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ABSTRACT

In a crisis the problem of the lack of a shared platform or similar communication methods among
the collaborators usually arises within a few hours. While a crisis requires rapid response of
emergency management factors, ontology is generally represented in a static manner. Therefore,

an adaptive ontology for crisis knowledge representation is needed to assist in coordinating relief
efforts in different crisis situations. The article describes a method of ontology modeling that
modifies the ontology in real time during a crisis according to the crisis surroundings. The method
is based on modeling a basic predefined multilingual ontology while allowing the expansion of
the ontology according to the crisis circumstances and the addition of other languages within

the crisis time limitations. An example of ontology use based on a sample Katrina crisis blog
is presented. Motivation for multilingual ontology use is supplied by the Boxing Day Tsunami
crisis. [Article copies are available for purchase from InfoSci-on-Demand.com]

Keywords:  Crisis Information Mapping, Knowledge Representation;, Multilingual; Ontol-
ogy
INTRODUCTION tions consisting of explicit objects and of

assertions about them. The representation

Rapid response in a situation, such as a
crisis, usually entails bringing down physi-
cal as well as logical barriers to allow fast
transfer of critical information. Knowledge
Representation is generally used to refer to
representations intended for processing by
computers, and in particular, representa-

of knowledge in such explicit form en-
ables computers to draw conclusions from
knowledge already stored. However, during
a crisis there exists a massive amount of
information relating to new concepts not
yetrepresented. To provide arapid response
it is necessary to build a new knowledge
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representation system sometimes in a mat-
ter of hours.

According to the Munich Research
Group (Munich, 2005) website, most
definitions of the term “crisis” include ten
characteristics: 1) an unusual volume and
intensity of events, 2) ‘change of state’ in
the flow of international political actions, 3)
disruptive interactions between two or more
adversaries, 4) abrupt or sudden change
in one or more basic system variables, 5)
change in the external or internal environ-
ment, 6) threat to basic values, 7) high prob-
ability ofinvolvementin military hostilities,
8) awareness of finite time for response, 9)
surprise, and 10) uncertainty.

Based on these definition characteris-
tics, knowledge representation during rapid
response situations will be influenced by
the mass production of information relating
to multiple events. Communication will be
limited in scope between the participants.
Chaos and lack of official chain of control
and decision making can be expected in
this situation. Furthermore, the most critical
aspect might be the time limitation.

Figure 1 shows a blog entry posted by
a New Orleans resident at the beginning
of the U.S. Katrina crisis (The survival of
New Orleans Weblog, http://interdictor.

livejournal.com, 8:54 am, August 30th,
2005). The request in the text to receive
relevant information can be viewed as a
simple query posted in natural language.
The request for information presented in
the figure requires a knowledge representa-
tion relevant to crisis that can be expanded
and matched to specific incidents and
locations.

The article presents a model for de-
signing an ontology-based knowledge
representation during a situation with
time constraints. The article describes the
steps and the resources required to build a
satisfactory solution which can serve as a
basis for setting up the rescue and support
systems under these time constraints.

The rest of the article is organized as
follows. Section 2 provides related work.
Section 3 presents the concept of crisis
ontology. Section 4 describes the ontology
design and Section 5 describes aspects of
the ontology implementation. A discus-
sion and implementation of ontology for
the Katrina crisis and the Boxing Day
Tsunami crisis are presented in Section 6.
Finally, section 7 presents the conclusion
and further research.

Figure 1. Sample blog posting during Katrina crisis - August 30th, 2005

Right now, it's a matter of survival. There are 3 important
aspects to surviving this: you need food/water/medicine,
you need personal protection, and you need the means to
conduct p ersonal hygiene in such a way that you're not
creating more of a problem than you're solving. For any
media out there reading this, it would be very helpful for
you to post guidelines for survivalist hygiene.
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RELATED WORK

A common definition of an ontology
considers it to be “a specification of a
conceptualization” (Gruber, 1993), where
conceptualization is an abstract view of the
world represented as a set of objects. The
term has been used in different research
areas, including philosophy (where it was
coined), artificial intelligence, information
sciences, knowledge representation, object
modeling, and most recently, eCommerce
applications. In his seminal work, Bunge
defines Ontology as a world of systems and
provides a basic formalism for ontologies
(Bunge, 1977), (Bunge, 1979). Typically,
ontologies are represented using Descrip-
tion Logic (Borgida and Brachman, 1993),
where subsumption typifies the semantic
relationship between terms.

