014).
This knowledge saved almost the entire population of the island compared to the mainland of the
province in the Indian ocean mega earthquake followed by the worst tsunami disaster in 2004
(McAdoo et al., 2006). Likewise, in the Japanese Tsunami in 2011, the disaster caused more than
25,000 casualties in the most disaster-aware nation on Earth (Satake, 2014). Nonetheless, in that
event, all students in both junior high and elementary schools in the areas affected could manage
to escape and save their lives, as they had been prepared with prior knowledge (Parker, 2012).
Similarly, this could also be noticed in the Philippines in 2014 that experienced zero casualties as
the country put to use knowledge learnt from a previous typhoon disaster, a year earlier which
had caused more than 6,300 casualties (UNISDR, 2014b). Other examples of DM knowledge
reuse: in 2015 when a cyclone struck Vanuatu, the local indigenous knowledge was extremely
useful to save lives there (Minowa, 2015), during drought season in Cameroon people in the
country were able to survive as they had learnt from the past (Nfor, 2015). Many other
experiences illustrate how harnessing prior knowledge is a determinant factor in saving lives
(Hiwasaki et al., 2014b; Rumbach & Foley, 2014; UNIDSR, 2008). The resilience pattern is clear.

Learn and embrace prior knowledge to inform action during similar disasters. In the context of



DM, resilience is about two capabilities: (1) a capability of bouncing back from unforeseen stress;
(2) capability to adapt to the situation. In other words, the resiliency is determined by the level to
which the affected communities have the necessary resources and ability to manage them during
the required situation (Fisher, 2015; UNISDR, 2012). Although the knowledge transferred is often
in different formats, it remains extremely useful in saving lives. It is not a surprise that developing
and maintaining the knowledge management system, encompassing the codification and sharing
as well as reusing the knowledge in the DM activities has been ongoing for quite some time

(Noran & Bernus, 2011; Pathirage ef al., 2012).

Knowledge from the best practises of DM is acknowledged as profoundly effective and
efficient (Canton, 2013). It is proven as the critical factor in DM resilience endeavours (Dorasamy
et al., 2013). It informs the stakeholders of the tipping points of the DM timeline and how to
response appropriately towards them. In a particular disaster, like a flood, knowledge from the
best practice is considered as most appropriate one compared to formats generated from
simulation activities only (Opper ef al., 2010). This is not to say that simulation is less useful in
this particular context, since it has a great impact in predicting various situations based on the
input assumptions in to the system. Eventually the stakeholders will have a broader understanding
of the events based on the output, resulting from the process. However, in the DM domain, the
assumptions themselves are inherently uncertain. In other words, each of the possible situations
that might occur will impact on the decision-making mechanism to respond appropriately. For
example, in an evacuation activity, the “decision is being made not because what is known but
because of what is unknown” (Opper et al., 2010, p. 180). In recent years, several studies have
been devoted to formulating the knowledge transfer mechanism (Adrian et al., 2014; Benaben et
al.,2016; Chen et al., 2014; Lauras et al., 2015; Othman & Beydoun, 2016; Ramete et al., 2012).
They have all acknowledged that knowledge in DM is inherently complex and likewise, the
resultant knowledge structures are complex. This not only impedes the knowledge reuse
frameworks. Indeed, the typical knowledge structures are not easy to be understood by the

stakeholders. These are the issues driving this research.

This thesis aims to provide a framework by which the DM knowledge can be extracted to
facilitate sharing and reusing activities. The focus is in the processes of identifying an appropriate
methodology for capturing the complex structure of DM knowledge and for creating a
representative repository where the extracted knowledge will be deposited. In combination with
the depositing processes, the repository will facilitate the sharing and reusing process. This will

contribute to the DM resilience endeavours.



1.2 Challenges and Motivation

A disaster event is unpredictable and uncertain (Ramete et al., 2012). Managing the activities
involved can be very challenging and complex (Helbing, 2013). For a given DM activity, there
are often many stakeholders involved, both public and private. All stakeholders have their own,
possibly important roles. They all have different backgrounds, resources and goals (Wang &
Hsiao, 2014); they also have to respond within time constraints. Timeliness of response and
action is usually critical in DM scenarios (Janssen et al., 2010). With various stakeholders
bringing their own structures and backgrounds, and without appropriate communication channels
being in place ahead of time, the timely knowledge exchange between the various stakeholders is
severely compromised (Heard et al., 2014). The communication and knowledge-sharing support

is critical to enabling negotiation and cooperation.

Currently, the agency leading the program to combat the disaster assumes the role of
organising and eliciting the knowledge, and ultimately structuring it in a shareable and reusable
format. The knowledge is produced and structured as DM plans that are made available via the
web. However, accessing the knowledge specified in a semi-structured natural language format
is very challenging (Selway et al., 2015). The written knowledge tends to be structured in a
business specification format, which, in fact, is seen as subjective by the stakeholders. Much
analysis may be required to enable development of useful and actionable insights. In this thesis,
the challenge of DM is harnessing and sharing knowledge between stakeholders who are involved
in the timely and effective reduction of the impact caused by a disaster. The first step towards this
is to revisit the codification of DM knowledge document sources to facilitate the reuse and sharing

of the knowledge they contain.

This thesis presents a framework to facilitate this first step of harnessing the knowledge. The
thesis recognises that the existing and widely adopted DM process model, consisting of the four
phases of DM—Preparedness, Prevention, Response, Recovery (PPRR)—is typically used to
organise DM knowledge (Rogers, 2011). Indeed, various DM activities and knowledge units
required throughout the DM processes are organised according to the sequence of these four
phases. However, with all the efforts that go into developing them, substantial knowledge about
various phases can be scattered throughout the documents and therefore they may not fully adhere
to the PPRR process. At the heart of the PPRR itself, a problem lies that is more difficult to
correct. With all its prominence in DM activity, PPRR does not actually conceptualise the process
of disaster management holistically, rather it does it sequentially (Becken et al., 2014). This
feature of PPRR is completely inconsistent with the modern view of aiming to have risk

management permeate all DM activities (Crawford et al., 2013).



Numerous entities (individuals/agencies/organizations) that are coming with their own goals
representing their interests, structures and backgrounds need to be synchronized in a coordinated
activity to pursue a common goal with time and their entities constraints. In the DM resilience
endeavours, recognizing holistically the knowledge across all phases of the existing framework
is more strategic and efficient instead of replacing it (Rogers, 2011). Inability to recognize and
structure the knowledge across all phases from the conceptual to real activities is the issue that
needs to be taken account of. In addition, the process of analysing the written knowledge in a

complex domain, such as DM, is not only difficult but also time-consuming (Brown ef al., 2016)

Linear and sequential descriptions of events are inherently limited. Participants are hindered
from engaging beyond the limit of the event timeline. In order to mitigate the risk of introducing
errors, sequential modelling was abandoned, for instance, in the software development many
years ago (Lopez-Lorca et al., 2015). It is well accepted that software practitioners typically
engage in iterative thinking and problem-solving, moving up and down multiple abstraction
layers. Applying this same paradigm and insights to representing DM processes, a multi-layered
metamodeling approach which follows the Meta Object Facility (MOF) approach (OMG, 2013)
is proposed. As a first knowledge analysis step to enable this, the thesis proposes an approach

based on Agent-Oriented Analysis (AOA) to appropriately codify DM knowledge.

Particularly in the DM domain, the use of AOA for knowledge codification is with the fact
that the paradigm is capable to cover a set of various and intertwined tasks (e.g. interaction,
communication) and actors (e.g. communities, emergency services, polices) with conditions as
constraints as to comply with given the possible inflicted consequences. This is not to mention
the uncertainty factor as the nature inherently in the DM. In DM activities, what is meant by this
latter characteristic is that anytime something might happen, in particular, in an event by which
nothing that can control over it (Blackman et al., 2017). As such, what can be done in dealing in
this situation is that a set of course of action should be available at the first place to mitigate the
bigger impacts triggered by the time element (Dorasamy et al., 2017; Horita et al., 2017).
Compared to other paradigms, for example object-oriented or procedural, this is essentially the
distinguished factor of agent-based paradigm in which employed models in the analysis stages

are capable of (Ashamalla et al., 2017).

In the DM, the knowledge structured in the document plans/Disaster Management Plans
(DISPLANS) does not articulate a single goal. Entities involved in a DM activity need to not only
react or adapt to the environment, but also to exhibit their local goal formulation (Doyle et al.,
2014). The ability of each entity to recognise the relevant DM knowledge (Dominey-Howes et

al., 2014) is urgently required. Critical environment characteristics cannot be controlled and



predicted, but awareness of them is essential to facilitate cooperation (Hiwasaki et al., 2014b;
Rumbach & Foley, 2014). Entities/organisations/individuals involved have their own goals,
resources and structures in which, at the same time, the need to communicate and negotiate to
pursue common goals is paramount. Identifying the goals of the DM activities of other entities is
crucial (Hawe et al., 2012). This will require those others to be involved. To enable all this, there

is an imperative for timely sharing and re-using of knowledge.

For the depositing process, this thesis advocates the use of a knowledge repository based on
a common MOF modelling framework, the Object Management Group (OMG) (OMG, 2013),
and a Disaster Management Metamodel (DMM) (Othman et al., 2014). The DMM was originally
developed following the use of a MOF rigorous methodology to represent the DM domain
according to the three modelling layers advocated in the work of (Atkinson & Kuhne, 2003;
Daniel & Matera, 2014): MO (real world objects), MI (model) and M2 (modelling
language/metamodel). Specifically, the thesis addresses the challenge of how to convert existing
DM knowledge into layers of abstraction. This enables abandoning a timeline sequence in favour
of free flow access to any point. The proposed approach converts end user models to concepts
and notation from the DMM, and relies on AOA to achieve this. This approach addresses the
interoperability of the converting processes by following the MOF framework. Agent-Oriented
(AO) models lend themselves to representing organisational know-how and DM processes. They
emphasise the constructs of roles, agents and organisations to represent systems’ behaviours. With
appropriate supporting tools, this knowledge can be deposited and shared using a DMM-based

repository.

1.3 Research Objective

As implied in the previous section, the Agent-Based Model (ABM)' from Agent-Oriented
Software Engineering (AOSE) is recognized as having capabilities in representing complex
domains (Jennings & Wooldridge, 2001; Wooldridge & Ciancarini, 2001), in particular the
organisational know-how of the DM. However, identifying best analyses and structuring
processes associated with AOA is a challenging task in DM. This is due to the fact the there are
many ABMs proposed by various methodologies in this domain (Argente et al., 2011). In
addition, the adopted ABMs have to be capable of representing the knowledge in detail as a basis
on how a decision will be made in any particular event. The MOF framework will be adopted in

this research to disentangle the fuzziness and interwoven DM concepts. It will play a foundational

! Agent-Based Model (ABM) and Agent-Oriented Model (AOM) refer to the same thing and might be
used interchangeably in this thesis.



role in the knowledge transfer mechanism. The overall analysis process needs to ensure that MOF

can be tailored together with the knowledge structures in ABM formats.

To facilitate this knowledge transfer process, at one end, the knowledge is analysed and
modelled based on each of the representative ABMs. At the other end, the DMM-based repository
also needs to be prepared. Through these processes, the ABMs representing the knowledge of the
domain are deposited into the representative repository. Whilst DMM and the ABM employed in
this research are both usable DM, they are developed in different paradigms with respect to
Model-Driven Development (MDD) (Atkinson & Kuhne, 2003). Once the repository is prepared,
the transferring processes of ABMs to it can be undertaken. Eventually, this will facilitate and
accelerate the decision-making process in the DM activities. Towards this goal, the objectives of

this research are formulated, as follows:

1. Identifying and inventorying the ABMs in Agent-Oriented Software Engineering (AOSE)
which can be employed to capture and reflect all the concepts and details of the DM

knowledge.

2. Conducting AOA of semi-structured DISPLAN knowledge documents and structuring them
into identified ABMs which reflect DM knowledge in detail. The result of the process is
ABMs of DISPLAN knowledge which can be transformed to the later development phases.

3. Introducing the MOF framework to disentangle the fuzziness and interwoven knowledge in
the DM domain. This approach will be tightly coupled with the ABMs by structuring the

models into their logic layers before transferring them into the repository.

4. Coupling DMM with MOF as the format of the representative repository where analysed and
modelled AB knowledge models will be deposited. This identified repository format should
be made compatible with the knowledge formats structured in the AB models. In addition,
the repository should also recognize the knowledge from any type of DM. This is along with
the validated DMM (Othman et al., 2014) adopted in this research that is representative for
any DM type.

5. Demonstrating the transferring process of AB knowledge models to its DMM-based
repository facilitating the sharing and reusing in the decision-making processes.

6. Developing a tool as a proof-of-concept. The tool will be the user-friendly interface,
particularly for the non-technical users to enable them understanding the technical details. It

will process all objectives described in this proposed research.

7. Demonstrating that the holistic decision making process using retrieval mechanisms from the

representative repository.



In conducting the research, there are some notes that need to be highlighted in terms of
clarifying its objectives. These will not be pursued, as they are outside the scope of the research

as follows:

1. This thesis will not discuss the DMM development process. As discussed in the previous
section, the DMM adopted in the thesis is well developed and structured from a previous
work (Othman et al., 2014). The DMM is used as a representative repository in this thesis.

The detail justification will be discussed in the next chapter.

2. This thesis will not discuss Multi-Agent Systems (MAS). Although ABMs adopted in this
thesis are originally developed for the purpose of being used in the development of MAS, this
thesis is not intended to develop MAS software. In contrast, the objective of the thesis is to
specify a requirement analysis based on ABMs, as it will be applied in the DM as a complex
domain. In conducting the research, the ABM paradigm is adopted to extract the

characteristics and details of complex knowledge of that particular domain.

3. The process of transferring the AB knowledge models into the repository will be semi-
automatic. This thesis proposes a new approach to how DISPLAN knowledge in a semi-
structured format is deposited in a representative repository facilitating the sharing and
reusing processes. A primary goal of this thesis is to exhibit how the framework is developed

and works as intended. Therefore, a human intervention mediates the transfer process.

14 Research Contribution

This thesis produces a framework to facilitate the knowledge analysis in the DM domain. Several
novel concepts are part of artefacts composing the framework development, including a prototype

system. The contribution of the thesis is elaborated as follows:

1. The ABMs are considered and adopted in analysing and modelling the various complex
domains. The ABMs also have been recognized in the DM domain but to create simulations.
However, none of the scholars in the literature employs the ABMs in requirement
specification of the DM domain to extract the knowledge out of this complex domain. This
thesis contributes in justifying that ABMs are the most suitable method to be used in analysing
and modelling the DM domain to be able to extract the knowledge. This is followed by

structuring the knowledge in a way so that it can be used in later development phases.

2. As part of the objectives of the thesis, this study addresses the issues related to the fuzzy and
interwoven nature of DM knowledge. This thesis contributes in adopting the MOF framework

to improve the DM knowledge structure into layers representing the conceptual, policy and



real world activity levels. This will enable the DM stakeholders to easily identify the relevant

knowledge at reuse time facilitating a better decision support system.

3. In the DM resilience endeavours, this thesis contributes in justifying the use of DMM as a
representative repository for sharing and reusing the knowledge. The DMM-based repository
is structured representing the complete DM constructs, phases and layers. This repository is
used as an accessible DM knowledge repository, where related knowledge can be stored,

adopted, and adjusted for any particular purpose.

In summary, this thesis contributes in the DM resilience endeavours by proposing a new
approach to how to convert the knowledge structured in a semi-structured format to the DMM-
based repository. The novel feature of the proposed approach is that this framework can be applied
to any type of disaster. In addition, the written semi-structured knowledge is the input to the
framework; as such it can be processed by any DM practitioner even one who does not have a

computer-skilled background.

1.5 Thesis structure

This thesis is organized into eight chapters, outlined here as follows:

= Chapter 1 Introduction. This chapter overviews challenges, motivations and objectives that

lay down the research contribution of the research.

= Chapter 2 Literature Review. This chapter reviews the relevant and existing concepts which
underpin this research. In this thesis, agent-oriented paradigm is reviewed for its capability to
represent the complex knowledge characteristics out of that particular domain and metamodel
structures as the most representative repository where the analysed knowledge can be stored.
This is subsequently concluded with a summary of limitations of the existing approaches as

a gap in which this research is aimed to contribute to.

= Chapter 3 — Research Design. This chapter overviews how the research is framed in a
rigorous methodology adopted in this thesis, the Design Science Research (DSR). It also
prescribes the research stages and how they will be conducted as well as the evaluation

procedures.

= Chapter 4 — Knowledge Analysis Framework Development. This chapter describes the
development stages of knowledge analysis framework. In Information System (IS) design
research, this is essentially the artefact built based on the DSR methodology. This chapter
presents the prescription as to how to construct the artefact for addressing the gap identified
in the literature review. The development stages of the artefact are shown in details. As this

still requires extensive refinement and validation, it is construed as the initial version.
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= Chapter 5 — The 1" Framework Evaluation. This chapter essentially evaluates whether the
developed framework works as intended. This is conducted by validating it through a case
study. A tool which is developed in this research for the validation processes to evaluate the
developed artefact. The evaluation in this chapter is conducted covering four dimensions:
functionality, user, tool and domain. In particular, this validation type is aimed to evaluate
each step of the developed framework and uncover any omissions or errors inadvertently
introduced, before externally evaluating the framework. The process is carried out iteratively
and any refinement resulting from this stage will provide feedback to improve the framework

in subsequent evaluations.

= Chapter 6 — The 2" Framework Evaluation. The evaluation in this stage is based on the
feedback resulted from the first evaluation. The aim is to omit the discrepancies between the
developed framework and the research objective. The feedback resulted in the second
evaluation will be the basis to re-improve the framework which subsequently needs to be re-

evaluated. Another case study will be set for this evaluation.

= Chapter 7 — The 3" Framework Evaluation. All the feedbacks from the previous
evaluation are incorporated to improve the framework. The framework undergoes another
validation with another case study to measure its effectiveness. All the dimensions as in the
previous evaluations are also validated through this particular case study in which the aim is

to examine whether the framework works as it is meant to work.

= Chapter 8 — Conclusion. This thesis is summarized by outlining the findings, drawing the
conclusion and pointing out the limitations of the study. The future work for thesis extension

possibilities will also be laid out in this chapter.

1.6 Chapter Summary

This chapter begins by overviewing the domain on which the thesis will be focused. The
challenges and motivation factors are justified in the research. The research objective and its
knowledge contribution which has resulted in this thesis are highlighted. A more detailed
literature reviews and the justification of the adopted methods will be presented in the next
chapter, particularly the method to extract the knowledge from the DM domain and the

representative repository for depositing the knowledge.
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2 Literature Review

In this chapter, the existing and related works underpinning this research are presented. Generally,
they are the related concepts enabling the knowledge transfer mechanism, particularly in the DM
domain. In the transfer process, the components that must be in place to allow this to happen are
input, output and knowledge analyses per se. Through this process, the ultimate goal is to
effectively and efficiently enable the knowledge to be reused by others in responding to the typical
DM disasters. In order to achieve this, the complex DM knowledge is taken as the input in a semi-
structured format to be analysed. This is aimed to decompose the complexities of the knowledge
prior to taking it into the transformation process. The Agent-Based (AB) modelling from Agent-
Oriented Software Engineering (AOSE) methodology is employed to examine this task. The
output resulting from this activity is then deposited into a representative repository to allow the

sharing activities and to enable it to be reused for a comprehensive decision making mechanism.

In this chapter, these components are elaborated on in the following sections: Section 2.1
presents the natural characteristics of the disaster domain. All the complex characteristics of the
DM domain are elaborated on prior to justification of an appropriate methodology for analysing
and extracting them. Section 2.2 reviews the challenges in representing those characteristics to
allow them to be taken into a further development process. Section 2.3 examines a representative
methodology to be adopted, that is the modelling activity based on the AOSE paradigm. Section
2.4 examines the issues regarding the knowledge structure to disentangle the complexities,
allowing it to be transferred into a representative repository. Section 2.5 discusses and reviews

the knowledge transfer mechanism per se and finally, Section 2.6 summarises this chapter.

2.1 Disaster Management: A complex system perspective

Dealing with disasters is a profoundly challenging task. It has to be sensitive to time, dynamicity
of the environments and situations that change rapidly. It involves independent entities which
need to be synchronised to react and to be proactive when there are changes of circumstance
(Rolland et al., 2010; Zobel & Khansa, 2014). The DM becomes even more challenging when the
activities occasionally have incomplete information (Carver & Turoff, 2007). Given the
consequences of disaster, natural and/or man-made (i.e. loss of properties and human life),

supporting DM with better information and knowledge access is urgently required (Sautter et al.,
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2014; UNDESA, 2014). It is worth noting that the terms disaster, crisis and emergency are often
used interchangeably. They all refer to a large-scale catastrophic disruption beyond human’s

capacity (Boin & Hart, 2010; UNISDR, 2009).

As the disaster is uncertain and unpredictable (Scerri et al., 2012a; Wex et al., 2012), not
only are there rapid changes of the environment, but also disasters might strike at very short notice
(Berryman & Campbell, 2010). In other words, the variables which lead to a particular disaster
cannot be foreseen. Unpredictable factors are actually inherent to DM (Cavallo, 2014). The
uncertainties and unpredictability are key features of a complex system as echoed in Flach (2012)
that “a system is complex if its future is uncertain” (p. 188). Polack et al. (2008) define that “space,
time and environmental context” (p. 482) are among the features of complex systems. In addition,
a complex system itself has been emerging and is being described in multidisciplinary researches

(Berryman & Campbell, 2010; Katina et al., 2014a; Keating, 2009).

Recently, various scholars have been describing the DM as a complex system (Katina et al.,
2014b; Wang & Hsiao, 2014). Cavallo and Ireland (2014) for instance, point out that this is
characterised by many and various entities involved in the activities. Janssen et al. (2010) assert
that since multiple organisations are involved in a DM activity, they have to be time-sensitive as
the consequence of their actions can lead to fatalities, loss of properties, and catastrophes. In
addition, the multi-organisation involvement naturally will impede achieving the main objective
as these entities come with their own goals and interests. These goals and interests are
interdependence (Flach, 2012) and if these occur over time with the high degree of complexity,
the consequence is that the states “are more uncertain or are more variable” (p. 189). A
systematic understanding of those complex knowledge characteristics is critical for a DM to be

more effectively and efficiently managed (Cheema et al., 2016).

To be able to achieve this, these complex characteristics are required to be structured and
presented comprehensively and holistically. The DM knowledge needs to be extracted and
structured. This is strongly motivated by the fact that the DM knowledge needs to be shared and
reused by others to respond to the typical disasters in Disaster Risk Reduction (DRR) endeavours
(UNISDR, 2014a). The DRR itself is a systematically global effort by DM stakeholders:
government, organisation and civil societies, to manage the causal factor of disasters through a
plan prepared the authoritative (UNISDR, 2009). A case in point of the plan is the Hyogo
(UNISDR, 2005) and Sendai Framework (UNIDSR, 2015) being coordinated by United Nation
International Strategy for Disaster Reduction (UNIDSR) as a guidance to be adopted by world

communities to combat the disasters. In the next subsections, these inherent complex
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characteristics in the DM domain are presented and examined. This provides an insight into how

the DM knowledge contributes to develop the DM resiliency endeavours.

2.1.1 Situatedness in an environment

The situatedness in this context refers to the capability of agents in a DM activity to respond with
appropriate actions as they are able to discern the environmental changes (Jennings &
Wooldridge, 2001; Wooldridge et al., 2000). As DM involves many agencies/organisations,
communities, volunteers and individuals (Jackson, 2014), all these entities affect and perceive the
dynamic environments (Winikoff & Padgham, 2013). The fluctuating environments are the
distinguishing factors between complex and linear systems (Wooldridge & Ciancarini, 2001).
Each of these entities has its own goals, roles, scenarios, resources and many more characteristics.
These all need to be synchronised to achieve a common goal, a DM resiliency. Therefore, to allow
this to happen, those knowledge characteristics should be analysed and structured to be
effectively and efficiently managed (Leskens et al., 2014). This is drawn in Figure 2.1. While
there are no identical disasters (Coppola, 2011), this leads to the consequence that there is no
generic formulation to be adopted in every single DM instance. All the knowledge for the

decision-making activities has to take each of these unique environments into account.
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Figure 2.1 Entities in a Disaster Management (adapted from (Cavallo & Ireland, 2014)).

As discussed previously, in every single disaster, the situations are very dynamic (Bharosa
et al., 2012), for instance, in a flood disaster, the water level of levees, a river, or inundation keeps
altering. On the other hand, the decision-making processes should be based on these ongoing
situations with respect to the information from available and trusted knowledge resources
(Khawaja et al., 2014). This is considered as a critical factor in terms of developing the best
practice scenarios, as each of them presents various consequences in the decision-making process.
Even in every minor variation, the DM knowledge will automatically have to be re-managed and
re-dealt with. They have to recognize the roles that each of them should play and the
responsibilities that each of those roles should comply with. Moreover, they should be aware of

which organisation/agencies should be contacted to communicate, negotiate and synchronise the
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response to the DM activities accordingly in advance. For an effective and efficient DM, all these
typical knowledge elements should be identified and laid out in the first place. All these typical
concepts need to be shaped diligently in a comprehensive scenario to respond to the situations
appropriately. In fact, the awareness of these typical circumstances should also apply to other
knowledge elements, for instance, relevant resources required to respond to a particular event

(Garcia-Magarifio & Gutiérrez, 2013; Scerri et al., 2012a).

2.1.2 Time Sensitivity

Another significant aspect of a disaster is being time-sensitive, which can lead to losses when the
response is too slow or does not occur in time (Coppola, 2011). Doyle af al. (2014, p. 7) show
that in DM activities, time-related factors: “timing, intensity, duration etc.” are extremely urgent.
These are highlighted as challenging issues that should be addressed in DM research. In fact, the
inability to understand appropriately time management in a DM leads to fatalities (Drupsteen &
Hasle, 2014). This factor contributes to a form of complexity as it involves interlinking of
different knowledge sources in the domain of time, space and people (Vitoriano et al., 2013), and
in both pre- and post-disasters (Sharma et al., 2015). Figure 2.2 shows that a sensitivity to time

in DM resilience endeavours is urgently required.

- ZMEZVOoOrmamo

Figure 2.2 Time-sensitivity impacted to disaster development (adapted from (Coppola, 2011)).

In this research, the time sensitivity is seen as capability of an agent reacting and pro-acting
in time with appropriate actions to develop the resiliency, that is bouncing back after the stress of
adapting to a particular disaster event. A more effective response to the situation in a disaster
occurrence means only a little time is needed to bounce back by conducting response activities as
soon as possible, using available and comprehensive DM knowledge. A case in point is in the
2011 Fukushima Disaster event: Daiichi and Daini nuclear power plants disaster in Japan (Gulati
et al., 2014). In that disaster, the decisions made in a timely manner with adequate knowledge

was proven to save a more disastrous impact of the nuclear melt down.

That technological disaster showed that timely response combined with comprehensive DM
knowledge are the elements that must be developed and be in place in order to respond to the

disaster. Since a disaster’s characteristics are uncertain and unpredictable, any failure to
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understand time management issues will be hazardous and which might lead to a catastrophe.
That particular case showed that it was a disaster (tsunami) which occurred driven by a natural
one, an earthquake. These typical occurrences are event-driven (Rich ef al., 2013) as almost 9.0
magnitude of the earthquake, followed by 6m high tsunami waves drove the nuclear meltdown of
those two reactors. This can also be observed in other disasters in the world; for instance, the
Indian Ocean tsunami was driven by a 9.2 magnitude earthquake in 2004 (Cavallo, 2014). In such
typical disasters, the event-driven patterns are likely to occur where no one is able to control the
occurrences, as shown in Figure 2.3. This figure illustrates that “time is everything” (Janssen et
al., 2010, p. 2). In other words, in an imminent event, unable to be time-sensitive can lead to a
worse situation. Therefore, in the context of the DRR, recognizing this typical characteristic is

extremely important yet challenging.

Disaster 1 Disaster 2 Disaster 3

Drives Drives
— —

In a time peried

Figure 2.3 Disaster, as an event-driven catastrophe, has to be managed over time (Adapted from (Cavallo
& Ireland, 2012)).

2.1.3 Non-deterministic

In a DM activity, all the activities have to deal with the rapid change of the environment given
the consequences that might occur (Wex et al., 2014). The capability to identify factors
contributing to the complexities of the DM is critical, on the one hand. On the other hand, as the
nature of the disaster is a non-deterministic event, there are various characteristics that might also

potentially be present in the disaster occurrences (Scerri et al., 2012b).

In this context, there is a growing body of literature identifying important characteristics
involved in the DM (Dominey-Howes et al., 2014; Hiwasaki ef al., 2014a; Rumbach & Foley,
2014). These works attempt to utilize information technology enhancement to identify the
characteristics (Heard et al., 2014; Shah et al., 2013; Yang et al., 2013). In particular, they adopt
modelling and simulation techniques to reveal and recognise those particular knowledge
characteristics of the domain. For instance, Scerri, et al. (2012a) employ AO modelling to
simulate scenarios in a disaster, particularly on how individuals behave towards each other during
event. Their research reveals that the simulation approach can be very beneficial in simulating the
inter-relationships in a DM activity. By adopting this sophisticated modelling tool based on the
AO paradigm, knowledge flow can be managed and delivered efficiently and effectively among

the stakeholders.
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The prominence of AO paradigm in simulating complex scenarios can also be observed in
other scholarly works. For instance, they can be seen in profiling military training tasks
(Shvartsman & Taveter, 2014), developing simulation framework for understanding crisis
response comprehensively in a natural disaster (Balasubramanian et al., 2006), simulating crowd
movement featuring Geographical Information System (GIS) to determine the best patch of
ground to move to during flood disaster. These examples show that the AO paradigm is
perceivable as a state-of-the-art tool that can be used to define that particular complex and
uncertain process. Those researches successfully show that simulations utilizing AO modelling is
capable of recognising the complex characteristics of the domain being simulated. Nevertheless,
these approaches only simulate a particular scenario that might be occurring. In other words, this
approach is limited only to what can be foreseeable (Alférez & Pelechano, 2012). In fact, the
nature of the disaster is undeterminable. The variables of the input in the modelling and simulation
processes are uncertain. This means the scenarios might or might not be the actual ones
representing the real world disaster (Shvartsman et al., 2010). Therefore, equipping the analysis
process with an appropriate tool which is able to recognise and cope with this particular

characteristic is extremely urgent.

2.14 Presence of Autonomous Entities

As indicated previously, managing a disaster involves many stakeholders. They tend to have
different roles and responsibilities. This is illustrated in Figure 2.4. Each stakeholders is often an
autonomous entities with its own goals and own resources. This implies that each of them is likely
to perceive the situations in different ways. Notwithstanding this, DM is also a collaborative
endeavour. Those autonomous entities have to be effectively and efficiently arranged to be able

to achieve a common goal (Allen et al., 2014).

International bodies
(eq. UN)

National bodies
(eq. centralfederal government)

Local
(eq. District police)

Figure 2.4 Hierarchy level of autonomous entity in DM (adapted from (Cavallo, 2014)).

The collaboration, coordination as well as the negotiation of the involved agencies need to be
integrated and synchronised to accomplish a main objective (Aldunce et al., 2016). Janssen et al.
(2010) argue that all entities involved must cooperate as DM is a complex socio-technical process.
They conclude that DM performance can only be optimised by acknowledging the social,

technological aspects as well as various subsystems interconnecting them. They then argue that



17

the DM “is centred around humans, including first responders and decision-makers” (Janssen et
al., 2010, p. 4). Efficiency can be achieved by developing a collaboration among all entities to

work together effectively to achieve the common objective(s) (Robinson & Gaddis, 2012).

All entities involved in DM need to share information of emerging situations, resource
allocations, activities being pursued and to respond to conditions to manage the operation well
(Bharosa et al., 2010). This typical and interdependent collaboration is urgent in all DM activities
(Pedraza-Martinez, 2013) to comply with time pressures, uncertainty and unpredictability
(Bronkhorst, 2015). In a routine situation, scheduled activities and a strict hierarchy might work
well. However, in a dynamic and high-pressure circumstance, those procedural activities often
fail (Janssen et al., 2010). As such, to minimise this, every single entity involved in the activities
is required to work together, while at the same time each of them has to be aware of its
responsibility, resources, task and constraint, as well as share all the relevant knowledge among
themselves for a better interaction (Eide et al., 2012). Well recognizing these characteristics

underpins success of DM activities (Robinson & Gaddis, 2012).

2.1.5 Reactive and Proactive

In a DM, agents need to be both reactive and proactive. Reactivity refers to the characteristic in
which an involved entity senses the environment and reacts towards it, and proactivity is when
one of the entities involved exhibits its anticipatory goals and plans (Tveiten ef al., 2012). Both
characteristics require entities to be able to respond to any changing environment and, at the same
time, show they have their own objectives to strive for. A requirement that should be taken into
account by those entities is a situational awareness (Ernstsen & Villanger, 2014). This refers to
how an individual perceives events and parameters of the environment. By being aware in a case
of imminent disaster, an entity cannot only rely on reactiveness, but it should also have to take an
initiative to pro-act properly to interpret a particular situation. In this case, this implies the
responsibilities of each entity should be articulated as a guide to follow. Particularly in the event
where disaster strikes in a very short period of time, the situation could quickly become chaotic,
but entities are equipped with comprehensive guidance would be able to react and pro-act

accordingly. This is illustrated in Figure 2.5.

Examples to show that reactiveness and proactiveness are critical are the 9.2 magnitude
mega ecarthquake followed by the Indian Ocean tsunami in 2004 that hit Aceh Province in
Indonesia and in Japan and the subsequent Fukushima nuclear meltdown disaster 2011 (Funabashi
& Kitazawa, 2012). These two cases clearly show those characteristics are critical in preventing
casualties. In the Indian Ocean tsunami, the earthquake drove a more than 10m high tsunami that

hit the island in less than 10 minutes. The civilians who lived on Simeulue island reacted
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reasonably to the earthquake and took initiative immediately to flee to the highest place to survive.
Their actions are based on the existing knowledge from previous generations as a guidance. As a
result, the death ratio of those who lived on the island that is only 40 KM from the epicentre
toward their total population are very low compared to the Aceh mainland that is more than five

times farther away (McAdoo ef al., 2006).

Impact Sesponse

Frevention | Preparedness
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Figure 2.5 Disaster impact across time (Adapted from (Janssen et al., 2010)).

Likewise, in the 2011 Japan earthquake disaster (Hiwasaki ef al., 2014b), once the tsunami
early warning was issued, all junior high schools students assembled into small groups to react
by perceiving the alarm and pro-act towards it to find as high a place as possible to survive. These
actions naturally are exhibited by them as they have prior knowledge and the actions are
frequently rehearsed in their schools as a wise way to respond to this typical disaster. As a matter
of fact, in that particular event, their reactiveness and proactiveness were effective as they all
survived, while others did not. With respect to entities’ behaviour in responding to a particular
situation, they did not necessarily have to wait to respond or react to the situation (John et al.,
2008) but most importantly is that they are proactive and taking initiative (Ley et al., 2012) in
such disastrous situations. By contrast, for those who did not have knowledge in place, there was
no guidance for them to be reactive and proactive following the warnings. These are probably
considered as the most notable lessons. Therefore, lifesaving knowledge need to be recognized

and structured to developed DM resilience endeavours.

2.1.6 Need for Cooperation

In DM activities, even though the involved entities often represent individuals, they are
fundamentally social entities. As such for the DM effectivity, they need to cooperate with each
other to share common understandings. In other words all those involved individuals have to be
seen as interdependent entities (Steelman & McCaffrey, 2013). In many particular circumstances,
they need to be represented in one ad-hock body to be able to interact and negotiate more
effectively and efficiently with others. For instance, in a flood disaster event, based on the request
of a controller agency, each of the identified entities responsible for DM activities needs to

provide a liaison officer to a designated operation centre (SES NSW Australia, 2010). Each of
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them should have capabilities to be able to speak on behalf of its agency. This is with the aim to
have an efficient and effective decision making mechanism (Noran & Bernus, 2011). As such,
each of these entities should have a set of protocols to allow them to detach from and re-attach to

its organisation, respectively (Hagen ef al., 2013).

The cooperation between the entities allows them to not only share and exchange the best
practice knowledge, but also to communicate and negotiate for the resource and risk sharing
(European Commission, 2011). The entities can become more effective and efficient responders
(Cooper, 2013), as they communicate and cooperate (Tatham et al., 2017). This posits that they
are able to interact to manage “transfer, receipt and integration of knowledge across participants”
(Weber & Khademian, 2008, p. 334). Therefore, cooperation and coordination among them are
mandatory to work in an effective way (Chen et al., 2008; Netten & Someren, 2011). As such,
recognizing this characteristic is not only challenging but also requiring of a more comprehensive

and insightful analysis (Ley ef al., 2014; McMaster & Baber, 2012; Salmon et al., 2011).

2.2 Representing DM Knowledge

Having discussed the complex characteristics in the DM domain in Section 2.1, the next challenge
is to provide appropriate formats to be understood effectively and efficiently. In this section, the
challenges and significances of representing those complex characteristics raised in previous

section are discussed.

2.2.1 The significance of DM context

To respond to the representation challenges, the knowledge from the best practices is taken into
consideration as a representative example. A case in point is the Indigenous Knowledge (IK)
embraced in effective and efficient DM resilience endeavours (Kniveton et al., 2015). The typical
knowledge is employed by various communities around the world to save as many lives and
properties as possible in diverse disaster events. This knowledge is a critical factor to respond

accordingly (Nguyen et al., 2014).

The IK itself refers to the “methods and practices developed by a group of people from an
advanced understanding of the local environment, which has formed over numerous generations
of habitation” (UNIDSR, 2008). The IK is the typical knowledge that might be elicited during
preliterate eras for a particular purpose (Rumbach & Foley, 2014) and harnessed by communities
around the world has been proven effective and efficient in saving lives. The adoption of IK per
se has been recognized and institutionalized internationally (Hiwasaki et al., 2014b). While the

knowledge is critical in DM activities, formulating and organising it into a sharable and reusable
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format is extremely challenging (Ton et al., 2016). This relates to the fact that this knowledge
type mostly is structured in free and various formats. For instance, this knowledge type has existed
in poetry, songs, and tacit (Alexander et al., 2011; Becker et al., 2008; Green & Raygorodetsky,
2010). Therefore, this might be biased, fuzzy and incomplete as it is passed from one generation
to another over a long time (Syafwina, 2014). These typical structures impede it being formally

adopted (Mejri & Pesaro, 2015).

It is worth noting that knowledge is different from data and information as stated as
“knowledge is information possessed in the mind of individuals: it is personalized information
(which may or may not be new, unique, useful or accurate) related to facts, procedures, concepts,
interpretations, ideas, observations and judgement” (Alavi & Leidner, 2001, p. 109). In other
words, the knowledge can only be useful to humans if it has resulted from data and information

processing.

The fact that the DM knowledge is scattered hinders it being identified (Walshe & Nunn,
2012). In addition to this, in the DM domain, knowledge representation tasks become far more
challenging as the knowledge itself deals with various constraints: environmental situation, time-
sensitivity, autonomy, non-deterministic and social interactions in which they are all very
dynamic. In this context, disentangling the knowledge out of those complexities prior to
representing it in a readable way for both humans and machines is critical. In the context of this
study, the aim is to disentangle all the complexities and intertwining of the knowledge leading to

a better understanding of the decision-making process in DM resilience endeavours.

While the knowledge representation has long been recognised as a crucial one particularly
in an organisation (Drupsteen & Hasle, 2014; Nonaka, 1994), this study aims to contribute to this
growing research. This is conducted by exploring not only the analysing approach but also the
knowledge representation in a comprehensive way for which it can be holistically understood by
others, particularly in DM domain context. Typically, the knowledge to be shared is a set of
capabilities, know-hows, ideas, information, feedbacks and processes (Oliveira et al., 2014).
Occasionally, they are stored in and derived from, for example, documents, processes, routines,
activities and norms. (Adrian et al., 2012; Xing-Ling & Xue-Lian, 2012). Thus, once those are
shared to be reused by others, the value of those others will also be improved in these ways as
they can learn from the existing and best practice ones (Ghobadi, 2014). As such, the way they
are formulated and represented will determine how the problem is understood (Aurum et al.,
2008; Guzman et al., 2013). In particular, they can synchronize and adapt the knowledge to their
circumstances without analysing it from scratch. In addition, they can also improve and adapt the

knowledge based on their needs and constraints (Chandrasegaran ef al., 2013).
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2.2.2 Reflections towards a systematic DM knowledge analysis procedure

The significance of the knowledge in the DM activities is clear. Therefore, DM knowledge needs
a systematic engineering method so that it can be transferred into later development phases (for
reuse eventually). As earlier stated, the DM knowledge elements are intertwined, fuzzy and
mostly incomplete and this hinders its management and often its timely access. Not surprisingly,
DM knowledge engineering has been a continuing concern (Beydoun et al., 2013b; Beydoun &
Hoffmann, 2000,2001; Beydoun et al., 2011; Sriram, 1997; Studer et al., 1998). The challenge is
that while the knowledge is abstract in nature (Ghaffar et al., 2012), the effectiveness of its
representation depends on the effectiveness of the abstract concepts used to describe a domain
(Beydoun et al., 2011). Many scholars embrace the incremental heuristics techniques of
knowledge acquisition to encode the knowledge based on “IF-THEN” rules (Beydoun &
Hoffmann, 2001). They implement this approach in various fields, for instance, in an expert
system using machine learning (Li et al., 2013), incremental acquisition (Beydoun et al., 2010),
neural network architecture techniques (Hinton et al., 2014). However, these approaches cannot

be built encompassing all facts and in a single stage.

There is a common understanding that knowledge is the result of a deductive process of the
available information (Beydoun & Hoffmann, 2001; Ghaffar et al., 2011). Crawford et al. (2009)
articulate this further that “...knowledge, on the other hand, can be distinguished as the human
capability to interpret information and use it creatively, both individually and cooperatively, to
add value to human activities and products” (p. 3). This implies that in a knowledge
representation, context awareness matters. It depends on the human capability for interpreting. In
other words, this effort to extract the knowledge characteristics out of a domain depends on
heterogeneous situations and conditions of that particular domain. This task becomes more
challenging as it has to take into account any subjective variable affiliated with the domain. The
necessity of an appropriate methodology that is able to deal with these circumstances is critical.
In other words, the DM knowledge can rely on rules and procedures (Smits et al., 2009; Xu et al.,
2013) so that, it can be meaningful to users (Davis et al., 1993), as echoed in “...information can

be used only when there is a procedure for extracting it” (Markman, 2013, p. 10).

In general, knowledge analysis and modelling are activities aiming to capture and represent
knowledge typically from a domain-specific problem (Beydoun & Hoffmann, 2013). They
produce deliverables for design and development of an IS for that particular domain (Yu, 1993).
In a DM domain, these activities become more complicated as this particular domain problem is
complex in relation to various constraints as already discussed. In software engineering, these

activities are typically undertaken in the context of Requirement Analysis (RA) (Lopez-Lorca et
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al., 2015). While this task is vital, many of them fail because there is no proper and clear
understanding in the early stages of the development processes (Pressman, 2001; Yu et al., 2011;
Yu, 1997). This thesis aims to analyse and extract the knowledge from DISPLAN documents to
facilitate knowledge sharing and reusing activities. These activities are undertaken by utilizing a
representative methodology that can cope with the complex characteristics of DM. The DISPLAN
knowledge document is in a semi-structured format which contains more data and information
than in an unstructured one (Cooper et al., 2001; Huang & Kuo, 2003). While the knowledge in
that particular format is considered richer, it tends to be outlined in a business specification format

(Selway et al., 2015) that hinders ease of access. This research limits the input to semi-structured.

2.2.3 Agent-Oriented Analysis

The AOA is the analysis stage in a development life cycle based on Agent-Oriented Software
Engineering (AOSE) methodology (Lopez-Lorca et al., 2016). Initially, the AOSE defines a
methodology in software development for Multi-Agent Systems. The AOA per se is a requirement
phase that aims to capture the knowledge characteristics of a to-be-developed system. In the AOA,
agent, a piece of designed autonomous software component that capable for a particular task, is
the centre of the process (Ashamalla et al., 2017). Nonetheless, in this research, the AOA is not
aimed at component of or software development rather adopting the AOA to uncover the

requirements in such complex domains.

A considerable amount of literature has shown the effectivity of AOA for codifying the
knowledge from particular complex domains (Ashamalla et al., 2017; Liang et al., 2013; Lopez-
Lorca et al., 2016; Miller et al., 2014; Shvartsman & Taveter, 2014), to name a few. In the most
recent ones (Ashamalla ez al., 2017; Lopez-Lorca et al., 2016; Miller et al., 2014), they maximize
the AOA potent in requirement stage by using it to acquire knowledge from the specified domains
that have various activities and constraints. Other works can also be seen in utilising the AOA in
the early requirement phase, for instances, to develop a health decision support framework (Liang
et al., 2013) and/or military training scenario model (Shvartsman & Taveter, 2014). All works
laid out in this paragraph acknowledge that as the domains constitute of tangled characteristics
then the AOA is recognised as a representative methodology for capturing them. This is because
the features of the AOA per se in the complex knowledge representation which otherwise unable
to appropriately capture will be costlier to fix in the later development phases (Lopez-Lorca et

al., 2016).

Taking into account a domain’s complexities, Miller et al. (2011) show that analysing and
extracting the knowledge utilizing the agent modelling approach contributes to the improvement

of RA processes. The approach assists in correcting the inconsistency and incorrect knowledge
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extraction processes. Initially in software engineering, the RA is a set of activities that aims to
analyse and portray the detail specification of functionality and non-functional properties of a
system-to-be-developed from stakeholders (Yu et al., 2011). Utilising the modelling processes,
the employed models, for instance, the goal, role, organisation, and interaction models from the
AOSE paradigm drive the requirement gathering process to become more effective, as
stakeholders themselves are highly involved as the modellers. The use of modelling utilizing these
particular AOSE models to support RA can also be observed in the work of other scholars; a case
in point is in Lopez-Lorca et al. (2016). In this research, the modelling utilizing these AOSE
models assists in correcting the incompleteness of a domain specification process by validating
and verifying it through those models by a modeller intervention. This research uses these AOSE
models and this will further demonstrate the capability for agent oriented modelling in knowledge
representation. Particularly, the modelling activities and the adoption of those AOSE models will
successfully clarify the fuzziness and incompleteness of DM representation. Through these
particular models, socio-technical problems such as, proactiveness, reactiveness, negotiation,
communication and cooperation framed in the DM timeline between so many and varied
entities/actors are easily identified. In prior work, Miller et al. (2014) also demonstrate that the
use of those typical AOSE models for analysing as well as modelling the socio-technical complex
characteristics can be successfully extracted. This is supported in the early stage of the

requirement analysis process (Argente et al., 2011).

Uncovering intertwined and fuzzy characteristics are important in DM knowledge
engineering type activities (Beydoun & Hoffmann, 2013; Jakus et al., 2013; Markman, 2013). In
this, a knowledge engineer carries out the analysis and codifications processes to ensure that the
knowledge elements are completely extracted and subsequently understood by others (Beydoun
& Hoffmann, 2001). As the knowledge needs to be shared and reused by other stakeholders then
there is a need of a representative repository for the knowledge to be preserved for the basis of
decision-making mechanisms in the typical disaster. However, in our context, the issue is not only
representing the knowledge out of a domain but the most important part of the task is that the
domain itself is a complex one. This means that the fuzzy and intertwined elements are
interrelated each other in a way that they are aimed to achieve a common goal but difficult to be
later disentangled. Understanding the DM domain should be taken into account initially prior to
performing the analysis tasks. Since the domain is complex domain containing fuzzy and
intertwined knowledge elements, the employed technique needs to ensure that the essential and

relevant knowledge is fully gathered.
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2.3 DM knowledge modelling

Employing AOSE paradigm has been shown to be the most representative technique in extracting
the relevant and essential knowledge out of a complex domain. This approach paves the way to
be utilized in representing the DM domain. As highlighted in the previous section, various
researches have been extensively harnessing ABMs in for simulation purposes to distil the
knowledge out of the DM domain. In this section, model, modelling and the features of modelling

utilizing AOSE will be discussed and reviewed in further details.

2.3.1 Knowledge Engineering approach

Traditionally, Knowledge Engineering (KE) is a process of extracting the knowledge from the
expert’s mind and transferring the extracted knowledge into a Knowledge-Based System (KBS)
(Beydoun & Hoffmann, 1998; Schreiber ef al., 2000; Wielinga et al., 1992). As its purpose, KE
is then associated with the construction of KBS (Alavi & Leidner, 2001; Studer et al., 1998).
Initially, it is assumed that the knowledge is in place already that ready to be transferred (Studer
et al., 1998). Thus, to enable the KBS construction to happen, there are two elements required
(Jakus et al., 2013): (1) a knowledge base and; (2) a reasoning engine. While the knowledge base
contains the organized expert’s knowledge, the reasoning engine is an automated reasoning
mechanism that aims to emulate the problem solving of a human expert. In its construction,
reasoning engine of KBS adopts intelligent system techniques that makes extensive use of
knowledge (Markman, 2013). Intelligent system itself according to the Webster’s definition (The
Merriam Webster, 2017) “is systems that perceive their environment and take actions which
maximize its chances of success”. Cases in point of intelligent systems are based on algorithms of
machine learning, genetics algorithm, natural language processing and so forth. However, KBS
in the making differs than these intelligent systems in a way that it employs heuristic rather than

algorithm approaches for decision making.

In the modern view, KBS is even approached by modelling activities. This is due to the fact
that (Mougin et al., 2015): firstly, domain problems modern days become more and more complex
by which it is almost impossible nor necessary to extract all knowledge elements from expert’s
mind; secondly, the constructed KBS itself is not aimed as a container filled with the extracted
knowledge from the experts’ mind rather it aims as an operational model that can be adjusted to
the specified real-world activities. Thus, harnessing modelling in capturing the knowledge
benefits in (ABmann et al., 2006): (1) focusing on certain aspects and ignoring the rest; (2) coping
with the complexities in the development processes; (3) compromising the different view between

the expert, the knowledge engineer and the KBS per se; and (4) reusing and iteratively improving
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the models to be used in the typical domain problems that can significantly reduce the cost of

development process.

A large and growing body of literature has proposed and investigated the adoption of
modelling approach in KE (Studer et al., 1998), for instance MIKE (Wielinga et al., 1992),
PROTEGE-II (Eriksson et al., 1995), DESIRE (Brazier et al., 1997), KBSDLC (Weitzel &
Kerscheberg, 1998), Generic Task (Chandrasekaran, 1986), KADS (Wielinga et al., 1992) and
commonKADS (Schreiber et al., 1994). These approaches are successfully and widely adopted
and employed in various applications, ranging from healthcare, agriculture, finance and
engineering (Hidayat et al., 2016; Massoud, 2015; Tsai et al., 2014; Xavier et al., 2013). They
are all benefit of adopting modelling in KE given its features drawn in the previous paragraph. In
particular, in representing the knowledge, modelling is utilized given that (Studer et al., 1998) :
(1) different types of knowledge are represented uniformly; (2) while other types of knowledge
are not explicitly represented; (3) the knowledge is mostly represented too abstract in the KBS;
and (4) the knowledge representation is still mixed between in the implementation and abstract

levels.

Compared to other KE methodologies as laid out in the previous paragraph, commonKADS,
the successor of KADS, is acknowledged as the most prominent one (Carlos & Mercedes, 2005;
Ghaffar et al., 2011; Hidayat et al., 2016; Massoud, 2015; Tsai et al., 2014). The commonKADS
is developed promoting the key characteristics that lends itself of representing and compromising
these KE issues as previously mentioned. It comprises of models that are classified into three
layers: context, concept and artefact. The models in these layers essentially are organized and
intended to answer these three questions “why”, “what” and “how” (Schreiber et al., 2000, pp.
17-18) respectively in an organizational setting. They are managed in a way that it is able to
capture the knowledge required to solve a particular problem, namely: domain knowledge,

inference knowledge and task knowledge (Jakus ef al., 2013).

In commonKADS, the analysis of the knowledge domain is tasked by the models in the
context and concept layers. They are organization model, task model and agent model structured
in context layer; and only the communication model in concept layer. However, these models,
although their capabilities in analysis and representing the knowledge out of a particular domain,
in the DM domain, they are not sufficient in portraying some of the characteristics as previously
elucidated in Section 2.1, in particular the non-deterministic and time sensitivity characteristics.
This is not to mention that the “why” (Yu & Mylopoulos, 1994) in the domain analysis activities
that represents the motivation as to how an activity should be performed as well as the capability

of perceiving the environment are not provided by in commonKADS. To tackle the issues, an
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extension of commonKADS, that is MAS-commonKADS is developed (Iglesias et al., 1996).
The adopting of MAS paradigm for the commonKADS is with the fact that the MAS per se is a
methodology in software development that is initially developed to bridge the domain
complexities, including sensitivity to time, uncertainty, ability to perceive an environment and to
capture the intention of an activity to be represented accordingly. In the MAS-commonKADS, a
new model, coordination model is added as an alternative model. This additional model is aimed
for modelling interaction between agents in the context of software agents. Nonetheless, as the
aim of the thesis is not aimed to develop MAS-software nor the component, the MAS-

commonKADS is no longer relevant for further discussing in this research.

2.3.2 Modelling

In SE, modelling is an activity utilizing a model as a primary artefact to accomplish the knowledge
representation task (Seidewitz, 2003). It is driven from the idea that “everything is an object”
shifted to “everything is a model” (Bézivin, 2005, p. 172). This means that the relation between a
domain and the model is conformation and instantiation. In other words, a model is a conceptual
layer of a particular domain which means that a model can instantiate other similar domains and/or
those domains conform to its model (Kiihne, 2005). Modelling is advocated by OMG (van Amstel
et al., 2012). The OMG is a consortium of open and non-profit computer industries aimed to
produce and maintain computer industry standard for being heterogeneous including
interoperability, reusable and portable enterprise applications. By advocating this approach, it
allows engineers to model the problems of a domain using Modelling Language (ML) instead of
general formalism, which is typically incorrect to apply to all domain problems (Montrieux et al.,
2013). In the process of a design to the implementation, the way a modelling approach can be
easily implemented by abstracting that particular domain is similar to the one in human cognitive
process (Kusel et al., 2013). In other words, this typical abstraction process harnessing this

paradigm by humans is recognized as a part of human nature (Brambilla ef al., 2012).

The benefits of utilising the modelling to conceptualize a domain are: (a) a model is able to
represent and describe the phenomenon of a domain (Bézivin et al., 2014); (b) a model can be
used to reflect the relevant properties of a domain and is not a copy of it (Seidewitz, 2003); and
(c) a model is usable as the original one with respect to some purposes (Giraldo ef al., 2014).
These features reflect that in the modelling process, a model has to be generated at the higher
level of a domain. The relation between a model and the system under study that is represented is

drawn in Figure 2.6.

Various scholars devoted efforts to define what a model is (Kiithne, 2006; Leombruni &

Richiardi, 2005; Seidewitz, 2003). Seidewitz (2003, p. 27) defines “a model is a set of statements
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about system under study”, while Kiihne (2006, p. 370) posits that “a model is an abstraction of
a (real or language based) system allowing predictions or inferences to be made” and many others
(Held et al., 2014; Leombruni & Richiardi, 2005). These varying definitions reflect the fact that
modelling has been widely utilized in many fields, ranging from economics, physics, mathematics
and so forth (Bézivin, 2005; Leombruni & Richiardi, 2005; McBurney, 2012). However, all these
various definitions agree that a model: (a) is used to represent a particular domain where the
domain could be anything, tangible and/or intangible; (b) is created and managed by a modeller;
(c) is used to provide a better understanding of a particular domain by others. As such, employing
the model in representing a domain benefits the development process. It defines a formal process
in each stage that hinders the inconsistencies between a model developed and the domain it
represents. In addition, it prevents a misunderstanding between the engineers involved in a large

scale and long term project where complexities existed (Attarzadeh & Hock, 2008).

‘ is represented by tdodel

Figure 2.6 The system under study represented by modelling (adapted from (Seidewitz, 2003).

A model must be defined as accurately as possible describing the real system under study
(Oliver et al., 1997). However, that does not mean that the defined model should capture all details
of a system or object. While a model is aimed to represent a domain, it is not intended to represent
all aspects of a system (France & Rumpe, 2007). Rather, it represents only the relevant and
essential characteristics as echoed by Bézivin (2005) “a model is not intended to capture all the
aspects of a system, but mainly to abstract out only some of these characteristics”. The
relationship between a model and its domain being represented needs to represent the purpose of
the model. A world map for example, needs to present features of the entire world but clearly not
all of them. The map needs to be of an appropriate scale to be of any utility to users. The world’s
model in this case cannot have all details, rather it needs to only capture and extract only the
relevant and essential points. In this thesis, models represent the knowledge of the DM domain.
While it is envisaged as having capabilities to do that, it needs to be defined formally by

conforming to its conceptual description. In the next section, this will be discussed and reviewed.

2.3.3 Model-Driven Development (MDD)

Various scholars, for instance Selic (2003), point out that although much has been done to polish
the detail of the existing methodologies, like using Object-Oriented, structured paradigm, the

efforts to raise the level of abstraction almost remains constant. Since software development is
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the domain that has gained considerable intention since almost six decades ago, the need of a
technology to address these issues has emerged. In this regards Model-Driven Development
(MDD) plays an important role to contribute to these issues. It is an approach in the Software
Engineering (SE) field to formulate how a domain is modelled by raising the abstraction of a
domain being modelled. It is defined by OMG (2013). The main objective is making a system to
be simply and formally understood by others by reducing its complexities (Gonzalez & Cabot,
2014). The MDD essentially is a subset of a Model-Driven Engineering (MDE), in which the
focus is largely on harnessing a model in the development process (Whittle et al., 2014). In MDD
the pillars of the main focus are: model and the relation between model and its system understudy,
metamodel and model transformations (Gasevic et al., 2009). The relation between them, is
similar, but not the same, to one in object-oriented relation, consisting of two main elements:
instantiation and conformance (Favre, 2004). This means that the process needs to be formulized
and simplified (Whittle et al., 2013), by which it can be transferred and instantiated to the
application level platforms (Whittenberger, 2014).

Although MDD is advocated from SE field, in this thesis the modelling paradigm employed
is not aimed to develop software for a particular task. Rather, it harnesses model as a tool in the
RA to model and represent the knowledge out of the DM domain. A model naturally is capable
of hiding the complexities and abstracts of that particular domain while, at the same time
promoting its simplicity (Gonzalez & Cabot, 2014). These particular objectives by Selic (2003)
are drilled down into more detail, that a model should have these capabilities: (1) abstraction, that
is the ability of a model to hide the detail and complexities and promote the simplicity for others
to be understood; (2) understandability, this relates to the factor that a model representing a
domain should be understood easily by the interpreters; (3) accuracy, that a model should be in a
simple form: this does not mean that it does not have to be as accurate as possible, rather a model
should exhibit a domain with regards to the essential and relevant characteristics; (4)
predictability, that a model should be able to be utilized to predict a domain in particular cases
through either experiments or some formal analysis; and (5) inexpensiveness, that a model should
be considerably cheaper to be analysed and developed than the actual system. In other words, it

means that a model should not be more complex and/or bigger than the domain it represents.

2.3.4 Agent-Oriented paradigm for DM knowledge modelling

In DM domain, harnessing modelling activities for capturing the knowledge out of a complex
domain has been extensively examined by various scholars (Crooks & Wise, 2013; Dawson et
al., 2011; Joo et al., 2013; Quillinan et al., 2009; Schoenharl & Madey, 2011; Shakshuki et al.,
2013; Wagner & Agrawal, 2014; Wang et al., 2012; Wooldridge & Jennings, 1995). These
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scholars argue that modelling can successfully be used to uncover the complexities out of the DM
domain. These can later be used in diverse system developments, for instance, in facilitating a
decision support system (Nageba et al., 2014), simulating and forecasting various scenarios in a
particular DM (Mustapha et al., 2013), transferring the knowledge to be shared and reused in the
typical DM activities (Shvartsman & Taveter, 2014; Vijitpornkul & Marurngsith, 2015; Wagner
& Agrawal, 2014), or developing a knowledge-based information system for the DM (Amirkhani
et al., 2016; Cheema et al., 2016; Fikar et al., 2016; Mejri & Pesaro, 2015). In our context,
modelling is not employed to construct the design and implementation of a specification
(prescriptive modelling). Rather, it is utilized for analysing and capturing the DM knowledge in
the requirement process recognized (rather it is a form of descriptive modelling (Kiihne, 2006)).
In the context of this thesis, a model is used to comprehensively structure the DM knowledge
from semi-structured DISPLAN documents. The work models the knowledge for all phases of
DM (Prevention, Preparedness, Response and Recovery). In addition, models also should be able
to be employed in the various best practices of DM knowledge. Eventually, the knowledge is
deposited in a representative repository to allow this to be adopted by others in the typical DM

activities.

As earlier discussed, ABMs from AOSE paradigm are considered as the most appropriate
tool to cope with the complex nature of DM. In fact, the ABM has been widely adopted and
employed in DM domain (Fiedrich & Burghardt, 2007; Hawe et al., 2015; Wagner & Agrawal,
2014). ABM is employed for simulating the DM domain, for instance, in communication and
interaction activities among people in a disaster situation (Garcia-Magarifio & Gutiérrez, 2013),
efficiently distributing resources and allocations (Nageba ef al., 2014), decision making process
of a sandbagging task in a response phase of a flood disaster (Padgham et al., 2014), how the
people in the a disaster prone-area should be moved effectively in that particular disaster type
(Vijitpornkul & Marurngsith, 2015), and many more (Shakshuki et al., 2013). These scholars
essentially show how ABM can be applied consistently to analyse and model that complex
domain and to get the knowledge out of that activity. This is due to the fact that the DM domain
lends itself to be fully represented appropriately by ABMs.

The agent paradigm was conceived in the artificial intelligence communities (Wooldridge
& Jennings, 1995). However, in SE communities, the adoption has been gaining considerable
momentums (Wooldridge ef al., 1999). Indeed, it has been adopted in various fields to enhance
business process contributes to the significantly pervasiveness of the complex problems, for
instance, in air traffic control systems, computer systems and interfaces, transport logistics

applications (Bordini et al., 2007; Padgham & Winikoff, 2004; Sterling & Taveter, 2009). On the
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other hand, the existing methodologies are often not sufficient to cope with RA activities to model

the characteristics of these typical domains.

As agent technology has attracted significant attention from the wider Software Engineering
(SE) communities, appropriate tools for analysing and designing the complex problems has been
pursued. They focus on how an agent is capable of dealing with capturing, explaining and
predicting human’s intention. However, to be able to discern what agent is, firstly, they define
agent as: “an agent is a computer system that is situated in some environment, and that is capable
of autonomous action in this environment in order to meet its design objectives” (Wooldridge &
Jennings, 1995, p. 29). Following up their work, agent is then described as having the complex

system characteristics, as follows:

= Autonomy; Agent has to have a degree of independence of action to be conducted. Agent has
to react to its own goals to be pursued and to retain control over its actions and behaviours.

= Social ability; Agent interacts as well as communicates, and they help each other as regards
pursuing their goal via a communication protocol.

= Reactive, Agent is situated in, and responsive to its environment. Agent will choose an
alternative path to achieve a goal, if the initial approach is not working.

= Proactive; Agent is not only simply reacting to its environment, but also has the ability to

accomplish its goal.

Taken together, agents characteristics form a distinct paradigm which differs from an object
oriented paradigm, or intelligent system, or distributed computing (Jennings & Wooldridge, 1996;
Padgham & Winikoff, 2004). A case in point is that being autonomous means an agent is
independent and makes its own decisions. That is a key characteristic that distinguishes agent
from the objects paradigm. An agent is also situated to respond to the environments that change
rapidly, unpredictably and unreliably. This leads to the latter characteristic: reactiveness, as agents
will adapt and change based on perceived alterations to the environment. Moreover, an agent
keeps attempting to achieve its goals despite having failed in earlier attempts as the consequence

of proactiveness.

There are clear similarities between agent’s characteristics and the context of DM, most
strikingly: agents are driven by local goals and need to interact towards a system goal; agents
have specified roles and need to interact accordingly; agents are situated and need to respond in
real time in many instances (Lopez-Lorca et al., 2011b). Later, there have been various attempts
to use agent paradigm approach to construct the DM (Aldewereld et al., 2011; Garcia-Magarifio
& Gutiérrez, 2013; Padgham et al., 2014; Scerri, et al., 2012). Nevertheless, despite of their

successes, these works focus only on developing simulations of disaster events to gauge the
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effectiveness of existing practices. In addition, these simulations adopting ABM technology to
represent the DM domain are fragmented and focused only on either a particular concept in the
activities or only on a particular phase in the DM framework. For instance, while some of the
simulations only focus in an evacuation activity (Mas et al., 2015) or resources allocation task in
the emergency situation (Hawe et al., 2015) or logistic management (Gao & Xu, 2008), some are
only in one particular phase, the Response phase (Joo ef al., 2013; Mas et al., 2015; Nageba et
al., 2014; Scerri et al., 2012a). Still, some of them only focus on simulating the activities on one
or two phases in post-disaster (Response and Recovery phases) with less attention on the pre-
disaster (Prevention/mitigation/planning and Preparedness phases) (Berariu ef al., 2016; Kimura
et al., 2014). Moreover, some of them only focus on the natural disasters (Fakhruddin &
Chivakidakarn, 2014; Mustapha et al, 2013) with little observation of the man-

made/technological disaster (Jackson, 2014; Sharma et al., 2015).

The simulations indeed give useful feedback based on the variables and the assumptions
given to the process. In some cases, they can be precise (Funabashi & Kitazawa, 2012), for
instance, in the case of the 2011 Japan tsunami disaster with the early warning system that was
capable informing of the likelihood and when the tsunami would hit the land based on the
magnitude of the earthquake. Another example was when the hurricane Sandy disaster struck the
East Coast of the US in 2012 (Rosenzweig & Solecki, 2014). The early warning systems, based
on the simulation, can predict accurately, the day, the time and how big the storm will hit the land
a week before. However, the events showed that in these disasters, the impacts were more
destructive and devastating than what could have been simulated (Parker, 2012; Rosenzweig &
Solecki, 2014). The lessons that could be learnt from this was that equipping the stakeholders
with sufficient knowledge is extremely urgent as they can adapt to the on-going circumstances

accordingly (Mejri & Pesaro, 2015; Weichselgartner & Pigeon, 2015).

In this research, the knowledge is modelled utilizing AOSE approaches prior to depositing
it in to a representative repository. This is with the aim to share it being reused by other
stakeholders in responding the typical disasters. Ultimately it can contribute to developing the
resilience endeavours (UNIDSR, 2008). It is worth noting that the adopting of the agent paradigm,
as a matter of fact, constitutes an emerging trend in computer science, particular in the RA phase.
However, for its development cycle (Beydoun & Hoffmann, 2013), for instance from the analysis
and design, implementation and testing to the debug phases, the existing methodologies can still
fit, for instance Object-Oriented development cycle (Padgham & Winikoff, 2004). In addition, in
the development phase, the iterative process must be taken into account rather than the strict

waterfall sequence (Winikoff & Padgham, 2013).
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24 DM knowledge structure

In this section, the challenges prior to transferring the knowledge into a representative repository
are discussed in further details. The issues discussed focus on how knowledge structures can be

designed to capture DM concepts at various points in DM cycle.

2.4.1 DM knowledge representation issues

Structuring the knowledge has always been the issue in the DM domain (Bricefio, 2015b;
UNIDSR, 2015; UNISDR, 2005; Weichselgartner & Pigeon, 2015). Generally, the issues are
related to whether the knowledge is (1) available at any point in the DM timeline to be adopted
by the stakeholders and (2) understood by the stakeholders to respond to the situation in
appropriate manners (Betke, 2015). While these are urgent as they are the foundation for the
decision making system (Dorasamy et al., 2013), the DM knowledge that is structured in the
widely adopted PPRR framework (Prevention, Preparedness, Response and Recovery) is still in
fuzzy and intertwined formats (Rogers, 2011). This is mostly due to the fact that the knowledge
in the existing PPRR framework is arranged by delineating it in each phase based on its urgency
only. In the context of DM resilience endeavours, this typical knowledge structured in the
DISPLAN document does not allow it to be pinpointed and embraced by the stakeholders in a
timely manner (Boin & Hart, 2010; Bricefio, 2015a). For instance, the knowledge regarding the
preparation for an imminent event is arranged in the Preparedness phase and the knowledge

during the response is arranged in the Response phase.

In the existing and widely recognized framework of PPRR, the DM knowledge managed in
those delineated phases is not followed by defining it into a holistic arrangement to which people
in each level of need can understand it comprehensively. For instance, the need of knowledge for
people on the decision making or on the planning or on the ground levels is different from each
other. For those who are on the decision making level, the conceptual knowledge appears
sufficient and in fact more effective, as they are not dealing with the technical detail type
knowledge which is more suitable to those who are on the real world layer. Although the
availability of the appropriate knowledge is critical, for all stakeholders regardless of which level
they are on, utilizing the knowledge to comprehensively respond to the situation accordingly is

clearly more important. In Figure 2.7 the complex and interrelated knowledge illustrated.

DM concepts are three dimensional (3D) structures representing the need of knowledge in
each level of stakeholders, the time and PPRR framework. Prior to utilizing DM knowledge based
on the need of the stakeholders, DM concepts needs to be disentangled into an understandable

format. As indicated in the previous sections, the understandable format is not only about parsing
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the complex knowledge into the corresponding models representing its concepts, for instance, the
roles, the goals, the time, the resources, the interactions, and so forth, but more importantly,

whether it fits to the knowledge needs of stakeholders in each layer.
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Figure 2.7 The intertwined knowledge across the DM time and the need level.

As can be seen from Figure 2.7, the knowledge needs in any intersection point of those three
axes represent the actual activities with respect to each of those situations. Essentially, the
stakeholders might refer to the same objective to be pursed; however, the corresponding
knowledge required in one point in the timeline is different to the others. The characteristic of
knowledge in the conceptual or planning level most likely is suitable for the high-level decision
making mechanisms, where in the real situation it needs to be drilled down to be adapted with the
people on the ground. These typical knowledge characteristics should be identified, regardless in

which PPRR phases they exist.

A case in point is the evacuation warning in a flood disaster (Opper et al., 2010). This is
essentially a warning for all the responsible entities organized by the authoritative, one to plan
evacuating people, animals and movable properties from impacted or likely impacted areas (SES
Victoria Australia, 2014). The warning is issued as a result of a thorough assessment based on the
information obtained from others, for instance the Bureau of Meteorology (BoM) or active
reconnaissance by the authoritative agency. In that particular case, the evacuation warning as a
product of the decision making mechanism can be completely understood by decision makers
conceptually as it is issued at that level. However, the challenges which arise adjacent to the
implementation are as how the knowledge generated in that particular level is translated to the
executable format, in particular to the people on the ground, effectively and efficiently. The
necessity to pin down the corresponding knowledge for those circumstances is urgent. This is
because in disasters the situations are always fluctuating (Hanberger, 2015). On the other hand,
with respect to the PPRR framework, while the planning of evacuation is structured in the
Preparedness phase, the actual evacuation knowledge is structured in the Response phase (SES
NSW Australia, 2006). While these knowledge delineations in the existing PPRR framework are
important to inform the urgency of the activities, the lack of holistic structure hinders them being

adopted comprehensively.
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The evacuation as knowledge contains the real-world procedures and at the same time
contains a planning/policy. In other words, performing the evacuation and planning for the
evacuation are two different things, although they refer to the same objective. For instance, in the
consequence of evacuation warning issue, prior to undertaking the evacuation activities, all the
roles played by all agents in this particular circumstance need to know: which agent will play
which role to evacuate properties? Which agent will handle the animal evacuation, who will
handle the evacuation process of persons with disabilities? In the case of severe flooding, who
will evacuate the trapped persons in the houses or on top of their roofs? What to use in the case
of conducting these evacuation processes? What to use in the communication processes with the
other stakeholders in conducting their tasks? In the case where it most likely that floods will occur,
what are the activities to be undertaken by these agents to anticipate the inundations or flooded
situations? All these knowledge elements need to be put in the first place as a rule of thumb prior

to activating them.

Hence, it is apparent that in this context, recognizing the evacuation knowledge in the
conceptual level is the most important thing which should also reflect the integral and holistic
knowledge from the conceptual to policy or planning to the real activity layers. Subsequently, any
involved stakeholder is able to harness it to take appropriate response and handle the ongoing
situation. Taking the example from the previous paragraph, once a knowledge concept is
identified (in this context it is the evacuation one), subsequently it can be instantiated to the lower
practices: to the planning/policy and real world activity. This also applies the other way around
that in case the evacuation knowledge in the lower layer is available, it conforms to the evacuation
as the one in the conceptual layer. Thus, it is clear that the knowledge relationships in those levels
are conformance and instantiation. In this particular example, the evacuation knowledge concept
becomes the anchor or the reference to guide the formulising processes of the policy/planning.
This relationship type also applies in the formulising process between policy/planning and the
real-world knowledge, that is the policy/planning knowledge is the foundation to formulate real-

world knowledge This knowledge relationship is illustrated in Figure 2.8.

Rolled up

Conceptual Planning/Policy Rf;'i“,"{(‘,?;':
Knowledge Knowledge Knowledge

Drilled down

Figure 2.8 The conceptual — planning/policy — real world activity knowledge relationship.

2.4.2 Existing DM conceptualisation approaches

Various researches have been undertaken in an attempt to structure the DM knowledge to be better

understood (Adrian et al., 2011; Rivera et al., 2015). Their approaches range from harnessing the
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ontology from the IS domain (Adrian et al., 2014; Lauras et al., 2014; Liu et al., 2013; Mach et
al., 2000; Mescherin et al, 2013a), the adoption cloud environment for managing the
interoperability data (Grolinger et al., 2013) to the harnessing of the Internet of Things (IoTs) to

process the heterogeneous data (Poslad et al., 2015).

Of all these, one of the most notable is described by Othman et al. (2014). In this work, they
do not only prescribe how the knowledge is structured addressing the knowledge layers from
conceptual to planning to the real world as discussed in the previous section. They also go beyond
that by describing a proof-of-concept through developing a sophisticated architecture to allow the
DM knowledge to be deposited in a metamodel-based repository (Othman & Beydoun, 2010a).
The objective of their research is enabling the structured knowledge to subsequently be stored for
sharing and reusing purposes by others in the typical DM activities. In the knowledge structuring
processes, they employ the Meta-Object Facility (MOF) framework developed by OMG in SE
domain (Othman et al., 2014). Likewise, the adopting of MOF for decomposing the complexities
of knowledge structure can also be observed in other studies (Chen et al., 2015; Lauras ef al.,
2015). These scholars successfully demonstrate that the knowledge is structured to be identified
in the conceptual — planning/policy — real-world layers which subsequently facilitates it being
transferred into the metamodel-based repository. However, the structured knowledge that resides
in their repositories are still in complex knowledge structures where the fuzziness and

incompleteness still exist.

For instance, as drawn in here (Othman & Beydoun, 2016), the authors describe the
knowledge transfer from the DM model to the DMM they previously developed (Othman ef al.,
2014). Nonetheless, the knowledge deposited in the DMM-based repository is still in the original
format, that is managed as a business specification of the DM knowledge document. In other
words, they may successfully transfer the knowledge but not converted it into a parsed structure.
The roles, the responsibilities, the interactions between roles, the resources needed and so forth
in the DM activities are still intertwined in paragraphs deposited to repository. However, it does
not mean that the knowledge in this typical format is not useful rather in the DM activities, as
time is a determinant factor, the more complete and context aware of the knowledge the better.
This is because the disentangled knowledge in the repository allows the knowledge to be directly

understood and executable without requiring any deductive processes.

In similar vein, the attempt of utilizing metamodel as a representative repository in the
knowledge transfer can also be seen in other scholars (Benaben ef al., 2016; Chen et al., 2015;
Lauras et al, 2015). However, despite their successfulness of the transfer process, the

complexities keep still propagating in the repository that affect its effective use. This is not
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surprising as the objectives of these researches (Benaben et al., 2016; Chen et al., 2015; Lauras
et al.,2015; Othman & Beydoun, 2016) are to either construct the DM metamodel or to adopt the
existing one for demonstrating the knowledge transfer process. Since the knowledge is still in the
typical business-specification format then for people on the ground the typical knowledge is still
largely incomplete, fuzzy, taking time to decompose particular in the emergency situation. This
is not an overly strong assumption as this also has been spotted in other researches, for instance
in here (Hernantes et al., 2017; Mejri & Pesaro, 2015; Weichselgartner & Pigeon, 2015). They
acknowledge that taking into account the domain complexities, disentangled the intertwined
knowledge into the format under which it can be easily understood is considered as an effective

mechanism of creating DM resilience endeavours.

It is worth noting that from DM practitioners’ perspective, the knowledge structured in
business specification formats does not only impede the resilience endeavours, but moreover it
does not reflect the sense of DM activities naturally (Opper et al., 2010). For instance, as
exemplified by Opper et al. (2010), a particular activity in a flood disaster, evacuation, is
performed based on rigorously assessment of the ongoing situation. Ideally, an evacuation
decision is issued by the authoritative with a high level of confidence. This is due to the fact that
the consequence is costly as it involves mobilisations and relocations for transporting people and
properties in the prone area, providing shelters, etc. However, a high level of confidence decision
means a low degree of uncertainty of the assessed situation. In this particular disaster, to achieve
the status of confidence means the responsible authoritative might take time to assess the situation
which on the other hand, it might be late already. In contrast, if the decision is made based on the
high uncertainty (which means a low confidence), it turns out not a necessary evacuation. These
typical issues still become the concern of the recent scholar, for instance in here (Blackman et al.,
2017). In Blackman et al., they argue that to disentangle the knowledge elements involved in the
complex DM, there need a “transition” stage in between each of PPRR phases. The aim is to
clarify the involved typical knowledge elements, for instance, the roles, the responsibilities, etc.,
for a more effective DM. Two real case studies are presented to support their arguments.
Nevertheless, as acknowledged in the paper (Blackman ef al., 2017), conceptualising the idea is
one thing, materialising it is another thing. Notwithstanding this, these examples clearly show
that there are issues of the DM knowledge structure that have been acknowledged that need to be

restructured and represented to enhance DM resilience endeavours.

Nonetheless, regardless of the shortcomings of the knowledge structuring processes, in the
context of DM knowledge transfer process, these scholars have paved the way to the knowledge
sharing and reusing by contributing to a comprehensive and sophisticated metamodel-based

repository development for DM domain. In addition, the metamodel-repository in Othman and
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Beydoun (2016) fits for both natural and man-made disasters and for all DM phases, while with

others, their metamodel repositories are only for a particular phase and natural disaster type.

To conclude, while these researches acknowledge that structuring the knowledge is critical
yet challenging, they also recognize that in DM activities knowledge sharing and reusing are
considered critical given the nature of the domain is not-deterministic. In addition, they recognize
that the need of DM knowledge at any point of the timeline is different where the knowledge

transfer mechanism is fundamental (Abdul-Jalal et al., 2013).

2.4.3 A DM knowledge representative repository

In a particular disaster type, once all the complex knowledge characteristics are analysed and
structured, the next stage is it to be shared for reusing by others. This is with the fact that learning
from the experiences is considered effectively and efficiently in non-deterministic circumstances
(Cheema et al., 2016; Drupsteen & Guldenmund, 2014; Sjegren, 2016; Thomas, 2016; Vastveit
et al., 2015). Therefore, to be able to get the knowledge effectively utilized, it should cover all
the relevant and essential features of the domain, for instance, the involved entities, their roles
and responsibilities, their organisation constraints, their interaction and negotiation types, to what
extents they need to be communicated, the triggers to activate the activities. As such, these
complex elements are incorporated to be structured accordingly to allow them to be retrieved and
used by others. For these reasons, the necessity to have a representative repository where the
knowledge is able to, not only, be deposited to (Gallupe, 2001) but more importantly, be able to

cope with those typical knowledge structures is critical (Hristidis et al., 2010).

