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CASE STUDY
ABSTRACT
_ ) Information management and sharing is an essential ingredient, but a difficult and challenging problem
= for disaster response management. This paper proposes an ontology as a model to organize and
Cuhpe;;;‘;’ structure information in order to improve the information management and sharing in disaster

response management. The ontology was designed and developed based on philosophically grounded
foundational ontologies. It was also implemented in ontological languages and demonstrated and
evaluated in a case study of the flood evacuation process. This paper also provides a systematic approach
to develop a well-founded domain ontology that addresses both static and dynamic aspects of a given
domain.
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1. INTRODUCTION

Information management and sharing is essential in disaster management, especially in the
response phase. For instance, during a disaster, the responders need to be able to share and
use realtime information in order to carry out disaster relief operations [1]. Accordingly, the
information management and sharing is considered as a key element of disaster response
research [2]. In the disaster response, several organizations are typically required to cooperate
with each other [3, 4], and a huge amount of information is generated and used by different
processes handled by different systems in these different organizations [5]. The information
generated in one process needs to be shared with other relevant processes that may be
performed by different systems in different organizations, and the information collection,
storage and queries must be performed on an urgent basis. However, managing and sharing
of such information is challenging. The disaster-related information is difficult to manage
due to its large amount and diversity as well as geographical distribution [5]. In addition, the
information generated from different systems and represented in heterogeneous formats
cannot be easily shared with others because of syntactic and semantic heterogeneity [6].
*Corresponding author. These challenges require us to rethink how to manage all the processes and related infor-
E-mail: sommai.k@mbs.msu.ac.th . . .
mation created by these processes most effectively and to make them be easily shared among
participating organizations.
One way to improve the efficiency and effectiveness of information management and
’j Journals sharing is to use ontologies, which have been applied in several domains [e.g., 7-9]. To our
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knowledge, however, although there are ontologies devel-
oped in the domain of disaster response, none of them is
developed specifically for the purpose of information man-
agement and sharing. In addition, they address the static
aspect of the domain only, while ignoring the dynamic
aspect. However, the central concept of disaster response is
that it involves many processes conducted by several orga-
nizations, cooperating with each other. In this regard, dy-
namic concepts, such as actions or processes, also need to be
conceptualized in order to manage and share dynamic or
process information within the domain. Accordingly, the
paper aims to develop an ontology to support information
management and sharing in the disaster response process,
which addresses both static and dynamic aspects of the
domain. More specifically, the proposed ontology serves as a
model to manage the different pieces of information that are
created by different processes handled by different organi-
zations, as well as to structure the information in order to
enable it to be shared among the organizations.

In this paper, the research method used is based on the
design science paradigm in IS research [10, 11]. The design
science is a problem solving paradigm, aiming to build new
artefacts in order to improve or extend the capabilities of
humans and organizations [11]. The ontology proposed in
this paper is a design artefact in the form of model according
to the design science concept. It is designed and developed
based on philosophically grounded foundational ontologies,
UFO [12] and DEMO [13, 14], and rooted in the concept of
interlocking institutional worlds [15].

The rest of this paper is organized as follows. Section 2
presents background and reviews ontologies developed in
the area of disaster response management. Section 3 de-
scribes the research methodology used. In Section 4, the
development of disaster response domain ontology is pre-
sented. The ontology usage is demonstrated in Section 5 and
evaluated in Section 6. Section 7 discusses implications of
the research. The paper is concluded in the final section.

2. BACKGROUND AND LITERATURE REVIEW

2.1. Disaster response management

Disasters can be categorized into three groups by the origin
of their hazards, namely, man-made, natural and techno-
logical disasters [4]. Among these kinds of disasters, natural
disasters have a large impact in terms of human distress,
property losses, and economic damages. The paper specif-
ically focuses on the flood as an example of natural disasters.