The realm of information science has
produced an extensive body of literature
and practice in ontology construction, e.g.,
(Vickery, 1966). Researchers in the field of
knowledge representation have studied on-
tology interoperability, resulting in systems
such as Protégé (Noy and Musen, 2000).
An adaptive ontology model that allows
the ontology to evolve quickly during the
crisis timeline is proposed here.

Previous efforts to utilize ontology for
crisisresponse include the OpenKnowledge
system, which supports and enhances the
sharing and effective use of information and
services among different actors (Vaccari
et. al., 20006). Previous work also focused
on blogs and the collaborative tagging
approach (Ziesche, 2007). However, the
present work takes ontology for crisis
management further and enables real-time
extension of the ontology.

Ontology merging has beenresearched
from various aspects. The groundwork for

ontology merging appeared in (Stumme
and Maedche, 2001) which described
merging ontologies following a bottom-up
approach that offers a structural description
of the merging process. Further ontology
expansions on ontology evolution were
discussed in (Noy and Klein, 2003). Im-
proving the quality of the ontology using
a transformation approach was presented
in (Mostowfi and Fotouhi, 2006). In (Tolk
et.al.,2007) various layered composability
approaches are presented along with their
derived implications and requirements for
ontologies. Similar ideas are incorporated
in the expanding the ontology section.
Although it is possible to create meta-
data documents semi-automatically,amore
precise approach requires human interven-
tion. Much of the information that can be
usefully specified for a resource simply
cannot be extracted without some kind of
human interpretation. Also, the metadata to
berecorded aboutaresourceis often derived
froma vocabulary of interesting categories
that are relevant for subsequent processes.
These vocabularies, called ontologies, can
be required to adhere to standards that can
only be applied by humans. There are two
competing models by which we can express
metadata. Web Ontology Language (OWL)
/ Resource Description Framework (RDF)
(Smith et. al., 2004) is a World Wide Web
Consortium (W3C) recommendation and
by design is meant to form the base of the
W3C’s vision of the Semantic Web. Topic
Maps (Gashol and Moore, 2006) is an Inter-
national Organization for Standardization
(ISO) standard, and although developed
independently of the W3C, it has several
properties that make it an alternative to
OWL/RDF. Currently there are attempts
to integrate both models (Pepper, 1999),
(Pepper and Grenmo, 2001). The model
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described inthe presentarticle can be imple-
mented using both of these techniques.

CRISIS ONTOLOGY

In the quest to identify frameworks, con-
cepts, and models for crisis ontologies the
term ‘Open Ontology’ was addressed in (Di
Maio, 2007). ‘Open Ontology’ refers to a
given set of agreed terms, in terms of con-
ceptualization and semantic formalization,
that has been developed based on public
consultation and that embodies, represents,
and synthesizes all available valid knowl-
edge thought to pertain to a given domain
and necessary to fulfill a given functional
requirement.

The Sphere handbook (Sphere Proj-
ect, 2004) is designed for use in disaster
response and may also be useful in disaster
preparedness and humanitarian advocacy. It
is applicable in a range of situations where
reliefis required, including natural disasters
and armed conflict. It is designed for use in
both slow- and rapid-onset situations, rural
and urban environments, developing and
developed countries, anywhere in the world.
The emphasis throughout is on meeting the
urgent survival needs of people affected by
disaster, while asserting their basic human
right to life with dignity.

Analysis of the Sphere handbook
index, displayed in Figure 2, indicates
that it meets many requirements of Open
Ontology. Thus, the current index can be
defined as an Index Ontology. Generic top
level requirements for an Open Ontology
according to (Di Maio, 2007) include:

*  Declaring what high level knowledge
(upper level ontology) it references.
The Index Ontology primary concepts

can be identified by the outer level
keywords in the index. These keywords
serve as a high level framework defin-
ing the primary topics of the Crisis
Ontology.

The ontology allows reasoning / infer-
ence based on the index. For example,
according to Figure 2 the concept
fuel supplies is related to the class of
cooking and also related to the concept
impact, which is related to the concept
environment. It is also related to the
concept vulnerable groups. The rela-
tional index structure supplies the initial
structure of the Index Ontology.
Natural language queries can be sup-
ported by simple string matching of
words from the query against the Index
Ontology concepts. The request to
receive relevant information appear-
ing in Figure 1 which shows a blog
entry posted by a New Orleans resi-
dent displays an example of a textual
natural language query which could
be analyzed using the Index Ontol-
ogy. Simple string matching between
the text and the Index Ontology can
identify relevant topics such as: food/
water/medicine and personal hygiene,
which appear in the Index. Therelevant
page numbers of the index topics can
supply immediate relevant information
delivered in response to the query in
any of the above topics. These could
include ashortdescription and possible
values required to maintain minimal
standards in areas such as personal
hygiene. A simple Web interface could
support an online connection between
the blog and the Index Ontology, al-
lowing immediate response.