In DM activities themselves one knowledge concept is related to others (Opper et al., 2010).
For instance, the evacuation concept in a flood DM is dependent on other concepts, namely Early
Warning System (EWS) and public education. This means that to be able to conceive a broader
understanding toward effective evacuation activities, the stakeholders also need to acquire the
EWS and public education knowledge in the first place. In other words, laying down all these
various interrelated knowledge concepts in the beginning is advocated. In the decision-making
system, these typical knowledge structures facilitate the DM activities more comprehensively.
This is because the involved entities will have the necessary knowledge which they are able to

follow at the appropriate time.

Drawing upon these issues, there are a number of researches which have been devoted to an
attempt to develop a representative repository. Grolinger ef al. (2015) develop a repository which
harnesses a cloud computing technology to store the DM knowledge from heterogeneous inputs.

The inputs are from any type of data, such as, social medias, blogs, web pages, pdfs and in any



38

different formats. They undergo a pre-processing task harnessing ontology technique that is
defined as a set of acquisition processes to extract and structure the data and information of a
domain to become knowledge (Beydoun & Low, 2016), prior to transferring it into the cloud-
based repository. At the end, the stakeholders query the various and large amount of knowledge
that has been stored based on the structured ontology in the repository. By the same token, the
use of the ontology approach to extract and structure the DM knowledge for sharing and reusing
can also be observed in these researches (Adrian et al., 2014; Little & Rogova, 2005; Mescherin
et al., 2013b). Unlike the others, although in their research, Adrian et al. (2014) develop an
ontology only for a particular type of disaster, namely crime mapping DM, they develop a proof-
of-concept as a prototype utilizing the web-based technology for the users interacting with the
system. Eventually, the knowledge can be reused by retrieving it for different typical DM. The
way it is retrieved is fundamentally a reasoning process between data and information of the
ontology structure in the repository and the specific instance of the event. They both can be

perfectly mapped, if they represent the same knowledge.

Nevertheless, harnessing the ontology for structuring the repository means that it can only
be effective if it is guided to extract only the relevant knowledge concepts which it is aimed for
(Beraetal.,2011). In other words, by employing the ontology approaches, there will be an infinite
knowledge concept that could possibly appear in which they might or might not be useful in a
DM activity. This is because in ontology the concepts extracted from a domain could form an
unlimited tree (Beydoun et al., 2011). In the context of DM resilience endeavours, this can be the
factor that impedes the knowledge being adopted as resulting concepts might be anything that are
not relevant and essential for the DM activities, particularly for a decision support system

mechanism.

Fundamentally, the reasoning processes on how to retrieve the knowledge from the
repository is the case-based reasoning as illustrated in (Otim, 2006). This is essentially the
mapping process between the existing knowledge of any event that is previously stored in the
repository and one that is occurring with the similar criteria. For instance, if the case is to provide
a flood warning scenario then to be able to have the corresponding knowledge elements regarding
the event is by mapping it with the existing similar scenario deposited previously in repository.
It means every time new knowledge is added, it is always considered as a different scenario,
although it comes from similar disasters that have previously been deposited in the repository.
This implies that in the mapping process both the knowledge concept in the repository and the

one related to a particular activity might never be matched.
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Similarly, this approach can also be observed in Heard et al. (2014), although they present a
more interactive and real time approach in term of sharing and reusing tasks. However, in their
study, given the repository format, the way the users deposit the knowledge to the database and
retrieve it depends on their interpretations per se. In other words, whenever and whatever data
and information are considered important subjectively by the users, they can be laid down into
the repository which later allows them to be retrieved and reused. While the users are not always
the ones that have DM knowledge background, the deposited knowledge could be anything with
less meaning that has no relevance directly to the DM activities. For the DM decision making
mechanism, this typical knowledge structure contributes to ineffective and inefficient tasks,
because of various constraints to be considered, such as time, resources, dynamic variable
forecasting. In addition, for the system devised for a real time processing, the network dependency
and bandwidth stability are challenging. While this might work for pre-disaster (Prevention and
Preparedness phases), it might not be applied in post-disaster (Response and Recovery phases),
particularly in a devastated impact of disasters, for instance, in the Nepal Earthquake, Japan
Earthquake and Nuclear disaster. In these particular disasters, the network infrastructures might

have totally collapsed.

2.4.4 Metamodel-based repository

Another approach that has been gaining considerable attention recently for structuring a DM
repository is the metamodel technology (Benaben et al., 2016; Chen et al., 2015; Kaptan, 2014;
Kirillov et al., 2012; Lauras et al., 2015; Othman & Beydoun, 2010b; Ramete et al., 2012; Seo et
al., 2012). It is developed conforming the MDD paradigm (Kulkarni, 2013). The structure of the
metamodel is about concepts and their relationships (Beydoun et al., 2009a). The relationships
relate all the concepts with respect to their relevancies. The concepts and their relations identified
in the DMM are based on the rigour evaluation, for instance using a frequency-based selection
technique (Othman & Beydoun, 2012). The metamodel guarantees the knowledge concept
completeness (Atkinson & Kuhne, 2003). In the development process, various models of DM
domain are populated and synthesized based on their common and similarity constructs,
subsequently transforming them into a generic DM one in the higher abstraction layer, called DM
metamodel (the DMM, after the term coined by Othman and Beydoun (2010b)). The generic one
serves as a model in which all those DM models conform to or can be used to initiate other DM

models.

Unlike the ontology approach as explained in the previous section, the concepts and
relations in DM metamodel structure are extracted from the most relevant and the existing ones

across the multitude of DM models. Thus, while ontologies and metamodels appear to have
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similar paths in conceptualizing a domain (Henderson-Sellers, 2011), the way they are evaluated
determines the magnitude of their impact particularly in this context. Thus, this metamodel
repository structure is a considerable improvement, not only, as to how the knowledge is placed
in it as it has been identified and laid out in it previously, but more importantly it redefines the
way the decision-making process is generated, as it relates the most relevant and essential
knowledge concepts in the DM domain. Thus, the users are able to point out not only the
corresponding concept in the repository and its associated ongoing event to map with, but also
the related ones linked to it. As a result of these features, the metamodel structure, by far, is
considered as the most representative repository for facilitating the DM knowledge to be

deposited into.

The aim of this thesis is to develop a systematic DM knowledge transfer process. The
knowledge modelling is discussed in Section 2.3 and the repository is reviewed in this section.
Once the knowledge is extracted and modelled, and the repository is in place, the next stage is
allowing this knowledge transfer process to take place by facilitating the transfer mechanism. In

the next section, this mechanism will be discussed and investigated.

2.5 DM knowledge transfer mechanisms

The DM knowledge transfer mechanisms here refer to the transferring process of the DM
knowledge that has been analysed and modelled utilizing ABMs into the DMM-based repository.
Therefore, as elaborated on in the previous sections, both ends, ABMs of DM knowledge and the
repository where these models will be transferred to should be shaped from the outset. In this
section, the ideas and issues of the transfer process will be reviewed based on the existing and

relevant works.

2.5.1 Meta-Object Facility

The key element of the knowledge transfer in this research is essentially model transformations.
As indicated previously, the model transformations approach is employed as it is used in two
activities: (1) in analysing the knowledge from the DM domain and structuring them into each of
the corresponding ABMs. The resultant of this process is the AB knowledge models; and (2) in
identifying that metamodel structure, the DMM, is considered as the most representative
repository in this context. According to MOF, essentially a metamodel is a model per se organized
in the different layers (Sendall & Kozaczynski, 2003). Thus, in this context, transferring the
knowledge into its repository is essentially a model to model transformation (Bettin, 2004; Daniel
& Matera, 2014). In other words, knowledge structured in models is transferred into its repository

that is also formatted in a model. This is illustrated in Figure 2.9.
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Figure 2.9 The model transformation concept (adapted from (Biehl, 2010).

The MOF frames this model transformation to comply with MOF mechanisms to ensure the
correctness between before and after the transfer process (Wimmer et al., 2012). The MOF
consists of a four-layer structure as illustrated in Figure 2.10. The relation between layer M0 and
the layers above is the conformation. It means M0 conforms to M1, M1 conforms to M2 and so
on. On the contrary, the relation between the layer M3 and the layers underneath it is an
instantiation. The instantiate relation between layers basically has the cardinality degree as one-
to-many (or otherwise a many-to-one). This means, a model in a higher layer can instantiate more
than one model in the lower layer. Conversely, this relation informs that the models in the lower
layer conform to the one structured in the higher layer. The lower layer refers to the real domain
problem and the higher one refers to its conceptualisation. Thus, in this thesis, M0 is the DM
knowledge of the real-world activities, which is the knowledge from the best practices
characterised by complexities that need to be shared and reused by other stakeholders in the
typical DM activities. The M1 is the model representing the DM knowledge from the real-world
activities (M0). The M2 is the metamodel of the models in the M/, and M3 is the MOF per se.

Conceptually in this thesis, knowledge from the M0 layer is analysed and structured in M.
Subsequently it will be transferred into the M2, the metamodel layer. To enable this process, a set
of relationships must be defined between elements of source and target models (Sendall &
Kozaczynski, 2003). It requires an understanding of the model in the abstraction level to be able
to develop a clear sense for this particular task (Jiménez et al., 2013). In this regard, the
metamodeling MOF is a common technique to define the abstract syntax and interrelationship
semantics of models (Levendovszky et al., 2014). In the context of knowledge transfer
mechanism, employing the MOF as the framework regulates the process as defined by OMG
(2013).
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Figure 2.10 The Meta-Object Facility (MOF) layers (OMG, 2013).

The MOF is the core element of the Model-Driven Architecture (MDA) proposed by OMG

to enable the development and interoperability in the approaches where model and model-driven
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system are the core principles (Overbeek, 2006). The model-driven paradigm is basically the
foundation where “models can be exported from one application, imported into another,
transported across a network, stored in a repository and then retrieved, rendered into different
formats (including XMI, OMG’s XML-based standard format for model transmission and
storage), transformed, and used to generate application code” (OMG, 2016). Put simply, the
MOF provides a mechanism for manipulating a model (Biehl, 2010), which is the capability to
transform it up and down following the layers in the MOF framework (Mens & Van Gorp, 2006;
Wimmer et al., 2007).

As indicated previously, the challenges in the first place emanate from the complex
characteristics across the DM knowledge in the DISPLAN that need to be analysed and modelled.
The analysis framework essentially aims at extracting all those complexities and at the same time
preparing them for a depositing process into the repository. A representative repository which can
cope with all those complexities should also be prepared to allow the transferring process. Once
the model and repository are in place, the transfer process is enacted. The illustration of this is

shown in Figure 2.11.
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Figure 2.11. A conceptual model of knowledge transfer mechanism based on MOF.

Recently, a considerable body of literature has grown up around the theme of harnessing this
typical knowledge transfer process, particularly in the last few years (Benaben ef al., 2016; Chen
et al., 2014; Kaptan, 2014; Kirillov et al., 2012; Lauras et al., 2015; Othman ef al., 2014; Ramete
et al., 2012; Seo et al., 2012). Probably the most notably one is illustrated in Othman’s and
Beydoun’s study (2016). Unlike others, Othman and Beydoun (2016) not only conceptualize the
knowledge transfer mechanism but more importantly they also exhibit its implementation by
developing a prototype of the sophisticated architecture of the metamodel-based repository

(Othman & Beydoun, 2010b), namely Disaster Management Knowledge Repository (DMKR).



43

Moreover, the repository covers all four phases of DM framework: Prevention/Mitigation (P),
Preparedness (P), Response (R) and Recovery (R) and can be applied for both natural and man-

made/technological disasters.

By contrast, some other studies successfully show how the knowledge is transferred into the
metamodel-based repository; however, their employed metamodels are only for either one
particular phase or DM type and are not aimed to cover both disaster categories. For instance,
Chen et al. (2014) and Ramete ef al. (2012) specify the metamodel only for flood and road crisis
DM, respectively. On the other hand, Lauras et al. (2015) and Benaben et al. (2016), developed
metamodels only for Preparedness and Response phase. Moreover, as the objective of the
metamodel is completeness, the development of their metamodels becomes an issue, since there
is no clear information whether their metamodels are constructed and cover the relevant and
essential model elements or whether they can be used as representations of models underneath.
Despite some discrepancies, in many ways, all these scholars successfully exhibit that their
knowledge transfer frameworks work as intended. They harness the DM models from the existing
works to analyse and model the knowledge from the real-world activities prior to transferring it

into the metamodel-based repository, following the MOF framework.

In the context of this research the depositing process cannot be performed automatically.
This is due to the fact that the paradigm differences of those two model-driven approaches hinder
them being mapped directly. The harnessing of ABM from AOSE paradigm that is considered as
the most representative methodology to decompose those complex knowledge characteristics
prior to the transfer process raises some consequences. These relate to the components in the

developed framework. They are described in sections that follow.

2.5.2 Preparing a representative repository

In regards to the MOF framework, the knowledge in the M0 layer will be analysed and modelled
with respect to the AOSE paradigm and structured in each of the corresponding ABMs in the M1
layer. These models are subsequently transferred into the metamodel repository layer, the M2
layer. This implies that the metamodel-based repository needs to adjust its structure for that
particular purpose. This cannot be the other way around, as in this thesis the knowledge transfer
mechanism boils down to the need to address the issues of knowledge complex characteristics of
the DM domain. Therefore, that is the repository structure, the DMM-based, that needs to be
converted to the AOSE paradigm, the AB metamodel, following the paradigm in the modelling
level. In other words, since the adopted models are in the AOSE paradigm then the metamodel
is also formed into the same one. Once the metamodel-based repository is in the same AOSE

paradigm as the models, the transformation can be proceed. This means transferring the



44

knowledge modelled and structured into the corresponding ABMs into the metamodel-based
repository. In this context, it essentially is what is referred to as the model to model

transformation.

With respect to the MDD paradigm, transforming a model (or metamodel) into other models
(or others metamodels) essentially is a process to extend the model by annotating extra
information to that particular model (Syriani et al., 2013). In model-driven paradigm, it is
governed by OMG-MOF (OMG, 2013). Fundamentally, the OMG defines this annotation process
by tagging a particular model with information that can represent it by only observing particular
information in it externally (Sanchez-Cuadrado et al., 2012). The aim is to facilitate model
integration and reuse (Kusel et al., 2013) and shield its complexities (Kolovos et al., 2010)
without modifying its originality (Fill, 2014). In the MOF framework “a tag represents a single
piece of information that can be associated with any number of model elements”. This also means
that “a model element can be associated with many tags” and therefore “the same tag can be
associated with many model elements” (OMG, 2013 page 27). In this research, to facilitate the
knowledge transform process, the converting of the metamodel to the AOSE metamodel form
should be performed first. This process follows the above explanation regarding the
transformation process. This is conducted by tagging the original DM metamodel concept with
its associated one of the existing and appropriate AOSE metamodel. As such, to allow this to

happen, a representative AOSE metamodel that can be used for this task is sought as the challenge.

In the SE domain, there have been various attempts to develop an AOSE metamodel
(Beydoun et al., 2005), for instance TAO (Silva et al., 2004) and Islander (Esteva et al., 2002).
They are developed for different particular purposes, such as, aspect oriented programming,
software architecture and multi-agent system (Beydoun et al., 2009a). These variants are due to
the fact that domain complexities become massive these days and AOSE approach is
acknowledged as having the capability to cope and portray diverse complex domains. AOSE
methodology guides the analysis and design of ABM development (Padgham & Winikoff, 2004).
The consequence is that there are various ABMs developed as part of the developed
methodologies. Some of them are developed for a particular domain problem and others for some
others (Beydoun ef al., 2013a), for instance some of them discuss the social ability of the agent,

some examine the pro-activeness and investigate the reactiveness.

As for the users who are in the positon not to develop one but utilizing them for designing
other things, this can be a hurdle as there are many models proposed for the same particular issues.
Determining the one that is envisaged as the most appropriate for each problem requires a very

considerable effort. To tackle this, there have been many attempts to abstract all the models by
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creating a unified model, the metamodel. This is the motivation of the metamodel development.
The benefit of using the metamodel is that the effort of developing a particular ABM will be
switched to the model development processes instead of searching into the dispersed collection
of the existing ones (Beydoun et al., 2005). As such, it will lead to a better communication among

scholars in this field as they can all refer to same concept, the metamodel (Beydoun et al., 2006).

However, as there are a multitude of AOSE metamodels, determining an AOSE metamodel
that is considered as the most representative is extremely challenging. The issue is that each of
them might have different concepts and relations, even though, they might refer to the same thing.
Therefore, this leads to the consequence of whether it is required to develop a unified one from
scratch reconciling all the disparities or employing an existing one that is conceived as the most
representative having considered all the existing ones. Both these options have serious further

consequences that are discussed in the following section.

2.5.3 The interoperability of the knowledge concepts

In the transferring process mechanism, the interoperability issues will be the challenges as the
knowledge concepts in the metamodel layer (M2) and the knowledge in its lower layers (M0-M1)
might have differences in knowledge structures while they fundamentally refer to the same
semantic meaning. To be able to achieve the transfer process successfully in this particular case,
the process should provide a mechanism for mapping knowledge concept accordingly. Each of
the knowledge concepts in the metamodel and its lower layer should be mapped based on their
semantic representations, as they basically refer to the same thing although their written forms

tend to be different (Madnick & Zhu, 2006).

The knowledge transfer processes that employ a semantic mapping process have been
extensively discussed (Reeve & Han, 2005). The model, that is rooted in a sound and rigorous
methodology of MDD, is used by software engineers to represent a domain in the higher
abstraction layer (Atkinson & Kuhne, 2003). While models constitute a coordinated and
networked system, their interconnectedness requires them to interchange their data. However, as
they are originally developed for different purposes and from different sources and by different
developers, models cannot be automatically drawn from one to another. In fact, reciprocal model
exchanges are extremely challenging as models fundamentally represent the view of the
researchers (Beydoun et al., 2009a). This research shows how a generic AOSE metamodel is
developed. In the process, all the prominent AOSE metamodels are populated, subsequently
reconciling their disparity concepts in order to generate a comprehensive and generic metamodel.
This is an extremely challenging task. The issue is that they are from different sources with

different metadata that need to be synchronized. For instance, these two phrases: “June 20, 2000”
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and “the last day of the first spring in the second millennium” (Harel & Rumpe, 2004, page 64)
show they are essentially referring to the same thing semantically; however, structurally their
knowledge elements are different. While both phrases have the same meaning, their syntaxes are

different as they might be developed for different tasks and contexts.

With regards to these, the MOF is advocated to address the barriers by specifying the
metadata management framework which enables model interoperability and metadata
transformations (OMG, 2013). In this thesis, the natural language is the element of ABM used for
the modelling of the DM domain. This is as shown as the example in the previous paragraph. The
harnessing of natural language in the modelling informs that the interoperability issues of the
knowledge models in the transform process can be approached by mapping their semantic
meanings. In other words, the transformation process between knowledge concepts of ABMs to

the repository fundamentally can be achieved by reconciling their semantic meanings.

In SE itself, semantic annotation approaches have been extensively discussed (Gagnon et
al., 2013; Kusel et al., 2013; Wang & Hsiao, 2014) and the various accompanying tools are also
developed for that particular purpose (Dingli ef al., 2003; Kogut & Holmes, 2001; Popov et al.,
2003). While some approaches are processed manually, for instance as discussed in (Oren et al.,
2006), some are semi-automatic (Handschuh et al., 2002; Vargas-Vera et al., 2002). The
annotation process itself will be iterative; therefore a manual approach may lead to a bottleneck
(Maedche & Staab, 2001). A human intervention to some extent is still required in all extant
semantic annotation systems where they are not possible yet to be undertaken fully automatically
(Siorpaes & Simperl, 2010). In fact, in this context, there is no system that can replace a human’s
capability as the best annotator (Reeve & Han, 2005). It is worth noting that the semantic
annotation has also been widely recognized in the IS field (Ramaprasad et al., 2016). It is referred
to as an ontology (Beydoun et al., 2014; Liao ef al., 2011; Omoronyia et al., 2010) as echoed by
Talantikite et al. (2009, p. 1109) “a semantic annotation is referent to an ontology”. Ontology
itself is defined as an “explicit specification of a conceptualization” (Gruber, 1993, p. 199). In the
SE domain, the foundational ontology is also referred to as a metamodel (Henderson-Sellers,
2011). However, ontology discourse is out of the scope of this research. In the context of this
research, as discussed previously that metamodel structure with all its prominence is justified as

the most representative as a repository in this context.

2.6 Conclusion

The literature review presented in this chapter highlights an important gap in knowledge

representation taking into account the characteristics of DM domain. In particular, metamodel is
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acknowledged as a representative format to be used for depositing the complex characteristics out
of that particular domain. Metamodel underpins the repository foundation where represented
knowledge is stored to. As previously elaborated that given the key objective of metamodel is a
completeness, a set of relevant and essential concepts and their relations needs to be identified
and synthesized to develop a complete metamodel encompassing the concepts of the entire
identified models. As previously highlighted, in the KE field, conceptualising the phenomenon of
a domain is also the objective of ontology. Nevertheless, in ontology, the conceptualisation can
only be carried out descriptively, which in KE it refers to descriptive modelling. This is because
in ontology the truth lies in reality. In contrast, a metamodel might describe different kinds of
reality e.g. domain, language or system. Thus, metamodel could be descriptive or prescriptive

modelling.

As depicted in previously, ontology also has ability to abstract the concepts and constraints
used explicitly. This means that anything that has not been defined, in ontology, is unknown
whereas in metamodel, it is implicitly allowed or disallowed. This is because the mission of
ontology is consistency. In other words, there need an agreement of the shared/standardized
concepts among group of people for that particular domain. In contrast, concepts in metamodel
are not required to be shared as for confining an arbitrary extension of the system that may lead

to inconsistencies.

In the context of this research, as the focus of the domain problem is DM which is
characterised by non-deterministic circumstance, the unknown or has not been specified yet
situation is inherent. As the situation evolves, this will lead to a new insight how to handle it. As
learning from the best experience is considered the best lesson learnt, there might always a new
concept arisen from those experiences as there is no identical disaster. Therefore, although both
metamodel and ontology have been utilised widely for portraying the phenomenon of reality, in
our context, metamodel is acknowledged to be the most representative format for a knowledge
repository given this research context. This is not to mention that as knowledge representation
technique being employed in this research is Agent-Based Model (ABM) given its features. As
employing modelling, the interoperability issues between knowledge modelled and its metamodel
has been maturely prescribed and discussed, that is the MOF. Employing MOF guarantees that
the knowledge being conceptualised in the modelling layer can be rolled up to its abstraction layer
or drilled down to its executable layer easily. This means that the knowledge conversion within

these layers is relatively easier to be synchronised and managed.

In representing the knowledge out of a domain, essentially, the literature review of KE also

laid out other methodologies taking into account modelling as the mechanism for that purpose.
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These methodologies propose various models that are also capable in representing the know-how
of organisational activities as in the AB paradigm. However, given the unique characteristics of
the DM domain that aims to capture, ABM of AOSE is considered richer in that the type and
number of models and their knowledge element structures that fully capable to represent the
intertwined and complex characteristics in the domain. In particular, ABM has ability to cope
with the element time that trigger the DM activities and dynamic environment evolving overtime

as the nature of disasters.

In the context of knowledge transfer, according to MOF, rolling up the model to its upper
layer means that it is converted to its representative concepts and their relations into its higher
abstraction concept, the metamodel. On the other hand, drilling down the model to its lower layer
constitutes the transferring process of it to the real-world layer. In the rolling up process, the
literature review showed that given the knowledge representation utilises ABMs, an AOSE
metamodel is required. This aims to guarantee the interoperability between the ABM and its
metamodel. In other words, the transferring process of the models to its metamodel can only be
proceed only if they are in the same paradigm. Thus, AOSE metamodel is needed to allow transfer
process to happen. The literature review has also shown that as the focus of the research is to
develop a framework enabling the knowledge transfer, thus instead of developed a new AOSE
metamodel for this purpose, the most complete and representative one among the existing ones
will be adopted and utilised. In fact, there are many developed AOSE metamodel for different
purposes. Thus, a scrutiny identification is then required to select the one fit best for this thesis

proposal.

As metamodels, in fact, might be developed for different purposes, contexts and by different
developers, the annotation process guarantees the flexibility in the mapping process of these
different knowledge models and the metamodel based on their semantic similarities. In our
context, given metamodel is a model per se, the annotation process guarantees that the mapping

process can be taken place between metamodel and metamodel or model to metamodel.

2.7 Chapter Summary

This chapter reviewed the background and existing related works underpinning the research. The
review is begun from the identification all the related characteristics encompassing and forming
the DM as a complex domain. All the relevant and existing DM literatures are engaged in
constructing these characteristics. Systematically identifying these characteristics is crucial as
they are not only underlying the motivation to fill the gaps for which the authors aim to contribute

to but more important they underpin the whole discussions of this study.



49

Through the literature reviews, the particular modelling employing ABM is reviewed as the
most representative tool to analyse and extract all the knowledge characteristics identified in the
first place. The ABM itself has so much in common in terms of the characteristics compared to
ones in DM domain. In fact, the AOSE paradigm that produced ABM templates is developed
driven by the fact that complexities these days exist in almost all domains including the DM.
Given all its prominence, the DM lends itself to be represented by that particular paradigm. The
complex characteristics can be represented by the ABMs and can accommodate the representation

of DM. L.e. the DM domain lends itself to be represented by modelling task through ABM.

The ultimate goal of the research is to share the DM knowledge to be reused by others in the
typical DM activities. Therefore, once all the DM elements are analysed and modelled, the next
to put in place is a representative repository where the knowledge can be deposited to. As a
consequence of the indicated goal, there are two components that need to be prepared, namely,
preparing the repository and prescribing the transfer mechanism itself. Most literature reviews
proposed the metamodel structure as the most representative repository. This is due to the fact
that (1) metamodel is about concepts and relations. In our context, all the relevant and essential
DM domain concepts are identified and related to each other in a way that they form a DM
metamodel, the DMM. This implies that the DM stakeholders can embrace the knowledge
concepts identified in the DMM to generate the relevant and necessary ones to be applicable in
the real-world activities; (2) metamodel structure allows the DM knowledge to be identified
efficiently. In other words, by harnessing the metamodel structure, all the relevant and essential
knowledge concepts have been identified and are ready to be used. The literature review shows
that to allow the transferring process, the DMM is prepared using an AOSE metamodel as a bridge
between ABM elements and DMM elements.

Once the repository is in place, subsequently the literature review elaborates issues
pertaining to the transfer mechanisms. A MOF framework frames the process and a semantic
mapping process is involved to ensure the knowledge in the ABM structure is being transferred
into the repository. It is also identified that the process involves a human as the best interpreter.
This thesis contributes in this process of framework development to allow the knowledge to be

analysed and transferred into the repository.
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3 Research Design

In Chapter 2, leveraging the ABM and DMM as the basis of a representative repository as well
as their transfer process were reviewed and discussed. The ABMs in AOSE are used to analyse
and model the complex knowledge of the DM domain. However, as discussed in the literature
review, although the models and the repository are in place, the knowledge transfer cannot be
processed directly. This chapter elaborates on the research design by providing details of the
transferring process between both ends systematically to conducting its evaluation processes
framed in a Design Science Research (DSR) methodology, rigorously. In Section 3.1, the research
objectives are formulised in five phases. In Section 3.2 to 3.5, each of the phases is discussed in

detail and followed by the conclusion in Section 3.6.

3.1 Design Science Research in IS

In IS research, two paradigms dominate: the behavioural science and the DSR (Hevner et al.,
2004). The behavioural science attempts to explain and predict, based on the observational
activities, the impact of IS adoption to individuals, groups or organisations. In contrast, the DSR,
which has its roots in engineering and science, seeks to create innovation through analysis, design
and implementation towards more effective and efficient use of the IS (Hevner & Chatterjee,
2010). Therefore, the focus in the DSR is to investigate a new artefact (Gregor & Hevner, 2013).
Nevertheless, both paradigms are inseparable in IS research, as the two sides of the same coin.

Both seek to extend the boundaries of human and organisation capabilities.

The DSR research, which is the driver in this thesis, aims to create new and innovative
solutions including socio-technical artefacts such as decision support systems, governance
strategies, methods for IS evaluation and IS change interventions (Miah et al., 2017; Miah et al.,
2016; Shrestha et al., 2014). Hevner et al. (2004) have laid a foundation of a concise framework
upon how the DSR is undertaken in the IS, in terms of contributing and producing rigorous IS
artefacts (Chatterjee, 2015). They developed a three-stage cycle (as drawn in Figure 3.1) as a
framework to be able to contribute in the DSR by producing innovative new artefacts. These
artefacts, as the product resulting from the DSR activities, include the following (March & Smith,
1995):
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e Constructs: These provide the vocabulary and symbols used to define and understand
problems and solutions. The correct constructs have a significant impact on the way in which
tasks and problems are conceived, and they enable the construction of models for the problem
and solution domains. For example, ‘entities’ and ‘relationships’ are constructs in the field of

information modelling.

e Models: These are designed representations of the problem and possible solutions. For
example, mathematical models, diagrammatical models, and logic models are widely used in

the IS field, and new and more useful models are continually being developed.

e Methods: These provide the instructions for performing goal-driven activities. Examples are

algorithms, practices, and recipes for performing a task.

o Instantiations: These are physical realisations that act on the natural world such as an IS that
stores, retrieves, and analyses customer relationship data. Instantiations can embody design
knowledge, possibly in the absence of more explicit descriptions. Examples are IS that store,

retrieve, and analyse customer relationship data.

The aim of the DSR of IS presented in this thesis is to develop a knowledge analysis
framework that can be used by DM domain stakeholders to analyse and model the knowledge
which is laid down in a semi-structured format. In the process, it needs to ensure that the fuzziness
and interwoven complex knowledge is disentangled, subsequently deposited into a representative
repository facilitating the sharing and reusing processes. Ultimately, this aims to contribute in the
DM resilience endeavours by enabling others to learn efficiently and effectively from the past.
Moreover, the developed artefacts composing this framework in this thesis need to be evaluated
internally to ensure that the validity threats are mitigated. This is followed by evaluating the
framework externally through case studies to assure the efficacy and effectiveness of the

developed framework.

With respect to the DSR, the artefacts are developed based on the actual environment
observation of potential opportunities to improve the practice (Iivari, 2007). With respect to
Hevner’s DSR, that particular observation is the first stage of a three-cycle development and is
referred to as a “relevance cycle” (Hevner, 2007, p. 2) (see Figure 3.1). The observation can result
from the interactions among people, organisation and technical systems in achieving a particular
goal (livari, 2015). In the context of this thesis, the observation is conducted in the DM domain,
particularly in the knowledge analysis mechanism to facilitate the knowledge sharing and reusing.
The gap and all its related elements are identified. This then becomes the foundation of the next
DSR cycle that is designing and building the artefacts and processes. This is regarded as the heart
of the DSR (Hevner & Chatterjee, 2010).
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As indicated previously, following the DSR research process, once the problems are
observed and identified, they are followed by developing the initial artefact to address them.
Subsequently, once it is built, an evaluation process of the developed artefacts is required initially
to justify their utilities in solving identified problems. Both building and evaluation processes
fundamentally are the second stage of Hevner’s DSR three-cycle and referred to as a “design
cycle” (see Figure 3.1). Particularly in the evaluation stage, Hevner et al. (2004, p. 80 Figure 2)
propose that it could be either: “analytical, case study, experimental, field study or simulation”.
In his subsequent work, Hevner (2007) points out that evaluating a DSR artefact must be well
conducted to ensure its validity; as stated “artefacts must be rigorously and thoroughly tested in
laboratory and experimental situations before releasing the artefact into field testing along the
relevance cycle” (Hevner, 2007, p. 5). This evaluation is a crucial and an essential activity, as it
guarantees that the new proposed and developed artefacts in the DSR are achieved and works as

intended (Gonzalez & Sol, 2012; Peffers et al., 2012).

Environment Design Science Research (DSR) Knowledge base (KB)

Build Design
Artefacts &
Processes

elevance Cycle Rigor Cycle
Requirement Design

« Requirements Cycle s Grounding

» Field testing « Additional to

Figure 3.1 DSR cycle, adapted from (Hevner, 2007, p. 2).

Application

Foundations
domain

In DSR, there have been various evaluation techniques proposed (Gonzalez & Sol, 2012;
Peffers et al., 2012; Pries-Heje et al., 2008; Venable et al., 2012). Peffers et al. (2012) begin to
describe the evaluation process by defining that it can be conducted “ex ante” (before) or “ex
post” (after) the artefact construction. However, as previously described, there are different
artefact types (model, method, construct and instantiation). Therefore, relying only on these two
types of classification is too general. This means it is urgent to have a more detailed evaluation
process encompassing the developed artefacts. The issues that need to be clarified are where to
start the evaluation and to what extent the evaluation of the artefacts should be. This is to ensure
that they are thoroughly evaluated. To elucidate this, Gonzalez and Sol (2012) break down the
existing evaluation type by defining a new set of evaluation criteria to cover the detailed aspects
of artefacts. For instance, while some criteria such as completeness and simplicity, are defined
for the construct artefact, the others including the criteria robustness and level of detail are for the
model artefact. In this regards, although this approach informs how to perform the evaluation in

more details, these proposed criteria could be infinite as it depends on the researchers’
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subjectivities in addressing each of their problems. In other words, the researchers can insert any

criteria whenever necessary.

To address this issue, Prat ez al. (2014) in their seminal work abstract these criteria into some
dimensions. These dimensions represent and conceptualize all those criteria in the meta-analysis
level. For instance, while a tool dimension represents the technology used or prototype built in
developed artefact criteria, a user dimension represents the modellers, developers and
programmer. The aim is to mitigate the threat of validation of developed artefacts (Venable et al.,
2016; Yu & Ohlund, 2012). In other words, there is a need to ensure that the developed artefacts
work as intended. Therefore, the whole dimensions of the developed artefacts are required to be
evaluated in order to guarantee their proof-of-concept, proof-of-acceptance and proof-of-value-
added (Gregor & Hevner, 2013). In addition to performing the evaluation, both internal and
external validation (livari, 2007), echoed by Hevner and Chatterjee (2010, p. 19) as “multiple
iterations”, need to be done to guarantee that efficacy and effectiveness of the DSR processes are
achieved and work as intended. In our context, the evaluation processes involve the case studies
and the experts from different authoritative DM agencies, tools developed to help the process
themselves, the evaluators, the knowledge engineers. Their evaluation processes will be

elaborated on in detail in the later sections in this chapter.

The third stage of the Hevner’s three-cycle DSR is the “rigor cycle” (Hevner, 2007, p. 3)
(see Figure 3.1). This is the justification whether the research contributes to a new Knowledge
Base (KB) (Gregor, 2006) or is only a routine design (Gregor & Hevner, 2013). This knowledge
contribution, by far, comprises “only” the consequence of the “design cycle” (Hevner, 2007, p. 4)
in the previous stage, which therefore should be performed systematically. In this stage, the
research outcome, that is the artefact per se, should be able to be communicated for the theoretical
contribution of the research (Shrestha et al., 2014) or the research helps to address the current

problem for the practitioners (Miah et al., 2014; Sein et al., 2011).

Following the above elaborated DSR methodology, this research is constructed in four
phases (shown in Figure 3.2). Phase 1 focuses on defining the research problem. Phase 2 is the
development of the knowledge analysis framework. This framework is developed based on the
identified problem in the previous phase. The output of this phase is the initial version of the
framework. In Phase 3, the framework developed in Phase 2 is validated internally. This is to
ensure that all aspects in the framework development are mitigated and work as intended. To
allow the evaluation processes in this phase to be performed effectively, an instantiation of the
developed artefact in the conceptual research is constructed. It is essentially a prototype for the

evaluation purpose. The aim is to show this framework can be implemented into the technical
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detailed level, where it is easier to be understood by non-expert people. In Phase 4, the external
evaluation is conducted by validating each of the artefacts composing the framework for some
particular aspects. Those aspects are: formal, domain, developer, tool, user and methodology
which essentially encompass the internal and external validations and represent the system
dimensions, namely: goal, environment, structure, activity and evaluation (Prat et al., 2014).

These evaluations contribute to the improvement of the developed artefacts.

[ Phase 1. Research problem identification ]

]

[ Phase 2: Knowledge Analysis Framewaork development ]

¥

[ Phase 3 Intarnal Framewaork Evaluation ]
[ Phase 4: External Framework Evaluation ]

Resesarch
finalization

Figure 3.2 Research phases to be evaluated in this study.

A post-evaluation will also be conducted subsequent to both of these valuations. This will
be conducted by a DM expert where the case study comes from. The typical evaluation aims to
demonstrate the value of the knowledge to the target user groups: the DM stakeholders with

evidence in addressing the benefit and usefulness criteria (Gregor & Hevner, 2013).

3.2 Phase 1: Problem Identification

The DSR methodology boils down to identifying and defining the research problem. This is a
critical phase of the research cycle, as it provides a foundation which sets the direction of the
research. As Gregor and Hevner (2013) have well described it, in this first phase, the research
should define: a) Problem research; b) Motivation and objective of the research; c) Theoretical
and practical contribution; d) Scope of the research, ¢) Overview of the method and findings; and
f) Structure of remainder of the research. All these criteria are explained and structured to provide
research justification not only in the context of the actual research that needs to be conducted, but

also in the context of the knowledge contributions of the research.

For the purpose of this research, these above criteria have been discussed in Chapters 1 and

2. Problems addressed in this research have been defined in examining the DM trends and in the
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DM practices vis-a-vis using decision support systems for the purpose of DM knowledge sharing
and reusing. This review identified a serious gap in the conversion and representation of extant
DM knowledge. This requires a fit and appropriate method for that purpose. Generally, the
challenges that are discussed in the previous chapter consist of three activities. They compose the
Phase 1 of the research stages as highlighted in Figure 3.3. These activities are: (1) the literature
review to identify the most representative methodology to conceptualize the knowledge out of the
DM domain as Activity 1; (2) the literature review to identify the most representative repository
to facilitate sharing and reusing as Activity 2; and (3), the review to identify the most feasible
approach as to how the knowledge identified in (1) can be deposited in (2) as Activity 3. Activity
3 is subsequently conducted once the first two have been well defined. This is with the fact the
Activity 3 can only be possible to be defined systematically once both previous activities have
been identified. In other words, Activity 3 can only be possible if the depositing processes
between the knowledge represented in Activity 1 to the representative repository identified in
Activity 2 are feasible. All the challenges and gaps are presented and examined based on the

existing literatures.

Activity {1):

Literature review of the appropriate

methodology in representing the

complex knowledge of the DM
domain

Activity (3):
|dentifying the detail processes how the
represented DM complex knowledge e
can be placed and positioned
appropriately in the repasitory

Defined research
prablems

Activity (2):
|dentifying the most appropriate
repository where the represented
complex DM knowledge can be
stored for later sharing and reusing

Figure 3.3 Activities in Phase 1 of the design research.

As described in Chapter 2, ABM has been recognized and used in analysis and modelling
various complex domains (Lopez-Lorca et al., 2011; Miller et al., 2014). This thesis contributes
in justifying that ABM is an effective methodology to represent the complex knowledge in the
DM domain. ABMs have capability to extract the complex knowledge out of the DM domain and
structure it in a way so that it can be understood comprehensively and holistically by stakeholders.
Each of these models can represent the details and feature characteristics of the DM knowledge
in a semi-structured format. Once analysed, they then become AB knowledge models. These can
later be transformed or transferred to the later development phases for other purposes, for
instance, knowledge-based information system, decision support system. In the DM endeavours,
MOF framework tailoring with the AB models is identified to disentangle the complex knowledge
that is fuzzy and tangled in a strict delineation PPRR (Prevention, Preparedness, Response and
Recovery) framework. The process will be conducted by providing a step-by-step semi-automatic

guideline for structuring the knowledge in layers, which systematically represents the knowledge
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at any point of the timeline in the DM activities. This is with the intention that the analysed and
structured DM knowledge becomes the actual representation of the complex domain, particularly

in the real DM activities.

Furthermore, as part of Phase 1, in Activity 2, identifying the compatible repository where
to deposit the AB knowledge models is the next activity to be reviewed. The review identifies
that DMM is an effective basis for a repository where the analysed ABMs will be deposited
(Othman et al., 2014). In DM activities, this particular repository is extremely urgent as the
stakeholders are able to pinpoint the knowledge at any point in the disaster timeline, particularly

for people on the ground.

Once the Activity 1 and 2 have been defined, in Activity 3, a review is taken to synchronize
them. In other words, the AB knowledge models resulting from in Activity 1 need to be
investigated under scrutiny to be deposited in the identified DMM-based repository, in Activity
2. This thesis exhibits the mapping processes between them in details, facilitating the sharing and
reusing in the DM resilience endeavours. To allow this to happen, the ABMs and the DMM-based
repository adopted in this thesis are used to model and to represent the DM domain. As both
ABMs and DMM-based repository are developed rigorously based on the MDD, essentially they
constitute models representing the system under study. ABMs represent the DM domain and the
DMM-based repository represents the DM model; as such, the transferring process is conceived
by mapping their semantics. All these processes are the essence of our developed framework. The
evaluation subsequently validates the developed artefacts internally followed by testing with the
real case studies externally. The validations are applied to the same aspects of the framework

iteratively, encompassing the functionality to domain dimensions.

33 Phase 2: Knowledge analysis framework development

With respect to the DSR paradigm, this phase discusses the development of the knowledge
analysis framework as the artefacts identified in Phase 1. This is essentially the “design cycle” of

the Hevner’s DSR three-cycle. The developed framework in this thesis is illustrated in Figure 3.4.

As depicted in the figure, the input of the framework is the DISPLAN knowledge document.
It is structured in the semi-structured format. This knowledge in the document contains all the
organisational know-how across all PPRR phases to be followed in the DM activities. Initially,
the knowledge in each of the PPRR phases will be analysed and subsequently structured in each
of the corresponding ABMs. The MOF that is tightly coupled with the ABMs serves as a
framework to structure the knowledge in the ABMs into its layers. This is aimed to disentangle

the complexities of the knowledge elements. The AOA is the activities referring to these processes
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to analyse and extract the knowledge from the knowledge DISPLAN and subsequently structure
it into the ABMs. The output of this process is the AB knowledge models. These AB knowledge
models that contain the analysed and structured DM knowledge will be the input for the next
process. Once they are in place, they are transferred into the DMM-based repository. However,
to allow this to happen, the DMM-based repository needs to be prepared. As was pointed out in
Chapter 2, this is to make sure that the transfer process is allowed. This is conducted by annotating
the DMM-based repository. Once this is done, eventually, each of the AB knowledge models will
be deposited into the prepared repository by mapping each of them to its appropriate construct in
the metamodel. This process is conducted by positioning each of them semantically. The
knowledge structured in the repository then facilitates the sharing and reusing purposes. This is a
semi-automatic process where a DM expert is involved to intermediate it by ensuring that the
mapping between each of the AB knowledge models and each of the appropriate concepts in the

repository is undertaken correctly.

Mapping semantically
Agent-Based
" gentHase DMW-based repository to be shared
DISPLAN Agent-Oriented Knowledge Models and reused

Knowledge Analysis

Transferring to
the repository

O

Sami-structurad
format

Figure 3.4 Knowledge analysis framework to be evaluated.

34 Phase 3: Internal Framework Evaluation

In this phase, the framework developed in Phase 2 is evaluated. Based on the DSR, an instantiation
as an artefact produced from the research is implemented to ease the evaluation process. It is
essentially a software prototype developed to validate the developed framework with the case
study. This will be a proof-of-concept to facilitate the developed framework to be evaluated in a
real case scenario. Moreover, the prototype will be a tool to conduct the evaluation processes
internally of all aspects of the developed artefacts and to ease the evaluation process per se by the
end users. This prototype is developed utilizing the web-based technology. Thus, essentially it
can be accessed from anywhere in a connected network. This research utilizes eXtensible Mark-
up Language (XML), a simple and very flexible format to model the knowledge of the DISPLAN,
PHP as the most popular server-side scripting language, MySQL the most popular open source

database and Apache, the most used web server application.

End users as well as the DM experts are involved in this phase for the prototype development

as well as the internal evaluation process. The evaluation is conducted through a series of
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validation of the artefacts composing the developed framework with that particular case study.
This is aimed to evaluate whether (1) each of the artefacts works as intended so as to meets the
requirement specifications ranging from low to high level validations; (2) the developed
framework as an integral part of the artefacts works at addressing the issues in this research. These
will identify any mismatch between requirement and the design as early as possible. End users
input guarantees the framework development is evaluated for all artefact dimensions with a real
case study. The evaluation process, therefore, should cover all aspects categorized in their

dimensions (Prat et al., 2014). In this research, those identified dimensions are as follows:

= Functional dimension. This dimension covers the functionalities of the artefacts produced in
this research. As indicated previously, the artefacts comprise construct, model, method and
instantiation. Each of them represents a functionality accounting to each step of the developed
framework. This implies that the functional dimension validation covers each of them
separately and as an integral part of an instantiation. The to-be-evaluated knowledge analysis
framework as shown in Figure 3.4 will validate the functionalities in each step and for the
whole building block as an integral part. This dimension contributes to the internal validation
which is aimed to uncover any deviation and errors of the developed artefacts. Moreover, this

validation aims to identify whether these artefacts work as specified.

= Tool dimension. This dimension relates to the assisted tool created in this thesis to ease the
developed framework to be evaluated. For instance, as can be seen from the to-be-evaluated
framework in Figure 3.4, fundamentally there are three steps covering the whole process.
They are producing the ABMs, preparing the DMM repository and transferring the models in
the repository. In this dimension, a tool is developed representing and exhibiting each of the
processes in each step, subsequently evaluated with a real case study. The evaluation of this
dimension will take place in each step utilizing the assisted tool to help the framework to be
assessed by the users. Therefore, the developed tool should be validated in representing the

process in each step correctly.

= Domain dimension. In this phase, the dimension refers to the prototype evaluation of the
developed framework into a case study. The case study comes from the collaborators which
are the authoritative disaster agencies where this research is developed. The feedback to this
validation contributes to the internal validation as it provides inputs for the framework
improvements. As discussed in the literature review, the input of the framework is a semi-
structured DISPLAN knowledge document. The developed framework is aimed to be used
for particular type of disaster. Nonetheless, in this particular validation, a DISPLAN of flood
disaster of the State Emergency Service New South Wales (SES NSW) State Australia is

employed for various reasons: (1) This is the real DISPLAN of the authoritative agency to
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combat the disaster, particular the flood, in the NSW State. The agency also is highly involved
in developing the research as a collaborator; (2) Flood disasters, as a matter of fact, are the
costliest natural hazard faced by Australia and ranked as the second deadliest disaster in
Australia (Gissing et al., 2010). In addition, with respect to the recent climate change studies,
floods most likely will increase in the future across the world (Cavallo, 2014; Kundzewicz et
al., 2013); (3) The plan is considered as a semi-structured flood DISPLAN knowledge that is
populated and written by practitioners involved in the DM for floods and can be downloaded
freely from its website’; (4) It covers three out of four DM phases: Preparedness, Response
and Recovery, representing pre- and post-disaster. In this activity, the chosen case study is

aimed to validate that the developed artefacts work with the real case studies.

= User dimension. As mentioned previously in this research, an instance representing a
construct instantiation type, is developed. This is a tool to assist the artefacts to be evaluated.
In its development process, several developers are involved to evaluate internally whether the
tools works and to represent the requirement specifications. An end user is highly involved
and collaborates with the developers in the prototyping phase for this evaluation type. The
end user in this context is the DM expert where the case study comes from. This is due to the
fact that the DM expert is the one who certainly has mastered the DISPLAN and therefore
he/she can justify the conversion knowledge from the plan to the ABMs to the repository and
that the knowledge can be fully transferred to the repository. The DM experts are involved in
the evaluation process to examine whether the developed artefact address can be categorized
as the initial prototype as it, at some point, addresses the real world problem. The developers
and the end user are the users in this context. The users guarantee each step of the developed
framework works as specified before conducting external evaluation with another real case

study. This dimension contributes to the internal evaluation.

All these dimensions are validated through the developed prototype. They all contribute to
the internal validation. Essentially the prototyping and the evaluation through it are aimed to
evaluate the efficacy of the initial version of the artefact. This is aimed to uncover and list the
deficiencies of the initial artefact. This feedback as the input for improvement before evaluating

the framework externally with another real case study.

3.5 Phase 4: External Framework Evaluation

In the DSR framework, the evaluation should be conducted rigorously and with relevance as this

is the essence of the DSR (Hevner, 2007; Iivari, 2007). The feedbacks of the evaluation will be

? http://www.floodsafe.com.au/
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used to “refine the design further” (Hevner, 2007, p. 4). In other words, the evaluation in the DSR
is to determine whether additional iterations are required for the artefacts improvement. In Phase
3, the internal validation is elaborated through some particular dimensions. To complement that,
in this phase, the external valuation is conducted with another real case study. As this evaluation
type is to validate the developed framework externally, the user dimension involved in this
process is the experts where the case study for this external validation is used. The DM expert
also aims to represent the authoritative disaster agency where the research is aimed to be
implemented in. In addition, the DM expert in involved in this evaluation type to assure the

efficacy of the developed framework where it can be implemented as specified.

As indicated, in this evaluation type, the domain dimension will also be validated as this
represents another real case studies to evaluate the developed framework. The case studies for
this evaluation type are from both SES NSW and the SES State of Victoria, Australia. The DM
DISPLAN knowledge of the agency is also a flood DISPLAN.

As elaborated previously that external validations are intended to complement the internal
validation. The objective is that once the first version of the developed framework can be
guaranteed to have met and worked as required through the preliminary case study (internal
validation), it then gets tested to actual SES case studies. The aim of the external validations is to
ascertain that the framework can be applied to various scenarios. Put simply, for other DM
practitioners, it is efficient for them to adopt and adapt the existing and validated techniques rather

than investing time and cost for building new ones from scratch.

To guarantee that the developed framework has been thoroughly and rigorously validated, a
post evaluation for each case study will thus be managed. The framework is open for improvement
after each validation with the aim for improving the framework as necessary. The ceiling for
limiting the improvements is, however, that the last validated version of the developed framework

is considered to have addressed the research problems.

For both internal and external validations, what follows are their key features:

1) A DM expert from SES NSW State that is highly involved in developing the flood DM
knowledge this research utilises is involved in the first case study. The evaluation with the
expert is conducted with the case study from the SES NSW. It is worth noting that the DM
expert had been in collaborating since early of this research development. Therefore, he was
involved to ascertain not only the framework development but also the tools developed for

the evaluation.
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2) A DM expert from the SES Victoria State is involved in the external validation. He also has
been with the SES Victoria that was highly involved in developing the flood knowledge
document for the organisation. Choosing an expert from each state ensures better

generalisability of the framework.

3) Two honour students of information system of the University of Wollongong were also
involved in the evaluation of the first case study. In particular, one of the student, he was
highly involved from the early stage in the analysis and modelling phases, the tools
development as the prototype produced in the research. The other student evaluated the first

case study from the analysis and modelling the seven ABMs.

4) One master student of information system of the University of Wollongong was involved in

evaluation from the analysis stage to produce the ABMs for the second case study.

3.6 Chapter Summary

This chapter reviewed the research based on the DSR methodology used in this thesis. This
research is organized in four iterative phases. Phase 1 is the research problem identification. There
are three activities which are undertaken in this phase. Phase 2 is the artefact development based
on problem identification in Phase 1. Phase 3 and 4 are the evaluation phases of the artefacts. All
these phases are elaborated on in corresponding chapters in this thesis. The existing and related
works were compiled in Chapter 2. This is used as the foundation to define the problem gap. In
this chapter, the research methodology is illustrated to show the step by step of the research
activities. In Chapter 4, the development of the knowledge transfer analysis framework will be
illustrated and shown. The initial version of the framework will be the output of this stage. Once
the framework is developed, the next process to be followed is the evaluation. In this thesis, the
evaluation stages are arranged in three chapters representing the stages of internal and external
evaluations. The first validation will be compiled in Chapter 5. The output will be the feedback
for the next validation. In Chapter 6, the second validation will be presented based on the feedback
from the previous chapter and similarly for the third validation in Chapter 7. All the validations
will be conducted with the real world case studies. Finally, Chapter 8 of this thesis presents the

research conclusion and outlines the future works.
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4  The Agent-Based Knowledge
Analysis Framework Development

This chapter marks the beginning of a series of framework development stages based on the
research problem and gap identified in the previous chapter. The framework is developed
rigorously with respect to the DSR methodology. The literature review presented in Chapter 2
confirms that not only does the DM knowledge need to be analysed and modelled appropriately
to disentangle all the complex characteristics but also depositing them into a representative
repository are extremely challenging tasks. The issue in the modelling stage is due to the fact that
the disaster is a non-deterministic event (Wex et al., 2014). On the other hand, it has to comply
with various constraints, such as time, organisations, as they determine that a hazard can be
handled accordingly or it leads to a catastrophe (Alférez & Pelechano, 2012). The literature shows
that as the DM domain characteristics have so much in common with ABM paradigm, it is not
surprising that they both lend themselves to one and the other. Nonetheless, since there are no
two identical disasters (Coppola, 2011), various disasters present difference knowledge elements.
Although conceptually they might refer to the same meaning, on the ground they might have

different elements and contexts.

In our context, to be able to address these discrepancies, in the next stage of knowledge
analysis framework, the repository where the knowledge will be deposited to should be in a
comprehensive structure. In other words, the repository needs to be orchestrated comprehensively
encompassing those various DM knowledge concepts from the actual activities as completely as
possible. The aim is to reconcile the knowledge perceptions between the one on the ground and
one in the conceptual level to represent each other cohesively. As such, any related DM
knowledge activity from any event in the real world is able to be mapped to its appropriate concept
in the repository. Based on the literature review, metamodel-based structure, the DMM, is
envisaged as the most appropriate repository to be employed. This is because not only it comprises
the most comprehensive DM knowledge concepts and their relations (Al-dhaqm et al., 2017), but
also it is suitable for all disaster types, both natural and/or man-made/technological (Othman et
al., 2014). Eventually, the knowledge of the domain modelled based on ABMs is transferred to
the DMM-based repository accordingly to allow it to be shared and reused by other stakeholders
for the typical disasters.
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This chapter strings up all those things together as an initial version of the artefact
development, the Agent-Based Knowledge Analysis framework and is organised as follows: In
Section 4.1, the DM knowledge analysis requirement is elaborated. This is essentially the
requirement analysis prior to the framework development stages that will be elaborated. In
Section 4.2, the knowledge analysis framework is presented and prescribed in details in its three
main stages. These three stages are explained in Section 4.3, 4.4 and 4.5 as Stage 1, Stage 2 and
Stage 3, respectively. Essentially, they are the following: (1) the stage of analysis and modelling
the DM domain to be represented in the corresponding ABMs; (2) preparing the repository to
allow the transferring process and; (3) the transferring process itself. Section 4.6, presents the
initial version of the Agent-Based Knowledge Analysis Framework. This chapter is concluded in

Section 4.7.

4.1 DM Knowledge Analysis Requirement

In this section, the requirement of the knowledge analysis framework that utilises ABMs to
discretise the DM knowledge and facilitate it to be deposited into the DMM-based repository is
formulated. As discussed in the Literature Review in Chapter 2, both ABM and the DMM are
developed based on the MDD paradigm. In providing a bridge to the DMM, the MOF
metamodelling framework abstractions and transformations can then be brought to bear to further
organise and structure the DM knowledge from the unstructured sources. In other words, once the
DM characteristics are analysed, the transformation process into the DMM follows the MOF
framework to ensure the acquired knowledge is correctly represented and positioned (in the
knowledge repository) at the appropriate abstraction layer. For example, a DM preparedness
knowledge activity described in a flood management plan is as follows: “...responsibilities to
ensure the residents in the council area are aware of the flood threat in their vicinity and how to
protect themselves from it” (SES NSW Australia, 2006, p. 14). This activity is intertwined with
so many other activities, for instance, who is involved in this activity, when the actions should be
performed, what resources are required to support the activities, what are the pre- and post-
conditions of the activity. The resolutions of these questions are essentially the knowledge
elements that are useful for those who are on the planning/policy level and those who are in the

real world.

On the conceptual level, these typical knowledge elements are able to be mapped to each of
their corresponding concepts and relations in the DMM. In other words, the knowledge structures
in the DMM-based repository represent the knowledge from the conceptual to planning/policy to
real world one. Therefore, to allow this to happen, an intermediate modelling activity is required

to facilitate the extraction and identification processes as to how this activity relates to the rest of
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the DM body of knowledge represented within a DISPLAN and implied by the DMM and MOF.

The overview of the process is drawn in Figure 4.1.

Agent-based knowledge analysis framework

Prev/Mit
N

Annotated DM Metamodel

Annotating D&

Modelled DM knowledge
based on AOA

Role Model Interaction Model

GoalModel )| Scenario Model Ji{ Environmet Model
Agent Model Organisational Model

DM Metamodel

Agent Oriented (AO) Analysis

Figure 4.1 Overview of transferring process of DISPLANs into DMM-based repository.

A particular DISPLAN guides those participating in the goals described in the plan to a set
of problem-solving tasks required to be pursued. The participants are typically located in specific
areas of authority and have hierarchical levels of control and command. For instance, the SES
NSW is the legislatively appointed combat (lead) agency to plan for and control flood, storm and
tsunami DM operations. This is implemented through SES NSW Local, Regional and State
organisational levels during day-to-day pre-disaster planning, and also by specific incident
controllers in Incident Management Teams during response. However, even within this construct,
hierarchy and control complexities exist. For example, while the NSW SES is the combat agency
for flood disaster management, a NSW Police Commander will control specific tasks for which
NSW Police is the controlling or lead agency. An enacted emergency plan requires all involved
to be conversant with potential tasks in the PPRR cycle. This is reflected in the Total [Flood]
Warning System (1) which includes, but not limited to, public information and warning, staff and
volunteer mobilisation, evacuation, rescue, intelligence, and (2) situation awareness and planning

strategies to protect elements (infrastructure or community) at risk.

Knowledge of the relations between various tasks and how the specific area of control
overlaps with adjacent organisations, but particularly between Incident Management Teams at
Local, Regional and State levels, is an essential component of success in implementing the

DISPLAN. Accessing this knowledge leads to a cascade of further context awareness. It typically
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leads to further identification of other related knowledge, along with those tasks that might be
performed in parallel, sequentially or even interleaved. In addition, in terms of performing those
tasks, an agent (a person, a group of people or an agency) may play various roles and interact with
many other agents. Furthermore, agents typically have different scope of control, and belong to
different layers in various administrational or command and control hierarchies. Notwithstanding
this, the agents still need to be able to communicate with each other to pursue a particular goal(s).
As they collaborate, agents are often required to maintain their own situation awareness and need
to react to changes in their environment as events unfold. In the midst of all of this, agents need

to be knowledgeable of not only their goals but also of their resources and supporting systems.

The breadth and complexity of this knowledge presents a number of significant challenges
for disaster managers and participating organisations, as well as the community. The NSW SES
prepares and maintains some 123 individual Local Flood Plans across NSW Local Government
Areas, and this involves extensive processing of flood risk data, and consultation with all
organisations and participants involved, to develop the strategies in the plan. Other hazard
managers, such as bushfire managers, maintain similarly large numbers of Local and Regional-
level disaster plans. While there are many issues that can benefit from the work outlined in this
thesis, for example, improving the inefficient maintenance of such a large connected but disparate
knowledge representation currently maintained as individual Microsoft Word® documents, the
critical outcome discussed in this thesis is the importance of shared understanding and ease of
access to DM knowledge, roles and actions. For example, how is a participating organisation or
officer, or an individual in the community, best enabled to explore and understand their role and
actions in the context of a large and complex disaster management plan? A resilient community
is the one which has awareness of its risk, and of strategies to deal with it, before disasters strike;
it then enacts these strategies during disasters when there will be little time to try and develop this
understanding for the first time from large and complex documents. Meeting this challenge is the

core theme of this research.

Analysis and sharing of the knowledge above requires a systematic approach to structure the
knowledge and communicate it effectively and efficiently. In particular, the analysis requires
answering complex questions such as: how a goal can be identified and evaluated; how agents
negotiate their priorities as they collaborate in common goal(s) such as: what specific activities
agents perform as they pursue their goal(s); what resources are needed for given goals or agents
and what time and resource constraints should be imposed on particular agents. The proposed
framework of knowledge analysis of a DM domain within a DISPLAN, transforms the knowledge

involved into a representative repository to enable sharing and reusing activities.
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In this context, the MOF is also used to disentangle the fuzziness and intertwine of the
complex DM knowledge by structuring the knowledge into layers. Each layer represents the
knowledge in the conceptual metamodel level, planning or policy level and real activity level. For
the stakeholders, this approach allows the knowledge to move up and down at any point of the
DM time line. Moreover, this particular flexibility in traceable knowledge processes allow the
stakeholders to effectively and efficiently identify which one is the best fit for them in any disaster
activity. It is worth noting that instead of prescriptive, in this research ABMs are used as
descriptive tools to analyse and model the complex characteristics of the DM domain. The ABMs

are used in the analysis phase to capture and extract the knowledge out of the DM domain

In the sections that follow, the development of the knowledge analysis framework is
elaborated and discussed. Essentially, it discusses the modelling activity utilizing ABMs of the
DM domain, the repository and the transfer process per se between the modelled knowledge to

the DMM-based repository.

4.2 Knowledge Analysis Framework

This research aims to create a bridge from the extant DISPLANSs to the DMM-based repository.
The MOF framework abstractions and transformations are brought to bear, to further organise
and structure the DM knowledge from the extant DISPLANS. This section describes and reflects
on the nature of DM knowledge sources to further justify the design decisions made in creating
the framework. The initial version of the DM knowledge analysis framework is shown in Figure

4.2.

[ MOF Framework][ DM phases ] Mapping process | to be shared and reused
¥ semantically
Agent-Based Knowlsdgs Transfer
Knowledge Models Process
A

Seven ABMs DM intervention

Knowledge Analysis Framework

DISPLAN
Knowledge

Agent-Crisnted Analysis
(A0A)

Annotated DMM-
based repository

3y

Semi-structured
format

Annctating Db
Process

DM metamaodel
(DMM)

Figure 4.2 Three main stages of knowledge analysis framework.
Essentially, it consists of three stages, as follows:

1) In Stage 1 the AOA is employed to process the input. The input is the DISPLAN knowledge
in a semi-structure format. The knowledge structured in the DISPLAN is formatted based on

the PPRR (Prevention, Preparedness, Response and Recovery) cycle. The AOA, with respect
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to the seven ABMs that are tightly coupled with the MOF, is applied to the input to produce
the ABMs of the DISPLAN knowledge. The MOF in this stage functions to structure the
knowledge into layers: planning/policy (M1) and real activities (M0). With this structure, the
knowledge can be drilled down or rolled up through the layers to allow the stakeholders to

identify the appropriate one at any timeline of the DM activities.

2) Stage 2 is the annotating of the DMM processes. As elaborated in the literature review, this
constitutes the tagging processes between typical concepts developed in different domains.
This aims to bridge between the knowledge models developed previously in the Stage 1 based
on AO paradigm at M0-M1 layers and the repository in the Disaster Management Metamodel
(DMM) format at M2 layer. As the AO models are developed based on AOSE, the DMM
should be in AOSE metamodel (Lopez-Lorca et al., 2015). All the concepts in the DMM
(Othman & Beydoun, 2013) will be tagged based on the appropriate ones in the OASE

metamodel (Beydoun et al., 2009b). Once it is done, then the repository is ready to be used.

3) In Stage 3 the mapping processes between the knowledge in the AO models and the one in
the AO metamodel is undertaken. This is a semi-automatic process as a DM expert’s
intervention is involved to conduct the process with respect to the semantic meaning between
the two models. A DM expert intervention is involved in this stage to guarantee that each of
the models from the first stage are mapped and positioned correctly to each of their
appropriate concepts in the repository. At the end, a DM knowledge repository is available to

support the DM decisions mechanism.

4.2.1 Stage 1: Agent-Oriented Analysis

As elaborated in the literature review, adopted ABMs are capable of representing organisational
processes and activities as described in a typical DISPLAN. The models are utilized to parse and
extract the complex characteristics of the DM domain. In this stage, the aim is to transform the
semi-structured DISPLAN specifications into a set of ABMs to be later converted into DMM
constructs. Concepts used in the AOA processes are organized in models that are accessible to

many stakeholders in the DM.

In this thesis, seven AB models are identified to capture the knowledge from the DM
domain: namely, the Goal Models (GMs), Role Models (RMs), Organisational Model (OMs),
Interaction Model (IMs), Environment Model (EMs), Agent Model (AMs) and Scenario Model
(SMs). They are ABMs adopted from an AOSE methodology, ROADMAP (Sterling & Taveter,
2009). They are chosen based on their capability to represent the complex characteristics
elaborated in Section 2.1. At this stage, the knowledge analysis is manually performed by a

knowledge engineer with a DM knowledge background (or a DM expert who has ABM analysis
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knowledge). The knowledge analysis tasks follow the technique commonly and widely used in
KE (Caire et al., 2002; Yu & Mylopoulos, 1994). That is, a knowledge engineer analyse the
disaster management plans guided by the structure elements in the employed seven ABMs. For
instance, the knowledge of goals, roles, responsibilities, precondition, the trigger and so forth,
subsequently enables the KE to organise the DM knowledge in the elements of each of the
representative models. These elements are also laid out as M0 or M1 elements. As shown in Figure
4.3, these ABMs are tailored overlaid with the MOF framework in the analysing the DISPLAN
knowledge documents. This process produces the ABMs of DISPLAN knowledge. The details of
these AOA utilizing ABMs are described as follows:

to disentangle the fuzziness DM Phases

and interwoven knowledge to be deposited

into the repository (M2)

M1 -Prev
A Pglic y/Planning
=
@ P DM phase
51 2|2z
5|% 2|2
§| 523 MOF-based
o E o | knowledge
; . structure
DISPLAN Agent-Oriented Analysis (AQA
Knowledge Semi-structured DM (M1}
~ knowledge document Folicy/Planning
IVEERR pria=e= related knowledge
Semi-structured
format AB knowledge models: (M0}
GMs, RMs, OM, IM, | Rea] world activities
EMs, [ AM=.5Ms related knowledge

Seven ABMs

Figure 4.3 The AOA stage.

4.2.1.1 The goal models

The AOA is begun with the goal model. The goal model is the central concept that contains a
main goal, sub-goals and roles that are the responsible for each of the goals. The goal models will
be the basis to enable other models to be processed. This idea emphasizes and distinguishes that
the goal model needs to be pursued in the first place in the AO modelling, as it describes
objectives/motivations that describe conditions that need to be achieved and the roles (played by
agents) that need to carry out them. This is along with the reason that identifying the goal in the
DM activities is the most important thing instead of focusing on other things (Hawe et al., 2012),
for instance, the agencies/organisations/individual and resources. A goal model is illustrated in

Figure 4.4. The knowledge elements in the goal model are as follows:

1) There are two knowledge elements, namely the goal (a main goal and its sub-goals) and the

role(s).

2) The main goal is the objective that needs to be achieved in a DM activity. In a DM, there will
be numerous main goals in a particular global goal. The global goal essentially represents

each phase of the DM. The main goal can be drilled down into some sub-goal(s). The relation
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between a sub-goal and its main goal is one of responsibility. In other words, the sub-goals(s)

is responsible for the main goal.

3) The sub-goal(s) are basically the detailed description of “how-to” activities to achieve the
main goal. There might be subs of a sub-goal. This means the sub of a sub-goal is the detailed

description of that particular sub-goal.

4) The role(s) is an agent playing a particular role to pursue the sub-goal(s). There must be a

role responsible for each of the goals.

5) The initiator is the role responsible for the goal model that also means it will be involved in

all the goals underneath.

A goal model represents objectives that agent(s) persistently strives to accomplish. The main
goal is the one that needs to be achieved by a set of activities represented as the sub-goals in which
at least there is one role played by an agent responsible for it. In a DM, all entities
(individuals/agencies/organisations) involved in all activities are required to have knowledge
about their goals described in the DISPLAN. A particular goal might be pursued by more than
one role(s) played by the agent(s). This means that these agents will share a responsibility of how
that particular goal should be achieved. In this case, this leads the involved agents to refine each
of their own responsibilities to accommodate that particular goal. The goal model, template tightly

coupled with the MOF framework, is illustrated in Figure 4.4.

Disaster Management Metamodel (DMM) as a representative repository ]

i Global goal ;
R2

Knowledge in the
conceptualipelicy level

Knowledge in planning level

oz

g1 g2 g3

Knowledge in
real world activities level

The legend:
R=Role
g=main goal/sub-goal

Figure 4.4 The goal model template structured with respect to MOF framework.

As can be seen, the global goal represents the ultimate condition in each phase of the PPRR
cycle. It is automatically substituted with either Prevention (P), Preparedness (P), Response (R)

or Recovery (R). In the figure, the conditions g/, g2 and g3 denote the main goals. They are



70

objectives that need to be achieved in a particular DM cycle. In the context of the MOF, these
main goals are the planning/policy knowledge represented in M1 layer. A knowledge engineer or
modeller then drills down to specify the activities of each of them in more detail. The layer
underneath is the real activities represented as M0 layer. For instance, once g/, g2 and g3 are
identified, then the next step is to identify all the sub-goals and roles responsible for each of the
main goals. In this context, the g/./, g/.1.1 and g/.1.1.1 are the supporting activities to achieve
gl. While role R/ is responsible for each of them, R3 is responsible to only g/././. This informs
that somehow R/ and R3 need to communicate and interact for the activity of g/././. However,
this particular characteristic will be discussed in other models. The M0 and M, at the end, will
be transferred to the appropriate concept in the DMM-based repository represented as M2. This

approach is conducted iteratively for all other main goals to structure other goal models.

4.2.1.2 The role models

Once the goal model is in place, the next step is modelling the role. As goals or sub-goals
representing responsibilities, they all adhere to a particular role that is listed in the role models.
Moreover, they are all listed in the model with their constraint(s). The constraint defines the
boundaries of a particular role in order to perform its responsibilities. For instance, with respect
to the goal model, for the role R1, all the goals (the main goal and its sub-goals), which the role
is responsible for, will be listed in the role model as well as its constraints. An example of a role
model is drawn in Table 4.1. This illustrates only one particular role: RI. Following is the
description for each of the knowledge elements of the role model template drawn in Table 4.1, as

follows:

1) The role ID is the unique ID for each role and is obtained from the roles in the goal model.
2) The role name is the name of the role played by an agent.
3) The description is an explanation of the role played by an agent.

4) The responsibility is a detailed list if activities that are adhered to in the role obtained from
the sub-goal(s) elements(s) in the goal model.
5) The constraint(s) is a long-term condition defining the role’s entities

(organisations/agencies/individuals).
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As drawn in Table 4.1, the role R/ is listed along with its responsibilities and constraints.

Table 4.1 The role model template structured with respect to MOF.

DMM-based repository M2
Role knowledge MOF layer
Role ID R1
Role Name Real name of role R1 (for instance, BoM, Policy, etc.) M1
Description The responsibilities of the [Bureau of Meteorology] agent playing

the role in a particular disaster event of a particular DM phase.
Responsibility gl

gl.1

gl.1.1

gl.1.1.1

g2

Constraint R1 entity constraint

MO

The MOF framework structures the Role ID as M1, as it describes the identity knowledge of
the role, whereas the responsibilities and constraints are structured as M0, as both knowledge
elements represent the knowledge in the real domain activities. Both M0-M1 layers will later be
transferred to the corresponding concept in the repository at M2 layer representing the role R/.
The same approach is conducted iteratively until all the roles are analysed and structured through

role models.

4.2.1.3  The organisation model

The next step in the AOA is modelling the organizational relationships of roles involved in the
DM activities. The relationships of the roles played by agents inform a hierarchy level of the
agent’s need to communicate, coordinate and negotiate with each other, whenever necessary. This
knowledge is modelled in the organisation model. This organisation model of agents playing
roles and their relationships are drawn in Figure 4.5. These roles are identified based on the goal

model in Figure 4.3.

The organisation model represents how an entity is approached by others. This knowledge
informs how the entities communicate and negotiate with each other in pursuing a particular
activity. For instance, in managing an aircraft to be used by SES NSW in an evacuation, rescue
or reconnaissance flood disaster activity (SES NSW Australia, 2010), the local controller can only
perform the operation with the aircraft control and allocation from the SES division headquarter
as a higher hierarchy administration level. This implies that to be able to have access to the
aircraft, the SES NSW Local Controller needs to identify the hierarchy level types to be contacted
for obtaining authorisation and accessing the resources. Following is the description of the

knowledge elements of the organisation model template, as follows:

1) The roles in the organisation model are obtained from the goal model.
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2) The relationships describing the hierarchy levels of the roles are identified from the goal
model. It defines how the roles are coordinated, communicated and negotiated with each other
since they are different entities with different levels of authority in the hierarchy involved in

the DM activities.

Essentially there are only two relationship types that can describe the organisation
knowledge of the involved roles; they are: Controls/isControlledBy and isPeer. The
Controls/isControlledBy defines that of the interrelated roles, one of them is in a higher
administration level that therefore controls the other. In other words, the one is controlled by the
other. The relationship type isPeer means both interrelated roles are colleagues to each other. As
depicted from Figure 4.5, the role R2 Controls R7 and isPeer with R5 and R6. The figure also
informs that the role R4 isControlledBy role R2 (or in other words the role R2 Controls the R7).
A case in point in this context is for instance, the relationships between the SES NSW, SES
Murrumbidgee and NSW Police (SES NSW Australia, 2010). While the SES NSW isPeer to the
NSW Police, as they are the organisations in the state level, the SES NSW controls SES
Murrumbidgee, as they are the same but different hierarchy level of SES. One of them is in the

state level, the other is in the Region level.

R4

j:sc:. ntroledBy
Controls Controls

rols
R2 R1 R3
'sF’zz'/ Xspee.

LA

Figure 4.5 The organisation model template structured with respect to the goal model.

i Conts

R7

This typical knowledge informs all the involved entities of the hierarchy and authoritative
levels, whenever they are required to communicate to and negotiate with. In the case that a disaster
escalates to regional or federal level, the organisation knowledge that has been available in place
would be beneficial for the communication issues, as this will decrease the response time. This is
due to the fact that all the roles involved in the activities have a same standing ground to be able
to contact others, whenever necessary in pursuing DM activities. This is a critical element as the
DM is a collaborative activity to be conducted by entities with different backgrounds and
sovereignties. The way this organisation model knowledge is incorporated with the MOF
framework is defined in Table 4.2. The roles played by agents are structured as M/ and the

organisation knowledge regarding their relationships is structured as M0. The M2 in the table
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shows that the typical knowledge will be converted to its appropriate metamodel concept at M2

layer in the transferring process.

Table 4.2 The organisation model structured with respect to MOF framework.

DMM-based repository M2
Organisation knowledge MOF layer
Role A Organisation Role B
knowledge

Role Name | Agent plays | Controls/ Role Name | Agent plays M1

Role A isControlledBy/ Role B

isPeer

Description | Description of Description | Description  of MO

R1 R2

4.2.1.4 The interaction models

Subsequently, to what extent the roles played by agents involved in a complex domain activity
interact are described in the interaction models. The interaction model represents in which
particular goal/sub-goal of two or more entities interact with each other in pursuing particular
goals. For instance, with respect to the SES NSW flood DISPLAN, in the context of hierarchy
level the SES Local Controller and the SES Division Headquarter will be interacting each other
in pursuing these particular goals: “managing, operating and allocating the aircraft for either
evacuation or rescue or re-supply or reconnaissance or emergency travel” (SES NSW Australia,
2010, p. 25). The description of the knowledge elements of the interaction model is described as

follows:

1) The role elements are obtained from the goal model, representing the roles.

2) The activity element is basically the RolePursuesGoal knowledge element. The roles are
interacted, communicated and negotiated between each other in this objective. This is

obtained from the goal model representing the sub-goals.

3) The interaction model template draws only the activity knowledge element in which there is

more than one role involved.

Thus, while the organisation model describes the hierarchy level knowledge of the
agencies/organizations/individuals, the interaction model models the knowledge toward which
goals these agencies/organizations/individuals interact to achieve. This knowledge fundamentally
informs the motivation in which the roles should be communicated for. This is illustrated in Figure
4.6. As can be seen from the figure, the role R/ and R3 are interacted in pursuing the goal g/.1.1.
Moreover, the R2 and R3 are interacted in pursuing the goals g3.1, g3.2 and so forth.
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As discussed, the knowledge in the interaction model is also structured in the MOF layers
to disentangle between the planning and real world activities. This is drawn in Table 4.3. As can
be seen the knowledge describing the interaction between roles in pursuing a particular goal is a
rolePursueGoal element. Thus, for instance, the roles R/ and R3 interact with each other because
they both pursue the sub-goal g/.1.1. The knowledge engineer adopts this process iteratively to

complete the other interaction models.

Figure 4.6 An interaction model template.

Table 4.3 The interaction model structured in table with respect to MOF.

DMM-based repository M2
Interaction knowledge MOF layer
Role A rolePursueGoal | Role B M1
Agent plays Role A gl.1.1 Agent plays Role B
Description of Role A Description of Description of Role B MO
gl.1.1

4.2.1.5 The environment models

In a DM activity, any resource required by agents-play-roles to pursue a particular goal(s) has to
be identified. Although it is not part of the system however, it is essential to accomplish the
activities as it is used by role(s) and required to accomplish the DM identified objectives. This
typical knowledge is structured in the environment model. This model essentially describes an
agent as situated in an environment (Jennings & Wooldridge, 2001; Wooldridge & Ciancarini,
2001). In our context, all the resources used by entities involved in the DM activities will be
analysed and modelled in this particular model to support the roles in pursuing the goals. The
description of the knowledge elements of the environment model that is drawn in Table 4.4 is

elaborated as follows:

1) The environment entity ID informs the unique ID for each environment knowledge element.

2) The name and description inform the type of the environment knowledge and its description.
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3) All these elements inform the knowledge required to structure the complete and informative

environment element.

4) The roles involved inform the role using the environment knowledge to pursue the goal(s).

This is obtained from the role model.

In Table 4.4, the environment knowledge elements are shown with respect to the MOF
framework. The model elements describe the detail specification of a particular environment
listed in the environment model. For instance, if the environment knowledge is about a list of
media communications needed in a particular activity then the elements inform the details of the
media communications, for example, the media types which could be in print or online, the
contact person of the media to be contacted, telephone number or email to be contacted and so
forth. All the knowledge related to the media communications would be identified from the
planning/policy for the planner or policy maker to the real world knowledge for people on the
ground. The involved role elements in the model describe what roles will use this particular
environment knowledge element in pursuing a particular activity. The higher abstraction
knowledge of the environment is categorized by the MOF as M layer and the elements describing
the details including roles involved of are in M0 layer. The knowledge structured in M0-M1 layer
at the end will be combined with its correspondent M2 layer in the repository as the complete
knowledge structure. For the rest of the other emvironment models, this approach will be

iteratively processed to complete them.

Table 4.4 The environment model template structured with respect to MOF.

DMM-based repository M2

Environment knowledge MOF layer
Environment Entity ID El
Environment Name Real name of environment E1 (for instance, List of media

communications) Mi
Description The environment used by particular roles played by

agents in a particular [Flood] disaster event of a particular

DM phase.
Attributes # Unique number distinguishing inputted

data

Attributel | Meta-attributel
Attribute2 | Meta-attribute2
Attribute3 | Meta-attribute3
Roles Involved R1
R2
R3

MO

4.2.1.6  The agent models

Having identified the environment model, the next to be discussed is the agent model. This model

synthesises all the activity elements that an agent will strive for to achieve its main goals. This
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model is drawn from the characteristic that an agent is not only reactive, but also proactive
(Winikoff & Padgham, 2013; Wooldridge & Jennings, 1995). The reactiveness is regarded as the
consequences of the triggers from the oscillating environment while proactiveness refers to
objectives in which agents play roles to pursue them regardless of the external circumstances
(Padgham & Winikoff, 2004). In the agent model, each main goal is structured as an objective to
be achieved. All the sub-goals for each main goal that a particular agent is responsible for are

listed.

The agent model template is described in Table 4.5. As can be seen, the agent is 4/, the
objective/main goal to be pursued is g/ and the actions which support that particular objective
are g/.1, gl.1.1 and gl.1.1.1. The trigger is the element informing as to when an agent has to
react appropriately as the consequence of it sensing the environment fluctuations. Therefore, the
agent pro-acts by taking the initiative with corresponding actions. In our context, learning from
the best practice knowledge is the guidance for these activities. For instance, once the information
about a dam failure warning is received by the SES Local Controller, all the authoritative
individuals, agencies and organisations will be contacted regardless of the location and severity
of the warning to anticipate the disaster (SES NSW Australia, 2010). Each of these agencies
subsequently takes the necessary actions based on the existing knowledge as guidance for them

to follow. Following is the descriptions of the agent model elements, as below:

1) The element name is the agent’s name representing the agent that plays a role and it is

obtained from the role model.
2) The reference is the role ID’s reference from the role model.