Typically, the response to disasters consists of actions to
manage and control the various effects of disaster (also the
ripple effects) and minimize human and property losses [3].
In flood management, according to [16], the response phase
deals with operations that are directed at managing the
consequences of an imminent flood even before the actual
flood has occurred. Therefore, the flood response is not only
performed during the actual flood, but also during an
imminent flood. It is comprised of several processes,
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including floods forecasting, flood forecasts updating, the
current flood situation assessment, flood control operation
and evacuation [17, 18].

2.2. Ontology

Ontology is originally a philosophy term, and has become a
relevant word of information systems and computing dis-
ciplines. In the computational perspective, as defined by
[19], an ontology is “a formal explicit specification of a
shared conceptualization for a domain of interest.” It is an
engineering artifact that represents a specific domain of
knowledge [20, 21]. The ontology is concerned with repre-
senting and understanding a specific domain [22]. There-
fore, it aims to represent a description of conceptualization
of reality in a specific domain, which consists of concepts
and relationships between these concepts.

Ontologies are developed and represented in different
levels of abstraction. Accordingly, ontologies can be repre-
sented by different formalisms and languages, depending on
their objective. Reference [20] classifies ontologies based on
the level of abstraction they represent as follows: top-level
ontologies, domain ontologies, task ontologies, and appli-
cation ontologies. The top-level ontologies (also known as
foundational ontologies) are more general and can be
specialized into a domain ontology or a task ontology.

Typically, ontology development is not a goal in itself.
Over several decades, ontologies have been developed for
different objectives of usage and used in a variety of do-
mains. As reviewed by [23], the main uses of ontologies are
for semantic indexing and search, information organization
and structuring, problem solving and reasoning, under-
standing the domain, and semantics interoperation. In this
paper, the main use of ontology is to structure and organize
information in order to support information management
and sharing.

2.2.1. Ontologies related to disaster response manage-
ment. A variety of ontologies have been developed to
apply in various phase of disaster management. However,
this section focuses only on the ontologies that are related to
the response phase. In [24], an ontology was developed
within the SOKNOS project, specifically aimed at integrating
information from heterogeneous organizations for resource
planning in disaster response. Reference [25] proposed
SIADEX ontology for process planning under uncertainty
for decision support during a disaster. It serves as a
knowledge base that provides knowledge required in the
planning process. Reference [26] proposed the ISyCri
ontology for disaster response coordination management. In
[27], many domain-relevant ontologies were developed for
the AKTiveSA system, including Geography, Trans-
portation, Meteorology, Humanitarian aid, Military, Equip-
ment, Organizations, and Weapons. These ontologies are
designed for enhancing situation awareness within a specific
context of humanitarian and disaster relief operations.
Reference [28] proposed an ontology, named OntoFire,
which is developed specifically for the wildfires domain, with
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the aim to improve information retrieval mechanisms of
geo-portals by enabling a semantic-based search for geo-
informational resources of interest. Reference [29] proposed
a case attribute domain ontology which is used to support
case-based reasoning approaches in order to improve the
efficiency and effectiveness of decision making in respond-
ing to a disaster situation.

As discussed above, ontologies developed for disaster
response mostly play a role of a knowledge base that could
be used to support some disaster response functions, and are
used for the purpose of information integration. There is no
study that develops an ontology specifically for the purposes
of information management and sharing in the disaster
response process, especially in flood management. In addi-
tion, currently, a few ontologies related to disaster response
are grounded in foundational ontologies. Furthermore, the
ontologies discussed above address the static aspect of the
domain only, while ignoring the dynamic aspect. They
model only static concepts. Although some ontologies
include the concepts about the process, they do not model
the sequencing of process-oriented concepts explicitly.
However, ontology for the disaster response domain needs
to take both static and dynamic aspects of the domain into
consideration. In flood response, for example, simple static
concepts are weather forecast, flood forecast, flood, area,
evaluation, etc. It also includes process-oriented concepts
such as weather forecasting, flood forecasting, evacuation
implementing and so on. Each of these processes may
consist of sub-processes performed by different organiza-
tions.

