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ABSTRACT

Saudi Arabia, the largest country in the Arabian Peninsula, is home to 33 million people,
50% of whom live within 100 km of the coastline. Due to its geographical location,
bathymetric and tectonic profiles, and exposure to vulnerabilities along petroleum export
routes, the country faces increasing risks from both natural and human-induced maritime
disasters, especially along the coastlines where significant centres of economic activities
are located. Limited studies on coastal resilience in the region and the lack of effective
disaster risk management in the country inspired this research to identify maritime
disaster risks and impacts and develop a structured framework to assess coastal
community resilience through stakeholder consultations. The work was accomplished in

the following five stages.

First, a systematic literature review identified potential maritime disaster risks at present
and in the future. Three types of risks to natural disasters are found: local tsunamis in
the Red Sea and Arabian Gulf due to the movements of the Arabian tectonic plate;
cyclones and tsunamis originating in the Indian Ocean; and the projected sea level rise
and associated impacts because of anthropogenic climate change. Moreover, as the top
oil-producing country, the Saudi economy relies on oil export routes, which are prone to
human-induced maritime disasters such as oil spills, piracy and terrorism. The review of
disaster risk assessment and resilience frameworks revealed that most focused primarily
on governance and infrastructure, and their development did not adequately consider
stakeholders' views. The review also found gaps in policies and response to disaster
risks, some of which were specific to the unique socio-cultural context of Saudi Arabia.
Stage two entailed an assessment of stakeholders’ perceptions of the previously
identified factors of resilience to maritime disasters. Demographic differences in
perception were investigated using principal component analysis. Identified factors were
examined by a panel of experts using the Delphi technique in stage three. Two rounds
of Delphi consultation helped refine the identified factors further and obtain experts'
consensus on their relevance for assessing resilience. The outcome was a three-level
framework with constituent indicators, split into four interrelated dimensions:
infrastructure, society and economy, environment and climate change, and government
and institutions. In stage four, analytic hierarchy process was used to assign a level of
importance to each group of indicators using pair-wise comparisons. Weights were
computed to enable the aggregation of scores from indicators and dimensions into an
overall figure. In the final stage, the resulting Coastal Community Resilience to Maritime
Disasters (CCRMD) was validated by comparing it to three well-established frameworks

(LDRI, CDRI 3 and CRDSA) that were employed in similar contexts and, by engaging

iv



the experts to verify the relevance, implementation and adaptation of the framework in
Saudi Arabia.

This research developed a framework for assessing coastal community resilience to
maritime disasters, which is comprehensive in terms of its constituent criteria and is more
contextual than previous works because of the structured engagement with stakeholders
in each development stage. As a regional first, the framework is a step forward in the
development of well-managed and established protocols and policies governing the

management of risks of maritime disasters in Saudi Arabia and potentially the Gulf.
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Chapter 1
Introduction

Chapter 1 opens with a background on the research, outlining the maritime disaster risks
faced by coastal communities and the importance of developing effective means to mitigate
the risks. The Chapter discusses the research aims, objectives and the research questions
posed, thereby underscoring the need for this research both in the context of the Kingdom
of Saudi Arabia and globally. It then proceeds to discuss the research plan, ethical
considerations and the contributions of this research. Finally, it ends with a brief outline of

the following chapters, providing a picture of how the thesis is organised.

1.1 Background

Rapid economic and population growth, along with the increasing technological
development, have increased the need for a number of countries to utilise their coastal
areas more efficiently (Cicin-Sain and Belfiore, 2005, Costanza and Farley, 2007,
McGranahan et al., 2007). For instance, in the Kingdom of Saudi Arabia (KSA), over
50% of the total population currently live within 100 km of the coastlines (Abualnaja,
2011). Disaster risks arising from the geographical, bathymetric, and tectonic profiles of
the coastal areas in the KSA are reflected in the numerous disasters that occurred in the
area in the recent past (Lam et al., 2015).

There is a growing concern over the rise in disasters and their associated impacts across
the globe (EM-DAT, 2015). Figure 1-1 compares the frequency of disasters across four
continents from 1990 to 2015, highlighting Asia’s vulnerability to disasters. From a
general perspective, water-related disasters, including maritime, accounted for nearly
90% of the disasters in the world (UNISDR, 2015) with significant impacts on people,
society and economy. 577 disasters occurred around the world in 2015 alone causing
33,445 deaths, affecting more than 103 million people and causing more than US$70
billion worth of damage (EM-DAT, 2015).

Maritime disasters have been defined as “those natural and man-made disasters that
occur at the interface between the ocean and the coastline. These frequent disasters
include human-caused actions and natural events that threaten the life and stability of
coastal communities” (IOTWSP, 2007). In general, there are two types of maritime
disasters: natural and man-made. A natural disaster is a complex system, involving a
number of interactions, under specific conditions, between natural disaster inducing
factors and socio-economic systems (Ahmad et al., 2016). Natural disasters such as

tropical cyclones, rising sea levels and tsunamis, typically affect large numbers of people.
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Figure 1-1 Frequency of disasters from 1990 to 2015: A comparison of continents

Roughly every 10 years, the death toll reaches one million, with many more millions of
people rendered homeless (Wei et al., 2015). Damage to the global economy caused by
natural disasters accounted for US$40 billion in the 1960s, US$70 billion in the 1970s,
and US$120 billion in the 1980s (Wei et al., 2015). For example, the Indian Ocean
Tsunami of 2004 off the west coast of Indonesia indicates that maritime disasters still
continue to cause great loss of human life, environmental damage, major disruption of

infrastructure, and economic loss.

On the other hand, man-made disasters take place as a direct result of human action
(Shaluf, 2007) and have increased exponentially since the mid-1990s (Coleman, 2006).
These disasters can be sudden, resulting in a considerable physical impact. This is
exemplified by the 2010 oil spill in the Gulf of Mexico’s coastal region, which cost
approximately US$6.1 billion (Sawada et al., 2011). Furthermore, maritime terrorism and
piracy places global economies and business infrastructures at risk. This is particularly
true of the oil industry and only serves to undermine confidence in communication along
global sea lines, which has also contributed to increased maritime insurance costs
(Shane and Magnuson, 2016). Thus, both types of disasters have the potential to cause
severe damage to human life, economic development, the built environment and natural

resources, with coastal regions being the most commonly affected (Lam et al., 2015).

According to Huq (2016), disaster risk management can be defined as the organisation
and implementation of improvements to deal with any potential risks and impacts of
disasters. This includes emergency operations and rebuilding communities after a

disaster has occurred. Mikulsen and Diduck (2016) have offered a comprehensive



explanation of disaster risk management, defining it as “the sum total of all activities,
programs and measures which can be taken before, during and after a disaster with the
purpose of avoiding a disaster, reducing its impact or recovering from its losses.” Most
studies (e.g. (Mikulsen and Diduck, 2016, Kusumasatri et al., 2010, Shaluf, 2008) have
grouped disaster risk management into four phases: mitigation, preparedness, response

and recovery.

Mitigation comprises all pre-activities that can prevent or reduce the impact of a disaster
(Shaluf, 2008) such as the availability of better facilities and the number of physicians.
Preparedness, on the other hand, includes planning, public awareness, education, the
design and implementation of a warning system, training, risk communication, research
identification and community preparation for disaster response (Mat Said et al., 2011).
Davis et al. (2012) state that the preparedness phase is an important component of any
disaster risk management plan because it helps curb any negative impacts associated
with disaster. The involvement of the community is essential in pre-disaster
preparedness and disaster response. It must, therefore, form part of any legislation or
planning instruments and be supported by local governance to enhance the community’s

resilience (Van Aalst et al., 2008).

Response, refers to any activities that follow a disaster whether immediate, short-term
or long-term, and constitutes the third phase (Lin Moe and Pathranarakul, 2006). These
activities serve to provide victims with emergency assistance by preserving life, property,
the environment and any social, economic or political structures in communities. The
final phase, recovery, is a long-term plan that must be carried out until all systems return
to normal or improve following a disaster. Shaluf (2008) claims that this can be achieved

through damage assessment, debris removal and disaster assistance centres.

Overall, disaster risk management can be said to involve a reduction in a community’s
vulnerability or an increase in its resilience (Thomalla et al., 2006). Although resilience
may appear to be the opposite of vulnerability, Twigg (2007) claims that the terms are
related. Numerous researchers such as (Spellman and Whiting, 2006, Arbon, 2014,
Ahmad et al., 2016) have emphasised the importance of resilience over vulnerability
reduction when facing disasters. Recently, the United Nations International Strategy for
Disaster Reduction (UNISDR) proceeded to integrate resilience into its plan (Alshehri et
al., 2015b). Therefore, all policies, practices and theories relating to disaster risk
management need to be incorporated to achieve disaster-resilient communities (Chang
and Shinozuka, 2004).

To be able to develop and integrate resilience into disaster risk management strategies
it is crucial that a deep understanding of this concept is gained. The term resilience

originates from the Latin word resilire, meaning ‘rebounding back’ (Alexander, 2013).
3



Over time this had progressed to be a description of elasticity and eventually progressing
to the definition of being resistant by not being susceptible to an event in this case, the
impacts of natural disasters. Resilience is an adaptable conception that can be employed
to aid coastal communities in dealing with and overcoming the impacts of disasters. Not
all researchers view resilience as a useable concept with some deeming a plethora of
definitions as the reason for this (Vale, 2014). This is not a strong argument as the
concept of resilience can easily be made useable by developing a deep understanding

of the particular situation for which resilience needs to be developed.

The extensive applicability of resilience across different fields of study has led to it being
a topic of continual discourse. Some question its wide applicability, which has, however,
later shown to be dependent on the type of resilience under study; e.g. whether it is
ecological or engineering resilience (Davoudi et al., 2012). Various applications of
resilience have also been reported as a response to an emergency, as argued by
Davoudi et al.,, 2012 when discussing the London climate adaptation strategy.
Regardless of the semantics, Davoudi et al. had clearly alluded to the four stages or
disaster risk management; namely, prevent (mitigation), prepare, response and
recovery. Thus, one can argue that resilience in this case was not simply a response to
an emergency but also involved preparatory steps prior to the advent of the disaster.
Therefore, we see that the definition of resilience has progressed from the definition of
‘rebounding back’ to more of a dynamic concept involving the adaptability to the impacts

of disasters and changes in communities.

One study has reflected on resilience as a mechanism of survival that employs a top
down approach, although it limits the definition of resilience by only accounting for the
response and recovery phases (Valikangas, 2010). Others have viewed resilience as
simply an alternative word for planning (for disasters) (Porter and Davoudi, 2012). In fact,
resilience encompasses both these concepts as it involves preparatory planning stages
as well as stages of response that aid survival. Thus, the definition and scope of
resilience are as important as the measures identified to assess and enhance resilience.
By encompassing all disaster risk management stages in the definition of resilience and
in its application, it becomes evident that resilience is not just a concept but a dynamic

way of building frameworks for disaster risk management.

1.2 Research problem

Saudi Arabia (KSA) is no exception in terms of its susceptibility to the risk of maritime
disasters. With a population of 32.9 million (World Bank, 2019), KSA is the largest
country located on the Arabian Peninsula, and approximately 50% of its population, live

within 100km of a coastline (Abualnaja, 2011). These coastal areas are also the focus of
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a large amount of economic activity. The KSA also has the second largest oil reserves
in the world. There are 161 active rigs in the Arabian Gulf, through which 90% of the
national oil exports and 55% of global oil exports are transported (ALAli, 2013). In
addition, the Red Sea annually accommodates an estimated 33,000 ships and 6,500
tankers and conveys 7% of total global oil consumption (van Ginkel, 2014). The Saudi
Port Authority reports that the country’s ports receive around 13,000 cargo ships annually
(GAS, 2014), while revenues generated from oil account for 70% of the economy
(Stats.gov, 2017). These facts demonstrate that the KSA’s coastal regions are an

important contributor to the country’s economy.

KSA'’s coastlines are increasingly at risk of maritime disasters including tropical storms,
tsunamis, rising sea levels and oil pollution. These risks stem from its geological, tectonic
profile, climate change and its bathymetrical profile, and cause high losses both
financially and in terms of lives. One of the key challenges in managing disaster risks
and enhancing resilience is that the country does not have well-defined roles and
responsibilities for disaster risk management within its governance structure. The
ineffective governance structure has led to the gap in the recording of disaster events
and their impacts, which in turn affects the development of effective policies and
mitigation measures to deal with current and future disasters. It, therefore, follows that
there is a critical need to develop a local framework to assess coastal community
resilience for maritime disasters risk management, especially when one does not

currently exist for Saudi Arabia.

1.3 Aims and objectives
This research aims to identify maritime disaster risks and their impacts with a view to
develop a locally-relevant assessment framework for enhanced community resilience to

maritime disasters in the Saudi Arabian context.
The objectives of the research are to:

a) Review the state-of-the-art in disaster risk management and resilience with
particular reference to maritime disasters in Saudi Arabia and surrounding

regions to identify the indicators that affect community resilience.

b) Engage stakeholders and assess their perceptions of the challenges facing

coastal communities’ resilience and the priorities concerning maritime disasters.

c) Investigate expert opinions and reach consensus on the relevance of the
identified indicators to enhance community resilience in Saudi Arabia through a

consultative process.



d) Prioritise and develop a weighting system for local community resilience

indicators through expert consultation to enable assessment and benchmarking.

e) Integrated (a) to (d) to develop a framework for assessing coastal community

resilience.

f) Validate the developed framework.

1.4 Research questions

As a result of the above discussion, the overarching research question is how can a local
framework be developed to assess coastal community resilience for maritime disasters
risk management within a Saudi Arabian context? To answer this question and achieve
the identified aim and objectives, the following sub research questions were formulated.

* RQ1: Which maritime disasters pose a risk to the coastal communities of Saudi
Arabia and what are their likely impacts?

+ RQ2: Are the well-established coastal community resilience assessment
frameworks appropriate for the Saudi Arabian context?

* RQ3: Which applicable coastal community resilience factors are required for the

management of risks of maritime disasters in the Saudi Arabian context?

*+ RQ4: How can identified resilience factors be incorporated into a local coastal

community resilience assessment framework?

+ RQ5: What is the most appropriate applicable weighting system to reflect an

accurate assessment of community resilience in the context of Saudi Arabia?

1.5 Research plan

This study intends to enhance the resilience of coastal communities in Saudi Arabia to
maritime disasters through the development of a coastal community resilience
assessment framework. This will be accomplished by adopting a mixed methods
approach including the review of the literature, identification of the main maritime
disasters (natural and man-made) facing Saudi Arabia and the assessment of the

opinions of stakeholders and experts.

Overall, the study was structured into theoretical and empirical stages, to ensure that the
research questions are examined comprehensively and effectively. The initial theoretical

assessment involved the following:

a) A critical systematic review of existing coastal resilience assessment

frameworks, globally; and



b)

The elucidation of applicable assessment criteria determined through a
comparative analysis of the selected frameworks to identify differences and
similarities in the criteria; thus, assembling a list of criteria that are relevant for

the Saudi context.

The empirical stage involved the following:

a)

b)

d)

The examination of both public and expert opinions on the identified assessment

criteria to define a list of relevant resilience indicators and sub-indicators;

Experts were consulted on the relevance of the identified list of indicators and
sub-indicators by developing a consensus through a Delphi exercise, resulting in

a refined list of indicators and sub-indicators;

The refined list is then utilised to rank indicators and sub-indicators and a
weighting system was developed by employing analytic hierarchy process (AHP).
This weighting scale allowed the prioritisation of the various assessment factors
in terms of their relevance to establishing the resilience of the coastal
communities in the KSA; and

Finally, the framework was validated by comparing it to the well-established
frameworks and, by engaging the experts to verify the relevance, implementation
and adaptation of the framework in Saudi Arabia.

The systematic adoption of the theoretical assessments into an assessment framework

has also led to the development of a methodology that can be generally applied in future

investigations on the resilience of different communities and in different contexts.

1.6 Contributions of this study

The key contributions of this thesis are as follows.

a)

Insights into maritime disaster risk and exposure in KSA: The most
frequently occurring natural disasters within the context of Saudi Arabia are
tropical cyclones and tsunamis, while man-made disasters are related to oil spills,
piracy, terrorism and vessel disasters. In particular, this study highlights that due
to being located on the Arabian Tectonic Plate, the Arabian Gulf is vulnerable to
natural disasters, while the Red Sea, a key location for the export and
transportation of oil to Europe, is most commonly affected by man-made natural
disasters. This study also recognises the potential long-term impact of sea level
rises on Saudi Arabia’s lowland areas due to anthropogenic climate change. The
projected sea level rise is mostly likely to result in the loss of land, and a
deterioration in water quality, with a particularly detrimental impact on the
economy and the inhabitants. Saudi Arabia’s exposure and risk to maritime
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b)

d)

disasters are different from disasters experienced in regions across the globe for
which resilience frameworks have been developed. This is understandable as the

different regions are likely to have varying contributing factors.

Identification of resilience criteria and their importance: Stakeholder
consultations with experts and the public revealed the influence of prior
experience and knowledge on perception of risk. While the public regarded
tackling oil spills' as the most notable challenge in Saudi Arabia, the experts
opined on the importance of environmental factors including climate change. The
systematic review of existing coastal community resilience frameworks for
disaster risk management investigated their content, structure, and assessment
method. Sixty-four critical resilience criteria under four dimensions were identified
by analyzing the convergence and divergence of the consideration of

assessment indicators in the reviewed frameworks.

Global frameworks are inadequate for assessing local/regional resilience:
Existing frameworks focus mostly on governance and institutions, infrastructure,
and society and the economy. Despite significant risks, the impacts on the
environment and potential risks of climate change are not prioritized as much.
The reduced emphasis of environment and climate change factors in existing
frameworks was regarded as a shortcoming. Only 22% of the frameworks
consider future risks, rendering the remainder inadequate for assessing projected
risks from climate change. 56% of the frameworks considered a single disaster
type. Community resilience is inherently multi-dimensional and often multi-
disaster. Therefore, the interrelationships between multiple disaster should be

adequately addressed in any assessment framework.

Prioritisation of enviornmental factors in resilience assessment: The
reduced emphasis of environment and climate change factors was regarded as
a shortcoming of the nine frameworks assessed through the literature review that
was adjusted and corrected in the CCRMD framework. The CCRMD framework,
however, does concentrate a greater proportion of resilience criteria on
environmental and climate change factors. This would therefore ensure reduced
effects on the ecology and climate which would not exacerbate issues such as

climate change which in turn could lead to further increases in the frequency of

! Media exposure of maritime disaster incidents such as terrorism and oil spills may have contributed to
the collective public perception of their importance. Long term gradual environmental impacts, despite
causing more damage overall do not necessarily register as being more important than sudden-onset

disasters.



f)

maritime disasters. Some methodologies involved include the prevention of

ecological destruction and reduction of water waste.

Stakeholder involvement is critical to the development of resilience
assessment frameworks: None of the reviewed frameworks consulted the full
spectrum of stakeholders (public, government and experts) during the
development process, which compromised their applicability, acceptability and
effectiveness. This study has also resulted in the identification of a methodology
for the development of a framework that incorporates the opinion of the public
and field experts and that enables the elucidation of resilience factors in coastal
communities. Previous frameworks did not seek public opinion a factor that this
study shows can serve to highlight issues that are at risk that are only likely to be
identified by the communities living in risk regions. Thus, this is a highly efficient
approach to identification of such factors which can include factors such as the
impact disasters would have on livelihood in the region as well as the level of
awareness and training of the community. Overall, public perception led to the
better targeting of essential factors affecting resilience and formed an ideal initial
foundation for the expert analysis that followed in the form of the Delphi technique
and the Analytical Hierarchy Process.

Systematic method for ranking and weighting of indicators: Primarily, this
study has also led to the development of an evaluation system through the
development of the framework and the use of the AHP. This is significant in that
it allows for all criteria including the dimensions, indicators and sub-indicators as
well as the framework as a whole to be evaluated through weighting. This
weighting can therefore also be applied to similar examinations of resilience
indicators in future covering maritime and other forms of disasters that can

endanger a community.

1.7 Organisation of the thesis
This thesis is divided into nine chapters. The contents of each chapter are summarised
below to give an overview of the organisation of the thesis. The relationship between

study objectives, questions, methods and chapters are given in Table 1-1.

Chapter 1: Introduction. This chapter covers the background of maritime disasters and
their risk to coastal communities with regard to the Kingdom of Saudi Arabia. It details
the study aims, objectives and research questions. It also outlines the contribution to

knowledge that this study offers.

Chapter 2: Maritime disasters in Saudi Arabia. The second chapter covers relevant

literature on the various types of maritime disasters both man-made and natural and their
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impact on coastal regions of the KSA. The types of disasters are detailed together with
their impact. Therefore, this chapter will answer the first research questions as detailed

above in section 1.4.

* RQ1: Which maritime disasters pose a risk to the coastal communities of Saudi

Arabia and what are their likely impacts?

Chapter 3: Coastal community resilience frameworks. The second chapter covers
relevant literature on coastal community resilience frameworks. A review of the literature
is outlined, and a critical comparison of well-established global frameworks applied in the
assessment of coastal community resilience is conducted, thereby aiding in the
specification of relevant indicators and sub-indicators that are used in the development
of the target framework. Therefore, this chapter will answer the second research question
as detailed above in section 1.4.