3) The activity name defines a list of the activities of the agent playing a role in pursuing the

main goal.
4) The Activity name element is the name of the activity.
5) The functionality element describes the main goal that needs to be achieved in the activity.
6) The trigger is an event that will likely generates those particular activities.

7) The action(s) is a set of activities conducted in the role played by the agent to pursue the

functionality. The action(s) is the sub-goal(s) obtained from the goal/ model.

8) The environment entity is the environment used by the role to achieve the main goal and it

refers back to the appropriate environment knowledge in the environment model.

As can be seen from the Table 4.5, the more abstract knowledge is structured as M1, based
on the MOF framework. They are the agent identities, namely: agent ID, agent name and role the

agent plays. In the lower abstraction layer, the activity and environment entities are defined as



77

MQO. In the activity part, the name and functionality of the activity are the main goal that an agent

strives for; the triggers and the actions that the particular agent needs to carry out are described.

Table 4.5 The agent model template structured with respect to MOF.

DMM-based repository M2
Agent knowledge MOF layer
Agent ID Al
Agent name Agent Al playing a particular role Ml
Role played Role played by agent Al (for instance, R1)
Activity Activity Name : gl
Functionality : gl
Trigger : T1
T2
Action : gl.1 MO
gl.1.1
gl.1.1.1
Environment Entity El, E2, E7, E8

These are the knowledge in the real world activities. Still in the M0 layer, environment
knowledge defined as environment entity element is also part of it, as it describes the resources
an agent needs in pursuing the goals. As for environment knowledge details, it will refer to the
environment model with the same identity (E1, E2, etc.). This approach is carried out iteratively

to complete the rest of the other agent models.

4.2.1.7 The scenario models

The last one of the ABMs to be analysed is the scenario model. The knowledge elements in this
model are similar to those in the agent model. However, the activities in the agent model focus
on one particular agent only whereas, in the scenario model all the activities to achieve a particular
objective are laid out along with the roles responsible for each of the activities and the resources
needed. These knowledge elements are all listed in a way they can be understood holistically and
comprehensively particularly, in a decision support system mechanism. Thus, in the scenario
models the condition whether those activities should be performed parallel, sequentially or
interleaved matters. Therefore, these typical conditions determine how the activities in the

scenario model will be performed.

Nevertheless, similar to agent models, emphasise of the scenario models is also for helping
a story-telling process for decision making in the DM activities. The knowledge elements in the
scenario model are bound together to ease the stakeholders unfolding the knowledge in a real
scenario context. Therefore, in the scenario model, pre- and post-conditions are also provided in
this model to frame the conditions correctly before and after conducting the objective. In addition

to informing who is/are responsible for and the resources required in pursuing that particular
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objective, the roles and the environment knowledge are provided in each of those activities. The

scenario model is shown in Table 4.6. The element’s descriptions of the scenario model are as

follows:

1)
2)

The scenario ID is the unique identity that distinguishes one scenario from another.

The name and goal are the main goal obtained from the goal model.

3) The initiator is the role that is responsible for initiating this particular scenario and therefore
responsible for the main goal.

4) The trigger is the event that spurs a particular activity.

5) The pre-condition and post-condition are the conditions before and after pursuing a particular
goal.

6) The condition is aimed to define whether the activities will be conducted in parallel,
sequentially or interleaved. This condition is determined by a DM expert if there is no related
knowledge explicitly expressed in the document regarding it.

7) The activities describe a set of activities to pursue the goal. They are obtained from the sub-
goals in the goal model.

8) The roles define all the roles that are involved in a particular scenario. Each of them is
designated to each of the activities responsible for achieving the main goal.

9) The environment entity defines the environment knowledge used by those role(s) in each of
the activities to achieve the main goal.

Table 4.6 The scenario model template structured with respect to MOF.

DMM-based repository M2

Scenario knowledge MOF layer

Scenario S1

Name gl

Goal gl Ml

Initiator R1

Trigger T1

T2
T3
T4

Pre-condition Pre-conditions

Post-condition Post-conditions MO

Description Description of gl

Condition Step  Activity Role Environment Entity

Sequential/Inter 1 gl.1 R1 E1,E2

leave/ 2 gl.1.1 R1,R3 El,E2

Parallel 3 gl.1.11 R1 E1,E2

In this model, with respect to the MOF framework, the high level knowledge such as the

scenario name, the main goal to be achieved, as well as the initiator who is responsible to achieve

a particular goal is structured in M/ layer. The rest of the knowledge elements are managed in
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MO0 as they define the knowledge in the real world activities. These typical knowledge elements
should be embraced by the stakeholder in a DM activity without requiring any deductive process.
This is critical, as in a DM the longer time is spent, the more probable is the hazard turns out to
be a disaster. Therefore, the necessity to analyse and structure the DM knowledge
comprehensively and holistically is extremely urgent. A knowledge engineer processes this

modelling task iteratively with the DISPLAN knowledge input to complete the scenario models.

At the end, all these seven ABMs are tailored together with MOF framework to process the
DISPLAN knowledge as the input document structured in each of the DM phases. These three
components essentially construct three-dimensional (3D) ABMs of DISPLAN knowledge. As can
be seen in Figure 4.7, the ABMs construct the Y axis, while DM phases and MOF framework
construct X and Z axis respectively. Each of the cubes represents these three knowledge elements
which will then be mapped to the corresponding DMM concepts in M2 layer. This 3D knowledge
structure allows each of the knowledge cube to be identified comprehensively and holistically.
For instance, what identified knowledge is for, in which level/to whom it is aimed for, and in what
DM phase it is used for. This structure allows a knowledge engineer to focus only one cube at a
time for analysis, modelling and transferring processes to subsequently completing the whole 3D
structure. The knowledge engineer will then iteratively follow the same approach in the
transferring process for the cubes one by one until all of them are converted into the DMM-

repository completely. The converting process will be elaborated in Stage 3.

3D ABMSs of DISPLAN knowledge

ABMs MOF

sm
Am

EM

om

RM
M1
0
= > 3

< S 5 DM ph.
& I o phase
& L o o

am

Figure 4.7 A three-dimensional (3D) ABM of DISPLAN knowledge structure.

4.2.2  Stage 2: Annotating DMM concepts with FAML metamodel concepts

Having discussed the analysis and modelling of the knowledge, this stage aims to define the
repository, where ABMs resulted from the Stage 1 will be able to be deposited to. This research
employs the DMM (Othman & Beydoun, 2013) to serve as a representative knowledge repository
for DM activities. Essentially, this stage prepares the structure of the repository to receive the
ABMs from Stage 1. This stage readies the repository to receive the ABMs into the DMM
constructs in the transfer process. The repository is structured using the metamodel, the DMM,

which was synthesized using 89 existing DM models and covers all essential and relevant
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concepts across all those DM models (Othman et al., 2014). Nonetheless, as indicated in the
previous chapter, this thesis does not discuss the DMM development; rather it adopts it as a

representative repository.

Annotating the DMM
. Dbrocess

/Annotﬁted DMM-based repository\

Prevention

ABMS to be Prevention
mapped with Preparsdness

Preparedness

Recovery
Recovery
Response
\ Response DM metamodel (DMM)

Figure 4.8 Annotating process of the DMM-based repository.

The general picture of the idea in this stage is illustrated in Figure 4.8. The idea presented in
the figure is essentially the basis for providing a mapping mechanism between the knowledge
elements of the models from Stage 1 and the DMM constructs. As can be seen, all the DM phases
are annotated. This implies that all the concepts in each of these phases are annotated. Eventually,
these processes result in a complete annotated DMM-based repository. As elaborated in Chapter
2 regarding the annotating process, in our context, fundamentally it is a process to extend all the
DMM concepts by tagging/annotating a piece of information to each of them. The aim is to shield
their complexities from the external examination, particularly in the interoperability issues

without modifying their originalities.

The annotating process of the DMM should be consistent with the MOF framework. To be
able to ensure this consistency, in this research, the corresponding AB metamodel of AOSE,
FAML (Beydoun et al., 2009b) is employed. Considering the adopting of FAML as the AOSE
metamodel benefits this research in two ways: (1) In the Stage 1, the knowledge in the real world
layer, M0, is analysed utilizing the ABMs from the AOSE paradigm and structured as M0-M1 in
each of the representative models. Therefore, for the metamodel, it should also be in the AOSE
paradigm for consistency. In the literature review, the FAML metamodel is justified as the most
comprehensive metamodel in its completeness compared to others. Therefore, this particular
metamodel is used in our context for the annotating process; (2) FAML metamodel is widely
recognised as the most complete AOSE metamodel as it is developed and synthesised based on
the prominent existing AOSE metamodels. As such, in this context, there is no need to build a
generic AOSE metamodel from scratch for this purpose, but focusing on accelerating the

framework development.

In the process, each of the DMM concepts is annotated with each of appropriate AOSE
metamodel concepts. This is aimed to create a representative DMM-based repository, where the

knowledge structured in the ABMs (M0->MI) can be deposited into it (M2) accordingly.
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Subsequently, the process facilitates the sharing and reusing processes. It is worth noting that this
annotation process is a one-off process for all concepts in the DMM with their appropriate
annotation concepts from the AOSE metamodel constructs. However, a knowledge engineer can
always revisit to calibrate the process whenever required. In the annotating process, a knowledge
engineer is involved to pin point each of the concepts in the DMM and the representative one in
the FAML metamodel construct. Table 4.6 shows some DMM concepts (Othman et al., 2014) in

the Response phase as an example for this mapping process.

On the other side, the corresponding FAML metamodel concepts are shown in Table 4.7. As
indicated, in the process each of the DMM concepts is mapped with its representative FAML
metamodel concept by judging their semantic similarities. All the FAML metamodel concepts in
Table 4.7 represent each of the ABMs in their higher abstraction layers except organisation model
and interaction model. In the AOA in Stage 1, the organisational model is aimed at representing
the hierarchy level of all roles played by agent(s) to be able to communicate, coordinate as well

as negotiate with each other accordingly.

Table 4.6 DMM constructs and their semantic descriptions in Response phase (Othman et al., 2014).

DMM Concept in

No Response phase

Description

A task and responsibility that needs to be accomplished by

1 | ResponseTask Response team.

A description of the end state of response phase where the
2 | ResponseGoal organization wants to be at the end of the activity, program, or other
entity for which the goal was defined.

An event, accidentally or deliberately caused, which requires a
3 | Incident response from one or more of the statutory emergency response
agencies.

A system of dissemination of any kind of emergency information

4 | Communication . . . . .
using a variety of means to people and organizations during disaster.

An organization and management of resources and responsibilities
for addressing all aspects of emergencies, in particular
preparedness, response and initial recovery steps.

EmergencyManagement-
Team

A process that collects, analyses, formats and transmits data and

6 | InformationManagement . . . o
4 & information during an incident

A process of locating and recovering victims and the application of

7 | Rescue . . . . .
first aid and basic medical assistance as may be required.

A material or logistical assistance provided for humanitarian
purposes, typically in response to an event or series of events which
8 | HumanitarianAid represents a critical threat to the health, safety, security or wellbeing
of a community or other large group of people, usually over a wide
area.

This implies that by having this knowledge, each role played by an agent knows how to

approach and interact with other roles played by other agents in the different hierarchy levels,
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whether they are in the same level, lower level or higher level. In the DM context, the role played
by an agent might also belong to a different administration context. For instance, a disaster can
escalate from local to national or international boundaries or can occur encompassing more than
one administration city. This means agents involved in the activities will automatically increase
in number and variety. This implies that the communication issues of these entities are
challenging. However, once this particular knowledge is captured in the organisational model,

the need to communicate can be initiated accordingly.

To be able to describe the hierarchy level among agents involved in the DISPLAN as
described in the organisation model, then domain properties of the agents are added as isPeer,
representing agents in the same hierarchy level, Controls and IsControlledBy represent an agent
controls another or is controlled by others. Interactions in the interaction model between agents
to pursue goal(s) are described by adding the relations Participatesin to represent an agent
participating in a particular activity, or in pursuing the activity, it /[nvolves agent(s). For instance,
if an agent A plays a role X and an agent B plays another role Y where they interact for a goal P,
then both agent A and B are described using the relationship Participatesin to achieve goal P. In

other words, goal P Involves agents A and B.

Table 4.7 Annotating process between some DMM concepts of Response phase (in Table 4.6) to each of
their appropriate FAML metamodel concepts.

DMM Concept in FAML metamodel Abstract syntax (semantics) represent both
Response phase Concept constructs
ResponseTask <<Role>> Represents a set of capabilities to perform by

agent to achieve the goal(s)

Represents certain conditions that needs to be

ResponseGoal <<Goal>> .
P achieved by the system
Defines a situation change that influences a
Incident <<Event>> significant change of an agent to respond to the
situation
Communication, . . Represents any resources required to perform the
<<EnvironmentEntity>> tasks

HumanitarianAid

Emergency- <<Adoent>> A highly autonomous, situated, directed and
ManagementTeam & rational entity and can play one or more roles
Information- An organized collection of action specifications to
Management, <<Activity>> be performed to achieve the goal(s), including any
Rescue pre- and post-conditions

There are 92 DMM concepts (Othman et al., 2014) across all PPRR phases that are annotated
(21, 25, 25 and 21 concepts respectively in each DM phase). The Rescue concept, for example, is
defined as follows: “The process of locating and recovering victims and the application of first
aid and basic medical assistance as may be required” (Othman et al., 2014, p. 257). This is a set

of activities to be undertaken to maintain the skills of DM stakeholders. This consists of a set of
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activities, hence, the corresponding concept from the AOSE metamodel is <<Activity>>:
“Describes a set of activities to be performed to achieve the goal(s)”. Therefore, the knowledge

engineer annotates concept 7raining in DMM with the <<Activity>>.

Another example is an EmergencyManagementTeam defined as follows: “A group of all
agencies with a role in incident management that provides interagency coordination for domestic
incident management activities in a non-emergency context to ensure the proper level of planning,
training, equipping and other preparedness requirements within a jurisdiction or area” (Othman
etal., 2014, p. 258). This concept describes a set of roles played by an agent(s) to pursue a goal(s)
in a DM activity. As a role representing a set of capabilities played by an agent, the appropriate
AOSE concept in the metamodel for PreparednessTask is <<agent>>: “Represents an entity that
having certain properties and can play one or more roles”. Therefore, a knowledge engineer
annotates the PreparednessTask to the <<agent>> in the DMM. Of all the DMM concepts, we
identify that essentially they can be classified in to some 6 (six) FAML metamodel concepts as
we identify in Table 4.7. The complete annotated DMM-based repository for Preparedness and
Response phases are drawn in Figure 4.9 and 4.10 respectively. These two figures show all the

DMM concepts and each of their corresponding FAML metamodel concepts are fully annotated.
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Figure 4.9 The annotated DMM-based repository in Preparedness phase.
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Figure 4.10 The annotated DMM-based repository in Response phase.

As in Stage 1, fundamentally this annotating process comprises a three-dimension
knowledge concept, namely the M2 layer of MOF, as it only discusses the DM concepts across
all DM phases and the seven ABMS. Therefore, this moulds a three-dimensional (3D) annotated
DMM-based repository. This is illustrated in Figure 4.11. The repository is now ready for

knowledge transferring that will be elaborated on in Stage 3.

3D Annotated DMM-based repository

AB metamodel MOF
h

<< Activity=>
<<Agent=>
<<Events>
<<Environment=>

<<Role>>

=<Goal>>

S & Bn"'? ‘mé >

& 2 = DM phase
& Q'b@b q..@ Q"d;. .

Figure 4.11 A three-dimensional (3D) annotated DMM-based repository.
4.2.3  Stage 3: Transferring the ABMs into the annotated DMM-based repository

In this stage, the ABMs of DISPLAN knowledge acquired from the AOA in Stage 1 are
transferred into the annotated DMM-based representation. This transferring process is constructed
in a semi-automated process, as it still requires a DM practitioner intervention to be able to map

the depositing process semantically. This process is shown in Figure 4.12.
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Figure 4.12 Knowledge transfer stage of ABMs to the representative repository.

As can be seen in the figure, essentially the transferring process is a model-to-model
transformation. The real domain (M0) that is being modelled (M) is transferred into the
metamodel (M2). In this context, the DISPLAN knowledge structured in the ABMs is transformed
to the annotated DMM-based repository. With respect to the MOF framework, the knowledge in
the ABMs is in the M0-M1 layers and subsequently it needs to be transferred into the M2 layer.
Both ABMs and the repository are structured in 3D formats. Each of the ABMs will be positioned
and mapped to each of the appropriate concepts in the DMM-based repository. This process is

conducted by examining their semantic meanings.

In this research, the involvement of a DM expert in the semantic meaning examinations is
due to the fact that there is no system that can replace a human’s capability in a decision making
mechanism. In this research, the objective is to develop a framework for knowledge analysis that
can contribute to address knowledge sharing and reusing issues in DM resilience endeavours.
These are the real issues of the current DM researches (Allen et al., 2014; Bunker et al., 2015;
Dorasamy et al., 2013; Fikar et al., 2016; Rivera et al., 2015; Wang & Hsiao, 2014). For the future

work, a fully automatic semantic mapping process will be sought.

As illustrated in Figure 4.12, the process in this stage is the foundation of our knowledge
analysis framework. Eventually, this contributes in the Decision Support System (DSS) of the
DM. It transforms the user knowledge to its metamodel (M0-M1-M2, with respect to MOF
framework). By adopting the MOF framework, the fuzziness and intertwined knowledge of DM
can be disentangled and pinpointed to which abstraction layer it belongs. The exemplar of it is
illustrated in Table 4.8. In the table, for instance, the DM knowledge (M0) (left column) is
analysed based on each of the appropriate seven ABMs (M/) (mid column) and these models
intermediate the knowledge to be mapped to their metamodel (M2) concepts (right column). The
knowledge from the DM document regarding the specific know-how of the DM activity is
analysed and structured into the corresponding ABMs. Subsequently, the models are mapped into
the 92 annotated DMM-based concepts in the PPRR phases where appropriate. As in the table,
the ABMs of DM knowledge will be mapped to the six FAML metamodel concepts representing

the 92 DMM constructs. For instance, the knowledge related to objectives that need to be achieved
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in Response phase is modelled and structured in the goal/ model. In the DMM-based repository,
the model is mapped to the corresponding construct <<Goal>>. As there is only one possible
concept in the repository, where the goal model is able to map with, this mapping process can be
undertaken automatically. Therefore, the goal model will be transferred to <<ResponseGoal>>

(see Table 4.8).

Table 4.8 Mapping process between the ABMs of DISPLAN knowledge and their appropriate annotated

DMM-based concepts in Response phase, an example.

Appropriate annotated
Related DM knowledge ABM DMM Concept
(MO0) M1) (M2)
Knowledge related to objectives that need <<Goal>>:
; . Goal model
to be achieved in Response phase ResponseGoal
Knowledge related to activities to manage . <<Activity>>:
. . . .o . Scenario Model
and disseminate information in an incident InformationManagement
o , <<Activity>>:
Knowledge related to rescue activities Scenario Model
Rescue
i <<Agent>>:
Kno'wledge related to an agent pursuing a Agent Model g
particular goal by playing a particular role EmergencyManagement-Team
Kno'wledge related to agents playing Role Model <<Role>>:
particular roles ResponseTask
Knowledge related to communication tools Environment <<EnvironmentEntity>>:
as supporting systems to the activities Model Communication
Knowledge related to humanitarian aid as Environment <<EnvironmentEntity>>:
supporting systems to the activities Model HumanitarianAid

Nonetheless, another example in this stage shows that this mapping process is not processed
directly. For instance, the knowledge related to communication tools as supporting systems in the
Response phase is modelled to the corresponding ABM, namely environment model (see Table
4.8). In the DMM-based repository, the model is represented by the construct
<<EnvironmentEntity>>. Nevertheless, as there is more than one <<EnvironmentEntity>>
representing difference concepts in the repository then the DM expert is needed to be involved to
examine the most appropriate one (Communication or HumanitarianAid, see Table 4.8) to be
mapped to the environment model representing the knowledge from the real world domain. The

examination process is undertaken by judging the semantic similarity of the two concepts.

As a result, the knowledge related to the communication as supporting systems are mapped
to the DMM concept: Communication. As illustrated in Table 4.8, the knowledge related to
humanitarian aid as supporting systems is mapped to the DMM concept: HumanitarianAid. The
decision-making flowchart for mapping semantic similarity is elaborated in Figure 4.13. The

dotted line illustrates the DM knowledge analysis and flow into the ABMs to enable their transfer
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into the repository. The repository is the representative constructs in the DMM-based repository
for each PPRR cycle. If there is only one possible annotated DMM concept in the repository then
the mapping process can be undertaken directly. However, if there is more than one possible
annotated AB concept in the repository for each of ABMs from the analysis and modelling stage,

then a DM expert is required to intervene.

_____________ Annotated DMM-based
repository constructs

Semantic mapping process
for each ABM

If only one possible
annotated DMM concept
?

Browsing all the concepts with the same
No AB annotation in each PPRR cycle

Yes
Examining one by one each of
Lﬂc annotated DMM concepis with Ihcl
ABM semantically
No

|

Is semantic meaning
of the annotated DMM concept
and the ABM matched

Mapping processed between
the ABM and its annctated
DMM concept Yes

Figure 4.13 Semantic mapping process flow chart.

In this particular case, all the concepts in each of the PPRR phases are automatically
classified based on the relevancy of each of the phase, i.e. concepts related to the phase
Preparedness are grouped together into that phase. This is as shown in DMM. If there is more
than one possible target concept in the repository, only the same annotated concepts in the same
phase as ABM would appear. For instance, if the knowledge modelled from the DM document is
about the preparedness activities, only the annotated concepts of the Preparedness phase of DMM
would come up. This increases the efficiency of mapping process as this automatically reduces

the number of iteration the expert needs to revisit.

This task applies iteratively to the rest of the knowledge in the DISPLAN for all the DM
phases. The process in Stage 3 is illustrated in a 3D format as presented in Figure 4.14. Finally,
in the DMM-based repository the knowledge forms a complete three-dimensional (3D) format.

This is illustrated in Figure 4.15. On the X axis, the knowledge is laid down in the PPRR phases
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while in the Y and Z axis it is represented as the FAML metamodel concepts and the MOF
framework respectively. This 3D structure allows the knowledge to be drilled down or rolled up
holistically at any point of the timeline of the DM activities representing the DM knowledge from
the real world domain to planning/policy to the conceptual levels and vice versa. Eventually, this

allows the knowledge to be shared and reused easily for the DM resilience endeavours.

3D ABMs of DISPLAN knowledge 3D Annotated DMM-based repository
ABMs MOF AB metamodel
Mapping process censtructs NMOF
semantically

0
0

(L

<<Activity=>

<<Agent=>
Knowledge
transfer process

<<Environment>>

<<Event>>

h

[

<=Rale>>

DM expert <<Goal=>

interventicn

Figure 4.14 Knowledge transfer process in a 3D format.

Knowledge structure in a
3D annotated DMM-based repositery

AB metamodel

<=Activity=>

==Agent=>

£ DM phase

Figure 4.15 A 3D Knowledge structure in annotated DMM-based repository.
4.3 The initial version of knowledge analysis framework

This section presents an initial version of the knowledge analysis framework. This initial version
essentially combines the three stages of the framework development described in the previous
sections. The complete illustration of the developed knowledge analysis framework is described

in Figure 4.16.

In the first stage, the input is the semi-structured DISPLAN knowledge organised in any
phase of the DM framework. It then undergoes the AOA processes based on the seven ABMs that
are tightly coupled with the MOF framework. The output is the analysed and modelled DISPLAN
knowledge arranged in ABMs. This output then serves as an input to be transferred into the
repository, the DMM. However, to facilitate the transfer process, the repository should be
prepared to allow the depositing process into it. The DMM repository is then annotated and this
results in the annotated DMM-based repository. This is described in the second stage. Once the

repository is ready for the knowledge transferring, the depositing process is proceeded within the
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third stage. A DM expert is involved to ensure that the transfer process between each of the ABMs
of the DISPLAN knowledge is positioned to its appropriate concept in the repository accordingly.

A DM expert measures those two concepts semantically.

MOF Framework DM Phases

M1
" _Policy/Planning /
Resp)

ABMSs of DISPLAN knowledge

DM phase

Mo
Real activities

Agent-Oriented Analysis (AOA)

Prevention
Response
Recovery

MOF-based
knowledge
structure

Preparedness

Semi-structured DM (1)
knowledge document | - Policy/Planning
inPPRRphases | rojated knowledge

DISPLAN
Knowledge

AB knowledge models: (M0)
GMs, RMs, OM, IM, [ Real world activities
A related knowledge

Semi-structured
format

Seven ABMs

DM expert Mapping process
intervention | semantically

sseooud Jgysuen
abpapmouy

—— @ Annotated DMM-based repository
| Prevention Jeeeey (M2)

Uy

—.7——1'7-7-"'-7.,
| Response |

DM metamodel {DMM}

to be shared
and reused

—

DM stakeholders

Figure 4.16 The initial version of Knowledge Analysis Framework.

This knowledge analysis framework fundamentally is our research contribution in this thesis.
In the DM domain, our developed framework contributes to the DM resilience endeavours to
combat the disasters. For the authoritative agencies, for instance, the State Emergency Services
(SES) in Australia, Federal Emergency Management Agency (FEMA) in the USA and/or
National/Regional Disaster Management Agencies (BNPB/BPBD) in Indonesia, this framework
is aimed to convert their complex knowledge structured in the semi-structured DISPLAN in a
way that it can be understood comprehensively and holistically. Ultimately, this framework
facilitates the sharing and reusing activities. In addition, this framework can be utilized in both

types of disaster, natural or man-made.

As can be seen from Figure 4.16, the knowledge in M0 and M1 layer will be stacked together
with the knowledge concept of M2 in the annotated DMM-based repository. The way they are
structured are based on the MOF framework. While a demarcation is put in each of the PPRR
phases based on the urgency in the DM activities, this allows the stakeholders to retrieve the
knowledge moving up and down in each phase of the DM time line. Eventually, the stakeholders
are able to determine which of the knowledge in the repository is appropriate to respond to the
DM activity in each PPRR phase, particularly in helping them in the decision making mechanism.

This is detailed in Figure 4.17.
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As regards the DSR elaborated in Chapter 3, once an artefact is built, it should be evaluated
next. The evaluation is described in the next chapter. This evaluation is conducted by validating
the framework with a real case study of flood DISPLAN knowledge from the SES NSW Australia
for its efficacy and utility. A DM expert from the SES NSW agency is highly involved in the
evaluation process. A tool will be developed to be used in the evaluation process. It is essentially
an instantiation of the developed artefact. The aim is to ease the validation process encompassing
all the dimensions: functionality, tool, user and domain of the developed artefact. In the next
section, the architecture of the tool as an embodiment of the developed framework will be

described and discussed.

knowledge structure in the
annotated DMM-based repository

DM phase

MOF-based
knowledge
structure
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Preparedness
Response

Recovery
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Policy/Planning
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related knowledge

and reused
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DM stakeholders

Figure 4.17 A knowledge structure stacked the annotated DMM-based repository.
4.4 Tools to support the developed framework evaluation

As an embodiment of the developed framework, a tool as a prototype is built. In the Design
Science Research (DSR) methodology adopted in this research, the tool is called as an
instantiation (Gregor & Hevner, 2013; Venable et al., 2016) (This is extensively discussed in
Chapter 3). The tool is essentially a manifestation of the artefacts constructed in this research.
The aim is to not only show that the framework can be materialised as a concrete application but
also to help the developed framework to be evaluated for its all functionalities through the whole
artefacts’ dimensions. In particular, the tool helps in observing the effectiveness, that is to
examine whether the framework works with real case studies, and efficacy, that is to investigate
whether the observed artefacts need improvements. The system architecture of the developed
framework is drawn in Figure 4.18. As can be seen, the system architecture of the developed
framework comprises two block functionalities, namely: (1) AOA tool and (2) disaster knowledge

management tool.

The function of the first tool is to analyse and model the seven ABMs. This is fundamentally
as elaborated in Section 4.3, the AOA Stage. This tool provides the interfaces by which the

knowledge elements of DISPLAN document can be analysed by a knowledge engineer and
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subsequently arranged them in the corresponding ABMs. In the first tool, the knowledge elements
have also represented M0 (real world knowledge from the DISPLAN) and M/ (the real word
knowledge analysed and modelled) (See Figure 4.18). The output of the analysed and modelled
knowledge elements is arranged in an XML (eXtensible Markup Language) file. The XML is
employed as in fact it is designed as a format for both human and machine readability. In addition,
unlike other formats, for instance HTML, in XML format the content and presentation are
structured concurrently. The knowledge elements structured in an XML file is then transformed

into the repository, which takes place in the second tool.

| Agent-Oriented Analysis tool I

i in PPRA :
Semi-structured DISPLAN knowledge document template phases :

Agent-Oriented Analysis (AOA) of ABMs

{goal, role, organisation, interaction, environment, agent and scenario} models

Di Knowledge M: ttool |

Deposited knowledge Mappi oo
elements of ABMs | apping p SS |

with only one corresponding
Goal Table concept

,,,,,,,,,,,,,,,,,,,,,,,,,,, Annotated DMM-based repository (M2)

Aol Table :

o ation Tabl More than one correspondin | Prevention | | Preparedness | H
rganisation Table concept A y Y :
M2 H

Interaction Table

Deposited 3D DM knowlede
elements (MO-M1-M2)

Environment Table

Agent Table i DM expert
Seman“ca"y intervention | Preventiofp | | Preparedness |

Scenario Table |

| Recovery | | Response |

(MO-M1) Disaster Management Metamodel (DMM)

Figure 4.18 System architecture of the developed framework.

In the second tool, the knowledge elements transferred from the first one are deposited into
a repository. The repository is developed using a relational database representing elements of all
the ABMs from the first tool. As can be seen in Figure 4.18, all the knowledge elements that are
analysed and modelled are stored in corresponding tables in the repository representing each of
the ABMs. For instance, knowledge elements in goal model is stored to goal table, role model to
role table and so on. In addition, as DMM is utilised as the representation language of the
knowledge in the repository, all the concepts and their relationships of the metamodel are also
stored in the database. They are stored in the annotated forms for the purpose of their
transformations. The annotating DMM process is as discussed in Sub-section 4.2.2. In the MOF

framework, the DMM-based repository is positioned as M2 layer. Once the knowledge elements
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from the analysis and modelling processes and the annotated DMM-based repository are in the
database, the mapping process is commenced. The transfer of knowledge is facilitated by both
developed tools and demonstrates the model-to-model transformation. This has been discussed in

Sub-section 4.2.3.

We implement these tools by harnessing a web-based technology. A web-server featuring a
database server and a server side scripting are set up for this purpose. It employs the Apache® as
the webserver platform, MySQL® as the database servers and PHP as the server side script. These
applications are utilized not only because they are powerful and widely adopted across the world
as a web-based platform standard but also because they are open sources products. This means
that the total cost of ownerships of them are the lowest. This technology is also chosen because,
once it is placed in a web server, it can be accessed from anywhere within a network, for instance,
local, wide, metropolis or internet. In addition, in a web-based environment, the prototype can be
turned into a mobile platform with less effort as both these platforms share the same technology
environment. Beyond these features, utilizing the web-based environment allows these modelling
processes to be distributed to numerous knowledge engineers at the same time. In addition, to
ensure that this web-based tool is as light as possible, we also employ Asynchronous Java-script
and XML (AJAX) technology for this purpose. The AJAX guarantees that the knowledge
modelling can be processed and subsequently accessed without requiring a high specification
computer or bandwidth in a network connection. We will show how these tools work with the

real case studies in the evaluation stage in the next Chapter.

4.5 Chapter summary

In this chapter, the development of the knowledge analysis framework is presented. This version
consists of three stages describing the processes of the framework. The details in each stage
describe the process that should be carried out as an integrated process by a knowledge engineer.
Generally, these three stages are: 1) Analysis and structuring the knowledge of the DM domain
using AB models; 2) Preparing the repository so that it will be consistent with the models resulted
from the previous stage; and 3) Transferring the models to the representative repository. These
three stages are discussed in Section 4.3 to 4.5. All these three stages are combined together as

the complete initial knowledge analysis framework that is presented in Section 4.6.

In this chapter, we presented the seven ABMs: goal model, role model, organisation model,
interaction model, environment model, agent model and scenario model. These models are
adopted from the AOSE paradigm. The justification of adopting AOSE for representing the

complex characteristics in the DM domain was elaborated in Chapter 2. As the DM complexities
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and AOSE paradigm lend themselves to representing each other then it is not surprising that
AOSE is suitable for reflecting the DM complex characteristics. The ABMs as the instances then
become the manifestations to be used for the representations. For instance, the goal models
represent the objectives that need to achieve in the DM activities, role models describe the
responsibilities of each agent and its organisation constraints, organisation models define the
hierarchy level of the involved entities in the activities, interaction models manage to what extent
those entities are interacted, emvironment models represent that agents are situated in an
environment, agent models represent the autonomous characteristics of agents in which they are
framed in a time-sensitivity constraint and scenario models bind all those characteristics together

representing proactiveness and reactiveness of agents with pre- and post-conditions.

To the best of the author’s knowledge, although ABM has long been recognized as the most
representative tool for analysing complex domains, this thesis is the first to justify that ABMs are
capable of analysis and extracting the complex characteristics of the DM domain knowledge. In
particular, ABM is employed as a descriptive mode in requirement analysis stage. This later is
structured for a further development phase in the area of a better and more comprehensive DM
knowledge management and DM decision support system. In the DM activities, these are
extremely beneficial for the development of resilience endeavours as they allow stakeholders to
be able to identify the most appropriate of any of its activity at any point of the DM time line. For
the repository, the DMM adopted in this thesis guides the stakeholders to have a broader
understanding to the essential and relevant concepts for the decision making mechanisms. In
addition, the MOF facilitates the knowledge being identified in the decision making to
planning/policy to real world activities levels. With respect to the MOF hierarchy, not all AB
models are represented equally. Some models generate more constructs at the M0 level than
others. Other models generate more constructs at the M7 level. For instance, the agent model and
scenario model generate more constructs at M0 whilst goal model and role model generate more

constructs at M1 level.

As in the DSR research, once the artefact is built, the evaluation process should be
undertaken. In Chapter 5, the first validation of the artefact is carried out. This is conducted by
validating the developed artefact with a real case study of the Disaster Management Plan
(DISPLAN) knowledge of the State Emergency Service New South Wales (SES NSW). Toward
this evaluation, a system prototype of the framework is also developed. This aims to help the

evaluation process to be conducted.
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5  The 1* framework evaluation:
Wagga-Wagga Case Study

In this chapter, the framework developed in Chapter 4 is evaluated. This is the first of three
evaluations to be performed in this thesis. As described in the DSR methodology in Chapter 3,
evaluating the artefact (the framework in this thesis) should encompass all the dimensions of the
developed artefact to guarantee its efficacy and effectiveness. In this research, the first evaluation
scrutinizes the framework by validating it with a real case study; that is a Wagga-Wagga (WW)
DISPLAN knowledge of the SES NSW Australia. The SES NSW is the authoritative agency that
is responsible for the management of flood disasters. In conducting this research, the DM experts
from the SES agencies collaborate closely with the author for investigating the case study
evaluations. In particular, the DM expert is involved in advising of the real problems of the DM
activities from the practitioner’s perspective to evaluate the case studies obtained from the

agencies towards evaluating the developed framework.

The involvement of the experts is also with the purpose of ensuring that the framework works
as intended to address the identified problems. The experts’ involvement will begin in Chapter 6.
In addition, a tool to help the evaluation process is developed to operationalise the framework and
the reuse of the converted knowledge. Eventually, the framework will be validated thoroughly
using knowledge from the case study from the analysis and modelling stage up to the transferring
process into the DMM-based repository. In Section 5.1, the disaster type is justified in this
evaluation strategy along with the reason for taking the case study from WW NSW Australia. In
Section 5.2, the framework is illustrated in the Wagga-Wagga case study. As the framework is
illustrated, a tool developed to support the analysis and the transfer of knowledge into the
repository is also illustrated. Section 5.3 shows the repository and how it can be accessed to
retrieve knowledge. In Section 5.4, the results of the case study are discussed and its implications
to improvements in the framework are identified. Section 5.5 summarises the chapter and

foreshadows the improvements to be detailed and evaluated in Chapter 6.

5.1 Wagga-Wagga flood DISPLAN knowledge

As early as the first European settlements began on the Hawkesbury River in Sydney,

development pressure in flood risk areas has exposed people and communities to flooding and



95

resulted in deaths and high damage costs. Flood deaths rank second behind heatwaves for natural
hazard fatalities in Australia (Gissing et al., 2010) and the cost of disasters generally is increasing
by tens of millions of dollars per year. Climate change modelling suggests that while there are
likely to be little changes in average rainfall across the state by 2030, there will be large seasonal
differences. The frequency of coastal flooding may increase as a consequence of sea level rise
and potential increased frequency of storm surge events, particularly as the events coincide. Risks
to population and infrastructure are likely to increase as a consequence of sea level rise and the
increased severity and frequency of storms and coastal flooding (NSW Government, 2013). In

addition, flood is the most pervasive disaster in the world (Paul & Routray, 2010).

Amidst this backdrop of rarer but more severe weather events is the reality that overall
exposure of people and infrastructure is increasing from ongoing development and population
increase. Disaster risk is going up, not down, and risk management is about minimisation, not
overall net reduction. Also, even while future disasters may be generally rarer leading to
decreased awareness, already communities have little contemporary knowledge of disasters,
especially large disasters which have occurred in the past but just outside the current life of those
alive today. Thus, a central concern for communities and all levels of government is how to ensure
that we have learnt from past experience and have planned for the future to create more flood

resilient communities.

The regional town of Wagga-Wagga (WW) and surrounding rural area, in the City of WW
Local Government Area, NSW, is situated on the Murrumbidgee River floodplain, the second
longest river in Australia. The history of Flooding in WW is a good example of the sporadic
frequency of flooding in inland Australia being the driest inhabited continent on Earth. The
sporadic nature presents major challenges for maintaining community and Government awareness
and knowledge of flooding and of ongoing flood resilience with large periods of drought between

major floods.

Flood disaster management in New South Wales (NSW) is coordinated through a set of
documented emergency/disaster plans and arrangements at the Local, Regional and State levels.
The WW Local Flood Plan (LFP) is a flood hazard specific sub-plan supporting a Regional
Disaster Management Plan (DISPLAN). Other sub-plans focusing on Health, Agriculture and
Energy and Utilities etc., also support the Regional DISPLAN and are enacted during disasters
such as floods. The Regional DISPLAN is in turn a sub-plan supporting the State Emergency
Management Plan (EMPLAN).

The WW DISPLAN is maintained to prepare for, manage the response to and support
recovery from flood disasters. It is maintained by the SES NSW in conjunction with the WW City
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Local Government and their representative Local Emergency Management Committees
comprised of local stakeholders. The plan can be downloaded freely from the SES website’. In
the context of this research, the LFP is considered as a semi-structured document, as the
knowledge in it has been populated and written in a particular style and structured by practitioners
involved in the DM for floods. It covers knowledge in three phases: Preparedness, Response and
Recovery representing. However, in this research the Preparedness and Response phases will only
be presented as they both have represented pre- and post-disaster phases of DM. In fact, this
evaluation mostly occurs in Response phase as it contains more elements than other phases. This

evaluation has been exhibited partly in here (Inan et al., 2015).

5.2 Applying the framework in Wagga-Wagga DISPLAN

What follows in this section, is the evaluation activity of the developed framework as described
in Chapter 4. It comprises three stages: (1) Analysis and modelling DM knowledge based on
AOA; (2) Annotating concepts of DM metamodel; and (3) Transferring the ABMs into the
annotated DMM-based repository.

5.2.1 Stage 1: Wagga-Wagga knowledge modelling based on AOA

In the first stage, analysis processes are applied to the semi-structured knowledge of DISPLAN
using the seven ABM templates described in Chapter 4, the framework development. In this stage,
knowledge of DM phases from WW DISPLAN document is reformulated using the AOA. This
is amanual labour intensive activity and produces a long trail of documents (included as Appendix
C in this thesis). This process is performed iteratively to ensure that all knowledge in the
DISPLAN has been appropriately captured. The process begins by producing the goal models.
These represent the purposes intended out of activities in a DISPLAN. This model also identifies
role(s) played by agent(s) involved in the activity to pursue the goal. Once the goal models are
considered mature, processing one of these model templates can follow: the role model, the
organisational model, or the interaction model. However, the environment models can only be
completed once the role models are completed. Likewise, the agent model and scenario model
can only be processed once the environment models are completed as the environment knowledge

elements in both models are gathered from the environment models.

Some additional iterations might be required to make sure that all the knowledge has been
analysed and all connections between the seven models have been made and identified. For

instance, a knowledge element of actions in an agent model needs to refer to corresponding

? http://www.floodsafe.com.au/
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activities in the scenario model, which in turn should have corresponding sub-goals in a goal
model. Another example is identifying responsibilities in a role model. Responsibilities should
also be identified in a goal model. Thus, iterations over an evolving set of models are required.
With each iteration, the newly identified knowledge may require the modeller to revisit earlier
versions of, for example, the goal models or role models. The ABMs generally are closely-related
models (Winikoff & Padgham, 2013). Some ABMs share the same elements. In other words,
some elements in some ABMs represent the same knowledge so those particular elements can be
exchanged directly. This reduces the analysis and modelling effort. The relations between
iteration and ABMs are drawn in Figure 5.1. The analysis and modelling of each of the ABMs of
the WW flood DISPLAN knowledge is illustrated in the remainder of this section. The illustration
is focussed on developing all the models of a critical goal, Arranging Flood Intelligence Source
(The case study itself contains many goals- as shown in Appendix C. What is shown here is about

10% of the case study).
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Figure 5.1 Relations between iteration and ABMs in the AOA stage.
5.2.1.1 The goal model

For goal modelling, all the main goals and the sub-goals for each of the main goals are identified.
In addition, the role(s) that is/are responsible for each of the goals is/are also identified. The goa!/
model of WW flood DISPLAN knowledge for only one particular main goal is drawn in Figure
5.2. A main goal identified from the WW DISPLAN knowledge document is “arranging flood
intelligent sources” and the initiator of it is WW SESLOC (WW SES Local Operational
Controller). It is one among many and various main goals identified from the Response phase of
the WW DISPLAN. A knowledge engineer goes through the DISPLAN vertically or horizontally
to identify the goals. In other words, the knowledge engineer continues to examine the DISPLAN
knowledge by either identifying all the main goals and laying them out horizontally in one layer
first or by completing all the sub-goals for that particular main goal in a tree-like structure to the

end. In this evaluation, both these approaches are feasible and adopted in a mix or interleave
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fashion. This implies that the knowledge engineer might change the approach from horizontal or

vertical whenever necessary until all the goals and roles for the goal models are fully modelled.
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Figure 5.2 A goal model of WW DISPLAN knowledge, as an example.

In Figure 5.2, only one of main goals is shown. All its sub-goals and the roles that are
responsible for each of these sub goals are also shown. A knowledge engineer then goes through
the DISPLAN to identify all other goals (main goal and the sub-goals) and their roles subsequently
structure them in other goal models. Once they are in place, a knowledge engineer then assigns
the main goal as M and all its sub-goals as M0. This demarcation is based on the knowledge they
represent. In other words, based on MOF, the main goals represent the knowledge in the
planning/policy level while for people on the ground they need a more directly executable
knowledge. As such, all the sub-goals for each of those main goals are structured as M0. This
process is undertaken iteratively until all the goal knowledge elements of the document and the
marking process based on MOF are completely analysed and modelled in the goal models. The
knowledge engineer can always intervene in any particular goal model analysed and modelled

previously whenever necessary to improve its knowledge elements.

5.2.1.2 The role model

As per Figure 5.1, any of the role model or organisation model or interaction model can be
processed after the goal model. However, in this research, the role model is processed next after
the goal model. A role model essentially defines the responsibilities and the constraints of that
role that has been identified in the goal model. The knowledge elements of the role model are
similar to the goal model although each of the two models represents different contexts.

Therefore, instead of revisiting the DISPLAN knowledge document, the knowledge engineer can
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observe the goal model only to complete the role model. A role model of the WW DISPLAN is
shown in Table 5.1. The table shows one role, namely BoM (Bureau of Meteorology) analysed
from the Response phase of the document. The responsibility element in the model describes all
the sub-goals for which BoM is responsible for. To complete all the responsibilities in the model,
a knowledge engineer then revisits the goal model to get all the knowledge elements which the
BoM is associated with and structure them in a responsibility element of the role model. As for
the constraint elements, a knowledge engineer should revisit the original DISPLAN of the
Response phase to analyse and lay them down in the role model. In this example, there are no

knowledge constraints subjected to the role of BoM (Bureau of Meteorology).

Table 5.1 The role model of WW DISPLAN knowledge, an example.

DMM-based repository M2
Role knowledge MOF layer
Role ID R4
Role Name BoM M1
Description The responsibilities of the BoM playing the role in a flood disaster

event of a Response phase.
Responsibility 1. Providing flood watches
2. Providing flood warning
3. Providing severe weather warning for flash flooding MO
4. Providing key gauge level information
Constraint -

Once the knowledge elements of the role of the BoM is completely analysed and modelled,
the knowledge engineer designates which knowledge belongs to either M0 or M 1. These activities
are conducted iteratively. As M/ is aimed for knowledge in the planning/policy layer, thus the
elements: role ID, role name and description represent it whereas the elements: responsibility and
constraint are assigned as M0. The knowledge in these both layers eventually will be mapped to

the appropriate DMM concept in the repository.

5.2.1.3  The organisation model

The organisation model is based on an analysis of the hierarchy levels of the roles played by
agents. In Figure 5.3 it only shows an organisation model where all the roles are identified from
the goal model in Figure 5.2. The organisation model is aimed to equip all the entities involved
in the DM activities with the knowledge of whom and how to contact other authoritative entities
whenever necessary. Towards completing the organisation model, all the entities are identified
from the goal model. However, for their relationships, a knowledge engineer needs to revisit the
DISPLAN to be able to identify them. In addition, the common sense knowledge can also be used
by a knowledge engineer to map the relationships between the entities. If there are similar
organisations and in the different hierarchy structures then this informs that one controls or is

controlled by another, for instance, the organisation of the SES in the state and municipality



100

levels. The one in the state controls the one in regional or municipality level. Likewise, if the
organisations are different but they are aimed for the state level or for the municipality level only,
then they are peers. As can be seen from Figure 5.3, the SES NSW Controls Murrumbidgee SES
Division Headquarter (DHQ) (or Murrumbidgee SESDHQ isControlledBy the SES NSW).
Similarly, the Murrumbidgee SESDHQ Controls the WW SES LOC (or otherwise). On the other
hand, WW SES LOC isPeer with the WW City Council (WW CC) as they both lead organisations
in the city level. This relationship applies the same for the hierarchy level between the SES NSW
and Snowy Hydro or State Water or BoM or the Department of Infrastructure Planning and

Natural Resources (DoIPaNR) (See Figure 5.3).

Snowy Hydro  State Water
WWCC

X

% ) i ) %ESNSW
Controls. Controls.

W SESLOC Murrumbidgee SESDHQ

isFaar

DolPaNR EoM

Figure 5.3 An organisation model of WW DISPLAN knowledge, as an example.

Once the knowledge elements of organisation models are completely analysed and
modelled, a knowledge engineer then marks which knowledge element in the model is structured

as either M0 or M. This illustration is drawn in Table 5.2.

Table 5.2 The role model of WW DISPLAN knowledge structured in table

DMM-based repository M2
Organisation knowledge MOF layer
Role A Organisation Role B
knowledge M1
<SESLN> . <SESLN>
Role Name SESLOC isControlledBy | Role Name SESLHQ
<SESLN>
State <SESLN> State
. Emergency o Emergency
Description Service Local Description Service  Local MO
Operational Headquarter
Controller
<SESLN> . <SESReg>
Role Name SESLHQ isControlledBy | Role Name SESRHQ Ml
<SESLN> <SESReg> State
State Emergency
Description | Emergency Description | Service MO
Service Local Regional
Headquarter Headquarter

...and so on
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As can be seen, all the role name elements are structured as M/ as they inform only the name
of the role and the descriptions are assigned as M0 as they detail the role name elements. The

knowledge engineer can always revisit this model to improve the knowledge elements in it.

5.2.1.4 The interaction model

The interaction model is aimed to model to what extent the roles interact with each other. While
in the organisation model, the knowledge regarding whom and how to contact are provided, in
the interaction model, for what purposes an entity contacts other entities are analysed and
structured. This implies that in the case of contacting other entities in a disaster event, an entity
needs to equip itself with a clear understanding of which other entities need to contacted,

communicated with, and to what extent. This interaction model is illustrated in Figure 5.4.

For each sub-goal in the goal model, whenever there is more than one role responsible for
it, then that particular sub-goal relates those roles. The roles are identified and included in the
interaction model. 1.e. only those sub-goals where more than one role is involved are used in the
analysis. As illustrated in Figure 5.4, the role WW SES LOC is the centre of the interaction
between those roles. This is because that role serves as the initiator that is responsible to
accomplish the main goal. Therefore, that role interacts with all other roles if they are participating

in the same sub-goals.

ProvidingFlocd\Watches

rovidingFloodWarning WWNSES LO
- o AdvisingRoadClosures
& = W CC
BoM ProvidingSevereWeatherWarning
ProvidingTalbingo&
JounamaDams Failurelnformation
Snowy Hydro

ProvidingBlowering
smaFailure nformati

MurrumbidgeeSEEDHO
o2

PrevidingInformaticn
OnFlocding&ltsConsequenc es

ProvidingKey GaugeLevelinformaticn

ProvidingBurrinjuck Stata watar

Advising FlowRate ForMurmumbidgee River

DolPaNR

ActivatingReconnaisance
SES NSW

Figure 5.4 An interaction model of WWDISPLAN knowledge, as an example.

Once all the interaction models are in place, the knowledge engineer assigns each of the
knowledge elements in this model as either M0 or M. This is shown in Table 5.3. As illustrated,
the element rolePursueGoal is added to describe the activity to which both roles are interacted

for. With respect to MOF, the role name and the element rolePursueGoal that define a brief
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activity are marked as M1 as these elements represent the knowledge for policy/planning level,
whereas the more complete descriptions of the roles and the activities are assigned as M0 as they
inform the knowledge to be consumed for people on the ground. As these analysis and modelling

activities are performed iteratively, the knowledge engineer can always go back to improve the

knowledge in the model.

Table 5.3 An interaction model of WW DISPLAN knowledge structured in table form.

DMM-based repository M2
Interaction knowledge MOF layer
Role A rolePursueGoal Role B Mi
WWSESLOC Providing flood watches BoM
Providing flood watches which give
an early appreciation of developing
Wagga-Wagga State | meteorological situations that could
Emergency Service | lead to flooding. Bureau of
Local  Operational . . Meteorology MO
Flood Warnings, which include
Controller river height readings and height-
time predictions.
Providing information of flooding | Murrumbidgee
WWSESLOC and its consequences SESDHQ Ml
Wagga-Wagga Stgte Providing information of flooding Murrumbidgee St?te
Emergency Service . . . Emergency Service
. and its consequences including those o MO
Local  Operational in nearby council arcas Division Head
Controller ) Quarter
...and so on

5.2.1.5 The environment model

The environment model captures knowledge elements that describe the situatedness of an agent
in an environment. Related environmental elements are identified and these serve as resources
required by an agent to pursue the DM activities. In this evaluation stage, the knowledge engineer
needs to revisit the DISPLAN to be able to analyse and identify all the related environment
knowledge elements and structure them in the environment models. As with the process in other
models, this is also performed iteratively. An example of the environment model is depicted in
Table 5.4. As shown, the environment knowledge that is shown is the “List of areas to be
monitored in the active reconnaissance”. This element is identified from the Response phase of
the DISPLAN. The knowledge element informs the list of the areas that needs to be monitored by
the SES NSW in a Response phase. Subsequent elements detail that knowledge, for instance, the
location names and addresses. In addition, the role(s) that utilizes this environment knowledge

element is also modelled and structured in this model.

The knowledge engineer next marks each of the knowledge elements as either M0 or M.
With respect to MOF framework, the elements entity ID, name and description of the environment

are assigned as M0 as these are the typical knowledge elements in the planning/policy level,
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whereas the other elements that describe the details of the element are marked as M(0. Moreover,
as for new role element details, a knowledge engineer can revisit the role. In this example, the

role identified from the role model is the SES NSW.

Table 5.4 An environment model of WW DISPLAN knowledge, an example.

DMM-based repository M2
Environment knowledge MOF layer
Environment Entity ID | E16
Environment Name List of areas to be monitored in the active reconnaissance
Description List of areas of the WW municipality to be monitored to M1
provide the flood intelligence sources during times of
flooding.
Attributes # Unique number distinguishing the data
Location Flowerdale flats, main town levee, eastern
name section of the Sturt Highway, WW beach
caravan park, North wagga levee, Gumly- MO
Gumly levee, Urangquinty leeve, Tarcutta
levee.
Address The addresses/geo locations for each of them
Roles Involved R12 (SES NSW)

5.2.1.6  The agent model

The agent model essentially informs a set of scenario activities to achieve each of the main goals
but for only one particular agent. In this evaluation, the foundation of analysis and modelling the
agent model is based on goal model and environment model. While the knowledge elements of
action in the agent model are obtained from the goal model, the environment knowledge is
gathered from the environment model. Nonetheless, as for the knowledge element of triggers, the
knowledge engineer should revisit the DISPLAN to be able to portray these characteristics. These
basically define the activities in a time dimension. They serve to notify an agent the time at which

actions should be performed in responding to the situation to achieve the designated main goal.

In Table 5.5 the agent model is illustrated for one particular agent, namely organisation type
agent that plays a role as a BoM. As can be seen, while the activity element in the table essentially
constitutes a scenario comprising the element activity name, trigger and action, the functionality
element is the objective to be achieved, namely: “arranging flood intelligent sources”. In addition,
in the trigger, anytime any of the conditions is met the activities will be performed as defined in

the element actions.

In this example the role played by the agent is the R4. A knowledge engineer can just refer
back to the role models with this reference if required. The last knowledge element in this model
is the environment entity. It is referred to as E72, therefore to be able to get the detail of the

knowledge, a knowledge engineer refers to the same ID in the environment model to get it.
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Finally, the knowledge engineer determines assignment of the knowledge elements in the
agent model to either M0 or M1. In the agent model, while knowledge elements: agent type id,
name, description and reference are marked as M as these elements are essentially for the
consumption in the policy/planning level, the element activity and environment are assigned as
MO as basically they are the knowledge details that guide the agent to perform the activities. The

MO0 knowledge is the typical one for the people on the front line in the DM activities.

Table 5.5 An agent model of WW DISPLAN knowledge, as an example.

DMM-based repository M2
Agent knowledge MOF layer
Agent type ID Organisation type
Agent name Name BoM M1
Description The agent plays role as Bureau of Meteorology (BoM)
Reference R4 (BoM)
Activity Activity name: | BoM arranges the flood intelligent sources

Functionality: | Arranging flood intelligent sources

Trigger: = On the receipt of a Bureau of Meteorology
Preliminary Flood Warning, Flood Warning,
Flood Watch, Severe Thunderstorm Warning
or a Severe Weather Warning for flash
flooding.

= On the receipt of a dam failure alert.

= When other evidences leads to an
expectation of flooding within the council
area.

MO

Action: 1. Providing flood watches

2. Providing flood warning

3. Providing severe weather warning for flash
flooding

4. Providing key gauge level information

Environment E12
Entity

5.2.1.7 The scenario model

The scenario model binds all the knowledge elements of the previous six ABMs. In particular,
the knowledge is structured in a way that allows the stakeholders to create a story telling of the
decision making process in DM resilience endeavours comprehensively and holistically. An
example of a scenario model is illustrated in Table 5.6. This is one of the scenario models
analysed and modelled from the DISPLAN. This model is drawn from the objective, “arranging
flood intelligent sources™. This objective is basically obtained from the goa/ model in Figure 5.2.
The role responsible for this objective is the R/ (WW SES LOC) which, therefore in the scenario
model is modelled as the initiator of it. To be able to see the detail of this initiator, a knowledge
engineer can just observe from the role models with the same identity. The knowledge element
of trigger in the scenario model is acquired from the agent model where they both have the same

objective. While pre-condition is the condition describing the activities just before performing the
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activities in scenario model, the post-condition describes the condition once the activities in the

scenario model are completed.

Table 5.6 A scenario model of WW DISPLAN knowledge, an example.

DMM-based repository M2

Scenario knowledge MOF layer
Scenario S6
Name Arranging flood intelligent sources

- - - Ml
Goal Arranging flood intelligent sources
Initiator WWSESLOC (R1)
Trigger = On the receipt of a Bureau of Meteorology Preliminary Flood Warning,

Flood Warning, Flood Watch, Severe Thunderstorm Warning or a Severe
Weather Warning for flash flooding.

=  On the receipt of a dam failure alert.

=  When other evidence leads to an expectation of flooding within the
council area.

Pre-condition 1. The response operation has been begun

2. The BoM has been contacted to develop the flood warning through
Murrumbidgee SESDHQ

3. These following persons and organisations have been contacted
regardless the locations and severity of the flood: (1) WWCC Local
Emergency Operations Controller, (2) WWSES Unit, Murrumbidgee
SESDHQ, (3) WWCC Local Emergency Management Officer, (4)

WWCC Mayor
Post-condition Flood intelligent sources are already arranged
Description - MO
Condition  Step  Activity Role  Env. Entity
1 Providing flood watches R4 ES
2 Providing flood warning R4 E6
3 Providing severe weather warning for flash R4 B
flooding
4 Providing key gauge level information R4 E8
s Providing information of flooding and its R3 E9.E10
Interleave consequences
6 Advising road closures R6 E13
7 Providing Talbingo and Jounama Dams failure RI2 -
information
8 Providing Blowering Dam failure information R13 -
Providing Burrinjuck Dam failure information R14 -
10 Advising flow rate for Murrumbidgee river R19 El4
11 Activating reconnaissance R2 El6

The activities of the scenario model themselves are defined in the element activity. Each of
the activities is equipped by the knowledge element of role(s), that describes the one(s) that is/are
responsible for each of the activities, and the environment knowledge that defines the resource(s)
required in that particular activity and used by role(s). For instance, an example of this is a sub-
activity “providing information of flooding and its consequences”. This activity requires
environment knowledge of £9 and E/0 and involves role of R3 to accomplish it. In addition, the

element knowledge of condition describes whether the scenario activities are performed parallel
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or interleaved or sequential. This implies that this element only has an effect if the activities are
performed in a sequential fashion where the step of those activities determines how effectivity the

objective is accomplished.

As in other previous models, a knowledge engineer then assigns each of the knowledge
elements in the scenario model as either M0 or MI. In the scenario model, while knowledge
elements: scenario name, goal and initiator are marked as M/ as these elements are essentially
for consumption in the policy/planning level, the rest of the elements are assigned as M0 as
basically they are the knowledge details activities involving entities and the resources to be

performed.

It is worth noting that the knowledge elements in scenario model and agent model are the
same but knowledge elements of pre- and post-condition. They both summarize the activities to
facilitate the easiness of decision making mechanism. The stakeholders can simply create a story
telling in performing a DM activity from the knowledge in both the models’ structures
comprehensively and holistically. However, in agent model, the emphasis of the activities is
specified for only one particular agent. In other words, all the activities described in one particular
agent model are intended only for the agent that plays a particular role to accomplish the main
goal, whereas, in scenario model, the focus is on the objectiveness harnessing all the identifiable
elements. As such, all the knowledge elements are put together in a way so that they are tightly

coupled and synchronized to achieve that objective.

5.2.2  llustrating the Agent Oriented Analysis (AOA) using the developed tool

This section illustrates the process in the AOA Stage utilising the tool constructed for this purpose.
As explained in Section 4.7 in the previous Chapter, this is the AOA tool. The interface of the
AOA tools is shown in Figure 5.5. The interface facilitates all the analysis activities that occur in
previous Section 5.2. A knowledge engineer is able to select and switch between the various
ABMs as necessary. At first, the knowledge in the WW DISPLAN is analysed for each of the
ABMs and modelled in the corresponding knowledge elements in each model ranging from the
goal model, role model, organisation model or interaction model, environment model, agent
model and scenario model. This interface structures the output of the analysis (i.e. the models) in
an XML format. A single XML file representing all the knowledge elements of all ABMs can be
generated from the tool. The structure of the XML is shown in Figure 5.6. In the figure, the
knowledge elements of Response phase analysed and modelled of the WW flood DISPAN are
shown in XML format.
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Figure 5.5 The web-based interface for modelling the seven ABMs.

Figure 5.6 The analysed and modelled DM knowledge in XML structure.

<2xml version=n1.0"23
[€UDOCTYPE project SYSTEM "../files/ACR.dtd"3

El<project name="WW Flood DISPLAN Resp">

<goals>

<roles>

<organisations>

<envEntities>

<interactions>

<agents>

<scenarios>
<scenario scenarioId="2037"

<scenario scenariold="2039"

<scenario scenariold="2047"

<scenario s 1d="2053"

<scenario scenariold="2076"

<scenario scenariold="2079"

1d="2126"

<scenario scenariold="2129"

<scenario scenariold="2133"
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<scenaric scenariold="2146">
<scenName>End of response operation</scenName>
<scenGoal>1679</scenGoal>
<initiator>1579</initiator>
<scenTrigger>2298</scenTrigger>
<precondition>-</precondition>
<postcondition>-</postcondition>
<condi tionType>sequential</conditionType>
<step stepId="2539">
<stepNum>1</stepNum>
<atephctivity>1680</stephctivity>
<stepRole>1579</stepRole>
</step>
<step stepId="2540">
<stepNum>2</stepNum>
<atephctivity>1681</stephctivity>
<stepRole>1579</stepRole>
</step>
</scenario>
</scenarios>
<events>

<fproject>
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All knowledge elements of the seven ABMs are organised in one single XML file to be

effectively maintained in the transfer process. As can be seen, each of the elements of each ABMs

is represented using a unique ID element. Each ID refers to an element representing the particular

knowledge that later can be used in other model efficiently. Once all the knowledge elements

from the DISPLAN are fully converted, the next stage is transferring them into the repository.

However, to allow this to happen, the DMM-based repository needs to be prepared. This is shown

next. This is with the aim of preparing the repository for the transferring process.
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5.2.3 Stage 2: Annotated DMM

In this stage, the concepts of the DMM are annotated with the corresponding ones of the FAML
metamodel. The developed tool described in Chapter 4 (and detailed in Appendix A) is used to
illustrate the annotating process in this stage. This prepares DMM for the transfer process. In
Chapter 4, the detailed processes of the annotating process for Preparedness and Response phases
was shown. The DMM concepts remain unchanged. The concepts related to goals, that need to
be achieved, are annotated with the construct <<goal/>> of the FAML metamodel, the concepts
of agent are annotated with the construct <<agent>>, the concepts of task representing the
responsibilities are tagged with <<role>>, the related activity concepts are tagged with

<<activity>> and the related environment concepts are tagged with <<environmentEntity>>.

The right side of Figure 5.7 shows the annotated DMM-based concept for the Response
phase, and the DMM concepts with each of their corresponding FAML metamodel one are on the
right. For instance, as for the concepts: Aid, BilateralAid and HumanitarianAid are the DMM
concept representing the environment knowledge in the DM activity, therefore they are annotated
with the FAML metamodel concept it represents, namely <<EnvironmentEntity>>. Likewise,
the DMM concepts Coordination and Deployment are tagged with the FAML metamodel concept
<<Activity>> as they both essentially represent the activities to be undertaken in the DM.
Therefore, they are both tagged with the corresponding FAML metamodel concept representing
the activity as well, namely <<Activity>>. Nevertheless, although this is a one-off process, a DM

knowledge engineer can always revisit to improve this whenever necessary.
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M2: Disaster Management {DM) Metamodel - Concepts and Relations
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Tty WAkwao 2 BilateralAid <<Environmen(Entity>> 15 InformationManagement  <<Acivity>>
¢
| 3 Command <chetivity>> 16 MassCasualtyManagemenl  <cActivity>>
1 “Suppons
. . 4 Communication <<EnvironmentEntity>> 17 Rescue <<Activity>>
<shelai>
E Standarsy AKRIO! o
8 "o ] 5 Coordination << Activity>> 18 Resource <<EnvironmentEntity>>
] i
| cekupno> | i) 6  Deployment <<Activity>> 19 ResponseGoal <<Goal>>
L s ot iy
7 DevelopmentAid <<EnvironmentEntity>> 20 ResponseOrganization CentralConcept
8 Disaster <<Event>> 2 Responselask <<Role>>
- 9 EmemencyManagementTeam <<Agent>> 22 SituationalAwareness <<Event>>
W |
Hi ansgemen 0 Cartr : SifiationAc ;
of H e ikt ka0l 10 EmergencyOperationCentre  <<EnvironmentEntity>> 23 SituationAnalysis <<Activity>>
™ H T Dttt Regures 1 -
5 § ! i ""‘_lﬁL‘v-‘, i I vl B 11 EmergencyPlan <<EnvironmentEnfity>> 24 peratingProcedure <<EnvironmentEntity>>
or s
L 2 ¥ wamnn&nm»’tfnvmmufpm»
] = S
My i ey 2 12 Exposure <<EnvironmentEntity>> 25 Victim <<EnvironmentEntity>>
ey (] ; [ m..‘ é
el wl|  F[T— (e 3 13 HumanitarianAid <<EnvironmentEntity>>

Sshalip> FEAIRAMERIP <chatiily>?| |<chaiiy>

S CokESator0t

[

0

[ Biateraiaia | Deployment |

<hakiit>|

Figure 5.7 A web-based annotated DMM-based structure for the Response-phase.
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The annotated DMM-based repository also shows the domain relations and other concepts
where a particular concept relates to or related from (A relation goes both sides). This is illustrated
in Figure 5.8. For instance a DMM concept EmergencyManagementTeam is annotated with
FAML metamodel concept <<agent>>. The other eight (8) concepts and their annotations related
directly to that particular concept are Coordination <<Activity>>, Command <<Activity>>,
Communication <EnvironmentEntity>>, and so forth (See Figure 5.8). The domain relations
connect EmergencyManagementTeam to those other concepts to be able to be understood
effectively by the stakeholders. In this context, a representative relation is put in between the
related concepts. It means the EmergencyManagementTeam <<agent>> Involves Coordination
and Command as <<Activity>>, Uses Communication and EmergencyOperationCentre as
<<EnvironmentEntity>>, to Pursues ResponseGoal as <<Goal>> and Plays ResponseTask as
<<Role>>. This understanding applies to both sides and to other relations. For instance, as can
be seen from Figure 5.8, ResponseTask is related directly to two concepts:
EmergencyManagementTeam and ResponseGoal. This informs that ResponseTask as <<Role>>
is Played by EmergencyManagementTeam as <<Agent >> to Pursues ReponseGoal as

<<Goal>>.

The way the concepts are structured and how they are related essentially is the foundation
of a comprehensive and holistic decision making mechanism. This is because once a concept is
identified the other relevant and essential concepts are also identified which in turn will help the
stakeholder to identify the relevant knowledge completely. These annotations configure the
repository to be used to facilitate the transferring process. The next stage is transferring the DM
knowledge extracted in Stage 1 to this annotated DMM-based repository. This is elaborated on in

Stage 3.

Concept and the annotation

DM Phase Response

Concept EmergencyManagementTeam

Annotated Concept  <<Agent>>

Ad A

Concept An ization and of resources and responsibilities for ing all aspects of ies, in particular prep response and initial recovery steps.

Terminology

Concept relationship

# Domain Relation  Concept Relation Annotated Concept  Ral hi Relationship name Relationship type
cardinality

1 Uses Coordination <<Aetivity>> 1ol Requires Association

2 Participatesin Command <<Activitys> 15701, Follows Association

3 Uses Communication <<EnvironmentEntity>> 1."To 1. Uses Association

4 Pursues ResponseGoal <<Goal>> il Works Towards Association

5 Participatesin ResponseTask <<Role>> 15Tl Performs Association

6 Participatesin Rescue <<Activity>> 1. To0.* Performs Assotiation

7T Uses EmergencyOperationCentre  <<EnvironmentEntity>> 1.*To1.* Controls Association

8 - ResponseOrganization CentralConcept 0.*To1 1sAGroupOf Aggregation

Figure 5.8 A DMM concept, its annotations and relations to other concepts, an example.



110

The annotated DMM-based repository also shows the domain relations and other concepts
where a particular concept relates to or related from (A relation goes both sides). This is illustrated
in Figure 5.8. For instance a DMM concept: EmergencyManagementTeam is annotated with
FAML metamodel concept <<agent>>. The other eight (8) concepts and their annotations related
directly to that particular concept are Coordination <<Activity>>, Command <<Activity>>,
Communication <EnvironmentEntity>>, and so forth (See Figure 5.8). The domain relations
connect EmergencyManagementTeam to those other concepts to be able to be understood
effectively by the stakeholders. In this context, a representative relation is put in between the
related concepts. It means the EmergencyManagementTeam as <<agent>> Involves
Coordination and  Command as  <<Activity>>, Uses Communication  and
EmergencyOperationCentre as <<EnvironmentEntity>>, to Pursues ResponseGoal as
<<Goal>> and Plays ResponseTask as <<Role>>. This understanding applies to both sides and
to other relations. For instance, as can be seen from Figure 5.8, ResponseTask is related directly
to two concepts: EmergencyManagementTeam and ResponseGoal. This informs that
ResponseTask as <<Role>> is Played by EmergencyManagementTeam as <<Agent >> to

Pursues ReponseGoal as <<Goal>>.

The way the concepts are structured and how they are related essentially is the foundation
of a comprehensive and holistic decision making mechanism. This is because once a concept is
identified the other relevant and essential concepts are also identified which in turn will help the
stakeholder to identify the relevant knowledge completely. These annotations configure the
repository to be used to facilitate the transferring process. The next stage is transferring the DM
knowledge extracted in Stage 1 to this annotated DMM-based repository. This is elaborated on in

Stage 3.

5.2.4 Stage 3: Knowledge transfer

In this stage, the transfer process of the knowledge in Wagga-Wagga ABMs to the annotated
DMM is undertaken. This is a semi-automated process engaging a DM practitioner to intervene
as required. For the purposes of depositing the knowledge from the AOA stage to the repository,
the database is developed as shown in Figure 5.9. The database tables are the representation of
the knowledge of the ABMs that are analysed and structured in the XML file (See Figure 5.6).
The XML format allows both machine and human readability. Thus, it is considered an effective
format for codifying the knowledge. However, for manipulating the knowledge, for instance to
synthesize the knowledge elements from different ABMS to which it contains the necessary
elements for a decision making process or in the annotation process for knowledge

transformation, SQL is the language designed for this particular capability. Thus, it needs to be
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stored in a rational database management system format prior to enabling the manipulation. The
tables are related representing the relations between the knowledge elements. Moreover, the
cardinality degree is provided to determine whether their relationships are one-to-many
(otherwise many-to-one) or a many-to-many. In database terminology, the figure is called an
Entity Relational Diagram (ERD). In addition, these relationship types determine how data stored
in the scheme will become the knowledge in the retrieving processes or remain as it is. This is
undertaken by specifying a set of querying to extract the knowledge elements and relate them in

a way that is understood by the end users.
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Figure 5.9 ERD of the WW DISPLAN knowledge elements.

In the transfer process, the WW flood DISPLAN knowledge structured in each of the
corresponding ABMs is annotated with each of the corresponding FAML metamodel constructs
in the repository. In this evaluation process, the WW flood DISPLAN knowledge managed in
XML file needs to be transferred into the database scheme. Subsequently, mapping each of the
ABMs with the appropriate DMM concept is performed. In this stage, a knowledge engineer is

involved to intermediate this process.

With respect to the MOF framework, the knowledge in M0 layer that undergoes AOA is
modelled and structured in M/ layer. The knowledge is transferred to its appropriate metamodel-
based repository in M2 layer, (MO0>M1)>M?2). This process is mediated by a knowledge
engineer based on the semantic meaning between each of the ABMs of DISPLAN knowledge and
the most appropriate concept in the repository. If there is only one appropriate annotated DMM-
based concept in the repository to which an ABM is a match with, then the transfer process can

be proceed automatically. If, however, there is more than one possible annotated DMM-based
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concept in the repository, then a DM expert intervention is required to determine which concept,
among all possibilities, is more appropriate for the ABM to be positioned and transferred to. The
intervention is based on the semantic meaning of them. This is due to the fact that a human is still

the best interpreter.

Figure 5.10 shows an example when there is only one representative concept in the DMM
for one particular ABM. The transfer can proceed directly and automatically. This is transferring
the goal models. As there is only one concept in the DMM repository representing the goal
models, namely ResponseGoal concept then all the goal models are transferred directly to it. All
the 89 (eighty-nine) knowledge elements of goal models are positioned automatically to the
ResponseGoal. Figure 5.11 on the other hand shows an example when there is more than one
potential target concept in the repository. A knowledge engineer intervenes in this case by
mapping those associated concepts between concept in model and the metamodel. Figure 5.11
shows the mapping process of the knowledge related to environment. There are 11 (eleven)
possible concepts in the DMM repository where the environment model is able to map with,
namely: Emergency Plan, Communication, Standard Operating Procedure, Victim, Emergency
Operation Centre, Resource, Aid, Humanitarian Aid, Development Aid, Bilateral Aid and
Exposure. A knowledge engineer identifies the most appropriate concept to be mapped to each of

the knowledge elements of the goal models. The concept selection is based on their semantics.
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Figure 5.10 The mapping process of goal model of WW DISPLAN knowledge to its corresponding DMM
concept in the repository for the Response phase.
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The mapping process in the tool developed automatically limits those candidates of DMM
concepts appearing in the list of appropriate annotated DMM concepts. In Figure 5.10, the system
limits to only the ResponseGoal concept of the DMM that appears in it where the goal model is
aimed to map with. Similarly, in Figure 5.11, the system limits only those 11 (eleven) concepts
to be appeared to ease the knowledge in the mapping process of the environment model. The
knowledge elements which appear are the ones related to the environment knowledge. Other
concepts that are not related are omitted. This in turn assists the DM practitioner in having broad
awareness but concise visibility of the related knowledge, processes, and concepts that they must
apply within the DISPLAN and the overarching DMM. In this evaluation stage, the environment
knowledge, for instance: “list of agencies and organisations”, “list of other agencies”, “The
resources of distribution”, “The resources to be deployed” are mapped to the Resource concepts.
These environment knowledge elements describe the resources to be used to support the DM
activities which therefore have commonality with one of the Resources concepts semantically. As

such, the knowledge engineer maps them accordingly.
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Figure 5.11 The mapping process of environment model of WW DISPLAN knowledge to its
corresponding DMM concept in the repository for the Response phase.

The transfer process is applied iteratively in all mapping activities between all ABMs of
flood WW DISPLAN knowledge and their corresponding annotated DMM-based concept until
all of them are fully mapped. In the repository, the three components: DM phases, the MOF
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framework and the ABMs construct the knowledge in a three-dimensional (3D) structure which
allows the knowledge to be drilled down or rolled up efficiently and effectively within the time
frame of the DM activities. This is illustrated in Figure 5.12 where the goal models and
environment models of WW flood DISPLAN knowledge of the Response phase are shown
respectively as the exemplars in this thesis. Therefore, only both AOSE metamodel concepts
<<goal>> and <<environmentEntity>> are highlighted in that figure. To complete the 3D
knowledge structure, these three stages are undertaken iteratively. Eventually, this knowledge
structure allows the knowledge to be reused by pinpointing the appropriate knowledge through

each cube of the structure as necessary, holistically, and comprehensively.

3D knowledge structure in the annotated DMM-based repository
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Figure 5.12 A three-dimensional (3D) knowledge structure in the repository. Only the goal and
environment knowledge in Response Phase are highlighted as the exemplars of the mapping process.

5.3 DM Knowledge Structure in the repository

The main objective is to develop a framework facilitating the knowledge transfer analysis in DM
domain. In Section 5.2, the first evaluation showed how the knowledge elements in the DISPLAN
is extracted and transferred into the representative repository. In this section, we show how the
repository can be accessed. Figure 5.13 shows how the knowledge elements of WW flood
DISPLAN deposited in the DMM-based repository is structured. The structure enables the
stakeholders to develop an explicit explanation of their decision-making process for one particular

scenario within the DM timeline.

In the new representation of the DISPLAN, the knowledge is holistically and
comprehensively produced. ‘Holistically’ means that for that particular identified concept, the
knowledge can be drilled down from and rolled up to the decision making to planning/policy to
real work knowledge layers, respectively. ‘Comprehensively’ means that once a knowledge
concept is identified for one particular DM activity, other concepts that are related to it directly
are also be effectively recognised. ‘Effectively’ means that the DM knowledge is based on the
best practice for a particular disaster in a geographic area, and at the same time the knowledge is

structured so that the users are able to retrieve it in a way that it can be comprehended effectively.
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As can be seen in Figure 5.13, a concept: EmergencyManagementTeam, its relationships and
how it is related to other concepts are shown. This is a concept in Response phase of DM
framework describing agents involved in activities. Essentially this concept is the abstract

representation of the DM activities therefore it is positioned as M2.
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Figure 5.13 The knowledge holistically and comprehensively is structured for a decision making process
in the Response phase of flood DM. The knowledge is traceable up and down from the conceptual (M2)
the planning/policy (M1) and real world activity (M0).

In Figure 5.13(1), all the related concepts to that particular concept are shown, namely:
Coordination, Command,  Communication,  ResponseGoal, = Responselask, Rescue,
EmergencyOperationCentre and ResponseOrganisation. The knowledge can be retrieved by
‘clicking’ on any of these concepts. The figure also shows the domain relations for each of their
relations. These relations show the benefit of the DMM-based repository as the explicit
representation of these relations can provide an invaluable guide in retrieving the appropriate
knowledge (this will be explored further in a post evaluation in Chapter 6). Figure 5.13(2)
describes the information regarding the originality of the knowledge: where it comes from and in
which disaster it is used for. While Figure 5.13(3) shows the pre, post-condition and the initiator
of the main goal, Figure 5.13(5) informs the typical knowledge in the M/ layer, for instance, the
knowledge element presented is “control flood rescue”. This knowledge is inherited from its
concept 15(4): Rescue where it is one of the concepts that relates directly to the one:

EmergencyResponseTeam. While the knowledge in the M0 layer describing the real word
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activities is defined in Figure 5.13(6), (7), (8), (9), in 5.13(10), the knowledge represents the
trigger of the activities, the activities themselves, the roles that are responsible for each of the
activities, the environment to be used in to accomplish the activities and the condition that the

activities are undertaken in interleaved manner, respectively.

5.4 Conclusion and Discussion of the Case Study in Wagga-Wagga

The main goal of this evaluation case study is to ascertain if the developed framework to convert
to DMM-based repository works as intended. The knowledge from the Wagga-Wagga (WW)
flood DISPLAN knowledge document is employed to validate the developed. The evaluation
shows that the process leads to effective transfer of the knowledge contained in the DISPLAN
into the repository. At the end, the system enables better access, sharing and maintenance of the
knowledge. During the case study, issues emerged in the efficiency of the conversion process.

These are discussed and analysed in this section.

Firstly, the DISPLAN contains multiple goals which do not necessarily relate. In the analysis
of the plan, it is worth focussing on a single goal and producing all models emanating from the
goal before switching the attention to another goal. In other words, a depth-first approach is a
more efficient approach which enables the modeller to produce the subsequent models (emanating
from a goal model) more effectively. A depth-first analysis of goals can also potentially enable

multiple modellers to collaborate in converting the same plan.