In this paper, the main use of ontology is to organize and
structure information related to flood response in order to
improve the information management and sharing. By using
the ontology, syntax and semantics are defined to describe
the information explicitly. As discussed in [30], compared to
other information modeling methodologies, the use of
ontology has some similarities but also some distinct dif-
ferences. Similar to databases, ontologies can be used by
application software at run-time for queries and reasoning,
on the other hand, relationships defined in ontologies are
first-class constructs. Compared to object models, both of
them describe classes and attributes, but ontologies are set-
based and dynamic. This ontology is categorized as a
domain ontology. The target domain is that of disaster
response. However, since there are many types of disasters,
this ontology is developed specifically for flood response as a
case of disaster response.

2.2.2. The role of foundational ontology in domain
ontology development. Any domain ontology can be
developed based on the concepts provided by the founda-
tional ontology [31]. The use of foundation ontology is to
organize the “things” that exist in a given domain so that the
domain ontology is well-structured and is application in-
dependent [32]. According to [33], the use of foundation
ontologies has significant benefits in developing domain
ontologies. Foundational ontologies can help ontology de-
velopers to design and understand the domain by providing
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a rich vocabulary that describes that domain. In addition,
domain ontologies developed based on foundational ontol-
ogies can achieve interoperability and a higher overall
quality [12, 20, 34].

Various foundational ontologies have been proposed.
DOLCE [35] is one of the most prominent and influential
upper ontologies in domain ontology development. DOLCE
distinguishes entities into two main types, namely, perdurants
and endurants. An endurant is defined as an entity that exists
in a timeless way. All of its parts exist at the same time. A
perdurant is defined as an entity that happens in time. If it has
parts, it has temporal parts that happen at different times. In
addition, perdurants can be divided into two kinds, namely,
statives and events. An event is an essential whole. All of its
parts are necessary. A stative is not an essential whole.

In order to represent the endurant ontology, in this pa-
per, the Unified Foundational Ontology (UFO) by [12] is
selected as it is a well-founded philosophically foundational
ontology and has been widely used in developing domain
ontologies in a variety of domains [36, 37]. In particular,
UFO combines DOLCE and BWW foundational ontologies,
which extends the endurant ontology by articulating the
concept of class into a system of kinds of classes, including
Kind, Subkind, Category, Phase, Role and so on. These more
specific concepts can be used in developing a domain
ontology to avoid a number of anomalies in the domain
ontology being developed, especially involving the identity
of individuals [12].

For representing the perdurant part of domain ontology,
a set of concepts based on the concepts of speech act can
form a useful foundational ontology [38]. However, the
general theory of speech acts covers a wide spectrum of
phenomena. It would be useful to have a specialization of the
general theory of speech acts directed towards information
systems. In this sense, the DEMO theory [13, 14] is prom-
inent since it has been developed and used as a means for
enterprise modeling and information systems engineering in
several domains [39]. DEMO recognizes that a speech act
performed as an item of business is generally a complex
action. A business act is a type of speech act called a pro-
duction act or P-act. This is the ontologically stable aspect of
an organization. A P-act is generally performed as the result
of a conversation among several parties. Each step in the
conversation is another type of speech act called a coordi-
nation act or C-act. The C-acts producing a P-act are
packaged in a transaction. The P-act is made only if the
transaction completes. The C-acts are subject to change,
even though the P-act remains stable. These actions are
performed by subjects playing roles, or actors. A subject is a
person or organization capable of taking responsibility.

The endurant and perdurant represent the static aspect
and the dynamic aspect of the domain, respectively. The
representations of endurant and perdurant ontologies
described above provide a useful way to develop our
domain ontology that is well-founded, using philosophically
grounded foundational ontologies. It can help to promote
quality of the domain ontology and achieve interoperability
of systems that rely on this ontology.
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3. RESEARCH METHODOLOGY

In this paper, Design Science Research (DSR) methodology
is adopted as the research methodology. DSR has attracted
increasing attention to the research community of infor-
mation systems (IS). Within the IS discipline, DSR has
enabled the development of novel IT artifacts, organizational
development, and theory building [40]. It concerns
designing novel and innovative artifacts to support organi-
zational and human purposes, which is different from nat-
ural science research that mainly aims to understand reality
in order to predict or explain organizational or human
behavior and thus producing theoretical knowledge [11].
According to the design science concept, the ontology pro-
posed in this research is an artefact in the form of model.