+ RQ2: Are the well-established coastal community resilience assessment
frameworks appropriate for the Saudi Arabian context?

Chapter 4: Methodology. This chapter is a review of the methodology used in this study.
It provides an explanation of the methodology and supporting software. Moreover, it
provides justification for the methodology selected, the approach used and the
philosophy behind it. More specifically this chapter provides a background for the public
perception on the research topic as well as the two techniques the Delphi technique and
the Analytical Hierarchy Process as well as software employed, namely Expert Choice.
Furthermore, it details the mathematical formulae applied throughout the development

and in the application of the final framework.

Chapter 5: Stakeholder perception of resilience to maritime Disasters. This chapter
set to define the public’s perception to resilience indicators for maritime disasters. It
details the composition of a questionnaire used to examine public perception and to
record the publics’ demographics and characteristics. This allows for the data to be better
defined for analysis. Analysis of the data collected was conducted using Principal
Component Analysis. The results generated helped prioritise the indicators according to
public opinion, their demographic and characteristics. This chapter therefore responds

to the third research questions which ask:

* RQ3: Which applicable coastal community resilience factors are required for the

management of risks of maritime disasters in the Saudi Arabian context?

Chapter 6: Identification resilience assessment factors. This chapter opens by
presenting the assessment criteria (indicators and sub-indicators) indicated from the
literature review and the publics’ perception in the context of Saudi Arabian coastal

communities. It follows on to provide the outcomes of the Delphi consultation and
10



discusses these in detail. Thus, it results in the refinement of the proposed assessment
criteria specifically in the context of the Kingdom of Saudi Arabia. In so doing it attains a

response to the third and fourth research questions which ask:

* RQ3: Which applicable coastal community resilience factors are required for the

management of risks of maritime disasters in the Saudi Arabian context?

+ RQ4: How can identified resilience factors be incorporated into a local coastal

community resilience assessment framework?

Chapter 7: Prioritisation of resilience assessment factors. This chapter details the
background and methods used in AHP. The outcome of the AHP and the analysis of
these are detailed. Thus, this chapter completes chapter six by prioritising the
dimensions, indicators and sub-indicators that had been indicated according to their
weighted outcomes and using Express Choice software. It also details mathematical
formulae applied in the framework being developed. Ultimately, the last two research
questions (questions four and five) are covered by this chapter.

* RQ4: How can these identified resilience factors be incorporated into a local

coastal community resilience framework?

+ RQ5: What is the most appropriate applicable weighting system to reflect an

accurate assessment of community resilience in the context of Saudi Arabia?

Chapter 8: Development and validation of the framework. This chapter details how
the framework for measurement of the resilience of coastal communities in the context
of the KSA was developed. It also seeks to verify the developed framework by assessing
the suitability of the framework for the coastal communities in the KSA. It achieves this
through a comparison of this framework to various frameworks identified through the

literature review.

Chapter 9: Conclusion. This chapter offers a summation of the study. It summarises
the research finding and provides answers for each research question posed. It
highlights the contributions to knowledge and the study limitations and builds on all these
by recommending future areas of research. Furthermore, this chapter concludes by
offering suggestions for the management of risks of maritime disasters and the

construction of community resilience in the KSA.
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Table 1-1 Relationship between study objectives, questions, methods and chapters.

assessing coastal community
resilience

To validate the developed
framework

Obijective Research Questions Method Chapter
To establish the maritime disasters | RQ1- Which maritime disasters Literature Two &
that pose a risk to the Kingdom of pose a risk to the coastal Review Three
Saudi Arabia communities of Saudi Arabia and
To identify criteria that are what are their likely impacts?
important for the measurement of RQ2- Are the well-established
coastal community resilience and coastal community resilience
determine their applicability to the assessment frameworks
Saudi Arabian context appropriate for the Saudi Arabian
context?
To engage stakeholders and RQ3- Which applicable coastal Survey Five
assess their perceptions of the community resilience factors are (Questionnaire)
challenges facing coastal required for the management of
communities’ resilience and the risks of maritime disasters in the
priorities concerning maritime Saudi Arabian context?
disasters
To investigate expert opinions and | RQ3- Which applicable Consensus Six
reach consensus on the relevance coastal community resilience (Delphi)
of the identified indicators to factors are required for the
enhance community resilience in management of risks of maritime
Saudi Arabia through a consultative | disasters in the Saudi Arabian
process context?
To prioritise and develop a RQ4. How can identified resilience
weighting system for local factors be incorporated into a local
community resilience indicators coastal community resilience
through expert consultation to assessment framework?
enable assessment and RQ4. How can identified resilience | AHP Seven
benchmarking factors be incorporated into a local
coastal community resilience
assessment framework?
RQ5- What is the most
appropriate applicable weighting
system to reflect an accurate
assessment of community
resilience in the context of Saudi
Arabia?
To develop a framework for validation Eight
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Chapter 2

Maritime disasters in Saudi Arabia

This chapter reviews previous studies on maritime disasters and coastal community
resilience frameworks. It details a systematic review of the literature covering the subject of
maritime disasters that face the KSA and provides a visual illustration of these disasters and
how they approach the Kingdom. It explains the impact of these disasters and the need for

clear leadership and effective policies on disaster risk management for the KSA.

2.1 Overview

Coastal zones are more densely populated than non-coastal areas (Neumann et al.,
2015) and there is a global ongoing trend of coastal migration associated with
demographic changes (Hugo, 2011). Urbanisation rates and population growth in coastal
areas are higher than the hinterland, driven by coastward migration and rapid economic
growth (Smith, 2011). The Kingdom of Saudi Arabia (KSA), the largest country in the
Arabian Peninsula, is no exception. As of 2017, It has a population of 32.9 million (World
Bank, 2019), spread across thirteen administrative regions. Around 50% of its population
live within 100 km of the coastline (Abualnaja, 2011) where major centres of economic
activities are located. In addition, KSA has the second? largest oil reserve in the world
with 161 active rigs in the Arabian Gulf. Most of the national (90%) and more than half of
the global oil exports (55%) are transported through the Arabian Gulf (ALAli, 2013).
Besides, around 33,000 ships and 6,500 tankers carrying about 7% of the oil consumed
globally pass through the Red Sea every year (van Ginkel, 2014). According to the Saudi
Port Authority, around 13,000 cargo ships arrive in its ports every year (GaStat, 2014).
Revenues generated from the oil industries account for 70% of the total economy

(GasStat, 2017). Saudi coastlines, therefore, play a significant role in its economy.

Due to its geographical, tectonic and bathymetric profiles, coastal areas of Saudi Arabian
have been subjected to numerous maritime disasters, particularly during the last two
decades (Abualnaja, 2011, Lam et al., 2015, Ewing and Synolakis, 2011). Over one
thousand people lost their lives between 1991 and 2015 from maritime disasters, which
were responsible for economic losses amounting to billions of US dollars (USD). Despite
being highly vulnerable to a wide range of natural and man-made disasters, attempts to
systematically record and analyse the historic disasters in KSA, and their associated

impacts have been limited (Pararas-Carayannis, 2013), which is of vital significance for

2 As of 2017, Venezuela has the largest reported oil reserve of 302,250 MMbbl (million barrels). KSA has
the second largest reported oil reserve of 266,208 MMbbl. However, KSA is the top producer of oil in the
World with a daily production of 4.4 times that of VVenezuela in 2016. Data source: (OPEC, 2017).
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designing effective policies and interventions to reduce their impact on the society,

economy, and environment.

Maritime disasters are defined as “natural and man-made disasters that occur at the
interface between the ocean and the coastline. These frequent disasters include human-
caused actions and natural events that threaten the life and stability of coastal
communities” (IOTWSP, 2007). The Indian Ocean tsunami in 2004 caused great loss of
human life, environmental damage, major disruption of infrastructure and economic
losses, exposing the maritime disaster vulnerability of coastal regions across several
countries of South and Southeast Asia. Even though a maritime disaster has a low
probability, it has serious consequences (Yan et al., 2009). Natural maritime disasters,
such as tropical cyclones, rising sea levels and tsunamis, are an inevitable aspect of the
maritime environment and can lead to death, economic decline and ecological damage.
Moreover, the risk from natural disasters are projected to increase around the coastal
communities as a consequence of climate change (Kantamaneni et al., 2018).

In contrast, most man-made maritime disasters are the result of grounding, explosions,
fire or collision, many of which can lead to sea water being polluted with oil, contaminated
water and other harmful substances (Akyuz et al., 2017). Furthermore, maritime
terrorism and piracy results in considerable risk for global economies and business
structures, especially the oil industry, which undermines confidence in communication
along global sea lines and has also contributed to increased maritime insurance costs
(Shane and Magnuson, 2016).

The lack of understanding of the source of the threat or disaster is a major concern. The
breakdown of information gathering and communication also play an important role.
Unfortunately, there is currently no official central database that lists historic disasters to
have affected Saudi Arabia in the past (Pararas-Carayannis, 2013). This is due to a lack
of clearly-defined leadership and a failure to act decisively. Lack of leadership vision can
be defined as the failure to classify an incident as a disaster, which shows a general poor
understanding of the system and situational awareness. The failure to act is a result of
the overlapping of responsibilities of agencies. There is little coordination between the
different parties that provide infrastructural services (Altalhi, 2013). All of these factors

have contributed to the delay in founding a national centre for disaster risk management.

2.2 Type and characteristics of maritime disasters

This study provides an insight into the maritime disasters affecting the KSA coastlines
over the last two decades and their associated impacts based on a review of existing
literature and data sources on maritime disasters. Table 2-1 illustrates the classification

of the included papers according to five different categories: (a) disaster type; (b) number
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and year of occurrences; (c) economic impact; (d) mortality; and (e) location. The data
collected on these disasters are illustrated on a map of KSA in Figure 2-1, illustrating
their clustered location and frequency of occurrence. The detailed findings related to
each disaster extracted from the systematic review are discussed in the following sub-

sections.

2.2.1 Natural maritime disasters

The natural maritime disasters facing the globe are varied and are completely dependent
on a coastal communities location and climatic conditions. In the case of the KSA, natural
maritime disasters that can face it come in the form of tsunamis, tropical cyclones and

sea level rises.

Tsunamis form a potential danger for large areas of the globe, but the risks are higher
in those areas with high seismic activity in marine and coastal regions (Villholth and
Neupane, 2011). The literature review reveals that the largest source of tsunamis in the
Eastern Hemisphere consists of the Sumatra subduction zone on the eastern side of the
Indian Ocean (Jaffe et al., 2005). The height of a tsunami is governed by water depth;
i.e. the deeper the water, the larger the potential size of the tsunami. The depth of the
Indian Ocean would then allow such waves to travel long distances with little loss of
energy (Jordan, 2008). Thus, the Indian Ocean is considered as the main source of
tsunamis capable of impacting on the coastline of eastern KSA (Kumar and Alam, 2010,

Pararas-Carayannis, 2013).

The subduction of the Indian Plate by the Burma Plate resulted in a megathrust
earthquake under the Indian Ocean with the epicentre off the west coast of Sumatra,
Indonesia on 26 December 2004 (Jaffe et al., 2005). The earthquake triggered a series
of devastating tsunamis along the coasts of fourteen countries bordering the Indian
Ocean (i.e. south-east Arabian Peninsula) and killed 250,000 people. It was the first
event since the 1964 Alaska earthquake to cause death and destruction across an
oceanic basin and is regarded as one of the deadliest disasters in recorded history (Okal
et al., 2006). As illustrated in Table 2-1 and Figure 2-1, waves of one metre in amplitude
from the tsunami reached the south-eastern coast of the Arabian Peninsula within seven
hours, the Gulf of Oman within eight hours, and Dammam, a coastal city of KSA on the

Arabian Gulf, in twelve hours®.

% The nearest locations to KSA’s coastline (Dammam) from which the travel time of the tsunami has been
calculated are: Doha and Dukhan in Qatar; and Kuwait City in Kuwait (Kumar and Alam, 2010).
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Table 2-1: Disasters affecting Saudi coastlines between 1991 and 2015

al. (2012)

Data source Year of Type of Classification |Frequency |Economic |Mortality |Location of disaster
disaster disaster of disaster Impact
Tawfiq and Olsen (1993), Bejarano and | 1991 Oil spill Man-made 1 $55 million N/A Arabian Gulf
Michel (2010), Joydas et al. (2012),
Jones et al. (1998), Danish (2010)
Readman et al. (1996)
Langworthy et al. (2004), Hong and Ng | 2000 Terrorism Man-made 1 $250 million |17 Arabian Sea (Aden Harbour)
(2010), Winner et al. (2012), Raymond
(2006), Elentably (2013)
Jordan (2008), Kumar and Alam (2010), |2004 Tsunami Natural 1 N/A N/A Arabian Sea (the South-East Arabian
Kumar (2013), Pararas-Carayannis Peninsula) and Arabian Gulf
(2013)
Soliman (2013), Bjornstig and Forsberg |2006 Vessel Man-made 1 N/A 1161 Red Sea
(2016), Ashour (2015), El-Ladan and disasters
Turan (2012)
Wang et al. (2012), Anisetty et al. (2013), | 2007 Cyclone Gonu | Natural 1 $4 billion 49 Arabian Sea (The south-east Arabian
Mashhadi et al. (2013) Peninsula)
Ploch et al. (2011), Bryant et al. (2014), |2010 Piracy Man-made 17 N/A N/A Red Sea, Arabian Sea
UNITAR (2014), ICC~IMB (2015), 2011 Piracy Man-made 13 N/A N/A Red Sea, Arabian Sea
Townsley et al. (2015)
2012 Piracy Man-made 15 N/A N/A Red Sea, Arabian Sea
2013 Piracy Man-made N/A N/A Red Sea, Arabian Sea
2014 Piracy Man-made N/A N/A Red Sea, Arabian Sea
ESSO (2015b), ESSO (2015a), Kumar 2015 Cyclone Natural N/A 8 Arabian Sea (the South Arabian
(2016) Chapala Peninsula)
2015 Cyclone Megh | Natural 1 N/A 18 Arabian Sea (the South Arabian
Peninsula)
El-Raey (2010), Hereher (2016), Babu et Sea level rise Natural Continuous N/A N/A The metropolitan area along the eastern

coastline comprising Dammam, Dhahran,
Al Khobar are more vulnerable

Notes: N/A: Not Available; ESSO: Earth System Science Organisation; ICC IMB: International Chamber of Commerce International Maritime Bureau;
UNITAR: United Nation Institute for Training and Research
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Figure 2-1 Number of reviewed sources according to type of maritime disaster

KSA is located on the Arabian Tectonic Plate that runs the length of the sea floor beneath
the Red Sea; as a result, a large number of earthquakes have occurred in this region
(Jordan, 2008). Several studies suggest that earthquakes could occur along the Red Sea
and in the southern regions of Iran, and trigger tsunamis along the coastline of KSA on
the Arabian Gulf and the Red Sea (Pararas-Carayannis, 2013, Kumar, 2013, Jordan,
2008).

The second form of natural disaster are the tropical cyclones. These can typically reach
a width of several hundred kilometres, and cause destructive high winds, torrential rain
and storm surges (NASA, 2014). Tropical cyclones are relatively rare in the Arabian
Peninsula; most storms that occur in this area are relatively small tornadoes (FAO,
2015a). As illustrated in Figure 2-2, only six category 3 or stronger tropical cyclones
occurred over the Arabian Sea during the study period between 1991 and 2015. The
map* in Figure 2-2 also shows that tropical storms and depressions are active mostly in
the Arabian Sea. Of the six category 3 and above tropical cyclones, Gonu, Chapala, and
Megh are notable in terms of their impact (Henson, 2015). This is attributed to several
factors, including the relatively small size of the Arabian Sea (i.e. spans a total area of

3,861,672 km?2), the short length of the tropical cyclone seasons (i.e. May to early June,

4 The map is produced using the Historical Hurricane Tracks tool, developed and maintained by the
National Oceanic and Atmospheric Administration (NOAA) in the United States.
https://coast.noaa.gov/hurricanes/
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and late October to November) due to southwest monsoons and the presence of a large
amount of dry air over the Arabian Peninsula (FAO, 2015a). Saudi Arabia suffered from
tropical cyclones comprising large rotating tropical storms with wind of at least 119 km

to severe cyclones reaching over 250 km.

Gonu is the most powerful cyclone to have formed in the Arabian Sea (Fritz et al., 2010,
Wang et al., 2012, Anisetty et al., 2013). As illustrated in Figure 2-2, Gonu originated in
the north-west and crossed the Omani and Makaran coasts before hitting the south-east
coastline of KSA on 7 June 2007 (Anisetty et al., 2013). It is reported to have caused
severe damages, and accounted for economic losses of around USD 4.216 billion
(Anisetty et al., 2013).

Chapala is recorded as the second strongest cyclone to form in the Arabian Sea
(Henson, 2015, FAO, 2015a). As illustrated in Figure 2-2, It originated from a low-
pressure area in the Eastern Arabian Sea on 28 October 2015, making a landfall on
Yemen'’s southern coast, and flooding the port city of Mukalla as a result (ESSO, 2015b).
During the cyclone, a combination of strong winds and flooding severely damaged the
port city, resulting in the loss of five lives and injuring over one hundred people (Kumar,
2016, UNISDR, 2015). Following the dissipation of Chapala, Megh was formed in the
central Arabian Sea on 8 November 2015, as shown in Figure 2-2, (ESSO, 2015a). It
passed directly over the Island of Socotra before hitting the southern coast of Yemen

causing more extensive devastation than Chapala (FAO, 2015b).

The literature also shows that all the recorded tropical cyclones along the Arabian
Peninsula have occurred on its southern edges. This has led the Indian Ocean to be
recognised as the potential source of future destructive tropical cyclones, including those
with the capacity to impact on the coastline of eastern Saudi Arabia. According to Kumar
(2013), it is also possible that global warming will intensify atmospheric disasters; i.e.
greater frequency and higher intensity tropical storms in the Arabian region, which will
result in the increased threats to the current infrastructure of coastal communities across
the Arabian Gulf.

The third of the natural disasters facing the KSA come in the form of rises in sea levels.
Due to anthropogenic global warming, sea levels have been steadily rising and are
expected to continue to rise over the next centuries (Church and White, 2011). The
Intergovernmental Panel on Climate Change (IPCC) projected that the sea level will rise
between 23 and 96 cm from 1990 to 2100 (Nicholls, 2002). However, more recent studies
have suggested that the rate of sea level rise may be greater than previously thought.
Thus, many sea levels will rise by over one meter by 2100, although the exact increase

will vary from region to region (Loucks et al., 2010, Alothman et al., 2014).

18



Category
TS: Tropical storm, TD: Tropical depression, and
C1to C5: Category 1to 5

*“Gonu 2007 > A= =

" : i
N Phet 2010 %

\, UNITED ARAB
N EMIRATES)

Nilofar 2014

Not.named
= 1999 M LG

NG
Chapala 2015

———

—=  Megh 2015

SRITANKA

Figure 2-2 Category 3 and above cyclones and their tracks in the Arabian Sea between 1991
and 2015. Tropical storms and depressions are seen in the background to demonstrate the
storm activities in the area.

As over 50% of the population of KSA currently live within 100 km of the coastline
(Abualnaja, 2011, Lam et al., 2015), major consequences of a rise in sea level could
include the following (Nicholls, 2002):

« coastal erosion and land loss;
+ deterioration of fresh water; and
» considerable socio-economic impact.

The western coast of KSA has consolidated and raised beaches, which serve as stable
barriers against waves and storm surges; however, any rise in sea level could lead to
such lowlands being easily flooded (Parry, 2007). Digital Elevation Model (DEM) data
indicate that lowlands; i.e. 1 m level, cover an area of 890 km2 along the entire coast. A
sea level rise of 2 m could inundate an area of 2075 km2, representing a coastal strip
with a maximum width of approximately 6 km from the shoreline (Hereher, 2016).

According to Kadhim et al. (2016), rapid and unplanned urbanization on flat lands across
the coastline has significantly increased the risk of a potential maritime disaster. Previous
research suggested that Saudi port cities such as Yanbu, Jeddah and Jazan on the
coastline along the Red Sea, and El Khafji, Al Jobail, Al Dhahran, and El Khobar along
the Arabian Gulf are vulnerable to sea level rises due to high population growth, socio-

economic activities and their historical importance (ElI-Raey, 2010, Hereher, 2016). Our
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analysis of vulnerability to the sea level rise is presented in Figure 2-3. The coastal cities

extending along the south Red Sea coast and the south Arabian Gulf coast are the

locations most vulnerable to sea level rises. Dammam metropolitan area comprising the

cities, Dammam, Dhahran and Al Khobar lies in the most vulnerable coastal area in KSA,

as shown in the inset of Figure 2-3. Dhahran is home to the KSA oil industry and plays

an important

role in Saudi economy.

Figure 2-3 Coastal vulnerability map of Saudi Arabia (sea level increase by 1m)
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2.2.2 Man-made maritime disasters

Man-made maritime disasters also come in various forms. These, however, are not only
a consequence of the geographical location of the KSA, but rather, they are also due to
the KSA’s main export petroleum. Man-made disasters that are likely to face the KSA

include vessel disasters, oil spills, maritime piracy and maritime terrorism.

