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ABSTRACT

Disasters whether natural or human-made, leave a lasting impact on human lives and
require mitigation measures. In the past, millions of human beings lost their lives and
properties in disasters. Information and Communication Technology provides many
solutions. The issue of so far developed DMSs is their inefficiency in semantics that
causes failure in producing dynamic inferences. Here comes the role of semantic web
technology that helps to retrieve useful information. Semantic web-based intelligent and
self-administered framework utilizes XML, RDF, and ontologies for a semantic
presentation of data. The ontology establishes fundamental rules for data searching from
the unstructured world, i.e., the World Wide Web. Afterward, these rules are utilized
for data extraction and reasoning purposes. Many disaster-related ontologies have been
studied; however, none conceptualizes the domain comprehensively. Some of the
domain ontologies intend for the precise end goal like the disaster plans. Others have
been developed for the emergency operation center or the recognition and
characterization of the objects in a calamity scene. A few ontologies depend on upper
ontologies that are excessively abstract and are exceptionally difficult to grasp by the
individuals who are not conversant with theories of the upper ontologies. The present
developed semantic web-based disaster trail management ontology almost covers all
vital facets of disasters like disaster type, disaster location, disaster time, misfortunes
including the causalities and the infrastructure loss, services, service providers, relief
items, and so forth. The objectives of this research were to identify the requirements of
a disaster ontology, to construct the ontology, and to evaluate the ontology developed
for Disaster Trail Management. The ontology editor applied by this research is Protégé
version 5.2.0, which utilizes OWL as ontology language. The ontology consists of 6969
axioms, 84 concepts, 103 properties, and 726 individuals. The ontology was assessed
efficaciously via competency questions; externally by the domain experts and internally
with the help of SPARQL queries. The ontology was assessed by a software tool and
found 100% accurate concerning its structure and overall 97% perfect as evaluated by

the domain experts.
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CHAPTER ONE
INTRODUCTION

1.1 RESEARCH BACKGROUND

A large number of human beings are being affected by disasters every year. In the year
2016, 569.4 million people were affected by disasters (Guha-Sapir, Hoyois, Wallemacq
& Below, 2016) and 110.3 million in 2015 (Guha-Sapir, Hoyois & Below, 2016). The
collected data shows that from 2005 to 2014, on an average, 196.3 million people were
affected per year (Guha-Sapir, Hoyois & Below, 2016). In 2016, 342 disasters were
reported, causing 8733 human causalities along with financial damage worth US$154
billion (Guha-Sapir, Hoyois, Wallemacq & Below, 2016). Pakistan was on the list of
top 10 affected countries in Annual Disaster Statistical Review 2015 and 2016 prepared
by Centre for Research on the Epidemiology of Disasters (CRED) (Guha-Sapir, Hoyois
& Below, 2016 and Guha-Sapir, Hoyois, Wallemacq & Below, 2016).

In disaster-affected areas, the survivors suffer a lot due to an interruption in the
essential services like health care, communication, transportation, and so forth.
Infrastructural damages can also affect food and water supply. Although the man has
made considerable progress in the field of science, engineering, and technology, yet he
is unable to control the occurrence of disasters. All his efforts, so far, aim at managing
hazards, mitigation and to reduce the impact of disasters. Due to the devastating effects
of disasters on human lives, catastrophes and crises management have always been
given vital importance.

Disaster management is planning, arrangement, and deployment of resources
with a precise aim of reducing disaster’s damaging effects. Socio-economic conditions

of the affected area and existence of effective information system regarding the



occurrence of emergency are the significant factors that influence this management.
Timely information plays a vital role in reducing disaster impact up to a certain level.
The arrangements and organization of resources and efforts for mitigation majorly
depend upon disastrous areas’ situation and effects of the disaster on the local
population. Efforts are made for gathering, organizing and disseminating factual
information to various stakeholders taking part in the mitigation process. Efficiency in
the deployment of resources is one of the significant concerns in disaster management

as it can minimize the disastrous aftereffects to a great extent.

1.1.1 Overview
The word ‘disaster’ itself shows that it is something troublesome that needs to be
avoided or requires mitigation to bring down its outcomes if it ever happens again.
Disaster mitigation focuses on long-term measures for diminishing risks. These
measures can be structural or non-structural. Developing technological solutions and
training of key personnel are examples of structural measures whereas legislation and
communicating potential threats to the public are considered as non-structural measures.
Disaster mitigation or management process can be divided into three major phases:
= The data collection and analysis: Data is collected through observation
techniques of the data collection and visualization, knowledge modeling,
event forecasting, énd information management after critical analjsis.
» Data communication: Data communication or interconnectivity involves
the mode of communication for information sharing among

stakeholders.



* Data integration: Data integration phase involves combining the data
from several disparate sources into meaningful and valuable information
and providing a unified view to users.

Traditional Information and Communication Technology (ICT) can contribute
significantly to all the three phases discussed above. For collecting and compiling data
with a view to its dispersal and assimilation, semantic web-based ICT solutions provide
all these levels in a plausible way.