Several scholars have proposed guidelines or methodol-
ogies for conducting DSR in the IS research. The paper
follows the DSR methodology proposed Peffers, et al. [10],
which consists of six stages as follows:

3.1. Problem identification and motivation

The main activity of this stage is to determine the specific
problem and justify the value of a solution to the problem.
As discussed in Section 1, the problem identified in this
study is about the information management and sharing in
disaster response. It is a challenging issue to manage and
share information in the disaster response context, due to
the large amount and diversity of information and syntactic
and semantic heterogeneity of the information. In this
paper, an ontology is proposed as a solution. At the best of
our knowledge, this ontology is a novel contribution in the
field of ontology applications in the disaster management
area, in the specific context of flood management, which
aims to support the information management and sharing,
and addresses both static and dynamic aspects of the
domain.

3.2. Definition of the objectives of a solution

In this stage, the main activity is to infer the objectives of
a solution from the problem definition. In this paper, the
desirable objectives of the ontology are to model both
static and dynamic aspects of the domain and to be used
as a model to organize and structure the different pieces of
information that are created by different organizations in
different processes of disaster response management
as well as to define semantics for such information
explicitly.

3.3. Design and development

The activity in this stage is to describe the artifact design and
development, showing how it is designed and developed. In
building the ontology, the concept of interlocking institu-
tional worlds is utilized as a conceptual framework to
discover specific concepts of the domain. These concepts of
the domain are modeled at the conceptual level, using UML
notation. Endurant ontology was modeled by UML class
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diagrams based on the UFO (Unified Foundational
Ontology) foundational ontology [12], whereas perdurant
ontology was modeled by UML activity diagrams based on
the theory of DEMO (Design and Engineering Methodology
for Organizations) [13, 14], simplified by UML-based
DEMO [38]. These conceptual models of the ontology are
then transformed to be represented in the ontology imple-
mentation languages. By using the Protégé tool, the endur-
ant ontology was represented in OWL and the perdurant
ontology was represented in OWL-S. All of these are pre-
sented in detail in Section 4.

3.4. Demonstration

The main activity in this phase is to demonstrate the utility
of the artifact in an illustrative or real-life case. The artifact
can demonstrate its usage by means of simulation, experi-
mentation, prototype, case study or others. In this study, the
utility of the proposed ontology is demonstrated in a case
study. This is presented in detail in Section 5.

3.5. Evaluation

In this phase, the artifact is evaluated to verify that it fulfills
the defined objectives. The activity of evaluation is to
compare the defined objectives of a solution with the results
of the usage of the artifact observed from the demonstration
phase. In this study, the evaluation is done by means of
semi-structure interviews with practitioners in flood
response. See section 6 for more details.

3.6. Communication

In this phase, the problem and its importance as well as the
proposed artifact, its utility and novelty, the rigorousness of
its design and its effectiveness are communicated to the
relevant research audience, e.g. in the form of academic
write-ups, such as this paper.

4. DESIGN AND DEVELOPMENT OF THE
ONTOLOGY

The ontology development methodology used in this paper
is based on the methodologies by [41] and by [42], con-
sisting of four stages as follows.

4.1. Ontology purpose and scope

The main purpose of the ontology is to be used as a model to
organize and structure information that can be shared
among participating organizations. The intended users of
the ontology are flood response stakeholders. In addition,
the ontology is constrained to cover only the response phase
of flood management. As discussed in Section 2.1, flood
response management is comprised of many processes.
However, the paper contains only some key processes,
including flood prediction, flood control, flood defense and
evacuation.
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Table 1. The relevant concepts of the flood response domain

Process

Action-oriented concepts

Static concepts

Flood prediction Flood forecasting

Flood control
implementing

Flood defense

Evacuation

High water protection measures
Flood defense measures implementing

Flood evacuation implementing

Flood forecast, Weather forecast,
Flood event, Area
High water protection measures