Being one of the busiest maritime regions in the world, Saudi Arabia is highly vulnerable
to oil spillage. Estimates suggest that between 0.5 and 10.8 million barrels of crude oil
was intentionally released into the Arabian Gulf during the 1991 Gulf War (Bejarano and
Michel, 2010). The Gulf oil spill extensively contaminated the water along the coastal
areas of the Arabian Gulf. Tawfig and Olsen et al. (1993) reported the catastrophic
impacts of this human-induced maritime disaster on coastal habitats and environmental
resources over 640 km of Saudi Arabia's coastline. The oil travelled to the south by north-
westerly winds and regional circulation patterns, affecting virtually the shoreline, from the
Saudi-Kuwait border to Abu Ali Island equivalent to a distance of nearly 800 km
(Bejarano and Michel, 2010). The residual oil formed surface sediments in several
locations in the affected coastal region for up to fourteen years following the oil spill. The
total damage caused accounted for more than USD 340 million (Joydas et al., 2012,
Tawfig and Olsen, 1993).

The Arabian Gulf is prone to marine pollution. The United Nations Educational, Scientific
and Cultural Organization (UNESCO) noted that 75% of global oil spills take place in the
Arabian Gulf area, resulting in environmental disasters costing billions of dollars (Alamri,
2010, Bjornstig and Forsberg, 2016). When an extensive oil spill takes place, it is likely
to spread for hundreds of nautical miles from the source of incident, resulting in severe

damage to the maritime environment of the coastline (Akyuz et al., 2017).

Besides, the Iranian coast is at a higher risk of experiencing tsunamis triggered by
earthquakes originated in the Arabian Tectonic Plate and subsequently, makes the

coastline of Saudi Arabia more prone to maritime pollution due to oil spillage.

The next form of disaster is maritime terrorism which is defined by The Council for
Security Cooperation in the Asia Pacific (CSCAP) as: “the undertaking of terrorist acts
and activities within the maritime environment, using or against vessels or fixed platforms
at sea or in port, or against any one of their passengers or personnel, against coastal
facilities or settlements, including tourist resorts, port areas and port towns or cities”
(Hong and Ng, 2010). In order to combat maritime terrorism, the International Ship and
Port Facility Security (ISPS) Code has been developed by the International Maritime
Organization (IMO). According to Hong and Ng (2010), “the ISPS Code is a

comprehensive set of measures to enhance the security of ships and port facilities,

21



developed in response to the perceived threats of terrorist attacks and piracy to ships
and port facilities in the wake of the 9/11 attacks in the US”. Since the 9/11 terrorist attack
in New York, maritime communities are increasingly concerned about the potential of a

terrorist attack against ships or other infrastructure targets, such as port facilities.

Our review and subsequent analysis reveal that the commercial and passenger ships
entering and leaving the Red Sea through the Gulf of Aden are at a higher risk of
experiencing piracy, armed robbery, and maritime terrorism. The Arabian Sea and the
Indian Ocean have recently experienced a series of attacks resulting in a general
increase in maritime terrorism (Hong and Ng, 2010). The USS Cole bombing in 2000 is
regarded as one of the deadliest terrorist attacks at sea. The USS Cole (DDG-67), an
Arleigh Burke-class guided-missile destroyer of the United States Navy was attacked by
terrorists while refuelling at Yemen’s Aden harbour, killing seventeen and injuring 47
(Langworthy et al., 2004, Johnson, 2012). The repairing cost of the extensive internal
damage amounted to USD 250 million. Despite being at a high risk of terrorist attacks,
ships entering the region are covered by insurance only if the risk of such attacks is
specified in the policy (Lewins and Merkin, 2011).

The third of the man-made maritime disasters facing the region comes from vessel
disasters. The propensity of using large ships for transporting goods and materials has
increased the risk of accidents occurring along the congested coasts and in narrow
channels (Gao and Shiotani, 2013). The key reasons behind the accidents include
sinking in storms; fire and explosion; and collision with other vessels (Bjornstig and
Forsberg, 2016). The application of advanced technology, such as radar and global
positioning system (GPS) have reduced the risk of collision and minimised navigation
errors. However, reducing accidents due to sinking and fire remain a challenge for Saudi
Arabia.

Soliman (2013) provided an insight into one of the most catastrophic man-made maritime
disasters in recent decades - the sinking of the Al-Salam Boccaccio 98 ferry in the Red
Sea as a result of fire in the cargo area. Only 350 out of 1,415 passengers survived and
were left fighting for their lives in the open sea. This tragic event took place while the
ferry was only 87 km (i.e. 54 miles) away from its destination, Safaga Port, Egypt
(Soliman, 2013). Despite having clear weather conditions and a calm sea, the search-
and-rescue operation was delayed, and a passing vessel rescued some passengers.
The other passengers had to wait more than twenty hours to be rescued, whereas, the
International Convention for the Safety of Life At Sea (SOLAS) recommends that all
passengers should be evacuated from a shop within thirty minutes (Winskog, 2012). This
is attributed to poor disaster risk management preparedness and action. The Red Sea
connects the East and West marine transportation, which has led to an increase in
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congestion at sea and along main maritime routes, making it highly vulnerable to vessel

disasters.

The last of the man-made maritime disasters facing the KSA comes in the form of
maritime piracy which is defined by Article 101 of the United Nations Convention on the
Law of the Sea (UNCLOS) as any criminal action or behaviour committed by the
passengers or crew of a private ship on the high seas that are self-serving and involve
detention, depredation, or violence towards people or property on the ship in question,
or another ship at sea. Maritime piracy is not a new phenomenon; however, it has not
been regarded as a major disaster until recently (Hong and Ng, 2010). A study by Ploch
et al. (2011) suggests that the increasing number of incidents involving maritime piracy

may cost the global economy USD 7 billion annually (Ploch et al., 2011).

Maritime piracy continues to pose a significant threat to the world’s interests, including
international commerce (oil in particular), undermining confidence in communication
along global trade routes, thus also resulting in an increase in maritime insurance rates
(Shane and Magnuson, 2016).

The increasing number of incidents involving high-profile kidnapping and pirate attacks
in the busiest shipping lanes of the Gulf of Aden and the Red Sea has become a major
national and international concern (Bryant et al., 2014). Pirates often target maritime
traffic crossing areas that are less secure (UNITAR, 2014). Figure 2-1 shows the
clustered location of attacks attributed to Somali pirates that took place in the Red Sea,
the Gulf of Aden, and the Arabian Sea between 2010 and 2015. However, International
Maritime Bureau (IMB) noted an annual decline in the number of attacks in this area in
recent years (ICC-IMB, 2015).

Two significant measures have been introduced in a bid to reduce maritime piracy in this
location. The first involved the deployment of three independent and coordinated joint
navies in the high-risk areas, requiring the operation of over 40 vessels (Bowden et al.,
2010). The annual running cost of this measure accounted for more than USD 2 billion
(Townsley et al.,, 2015). The second measure involved the establishment of the
Internationally Recommended Transit Corridor (IRTC) underpinning all joint naval
operations; i.e. vessels enter IRTC at scheduled times, determined by the speed of each
ship, which subsequently travel in appropriate groups (Townsley et al., 2015). This study
reveals that, despite the decrease in the number of attacks by Somali pirates, traffic
crossing the southern Red Sea at Bab el Mandeb, the Gulf of Aden and the Arabian sea

remain at a higher risk of maritime piracy.
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2.1.2 Impact of maritime disasters

Our study has found that KSA has experienced a series of devastating natural and
human-induced maritime disasters over the last three decades. Transporting more than
half of the crude oil consumed globally by the Red and Arabian Sea makes it highly
vulnerable to human-induced disasters in particular. The following subsections discuss

the potential causes and impacts of both forms of disaster.

2.1.2.1 Natural maritime disasters

The findings of this review suggest that tsunamis do not currently present a significant
or recurrent threat to the KSA coastlines. However, the risks are higher in areas with high
seismic activity in marine and coastal regions (Villholth and Neupane, 2011). There is
potential for local tsunamis on Saudi Arabia’s coastline along the Red Sea impacting on
major cities and ports, in particular, due to small magnitude earthquakes resulting from
movements of the Arabian plate (Pararas-Carayannis, 2013, Kumar, 2013). In addition,
the Arabian Gulf coastline is the second main area exposed to tsunamis resulting from
earthquakes occurring on the shores of Iran and within the Indian Ocean. The height of
a tsunami is governed by water depth, i.e. the deeper the water, the larger the potential
size of the tsunami. Therefore, the coastal cities on the Red Sea are exposed to a higher
risk of tsunamis than those situated along the Arabian Gulf coastline.

The second form of natural maritime disaster that can potentially impact KSA coastlines
is tropical cyclones, which are generally formed within the southeast Arabian Sea, in
close proximity to the entrance of the Arabian Gulf. This form of disaster results in
destructive high winds and torrential rain, leading to the potential destruction of oil
shipping facilities in the Arabian Gulf due to the area being unprepared for such events

(Pararas-Carayannis, 2013), as has been demonstrated by the tropical cyclone Gonu.

We found that the KSA coastline is likely to be vulnerable to another additional main
natural maritime disaster: rising sea levels. This is currently considered as one of the key
impacts of global anthropogenic climate change (IPCC 2014) and forms a significant
threat to coastal lowland areas around the world. The rapid urbanisation of the low-lying
lands along the KSA coastline has resulted in over 50% of the KSA population currently
living within 100 km of the coast (Abualnaja, 2011), which has significantly increased the
vulnerability of the coastline to this form of natural maritime disaster (Kadhim et al.,
2016). There is also a need to consider the unprecedented global increase in the
frequency and severity of natural maritime disasters over the previous two decades,

alongside further impacts of climate change.

Air and land surface temperatures in Saudi Arabia are some of the highest in the world

(Ahmad et al., 2016), and are projected to increase further as a result of anthropogenic
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climate change. This implies that if destructive maritime natural disasters take place
during hotter seasons and if key infrastructures along the coast such as power and
energy are impacted, it may lead to significant cascading downstream effects on both

the economy, livelihoods and human health.

2.1.2.2 Man-made maritime disasters

The location of KSA and its oil reserves have played a significant role in rendering KSA
vulnerable to man-made disasters. Saudi Arabia has approximately 161 large oil
deposits located along the Arabian Gulf, leading the KSA’s coastline along the Arabian
Gulf to be the area most exposed to an oil spill disaster in the world. Although the
International Maritime Organization (IMO) has issued a set of regulations and
conventions (e.g. MARPOL 73/78) with the aim of preventing pollution caused by
shipping, particularly during the transportation of oil and petroleum products (Akyuz et
al., 2017), a UNESCO report has stated that 75% of global oil spills take place in the
area of the Arabian Gulf, resulting in environmental disasters that cost several billion US
dollars (Alamri, 2010, Bjornstig and Forsberg, 2016).

The Red Sea with its important location for oil export and transportation between Asia
and Europe, is the area most vulnerable to maritime piracy. Pirates tend to target areas
in which maritime traffic crosses countries with relatively less well-structured governance
or are destabilised. Thus, this form of man-made disaster poses a threat to maritime
traffic crossing this area, in particular in the southern area of the Red Sea, in which
pirates are known to operate. Compliance with the International Ship and Port Facility
Security (ISPS) Code should decrease the vulnerability of port facilities and ships in
terms of terrorist attacks and piracy. However, maritime piracy continues to pose a
significant threat to the world’s interests, including international commerce, and oil in
particular. As a result, man-made maritime disasters resulting from piracy has the
potential to impact on the revenues from KSA oil industries which account for

approximately 70% of its economy.

Moreover, as noted above, the coastal areas of the Arabian Gulf remain the world’s
largest single source of crude oil and its related industries, resulting in this area being
one of the busiest global maritime regions, while the Red Sea forms a strategic
connection between the East and West. These factors result in a significant risk from
maritime terrorism and disasters impacting on commercial and passenger ships entering
and leaving the Red Sea and the Arabian Gulf. This is particularly important for business
and industry, as entering this region is a known risk, which is not covered by standard
maritime insurance policies (Lewins and Merkin, 2011). Moreover, Hong & Ng (2010)

noted that a recent maritime security conference established that both the Arabian Sea
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and the Indian Ocean have experienced increased levels of terrorism, which
corroborates the experience of a general increase in maritime terrorism, as

demonstrated in the series of attacks carried out in recent years.

A deeper understanding of the context-specific issues associated with each maritime
disaster is vital to design effective measures to prevent and reduce the impact of both

natural and human-induced maritime disasters.

2.1.3 The need for leadership and effective DRM policies in KSA

The responsibilities for managing disaster risks in KSA are entrusted to several
organisations and entities, which makes integrated policies and actions challenging. The
needs-based ad-hoc development of disaster risk management capabilities can be
attributed as the reason for fragmentation in roles and responsibilities. The need to
rescue pilgrims visiting the city of Makkah in the events of emergency led the formation
of the first fire brigade in 1927. Following its set-up, fire brigades were established in a
number of other cities in the country including Medina, Jiddah, Riyadh, Qasim and
Dammam (Alharbi, 2013). However, a major step towards managing disasters took place
in 1965 when the fire brigades were replaced by the General Directorate of Civil Defence
(GDCD). The GDCD built several centres across the country with an aim to protect
civilians and the built environment from the dangers of fire and natural disasters such as
floods and earthquakes (Alharbi, 2013).

Nowadays, multiple agencies with varying roles and responsibilities are managing
maritime disasters in Saudi Arabia. For example, the Gulf War oil spill disaster in 1991
had enormous implications for the people of Saudi Arabia. The disaster recovery plan
was adopted by the Saudi Meteorology and Environmental Protection Administration
who were supported by other countries, the USA, the United Kingdom, the Netherlands,
Norway, Germany, Japan, New Zealand and Australia (Tawfig and Olsen, 1993). In
addition, when the Al-Salam Boccaccio vessel sank in the Red Sea in 2006 (one of the
worst vessel disasters in recent history), the response plan was carried out by the Saudi
Navy and Coast Guard. From the response to these two maritime disasters, it can be
seen that more than one agency took responsibility for the development of a plan, which

may cause conflict and a delay in response to future disasters.

Although emergency risk management in Saudi Arabia has improved considerably in
recent years, the country still lacks capacity to proactively manage risks and
vulnerabilities, as well as to prepare for potential future disasters such as the effects of
climate change and manmade catastrophes. At present, the lack of an official central

database of historical disasters in Saudi Arabia is a major concern. This is because such
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a database is a vital step towards building policies to improve disaster risk management

in the country.

The current structural conflict affects critical incident response. The lack of
communication and situational awareness between the negotiation and tactical teams
increases the probability of mis-information, thereby reduces the efficiency of any
disaster response actions. This is exemplified by the fact that large incidents may lead
to the involvement of multiple agencies, some of which may have overlapping roles and
responsibilities. It is particularly in these situations that conflict and confusion can arise,

leading to much delayed resolutions.

The Jeddah flood disaster of 2009 was one of the worst disasters in Saudi history to
have struck the Makkah region. This disaster highlighted the urgent need for all relevant
authorities and agencies to revise their short and long-term plans for natural disasters.
Structural conflicts affected the critical incident response due to the lack of inter-agency
communication and an overlap of involvement and responsibility. As a result, the
government was obliged to revise their emergency plans and set up a new centre for
crisis management and disaster in the Makkah province, predominantly for the
pilgrimage season (Altalhi, 2013). However, the country still lacks a national authority for

emergency and disaster risk management.

There is, therefore, an urgent need in Saudi Arabia for joined-up national actions and
policies on disaster risk management, including maritime disasters as they have the
potential to significantly impact the economy and society. Literature suggests that an
integrative national authority or department is best placed to develop policies, evaluate
practices and translate theories of disaster risk management into actions to achieve
disaster-resilient communities (Chang and Shinozuka, 2004). Such an authority can
establish programmes in coordination with other relevant agencies such as fire fighters,
the police, coast guards and non-governmental organisations. Programmes can be
developed to train individuals and organisations to work together and raise awareness,
as well as provide them with tools and techniques to cooperate and coordinate during
disasters. The authority can also train the public to help them understand their roles and
responsibilities in the event of critical incidents, emergencies and disasters. Moreover, a
strong leadership and a vision is required to tackle the multi-dimensional disaster risks

in Saudi Arabia, now and in the future.

2.3 Summary
The systematic review conducted in this research has investigated the nature,

occurrence, extent and impacts of maritime disasters affecting Saudi Arabia. Information
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from disparate sources is critically evaluated to create an understanding for use in the

development of national actions, policies and disaster risk management frameworks.

The most frequently occurring natural disasters within the context of Saudi Arabia are
tropical cyclones, tsunamis and an increase in sea level, while man-made disasters tend
to be related to oil spills, piracy, terrorism and vessel disasters. In particular, this study
highlights that due to being located on the Arabian Tectonic Plate, the Arabian Gulf is
vulnerable to natural disasters, while the Red Sea, a key location for the exportation and
transportation of oil to Europe, is most commonly affected by man-made natural
disasters. This study also recognises the potential long-term impact of sea level rises
due to anthropogenic global warming on Saudi Arabia’s lowland areas. The projected
sea level rise is most likely to result in the loss of land and a deterioration in water quality,
with particularly detrimental impact on the economy and the inhabitants of the KSA.

There still remains a degree of work to be undertaken in this area. However, this current
study can be considered to act as a testbed for the design of a coastal community
resilience assessment framework of maritime disaster management for Saudi Arabia.
This framework will, in the long-term, play a key role in decision-making within Saudi
Arabia in relation to the reduction of the country’s exposure and vulnerability to maritime
disasters, while also enhancing its resilience. Furthermore, this study also has the
potential to be implemented on a broader scale in countries that also experience regular
maritime disasters. Its implementation is likely to yield positive results in terms of
successful disaster management and control, thus stabilising economies and ensuring

the security of local residents.

The undertaking of a summary of the major maritime disasters to have affected Saudi
Arabia, along with those expected to occur in future, ensures that this research will be of
interest to researchers, environmentalists and government officials who wish to assess
the potential consequences of these disasters for Saudi Arabia, while simultaneously

establishing how these can be mitigated.

Having identified the possible risks from maritime disasters to the coastal communities
of Saudi Arabia, a review of the literature is now required to help establish available
frameworks and their applicability for measurement of resilience of these coastal

communities.
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Chapter 3
Coastal community resilience frameworks

This chapter provides an overview of identified coastal community resilience frameworks for
disaster risk management by starting with an explanation of the methodology used in
identifying them and follows by giving a brief explanation of each framework. Furthermore,
it details the timeline of the framework and the form of the framework. This section then
proceeds to detail the dimensions, indicators and sub-indicators of each framework identified
through this review. A comparison of the frameworks results in identification of their

similarities and differences and the elucidation of the four dimensions of this study.

3.1 Overview

Assessing community resilience is an essential step towards reducing disaster risk and
ensuring communities are better prepared to withstand and adapt to a broad array of
natural and human-induced disasters (Burton, 2015). According to Lloyd et al. (2013)
changes in climatic conditions have led to greater attention being directed towards the
development and implementation of adaptive administrative practices to mitigate and
address the unigue conditions present in coastal regions. Cooper and Boyko (2010)
observed that, in ideal circumstances, coastal communities and their infrastructure would
be situated at a sufficient distance from the shore to guarantee adequate protection from
the threat of disaster. In many countries, however, a large proportion of the coastal
infrastructure and coastal population is located close to the shore, rendering them

vulnerable to disasters events.

The increased encroachment of humans into narrow coastal land increases the
vulnerability of communities to coastal disasters. Coastal resilience entails devising and
deploying measures to minimise harm and ensure a rapid recovery. This makes it a
promising approach to mitigating threats to coastal communities. Ewing and Synolakis
(2011) report that the coastlines of the world have, for centuries, formed the epicentres
of business, commerce, transportation and industry. The diversity of resources and
opportunities positioned along these coastlines has attracted a large population, leading
to the establishment of urbanism, ranging from sizeable towns to megacities. Various
studies have established that approximately 40% of the global population resides within
one hundred kilometres of the coast (Courtney et al., 2008, Ewing and Synolakis, 2011,
Arbon, 2014, Chelleri et al., 2015).Furthermore, it is estimated that, due to the increasing
rate of urbanisation, approximately half of the global population will live reside in coastal

communities in future.

Spellman and Whiting (2006) and Sharifi and Yamagata (2016) note that the increasing

rise in sea levels, along with the occurrence of coastal storms, necessitates the
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evacuation of communities situated close to shorelines and the establishment of
infrastructural amenities further inland. However, these can prove unviable when faced
by an increase in population and urbanization. The only viable alternative is to devise
and implement measures to facilitate coastal sustainability and resilience. Arbon et al.
(2016) state that one method of reducing the vulnerability of coastal communities and
their infrastructure is to improve coastal resilience. In addition, Lloyd et al. (2013) and
Meerow et al. (2016) define coastal resilience as the ability for both human and natural
communities to resume their normal lives (i.e. ‘recover’) following events such as coastal
storms, hurricanes and flooding, rather than simply reacting to the impact of such events.
Thus, coastal communities that are better prepared and informed are more likely to
rebound from climate and weather-related phenomena. Cutter et al. (2014) state that
preparation can facilitate rapid recovery, and also minimize the negative impact on the
safety of the communities and economy. Meerow et al. (2016) consider that an
evaluation of community resilience not only facilitates an in-depth understanding of
disasters, but also assists in the formulation of informed, evidence-based strategies,
capable of minimising the impact of natural events while simultaneously hastening the
pace of recovery. Resilience has recently been integrated as a key element of the United
Nations International Strategy for Disaster Reduction (UNISDR) (Alshehri et al., 2015b).