Use of the Index Ontology supplies an
easy-to-understand mechanism with
which most users are familiar. The
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Figure 2. Index of humanitarian charter and minimum standards
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skills required to utilize the ontology
are minimal and can be implemented
by any ontology tool, such as Protégé
(Noy and Musen, 2000) or Topic Maps
Ontopia (Pepper, 1999).

*  The ‘highlevel knowledge’represented
by the Index Ontology can easily be
linked to classes representing required
actions such as: status updates, email
notification of current crisis situation,
resources required for the survivors,
and critical locations where immediate
intervention is required. The current
ontology representation already in-
cludes values that can be represented
as properties such as measuring acute
malnutrition in children under five
years and other age groups.

*  The implementation of the ontology is
independent ofany ontology language.
It can be implemented in any currently
used ontology language such as OWL/
DARPA Agent Markup Language
(DAML) and due to its simplicity can
beimplemented by alternative ontology
languages such as Topics, Associa-
tions, and Occurrences (TAO) of topic
maps.

e The adoption of an Index Ontology
allows a flexible approach to ontology
creation and adoption. As the following
section describes, the ontology can be
expanded using additional Index On-
tologies or alternatively direct links to
information on the Web.

* Finally the basic ontology and the
knowledge it represents are already
defined in multiple languages, allow-
ing multiple viewpoints of similar
information in multiple languages.
Furthermore, it allows information in
multiple languages to be directed to
identical ontology concepts.

ONTOLOGY DESIGN

This section presents the ontology design
process. The first section shows how
concepts are extracted from predefined
research presented in a book or on-line
documentation to construct the ontology
layout. The following section displays how
to extract the concept relations. Next, the
section depicts how the ontology can be
expanded and similar documents based
on similar concepts can be added to the
ontology. The last section shows how the
ontology can function in a multilingual
environment.

Extracting the Ontology Layout

Based on the Sphere Handbook index
(Sphere Project, 2004), an initial ontology
canbe constructed using existing hierarchi-
cal and semantic relations. Furthermore,
data linking to additional information
can be stored as class properties. Figure 3
displays a sample of the Index Ontology
created from the Sphere Handbook index
(Figure 2). The class defined as cooking is
defined as a super-class of four subclasses:
fuel supplies, environmental impact, water
supplies,and stoves. However, fuel supplies
is a subclass of two additional classes: vul-
nerable groups andimpact. Similarly, water
supplies is a subclass of both cooking and
vulnerable groups. The properties of the
class personal hygiene can match the class
with additional information regarding hy-
giene in the Sphere Handbook, such as full
description pages or relevant values. Ad-
ditionally, external information extracted
from other resources can be matched with
the extracted Index Ontology.
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Figure 3. A sample of the extracted index ontology

cooking
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environmental impact
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stoves

personal hygiene

Extracting the Concept Relations

The ontology concept relations can be ex-
tracted in a similar technique, using the book
index. The binary relation is defined as the
chapter title shared by each of two concepts.
For example, in the Sphere Handbook, for
each two concepts appearing in the Index
Ontology, the chapter title which connects
the two can be defined as the relation.
Figure 4 displays an example of the re-
lations of the cooking concept with another
four concepts. In the example it can be seen
thatthe relation of tools and equipment and
lighting describes both cooking and fuel
supply and cooking and stoves. The relation
that can be automatically extracted in this
case supplies an appropriate description.

Expanding the Ontology

The ontology can be expanded using ex-
ternal information from other resources
such as additional data based on books or
websites. For example, the Wikipedia web
site for hygiene includes index information
which could be added to the current Index

environment

erosion

impact

settlements

vulnerable groups |

Ontology using similar class definitions.
Figure 5 displays index information from
the Wikipedia hygiene index (Hygiene,
2008) that can be used as concepts for pos-
sible ontology expansion. Notice that the
concept personal hygiene is a subclass of
hygiene according to this definition. Figure
6 displays the ontology expansion based
on the Wikipedia hygiene entry. Alterna-
tively, additional index books considered
fundamental in the field can be added to the
ontology. For example, the Merck Manual
of Medical Information (Beers, 2003) index
can be used for medical class expansion.
There are multiple approaches to
merging ontologies such as the Formal
Concept Analysis described in (Stumme
and Maedche, 2001). Possible merging
operations for the ontology engineer are
presented in (Noy and Klein, 2003). Fur-
thermore, (Segev and Gal, 2007) proposed
using (machine generated) contexts as a
mechanism for quantifying relationships
among concepts. Using this model has an
advantage since it provides the ontology
administrator with an explicitnumeric esti-
mation of the extent to which amodification
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Figure 4. Ontology concept relations based on document sections
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Figure 5. Possible concepts expansion based on Wikipedia indexing
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“makes sense.” The present research adopts
the method of expanding the ontology based
on context mechanism.