Flood damage, Flood defense
measures, Resource

Flood evacuation, Victim, Evacuation
registration, Resource

4.2. Domain conceptualization

In this paper, the domain of disaster response is seen as a
domain of interlocking institutional worlds introduced by
[15], in which several organizations (institutions) intero-
perate by interlocking their worlds. In the institutional
world, institutional facts are created, destroyed and manip-
ulated by speech acts, which are formal declarations by
designated officials of institutions. A speech act is a special
type of action. Therefore, the sorts of entities that exist in the
institutional worlds include institutional facts, speech acts
and actor-roles that perform the speech acts. Institutional
facts and actor-roles are static concepts, while speech acts
are action-oriented concepts. Therefore, in the case of flood
response, the relevant concepts can be identified as shown in
Table 1. Some of these concepts are adapted from the work
of [43]. The relationships among the concepts are deter-
mined as shown in Table 2.

After identifying the relevant concepts and their re-
lationships, the actors involved and their actions in each
of the action-oriented concepts are determined. These
actions are speech acts that are performed by authorized
actors. The speech acts can be categorized into

Table 2. Key concepts and relationships among them

Process Keys concepts and relationships

A flood forecast uses weather forecast
to predict a flood event that will
occur in a specific area, which is
carried out in the process of flood
forecasting.

A high water protection measure is
used to control a flood event, which
is carried out in the process of high
water protection measures
implementing

A flood defense measure mitigates a
flood damage that is produced by a
flood event, which is carried out in
the process of flood defense
measures implementing and uses a
resource

An evacuation of the registered victim
takes place in the area where the
flood occurs and uses a resource,
which is carried out in the process of
flood evacuation implementing.

Flood prediction

Flood control

Flood defense

Evacuation

coordination and production acts [15]. Because of the
space limitation, only actors and their actions involved in
the concept of flood evacuation implementing are pre-
sented as shown in Table 3.

4.3. Domain capture

In this stage, several concepts of the domain identified in
the previous stage are organized and represented in con-
ceptual models using conceptual modeling languages. As
stated earlier, the domain ontology consists of both
endurant and perdurant ontologies. The endurant ontology
is modeled and represented in UML class diagrams based
on the UFO foundational ontology (a part of UFO-A) by
[12], whereas the perdurant ontology is modeled and
represented in UML activity diagrams based on the DEMO
theory by [14] and the UML-based DEMO simplified by
[38].

Figure 1 illustrates endurant ontology for the flood
response domain represented in a UML class diagram. As
depicted in this figure, the diagram employs the UML
ontological profile by stereotyping classes. This makes
explicit the distinction between different types of entities
in the ontological sense. For example, the Flood-
ManagementOrganization class is stereotyped SubKind,
indicating that it is a rigid subtype of the Organization
class. Meanwhile, the FloodForecaster class is stereotyped
Role, indicating that FloodForecaster classifies Flood-
ManagementOrganization that is responsible to forecast
flood. Therefore, there is a relationship type “forecast” and

Table 3. Actors and their actions of flood evacuation
implementing concept

Speech act

Actions type Actor

Request to implement flood Informative Flood evacuation

evacuation manager
Receive request Informative Flood evacuation
implementer
Make flood evacuation plan Performative Flood evacuation
implementer
Propose flood evacuation  Informative Flood evacuation
plan implementer
Approve flood evacuation  Informative Flood evacuation
plan manager
Implement flood evacuation Performative Flood evacuation
implementer
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Figure 1. Endurant ontology for the flood response domain

the other class involved in this relationship is the Flood-
Forecast class. This approach can achieve expressivity,
clarity and truthfulness in representing endurant ontology.
The actions and actors identified in Table 3 are now
modeled and represented in a UML activity diagram, using
a UML profile based DEMO proposed by [38]. The per-
durant ontology for flood evacuation implementing and its
association with the endurant ontology are shown in
Fig. 2.