Cimellaro et al. (2016), Ameen et al. (2015) and Ahmad et al. (2016) observe the lack of
any ubiquitous model or framework for the assessment of the resilience of a community
in the face of disaster. A number of researchers, including e.g. Spellman and Whiting,
(2006); Arbon, (2014) and Ahmad et al., (2016) emphasise the importance of focusing
on resilience, rather than vulnerability, in the face of disasters. Although there is no
universal approach to the assessment of community resilience, researchers agree that
it is characterised by the status of several dimensions of wellbeing or ‘rigidity’, including
political, social, economic and physical. There are a number of community resilience
frameworks already in place, some of which are specific to coastal areas, e.g. the

Community Resilience Index (CRI) and Coastal Community Resilience (CCR).

Young and Solomon (2009) argue that evidence-based practices require individuals to
apply scientific findings to prevailing circumstances, by means of appropriate selection
and critical appraisal of research findings relevant to their problem. This current study
therefore aims to broaden the understanding of CCR assessment frameworks by
critically reviewing nine selected frameworks. The specific objectives are: (1) to provide
a detailed overview of the frameworks, i.e. their content, structure and
development/implementation process; and (2) to establish common dimensions,

indicators and sub-indicators for coastal community assessment frameworks.
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The significance of this study derives from the fact that the coastal community
assessment frameworks are currently employed within a still developing field that
requires a greater body of evidence to establish it. These frameworks can, therefore,
provide a platform for the involvement of stakeholders and experts in the planning and
preparation processes, both within and beyond the community. This, in turn, leads to a
potential to address in a more effective manner the various socio-economic and
environmental challenges faced by communities. The frameworks may also contribute
towards ensuring resilience becomes a ‘governable strategy’, through the development
of iterative and quantifiable frameworks for resilience implementation (Young and
Solomon, 2009).

3.2 Methodology

As the chief focus of this review concerns coastal community resilience assessment
frameworks, a broad-based search strategy was implemented to develop knowledge
regarding current assessment frameworks and tools applied at various levels of coastal
communities (Arbon, 2014). Following an extensive scoping exercise, the key trends,
themes and gaps in the chosen papers were identified and ranked in terms of
importance. The following databases were used to conduct the searches: Science Direct;
IEEE Xplore; Google Scholar; and the Web of Science Core Collection. To optimise the
results, the searches employed a range of different key words related to ‘frameworks’,

including: (1) ‘models’; (2) ‘tools’; ‘indices’; and ‘toolkits’, as listed in Table 3-1.

The search of the databases identified 429 articles. Endnote software was used to
compare the papers and delete any duplicates, resulting in the exclusion of 291 papers
with 138 articles remaining for analysis. Figure 3-1 indicates that the initial searches were
undertaken with the objective of extracting important information concerning community
resilience. A manual examination of the titles and abstracts of the articles was
subsequently undertaken to identify information on: (1) coastal community resilience; (2)
coastal disasters; (3) climate-induced disasters; and (4) multi-disasters. This
examination narrowed the number of articles down to forty. The final step involved a
thorough reading of each article to analyse its content, focusing specifically on
frameworks designed to examine coastal community resilience as a complete system

including a number of different dimensions.

This step further narrowed down the number of articles to nine, all of which contained
community resilience frameworks. These nine frameworks were then grouped under the
following headings: (1) year of issue; (2) study location; (3) type of disaster; (4) type of

assessment; and (5) assessment methods, as outlined in Table 3-2. Content analysis
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was selected as the method for all analyses discussed in this research. All nine

frameworks are discussed in detail in the following section.

Table 3-1 Search word combinations and use of search operators

Search Databases

operators . .
Search term combinations Science | IEEE Google Web of

Direct Xplore | Scholar | science

“AND” Coastal community resilience 11 9 15 8
frameworks AND models
Coastal community resilience 14 11 12 5
frameworks AND tools

“OR” Coastal community OR coastal 11 12 22 7
population resilience frameworks
Coastal community resilience 14 16 28 8
frameworks OR models

“NOT” Coastal community resilience NOT | 11 5 25 3
urban resilience
Coastal community resilience 18 5 17 1

Exact frameworks

phrases Coastal community resilience tools 16 8 19 6
Coastal community resilience 14 1 12 2
models

Truncation | Coast* community resilience 8 9 8 7
Coastal community* resilience 6 2 2 5
Coastal community resilience* 9 4 1 2

Total 132 82 161 54

Note: *: any group of characters.

ScienceDirect IEEE Xplore Google Scholar Web of Science
2000-2017 2000-2017 2000-2017 2000-2017
132 citations 82 citations 161 citations 54 citations

Records after removal of
duplicates
(n=138)

Records Screened Records excluded
(n=138) (n=98)

Full-text articles Full-text articles
assessed for excluded with
eligibility reasons
(n =40) (n=31)

Articles
(n=9)

Figure 3-1 The prismatic process of identification, screening, eligibility and inclusion
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Table 3-2 Key characteristics of the selected frameworks

Framework Year of Issue | Study location Disaster type Assessment | Format /s | Source
type
CCR 2008 Indian Ocean region (Thailand, Sri Coastal disaster Summative Toolkit (Courtney et al., 2008)
Lanka, Indonesia, India and the
Maldives)
CDRI 1 2009 South/South East Asia Climate- induced Summative Toolkit (Shaw and Team, 2009)
disasters
CDRI 2 2010 us Multi- disaster Summative Index (Peacock et al., 2010)
LDRI 2012 The Philippines Multi- disaster Formative Index (Orencio and Fuijii, 2013)
BRIC 2014 us Multi- disaster Summative Index (Cutter et al., 2014)
CDRI 3 2014 India, Chennai Climate- induced Summative Index (Joerin et al., 2014)
disasters
RIM 2015 The Northern Gulf of Mexico in US, Coastal disasters Summative Model (Lam et al., 2015)
China, Netherland
CRDSA 2015 Saudi Arabia Multi- disaster Summative Index (Alshehri et al., 2015b)
CCR2 2015 India Coastal disaster Summative Index (DasGupta and Shaw, 2015)
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3.3 Coastal community resilience frameworks

The nine selected frameworks have been widely employed in their respective
jurisdictions and in varying contexts. In addition, a body of knowledge exists regarding
their effectiveness, applicability and flexibility. Table 3-2 provides a full list of the nine
selected frameworks. Each paper (i.e. guidelines, policy paper, manual and peer-
reviewed article) was evaluated using content analysis and an analytical framework, that

will subsequently be described. The nine frameworks are summarised below:

3.3.1 Coastal community resilience (CCR1)

This framework was developed in 2008 with the participation of over one hundred
governmental agencies and non-governmental organisations (NGOs) in the five
countries that were most affected by the tsunami that occurred in 2004; namely,
Thailand, Sri Lanka, Indonesia, India and the Maldives. All of these countries are
involved in the US Indian Ocean Tsunami Warning System (US IOTWS) programme,
which assesses coastal community resilience (CCR) to natural disasters. CCR1
assessment indicates that differences exist between the perceptions of the communities’
ability to deal with these disasters appropriately in terms of the different stakeholders
involved (Courtney et al., 2008, Kantamaneni et al., 2018).

3.3.2 Climate disaster resilience index (CDRI1)

The CDRI was developed in 2009. Its scope is limited to climate-induced disasters, such
as cyclones, floods, heatwaves, droughts and heavy rainfall. It was part of the Global
Center of Excellency (GCOE) programme ‘Human Security Engineering for Asian
Megacity’, which is run by Kyoto University. The CDRI1 was created to measure the
existing level of recovery from climate disasters within the targeted areas using a Climate
Disaster Resilience Index. CDRI1 provides valuable knowledge and information to other
local and national stakeholders, all of whom share the same aim of enhancing community

resilience (Shaw and Team, 2009).

3.3.3 Community disaster resilience index (CDRI2)

In 2008, the CDRI2 was developed by Texas A&M University (TAMU), Texas A&M
University at Galveston (TAMUG), and the Houston Advanced Research Center (HARC)
in the US. Its aim was to focus on developing a series of indicators for community
resilience that would be applicable on a regional and national level. It was developed to
improve the recovery of coastal communities along the Gulf Coast, and was based on
data from NOAA, which defined the coastal communities throughout the entire Gulf

Coast region. These data and tools are available to the local communities, decision

34



makers and stakeholders via interactive websites hosted by Texas A&M University at

Galveston® and College Station® (Peacock et al., 2010).

3.3.4 Localized disaster-resilience index (LDRI)

The LDRI was developed in 2012. It proposed an index for a disaster-resilient coastal
community at the local level in the Philippines. The process of this index followed the
Delphi technique and involved twenty decision-makers in Baler, Aurora (Philippines) in
identifying the criteria and elements that can be used to reduce the vulnerability of
coastal communities, using paired comparisons for the Analytic Hierarchy Process (AHP)
(Orencio and Fujii, 2013).

3.3.5 Baseline resilience indicators for communities (BRIC)

The BRIC was developed in 2014 to measure the resilience of communities in specific
areas of the US. The BRIC was constructed by calculating the total scores for the
composites of six sub-indexes for resilience. The potential scores range from zero to six,
with higher scores corresponding to greater resilience and lower ones to less resilience.
The BRIC provides a reference point or baseline for examining the current status of
inherent resilience at the county level. The BRIC can be useful in guiding policy
decisions. although not every individual indicator could, or should, be targeted directly at
improvement (Cutter et al., 2014).

3.3.6 Climate disaster resilience index (CDRI 3)

The CDRI3 was developed in 2014 in Chennai, India, and aimed to measure, from a
community perspective, a city’s capability to withstand climate-related disasters. The
CDRI3 focuses on comprehensively evaluating all sectors of a city to hasten the
resilience building process in urban areas. This index is tailored specifically to disasters
related to the climate, such as cyclones, droughts, floods and heat waves, which are
more likely to occur in Chennai than in geophysical-related disasters. Engineers
(experts) operating in the ten different zones of Chennai, who carry out civic work, were
selected as representatives to provide responses to the CDRI3 questionnaire. The
engineers weighed the importance of each variable and parameter in terms of its
influence on the overall resilience score. The CDRI3 assessment integrates aspects
related to the Hyogo Framework for Action 2005-2015 (HFA) (Joerin et al., 2014).

3.3.7 Resilience inference measurement (RIM)
The RIM was developed in 2015 to measure the resistance to coastal disasters of fifty-

two counties along the Northern Gulf of Mexico coast in the US. These counties are

® Texas A&M University at Galveston. URL: http://coastalatlas.tamug.edu
6 Texas A&M University at College Station. URL: http://coastalatlas.tamu.edu
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considered to be communities, as they belong to the five states of Texas, Louisiana,
Mississippi, Alabama and Florida. Five major types of coastal disasters were included in
the RIM: coastal (including coastal flooding and storm surges), floods, hurricanes,

thunderstorms and tornadoes (Lam et al., 2015).

3.3.8 Community resilience framework (CRDSA)

In 2015, the CRDSA was developed in Saudi Arabia using a mixed-methods strategy
(including quantitative and qualitative research). The CRDSA provides an assessment
system, in which each criterion is weighted to evaluate the community’s resilience in
coping with future disasters. Based on a comprehensive literature search and a national
survey of public perceptions of disasters in Saudi Arabia, the CRDSA was developed
using the Delphi technique and the AHP (Alshehri et al., 2015b).

3.3.9 Coastal community resilience (CCR2)

CCR2 was developed in 2015 to measure the resilience of a particular community to
natural coastal disasters in rural areas in the Indian Sundarbans. The CCR methodology
is divided into two parts. The first is concerned with the development of a series of criteria
and variables that can be applied on a local level in rural coastal areas, while the second
aims to assess, through a methodical application of the framework, the ability of the
particular area under study to recover (DasGupta and Shaw, 2015).

3.4 Comparison of the coastal community resilience frameworks

A quantitative comparison of the criteria and indicators within the nine selected
frameworks can assist users and framework developers to identify shared knowledge
and directions for future research and development. The assessment frameworks were

compared on the basis of two aspects: key characteristics and structure.

The key characteristics of the assessment frameworks are presented in Table 3-2. They
have been organized into five major categories: year of issue, study location, disaster
type, assessment type and assessment methods. The findings of this comparison will be

explained below.

3.4.1 Timeline

All of the selected frameworks have been developed between 2008 (CCR1) and 2015
(CCR2), thus confirming that the subject of coastal community assessment is a relatively
recent development on an international level. The fact that several assessment
frameworks were published within this relatively short period of time has attracted a great

deal of attention from the scientific community in recent years (Sharifi, 2016).
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3.4.2 The emergence location

The selected frameworks have been implemented in regions that are vulnerable to
different types of maritime disasters, such as tropical cyclones and tsunamis. As shown
in Table 3-2, three (CDRI 2, RIM and BRIC) of the nine selected frameworks were
purposely developed to assess the resilience of territory in the US (Cutter et al., 2014;
N. Lam et al., 2015; Peacock et al., 2010). The remaining six frameworks were used to
assess resilience in Asian countries. For instance, CCR1 and CCR2 were used in India,
LDRI in the Philippines, CDRI3 in China and India, CDRI1 in South East Asia and
CRDSA in the Kingdom of Saudi Arabia (Alshehri et al. 2015; Courtney et al. 2008;
DasGupta and Shaw 2015; Joerin et al. 2014; Orencio and Fujii, 2013; Shaw and Team,
2009). CCR1 is a cooperative framework (Courtney et al., 2008), and several countries
(Thailand, Sri Lanka, Indonesia, India and the Maldives) participated in its development.
This indicates the need for such frameworks in the Asian continent which is attributed to
the higher number of maritime disasters affecting these regions. Furthermore, the
frameworks have mainly been developed by international organisations and individual

researchers.

It is important to note that there remains a lack of assessment frameworks that have
been developed by local authorities and organisations in developing countries. The
frameworks that have been developed by non-local stakeholders may fail to

appropriately reflect the local needs and conditions of other countries or regions.

3.4.3 Disaster type

Assessing community resilience is recognised as a fundamental step towards reducing
disaster disasters and being better prepared to withstand and adapt to a broad array of
natural and human-induced disasters that threaten coastal communities. Therefore, all
of the frameworks selected had been previously used to assess the resilience of different
communities across the globe against a large percentage of the different types of
disasters. Hence, explaining the significant differences that exist between the selected
frameworks. For instance, as shown in Table 3-2, CCR1, RIM and CCR2 are designed
to only address coastal natural disasters (Lam et al., 2015), while CDRI2, LDRI, BRIC
and CRDSA are focused on multi- disasters and CDRI1 and CDRI3 address climate-
induced disasters. Overall, it can be said that CCR1, CDRI1, CDRI2, CDRI3, LDRI,
BRIC, RIM, CRDSA and CCR2 are broad-based and address most of the risks posed by

the disasters occurring in multiple domains

3.4.4 Assessment type: formative vs. summative
Additionally, the assessment frameworks can be classified as either formative or

summative (Sharifi 2016). Summative frameworks measure the effectiveness of
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resilience interventions following the occurrence of disasters, while formative
frameworks, on the other hand, entail prior assessment and the continuous evaluation
of resilience measures from their inception. Moreover, these frameworks are founded on
process-based methodologies that seek to bring about an incremental improvement in
conditions and the enhancement of adaptive capacities (Dolin et al., 2017). CCR1,
CDRI1, CDRI 2, CDRI 3, BRIC, RIM, CRDSA and CCR2 can be classified as summative
frameworks, while LDRI is the only formative framework that has been selected for this
study. According to Cohen et al. (2016), formative frameworks, such as LDRI, are
iterative. Thus, they are a suitable way of accounting for future uncertainty while
simultaneously addressing the dynamism present in different dimensions. Furthermore,
this type of framework provides opportunities for in-depth learning. According to Norris
et al. (2008), formative frameworks, such as LDRI, are vital for the assessment of
community resilience against baseline conditions. This is essential for determining how
communities change over time with regard to their vulnerability to disasters. As such,
formative frameworks may be compared to longitudinal studies that assess changes over
time in order to make credible inferences. Conversely, summative frameworks, which
form 90% of the selected tools in this review, are outcome-based. In this regard, they
help communities to ascertain their standpoints concerning resilience. Sharifi (2016)
notes that summative frameworks produce the evidence required for making important
decisions concerning the changes needed to realign the resilience measures so that the

interventions are more adaptive.

3.4.5 Assessment methods

The selected frameworks draw upon both quantitative and qualitative methods.
According to Sharifi (2016), a mixed-methods approach is appropriate when data
availability is problematic. Given that resilience is a value-laden concept that is
influenced by attitudes and perceptions, this methodology enables the collection of ideas
from community stakeholders regarding their needs that are used to address concerns

about the subjectivity of the assessment process.

The resilience assessment approach can be divided into four main formats: models,
scorecards, toolkits and indices (Cutter, 2016).

Models are used to reduce the complexity of the relationship between the risk and
resilience factors, as well as to overcome any uncertainties or limitations related to
predicting future events and their consequences. In this approach, past data on disasters
are input into mathematical algorithms and scenario analyses to approximate future
conditions (Cutter, 2016).
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Scorecards allow the collection of values for performance which can be assessed against
each criterion within the resilience assessment framework. The values often take the
form of answers to questions, calculated statistical values or judgements/perceptions
(Sharifi, 2016). When using judgements in assessments, scaled questions with Likert

scales are used to allow the quantification of qualitative feedback.

Toolkits establish procedures for assessing resilience using one or more of the
aforementioned methods (Cutter, 2016). Toolkits not only provide guidance on how to
conduct assessments but also outline mechanisms for identifying the assessment
criteria, collecting the required data, assigning weights, conducting assessments,

suggesting interventions and monitoring action plans.

Indices rely on quantitative data, often using weighted averages or sums of scores
obtained for all criteria in the assessment tool to obtain an aggregate index value (Cultter,
2016). Indices are often standardised for comparison purposes, or weights are assigned
to them based on contextual and temporal factors (Table 3-2), using methods such as
the Analytical Hierarchy Process (AHP) (Alshehri et al., 2015b). Index values make it

possible to assign an overall performance rating to community resilience.

As shown in Table 3-2, most of the selected frameworks are organised in the format of
indices and toolkits, and only one (RIM) is organised in a model format.

3.5 The structure of the frameworks

Despite the fact that a range of coastal community resilience frameworks have been
developed over time to fulfil the same objective, these vary significantly in terms of their
structure, potential and application (Courtney et al., 2008). To ensure the objectives of
the review are met, the nine selected frameworks have been chosen due to their
similarity with regard to their organisation, components and procedures. Table 3-3
demonstrates the general structure of the tools. This structure comprises three levels,

which will be explained in the following sections.
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Table 3-3 Structure of the selected frameworks.