Secondly, many knowledge elements produced at M0 level during the conversion were too
specific to Wagga-Wagga. This will clearly be the case for another DISPLAN from a different
area. With appropriate abstractions, such elements can be reused by other DM stakeholders, as
they may well represent common activities and they need to be perceived as such at the
planning/policy layers. An example is: “Providing Blowering Dam failure information”. This is
specific to Wagga-Wagga where the Blowering Dam is built. This element is difficult to reuse in
other areas as a different dam may exist. Another example is the role of Wagga-Wagga SES Local
Operational Controller (WWSESLOC) involved in pursuing many DM activities in Wagga-
Wagga. In other areas, the name of the role might be still the same, the SESLOC, but it may well
be another person. Thus, for the developed framework to be more efficient (and effective in this
case), instead of a unique DISPLAN knowledge, a template can be considered as the input of the
framework. The template serves as a common ground to be adopted by the stakeholders to

subsequently generate the specified local DISPLAN for each of them.

It is also worth noting that some concepts in the DMM appear redundant and conflicted at

the same time. For instance, in the Response phase, the Incident and Disaster concepts are
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annotated by the same AB concept <<Trigger>>. This is because both concepts have the same
semantic meaning as in the AB <<Trigger>>. However, the issues are that (1) both concepts
essentially refer to the same thing. Therefore, they are redundant; (2) their relations do not always
reflect an intention that is significant for decision making. For instance, apart from the relation to
the concept Incident, the concept Disaster also relates to the concepts Exposure and
InformationManagement. While the concepts InformationManagement is annotated by AB
concept <<Activity>>, this means that the Incident drives a set of activities organised in the
concept InformationManagement. This essentially translates as knowledge elements in the
scenario model. On the other hand, the relation of the concept /ncident and Exposure is not
reflected in any other ABM. Thus, the DMM might be readjusted for the best practice in this case.
However, although this is a worth finding from this evaluation, this is a DMM-related issue which

the thesis is not aimed to address.

5.5 Chapter Summary

This chapter examines the first evaluation of our developed framework. It is conducted with a real
case study of the WW flood DISPLAN document knowledge from the SES NSW agency, the
authoritative agency to combat flood disaster in the NSW regions. The evaluation is conducted
thoroughly encompassing the whole dimensions of the framework. The semi-structured
knowledge of WW flood DISPLAN document is the input at the first stage of the developed
framework. A knowledge engineer analyses and models the knowledge in the WW DISPLAN as
structured in each DMM phase. Subsequently, each of the knowledge elements in ABMS is
assigned as either planning/policy (M1) or real world activities knowledge (M0). In particular, the
process related to whether the knowledge is appropriate for the planning or real world activity

can be identified.

The evaluation successfully illustrates the conversion of the actual flood DISPLAN used by
WW SES municipality on the Murrumbidgee River in NSW to the metamodel based
representation. A web-based interface is implemented as a prototype to assist the effectivity of
the evaluation process. The process focuses on resolving a set of key issues on how knowledge is
typically stored, shared and accessed by participants and by communities in DM. This evaluation
illustrates the effectiveness of the mapping process. At the end, the knowledge is structured in a
3D layer representation. Each layer corresponds to a more abstract view of DM knowledge, from
event, to policy to the metamodel. Each layer consists of generic DM constructs which can be
used to index DM knowledge during knowledge retrieval with respect to the disaster event
context. Eventually, these constructs can be mixed and matched between the DISPLANs. By

utilizing the DMM-based repository the stakeholders are capable of seeing the relationships and
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the knowledge they have with other entities in achieving the goals through a set of activities

undertaken across all PPRR (Prevention, Preparedness, Response and Recovery) phases.

Due to the significant size of the DM knowledge involved, efficiency of analysis is a key
requirement. Two issues emerged in this case study: 1. The need for an intermediate abstraction
(i.e. a template) to avoid usage of area specific names 2. The need for a depth first agent oriented
analysis process to ensure that the knowledge engineer remains focussed on the elaboration each
goal model. These issues will be rectified in the next version of the framework which will be
presented in Chapter 6. Chapter 6 will also use another SES case study (Wollongong instead of
Wagga-Wagga) to further ensure its generalisability. Chapter 6 will also conduct a post evaluation
of the knowledge extracted from the DISPLANS to ensure that the knowledge is reusable by a
DM expert.
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6  The 2" framework evaluation:
Using Templating and Depth-First
Goal Analysis

In the previous chapter, the framework underwent its initial evaluation. The evaluation
successfully showed that the framework enables the conversion of a flood DISPLAN knowledge
of the SES NSW into the repository. The evaluation demonstrated the conversion but it also
highlighted scope for improving its efficiency. In this chapter, two efficiency enhancements to

the framework will be added and further validated:

1. The first enhancement will make use of existing DISPLAN templates.
2. The second enhancement will provide a process to guide a knowledge engineer in a way to
reduce the need to revisit the same sections of the DISPLANSs. A depth-first approach is then

introduced to guide the knowledge engineer.

In addition to the efficiency enhancements, a post-evaluation process is also performed in
this chapter to ascertain the usability, accuracy and the benefit of the knowledge representation
structured in the DMM-based repository. The post-evaluation is conducted in collaboration with

a DM expert from SES NSW.

This chapter is organised as follows: In Section 6.1, the significance of knowledge template
adoption will be elaborated. Section 6.2 elaborates the stages of the improved framework. Section
6.3 describes illustrates the performance of the framework in transferring the knowledge in the
flood plans of Wollongong Municipality to the repository. 6.4 describes a post-evaluation to
ascertain the benefit and usability of the knowledge in the repository. Finally, Section 6.5 presents

the conclusion and discussion of the chapter.

6.1 DM knowledge template significance

The framework targets at processing a large connected but disparate knowledge sources currently
maintained as individual text documents. Emergency services covering a wide range of hazards
develop DISPLANS of various structure and intent. In general, the plans are created as instances

of centrally developed templates, for example, those which are developed by the NSW and



120

Victorian SES’s State planning policies. The structured DISPLAN knowledge of the
cities/municipalities in each State show commonality as they are developed using the same typical
template; however, there is also local expert knowledge added to each instance. As a template, all
the relevant and observable knowledge elements will be included and identified. The template
serves as a general guideline for the agencies to develop their own DISPLANS by adjusting them

to their local resources and environments.

Eventually, each of the cities themselves will decide which knowledge will be appropriate.
In other words, each of the cities will inherit the knowledge from the template and customise it
with respect to their local conditions and situations. This is illustrated in Figure 6.1. In the case
of a State level DISPLAN, the template can be employed to generate the plans for all
municipalities/cities across the State, as they are all under the same hierarchy level. Therefore, all
instances automatically conform to their template. For instance, in NSW, Australia, all the cities
and regions across the State adopt the same DISPLAN template for flood disaster developed by
the SES NSW. The template is developed as a classifier which is used by the SES NSW in each
region and its cities to instantiate their specific DISPLANs. These particular DISPLANSs adapt
and adjust the customised template based on their resources and environments. This can also be
observed in other states in Australia, for instance, the State of Victoria, for a similar disaster. This

evaluation has been exhibited partly in here (Inan et al., 2016).

Costomized ABMz ofthe Classfifier
DISPLAN knowledge template
Cenformance
Instantiate
DISPLAN -1 DISFLAN - DISPLAN-3 | DISPLAN - \J
ABM: ABM: ABM: ABM: Instances

Figure 6.1 Template and the DISPLANS relationship.

Due to the significant size of the DM knowledge involved, efficiency of analysis is a key
requirement. Thus, the analysis framework is improved to begin with the DISPLAN knowledge
template, rather than a unique localised plan. The use of templates as the input instead of a unique
plan increases the effectiveness and efficiency of the analysis by first tuning the ABM templates
to suit the core structure of all DISPLANS. In this context, effectiveness relates to the adoption of
the process in which the modellers producing customised ABMs are able to more quickly generate
many instances of DISPLAN that are strongly based on the core template but are specific to
localised parameters. This mirrors the approach taken by emergency management agencies. They

typically harness the use of templates so that if any ratification of changes or updates occur, these
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can be easier promulgated and adapted in any instance of localised plans. The use of templating
is also common as it is seen as a key approach to effective interoperability as it helps stakeholders
to quickly identify the urgent and relevant knowledge to respond to a particular activity by

developing a familiar construct of actions which can easily be navigated.

6.2 Knowledge Analysis Framework of the second evaluation

The main stages of the knowledge analysis framework in this second evaluation remain
unchanged but a knowledge template is to be used as input to the framework instead of the local
plan itself. While this amendment anticipates the input into a general template format, as
highlighted in the previous section, this kind of input is typically available or easily adopted. To
process this input (i.e. templates) the first stage of the framework is revised. Now, the knowledge
engineer first customises ABMs with respect to the DISPLAN template. The knowledge engineer
is then able to synthesise and adjust these customised ABM with respect to the environment and
local resources of that city/municipality as would be described in the individual DISPLANs

themselves.

The subsequent AOA begins with the customised ABM templates. For this stage, the
framework is also improved. It now enforces a strict depth-first approach where every goal model
is analysed to maximal conclusion before the analysis of another goal model begins. This ensures
that the knowledge engineer maximises their use of the elements in a given goal model towards
producing the other subsequent models. This essentially reduces the number of revisits of the
DISPLAN document, thereby further improving the efficiency of the analysis process. This
approach also enables collaboration of multiple modellers in converting a given plan into the
repository. For instance, different modellers can focus on analysis paths along different goal
models and further communicate during subsequent iterations. The agent models resulting from
this process are then transformed into the repository following a specified semantic mapping. The
knowledge structured in the repository can then be and shared and reused by other users for their
DM activities. The improved knowledge analysis framework is shown in Figure 6.2. It consists

of three main stages, as follows:

Stage 1: The input to this stage is the DISPLAN template. In this stage, the template serves to
customise the seven ABMs. The output of this stage is the set of customised ABMs. The linking
to MOF abstraction layers is now done in the customised ABMs (rather than the actual models —

which was the case in the first version of the framework in Chapter 5).

Stage 2: The customised ABMs from Stage 1 are then used to guide the required analysis of the
actual DISPLANSs. This process results in the ABM DISPLANSs. The stage begins with goal
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modelling. A depth-first approach is enforced in this improved version of the framework. A
modeller begins with identifying all knowledge following from one goal and subsequently
identifies all resultant models. This way the knowledge engineer is able to reuse elements in the

goal model and this incurs less revisits to the original DISPLAN.

Stage 3: This is the knowledge transformation process. This stage remains the same as elaborated

in Chapter 5.

The remainder of this section details each of the stages of our knowledge analysis

framework.
. . N Mapping concepts DM expert
MOF || DM phase Depth-first approach [ sematically ][ intervention ]
DISPLAN Customising Customized AB | e A E model™, | ABmodel | [Transferring the DISPLANS Annotated DMM-
Knowledge AB models models of DISPLAN DISPLANS DISPLANSs into the Repository based repository
knowledge template

Template

Ll | | Semi-structured

format

1
Preparing the annotation process ™~__ _ _ _ _ _ _ o o o o = = ’
T AB models of the repository
[ Stage 1 >[ Shge ? >[ Shge 3 >

Figure 6.2 Three main stages of knowledge analysis framework of the second validation.

6.2.1 Stage 1: Customising Agent-Based Models

A DISPLAN template describes the structure of every DISPLAN within a state jurisdiction. It has
knowledge that is common to all plans, for example contact details within the state or the names
of roles. The template is in a semi-structured format and covers all four PPRR phases. The use of
template DISPLAN instead a unique plan in this customising process underlies the first
improvement that differs from the initial one discussed in previous chapter. In this step, the
commonalities captured and expressed in the template are transferred to the ABM templates. That

is, each AB template undergoes four steps in this customisation:

1. Common knowledge elements are transferred to the ABM templates.

2. Each ABM template is reduced in size to delete elements that are not required. That is, only
the required elements are used in the ABMs.

3. Each element in the model is marked as either MO or M1 (this later acts as a pointer in the
transfer in Stage 3).

4. Each element in the model is marked with potential target DMM concepts (this acts as

another point in the transfer in Stage 3).
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The details of these customising processes of ABMS are as follows:

6.2.1.1 Customising the goal models

The customization process for the goal model is exemplified in Figure 6.3. The process essentially
is that the DISPLAN template is analysed and modelled into the goal model template. A
knowledge engineer anatomizes each of the knowledge elements in the DISPLAN template to
position them in the corresponding element in the goal model template. This activity results a

customized goal model of DISPLAN knowledge.

/ The goal modeltemplate \
Initstor Customized goal mode/ of the flood DISPLAN knowledge template of the SES NSW
Global goal

RTA

Response Phase

NSW Paolice
<CounciName» <5ESLN= SESLOC
<CounciName>

Road&TrafficContral
/subgoaﬂ //sul}goaﬁ//sub—gaaﬁ/

[ 3

)
0 AN ss&Reopel e
CantratsANumberdf Closes&ReopensRoads " DirestingImpositicn
sub-goal2d RosdAfected ByFlooding BridgesafectedBy Ere S“”ﬂ‘-ﬁ%ﬁlﬁ:”’ OfrafictControl
R i Flocdings i Measures

R3 AsDetailzdinAnnaxB
|:|| ||:‘ :> SES NSW
e Renng ControlingThe
Responss Phase ClasgiRR:}:a%‘Snslts ProvidingAssistance EntryInTeFlood
: Aettedires

Flood DISPLAN
Knowledge Advising<SESLN> vapd ngRF:sAama
olice, R
TgEmg':l:“(’)f SESLHQ toProvideRIS <€aunc Mams> [ <SESLN»SESLHQ
<BESRe| g> SESLHQ
Semi-structured

format

Figure 6.3 Customising the goal model and a DISPLAN template.
6.2.1.2  Customising the role models

As in the goal model, customising of the role model is carried out by analysing the knowledge
elements in the DISPLAN template to model them in the appropriate ones in this model template.
A knowledge engineer initially customizes the role model template based on the knowledge
elements in the DISPLAN template. However, as discussed in the previous chapters, the ABMs
are closely correspondent ones; this means that those models share the same knowledge elements.
The knowledge engineer needs only to revisit the goal model to be able to model this model. This
is by far also effective and efficient as this approach prevents inconsistency of the knowledge
elements in the models referring to the same meaning. This process results in a customised role

model of the DISPLAN knowledge template as described in Figure 6.4.
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The role model template

Role ID Rl

Name Name of role R1
Description
played by the agent

The description of the role R1

Responsibility | gl

Customized role model of the flood DISPLAN knowledge

Response Phase

ell template of the SES NSW

‘3 : 1 1 DMM-based repository

e Role knowledge

gs Role ID R7

Constraint Organisational/agency/individual Role Name <SESLN= SESLOC
constraint of R1 Description If the knowledge analysed and modelled is from Wagga Wagga area, then the <SESLN=
becomes Waoga Wagga SESLOC.

Responsibility | 1. Darecting of the traffic control measures. 2. Controlling entry into flood affected areas.
Constraint In flood events, the <SESLN=8ES Laocal Operations Controller may direct the imposition

of traffic control measures. The entry into flood affected areas will ba controlled in
accordance with the provisions of the State Emergency Service Act, 1989 (Part 5,
Sections 19, 20, 21 and 22) and the State Emergency Rescue Management Act, 1939

(Part 4, Sections 60KA_ 60L and 61).

N

Flood DISPLAN
Knowledge
Template of SES
NSW

Semi-structured
format

Figure 6.4 Customising the role model and a DISPLAN template.

6.2.1.3  Customising the organisational models

The next model to be customized is the organisation model. The knowledge elements in the

organisation model refer to the goal model template for the effectivity and efficiency, particularly

in identifying the involved role elements instead of revisiting the DISPLAN. The customization

process of this model is exemplified in Figure 6.5. This process produces a customized

organisation model of the DISPLAN template.

The organisation model template

R3 Customized role mode! of the flood DISPLAN knowledge template

ofthe SESNSW

% Controls % _ isControlledBy %
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Template of SES
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Figure 6.5 Customising the organisation model and a DISPLAN template.
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However, to customise the relationships between the roles, a knowledge engineer needs to
revisit the DISPLAN templates to be able to model them and subsequently place them into the
corresponding elements in the organisation models. This process produces a customized

organisation model of the DISPLAN template.

6.2.1.4 Customising the interaction models

In customising the interaction model, a knowledge engineer leans on the goal model. In the goal
model, whenever more than one role is involved in a sub-goal, it means those roles are responsible
for it, which therefore they will be interacted with to perform that. The customization process for

the interaction model is illustrated in Figure 6.6.

The interaction model template

Customized interaction model of the flood DISPLAN knowledge template
of the SES NSW

Advising <SESLN> SESLHQ to provide!
RIS

<SESRe>SESLHQ

—X

<SESLN>SESLHQ

Response Phase :> A

BAN

Flood DISPLAN
Knowledge
Template of SES
NSW
Semi-struc tured
format

SES NSW

Directing imposition of traffic control
measures <SESLN> SESLOC
0
Controlling the entry in to flood affected

area

Figure 6.6 Customising the interaction model and a DISPLAN template.

This model represents those interactions. Thus, in the customisation, a knowledge engineer
observes the goal model template to be able to model the interaction model effectively and
efficiently without revisiting the DISPLAN document. This results in a customized interaction

model of the DISPLAN template.

6.2.1.5 Customising the environmental models

As in the previous models, the environment model also undergoes a customisation process. A
knowledge engineer analyses the knowledge elements in the DISPLAN template subsequently
positioning them in the corresponding element in the environment model template. This process
generates a customized environment model of the DISPLAN template. The customization process

for this model is illustrated in Figure 6.7.
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Environment model template

Enviremrnent Entity 1D | E2

Attributes # Unigue number
distinguishing inputted
data

| et Msta-aftrbule$ Customized environment model of
Roles Tnvolved | R the flood DISPLAN knowledge template of the SES NSW
I :2 DMM-based repository
RT Environment knowledge

Environment Enfrty I | E16
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caravan park, North wagga levee, Gumly,
Flood DISPLAN Gupnly levee, Urangawinty lesye. Tanutia,
levee.
Knowledge Address | The addressas/gen locations for sach of them
Templ ate Of SE S Ralss Tnvolved BRI (SES NEW)
NSW
Semi-struc tured
format

Figure 6.7 Customising the environment model and a DISPLAN template.

6.2.1.6  Customising the agent models

In the customising process of agent model, a knowledge engineer analyses the knowledge
elements in the DISPLAN template and models them in this model template. All the elements in
the document template are placed in the corresponding elements in the agent model template. As
in the other models, the knowledge elements of this model template are obtained from the other
models as they are closely correspond except for the trigger elements. The knowledge engineer
needs to revisit the DISPLAN template to be able to analyse it. The result is a customised agent

model of DISPLAN template as exemplified in Figure 6.8.

The agent model template

Nanee | Name R1
References [ RI
Activity Activity MName M R
Fun<tionaliy &l Customized agent model of
L, the flood DISPLAN knowledge template of the SES
Action E1.1 NSW
111
;1 1.1 DMM-based repository
Activity MName 22
Funetionality 2
n::;;l—- e 2 Agent [ Al
T4 Agent name | Name <SESLN= SESLOC
Action 2 Role played | <SESLN= SESLOC
T T R T T T Activity Activity Name: | <SESLN> SESLOC contrals Road and Traffic
Commderations | Functionality: | Road and Traffic Control
Trigger: * Om the receipt of a Burcau of Metcorology
Preliminary Flood Waming, Flood Waming,
Flood Watch, Severe Thunderstorm Waming or a
Severe Weather Waming for flash flooding.
Response Phase = Om the receipt of & dam failure alert.
= When other evidences lead to an expectation of
flooding within the council area.
Action: 1. Diresting  the imposition of traffic control
measures.
Flood DISPLAN 1 | 2. Controlling the entry into flood affected areas.
Knowledge Environment | E1
Template of SES Entity
NSW
Semi-struc tured
format

Figure 6.8 Customising the agent model and a DISPLAN template.
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6.2.1.7 Customising the scenario models

The customising process is also applied in the scenario model. All the knowledge elements in this
model are obtained from other models. This implies that the knowledge engineer needs to analyse
this model based on the elements from other models without revisiting the DISPLAN template.

This is exemplified in the Figure 6.9. This results in a customized scenario model of DISPLAN

template.
The scenario model template Customized scenario mode/ of
r—— s the flood DISPLAN knowledge template of the SES NSW
Name al DMAM-based repository
Goal gl Scenario knowledge
Initiator R1
Trigger T1 Scenario S1
T2 Name Road and Traffic Control scenario
T3 Goal Road and Traffic Control
T4 Initiator Road and Traffic Authority (RTA)
Trigger = On the receipt of a Bureau of Meteorology Preliminary Flood
Pre-condition cl Warning, Flood Warming, Flood Watch, Severe
Post-condition € Thunderstorm Warning or a Severe Weather Waming for
D Deseription of gl flash flooding
Condition __ Ster Acthvity Role Enviromnent Entity *  Onthe receipt of a dam failure alert.
1 211 R1 E1E2 - When other evidences lead to an expectation of flooding
Intecleave’ 2 111 RLED EIIEI within the council area.
= £ Pre-condition Road Information Service has passed to NSW Police, RTA and
I
Parallel 3 gl111 R1 ELE2 Coun ame= W City council, Local Emergency
Service, Public and <SESReg= Illawara South Coast SESRHOQ
Post-condition Road and traffic are under control
Description Road and Traffic Control is a control activity of a number of roads
within the council area affected by flooding. Details are provided
in Annex B
Condition Step  Adctivity Role Environment Entity
Response Phase Controls a number of roads
1 within the council area that are R1
affected by flooding as detailed
in Annex B
Closes and reopens its own
Flood DISPLAN + roads B, B2 2L
Knowledge N Slﬁes ml(‘l‘;vroi‘)lezs rr‘:md; and &1 l}'{u .
- ridges affected by floodin, 3, R4
Template of SES Advising SSESENG
NSW 31 Wollongong City SESLHQ to  R1, R2 El
. provide a Road Information R3
Semi-structured Service (RIS)
format Providing RIS to the Police, o, oo
32 RTA and  sCannciiNamas s =0 1

Figure 6.9 The scenario model template and a DISPLAN template.

6.2.2 Stage 2: Generating ABM DISPLANs

Once the customised ABMs of flood DISPLAN of the SES NSW are produced as discussed in
Stage 1 then the ABMs corresponding to any unique flood plan for any area under the NSW State
jurisdiction can be generated quicker. A depth-first approach guides the knowledge engineer in
generating these models more efficiently. The engineer focuses to one particular main goal to
complete a goal model first and then the other models before switching intention other main goals.
This also enables multiple knowledge engineers to develop a particular DISPLAN (but this

possibility is not pursued in this thesis).

The analysis process begins with generating the goal model. The seven adopted ABMs share
knowledge elements with each other. Once one main goal is completely modelled then a modeller
can process the next models. By generating the goal/ model first, and reusing knowledge elements
from the goal model, the number of revisits to the DISPLAN is reduced rendering the process
more efficient. Following the goal model, the goal model, organisation model or interaction

model are generated. These three models can only be completed once the goal model is complete.
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Knowledge elements of these models are linked to the goal model, although they are structured
differently. The three models are followed by the environment model which can only be
completed once the goal model is completed. For instance, the attribute role in the environment
model needs to be extracted from the goal model. The agent model and scenario model are the
last two to be completed. The knowledge elements of these two models depend on the content of

the other models hence they are generated once all five others are completed.

Modelled Knowledge in the
conceptual/policy level on the DMM
as a representative repository

Modelled knowledge based on R1 =
AOA in the in the planning level o // N
- = — =

Knowledge in the real
world activities level

The legend:
R=role
g = main goal/sub-goal

| g3.2.1.2.1 932122

—

N
\' Ra )
\ /’%LJ -
N N
R7

Figure 6.10 The AOA of a goal model in a depth-first search approach.

The analysis process is iterative and can separate analysis of the main goals and each of their
sub-goals. i.e. later activities are identified to support earlier activities. For instance, in Figure
6.10, sub-goals g3.7 and g3.2 support the main goal g3, and/or the sub-goals g3.2.1.7 and g3.2.1.2
support g3.2.1, and so on. This enables a modeller to concentrate on completing one main goal at
a time, without being distracted by the other goals/sub-goals. This can significantly reduce the
complexities in the early requirement phase. The modeller analyses the main goal g1, and all its
sub-goals from g/./ to gl.1.1.1, and roles R/ and R3. All the sub-goals of a main goal can be
traced as the activities to support and address the main goal. Since the role R1 is responsible for
the main goal g/, it also implies that the particular role is responsible for all the sub-goals of the
main goal. Thus, the role R/ is automatically responsible for g/, g/.1, gi.1.1 and gi.1.1.1. The
goal model informs that for the sub-goal g/.!.1, there is another role, R3, involved in pursuing it.
This notifies that the role R1 is responsible as the initiator for the main goal while both R/ and
R3 will interact, communicate and coordinate in pursuing the sub-goal g/./.1. These elements of

the goal model will be the basis for identifying relationships between closely related ABMs.

The depth-first approach offers a systematic way to conduct a detailed AOA. It shows not
only where to start the modelling activities (Lopez-Lorca ef al., 2016; Miller et al., 2014) in the
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AB paradigm, but also how to do it step by step rigorously. As shown in Figure 6.10, this
illustrates that once the goal model is holistically analysed and modelled then a modeller can
easily look at the model’s elements as the cornerstone to process other ABMs without revisiting
the knowledge in the document. For instance, the roles involved to pursue a sub-goal analysed in
the goal model will be the basis to structure the organisation model and interaction model. The
main goal and sub-goals of a goal model will be used to structure action in the agent model and
activity in the scenario model and so on. These processes themselves are conducted iteratively,

therefore the modellers can always go back to the previous stage to improve the modelled models.

By adopting the depth-first approach, the AOA can also be made more efficient by
distributing the processes to a number of modellers. Modellers can share the AOA tasks to be
undertaken in parallel. For a large knowledge DISPLAN, each modeller can focus on only one
particular main goal and all its sub-goals at a time. At the end, these goals will be combined to
represent one complete goal model. Once these goal models are structured, the other ABMs can
be analysed effectively and efficiently as their knowledge elements are obtained from the existing
models. This approach enables interleaving of the modelling processes i.e. a modeller can activate
the other models, without waiting until others’ main goals are fully analysed in a complete goal

model. This evaluation has been exhibited partly in here (Inan ef al., 2017).

6.2.3 Stage 3: Knowledge transfer

The knowledge transfer is similar as in the initial evaluation of Chapter 5.The two activities of
this stage are: 1) Preparing the DMM-based repository; and 2) Transferring the DISPLAN ABMs
to the prepared repository.

6.3 Case Study: the SES NSW Flood DISPLAN knowledge template

In this section, the revised framework of knowledge transfer analysis is validated. A second case
study from SES NSW is used in this validation. As earlier described, a DISPLAN template is first
acquired. That is a flood DISPLAN knowledge template of the SES NSW obtained as the first
input of the framework. This input is used to customize the ABM templates to enable their more
effective and efficient use (The customised ABMs of the flood DISPLAN of the SES NSW is
included in Appendix D in this thesis). The ABM templates are then used to generate particular
DISPLANs ABMs and these are then transferred into the repository. The particular DISPLAN
chosen is the Wollongong Municipality Flood Management DISPLAN. The Wollongong
DISPLAN is maintained to prepare for, manage the response to, and support recovery from flood
disasters. It is maintained by SES NSW in conjunction with the Wollongong City Local

Government and its representative Local Emergency Management Committee, comprising local
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stakeholders. The DISPLAN covers knowledge in three phases: Preparedness, Response and
Recovery. The evaluation in this section is applied only to the Preparedness and Response phases.
The three main stages of the transfer process for the Wollongong DISPLAN are illustrated in

detail in this section. This evaluation has been exhibited partly in here (Inan & Beydoun, 2017).

6.3.1 Stage 1: Customising Agent-Based Models

In this stage, the seven ABMs are customised. The flood DISPLAN knowledge template of SES
NSW is analysed to identify commonalities and model the commonalities into the ABM
templates. In what follows, the customization of some of the ABM modelling templates is

elaborated according to the conceptual description in Section 6.2.

6.3.1.1 Customising the goal model

In this case study, a main goal “Road and Traffic Control” is identified as an example from the
flood DISPLAN knowledge template in SES NSW. It is a goal out of many and various goals in
the document template (they are included in Appendix D of this thesis). The Road and Traffic
Authority (RTA) is responsible to initiate this main goal which therefore is automatically as the
initiator. As the initiator, this means that RTA is also responsible and involves in all sub-goals
underneath. This means that the RTA automatically interacts with other role(s) that is/are
responsible for other sub-goals. For instance, to perform the sub-goal “Erecting road closure signs
and barriers”, RTA interacts with NSW Police and <CouncilCity>. The customized goal model

constructed following the MOF framework is shown in Figure 6.11.

Once this main goal: “Road and Traffic Control” is identified, the knowledge engineer then
goes through the flood DISPLAN template of the SES NSW to identify its sub-goal(s) and role(s)
for this particular main goal only, and omitting the other elements that are not related. For
instance, in this example the sub-goals are: “Controls a number of road affected by flooding as
detailed in Annex B”, “closes and reopens its own road”, etc. The roles responsible for the two
sub-goals are: RTA and <CouncilName> respectively. The knowledge engineer then goes
through to complete all other knowledge elements to complete them in the goal model as shown

in Figure 6.11.

In the final customisation step, the knowledge engineer marks every knowledge element to
highlight the likely MOF abstraction layer of the element (M0 or M1). For instance, the main goal
“Road and Traffic Control” is annotated M1 as it represents the objective to be strived for, and

all its remaining sub-goals will be marked for M0. This example only shows one customised goa!/
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model for that particular main goal as an objective to be accomplished out of many of them

(included in Appendix D).

Knowledge in the [ Disaster Management Metamodel (DMM) as a representative repository
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Figure 6.11. A customized goal model of the flood SES NSW DISPLAN for a main goal “Road and

Traffic Control”.

6.3.1.2  Customising the role model

The customized the flood DISPLAN knowledge template of the SES NSW with respect to the

role model template results in the role model template as shown in Table 6.1. In the table, only

one particular role R7: <SES Local Name> SES Local Operational Controller (<SESLN>

SESLOC) is exhibited as an example. As this is a knowledge element class, this role is subject to

change depending on where the template will be instantiated to. In this case, the <SESLN> will

be modified following the municipality name. For instance, if the template instantiates the

Wollongong flood DISPLAN knowledge then the role R7 will be automatically adjusted to be the
Wollongong SESLOC.

Table 6.1 A customized role model of the DISPLAN for a role “<SESLN> SESLOC”.

DMM-based repository M2

Role knowledge MOF layer
Role ID R7
Role Name <SESLN> SESLOC Ml
Description If the knowledge analysed and modelled is from Wollongong area, then

the <SESLN> becomes Wollongong SESLOC.
Responsibility | 1. Directing of the traffic control measures.

2. Controlling entry into flood affected areas.
Constraint In flood events, the <SESLN>SES Local Operations Controller may

direct the imposition of traffic control measures. The entry into flood MO

affected areas will be controlled in accordance with the provisions of
the State Emergency Service Act, 1989 (Part 5, Sections 19, 20, 21 and
22) and the State Emergency Rescue Management Act, 1989 (Part 4,
Sections 60KA, 60L and 61).
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The elements responsibility in this role model template are identified from the goal model.
As can be seen in goal model at Figure 6.11, the role: <SESLN> SESLOC responsible for 2 (two)
sub-goals: “Directing of the traffic control measures” and “Controlling entry into flood affected
areas”. In the role model, these two sub-goals from the goal model (Figure 6.11) are automatically
structured as knowledge element responsibility, as shown in Table 6.1. For the element constraint,
the knowledge engineer needs to revisit to SES NSW template to obtain this as it is not structured

in the goal model.

The next step is determining whether each of the knowledge elements of the role model is
placed as either M0 or M1, following the MOF layer. As described in Table 6.1, a knowledge
engineer determines that the elements role name and description are positioned as M. This is
because in this context, these elements are only about an agent playing the role “<SESLN>”
SESLOC without any further description as to what that particular role is responsible for whereas,
the elements responsibility and constraint are placed as M0. This is because essentially these two
elements are the typical knowledge elements which the roles will embrace as guidance to perform

in a real word activity.

6.3.1.3 Customising the organisation model

As in the role model, all the role knowledge elements of the organisation model are obtained from
the goal model (in Figure 6.11). The customised organisation model is as outlined in Figure 6.12.
As can be seen, as the SES NSW is the highest typical DM agency in the federal level in Australia,
this means it Controls the one in the region/the lower administrative level (<SESReg>
SESRDHQ>). Likewise, the one in the region level Controls the one in the city level (<SESLN>
SESLHQ). As the <CityCouncil> represents an authoritative in the city level then it isPeer with
<SESLN> SESLHQ.

<CouncilName>
RTA

]5’:99[ isPasr I
% Controls % Controls % Controls %555 NSW
e{

<SESLN>SESLOC <SESLN>SESLHQ <SESReg>SESRHQ
isPe

NSW Police

Figure 6.12 A customized organisation model of the flood SES NSW DISPLAN knowledge.

Similarly, RTA and NSW Police are the organisations in the federal level, therefore, each of

them isPeer with SES NSW. Lastly, a knowledge engineer marks the element role name as M1
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as it only describes the name of the role and the element description as M0 as it details the roles.

This is as shown in Table 6.2.

Table 6.2 A customised organisation model structured in table with respect to MOF.

DMM-based repository M2
Organisation knowledge MOF layer
Role A Organisation Role B
knowledge MI
<SESLN> ) <SESLN>
Role Name SESLOC isControlledBy | Role Name SESLHQ
<SESLN>
State <SESLN> State
. Emergency . Emergency
Description Service Local Description Service Local MO
Operational Headquarter
Controller
<SESLN> . <SESReg>
Role Name SESLHQ isControlledBy | Role Name SESRHQ MI
<SESLN> <SESReg> State
State Emergenc
Description | Emergency Description reency MO
. Service Regional
Service Local Headquarter
Headquarter q
...and so on

6.3.1.4 Customising the interaction model

A in the customising organisation model, the knowledge elements of the interaction model are

obtained from the goal model. The elements of the interaction model are described in Figure 6.13.

‘hdvising <SESLN=> SESLHAQ to provide ]

RIS

Cloges & recpens its own reads <CityCouncilz

<5ESReq=SESLHA

Providing RIS to the Policy, RTA,
<Cityeouncil>

Closes & reopens roads and bridges
affected by flocding
ZSESLN>SESLHG

Providing assistants to road closure sign!
and barriers

RTA Erecting road clesure signs and barriers

SES NSW

Directing impesitien of traffic eontrel

MEASUrss

Contreling the entry in to flood affscted
area

Figure 6.13 A customized interaction model of the flood SES NSW DISPLAN knowledge.

ZSESLN> SESLOC

In customising the interaction model, only the activity with more than one role responsible for
will be structured in the model. For instance, the activity “Closes and reopens its own roads” is
structured in the interaction model in Figure 6.13 as in the goal model it is pursued by two roles,
namely: <CityCouncil> and RTA (See Figure 6.11). In other words, the activities that are pursued

by only one role will not be structured in the interaction model. Another example is "Advising
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<SESLN> SESLHQ (SES Local Heaquarter) to provide RIS (Road Information Safety)”. This
activity is a sub-goal identified from the goal model. Thus, it is automatically structured in the
interaction model as it is pursued by more than one role, namely <CityCouncil> and <SESReg>
SESRHQ (SES Regional Headquarter). A knowledge engineer continues to complete knowledge
elements in the interaction model as shown in Figure 6.13. Once the interaction model is fully
customised, a knowledge engineer marks whether the element in the model is either M0 or M1,

as illustrated in Table 6.3.

Table 6.3 A customised interaction model structured in table with respect to MOF.

DMM-based repository M2
Interaction knowledge MOF layer
Role A rolePursueGoal Role B
RTA Closes and Reopens its <CouncilName> MI
own roads
The council closes and re- Name of the city council
Road and Traffic Authority | opens its own roads that | where the activity is taken MO
is initiated by RTA place.
NSW Police Erectlng roa'd closure <CouncilName> Ml
signs and barriers
When resources permit,
the SES assists Council or Name of the city council
New South Wales Police | the Police by erecting | where the activity is taken MO
road closure signs and place.
barriers

...and so on

For instance, RTA and <CouncilName> are interacted for the goal: “Closes and Reopens its
own roads”. According to the MOF framework, this knowledge element is placed as M/ as it
represents the policy/planning level while the detail description of it is positioned as M0 as it
represents the knowledge in the real activity layer to be embraced by the stakeholders directly.

The process produces the customized interaction model shown in Figure 6.13.

6.3.1.5 Customising the environment model

This customizing process of the environment model produces a customized environment model
template based on the flood DISPLAN knowledge template of the SES NSW, as shown in Table
6.4. For customising the environment model, a knowledge engineer needs to revisit the flood
DISPLAN of the SES NSW template as the typical knowledge elements in this model is not
structured yet in any of previous customised models (goal, role, organisation and interaction
models) except for the element role involved. For instance, in Table 6.4, an environment
knowledge “List of roads and bridges affected by flooding” is identified. As this typical
knowledge element is about roads and bridges then there should be specific addresses for these.
These elements then lay down in element attribute. The element roles involved in the environment

model is then identified from the role model. Customising the environment model identifies that
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there are 5 (five) roles utilising this environment knowledge element to complete their tasks,

namely NSW Police, <CityCouncil>, RTA, <SESLN> SESLOC and <SESReg> SESRHQ.

Table 6.4. The customized environment model of the flood SES NSW DISPLAN knowledge.

DMM-based repository M2
Environment knowledge MOF layer
Environment Entity ID El
Environment Name List of roads and bridges affected by flooding M1
Description List of roads and bridges affected by flooding used by the
roles to achieve the goal.
Attributes # Unique number distinguishing inputted data
Type Road/Bridge
Address The address/geo location
Roles Involved NSW Police
- MO
<CouncilName>
RTA
<SESLN> SESLOC
<SESReg> SESRHQ

Once it is completely analysed, the knowledge engineer identifies which of the knowledge
elements will be marked as either M0 or M/ following the MOF framework. As described in the
table, the knowledge elements: environment entitiy ID, environment name and description are
designated as M1 as, in this context, they represent the knowledge in the planning level, while the
element attributes and roles involved are marked as M0 as essentially these knowledge elements

represent the knowledge in the real world activities.

6.3.1.6  Customising the agent model

This process results in a customized agent model as shown in Table 6.5. The knowledge elements
in the agent model are obtained from other customised models except for the element trigger as
it is not identified yet in any previous customised models. The element agent name and role
played: <SESLN> SESLOC, initially are identified from the goal model. The element activity
name: “Road and traffic controller” is essentially the main goal therefore it is also identified from
the goal model (See Figure 6.11). The two elements of action: “Directing the imposition of traffic
control measures” and “Controlling the entry into flood affected areas” are essential the sub-goals
where the agent (plays the role) responsible for. These two elements are identified from the goal
model as they are the same elements of sub-goals in the goal model (Figure 6.11). At the same
time, the element activity name: “Road and Traffic Control” is also identified at once as it is
fundamentally the main goal in the goal model. For the element trigger, the knowledge engineer
needs to revisit the flood DISPLAN template of the SES NSW to arrange it. There are 3 (three)
element triggers being identified. This means, whenever any of these triggers occurs, agent (plays

the role) initiates the element functionality: “Road and traffic Control”.
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Table 6.5. The customized agent model of the flood SES NSW DISPLAN knowledge.

DMM-based repository M2
Agent knowledge MOF layer
Agent ID Al
Agent name | Name <SESLN> SESLOC M1
Role played | <SESLN> SESLOC
Activity Activity Name: | <SESLN> SESLOC controls Road and Traffic
Functionality: | Road and Traffic Control
Trigger: = On the receipt of a Bureau of Meteorology
Preliminary Flood Warning, Flood Warning,
Flood Watch, Severe Thunderstorm Warning or a
Severe Weather Warning for flash flooding.
= On the receipt of a dam failure alert. MO
= When other evidences lead to an expectation of
flooding within the council area.
Action: 1. Directing the imposition of traffic control
measures.
2. Controlling the entry into flood affected areas.
Environment | E1l
Entity

As for the element environment entity, it is identified from the environment model by
observing the element roles involved. As can be seen from the environment model in Table 6.4,
the element agent name: <SESLN> SESLOC is included in the element role involved in that

model. Therefore, the element environment entity ID is automatically inserted in this agent model.

Once they are all structured in the agent model template, subsequently the knowledge
engineer identifies each of the knowledge elements as either M0 or M1, with respect to the MOF
framework. As in Table 6.5, the knowledge elements agent name and role played are placed as
M1 as they only inform the name of the agent whereas the elements activity and environment

entity are positioned as M0.

6.3.1.7 Customising the scenario model

The customizing process of the scenario model results in a customized scenario model as drawn
in Table 6.6. As in the agent model, all the knowledge elements in the scenario model are
identified from the previous customised models except for the elements pre-, post-condition and

condition per se.

Customising the scenario model begins by identifying the element name which is also an
element goal in the scenario model. 1t is essentially a main goal “Road and Traffic Control” that
is identified from the goal model. Thus, the element initiator is the same as the one in the goal
model. As this main goal in the scenario model is the same as the one in the agent model (See
Table 6.5), the element trigger in this model will automatically be referred to the one in the agent

model. The three elements of trigger from the agent model are then structured in the scenario
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model. For the element pre-condition, the knowledge engineer revisits the flood DISPLAN
template of the SES NSW to identify it. It is the condition after the trigger but before performing
the activity whereas the post-condition is the condition after all the activities have been
accomplished. The element pre-condition being identified from the DISPLAN template is “Road
Information Service has passed to NSW Police, RTA and <CouncilName>, Local Emergency
Service, Public and <SESReg>SESRHQ” and the element post-condition is “Road and traffic are

under control”.

Table 6.6. The customized scenario model of the flood SES NSW DISPLAN knowledge.

DMM-based repository M2
Scenario knowledge MOF layer
Scenario S1
Name Road and Traffic Control scenario
Goal Road and Traffic Control Ml
Initiator Road and Traffic Authority (RTA)
Trigger =  On the receipt of a Bureau of Meteorology Preliminary Flood

Warning, Flood Warning, Flood Watch, Severe Thunderstorm
Warning or a Severe Weather Warning for flash flooding.

= On the receipt of a dam failure alert.

= When other evidences lead to an expectation of flooding within the
council area.

Pre-condition Road Information Service has passed to NSW Police, RTA and
<CouncilName>, Local Emergency Service, Public and <SESReg>
SESRHQ.
Post-condition Road and traffic are under control.
Description Road and Traffic Control is a control activity of a number of roads within
the council area affected by flooding. Details are provided in Annex B.
. .. Environment
Condition Step Activity Role Entity
Controls a number of roads within
1 the council area that are affected by R1
flooding as detailed in Annex B MO
2 Closes and reopens its own roads R1,R2 El
3 Closes and re-opens roads and RI1, R2, R3, El
bridges affected by flooding R4

Advising <SESLN> SESLHQ to
3.1 provide a Road Information Service RI1,R2,R3 El

(RIS)
Sequential 32 Providing RIS to the Police, RTA and R1, R2, R3, E2

) <CouncilName> RS

4 Erect_lng road closure signs and RI,R3,R3 El
barriers

41 Provides .ass1stance for .Erectlng road RI1, R6 E2
closure signs and barriers

5 Directing the imposition of traffic RI,R7 El
control measures

6 Controlling the entry into flood- RI,R7 El

affected areas

All the knowledge elements of activity are the sub-goals of the main goal “Road and Traffic
Control” in the goal model (See Figure 6.11). The element role is the role(s) that is/are involved
in each of the sub-goal and identified also from the goal model. The element environment entity
is identified from the environment model. Whenever a role is involved in the environment model

that particular role will be automatically structure in the element environment entity in the
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scenario model. For instance, in Table 6.6, an activity “closes and reopens its own roads” has 2
(two) roles involved, namely: R/ and R2, and an element environment entity EI. The two roles
are identified from the goal model, namely: RTA and <CityCouncil>. The detail of these two
roles R1 and R2 are referred to the role models (for the detail of R/ is as in the Table 6.1 and R2
is included in Appendix D). The detail of £/ is referred to Table 6.4 the environment model. The

complete scenario model for the main goal “Road and Traffic Control” is shown in Table 6.6.

Once all the knowledge elements are identified, subsequently the knowledge engineer
designates whether each element is positioned as M0 or M following the MOF framework
representing the knowledge in the planning/policy level or real world activity. As illustrated in
Table 6.6, the elements goal and the initiator are marked as M1 as they both only show the
objective that needs to be accomplished in this scenario and the roles responsible. Other elements
in the model are designated as M0 as they are, fundamentally, the knowledge elements describing

the real world activities.

6.3.2 Stage 2: Generating Agent-Based Model DISPLANs

Each of the customized ABMs DISPLAN knowledge templates is ready to instantiate any
particular ABM plan based on the local wisdom where it will be implemented to. All NSW regions
and their municipalities can adopt the same DISPLAN knowledge template to produce each of
their local DISPLANS (local flood plans). The template is used to instantiate local plans efficiently
that share the various commonalities of knowledge across all areas within NSW with adjustable
local context. Within the state of NSW, there are 141 municipalities within 18 regions (SES NSW
Australia, 2016). Thus, the ABM customised templates apply to all 141 municipalities. In this
case study, the Wollongong Municipality is employed as an exemplar. This instance conforms
and inherits all the commonalities of knowledge element classes of the ABM templates adaptable
based on the local characteristics of Wollongong. The details of all models generates are included
in Appendix D in this thesis. The generation (modelling) process is illustrated for each model type

in what follows in this section.

6.3.2.1 Generating the goal model

The goal model of Wollongong SES flood DISPLAN fundamentally represents the same
knowledge as its class (customized goal model as in the Figure 6.11), but in the context of the
Wollongong Municipality. The knowledge engineer substitutes all the knowledge element classes
from the customized version with the one representing the Wollongong characteristics,
accordingly. This then becomes the goal model of Wollongong flood DISPLAN knowledge as

drawn in Figure 6.14.
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Some of the knowledge elements are substituted to represent the characteristics of the
Wollongong City whereas others generic ones remain applicable. In Table 6.7, the substitution
process is shown. All the knowledge elements in the bracket “< > are substituted with the ones
represented the knowledge of the Wollongong Municipality. A knowledge engineer goes through
all the knowledge element classes of the customised goal model to generate the instance one.

Once it is in place then it is ready to be transferred into the repository.

Knowledge in the
conceptual level

RTA

Knowlsdge in
planning/policy level

[ Disaster Management Metamodel (DMM) as a representative repository ]

Response Phase

MSVWW Polica

WGong City Council WGong SESLOC

]

WGong City Council

&Rnsd&ﬁaﬁ’ccamml ; ———————— other main goals

i

: *
Knowledge in ControlsANumberOf Closes&f .oad Erecti e Direc tinglmposition
real world activities / RoadAffactedByFlooding &Bridgesaffec tedBy =i !&Ba = OfTraffic tControl
level AsDetailedinAnnexB Floodings Fpatoames Measures
SES NSW \—‘
. %L/ ControlingThe
Cmgeﬁlie;;%;"s'ts ProvidingAssistance EntryInToFlood
AffectedArea

Advising WGong

ProvidingRISToThe /
Police, RTA,
SESLHQ toProvideRIS WGong City Counci WGong SESLHG

lllawara South Coast SESLHQ

Figure 6.14 The goal model of Wollongong flood DISPLAN knowledge.

Table 6.7 Generating process of knowledge element instances from the goal model DISPLAN knowledge
of Wollongong Municipality.

DISPLAN Knowledge template

Wollongong City DISPLAN instance

The <SESEN> SES Local Operations
Controller may direct the imposition of traffic
control measures

<SESLN> = SES Local Name = Wollongong City
SES Local Operations Controller

<SESEN> SES Local Headquarter provides
Road Information Service (RIS) to the Police,
RTA and the <CounecilName>

<CouncilName> = Wollongong City Council

Controls a number of <reads> within the
<eouneil-area> that are affected by flooding as
detailed in annex B

Roads of Wollongong City:

Princess Highway at Kembla grange;

West Dapto Road at Dapto Creek and junction at
Sheaffes Road;

Cordeaux Road, Figtree;

Princes Hwy, Unanderra (between Cordeaux Rd &
Farmborough Rd);

Bellambi St, Tarrawanna (Southern End), etc;
Council area of Wollongong City:

Austinmer, Coledale, Thirroul, Bulli, Corrimal,
Woonona, etc.

<SESReg> SESRHQ <SESReg> = SES Regional = Illawara South Coast
SES Local Headquarter
<SESEN> SESLHQ <SESLN> = SES Local Name = Wollongong City

SES Local Headquarter

...and so on
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6.3.2.2  Generating the role model

As in the goal model, generating the role model in this case study is to instantiate the role model
of Wollongong flood DISPLAN knowledge from the customized one (the customised role model
as in Table 6.1). This is as shown in Table 6.8. As can be seen, all the knowledge element classes
of the customized one are substituted with the typical knowledge but associated with the
Wollongong City. In the table, for instance, the element class role <SESLN> SES LOC (Local
Operational Controller) is substituted with the SES Local Name of Wollongong to be role of
Wollongong SESLOC. This substitution is also applied in other elements in the role model, for

instance in the element description and constraint.

Table 6.8 The role model of Wollongong flood DISPLAN knowledge.

DMM-based repository M2
Role knowledge MOF layer
Role ID R7
Role Name <SESLN> Wollongong City SESLOC Ml

Description SES Local Operational Controller (SESLOC) of the Wollongong City
Responsibility | Directing the imposition of the traffic control measures.

Controlling the entry into flood affected areas.

Constraint In flood events, the <SESEN> Wollongong City SES Local
Operations Controller may direct the imposition of traffic control
measures. The entry into flood affected areas will be controlled in
accordance with the provisions of the State Emergency Service Act,
1989 (Part 5, Sections 19, 20, 21 and 22) and the State Emergency
Rescue Management Act, 1989 (Part 4, Sections 60KA, 60L and 61).

MO

6.3.2.3  Generating the organisation model

As in the previous models, generating the organisation model in this case study is to generate an
organisation model of Wollongong flood DISPLAN knowledge out of the customized one (Figure
6.12). This is as shown in Figure 6.15.

City Council
Wgong City Counci —

A

[SPEGT isPeer I

% Controls % Controls % Controls %555 NsW

Wgong SESLOC WGong SESLHQ lllawara South Coast SESRHQ I
isPeer|

A

NSW Police

Figure 6.15 The organisation model of Wollongong flood DISPLAN knowledge.

All the knowledge element classes of roles in the customised organisation model are
substituted with the ones representing the Wollongong characteristics. For instance, the roles

containing <SESLN> will be changed with Wollongong as SESLN means SES Local Name, e.q.
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<SESLN> SESLOC - Wollongong SESLOC, <SESLN> SESLHQ - Wollongong SESLHQ,
etc. The <CityName> will be replaced by the name of the city, that is Wollongong City and the
<SESReg> will be replaced with the Illawarra South Coast as this is the region where Wollongong
City is situated. On the other hand, the NSW police, SES and RTA remains the same as they are,
regardless of the area. The relationship types as well as the knowledge layers based on MOF

framework remain the same as in the customised version.

6.3.2.4  Generating the interaction model

This process is aimed to generate an interaction model of Wollongong flood DISPLAN
knowledge out of the customized one (as in Figure 6.13). The resultant of the process is as shown

in Figure 6.16. The substitution processes are the same as in the other previous models.

The local and region names classes will be replaced with instance ones representing the city
and region where they are. In this example, they are Wollongong City and Illawarra South Coast
region respectively. All other elements are unchanged, for instance, the element role RTA, NSW
Policy and SES NSW. As for the knowledge elements the rolePursueGoals, they will
automatically follow the characteristics of the Wollongong City. Once this model is completed,

it then becomes ready to be transferred into the repository.

Closes & reopens its own roads ddvising WGong SESLHQ to provide RIS Q
lllawara South Coast SESLH
Closes & reopens roads and bridges Providing RIS to the Policy, RTA,
affected by flooding WGong City council
Erecting road clesure signs and barriers

Directing imposition of traffic control
Measures
‘Contreling the entry in to flood affected
ared

Figure 6.16 The interaction model of Wollongong flood DISPLAN knowledge.

Gong City Couneil

Weong SESLHQ

Providing assistants to read closure sign
and barriers
SES NSW

RTA

WGong SESLOC

6.3.2.5 Generating the environment model

This process is aimed to generate the environment model of Wollongong flood DISPLAN
knowledge out of the customized one, as shown in Table 6.9. An example portrayed in the model
is the “List of the roads and bridges affected by flooding”. As this is the environment model of
Wollongong DISPLAN, this means that the elements roads and bridges that need to be taken into

account represent those in the area of Wollongong City. To be able to be informed where the
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roads and bridges in the Wollongong City are is detailed in the element attributes. For instance

for the element roads, one of the instances is “Prince Highway at Kembla grange” and for the

element bridges, one of the instances is “Collins creek bridge”. For the element roles involved,

all the knowledge element classes are substituted to the once representing the Wollongong city as

in the previous generating processes. Once this process is completed, it is made ready to be

transferred into the repository.

Table 6.9 The environment model of the Wollongong flood DISPLAN knowledge.

DMM-based repository M2
Environment knowledge MOF layer
Environment Entity ID | El
Environment Name List of roads and bridges affected by flooding M1
Description List of roads and bridges affected by flooding used by the

roles to achieve the goal.
Attributes # 1

Type Road

Address Princess Highway at Kembla grange

# 2

Type Road

Address West Dapto Road at Dapto Creek and

junction at Sheaffes Road;

# 4

Type Bridge

Address Mullet Creek bridge MO

# 5

Type Bridge

Address Collins creek bridge

....and so on

Roles Involved NSW Police

<CouneilName> Wollongong City Council

RTA

<SESEN> Wollongong City SESLOC

<SESReg> Illawara South Coast SESRHQ

6.3.2.6 Generating the agent model

The agent model of Wollongong flood DISPLAN knowledge is generated from the customised

agent model (as in Table 6.5). This is shown in Table 6.10. As can be seen in the table, the

knowledge element classes, for instance <SESLN> are substituted with the Wollongong City. A

knowledge engineer goes through all the knowledge elements classes in the customized template

under scrutiny to substitute them with the Wollongong characteristics. Once this process is

completed, it is ready to be transferred into the repository.
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Table 6.10 The agent model of the Wollongong flood DISPLAN knowledge.

DMM-based repository M2
Agent knowledge MOF layer
Agent ID Al
Agent name Name <SESEN> Wollongong City SESLOC Ml
Role played <SESEN> Wollongong City SESLOC
Activity Activity Name: | <SESEN> Wollongong City SESLOC controls
Road and Traffic
Functionality: | Road and Traffic Control
Trigger: = On the receipt of a Bureau of Meteorology
Preliminary Flood Warning, Flood Warning,
Flood Watch, Severe Thunderstorm Warning
or a Severe Weather Warning for flash
flooding.
= On the receipt of a dam failure alert. by
=  When other evidences lead to an expectation
of flooding within the council area.
Action: 1. Directing the imposition of traffic control
measures.
2. Controlling the entry into flood affected areas.
Eﬁglt;onment E1 = List of roads and bridges affected by flooding

6.3.2.7 Generating the scenario model

Generating the scenario model produces a scenario model of Wollongong flood DISPLAN
knowledge. This is shown in Table 6.11. All the knowledge element classes are substituted with
ones representing the Wollongong Municipality. For instance, in the element pro-condition, the
knowledge classes <CouncilName> and <SESReg> are substituted with Wollongong City and
Illawara South Coast respectively. Another example is the element activity “closes and reopens
roads and bridges affected by flooding”. The element roles responsible for this activity are R
and R2. The detail of these roles is referred to the role models. In the activity, the elements roads

and bridges are automatically refer to environment entity. In this example they refer to E1.

A knowledge engineer goes through the customised scenario model to examine and
substitute all the knowledge element classes accordingly to produce the Wollongong flood
DISPLAN knowledge. Once this process is completed, it then is ready to be transferred into the
repository. In the section that follows, the knowledge transfers of the generated ABMs of

Wollongong flood DISPLAN knowledge from the Stage 2 are illustrated.
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Table 6.11 The scenario model of the Wollongong flood DISPLAN knowledge

DMM-based repository M2
Scenario knowledge MOF layer
Scenario S1
Name Road and Traffic Control scenario
Goal Road and Traffic Control b
Initiator Road and Traffic Authority (RTA)
Trigger = On the receipt of a Bureau of Meteorology Preliminary Flood
Warning, Flood Warning, Flood Watch, Severe
Thunderstorm Warning or a Severe Weather Warning for
flash flooding.
= On the receipt of a dam failure alert.
=  When other evidences lead to an expectation of flooding
within the council area.
Pre-condition Road Information Service has passed to NSW Police, RTA and
<CeouncilName> Wollongong City council, Local Emergency
Service, Public and <SESReg> Illawara South Coast SESRHQ.
Post-condition Road and traffic are under control.
Description Road and Traffic Control is a control activity of a number of roads
within the council area affected by flooding. Details are provided
in Annex B.
Condition  Step  Activity Role Environment Entity
Controls a number of roads
1 within the council area that are RI
affected by flooding as detailed
in Annex B
5 Closes and reopens its own RI,R2 El Mo
roads
3 Closes and re-opens roads and R1, R2, B2
bridges affected by flooding R3, R4
Advising <SESEN>
31 Wollongong City SESLHQto R1, R2, E1l
' provide a Road Information R3
Sequential Service (RIS)
Providing RIS to the Police,
. R1, R2,
32 RTA and <CeouncilName> R3. RS El
Wollongong City Council ’
4 Erecting road closure signs RI1, R3, E1
and barriers R3
Provides assistance for
4.1  Erecting road closure signs RI1,R6 El
and barriers
5 Directing the imposition of RI,R7 El
traffic control measures
6 Controlling the entry into RI,R7 El

flood-affected areas

6.3.3 Stage 3: Knowledge transfer

The knowledge transfer stage of the framework remains the same. That is, in this case study this

stage is similar as was presented in Chapter 5. There are two activities in this stage, namely: 1)

annotating the DMM to prepare the repository for the depositing process; and 2) the knowledge

transfer process itself. The annotated DMM concepts are unchanged thus the annotating process

itself remains the same as in Chapter 5. The plan transferred into the repository here is the
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Wollongong DISPLAN. Figure 6.17 shows the Wollongong flood DISPLAN knowledge
structured in the repository. However unlike Chapter 5, a post-evaluation of the actual knowledge
transferred is undertaken here. This will in essence ascertain that the Wollongong flood DISPLAN
knowledge structured in the DMM-based repository reflects original DISPLAN. This post-
evaluation is conducted by a DM expert from the SES NSW agency for this purpose. This is

discussed in the following section.

# Domain Relation Concept Relation Annotated Concept i ip i ip name i ip type
cardinality

Uses Coordination <<Activity=> 1.*To1.* Requires Association

Participatesin

mand =<Activity=> L ey Follows Association

Uses <<EnvironmentEntity=> 1.*To 1.* Uses Association

Pursues <<Goal>> 1.7 To 1.7 WorksTowards Association
Participatesin =<Role=> B I B Performs Association
Participatesin <<Activity>== 1.*Too.* Performs Association

Uses <<EnvironmentEntiy>> 1.* To 1.* Controls Association

@ N e AW N

2| mla @ el

CentralConcept 0.*To1 ISAGroupOFf Aggregation

M1: Disaster Management (DM) Model

Model Name A fiood DISPLAN of the DM phase Response Disaster Hydrological Disasters
Wollongong SES N SW Category
Country Origin Australia Disaster Type Flood Class of Disaster Natural

I Initiator :Wellengeong SESLOC I

Post-condition Flood intelligent sources are arranged

# Scenario Name :

Arranging flood intelli

k- The Trigger of the Activity(ies)
1 ©On receipt of a Bureau of Meteorology Preliminary Flood Warning, Flood Waming, Flood Watch, Severe Thunderstorm Warning or a Severe We
2 On receipt of a dam failure alert

Figure 6.17 The Wollongong flood DISPLAN knowledge structure in the repository.
6.4 Post-evaluation of the resultant knowledge

In the previous chapter, an initial evaluation was undertaken with the Wagga-Wagga SES NSW
DISPLAN as a real case study from the DM agency. That evaluation illustrated successfully the
conversion process from the Wagga-Wagga DISPLAN to the repository and as earlier discussed
the evaluation highlighted opportunities to improve the efficiency of the framework in two ways:
1) Utilising a template DISPLAN instead of unique plan to effectively develop other plans; 2)
Employing depth-first approach in increasing the effectivity in the generating process of other
DISPLANSs. In this chapter, these improvements were evaluated using the Wollongong

Municipality Flood Management plans (part of NSW SES).

Comparing the first evaluation with this second one, the use of template reduces the number
of revisits of the DISPLAN by the modellers. The number of document revisits is reduced by at
least 4 (four) times: they are in revisiting the role model, environment model, agent model and
scenario model for acquiring the constraint elements, environment entity elements, trigger
elements and pre- and post- condition and condition per se respectively (other knowledge

elements in these four models are acquired from the goal model. This is as elucidated in Chapter
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4). For instance, in analysis and modelling the role model, the knowledge engineer acquired the
elements of roles and their responsibilities from the goal model while the constraint elements are
from revisiting the DISPLAN again. If the DISPLAN constitutes a long and thick document to be
analysed and modelled, these tasks will be significantly costlier. The evaluation of the second
case study experienced this benefit. However, as mentioned explicitly in first paragraph of Section
6.2.2 line 6: “but this possibility is not pursued in this thesis”, this research will not pursue the
validation process of depth-first approach instead the focus of it is to develop a knowledge

analysis framework. This can definitely be a future research direction.

The next concern is to ascertain the knowledge elements that are deposited in the repository
are of benefit for the target user groups, i.e. the DM stakeholders. This post-evaluation process
aims at getting feedback of a DM expert about this. This is important to ascertain that the new
knowledge representation in the DMM-based repository is faithful to the DISPLAN and reusable
by the authoritative agency for a comprehensive and holistic decision-making mechanism. A DM
expert from the State Emergency Services (SES) of NSW, with intimate knowledge of the scope
of the DISPLAN converted, is engaged in this evaluation. The involvement of the DM expert
aims to ensure that the knowledge elements from the DISPLAN are fully extracted and deposited
into the DMM-based repository without losing any meaning. This post-evaluation is performed
by employing description and observational approach based on DSR evaluation framework of
Venable ef al. (2016) to evaluate the value of the developed framework to the DM stakeholders

as the target user groups (the questions for the evaluation are included as Appendix B).

It is wort noting that as the post evaluation is conducted to ascertain the specific criteria as
the framework is enhanced (as shown in Table 6.12), the expert from the SES NSW State with
the intimate DM flood knowledge is employed to measure the resultant of the process. The expert
review is utilised with the aim to represent the view of the wider spectrum of the stakeholders.
However, for the detail interpretation of the DM concepts used, the involvement of as a wider

variety of the stakeholders as possible directly is worth for the future research direction.

The post-evaluation being conducted by the DM expert from the SES NSW begins by
examining whether the resultant knowledge items and the way they relate to each other in the
repository remain the same as in the original DISPLAN. This is the first and foremost criteria that
need to be thoroughly examined from the evaluation as the consequence will determine the degree
of usability and benefit of the resultant knowledge in the repository for the DM stakeholders. The
response from the expert conducting the evaluation is positive as he states “The process accurately
models knowledge contained in the SES DISPLANs”. It is worth noting that in conducting this post-

evaluation, the prototype being developed for this research is utilised. The prototype allows the DM
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expert to easily access and browse the knowledge elements structured in the repository by ‘clicking’

them.

Table 6.12. Evaluation outcome of benefits and usability of the deposited knowledge from the DM expert
of the SES NSW State.

DM resilience agenda

Addressing criteria Outcome | Expert’s comment

Knowledge in the repository is Y “The process accurately models knowledge

unchanged from its original contained in the SES DISPLANSs”.

The wuse of DISPLAN knowledge Y “Knowledge that is modelled from the SES

template instead of a unique plan DISPLAN can be instantiated into disaster plans

increases the efficiency in disseminating for other areas while maintaining accuracy of the

and developing other plans. context”

New knowledge representation in the Y “This presents opportunities to improve the

repository is comprehended more conceptual completeness of the disaster

effective and efficient. management by organisations”.

Incomplete knowledge can be identified Y “By developing the DMM and using ABM,

systematically gaps where actions or tasks have not been
planned for can be elicited”.

The new knowledge representation can Y “The system, enables better access, sharing and

help DM stakeholders in a better maintenance of knowledge”.

decision-support system mechanism.

New knowledge structure in the Y “Each agent in can understand each of their role

repository can help DM stakeholder in based on the urgency in the DM timeline

identifying appropriate response in any comprehensively and holistically”.

point of the disaster timeline.

Overall, the framework can be used in Y “The framework enhances the use of standalone

DISPLAN by making knowledge more
accessible, more searchable, and assisting in
developing comprehensive (semantically and
ABM complete) arrangements supporting
effective decision making. Important elements of
a resilient community is that it promotes sharing
of knowledge, proactive decision making and is
planned. The framework supports the
achievement of these and other resilience
indicators”.

The post-evaluation ascertains that the knowledge transferred into the repository is faithful to

the content of the DISPLAN of Wollongong Municipality. This in the process confirms that the

enhanced framework which now utilises the template as a starting point, is not only more efficient

but also effective. Subsequently, the local characteristics can then be effectively synchronised to the

template to produce a complete particular DISPLAN. The response from the expert is positive as he

states “Knowledge that is modelled from the SES DISPLAN can be instantiated into disaster plans

for other areas while maintaining accuracy of the context”. This post-evaluation then continues

looking at other criteria: 1). Whether the knowledge structured in the repository can be easily

comprehended; 2). Whether it is comprehensive; 3). Whether the repository structure allows
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incompleteness of knowledge to be identified easily, and finally whether the developed framework

contributes to furthering the DM resilience agenda for NSW Government.

The last criteria aims to obtain the respond from the expert whether the framework facilitates
other stakeholders to reuse the best practice knowledge effectively and efficiently in other DM
activities for the similar disaster. The expert reemphasises this by stating that this framework “7he
framework enhances the use of standalone DISPLAN by making knowledge more accessible, more
searchable, and assisting in developing comprehensive (semantically and ABM complete)
arrangements supporting effective decision making. Important elements of a resilient community is
that it promotes sharing of knowledge, proactive decision making and is planned. The framework
supports the achievement of these and other resilience indicators”. The detail of the post-evaluation

is as presented in Table 6.12.

6.5 Conclusion and Discussion utilising the SES NSW Template Case Study

The enhanced framework incorporates improvement opportunities identified from the first
evaluation in Chapter 5. The framework is made more efficient. This evaluation successfully
shows that, instead of utilizing a particular local DISPLAN, using a knowledge template as an
input improves efficiency of the framework. The case study shows how the customised ABMs
from the template of the SES NSW can instantiate ABMs from the Wollongong SES NSW
DISPLAN. These customised ABMs can also be used develop ABMs for DISPLANSs to other
cities under the same jurisdiction easily. The evaluation also show that the depth-first approach
contributes in improving the analysis and modelling activities of the ABMs. This approach also
enables multiple modellers to be involved in the analysis and modelling concurrently. The process
is potentially more effective as the approach guides the modellers not only ‘where to’ start but
‘how to’ perform the analysis. This approach also has the added benefit of preventing the

inconsistency of the knowledge elements across the closely-correspondent models.

A post-evaluation is also conducted to ensure that all the improvements taken place in this
evaluation do not change knowledge structure and meaning in the repository. A DM expert from
the SES NSW, the agency where the case study come from, performs to evaluation. The post-
evaluation shows the analysis and modelling process improves while the knowledge meaning and
structure remains the same. To the end of this post-evaluation, this framework might contribute
to the DM resilient agenda by increasing the awareness of the level of risk and resilience of the

communities.

The second evaluation also presents a new and further opportunity to improve the efficiency

of the process, particular in knowledge extraction stage. It is observed that, while agent model
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and scenario model are aimed to represent different points of views, in term of portraying the
knowledge elements, both denote the same representation. Unlike others, both models present a
main objective as a cornerstone to initiate the activities. The knowledge elements of both models
are the same although one agent model describes the activities only for one particular agent
whereas the scenario model integrates all the knowledge elements, including all the agents
(playing roles in those activities) in one model. Table 6.10 and Table 6.11 of agent model and
scenario model respectively illustrate the ABMs of the SES Wollongong Municipality DISPLAN
for one identified main goal namely “Road and Traffic Control”. Both models, in a case of any
of the identified triggers occurs, drive all the agents to perform all the specified activities in order
to pursue that main goal. From the agent model’s perspective, all activities in element action in
the model is described for one agent only: Wollongong SES LOC. Thus, to be able to recognise
all the agents who are performing activities to achieve the main goal “Road and Traffic Control”,
the stakeholders have to access and browse all the agent models who have the same main goal to
identify them. This is due to the knowledge element structure in the agent model that shows only
one agent for each agent model (pursuing one particular main goal). Thus, instead of seven ABMs,
six of them (excluding agent model) is sufficient. Keeping the scenario model is favoured as it is
more elaborate and has more knowledge elements. Nonetheless, this will be evaluated in yet
another validation in Chapter 7. More importantly, this forthcoming evaluation will be applied to
another state in Australia, in Victoria, to ascertain that the use of another template (that of

Victoria) is just as feasible.

Finally, the post-evaluation by the DM expert shows that some knowledge elements in the
repository can be fully comprehended as they contain specific elements, particular for people on
the ground. Most knowledge elements are prescriptive and can be immediately utilized in a flood
DM context. For some elements however, they need to be further specified with local
characteristics to become sufficiently prescriptive towards enacting real world activities. An
example of such an activity is the generation of flood evacuation warning. To enact this activity,
knowledge elements required include preparing specific boats, e.g. knowing about the boats
weight, capacity, maximum speed and so on are needed. This specific knowledge requires
additional local external knowledge resources. For instance, the external knowledge sources that
are required for this particular goal can be identified from the ‘Annex E: Template evaluation
warning, Evacuation order and All clear’ of the SES NSW DISPLAN template. In the next version
of the framework, such external sources will be incorporated. This will be illustrated in the next
chapter. The next chapter will further validate the generalisability of the framework by using a
case study from Victoria (rather than NSW). In Victoria, a different template is deployed by SES

VIC. This will lead to a different set of customised agent-based modelling templates.
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7 The 3" framework evaluation:
Reduced ABM set and Identifying
External Knowledge Sources

Chapter 6 second evaluation illustrated a more efficient version of the framework. It also
illustrated its effectiveness with a post-evaluation engaging a DM expert from the SES NSW. The
usefulness of the knowledge output of the framework was confirmed. In other words, the
framework is clearly effective and the efficiency issues have been largely addressed with using
disaster management templates to drive the analysis process. Nevertheless, the second evaluation
still identified further scope to improve the framework. The improvements will be implemented

and illustrated in this chapter. As discussed in Chapter 6, they are the following:

1. The ABM set will be reduced to 6 agent modelling templates instead of 7. The agent model
will be excluded. All elements in that model can flow from the other models as observed in

Chapter 6.

2. As highlighted in the post evaluation in Chapter 6, few activities described in some knowledge
elements require some additional parameters before they can be enacted e.g. knowing about
the evacuation boats weight, capacity, maximum speed and so on are needed. This specific
knowledge requires additional local external knowledge resources. Incorporating such

external resources will be incorporated in the framework.

To evaluate these enhancements, a case study of the SES Victoria DISPLAN template is
used. In switching the case study to a different context and a different DISPLAN template, this
chapter will further confirm the generalisability of the approach. Furthermore, a post-evaluation
engaging an expert from Victoria will be undertaken. Thus, the usability and benefit of the
knowledge arranged in the repository will be further validated. This chapter is structured as
follows: Section 7.1 details the enhancements of the framework and how the framework is
evolved. In Section 7.2, the justifications of the employed case study selection are elaborated.
Section 7.3 discusses the case study of SES Victoria DISPLAN. Section 7.4 presents the post-
evaluation involving a DM expert from Victoria. Section 7.5 concludes this chapter by presenting

the final version of the knowledge analysis framework.
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7.1 Framework Enhancements

In the context of DM knowledge representation from the DISPLAN, an agent model leads to
adding a number of concepts in the repository that relate to a particular stakeholder associated
with a particular goal. This goal can be relevant along multiple points in the DM timeline (the
point in the timeline is identified in a knowledge element frigger shown in both models). This is
similarly observed for the scenario model, but more than one stakeholder is typically involved.
In other words, to be able to recognise all agents involving to accomplish an objective, the DM
stakeholders need to access and browse all the agent models that have the same objective. On the
other hand, in the scenario model, for the same particular objective as in the agent model, all the
agents (play roles) are explicitly identified in each of the activities (responsibilities of the agents).
In addition, in the scenario model, the knowledge elements pre-, post-condition and condition

itself representing before, after and how the activities are undertaken.

The use of the seven ABMs, in Chapter 6, have successfully represented the DISPLAN
knowledge and fully transformed into the repository. Thus, ABMs are used descriptively in the
context of knowledge representation. However, the agent model and scenario model, in this
context, portray the same representation, i.e. capturing the activities performed by agents in
reacting and pro-acting based on perceiving the environment changes. Both models pin down the
activities to be performed, resources needed, pre-condition, post-condition prior to performing
the activities, the trigger to react and so forth by agent(s). However, while agent model only
focuses on one particular agent (play a role for performing these activities and using the
resources), the scenario model integrates all of elements to be more comprehensive. Thus,
between both models, employing the one that is more complete is taken. To reduce the cost of
modelling activities from modelling, the agent model is removed reducing the number of models

used to six (instead of seven).

Figure 7.1 highlights the knowledge elements that has been converted into the repository by
way of the goal model. In the repository, roles of the agents are represented by the concept
EmergencyManagementTeam. The interface developed for the repository eases the identification
process as all the roles are grouped based on the goal that they are involved in. Thus, roles
involved in pursuing the goal “Arranging warning service operation” can easily be recognised by
clicking the link of the goal. In Figure 7.1, for the goal “Arranging warning service operation"
there are 5 (five) different role involved, namely: Wollongong SESLC, Wollongong City Council,
Wollongong SESLHQ, Illawara South Coast Region SESDHQ (ISCRSESDHQ), Wollongong
City Council SES Local Emergency Operational Controller (CCLEOC).
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# Domain Relation Concept Relation Annotated Concept Ralationship Relationship name Relationship type
1 Involves EmergencyManagementTeam <<Agent=> 1 *Toi> Foliows Association
M1: Disaster Management (DM) Model
Model Name A flood DISPLAN of the DM phase Response Disaster Hydrological Disasters
Wollongong SES NSW- Category
revi
Country Origin Australia Disaster Type Flood Class of Disaster MNatural
Agent Name (Played role) Main goal

Arrange warning service operation

Arrange warning
Arrange warning s

Arrange warning

Arranging resup, isted in Annex Q

Assist stranded

Assistanc e for animals

Assistanc e for animals

Control Flood Operation

Figure 7.1 Knowledge of 5 agents pursuing the same goal ArrangingWarningServiceOperation in the
repository.

Figure 7.2 highlights the knowledge elements that has been converted into the repository by
way of the scenario model. These elements include triggers of the activities. Clicking on these
triggers, the interface shows the goal, all activities associated with the goal, and all roles
associated with the activities and resources needed. Thus roles to achieve a goal can be easily
identified. Roles involved can be easily accessed by “clicking” each of the goals (as shown in
Figure 7.2). In other words, all the knowledge elements acquired by way of the scenario models
constitute a superset of all those acquired by way of the agent model. Therefore, to improve the
efficiency in the customising process of the framework, instead of 7 (seven), 6 (six) ABMs are
used in representing the DM characteristic of the DISPLAN: goal model, role model, organisation
model, interaction model, environment model and scenario model. The agent model is excluded.

This constitutes the first enhancement targeting the efficiency of the framework yet further.

The second enhancement targets at providing more details for the activities involved in DM.
Towards this, a pathway for knowledge transfer reflecting the local characteristics is added. The
post-evaluation conducted by the DM expert in Chapter 6 showed that some knowledge elements
describing the real knowledge activities require additional details to enable their
operationalisation. Some details beyond of what is available in the DISPLANSs are needed. The
given example in post-evaluation in Chapter 6 about of the goal “flood evacuation warning” is
presented to illustrate this. The Annex E: ‘Template evaluation warning, Evacuation order and
All clear’ of the DISPLAN SES NSW provides the necessary external knowledge elements to
detail and complete this goal for the real world responders. Thus, a further analysis to incorporate
more detail knowledge elements is by synchronising and substituting them as necessary

accordingly into the ABMs of the SES Wollongong flood DISPLAN as these details describing
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the local characteristics of the Wollongong Municipality. In the framework, this process is part

of generating process.

M1: Disaster Management (DM) Model

Model Name A flood DISPLAN of the DM phase Response Disaster Gategory  Hydrological Disasters
Wollongong SES NSW.revd

Country Origin Australia Disaster Type Flood Class of Disaster  Natural

Initiator SESLC

Pre-condition

Post-condition

¥ Scenario Name : [EEEEEEE)

MO: Disaster Management (DM) real world ki swledge model

# The Trigger of the Activity(ies)
1 On receipt of a Bureau of Metecrology Prelimindy Flood Warning, Flood Warning, Flood Wach or Severe Westher Warning for Flash Flooding

2 When an evacuation is required

Condition I LICE VY Amange waming service operation I Activity(ies) Involves Role(s) Activity(ies) Needs
Environment

interleave: 1 Issue SES Livestock and Equipment Warnings to radio stations as indic ated in Annex D Role Env

2 Maintains a list of landhokders along the llawara South Coast Region River and its tributaries Role Env

3 Provides advice to the llawara South Coast Region SES Division Headquarters (WollongongSESDHQ) on current and expected Role Env

impacts of flocx
4 &ry of warnings to the community by doorknocking, telephone, mobile public address systems, local radio stations | Role Env
5 Confirmation of evacuation acticns Role Env

&  Advising the llawara South Coast Region SES Division Headquarters to issue SES Livestock and Equipment Warnings to radio stations | Role Env

as indicated in Annex D

Releases to radio stations Bureau of Metecrology Flood Watches that will be incorporated in SES Flood Bulletins Role Env

il (WollongongCC) nd the Wollongong City Council Lo el Emergeney Operations Controller Role Env

VollengengCCLEOC) of flood warning

9 Issues warning information in the: form of SES Division Fleod Bulletins to media organisations and agencies isted in Annex D Role Env
10 Provide the lllawara South Coast Region SES Division Headquarters (WollengongSESDHQ) with information for inclusion in SES Flood [ Role Env
bl

Figure 7.2 The knowledge activities for pursuing the goal ArrangingWarningServiceOperation.

In addition to this, the process can potentially be expedited by engaging a DM expert to pin
point the incomplete and less detail of the knowledge elements in the model. Figure 7.3 shows
the two enhancements in the framework. Compared to the improved framework from the Chapter
6, the two component enhancements: the number of ABMs is set to reduce to only 6 ABMs

(instead of 7 as in the previous evaluation) and examining external resources are added.

DM phase [Examining extemal]

Mapping concepts ][ DM expert ]
resources

[Depth-ﬂrst approach} { sematically intervention

%u

Customized AB

AB model Transferring the DISPLANs Annotated DMM-

DISPLAN Customising models of DISPLAN Generating AB model
DISPLANs into the Reposito based reposito
Kpowlidtge AB models knowledge template DISPLANs pository pository
emplate

Semi-structured

4 format
6 ABmodels

Stage 1 > [ Stage 2 Stage 3

Figure 7.3 The enhanced of knowledge transfer analysis framework to be evaluated.

Preparing the annotation process
of the repository
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7.2 Case Study: the SES Victoria Flood DISPLAN knowledge template

A case study from the SES Victoria DISPLAN template of Australia is chosen as the final case
study in this thesis. There are two reasons of this: (1) As the overall’s framework stages are
unchanged except for the enhancements in Stage 1 indicated previously, the use of a case study
from the SES State of Victoria (instead of SES NSW) is with the aim to ascertain the
generalisability of the framework to be implemented in other areas with the same structure.
Similar to the NSW State, the State of Victoria has the same hierarchy administration. In other
words, this framework paves the way to be potentially implemented in other countries with the
same government structure; (2) The flood disaster, the same type of disaster as previously in both
case studies, is taken in this third evaluation due to the fact that it is not only issues in under-
developed countries but also the developed ones (Scerri et al., 2012b). In fact, although it is
largely a dry continent, Australia now experiences severe flooding across the States (Cavallo,
2014). On top of these reasons, a flood DISPLAN is employed in this evaluation as it maintains
the consistency with the same type of disaster in the first and the second evaluations. This allows

the framework evaluation to be rigorously concluded at the end.