4.4. Implementation

In this stage, the ontology is implemented in OWL and
OWL-S using Protégé, a prominent ontology development
tool. For representing the ontology, some classes of the
process model in OWL-S are utilized, including Process,
Composite Process, Atomic Process, Participant, and Result.
A coordination act (C-Act) in DEMO can be defined as an
Atomic Process in OWL-S. A Composite Process is composed
of several Atomic Processes, consequently several C-Acts.
Therefore, a P-Act in DEMO is defined as A Composite
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Process in OWL-S, which produces a Result and is composed
of several C-Acts. A Subject can play the role of Participant.
An institutional fact is seen as a Result produced by a Pro-
cess. Accordingly, the perdurant ontology based on DEMO
can be represented in OWL-S by mapping to these classes
and the relevant endurant ontology is represented in OWL.
The framework shown in Fig. 3 is representing perdurant
ontology and endurant ontology for flood evacuation
implementing in OWL-S and OWL (based on the ontology
modeled in Fig. 2).

5. DEMONSTRATION OF THE ONTOLOGY
USAGE

This section demonstrates the usage of the ontology
implemented in the previous section. A case study on flood
response of Maha Sarakham province, Thailand is con-
ducted to illustrate how the ontology is applicable to orga-
nize and structure information that can be shared among
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(A) Perdurant ontology for flood evacuation implementing
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(B) Endurant ontology for flood evacuation implementing

Figure 2. Endurant and perdurant ontologies for flood evacuation implementing. (A) Perdurant ontology for flood evacuation imple-
menting, (B) Endurant ontology for flood evacuation implementing

participating organizations. The demonstration focuses only =~ needed for flood evacuation implementing, which is
on the information relevant to the flood evacuation imple- approved by Maha Sarakham Disaster Prevention and
menting process. In this process, municipalities in the  Mitigation Office. Once the flood evacuation implementing
flooded area are actors responsible for flood evacuation  process is accomplished, information about implemented
implementing. Information about evacuation plans is  flood evacuation is produced. During this process, the Maha
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Figure 3. Perdurant and endurant ontologies implementation framework

Sarakham Disaster Prevention and Mitigation Office needs
to monitor the coordinated action of the involved organi-
zations in order to ensure that the flood evacuation is
implemented on time. Based on the ontological model
shown in Fig. 3, these information sources are structured
and organized, which can be depicted by RDF graph in Fig. 4
and represented in OWL and OWL-S, as shown in Fig. 5 as
an example.

6. EVALUATION

In this section, the information that was organized and
structured in the ontology is evaluated. This evaluation is
conducted by means of semi-structured interviews with
practitioners in flood response of Maha Sarakham province,
Thailand. The interviewees were asked to give their opinion
about the information structured and organized in the
ontology as well as its usefulness for the purpose of infor-
mation management and sharing. The interview questions
are adapted from the work of [44], in which the ontology is
evaluated from the aspects of syntactic, semantic and prag-
matic.

From the syntactic aspect, the evaluation results indicate
that the vocabularies provided by the ontology are sufficient
to represent information about the flood evacuation imple-
mentation. There are also vocabularies identifying the links
between different pieces of information. This is helpful to
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manage information and to retrieve the needed information.
From the semantic aspect, the evaluation results show that
vocabularies defined in the ontology have consistent and
clear meanings and used consistently. Finally, from the
pragmatic aspect, the ontology can represent information
that is true in the real word application. In terms of
completeness, vocabularies provided by the ontology are
complete and meet the requirements for representing,
storing and sharing the information. However, interviewees
stated that the information about flood evacuation plan is
likely to be incomplete, as the flood evacuation plan is not
detailed enough to meet their needs. In this sense, it can be
explained that the ontology can be extended, either by
adding new classes or by inserting new attributes or re-
lationships into existing classes in the future based on the
requirements of users.