Tool Dimension

No. of
sub-
indicator

Indicators

Weigh

t (%)

CCR Policy and Planning
Physical and Environmental
Social and Cultural

Technical and Financial

Governance 10

N/A

Society and Economy

Coastal Resource Management

Land Use and Structural Design

Warning and Evacuation

6
6
7
Risk Knowledge 4
7
4

Emergency Response

Disaster Recovery 10

Total 8 54

CDRI1 Physical

Electricity

N/A

Water supply

Sanitation

Solid waste disposal

Internal road network

Housing and land use

Community assets

Warning system and evacuation

Total 8

Social

Health status N/A

N/A

Education and awareness

Social capital

Total 3

Economic

Income N/A

N/A

Employment

Households’ assets

Access to financial service

Savings and insurance

Budget and subsidy

Total 6

Institutional

Internal institutions and N/A

development plan

N/A

Effectiveness of internal
institutions

External institutions and networks

Institutional collaboration and coordination

Total 4

Natural

Hazard intensity N/A

N/A

Hazard frequency

Total 2

CDRI2 Social capital

Registered non-profit organizations  N/A

N/A

Recreational centres (bowling,
fitness, golf clubs) and sport
organizations

Registered voters
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Civic and political organizations

Census response rate

Religious organizations

Owner-occupied housing units

Professional organizations

Business organizations

Total 9

Economic capital

Per capita income N/A

N/A

Median household income

Population in labour force,
employed

Median value of owner-occupied
housing units

Business establishments

Population with health insurance

Total 6

Physical capital

Building construction N/A
establishments

N/A

Heavy and civil engineering
construction establishments

Highway, street and bridge
construction establishments

Architecture and engineering
establishments

Land subdivision establishments

Legal services establishments

Property and causality insurance
companies

Building inspection establishments

Landscape architecture and
planning establishments

Environmental consulting
establishments

Environment and conservation
organizations

Scientific research and
development services

Colleges, universities, and
professional schools

Housing units

Vacant housing units

Hospitals

Hospital beds

Ambulances

Fire stations

Nursing homes

Hotels and motels

Occupied housing units with
vehicle available

Special need transportation
services

School and employee buses

Owner-occupied housing units with
telephone service

Newspaper publishers
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Radio stations

Television broadcasting

Internet service providers

Temporary shelters

Community housing

Community food service facilities

Schools

Licensed child care facilities

Utility systems construction
establishments

Total 35

Human capital Population with more than high N/A N/A
school education
Physicians

Population employed in health
care support

Population employed in building
construction establishments

Population employed in heavy and
civil engineering constructions

Population employed in
architecture and engineering
establishments

Population employed in
environmental consulting services

Population employed in
environment and conservation
organizations

Population employed in land
subdivision services

Population employed in building
inspection services

Population employed in landscape
architecture and planning
establishments

Population employed in property
and causality insurance companies

Population employed in highway,
street and bridge construction

Population employed in legal
services

Population covered by
comprehensive plan

Population covered by zoning
regulations

Population covered by building
codes

Population covered by FEMA
approved mitigation plan

Community rating system (CRS)
score

Population employed as
firefighting, prevention or law
enforcement workers

Population employed in scientific
research and development
services

Population employed in colleges,
universities, and professional
schools
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Population who speak English
language very well

Population employed in special
need transportation services

Population employed in community
and social services

Total 25
LDRI Environmental and Natural Understanding of functioning N/A 7.42
Resource Management environment and ecosystems
Environmental practices that 7.24
reduce hazard risk
Preservation of biodiversity for 3.48
equitable distribution system
Application of indigenous 3.89
knowledge and technologies
Access to community-managed 3.07
common property resources
Total 5 25.10
Sustainable livelihoods High level of local economic and N/A 5.86
employment stability
Equitable distribution of wealth and 3.39
livelihood in community
Livelihood diversification in rural 6.09
areas
Fewer people engaged in unsafe 5.41
livelihood
Adoption of hazard-resistant 5.63
agriculture
Small enterprises with protection 4.49
and business continuity/ recovery
plans
Local market and trade links 4.90
protected from hazards
Total 7 35.78
Social protection Social support and network N/A 8.57
systems on DRR activities
Cooperation with local community 7.47
for DRR activities
Community access to basic social 3.30
services
Established social information and 2.84
communication channels
Collective knowledge and 3.07
experience of management of
previous events
Total 5 25.24
Planning regimes Community decision making takes ~ N/A 5.82
on land use and hazards
Local disaster plans feed into local 2.79
development and land use
planning
Local community participates in all 5.27
stages of DRR planning
Total 3 13.88
BRIC Social Educational attainment equality N/A N/A

Pre-retirement age

Transportation

Communication capacity

English language competency

Non-special needs
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Health insurance

Mental health support

Food provisioning capacity

Physician access

Total 10

Economic

Home ownership

N/A

N/A

Employment rate

Race/ethnicity income equality

Non-dependence on
primary/tourism sectors

Gender income equality

Business size

Large retail-regional/national
geographic distribution

Federal employment

Total 8

Community capital

Place attachment-not recent
immigrants

N/A

N/A

Place attachment-native born
residents

Political engagement

Social capital-religious
organizations

Social capital-civic organizations

Social capital-disaster
volunteerism

Citizen disaster preparedness and
response skills

Total 7

Institutional resilience

Mitigation spending

N/A

N/A

Flood insurance coverage

Jurisdictional coordination

Disaster aid experience

Local disaster training

Performance regimes-state capital

Performance regimes-nearest
metro area

Population stability

Nuclear plant accident planning

Crop insurance coverage

Total 10

Housing/infrastructural

Sturdier housing types

N/A

N/A

Temporary housing availability

Medical care capacity

Evacuation routes

Housing stock construction quality

Temporary shelter availability

School restoration potential

Industrial re-supply potential

High speed internet infrastructure
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Total 9

Environmental Local food suppliers N/A N/A
Natural flood buffers
Efficient energy use
Pervious surfaces
Efficient Water Use
Total 5
CDRI 3  Physical Electricity 4 5.83
Water 4 3.88
Sanitation and solid waste disposal 3 3.32
Accessibility of roads 5 4.85
Housing and land use 5 4.24
Total 5 22.12
Social Population 4 3.11
Health 4 4.66
Education and awareness 5 3.99
Social capital 4 3.45
Community preparedness duringa 5 412
disaster
Total 5 19.33
Economic Income 4 3.77
Employment 5 3.83
Household assets 5 4.11
Finance and savings 5 4.11
Budget and subsidy 5 3.80
Total 5 19.62
Institutional Mainstreaming of disaster risk 3 4.13
reduction and climate-change
adaptation
Effectiveness of zone’s crisis 4 4.62
management framework
Knowledge dissemination and 5 3.88
management
Institutional collaboration with 4 4.90
other organizations and
stakeholders, during a disaster
Good governance 4 4.36
Total 5 21.89
Natural Intensity/severity of natural 5 3.84
hazards
Frequency of natural hazards 4 2.98
Ecosystem services 5 3.17
Land use in natural terms 5 3.27
Environmental policies 5 3.77
Total 5 17.03
RIM Demographic Percent African American N/A N/A

Percent Hispanic

Percent under 5 years old

Percent over 65 years old

Average number of people per
household
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Total 5

Social

Percent of the population over 25
with no high school diploma

N/A

N/A

Percent of the workforce that is
female

Percent female-headed
households

Percent of homes that are mobile
homes

Percent of the population that rents

Number of houses per square mile

Total 6

Economic

Percent of the population living
below poverty

N/A

N/A

Percent of the workforce that is
employed

Median value of owner-occupied
housing

Median rent

Percent rural farm population

Total 5

Government

Local government finance,
revenue per capita

N/A

N/A

Local government finance general
expenditure per capita

Percent of the population that
voted in 2000 presidential election

Local government finance
expenditure on education

Total 4

Environmental

Mean elevation of the county

N/A

N/A

Total 1

Health

5-year average infant mortality per
10,000 births

N/A

N/A

3-year average chronic illness
deaths per 10,000 individuals

Disabled and nonworking labour
forces per 10,000 individuals

3-year total low-birth-weight babies
per 10,000 live births

Households with no fuel used per
10,000 house units

Households with no plumbing per
10,000 house units

Non-federal active medical doctors
per 10,000 individuals

Total 7

CRDSA Health and wellbeing

Access to clean water and
adequate sanitation

N/A

191

Food security

1.89

Availability of trained health
workers

1.8

Medical resources such as the
availability of hospital beds

1.79

Infection control

1.79

Access to health assistance

1.76
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Hygiene 1.76

Immunization programmes 1.75

Effective biosecurity and biosafety 1.74

systems

Disease surveillance 1.74

Family health education and 1.66

training programmes

Identification/definition of special 1.65

needs

Access to mental healthcare and 1.64

psychological support programmes

Medical intelligence gathering 1.63

Total 14 2451
Governance Disaster plans and policies N/A 1.82

including mitigation and evacuation

emergency management plans

Unity of the leadership after the 1.74

disaster

The application of standards and 1.7

regulations regarding buildings and

infrastructure

Shared information (Transparency) 1.68

Considering scientific analysis of 1.64

risk assessment

Integration with development 1.63

policies and planning

Institutional collaboration and 1.62

coordination

Clear partnership modalities 1.61

defined and cooperation between

concerned entities including

private sector

Participation of community 1.56

members (volunteerism) including

women and children

Integrating populations with special 1.54

needs into emergency planning

and exercises

International collaboration and 1.46

coordination framework

Total 11 18
Physical and environmental Lessons learnt from previous N/A 1.9

disasters

Capacity of infrastructures to 1.84

withstand extra pressure such as

floodwater

Integration of services such as 1.82

transportation systems, electric

power and telephone

Shelter availability during 1.79

emergencies such as schools and

stadiums

Accessibility to critical 1.78

infrastructure

Management of waste created by 1.74

natural hazards

Mobile resources for 1.73

reconstruction including trained

workers

Location of built environment 1.72

(probability of exposure to
hazards)
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Monitoring of current built 1.68

environment and existing services

A

Brown field treatment 14

(contaminated land with low levels

of hazardous waste and pollutants)

Total 10 17.4
Economic Funds available for reconstruction N/A 2.67

after disaster

Access to financial services 2.35

Level and diversity of economic 2.32

resources

Insurance coverage 2.27

Home ownership status (home 2.17

owner/renter)

Income and employment situation 2.17

Size of Gross Domestic Product 1.94

(GDP) per capita

Total 7 15.89
Information communication Early warning system N/A 1.81

Reliability of communication 1.69

systems

Trusted sources of information 1.67

Backup of critical data 1.62

Responsibility of media 1.58

Use of community platforms, e.g. 1.54

mosgues

Visual alerting systems 15

Ability to exploit social media 1.47

Ability to cascade information from 1.42

international through regional to

local communities

Total 9 14.3
Social Risk awareness and training N/A 1.02

Risk perceptions 0.98

Sense of community 0.97

Personal faith and attitudes 0.96

Trust in authorities 0.95

Previous experience 0.94

Social networks 0.91

Faith organizations 0.88

Education level 0.78

Demography (age and gender) 0.77

National language non-speaking 0.74

(percentage)

Total 11 9.9

CCR2 Socio-economic Demography N/A
Livelihood
Health

Social capital

o o1 o1 o1 o1

Education and Awareness
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Total 5

Physical Transportation N/A

Residential infrastructure

Electricity

Telecommunication

ol o o1 o1 O

Water and Sanitation
Total 5
Institutional Laws and Policy

N/A

Coordination

Emergency response

Adaptive action

o o1 o1 o1 o1

Governance
Total 5

Coastal Zone Management Embankment and Shoreline N/A

Mangrove management

Coastal biodiversity conservation

Coastal pollution control

o o o1 o1 O

Coastal land use
Total 5
Environmental/Natural Frequency of natural disasters

N/A

Climate components

Geophysical components

Bio-geochemical components

o o1 o1 o1 o1

Environmental safeguard
measures
Total 5

3.5.1 Dimensions

In all of the chosen frameworks, four interrelated dimensions are covered: environmental
and climate change, social and economic, infrastructure, and governance and institution,
with varying degrees of emphasis on community resilience issues. This is based on local

circumstances and reflects the nature of the indicators mentioned in each framework.

Resilience in terms of the environmental and climate change dimension can be roughly
linked to a coastal area’s exposure to specific coastal disasters (i.e. rising sea levels).
Within each community, there is a different level of exposure to natural disasters.
Equally, the distribution of risks to disasters is not uniform across different communities
(Lam et al., 2015). This means that the level of natural/environmental resilience linked to
each area will vary. Additionally, the environmental safeguarding action for each indicator
has been introduced to incorporate specific actions that may be carried out to mitigate
the threats arising from climate change. These actions will also be adapted in

accordance with the existing risk response mechanisms of local governments. While
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these factors may, at times, be considered to be negligible, they also have the potential

to become highly detrimental to a society and its economy during periods of catastrophe.

In all nine frameworks, the importance of the social and economic resilience dimension
has been widely emphasised. In coastal communities, social and economic resilience
refers to the ability of a community to survive on limited natural resources when they are
typically highly dependent on such resources (DasGupta and Shaw, 2015). Table 3-3
illustrates that the various indicators and sub-indicators that can be categorised under
‘social and economic resilience’ include demographics, livelihood, awareness, training,
culture, employment, safety and security. All of these variables have been carefully

selected.

In terms of the infrastructure resilience dimension, utilities, communication and public
services are all essential for reducing the impact of disasters (Mc Daniels et al., 2008).
When essential public services are discontinued, this has a negative impact on any
rescue and relief operations which, in turn, can affect recovery. Thus, it is necessary for
the infrastructure resilience to be robust and dynamic. A lack of modern infrastructural
facilities, including potable water, reliable public transportation and electricity, all leave a
community vulnerable in the aftermath of a disaster. The assessment indicators that fall
under infrastructure resilience were all drawn from the nine frameworks that have been
assessed. These include transportation, health, utilities, communication, embankment

and shoreline.

The study will also consider the dimension of governance and institution resilience. This
can be described as the role that governments and associated institutions play in helping
to build resilient communities. A proper understanding of governance must incorporate
the roles and responsibilities of all levels of government (local, state and federal), as well
as the extent to which these either impede or facilitate community resilience. For
example, farmers’ groups, fishermen’s groups and faith-based organisations can also
have a strong impact on communities. They can play a role in promoting disaster-risk
education and community-based support measures. With this in mind, the institutional
indicators and variables were created based on an understanding of socio-political
issues within the study area. The general aim of these variables is to measure the

institutionalization of disaster risk reduction.

3.5.2 Assessment indicators and sub-indicators

To assess coastal community resilience, several methodological approaches have been
adopted. Many of these assessment indicators have been used within a framework that
aims to generate relevant, usable information that will increase the size of the current

database, which draws information from a variety of sources (Cutter et al., 2014).
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Indicators can be described as parameters that help to describe the conditions or
circumstances within a specific region that cannot be obtained directly. Indicators can
also be used to assess the success and performance of these evaluation systems. They
can also estimate qualitative data and assess quantitative data and are also suitable for
application in a range of different contexts. This means that indicators can be referred to
by various hames (i.e. categories, indicators and sub-indicators). Furthermore, indicators
can cover a range of aspects, such as demographics, employment, livelihood,
community awareness, land use and warning and evacuation systems (DasGupta and
Shaw, 2015).

Each chosen framework is made up of indicators that are associated with aspects that
can be used to assess community resilience when coastal disasters occur. As Table 3-3
shows, these indicators generally consist of one or more sub-indicator (Alshehri et al.,
2015b) that illustrate their multifaceted nature. Community resilience indicators and sub-
indicators can be associated with particular values or roles that enhance a community’s
resilience to a maritime disaster (Courtney et al., 2008). These can include infrastructure
and public facilities, the accessibility of roads, education level, voluntary groups, marine
pollution and the frequency of natural disasters. There are two main categories of
indicator: common indicators for all frameworks, and specific indicators for particular
countries or regions. Examples include mangrove management and sea rise level in
CCR2, means elevation of the area in RIM and DRR strategies in CDRI3 and LDRI.

3.6 Results and discussion

In ideal circumstances, the coastal community resilience frameworks should provide a
holistic framework to incorporate multiple dimensions and aspects of resilience during
the assessment process (Kafle, 2012). The different dimensions of resilience addressed
in each of the selected frameworks are shown in Table 3-3 A thorough review of the
criteria for each framework led to the identification of four common dimensions: society
and economy, environment and climate change, infrastructure, and governance and
institutions. Table 3-4 illustrates each dimension, split into indicators, which are then

further divided into resilience sub-indicators.

However, all of the frameworks suffer from various shortcomings in terms of their design
and implementation (Spellman and Whiting, 2006). This study focuses on the discussion

of two focal points, as detailed below.
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Society and
econom

Table 3-4 Common criteria for coastal community resilience assessment frameworks

Environment and Governance and
climate change Institutions

Demographic Livelihood Coastal pollution Laws & policy
control
i ; . i * Hospitals ;

= Population density « Coastal resources Wat_er quallty_ - Hosgital beds P LEECEs D + Regulations and
*Age Dependency  * Householdincome  * I\T arine pollution « Number of physicians . T:;::sto policies

« Disability 7 * Poverty IRl (Sl S Numbarof radioftelevision « Environmental

* Level of education ambulances « Reliability of regulation

* Property ownership « Health insurance icati + Participation in

and type communication DRR pl p
+ Health care support systems. planning
workers « Intemnet services * DRR suategies
Awareness & Culture land use Institutional
training action
— ; « Social capital - Agricultural land + Roads accessibility « Infrastructure and i
iSasiof oxercises a G - Urban green space * Vehicle ownership ; i * Observation and

and drils Religious sang ! public facilities Monitorn
+ DRR training organizations + Building code i Spemalna_ad ; * Renewable energy « |nstituti g|
- Awareness of + Mean elevation of the transportation services ., Firg stations nsutubona

disaster and climate area - School and employee collabp@lon and

change risks = Vulnerable built up buses coordination
* Multilingual area +» VVoluntary Groups

awareness

programmes
+ Awareness

campaigns

Employment

« Employment

- Employment
dependence on
coastal resources

Safety and security Slow onset Rapid onset Warning and
disasters disasters evacuation

= Riots, conflicts and » Early warning

by » Exposure and risk to . * Vulnerable
homicide incidents inc':easing temperature Frequency of S Syste_rn -
- ISPS code . natural hazards shoreme « Availability of
compliance = SelElues « Intensity/severity « Age of evacuation centre
- Safety and security of natural hazards embankments o ErrarE A
systems : Mal;terll(ance = . Hotei anv::;|r motels
embankments
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3.6.1 Disparities regarding the community resilience dimensions and indicators

The metric can be described as applicable to the integration and assessment of the
compatibility of the frameworks. Table 3-5 provides a detailed analysis of the selected
frameworks and their magnitude of relevance or applicability within different dimensions,
and relative to specific indicators and sub-indicators. Superficially, it can be inferred that
nearly all of the frameworks are incompatible or loosely integrated. These can be
exemplified, in the society and economy dimension, nearly all frameworks fail to capture
vital factors that determine the capacity of a coastal community to overcome the effects
of natural disasters to their ordinary lives. Moreover, under the “demography” indicator,
most frameworks loosely or fail to capture population growth rate. For example, the
CCRL1 framework is 67% inapplicable, 24% semi-applicable and 10% applicable in the

social and economic dimension.

It is important to assess the extent of the integration of the frameworks on an individual
basis. Table 3-5 reveals that the most applicable frameworks in the dimension are CCR2
(61%) and CRDSA (39%). Evidently, the CCR2 framework is the most broadly integrated
across the four dimensions. Additionally, concerning the majority of the sub-indicators,
the framework is either mainly or partially applicable. Its dominance across all
dimensions occurs because CCR2 is specifically designed for application to coastal
disasters. However, this premise might not hold, given that CCR1, which was also
designed specifically for this purpose, is highly incompatible with the dimensions
included in this review. With the exception of the dimension of governance and
institutions, the framework appears to be less well integrated into the other dimensions,
as shown by its high rate of irrelevance. Similarly, despite affording a specialist
framework for coastal disasters, the RIM framework appears to be completely
disconnected from the dimensions. In fact, it is wholly inapplicable in the governance and
institutions dimension but, in the other dimensions, incompatible with the majority of the

sub-indicators.

It can thus be argued that the nine frameworks tend to concentrate more on governance
and institutions and less on the environment and climate change. As such, the
frameworks are highly compatible and well-integrated into the legal policies surrounding
the establishment of coastal community resilience interventions. This is the main reason
why frameworks such as CCR2 and CRDSA exhibit impressive applicability indices in
the dimension of governance and institutions. Conversely, there are only a few indicators
in the environment and climate change dimension, which suggests that the

environmental dimension is neglected within coastal community resilience interventions.
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However, it is essential to note that the CCR2 framework is highly effective in capturing

the sub-indicators of the main indicator, which is coastal pollution control.

From Figure 3-2 and Figure 3-3, it is evident that the selected frameworks place greater
emphasis on the government and institutions dimension (37%), followed by the
dimensions of infrastructure (34%), society and economy (32%), and environment and
climate change (16%),respectively. Their emphasis on government and institutions could
suggest the mass presence of external forces and factors that impede the efforts to
enhance community resilience. In the ranking of the dimensions provided above,
relatively less attention is paid to the environmental dimension, despite its major role in
informing and shaping community resilience. Orencio and Fujii (2013) suggest that less
regard to the environment in designing coastal community frameworks may emanate
from a lack of clear understanding of how environmental processes contribute to
changes in climatic conditions. Matyas and Pelling (2015) note that research affords
sufficient evidence to confirm that the presence of natural geographical assets,
ecosystem protection and resource management is vital for absorbing the shocks arising
from natural disasters. Therefore, where community resilience is principally founded on
environmental preservation, resilience tends to be formidable, and the likelihood of a
speedy recovery is heightened. On the other hand, Sharifi (2016) observes that a failure
to ensure the adequate integration of the environmental dimension increases the

likelihood that coastal community resilience will be undermined.

Within the four dimensions of coastal community resilience, the society and economy
dimension’s indicators include livelihood, demography, employment, culture, awareness
and training, and safety and security. As mentioned previously, the evidence regarding
the environment and climate change dimension is somewhat truncated. As such, it is
mainly characterised by coastal pollution control, land use, slow onset disasters, and
rapid onset disasters. In contrast, the infrastructure dimension is broad, encompassing
a variety of indicators and sub-indicators. The chief indicators of the infrastructure
dimension are health, utilities, transportation, communications and embankments.
Finally, the governance and institutions dimension comprises laws and policy,
institutional action, and warnings and evacuations as the principal indicators of coastal

community resilience, as shown in Table 3-4.
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Table 3-5 Coverage of indicators and sub-indicators in the nine selected frameworks

Dimension Indicator Sub-indicator CCR2 CRDSA RIM CDRI 3 BRIC LDRI CDRI 2 CDRI1 CCR Average
Demographic Population growth rate o o o ° o o o o o}
Population density L o o ° o o} ¢} O o
Age Dependency L o o o o o o O o}
Disability O ° ° o) o O o O o)
Level of education (4 L o ° ° o ° ° o
Property ownership and type L o ° o ° o o o o}
Livelihood Coastal resources L4 o o o o o o o o
Household income O ° e} ° o o ° ° e}
Poverty ® o ° ° ) ° o) o o
Employment Employment o L ° ° ° [ o ° o}
Employment dependence on o o o o ° o o o o
coastal resources
Awareness & Disaster exercises and drills L4 o o ° o ° o o 0
training DRR ftraining ) ¢) o o ) o o) ) o
Awareness of dlgaster and ® o o ° o ° o ° °
climate change risks
Multilingual awareness o ° o ° ° o ° ° o
programmes
Awareness campaigns O O ¢ ° O O o) ° o)
Culture Social capital L4 o o) ] o O o ° °
Religious organizations o o o o ° o ° e} °
Safety and security quts, conflicts and homicide ° o o o o o o o o
incidents
ISPS code compliance o o ¢} ¢} o o ¢} O o}
Safety and security systems o o o o O O ¢} o e}
O Not applicable 43% 43% 62% 29% 33% 62% 57% 57% 67% 50%
O Semi applicable 0% 14% 14% 24% 33% 19% 24% 10% 24% 18%
@ Fully applicable 57% 43% 24%  48% 33% 19% 19% 33% 10% 32%
ZNWTGellnlTad=l s Il Coastal pollution Water quality L4 O o) o) O O ©) O ©)
climate change control Marine pollution o O ©) o O O o) O ¢
Mangrove cover L d ) o o ) ) o ) o)
land use Agricultural land L4 o o ° o o o o °
Urban green space ° o o) o) O o o O °
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Slow onset
disasters

Rapid onset
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Health

Transportation

Utilities

Communication

Embankment &
shoreline

Building code

Mean elevation of the area
Vulnerable built up area
Exposure and risk to increasing
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Frequency of natural disasters
Intensity/severity of natural
disasters

O Not applicable

O Semi applicable

@ Fully applicable

Hospitals

Hospital beds

Number of physicians
Number of ambulances
Health insurance

Health care support workers
Roads accessibility

Vehicle ownership

Special need transportation
services

School and employee buses
Infrastructure and public
facilities

Renewable energy

Fire stations

Access to mobile phones
Access to radio/television
Reliability of communication
systems.