Similar to the one in the NSW State, the State of Victoria also consists of regions and
municipalities. There are 80 Municipalities administered in 17 regions (Regional Development
Victoria, 2016). The State of Victoria SES (VICSES) is the DM agency in the State level that is
responsible to combat the flood disaster. As in the NSW State, there is also a flood DISPLAN
template in the State of Victoria developed to maintain the consistency for the planner to be used
to create the one in the Municipality level. This template is used as the input for the enhanced
framework to produce the customised ABMs of the flood DISPLAN of the State of SES Victoria.
In the evaluation, the ABMs of flood DISPLAN of the Moira Shire Municipality is generated out
of the templates and subsequently transferred into the repository. Both template and the original
DISPLAN of the municipality can be obtained freely from the SES Victoria website:
https://www.ses.vic.gov.au/. It is worth nothing that the knowledge elements that are customised
in the ABMs of the SES Victoria might have commonalities with the ones of the SES NSW (in
Chapter 6). This due to the fact that they both describe the same DM domain of flood. However,
the customising SES Victoria DISPLAN in this chapter is for the State of Victoria.

In this evaluation, the Moira Shire Municipality is chosen to generate its DISPLAN
randomly as it is aimed to demonstrate that any city under the same hierarchy level can develop
its own DISPLAN based on the template one. Subsequently, that particular Municipality can adapt
and synchronise the DISPLAN instantiated with the local wisdom knowledge to adopt all the best
lessons learnt from the template. Eventually, the DISPLAN is reserved in the repository to be
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reused for the basis of decision making mechanism. The detail of the case study being

implemented in the framework will be elaborated in the following sections.

7.3 Knowledge Analysis Framework of the third evaluation

As in Chapter 6, in this evaluation, the 3 (three) main stages of the framework remain the same
(as shown in Figure 7.3) except for the two efficient improvements that will are applied in the
Stage 1: (1) only six ABMs are customized. These six ABM templates will be used to customise
the flood DISPLAN template of the SES Victoria as the input to the framework. This results in
customised ABMs of flood DISPLAN knowledge of the SES Victoria. Once the customised ones
are in place, the generation process of the Moira Shire Municipality DISPLAN takes place; (2)
The involvement of the DM expert from the SES Victoria, where the case study is originated,
examines all knowledge elements in the models whether they should be more clarified with the
corresponding external knowledge resources to be fully comprehended or they have sufficiently
represented the real world activities. The stages of the enhanced framework in this evaluation is

described as follows:

Stage 1: As the one in the Chapter 6, however, in this evaluation the customising process only

applies to six ABMs.

Stage 2: The processes in this stage are similar to the ones in the Chapter 6, however as the
DISPLAN template used is from the SES Victoria, the depth-first approach is used to generate a
unique plans; in this evaluation is the ABMs of the Moira Shire Municipality DISPLAN. The
external knowledge sources are then identified to complete the ABMs of the Moira Shire
DISPLAN to be more detail representing the local wisdom of the Municipality. In the process,
the DM expert who has agent-based modelling understanding identifies all the elements in each
of the ABMs to determine whether or not they have been sufficiently informing the detail of local

characteristics of the Moira Shire Municipality.

Stage 3: This is a knowledge transfer stage as the one in Chapter 6. In this stage, the ABMs of
the SES Moira Shire Municipality DISPLAN is transferred to the repository.

7.3.1 Stage 1: Customising the Six ABMs of the SES Victoria DISPLAN template

In this stage, the flood DISPLAN SES Victoria is customized. There are only six ABMs (excluded
agent model) that will be used in this customising activities. A knowledge engineer analyses the
flood DISPLAN template of the SES Victoria and models all the knowledge elements into each
of the corresponding ABM templates. The result is the six customized ABM DISPLAN templates
of the SES Victoria (included in Appendix E in this thesis). Similar to the ones in Chapter 6 in
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term of producing the customised ABMs, however, in this evaluation these six customised ABMs
of the SES Victoria flood DISPLAN will be the foundation to generate local plans for
Municipalities within the State of Victoria efficiently (as the use of SES Victoria DISPLAN as
the input of the framework), such as Geelong, Monash, Latrobe, Moira Shire effectively as the
framework provide a depth-first mechanism to guide the knowledge engineer on how to do it in

detail. The details are elaborated as follows:

7.3.1.1  Customising the goal model

Customising the goal model is with the aim to produce a customised goal model of flood
DISPLAN of the SES Victoria as drawn in Figure 7.4. As in Chapter 6, however, the customised
goal model produced in this evaluation is for the SES Vitoria and therefore it will be the basis to
generate a goal model for any Municipality DISPLAN under the State of Victoria. A main goal
“evacuation” is identified as an example for the goal model template. Following main goal
identification, the <Municipality> 1C (Incident Controller) as its initiator is identified. All the
sub-goals and the roles responsible for each of them are the following to be identified. For
instance, a sub-goal “Managing the evaluation process” and the roles responsible for are VICPOL
(Victoria Police) and the <Municipality> 1C themselves. Once this model is completed, the
knowledge engineer designates each of the knowledge elements in this model following the MOF

framework as either M0 or M.

Knowledge in the [ Disaster Management Metamodel (DMM) as a representative repository ]
conceptual/policy level

VICPOL
Q

VICSES <Regional> DO

Knowledge in
real world activities
level Recommending or Managing the

‘Waming for Evacuation evacuation process

Communicating the Developing the Assisting the Registering the effected
evacuation warning evacuation warning evacuation process and evacuated people

Legend:

IC = Incident Controller
VICPOL = Victoria Police
VICSES = Victoria SES

VICSES <Regional> DO DO = Duty Officer
VICSES <Regional> DO ARC = Australia Red Cross

<Other Agencies>

Figure 7.4 A customized goal model of the DISPLAN of the SES Victoria for a main goal “Evacuation”.

7.3.1.2  Customising the role model

The customising the role model is based on the customised goal model. In this evaluation, the

customising role model is drawn based on the customised goal/ model in Figure 7.4. The aim is to



157

produce the customised role model of the flood DISPLAN of the SES Victoria. Eventually, the
knowledge engineer marks the knowledge elements in the role model as either M1 or M(. Table

7.1 shows the customised role model for only one role R2: VICSES <Regional> DO.

Table 7.1 Customized role model of the flood DISPLAN template of the SES Victoria.

DMM-based repository M2
Role knowledge MOF layer
Role ID R2

Role Name VICSES <Regional> DO

Description If the knowledge analysed and modelled is from North East Region
area, then the <Regional > becomes North East Region DO.
Responsibility | 1. Communicating the evacuation warning.

2. Developing the evacuation warning.

3. Assisting the evacuation process. MO
4. Registering the affected and evacuated people.

Ml

Constraint -

Similar to the customising process in Chapter 6, however as the DISPLAN template is from the
State of Victoria, any role model for any Municipalities under the State can then be generated

efficiently as they can conform to the customised role model of the SES Victoria DISPLAN.

7.3.1.3  Customising the organisation model

As in the customising the role model, in the organisation model, the knowledge engineer refers
to the goal model to be able to obtain all the roles subsequently laying them down in the

customising the organisation model. This is illustrated in Figure 7.5.

<Municipality> Council ARC

5RO

DHS
) ) isPeer /’i
I isPaer |5Pe;\I Z/’

ﬁi ,_ Caontfrols < Controls |sPﬂﬂr CEQ

%

<Municipality= 1€ VICSES <R=g onal> DO VICSES
f \ qolsv
isPaer

X X

<Municipality> ERO <Municipality> ERC

Boru

D:- E VICROADS

Figure 7.5 Customised organisation model of flood DISPLAN of the SES Victoria.

Once the organisation model template is in place the knowledge engineer marks each of the
elements in the model as either M7 or M0. This is shown in Table 7.2. As in the previous
customised ABMs, this customised organisation model of Victoria DISPLAN can efficiently

generate the ones specified for Municipalities under the State of Victoria efficiently.
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Table 7.2 Customised organisation model structured in the table based on MOF.

DMM-based repository M2
Organisation knowledge MOF layer
Role A Organisation Role B
knowledge M1
Role Name I<éVI unicipality> isControlledBy | Role Name Z}I{S:ilziab DO
Victoria
<Municipality> <Regional>
Description | Incident Description | State MO
Controller Emergency
Duty Officer
Role Name <Muni'cip ality> isPeer Role Name “Municipality> Ml
Council IC
Playing role as
Playing role as a the Association
Description | <Municipality> Description | of Independent MO
Council Schools of
Victoria
...and so on

7.3.1.4  Customising the interaction model

As in the previous evaluation, customising the inferaction model in this evaluation results the
customised interaction model of flood DISPLAN of the SES Victoria. The knowledge elements
in this model are obtained from the customised goal model. This is shown in the Figure 7.6. This
customised interaction model will be the basis to produce the one specified for any particular
Municipalities by referring and substituting all the knowledge element classes in this customised

one with the local characteristics.

<Municipsi» Counci
H

DHS
DoE
CEQ
halsv

Developing the evacuation waming Managing the evacuation process

< Registering the affected and evacuated people

Assisting the evacuation process

VICBES <Regional> DO

Communicating the evacuation waming

Providing situational update

VICSES <Regional> DO VICPOL

Managing resources to faciltate the evacuation
Providing ongoing advice

Coordinating the establishment and maintenance of
frafic management points

< Maintenance listof road closure

Maneging the wiftdrawal,shetier,
refum stages of the vacuatons

Activating emergency relief service

Managing liaison with VICPOL

VIcPOL

Figure 7.6 Customised interaction model of flood DISPLAN of the SES Victoria.
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7.3.1.5 Customising the environment model

As in Chapter 6, for customising the environment model, a knowledge engineer should revisit the
flood DISPLAN template of the SES Victoria to manage it. This produces the customised

environment model as shown in Table 7.3.

Table 7.3 Customised environment model of flood DISPLAN template of the SES Victoria

DMM-based repository M2

Environment knowledge MOF layer
Environment
Entity ID El4
I]f}l;;reonment List of channels for communicating the evacuation warning M1
Description List of the tools to be used by authority to deliver the evacuation

warning to the likely impacted community area.
Attributes # Unique number distinguishing inputted data

Channel type TV/ Radio/ Text message

Warning t Th i MO

g type e content of the warning

Roles Involved VICSES <Regional> DO

<Municipality> IC

For instance, from the SES Victoria DISPLAN template an environment knowledge element
“List of channels for communicating the evacuating warning” is identified. Thus, for the element
attributes of the model, the elements channel and warning types are laid down to make detail of
the environment element. The element roles involved inform that the roles: VICSES <Regional>
DO and <Municipality> 1C use this environment knowledge to accomplish their tasks. Once the
knowledge elements of the environment are orchestrated into this model, the engineer then
designates each of the elements as either M0 or MI. As in previous customised ABMs, this
customised environment model will also be the basis to generate the one specified for any

Municipalities under the State of Victoria.

7.3.1.6  Customising the scenario model

As in Chapter 6, the knowledge elements in the customised scenario model are based on other
customised models except for the elements trigger, pre-, post-condition and condition itself. It is

shown in Table 7.4.

For these elements, the knowledge engineer has to revisit the original DISPLAN to structure
them. Once the model is completed and subsequently all the elements in this model are marked
as either M1 or MO representing the knowledge in the policy/planning level or real world
activities, respectively. As the one in Chapter 6, however, the customised scenario model in this
evaluation is specified for the basis to generate any Municipalities DISPLAN under the State of

Victoria.
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Table 7.4 Customised scenario model of flood DISPLAN template of the SES Victoria.

DMM-based repository M2
Scenario knowledge MOF layer
Scenario S9
Name Evacuation scenario
- M1
Goal Evacuation
Initiator <Municipality> IC
Trigger = Properties are likely to become inundated;
= Properties are likely to become isolated and occupants are not
suitable for isolated conditions;
= Public health is at threat as a consequence of flooding;
= Essential services have been damaged and are not available to a
community and evacuation is considered the most effective risk
treatment.
Pre-condition <Municipality> IC in consultation with <Municipality> ERC,
<Municipality> ERO, DHS, DH, BoM, CMA, HC and VICPOL for
the evacuation based on the triggers.
Post-condition The evacuation decision is released by <Municipality> IC
Description The evacuation is aimed to protect people from the risks of an
emergency. This is conducted by evacuating people from a specific MO

locality such as an institution (educational or hospital), a town or an

area of the state.

. . Environment
Condition  Step Activity Role Entity
1 Recommending or warning for RI
evacuation
5 Communicating  the  evacuation RI, R2, El4
warning R3,R4
- 3 Developing the evacuation warning R1,R2,R3 El
4 Managing evacuation process R1, R7
5 Assisting evacuation process R1-R11
6 Registering  the  affected and RI,R2 E19

evacuated people

7.3.2  Stage 2: Generating six ABMs of the Moira Shire Municipality DISPLAN

All the generating process in this stage are based on the customised ABMs of flood DISPLAN of

the SES Moira Shire Municipality of the previous stage. The process itself is similar to the one

described in the Chapter 6. Each of the ABMs from the customised stage produces the unique

ones for the Moira Shire DISPLAN. However, as earlier discussed in Section 7.1 the second

enhancement in this evaluation is at targeting more detail describing the specific characteristics

representing the Moira Shore Municipality takes place in this stage. The specific knowledge

elements for specifying the detail are acquired from the external sources that initially are not part

of the elements in the main body of the DISPLAN such as Appendices A-F (SES Victoria

Australia, 2011). The details of the generating processes are elaborated as follows:
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7.3.2.1 Generating the goal model

As in the Chapter 6, in this evaluation, all the knowledge element classes are substituted to the
ones representing the Moira Shire Municipality. The process then results the goal model of flood
DISPLAN of the Moira Shire Municipality, as seen from Figure 7.6. The basis to generate the
goal model of flood DISPLAN of the SES Moira Shire is based on the customised the goal model
of the SES Victoria as shown in Figure 7.4. All the knowledge elements in the customised goa!/
model that need further scrutinise are identified by the knowledge engineers (DM expert who has
ABMs understanding or an engineer who has DM expertise background). Based on this is
evaluation, some element goals in the model are required to be more drilled down to be more
comprehensively understood. The knowledge engineer then goes to identify the external resources

that are useful to complement the existing goals in the model.

For instance, for the goal “recommending or warning for evacuation”, there should be
sufficient information required by the Moira Shire IC to make the decision. This will be based on
the predicted gauge heights or likely occur of the flood and the times to evacuate. In addition,
once the evaluation warning is issued, there should be a detail arrangement for the evacuation
based on the characteristics of the Moira Shore Municipality, such as routes to be taken, the
locations of the shelter for human and animals, the evacuation location for the caravans. All these
particular knowledge elements are identified from the in an Appendix C “Flood Emergency Plan”
for the list for the river gauge locations in the Moira Shire Municipality to make the evacuation
decision and in Appendix D: “Flood Evacuation Arrangement” for arranging the evacuation of

the SES DISPLAN template.

Knowledge in the [ Disaster Management Metamodel (DMM) as a representative repository ]
conceptual/policy level

VICPOL

VICSES South East Region DO
Knowledge in ARC
real world activities
level Recommending or Managing the
Warming for Evacuation evacuation process
Communicating the Developing the Assisting the Registering the effected
evacuation warning evacuation warning evacuation process and evacuated people

VICSES South East Region DO : ;

VICSES South East Region DO
HC, VICPOL
Moira Shire Council
VICROADS, ARC
DH, DHS, DoE, CEQ, AolSV

Figure 7.6 The goal model of the flood DISPLAN of the Moira Shire Municipality.
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7.3.2.2  Generating the role model

As in the goal model, generating process of the role model means that all the substitutable
knowledge elements in the role model template will be replaced with ones representing the local
wisdom of the Moira Shire Municipality. In Table 7.5, the role model of flood DISPLAN
knowledge of the SES Moira Shire Municipality is shown. It describes all responsibilities of the

role R2, VICSES South East Region DO, being involved in pursuing the objective.

Table 7.5 The role model of the flood DISPLAN of the Moira Shire Municipality.

DMM-based repository M2

Role knowledge MOF layer
Role ID R2
Role Name VICSES <Regional> South East Region DO M1
Description If the knowledge analysed and modelled is from North East Region area, then

the <Regional> becomes North East Region DO.
Responsibility 1. Communicating the evacuation warning.

2. Developing the evacuation warning.

3. Assisting the evacuation process. MO

4. Registering the affected and evacuated people.
Constraint -

7.3.2.3  Generating the organisation model

Generating the organisation model instantiates the organisation model of flood DISPLAN of the
SES Victoria from the customised one. This is conducted by substituting all the knowledge
element classes in the customised organisation model with ones representing the Moira Shore
Municipality. In Figure 7.7., the generating process of this model is drawn. As can be seen the
element classes <Municipality> and <Regional> are substituted with the ones representing Moira

Shire Municipality and South-East Region respectively.

o]

Moira Shire Council H

DHS

isPeer

%
- A

/,i __ Controls . Contrals isPeer /’ice:

Moira Shire IC VICSES South East Region DO \JI\.SES
f \ AolSY
ISPSBI’

X X

Moira Shire ERO  Moira Shire ERC

BoM

DoE VICROADS

Figure 7.7 The organisation model of the flood DISPLAN of the Moira Shire Municipality.
7.3.2.4  Generating the interaction model

Similar to the generating process of the interaction model in Chapter 6, this results in the

interaction model of flood DISPLAN of the Moira Shire Municipality as shown in Figure 7.8.
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Moira Stire Council

OHS
DoE
cE0
Aalsv

VICSES South East DO
0

Assisting the evacuation process
oira Shire IC
sy O
viceoL
O
—
Managing resources to facilitate the evacuation /

Q
VICSE South East Region DO

Coordnatng the estabishment and malntsnancs of
trsfc management ponts

Managing the wihdrawal, sheler
retum stages of the evacuatons

Figure 7.8 The interaction model of the flood DISPLAN of the Moira Shire Municipality.

7.3.2.5 Generating the environment model

This step produces the environment model of flood DISPLAN of the Moira Shire Municipality.
Table 7.6 shows the result of this process. In the table, the environment knowledge “List of
channels for communicating the evacuation warning” is shown. It is denoted in the environment
model as E14-th of the environment knowledge identified from the elements within the main goal
“evacuation” (see the goal model). From the table, the role classes in the element roles involved

are substituted to refer to the South East Region and Moira Shire Municipality respectively.

Table 7.6 The environment model of the flood DISPLAN of the Moira Shire Municipality.

DMM-based repository M2

Environment knowledge MOF layer
Environment Entity ID El4
Environment Name List of channels for communicating the evacuation warning M1
Description List of the tools to be used by authority to deliver the evacuation

warning to the likely impacted community area.
Attributes # Unique number distinguishing data

Type TV/ Radio/ Text message

Warning type The content of the warning MO
Roles Involved VICSES <Regional> South East Region DO

<Munieipality> Moira Shire IC

7.3.2.6  Generating the scenario model

The last ABM that undergoes the generating process is the scenario model template. In this third
evaluation, it is the Moira Shire Municipality. Table 7.7 shows the generating process to produce
the scenario model of the flood DISPLAN of the SES Moira Shire Municipality. As in Chapter
6, a knowledge engineer examines all the elements in the model template to substitute with the

ones representing a particular municipality.
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Table 7.7 The scenario model of the flood DISPLAN of the Moira Shire Municipality.

DMM-based repository M2
Scenario knowledge MOF layer
Scenario S9
Name Evacuation scenario
Goal Evacuation Ml
Initiator <Munieipality> Moira Shire IC
Trigger = Properties are likely to become inundated;
= Properties are likely to become isolated and occupants are not
suitable for isolated conditions;
=  Public health is at threat as a consequence of flooding;
= Essential services have been damaged and are not available to a
community and evacuation is considered the most effective risk
treatment.
Pre-condition <Munieipality> Moira Shire IC in consultation with <Munieipality>
Moira Shire ERC, <Munieipality> Moira Shire ERO, DHS, DH,
BoM, CMA, HC and VICPOL for the evacuation based on the triggers.
Post-condition The evacuation decision is released by <Munieipality> Moira Shire IC
Description The evacuation is aimed to protect people from the risks of an
emergency. This is conducted by evacuating people from a specific
locality such as an institution (educational or hospital), a town or an area MO
of the state.
. .. Environment
Condition Step Activity Role Entity
1 Recomrpendlng or warning for RI El4
evacuation
L . . RIl, R2,
2 Communicating the evacuation warning R3. R4 El4
-- 3 Developing the evacuation warning {R{;’ R2, El
4 Managing evacuation process R1,R7
5 Assisting evacuation process R1-R11
6 Registering the affected and evacuated RI,R2 E19
people

7.3.3  Stage 3: Knowledge transfer

As in Chapter 6, there are 2 (two) activities in this stage: 1) Preparing the repository. The

repository remains similar as the one from the previous evaluation as there is nothing to be

changed; and; 2) Transferring the ABMs of the Moira Shire flood DISPLAN to the repository.

Figure 7.8 show the Moira Shire flood DISPLAN that is transferred to the repository. Figure 7.9

shows how the Moira Shire flood DISPLAN knowledge structured in the repository. As in

Chapter 6, a post-evaluation is also conducted in this evaluation as the enhancements of the

framework. This post-evaluation is performed by a DM expert from the SES Victoria where the

case study come from. This is discussed in the following section.
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Knowledge System for Disaster Management (KSDM)

Based on Agent-Oriented Analysis (AOA)

List of all modelled agent-criented (AO) knowledge from the analysis stage
# Model Name DM Phase Country of Solution From Disaster Category

WW_Flood_DISPLAN_Prep_fixe | | Preparedness v | | Australia v | | Drought Rl Undate Project

22

Next Last

List of Project

# Model Name DM Phase Coutry Origin Disaster Category Semantic Mapping Process Delete
1 WW_Flood_DISPLAN_Prep_fixed Preparedness Australia Drought [ Map | [ dei ]
2 WW_Flood DISPLAN_Resp_fixed Response Andorra Extreme Temperatures [ map | =
3 Wagga-Wagga SES NSW Flood DISPLAN Response Australia Flood [ map | [ dei ]

I 4 Aflood DISPLAN of the SES Moira Shire Municipality Response Australia Flood ﬁ = I
5 A flood DISPLAN of the Wollongong SES NSW Response Australia Flood [ Mop |

| A fiood DISPLAN of the SES Moira Shire Municipaity:xmi | Input knowiedge | Delete file |
OO S T O T T S S ST X T DT RO Ie T O TE
A flood DISPLAN template of the SES Victoria xml | In| knowledge | Delete file
Flood DISPLAN knowlege mode of Moira shire of the Victoria State.xmil | Input knowledge |

Deleta file File Uploader
SES NSW Flood DISPLAN Template xml | Input knowledge | Delete file §
SES Victoria Flood DISPLAN Knowledge Template - Moira xml | Input knowledge | Delete fle | Choose File | No file chosen pload

SES Victoria Flood DISPLAN Knowledge Template xml | Input knowledge | Delete file

Figure 7.8 The ABMs of the flood DISPLAN of the Moira Shire transferred into the repository.

M1: Disaster Management (DM} Model

Model Name Aflood DISPLAN of the SES Moira DM phase Response Disaster Category Hydrological Disasters
Shire Municipality

Country Origin Australia Disaster Type Flood Class of Disaster Natural

Initiator Maira Shire IC

Pre-condition Moira Shi onsuttation with Moira ShireERG, Moira ShireERO, DHS, DH, BoM, CMA, HG and VIGPOL for the evac uation based on the triggers

decision is released by Moira Shire [C

Post-condition The evac

MO: Disaster Management (DM} real worid knowledge model
#  TheTriggerof the Activity(ies)

1 Properties are fikely to b

Properties are fikely o b

nd occupants are not sultable for isclated conditions
3 Publc health is at threat as 2 consequence of flooding

4 Essentisl services have been damaged and are not available to & community and evacuation is considered the most effective risk treatment

Condition #  Activitylies): [EI

Activity(ies) Involves Role(s) Activity(ies) Needs
imericave 1 Recor Role En

2 Gonsulting the evacuation desision Role Env

3 Communicating the evac uation warning Role Eny

4 Developing the svacuation warning Role Eny

Figure 7.9 The structure of Moira Shire flood DISPLAN knowledge in the repository.
7.4 Post-evaluation of the SES Victoria case study

Similar with the one in Chapter 6, a post-evaluation is also undertaken in this chapter due to
further enhancements that are applied to the framework: 1) Only 6 (six) instead of 7 (seven) ABMs
in the customising processes and 2) utilising the external knowledge sources to provide a more
complete and detail knowledge element in the ABMs. The detail evaluation by the DM expert is
shown in Table 7.8. These enhancements are validated using the real case study from the SES
State of Victoria DISPLAN template. The template is the foundation to generate the Moira Shire
Municipality SES DISPLAN.
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Table 7.8. Evaluation outcome of benefits and usability of the deposited knowledge from the DM expert

of the SES State of Victoria.

Addressing criteria Outcome DM Expert’s comment

Knowledge in the repository is Y “The knowledge meaning in the DISPLAN and in the

unchanged from its original AB models is still the same. It gets reworded in some
part just to emphasize the meaning”.

The use of DISPLAN knowledge Y “Moving to an approach such as is proposed here

template instead of a unique plan would enable the complexities of emergency planning

increases the efficiency in and for floods to better planned for. It would also support

developing other plans. a model that provides flexibility to be adapted to
different risk profiles across municipalities. A pilot
approach would be a suitable approach to test and
validate such a new process.”

New knowledge representation in Y “More than this however is that the interleaving and

the repository is comprehended sequential nature of the elements of the models that

more effective and efficient. enable the full picture to be built within the plan to
enable DISPLANS to more effectively plan for the
complexities of disasters and assign resources to
respond to disasters. This includes contributing to role
clarity of stakeholders”.

Incomplete knowledge can be Y “This might also provide a good lead in to provide

identified systematically material for exercises to be undertaken to test the
DISPLAN”.

The new knowledge representation Y “It is also important to understand timing for the onset

can help DM stakeholders in a of consequences, duration of inundation and the time

better decision-support  system for floodwaters to recede”.

mechanism.

New knowledge structure in the Y “There is also an significant hurdle of implementing an

repository helps DM stakeholder in effective change management process to ensure that

identifying appropriate response at more than just having a good comprehension of

any point of the disaster timeline. English, practitioners would also be expected to adopt
a new way of developing DISPLANS”.

Overall, the framework contributes Y “The framework could also provide a mechanism or

in DM resilience agenda some tools to help DM experts to communicate with
communities about their risks and understand levels of
resilience in communities”.

As in Chapter 6, this post-evaluation is conducted with the aim to ascertain that the
knowledge structure and meaning in the repository is unchanged after all the framework
improvements. In particular, the usability and benefits of the knowledge to the target user groups,
the DM stakeholders. Therefore, the criteria of this post-evaluation are similar to the ones in the
Chapter 6. A DM expert from the SES State of Victoria where the case study is from performs
this post-evaluation. All the responses from the expert of this post-evaluation are all positives.
This illustrated that using only six ABMs instead of seven is sufficient in the analysis and
modelling and had little effect to capturing the complex knowledge out of DM domain. In
addition, these evaluations not only asserted the sufficiency of the number of models being used
but also demonstrated the improved efficiency in the knowledge analysis and modelling processes

compared to the earlier version of the framework.
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7.5 Final version of the Knowledge Analysis Framework

In this research, the initial version of the knowledge analysis framework was developed in Chapter
4. This framework then underwent three evaluations with cases studies from SES Wagga-Wagga,
SES NSW and SES State of Victoria in Chapter 5, 6 and this chapter respectively. The aim of
these evaluations was to produce a more efficient and effective framework for the knowledge
transfer analysis. These evaluations were framed based on the DSR methodology in IS. This
section presents the final version of the developed framework. It summarises all the enhancements

of the framework. This is drawn in Figure 7.10.

The final version of the framework comprises 3 (three) main stages. Each of them undergoes
a set of activities. The initial input is the DISPLAN knowledge template of four DM phases
(PPRR) maintained in a semi-structured format. In stage 1, the input of the semi-structured
DISPLAN knowledge template is customized with the 6 (six) ABMs: goal model, role model,
organisation model, interaction model, environment model and agent model. The customisation
process in this stage is analysis and modelling activities. The knowledge elements in the models
are designated based on the MOF framework to represent either M1 or M(. The M2 layer will be
left to be reserved for the DMM-based repository concepts. The output of this stage is the
customized ABMs of the DISPLAN knowledge which will be the input for the next stage.

In Stage 2, there are 3 (three) activities to be accomplished, namely: 1) generating the ABMs
of unique DISPLAN out of the customised ones; 2) reviewing external knowledge resources for
more complete local characteristic representation, and; 3) preparing the repository to allow the
transfer process. In the first activity (generating ABMs), the customised ABMs serve as the
knowledge element classes identified from the DISPLAN template. In the generating activities, a
depth-first approach is used. This approach aims to improve the efficiency of the knowledge
conversion process as it allows the generating process to be undertaken simultaneously by a

number of knowledge engineers.
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The result of the first activity in Stage 2 is the unique DISPLAN in ABMs for particular
areas. In the second activity, all the external knowledge resources referring to any element in all
the unique ABMs produced from the first activity is reviewed and arranged in the corresponding
models to obtain more comprehensive knowledge structures. This will be the input for Stage 3.
The third activity is preparing the repository. This is arranged by annotating all the concepts in
the DMM with the representative ones of the FAML metamodel concept. The aims is to produce
an AB DMM-based repository that allows ABMs to be transferred to it. The annotating process
is conducted by augmenting each of the DMM concepts with the corresponding one of the FAML.
To guide the augmenting process, a DM expert is involved. The involvement of the DM expert in
this process is to ensure that process is conducted correctly. This process results the annotated

DMM-based repository.

In Stage 3, the transferring process is arranged. In this stage, the unique DISPLAN being
resulted in Stage 2 is transferred to the repository. This process itself is arranged in 2 (two)
scenarios: 1) If there is only one representative concept in the DMM repository where the
knowledge in the ABMs is to be referred to, the knowledge transfer can be performed directly
and automatically; 2) If there will be however more than one appropriate concept in the annotated
repository representing the knowledge elements of the ABMs. In this scenario, there is a need of
a DM expert engagement in this case to examine the semantic meaning of those differences.
Eventually, the expert judges the most appropriate concept that is suitable to be mapped with the
knowledge in the ABMs.

It is worth noting that all the activities in these three main stages are explored iteratively. In
this sense, a knowledge engineer can always take one step backward at any point to refine the
latter process to improve the current one whenever necessary prior to tackling the next one.
Revising the process based on the feedbacks in the early stage of the development stage prevents
the errors which can propagate to the later phase. Eventually, once the knowledge elements are
fully transferred into the repository, they configure a 3D format representing the MOF framework,
the concepts of the FAML metamodel and the DM phases themselves. The stakeholders
subsequently can formulate the decision-making mechanism based on those three dimensions. In
particular, the decisions that can be drawn up from the repository do not only fit in the decision-
making layer but more importantly they can be holistically drilled down vertically to the
policy/planning layer and into the people on the ground. This is not to mention that the knowledge
elements structured in the repository also stretch horizontally to unveil the elements in each layer

that are the determinant factors for the DM activities successfulness.
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7.6 Construction decision making mechanism based on the framework

Pursuing a better decision making mechanism essentially is the common objective inherently in
the KE research streams. KE, according to Studer et al/ (1998), is essentially characterised by
these three notions, that it is : (1) modelling activities; (2) a knowledge transfer; and (3) a problem-
solving. The first two notions substantially are also key objectives in this thesis with different
methods from the existing ones as the contribution. The notion of problem-solving remains at the
heart of the decision making process per se. Thus, while the first two notions have been
systematically presented their development and validations in this thesis, the third notion
fundamentally is inseparable and tightly coupled with the first two. The construction of the first
two leads to the third one. Therefore, although the main contribution of this thesis is to develop a
DM knowledge analysis framework, it also substantially paves the way to be used to enhance the
decision making mechanism in DM. A few illustrations essentially have been presented in this
thesis as to how the decision making processes could be performed for the given situations based

on the developed framework and tools, specifically in all evaluation chapters (Chapter 5-7).

The decision support mechanism can be executed either bottom up or top down. This is
illustrated in Figure 7.11. While the bottom up means that the decision can be formulated based
on particular activities rolled up conforming their constructs in the repository, the top down means
some concepts in the repository are identified instantiating the real DM activities. Based on MOF,
these typical relations are conformance and instantiation respectively. The relations between the
knowledge modelled in ABMs units and the DMM-based concepts in the repository also follows
these two relation types. In the conformance, once an activity is performed to response to a
particular situation, this particular activity needs to point out its more complete knowledge
elements in the ABMs, i.e. identifying the roles involved, resources needed, pre- and post-
condition of the activity, before abstracting its concept representing the activity in the repository.
This enhances decision making process as they allow a more complete knowledge structure to be
identified, not only the essential and necessary knowledge elements highlighted but also their
corresponding activities. Identifying a concept in the repository representing a particular activity
from the real world layer, leads to recognising other related concepts (for the justification as such,

please see Section 2.4 of this thesis).

In a particular disaster event, this assists authorities to establish a more complete decision
making process. The more complete the recognised knowledge elements is, the better the decision
making process can be organised. Following instantiation relations, the way the decision is
identified is similar as in the conformance. However, the process is drilled down from the

recognising the abstract concepts in the repository through to the activities in the real world layer.
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These typical knowledge constructions directly contribute to enhance the strictly delineated PPRR
phases as noticed for instance in here (Bricefio, 2015a; Cavallo, 2014; Weichselgartner & Pigeon,
2015). Thus, although the knowledge is classified based on the PPRR phases however it is
classified based on the urgency in the DM timeline. In other words, the knowledge is structured
by distinguishing it in its abstract, planning and performing level. The knowledge in abstract layer
is related for decision making. Decision makers are not dealing with the technical level detail of
knowledge elements however their decisions need to be interpreted in a way that it can be
understood by those who are on the ground. This is the aim the planning layer where the
justifications of the decisions are translated in understandable formats. All these decision making
processes are targeted at and supported by the developed framework materialised as the prototype

for this research.

Direct related knowledge concepts are identified Eq.

Response goal Rescus, Command, ete, from the
metamodel structurs
W2 A knowladge concept idantified 2q.
- Fesponss Task, Rescus -
A "What type of disaster, country oforigin the knawfadgaJ

iz for? Eq.flbod. SES NSW Australis

What isfare the pra- andpost-condition(s)
W
The planning/pols knowledge inhertad
M1 from the identified concapt, &g What is tiggering the typicalknowladge?
evacuation, control flood rescus
F Y

Who is the initiator of the activity?

Each role responsible for 2ach ofthe activitizs |
The real world knowledge from peoplz on
Mo the ground identified from the
policy/planning knowladge 2q. Requasting
sdditional boats and craws through Fesources requirad by =ach role toachisve the activity
Murrumbidges SESDHOQ

For instance, as the situation in a particular flood event in the Moira Shire Municipality,

Figure 7.11. Conceptual construction of decision making mechanism based on the framework.

there is an urgency for “directing, ordering, or controlling by virtue of explicit statutory,
regulatory, or delegated authority”. It is the typical knowledge in the abstraction level which in
the DMM, it is represented by the construct “command”. This urgent activity can also be activated
due to triggers from the environment. The adopted ABM paradigm allows representing the
activities taken based on the reaction(s) as agent(s) perceiving environment changes. For instance,
these triggers (from Figure 7.9): “Properties are likely to become inundated”, “Properties are
likely to become isolated and occupants are not suitable for isolated conditions”, “Public health
is at threat as a consequence of flooding”, “Essential services have been damaged and are not
available to a community and evacuation is considered the most effective risk treatment” can also

be the factors to activate evacuation-related activities.
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Based on the developed tools (for instance as shown in Figure 7.9), the concept “command”
is then clicked to identify all the knowledge elements of the necessity activities to be performed
to response the situation. These activities are, for instance “evacuation”, “aircraft management”,
“preliminary deployments”, “resupply”, etc. and the initiators for each of these activities are
recognised, for instance, the initiator of the evacuation is Moira Shire Incident Controller (IC),
and so forth. These activities are sourced from the original DISPLANSs analysed. For those who
are in the planning level, these activities and the initiator might be sufficient to be the guidance
for other identifications, nevertheless for those who are in the real world, the activities need to be
completed and detailed in the executable formats and at the same time representing the local
wisdom. In the developed tools, to obtain these typical knowledge elements required, further
clicking for each of the elements will disclose them. For instance, to pursue the “evacuation”,
these activities are set out: “Recommending or warning for evacuation”, “Communicating the

evacuation warning”’, “Developing the evacuation warning”, “Managing evacuation process”,

“Assisting evacuation process” and “Registering the affected and evacuated people”.

Further clicking on the “roles” of each of these activities identifies other roles involved.
Their interactions and communications to pursue this particular activity can be identified by
clicking “environment entity” (resources required by these roles). For instance, while for this
activity “Communicating the evacuation warning”, the roles responsible for it are Moira Shire IC
and VICSES South East region DO, the resources needed in this activity are assigned local TVs
and radios and mobile text message channel. In the decision making context, these elements roles
and environment entity inform that local wisdom of Moira Shore Municipality these knowledge
elements represent. Therefore, those who are on the ground can directly execute these typical
knowledge elements. This construction of decision making mechanism can also be observed in
the other case study evaluation, for instance as described in Chapter 5 and 6. As commonly
believed that the more complete the knowledge, the better decision can be made. This is also
applied in this context, that is the more complete the knowledge structured in the DISPLAN, the
more DM resilience can be pursued. In other words, in this context the knowledge elements in the
original DISPLAN is assumed to have been completely recognised to develop a better DM

decision support system.

The ultimate evaluation of the framework would need to be measured and evaluated in real
world scenarios. This will enable evaluation of the decision making processes based on the
developed framework to support the DM resilience endeavours. The evaluation itself in this

context is aimed at the analysis framework enabling the decision processes described.
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8 Conclusion

This chapter summarises the thesis and reflects on its main results and limitations. The structure
of this chapter is as follows: Section 8.1 summarises the conducted research; Section 8.2 lays
down the contributions this thesis; Section 8.3 describes the limitation and future research

directions; Section 8.4 concludes the chapter and the thesis with final remarks.

8.1 Research Summary

This thesis presented a DM knowledge analysis framework to facilitate the conversion of disaster
management plans into a unifying repository. This repository will facilitate sharing and reusing
of knowledge in DM domain. The framework utilises agent based modelling as bridge between
the DM document sources and a metamodel-based repository. The conversion between the agent-
based models and the repository structure is facilitated by the MOF framework and another
mapping between the repository metamodel and the metamodel describing the agent based
models. The framework as a whole built and evaluated using the Design Science Research (DSR)
paradigm. During its development, the framework underwent a series of validations iteratively
through some real case studies of flood DISPLAN from the SES agencies in Australia (NSW and
Victoria States). The resultant framework was able in facilitating the knowledge transfer analysis
for the DM domain. The framework was refined through these evaluations. It was made to become
more efficient following the first two case studies. Following these enhancements, post-
evaluations were also performed to ascertain the usability and usefulness of the knowledge
structure in the repository to the DM stakeholders as the target user group. The DM experts from
both the SES agencies (NSW and Victoria) were engaged for the purpose of the post evaluations.
They were also engaged to mediate the knowledge transfer into the repository. In particular, they
were engaged in resolving instances when there was a one-to-many relationship between the

ABMs and the possible appropriate concepts in the repository.

The framework as a product from DSR research activities achieved all the objectives of the

thesis as specified in Chapter 1. The summaries of these research activities are outlined as follows:

Phase 1, problem identification. Reuse of DM knowledge is critical. DM knowledge should

be managed in a way to allow it to be shared and reused. But the nature of DM knowledge is
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complex and this shapes the investigation in this thesis. The complex nature of DM knowledge
warrants a tailored and a systematic knowledge analysis methodology to codify the DM
knowledge for reuse. To facilitate reuse, the outcome of the DM knowledge analysis needs to be
deposited in a shared and a suitable repository. The AOA approach utilizing the ABMs from the
AOSE paradigm is acknowledged to be the most representative technique for analysis and
modelling the complex DM knowledge. As for the repository, the DMM-based structure is
envisaged to be the most appropriate one as not only does it collect all the essential and relevant
DM constructs, but also because these constructs relate to each other in a way that they facilitate

a better decision making mechanism.

Phase 2, knowledge analysis framework development. The initial knowledge analysis
framework is constructed. Initially, these following seven ABMs are used, namely: goal model,
role model, interaction model, organisation model, environment model, agent model and scenario
model. The seven ABMs are used to provide constructs as containers for the DM knowledge.
These constructs guide the analysis and modelling activities. A semantic mapping between the
constructs of the ABMs and the constructs of the DMM-based repository is developed. The
mapping is also supported by the MOF framework to delineate the scope of the DMM construct
(e.g. for action at M0 or policy at M1). This process helps to disentangle the fuzzy and overlapping
of concepts across the DM phases. A generic ABM metamodel, FAML (Beydoun et al., 2009a),
is utilised to map ABM constructs to DMM constructs. It is the most generic available AOSE
metamodel. FAML constructs augment corresponding constructs of DMM. There are fewer
FAML constructs than DMM constructs. I.e. there are some concepts in each DM phase that are
annotated by the same AB concept. Hence, one-to-many (or many-to-one) relationships in the
transfer process routinely arise. A DM expert from the agency where the case studies come from
is engaged to supervise the process. The expert identifies the most plausible DMM constructs for
a particular ABM construct, guiding the transfer process. The transfer process is well supported
by a tool that imports the ABM constructs (in XML) into the repository (built using a database
system). The tool is essentially the instantiation of the framework created. The tool is aimed to,
not only demonstrate that this framework is implementable but also to facilitate a user-friendly

interface for the framework evaluations undertaken in the subsequent phases of the research.

Phase 3, internal framework evaluation. The aim is to evaluate the effectiveness of the
developed framework. This evaluation is performed by validating the framework with a case
study obtained from the flood DISPLAN of the Wagga-Wagga SES NSW. While the initial
evaluation successfully shows that the framework works as it is intended to, it highlighted
deficiencies in the initial version of the framework: 1) the generalisability issue where the

objective of the framework is to be used by as wider as possible the stakeholder to develop their
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DM resiliencies. In other words, for the same type of disaster (e.q. flood, bushfire), other
stakeholders have to ‘reinventing the wheel’ the analysing and modelling their ABMs from
scratch before transferring the models into the repository. Thus, instead of the unique plan (in the
initial evaluation is the Wagga-Wagga Municipality SES of flood DISPLAN), the use of flood
DISPLAN template of the SES NSW as the input of the framework is stipulated to adapt the ABM
models to the DISPLANS before the analysis of any plan begins. To further improve the speed of
the analysis, the analysis process is changed to become depth first. The analysis of each agent
goal is pursued in a depth first manner. This reduces the number of revisits of sections within the
plan. To confirm the efficacy of these improvements, a case study of another flood DISPLAN
template of the SES NSW is utilised in the next phase.

Phase 4, external framework evaluation. This phase includes two case studies (Chapter 6
and Chapter 7). The flood DISPLAN template of the SES NSW is used as the input for the
framework to confirm the two enhancements identified from the internal (initial) evaluation. The
ABMs of the Wollongong SES flood DISPLAN is generated out of the customised ABM
templates of the SES NSW. Eventually, the Wollongong DISPLAN is then transferred into the
repository. The depth-first approach clearly leads the process to become quicker and more
effective. This is because the approach guides the knowledge engineer not only “where” to start
but also “how” to do the customising process in detail. In addition, this approach also presents
opportunities for multiple stakeholders involved. This can potentially make the customising
process to be yet more efficient. A post-evaluation is also conducted by engaging the DM expert
from the SES NSW. In the post-evaluation, it was clear that the transfer process is faithful to the
content of the original DISPLANSs. Notwithstanding this success, the thorough evaluation in
Chapter 6 also presents opportunities for further enhancements. The evaluation shows that one of
the ABM templates (the agent model) can be removed from the process without any loss of
constructs, as all the constructs in that template are also available in another template. The
evaluation in Chapter 6 also showed that some knowledge elements require additional information
to make them operational at level M(0. Such elements need to be instantiated from additional
external sources (DM experts or additional documents). Chapter 7 explores these enhancements
and also uses a template and a DISPLAN from SES Victoria (instead of the SES NSW) to also
reduce any generalisability threats. The Moira Shire is the Municipality generated from the
customised ABMs of the flood DISPLAN SES Victoria. The evaluation shows successfully that
the use of only six ABMs (instead of seven models previously identified in the initial framework
development) can fully represent the complex knowledge of the DM domain. In addition, the
evaluation in Chapter 7 also shows that the use of external knowledge sources facilitates the more
complete knowledge element structured in the ABMs, which subsequently enriches the

knowledge managed in the repository representing the local characteristics.
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8.2 Research Contribution

The thesis addressed a serious gap in DM knowledge analysis which also has been a hindrance in
its reuse. Reuse of DM knowledge is essential to benefit from the painful disaster experiences
when preparing and responding for future ones. This concern is not new. What is new, is
addressing the complexity involved in the analysis using a systematic process that combines a
number of complexity management conceptual tools: agent based modelling, MOF, and
metamodel transformations. Bringing these powerful abstractions in combination, produced a
systematic process to codify DM knowledge in a way to facilitate reuse. The codifying
mechanisms address inherent complex features of the DM domain. Furthermore, the use of agent
based modelling templates ensures that the systematic process is easily accessible by non-
software analysts e.g. DM experts who are able to apply the process without the need for
modellers support. In other words, the complex knowledge can recodified from the plans by the
decision makers themselves. The thesis produced two tools that were used in this, one to support
the agent based modelling and another is the DM repository. Both proved easy to use by DM
experts. The repository produced was a prototype. To fully validate such a repository, all plans
will need to be converted and DM decision makers will need to deploy the repository during DM

activities. Clearly, this goes beyond the remit of this PhD thesis.

Various efforts have been devoted in modelling DM domain using ABMs. However, this
work is the first in adopting ABM in a descriptive fashion to analyse and model the complex DM
knowledge to subsequently transfer it into a knowledge repository. The ABMs that are tailored
together with the MOF framework are capable to disentangle the DM concepts from the
DISPLANSs. The MOF framework frames the concepts from the ABMs formulating how they are
deposited in the DMM-based repository. In other words, the MOF framework bridges the abstract
constructs in the DMM repository and those in the ABMs. In some cases, an agent construct

points to multiple DMM constructs. Resolving such cases requires DM expert mediation.

The developed framework also demonstrates its capability to extract knowledge elements
from the DISPLANs and position these elements semi automatically in the repository. Using
MOF the positioned of the elements along the DM timeline is also identified. This is particularly
important for decision-making, planning/policy and responding to real world events. Stakeholders
with various roles in the PPRR DM framework can be guided by the essential and relevant
knowledge. The various artefacts constituting the framework are evaluated rigorously as per the
DSR methodological cycle. Part of this evaluation, post-evaluations conducted by DM experts

confirmed the benefits, useability and accuracy the knowledge structures in the repository. The
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experts affirmed that the repository is able to accurately inform the stakeholders in creating their

story telling for decision-making mechanisms in the DM activities.

In addition, this thesis also contributes to AOSE by introducing a depth-first approach in the
analysis and modelling activities. Specifically, this approach enables the analysis and modelling
activities to be undertaken concurrently. In other words, this analysis and modelling process can
be performed more efficiently by the involvement of many stakeholders simultaneously. This

approach shows “how” to do the analysis and modelling activities in detail.

Notwithstanding the successful development and evaluations, some concerns are identified
to set another improvement for a future research direction. These concerns are elaborated further

in the following section.

8.3 Research Limitations for Future Research Directions

Chapter 7 presented the final version of the knowledge analysis framework. The framework was
shown to be successful to meet the research objectives of converting DISPLANS to a unified
representation, efficiently and effectively. Nonetheless, some limitations are worth noting. These

are outlined in what follows with concomitant possible future research extensions.

Firstly, the final version of the framework is not a fully automatic process. In a case that
there are more than one representative concepts in the repository where an ABM can be mapped
with, a DM expert intervention is needed to decide the plausible mappings. Future research will
consider automating some of this effort to eventually replace the expert. A concomitant learning
process can be considered to initially learn from the expert. This will likely require imposing
further structures and annotations on the source of knowledge, the DISPLANSs. This can then pave
the way for either of two possibilities: Natural Language Processing (NLP) techniques e.g. for the
formalisation or estimation of the similarity measures between the concepts in the ABMs and
those in the repository. Mathematical formulation and or ontology semantic mediation/integration

will be required to varying level of degrees in both approaches.

Secondly, in the modelling process, one of the knowledge elements representing that needs
to be analysed and modelled appropriately into the corresponding ABM is a time-sensitivity
characteristic. It is the knowledge element that describes agent is situated in an environment
therefore it will be reacted to. This time sensitivity is not reflected in the original plans, However,
the transfer process highlights where it can be represented. Agent models highlight where the

<<trigger>> concept can apply (to some actions). Namely, the scenario model itself can have
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<<activity>> and associated <<trigger>>. This will require additional concepts in DMM and

additional input from the DM expert (or external sources).

Thirdly, although the evaluations showed that the framework works as intended and
addresses the research objective, all the case studies are about one particular event, the flood
disaster. For the future research direction, utilising other than flood disaster types, other category
(e.g. bushfires, landslides, etc.) and can be sought for further evaluations. Further evaluations
from other countries would also be valuable. This will ensure that the framework can also work
as effective and efficient as with the flood disaster in the Australia. Finally, to be able to evaluate
the effectivity of the framework in the real DM activities, the framework needs to be employed

by the DM practitioners in real situations. This is another future research direction.

It is worth noting that in all the evaluations of the framework, both internal and external, all
the knowledge elements in the DM documents were successfully codified into the repository. The
processes involved were supervised by DM experts whose feedbacks were consistent and there
was no semantic discrepancies. This consistency is not too surprising given that the case studies
involved experts with similar DM training in flood management in Australia. Further evaluations
using different case studies from other countries and conducted by a wider variety of experts are

certainly worth flagging for future studies.

8.4 Concluding remarks

This thesis has successfully developed and validated the knowledge analysis framework in the
DM domain. This is based on the serious gap identified and discussed in the literature review.
ABM has demonstrated as the most representative paradigm in representing the complex DM
characteristics. DMM adopted in this thesis, not only, proved as an effective basis for a
representative repository to deposit the knowledge of the ABM, but also guided the identification
of the related relevant and essential of DM knowledge in performing the DM activities. The
innovative deployment of MOF was key to provide a semantic bridge and interoperability of the

transfer process between the ABM and the repository.

The thesis supports the DM resilience endeavours. In particular, it presents new
opportunities to make DM knowledge more accessible and searchable supporting more effective

decision making processes.



179

References

Abdul-Jalal, Hayati, Toulson, Paul, & Tweed, David. (2013). Knowledge Sharing Success for
Sustaining Organizational Competitive Advantage. Procedia Economics and Finance, 7(0),
150-157.

Adrian, W. T., Bobek, S., Nalepa, G. J., Kaczor, K., & Kluza, K. (2011, 7-9 Nov. 2011). How to
Reason by HeaRT in a Semantic Knowledge-Based Wiki. Paper presented at the Tools with
Artificial Intelligence (ICTAI), 2011 23rd IEEE International Conference on.

Adrian, WeronikaT, Ci¢zkowski, Przemystaw, Kaczor, Krzysztof, Ligeza, Antoni, & Nalepa,
Grzegorz). (2012). Web-Based Knowledge Acquisition and Management System
Supporting Collaboration for Improving Safety in Urban Environment. In Dziech, Andrzej
& Czyzewski, Andrzej (Eds.), Multimedia Communications, Services and Security (Vol.
287, pp. 1-12): Springer Berlin Heidelberg.

Adrian, WeronikaT, Ligeza, Antoni, Nalepa, Grzegorz), & Kaczor, Krzysztof. (2014).
Distributed and Collaborative Knowledge Management Using an Ontology-Based System.
In Mercier-Laurent, Eunika & Boulanger, Danielle (Eds.), Artificial Intelligence for
Knowledge Management (Vol. 422, pp. 112-130): Springer Berlin Heidelberg.

Al-dhagm, Arafat, Razak, Shukor, Othman, Siti Hajar, Ngadi, Asri, Ahmed, Mohammed Nazir,
& Ali Mohammed, Abdulalem. (2017). Development and validation of a Database Forensic
Metamodel (DBFM). PLOS ONE, 12(2), e0170793.

Alavi, Maryam, & Leidner, Dorothy E. (2001). Review: Knowledge Management and Knowledge
Management Systems: Conceptual Foundations and Research Issues. MIS Quarterly, 25(1),
107-136.

Aldunce, Paulina, Beilin, Ruth, Handmer, John, & Howden, Mark. (2016). Stakeholder
participation in building resilience to disasters in a changing climate. Environmental
Hazards, 15(1), 58-73.

Alexander, Clarence, Bynum, Nora, Johnson, Elizabeth, King, Ursula, Mustonen, Tero, Neofotis,
Peter, et al. (2011). Linking Indigenous and Scientific Knowledge of Climate Change.
BioScience, 61(6), 477-484.

Alférez, German H., & Pelechano, Vicente. (2012). Dynamic evolution of context-aware systems
with models at runtime. Paper presented at the Proceedings of the 15th international
conference on Model Driven Engineering Languages and Systems (MODELS), Innsbruck,
Austria.

Allen, David K., Karanasios, Stan, & Norman, Alistair. (2014). Information sharing and
interoperability: the case of major incident management. European Journal of Information
Systems (EJIS), 23(4), 418-432.

Amirkhani, A. H., Ebadian, A., & Zia, Y. M. (2016). An investigation of the impact of knowledge
management system in crisis management (Case study: Crisis management & headquarters



180

city disaster of Alborz). International Journal of Pharmacy and Technology, 8(1), 10344-
10357.

Argente, Estefania, Beydoun, Ghassan, Fuentes-Ferndndez, Rubén, Henderson-Sellers, Brian, &
Low, Graham. (2011). Modelling with Agents. Paper presented at the 10th International
Workshop Agent-Oriented Software Engineering, Hungary.

Ashamalla, Amir, Beydoun, Ghassan, & Low, Graham. (2017). Model driven approach for real-
time requirement analysis of multi-agent systems. Computer Languages, Systems &
Structures, 50, 127-139.

ABmann, Uwe, Zschaler, Steffen, & Wagner, Gerd. (2006). Ontologies, Meta-models, and the
Model-Driven Paradigm. In Calero, Coral, Ruiz, Francisco, & Piattini, Mario (Eds.),
Ontologies for Software Engineering and Software Technology (pp. 249-273). Berlin,
Heidelberg: Springer Berlin Heidelberg.

Atkinson, C., & Kuhne, T. (2003). Model-driven development: a metamodeling foundation. IEEE
Software, 20(5), 36-41.

Attarzadeh, 1., & Hock, Ow Siew. (2008, 26-28 Aug. 2008). Project management practices:
Success versus failure. Paper presented at the International Symposium on Information
Technology

Aurum, Aybiikke, Daneshgar, Farhad, & Ward, James. (2008). Investigating Knowledge
Management practices in software development organisations — An Australian experience.
Information and Software Technology, 50(6), 511-533.

Balasubramanian, Vidhya, Massaguer, Daniel, Mehrotra, Sharad, & Venkatasubramanian, Nalini.
(2006). DrillSim: A Simulation Framework for Emergency Response Drills. In Mehrotra,
Sharad, Zeng, DanielD, Chen, Hsinchun, Thuraisingham, Bhavani, & Wang, Fei-Yue (Eds.),
Intelligence and Security Informatics (Vol. 3975, pp. 237-248): Springer Berlin Heidelberg.

Becken, Susanne, Mahon, Roché, Rennie, Hamish G., & Shakeela, Aishath. (2014). The tourism
disaster vulnerability framework: an application to tourism in small island destinations.
Natural Hazards, 71(1), 955-972.

Becker, Julia, Johnston, David, Lazrus, Heather, Crawford, George, & Nelson, Dave. (2008). Use
of traditional knowledge in emergency management for tsunami hazard: A case study from

Washington State, USA. Disaster Prevention and Management: An International Journal,
17(4), 488-502.

Benaben, F., Lauras, M., Truptil, S., & Salatge, N. (2016, 5-8 Jan. 2016). A Metamodel for
Knowledge Management in Crisis Management. Paper presented at the 49th Hawaii
International Conference on System Sciences (HICSS2016).

Bera, Palash, Burton-Jones, Andrew, & Wand, Yair. (2011). Guidelines for designing visual
ontologies to support knowledge identification. MIS Quarterly, 35(4), 883-908.

Berariu, Romana, Fikar, Christian, Gronalt, Manfred, & Hirsch, Patrick. (2016). Training
decision-makers in flood response with system dynamics. Disaster Prevention and
Management: An International Journal, 25(2), 118-136.

Berryman, M. J. , & Campbell, P. (2010). Some complex systems engineering principles. Paper
presented at the Australia's Preeminent Systems Engineering and Test & Evaluation
Conference.



181

Betke, Hans. (2015). Structure and Elements of Disaster Response Processes — A General Meta-
Model Paper presented at the Proceedings of the ISCRAM 2015 Conference, Kristiansand -
Norway.

Bettin, J. (2004). Model-Driven Software Development. MDA Journal.

Beydoun, G., Hoffmann, A., & Hamade, R. . (2010). Automating dimensional tolerancing using
Ripple Down Rules (RDR). Expert Systems with Applications, 37(7), 5101-5109.

Beydoun, G., Low, G., & Bogg, P. (2013a). Suitability assessment framework of agent-based
software architectures. Information and Software Technology, 55, 673-689.

Beydoun, G., Low, G., Garcia-Sanchez, F., Valencia-Garcia, R., & Martinez-Béjar, R. (2014).
Identification of ontologies to support information systems development. Information
Systems, 46(0), 45-60.

Beydoun, G., Low, G., Henderson-Sellers, B., Mouratidis, H., J. Gomez-Sanz, J., Pavon, J., ef al.
(2009a). FAML: A Generic Metamodel for MAS Development. IEEE TRANSACTIONS
ON SOFTWARE ENGINEERING, 35(6), 841-863.

Beydoun, G., Low, G., Henderson-Sellers, B., Mouratidis, H., J. Gomez-Sanz, J., Pavon, J., ef al.
(2009b). FAML: A Generic Metamodel for MAS Development. IEEE Transactions on
Software Engineering., 35(6), 841-863.

Beydoun, Ghassan, Garcia-Sanchez, Francisco, Vincent-Torres, Cristin M, Lopez-Lorca, Antonio
A, & Martinez-Béjar, Rodrigo. (2013b). Providing metrics and automatic enhancement for
hierarchical taxonomies. Information Processing & Management, 49(1), 67-82.

Beydoun, Ghassan, Gonzalez-Perez, César, Henderson-Sellers, Brian, & Low, G. (2006).
Developing and Evaluating a Generic Metamodel for MAS Work Products. In Garcia,
Alessandro, Choren, Ricardo, Lucena, Carlos, Giorgini, Paolo, Holvoet, Tom, &
Romanovsky, Alexander (Eds.), Software Engineering for Multi-Agent Systems IV (Vol.
3914, pp. 126-142): Springer Berlin Heidelberg.

Beydoun, Ghassan, Gonzalez-Perez, Cesar, Low, Graham, & Henderson-Sellers, Brian. (2005).
Synthesis of a generic MAS metamodel. Paper presented at the Proceedings of the fourth
international workshop on Software engineering for large-scale multi-agent systems
(SELMAS '05), New York, NY, USA.

Beydoun, Ghassan, & Hoffmann, Achim. (1998). Simultaneous modelling and knowledge
acquisition using NRDR. In HY, Lee & H., Motoda (Eds.), Pacific Rim International
Conference on Artificial Intelligence 1998 (PRICAI98) (Vol. 1531): Springer Berlin
Heidelberg.

Beydoun, Ghassan, & Hoffmann, Achim. (2000). Monitoring Knowledge Acquisition Instead of
Evaluating Knowledge Bases. In Dieng, Rose & Corby, Olivier (Eds.), Knowledge
Engineering and Knowledge Management Methods, Models, and Tools: 12th International
Conference, EKAW 2000 Juan-les-Pins, France, October 2—6, 2000 Proceedings (pp. 387-
402). Berlin, Heidelberg: Springer Berlin Heidelberg.

Beydoun, Ghassan, & Hoffmann, Achim. (2001). Theoretical basis for hierarchical incremental
knowledge acquisition. International Journal of Human-Computer Studies, 54(3), 407-452.



182

Beydoun, Ghassan, & Hoffmann, Achim. (2013). Dynamic evaluation of the development process
of knowledge-based information systems. Knowledge and Information Systems, 35(1), 233-
247.

Beydoun, Ghassan, Lopez-Lorca, Antonio A., Garcia-Sanchez, Francisco, & Martinez-Béjar,
Rodrigo. (2011). How do we measure and improve the quality of a hierarchical ontology?
Journal of Systems and Software, 84(12), 2363-2373.

Beydoun, Ghassan, & Low, Graham. (2016). Centering ontologies in agent oriented software
engineering processes. Complex & Intelligent Systems, 2(3), 235-242.

Bézivin, Jean. (2005). On the unification power of models. Software & Systems Modeling, 4(2),
171-188.

Bézivin, Jean, Paige, Richard F, ABmann, Uwe, Rumpe, Bernhard, & Schmidt, Doug. (2014).
Manifesto-Model Engineering for Complex Systems. Paper presented at the Model
Engineering of Complex Systems (MECS)

Bharosa, Nitesh, Lee, JinKyu, & Janssen, Marijn. (2010). Challenges and obstacles in sharing and
coordinating information during multi-agency disaster response: Propositions from field
exercises. Information Systems Frontiers, 12(1), 49-65.

Bharosa, Nitesh, Lee, JinKyu, Janssen, Marijn, & Rao, HRaghav. (2012). An activity theory
analysis of boundary objects in cross-border information systems development for disaster
management. Security Informatics, 1(1), 1-17.

Biehl, M. (2010). Literature Study on Model Transformations. Retrieved from

Blackman, Deborah, Nakanishi, Hitomi, & Benson, Angela M. (2017). Disaster resilience as a
complex problem: Why linearity is not applicable for long-term recovery. Technological
Forecasting and Social Change, 121, 89-98.

Boin, Arjen, & Hart, Paul. (2010). Organising for Effective Emergency Management: Lessons
from Researchl. Australian Journal of Public Administration, 69(4), 357-371.

Bordini, R. H., Huebner, J. F., & Wooldridge, M. (2007). Programming Multi-Agent Systems in
AgentSpeak using Jason: John Wiley & Sons Ltd.

Brambilla, Marco, Cabot, Jordi, & Wimmer, Manuel. (2012). Model-driven software engineering
in practice (Vol. 1). USA: Morgan & Claypool.

Brazier, Frances M. T., Dunin-Keplicz, Barbara, Jennings, Nicholas R., & Treur, Jan. (1997).
DESIRE: Modelling Multi-Agent Systems in a Compositional Formal Framework. Int. J.
Cooperative Inf. Syst, 6(1997), 67-94.

Bricefio, Salvano. (2015a). Looking Back and Beyond Sendai: 25 Years of International Policy
Experience on Disaster Risk Reduction. International Journal of Disaster Risk Science, 6(1),
1-7.

Bricefio, Salvano. (2015b). What to Expect After Sendai: Looking Forward to More Effective
Disaster Risk Reduction. International Journal of Disaster Risk Science, 6(2), 202-204.

Bronkhorst, Babette. (2015). Behaving safely under pressure: The effects of job demands,
resources, and safety climate on employee physical and psychosocial safety behavior.
Journal of Safety Research, 55, 63-72.



183

Brown, R. B. K., Beydoun, G., Low, G., Tibben, W., Zamani, R., Garcia-Sanchez, F., et al.
(2016). Computationally efficient ontology selection in software requirement planning.
Information Systems Frontiers, 2016(18), 349-358.

Bunker, Deborah, Levine, Linda, & Woody, Carol. (2015). Repertoires of collaboration for
common operating pictures of disasters and extreme events. Information Systems Frontiers,
17(1), 51-65.

Caire, Giovanni, Coulier, Wim, Garijo, Francisco, Gomez, Jorge, Pavon, Juan, Leal, Francisco,
et al. (2002). Agent Oriented Analysis Using Message/UML. In Wooldridge, M.J., Weil3,
G., & Ciancarini, P. (Eds.), Agent-Oriented Software Engineering II (pp. 119-135). Second
International Workshop, AOSE 2001 Montreal, Canada: Springer Berlin Heidelberg.

Canton, Lucien G. (2013). "All-hazards" Doesn't Mean "Plan for Everything": All-hazards
planning requires a risk-based approach. Emergency Management.

Carlos, A. Iglesias, & Mercedes, Garijo. (2005). The Agent-Oriented Methodology MAS-
CommonKADS. In Brian, Henderson-Sellers & Paolo, Giorgini (Eds.), Agent-Oriented
Methodologies (pp. 46-78). Hershey, PA, USA: IGI Global.

Carver, Liz, & Turoff, Murray. (2007). Human-computer interaction: the human and computer as
a team in emergency management information systems. Communication of the ACM, 50(3),
33-38.

Cavallo, A., & Ireland, V. (2012). SoS in disasters: Why following the manual can be a mistake.
Paper presented at the 7th International Conference on System of Systems Engineering
(SoSE).

Cavallo, Antonella. (2014). Integrating disaster preparedness and resilience: a complex approach
using System of Systems. The Australian Journal of Emergency Management, 29(3), 46-51.

Cavallo, Antonella, & Ireland, Vernon. (2014). Preparing for complex interdependent risks: A
System of Systems approach to building disaster resilience. International Journal of Disaster
Risk Reduction, 9(0), 181-193.

Chandrasegaran, Senthil K., Ramani, Karthik, Sriram, Ram D., Horvath, Imré, Bernard, Alain,
Harik, Ramy F. et al. (2013). The evolution, challenges, and future of knowledge
representation in product design systems. Computer-Aided Design, 45(2), 204-228.

Chandrasekaran, B. (1986). Generic Tasks in Knowledge-Based Reasoning: High Level building
Blocks For Expert Systems Design. IEEE Expert, 1(3), 23-31.

Chatterjee, Samir. (2015). Writing My Next Design Science Research Master-piece: But How Do
I Make a Theoretical Contribution to DSR? Proceedings of Twenty-Third (23rd) European
Conference on Information Systems (ECIS2015), Miinster, Germany, 28.

Cheema, Abdur Rehman, Mehmood, Abid, & Imran, Muhammad. (2016). Learning from the past:
Analysis of disaster management structures, policies and institutions in Pakistan. Disaster
Prevention and Management: An International Journal, 25(4), 449-463.

Chen, Nengcheng, Du, Wenying, Song, Fan, & Chen, Zeqiang. (2015). FLCNDEMF: An Event
Metamodel for Flood Process Information Management under the Sensor Web Environment.
Remote Sensing, 7(6), 7231-7256.



184

Chen, Nengcheng, Wang, Ke, Xiao, Changjiang, & Gong, Jianya. (2014). A heterogeneous sensor
web node meta-model for the management of a flood monitoring system. Environmental
Modelling & Software, 54, 222-237.

Chen, Rui, Sharman, Raj, Rao, H. Raghav, & Upadhyaya, Shambhu J. (2008). Coordination in
emergency response management. Communication of the ACM, 51(5), 66-73.

Cooper, Brian F., Sample, Neal, Franklin, Michael J., Hjaltason, Gisli R., & Shadmon, Moshe.
(2001). A Fast Index for Semistructured Data. Paper presented at the 27th Very Large Data
Base (VLDB) Conference, Roma Italy.

Cooper, Tracy. (2013). Empirical Research on Inter-organizational Relations within a National
Disaster Management Network in the Caribbean. Public Organization Review, 1-16.

Coppola, Damon P. (2011). Introduction to International Disaster Management - Second Edition:
Elsevier Inc.

Crawford, K., Hasan, H. M., Warne, L., & Linger, H. (2009). From traditional knowledge
management in hierarchical organizations to a network centric paradigm for a changing
world. Emergence: Complexity and Organization, 11(1), 1-18.

Crawford, Lynn, Langston, Craig, & Bajracharya, Bhishna. (2013). Participatory project
management for improved disaster resilience. International Journal of Disaster Resilience in
the Built Environment, 4(3), 317-333.

CRED. (2015). The international disaster database. Retrieved from www.emdat.be

Crooks, Andrew T., & Wise, Sarah. (2013). GIS and agent-based models for humanitarian
assistance. Computers, Environment and Urban Systems, 41, 100-111.

Daniel, Florian, & Matera, Maristella. (2014). Model-Driven Software Development Mashups
(pp- 71-93): Springer Berlin Heidelberg.

Davis, R. , Shrobe, H. , & Szolovits, P. (1993). What Is a Knowledge Representation. Al
Magazine, 14(il), 17-33.

Dawson, Richard J., Peppe, Roger, & Wang, Miao. (2011). An agent-based model for risk-based
flood incident management. Natural Hazards, 59(1), 167-189.

Dingli, A., Ciravegna, F. , & Wilks, Y. (2003). Automatic Semantic Annotation using
Unsupervised Information Extraction and Integration. Paper presented at the K-CAP 2003
Workshop on Knowledge Markup and Semantic Annotation

Dominey-Howes, Dale, Michael, Carolyn, & Labbate, Maurizio. (2014). Why emergency
management should be interested in the emergence of antibiotic resistance. Australian
Journal of Emergency Management (AJEM), 29(3), 11-15.

Dorasamy, Magiswary, Raman, Murali, & Kaliannan, Maniam. (2013). Knowledge management
systems in support of disasters management: A two decade review. Technological
Forecasting and Social Change, 80(9), 1834-1853.

Dorasamy, Magiswary, Raman, Murali, & Kaliannan, Maniam. (2017). Integrated community
emergency management and awareness system: A knowledge management system for
disaster support. Technological Forecasting and Social Change, 121, 139-167.



185

Doyle, Emma E. H., McClure, John, Paton, Douglas, & Johnston, David M. (2014). Uncertainty
and decision making: Volcanic crisis scenarios. International Journal of Disaster Risk
Reduction, 10, Part A(0), 75-101.

Drupsteen, Linda, & Guldenmund, Frank W. (2014). What Is Learning? A Review of the Safety
Literature to Define Learning from Incidents, Accidents and Disasters. Journal of
Contingencies and Crisis Management, 22(2), 81-96.

Drupsteen, Linda, & Hasle, Peter. (2014). Why do organizations not learn from incidents?
Bottlenecks, causes and conditions for a failure to effectively learn. Accident Analysis &
Prevention, 72, 351-358.

Eide, A. W., Halvorsrud, R., Haugstveit, .M., Skjetne, J.H., & Stiso, M. (2012). Key challenges
in multi-agency collaboration during large-scale emergency management. Paper presented
at the International Joint Conference on Ambient Intelligence, Pisa, Italy.

Eriksson, H., Shahar, Y., Tu, S.W., Puerta, A.R., & Musen, M.A. (1995). Task modeling with
reusable problem-solving methods. Artificial Intelligence, 79(1995), 295-326.

Ernstsen, Jorgen, & Villanger, Daniela. (2014). Situation Awareness in Disaster Management: A
study of a Norwegian collaboration exercise. (Master of Philosophy in Work and
Organisational Psychology), University of Oslo.

Esteva, Marc, Cruz, David de la, & Sierra, Carles. (2002). ISLANDER: an electronic institutions
editor. Paper presented at the The first international joint conference on Autonomous agents
and multiagent systems (AAMAS2002): Part 3, Bologna, Italy.

European Commission. (2011). Cooperation in disaster management: the European Union and
the United States take a major step forward. Retrieved from http://europa.eu/rapid/press-
release IP-11-1365_en.htm?locale=en

Fakhruddin, S. H. M., & Chivakidakarn, Y. (2014). A case study for early warning and disaster
management in Thailand. International Journal of Disaster Risk Reduction, 9(0), 159-180.

Favre, Jean-Marie. (2004). Towards a basic theory to model driven engineering. 3rd Workshop
in Software Model Engineering, WiSME@UML.

Fiedrich, Frank, & Burghardt, Paul. (2007). Agent-based systems for disaster management.
Communication of the ACM, 50(3), 41-42.

Fikar, Christian, Gronalt, Manfred, & Hirsch, Patrick. (2016). A decision support system for
coordinated disaster relief distribution. Expert Systems with Applications, 57(2016), 104-
116.

Fill, Hans-Georg. (2014). On the Social Network Based Semantic Annotation of Conceptual
Models. In Buchmann, Robert, Kifor, Claudiu Vasile, & Yu, Jian (Eds.), Knowledge
Science, Engineering and Management: 7th International Conference, KSEM 2014, Sibiu,
Romania, October 16-18, 2014. Proceedings (pp. 138-149). Cham: Springer International
Publishing.

Fisher, Len. (2015). Disaster responses: More than 70 ways to show resilience. Nature, 518(7537),
35-35. doi:10.1038/518035a

Flach, John M. (2012). Complexity: learning to muddle through. Cognition Technology & Work
14(3), 187-197.



186

France, Robert, & Rumpe, Bernhard. (2007). Model-driven Development of Complex Software:
A Research Roadmap. Paper presented at the 31st International Conference on Software
Engineering (ICSE 2007) Future of Software Engineering, Los Alamitos.

Funabashi, Yoichi, & Kitazawa, Kay. (2012). Fukushima in review: A complex disaster, a
disastrous response. Bulletin of the Atomic Scientists, 68(2), 9-21.

Gagnon, Michel, Zouaq, Amal, & Jean-Louis, Ludovic. (2013). Can we use linked data semantic
annotators for the extraction of domain-relevant expressions? Paper presented at the The
22nd international conference on World Wide Web companion, Rio de Janeiro, Brazil.

Gallupe, B. (2001). Knowledge Management Systems: Surveying the Landscape. International
Journal of Management Reviews, 3(1), 61-77.

Gao, S., & Xu, D. (2008). Intelligent agent-assisted logistics exception management decision
support system: A design science approach. Paper presented at the 4th Biennial ANU
Workshop on Information Systems Foundations: Answering the Unanswered Questions
about Design Research, Canberra, Australia.

Garcia-Magarifo, Ivan, & Gutiérrez, Celia. (2013). Agent-oriented modeling and development of
a system for crisis management. Expert Systems with Applications, 40(16), 6580-6592.

Gasevic, Dragan, Djuric, Dragan, & Devedzic, Vladan. (2009). Model Driven Engineering Model
Driven Engineering and Ontology Development (pp. 125-155): Springer Berlin Heidelberg.

Ghaffar, Azizul Rahman Abdul , Beydoun, Ghassan, Shen, Jun, & Tibben, William. (2011).
Towards knowledge management in sports event management: Context analysis of
Malaysian biannual games with CommonKADS. Paper presented at the The 6th
International Conference on Software and Data Technologies (ICSOFT), Spain.

Ghaffar, Azizul Rahman Abdul, Beydoun, Ghassan, Shen, Jun, Tibben, Will, & Xu, Dongming.
(2012). A synthesis of a knowledge management framework for sports event management.
Paper presented at the Proceedings of the 7th International Conference on Software
Paradigm Trends (ICSOFT).

Ghobadi, Shahla. (2014). What drives knowledge sharing in software development teams: A
literature review and classification framework. Information & Management(0).

Giraldo, F. D., Espana, S., & Pastor, O. (2014, 28-30 May 2014). Analysing the concept of quality
in model-driven engineering literature: A systematic review. Paper presented at the Research
Challenges in Information Science (RCIS), 2014 IEEE Eighth International Conference on.

Gissing, Andrew, Keys, Chas, & Opper, Steve. (2010). Towards resilience against flood risks.
The Australian Journal of Emergency Management, 25(2), 39-45.

Gonzalez, Carlos A., & Cabot, Jordi. (2014). Formal verification of static software models in
MDE: A systematic review. Information and Software Technology, 56(8), 821-838.

Gonzalez, Rafael A., & Sol, Henk G. (2012). Validation and Design Science Research in
Information Systems Research Methodologies, Innovations and Philosophies in Software
Systems Engineering and Information Systems (pp. 403-426): IGI Global.

Green, D., & Raygorodetsky, G. (2010). Indigenous knowledge of a changing climate. Climatic
Change, 100(2), 239-242.



187

Gregor, Shirley. (2006). The Nature of theory in information systems. MIS Quarterly, 30(3), 611-
642.

Gregor, Shirley, & Hevner, Alan R. (2013). Positioning And Presenting Design Science Research
For Maximum Impact. MIS Quarterly, 37(2), 337-A355.

Grolinger, Katarina, Capretz, Miriam AM, Mezghani, Emna, & Exposito, Ernesto. (2013).
Knowledge as a Service Framework for Disaster Data Management. Paper presented at the
IEEE 22nd International Workshop on Enabling Technologies: Infrastructure for
Collaborative Enterprises (WETICE).

Grolinger, Katarina, Mezghani, Emna, Capretz, Miriam AM, & Exposito, Ernesto. (2015).
Collaborative knowledge as a service applied to the disaster management domain.
International Journal of Cloud Computing, 4(1), 5-27.

Gulati, Ranjay, Casto, Charles, & Krontiris, Charlotte. (2014). How the Other Fukushima Plant
Survived. Harvard Business Review. Retrieved from http://hbr.org/2014/07/how-the-
other-fukushima-plant-survived/ar/1

Guzman, Javier Garcia , Martin, Diego, Urbano, Julidn, & de Amescua, Antonio. (2013). Practical
experiences in modelling software engineering practices: The project patterns approach.
Software Quality Journal, 21(2), 325-354.

Hagen, J. C., Chhetri, M. B. P., & Steiner, N. (2013, 20-24 May 2013). Promoting cooperation
and coordination in international disaster management. Paper presented at the 2013
International Conference on Collaboration Technologies and Systems (CTS).

Hanberger, Anders. (2015). Intentions and knowledge constructing local safety policies: A
framework of analysis. Safety Science, 73, 117-125.

Handschuh, Siegfried, Staab, Steffen, & Ciravegna, Fabio. (2002). S-CREAM — Semi-automatic
CREAtion of Metadata. In Gomez-Pérez, Asuncion & Benjamins, V. Richard (Eds.),
Knowledge Engineering and Knowledge Management: Ontologies and the Semantic Web:
13th International Conference, EKAW 2002 Sigiienza, Spain, October 1-4, 2002
Proceedings (pp. 358-372). Berlin, Heidelberg: Springer Berlin Heidelberg.

Harel, D., & Rumpe, B. (2004). Meaningful modeling: what's the semantics of "semantics"? IEEE
Computer Society, 37(10), 64-72.

Hawe, Glenn I., Coates, Graham, Wilson, Duncan T., & Crouch, Roger S. (2012). Agent-based
simulation for large-scale emergency response: A survey of usage and implementation.
ACM Computing Surveys, 45(1), 1-51.

Hawe, Glenn I., Coates, Graham, Wilson, Duncan T., & Crouch, Roger S. (2015). Agent-based
simulation of emergency response to plan the allocation of resources for a hypothetical two-
site major incident. Engineering Applications of Artificial Intelligence, 46, Part B, 336-345.

Heard, Jefferson, Thakur, Sidharth, Losego, Jessica, & Galluppi, Ken. (2014). Big Board:
Teleconferencing Over Maps for Shared Situational Awareness. Computer Supported
Cooperative Work (CSCW), 23(1), 51-74.

Helbing, Dirk. (2013). Globally networked risks and how to respond. Nature, 497(7447), 51-59.

Held, Fabian P., Wilkinson, Ian F., Marks, Robert E., & Young, Louise. (2014). Agent-based
Modelling, a new kind of research. Australasian Marketing Journal (AMJ), 22(1), 4-14.



188

Henderson-Sellers, B. (2011). Bridging metamodels and ontologies in software engineering.
Journal of Systems and Software, 84(2), 301-313.

Hernantes, Josune, Labaka, Leire, Turoff, Murray, Hiltz, Starr Roxanne, & Bafiuls, Victor A.
(2017). Moving forward to disaster resilience: Perspectives on increasing resilience for
future disasters. Technological Forecasting and Social Change, 121, 1-6.

Hevner, Alan, & Chatterjee, Samir. (2010). Design Science Research in Information Systems:
Theory and Practice Integrated Series in Information Systems 22: Springer

Hevner, Alan R. (2007). A Three Cycle View of Design Science Research. Scandinavian Journal
of Information Systems, 19(2), 87-92.