In addition, all interviewees agreed that information
representation based on the ontology model has the po-
tential to enhance efficient information management and
sharing in flood response. It can help to manage the in-
formation from different systems in different organiza-
tions. The ontology is useful to support information
management and sharing in flood response management.
In particular, when information represented in ontology is
machine interpretable, different systems would share the
information with each other easily and automatically.
Currently, there is no online information exchange be-
tween organizations in flood response management in
Maha Sarakham province. Typically, the information is
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Figure 4. Semantic links between different pieces of information in RDF graph

obtained and exchanged by phone, fax or e-mail. Therefore,
they think that information systems to support information
management and sharing in flood response management
can take advantage of ontology’s ability to represent
information.

7. DISCUSSION AND IMPLICATIONS

As indicated by the evaluation results, the ontology is
useful to structure and represent the information that
needs to be shared among different organizations involved
in disaster response. It can be used as a model to organize
and structure both static and dynamic information. A
controlled vocabulary provided by the ontology could be
used to represent the information that meets quality re-
quirements in terms of syntactic, semantic, and pragmatic
aspects. In particular, the ontology gives semantic to in-
formation created by different systems in different orga-
nizations, which enables more effective management and
sharing of such information. Although an application
system for automatically managing and sharing informa-
tion among various information systems of the organiza-
tions involved has not been developed in this study, the
ontology proposed in this research is important as the
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initial step toward developing such an application system
that employs Semantic Web technology and ontology.

In the paper, the development of an ontology for the
flood response domain is presented. The ontology has been
designed and developed using foundational ontologies and
rooted in the concept of interlocking institutional worlds.
Foundational ontologies are formal theories that can be
specialized into domain ontologies. Therefore, from a
theoretical standpoint, this study represents an attempt to
develop domain ontologies by using foundational ontologies
and existing theories. More specifically, it describes a sys-
tematic approach to develop a well-founded domain
ontology that addresses both the static and dynamic aspects
of a given domain, while other studies on ontology devel-
opment have addressed only the static aspect.

The paper also adds value to practice in the field of flood
response. The proposed ontology can be used as a model to
structure and organize information. By committing to this
ontology, terms and concepts that represent information are
used consistently and unambiguously throughout the entire
system of flood response in which several organizations
participate. Therefore, this allows to effectively gather in-
formation from a heterogeneity of sources and to system-
atically manage the information as well as to enable the
information to be easily shared across multiple organiza-
tions. Accordingly, such benefits of the ontology would
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Figure 5. An example of OWL and OWL-S representations

enhance the current practices of flood response with regard
to information management and sharing.

8. CONCLUSION

This paper addresses the problem of information manage-
ment and sharing in disaster response management. The
ontology is proposed as a model to organize and structure
information in order to improve the information manage-
ment and sharing in disaster response. The ontology usage is
demonstrated in a case study and evaluated through in-
terviews with practitioners involved in flood management of
Maha Sarakham province, Thailand. The evaluation showed
that the ontology was perceived as useful in supporting the
information management and sharing in flood response.
The ontology developed in this study was designed and
developed by using foundational ontologies that provide
real-world semantics. The endurant ontology was modeled
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based on the UFO foundational ontology. For modeling
perdurant ontology, the DEMO theory, which is a speciali-
zation of the general theory of speech acts, was used as a
foundational ontology. The central concept in DEMO is that
the stable elements in the description of an organization are
the speech acts that the organization performs. The foun-
dational ontologies utilized in this research provide a rich
vocabulary to describe the domain from both static and
dynamic aspects.

As there are many types of disasters, the proposed
ontology was developed specifically for flood response as a
case of disaster response, and demonstrated in the process
of flood evacuation implementation. Therefore, future
research can benefit from ontological concepts identified in
this research to develop a core ontology for disaster
response management that spans across various types of
disasters. According to [45], a core ontology models central
and generic concepts that are relevant to a specific field that
spans across different domains in this field. This core
ontology can be developed in future work by mapping
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several disaster response domain ontologies to founda-
tional ontologies. In addition, it would be interesting for
future research to develop an application system for sup-
porting information management and sharing in flood
response, which employs the ontology proposed in this
research.
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