Internet services

Vulnerable shoreline

Age of embankments
Maintenance of embankments
O Not applicable

O Semi applicable
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o o o
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19%
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Governance and
Institutions

Total

Laws & policy

Institutional action

Warning and
evacuation

@ Fully applicable

Regulations and policies
Environmental regulation
Participation in DRR planning
DRR strategies

Observation and monitoring
Institutional collaboration and
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Voluntary Groups

Early warning system
Availability of evacuation centre
Emergency aids

Hotels and motels

O Not applicable
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@ Fully applicable

60%

Ce o006 © ©6OO0C0O0

18%
9%
73%

30%
9.3%
61%

45%

27%
9%
64%

48%
13%
39%

Ceeee © 6O OO0

5%

OO0 o000 O O0O00O0O0

(©]

100%
0%
0%

67%
6%
27%

45%

18%
9%
73%

64%
16%
20%

cCoeee e Ceo o000

45%

00 Oe®@ O OO0OO0OO0OO0

(o]
-b
e

18%
18%

53%
19%
28%

10%

Ce®eO0OO0OO0O 0 OCeeoo

46%
27%
27%

66%
20%
14%

65%

55%
36%
9%

45%
23%
31%

® 00 OO O OO0OO0OO0Oo0

25%

OO0 ee@o0o @€ O Oo0O0o0

45%
27%
27%

59%
14%
27%

10%

Oo0oee O eOCeo0oe

(©]

27%
27%
46%

64%
17%
19%

34%

44%
18%
37%

55%
15%
30%

57



(a)

CRDSA
RIM
CDRI3
BRIC
LDRI
CDRI2 —
CDRI1

0%  10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Fully- applicable ~ m Partially = Not- applicable

(b)

CRDSA
RIM
CDRI3
BRIC

CDRI2
CDRI1 —
CCR

0% 10% 20% 30% 0% 50% 60% 70% 80% 90%  100%

o Fully- applicable W Partially = Not- applicable

()

CCR2

CDRI3

BRIC

LDRI

CDRIZ

CDRI 1

CCR

0% 10% 20% 30% 40% 50% 60%  70%  BO%  90%

W Fully- applicable ~ m Partially = Not- applicable

(d)

CCR2

CRDSA

RIM

CDRI3

BRIC

LDRI

CDRI2

CDRI1

CCR

0% 10% 20%  30% 40% 50% 60% 70% 80% 90%

® Fully- applicable wPartially ™ Not- applicable

Figure 3-2 Dimensional coverage in the nine selected frameworks. a. Society and economy. b.
Environment and climate change. c. Infrastructure. d. Governance and Institutions
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Figure 3-3 Focus of the investigated coastal community resilience frameworks
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3.6.2 Construction of the coastal community resilience frameworks

The frameworks were mainly developed by identifying an initial list of indicators following
an extensive literature search, and by using stakeholders and experts opinions and
perceptions. This was performed to achieve a consensus regarding the key indicators
and to assigning weights to each to assess community resilience and the ability to cope
with disasters. The majority of the frameworks employed a combination of both
gquantitative (i.e. numerical data) and qualitative (i.e. expert’s opinions) methods
(Alshehri et al., 2015).

When various stakeholders are involved, the benefits of using participatory methods are
numerous. As Table 3-6 indicates, 90% of the chosen frameworks were developed using
extensive literature reviews and experts’ opinions. Only one framework (BRIC)
depended solely on a literature review. Although community members have in depth
knowledge of their community’s needs, vulnerabilities and coping capacities, most
existing resilience assessment frameworks have been created without the involvement
of public; however, the participation of public is vital to establishing disaster resilience
(Ostadtaghizadeh et al., 2016). Consequently, the local needs and conditions are
frequently not reflected appropriately in these frameworks.

Sharifi (2016) claims that participatory methods can build capacity, improve the local
understanding of resilience and risk and establish a platform for sharing experiences and
knowledge. They can also encourage collaborative design, and the development of
techniques to enhance accuracy. Additionally, the assessment metric enables selected
interventions to reflect the priorities of a community and thus improve local leadership,
legitimacy and decisions in terms of trade-offs (Cohen et al., 2016, Ahmad et al., 2016,
Arbon et al., 2016).

As a consequence of the review, it emerged that there is currently no comprehensive
method through which to develop a community resilience framework using both literature
reviews and the perceptions of stakeholders and experts. Thus, there is an urgent need

to develop a new framework utilizing a participatory methods.
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Table 3-6 Method of the selected frameworks and time-based continuum

Framework Method* Time-based continuum Lit. Public Expert Expert

Past | Current | Future review | Opinion/ Opinion/ Consultation
Perception Perception

CCR Qualitative N N N J J

CDRI 1 Both N N 9 J N

CDRI 2 Both N N 9 J N

LDRI Both x N 9 J N 7

BRIC Quantitative x N % J

CDRI 3 Both x N| N J N 3

RIM Both N N 9 J N

CRDSA Both x N M J N ]

CCR2 Both x N M J 3

* Qualitative or quantitative
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During this process, it was also necessary to assess how each framework captured risk.
In this case, there is a thin veil between capturing risk and how well the frameworks
integrate within the resilience-building programmes. Therefore, the extent to which the
selected frameworks capture risk may be linked to the manner in which the frameworks
are compatible with the coastal community resilience intervention programmes in the first
place. Table 3-6 reveals that only 45% of the frameworks focus on the present
conditions, while 35% consider the past and 20% examine both the present and future.
If the frameworks only encompass the past and present and neglect to encompass the
future, they risk ignoring the changing climatic conditions. Therefore, it is clear that the
frameworks must consider the past, present and future if they are to understand the
system dynamics more effectively and develop strategies for coping with potential
changes in the future.

Collier et al. (2016) believe that coastal community resilience should be evaluated on a
temporal continuum to guarantee that risk is captured at all times. Sharifi (2016) supports
this point, arguing that all stages are linked to events that take place before or after any
assessment. This may explain why risk is poorly integrated into the dimensions. Of the
current frameworks, CCR2 and CRDSA offer good examples of risk capture, because
they consider both present and future conditions. Sharifi (2016), Cimellaro et al. (2016)
and Arbon et al. (2016) all believe that monitoring changes along a temporal continuum
differentiates the assessment of resilience from evaluations of vulnerability. The
assessment of resilience considers the past and future, while evaluations of vulnerability

focus solely on the present.

3.7 Summary

Resilience is an important goal when preparing coastal communities for natural and
human-made disasters, a fact that is compounded by the increasing exposure of
populations to these disasters. Community resilience to disasters is essential if an

affected community is to be able to rebuild itself to pre-disaster levels.

It is essential to identify coastal community resilience frameworks that have been applied
across the globe and to enhance community resilience by identifying beneficial criteria
that will make this possible. In this study, nine selected frameworks were critically
analysed, and different resilience dimensions addressed in each of the selected
frameworks presented. Four common dimensions were identified, based on a thorough
review of the criteria of each framework. These dimensions are society and economy,
environment and climate change, infrastructure and governance and institutions. These

were subsequently divided into eighteen indicators and sixty-four sub-indicators.
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Comparison matrices were developed to assess the extent of the applicability of the
different frameworks across several sub-indicators within four dimensions. The review
found that most of the frameworks were significantly broad in scope. Additionally, it
emerged that, despite the fact that several of the frameworks were designed specifically
for coastal areas, these were largely incompatible, and consequently poorly integrated
into resilience programmes. Crucially, many of the frameworks employed a narrower
scope when dealing with the environment and climate change dimension when
contrasted with that for the other dimensions. In this review, it was confirmed that
ecosystem protection and resource management is vital for absorbing the shocks
contributed to by natural disasters. Therefore, where environmental preservation is the
principal foundation of community resilience then resilience is formidable, and the

likelihood of a speedy recovery from disaster is heightened.

The frameworks were also assessed according to different metrics which demonstrated
the existence of a significant mismatch between the frameworks and the most widely
used dimensions of resilience. It is important to note that those experts who determine
the indicators ought to consider local standards to ensure that their frameworks remain
sufficiently objective.

Accordingly, the next chapter will provide an outline of the methodology used in this
research together with the expert opinions sought. It will follow on from this chapter by
demonstrating how the identified assessment criteria (dimensions, indicators and sub-

indicators) will be analysed.
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Chapter 4
Methodology

In this chapter, an overview of the methodology that will be used to achieve the objectives
of this thesis will be outlined. This overview will include the procedures used to undertake
the research, as well as the philosophical assumptions and design strategies that underpin
the study. In addition, the data collection and analysis procedures will be documented.

4.1 Research philosophy paradigms and research methods

The research methodology can be described as an outline of the strategy used to collect
and analyse data with the aim of addressing the research questions and achieving the
research objectives. Despite the fact that there is no universal philosophical paradigm in
terms of research method, various universal schools of thought exist. Oates (2005) cites

positivism, interpretivism and pragmatism as the three predominant schools.

Positivism is strongly related to the concept of objectivism. In this paradigm, the concern
of researchers is to collect data from a large sample rather than focus on specific
research details (Muijs, 2010). Within the social sciences, positivism considers human
behaviour to result from a reaction to external stimuli in the environment. This means

that it can be assessed using deductive methods (Bowling, 2014).

In contrast, interpretivism is said to be “predicated upon the view that a strategy is
required that respects the differences between people and the objects of the natural
sciences” (Bryman, 2016). Under this paradigm, one person’s reality is believed to be
different from another as a result of their varied social perspectives. This means that it is
important for interpretivist researchers to outline the truth from each participant’s
perspective. Interpretivism largely uses qualitative research methods, such as

interviews, focus groups and observations (Saks and Allsop, 2012).

Pragmatism is a combination of both positivism and interpretivism, and it has
experienced a recent revival after having declined in use for some time. Giacobbi Jr et
al. (2005) describe pragmatism as “a philosophy of knowledge construction that
emphasizes practical solutions to applied research questions and the consequences of
inquiry.” Thus, according to Saunders et al. (2009), it is a useful philosophical approach

for mixed methods research. Therefore, this approach will be used.

Based on the above paradigms, the next section will focus on the two primary
classifications of research methods: quantitative and qualitative. According to Bryman
(2016), it is important to distinguish between these two basic strategies in research to

resolve any methodological issues.
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4.1.1 Quantitative research

Quantitative research entails the collection of numerical data with the aim of explaining
a particular phenomenon (Saunders et al., 2009). Researchers carrying out quantitative
research largely depend on statistical and numerical measurements, which help develop
or expand knowledge on social life. Saunders and Tosey (2013) note that quantitative
research largely uses surveys (both descriptive and analytic), experimental design

(quasi-experiments) and classic experiments (studies with control and experimental

groups).

4.1.2 Qualitative research

Qualitative research, in contrast, depends primarily on human experience and
knowledge, and is strongly linked to cultural and social investigations. Qualitative
research is favoured in the social sciences for its ability to systematically help
researchers to understand various sociocultural problems (Myers, 1997, Yin, 2011). This
type of research tends to be inductive and interpretivist, relying largely on ethnography
(observation), interviews, focus groups and case studies (Bryman, 2016).

4.1.3 Mixed methods

Johnson and Onwuegbuzie (2004) define mixed methods research as “the class of
research where the researcher mixes or combines quantitative and qualitative research
techniques, methods, approaches, concepts or language into a single study.” With this
in mind, mixed methods can be considered as “the third major research approach or
research paradigm, along with qualitative research and quantitative research” (Johnson
et al., 2007). The mixed methods approach has numerous advantages, including the
ability to answer research questions that other methodologies cannot, to provide stronger
inferences and to open up a broader range of perspectives (Tashakkori and Teddlie,
2003). Saunders (2009), in particular, argues that mixed methods is a stronger approach
to qualitative or quantitative approaches alone because it can help achieve different
objectives, which improve the strength of findings, and it can allow triangulation, due to
the combination of different methods (i.e., interview and questionnaire). Bowling (2016)
lists numerous mixed methods approaches, such as case studies, consensus methods,
action research, rapid appraisal techniques and document research. In the context of
disaster research, there is a need to use a mixed methods approach. With this in mind,
this thesis has chosen to adopt such an approach, drawing upon web surveys, Delphi

surveys and the Analytic Hierarchy Process (AHP).

4.2 Research structure design
As stated above, this thesis will use a mixed methods approach, consisting of both

gquantitative and qualitative research. This will include a literature review, web surveys,
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Delphi surveys and the AHP. Figure 4-1 shows the design, which consists of five stages.
The previous literature review has revealed the research gap in terms of disaster risk
management. The quantitative approach will be used to explore stakeholder opinions for
identifying relevant factors and their importance. The qualitative Delphi survey will be
used in the third stage, followed by AHP to establish a framework of coastal community

resilience to disaster in Saudi Arabia.

4.3 Stage one: Comparison of resilience assessment frameworks

The systematic literature review involved the selection of research publications, which
were collected, appraised and synthesised. A rigorous and documented procedure was
put in place for both the search strategy and the process of selecting the research
papers. Bealt and Mansouri (2017) argue that a systematic literature review requires a
scientific approach enabling researchers to conduct a detailed article search, while
promoting transparency and relevance and avoiding bias. Moreover, a systematic
literature review enhances the knowledge base of the researcher, thus having a positive
impact on both practice and policy. For the current study, relevant papers were selected
using a comprehensive process of planning, searching, screening and reporting.

The search strategy adopted was comprehensive and extensive aiming to capture a
range of frameworks applied globally and concerning the assessment of coastal
community resilience to maritime disasters. Various databases were targeted and a

number of key words used in the search as detailed in section 3.2 (methodology).
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The majority of the methodological approaches were designed (or developed) in relation
to the needs of a specific region of the world. This resulted in each possessing varying
indicators for each dimension of resilience. The current study therefore excluded any
frameworks considering only one aspect of community resilience, i.e. frameworks
designed to enhance community resilience for health security (Chandra et al., 2011) and

those focused on a single form of natural disaster (Ainuddin and Routray, 2012).

A list was subsequently drawn up of the initial important and common criteria related to
coastal community resilience by means of a thorough review of the criteria of each of the
nine selected frameworks (CCR, CDRI1, CDRI2, LDRI, BRIC, CDRI3, RIM, CRDSA and
CCR?2). The selected criteria were categorised into four common dimensions and several
matrices were developed, with the criteria set out in the rows and the frameworks in the
columns. Comparison matrices were created to ensure that all related criteria were
included in the list, as well as to assess the extent of the applicability of the different
frameworks across several indicators and sub-indicators within the four dimensions.
Following a detailed review and after comparing the criteria for each of the nine chosen
frameworks, a list of coastal community resilience to maritime disasters indicators were
identified and were thought to be commonly used as noted in the third chapter. These
significant indicators will form a starting list that will be the basis for the subsequent
research phases. The chosen indicators are comprehensive and precise, thereby

decreasing the chance of overlap between the dimensions of resilience.

4.4 Stage two: Stakeholders’ perception of resilience to maritime
disasters

Resilience assessments can be used as a first step to identifying key indicators (e.g.
socio-economic and environmental) and can then be linked together to build resistance
capacities. Through these indicators, it is possible to examine the various associations
between the enhancement or diminishment of economic stability in communities,
particularly in terms of livelihoods. A key economic factor linked to livelihood is
dependency on a small amount of natural resources. These indicators also help assess
the amount of private property that could be vulnerable to damage and economic losses
resulting from a potential disaster (Cutter et al., 2010). This information can then aid
decision-makers to develop better strategies for improving community resilience (Cai et
al., 2016). Therefore, various researchers have established frameworks and resilience
indicators (Alshehri et al., 2015a, Joerin et al., 2012, Orencio and Fujii, 2013, Cutter and
Director, 2008). Nonetheless, measuring community resilience still poses a challenge
(Alshehri et al., 2015b).
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Although community members have deep knowledge of their community’s needs,
vulnerabilities and coping capacities, most existing resilience assessment frameworks
have been created without the involvement of stakeholders; however, the participation
of stakeholders is vital to establishing disaster resilience (Ostadtaghizadeh et al., 2016).
Therefore, one of the main objectives of this study, is to fill this gap in the literature by
collecting the views of stakeholders on community resilience challenges in the context
of Saudi Arabia, to identify the key priorities of the stakeholders as a significant first step
towards integrating their participations into the development of community resilience
assessment frameworks based on local priorities. The customary methodology used to
examine stakeholder perceptions is the employment of a questionnaire used in various
fields (Huang, 2006). As stated by Lindell (2013) the questionnaire was the most
prevalent technique used in gathering of numerical data in disaster studies. Stakeholders
in this research include the members of the public, experts, development organisations,
and the Government who have an interest in disaster resilience and risk management in
KSA.

4.4.1 Questionnaire design and respondents

To achieve the goals set, the research design employed a quantitative methodology. An
important component of the data collection process was the collection of data from
individuals from a range of age groups, with different educational attainment levels and
from different geographical locations. To accomplish this, a questionnaire was created

and distributed to members of the Saudi Arabian public.

According to Leung (2001), designing a questionnaire has two objectives: to obtain a
large number of respondents; and to receive accurate answers on a particular topic. To
achieve these two objectives it is crucial that a questionnaire is simple, have clear
presentation and unambiguous wording and that both questions and answers are kept
together (Bryman, 2016). Bowling (2005) claims that having a well-designed
guestionnaire is equally important. This is because the design would have a considerable
effect on the type of results. For the purposes of this study, the questionnaire was

designed in the following manner:

+ Classification questions: These questions concern demographic information
about the respondent, including gender, age, occupation, qualifications and

location (including region).

* Knowledge questions: These questions are used to assess the level of factual
information that each respondent has regarding the construction of community
resilience to socio-economic and environmental impacts in his/her city and

region.
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* Responsibility questions: These questions assess the respondent’s priorities

regarding a range of relevant factors.

» Perception questions: These questions are aimed at understanding and
determining the awareness that each stakeholder has in terms of community

resilience enhancement issues for maritime disasters.

The structure of the questionnaire was based on similar surveys carried out by (Alshehri
et al., 2013, Ameen and Mourshed, 2017). An initial list of coastal community resilience
challenge indicators was identified based on an extensive review of the literature with
particular reference to maritime disasters in Saudi Arabia and surrounding regions based
on socio-economic and environmental impact. The questionnaire consisted of twenty-
five questions, of which the majority were multiple choice questions. It also featured
several open-ended questions, which enabled the respondents to add any comments or
other significant information that they deemed important. Respondents were also asked
to provide details of their age, gender, occupation, academic qualifications, region and

location.

4.4.2 Conducting the questionnaire and response rate

Between September and October 2017, a pilot study was carried out with ten
participants. The study took roughly twenty to thirty minutes. Following feedback, a
number of adjustments were made to correct and clarify items for the final version. The
gquestionnaire was uploaded to Survey Monkey (www.surveymonkey.com), in both

Arabic and English.

A link to the questionnaire was sent to potential participants via email and social media
(e.g. WhatsApp). The snowball sampling technique was also used to ensure a target
sample size was achieved. Sampling took place between November 2017 and February
2018. The only participation requirement was that respondents needed to be older than
eighteen. All the respondents were informed in writing that their participation was

voluntary and that their data would be retained confidentially.

According to Bird and Dominey-Howes (2008), snowball sampling is a non-probability
sampling technique that enables researchers to gain access to an anonymous
community and identify and recruit key participants (Bird, 2009). Huang (2006) argued
that this can be useful in situations where it is difficult or expensive to locate suitable
participants. Alshehri et al. (2013) used the example of Saudi Arabia to illustrate this
point, stating that the country’s customs and traditions make it difficult to recruit female
respondents. Moreover, snowball sampling is generally claimed to provide economical,
efficient and effective results. When using this method, data was collected by identifying
participants through direct contacts who then go on to recruit others (Sadavoy et al.,
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2004), and this process continues until the target sample is obtained. Snowball sampling
can be carried out via emails, phone calls, or face-to-face contact (Bird, 2009). As Saudi
Arabia is a large country, emails and social media were used in this study to distribute
the questionnaires. This proved to be more cost-effective, provided recipients time to

consider their responses and resulted in overall higher response rates.