Hevner, Alan R., March, Salvatore T., Park, Jinsoo, & Ram, Sudha. (2004). Design Science in
Information System Research. MIS Quarterly, 28(1), 75-105.

Hidayat, Erzi, Noprisson, Handrie, Sensuse, Dana Indra, Sucahyo, Yudho Giri, & Putra, Erwin
Dwika. (2016). Development of mobile application for documenting traditional knowledge
in Indonesia. Paper presented at the 2016 IEEE Student Conference on Research and
Development (SCOReD), .

Hiwasaki, L., Luna, E., & Syamsidik, Shaw. . (2014a). Local & indigenous knowledge for
community resilience: Hydro-meteorological disaster risk reduction and climate change
adaptation in coastal and small island communities. Retrieved from Jakarta:

Hiwasaki, Lisa, Luna, Emmanuel, Syamsidik, & Shaw, Rajib. (2014b). Process for integrating
local and indigenous knowledge with science for hydro-meteorological disaster risk
reduction and climate change adaptation in coastal and small island communities.
International Journal of Disaster Risk Reduction, 10, Part A(2014), 15-27.

Horita, Flavio E. A., de Albuquerque, Jodo Porto, Marchezini, Victor, & Mendiondo, Eduardo M.
(2017). Bridging the gap between decision-making and emerging big data sources: An
application of a model-based framework to disaster management in Brazil. Decision Support
Systems, 97, 12-22.

Hristidis, Vagelis, Chen, Shu-Ching, Li, Tao, Luis, Steven, & Deng, Yi. (2010). Survey of data
management and analysis in disaster situations. Journal of Systems and Software, 83(10),
1701-1714.

Huang, Chun-Che, & Kuo, Chia-Ming. (2003). The transformation and search of semi-structured
knowledge in organizations. Journal of Knowledge Management, 7(4), 106-123.

Iglesias, Carlos A., Garijo, Mercedes, lez, Jose' C. Gonza, & Velasco, Juan R. (1996). A
methodological proposal for multiagent systems development extending CommonKADS.
Paper presented at the 10th Banff Knowledge Acquisition for Knowledge-Based Systems
Workshop: Track Agent-Oriented Approaches To Knowledge Engineering, Banff Canada.

livari, Juhani. (2007). A Paradigmatic Analysis of Information Systems As a Design Science.
Scandinavian Journal of Information Systems, 19(2), 39-63.

livari, Juhani. (2015). Distinguishing and contrasting two strategies for design science research.
European Journal of Information Systems, 24(1), 107-115.



189

Inan, Dedi Iskandar, & Beydoun, Ghassan. (2017). Facilitating Disaster Knowledge Management
with Agent-Based Modelling. Paper presented at the Proceedings of the Twenty First Pacific
Asia Conference on Information Systems (PACIS2017), Langkawi Malaysia.

Inan, Dedi Iskandar, Beydoun, Ghassan, & Opper, Simon. (2015). Towards knowledge sharing
in disaster management: An agent oriented knowledge analysis framework. Paper presented
at the Proceedings of the 26th Australasian Conference on Information Systems (ACIS2015),
Adelaide, South Australia.

Inan, Dedi Iskandar, Beydoun, Ghassan, & Opper, Simon. (2016). Customising Agent Based
Analysis Towards Analysis of Disaster Management Knowledge. Paper presented at the
Proceedings of the 27th Australasian Conference on Information Systems (ACIS2016),
Wollongong NSW Australia

Inan, Dedi Iskandar, Beydoun, Ghassan, & Opper, Simon. (2017). Agent-based knowledge
analysis framework in Disaster Management Information Systems Frontiers, (Forthcoming),
1-20. doi:https://doi.org/10.1007/s10796-017-9792-9

Jackson, Keith. (2014). Natural Disaster and Nuclear Crisis in Japan: Response and recovery after
Japan's 3/11 and After the Great East Japan Earthquake: Political and Policy Change in post-
Fukushima Japan. Asia Pacific Business Review, 1-9.

Jakus, Grega, Milutinovi¢, Veljko, Omerovi¢, Sanida, & Tomazi¢, SaSo. (2013). Knowledge
Representation Concepts, Ontologies, and Knowledge Representation (pp. 47-62). New
York, NY: Springer New York.

Janssen, Marijn, Lee, JinKyu, Bharosa, Nitesh, & Cresswell, Anthony. (2010). Advances in multi-
agency disaster management: Key elements in disaster research. Information Systems
Frontiers, 12(1), 1-7.

Jennings, N. R. , & Wooldridge, M. J. (1996). Software Agents. IEE Review, 17-20.

Jennings, N.R., & Wooldridge, M.J. (2001). Agent-Oriented Software Engineering: Handbook of
Agent Technology: AAAI/MIT Press.

Jiménez, Alvaro, Vara, JuanM, Bollati, VeronicaA, & Marcos, Esperanza. (2013). Model-Driven
Development of Model Transformations Supporting Traces Generation. In Linger, Henry,
Fisher, Julie, Barnden, Andrew, Barry, Chris, Lang, Michael, & Schneider, Christoph (Eds.),
Building Sustainable Information Systems (pp. 233-245): Springer US.

John, Lawrence, Boardman, John, & Sauser, Brian. (2008). Leveraging paradox in systems
engineering: Discovering wisdom. Information-Knowledge-Systems Management, 7(4),
357-376.

Joo, Jaekoo, Kim, Namhun, Wysk, Richard A., Rothrock, Ling, Son, Young-Jun, Oh, Yeong-
gwang, et al. (2013). Agent-based simulation of affordance-based human behaviors in
emergency evacuation. Simulation Modelling Practice and Theory, 32, 99-115.

Kaptan, Kubilay. (2014). An Organizational Metamodel for Hospital Emergency Departments.
Disaster Medicine and Public Health Preparedness, 8(05), 436-444.

Katina, P.F., Despotou, G., Calida, B.Y., Kholodkov, T., & Keating, C.B. (2014a). Sustainability
of systems of systems. International Journal System of Systems Engineering, 5(2), 93-113.



190

Katina, Polinpapilinho F., Keating, Charles B., & Jaradat, R. M. (2014b). System requirements
engineering in complex situations. Requirements Engineering, 19(1), 45-62.

Keating, Charles B. (2009). Emergence in System of Systems System of Systems Engineering
(pp. 169-190): John Wiley & Sons, Inc.

Khawaja, Wasim Shahid, Xinhai, Lu, & Muhammad, Rehan. (2014). Issues and Challenges in
Inter-Organizations' Disaster Management in Underdeveloped Coastal Areas of Pakistan.
International Journal of Academic Research in Business and Social Sciences, 4(5), 140-155.

Kimura, R., Hayashi, H., Suzuki, S., Kobayashi, K., Urabe, K., Inoue, S., et al. (2014).
Systematization and sharing of disaster management literacy by DMLH. Journal of Disaster
Research, 9(2), 176-187.

Kirillov, I. A., Metcherin, S. A., & Klimenko, S. V. (2012). Metamodel of Shared Situation
Awareness for Resilience Management of Built Environment. Paper presented at the
International Conference on Cyberworlds (CW).

Kniveton, Dominic, Visman, Emma, Tall, Arame, Diop, Mariane, Ewbank, Richard, Njoroge,
Ezekiel, et al. (2015). Dealing with uncertainty: integrating local and scientific knowledge
of the climate and weather. Disasters, 39(s1), s35-s53.

Kogut, P. , & Holmes, W. (2001). AeroDAML: Applying Information Extraction to Generate
DAML Annotations from Web Pages. Paper presented at the First International Conference
on Knowledge Capture.

Kolovos, Dimitrios S., Rose, Louis M., Abid, Saad Bin, Paige, Richard F., Polack, Fiona A. C.,
& Botterweck, Goetz. (2010). EuGENia: Taming EMF and GMF using Model
Transformation. In Petriu, Dorina C., Rouquette, Nicolas, & Haugen, Qystein (Eds.), Model
Driven Engineering Languages and Systems: 13th International Conference, MODELS
2010, Oslo, Norway, October 3-8, 2010, Proceedings, Part 1 (pp. 211-225). Berlin,
Heidelberg: Springer Berlin Heidelberg.

Kiihne, Thomas. (2005). What is a Model? Paper presented at the Dagstuhl Seminar Proceedings.

Kiihne, Thomas. (2006). Matters of (Meta-) Modeling. Software & Systems Modeling, 5(4), 369-
385.

Kulkarni, Vinay. (2013). Model Driven Software Development. In Van Gorp, Pieter, Ritter, Tom,
& Rose, LouisM (Eds.), Modelling Foundations and Applications (Vol. 7949, pp. 220-235):
Springer Berlin Heidelberg.

Kundzewicz, Zbigniew W., Kanae, Shinjiro, Seneviratne, Sonia 1., Handmer, John, Nicholls,
Neville, Peduzzi, Pascal, ef al. (2013). Flood risk and climate change: global and regional
perspectives. Hydrological Sciences Journal, 59(1), 1-28.

Kusel, A., Schonbdck, J., Wimmer, M., Kappel, G., Retschitzegger, W., & Schwinger, W. (2013).
Reuse in model-to-model transformation languages: are we there yet? Software & Systems
Modeling, 1-36.

Lauras, M., Benaben, F., Truptil, S., Lamothe, J., Mace-Ramete, G., & Montarnal, A. (2014). A
meta-ontology for knowledge acquisition and exploitation of collaborative social systems.
Paper presented at the International Conference on Behavior, Economic and Social
Computing (BESC).



191

Lauras, Matthieu, Truptil, Sébastien, & Bénaben, Frédérick. (2015). Towards a better
management of complex emergencies through crisis management meta-modelling.
Disasters, 39(4), 687-714.

Leombruni, Roberto, & Richiardi, Matteo. (2005). Why are economists sceptical about agent-
based simulations? Physica A: Statistical Mechanics and its Applications, 355(1), 103-109.

Leskens, J. G., Brugnach, M., Hoekstra, A. Y., & Schuurmans, W. (2014). Why are decisions in
flood disaster management so poorly supported by information from flood models?
Environmental Modelling & Software, 53(0), 53-61.

Levendovszky, Tihamer, Balasubramanian, Daniel, Narayanan, Anantha, Shi, Feng, van Buskirk,
Chris, & Karsai, Gabor. (2014). A semi-formal description of migrating domain-specific
models with evolving domains. Software & Systems Modeling, 13(2), 807-823.

Ley, Benedikt, Ludwig, Thomas, Pipek, Volkmar, Randall, Dave, Reuter, Christian, &
Wiedenhoefer, Torben. (2014). Information and Expertise Sharing in Inter-Organizational
Crisis Management. Computer Supported Cooperative Work (CSCW), 23(4-6), 347-387.

Ley, Benedikt, Pipek, Volkmar, Reuter, Christian, & Wiedenhoefer, Torben. (2012). Supporting
improvisation work in inter-organizational crisis management. Paper presented at the
Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, Austin,
Texas, USA.

Li, Jinhai, Mei, Changlin, & Lv, Yuejin. (2013). Incomplete decision contexts: Approximate
concept construction, rule acquisition and knowledge reduction. International Journal of
Approximate Reasoning, 54(1), 149-165.

Liang, Xiao, Fox, J., & Hong, Zhu. (2013, 29-30 Aug. 2013). An Agent-Oriented Approach to
Support Multidisciplinary Care Decisions. Paper presented at the 3rd Eastern European
Regional Conference on the Engineering of Computer Based Systems (ECBS-EERC).

Liao, Yongxin, Lezoche, Mario, Panetto, Hervé, & Boudjlida, Nacer. (2011). Semantic
Annotation Model Definition for Systems Interoperability. In Meersman, Robert, Dillon,
Tharam, & Herrero, Pilar (Eds.), On the Move to Meaningful Internet Systems: OTM 2011
Workshops (Vol. 7046, pp. 61-70): Springer Berlin Heidelberg.

Little, E. G., & Rogova, G. L. (2005, 25-28 July 2005). Ontology meta-model for building a
situational picture of catastrophic events. Paper presented at the 8th International Conference
on Information Fusion 2005.

Liu, Shuangyan, Brewster, Christopher, & Shaw, Duncan. (2013). Ontologies for Crisis
Management: A Review of State of the Art in Ontology Design and Usability Paper
presented at the 10th Information Systems for Crisis Response and Management conference
(ISCRAM).

Lopez-Lorca, Antonio A., Beydoun, Ghassan, Valencia-Garcia, Rafael, & Martinez-Bejar,
Rodrigo. (2016). Supporting agent oriented requirement analysis with ontologies.
International Journal of Human-Computer Studies, 87(2016), 20-37.

Lopez-Lorca, Antonio Alejandro, Beydoun, G., Martinez-Bejar, R., & Tootell, H. . (2011).
Supporting developers in complex systems modelling. Paper presented at the Proceedings of
the Australasian Conference on Information Systems (ACIS).



192

Lopez-Lorca, Antonio, Beydoun, Ghassan, Valencia-Garcia, Rafael, & Martinez-Béjar, Rodrigo.
(2015). Automating the reuse of domain knowledge to improve the modelling outcome from
interactions between developers and clients. Computing, 1-32.

Mach, M., Sabol , T., Parali¢, J., & Kende, R. (2000). Knowledge Modelling in Support of
Knowledge Management. Paper presented at the Proceedings of the Conference Research
Information Systems, Espoo-Helsinki, Finland.

Madnick, S., & Zhu, H. (2006). Improving data quality through effective use of data semantics.
Data & Knowledge Engineering Review, 59(2), 460 - 475.

Maedche, Alexander, & Staab, Steffen. (2001). Ontology Learning for the Semantic Web. IEEE
INTELLIGENT SYSTEMS, 16(2), 72-79.

March, Salvatore T., & Smith, Gerald F. (1995). Design and natural science research on
information technology. Decision Support Systems, 15(4), 251-266.

Markman, Arthur B. (2013). Knowledge representation: Psychology Press.

Mas, Erick, Koshimura, Shunichi, Imamura, Fumihiko, Suppasri, Anawat, Muhari, Abdul, &
Adriano, Bruno. (2015). Recent Advances in Agent-Based Tsunami Evacuation Simulations:
Case Studies in Indonesia, Thailand, Japan and Peru. Pure and Applied Geophysics, 172(12),
3409-3424.

Massoud, M. M. Y. (2015, 21-23 Oct. 2015). Healthcare Collaborative Network Based on
Common KADS Methodology. Paper presented at the 2015 International Conference on
Healthcare Informatics.

McAdoo, Brian G., Dengler, Lori, Prasetya, Gegar, & Titovd, Vasily. (2006). Smong: How an
Oral History Saved Thousands on Indonesia’s Simeulue Island during the December 2004
and March 2005 Tsunamis. EARTHQUAKE SPECTRA, 22(S3), 661-669.

McBurney, Peter. (2012). What Are Models for? In Cossentino, Massimo, Kaisers, Michael,
Tuyls, Karl, & Weiss, Gerhard (Eds.), Multi-Agent Systems (Vol. 7541, pp. 175-188):
Springer Berlin Heidelberg.

McMaster, Richard, & Baber, Chris. (2012). Multi-agency operations: Cooperation during
flooding. Applied Ergonomics, 43(2012), 38-47.

Mejri, O., & Pesaro, G. (2015). Knowledge based strategies for Disaster Risk Reduction: A
knowledge management framework to increase understanding and awareness of value of
prevention and preparedness. Paper presented at the Safety and Reliability of Complex
Engineered Systems - Proceedings of the 25th European Safety and Reliability Conference,
ESREL 2015.

Mens, Tom, & Van Gorp, Pieter. (2006). A Taxonomy of Model Transformation. Electronic
Notes in Theoretical Computer Science, 152(0), 125-142.

Mescherin, S. A., Kirillov, 1., & Klimenko, S. (2013a). Ontology of Emergency Shared Situation
Awareness and Crisis Interoperability. Paper presented at the Cyberworlds (CW), 2013
International Conference on.

Mescherin, S. A., Kirillov, 1., & Klimenko, S. (2013b, 21-23 Oct. 2013). Ontology of Emergency
Shared Situation Awareness and Crisis Interoperability. Paper presented at the International
Conference on Cyberworlds (CW), 2013.



193

Miah, Shah J., Kerr, Don , & von Hellens, Liisa. (2014). A collective artefact design of decision
support systems: design science research perspective. Information Technology & People,
27(3), 259.

Miah, Shah Jahan, Hasan, Najmul, Hasan, Rashadul, & Gammack, John. (2017). Healthcare
support for underserved communities using a mobile social media platform. Information
Systems, 66(2017), 1-12.

Miah, Shah Jahan, Vu, Huy Quan, Gammack, John, & McGrath, Michael. (2016). A Big Data
Analytics Method for Tourist Behaviour Analysis. Information & Management.

Miller, Tim, Lu, Bin, Sterling, Leon, Beydoun, Ghassan, & Taveter, Kuldar. (2014).
Requirements Elicitation and Specification Using the Agent Paradigm: The Case Study of
an Aircraft Turnaround Simulator. IEEE Transactions on Software Engineering., 40(10),
1007-1014.

Miller, Tim, Pedell, Sonja, Sterling, Leon, & Lu, Bin. (2011). Engaging Stakeholders with Agent-
Oriented Requirements Modelling. In Weyns, Danny & Gleizes, Marie-Pierre (Eds.), Agent-
Oriented Software Engineering XI (Vol. 6788, pp. 62-78): Springer Berlin Heidelberg.

Minowa, Tomoko. (2015). Local knowledge saves lives in Vanuatu. Retrieved from
http://www.unisdr.org/archive/45870

Montrieux, L., Yijun, Yu, Wermelinger, M., & Zhenjiang, Hu. (2013, 18-19 May 2013). Issues
in representing domain-specific concerns in model-driven engineering. Paper presented at
the 5th International Workshop on Modeling in Software Engineering (MiSE) 2013

Mougin, Jonathan, Boujut, Jean-Francois, Pourroy, Franck, & Poussier, Grégory. (2015).
Modelling knowledge transfer: A knowledge dynamics perspective. Concurrent
Engineering, 23(4), 308-319.

Mustapha, Karam, McHeick, Hamid, & Mellouli, Sehl. (2013). Modeling and Simulation Agent-
based of Natural Disaster Complex Systems. Procedia Computer Science, 21(0), 148-155.

Nageba, Ebrahim, Barhamgi, Mahmoud, & Fayn, Jocelyne. (2014). Knowledge-Based Agent for
Efficient Allocation of Distributed Resources. In Zavoral, Filip, Jung, Jason J., & B adic"a,
Costin (Eds.), Intelligent Distributed Computing VII (Vol. 511). Switzerland: Springer
International Publishing.

Netten, Niels, & Someren, Maarten van. (2011). Improving Communication in Crisis
Management by Evaluating the Relevance of Messages. Journal of Contingencies and Crisis
Management, 19(2), 75-85.

Nfor, Monde Kingsley. (2015). Local knowledge protects Cameroon harvest. Retrieved from
http://www.unisdr.org/archive/45876

Nguyen, TuongHuan, Vo, BaoQuoc, Lumpe, Markus, & Grundy, John. (2014). KBRE: a
framework for knowledge-based requirements engineering. Software Quality Journal, 22(1),
87-119.

Nonaka, Ikujiro. (1994). A Dynamic Theory of Organizational Knowledge Creation.
Organization Science, 5(1), 14-37.

Noran, Ovidiu, & Bernus, Peter. (2011). Effective Disaster Management: An Interoperability
Perspective. In Meersman, Robert, Dillon, Tharam, & Herrero, Pilar (Eds.), On the Move to



194

Meaningful Internet Systems: OTM 2011 Workshops (Vol. 7046, pp. 112-121): Springer
Berlin Heidelberg.

NSW Government. (2013). NSW STATE STORM PLAN. NSW Government Australia.
Oliveira, Mirian, Magada, Antonio Carlos Gastaud, & Curado, Carla. (2014). Adopting
Knowledge Management Mechanisms: Evidence from Portuguese Organizations.

Knowledge and Process Management, 21(4), 231-245.

Oliver, D.W., Kelliher, T.P., & Keegan, J.G. (1997). Engineering complex systems with models
and objects: McGraw-Hill, New York.

OMG. (2013). OMG Meta Object Facility (MOF) Core Specification Version 2.4.1: Object
Management Group (OMG).

OMG. (2016). OMG's MetaObject Facility. Retrieved from http://www.omg.org/mof/

Omoronyia, Inah, Sindre, Guttorm, Stalhane, Tor, Biffl, Stefan, Moser, Thomas, & Sunindyo,
Wikan. (2010). A Domain Ontology Building Process for Guiding Requirements Elicitation.
In Wieringa, Roel & Persson, Anne (Eds.), Requirements Engineering: Foundation for
Software Quality (Vol. 6182, pp. 188-202): Springer Berlin Heidelberg.

Opper, Stephen, Cinque, Peter, & Davies, Belinda. (2010). Timeline modelling of flood
evacuation operations. Paper presented at the 1st International Conference on Evacuation
Modelling and Management.

Oren, Eyal, Moéller, Knud, Scerri, Simon, Handschuh, Siegfried, & Sintek, Michael. (2006). What
are semantic annotations. Retrieved from Verfiigbar:

Othman, S. H., & Beydoun, G. (2010a). A disaster management metamodel (DMM) validated. In
Richards, Byeong-Ho Kang Debbie (Ed.), Knowledge Management and Acquisition for
Smart Systems and Services, Lecture Notes in Computer Science (Vol. 6232 LNAI, pp. 111-
125). Daegu, Korea: Springer-Verlag Berlin Heidelberg.

Othman, S. H., & Beydoun, G. (2010b). Metamodelling approach to support disaster management
knowledge sharing. Paper presented at the 21st Australasian Conference on Information
Systems (ACIS'2010), Brisbane, Australia.

Othman, S. H., & Beydoun, G. (2013). Model-driven disaster management. Information and
Management, 50(5), 218-228.

Othman, S. H., Beydoun, G., & Sugumaran, V. (2014). Development and validation of a Disaster
Management Metamodel (DMM). Information Processing and Management, 50(2), 235-
271.

Othman, S. H., & Beydoun, Ghassan (2012). Evaluating disaster management knowledge model
by using a frequency-based selection technique. Paper presented at the Proceedings of the
12th Pacific Rim conference on Knowledge Management and Acquisition for Intelligent
Systems, Kuching, Malaysia.

Othman, Siti Hajar, & Beydoun, Ghassan. (2016). A metamodel-based knowledge sharing system
for disaster management. Expert Systems with Applications, 63, 49-65.



195

Otim, Samuel. (2006). A case-based knowledge management system for disaster management:
fundamental concepts. Paper presented at the 3rd International Information Systems for
Crisis Response and Management (ISCRAM) 2006 Newark NJ - USA.

Overbeek, Ing. J.F. (2006). Meta Object Facility (MOF) investigation of the state of the art
(Master Degree), University of Twente

Padgham, Lin, Horne, Ralph, Singh, Dhirendra, & Moore, Trivess. (2014). Planning for
sandbagging as a response to flooding: A tool and case study. The Australian Journal of
Emergency Management (AJEM), 29(4), 26-31.

Padgham, Lin, & Winikoff, Michael. (2004). Developing Intelligent Agent Systems: A practical
guide: John Wiley & Sons Ltd.

Parker, Bruce. (2012). Why Did the 2011 Japan Tsunami Kill So Many People? Retrieved from
http://www.huffingtonpost.com/bruce-parker/japan-
tsunami_b 1335737.html?ir=Australia

Pathirage, Chaminda, Seneviratne, Krisanthi, Amaratunga, Dilanthi, & Haigh, Richard. (2012).
Managing disaster knowledge: identification of knowledge factors and challenges.
International Journal of Disaster Resilience in the Built Environment, 3(3), 237-252.

Paul, S. K., & Routray, J. K. . (2010). Flood proneness and coping strategies: the experiences of
two villages in Bangladesh. Disasters, 34(2), 489-508.

Pedraza-Martinez, Alfonso J. (2013). On the Use of Information in Humanitarian Operations. In
Vitoriano, B., Montero, J., & Ruan, D. (Eds.), Decision Aid Models for Disaster
Management and Emergencies (Vol. 7, pp. 1-15). Madrid, Spain: Atlantis Press.

Peffers, Ken, Rothenberger, Marcus, Tuunanen, Tuure, & Vaezi, Reza. (2012). Design Science
Research Evaluation In K. Peffers, M. Rothenberger, & Kuechler, B. (Eds.), Design Science
Research in Information Systems: Advances in Theory and Practice: Springer-Verlag Berlin
Heidelberg.

Polack, Fiona AC, Hoverd, Tim, Sampson, Adam T, Stepney, Susan, & Timmis, Jon. (2008).
Complex systems models: Engineering simulations. Paper presented at the Artificial Life XI:
Proceedings of the Eleventh International Conference on the Simulation and Synthesis of
Living Systems.

Popov, Borislav, Kiryakov, Atanas, Kirilov, Angel, Manov, Dimitar, Ognyanoff, Damyan, &
Goranov, Miroslav. (2003). KIM — Semantic Annotation Platform. In Fensel, Dieter, Sycara,
Katia, & Mylopoulos, John (Eds.), The Semantic Web - ISWC 2003 (Vol. 2870, pp. 834-
849): Springer Berlin Heidelberg.

Poslad, S., Middleton, S. E., Chaves, F., Tao, R., Necmioglu, O., U, B., et al. (2015). A Semantic
IoT Early Warning System for Natural Environment Crisis Management. IEEE Transactions
on Emerging Topics in Computing, 3(2), 246-257. doi:10.1109/TETC.2015.2432742

Prat, Nicolas, Comyn-Wattiau, Isabelle, & Akoka, Jacky. (2014). Artifact Evaluation in
Information Systems Design Science Research - A Holistic View. Paper presented at the In
18th Pacific Asia Conference on Information Systems (PACIS2014), Chengdu, China.

Pressman, Roger S. (2001). Software Engineering: A PRACTITIONER’S APPROACH (FIFTH
EDITION ed.): McGraw-Hill.



196

Pries-Heje, J., Baskerville, R. , & Venable, J.R (2008). Strategies for Design Science Research
Evaluation. Paper presented at the Proceedigns of the 16th European Conference on
Information Systems (ECIS 2008), Galway, Ireland.

Quillinan, Thomas B., Brazier, Frances, Aldewereld, Huib, Dignum, Frank, Dignum, Virginia,
Penserini, Loris, et al. (2009). Developing Agent-based Organizational Models for Crisis
Management. Paper presented at the Proceeding of the 8th International Conference on
Autonomous Agents and Multiagent Systems (AAMAS 2009), Budapest, Hungary.

Ramete, G. M., Lamothe, J., Lauras, M., & Benaben, F. (2012). A road crisis management
metamodel for an information decision support system. Paper presented at the 6th IEEE
International Conference on Digital Ecosystems Technologies (DEST) 2012.

Reeve, Lawrence, & Han, Hyoil. (2005). Survey of semantic annotation platforms. Paper
presented at the Proceedings of the 2005 ACM symposium on Applied computing, Santa Fe,
New Mexico.

Regional Development Victoria. (2016). Regional Development Victoria.  Retrieved from
http://www.rdv.vic.gov.au/victorian-regions

Rich, E., Sarriegi, J. M., Lauge, A., Hernantes, J., Labaka, L., & Gonzalez, J. J. (2013). Improving
the Crisis to Crisis Learning Process. Paper presented at the 46th Hawaii International
Conference on System Sciences (HICSS).

Rivera, Claudia, Tehler, Henrik, & Wamsler, Christine. (2015). Fragmentation in disaster risk
management systems: A barrier for integrated planning. International Journal of Disaster
Risk Reduction.

Robinson, Scott E., & Gaddis, Benjamin S. (2012). Seeing Past Parallel Play: Survey Measures
of Collaboration in Disaster Situations. Policy Studies Journal, 40(2), 256-273.

Rogers, Peter. (2011). Development of Resilient Australia: enhancing the PPRR approach with
anticipation, assessment and registration of risks. The Australian Journal of Emergency
Management, 26(1), 54-58.

Rolland, Erik, Patterson, RaymondA, Ward, Keith, & Dodin, Bajis. (2010). Decision support for
disaster management. Operations Management Research, 3(1-2), 68-79.

Rosenzweig, Cynthia, & Solecki, William. (2014). Hurricane Sandy and adaptation pathways in
New York: Lessons from a first-responder city. Global Environmental Change, 28(0), 395-
408.

Rumbach, Andrew, & Foley, Dolores. (2014). Indigenous Institutions and Their Role in Disaster
Risk Reduction and Resilience: Evidence from the 2009 Tsunami in American Samoa.
Ecology and Society, 19(1).

Salmon, Paul, Stanton, Neville, Jenkins, Dan, & Walker, Guy. (2011). Coordination during multi-
agency emergency response: issues and solutions. Disaster Prevention and Management: An
International Journal, 20(2), 140-158.

Sanchez-Cuadrado, Jestus, de Lara, Juan, & Guerra, Esther. (2012). Bottom-Up Meta-Modelling:
An Interactive Approach. In France, RobertB, Kazmeier, Jiirgen, Breu, Ruth, & Atkinson,
Colin (Eds.), Model Driven Engineering Languages and Systems (Vol. 7590, pp. 3-19):
Springer Berlin Heidelberg.



197

Satake, Kenji. (2014). Advances in earthquake and tsunami sciences and disaster risk reduction
since the 2004 Indian ocean tsunami. Geoscience Letters, 1(1), 1-13.

Sautter, Johannes, Hofer, Janina, Wirth, Sven, Engelbach, Wolf, Max, Matthias, Tenso, Tanel, et
al. (2014). Local-specific resource planning for mass casualty incidents. Paper presented at
the Proceedings of the 11 th International ISCRAM Conference, Pennsylvania, USA.

Scerri, David, Hickmott, Sarah, Padgham, Lin, & Bosomworth, Karyn. (2012a). Using modular
simulation and agent based modelling to explore emergency management scenarios. The
Australian Journal of Emergency Management, 27(3), 44-48.

Scerri, Paul, Kannan, Balajee, Velagapudi, Pras, Macarthur, Kate, Stone, Peter, Taylor, Matt, et
al. (2012b). Flood Disaster Mitigation: A Real-World Challenge Problem for Multi-agent
Unmanned Surface Vehicles. In Dechesne, Francien, Hattori, Hiromitsu, ter Mors, Adriaan,
Such, JoseMiguel, Weyns, Danny, & Dignum, Frank (Eds.), Advanced Agent Technology
(Vol. 7068, pp. 252-269): Springer Berlin Heidelberg.

Schoenharl, Timothy, & Madey, Greg. (2011). Design and Implementation of An Agent-Based
Simulation for Emergency Response and Crisis Management. Journal of Algorithms &
Computational Technology, 5(4), 601-622.

Schreiber, A.Th., Wielinga, B.J., Hoog, R. de, Akkermans, H., & Velde, W. van de. (1994).
CommonKADS: A comprehensive methodology for KBS development. IEEE Expert, 9(6),
28-37.

Schreiber, G., Akkermans, H., Anjewierden, A., de Hoog, R., Shadbolt, N. R., Van de Velde, W.,
et al. (2000). Knowledge Engineering and Management: The CommonKADS Methodology:
MIT Press Cambridge Massachusetts USA.

Seidewitz, Ed. (2003). What Models Mean. IEEE Software, 20(5), 26-32.

Sein, Maung K., Henfridsson, Ola, Purao, Sandeep, Rossi, Matti, & Lindgren, Rikard. (2011).
Action design research. MIS Quarterly, 35(1), 37-56.

Selic, Bran. (2003). The Pragmatics of Model-Driven Development. IEEE Software, 20(5), 19-
25.

Selway, M., Grossmann, G., Mayer, W., & Stumptner, M. (2015). Formalising Natural Language
Specifications Using a Cognitive Linguistics/Configuration Based Approach. Information
Systems, 54, 191-208.

Sendall, S., & Kozaczynski, W. (2003). Model transformation: the heart and soul of model-driven
software development. IEEE Software, 20(5), 42-45.

Seo, Junwon, Duefias-Osorio, Leonardo, Craig, James 1., & Goodno, Barry J. (2012). Metamodel-
based regional vulnerability estimate of irregular steel moment-frame structures subjected to
earthquake events. Engineering Structures, 45(0), 585-597.

SES NSW Australia. (2006). WAGGA WAGGA LOCAL FLOOD PLAN State Emergency
Service NSW Australia

SES NSW Australia. (2010). LOCAL FLOOD EMERGENCY SUB Template. State Emergency
Service (SES) NSW.



198

SES NSW Australia. (2016). FloodSafe - State Emergency Service NSW. Retrieved from
http://www.floodsafe.com.au/

SES Victoria Australia. (2011). Municipality Flood Emergency Plan Template. Retrieved from
https://www.ses.vic.gov.au/get-ready/your-local-flood-information - Municipal Flood
Emergency Plans list.

SES Victoria Australia. (2014). Moira Shire Flood Emergency Plan. North East Region and the
Cobram, Nurnurkah and Yarrawonga Units: SES Victoria Australia.

Shah, Seyyed, Shaw, Duncan, & Brewster, Christopher. (2013). Sierra: Cooperative Request-
Response for Resource Management in Disasters using Semantic Web Principles. Paper
presented at the Extended Semantic Web Conference (ESWC), Montpellier, France.

Shakshuki, Elhadi, Mustapha, Karam, McHeick, Hamid, & Mellouli, Sehl. (2013). The 4th
International Conference on Emerging Ubiquitous Systems and Pervasive Networks
(EUSPN-2013) and the 3rd International Conference on Current and Future Trends of
Information and Communication Technologies in Healthcare (ICTH)Modeling and

Simulation Agent-based of Natural Disaster Complex Systems. Procedia Computer Science,
21, 148-155.

Sharma, Ravi K., Gurjar, Bhola R., Singhal, Akshay V., Wate, Satish R., Ghuge, Santosh P., &
Agrawal, Rajat. (2015). Automation of emergency response for petroleum oil storage
terminals. Safety Science, 72(0), 262-273.

Shrestha, Anup, Cater-Steel, Aileen, & Toleman, Mark. (2014). How to Communicate Evaluation
Work in Design Science Research? An Exemplar Case Study. Paper presented at the 25th
Australasian Conference on Information Systems (ACIS), Auckland, New Zealand.

Shvartsman, 1., Taveter, K., Parmak, M., & Meriste, M. (2010). Agent-oriented modelling for
simulation of complex environments. Paper presented at the Proceedings of the 2010
International Multiconference on Computer Science and Information Technology (IMCSIT).

Shvartsman, Inna, & Taveter, Kuldar. (2014). From Agent-Oriented Models to Profile Driven
Military Training Scenarios. In Zavoral, Filip, Jung, Jason J., & Badica, Costin (Eds.),
Intelligent Distributed Computing VII (Vol. 511, pp. 317-322): Springer International
Publishing.

Silva, VivianeTorres, Choren, Ricardo, & Lucena, Carlos] P. (2004). Using the MAS-ML to
Model a Multi-agent System. In Lucena, Carlos, Garcia, Alessandro, Romanovsky,
Alexander, Castro, Jaelson, & Alencar, PauloS C. (Eds.), Software Engineering for Multi-
Agent Systems I (Vol. 2940, pp. 129-148): Springer Berlin Heidelberg.

Siorpaes, Katharina, & Simperl, Elena. (2010). Human Intelligence in the Process of Semantic
Content Creation. World Wide Web, 13(1), 33-59.

Sjegren, Kristian. (2016). What can we learn from natural disasters? Retrieved from
http://sciencenordic.com/what-can-we-learn-natural-disasters

Smits, P., Annoni, A., & Craglia, M. (2009). One Information Space, Billions of Sensors,
Technologies for Information Management. Paper presented at the ICT FP7 Call 5 Intelligent
Information MANAGEMENT, Prague.

Sriram, R. D. (1997). Intelligent systems for engineering: a knowledge-based approach: Springer
Verlag.



199

Steelman, ToddiA, & McCaffrey, Sarah. (2013). Best practices in risk and crisis communication:
Implications for natural hazards management. Natural Hazards, 65(1), 683-705.

Sterling, Leon, & Taveter, Kuldar. (2009). The Art of Agent-Oriented Modeling: The MIT Press.

Studer, Rudi, Benjamins, V. Richard, & Fensel, Dieter. (1998). Knowledge Engineering:
Principles and methods. Data & Knowledge Engineering, 25(1-2), 161-197.

Syafwina. (2014). Recognizing Indigenous Knowledge for Disaster Management: Smong, Early
Warning System from Simeulue Island, Aceh. Procedia Environmental Sciences, 20(0), 573-
582.

Syriani, Eugene, Gray, Jeff, & Vangheluwe, Hans. (2013). Modeling a Model Transformation
Language. In Reinhartz-Berger, Iris, Sturm, Arnon, Clark, Tony, Cohen, Sholom, & Bettin,
Jorn (Eds.), Domain Engineering (pp. 211-237): Springer Berlin Heidelberg.

Tatham, Peter, Spens, Karen, & Kovacs, Gyongyi. (2017). The humanitarian common logistic
operating picture: a solution to the inter-agency coordination challenge. Disasters, 41(1), 77-
100.

The Merriam Webster. (2017). The Merriam Webster Dictionary. Retrieved from
http://www.merriam-webster.com/

Thomas, Claire. (2016). Preparing for the Future by Learning from the Past. Retrieved from
http://www.fema.gov/blog/2015-06-14/preparing-future-learning-past

Ton, Khanh That, Gaillard, J. C., Cadag, Jake Rom, & Naing, Aivin. (2016). It takes two to tango:
integrating meteorological knowledge and actions for disaster risk reduction. Climate and
Development, 1-14.

Tsai, Yao-Hsu, Ko, Chieh-Heng, & Lin, Kuo-Chung. (2014). Using CommonKADS Method to
Build Prototype System in Medical Insurance Fraud Detection JOURNAL OF
NETWORKS, VOL. 9, NO. 7, JULY 2014, 9(7), 1798-1802.

Tveiten, Camilla Knudsen, Albrechtsen, Eirik, Warg, Irene, & Wahl, Aud Marit. (2012).
Building resilience into emergency management. Safety Science, 50(10), 1960-1966.

UNDESA. (2014). World Urbanization Prospects: The 2014 Revision Highlights. Retrieved from
New York:

UNIDSR. (2008). Indigenous knowledge for disaster risk reduction: good practices and lessons
learnt from Asia-Pacific region. Retrieved from UN ISDR Asia and Pacifi:

UNIDSR. (2015). Sendai Framework for Disaster Risk Reduction 2015-20130. Retrieved from

UNISDR. (2005). Hyogo Framework for Action 2005-2015: Building the Resilience of Nations
and Communities to Disasters. Kobe, Hyogo, Japan: UNISDR.

UNISDR. (2009). UNISDR Terminology on Disaster Risk Reduction. Retrieved from Geneva,
Switzerland:

UNISDR. (2012) How To Make Cities More Resilient - A Handbook For Local Government
Leaders. United Nations Office for Disaster Risk Reduction (UNISDR).



200

UNISDR. (2014a). Risk sensitive development as the cornerstone of resilience and sustainability.
Retrieved from Bangkok:

UNISDR. (2014b). UN lauds Philippines handling of Typhoon Hagupit (Ruby). United Nations
Office for Disaster Risk Reduction. Retrieved from http://www.unisdr.org/archive/40331

van Amstel, Marcel, van den Brand, Mark, Proti¢, Zvezdan, & Verhoeff, Tom. (2012). Model-
Driven Software Engineering. In Hamberg, Roelof & Verriet, Jacques (Eds.), Automation in
Warehouse Development (pp. 45-58): Springer London.

Vargas-Vera, Maria, Motta, Enrico, Domingue, John, Lanzoni, Mattia, Stutt, Arthur, &
Ciravegna, Fabio. (2002). MnM: Ontology Driven Semi-automatic and Automatic Support
for Semantic Markup. In Gomez-Pérez, Asuncion & Benjamins, V. Richard (Eds.),
Knowledge Engineering and Knowledge Management: Ontologies and the Semantic Web:
13th International Conference, EKAW 2002 Sigiienza, Spain, October 1-4, 2002
Proceedings (pp. 379-391). Berlin, Heidelberg: Springer Berlin Heidelberg.

Vastveit, Kirsti Russell, Boin, Arjen, & Nja, Ove. (2015). Learning from incidents: Practices at a
Scandinavian refinery. Safety Science, 79, 80-87.

Venable, John, Pries-Heje, Jan, & Baskerville, Richard. (2012). A Comprehensive Framework
for Evaluation in Design Science Research. In Peffers, Ken, Rothenberger, Marcus, &
Kuechler, Bill (Eds.), Design Science Research in Information Systems. Advances in Theory
and Practice: 7th International Conference, DESRIST 2012, Las Vegas, NV, USA, May 14-
15, 2012. Proceedings (pp. 423-438). Berlin, Heidelberg: Springer Berlin Heidelberg.

Venable, John, Pries-Heje, Jan, & Baskerville, Richard. (2016). FEDS: a Framework for
Evaluation in Design Science Research. European Journal of Information Systems (EJIS),
25(1), 77-89.

Vijitpornkul, S., & Marurngsith, W. (2015). Simulating crowd movement in agent-based model
of large-scale flood. Paper presented at the 2nd International Conference on Advanced
Informatics: Concepts, Theory and Applications (ICAICTA), IEEE.

Vitoriano, Begofia, Montero, Javier, & Ruan, Da (Eds.). (2013). Decision Aid Models for Disaster
Management and Emergencies (Vol. 7). Madrid, Spain: ATLANTIS PRESS.

Wagner, Neal, & Agrawal, Vikas. (2014). An agent-based simulation system for concert venue
crowd evacuation modeling in the presence of a fire disaster. Expert Systems with
Applications, 41(6), 2807-2815.

Walshe, Rory A., & Nunn, Patrick D. (2012). Integration of indigenous knowledge and disaster
risk reduction: A case study from Baie Martelli, Pentecost Island, Vanuatu. International
Journal of Disaster Risk Science, 3(4), 185-194. doi:10.1007/s13753-012-0019-x %U
http://dx.doi.org/10.1007/s13753-012-0019-x

Wang, Wei-Tsong, & Hsiao, Chiao-Pi. (2014). The influences of knowledge exchange on
organizational c-commerce success and crisis readiness: The case of the crisis of an
automobile manufacturing and merchandising group. Decision Support Systems, 68(0), 1-
14.

Wang, Yu, Luangkesorn, K. Louis, & Shuman, Larry. (2012). Modeling emergency medical
response to a mass casualty incident using agent based simulation. Socio-Economic Planning
Sciences, 46(4), 281-290.



201

Weber, Edward P., & Khademian, Anne M. (2008). Wicked Problems, Knowledge Challenges,
and Collaborative Capacity Builders in Network Settings. Public Administration Review,
68(2), 334-349.

Weichselgartner, Juergen, & Pigeon, Patrick. (2015). The Role of Knowledge in Disaster Risk
Reduction. International Journal of Disaster Risk Science, 6(2), 107-116.

Weitzel, J. , & Kerscheberg, L. (1998). Developing Knowledge-Based Systems: Reorganizing the
System Development Life Cycle. ACM journal of Communications, 32(4), 482-488.

Wex, Felix, Schryen, Guido, Feuerriegel, Stefan, & Neumann, Dirk. (2014). Emergency response
in natural disaster management: Allocation and scheduling of rescue units. European Journal
of Operational Research, 235(3), 697-708.

Wex, Felix, Schryen, Guido, & Neumann, Dirk. (2012). Operational Emergency Response under
Informational Uncertainty: A Fuzzy Optimization Model for Scheduling and Allocating
Rescue Units Paper presented at the 9th International Information Systems for Crisis
Response and Management (ISCRAM) Conference, Vancouver, Canada.

Whittenberger, Aaron. (2014). THE TOP 8 MISTAKES IN REQUIREMENTS ELICITATION.
Retrieved from http://www.batimes.com/articles/the-top-8-mistakes-in-requirements-
elicitation.html

Whittle, J., Hutchinson, J., & Rouncefield, M. (2014). The State of Practice in Model-Driven
Engineering. IEEE Software, 31(3), 79-85.

Whittle, Jon, Hutchinson, John, Rouncefield, Mark, Burden, Hdkan, & Heldal, Rogardt. (2013).
Industrial Adoption of Model-Driven Engineering: Are the Tools Really the Problem? In
Moreira, Ana, Schitz, Bernhard, Gray, Jeff, Vallecillo, Antonio, & Clarke, Peter (Eds.),
Model-Driven Engineering Languages and Systems (Vol. 8107, pp. 1-17): Springer Berlin
Heidelberg.

Wielinga, B. J., Schreiber, A. Th, & Breuker, J. A. (1992). KADS: a modelling approach to
knowledge engineering. Knowledge Acquisition, 4(1), 5-53.

Wimmer, M., Strommer, M., Kargl, H., & Kramler, G. (2007, Jan. 2007). Towards Model
Transformation Generation By-Example. Paper presented at the System Sciences, 2007.
HICSS 2007. 40th Annual Hawaii International Conference on.

Wimmer, Manuel, Kusel, Angelika, Retschitzegger, Werner, Schonbdck, Johannes, Schwinger,
Wieland, Sanchez Cuadrado, Jesus, et al. (2012). Reusing model transformations across
heterogeneous metamodels. Electronic Communications of the EASST, 50 (Recent
Advances in Multi-paradigm Modeling (MPM 2011)).

Winikoff, M., & Padgham, L. (2013). Agent-Oriented Software Engineering. In Weiss, G (Ed.),
Multiagent Systems, 2nd Edition, Ch. 15: MIT Press.

Wooldridge, M., & Jennings, N. (1995). Intelligent agents: Theory and practice. The Knowledge
Engineering Review, 10(2), 115-152.

Wooldridge, Michael, & Ciancarini, Paolo. (2001). Agent-Oriented Software Engineering: The
State of the Art. In Ciancarini, Paolo & Wooldridge, Michaell (Eds.), Agent-Oriented
Software Engineering (Vol. 1957, pp. 1-28): Springer Berlin Heidelberg.



202

Wooldridge, Michael, Jennings, Nicholas R., & Kinny, David. (1999). A methodology for agent-
oriented analysis and design. Paper presented at the Proceedings of the third annual
conference on Autonomous Agents, Seattle, Washington, USA.

Wooldridge, Michael, Jennings, Nicholas R., & Kinny, David. (2000). The Gaia Methodology
for Agent-Oriented Analysis and Design. Autonomous Agents and Multi-Agent Systems,
3(3), 285-312.

Xavier, Daniela, Moran, Federico, Fuentes-Fernandez, Rubén, & Pajares, Gonzalo. (2013).
Modelling knowledge strategy for solving the DNA sequence annotation problem through
CommonKADS methodology. Expert Systems with Applications, 40(10), 3943-3952.

Xing-Ling, Wang, & Xue-Lian, Wu. (2012, 25-27 May 2012). A novel knowledge representation
method based on ontology for natural disaster decision-making. Paper presented at the
Computer Science and Automation Engineering (CSAE), 2012 IEEE International
Conference on.

Xu, Jinghai, Nyerges, Timothy L., & Nie, Gaozhong. (2013). Modeling and representation for
earthquake emergency response knowledge: perspective for working with geo-ontology.
International Journal of Geographical Information Science, 28(1), 185-205.

Yang, L., Yang, S. H., & Plotnick, L. (2013). How the internet of things technology enhances
emergency response operations. Technological Forecasting and Social Change, 80(9), 1854-
1867.

Yu, C., & Ohlund, B. (2012). Threats to validity of research design.  Retrieved from
http://www.creative-wisdom.com/teaching/WBI/threat.shtml|

Yu, E., Giorgini, P., Maiden, N., & Mylopoulos, J. (2011). Social Modeling for Requirements
Engineering: An Introduction: MIT Press.

Yu, E. S. K. (1993, 4-6 Jan 1993). Modeling organizations for information systems requirements
engineering. Paper presented at the Requirements Engineering, 1993., Proceedings of IEEE
International Symposium on.

Yu, Eric S. K. (1997, June 16-17). Why Agent-Oriented Requirements Engineering. Paper
presented at the Proceedings of 3rd Workshop on Requirements Engineering For Software

Quality.

Yu, Eric S. K., & Mylopoulos, John. (1994). Understanding "why" in software process modelling,
analysis, and design. Paper presented at the Proceedings of the 16th international conference
on Software engineering, Sorrento, Italy.

Zobel, Christopher W., & Khansa, Lara. (2014). Characterizing multi-event disaster resilience.
Computers & Operations Research, 42(0), 83-94.



203

Appendices



204

Appendix A

User manual guide of Knowledge System for Disaster

Management tools
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To be able to use the tools developed to evaluate this thesis, there are two things that need to be
prepared: (1) preparing the web-based environment to run the tools; (2) running disaster

knowledge management tools. They both are elaborated as follows:

1. Installation

There are 3 (three) applications that need to be installed:

1. Web server; we use Apache web server as a server where all the web files will be placed.
2. Database server; MySQL is the database server to store all the knowledge.
3. PHP; a server-side scripting language to allow request from the web to the database.

Fundamentally, each of these packages can be installed separately. However, for the efficiency
(yet effective), we use a bundled version that contains three packages in one, called: Wampserver.
1.1. Installation steps:

1. Check if your machine is a 64-bit or 32-bit architecture: Window start > control panel >

system

— - - . d = | B |
@Q-\k » Control Panel + All Control Panel Items ¥ System ~[#2][ Search Control Panet 2]
- -

e‘

Control Panel Home -
View basic information about your computer

W Device Manager Windows edition

R =nicte s=ttings Windows 7 Enterprise

R Een potection Copyright © 2009 Microsoft Corporation. All rights reserved.

% Advanced system settings Service Pack 1

1

System
Rating: ﬂ Your Windows Experience Index needs to be refreshed
Processor: Intel(R) Core(TM) i5-6300U CPU @ 240GHz 2.40 GHz
Installed memory (RAM): 7.88 GB

System type: 64-bit Operating System

See also Pen and Touch: No Pen or Touch Input is available for this Display

Action Center Computer name, domain, and workgroup settings

flincaralipaats Computer name: FEIT5149 ¥ Change settings
iz:lasrman:e nferpeccniand Full computer name: FEIT5149.ad feituts.edu.au

Computer description: R

Figure 1 Checking the machine architecture.

2. Check also if you have administrator right to install the software in the computer you use.

3. Getthe package. You can get the most up-to-date package from internet, for instance through
this link: http://www.wampserver.com/en/ or available from the cd coming with the thesis.

4. Download or copy the suitable package based on your machine architecture (x32 or x64) to
your local hard drive, for instance into folder: C:\Downloads.

5. Double click to start the installation.

6. Follow through the instructions until finish. Once it is done, under your C:| directory, you

will have Wampserver folder: C:\wamp.
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1.2. Testing server configuration

Testing is aimed to see whether the web server supported by MySQL and PHP has been

configured into your machine with these steps, as follows:

1. Open your default web browser. As configuration we adopted in the development stages, the
tools will appear better using google chrome browser. If you do not have that, you can use
your default one.

2. Type: localhost in address bar of your browser. A server configuration information will

appear:

& 2 C 0 @ localhost Qv

Bookmarks bar Journal-Conf DisasterManagement UoW ACM KA Softstore ThesisProject DMM SE/IS_Methodology UML

WampServer
Version 2.4 Version Francaise
Server Configuration

Apache Version : 2.4.4
PHP Version : 5.4.12

Loaded Extensions : i Core & bemath & calendar & com_dotnet o ctype
o date i ereg o filter a fip o hash
o iconv o json & merypt o sPL o odbc
& pcre & Reflection ¥ session ¥ standard 2 mysqind
B tokernizer & zip 2lib B libxm & dom
& PDO 2 Phar P SimpleXML e wddx & xml
J xmireader o xmbwriter I apachezhandler P qd P mbstring
& mysql & mysqli & pdo_mysql @ pdo_sqlite # mhash

& xdebug
MySQL Version : 5.6.12

Tools

p "-p Npmyadmin

Figure 2 Server configuration in phpinfo().

3. Check whether the package PHP and MySQL have been set up is by clicking: phpinfo().
4. Go through all the configurations and check whether you have those packages. If yes then

Congratulation!! Now you have a local web hosting supporting PHP and MySQL, :).

2.  Disaster Knowledge Management tool

This section will show how to use the tool as an embodiment of the developed framework.
Essentially, there 2 (two) applications (1) analysing and modelling ABMs; (2) knowledge system
for disaster management itself. However, before using these tools, a database configuration and

file management need to be prepared:

2.1. File management

As mentioned, there are two tools developed separately and managed in different folders, namely
aoa26 and dml folders. The aoal is about the analysing and modelling files using ABMs and
dm1 is the knowledge system for disaster management files. These two folders need to be copies

into the web server under the root folder, as follow:
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1.  Go to the CD room. You will find these two folders: dml and aoa26.

2. Copy and paste them under root folder of your local web server: C:\wamp\www.

2.2.  Initial testing the tools

Once those two tools are copied into your local root folder, the first that need to be done is testing
them.
1.  Go to your browser.

2. In the address bar, type: localhost/dm1.

&« 2 C 1t @ localhost/dml € ¥r

Bookmarks bar Journal-Conf DisasterManagement UoW AOM KA Softstore » |

|
Lo database selected !
|

| +

Figure 3 No database selected.

As can been from Figure 3 that there is no database selected. This means that the database needs

to be setup to be used the tools.

2.3. Database setup

As benefits using the bundled package wamp is that it comes with various additional tools. One

of them is MySQL database web management. This helps non-expert user to manage database

relatively easy. Configuring the database using the phpmyadmin follows these following steps:

1. Go to main page of the server configuration by typing localhost from your web browser
address bar. This is shown in Figure 4.

< 2> C | © localhost Q¥

Bookmarks bar Journal-Conf DisasterManagement UoW AOM KA Softstore ThesisProject DMM »

Server Configuration
Apache version: 2.4.4

PHP Version: 5.4.12

Loaded Extensions: i Core & bemath & calendar ¥ com_dotnet
o ctype # date o ereg o filter
*ftp % hash & iconv e json
2 merypt o SPL & odbc o pcre
& Reflection & session # standard & mysqind
¢ tokenizer & zip & zlib F libxml
& dom # PDO & Phar & SimpleXML
P wddx e xml # xmireader g xmiwriter
2 apache2handlerdly ad & mbstring o mysql
P mysgl ¥ pdo_mysql  Fppdo_sqite  gpmhash
% xdebug
MySQL Version : 56.12
Tools

‘ p phpl'nful)

Your Projects
aoa24

anans

Figure 4 Phpmyadmin link.

2. Select phpmyadmin.
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3. As can be seen from the appeared window, there are 4 (four) default database schemas in
MySQL: information_schema, mysql, performance schema, test. To import the new

schemas for the tools, select tab import.

L33 cC O | @ localhost/phpmyadmin/#PMAURL-Q:index.php?db=8&table=&server=18&target==8&token=3763t @ ¥ | &
Bookmarks bar Journal-Conf DisasterManagement UowWw AOM KA Softstore ThesisProject DMM »
phpMyAdmin

oN=e 0 e Users [ Expo
[(Recenttablesy v |
e information_schema &+ Change password . Server localhost via TOR/IP
I_ ] ”'V:“' £ 2= Server connection collation & - Server type: MySQL
4 performance_schema o | - Server version 56 12-log - MySQL
4 test | Lacnerabcl adl Community Server (GPL)

- Protocol version 10
= User root@localhost
- Server charset: UTF-8 Unicode (utfg)

& Language & | English bl

“® Theme: | pmahomme v |
- Fontsize:| 829 v | - Apaches2 4.4 (WinB4) PHP/6.4.12
- Database client version libmysql

& More settings mysgind 5.0.10 - 20111026 - $Id.
e707c415db32080b3752b2 32487243
8

- PHP extension: mysqli

-« Version information: 4.0.4
« Documentation
Wikt

Figure 5 Importing tab.

4. Select choose file button to locate the SQL files needed. The SQL files are in the SQL folder
is under SQL folder in the dm1 folder: C:\wamp\www\dm1\SQL

P ] ocalhost
1 Databases L;J' saL % Status =% Users [i+ Export =} Import 4 Settings | Binarylog |l Replication ¢ | Variables ¥ More
——
e Open u
Importing into the current )G [1 < 05@ » womp » ww » am1 » SQL + [ 2 ][ search st P
Organize v New folder j ﬁ
File to Import: - Favorites ' Name Date modified Type
File may be compressed (gzip, zip) or uncompressed. B Deskiol 3 % =
e TS e e o IP . 1/04/2017 453 PM  File folde
ownloads .05 P

Browse your compute}: | Choose File | No fle chosd)| E [ aca1 7/06/2016 405 PM  SQL Text

J&. Google Drive B dmm 7/01/2016539PM  SQL Text
Character set of the file: | utf-8 v| <» RecentPlaces  |=
Partial Import: ' Libraries
¥ Allow the interruption of an import in case the scrifj| 8- Dociments Bns.)

& Music
Number of rows to skip, starting from the first row: . Pictures

!, Videos
Format:
— & Computer
| saL v R | B il | »

File name: ‘ ~  |AllFiles 5
Format-Specific Options:
— .
SQL compatibility mode: | NONE | .

Figure 6 Choosing files to be imported.

5. Select dmm.sql first and select go.
6. Once the import is success, the dmm schema is automatically listed in the left column, as

shown in Figure 7.
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1A Arsir — Tlocalhost

hpMyAdmin |
=

QIJ 296 ¢ i/ Databases 4_J saL G Status = Users [& Export =} Import 4° Settings |34 Binarylog | Replication

(Recen?fab\és) v i
«” Import has been successfully finished, 82 queries executed. (aocal sql)

+-4 aoal

-L— i/ dmm

+— /| information_schema

£ (g =l Importing into the current server
T_ performance_schema

# test

File to Import:

File may be compressed (gzip, zip) or uncompressed.
A compressed file's name must end in .[fermat].[compression] Example: .sql.zip

Browse your comptiter: | Choose File | No file chosen (Max: 2,048KiB)
Character set of the file: | utf-8 v
Partial Import:

Figure 7 Imported knowledge elements of the DMM and ABMs into the database.

7. Repeat from step 4 to import aoal.sql.

8. Once both schemas have been imported to the database, the next is to test again the tools.

2.4. Testing the tools

1. To test the agent-oriented analysis tool, go to address bar and type: localhost/aoa26. If the

window appears as Figure 8 then it works, congratulation!!

&2 C 0 | © localhost/aca26/ 2 %3¢
Bookmarks bar | Joumal-Conf | DisasterManagement || UOW | AOM | KA || Softstore || ThesisProject | DMM || SE/SMethodology || UML | DB-DW-DM || OOAD || CSM-ModulAddon || Healtnylife || UTS

| New project submit || clearrorm || upload xmL GetowL SelecE poject; [setec ] Show Form

| belete project Delete || pelete Model ][ Getxme Help SelackHiodel [ ] Show Errors

Select All
[ role
Goal
Organisation
Interaction
Agent
Environment

" scenario

Figure 8 Agent-oriented analysis interface.

To test the knowledge system of disaster management tool, in your address bar, type:

localhost/dm1, if the appearance is similar with as in Figure 9 then congratulation it works.
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€ > C O O localhost/dm1 Q¥
Bookmarks bar | Joumal-Conf | | DisasterManagement || UoW || AOM || KA | Softstore | ThesisProject || DMM || SE/ISMethodology | UML || DB-DW-DM || OOAD | CSM-ModulAddOn . Healthylife . UTS

Knowledge System for Disaster Management (KSDM)

sed on Agent Oriented Analysis (AOA)

List of all modelled agent-oriented (AO) knowledge from the analysis stage

# Model Name DM Phase Country of Solution From Disaster Category
22 WW_Flood_DISPLAN_Prep_fixe Preparedness. v Australia v Drought

Next Last

Semantic Mapping Process Delete:

File Uploader
Choose File | No file chosen W

Figure 9 Disaster knowledge management interface.
3.  Agent-Oriented Analysis tool

This tool is used in the analysing and modelling knowledge elements out of the DISPLAN and

laying them down in the corresponding 7 (seven) ABMs. It starts in a row: goal model, role model,

organisation model, interaction model, environment model, agent model and scenario model. In
what follow, the analysing and modelling each of these models are shown:

Goal model

1. Go to: localhost/aoa26.

2. Create a new project and enter the project name, for instance, SES NSW flood DISPLAN
template. Note that the feature of the developed framework allows us to model the entire
DISPLAN template in one project or we can focus to only a main goal at a time. At the end,
all separately analysed and modelled ABMs will be combined together in the repository to
form a 3D structure. See Chapter 6 for this example.

< C ¢ | ® localhost/aca26/ -

Bookmarks bar Journal-Conf DisasterManagement UoW AOM KA Softstore ThesisProject »

NewProject | | suema Cear Uploag XL
| L

localhost says:

Please enter your new Project Name

Road and traffic control of the SES NSW DISPLAN template

Prevent this page from creating additional dialogs.

oK Cancel

Figure 10 Creating and naming a new project.
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As each goal (main goal and sub-goal) has at least 1 (one) role that responsible for, there should

be at least one role that is available to proceed the goal model. Once a role model is created, the

goal modelling is continued.

3. Creating a role in role model, for instance: <SESLN> SESLOC. As XML syntax using the
same bracket, in the tool, it is typed as : --SESLN-- SESLOC.

= C 0 | ® localhost/aca26/ a ¥
Bookmarks bar Journal-Conf DisasterManagement UoW AOM KA Softstore ThesisProject DMM SE/IS_Methodology UML »
| mewproear || Submt ||  validste || Clearform || UplosdxWL || Getow. | = ‘ ‘ ¥ chow Form
Select Model

| DelsteProect || Delete || GetReport || DeleteMedel || Getxm || Help | ‘ ‘ Show Errars

Name: | Role (3436)

Role Name --SESLN-- SESLOC
Description: Description  --SESLN-- SESLOC

Responsibilities

Global Goal

Responsibility: +) x Constraints
&

Constraint: o) 1)‘ |

Figure 11 Role model interface.

4. Go back to the goal model and complete the analysing and modelling that particular main

goal template. Figure 12 shows the example.

< C O | ® localhost/aoa26, Q%
Bookmarks bar Journal-Conf DisasterManagement Uow AOM KA Softstore ThesisProject DMM SE/IS_Methodology UML
Select roject:

,,,,,,,,,,,, - Validate Clescrom || uplosdm

Salect Hod
Getowt Delate project Delste || GotReport || Delate ol

Goal

Goal (2834)

Goal Nam

rosd
Description and the sEsReg

Subgoal O

Figure 12 Analysing and modelling goal model interface.

Role model

1. Go to role model tab.

2. Filling out all the fields with appropriate knowledge elements or leave it with a mark “ — “
if there is no, for instance, for the constraint element. Complete the role model as shown in

Figure 13:



& © C 0| locahost/aca26/

Bookmarks bar Journal-Conf DisasterManagement Uow AOM KA Softstore ThesisProject DMM SE/IS_Methodology umL »
T T o T T \ :
[ oo |[ oumarmmn || ooie || e || ooseneie | \ :
- ] S
Rz e A7 vz
Sy B R e
umponein
Responsibility: v :c dt m\A in annex B hin g A

Constraints.

et e SECLNBES LocalHeadsreace which il then rovide s road
information cerice to ocal amrgency senices, the public and

Ragion Headauartars

T e TeEaTER

Providing Road Information Service to the Police, RTA and the Councilliame

Bl e 4 s

Provide assistance of erecting signs and bar

The SEuN-SEw Local Operations Controller may direct the imposition of

traffic control measures

The entry into tiood aftected areas wil be controlied 1n accordance with the

provisions of the State Emergency Service Act

Rasponsibilities

Constraints.

Role Nams
Peseription

~Council Name--

ing roads or bridges affected by flooding
SE< Local Heoduarters, which willthen provide o rosd
jee to local emergency sorvicss, the public and

Region Headquarters

Requiring to clozes and reopens roads

Providing Ruad Tnformetion Service Lo Ure Pulice, RTA and the Councillame
Erecting road closure signs and barriers

Responsibilities

Cunstraints

Role Name:
Description

NSW Police
NSW Police

Clasing or re-npening roads or hridges Affected hy flanding
Aduising the SESLN-SES Local Headquarters, which will then provide 3 road
b mation s vies b oEaT et iy egees, the UBRC ard e See
Pegion Headquarters

Requiring to clazes and reopens roads

Praviding Road Information Service to the Palice, WA and the Counciliiame
Crecting road closure signs and barriers

Responsibilites

Constraints.

Role Name

Deseription

--SESReg--SESLHQ
SEoRen.-Seo Lol Headquarters, SESReg wil be substtuted based on 3
particular region level where the knowledge is implemented

Advising the SESLN-SES Local Headauarters, which will then provide 3 rosd
infarmation service to local emergency services, the public and the SES
Region Headguarters.

Figure 13 Analysing and modelling role model interface.

Organisation model

Go to organisation model tab.

Complete this model with the corresponding knowledge elements, as shown in Figure 14.

< C O | ® localhost/aoa26/

Q| &

Bookmarks bar Journal-Conf DisasterManagement UoW AOM KA Softstore ThesisProject DMM SE/IS_Methodology UML »
o [ [ v [ cimrom ][ oot EEE oo o tomiate of e 55 Cp—
, - aia
oo ][ [ e ][ oo || oo T
Role: 3| s—

Role One  --SESReg—-SESLHQ.
Relationship _isControlledsy
Role Two _SES NSW

Role One  SES NSW
Relationship _isControlledsy
Role Two _—-SESLI--SESLOC

Role One  RTANSW
Relationship  ispeer
Role Two _—SESUIL-SESLOC

Role One  NSW Police
Relationship  isPeer
RoleTwo  —SESLIN-SESLOC

Figure 14 Analysing and modelling organisation model interface.

Interaction model

Go to interaction model and complete it as shown in Figure 15:

212
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& C 0| ® localhost/aca26/ Qw6 i
Bookmarks bar Joumal-Conf DisasterManagement Uow | AOM KA Softstore. ThesisProject DMM SE/IS_Methodology UML »
[rermme [ s || vebinm || corom ][ _owmana | P E——
- oo Shoros
| owow | commrome || ouse || ommeme || omeevosn | v
e |
Roleone

con: 5 Cosing o re-apeningroads o bridges afected by oading

. i RoieTwo_iuow Folce
Role: 2 S

Role One
2 Closing or re-opening roads or bridges affected by flooding
Role Two _RTA NSW
Cnteraction
I RoleOne  RTA NSW.
Interaction Goal ~ Closing or re-opening roads or bridges affected by flooding
Role Two _NSW Poice

S

Role One iName-
Advising the SESLN-SES Local Headquarters, which will then provide a road

Interaction Goal  information service to local emergency services, the public and the SES

Region Headquarters.

Role Two_NSW Police

N

Role One. itiam:
‘Aduising the SESLN-SES Local Headguarters, which will then provide a road

Interaction Goal  information service to local emergency services, the public and the SES
Region Headquarters
Role Two _--SESReg——SESLH

Role One
‘duising the SESLN-SES Local Headguarters, which will then provide a road
I Interaction Goal  information service to local emergency services, the public and the SES
| Region Headquarters
Role Two_RTA NSW
| Interaction
I

RoleOne NSW Police
Advising the SESLN-SES Local Headquarters, which will then provide a road

Interaction Goal  information service to local emergency services, the public and the SES
Region Headquarters

I TR
Role OneNSW Police

ising the SESLN-SES Local Headauarters, which wil then provide » road

Interaction Goal  information service to local emergency services, the public and the SES

Reoi

Role Two_RTA NSW
Interaction
RoleOne RTA NSW
jising the SESLN-SES Local Headauarters, which il then provide 2 road

Interaction Goal  information service to local emergency services, the public and the SES

Regi
e T stergseeuio

| Role One

Reaquiring to closes and reopens roads.
Role Two_NSW Police
S —

Role One

Requiring to clases and reopens roads.
Role Two_RTA NSW

Figure 15 Analysing and modelling interaction model interface.

Environment model

Complete this model as shown in Figure 16:

< C O | ® localhost/aca26/ Qi | &6 i

Bookmarks bar Joumal-Conf DisasterManagement Uow AOM KA Softstore ThesisProject DMM SE/IS_Methodology umL »

T e e e | | =
e e [ | soct ol

] show Form
[ show Emors

Name: e ] ity
Entity Name  List of roads and bridges affected by flooding
Descripton: | | = Description _List of roads and bridges affected by flaoding
e
@
Description Uniqus id
aibute
Attribute: & @ [Erter s Ao ] e ET—
Descriptons (s 1| | asribuse
Attribute Name  Address
Description  Addrezs
Roles using Entity
Role: &) @ [Select o role v | RTA NSW.
Counciltisme--
NSW pali
SSEcin--eS Local
=

—-SESReg--SESLHQ
—sestsestoc

Figure 16 Analysing and modelling environment model interface.

Agent model

Complete this model as shown in Figure 17:
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Figure 17 Analysing and modelling agent model interface.

Scenario model

Complete this model as how it is done in the previous models.

3.1. Generate a particular flood DISPLAN based on the template

Once the DISPLAN template of ABMs is in place, the next is to generate a particular flood

DISPLAN. In this case, it is a Wagga-Wagga flood DISPLAN. To do that:

1. Go to the proxy folder where the template files is: C:\wamp\www\dm I\uploads.

2. Make of copy of it and rename it to be: Wagga-Wagga SES NSW flood DISPLAN or any
name you prefer.

3. Go back to the agent-oriented analysis tool and substitute all the knowledge element classes

with elements of Wagga-Wagga Municipality.

3.2. Getthe XML file

Once the seven ABMs are done, the next to be done is importing the knowledge elements
structured in these models into the MySQL database. These elements of the seven ABMs are
stored in one XML.

Select the Get XML button to get it. The file by default will be downloaded into the download
folder.

4. Knowledge System for Disaster Management

To be able to import the XML file into the database, follow those steps:
1. Go to the address bar and type localhost/dm1/.
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2. Inthe File Uploader section, click Choose File (1) to locate the file and followed by clicking
the blue Upload (2) button afterwards. In this stage the file Wagga-Wagga SES NSWS flood
DISPLAN (3) is moved to a proxy folder that is ready to be imported.

3. Click the link Input Knowledge (4), next to the file that was just imported to put the all the
knowledge elements in the managed in the XML file into the database. Once it is done, the
knowledge now is on the database as shown in (5).

4. To change the name of the knowledge, phase DM, country of the knowledge from and the
disaster category, go to (6) and press (7) to execute the changes.

5. Now, go to the knowledge mapping process by clicking (8).

Knowledge System for Dlsaster Management (KSDM)

List of all modelled agent-oriented (AQ) knowledge from the analysis stage

Registered Projet: (3

#  Model Name DM Phase 6 Country of Solution From Disaster Category
32| SES NSW Flood DISPLAN Temp Response v Australia v Flood
First Previous

List of Project
# Model Name DM Phase Coutry Origin Disaster Category Semantic Mapping Process Delete
WW_Flood_DISPLAN_Prep_fixed Preparedness Australia Drought

2 WW_Flood_DISPLAN_Resp_fired Response Andorra Extreme Temperatures

|3 SES NSW Flood DISPLAN Template 5 - Choose a DM phase — Selecta country....... — Choose a disaster category I 8 m

A flood DISPLAN of the SES Moira Shire Municipality. xmi | Input knowledge | Delete file

Aflood DISPLAN of the Wollongong SES NSW.xml | Input knowledge | Delete file

A flood DISPLAN template of the SES Victoria.xml | Input knowledge | Delete file

Flood DISPLAN knowlege mode of Moira shire of the Victoria State xml | Input knowledge | Flle Uploader 1

Deleie file 3 4 2
SES NSW Flood DISPLAN Template xm|jlnput Vi Delete file | Choose File | Na file chosen TR
SES Victoria rlood DISPLAN Knowledge Temp\a e - Moira.xml | Input knowledge | Deletefile {——

SES Victoria Flood DISPLAN Knowledge Template xml | Input knowledge | Delete file
WW Flood DISPLAN Reco.xml | Input knowledge | Delete file 0%
WW_Flood DISPLAN Prep_fixed.xml | Input knowledge | Delete file

Figure 18 Importing the XML DM knowledge elements interface.
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Knowledge System for Disaster Management (KSDM)

Based on Agent-Oriented Analysis (AOA)

Home | mGoal | mRole | mOrganisation | minteraction | mEnvironment | mAgent | mScenario | Response | Project | How To | About |

ncepts and Relations

Annotated DMM concepts of ESVTER P TS

# DMM Concept

Annotated Concept # DMM Concept

Annotated Concept

1 Ad =<<Activity=> 14 incident ==Event>>

2 BilateralAid <<EnvironmentEntity>> 15 InformationManagement <<Activity=>

3  Command ==Activity=> 16 MassCasuallyManagement — ==Activity=>

4 Communication <<EnvironmentEntity>> 17 Rescue ==Activity=>

5 Coordination <<Activity=> 18 Resource <<EnvironmentEntity=>
& Deployment ==Activity=> 19 ResponseGoal ==Goal>=

7  DevelopmentAid =<EnvironmentEntity>> 20 ResponseOrganization CentralConcept

8 Disaster <<Event>> 21 ResponseTask <<Role>>

9  EmergencyManagemeniTeam <<Agent== 22 SituationalAwareness <<Events>

10 EmergencyOperationCentre =<EnvironmentEntity>> 23 SituationAnalysis ==<Activity>>

- At Bmaites |

el 11 EmergencyPlan <<EnvironmentEntity=> 24 StandardOperatingProcedure <<EnvironmentEntity==>
T

"g 12 Exposure ==EnvironmentEntity>> 25 Victim ==EnvironmentEntity=>
Eesation

i

P — 13 HumanitarianAid <<EnvirenmentEntity=>

Figure 19 Annotated concepts of the DMM-based repository.

Mapping the goal model

As there is only one goal model being represented in the repository that is the ResponseGoal, the
mapping process is mapped with it.

Click the Update record button to apply the change.

Knowledge System for Disaster Management (KSDM)

Based on Agent Oriented Analysis (AOA)

Home | mGoal | mRole | mOrganisation | minteraction | mEnvironment | mAgent | mScenario | Response | Project | How To | About |
4 N

Semantic Mapping Process of Goal Model

Road and traffic control

Goal Knowledge

Mapped Concept - | ResponseGoal v I
ResponseGoal
Update record
., »
Next Last
# Goal Name Mapped Annotated Description
Concept

1 Road and traffic control

MOF: M2: Annotated Concept of DMM

# Annotated DMM Concept DMM Concept  Terminology

—Pick a concept Road and traffic control

1 <<Goal>> ResponseGoal A description of the end state of response phase where the organization wants to be atthe end of the activity, program, or other entity for which the goal was defined.

Figure 20 Mapping the goal model.
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Mapping the role model

As there is only one possible concept that matches with the typical role knowledge from the role
model, the mapping process between the role concept in the repository and the role knowledge

are proceed directly.

Mapping the organisation model

Organisation model is modelled in the role model at once as the knowledge elements are from.

Mapping the interaction model

Interaction model is modelled in the role model and goal model at once as the knowledge elements

are from both of them.

Mapping the environment model

Unlike the previous models, there are more than one possible concept representing the
environment typical knowledge. Thus, the knowledge engineer selects the most appropriate one
to be mapped with. This is as shown in Figure 21.

< C O | ® localhost/dml/conceptMap.php?projectld=338&dmphase=3&env=yes [ +d

Journal-Conf DisasterManagement Uow AOM KA Softstore ThesisProject DMM »

Knowledge System for Disaster Management

‘ KSDM I
Based on Agent-Oriented Analysis (AOA)

Home | mGeal | mRole | mOrganisation | minteraction | mEnvironment | mAgent | mScenario | Response | Project | How To | About

‘Semantic Mapping Process of Environment Model
Environment Knowledge - | List of roads and bridges affecte:
Mapped Concept Resource .
EmergencyPlan
Communication
StandardOperatingProcedure
Victim
EmergencyOperationCentre
MOF: M1: Environment Knowledge of Agent Based Model Resource
HumanitarianAid
# Environmet Name Mapped Annotated Descrip DevelopmentAid
Concept BilateralAid
Exposure
1 Listofroads and bridges afiected by Resource List of ro30S AN DIOGES AMETTE Iy N0y
flooding
MOF: M2: Annotated Concept of DMM
# Annotated DMM DMM Concept Terminology
Concept
<<EnvironmentEntity>> EmergencyPlan A guidance thatan entity including state, organization and jurisdiction maintains that describes intended

response to any emergency situation during the response phase

Figure 21 Mapping the environment model.

Mapping the agent model

Mapping the agent model is similar as one of the role model. This is because there is only one

possible concept representing agent in the repository.

Mapping the scenario model

Mapping the scenario model is as in the environment model as there is more than one concept

representing scenario knowledge in the repository.
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5.  Creating the timeliness story telling of DM

Once all the mapping processes of the knowledge elements in the ABMs and their corresponding
concepts in the repository have been plotted, the final stage is to create a story telling of the DM
scenario being framed in a timeline. The knowledge elements for a particular time are presented

comprehensively and holistically.

G C £ | ® localhost/dm1/conceptMap.php?projectld=33&dmphase=38&conceptld=628&conceptld2=57&annotatedConceptld2=5&: & ¢
Journal-Conf DisasterManagement UoW AOM KA Softstore ThesisProject DMM SE/IS_Methodology UML DB-DW-DM »

Knowledge Systemsgernagament (KSDM)

Figure 22 A holistic and comprehensive DM knowledge structure in annotated DMM-based repository.

Developing a story telling being framed in a time line is first begun in the decision making level

concepts, they are in M2 level.

< C' 0t | @ localhost/dm1/conceptMap.php?projectid=33&dmphase=_3&conceptid=62&conceptld2 =5 /&annotatedConceptid?2 @ ¢ ®
Journal-Conf DisasterManagement UoW ACM KA Softstore ThesisProject DMM SL/IS Methodology uML DB-DW-DM »

Annotsted DMM sonsepts o [EEEEETTEY

Figure 23 Knowledge structure in M2 layer.
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Choose a scenario concept to see the relation the concept to others and the knowledge of that
particular concept in the lower level, M/ and M0. For instance, from the example presented
previously, coordination concept is the activity to be drill down into the lower level
comprehensively and holistically. Figure 24 and 25 show the knowledge structure in M7 and MO0,

respectively.

Model Mama Wagga-Wagga SE5 NSW DM phase Response Dizaster Hydrological Disasters
Flood DISPLAN Category
Country Origin Australia Dizaster Type Flood Class of Dizaster  Natural
Initiator : RTA NSW
P diti : Road Inf ion Service has passed to NSW Police, RTA and Wagga-Wagga City Council, Local Emergency Service, Public and Murumbidgee SESRHQ
Post-condition : Road and traffic are under controlled
# Scenario Name :
1 Road and traffic control

Figure 24 Knowledge structure in M/ layer.

MO: Diisaster Management (DM) real world knowledge model

# The Trigger of the Activity(ies)

On receipt of a Bureau of Meteorology Prefiminary Flood Waming, Flood Waming, Flood Watch, Severe Thunderstorm Waming or 8 Severe Weather Waming for flash flooding
2 On receipt of a dam failure alert

3 When other avidence leads to sn expectation of floading within the council srea

Condition #  Activityfies): L Activity(ies) Involves Activity(ies) Needs
Role(s) Environment
parsliel 1 Controls & number of roads within the counci ares are afiected by fiooding as detailed in annex B Role Env
2 Closing or re-opening roads or bridges affected by flooding Role Env
3 Advising the Wagga-Wegga SES Local H which will then provide a road information senvice to local Role Env
emeargancy senices, the public and the Murrumbidgee SES Regional Headquarters
4 Requirng to closes and reopens roads Role Env
5 Providing Road Information Serice to the Police, RTA and the CounciName Raole Env
& Erecting road closure signs and barrers Role Env
7 Provide assistance of erecting signs and bamiers Role Env
8 The Wagga-Wagga SES Local Operations Controller may direct the imposition of traffic control measures Raole Env
8 The entry into flood sflected areas will be fled in d: with the iz of tha State Emeng Service  Rale Env
Act

Copyright € 2014

d 5y Dedi Inan under supanvsion of Prafessar Shassan Saydoun

Figure 25 Knowledge structure in M0 layer.
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Appendix B

Semi-structure questionnaire for DM expert evaluation
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Questions for the developed-framework evaluation'

[After presentation and demo the system]

1. A brief process introduction in the conceptual level
Following this is the brief explanation of the developed framework.