Multilingualism

An ontology-based model for multilingual
knowledge management in information

systems has been proposed in (Segev and
Gal, 2008). The unique feature was a light-
weight mechanism, dubbed context, which
is associated with ontological concepts
and specified in multiple languages. The
contexts were used to assist in resolving
cross-language and local variation ambi-
guities. The technique can be adopted to
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Figure 6. Ontology expansion based on Wikipedia
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build an ontology where each concept can
be represented in multiple languages.

The technique presented here is dif-
ferent from the previous model since it
requires the ability to create and modify
the ontology in real-time as the crisis arises
and continues to evolve. This requirement
necessitates having a basic predefined
multilingual ontology while allowing the
expansion of the ontology according to
the crisis circumstances and the addition
of other languages within the crisis time
limitations. The technique can be adopted
to build an ontology where each concept
can be represented in multiple languages
and can be expanded for use in crises, such
as the Boxing Day Tsunami.

The Sphere handbook (Sphere Proj-
ect, 2004) is designed for use in disaster
response and was translated into 37
languages. Thus it supplies a top level
ontology that can be used concurrently in
multiple languages. Since each high level
Index Ontology concept is represented in
multiple languages, there is faster ontology
adaptation in crisis situations. A sample of
amultilingual ontology in English, French

vulnerable groups

(F), Tamil (T), and Sinhala (S) is presented
in Figure 7.

UTILIZING THE ONTOLOGY

The question arises of how the Index On-
tology can support agencies and groups
involved in a crisis. The answer can be
divided into two separate tasks: to enable
the information flow during the crisis to be
matched with relevant ontology concepts
and to direct the relevant information to
the correct agency or individual.

Ontology Matching

The ontology matching process directs
the crisis information flow to the relevant
ontological concepts. The crisis might
include multiple types of information such
as documents, emails, blogs, and update
postings in message boards. One of the dif-
ficult tasks would be matching in real-time
each information datum with the correct
concepts without the usual training process
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Figure 7. A sample of the extracted multilingual ontology
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required in ontology adjustment and usually
performed over a long period of time.

To overcome the time limitation re-
quired to process ontology for optimal
information flow the following method is
proposed. Let O, O,, ..., On be a set of
ontologies, representing either the Index
Ontology or each representing different
domain knowledge. A simplified represen-
tation of an ontology is O =<C, R>, where
C={c,c,...,clisasetof concepts with
their associated relation R.

To analyze the crisis information flow
acontext extraction algorithm can be used.
Tohandle the different vocabularies used by
differentinformation sources a comparison
based on context comparison is used in addi-
tion to simple string matching. The context
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is extracted for each document and then
compared with the ontology concept.

The extraction process uses the World
Wide Web as a knowledge base to extract
multiple contexts for the textual informa-
tion. The algorithm input is defined as a
set of textual propositions representing the
crisis information description. The result of
the algorithm is a set of contexts - terms
which are related to the propositions. The
context recognition algorithm was adapted
from (Segev et. al., 2007) and consists of
the following three steps:

1. Context retrieval: Submitting each
token to a Web-based search engine.
The contexts are extracted and clustered
from the results.
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2. Context ranking: Ranking the results
according to the number of references
to the keyword, the number of Web
sites that refer to the keyword, and the
ranking of the Web sites.

3. Context selection: Finally, the set of
contexts for the textual proposition,
defined as the outer context, is as-
sembled.

To evaluate the matching of the con-
cepts with the information and its context,
a simple string-matching function is used,
denoted by match , which returns 1 if
two strings match and 0 otherwise. I is
defined as the information, and D' is the
information descriptor. Also, n is defined
as the size of D.

The match between the concept and
the information is defined as the sum of
the concept matching values:

match (I, c/,) = Z match, (t, cj)
‘ t,eD’

The overall match between the ontol-
ogy and the information is defined as a
normalized sum of the concept matching
values:

match (I, O,) = Z Z match,, (i, c].)

¢ €0, t; eD!