4.4.3 Data analysis and quality

To carry out the statistical data analysis, IBM SPSS Statistics for Windows version 20.0
software was utilised (Bryman, 2015). This software enabled the computation of
descriptive statistics regarding indicators and scale frequencies, response percentages,
means, modes and standard deviations (SD). A descriptive analysis was also conducted
on the demographic data by calculating their frequencies and percentages. Cronbach’s
alpha (@) was used to assess internal consistency reliability (Cronbach, 1951). It was
applied to questionnaire items to measure reliability through the provision of one single
estimate regarding internal consistency and average correlation (Webb et al., 2006).
According to Hassad (2010), past social studies recommended a = 0.70 as the threshold
of acceptable reliability. In the current study, all seventeen indicators were assessed
using principal component analysis, which helped to determine the underlying structure
by grouping together correlated variables. The significance of each component was
assessed by testing the scree plots and the contribution of each to total variance (>5%).
Using the results of the PCA, variance maximisation (varimax) was also applied. This is
referred to as an ‘orthogonal rotational strategy’, which in the case of this study helped
reduce the number of factors for variables with high loadings. It also facilitated the
interpretation of the analysis (Ameen et al., 2015). Moreover, as Kim and Mueller (1978,
p. 50) pointed that, “It can be argued that employing a method of orthogonal rotation
may be preferred over oblique rotation, due to the former is much simpler to understand
and interpret”. The criterion for including an item was a factor loading of more than 0.40.
To identify significant correlations between items, Bartlett’s test of sphericity was used.
Sampling adequacy was assessed using the Kaiser-Meyer-Okin (KMO) measure, which
for this study was 0.921. This meant that a KMO greater than 0.8 was considered good;
thereby indicating that the PCA was appropriate for such variables (Cerny and Kaiser,
1977).

4.5 Stage three: Identification resilience assessment factors

This research methodology was selected to answer the following research question:
what are the applicable coastal community resilience factors needed to manage
disasters in the Saudi Arabian context? To answer this question, a survey based on the

Delphi technique will be used. The Delphi method has been reported in the literature as

69



an iterative multistage process to combine opinion into group consensus (McKenna
1994, Lynn et al. 1998 and Hasson et al. 2000). The initial questionnaire employed in
this research collected qualitative comments that were fed back to the participants in a
guantitative manner through a second questionnaire. The use of both qualitative (round
1, collected opinions and new indicators) and quantitative (round 2, provided mean and
median) data makes it a mixed-method approach. The term, mixed-method has also
been used in previous research to describe the Delphi (Alshehri et al., 2015). (Okoli and
Pawlowski, 2004) state that the Delphi technique is a method used to structure
communication amongst a panel of experts when seeking their opinion on a complex
matter. The Delphi technique is systematic in nature and can help a researcher to reach
a consensus on a subjective issue based on group judgement. The technique is widely
recognised as being robust and reliable. Rowe and Wright (1999) and Loo (2002) argue
that the technique is characterised by four fundamental features:

* lteration — The Delphi technique consists of multiple stages, thereby requiring
the participants to participate in several rounds. The iterative nature of this
technique means that panellists have the opportunity to review all previous
responses of the other experts. This means that they can reflect and adapt their
judgement accordingly if necessary.

+ Anonymity — A key aspect of the Delphi technique is the anonymity of the
participants. This must be maintained by the coordinator to reduce any possible
effects of the position, influence or social dominance of particular experts. This
anonymity allows everybody to state their opinion without any concerns or

influence.

+ Controlled feedback — Data exchanged between the panellists is filtered and
exchanged in a controlled manner. After each round, the coordinator will analyse
any relevant information that may help in the development of the next stage. This
process is essential in reducing the possibility of heated debates and facilitating

a smooth transition to the next stage of the study.

+ Statistical group response — The Delphi technique often entails complex
issues. Thus, it necessitates the use of reliable analytical methods that ensure
the study reflects the overall group judgement with accuracy. With this in mind, a
range of statistical indices (mean, median and IQR) will be used to help achieve
this goal, as well as reduce any pressure or influence for individuals to conform

to expected or dominant views.

70



4.5.1 Justification

The study under investigation in this thesis is a multi-dimensional subject encompassing
various types of maritime disasters including both man-made and natural. It also involves
the examination of a number of well-established frameworks for assessment of coastal
community resilience that have been employed globally. In addition, to help analyse all
this data the opinions of the public and a large number of key stakeholders and experts
in the field were sought. Thus, it is evident that a consensus technique that can be
comprehensive in nature and inclusive would be required to ensure all angles and
players are accounted for in this study. To this end the Delphi technique was selected
as also supported by (Chew and Das, 2008). Loo (2002) highlighted the suitability of the
Delphi technique for attaining consensus. Two primary features of the Delphi technique
that make it extremely suitable for analysis of the assessment criteria is first, the
anonymity afforded the participants and second, the inclusive nature of the technique
allows experts from across the globe to present their opinions. Experts participating in
discussions would not be pressurised or swayed in their opinions by knowledge of the
participation of other influential experts. They would freely be able to present their opinion
making their choices more honest and trustworthy.

The ease of selecting a suitable communication technique that also helps to maintain
confidentiality is another key feature of the Delphi technique. This range of
communication options (conventional or real time) is made possible by the researcher
being given the choice of Delphi technique to apply: classical, decision, ranking or policy
Delphi (Okoli and Pawlowski, 2004, Linstone, 1985, Rowe and Wright, 1999).

Finally, the statistical methods applicable to this technique make it possible to define a
consensus opinion born of the choices of many key players. This increases the
robustness of the technique and ensures a criteria-based and expert-guided decision is

reached

Therefore, the study has been designed in keeping with the Delphi process; utilising
anonymous rounds and gathering feedback following each round. The criteria, scale and
format to be used for the questionnaire were determined and a pilot survey involving 10
participants was run. This examined the simplicity of taking the survey. This indicated
the requirement for particular changes which were implemented prior to being distributed
online via SurveyMonkey® (www.surveymonkey.com) between the 15th of April to 15th
of June 2013.

4.5.2 Types of the Delphi technique
The Delphi technique involves a multi-phase survey that is anonymous in nature. It

consists of rounds through which responses and group opinions are collected. Rounds
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continue until a consensus is obtained for each criterion (Dalkey and Helmer, 1951,
Dalkey and Helmer, 1963, Landeta and Barrutia, 2011). There are different types of
Delphi technigue, of which the classical, policy and decision forms are the three most

well-known (Hanafin, 2004, van Zolingen and Klaassen, 2003, Keeney et al., 2006).

In the classical Delphi technique, experts are brought together to agree on a specific
aspect of a piece of research. Views and opinions are gathered over a series of rounds.
The outcomes of these rounds are subsequently distributed to the experts, serving as
background information for future rounds. Three or more rounds is the most common,
while conventional post is deemed as the most common method of communication
(Hasson et al., 2000). With this technique, the principal aim is to maintain the anonymity
of participants through an iteration process until a consensus is reached (van Zolingen
and Klaassen, 2003).

The policy Delphi technique consists of several iterative rounds that are used to gather
information from experts. However, in this case, the aim is not to obtain a consensus
from these experts. Instead, its objective is to collect contrasting views on a particular
topic. Normally, the chosen experts are policy makers who offer a range of opinions. Just
as with the classic Delphi approach, repetitions can take place. In this case, the mode of
communication can vary, including group meetings between members. With this
approach, confidentiality is an important aspect of the first round when experts respond
to queries individually, but in future rounds, it is not deemed important because group
meetings with varying perspectives are required (Hasson and Keeney, 2011, Linstone,
1985).

The decision Delphi techniqgue aims to organise a decision-making process for future
issues by coordinating thoughts on a particular topic through the careful consideration of
possible developments and changes in the field (Rauch, 1979, Rowe and Wright, 1999).
Here, all panellists are chosen according to their position and interest in resolving the
problem. This means that the panel does not have to be large, as it is expected that
imminent decisions will be made and implemented. With the decision Delphi technique,
decisions are made through a combination of repetitions and response management.
Moreover, three rounds are not necessary (Hasson and Keeney, 2011). Rauch (1979)
claims that this type of Delphi is more general and comprehensive than the classical and
policy techniques. Van Zolingen and Klaassen (2003) outline five particular aspects of
this Delphi: quasi anonymity (i.e. all experts know each other by name before the study

is started); iteration; feedback; statistical group response; and consistency in responses.

In this study, the style selected for the Delphi technique is the classical Delphi. This

ensured flexibility in means of communication. Moreover, the iterative nature of this style
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and the ability to maintain anonymity was crucial in reaching consensus without undue

pressure on experts to agree with other opinions.

4.5.3 Selection and size of the Delphi panel

It has been widely stated that selecting the panel is an essential component of any
successful Delphi study (Rowe and Wright, 1999). With this in mind, a number of
guidelines have been followed to obtain a suitable panel both in size and in composition
(Okoli and Pawlowski, 2004, Schmidt et al., 2001). To obtain a size of Delphi panel, some
studies have employed over 60 experts while others have involved as few as 15 experts
(Hasson et al., 2000). Its primary consideration must be that the panel is large enough
to allow patterns to be seen in terms of responses, yet not so large that it leads to
confusion and arguments (Okoli and Pawlowski, 2004, Witkin and Altschuld, 1995).

In most studies, the Delphi panel size was maintained below 50 participants. This is in
keeping with Clayton’s rule-of-thumb which specifies an ideal panel size would be in the
range between 15-30 (Clayton, 1997; Witkin, 1995). Other studies, however, have
indicated a range between 20 to 50 to be the ideal (Endacott, 1999). According to Dalkey
and Halmer (1963), research should not consider the size of a panel in terms of its
statistics, as this is not an important aspect of the Delphi technique. Instead, research
must focus on selecting experts that have the knowledge, professional qualifications and
relevant experience in the particular field in question (Loo, 2002). In particular, four
‘expertise’ requirements must be considered: knowledge and experience of the field of
study; ability and willingness to participate; adequate time to participate and effective
communication skills (Adler and Ziglio, 1996). Other essential factors are number of

years of experience, number of publications, in addition to any other expert qualifications.

For the purposes of this study, a list of experts in disaster risk management was drafted.
These experts were then asked to identify other experts in the same field. The end result
was a Delphi panel of sixty-five members, made up of professionals and local experts
from academia, government and industry. All of them had at least five years’ experience

in disaster risk management and a relevant degree.

Table 4-1 indicates that panel members came from diverse backgrounds both
governmental and non-governmental organisations, as well as the private sector. This
ensured a balanced representation. Radestad et al. (2013) suggest that Delphi panels
must consists of experts with varying expertise and geographic locations. Moreover, they
should come from a range of different disciplines (Hill and Fowles, 1975, Keeney et al.,
2001). Taking this advice on board, all experts were recruited from various disciplines of
disaster risk management, as well as from local and international contexts. All also had

in-depth knowledge of national and global issues. Jirwe et al. (2009) and Radestad et al.
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(2013) have stressed the importance of informing all experts about the context of the
study and defining any key terms used in the research, such as ‘community’. Following
this recommendation, all experts were contacted by email, phone or face-to-face and
were informed of the purpose of the study, particularly in terms of its context and key
concepts. All experts were educated about the questionnaire rounds based on the Delphi

method.
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Table 4-1 Composition of The Expert Panel

Expert Organisation Distribution
Academia King Abdelaziz University 15% as follows.
University of Dammam Professor: 2%

- X - - PhD: 17%

King Faisal University MSc: 26%
Al-Baha University BSc: 46%
Najran University Other: 6%

King Fahd Security College

Taibah University

Government General Directorate of Civil Defence 63%
official Crisis and Disaster Risk Management Center in Makkah
Region

Ministry of Municipal and Rural Affairs

Saudi Arabian Border Guards

Royal Saudi Naval Forces Riyadh

General Directorate of Medical Services of the Royal Saudi
Armed Forces

Saudi Ports Authority
Presidency of Meteorology and Environment
Ministry of Energy, Industry and Mineral Resources

Saudi Red Crescent Authority

Ministry of Education

Ministry of Health

Non- The Regional Organization for the Conservation of the 17%
Government | Environment of the Red Sea and Gulf of Aden

Organisation | Saudi Aramco
National Water Company

Saudi electricity co

General Authority of Civil Aviation (GACA)
Regional and | Petroleum Development Oman CO 3%
international | Iraq Engineering College

4.5.4 Development of the Delphi survey

A gquestionnaire was compiled that would allow all experts to express their judgements,
with extra space provided for them to add, remove, criticise or justify their responses.
The questionnaire was designed by drawing upon the potential community resilience
factors (four dimensions and eighteen indicators and sixty-four sub-indicators) identified
from a comparative study of global assessment frameworks, as well as the findings
gathered from a nationwide questionnaire of Saudi Arabia. Moreover, a pre-test pilot
guestionnaire was issued to 10 academic professionals before the Delphi rounds took
place. Their feedback was used to improve its quality and clarity. Each participant was
given a link to the online questionnaire (in English), which was available at
www.surveymonkey.com. Respecting the Delphi procedure, a guarantee of
confidentiality was given to all participants. The opinions of all respondents were
collected on a 5-point Likert scale ranked from ‘Unimportant’ to ‘Very important’. In the

initial round, seventy-three experts were invited, with a response rate of 89% (n = 65).
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All the experts who took part were invited to participate in the second round. For this
reason, the response rate for the second round was 79% (n = 58). As the second round

achieved a complete consensus, there was no need for any further rounds.

4.5.5 Delphi process and measuring consensus

In theory, the Delphi process may be continually carried out until a general consensus is
obtained amongst all participants. According to Hasson et al. (2000), the process
involves collecting opinions without having to bring panellists together physically due to
the use of successive questionnaires. It is generally agreed that two or three rounds are
expected when carrying out this process. However, many researchers Miller (2001),
Kaynak and Marandu (2006), Mason and Alamdari (2007) and Giannarou and Zervas
(2014) have suggested that two rounds are usually enough to collect all the necessary
information and obtain a consensus amongst participants. Each round is expected to
change the judgements of panellists, thus resulting in the desired level of consensus. It
is the role of the researcher to determine when data collection must end, as well as the
definition of consensus within the confines of the study. Hasson et al. (2000) gives the
example of an opinion receiving just over 50% agreement in round one being fed back
to participants in round two. They claim that this is problematic because it may bias the

range of opinions offered in successive rounds.

The main statistics to be used in Delphi studies include measures of central tendency
(i.e., mean, median, mode) and level of dispersion (standard deviation, inter-quartile
range). These measures help present information on the collective opinions of
respondents (Hasson et al., 2000). In the majority of cases, median and mode are
favoured. However, the mean is also drawn upon at times (Murray and Jarman, 1987).
Nonetheless, the appropriateness of the mean has been questioned by Witkin (1984)
who argues that if scales are used in a Delphi study, using the mean to measure the
responses can cause issues when they are not delineated at equal intervals.
Researchers, such as Hsu and Sandford (2007) and Hill and Fowles (1975), have all
favoured the median, based on a Likert scale. With this in mind, this study has used the

three measures together to assess the consensus:

* The interquartile range (IQR) was 0 < IQR < 1 (Alyami et al., 2013, Aldossary et
al., 2015).

» The standard deviation (SD) was between 0 and 1 (0 < 0 > 1) (Rayens and Hahn,
2000, Giannarou and Zervas, 2014)

+ Any items with a consensus on neutral opinion (median < 3.5) were excluded

from the subsequent round (Mombaerts et al., 2017).
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A two-round Delphi process was used in this study. In the first round, the expert panel
was presented with an initial list of all items (dimensions and indicators) of the community
resilience assessment framework with the aim of assessing their perceptions on the
importance of each item in reference to disaster risk management in Saudi Arabia. All
participants had to rate each item on a 5-point Likert scale (1 - Unimportant, 2 - Of little
importance; 3 - Moderately important; 4 - Important; and 5 - Very important. Participants
were also given the opportunity to share any comments or opinions on new items related
to community resilience and disaster risk management in Saudi Arabia. Any items that
reached consensus in this round were not re-rated in the subsequent round, while any
new items suggested by the experts were included. Items that obtained an IQR and SD
of more than 1 suggested a non-consensus; therefore, they were moved into the next
round. In contrast, those with a neutral opinion (median < 3.5) were not carried through
to round two. In round two, a complete consensus was obtained, thus there was no need
for any further rounds. The next stage of analysis will employ a multi-criteria decision
making (MCDM) approach referred to as Analytic Hierarchy Process (AHP).

4.6 Stage four: Prioritisation of resilience assessment factors

This study aims to develop a framework for the examination of a coastal community’s
resilience to maritime disasters in Saudi Arabia. This requires the contribution of various
factors at various levels of significance. The AHP allows for the structuring of this data in
hierarchical form thereby allowing its measurement and synthesis leading to the

attainment of a consensus on the desired framework.

AHP was developed in the 1970s by Saaty (1994). Its strength lies in its ability to
structure complex criterions dimensions, indicators and sub-indicators into a more
simplified hierarchical structure. This allows various decision makers to then contribute
to the elucidation of the level of importance of each criterion by guantitative means,
namely pairwise comparisons. Therein lies the second strength of this methodology its
conversion of subjective data into a mathematical form. Each criterion is measured
against other criteria and alternatives which determine its level of significance and
preference on a ratio scale. The process then builds up on these factors by the
assignation of weights to each criterion, thereby leading to the development of a
comprehensive and logical framework. This therefore allows both quantitative and
gualitative criterions to be assessed (Samari et al., 2012). Moreover, experts in the field
may be biased in their selections or their selections may raise discrepancies that may
hinder the development of a framework. Such challenges are diminished by the
application of AHP to the analysis of the criterions governing a framework (Poveda and
Lipsett, 2011). Lastly, the use of commercial software removes the challenges posed by

the incorporation of mathematical formulae in the AHP.
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4.6.1 Justification for employment of AHP

The increasing risk visited on coastal communities by maritime disasters can lead to
increasing mortality rates and financial losses. These are chief reasons for stakeholders
seeking to decrease the impact of such disasters to develop a framework based on the
use of reliable scientific methodology. In the context of this study such a framework would

define indicators and sub-indicators specific for the Saudi Arabian communities.

The absence of a local coastal community framework specifically for Saudi Arabia and
the involvement of various agencies and organisations in the response to such disasters
in Saudi Arabia are two primary reasons for the employment of AHP. The involvement
of so many experts and drivers of response necessitates the use of a methodology that

would allow the equal contribution of all stakeholders.

Similarly, a certain complexity is also introduced by the various established community
resilience framewaorks. These frameworks vary on several fronts including their specificity
to coastal areas (Lam et al.,, 2015), the specific country (community) of previous
application (which continent, a developed or developing country), the number and types
of disasters they encompass etc. The various frameworks place varying levels of
significance on the various dimensions, indicators and sub-indicators. To be able to
achieve the research aims there was a need to employ a methodology that could break
down the criterions into associated sub-classes to allow their organisation into a logical
framework (Vaidya and Kumar, 2006, Alidi, 1996). This would help identify coastal
community resilience factors that are applicable specifically to Saudi Arabia.
Furthermore, the methodology selected must have a reliable weighting structure outlined
that would aid in the measurement of community resilience in the context of Saudi
Arabia. Finally, the methodology should also allow the organisation of the criterions into
a local coastal community resilience framework. AHP allows that achievement of this
through its hierarchical organisation (Ishizaka and Labib, 2009), its accounting for both
gquantitative and qualitative data (Vaidya and Kumar, 2006) and it deployment of
computational software (e.g. expert Choice) for handling large numbers of criterions
(Viswanadhan, 2005). This is possibly AHPs strongest feature. A researcher does not
need to be a mathematician to employ this methodology. Moreover, the use of Expert
Choice can also aid the attainment of consensus one of the chief goals required to
develop a framework (Vaidya and Kumar, 2006). In this study, the weighting was carried
out on the four dimensions rather than the sub-indicators. This was performed on this
level because of the need to avoid a large number of criteria as exemplified in the sub-
indicator level. Various studies had previously established the challenges of performing
a large number of comparisons larger defined as greater than seven comparisons

(Bahurmoz, 2006; Saaty and Vargas, 2012). By ensuring minimal numbers are used,
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and thus the possible alternatives are limited, the judgements attained would remain
consistent (Bahurmoz, 2006). As the number of indicators used in this study was 18 and
sub-indicators 68, it was therefore logical to perform the weighting on the four dimensions

of the first level.

To perform the AHP process, 21 experts were invited of which 19 eventually participated.
This number may be considered small by some researchers but various studies have
demonstrated how AHP can be performed by a small number of experts (Lee and Walsh,
2011; Omar and Jaafar, 2011).

The method applied in the AHP can be broken down into the following sections as
described by Lin et al. (2010) and Farzad and Aidy (2008):

* Hierarchy determination.

+ Data collection and prioritisation of the elements be constructing pair-wise

comparisons.
+ Develop judgements to achieve the weightings of each factor or the overall aim.

* Assess and test judgement consistency.

4.6.2 The analytic hierarchy process

The main step in AHP involved the design of the hierarchy which ultimately breaks down
the research problem into manageable parts. These are typically divided into the goal
which relates to the research question and is the highest level, therefore the dimensions.
Next, is the ‘category’ which details criterions or indicators that consist of the resilience
components and the final level includes the criteria and alternatives which includes the
sub-indicators that can be tailored to a community. The top level directly addresses the
research issue while the lower two levels help in the evaluation of the issue (Saaty,
1994). To address the needs of this research study, four dimensions were derived and
made up the first level and these are: environmental and climate change; society and
economy; governance and institutions and infrastructure. Next, 18 indicators that were
directed by the resilience dimensions made up the second level. Whereas the third level

was made up of sub-categories of level 2 thereby consisting of 68 sub-indicators.