(a) The Agent-Oriented Analysis (AOA), the analysing and modelling the Disaster Management Plan
(DISPLAN) knowledge template to produce the customized AB models; The DISPLAN knowledge
template in the document is in the semi-structured formats based on the DM cycle: Prevention,
Preparedness, Response and Recovery PPRR). This is obtained from the authoritative Disaster
Management (DM) agencies. The Agent-Based (AB) models are the seven agent templates that have
capabilities to capture the complex knowledge from document and structured them comprehensively.
They are: the goal model, representing the objectives that need to be achieved by the roles involved in
the activity; role model, informing the responsibilities of each role in the activities; organisation model,
representing the hierarchy level knowledge of the roles played by agents where they need to
communicate, negotiate and coordinate each other where they are from different jurisdictions;
interaction model, elaborating in what extent roles are interacted each other; environment model;
informing the resources used by the roles in pursing the objectives; agent models, listing all activities
played by each role (played by each agent) that need to undertake in achieving the main goal, what
trigger the activities and the scenario model representing the comprehend knowledge comprising the
activities to be conducted by the roles, what resources needed to pursue them, the pre-condition of the
activities, what is the post-condition after completing them, what trigger them, who is the initiator of
the activity as they are a collaborative activity and are the activities undertaken parallel, interleave or
sequential. These later can be transformed into other formats for other development purposes, for
instance, Information System Development, Knowledge-Based System and so forth. The Meta Object
Facility (MOF) from the software engineering domain is the other element in this stage used to
disentangle the interwoven and fuzziness knowledge. The MOF lend itself to represent the knowledge
holistically. It helps the stakeholder to distinguish whether the knowledge is in the, planning or policy
(M1) or in in the real world activity (MO) levels. All these elements are tailored together to analyse the
document and producing the customized AB DISPLAN knowledge template;

(b) In the second stage, the customized AB models are transferred in to into its representative repository.
The repository essentially is the knowledge represented in the conceptual level (M2). The transfer
process basically is an intermediate activity between the knowledge from the real world activities (MO)
to their representations in the conceptual level (M2). Both knowledge layers MO and M1 are from the
previous stage. This implies that whatever knowledge coming from the real world activities should have
their representations in the repository. The repository should contain as complete DM concepts as
possible. As it cannot be mapped directly from the MO to M2 then we introduce M1 in the middle to
facilitate the processes. In software engineering, this typical repository is a metamodel format.
Therefore, we embrace a Disaster Management Metamodel (DMM) as our repository as it represents
the complete concepts in the domain. As this is a knowledge-based modelling, then mapping the
knowledge between the layers is conducted semantically. A DM expert is also required to mediate the
process as for each of the knowledge from the DISPLAN there might be more than one concept where
appropriate to be mapped to. Therefore an expert intermediate both knowledge and its appropriate
concept by mapping them that have the similar semantic meaning. At the end, the stakeholder can trace

' The ethical approval of the project has been approved by Human Research Ethics Committee with ethics number:
HE15/387, 30 October 2015.
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back and forth each of the concept in the DMM to its corresponding knowledge in the real activities
layer or otherwise.

[The questions might be developed during the interview as this is a semi-structured format. Again,
these following questions will be asked only if the framework demo has been done]

2. Agent-Oriented Analysis

1.

In the first stage, knowledge is captured and structured into the seven Agent-Based (AB) models.
Each corresponding model represents the particular knowledge structure of a broader know-how of
the document. With respect to the AB model used in this framework, does the knowledge’s meaning
remain the same between one in the models and in the document?

If the meaning is changed, is it related how the knowledge is analysed and structured in the models
by a modeller or the model structures/attributes themselves need to be adjusted to represent the
knowledge from the DISPLAN in a more effective way?

The MOF is used to disentangle the interwoven and fuzziness of the knowledge. The layers are the
M2, M1 and M0. The M2 layer is the repository that contains the knowledge in the conceptual level,
the M1 layer is the planning or policy knowledge layer and the MO is for the real activities knowledge
layer where the stakeholders can embrace the knowledge and react appropriately without any
deductive thinking. As the knowledge is written in English, how do you see that this modelling
process can also be conducted by users without having domain expertise?

How do you see the MOF used can help to disentangle the fuzziness and interwoven knowledge in
the AB structure?

The structure of AB models with respect to the MOF informs the incompleteness knowledge elements
from the DISPLAN. How do you see this will help the DM authoritative agency to improve and
complete the DISPLAN?

As the input of the modelling process, we use the DISPLAN template instead of the specific instance.
This is aimed to create a set of DISPLAN AB models that can be customized based on the specific
resources and environment of a region. How do you see this might help the sharing and reusing
knowledge effectively and efficiently?

3. Knowledge transfer process

7.

8.

In the second stage of the framework, was all the knowledge in the document fully transferred to the
repository? If not what was omitted?

Is there any other knowledge from the document that couldn’t be transferred to repository?

4. Semantic mapping processes

9.

In the semantic mapping processes, a modeller intermediate each of modelled knowledge in the AB
structure with its appropriate concept in the DMM-based repository semantically. Can these activities
be mapped by a non DM expert given that the mapping process based on the semantic meaning?



10.

11.

12.

13.

14.

15.

16.

17.

6.
18.

19.

20.
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In the mapping process, if there is only one annotated DMM concept in the repository then a modeller
can be automatically mapped the related knowledge model to the concept. However, if there is more
than one concept then a modeller needs to choose the appropriate one. Do you see the possibility that
the knowledge model might appropriate to be mapped to more than once concept in the DMM-based
repository?

Do you have any suggestion for improving the mapping process to be more automated in this context?

Knowledge retrieval

The DMM prescient the concepts in the DM. This informs the stakeholders the other concepts and
relations to complete the knowledge. How do you see this might help the authoritative agency to
restructure the DISPLAN to complete the knowledge?

Could the knowledge retrieval process be understood easily in a DM decision making process? If it
couldn’t, in which part it is not easily to be interpreted? Do you have any suggestion to improve that?

In term of effectiveness and efficiency of the sharing and reuse of knowledge, how do you see the
system can be used in developing a DM resilient agenda?

How do you see the retrieval knowledge in term of informing the knowledge in each timeline of a
DM activity?

Could you understand the retrieved knowledge comprehensively®? Holistically®? In a DM activity?

The structure of AB models with respect to the MOF informs the incompleteness and missing
knowledge elements from the DISPLAN. How do you see this will help the DM authoritative agency
to improve and complete the DISPLAN?

Suggestion for improvement the developed framework

Can decision making for a DM be improved using this framework?
What do you think are the strengths of this framework?

What do you think are the weaknesses of this framework?

? In this context, it means all the related knowledge elements have been combined and retrieved as a complete and
integrate one to make decision. This also in the context helping the stakeholder to create a story telling based on
the integrated knowledge elements.

3 In this context, it means the knowledge is shaped in a particular format which contains all knowledge elements
where a decision can be retrieved from, instead of shaping them separately.
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21. Do you have any other comments on aspects of the framework overall?

22. Do you have any suggestions for improving the developed framework?

23. Do you have any suggestion for improving the knowledge retrieval process? Or how does the
knowledge structure help in decision making process?

Thank you for your participation in this study

Please improve each of the answers based on what you understood from our discussion. If it is
required, I can capture the system and give a brief explanation what it means.
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Appendix C

ABMs of the Wagga-Wagga SES NSW DISPLAN



DM Plan Goal model of the Wagga-Wagga SES NSW DISPLAN
Country Australia
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DM Plan Role model of the Wagga-Wagga SES NSW DISPLAN
Country Australia
Disaster Type Flood
Phase Response phase
Role ID R1
Name SES NSW
Description State Emergency Service (SES) New South Wales State
Responsibilities 1. Coordination of other agencies for flood management tasks
2. Organizing other agencies for flood management tasks
3. Operates after hours duty officer system whenever flood operations are not being conducted
4. Provides liaison (including a liaison officer (LO) where necessary) to the Wagga Wagga SES
Operations Centre (WWSESEOC)
5. The LO to deploy resources of its parent organisations
6. Request a LO to deploy resources of its parent organisations
7. The LO advises the Wagga Wagga SES Local Controller on resource availability for their
service
8. The LO provides communications to their own organisations
9.  Provides the primary mean communications to and between deployed SES resources by mobile
phone and local SES UHF radio network
10. Active Reconnaissance to provide Flood Intelligent (FI) sources by monitoring the following
areas: Flowerdale flats, Main town levee, Astern section of the Sturt Hwy, Wagga Wagga Beach
Caravan Park, North Wagga levee, Gumly Gumly levee, Uranquinty levee and Tarcutta levee
11. Issue Local Flood Advices for the gauges listed in Annex C to SES Flood bulletin
12. Issues Evacuation Warnings as in Annex E
Constraints -
Role ID R2
Name WWSESLHQ
Description Wagga — wagga SES Local Headquarter
Responsibilities 1. Provides liaison (including a LO where necessary) to the Wagga Wagga SES Operations Centre
2. The LO to deploy resources of its parent organisations
3. Request a LO to deploy resources of its parent organisations
4. The LO advises the Wagga Wagga SES Local Controller on resource availability for their service
5. The LO provides communications to their own organisations
6. Provides communications as necessary to its deployed field team
7. Provides advice to the Murrumbidgee SES Division Headquarters on current and expected
impacts of flooding
8. Coordinates the delivery of warnings to the community by doorknocking, telephone, mobile
public address systems, local radio stations and two-way radio
9.  Confirmation of evacuation actions
10. Arranges The Murrumbidgee SES Division Headquarters to issue warning information in the
form of SES Division Flood Bulletins to media organisations and agencies listed in Annex D
11. Arranges Wagga — Wagga SES Local Controller to advises the Murrumbidgee SES Division
Headquarters which will issue SES Livestock and Equipment Warnings to radio stations as
indicated in Annex D
12. Maintains a list of landholders along the Murrumbidgee River and its tributaries
13. Issues Bureau of Meteorology (BoM) Flood Watches that will be incorporated in SES Flood
Bulletins to radio stations by the Murrumbidgee SES Division Headquarters
14. Issues Bureau of Meteorology (BoM) Flood Warnings for the locations detailed in Annex C
15. Advises response operation to the Wagga Wagga City Council (WWCC) and the Wagga Wagga
City Council Local Emergency Operations Controller (WWCCLEOC)
16. Provides the Murrumbidgee SES Division Headquarters with information for inclusion in SES
Flood Bulletins on the estimated impacts of flooding at the predicted heights
17. Provides Bureau of Meteorology (BoM) Severe Weather Flash flooding possibilities as a result
of intense rainfall
18. Issues Bureau of Meteorology (BoM) Severe weather warnings for flash flooding that will be
incorporated into SES Flood Bulletins issued by the Murrumbidgee SES Division Headquarters
19. Issue Local Flood Advices for the gauges listed in Annex C to SES Flood bulletin
20. Issues Evacuation Warnings as in Annex E
21. Issue Dam-Failure Warnings to media outlets by the Murrumbidgee SES Division Headquarters
22. Applies special arrangements in the case of severe flooding that may have the potential to cause

the failure of Burrinjuck, Talbingo and Blowering Dam
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23.

24.
25.

26.
27.

28.
29.

Plays Standard Emergency Warning Signal (SEWS) over radio and television stations to alert
communities to Evacuation Warnings, Special Warnings or Dam-Failure Warnings

Approval to use the signal will be obtained from the Murrumbidgee SES Division Headquarters
Provides a ‘phone-in’ information service for the community in relation to current warnings,
river heights, flood behaviour, road conditions and closures of local and main roads

Provides a ‘phone-in’ information service for the community in relation to advice on safety
matters and means of protecting property

Maintains a small stock of sandbags

Maintains back-up supplies

Provides a motorised sandbag-filling machine

30. Provides local concrete trucks
Constraints -
Role ID R3
Name WWSESLC
Description Wagga Wagga SES Local Controller
Responsibilities 1. Maintains The Wagga Wagga City Council Emergency Operations Centre (WWCCEOC) is
located at 208 Fernleigh Road
2. Operates after hours duty officer system whenever flood operations are not being conducted
provide liaison (including a liaison officer where necessary) to the Wagga Wagga SES
Emergency Operations Centre (WWSESEOC)
3. Request to provide liaison (including a liaison officer where necessary) to the Wagga Wagga
SES Operations Centre
4. Provides liaison (including a LO where necessary) to the Wagga Wagga SES Operations Centre
5. The LO to deploy resources of its parent organisations
6. Request a LO to deploy resources of its parent organisations
7. The LO advises the Wagga Wagga SES Local Controller on resource availability for their service
8. The LO provides communications to their own organisations
9. Provides the primary mean communications to and between deployed SES resources by mobile
phone and local SES UHF radio network
10. Provides communications as necessary to its deployed field team
11. Provides back-up communication means
12. Activated by contacting with the Bureau of Meteorology (BoM) to discuss the development of
flood warnings which will normally be through the Murrumbidgee SES Division Headquarters
13. Contacting with the Bureau of Meteorology (BoM) to discuss the development of flood warnings
14. Assures MSESDHQ To contact Bureau of Meteorology (BoM) to discuss the development of
flood warnings
15. Advising certain persons and organizations to initiate response operation for flooding anticipated
response
16. Initiate response operation regardless of the location and severity of the flooding anticipated
17. Advising other agencies listed in this plan to start response operation
18. Request to advise other organizations to initiate response operation (as listed in this DM plan)
as appropriate to the location and nature of the threat
19. Provides Flood Watches, which give an early appreciation of developing meteorological
situations that could lead to flooding
20. Provides Flood Warnings, which include river height readings and height-time predictions as
listed in Annex C
21. Provides Severe Weather Warnings for Flash Flooding
22. Provides Key gauge level information that is available from the BoM website
23. Provides information on flooding and its consequences, including those in nearby council areas
24. Advises of road closures within the council area
25. Provides information on Talbingo Dams and the likely effects of failure
26. Provides information on Jounama Dams and the likely effects of failure
27. Provides storage level information on Blowering Dam
28. Provides storage level information on Burrinjuck Dam
29. Advise flow rates and rates of rise for the Murrumbidgee River that are available on-line at
http://waterinfo.dlwc.nsw.gov.au/riis/drr/index.html
30. Active Reconnaissance to provide Flood Intelligent (FI) sources by monitoring the following
areas: Flowerdale flats, Main town levee, Astern section of the Sturt Hwy, Wagga Wagga Beach
Caravan Park, North Wagga levee, Gumly Gumly levee, Uranquinty levee and Tarcutta levee
31. Ensure that resources are in place for the distribution of foodstuffs and medical supplies to the
areas that could become isolated
32. Advise appropriate agencies so that resources (including sandbags, fire-fighting appliances,
ambulances, etc.) are deployed to ensure that operational capability is maintained
33. Advise emergency services and essential agencies located on the floodplain to relocate resources

to flood free locations
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34.
35.
36.
37.
38.
39.
40.
41.
42.
43.

44.
45.

46.
47.

48.
49.

Provides the Murrumbidgee SES Division Headquarters with information for inclusion in SES
Flood Bulletins on the estimated impacts of flooding at the predicted heights

Issue Local Flood Advices for the gauges listed in Annex C to SES Flood bulletin

Issues Evacuation Warnings as in Annex E

Provides road status reports for main roads in the council area to the Murrumbidgee SES
Division Headquarters Road Information Cell (MSESDHQRIC) and to the Wagga Wagga Police
Local Area Command Headquarters (WWPLACHQ)

Obtains road status reports for main roads in the council area information from the Police,
Council and RTA

Ensures that the Murrumbidgee SES Division Controller is regularly briefed on the progress of
operations and on future resource needs

Directs the imposition of traffic control measures

Controls the entry into flood affected areas

Carries out flood rescue using high clearance vehicles, flood boats and (under some
circumstances) helicopters

Request additional flood boats and crews through the Murrumbidgee SES Division Headquarters
(MSESDHQ)

Provides Essential Services

Ensure that the providers of essential services (electricity, water, sewerage, medical and public
health) are kept advised of the flood situation

Essential service providers must keep the Wagga Wagga SES Local Controller abreast of their
status and ongoing ability as listed in Annex B

Task aircraft allocated by the Division Headquarters for flood operations within the council area
Arranges resupply as detailed in Annex Q

Advises other agencies and the community The end of response operation

50. Issue an ‘all clear’ for evacuees to return to their homes
51. Briefs the recovery committee on the situation and any need
Constraints 1. Preliminary deployments may be required for up to one week
2. In the event of major flooding, the Wagga Wagga SES Local Controller may direct the
imposition of traffic control measures
3. The entry into flood affected areas will be controlled in accordance with the provisions of the
State Emergency Service Act, 1989 (Part 5, Sections 19, 20, 21 and 22) and the State Emergency
Rescue Management Act, 1989 (Part 4, Sections 60KA, 60L and 61)
4.  Aircraft can be used for a variety of purposes during flood operations, however, should only be
used if other transport means are not available or not suitable
5. The Wagga Wagga SES Local Controller may task aircraft allocated by the Division
Headquarters for flood operations within the council area
6.  Air support operations will be conducted under the control of the Murrumbidgee SES Division
Headquarters, which may allocate aircraft to units if applicable
Role ID R4
Name MSESDHQ
Description Murrumbidgee State Emergency Service Division Headquarters
Responsibilities 1. Provides liaison (including a LO where necessary) to the Wagga Wagga SES Operations Centre
2. The LO to deploy resources of its parent organisations
3. Request a LO to deploy resources of its parent organisations
4. The LO advises the Wagga Wagga SES Local Controller on resource availability for their service
5. The LO provides communications to their own organisations
6. Provides communications as necessary to its deployed field team
7. Assures MSESDHQ To contact Bureau of Meteorology (BoM) to discuss the development of
flood warnings
8. Provides information on flooding and its consequences, including those in nearby council areas
9. Provides advice to the Murrumbidgee SES Division Headquarters on current and expected
impacts of flooding
10. Arranges The Murrumbidgee SES Division Headquarters to issue warning information in the
form of SES Division Flood Bulletins to media organisations and agencies listed in Annex D
11. Arranges Wagga — Wagga SES Local Controller to advises the Murrumbidgee SES Division
Headquarters which will issue SES Livestock and Equipment Warnings to radio stations as
indicated in Annex D
12. Provides Bureau of Meteorology (BoM) Severe Weather Flash flooding possibilities as a result
of intense rainfall
13. Issues Bureau of Meteorology (BoM) Severe weather warnings for flash flooding that will be
incorporated into SES Flood Bulletins issued by the Murrumbidgee SES Division Headquarters
14. Applies special arrangements in the case of severe flooding that may have the potential to cause
the failure of Burrinjuck, Talbingo and Blowering Dam
15. Issue Dam-Failure Warnings to media outlets by the Murrumbidgee SES Division Headquarters
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16. Plays Standard Emergency Warning Signal (SEWS) over radio and television stations to alert
communities to Evacuation Warnings, Special Warnings or Dam-Failure Warnings
17. Approval to use the signal will be obtained from the Murrumbidgee SES Division Headquarters
18. Provides Current warnings, together with indications of the likely impact of flooding at any
predicted heights to media outlets and agencies
19. Provides Current flood heights and flood behaviour to media outlets and agencies
20. Provides Details of conditions and closures of main roads to media outlets and agencies
21. Provides Advice on safety matters and means of protecting property to media outlets and
agencies
22. Maintains pre-written flood bulletins for key heights
23. Provides a ‘phone-in’ information service for the community in relation to current warnings,
river heights, flood behaviour, road conditions and closures of local and main roads
24. Provides a ‘phone-in’ information service for the community in relation to advice on safety
matters and means of protecting property
25. Provides collation and dissemination of road information
26. Provides road status reports for main roads in the council area to the Murrumbidgee SES
Division Headquarters Road Information Cell (MSESDHQRIC) and to the Wagga Wagga Police
Local Area Command Headquarters (WWPLACHQ)
27. Obtains road status reports for main roads in the council area information from the Police,
Council and RTA
28. Distributes information on main roads to SES units, media outlets and agencies as part of SES
Flood Bulletins
29. Provides a ‘phone-in’ service to the public Collation and dissemination of road information
30. Ensures that the Murrumbidgee SES Division Controller is regularly briefed on the progress of
operations and on future resource needs
31. Request additional flood boats and crews through the Murrumbidgee SES Division Headquarters
(MSESDHQ)
32. Maintains back-up supplies
33. Provides local concrete trucks
34. Provides a motorised sandbag-filling machine
35. Controls Air support operations
36. Controls the allocation of aircraft to units
37. Task aircraft allocated by the Division Headquarters for flood operations within the council area
38. Accesses to the Wagga Wagga Airport at Forest Hill is flood free via Inglewood Rd
39. Issues warning information in the form of SES Division Flood Bulletins to media organisations
and agencies listed in Annex D
40. Issue SES Livestock and Equipment Warnings to radio stations as indicated in Annex D
41. Maintains a list of landholders along the Murrumbidgee River and its tributaries
42. Releases to radio stations Bureau of Meteorology Flood Watches that will be incorporated in
SES Flood Bulletins
43. Provides a warning of the possibility for Bureau of Meteorology Severe Weather Warnings for
Flash Flooding as a result of intense rainfall. This product may be issued concurrently with flood
warnings and flood watches. Severe weather warnings for flash flooding will be incorporated
into SES Flood Bulletins
44. Issues Dam failure warnings to media outlets issues SES Flood Bulletins to media outlets and
agencies on behalf of all SES units in the Division
45. Maintains pre-written flood bulletins for key heights
46. Distributes information on main roads to SES units, media outlets and agencies as part of SES
Flood Bulletins
47. Controlling the use of aircraft in a variety of purposes during flood operations including
evacuation, rescue, re-supply, reconnaissance and emergency travel
48. Provide a liaison officer, where necessary, to the Wagga Wagga SES Operations Centre
Constraints 1. Aircraft can be used for a variety of purposes during flood operations, however, should only be
used if other transport means are not available or not suitable
2. The Wagga Wagga SES Local Controller may task aircraft allocated by the Division
Headquarters for flood operations within the council area
3. Air support operations will be conducted under the control of the Murrumbidgee SES Division
Headquarters, which may allocate aircraft to units if applicable
Role ID RS
Name BoM
Description Bureau of Meteorology of Australia
Responsibilities 1. Provides Flood Watches, which give an early appreciation of developing meteorological
situations that could lead to flooding
2. Provides Flood Warnings, which include river height readings and height-time predictions as
listed in Annex C
3. Provides Severe Weather Warnings for Flash Flooding
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4. Provides Key gauge level information that is available from the BoM website
5. Assures MSESDHQ To contact Bureau of Meteorology (BoM) to discuss the development of
flood warnings

Constraints -
Role ID R6
Name WWCC
Description Wagga- Wagga City Council
Responsibilities 1. Provides liaison (including a LO where necessary) to the Wagga Wagga SES Operations Centre
2. The LO to deploy resources of its parent organisations
3. Request a LO to deploy resources of its parent organisations
4. The LO advises the Wagga Wagga SES Local Controller on resource availability for their service
5. The LO provides communications to their own organisations
6. Provides communications as necessary to its deployed field team
7. Advises of road closures within the council area
8. Advises response operation to the Wagga Wagga City Council (WWCC) and the Wagga Wagga
City Council Local Emergency Operations Controller (WWCCLEOC)
9. Provides road status reports for main roads in the council area to the Murrumbidgee SES
Division Headquarters Road Information Cell (MSESDHQRIC) and to the Wagga Wagga Police
Local Area Command Headquarters (WWPLACHQ)
10. Obtains road status reports for main roads in the council area information from the Police,
Council and RTA
11. Closes and re-opens its own roads
12. Closes the Sturt Highway within the urban centre of Wagga Wagga as effected by flooding
13. Provides assistance in the erection of barricades and signs
14. Arrangements evacuation for the Wagga Wagga City Council area as listed in Annexes F to O
Constraints -
Role ID R7
Name Snowy Hydro Ltd.
Description Information provider to Talbingo and Jounama Dams
Responsibilities 1. Provides liaison (including a LO where necessary) to the Wagga Wagga SES Operations Centre
2. The LO to deploy resources of its parent organisations
3. Request a LO to deploy resources of its parent organisations
4. The LO advises the Wagga Wagga SES Local Controller on resource availability for their service
5. The LO provides communications to their own organisations
6. Provides communications as necessary to its deployed field team
7. Provides information on Talbingo Dams and the likely effects of failure
8. Provides information on Jounama Dams and the likely effects of failure
Constraints -
Role ID RO8
Name State Water
Description Information provider to Blowering and Burrinjuck Dams
Responsibilities 1. Provides liaison (including a LO where necessary) to the Wagga Wagga SES Operations Centre
2. The LO to deploy resources of its parent organisations
3. Request a LO to deploy resources of its parent organisations
4. The LO advises the Wagga Wagga SES Local Controller on resource availability for their service
5. The LO provides communications to their own organisations
6. Provides communications as necessary to its deployed field team
7. Provides storage level information on Blowering Dam
8.  Provides storage level information on Burrinjuck Dam
Constraints -
Role ID R9
Name NSW DolPaNR
Description New South Wales Department of Infrastructure Planning and Natural Resources, Leeton Office
Responsibilities Provides liaison (including a LO where necessary) to the Wagga Wagga SES Operations Centre

The LO to deploy resources of its parent organisations

Request a LO to deploy resources of its parent organisations

The LO advises the Wagga Wagga SES Local Controller on resource availability for their service
The LO provides communications to their own organisations

Provides communications as necessary to its deployed field team

AR o
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7. Advise flow rates and rates of rise for the Murrumbidgee River that are available on-line at
http://waterinfo.dlwc.nsw.gov.au/riis/drr/index.html

Constraints -
Role ID RI10
Name NSW DoPI
Description New South Wales Department of Primary Industries
Responsibilities 1. Provides liaison (including a LO where necessary) to the Wagga Wagga SES Operations Centre
2. The LO to deploy resources of its parent organisations
3. Request a LO to deploy resources of its parent organisations
4. The LO advises the Wagga Wagga SES Local Controller on resource availability for their service
5. The LO provides communications to their own organisations
6. Provides communications as necessary to its deployed field team
7.  Assists the animals
8. Provides welfare of livestock, companion animals and wildlife (including feeding and rescue)
9. Provides emergency supply and/or delivery of fodder to stranded livestock, or for livestock
rescue
Constraints -
Role ID R11
Name RTA
Description Road and Traffic Authority
Responsibilities 1. Provides liaison (including a LO where necessary) to the Wagga Wagga SES Operations Centre
2. The LO to deploy resources of its parent organisations
3. Request a LO to deploy resources of its parent organisations
4. The LO advises the Wagga Wagga SES Local Controller on resource availability for their service
5. The LO provides communications to their own organisations
6. Provides communications as necessary to its deployed field team
7. Provides road status reports for main roads in the council area to the Murrumbidgee SES
Division Headquarters Road Information Cell (MSESDHQRIC) and to the Wagga Wagga Police
Local Area Command Headquarters (WWPLACHQ)
8. Obtains road status reports for main roads in the council area information from the Police,
Council and RTA
9. Controls a number of roads within the council area are affected by flooding as detailed are
provided in Annex B
10. Closes and re-opens its own roads
11. Closes the Sturt Highway within the urban centre of Wagga Wagga as effected by flooding
12. Closes and re-open roads
13. Directs the imposition of traffic control measures
14. Controls the entry into flood affected areas
15. Provides assistance in the erection of barricades and signs
Constraints 1. The NSW Police has the authority to close and re-open roads but will normally only do so (if
the council or the RTA has not already acted) if public safety requires such action.
2. In the event of major flooding, the Wagga Wagga SES Local Controller may direct the
imposition of traffic control measures
3. The entry into flood affected areas will be controlled in accordance with the provisions of the
State Emergency Service Act, 1989 (Part 5, Sections 19, 20, 21 and 22) and the State Emergency
Rescue Management Act, 1989 (Part 4, Sections 60KA, 60L and 61)
Role ID RI2
Name NSWP
Description New South Wales Police
Responsibilities 1. Provides liaison (including a LO where necessary) to the Wagga Wagga SES Operations Centre
2. The LO to deploy resources of its parent organisations
3. Request a LO to deploy resources of its parent organisations
4. The LO advises the Wagga Wagga SES Local Controller on resource availability for their service
5. The LO provides communications to their own organisations
6. Provides communications as necessary to its deployed field team
7. Closes and re-opens roads
Constraints The NSW Police has the authority to close and re-open roads but will normally only do so (if the

council or the RTA has not already acted) if public safety requires such action.

Role ID

| R13




238

Name NSWPLACHQ
Description New South Wales Police local area Command headquarter
Responsibilities 1. Provides liaison (including a LO where necessary) to the Wagga Wagga SES Operations Centre
2. The LO to deploy resources of its parent organisations
3. Request a LO to deploy resources of its parent organisations
4. The LO advises the Wagga Wagga SES Local Controller on resource availability for their service
5. The LO provides communications to their own organisations
6. Provides communications as necessary to its deployed field team
7. Initiate response operation regardless of the location and severity of the flooding anticipated
8. Provides road status reports for main roads in the council area to the Murrumbidgee SES
Division Headquarters Road Information Cell (MSESDHQRIC) and to the Wagga Wagga Police
Local Area Command Headquarters (WWPLACHQ)
9. Obtains road status reports for main roads in the council area information from the Police,
Council and RTA
Constraints -
Role ID R14
Name MSESDHQRIC
Description Murrumbidgee SES Division Headquarters Road Information Cell
Responsibilities 1. Provides liaison (including a LO where necessary) to the Wagga Wagga SES Operations Centre
2. The LO to deploy resources of its parent organisations
3. Request a LO to deploy resources of its parent organisations
4. The LO advises the Wagga Wagga SES Local Controller on resource availability for their service
5. The LO provides communications to their own organisations
6. Provides communications as necessary to its deployed field team
7. Provides road status reports for main roads in the council area to the Murrumbidgee SES
Division Headquarters Road Information Cell (MSESDHQRIC) and to the Wagga Wagga Police
Local Area Command Headquarters (WWPLACHQ)
8. Obtains road status reports for main roads in the council area information from the Police,
Council and RTA
9. Provides a ‘phone-in’ service to the public Collation and dissemination of road information
Constraints -
Role ID RI15
Name DoCS
Description Department of Community Service
Responsibilities 1. Provides liaison (including a LO where necessary) to the Wagga Wagga SES Operations Centre
2. The LO to deploy resources of its parent organisations
3. Request a LO to deploy resources of its parent organisations
4. The LO advises the Wagga Wagga SES Local Controller on resource availability for their service
5. The LO provides communications to their own organisations
6. Provides communications as necessary to its deployed field team
7.  Assist stranded traveller
8.  Arranges temporary accommodation to stranded traveller seeker
Constraints -
Role ID R16
Name WWCCLEMO
Description Wagga — Wagga Citi Council Local Emergency Management Officer
Responsibilities Provides liaison (including a LO where necessary) to the Wagga Wagga SES Operations Centre

The LO to deploy resources of its parent organisations

Request a LO to deploy resources of its parent organisations

The LO advises the Wagga Wagga SES Local Controller on resource availability for their service
The LO provides communications to their own organisations

Provides communications as necessary to its deployed field team

Initiate response operation regardless of the location and severity of the flooding anticipated
Advising other agencies listed in this plan to start response operation

Request to advise other organizations to initiate response operation (as listed in this DM plan)
as appropriate to the location and nature of the threat

WX kAW =

Constraints
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Role ID R17
Name WWCCLEOC
Description Wagga — Wagga Citi Council Local Emergency Operation Controller
Responsibilities 1. Provides liaison (including a LO where necessary) to the Wagga Wagga SES Operations Centre
2. The LO to deploy resources of its parent organisations
3. Request a LO to deploy resources of its parent organisations
4. The LO advises the Wagga Wagga SES Local Controller on resource availability for their service
5. The LO provides communications to their own organisations
6. Provides communications as necessary to its deployed field team
7. Initiate response operation regardless of the location and severity of the flooding anticipated
8. Advises response operation to the Wagga Wagga City Council (WWCC) and the Wagga Wagga
City Council Local Emergency Operations Controller (WWCCLEOC)
Constraints -
Role ID RI8
Name WWCCM
Description Wagga — Wagga Citi Council Mayor
Responsibilities 1. Initiate response operation regardless of the location and severity of the flooding anticipated
Constraints -

3. Organization model

DM Plan Organisation model of the Wagga-Wagga SES NSW DISPLAN
Country Australia
Disaster Type Flood
Phase Preparedness phase
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4. Interaction model
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DM Plan Interaction model of the Wagga-Wagga SES NSW DISPLAN
Country Australia

Disaster Type Flood

Phase Response phase




Operates after hours duty officer systemw henever flood i NSW SES
operations are not being conducted

LOs:

WWSESLHQ StateWater
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Provides liaison (including a liaison officer (LO) w here
necessary) to the Wagga Wagga SES Operations Centre

(WWSESEQC) WWCC WWCCLEOC
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The LOto deploy resources of its parent organisations RTA \évo\/égCLEMO
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Request a LO to deploy resources of its parent organisations
The LO advises the Wagga Wagga SES Local Controller on i LOs
resource availability for their service
The LO provides communications to their ow n organisations
WWSESLHQ StateWater
MSESDHQ  Snow yHydro
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Provides communications as necessary to its deployed field RTA
DoCS
team NSWP
Allinvolved
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WWSESLC

>

Active Reconnaissance to provide Flood Intelligent (Fl) sources

by monitoring the follow ing areas
NSW SES
Issue Local Flood Advices for the gauges listed in Annex C to
SES Flood bulletin
Issues Evacuation Warnings as in Annex E

240



241

Assures MSESDHQ To contact Bureau of Meteorology (BoM) to
discuss the development of flood w arnings

Provides information on flooding and its consequences, including
those in nearby council areas

nges The Murrumbidgee SES Division Headquarter:
issue warning information in the form of SES Division Flood
Bulletins to media organisations and agencies listed in Annex D

nges Wagga - Wagga SES Local Controller to advise
Murrumbidgee SES Division Headquarters which w illissue SES
Livestock and Equipment Warnings to radio stations as
nd| d-in-Annex-D

Provides road status reports for main roads in the council area to
MSESDHQRIC and WWPLACHQ

WWSESLOi
i MSESDHQ

Obtains road status reports for main roads in the council area
information from the Police, Council and RTA

Ensures that the Murrumbidgee SES Division Controller is

regularly briefed on the progress of operations and on
future resource needs
Request additional flood boats and crew s through the
Murrumbidgee SES Division Headquarters (MSESDHQ)
Task aircraft allocated by the Division Headquarters for flood
operations w ithin the council area
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Assures MSESDHQ To contact Bureau of Meteorology (BoM) to
discuss the development of flood w arnings

Provides Flood Watches, which give an early appreciation of
developing meteorological situations that could lead to flooding

Provides Flood Warnings, which include river height readings

and height-time predictions as listed in Annex C BoM
Provides Severe Weather Warnings for Flash Flooding
BoMw ebsite
WWSESL!
Initiafe “response operafion regardless of the location and NSWPLACHQ
severity of the flooding anticipated WWCCM
WWCCLEOC

Advising other agencies listed in this plan to start response
operation

iWWCCLEMO

Request fo advise other organizafions to initiate response
operation (as listed in this DM plan) as appropriate to the
location and nature of the threat

failure

Snowy Hydro
Ltd

Provides information on Jounama Dams and the likely effects of
failure

Provides storage level information on Blow ering Dam

ismte Water

Provides storage level information on Burrinjuck Dam




information for inclusion in SES Flood Bulletins on the estimated
impacts of flooding at the predicted heights

Issue Local Flood Advices for the gauges listed in Annex Cto
SES Flood bulletin

WWSESLHQ

Issues Evacuation Warnings as in Annex E

ay|
and television stations to alert communities to Evacuation
Warnings, Special Warnings or Dam-Failure Warnings

Advises of road closures within the council area

WWSESLC Cell (MSESDHQRIC) and to the Wagga Wagga Police Local Area

Co S (\I\I\I\IH Af‘l-l(\)

o

WWCC
i RTA
NSWPLACHQ

NSESDHQ_RIC

Obtains road status reports for main roads in the council area
information from the Police, Council and RTA

Directs the imposition of traffic control measures

WWSESLCi i RTA

Controls the entry into flood affected areas

Advise flow rates and rates of rise for the Murrumbidgee River i DoPaNR
WWSESLCi that are available on-line
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MSESDHQ

Assures MSESDHQ To contact Bureau of Meteorology (BoM)
to discuss the development of flood w arnings iBoM

Provides advice to the Murrumbidgee SES Division
Headquarters on current and expected impacts of flooding

issue warning information in the form of SES Division Flood
Bulletins to media organisations and agencies listed in Annex D

nges Wagga - Wagga SES Local Controller to adviseg the
Murrumbidgee SES Division Headquarters w hich willissue SES

Livestock and Equipment Warnings to radio stations as
indicated-in-Annex-D

Provides Bureau of Meteorology (BoM) Severe Weather Flash
flooding possibilities as a result of intense rainfall

warnings for flash flooding that will be incorporated info SES
Flood Bulletins issued by the Murrumbidgee SES Division

that may have the potential to cause the failure of Burrinjuck,
Talbingo and Blow ering Dam

Issue” DamrFailure Warnings to media ouflets
Murrumbidgee SES Division Headquarters

ys Standard Emergency Warning Signal (SEWS) over
and television stations to alert communities to Evacuation
Warnings, Special Warnings or Dam-Failure Warnings

Approval fo use the signal wil be obfained from the
Murrumbidgee SES Division Headquarters

WWSESLHQ
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relation to current warnings, river heights, flood behaviour,
road conditions and closures of local and main roads

relation to advice on safety matters and means of protecting
property

Maintains back-up supplies

WWSESLHQ

Provides a motorised sandbag-filing machine

dvides road status reports for main roads in the council area

to fthe Murrumbidgee SES Division Headquarters  Road

Information Cell (MSESDHQRIC) and to the Wagga Wagga Police
ea-Command-He S HQ

A

wwce
RTA
NSWPLACHQ

LOmMmanad Headqua

Obtains road status reports for main roads in the council area
information from the Police, Council and RTA

(WWCC) and the Wagga Wagga City Council Local Emergency
Operations Controller (WWCCLEOC)
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(WWCC) and the Wagga Wagga City Council Local Emergency WWSESLHQ

Operations Controller (WWCCLEOC) WWCCLEOC

to fhe Murrumbidgee SES Division Headquarters Road

Information Cell (MSESDHQRIC) and to the Wagga Wagga Police

al-Area-Command-Headgquarters CHQ

RTA
NSWPLACHQ
MSESDHQ_RIC

Obtains road status reports for main roads in the council area
information from the Police, Council and RTA

s £

Closes and re-opens its ow n roads

Wagga as effected by flooding

£

Provides assistance in the erection of barricades and signs

RTA i Closes and re-open roads i NSW SES Police

su Il bi
incorporated in SES Flood Bulletins to radio stations by the
Murrumbidgee SES Division Headquarters

Issues Bureau of Meteorology (BoM) Flood Warnings for the
locations detailed in Annex C

dv i i nci i WWCCLEOC
(WWCC) and the Wagga Wagga City Council Local Emergency

Operations Controller (WWCCLEOC)

WWSESLHQ

Issue Local Flood Advices for the gauges listed in Annex Cto
SES Flood bulletin

Issues Evacuafion Warnings as in Annex E
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DM Plan

Environment model of the Wagga-Wagga SES NSW DISPLAN

Country

Australia

Disaster Type

Flood

Phase

Response phase

E1l

List of Agencies and organizations

Name

Agencies and organizations

Environment Entity ID

El

Description

Agencies and organisations for flood management tasks to be coordinated

Attributes

# Unique number distinguishing inputted data

Type Type agencies/organization

Scope Local/National

Phone number Phone number to be contacted

Mobile number Mobile number to be contacted

Roles Involved

SESLC

MSESDHQ

WWCC

WWUM

LEMO

WWCCM

WWCLEOP

NSWP

SESUM

LEOCON

NSWEFB

RFS

VRA

DoPI

DoCS

ASoNSW

RailCorp

TSC

DoEaT

CEO

PSaCC

RARFC

CSU

SESFW

CPP

E2

List of Communications

Name

Communications

Environment Entity ID

E2

Description

Liaison officers are to be able to provide communications to their own organisations

Attribute

# Unique number distinguishing inputted data

Type of communications Radio UHF/Mobile phone, etc.

Roles Involved

SESLC

LOs

MSESDHQ

WWCC

WWUM

LEMO

WWCCM

WWCLEOP

NSWP

SESUM

LEOCON

NSWEFB

RFS

VRA

DoPI
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DoCS
ASoNSW
RailCorp
TSC
DoEaT
CEO
PSaCC
RARFC
CSU
SESFW
CPP
E3 List of Other agencies
Name Other agencies
Environment Entity ID E3
Description Other agencies listed in this plan will be advised to start respond operation of flood
Attribute # Unique number distinguishing inputted data
List name Nama of agencies involved in
Roles Involved SESLC
LEMO
E4 List of The Gauges
Name The Gauges
Environment Entity ID E4
Description The gauges for which predictions are provided for are listed in Annex C
Attribute # Unique number distinguishing inputted data
Gauge Names Gauge names
Roles Involved SESLC
BoM
ES List of Resources for distribution
Name Resources for distribution
Environment Entity ID E5
Description Wagga Wagga SES Local Controller will ensure that resources are in place for the
distribution of foodstuffs and medical supplies to the areas that could become isolated
Attribute # Unique number distinguishing inputted data
Type of resources Type of resources
Availability Yes/No
Roles Involved SESLC

E6 List of Appropriate agencies

Name Appropriate agencies

Environment Entity ID E6

Description Appropriate agencies will be advised When towns and villages are expected to become
isolated to deploy resources (including sandbags, firefighting appliances, ambulances, etc.).
Pre-deployments may be required for up to one week

Attribute # Unique number distinguishing inputted data
Type Type agencies/organization
Scope Local/National

Roles Involved SESLC

E7 List of Resources to be deployed

Name Resources to be deployed

Environment Entity ID E7

Description Resources (including sandbags, firefighting appliances, ambulances, etc.), when towns and
villages are expected to become isolated, are deployed to ensure that operational capability
is maintained. Pre-deployments may be required for up to one week

Attribute # Unique number distinguishing inputted data
Type of resources Type of resources
Availability Yes/No

Roles Involved SESLC

E8

List of Emergency services
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Name Resources to be deployed

Environment Entity ID E8

Description Resources (including sandbags, firefighting appliances, ambulances, etc.), when towns and
villages are expected to become isolated, are deployed to ensure that operational capability
is maintained. Pre-deployments may be required for up to one week

Attribute # Unique number distinguishing inputted data

Type of services Type of service

Communication type Mean to communicated with

Contact number Contact number

Roles Involved

SESLC

E9 List of Essential agencies

Name Resources to be deployed

Environment Entity ID E9

Description Resources (including sandbags, firefighting appliances, ambulances, etc.), when towns and
villages are expected to become isolated, are deployed to ensure that operational capability
is maintained. Pre-deployments may be required for up to one week

Attribute # Unique number distinguishing inputted data
Type Type agencies/organization
Scope Local/National
Contact number Contact number

Roles Involved

SESLC

E10 List of Media organizations and agencies
Name Media organizations agencies
Environment Entity ID E10
Description Media organisations and agencies listed in Annex D
Attribute # Unique number distinguishing inputted data
Type TV/Radio etc.
Scope Local/National
Contact number Contact number
Roles Involved SESLC
MSESDHQ
El1 List of Landholders
Name List of landholders
Environment Entity ID Ell
Description List of landholders along the Murrumbidgee River and its tributaries
Attribute # Unique number distinguishing inputted the
data
Name Name of the landholder
Address Address
Contact number Contact numbers to reach them
Roles Involved SESLC
MSESDHQ
WWSESLHQ
E12 Flood watch
Name Flood watch
Environment Entity ID E12
Description Flood Watches will be incorporated in SES Flood Bulletins released to radio stations If there
are signs of impending floods
Attribute # Unique number distinguishing inputted data

Forecast to flood Prediction analysis of flood disaster

Roles Involved SESLC
MSESDHQ

E13 Flash flood

Name Flash flood

Environment Entity ID E13

Description Provides a warning of the possibility for flash flooding as a result of intense rainfall. These
warnings are issued when severe weather is expected to affect land based communities with
6 to 24 hours.

Attribute # | Unique number distinguishing inputted data
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Time prediction TV/Radio etc.

Impact to communities Prediction of area of impacted communities

Effects Effect that will happen

Roles Involved SESLC
MSESDHQ

E14 Warning massage template for evacuation

Name Template Warning massage template for evacuation

Environment Entity ID El4

Description A template guide to the content of evacuation warning messages is at Annex E

Attribute # Unique number distinguishing inputted data
Warning for TV/Radio etc.
Authorized by Local/National

Roles Involved SESLC
MSESDHQ

E15 Detail arrangement for evacuation

Name Detail arrangement for evacuation

Environment Entity ID E15

Description Special arrangements apply in the case of severe flooding that may have the potential to cause
the failure of Burrinjuck, Talbingo and Blowering Dam. Details of these arrangements are
described in Annex I

Attribute # Unique number distinguishing inputted data
Authorized by Local/National

Roles Involved SESLC
MSESDHQ

E16 Dams Failure warning

Name Dams Failure warning

Environment Entity ID E16

Description Details of these arrangements are described in Annex I. Dam failure warnings will be issued
to media outlets by the Murrumbidgee SES Division
Headquarters

Attribute # Unique number distinguishing inputted data
Authorized by Local/National

Roles Involved SESLC
MSESDHQ

E17 Information of SES flood bulletin

Name SES flood bulletin

Environment Entity ID E17

Description The Murrumbidgee SES Division Headquarters issues SES Flood Bulletins to media outlets
and agencies on behalf of all SES units in the Division. SES Flood Bulletins contain the
following information relating to all council areas in which flooding is occurring

Attribute # Unique number distinguishing inputted data
Type of warning Local/National

Flood heights and flood behavior flood heights and flood behavior

Flood and road condition Details of conditions and closures of main

roads
Advice Advice on safety matters and means of
protecting property
Roles Involved SESLC
MSESDHQ
E18 Infrastructure list of possible risk
Name Infrastructure list of possible risk
Environment Entity ID E18
Description Infrastructure at risk of flood damage as listed in Annex B
Attribute # Unique number distinguishing inputted data
Infrastructure name Infrastructure name
Roles Involved SESLC

MSESDHQ
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6. 4 gent model

DM Plan Agent model of the Wagga-Wagga SES NSW DISPLAN
Country Australia
Disaster Type Flood
Phase Response phase
Agent Type SESNSW Type
Name SESNSW
Description Play role as the SES New State Wales
References RO1
Activity Activity Name :  Control Operation
Functionality :  Control Operation
Trigger :  Control of response operation
Action : 1. Coordination of other agencies for flood management tasks
2. Organizing other agencies for flood management tasks
Activity Name :  Operate operation centre
Functionality :  Operate operation centre
Trigger : Organizing response operation
Action :  Operates after hours duty officer system whenever flood operations are not
being conducted
Activity Name :  Provide Flood Intelligence (FI)
Functionality :  Provide Flood Intelligence (FI)
Trigger : Flood Intelligence (FI) gathering to response operation
Action :  Monitoring source of Flood Intelligence (FI) for the following areas:
Flowerdale flats, Main town levee, Astern section of the Sturt Hwy, Wagga
Wagga Beach Caravan Park, North Wagga levee, Gumly Gumly levee,
Uranquinty levee and Tarcutta levee
Activity Name :  Issuing warning
Functionality :  Issuing warning
Trigger : Operate warning services
Action :  Issuing Local Flood Advices for the gauges listed in Annex C. These are
issued in SES Division Flood Bulletins and/or direct from the Wagga
Wagga SES Local Controller via facsimile
Activity Name :  Provide Liaison Officer (LO)
Functionality : Provide Liaison Officer (LO)
Trigger : At the request of SESLC
Action :  Provide a liaison officer, where necessary, to the Wagga Wagga SES
Operations Centre
Environment [ET1] Agencies and organizations
Considerations
Agent Type SESLC Type
Name SESLC
Description Play role as the SES Local Controller
References R02
Activity Activity Name :  Operate operation centre
Functionality :  Operate operation centre
Trigger : 1. Operate operation center for response plan
Action :  Maintains an Operations Centre at 208 Fernleigh Road, Wagga Wagga
Activity Name :  Request to provide LO
Functionality :  Request to provide LO
Trigger :  Control response operation
Action :  Request to provide liaison (including a liaison officer where necessary) to
the Wagga Wagga SES Operations Centre
Activity Name :  Start of response operation
Functionality :  Start of response operation
Trigger : 1. On receipt of a Bureau of Meteorology Preliminary Flood Warning,
Flood Warning, Flood Watch or Severe Weather Warning for Flash
Flooding
2. On receipt of dam-failure warnings for Burrinjuck, Blowering or
Talbingo Dams
3. When other evidence leads to an expectation of flooding within the
council area
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Action : 1. Contact with the Bureau of Meteorology (BoM) to discuss the
development of flood warnings which will normally be through the
MSESDHQ
2. Advising WWCCLEOC for flooding anticipated response (for
transmission to the NSW Police Local Area Command Headquarters
3. Advising WWSESU to initiate response operation for flooding
anticipated response
4. Advising MSESDHQ to initiate response operation for flooding
anticipated response
5. Advising WWCCLEMO to initiate response operation for flooding
anticipated response
6. Advising WWCCM to initiate response operation for flooding
anticipated response
7.  Request to advise other organizations to initiate response operation
(as listed in this DM plan) for flooding anticipated response
8. Request to initiate response operation for flood anticipated based on
appropriate of the location to other organizations as listed in this DM
plan
Activity Name :  Preliminary deployments
Functionality : Preliminary deployments
Trigger :  Preliminary deployments to start response operation
Action : 1. Ensuring that resources are in place for the distribution of foodstuffs
and medical supplies to the areas that could become isolated
2. Advising appropriate agencies so that resources (including sandbags,
firefighting appliances, ambulances, etc.) are deployed to ensure that
operational capability is maintained. Pre-deployments may be
required for up to one week
Activity Name :  Protection of resources
Functionality :  Protection of resources
Trigger :  Protection of resources of the response operation
Action : Advising emergency services and essential agencies located on the
floodplain to relocate resources to flood free locations
Activity Name :  SES livestock and equipment warning
Functionality :  SES livestock and equipment warning
Trigger : Following heavy rain or when there are indications of significant creek or
river rises (even to levels below Minor Flood heights)
Action :  Advising the MSESDHQ to issue SES Livestock and Equipment Warnings
to radio stations as indicated in Annex D
Activity Name : BoM Flood Warning
Functionality : BoM Flood Warning
Trigger :  On receipt BoM Flood Warnings for the locations detailed in Annex C
Action : 1. Advise the Wagga Wagga City Council (WWCC) and the Wagga
Wagga City Council Local Emergency Operations Controller
(WWCCLEOC) of flood warning
2. Provide the Murrumbidgee SES Division Headquarters (MSESDHQ)
with information for inclusion in SES Flood Bulletins on the
estimated impacts of flooding at the predicted heights
Activity Name :  Evacuation warning
Functionality : Evacuation warning
Trigger : When evacuation is required
Action : Issuing evacuation warning messages as a template is at Annex E
Activity Name :  Playing SEWS
Functionality : Playing SEWS
Trigger : When there are Evacuation Warnings or Special Warnings or Dam-Failure
Warnings
Action :  Standard Emergency Warning Signal (SEWS) may be played over radio
and television stations to alert communities to Evacuation Warnings,
Special Warnings or Dam-Failure Warnings
Activity Name :  Collation and dissemination read information
Functionality : Collation and dissemination read information
Trigger : When response operation
Action : 1. Provides road status reports for main roads in the council area to the

Murrumbidgee SES Division Headquarters Road Information Cell
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(MSESDHQRIC) and to the Wagga Wagga Police Local Area
Command Headquarters (WWPLACHQ)

2.  Ensuring that the Murrumbidgee SES Division Controller is regularly
briefed on the progress of operations and on future resource needs

Activity Name :  Traffic control
Functionality :  Traffic control
Trigger : In the event of major flooding
Action :  Direct the imposition of traffic control measures
Activity Name :  Flood rescue
Functionality :  Flood rescue
Trigger : When response operation
Action : 1. Controls flood rescues, which are carried out using high clearance
vehicles, flood boats and (under some circumstances) helicopters
2. Request additional flood boats and crews through the Murrumbidgee
SES Division Headquarters
Activity Name :  Keep inform essential service
Functionality : Keep inform essential service
Trigger : When response operation
Action : 1. Ensuring that the providers of essential services (electricity, water,
sewerage, medical and public health) are kept advised of the flood
situation
2. Kept to be informed status and ongoing ability from Essential service
providers
Activity Name :  Maintain logistic
Functionality : Maintain logistic
Trigger : When response operation
Action : Maintaining a small stock of sandbags and back-up supplies are available
through the Murrumbidgee SES Division Headquarters. A motorised
sandbag-filling machine is available from Murrumbidgee Division
Headquarters. Alternatively, local concrete trucks may be used
Activity Name : Managing aircraft
Functionality : Managing aircraft
Trigger :  Should only be used if other transport means are not available or not suitable
Action :  Task the aircraft allocated by the Division Headquarters for flood operations
within the council area
Activity Name :  Resupply
Functionality :  Resupply
Trigger : When response operation
Action :  Arranging resupply as the details listed in Annex Q
Activity Name :  Assistance of animals
Functionality :  Assistance of animals
Trigger : When response operation
Action : 1. Refers to the matters relating to the welfare of livestock, companion
animals and wildlife (including feeding and rescue) to NSW
Department of Primary Industries
2. Requests for emergency supply and/or delivery of fodder to stranded
livestock, or for livestock rescue, are to be passed to NSW
Department of Primary Industries
Activity Name :  Assist stranded travellers
Functionality :  Assist stranded travellers
Trigger : When response operation
Action :  Refers the stranded travellers to Department of Community Services for the
arrangement of temporary accommodation
Activity Name :  End of response operation
Functionality : End of response operation
Trigger : When response operation
Action : 1. Advising agencies and the community involved in response operation

the end of response operation
2. Briefing Recovery Committee (RC) on the situation and any need to
issue an ‘all clear’ for evacuees to return to their homes
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Environment [ES] Resources for distribution
Considerations [E6] Appropriate agencies

[ET] Resources to be deployed

[E8] Emergency services

[E9] Essential agencies

[E14] Warning massage template for evacuation

[E18] Infrastructure list of possible risk

[E19] Resupply arrangements
Agent Type LO Type
Name LO
Description Play role as the Liaison Officer
References RO3
Activity Activity Name :  Deploy the resource

Functionality : Deploy the resource
Trigger : At the request of the WWSESLC
Action : 1. Deploy the resources of their parent organisations
2. Advise the Wagga Wagga SES Local Controller on resource
availability for their service
3. Provide communications to their own organisations

Environment [E2] Communications
Considerations

7. Scenario model

DM Plan Scenario model of the Wagga-Wagga SES NSW DISPLAN
Country Australia
Disaster Type Flood
Phase Response phase
Scenario S01
Name Control Flood Operation
Goal CFO
Initiator SES (SESNSW)
Trigger For starting the control of flood operation
Pre-condition -
Post-condition -
Description -
Condition Step Activity Role Egziltl;lonment
Coordination of other agencies and organizations
for flood management tasks SES(NSW) El
Scenario S02
Name Maintain Operation Centre
Goal Maintain Operation Centre
Initiator SESLC
Trigger For starting the control of flood operation
Pre-condition -
Post-condition -
Description -
Condition Step Activity Role Egziltl;lonment
Maintains an Operations Centre at 208 Fernleigh
1 Road, Wagga Wagga SES(NSW),
SESLC
Sequential Operates after hours duty officer system whenever
2 flood operations are not being conducted SES
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Request to provide liaison (including a liaison
officer where necessary) to the Wagga Wagga SES

3 Operations Centre SESLC
Provide a liaison officer, where necessary, to the
4 Wagga Wagga SES Operations Centre SESLC,LO El
LO to deploy the resources of their parent
5 organisations at the request of the Wagga Wagga L0, SESLC
SES Local Controller
LO to advise the Wagga Wagga SES Local
6 Controller on resource availability for their service LO, SESLC
LO to provide communications to their own
7 organisations LO, SESLC E2
Scenario S03
Name Start of Response Operation
Goal Start of Response Operation
Initiator SESLC
Trigger 4. On receipt of a Bureau of Meteorology Preliminary Flood Warning, Flood Warning,
Flood Watch or Severe Weather Warning for Flash Flooding
5. On receipt of dam-failure warnings for Burrinjuck, Blowering or Talbingo Dams
6. When other evidence leads to an expectation of flooding within the council area
Pre-condition -
Post-condition -
Description -
e . . Environment
Condition Step Activity Role Entity
Contact with the Bureau of Meteorology to discuss
1 the development of flood warnings will normally be ~ SES(NSW), SESLC
through the MSESDHQ
Advising WWCCLEOC for flooding anticipated
2 response (for transmission to the NSW Police Local SES
Area Command Headquarters
Sequential Request to advise other organizations to initiate
3 response operation (as listed in this DM plan) for SESLC, El
flooding anticipation WWCCLEMO
Advises other agencies listed in this plan to start the
4 response operation regardless of the location and SESLC, ELE3
severity of the flooding to the appropriate location WWCCLEMO ’
and the nature of the threat.
Scenario S04
Name Providing Flood Intelligence (FI) Sources
Goal Providing Flood Intelligence (FI) Sources
Initiator BoM
Trigger Times of flooding
Pre-condition -
Post-condition -
Description -
e . . Environment
Condition Step Activity Role Entity
Provides Flood Watches, which give an early
appreciation of developing meteorological situations
1 that could lead to flooding. These are normally ]SBEE/}:(IJ\/I SESDHQ,
provided on a whole-catchment basis for the
Sequential Murrumbidgee River catchment
Provides Flood Warnings, which include river
5 height readings and height-time predictions. The BoM, MSESDHQ, E4

gauges for which predictions are provided for are
listed in Annex C

SESLC
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Provides Severe Weather Warnings for Flash

BoM, MSESDHQ,

3 Flooding SESLC
Provides Key gauge level information is available
4 from the BoM website, www.bom.gov.au BoM, MSESDHQ,
SESLC
provides information on flooding and its
5 consequences, MSESDHQ, SESLC
including those in nearby council areas
Advise of road closures within the council area
6 WWCC
Provides information on Talbingo and Jounama Snowy Hydro,
7 Dams and the likely effects of failure MSESDHQ,
SESLC
Provides storage level information on Blowering  State Water,
8 Dam MSESDHQ,
SESLC
Provides storage level information on Burrinjuck  State Water,
9 Dam MSESDHQ,
SESLC
Advises flow rates and rates of rise for the
Murrumbidgee River. Daily river level report are DolPaNS,
10 available on-line at MSESDHQ,
http://waterinfo.dlwc.nsw.gov.au/riis/drr/index.htm  SESLC
1
11 Active reconnaissance SES (NSW), SESLC E4
Scenario S05
Name Preliminary Deployment
Goal Preliminary Deployment
Initiator SESLC
Trigger 1. When flooding is expected to be severe enough to cut road access to towns, within towns
and/or rural communities
2. When towns and villages are expected to become isolated
Pre-condition -
Post-condition -
Description -
Condition Step Activity Role Engiltl;,onment
Ensuring that resources are in place for the
1 distribution of foodstuffs and medical supplies tothe SES(NSW), SESLC  ES
areas that could become isolated
Advising appropriate agencies so that resources
Interleave (includir%g pzanr()ibags, gﬁreﬁghting appliances,
2 ambulances, etc.) are deployed to ensure that SES E6
operational  capability is maintained. Pre-
deployments may be required for up to one week
Scenario S06
Name Protection of Resources
Goal Protection of Resources
Initiator SESLC
Trigger When the Wagga - Wagga levee is predicted to overtop or fail
Pre-condition -
Post-condition -
Description -
Condition Step Activity Role Engiltl;,onment
iAdvising emergency seryices and essential agencies SES(NSW),
ocated on the floodplain to relocate resources to SESLC E8,E9

flood free locations
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Scenario S07
Name Arrange Warning Service Operations
Goal Arrange Warning Service Operations
Initiator SESLHQ
Trigger -
Pre-condition
Post-condition -
Description -
Condition Step Activity Role Egziltl;lonment
Advices to the Murrumbidgee SES Division
1 Headquarters on current and expected impacts of SESLHQ.
. MSESDHQ
flooding
Coordinates the delivery of warnings to the
community by doorknocking, telephone, mobile
2 public address systems, local radio stations and two- SESLHQ
way radio
3 Confirmation of evacuation actions SESLHQ
Sequential The MSESDHQ issues warning information in the SESLC
4 form of SES Division Flood Bulletins to media ! E10
o Lo . MSESDHQ
organisations and agencies listed in Annex D.
Advises the MSESDHQ which will issue SES
5 Livestock and Equipment Warnings to radio stations SESLC, E10
L ) MSESDHQ
as indicated in Annex D
6 Issues SES Livestock and Equipment Warnings to MSESDHQ, E10
radio stations as indicated in Annex D ESLC
7 Maintains a list of landholders along the MSESDHQ, Ell
Murrumbidgee River and its tributaries SSLC
Scenario S08
Name Release BoM Flood Watches
Goal Release BoM Flood Watches
Initiator MSESDHQ
Trigger If there are signs of impending floods
Pre-condition
Post-condition -
Description -
Condition Step Activity Role Egziltl;lonment
Releases BoM Flood Watches to radio stations
1 which will be incorporated in SES Flood Bulletins MSESDHQ, El12
SESLC
2 Issues BoM Flood Warnings as detailed in Annex C  MSESDHQ
Sequential 3 Advise the . WWC.C and . the WWCCLEOC SESLC, WWCC,
Controller of impending flooding WWCCLEOC
Provide the MSESDHQ with information for
4 inclusion in SES Flood Bulletins on the E17
estimated impacts of flooding at the predicted
heights
Scenario S09
Name Provides BoM Severe Weather Warnings for Flash Flooding
Goal Provides BoM Severe Weather Warnings for Flash Flooding
Initiator MSESDHQ
Trigger An intense rainfall
Pre-condition when severe weather is expected to affect land based communities with 6 to 24 Hours
Post-condition -
Description -
Condition Step Activity Role Environment

Entity
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Provides a warning of the possibility for Bureau of
Meteorology Severe Weather Warnings for Flash
Flooding as a result of intense rainfall. This product

1 may be issued concurrently with flood warnings and Ig/gsis(? HQ, E13
flood watches. Severe weather warnings for flash
Sequential flooding will be incorporated into SES Flood
Bulletins
Issues Local Flood Advices for the gauges listed in
5 Annex C. These are issued in SES Division Flood MSESDHQ, E17
Bulletins and/or direct from the Wagga Wagga SES  SESLC
Local Controller via facsimile.
Scenario S10
Name Issues Evacuation Warning
Goal Issues Evacuation Warning
Initiator SESLC
Trigger When evacuation is required
Pre-condition in the case of severe flooding that may have the potential to cause the failure of Burrinjuck,
Talbingo and Blowering Dam
Post-condition -
Description -
e . . Environment
Condition Step Activity Role Entity
1 Issues Evacuation Warning MSESDHQ, El4
SESLC
Issues Dam failure warnings to media outlets by the
2 MSESDHQ. Details of these g/gssisé)HQ’ El5
Interleave arrangements are described in Annex I
Standard Emergency Warning Signal (SEWS) may
- S . SESLC,
3 be playeq over radio and tc;lev151on st.atlons to alt?rt SESLHQ
communities to Evacuation Warnings, Special MSESDPi Q
Warnings or Dam-Failure Warnings
Scenario S11
Name Issues Flood Information on behalf SES units
Goal Issues Flood Information on behalf SES units
Initiator SESLC
Trigger When evacuation is required
Pre-condition in the case of severe flooding that may have the potential to cause the failure of Burrinjuck,
Talbingo and Blowering Dam
Post-condition -
Description -
e . . Environment
Condition Step Activity Role Entity
1 Maintains pre-written flood bulletins for key heights MSESDHQ E10.E17
Provides a ‘phone-in’ information service for the
community in relation to current warnings, river
2 heights, flood behaviour, road conditions and MSESDHQ
closures of local and main roads
Provides advice on safety matters and means of
3 protecting property MSESDHQ E10
Provides road status reports for main roads in the MSESDHQ,
Sequential 4 council area to the MSESDHQRIC and to the MSESDHQ,
WWPLACHQ WWPLACHQ
Distributes information on main roads to SES units,
5 media outlets and agencies as part of SES Flood E10
Bulletins
6 RIC (MSESDHQRIC) also provides a ‘phone-in’
service to the public
Ensures that the MSESDHQ is regularly briefed on
the progress of operations and
7 on future resource needs
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Scenario S12

Name Road Control

Goal Road Control

Initiator SESLC

Trigger When evacuation is required

Pre-condition

Talbingo and Blowering Dam

in the case of severe flooding that may have the potential to cause the failure of Burrinjuck,

Post-condition

Description -
e - Environment
Condition Step Activity Role Entity
1 Closes and re-opens its own roads WWCC El4
Interleave close and re-open roads but will normally
only do so (if the council or the RTA have not
2 already acted) if public safety requires such action NSWP, RTA
Scenario S13
Name Traffic Control
Goal Traffic Control
Initiator SESLC
Trigger In the event of major flooding

Pre-condition

in the case of severe flooding that may have the potential to cause the failure of Burrinjuck, Talbingo

and Blowering Dam

Post-condition

Description

Condition  Step

Activity Role

Environment
Entity

Direct the imposition of traffic control measures SESLC

Provided assistance to WWSESLC in the erection of

barricades and signs WWCC, SESLC

Controls flood rescues, which are carried out using high
clearance vehicles, flood boats and (under some SESLC
circumstances) helicopters

Request additional flood boats and crews through the

Murrumbidgee SES Division Headquarters WWCC, SESLC

Arranging evacuation for the Wagga Wagga City Council
area as listed in Annexes F to O

Sequential

Ensures that the providers of essential services
(electricity, water, sewerage, medical and public health)
are kept advised of the flood situation. The detail of
essential services as listed in Annex B

Essential service providers must keep the
Wagga Wagga SES Local Controller abreast of their

status and ongoing ability to provide those services. SESLC

E18

Maintains a small stock of sandbags, and back-up

supplies are available through the Murrumbidgee SES

Division Headquarters. A motorised sandbag-filling SESLHQ,
machine is available from Murrumbidgee Division MSESDHQ
Headquarters. Alternatively, local concrete trucks may be

used.

Scenario

S14

Name

Managing aircraft

Goal

Managing aircraft

Initiator

SESLC

Trigger

Should only be used if other transport means are not available or not suitable

Pre-condition

Post-condition

Description
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Condition Step  Activity Role Engiltl;lonment
1 Control air support operations MSESDHQ, SESLC
Sequential ) Tasks aircraft al.locatefl by the Divisipn Headquarters MSESDHQ, SESLC
for flood operations within the council area
Scenario S15
Name Resupply operation
Goal Resupply operation
Initiator SESLC
Trigger During periods of flooding many rural properties and some villages can become isolated
Pre-condition -
Post-condition -
Description -
Condition Step Activity Role Egziltl;lonment
Sequential Resupply arrangements are detailed in Annex Q SESLC
Scenario S16
Name Assistance for Animal
Goal Assistance for Animal
Initiator SESLC
Trigger During periods of flooding many rural properties and some villages can become isolated
Pre-condition -
Post-condition -
Description -
Condition Step  Activity Role Egziltl;lonment
Refers matters relating to the welfare of livestock,
1 companion animals and wildlife SESLC, DoPI
Sequential (including feeding and rescue) to NSW DoPI
Requests for emergency supply and/or delivery of
2 fodder to stranded livestock, or for livestock rescue, are  SESLC, DoPI
to be passed to NSW DoPI
Scenario S17
Name Stranded Travellers
Goal Stranded Travellers
Initiator SESLC
Trigger Flood waters can strand travellers
Pre-condition -
Post-condition -
Description -
Condition Step  Activity Role Egziltl;lonment
Refers to DoPI for trave}lers who seeking assistance for SESLC, DoPI
temporary accommodation
Scenario S18
Name End of Response Operation
Goal End of Response Operation
Initiator SESLC
Trigger When response operations have concluded
Pre-condition -
Post-condition -
Description -
Condition Step  Activity Role Engiltl;lonment
1 Advises other agepcies and the community of the end SESLC, DoPl
of response operation
Sequential The recovery committee if established will be briefed
2 on the situation and any need to issue an ‘all clear’ for SESLC, RC

evacuees to return to their homes.
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Appendix D

Customised ABMs of the SES NSW DISPLAN template



DM Plan Customised goal model of the SES NSW DISPLAN template
Country Australia

Disaster Type Flood

Phase Response Phase

1. Customised goal model of the SES NSW DISPLAN template

Main goals

Flood DISPLAN Template
of The SES NSW

Response phase

<SESLN> SESLOC

<SESLN> SESLOC

<SESReg> SESDHQ

NSWDaPI

[

ControlFloodOperation

MaintainingOperation
Centre

tartToResponseOperatio

DepolyingPreliminary
Resources

|

ProtectingResources

rovidingCommunication
Means

A

<SESLN> SESLOC

ProvidingLiaisonOfficer

DoCS

ProvidingFlSources

mangingWamingService
Operation

<CouncilName> CC

Road&TrafficCentrol

<SESLN= SESLOC
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Each main goal and its sub-goals
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2. Customised role model of the SES NSW DISPLAN template

DM Plan Customised role model of the SES NSW DISPLAN template
Country Australia
Disaster Type Flood
Phase Response phase
Role ID R1
Name SES NSW
Description State Emergency Service (SES) New South Wales State
Responsibilities 1. Coordination of other agencies for flood management tasks
2. Organizing other agencies for flood management tasks
3. Operates after hours duty officer system whenever flood operations are not being conducted
4.  Provides liaison (including a liaison officer (LO) SESNSW where necessary) to the <SESLN>
SES Operations Centre (WWSESEOC)
5. The LO SESNSW to deploy resources of its parent organisations
6. LO SESNSW to deploy resources of its parent organisations
7. The LO <AgencyName> advises the <SESLN> SES LOC on resource availability for their
service
8. The LO SESNSW provides communications to their own organisations SESNSW.
9. Provides the primary mean communications to and between deployed SESNSW resources by
mobile phone and <SESLN> SESLOC UHF radio network
10. Active Reconnaissance to provide Flood Intelligent (FI) sources by monitoring the
<LocalArea> areas.
11. Issue Local Flood Advices for the gauges listed in Annex C to SES Flood bulletin
12. Issues Evacuation Warnings as in Annex E
Constraints -
Role ID R2
Name <SESLN> SESLHQ
Description <SESLN> SES Local Headquarter
Responsibilities 1. Provides liaison (including a LO where necessary) to the <SESLN>SES Operations Centre
2. The LO <SESLN> SESLHQ to deploy resources of its parent organisations
3. Request a LO <SESLN> SESLHQ to deploy resources of its parent organisations
4. The LO <SESLN> SESLHQ advises the <SESLN> SESLOC on resource availability for their
service
5. The LO <SESLN> SESLHQ provides communications to their own organisations
6. Provides communications as necessary to its deployed field team
7. Provides advice to the <SESReg> SESDHQ on current and expected impacts of flooding
8. Coordinates the delivery of warnings to the community by doorknocking, telephone, mobile
public address systems, local radio stations and two-way radio
9.  Confirmation of evacuation actions
10. Arranges The <SESReg> SESDHQ to issue warning information in the form of SES Division
Flood Bulletins to media organisations and agencies listed in Annex D
11. Arranges <SESLN> SESLOC to advises the <SESReg> SESDHQ which will issue SES
Livestock and Equipment Warnings to radio stations as indicated in Annex D
12. Maintains a list of landholders along the (Regional> River and its tributaries
13. Issues Bureau of Meteorology (BoM) Flood Watches that will be incorporated in
<SESLN>SESLOC Flood Bulletins to radio stations by the <SESReg> SESDHQ
14. Issues Bureau of Meteorology (BoM) Flood Warnings for the locations detailed in Annex C
15. Advises response operation to the <CityName> City Council and the <CityName> CCLEOC.
16. Provides the <SESReg> SESDHQ with information for inclusion in SES Flood Bulletins on the
estimated impacts of flooding at the predicted heights
17. Provides Bureau of Meteorology (BoM) Severe Weather Flash flooding possibilities as a result
of intense rainfall
18. Issues Bureau of Meteorology (BoM) Severe weather warnings for flash flooding that will be
incorporated into SES Flood Bulletins issued by the <SESReg> SESDHQ
19. Issue Local Flood Advices for the gauges listed in Annex C to SES Flood bulletin
20. Issues Evacuation Warnings as in Annex E
21. Issue <DamName> Dam-Failure Warnings to media outlets by the <SESReg>
22. Applies special arrangements in the case of severe flooding that may have the potential to cause
the failure of <DamName>
23. Plays Standard Emergency Warning Signal (SEWS) over radio and television stations to alert

communities to Evacuation Warnings, Special Warnings or Dam-Failure Warnings
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24. Approval to use the signal will be obtained from the <SESReg> SESDHQ
25. Provides a ‘phone-in’ information service for the community in relation to current warnings,
river heights, flood behaviour, road conditions and closures of local and main roads
26. Provides a ‘phone-in’ information service for the community in relation to advice on safety
matters and means of protecting property
27. Maintains a small stock of sandbags
28. Maintains back-up supplies
29. Provides a motorised sandbag-filling machine
30. Provides local concrete trucks
Constraints -
Role ID R3
Name <SESLN> SESLOC
Description <SESLN> SES Local Operational Controller
Responsibilities 1. Maintains The <SESLN> City Council Emergency Operations Centre (CCEOC) is located at
<LocationAddress>
2. Operates after hours duty officer system whenever flood operations are not being conducted
provide liaison (including a liaison officer where necessary) to the <SESLN>SES Emergency
Operations Centre (SESEOC)
3. Request to provide liaison (including a liaison officer where necessary) to the <SESLN> SES
Operations Centre
4. Provides liaison (including a LO <SESLN> SESLOC where necessary) to the <SESLN>SES
Operations Centre
5. The LO <SESLN> SESLOC to deploy resources of its parent organisations
6. Request a LO <SESLN> SESLOC to deploy resources of its parent organisations
7. The LO <SESLN> SESLOC advises the <SESLN> SES Local Controller on resource
availability for their service
8. The LO <SESLN> SESLOC provides communications to their own organisations
9.  Provides the primary mean communications to and between deployed SES resources by mobile
phone and local <SESLN> SES UHF radio network
10. Provides communications as necessary to its deployed field team
11. Provides back-up communication means
12. Activated by contacting with the Bureau of Meteorology (BoM) to discuss the development of
flood warnings which will normally be through the <SESReg> SESDHQ
13. Contacting with the Bureau of Meteorology (BoM) to discuss the development of flood warnings
14. Assures <SESReg> SESDHQ To contact Bureau of Meteorology (BoM) to discuss the
development of flood warnings
15. Advising certain persons and organizations to initiate response operation for flooding anticipated
response
16. Initiate response operation regardless of the location and severity of the flooding anticipated
17. Advising other agencies listed in this plan to start response operation
18. Request to advise other organizations to initiate response operation (as listed in this DM plan)
as appropriate to the location and nature of the threat
19. Provides Flood Watches, which give an early appreciation of developing meteorological
situations that could lead to flooding
20. Provides Flood Warnings, which include river height readings and height-time predictions as
listed in Annex C
21. Provides Severe Weather Warnings for Flash Flooding
22. Provides Key gauge level information that is available from the BoM website
23. Provides information on flooding and its consequences, including those in nearby council areas
24. Advises of road closures within the council area
25. Provides information on <DamName> Dams and the likely effects of failure
26. Provides storage level information on <DamName> Dam
27. Advise flow rates and rates of rise for the <Regional> River that are available on-line at
http://waterinfo.dlwc.nsw.gov.au/riis/drr/index.html
28. Active Reconnaissance to provide Flood Intelligent (FI) sources by monitoring the <Local>
areas
29. Ensure that resources are in place for the distribution of foodstuffs and medical supplies to the
areas that could become isolated
30. Advise appropriate agencies so that resources (including sandbags, fire-fighting appliances,
ambulances, etc.) are deployed to ensure that operational capability is maintained
31. Advise emergency services and essential agencies located on the floodplain to relocate resources
to flood free locations
32. Provides the <SESReg> MSESDHQ with information for inclusion in SES Flood Bulletins on
the estimated impacts of flooding at the predicted heights
33. Issue Local Flood Advices for the gauges listed in Annex C to SES Flood bulletin
34. Issues Evacuation Warnings as in Annex E
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35.

36.

37.

38.
39.
40.

41.
42.
43.

44.
45.
46.
47.

48.
49.