“The word “disaster’ comes from ancient Greek words dis means ‘bad’ and aster
means ‘star’. The astrological sense of disaster based on calamity blamed on star
positions.” (ewonago.wordpress.com)

Disasters are divided majorly into two types; natural and human-made. These
could further be categorized into slight and extraneous emergencies. The major
catastrophe result in great devastation. The gigantic natural catastrophic paradigms are
cyclones, drought, earthquake, flood, tornadoes, and tsunami; however, life-threatening
human-made tragedies are epidemic, deforestation, chemical pollution, wars and
holocaust in the shape of terrorism (Raza & Kandhro, 2015; Van de Walle & Comes,
2015). Minor natural disasters include thunderstorms and cold/hot waves whereas
traffic accidents, rampage, botulism, and factory disasters are known as minor human-
made disasters (Raza & Kandhro, 2015; Van de Walle & Comes, 2015).

Ontology is getting importance for providing clear and definite search by
focusing the concepts in documents collection and data sources. Ontologies are
designed to help improve the communication whether it is between human and machine
or is between computers. The use of ontologies can support in obtaining accurate and
well-organized information in a better way (Igbal, 2012; Suganya, G., & Porkodi, R.,

2018). In other words, ontology helps in managing knowledge.



An ontology primarily comprises of concepts (classes), properties (attributes)
and possible relationships (slots) among concepts. There may exist some constraints
(facets) on slots, or cardinalities on relationships among concepts. Collectively, the
components and instances (individuals) form the knowledge base that helps in
reasoning.

There are various types of ontologies which have been defined or discussed by
multiple researchers including:

* Upper ontology: very general concepts familiar to numerous domains for
supporting the development of an ontology

* Domain ontology: domain-specific concepts

= Interface ontology: concepts relevant to the juncture of two disciplines

* Process ontology: knowledge domain of processes

Domain ontology is one of the classifications of ontology. Ontological design
can better accumulate the knowledge of diverse nature as the disaster domain does.
Hence, there is a need for a specific domain ontology to conceptualize the disaster trail
management (DTM).

The primary purpose of designing ontologies is to formulate sketches for
disaster plans, operational centers set up for emergency may be aided with task ontology
like study and planning of objects in disastrous scenes. Upper ontologies are enigmatic
and abstract hence hamper understanding for those who are alien to its applicationi The
developed DTM ontology covers nearly all sovereign states like nature of the hazard,
occurrence date, damages like mislaying including the loss in infrastructure, refugee
camps and facilities available or required in the refugee camp, rehabilitation tasks

associated with the contributor, location, and relief index, and so forth.



1.1.2 Issues of Current Web and Need of Semantic Web

ICT has developed new concepts of information sharing. These concepts are being
utilized in different fields of life. ICT is playing an essential role in disaster
management. The internet has become the most common and affordable medium of
fastest information sharing. The evolution of the World Wide Web (WWW) has
introduced new ways of communication among people. WWW refers to a collection of
documents and other web resources interlinked by hypertext links. It is a massive
information space with an almost unlimited amount of data which is being flooded with
an enormous amount of data every moment. Millions of websites share these data with
billions of internet users. It appeals to the research community to think about how they
can use this source of data for management. The limitation of WWW space is that it is
a collection of documents without a mechanism of interpretation of information.

WWW is in the form of data source, not a knowledge base. It means that the
available data is not in a machine-readable format. Hence, it is not understandable by
the machines. An example of people speaking different languages who want to
communicate among themselves can elaborate on this issue. The people will not have
the capacity to explain themselves adequately through their own spoken words. They
need an interpreter to make good communication. With the increase of people with
different languages, the problem gets more demanding because they will need more
translators!

Some effective mechanism for interpretation is required to make this data more
useful. In other words, the information should be uploaded in such a well-defined format
that can make it easy to formalize to be machine readable. Therefore, a solution that can

be proposed for this problem is the use of the semantic web. The semantic web is a



structure of tagged and interlinked information that makes the information easily
understandable by a machine.

The erection of semantic web is dependent upon universal resource identifier
(URI) descriptions used for the data representation. The data representation normally
enshrines in the resource description framework (RDF). The foundation upon which the
edifice of semantic web stands is ontology (Gruber, 1993). The application of
ontologies in the diversity of fields for systemizing data in a well-organized form has a
vibrant role to play (Davies, Studer & Warren, 2006).

Disaster management in any country is the responsibility of the state
government. After the occurrence of a disaster, people need immediate help. In severe
disasters, non-government organizations (NGOs) and volunteers also come forward to
work with government agencies in helping the victims. The rescuers need accurate
information; where and what help is required. What is the urgency of relief and how to
reach the place; because sometimes due to infrastructural damages, regular routes are
not available to enter the site.

Social media is one of the fastest sources of current information. People share
much information through social media websites. Other than entertainment, social
media has become a source of breaking news or even used to create a pressure group
against a specific social issue. Sometimes, even the news channels broadcast news
based on trends and news from social media websites (Westlund, 2103; Chén &
Sakamoto, 2014; McClendon & Robinson, 2013). Twitter is one of the favorite and
widely used social media channels. Twitter news sometimes become channel headlines,
which shows that Twitter as a vital source of information that can be used for collecting

disaster-related information.