Directing the Crisis Information
Flow

The Index Ontology can serve as a knowl-
edge base for directing crisis information
flow. An information system deployed in
a crisis can use the Index Ontology as an
immediate knowledge representation that
canbeaccessed by emergency forces. Civil-
ians in a crisis can access such a system to
link to relevant information or to provide

real-time information that will be matched
immediately with concepts predefined in
the ontology.

All rescue forces will be able to utilize
the Index Ontology directly or indirectly.
New, uploaded information will be mapped
to the relevant ontology concepts. Each
rescue force will be able to include com-
munication means which will alert them to
new relevant information regarding specific
concepts. Using suchamechanism, email or
text messages can be delivered to handheld
devices onthe scene. Relevant information
canbe extended to include geographical in-
formation systems. Consequently, ontology
concepts can be identified with geographi-
cal location resulting in concepts such as

flooding being identified with locations in
the New Orleans area.

Each on-site crisis actor can constantly
update rescue and management decision
making forces. The information can be
automatically classified according to the
ontology matching algorithm described pre-
viously. Using crisis actors who can deliver
information in real-time allows the amount
ofaccessible information to be increased at
a very low information delivery cost when
an automatic Index Ontology is used.

Rescue forces can supply the crisis
population with relevant information ac-
cording to relevant concepts. Users with
Web access can select relevant information
when needed. Users can always access the
Sphere Handbook as default information
that is specific information on limited
concepts. Rescue and management forces
will be able to add updates to all relevant
concepts for all civilians in need.
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DISCUSSION AND
IMPLEMENTATION

In a crisis, people put different types of
relevant information online — documents,
emails, blogs, and posts in message boards.
Much of this information can be channeled
toreal-time updates for both rescue person-
nel and people suffering the crisis.

The example, presented in Figure 1,
is a sample blog posting from the U.S.
Katrina crisis during the initial stages in
August 2005. The example depicts a re-
quest for additional information relevant
to personal hygiene. The blog was one of
the few websites that continually supplied
information during the crisis. Mapping the
relevant request would identify a similar
concept in the ontology itself. The Index
Ontology includes a personal hygiene

concept as a subclass of the vulnerable
groups concept. Linking the blog request
to the relevant information using relevant
index pointers would allow the user to re-
ceive information relevant to the request.
Figure 8 shows an immediate response that
includes most of the relevant information
and can be posted to supply the user with
the requested relevant information to assist
in the crisis.

Analysis of the Katrina crisis request
using the ontology relations which appear
in Figure 4 provides additional informa-
tion which can be directed toward the blog
request. Therequest for informationregard-
ing water can be answered using the water
supplies and cooking concepts. Similarly,
the request for information regarding food
can be answered with the cooking and envi-
ronmental impact concepts. These concepts

Figure 8. Index ontology based response to “personal hygiene” query

Non-food items standard 2: personal hygiene

Each disaster-affected household has access to sufficient soap and other

items to ensure personal hygiene, health, dignity and well-being.

Key in dicators (to be read in conjunction with the guidance notes)

@® FEach person has access to 250g of bathing soap per month (see

guidance notes 1-3).

@® FEach person has access to 200g of laundry soap per month (see

guidance note 1-3).

@® Women and girls have sanitary materials for menstruation (see

guidance note 4).

@® Infants and children up to two years old have 12 washable nappies

or diapers where these are typically used.

@® Additional items essential for ensuring personal hygiene, dignity and

well-being can be accessed (see guidance note 5).
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and the associated information can supply
specific variables for the minimal survival
requirements.

This ontology can be setup in the initial
time frame of the crisis allowing informa-
tion to be sent in multiple languages using
the same framework. The example of the
Boxing Day Tsunami shows the relevance
of'such an ontology. For instance, an email
or a blog web-site requesting food aid in
the civilians’ local language such as Tamil
or Sinhala could be collected with all of
the incoming Food Aid requests from all
of the crisis locations to the relevant con-
cept. Consequently, management teams can
make decisions based on the information
associated with the Management concept
and its related concepts (Figure 7).

CONCLUSION

The article presents work in the field of
developing an adaptive method for crisis
ontology design which can be used to rep-
resent knowledge in rapid response situa-
tions. The technique extends the ontology
during a crisis and tailors it to the needs
of the ongoing crisis. The implementation
of the ontology within an information sys-
tem will enable the mapping of the crisis
information flow. The described Index
Ontology allows multidirectional flow of
data between different rescue forces, from
rescue forces to the civilian population, and
from the civilian population to rescue and
reporting organizations. The real life crisis
examples evaluated using the ontology hold
promise for future crisis information flow
management.
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