Provides road status reports for main roads in the council area to the <SESReg> SESDHQ Road
Information Cell (SESDHQRIC) and to the <LocalPolice> Police Local Area Command
Headquarters (PLACHQ)

Obtains road status reports for main roads in the council area information from the
<LocalPolice> Police, <CouncilName> and RTA

Ensures that the <SESReg> SESDHQ is regularly briefed on the progress of operations and on
future resource needs

Directs the imposition of traffic control measures

Controls the entry into flood affected areas

Carries out flood rescue using high clearance vehicles, flood boats and (under some
circumstances) helicopters

Request additional flood boats and crews through the <SESReg> SESDHQ

Provides Essential Services

Ensure that the providers of essential services (electricity, water, sewerage, medical and public
health) are kept advised of the flood situation

Essential service providers must keep the <SESLN> SES Local Operational Controller abreast
of their status and ongoing ability as listed in Annex B

Task aircraft allocated by the <SESReg> SESDHQ for flood operations within the <council
area>

Arranges resupply as detailed in Annex Q

Advises other agencies and the community The end of response operation

Issue an ‘all clear’ for evacuees to return to their homes

Briefs the recovery committee on the situation and any need

Constraints 1. Preliminary deployments may be required for up to one week
2. In the event of major flooding, the <SESLN> SES Local Controller may direct the imposition
of traffic control measures
3. The entry into flood affected areas will be controlled in accordance with the provisions of the
State Emergency Service Act, 1989 (Part 5, Sections 19, 20, 21 and 22) and the State Emergency
Rescue Management Act, 1989 (Part 4, Sections 60KA, 60L and 61)
4.  Aircraft can be used for a variety of purposes during flood operations, however, should only be
used if other transport means are not available or not suitable
5. The <SESLN> SES Local Controller may task aircraft allocated by the <SESReg> SESDHQ
for flood operations within the council area
6.  Air support operations will be conducted under the control of the <SESReg> SESDHQ, which
may allocate aircraft to units if applicable
Role ID R4
Name <SESReg> SESDHQ
Description <SESReg> State Emergency Service Division Headquarters
Responsibilities 1. Provides liaison (including a LO <SESReg> SESDHQ where necessary) to the <SESLN> SES
Operations Centre
2. The LO <SESReg> SESDHQ to deploy resources of its parent organisations
3. Requesta LO <SESReg> SESDHQ to deploy resources of its parent organisations
4. The LO <SESReg> SESDHQ advises the <SESLN> SES Local Controller on resource
availability for their service
5. The LO <SESReg> SESDHQ provides communications to their own organisations
6. Provides communications as necessary to its deployed field team
7. Assures <SESReg> SESDHQ To contact Bureau of Meteorology (BoM) to discuss the
development of flood warnings
8. Provides information on flooding and its consequences, including those in nearby council areas
9. Provides advice to the <SESReg> SESDHQ on current and expected impacts of flooding
10. Arranges The <SESReg> SESDHQ to issue warning information in the form of <SESLN>
SESLOC Division Flood Bulletins to media organisations and agencies listed in Annex D
11. Arranges <SESLN> SES Local Controller to advises the <SESReg> SESDHQ which will issue
SES Livestock and Equipment Warnings to radio stations as indicated in Annex D
12. Provides Bureau of Meteorology (BoM) Severe Weather Flash flooding possibilities as a result
of intense rainfall
13. Issues Bureau of Meteorology (BoM) Severe weather warnings for flash flooding that will be
incorporated into <SESLN> SESLOC Flood Bulletins issued by the <SESReg> SESDHQ
14. Applies special arrangements in the case of severe flooding that may have the potential to cause
the failure of <DamName> Dam
15. Issue <DamName> Dam-Failure Warnings to media outlets by the <SESReg> SESDHQ
16. Plays Standard Emergency Warning Signal (SEWS) over radio and television stations to alert
communities to Evacuation Warnings, Special Warnings or <DamName> Dam-Failure
Warnings
17. Approval to use the signal will be obtained from the <SESReg> SESDHQ
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18. Provides Current warnings, together with indications of the likely impact of flooding at any
predicted heights to media outlets and agencies
19. Provides Current flood heights and flood behaviour to media outlets and agencies
20. Provides Details of conditions and closures of main roads to media outlets and agencies
21. Provides Advice on safety matters and means of protecting property to media outlets and
agencies
22. Maintains pre-written flood bulletins for key heights
23. Provides a ‘phone-in’ information service for the community in relation to current warnings,
river heights, flood behaviour, road conditions and closures of local and main roads
24. Provides a ‘phone-in’ information service for the community in relation to advice on safety
matters and means of protecting property
25. Provides collation and dissemination of road information
26. Provides road status reports for main roads in the council area to the <SESReg> SESDHQ Road
Information Cell (SESDHQRIC) and to the <LocalPolice> Police Local Area Command
Headquarters (PLACHQ)
27. Obtains road status reports for main roads in the council area information from the Police,
Council and RTA
28. Distributes information on main roads to <SESLN> SES units, media outlets and agencies as
part of SES Flood Bulletins
29. Provides a ‘phone-in’ service to the public Collation and dissemination of road information
30. Ensures that the <SESReg> SESDHQ is regularly briefed on the progress of operations and on
future resource needs
31. Request additional flood boats and crews through the <SESReg> SESDHQ
32. Maintains back-up supplies
33. Provides local concrete trucks
34. Provides a motorised sandbag-filling machine
35. Controls Air support operations
36. Controls the allocation of aircraft to units
37. Task aircraft allocated by the <SESReg> SESDHQ for flood operations within the
<CouncilName> council area
38. Accesses to the <LocalAirport> Airport
39. Issues warning information in the form of <SESLN> SES Division Flood Bulletins to media
organisations and agencies listed in Annex D
40. Issue SES Livestock and Equipment Warnings to radio stations as indicated in Annex D
41. Maintains a list of landholders along the <Regional> River and its tributaries
42. Releases to radio stations BoM Flood Watches that will be incorporated in <SESLN> SES Flood
Bulletins
43. Provides a warning of the possibility for BoM Severe Weather Warnings for Flash Flooding as
a result of intense rainfall. This product may be issued concurrently with flood warnings and
flood watches. Severe weather warnings for flash flooding will be incorporated into <SESLN>
SES Flood Bulletins
44. Issues <DamName> Dam failure warnings to media outlets issues <SESLN> SES Flood
Bulletins to media outlets and agencies on behalf of all <SESLN> SES units in the Division
45. Maintains pre-written flood bulletins for key heights
46. Distributes information on main roads to <SESLN> SES units, media outlets and agencies as
part of SES Flood Bulletins
47. Controlling the use of aircraft in a variety of purposes during flood operations including
evacuation, rescue, re-supply, reconnaissance and emergency travel
48. Provide a liaison officer, where necessary, to the <SESLN> SES Operations Centre
Constraints 1. Aircraft can be used for a variety of purposes during flood operations, however, should only be
used if other transport means are not available or not suitable
2. The <SESLN> SES Local Controller may task aircraft allocated by the <SESReg> SESDHQ for
flood operations within the <CouncilName> council area
3. Air support operations will be conducted under the control of the <SESReg> SESDHQ, which
may allocate aircraft to units if applicable
Role ID RS
Name BoM
Description Bureau of Meteorology of Australia
Responsibilities 1. Provides Flood Watches, which give an early appreciation of developing meteorological
situations that could lead to flooding
2. Provides Flood Warnings, which include river height readings and height-time predictions as
listed in Annex C
3. Provides Severe Weather Warnings for Flash Flooding
4. Provides Key gauge level information that is available from the BoM website
5. Assures <SESReg> SESDHQ to contact BoM to discuss the development of flood warnings

Constraints
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Role ID R6
Name <CouncilName> CC
Description <CouncilName> City Council
Responsibilities 1.  Provides liaison (including a LO <CouncilName> City Council where necessary) to the
<SESLN> SES Operations Centre
2. The LO <CouncilName> City Council to deploy resources of its parent organisations
3. Request a LO <CouncilName> City Council to deploy resources of its parent organisations
4. The LO <CouncilName> City Council advises the <SESLN> SESLOC on resource availability
for their service
5. The LO <CouncilName> City Council provides communications to their own organisations
6. Provides communications as necessary to its deployed field team
7. Advises of road closures within the council area
8. Advises response operation to the <CouncilName> CC and the <LocalName> City Council
Local Emergency Operations Controller (CCLEOC)
9. Provides road status reports for main roads in the council area to the <SESReg> Road
Information Cell (SESDHQRIC) and to the <LocalPolice> Police Local Area Command
Headquarters (PLACHQ)
10. Obtains road status reports for main roads in the council area information from the
<LocalPolice> Police, <CouncilName> Council and RTA
11. Closes and re-opens its own roads
12. Closes the <LocalHighWayName> within the urban centre of <LocalName> as effected by
flooding
13. Provides assistance in the erection of barricades and signs
14. Arrangements evacuation for the <CouncilName> City Council area as listed in Annexes F to O
Constraints -
Role ID R7
Name <CouncilName> CCLEMO
Description <CouncilName> City Council Local Emergency Management Officer
Responsibilities 1. Provides liaison (including a LO <CouncilName> CCLEMO where necessary) to the <SESLN>
SES Operations Centre
2. The LO <CouncilName> CCLEMO to deploy resources of its parent organisations
3. Request a LO <CouncilName> CCLEMO to deploy resources of its parent organisations
4. The LO <CouncilName> CCLEMO advises the <SESLN> SESLOC on resource availability for
their service
5. The LO <CouncilName> CCLEMO provides communications to their own organisations
6. Provides communications as necessary to its deployed field team
7. Initiate response operation regardless of the location and severity of the flooding anticipated
8. Advising other agencies listed in this plan to start response operation
9. Request to advise other organizations to initiate response operation (as listed in this DM plan)
as appropriate to the location and nature of the threat
Constraints -
Role ID RS
Name <CouncilName> CCLEOC
Description <CouncilName> City Council Local Emergency Operation Controller
Responsibilities 1. Provides liaison (including a LO <CouncilName> City Council LEOC where necessary) to the
<SESLN> SES Operations Centre
2. The LO <CouncilName> City Council LEOC to deploy resources of its parent organisations
3. Request a LO <CouncilName> City Council LEOC to deploy resources of its parent
organisations
4. The LO <CouncilName> City Council LEOC advises the <SESLN> SESLOC on resource
availability for their service
5. The LO <CouncilName> City Council LEOC provides communications to their own
organisations
6. Provides communications as necessary to its deployed field team
7. Initiate response operation regardless of the location and severity of the flooding anticipated
8. Advises response operation to the <CouncilName> City Council and the <CouncilName> City

Council LEOC (CCLEOC)

Constraints
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DM Plan Customised organisation model of the SES NSW DISPLAN template
Country Australia
Disaster Type Flood
Phase Response phase
<SESLN> CCLEMO <CouncilName> CC <CouncilName> CCM RTA
DoPl
«———
Controls i i
. T DolPaNR
isPeer isPeer isPeer isPeer.
v /"*’}’ i
< < e NSW Police
Controls Controls Controls SES NSW (ﬁ&b
<SESLN>SESLOC <SESLN> SESLHQ <SESReg> SESRHQ \isPeer
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% i i NSW Police R%
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4.  Customised interaction model of the SES NSW DISPLAN template

DM Plan Customised interaction model of the SES NSW DISPLAN template
Country Australia

Disaster Type Flood

Phase Response phase




Assuring <SESReg> to contact BoM to discuss flood warning Bol
develpment

Providing information on flooding and its consequences

Arranging <SESReg> SESRHQ to issue warning information

‘Arranging to advise <SESReg> SESRHQ to issue livestock and
equipment warning to radio stations

<SESLN> SESLOC
Providing road status reports to <SESReg> SESRHQ and <SESReg> SESRHO
<CouncilName> PLACHQ
Obtaining main status report from SES Police, RTA and
<CouncilName> City Coucil
SES Police
RTA
<CouncilName> City Council
Ensuring <SESReg> is regularly briefed
equesting additional flood boats and crews through <SESReg>
SESRHQ
Tasking allocated aircraft by <SESReg> SESRDQ for operation
within <CouncilAreas>
Providing flood watches
Providing flood warning
BoM
Providing severe weather warning
Providing key gauge level information
<SESLN> SESLOC - \ <CouncilName> LPACHQ

i<CounciIName> City Council
'<CouncilName> CCLEOC

nitiating flood response operation regardless the location and ylil

Advising agencies on the list to start response operation

<CouncilName> CCLEMO

Requesting to advise other organisation to start response operat

<ResponsibleAgencies>
Providing information on <DamNames> to <ResponsibleAgencies
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Providing flood watches
Providing flood warning
BoM
Providing severe weather warning
Providing key gauge level information

<SESLN> SESLOC] \ o<CounciIName> LPACHQ

nitiating flood response operation regardless the location and ym A<CounciIName> City Council
<CouncilName> CCLEOC

Advising agencies on the list to start response operation

<CouncilName> CCLEMO

Requesting to advise other organisation to start response operat

<ResponsibleAgencies>
Providing information on <DamNames> to <ResponsibleAgencies>

roviding the <SESReg> SESRHQ with information of estimated
impact of flooding
Issuing local flood advises
Issuing evacuation warning <CouncilArea> SESLHQ
laying Standard Emergency Warning Signal (SEWS) over radio
and television station

Advising road closure within the <CouncilAreas>

<CouncilArea> CC

RTA
<SESRLN> SESRHQ roviding road status report for main roads in the <CouncilAreas <CouncilArea> PLACHQ
to <SESReg> SESRHQRIC & <CouncilName> PLACHQ <SESReg> SESRHQRIC
Obtaining road status report from RTA, <CouncilName> Police,
<CouncilName> CC
Directing imposition and traffic control measure
RTA

Control the entry into <FloodAffectedAreas>

DolPNR
Advising flow rates for <RegionalRivers>




oviding phone-in information service to communities in relation
flooding

‘oviding phone-in information service to communities in relation
safety matters and protecting property

Maintaining backup supplies <SESLN> SESLOC

Providing local concrete truck

Providing motorized sandbag filing machine

Y

<SESReg> SESRHQ
roviding road status report for main roads in the <CouncilAreas <CouncilNarmes CC
to <SESReg> SESRHQRIC & <CouncilName> PLACHQ RTA
<CouncilName> PLACHQ
<SESReg> SESRHQRIC

Obtaining road status report from RTA, <CouncilName> Police,
<CouncilName> CC

Advising response operation to <CounciiName> CC and <SESReg> SESRHQRIC

<CouncilName> CCLEOC

)

providing phone-in information service to communities in relation ty
flooding

Pfoviding phone-in information service to communities in relation t
safety matters and protecting propert

- Q
Maintaining backup supplies s=— <SESLN> SESLOC

Providing local concrete truck

[ Providing motorized sandbag filling machine
Q
<SESReg> SESRHQ
roviding road status report for main roads in the <CouncilAreas <CounciNames CC
to <SESReg> SESRHARIC & <CounciName> PLACHQ RTA
<CouncilName> PLACHQ

<SESReg> SESRHQRIC

Obtaining road status report from RTA, <CouncilName> Police,
<CouncilName> CC

Advising response operation to <CouncilName> CC and <SESReg> SESRHORIC

<CouncilName> CCLEOC

)
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DM Plan

Customised environment model of the SES NSW DISPLAN template

Country

Australia

Disaster Type

Flood

Phase

Response phase

El

Agencies and organizations

Name

Agencies and organizations

Environment Entity ID

El

Description

Agencies and organisations for flood management tasks to be coordinated

Attributes

# Unique number distinguishing inputted
data

Type Type agencies/organization

Scope Local/National

Phone number Phone number to be contacted

Mobile number Mobile number to be contacted

Roles Involved

<SESLN> SESLC

MSESDHQ

<CouncilName> CC

<SESLN> UM

<SESLN>LEMO

<CouncilName> CCM

<SESLN> CLEOP

<LocalPolice> Police NSW

<SESLN> LEOCON

<SESLN> NSWFB

RFS

VRA

DoPI

DoCS

ASoNSW

RailCorp

TSC

DoEaT

<SESLN> CEO

<CouncilName> PSaCC

RARFC

CSU

<SESLN> SESFW

E2

Communications

Name

Communications

Environment Entity ID

E2

Description

Liaison officers are to be able to provide communications to their own organisations

Attribute

# Unique number distinguishing inputted
data

Type of communications Radio UHF/Mobile phone, etc.

Roles Involved

<SESLN> SESLC

LOs

<SESReg> SESDHQ

<CouncilName> CC

<SESLN> UM

<SESLN> LEMO

<CouncilName> CCM

<SESLN> CLEOP

<LocalPolice> Police NSW

<SESLN> UM

<SESLN> LEOCON

RFS

PSaCC

RARFC

CSU
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| SESFW

E3 Other agencies

Name Other agencies

Environment Entity ID E3

Description Other agencies listed in this plan will be advised to start respond operation of flood

Attribute # Unique number distinguishing inputted data
List name Nama of agencies involved in

Roles Involved <SESLN> SESLC
<SESLN>LEMO

E4 The Gauges

Name The Gauges

Environment Entity ID E4

Description The gauges for which predictions are provided for are listed in Annex C

Attribute # Unique number distinguishing inputted data
Gauge Names Gauge names

Roles Involved <SESLN> SESLC
BoM

ES Resources for distribution

Name Resources for distribution

Environment Entity ID E5

Description <SESLN> SES Local Controller will ensure that resources are in place for the distribution of
foodstuffs and medical supplies to the areas that could become isolated

Attribute # Unique number distinguishing inputted data
Type of resources Type of resources
Availability Yes/No

Roles Involved <SESLN> SESLC

E6 Appropriate agencies

Name Appropriate agencies

Environment Entity ID E6

Description Appropriate agencies will be advised When towns and villages are expected to become
isolated to deploy resources (including sandbags, firefighting appliances, ambulances, etc.).
Pre-deployments may be required for up to one week

Attribute # Unique number distinguishing inputted data
Type Type agencies/organization
Scope Local/National

Roles Involved <SESLN> SESLC

E7 Resources to be deployed

Name Resources to be deployed

Environment Entity ID E7

Description Resources (including sandbags, firefighting appliances, ambulances, etc.), when towns and
villages are expected to become isolated, are deployed to ensure that operational capability
is maintained. Pre-deployments may be required for up to one week

Attribute # Unique number distinguishing inputted data
Type of resources Type of resources
Availability Yes/No

Roles Involved SESLC

E8 Emergency Service

Name Resources to be deployed

Environment Entity ID E8

Description Resources (including sandbags, firefighting appliances, ambulances, etc.), when towns and
villages are expected to become isolated, are deployed to ensure that operational capability
is maintained. Pre-deployments may be required for up to one week

Attribute # Unique number distinguishing inputted data

Type of services Type of service

Communication type Mean to communicated with

Contact number Contact number

Roles Involved

<SESLN> SESLC
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E9 Essential agencies

Name Resources to be deployed

Environment Entity ID E9

Description Resources (including sandbags, firefighting appliances, ambulances, etc.), when towns and
villages are expected to become isolated, are deployed to ensure that operational capability
is maintained. Pre-deployments may be required for up to one week

Attribute # Unique number distinguishing inputted data
Type Type agencies/organization
Scope Local/National
Contact number Contact number

Roles Involved

<SESLN> SESLC

E10 Media organizations and agencies

Name Media organizations agencies

Environment Entity ID E10

Description Media organisations and agencies listed in Annex D

Attribute # Unique number distinguishing inputted data
Type TV/Radio etc.
Scope Local/National
Contact number Contact number

Roles Involved <SESLN> SESLC

<SESReg> SESDHQ

El1 List of Landholders
Name List of landholders
Environment Entity ID Ell
Description List of landholders along the Murrumbidgee River and its tributaries
Attribute # Unique number distinguishing inputted the
data
Name Name of the landholder
Address Address
Contact number Contact numbers to reach them
Roles Involved <SESLN> SESLC

<SESReg> SESDHQ

<SESLN> SESLHQ

E12 Flood watch

Name Flood watch

Environment Entity ID E12

Description Flood Watches will be incorporated in SES Flood Bulletins released to radio stations If there
are signs of impending floods

Attribute # Unique number distinguishing inputted data

Forecast to flood

Prediction analysis of flood disaster

Roles Involved

<SESLN> SESLC

<SESReg> SESDHQ

E13 Flash flood

Name Flash flood

Environment Entity ID E13

Description Provides a warning of the possibility for flash flooding as a result of intense rainfall. These
warnings are issued when severe weather is expected to affect land based communities with
6 to 24 hours.

Attribute # Unique number distinguishing inputted data

Time prediction TV/Radio etc.

Impact to communities Prediction of area of impacted communities

Effects Effect that will happen

Roles Involved

<SESLN> SESLC

<SESReg> SESDHQ

E14

Warning massage template for evacuation

Name

Template Warning massage template for evacuation

Environment Entity ID

E14

Description

A template guide to the content of evacuation warning messages is at Annex E
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Attribute # Unique number distinguishing inputted data
Warning for TV/Radio etc.
Authorized by Local/National

Roles Involved <SESLN> SESLC

<SESReg> SESDHQ

E15 Detail arrangement for evacuation

Name Detail arrangement for evacuation

Environment Entity ID E15

Description Special arrangements apply in the case of severe flooding that may have the potential to cause
the failure of Burrinjuck, Talbingo and Blowering Dam. Details of these arrangements are
described in Annex I

Attribute # Unique number distinguishing inputted data
Authorized by Local/National

Roles Involved <SESLN> SESLC

<SESReg> SESDHQ

E16 Dams Failure warning

Name Dams Failure warning

Environment Entity ID El6

Description Details of these arrangements are described in Annex I. Dam failure warnings will be
issued to media outlets by the Murrumbidgee SES Division
Headquarters

Attribute # Unique number distinguishing inputted

data

Authorized by Local/National

Roles Involved

<SESLN> SESLC

<SESReg> SESDHQ

E17 Information of SES flood bulletin

Name SES flood bulletin

Environment Entity ID E17

Description The Murrumbidgee SES Division Headquarters issues SES Flood Bulletins to media
outlets and agencies on behalf of all SES units in the Division. SES Flood Bulletins
contain the following information relating to all council areas in which flooding is
occurring

Attribute # Unique number distinguishing inputted

data

Type of warning Local/National

Flood heights and flood behavior flood heights and flood behavior

Flood and road condition Details of conditions and closures of main

roads
Advice Advice on safety matters and means of
protecting property
Roles Involved <SESLN> SESLC
<SESReg> SESDHQ
E18 Infrastructure list of possible risk
Name Infrastructure list of possible risk
Environment Entity ID E18
Description Infrastructure at risk of flood damage as listed in Annex B
Attribute # Unique number distinguishing inputted
data

Infrastructure name Infrastructure name

Roles Involved

<SESLN> SESLC

<SESReg> SESDHQ

E19 Resupply arrangements

Name Resupply arrangements

Environment Entity ID E19

Description Resupply arrangements are detailed in Annex Q

Attribute # Unique number distinguishing inputted

data

Infrastructure name Infrastructure name

Roles Involved

<SESLN> SESLC
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| <SESReg> SESDHQ

6. Customised agent model of the SES NSW DISPLAN template

DM Plan Customised agent model of the SES NSW DISPLAN template
Country Australia
Disaster Type Flood
Phase Response phase
Agent Type <SESLN> SESNSW Type
Name <SESLN> SESNSW
Description Play role as the <SESLN> SES New State Wales
References RO1
Activity Activity Name :  Control Operation
Functionality :  Control Operation
Trigger :  Control of response operation
Action : 1. Coordination of other agencies for flood management tasks
2. Organizing other agencies for flood management tasks
Activity Name :  Operate operation centre
Functionality :  Operate operation centre
Trigger : Organizing response operation
Action :  Operates after hours duty officer system whenever flood operations are not
being conducted
Activity Name :  Provide Flood Intelligence (FI)
Functionality :  Provide Flood Intelligence (FI)
Trigger : Flood Intelligence (FI) gathering to response operation
Action :  Monitoring source of Flood Intelligence (FI) for the <LocalName> areas.
Activity Name :  Issuing warning
Functionality :  Issuing warning
Trigger : Operate warning services
Action :  Issuing Local Flood Advices for the gauges listed in Annex C. These are
issued in <SESReg> SESDHQ Flood Bulletins and/or direct from the
<SESLN> SESLOC via facsimile
Activity Name :  Provide Liaison Officer (LO)
Functionality :  Provide Liaison Officer (LO)
Trigger : At the request of SESLC
Action : Provide a liaison officer, where necessary, to the <SESLN> SES
Operations Centre
Environment [E1] Agencies and organizations
Considerations
Agent Type <SESLN> SESLC Type
Name <SESLN> SESLC
Description Play role as the <SESLN> SES Local Controller
References R02
Activity Activity Name :  Operate operation centre
Functionality :  Operate operation centre
Trigger : 1. Operate operation center for response plan
Action :  Maintains an Operations Centre at <Localname> Road, <CouncilName>
Activity Name :  Request to provide LO
Functionality :  Request to provide LO
Trigger :  Control response operation
Action :  Request to provide liaison (including a liaison officer where necessary) to
the <SESLN> SES Operations Centre
Activity Name :  Start of response operation
Functionality :  Start of response operation
Trigger : 1. On receipt of a BoM Preliminary Flood Warning, Flood

Warning, Flood Watch or Severe Weather Warning for Flash
Flooding

2. On receipt of <DamName> dam-failure warnings

3. When other evidence leads to an expectation of flooding
within the council area
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Action : 1. Contact with the Bureau of Meteorology (BoM) to discuss the
development of flood warnings which will normally be
through the <SESReg> SESDHQ

2. Advising <SESLN> CCLEOC for flooding anticipated
response (for transmission to the <LocalPolice> Police NSW
Police Local Area Command Headquarters
3. Advising <SESLN> SESU to initiate response operation for
flooding anticipated response
4. Advising <SESReg> SESDHQ to initiate response operation
for flooding anticipated response
5. Advising <SESLN> CCLEMO to initiate response operation
for flooding anticipated response
6. Advising <CouncilName> CCM to initiate response operation
for flooding anticipated response
7. Request to advise other organizations to initiate response
operation (as listed in this DM plan) for flooding anticipated
response
8. Request to initiate response operation for flood anticipated
based on appropriate of the location to other organizations as
listed in this DM plan
Activity Name :  Preliminary deployments
Functionality :  Preliminary deployments
Trigger : Preliminary deployments to start response operation
Action : 1. Ensuring that resources are in place for the distribution of foodstuffs
and medical supplies to the areas that could become isolated
2. Advising appropriate agencies so that resources (including sandbags,
firefighting appliances, ambulances, etc.) are deployed to ensure that
operational capability is maintained. Pre-deployments may be
required for up to one week
Activity Name :  Protection of resources
Functionality :  Protection of resources
Trigger :  Protection of resources of the response operation
Action : Advising emergency services and essential agencies located on the
floodplain to relocate resources to flood free locations
Activity Name : <SESLN> SES livestock and equipment warning
Functionality : <SESLN> SES livestock and equipment warning

Trigger : Following heavy rain or when there are indications of significant creek or

river rises (even to levels below Minor Flood heights)

Action : Advising the <SESReg> SESDHQ to issue <SESLN> SES Livestock and

Equipment Warnings to radio stations as indicated in Annex D
Activity Name : BoM Flood Warning
Functionality : BoM Flood Warning

Trigger :  On receipt BoM Flood Warnings for the locations detailed in Annex C

Action : 1.  Advise the <CoucilName > City Council and the <SESLN>CCLEOC
of flood warning

2. Provide the <SESReg> SESDHQ with information for inclusion in
<SESLN>SES Flood Bulletins on the estimated impacts of flooding
at the predicted heights

Activity Name :  Evacuation warning
Functionality : Evacuation warning
Trigger : When evacuation is required
Action : Issuing evacuation warning messages as a template is at Annex E
Activity Name :  Playing SEWS
Functionality : Playing SEWS
Trigger : When there are Evacuation Warnings or Special Warnings or Dam-Failure
Warnings
Action :  Standard Emergency Warning Signal (SEWS) may be played over radio and

television stations to alert communities to Evacuation Warnings, Special
Warnings or Dam-Failure Warnings
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Activity Name :  Collation and dissemination read information
Functionality :  Collation and dissemination read information
Trigger :  When response operation
Action : 1. Provides road status reports for main roads in the council area to the
<SESReg> Road Information Cell DHQRIC) and to the <SESLN>
Police Local Area Command Headquarters (PLACHQ)
2. Ensuring that the <SESReg> SES Division Controller is regularly
briefed on the progress of operations and on future resource needs
Activity Name :  Traffic control
Functionality :  Traffic control
Trigger : In the event of major flooding
Action :  Direct the imposition of traffic control measures
Activity Name :  Flood rescue
Functionality :  Flood rescue
Trigger :  When response operation
Action : 1. Controls flood rescues, which are carried out using high clearance
vehicles, flood boats and (under some circumstances) helicopters
2. Request additional flood boats and crews through the <SESReg>
SESDHQ
Activity Name :  Keep inform essential service
Functionality : Keep inform essential service
Trigger :  When response operation
Action : 1. Ensuring that the providers of essential services (electricity, water,
sewerage, medical and public health) are kept advised of the flood
situation
2. Kept to be informed status and ongoing ability from Essential service
providers
Activity Name :  Maintain logistic
Functionality : Maintain logistic
Trigger : When response operation
Action : Maintaining a small stock of sandbags and back-up supplies are available
through the <SESReg> SESDHQ. A motorised sandbag-filling machine is
available from <SESReg> SESDHQ. Alternatively, local concrete trucks
may be used
Activity Name : Managing aircraft
Functionality : Managing aircraft
Trigger :  Should only be used if other transport means are not available or not suitable
Action :  Task the aircraft allocated by the Division Headquarters for flood operations
within the council area
Activity Name :  Resupply
Functionality : Resupply
Trigger : When response operation
Action :  Arranging resupply as the details listed in Annex Q
Activity Name :  Assistance of animals
Functionality :  Assistance of animals
Trigger : When response operation
Action : 1. Refers to the matters relating to the welfare of livestock,
companion animals and wildlife (including feeding and rescue)
to NSW Department of Primary Industries
2. Requests for emergency supply and/or delivery of fodder to
stranded livestock, or for livestock rescue, are to be passed to
NSW Department of Primary Industries
Activity Name :  Assist stranded travellers
Functionality :  Assist stranded travellers
Trigger :  When response operation
Action :  Refers the stranded travellers to Department of Community Services for the

arrangement of temporary accommodation
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Activity Name : End of response operation

Functionality : End of response operation

Trigger : When response operation
Action : 1.

Advising agencies and the community involved in response operation
the end of response operation

2. Briefing Recovery Committee (RC) on the situation and any need to
issue an ‘all clear’ for evacuees to return to their homes

Environment [ES] Resources for distribution
Considerations [E6] Appropriate agencies

[ET] Resources to be deployed

[E8] Emergency services

[E9] Essential agencies

[E14] Warning massage template for evacuation

[E18] Infrastructure list of possible risk

[E19] Resupply arrangements
Agent Type LO Type
Name <AgencyName> LO
Description Play role as the <AgencyName> Liaison Officer
References RO3
Activity Activity Name :  Deploy the resource

Functionality : Deploy the resource
Trigger : At the request of the <SESLN> SESLOC
Action : 1. Deploy the resources of their parent organisations
2. Advise the <SESLN> SESLOC on resource availability for their
service
3. Provide communications to their own organisations

Environment [E2] Communications
Considerations

7. Customised scenario model of the SES NSW DISPLAN template

DM Plan Customised scenario model of the SES NSW DISPLAN template
Country Australia
Disaster Type Flood
Phase Response phase
Scenario S01
Name Control Flood Operation
Goal CFO
Initiator <SESLN> SESLOC
Trigger For starting the control of flood operation

Pre-condition

Post-condition

Description -
i t
Condition Step  Activity Role Engiltl;,onmen
Coordination of other agencies and organizations <SESLN>
for flood management tasks SESLOC El
Scenario S02
Name Maintain Operation Centre
Goal Maintain Operation Centre
Initiator SESLC
Trigger For starting the control of flood operation
Pre-condition -
Post-condition -
Description -
Condition Step  Activity Role Environment

Entity
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Maintains an Operations Centre at <LocalName>

1 address <SESLN>
SESLOC
Operates after hours duty officer system whenever
2 flood operations are not being conducted <SESLN>
SESLOC
Request to provide liaison (including a liaison officer
where necessary) to the <SESLN> SES Operations <SESL.N>
3 Centre SESLOC
Provide a liaison officer, where necessary, to the <SESLN>
<SESLN> SES Operations Centre SESLOC,
. 4 El
Sequential <AgencyNa
me> LO
LO to deploy the resources of their parent <SESLN>
5 organisations at the request of the <SESLN> SES SESLOC,
Local Controller <AgencyNa
me> LO
LO to advise the <SESLN> SES Local Controller on <SESLN>
6 resource availability for their service SESLOC,
<AgencyNa
me> LO
LO to provide communications to their own <SESLN>
7 organisations SESLOC, B2
<AgencyNa
me> LO
Scenario S03
Name Start of Response Operation
Goal Start of Response Operation
Initiator SESLC
Trigger 1. On receipt of a BoM Preliminary Flood Warning, Flood Warning, Flood Watch or
Severe Weather Warning for Flash Flooding
2. On receipt of <DamName> dam-failure warnings
3. When other evidence leads to an expectation of flooding within the council area
Pre-condition -
Post-condition -
Description -
e . . Environment
Condition Step  Activity Role Entity
Contact with the BoM to discuss the development of
1 flood warnings will normally be through the <SESLN>
<SESReg> SESDHQ SESLOC
Advising <CouncilName> CCLEOC for flooding
anticipated response (for transmission to the
2 <LocalPolice> NSW Police Local Area Command SES NSW
Headquarters
Request to advise other organizations to initiate <SESLN>
Sequential response operation (as listed in this DM plan) for SESLC,
3 flooding anticipation <CouncilNa El
me>
CCLEMO
Advises other agencies listed in this plan to start the <SESLN>
response operation regardless of the location and SESLC,
4 severity of the flooding to the appropriate location and <CouncilNa E1,E3
the nature of the threat. me>
CCLEMO
Scenario S04
Name Providing Flood Intelligence (FI) Sources
Goal Providing Flood Intelligence (FI) Sources
Initiator BoM
Trigger Times of flooding

Pre-condition

Post-condition




287

Description | -
e . . Environment
Condition Step  Activity Role Entity
Provides Flood Watches, which give an early
appreciation of developing meteorological BoM, <SESReg>
1 situations that could lead to flooding. These are =~ SESDHQ,
normally provided on a whole-catchment basis <SESLN> SESLC
for the <Regional> River catchment
Provides Flood Warnings, which include river BoM,
5 height readings and height-time predictions. The =~ <SESReg>SESD E4
gauges for which predictions are provided for HQ, <SESLN>
are listed in Annex C SESLC
BoM,
3 Provides Severe Weather Warnings for Flash <SESReg>SESD
Flooding HQ, <SESLN>
SESLC
. . . . BoM,
, Tt Koy e ol omatien - Sy sesn
www.bom.gov.au © HQ, <SESLN>
) e SESLC
Sequential Provides information on flooding and its <SESReg>
5 consequences, SESDHQ,
including those in nearby council areas <SESLN> SESLC
6 Advise of road closures within the council area é%ltyCounc11>
<DamAgency><S
7 Provides information Dams and the likely ESReg>
effects of failure SESDHQ,
<SESLN> SESLC
Advises flow rates and rates of rise for the
. . o DolPaNSs,
<Regional> River. Daily river level report are <SESReg>
10 available on-line at
http://waterinfo.dlwc.nsw.gov.au/riis/drr/index. SESDHQ,
<SESLN> SESLC
html
11 Active reconnaissance EI;;SI\S\I“:SESL c E4
Scenario S05
Name Preliminary Deployment
Goal Preliminary Deployment
Initiator <SESLN> SESLC
Trigger 1. When flooding is expected to be severe enough to cut road access to towns, within
towns and/or rural communities
2.  When towns and villages are expected to become isolated
Pre-condition -
Post-condition -
Description -
Condition Step  Activity Role Engiltl;lonment
Epsqring that resources are ip place .for the SES NSW,
1 distribution of foodstuffs.and medical supplies to the <SESLN> Es
areas that could become isolated SESLC
Interleave Advising appropriate agencies so that resources
(including sandbags, firefighting appliances,
2 ambulances, etc.) are deployed to ensure that SES NSW E6
operational  capability is maintained. Pre-
deployments may be required for up to one week
Scenario S06
Name Protection of Resources
Goal Protection of Resources
Initiator <SESLN> SESLC
Trigger When the <CityCouncil> levee is predicted to overtop or fail




Pre-condition

Post-condition

Description -
Condition Step  Activity Role Engiltl;lonment
Advising emergency services and essential
agencies located on the floodplain to relocate SES NSW,
resources to flood free locations <SESLN> ES8,E9
SESLC
Scenario S07
Name Arrange Warning Service Operations
Goal Arrange Warning Service Operations
Initiator SESLHQ
Trigger -
Pre-condition
Post-condition -
Description -
e . Environment
Condition Step  Activity Role Entity
Afi\{lc.es to the Murrumbidgee SES <SESLN>
Division .Headquarters on current and SESLHQ,
1 expected impacts of flooding <SESReg>
SESDHQ
Coordinates the delivery of warnings to
the communit b doorknocking,
2 telephone, mobilz publ}ilc address system%, <SESLN>SESLHQ
local radio stations and two-way radio
3 Confirmation of evacuation actions <SESLN>SESLHQ
The MSE.SDHQ |ssues - Wariing  qpspNs> SESLC,
Sequential 4 information in the form gf SES D.IVI.SIOH <SESReg> E10
Flood Bulletins to media organisations SESDHQ
and agencies listed in Annex D.
Advises the MSESDHQ which will issue <SESLN> SESLC,
5 SES Livestock and Equipment Warnings <SESReg> E10
to radio stations as indicated in Annex D SESDHQ
Issues SES Livestock and Equipment <SESLN> SESLC,
6 Warnings to radio stations as indicated in <SESReg> E10
Annex D SESDHQ
Maintains a list of landholders along the
Murrumbidgee River and its tributaries <SESLN> SESLC,
7 <SESReg> El1l
SESDHQ
Scenario S08
Name Release BoM Flood Watches
Goal Release BoM Flood Watches
Initiator <SESReg> SESDHQ
Trigger If there are signs of impending floods
Pre-condition
Post-condition -
Description -
Condition Step  Activity Role Engiltl;lonment
Releases BoM Flood Watches to radio stations
which will be incorporated in <SESLN> SES <SESReg>
1 Flood Bulletins SESDHQ, El12
Sequential <SESLN> SESLC
5 Issues BoM Flood Warnings as detailed in <SESReg>

Annex C

SESDHQ
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Advise the <CouncilName> CC and the <SESLN>
<CouncilName> CCLEOC Controller of SESLC,
3 impending flooding <CityCouncil>
CC, <CituCounil>
CCLEOC
Provide the <SESReg> SESDHQ with
4 information for inclusion in SES Flood Bulletins <SESReg> E17
on the estimated impacts of flooding at the SESDHQ
predicted heights
Scenario S09
Name Provides BoM Severe Weather Warnings for Flash Flooding
Goal Provides BoM Severe Weather Warnings for Flash Flooding
Initiator <SESReg> SESDHQ
Trigger An intense rainfall
Pre-condition when severe weather is expected to affect land based communities with 6 to 24 Hours
Post-condition -
Description -
e . . Environment
Condition Step  Activity Role Entity
Provides a warning of the possibility for BoM Severe <SESReg>
1 Weather Warnings for Flash Flooding as a result of SESDHQ, El3
intense rainfall. <SESLN>
Sequential - : - SESLC
Issues Local Flood Advices for the gauges listed in <SESReg>
5 Annex C. These are issued in SES Division Flood SESDHQ, E17
Bulletins and/or direct from the <SESLN> SES Local ~<SESLN>
Controller via facsimile. SESLC
Scenario S10
Name Issues Evacuation Warning
Goal Issues Evacuation Warning
Initiator <SESLN> SESLC
Trigger When evacuation is required
Pre-condition in the case of severe flooding that may have the potential to cause the failure of
<DamName> Dam
Post-condition -
Description -
e . . Environment
Condition Step Activity Role Entity
Issues Evacuation Warning <SESReg>
1 SESDHQ, E14
<SESLN> SESLC
Issues Dam failure warnings to media <SESReg>
2 outlets by the MSESDHQ. Details of these SESDHQ, El5
Interleave arrangements are described in Annex I <SESLN> SESLC
Standard Emergency Warning Signal <SESLN> SESLC,
(SEWS) may be played over radio and <SESLN>
3 television stations to alert communities to SESLHQ,
Evacuation Warnings, Special Warnings <SESReg>
or Dam-Failure Warnings SESDHQ
Scenario S11
Name Issues Flood Information on behalf SES units
Goal Issues Flood Information on behalf SES units
Initiator SESLC
Trigger When evacuation is required
Pre-condition in the case of severe flooding that may have the potential to cause the failure of Burrinjuck,
Talbingo and Blowering Dam
Post-condition -
Description -
e . . Environment
Condition Step  Activity Role Entity
Sequential 1 hMeiaér}llttz;ms pre-written flood bulletins for key ;El;;l;leg> E10,E17




Provides a ‘phone-in’ information service for
the community in relation to current warnings,

2 river heights, flood behaviour, road conditions ;El;;l;leg>
and closures of local and main roads
3 Provides advice on safety matters and means of <SESReg> El0
protecting property SESDHQ
Provides road status reports for main roads in <SESReg>
4 the council area to the <SESReg> SESDHQRIC SESDHQ,
and to the <LocalPolice> PLACHQ <LocalPolice>
Police LACHQ
Distributes information on main roads to
5 <SESLN> SES units, media outlets and E10
agencies as part of <SESLN> SES Flood
Bulletins
6 RIC (<SESReg> SESDHQRIC) also provides a
‘phone-in’ service to the public
Ensures that the <SESReg> SESDHQ is
7 regularly briefed on the progress of operations
and on future resource needs
Scenario S12
Name Road Control
Goal Road Control
Initiator <SESLN> SESLC
Trigger When evacuation is required
Pre-condition in the case of severe flooding that may have the potential to cause the failure of
<DamName> Dam
Post-condition -
Description -
e . . Environment
Condition Step  Activity Role Entity
1 <CouncilName>C El4
Closes and re-opens its own roads C
Interleave close and re-open roads but will normally <LocalPolice>
) only do so (if the coungl or the RTA.have not Police NSW,
already acted) if public safety requires such
. RTA
action
Scenario S13
Name Traffic Control
Goal Traffic Control
Initiator <SESLN> SESLC
Trigger In the event of major flooding
Pre-condition in the case of severe flooding that may have the potential to cause the failure of
<DamName> Dam
Post-condition -
Description -
e . . Environment
Condition Step Activity Role Entity
1 Direct the imposition of traffic control <SESLN> SESLC
measures
< > .
2 Is)g)S‘/i(??n tl?es Selrséif[lif)i oft (t))arricigSsL ;\rlld <COuncilName> CC,
signs <SESLN> SESLOC
Sequential Controls flood rescues, which are carried
out using high clearance vehicles, flood
3 . <SESLN> SESLC
boats and (under some circumstances)
helicopters
Request additional flood boats and
4 crews through the <SESReg> <CouncilName> CC,

<SESLN> SESLC
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Arranging evacuation  for  the
5 <CouncilName> City Council area as
listed in Annexes F to O
Ensures that the providers of essential
6 services are kept advised of the flood
situation. The detail of essential services
as listed in Annex B
Essential service providers must keep
the
7 <SESLN> SES Local Controller abreast SESLC E18
of their status and ongoing ability to
provide those services.
Maintains a small stock of sandbags, and
back-up supplies are available thropgh SESLHQ,
8 the <SESReg> SESDHQ. A motorised MSESDHQ
sandbag-filling machine is available
from <SESReg> SESDHQ
Scenario S14
Name Managing aircraft
Goal Managing aircraft
Initiator <SESLN> SESLC
Trigger Should only be used if other transport means are not available or not suitable
Pre-condition
Post-condition -
Description -
Condition Step  Activity Role Engiltl;lonment
<SESReg>
1 Control air support operations SESDHQ,
. <SESLN> SESLC
Sequential - —
Tasks aircraft allocated by the Division <SESReg>
2 Headquarters for flood operations within the SESDHQ,
council area <SESLN> SESLC
Scenario S15
Name Resupply operation
Goal Resupply operation
Initiator <SESLN> SESLC
Trigger During periods of flooding many rural properties and some villages can become
isolated
Pre-condition -
Post-condition -
Description -
Condition Step Activity Role Engiltl;lonment
Sequential Resupply arrangements are detailed in <SESLN> SESLC
Annex Q
Scenario S18
Name End of Response Operation
Goal End of Response Operation
Initiator <SESLN> SESLC
Trigger When response operations have concluded
Pre-condition -
Post-condition -
Description -
Condition Step Activity Role Engiltl;lonment
1 Advises other agencies and the community of the ~<SESLN>
end of response operation SESLC, DoPI
Sequential The recovery committee if established will be
2 briefed on the situation and any need to issue an <SESLN>
SESLC, RC

‘all clear’ for evacuees to return to their homes.
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Appendix E

Customised ABMs of flood DISPLAN of the SES Victoria



DISPLAN Customised goal model of the SES Victoria DISPLAN template
Country Australia

Disaster Type Flood

Phase Response phase

1. Customised goal model of flood DISPLAN of the SES Victoria

Flood DISPLAN template
of the SES Victoria

<SESReg> VICSES DO

1

Response phase

<CouncilName> CC

\_\l

. AprangingComman,Cont
fﬂangmg the Respo;e g&(?oordination
IMT
stributingCommunitie
Information&Warni

ProvidingStrategic
ControlPriorities

<SESReg> VICSES DO

ManagingMedia
Communication

AssasingRapidimpa

DHS

freliminaryDeployme; i Evacuation ;

ResponseTo
FlashFlooding

EMT

a

i . . F; frotectingCommunity;
ManagingTheAirera Infrastructure &Propefty

i FloodRescue ; Resupplying i Dis:;?:hgélgwice ;

CarryingOut
RoadClosure

ControllllngDarn ReviewingAfterActio
Failure

ResponsibleFor
WasteWater&
SewarrageAsset
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VICSES RDO <Reg>

Arranging
TheResponse

<Municipality> IMT

ProvidingStrategic
ControlPt

<Municipalty> IC

Activating
TheResponseActions

ProvidingSupport

Arranging

ProvidingSupport
ToVICSES
TheActivation
Activating
TheAgencies

X

Arranging
Command,Control&
Coordination

ProvidingSupport
ToCommunity Within
<Municiplaity>

ListingAllTheAgreed
RolesOf Thelnvolved
Agencies

VICSES <Regional>DO

IC

X

Control
TheResponse

AppointingThelC
ToCommand&Control

Control

TheResponseOf AdvisingTheVICSES
FloodActivities ToAppoint
<Municipality>
paity BoM

IC

EstablishingThelCC

EstablishingDiv&Sec

EstablishingTheEMT

ActivatingThelCC

Pre-determiningThelCC
Locations

Pre-determiningTheSec
Locations

Pre-determiningTheDiv
Locations

ProvidingTheStaff&
ResourcesToTheEMT

ProvidingTheEMLO
ToThelCC

Halegtbn& ) IssuingCommunity ProtectingCritcal Protecting
PreservationOfLife Information& SAssels IndividualLivelihoods
Establishing &EconomicProduction
The<Municipality>ECC
F i Pretecting IssuingCommunity Protecting Protecting
Coordinating OfPersonnel Cummunty&Tourist Warning ResidentalProperty Environment
TheEscalationOf &Conservation
Floodincident
<Municipality>

DetermineThePriorities

ConsultWithSC&
RelevantStakeholders

StateController



Arranging
Command,Control&
Coordination (Cont1)

/—i VICSES <Regional>DO

TakingActionsTo
RespondTheFloodWarnings
A AssessCommand& Notify &Brief EnsureFloodBulletin Devel_o prdIa&. Developé&lssuelncident
Review ingFl ) : ) : CommunityInformation .
ControlRequirements AppropriateOfficers &CommunityInfor. ActionPlan
ManagementStrategy

MomtorWeath_er& Review &Consider AssessThelCC MonioréUndertake EnsureFlood Develop&lssue

FloodInformation . Watercourses& - -
LocalResources Readiness ! MitigationWorks SituationReport

(www .bomgov.au) Reconnaisance
VICSES <Regional> DO

S —

Arranging
Command,Control&
Coordination (Cont2)

TakingActionsTo

RespondTheFloodWarnings (Cont1.)

DevelopAnAppreciation Deter.mneWhat'I'.he LiaseWithRelevant Contlnue'!'oqultor
At-RiskCommunity FloodSituation
OfCurrentFloodLevel AssetsOw ners
NeedToKnow (www .bom.gov.au)

Review Fl WarnThe ImplementResponse ContinueToConduct
At-RiskCommunity Strategies

Reconnaisance
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VICSES <Regional> DO

=

<Municipality Council> <Municipality> IC
DistributingCommunity
Information&Warning [
|/ | |/ DH
AssistingVICSES CommunicatingThe UsingEAS&SEWS f
ToWarnindividuals Community FloodWarnings ToEvacuate /
ReleaseOfFloodBulletins & InformingPublic& CoordinatinginformationOf
Information MediaBriefings PublicHealth&Safety

. AssistToCommunicate CFA
RequestedToAssistVICSES TheWarning DSE
VICPOL

EAS = Emergency Alert System
SEWS = Standard Emergency Warning System
DH = Department of Health

<Municipality>
IC

i VICSES <Regiona>DO i<hmni(|:(i;pal'rty>

Managing AssessingRapid Preliminary
MediaCommunication Impact Deployments
DHS

<Municipality>
IcC

X

Assessing&Recording
TheExtent&NatureOf
Damage

ConsultTheResources
ArelnPlaceWith
RelevantAgencies

ProvidingTheBasisFor
RecoveryPanning

) . Providing
ManagingAllMedia EmergencyResponse

Communications

ProvidingTheBasisFor
FurtherNeedsAssessment



<Municipality> IC f N

ResponseTo
FlashFlooding

I

ConductingPreEvent

Planning

l

|

Establishing evacuation
(relief) centres

I

EstablishingEarlier

DetermineTheBarriers Determinig ProvidingSafetyAdvice N )
ForEvacuation ContigencyPlan EvacuationTrigger
[ SpecifyingPreparations
L . " EitherPreempativeOr
DeterminigTheAdopted AssessingPublic L .
Strategy InformationCapability Ff;i‘g?ggg?ﬁgéfgxgzr CallingForHelp
SeekingTheHighestPoint Calling-000
WithinTheBuilding
VICSES <Regional>DO
<Municipalty> IC K‘ ji
ﬁ VICSES <Regional>DO VICSES <Regional>DO FloodRescue
OtherOgencies ARC
Evacuation i
AndertakingDynamicRisk
Assessment
RecommendingOr\Warning AssistingTheProcess RegisteringTheAffected
ForEvacuation AndEvacuatedPeople
AssessingFlood
. . RescueResources
VICPOL ManagingThe Developlng&olorrrmca'tlngOf
jL\ EvacuationProcess TheEvacuationWarnings
;( ): SupportTheRescue ConductTheFloodRescue

VICSES <Regional>DO

ARC = Australian Red Cross
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VICSES <Regional>DO
Resupplying
<Municipality> IC
ManagingTheAircraft ArisingTheResupply To Supporting IncludingResupply To
| ThelssolatedCommunities ThelsolatedCommunties EmergencyReliefArrangement
| | AdvisingToStockUpOn
s Essentialltems
ControlllngA.lrSupport LocatingAirbaseManagement
Operations
—
Assisting w ith the transport of . . .
RequestingAircraftSupport essential items AssistingLogisticFunctions
<Municipality> IC

Protecting|

Community Infrastructure
&Property

Essential

MaintainSmallStockOf

<Municipality Council>

Sandbags<LocationDetails>

Backing-UpSandbags

Supplies Through
VICSES-RegHQ

Determining
ThePrioities Of Use

GivingTheProtection
ToEssentialCommunity
Infrastrcutures

VICSES <Regional>DO

ProtectingTheProperties

SandbaggingToMinimise
EntryOf WaterinToBuildings

EncouragingToLiftOrMove
Contents

ConstructionOf Temporary
Leeves

EnsuringToKeepAdvise
OfTheFloodSituation
ToTheOw ners

ECI Providers

X

ConsultTheTemporary
Leeves

LGA
VICPOL

EnsuringToKeepAdvise
OfTheirStatus TolC
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<Municipality> IC

CarryingOut
RoadClosures

<Municipality> IC
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<Municipality Concil>

PN

A

[

—

X

ObservingAndPlacing
OfWarningSigns

Arranging

<Municiplaity AdvisesVicRoads Of

ErectingWarningSigns
Underlts Juridiction

ResponsibleForDesignated
Local&RegionalRoadNetw ork

DisruptionServices

<Municiplaity>LeaiseWith&
VicRoads Of ErectingWarning
SignsUnderlts Juridiction

V.CRE,;;EJ_

ArrangingToRespond
TheServiceDisruptions
in<Municipality >

ResponsibleForDesignated
MainRaods &Highw ays

CommunicatingCommunity
InformationOf RoadClosures

S S —

VICRoads
DSE

<Municipality> EHO
<Municipality> ERO

ResponsibleFor <Municipality> ICC

WasteWater& i

Sew arageAssets
ControlDam \
Failures N
AdvisingV ICSESOf TheSecurity Check&CorrectTheOperationOf Inspecting&ReportTo
OfCriticalAssets i The<MERO>&ICC
CriticalAssets
OnAnyWaterQualitylssues

ControlForDam

8 MaintainOrlmproveTheSecutiry
SafetyIncidents

OfCriticalAssets

DSE = Department of Sustainability Environment
MERO = <Municipality> Emergency Resource Officer
MEHO = <Municipality> Emergency Health Officer

AdvisingThelCCInTheEventOf
InUndationOf Critical
Sew arageAssets

VICSES <Regional>DO

Review ingAfter
Action

CoordinatingTheAfterAction
Review Arrangements

InvolvingAllAgenciesAt
TheAfterActionReview
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DISPLAN Customised role model of the SES Victoria DISPLAN template
Country Australia

Disaster Type Flood

Phase Response phase

2. Customised role model of flood DISPLAN of the SES Victoria

Role ID R1
Name VIC SES <Regional> DO
Description Victoria State Emergency Service <Regional> Duty Officer. <Regional> will be substituted
with the appropriate region.
Responsibilities 1. Arranging the response
2. Activating the response actions
3. Arranging the activation
4. Activating the agencies
5. Providing support
6. Providing support to VIC SES
7. Providing support to community within <Municipality>
8.  Listing all the agreed roles of the involved agencies
9.  Establishing the <Municipality> Emergency Coordination Centre (MECC)
10. Coordinating the escalation of flood incident
11. Arranging Command, Control & Coordination
12. Controlling the response
13. Controlling the response of the flood activities
14. Appointing the IC to command and controller
15. Advising the VICSES to appoint the <Municipality> IC
16. Establishing an <Municipality> Incident Control Centre (ICC)
17. Pre-determining Incident Control Centre locations
18. Activating the <Municipality> ICC
19. Establishing Divisions and Sectors
20. Pre-determining divisions locations
21. Pre-determining sectors locations
22. Establishing the EMT
23. Providing an Emergency Management Liaison Officer (EMLO) to the EMT
24. Providing other staffs and / or resources to the EMT
25. Taking actions to response the flood warnings
26. Reviewing flood information
27. Monitoring weather and flood information - www.bom.gov.au
28. Assessing Command and Control requirements
29. Review and consider local resources
30. Notify and brief appropriate officers
31. Assessing ICC readiness
32. Ensure flood bulletins and community information
33. Monitor and undertake watercourses reconnaissance
34. Develop media and community information management strategy
35. Ensure flood mitigation are being checked
36. Develop and issue incident action plan
37. Develop and issue situation report
38. Develop an appreciation of current flood and predicted levels
39. Review flood intelligence
40. Determining what the at-risk community need to know
41. Warning the at-risk community including
42. Liaising with relevant asset owners
43. Implementing response strategies
44. Continuing to monitor the flood situation — www.bom.gov.au/vic/flood/
45. Continuing to conduct reconnaissance
46. Distributing of community information and warnings
47. Releasing of flood bulletins and information
48. Assisting the VICSES to warn individuals within the community
49. Informing public and media briefing
50. Communicating of community flood warnings
51. Requesting to assist VICSES
52. Assisting to communicate warnings
53. Using the EAS and SEWS to evacuate
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54. Coordinating the information of public health and safety precautions
55. Assessing a rapid impact

56. Assessing and record the extent and nature of damage
57. Providing the basis for further needs assessment

58. Providing the basis for a recovery planning

59. Assisting the evacuation process

60. Developing and communicating the evacuation warnings
61. Registering people affected by a flood

62. Flood Rescue

63. Undertaking a dynamic risk assessment

64. Assessing of the availability flood rescue resources

65. Support the flood rescue

66. Conduct the flood rescue

67. Resupplying

68. Arising to resupply isolated communities

69. Advising to stocking up on essential items

70. Supporting the isolated communities

71. Assisting with the transport of essential items

72. Assisting with the logistic function

73. Including the resupply to the emergency relief arrangements
74. Giving protection of Essential Community Infrastructure
75. Reviewing after action

76. Coordinating the after action review arrangements

77. Representing at the after action review

Constraints Functions 5(a) and 5(c) at Part 2 of the Victoria State Emergency Service Act 1986 (as
amended)
Role ID R2
Name <Municipality> IMT
Description <Municipality> Incident Management Team
Responsibilities 1. Providing strategic control priorities
2. Protection and preservation of life
3. Protection safety personal
4. Protection community and tourist
5. Issuing of community information
6. Issuing of community warnings
7. Protection of critical infrastructure and community assets
8. Protection of residential property
9. Protection of individual livelihoods and economic production
10. Protection of environmental and conservation
11. Determining the priorities
12. Consult with SC and relevant stakeholders
Constraints The general roles and responsibilities of supporting agencies are as agreed within the
<Municipality> EMP, EMMV (Part 7 ‘Emergency Management Agency Roles’) , State
Flood Emergency Plan and Regional Flood Emergency Plan
Role ID R3
Name <Municipality> IC
Description <Municipality> Incident Controller
Responsibilities Determining the priorities

Consult with SC and relevant stakeholders

Controlling the response of the flood activities

Establishing the IMT

Providing an Emergency Management Liaison Officer (EMLO)
Providing other staffs and / or resources to the EMT

Assisting the VICSES to warn individuals within the community
Using the EAS and SEWS to evacuate

9. Managing media communication

10. Manage all Media communications

11. Preliminary Deployments

12. Consulting to ensure that resources are in place

13. Providing emergency response

14. Response to Flash Flooding

15. Conducting pre-event planning

PNAN BN =
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16. Determining barriers to evacuation
17. Determining adopted strategy
18. Determining contingency plan
19. Assessing public information capability
20. Providing safety advice
21. Advising to seek the highest point
22. Advising them not to attempt to flee by entering floodwater
23. Calling 000
24. Establishing earlier evacuation trigger
25. Making specific preparations
26. Establishing evacuation (relief) centres
27. Evacuation
28. Recommending or warning people to evacuate immediately
29. Management of the evacuation process
30. Assisting the evacuation process
31. Developing and communicating the evacuation warnings
32. Registering people affected by a flood
33. Managing the aircraft
34. Controlling air support operation
35. Requesting air support operation
36. Locating air base management
37. Protecting essential Community Infrastructure and Property
38. Maintaining a small stock of sandbags
39. Backing up supplies
40. Determining the priorities related the use of sandbags
41. Giving protection of Essential Community Infrastructure
42. Protecting the priorities
43. Sandbagging to minimise entry of water
44. Encouraging businesses and households
45. Consulting of temporary levees
46. Construction of temporary levees
47. Ensuring to keep advised of the flood situation
48. Keeping to inform the status to Incident Controller
49. Arranging disruption services
50. Arranging to respond the service disruption in <Municipality >
51. Carrying out road closures
52. Observing and placing of warning signs
53. Liaising with VicRoads of erecting warning signs, closing roads and bridges
54. Advising the VicRoads of erecting warning signs, of closing roads and bridges
55. Designating main roads and highways
56. Designating local and regional road network
57. Communicating information regarding road closures
Constraints The general roles and responsibilities of supporting agencies are as agreed within the
<Municipality> EMP, EMMYV (Part 7 ‘Emergency Management Agency Roles’) , State Flood
Emergency Plan and Regional Flood Emergency Plan
Role ID R4
Name StateController
Description State Controller — Controller at state level
Responsibilities 1. Consult with SC and relevant stakeholders
Constraints -
Role ID RS
Name BoM
Description Bureau of Meteorology at state level
Responsibilities 1. Advising the VICSES to appoint the <Municipality> IC
Constraints -
Role ID R6
Name <MunicipalityCouncil>
Description <MunicipalityCouncil> - Substituted with the Council’s name where this plan will be

implemented
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Responsibilities 1. Assisting the VICSES to warn individuals within the community
2. Maintaining a small stock of sandbags
3. Backing up supplies
4. Designating local and regional road network
5. Communicating information regarding road closures
Constraints The general roles and responsibilities of supporting agencies are as agreed within the
<Municipality> EMP, EMMYV (Part 7 ‘Emergency Management Agency Roles’) , State Flood
Emergency Plan and Regional Flood Emergency Plan
Role ID R7
Name DH
Description Department of Health — at state level
Responsibilities 1. Coordinating the information of public health and safety precautions
Constraints -
Role ID RS
Name CFA
Description Country Fire Authority — at state level
Responsibilities 1. Assisting to communicate warnings
Constraints -
Role ID R9
Name DSE
Description Department of Sustainability and Environment (successor body to DNRE)
Responsibilities 1. Assisting to communicate warnings
2. Controlling DAM failures
3. Controlling for DAM safety incidents
4. Responsible Waste Water and Critical Sewerage Assets
5. Advising VICSES of the security of critical sewerage assets
6. Maintaining or improving the security
7.  Checking and correcting the operation of critical sewerage assets
8. Advising the ICC
9. Inspecting and reporting on any water quality issues
Constraints -
Role ID R10
Name VICPOL
Description Victoria Police
Responsibilities 1. Assisting to communicate warnings
2. Consulting of temporary levees
3. Managing the evacuation process
Constraints -
Role ID R11
Name <Municipality> ICC
Description <Municipality> Incident Controller Centre
Responsibilities 1. Managing all Media communications
2. Inspecting and reporting on any water quality issues
Constraints The general roles and responsibilities of supporting agencies are as agreed within the
<Municipality> EMP, EMMYV (Part 7 ‘Emergency Management Agency Roles’) , State Flood
Emergency Plan and Regional Flood Emergency Plan
Role ID RI2
Name DHS
Description Department of Human Services
Responsibilities 1. Providing the basis for a recovery planning

Constraints
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Role ID R13

Name ARC

Description Australia Red Cross

Responsibilities 1. Registering people affected by a flood

Constraints -

Role ID R14

Name CMA

Description Catchment Management Authority

Responsibilities 1. Consulting of temporary levees

Constraints -

Role ID RI15

Name LGA

Description Local Government Association

Responsibilities 1. Consulting of temporary levees

Constraints -

Role ID R16

Name ECI Providers

Description Essential Community Infrastructure Providers

Responsibilities 1. Keeping to inform the status to Incident Controller

Constraints -

Role ID R17

Name VicRoad

Description Victoria Road Authority

Responsibilities 1. Observing and placing of warning signs
2. Liaising with VicRoads of erecting warning signs, closing roads and bridges
3. Designating main roads and highways
4. Communicating information regarding road closures

Constraints -

Role ID RI18

Name <Municipality> EHO

Description <Municipality> Emergency Health Officer

Responsibilities 1. Inspecting and reporting on any water quality issues

Constraints The general roles and responsibilities of supporting agencies are as agreed within the
<Municipality> EMP, EMMYV (Part 7 ‘Emergency Management Agency Roles’) , State Flood
Emergency Plan and Regional Flood Emergency Plan

Role ID R19

Name <Municipality> ERO

Description <Municipality> Emergency Resource Officer

Responsibilities 1. Inspecting and reporting on any water quality issues

Constraints The general roles and responsibilities of supporting agencies are as agreed within the
<Municipality> EMP, EMMYV (Part 7 ‘Emergency Management Agency Roles’) , State Flood
Emergency Plan and Regional Flood Emergency Plan

DISPLAN Customised organisation model of the SES Victoria DISPLAN template

Country Australia

Disaster Type Flood

Phase Response phase
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3. Customised organisation model of flood DISPLAN of the SES Victoria

=

2 A

% Lea C[ / "'C",ih %
<Municipality > ICC
o ) / VicRoad
Controls K Controlledsy X \ %
. oo < i %‘/ \ o
DISPLAN Customised interaction model of the SES Victoria DISPLAN template
Country Australia
Disaster Type Flood
Phase Response phase

4. Customised interaction model of flood DISPLAN of the SES Victoria

Giving protection of ECI

Registering people affected by a
flood

Developing and communicating the
evacuation w arnings

Assisting the evacuation process

Controlling the response of the flood
activities

Establishing the EMT

Providing an Emergency
Management Liaison Officer
(EMLO) to the EMT

VICSES RDO

Providing other staffs and / or
resources to the EMT

Using the EAS and SEWS to evacuate

i BoM

Advising the VICSES RDO to appoint the
<Municipality> IC

Assisting the VICSES RDO to warn
individuals within the community

>1o

Coordinating the information of
public health and safety precautions

=)
VICSES RDO

Assisting to communicate w arnings

Providing the basis for a recovery
planning

<MunicipalityCouncil> i

Observing and placing of warning
signs

iv ICRoads

Liaising with VicRoads of erecting
warning signs, closing roads and

Determining the priorities

Consulting with SC and relevant
stakeholders

i <Municipality> IMT

StateController

i <Municipality> ICC
i ARC

CMA
i LGA

VICPOL
i ECI Providers
i ECI Providers

>

Managing all Media communications

<Municipalty> IC i

Registering people affected by a flood

Consulting of temporary levees
Consulting of temporary levees

Assisting the evacuation process

Maintaining a small stock of sandbags
Backing up supplies

> immimpamw Ic
) iwmicipamwlc

Communicating information regarding
road closures

Inspect and reporting on any water
quality issues

<Municipalty> EHO
i <Municipalty> ERO
<Municipaliy> ICC
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DISPLAN Customised environment model of the SES Victoria DISPLAN template
Country Australia

Disaster Type Flood

Phase Response phase

5. Customised environment model of flood DISPLAN of the SES Victoria

El List of involved agencies

Name List of involved agencies

Environment Entity ID El

Description There are a number of agencies with specific roles that will act in support of VICSES
and provide support to the community in the event of a serious flood within the [Enter
Municipality Name]

Attributes Name Name of organizations/agencies/individual

Level of jurisdiction Level of jurisdiction

Contact number Contact number of it

Contact person Person can be contacted

Roles Involved

VIC SES <Regional> DO

<Municipality> IMT

<Municipality> IC

StateController

BoM

<MunicipalityCouncil>

DH

CFA

DSE

VICPOL

<Municipality> ICC

DHS

ARC

CMA

LGA

ECI Providers

VicRoad

<Municipality> EHO

<Municipality> ERO

E2

Community information and community warnings

Name

Community information and community warnings

Environment Entity ID

E2

Description

Community information and community warnings detailing incident information that
is timely, relevant and tailored to assist community members make informed decisions
about their safety.

Attribute

Type of warning Type of warning

Time to issue Time to issue

Roles Involved

<Municipality> IMT

E3 <Municipality> ICC Locations

Name <Municipality> ICC Location

Environment Entity ID E3

Description <Municipality> ICC Location

Attribute Address Address
Phone Phone
Contact person Contact person

Roles Involved VICSES RDO

E4 Divisions location
Name Divisions locations
Environment Entity ID E4
Description Divisions and Sectors location in the municipality
Attribute Address Address
Phone Phone
Contact person Contact person




Roles Involved

| <Municipality> IC

E5 Sectors location
Name Sectors locations
Environment Entity ID E5
Description Divisions and Sectors location in the municipality
Attribute Address Address
Phone Phone
Contact person Contact person
Roles Involved <Municipality> IC

E6 Flood intelligence cards

Name Flood intelligence cards

Environment Entity ID E6

Description Defining the flood intelligence cards

Attribute Type of information Type of information
Consequences Consequences

Roles Involved VICSES RDO

E7 Information and warnings communication methods

Name Information and warnings communication methods

Environment Entity ID E7

Description Community information and warnings communication methods available

Attribute Lists of method type Lists of method type
Organization used Organization used

Roles Involved VICSES RDO

E8 List of media communication

Name List of media communication

Environment Entity ID E8

Description List of media communication

Attribute Name Name

Contact number

Contact number

Contact person

Contact person

Roles Involved

VICSES RDO

E9 Resources to provide emergency response

Name Resources to provide emergency response

Environment Entity ID E9

Description Resources to provide emergency response

Attribute Type of resources Type of resources

Provided service

Provided service

Roles Involved

VICSES RDO

E10 Flood rescue resources

Name Flood rescue resources

Environment Entity ID E10

Description Flood rescue resources availability

Attribute Type of resources Type of resources

Status resources

Status resources

Roles Involved

VICSES RDO

El11 Suitable airbase facilities’ locations

Name Suitable airbase facilities’ locations

Environment Entity ID Ell

Description Suitable airbase facilities’ locations

Attribute Address Address
Region Region

Location details

Location details

Roles Involved

<Municipality> IC
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E12 Essential Community Infrastructure and Property

Name Essential Community Infrastructure and Property

Environment Entity ID E12

Description Essential Community Infrastructure and Property

Attribute The type infrastructure or property’s type
The location The location
Address Address
Contact detail Contact detail

Roles Involved VICSES RDO

E13 Location of sandbag

Name Location of sandbag

Environment Entity ID E13

Description Location of sandbag

Attribute Address Address
Region Region

Roles Involved VICSES RDO

E14 Designated local and regional roads, bridges, walking and bike trails
Name Designated local and regional roads, bridges, walking and bike trails
Environment Entity ID El4
Description Designated local and regional roads, bridges, walking and bike trails
Attribute Address Address
Region Region
Details Details
Roles Involved VICSES RDO
VicRoads
<MunicipalityCouncil>
VICPOL
E15 The Dams locations
Name The Dams locations
Environment Entity ID E15
Description The Dams locations
Attribute Address Address
Region Region
Detail Detail
Roles Involved VICSES RDO
DSE
DISPLAN Customised scenario model of the SES Victoria DISPLAN template
Country Australia
Disaster Type Flood
Phase Response phase

6.  Customised scenario model of flood DISPLAN of the SES Victoria

Scenario S01

Name Arranging the response
Goal Arranging the response
Initiator VIC SES <Regional> DO
Trigger -

Pre-condition

Activated by the Regional Duty Officer (RDO) VICSES <Regional> or Incident
Controller

When the local resources are exhausted, the State’s arrangements provide for further
resources to be made available, firstly from neighboring Municipalities (on a regional
basis) and then on a State-wide basis

Post-condition

Description There are a number of agencies with specific roles that will act in support of VICSES
and provide support to the community in the event of a serious flood within the
<Municipality>.

Condition Step Activity Role Environment

Entity
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1 Activating the response actions R1 El
2 Arranging the activation R1 El
Activating the agencies RI El
4 Providing support Rl El
5 Providing support to VIC SES Rl El
Sequential
q 6 Providing support to community within Rl El
<Municipality>
. . . R1 El
7 Listing all the agreed roles of the involved agencies
I Y R1 El
3 Establishing the <Municipality> Emergency
Coordination Centre (MECC)
9 Coordinating the escalation of flood incident R1 El
Scenario S02
Name Providing strategic control priorities
Goal Providing strategic control priorities
Initiator <Municipality> IMT
Trigger -
Pre-condition -
Post-condition -
Description -
e . . Environment
Condition Step Activity Role Entity
1 Protection and preservation of life R2 E2
2 Protection safety personal R2 E2
3 Protection community and tourist R2 E2
4 Issuing of community information R2 E2
5 Issuing of community warnings R2 E2
6 Protection of critical infrastructure and R2 E2
Sequential community assets
7 Protection of residential property R2 E2
3 Protection of individual livelihoods and R2 E2
economic production
9 Protection of environmental and conservation R2 E2
10 Determining the priorities R2,R3 E2
11 Consult with SC and relevant stakeholders Ei’ R3, El E2
Scenario S03
Name Arranging Command, Control & Coordination
Goal Arranging Command, Control & Coordination
Initiator VICSES <Regional> DO
Trigger All flood response activities within the <Municipality> including those arising from a
dam failure or retarding basin / levee bank failure incident will therefore be under the
control of the appointed Incident Controller, or his / her delegated representative
Pre-condition -
Post-condition -
Description The Command, Control and Coordination arrangements in this Municipal Flood
Emergency Plan must be consistent with those detailed in State and Regional Flood
Emergency Plans. The specific details of the Command, Control and Coordination
arrangements for this plan are
to be provided in Appendix C
e . . Environment
Condition Step Activity Role Entity
Controlling the response R1 El, E3
Interleave ; .
Controlling the response of the flood activities R1,R2
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3 Appointing the IC to command and controller R1 El,E3
4 Advisi.n.g thfe VICSES to appoint the RI, RS
<Municipality> IC
5 Establishing an <Municipality> Incident Control RI
Centre (ICC)
6 Pre-determining Incident Control Centre locations R1
7 Activating the <Municipality> ICC R1
8 Establishing Divisions and Sectors R1 El, E4, ES
9 Pre-determining divisions locations R1 El, E4, E5
10 Pre-determining sectors locations R1 E1, E4, ES
11 Establishing the EMT R1,R2
12 Providing an Emergency Management Liaison RI
Officer (EMLO)
13 Providing other staffs and / or resources to the EMT  R1
14 Taking actions to response the flood warnings R1
15 Reviewing flood information R1
16 Monitoring weather and flood information - RI
www.bom.gov.au
17 Assessing Command and Control requirements R1
18 Review and consider local resources R1
19 Notify and brief appropriate officers R1
20 Assessing ICC readiness R1
21 Ensure flood bulletins and community information R1
22 Monitor and undertake watercourses reconnaissance Rl
Develop media and community information
23 R1
management strategy
24 Ensure flood mitigation are being checked R1
25 Develop and issue incident action plan R1
26 Develop and issue situation report R1
Develop an appreciation of current flood and
27 X R1
predicted levels
28 Review flood intelligence R1
Determining what the at-risk community need to
29 R1
know
30 Warning the at-risk community including R1
31 Liaising with relevant asset owners R1
32 Implementing response strategies R1
Continuing to monitor the flood situation —
33 . R1
www.bom.gov.au/vic/flood/
34 Continuing to conduct reconnaissance R1
Scenario S04
Name Distributing of community information and warnings
Goal Distributing of community information and warnings
Initiator VICSES <Regional> DO
Trigger All flood response activities within the <Municipality> including those arising from a
dam failure or retarding basin / levee bank failure incident will therefore be under the
control of the appointed Incident Controller, or his / her delegated representative
Pre-condition -
Post-condition -
Description -
e . . Environment
Condition Step Activity Role Entity
1 Releasing of flood bulletins and information R1
5 Assisting the. VICSES to warn individuals within RI,R2 E4
. the community
Sequential 3 Informing public and media briefing R1
4 Communicating of community flood warnings R1
5 Requesting to assist VICSES R1
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. . . RI, RS,
6 Assisting to communicate warnings RO.R10
7 Using the EAS and SEWS to evacuate R1,R2
3 Coordinating 'Fhe information of public health and RI,R7 E4
safety precautions
Scenario S05
Name Managing media communication
Goal Managing media communication
Initiator <Municipality> IC
Trigger All flood response activities within the <Municipality> including those arising from a
dam failure or retarding basin / levee bank failure incident will therefore be under the
control of the appointed Incident Controller, or his / her delegated representative
Pre-condition Establishing the ICC to manage Media communication
Post-condition -
Description -
e . . Environment
Condition Step Activity Role Entity
1 Managing all Media communications R2,R11
Scenario S06
Name Assessing a rapid impact
Goal Assessing a rapid impact
Initiator VICSES <Regional> DO
Trigger When flooding is expected to be severe enough to cut access to towns, suburbs and/or
communities
Pre-condition -
Post-condition -
Description -
e . . Environment
Condition Step Activity Role Entity
1 Assessing and record the extent and nature of RI E8.E9
damage
Interleave 2 Providing the basis for further needs assessment R1
Providing the basis for a recovery planning R1,R12
Scenario S07
Name Arrange Warning Service Operations
Goal Arrange Warning Service Operations
Initiator SESLHQ
Trigger When flooding is expected to be severe enough to cut access to towns, suburbs and/or
communities
Pre-condition Required to provide emergency response
Post-condition Emergency response has been provided
Description -
e . . Environment
Condition Step Activity Role Entity
. Consulting to ensure that resources are in place R2
Sequential
2 Providing emergency response R2
Scenario S08
Name Response to Flash Flooding
Goal Response to Flash Flooding
Initiator <Municipality> IC
Trigger All flood response activities within the <Municipality> including those arising from a

dam failure or retarding basin / levee bank failure incident will therefore be under the
control of the appointed Incident Controller, or his / her delegated representative

Pre-condition

Post-condition
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Description Emergency management response to flash flooding should be consistent with the
guideline for the emergency management of flash flooding contained within the State
Flood Emergency Plan
e . . Environment
Condition Step Activity Role Entity
1 Conducting pre-event planning R2 E12
2 Determining barriers to evacuation R2
3 Determining adopted strategy R2
4 Determining contingency plan R2 E17
5 Assessing public information capability R2
Sequential 6 Providing safety advice R2
7 Advising to seek the highest point R2
Advising them not to attempt to flee by entering
8 R2
floodwater
9 Calling 000 R2
10 Establishing earlier evacuation trigger R2
11 Making specific preparations R2
12 Establishing evacuation (relief) centres R2
Scenario S09
Name Evacuation
Goal Evacuation
Initiator <Municipality> IC
Trigger -
Pre-condition Recommending or warn people to prepare to evacuate or to evacuate immediately
Post-condition -
Description -
e . . Environment
Condition Step Activity Role Entity
1 Recommending or warning people to evacuate R2 E13
immediately
2 Management of the evacuation process R2 E17
Interleave 3 Assisting the evacuation process R1-R19
4 Developing and Fommunicating the R2,RI
evacuation warnings
5 Registering people affected by a flood R2,R1, R13
Scenario S10
Name Flood Rescue
Goal Flood Rescue
Initiator VICSES <Regional>DO
Trigger All flood response activities within the <Municipality> including those arising from a
dam failure or retarding basin / levee bank failure incident will therefore be under the
control of the appointed Incident Controller, or his / her delegated representative
Pre-condition Rescue operations may be undertaken where voluntary evacuation is not possible, has
failed or is considered too dangerous for an at-risk person or community
Post-condition -
Description Appropriately trained and equipped VICSES units or other agencies that have
appropriate training, equipment and support may carry out rescues
e . . Environment
Condition Step Activity Role Entity
1 Undertaking a dynamic risk assessment R1 El4
Interleave
5 Assessing of the availability flood rescue RI El5
resources
3 Support the flood rescue R1
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4 Conduct the flood rescue R1

Scenario S11

Name Managing the aircraft

Goal Managing the aircraft

Initiator <Municipality> IC

Trigger When evacuation is required

Pre-condition Requesting aircraft support through the State Air Desk

Post-condition -

Description Aircraft can be used for a variety of purposes during flood operations including
evacuation, resupply, reconnaissance, intelligence gathering and emergency travel

e . . Environment

Condition Step Activity Role Entity

1 Controlling air support operation R2
Sequential 2 Requesting air support operation R2
3 Locating air base management R2

Scenario S12

Name Resupplying

Goal Resupplying

Initiator VICSES <Regional> DO

Trigger When predictions/intelligence indicates that communities, neighbourhoods and/or
households may become isolated

Pre-condition Communities, neighbourhoods or households can become isolated during floods as a
consequence of road closures or damage to roads, bridges and causeways. Under such
circumstances, the need may arise to resupply isolated communities/properties with
essential items.

Post-condition -

Description Communities, neighbourhoods or households can become isolated during floods as a
consequence of road closures or damage to roads, bridges and causeways. Under such
circumstances, the need may arise to resupply isolated communities/properties with
essential items.

e . . Environment

Condition Step Activity Role Entity

1 Arising to resupply isolated communities R1 E14
2 Advising to stocking up on essential items R1
3 Supporting the isolated communities
Interleave 4 Assisting with the transport of essential items
5 Assisting with the logistic function
6 Including the resupply to the emergency relief
arrangements

Scenario S13

Name Protecting essential Community Infrastructure and Property

Goal Protecting essential Community Infrastructure and Property

Initiator <Municipality> IC

Trigger -

Pre-condition The Incident Controller will determine the priorities related the use of sandbags ,
which will be consistent with the strategic priorities

Post-condition -

Description Essential Community Infrastructure and Property (e.g. residences, businesses, roads,
power supply etc.) may be affected in the event of a flood

e . . Environment

Condition Step Activity Role Entity

1 Maintaining a small stock of sandbags R2,R6

2 Backing up supplies R2,R6
Determining the priorities related the use of

3 R2

Sequential sandbags

Giving protection of Essential Community

4 R2,R1
Infrastructure

5 Protecting the priorities R2

6 Sandbagging to minimise entry of water R2
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7 Encouraging businesses and households R2 E18
8 Consulting of temporary levees E?’ORM’ RIS,
9 Construction of temporary levees R2
Ensuring to keep advised of the flood
10 R R2
situation
1 Keeping to inform the status to Incident R2,RI6
Controller
Scenario S14
Name Arranging disruption services
Goal Arranging disruption services
Initiator <Municipality> IC
Trigger
Pre-condition Should only be used if other transport means are not available or not suitable
Post-condition -
Description Disruption to services other than essential community infrastructure and property can
occur in flood events
e . . Environment
Condition Step Activity Role Entity
Arranging to respond the service disruption in R2
<Municipality >
Scenario S15
Name Carrying out road closures
Goal Carrying out road closures
Initiator <Municipality> IC
Trigger -
Pre-condition During periods of flooding many rural properties and some villages can become
isolated
Post-condition -
Description -
e . . Environment
Condition Step Activity Role Entity
1 Observing and placing of warning signs R2,R17
) Liaising with VicRogds of erecting warning signs, R2, R17
closing roads and bridges
3 Advising the VicRoads of erecting warning signs, R2
Interleave of closing roads and bridges
4 Designating main roads and highways R2,R17
5 Designating local and regional road network R2,R6
6 Communicating information regarding road R2, R6,
closures R17
Scenario S16
Name Controlling DAM failures
Goal Controlling DAM failures
Initiator DSE
Trigger During periods of flooding many rural properties and some villages can become
isolated
Pre-condition -
Post-condition -
Description Major dams with potential to cause structural and community damage within the
Municipality are contained in Appendix A
. .. Environment
Condition Step Activity Role Entity
Controlling for DAM safety incidents R9
Scenario 817

Name

Responsible Waste Water and Critical Sewerage Assets
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Goal Responsible Waste Water and Critical Sewerage Assets
Initiator DSE
Trigger Flood waters can strand travellers

Pre-condition

Post-condition

Description Inundation of critical sewerage assets including septic tanks and sewerage pump
stations may result in water quality problems within the Municipality
- Environment
Condition Step Activity Role Entity
1 Advising VICSES of the security of critical RO
sewerage assets
2 Maintaining or improving the security R9
Checking and correcting the operation of
3 critical sewerage assets RY
4 Advising the ICC R9
Inspecting and reporting on any water quality ~ R9, R11, R18,
5 issues R19
Scenario S18
Name Reviewing after action
Goal Reviewing after action
Initiator VICSES <Regional>DO
Trigger B
Pre-condition B
Post-condition )
Description VICSES will coordinate the after action review arrangements of flood operations as
soon as practical following an event
- Environment
Condition Step Activity Role Entity
Coordinating the after action review arrangements R1
tial . : -
Sequentia 2 Representing at the after action review R1
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