4.6.3 Pairwise comparison

This is the fundamental mathematical step in the AHP (Saaty, 1994). This step follows
hierarchy determination and involves the performance of pairwise comparisons between
the various criterions and/or dimensions as determined by the comparison scale (Saaty,
2008).
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A pair-wise comparison was performed between the different criterions to help determine
which criterion was of greater importance than the other or if they were identical to each
other Table 4-2. The comparisons were made on a nine-point relative importance scale
listed in Table 4-3. A value of one would indicate the criterions were identical, whereas,
a value of nine would indicate a criterion of extreme importance. The Delphi technique
formed the basis for the values of the pair-wise comparison for the dimensions. The

results of the pair-wise comparison are discussed in the results section.

Table 4-2 An example of pair-wise comparison

9 = Extreme 7 = Very strong 5 = Strong 3 = Moderate = 3 = Moderate 5 = Strong 7 = Very strong 9 = Extreme
Society and o|o|jg|o|yojo|jo|joybjo|jo|jofo|jofo|jd|c| Environment
economy and climate

eeliall el change
ol 5 g 2l
Sl
Society and o|o|jgo|jo|yoyjo|jopyjoyyojo|jo|ojo(ojo|(oifd] Infrastructure
economy dgadl) A dlad
eeliall el
a8 4
Society and Oo|o|go|jo|o|jo|jo|joyojo|o|o|jO|jOfjO|0O|0]| Governance
economy and
eball el Institutions
JERIS QS gall )
;IL...‘....:_"AHJ

Table 4-3 Relative importance scale (1-9) of AHP (Saaty 1994)

Intensity of importance Definition and explanation

Equally Important

Equally to moderate more important

Moderately important

Moderate to strong more important
Strongly important

Strong to very strong more important
Very strongly important

Very to extremely strongly more important

O | o~ |~ |Ww| M| —=

Extremely more important
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4.6.4 Analysis of synthesis and consistency

The quality of the decisions made is a key factor in ensuring the framework developed
is impartial and applicable. This quality depends on the consistency in the judgement of
the panel of experts. To this end lies the significance of the weighting system applied.
Not only does employment of a weighting system allow the researcher to determine the

validity or the data but it also allows them to determine its consistency.

By analysing the data inputted and by applying various mathematical formulae, the
weighting method is determined. Moreover, in AHP a consistency ratio (CR) is used to
assess the consistency of judgement. As indicated by Saaty (1990)and Cutter et al.
(2014) a CR of less than 0.1 is required to ensure the discrepancy between the decisions
of the experts is kept to a minimum. If this is achieved then the weight employed is
deemed reliable. To this end Expert Choice (2013) software was applied in the analysis
of AHP formulae.

4.6.5 Expert choice

Expert choice (2013) was employed to convert the pairwise comparisons between the
various assessment criteria into weighted measures. When analysing such a vast
number of criteria there is increased risk that errors will occur if performed manually.

Automated software therefore circumvents this issue.

One central calculation afforded by AHP is the consistency ratio (CR) explained above
(Liedtka, 2005). The various aspects of the CR are considered by Expert Choice. The
judgements of the experts are subjective data which is presented through various
decision-making rounds. Each decision-making step would include information on the
various opinions being fed back from previous rounds. Thus, when making a choice the
expert would not only make a choice based on their own knowledge but also based on
the opinion of the collective panel. Therefore, opinions may change and if this occurs a
lot the consistency ratio would increase thereby decreasing the reliability of the method.
Ensuring the data is reliable is paramount and therefore the use of Expert Choice is

crucial in that respect.

Two other key features of Expert Choice are its ability to provide automatic computation
of priorities and several means of determining sensitivity (Ishizaka and Labib, 2009, Yang
et al., 2007). These three features together make this an extremely robust software for

achievement of consensus.
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4.7 Mathematical and statistical constructs employed in this
research

As detailed previously, the Delphi technique together with AHP were used in achieving
consensus. To this end mathematical formulae were adopted that transformed both

guantitative and qualitative values into a weight for each assessment criterion.

Regarding the Delphi technique the statistical measures employed included the
measurement of the inter-quartile range (IQR) and the standard deviation (SD) referred
to as the level of dispersion. These were employed at the close of each round and aimed
to evaluate the responses given by the participant experts. The IQR was used to assess
the degree of agreement between the experts. This was calculated as IQR = Q3-Q1 and
was given a value less than or equal to 1 (Alyami et al., 2013, Aldossary et al., 2015).
The standard deviation on the other hand was assigned a value between 0 and 1 (0 <o
> 1) (Rayens and Hahn, 2000, Giannarou and Zervas, 2014).

Establishing weightings for a large number of criteria is challenging because the number
of pair-wise comparisons needed increase with addition of each variable, which can be

expressed using the theory of combinations in Equation (1).

n!

Cn2) = m (1)

where a pair (2) is taken from n factors each time and C(n,2) denotes the number of
pair-wise comparisons needed. For example, only one comparison is needed for two
factors, three comparisons needed for three factors and six needed for four factors.
However, for all 68 indicators in this research, a total of 2278 comparisons will be
required. Putting aside the computational challenges and the reluctance of the

participants to respond, it is challenging to make judgements on these many pairs.

However, if the pair-wise comparisons of dimensions from AHP is applied on the mean
Delphi scores of sub-indicators, the appropriate weighting for the sub-indicators can be
developed. This involved the following procedure:

+ Calculate the total mean value for each dimension. This was carried out by
summing up the means of all sub-indicators under each dimension obtained from
the Delphi method (Equation 2).

+ The mean of each sub-indicators was then divided by the total mean of the

corresponding dimension (Equation 3).

* The results for each sub-indicator from step (2) was then multiplied by the weight

of its dimension obtained from the AHP (Equation 4).
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£= imi 2)
i=1

4

then:

f= My + My, + Mz + -+ My

where, t is the total means of the dimension’s sub-indicators; m; is the mean of sub-

indicator (Delphi method).

bi = 3

| 3

where, p; is the proportion of sub-indicator to the remainder sub-indicators in the same

dimension
wc; = p; X wd (4)

where, wd is the weighting of a particular dimension derived from AHP; wc; is the
weighting of each sub-indicator.

Once the various sub-indicators had been weighted, the contribution of each sub-
indicator to its dimension had to be defined as a percentage. This was performed through

the following equation from:

tp = Z pi (5)

then:

tp=pr+p2+ps+--+tpn
where tp refers to the proportion total of sub-indicators for the particular dimension.
Next, for each of the four dimensions the new dimension weight was determined using
the following equation:

where, WD; refers to the dimensions newly calculated weight.

Finally, the total assessment of the framework to coastal community resilience to

maritime disasters (CCRMD) is calculated using Equation 7:
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4
CCRMD = Z WD, (7)

i=1

then:
CCRMD = WD, + WD, + WD; + WD,

4.8 Stage five: Development and validation of the framework

The validation of the developed framework were carried out to assess the applicability
of the framework for assessment of resilience in the KSA. As previously mentioned in
the literature review, the nine frameworks that were analysed were found to contain
indicators and sub-indicators that could be separated into four dimensions; namely,
infrastructure, environmental and climate change, social and economic and governance
and institutions. The degree of emphasis on each dimension as determined by the nine
selected frameworks from the literature was 37% (governance and institutions), 34%
(infrastructure), 32% (society and economy) and 16% (environmental and climate
change). The lack of emphasis on the environmental and climate change dimension
compared to the other three dimensions indicates a lack of understanding or appreciation
of the impact that environmental changes have on climatic changes and how this can
contribute to maritime disasters. The importance of this dimension was outlined by two
studies. The first, detailed how shocks originating from environmental disasters would
be better absorbed by the presence of ecosystem protection, natural geographical assets
and the management of the various resources (Matyas and Pelling, 2015). Thus, the
better prepared the environment is, the greater its resilience and therefore the less
damage that would ensue. Which also means that any damage would be rapidly fixed.
Second, Sharifi (2016) demonstrated that if the environmental dimension is ignored or
lacking in inclusion that this would lead to the undermining of the resilience of a coastal

community.

To this end, it was essential that the developed framework increased the emphasis on
the environmental dimension in relation to the other three dimensions while also
assessing the applicability of the framework in the absence of real data. To determine
this the mean weighting of each dimension was determined and then each dimension’s
percentage contribution to the framework was also assessed to confirm an increase in
the contribution of the environmental dimension to the overall framework. Moreover, the
framework was compared to other frameworks previously identified in the literature to
investigate the potential of its applicability for assessing resilience of the coastal

communities in the KSA.
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Furthermore, the literature review of maritime disasters outlined in the second chapter
indicated a lack of data on maritime disasters that had previously impacted the KSA. This
lack of data was attributed to the lack of a central database that would be used for the

recording of such data.

Within the lack of data, and in order to validate the relevance and applicability of the
proposed framework, semi-structured interviews with experts were conducted. This
approach was suggested by Harrell and Bradley (2009) as a method to assess the
validity of frameworks. Semi-structured interviews involve a qualitative approach, which
according to Jogulu and Pansiri (2011) provides in-depth insights and rich data that
includes the subjective views of participants. Semi-structured interviews allow for an
exploration of the views of interviewees on a particular topic without the restrictions of
closed questions. That is, semi-structured interviews have open-ended questions with
no limit in the choice of answers of the interviewees (Srivastava and Thomson, 2009,
Gubrium and Holstein, 2002, McCracken, 1988) The governmental, organizational and
academic leadership had been selected for these interviews to participate in the
validation of the proposed framework. The goal of using semi-structured interviews as
an approach to validate the framework is to assure that the scope of the framework is
applicable to the context of the country and to identify implementation challenges. This
would involve evaluating the completeness and relevance of the indicators, the proposed

weighting and ranking indicators, and any further contextual/policy implementation.

4.9 Summary

The chapter opens by explaining the type of data (quantitative and qualitative) and
therefore the types of studies required. The use of a mixed methods approach is justified
on this basis. The research structure’s design was outlined and illustrated in a systematic
way demonstrated to involve five stages. The first stage was alluded to as it was covered
in the previous chapter. This stage was part of the theoretical arm of the study which
exposed gaps in disaster risk management and therefore in the robustness of resilience

frameworks.

The next stage of the methodology is explained in detail in this chapter and include the
examination of stakeholder perception of the assessment criteria with regards to
maritime disasters in the context of coastal communities in Saudi Arabia. The types of
guestions required and their contribution to the research is key in defining the types of
experts participating in the research project, the range of their knowledge and their
understanding of the need for the development of a resilience framework are all
assessed. The third stage includes the use of the Delphi technique to examine the

assessment criteria more deeply while taking account of alternatives that can be
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employed to strengthen the resilience of coastal communities in the face of maritime
disasters. This was defined as involving several rounds of questionnaires that would use
the conventional postal method for communication of expert opinions. The fourth stage
involved an explanation of the AHP and its use in prioritising and determining the
significance of the assessment criteria through assignment of weighting. The importance
of using Expert Choice software to compute these priorities and significance of the
various sub-indicators is explained. Its importance in affording this study a reliable and
dependable result is paramount in increasing stakeholder confidence in the results of the
study. To complete stage four, details and definitions of the mathematical formulae used
throughout the experimental steps are given. The final stage then ends with an
assessment of the suitability of the framework by means of validation of the framework.
The next few chapters will expand on stages two, three, four and five of the methods
outlined in this section.
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Chapter 5
Stakeholders’ perception of resilience to maritime
disasters

This chapter investigates stakeholders’ perceptions of coastal community resilience
indicators to maritime disasters. It details quantitative methodology employed in the form of
a questionnaire with the aim of defining both the participants and their opinions. Statistical
methods are employed to help define these factors and to allow their comparison to previous
studies. The respondents’ characteristics were collected and analysed. Perceptions of
respondents on the various indicators is detailed and the significance is measured with
respect to their specific characteristics using Principal Component Analysis. The significance
of the indicators is then used to aid prioritisation of the indicators, thereby giving a clear
explanation of the publics’ perception and of coastal community resilience and the dangers

caused by maritime disasters.

5.1 Questionnaire development

The questionnaire utilised in this study aimed to use a quantitative methodology to gather
data from a range of participants from across the KSA. All participants were asked to
provide their demographic data to aid with the analysis. Of the 25 questions posed, the
majority were styled as multiple choice questions and the remainder were open-ended
guestions allowing for the collation of a range of data.

5.2 Respondents’ characteristics

Seven hundred twenty-four responses were received, and five hundred seventeen
respondents had answered all of the survey questions. Therefore, the analysis presented
in this paper is based on the 517 valid responses. Figure 5-1 illustrates the demographic
details of the respondents. It indicates that they were all from different age groups,

educational levels and locations across Saudi Arabia.

Gender: Roughly three quarters (74.7%) of respondents were male and 25.3% were
female. Alshehri (2013) noted that, according to the customs and traditions of Saudi

Arabia, recruiting female respondents can be challenging.

Age: 25% of participants were between 25 and 30 years old. This represented the
highest rate of participation. The second biggest group consisted of 31 to 35-year-old
(24%). The smallest group was made up of those above the age of 61 which comprised

1% of the study sample.

Occupation: More than half (58%) of the respondents were employed by the

government. The second largest occupation group consisted of non-government
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employees (18%); 9% of the respondents were employed in the private sector and 15%

of participants were unemployed or students.

Qualifications: 47% of respondents had an undergraduate degree as their highest

gualification, 36% had a postgraduate degree, and 2% had no formal qualification.

Geographical coverage: Most respondents came from the Western Region of Saudi
Arabia (38%), followed by the Central Region (24%), Eastern Region (18%), Northern
Region (11%), and Southern Region (10%).

Location: Respondents lived in cities spread across all of Saudi Arabia. The greatest
number of participants came from Riyadh (21%), the largest city in the country. Other

participants came from Jeddah (19%) and Dammam and Tabuk (7%).
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Figure 5-1 Demographic characteristics of the respondents
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5.3 Principal component analysis (PCA)

The experience of daily living and places of work and study all influence the perceptions
of stakeholders. As shown inTable 5-1, 17 items were investigated in this study and
ranked (from lowest to highest) according to mean scores ranging between 3.40 and

4.56, which were obtained using a Likert-type scale of 1-5.

Table 5-2 shows the results of the PCA, as well as the factor loadings after rotation,
eigenvalues, and percentages. The substantial factor loading for all questionnaire items
was found to be in the range of 0.5 and 0.8. From the 17 items, three summated indices
were extracted: ‘human and environmental impacts’, ‘impact on livelihood’, and
‘awareness and training’. An initial analysis for each component revealed the eigenvalue
for the Kaiser criterion, which was greater than 1.0. The total eigenvalues for each of the
factors ranged from 2.542 to 5.693. Bartlett's test of sphericity revealed a significant
correlation between questionnaire items (p<0.000). This indicated that all selected
variables were related to one another and were appropriate for further analysis. Next,
the KMO measure (0.921) confirmed the sampling adequacy, supporting the fact that the
variables were suitable for factor analysis and were considered high (Ameen et al.,
2015). The percentage of total variance was 64.38%. The ‘human and environmental
impacts’ component was clustered into 11 items, which made up the largest percentage
of explained variance (33.49%). The other two components (impact on livelihood and
awareness training) only consisted of three items each, which accounted for 15.95% and
14.95% of the variance, respectively. Dual loading was not identified for any of the 17
items. Based on the large sample size, as well as the convergence of the scree plot and
the Kaiser criterion results, only three components were retained for final analysis. When
the reliability estimates were applied using Cronbach’s alpha for all generated
components, reliability was found to be greater than 0.60 (Table 5-2). This suggested a
robust internal reliability between questionnaire items with similar attributes. In total,
Cronbach’s alpha was 0.926, which implied a high level of reliability overall (Ahmad and
Ahlan, 2015).
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Table 5-1 Descriptive analysis of coastal community resilience factors

Items 1* 2* 3* 4* 5* Mean | Mode | SD

Tackling oil spillages in coastal areas 0.9 2.0 7.2 14.1 75.8 4.62 5.00 0.79
Security systems and safety procedures 1.3 1.8 9.0 23.9 63.9 4.47 5.00 0.84
Poverty rate 1.8 2.6 9.0 23.4 63.2 4.42 5.00 0.91
Compliance with international standards (ISPS Code) 1.3 2.4 10.4 26.4 59.5 4.40 5.00 0.87
DRR training programmes 1.8 4 10.8 20.0 40.8 4.39 5.00 0.96
Building codes 17 4.1 10.7 22.1 61.5 4.37 5.00 0.95
Coastal resources such as fishing 0.6 2.2 11.4 29.8 56.0 4.37 5.00 0.82
Monitoring of coastal water quality 15 3.3 10.5 274 57.3 4.36 5.00 0.92
Awareness campaigns 15 5.7 12.6 25.3 55.0 4.27 5.00 0.98
Availability of urban green space 2.0 4.0 10.5 29.4 54.0 4.27 5.00 0.96
Safety considerations for man-made disasters 1.7 4.6 10.6 315 51.7 4.26 5.00 0.95
Household income 2.0 3.1 14.7 335 46.6 4.19 5.00 0.95
Projected sea level rise 1.8 4.0 14.0 34.2 46.0 417 5.00 0.95
Mean elevation of the area 1.7 4.8 154 37.3 40.9 4.10 5.00 0.95
Multilingual awareness programmes 3.1 6.8 16.9 28.4 44.8 4.04 5.00 1.09
Exposure and risk of increasing temperature 3.3 6.4 15.8 35.3 39.2 4.00 5.00 1.06
Conservation of mangroves 41 8.4 17.3 26.5 43.7 3.96 5.00 1.16

Notes: * Response (%) scale. 1: Unimportant; 2: Of little importance; 3: Moderately important; 4: Important; 5: Very important
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Table 5-2 Rotated component matrix of the survey items

Component
Items Human and environmental impacts Impact on Livelihood Awareness & Training
Projected sea level rise 0.766 - -
Security systems and safety procedures 0.740 - -
Exposure and risk of increasing temperature 0.736 - -
Compliance with international standards (ISPS Code) 0.727 - -
Building codes 0.719 - -
Mean elevation of the area 0.717 - -
Safety considerations for man-made disasters 0.708 - -
Monitoring of coastal water quality 0.684 - -
Availability of urban green space 0.633 - -
Tackling oil spillages in coastal areas 0.615 - -
Conservation of mangroves 0.522 - -
Household income - 0.865 -
Poverty rate - 0.836 -
Coastal resources such as fishing 0.596
Awareness campaigns - - 0.863
DRR training programmes - - 0.823

Multilingual awareness programmes

0.795
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5.4 Relationship between personal information and perception of
socioeconomic and environmental impact indicators

To summarise the data analysis and interpretation, the participants and variables were
re-categorised thereby revealing the non-normal distribution of the data. Thus, non-
parametric tests had to be carried out on all survey items with non-normal distribution.
These tests included the Mann-Whitney U-test for gender and the Kruskal-Wallis test for
occupation, qualification, region and location. Table 5-3 shows that all demographic
characteristics demonstrated statistically significant differences.

Gender was proven to have a significant effect on participants’ perception of rising sea
levels, exposure and risk of increasing temperature, building codes, the availability of
urban green space, safety considerations regarding man-made disasters, security
systems and safety procedures, compliance with international standards (International
Ship and Port Facility Security Code), the conservation of mangroves and poverty rate.
Similarly, age had a significant effect on participants’ perception of multilingual
awareness programmes. Regarding the other findings, it was clear that occupation
affected perceptions of household income and poverty rate, and region influenced
perceptions of mean elevation of the area, rising sea levels, building codes, security
systems and safety procedures, compliance with international standards (International
Ship and Port Facility Security Code), coastal resources (i.e., fishing), household income
and poverty rate. Finally, location had an effect on participants’ perception of mean
elevation of the area, monitoring of coastal water quality, conservation of mangroves,

coastal resources (i.e., fishing), household income and poverty rate.
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Table 5-3 Results of non-parametric test

PCA Items Mean | Non-parametric test (p-value*)
Gendert | Age Occupationt Qualification | Regionf | Location
groups f 1
Environment | Tackling oil spillages in coastal areas 4.62 0.094 0.765 0.764 0.899 0.334 0.329
al impact Security systems and safety procedures 4.47 0.000° 0.714 0.316 0.26 0.022° 0.186
Compliance with international standards (ISPS Code) 4.40 0.012" 0.902 0.173 0.434 0.026" 0.079
Building codes 4.37 0.000" 0.984 0.332 0.58 0.017" 0.075
Monitoring of coastal water quality 4.36 0.150 0.261 0.422 0.439 0.100 0.048"
Availability of urban green space 4.27 0.045* 0.470 0.874 0.829 0.797 0.787
Safety consideration for man-made disasters 4.26 0.000" 0.301 0.298 0.41 0.05 0.135
Projected sea level rise 4.17 0.000" 0.419 0.067 0.374 0.034" 0.209
Mean elevation of the area 4.10 0.029" 0.105 0.152 0.816 0.004" 0.024"
Exposure and risk of increasing temperature 4.00 0.001" 0.666 0.391 0.328 0.216 0.601
Conservation of mangroves 3.96 0.016* 0.086 0.586 0.097 0.054 0.026"
Impact on Poverty rate 4.42 0.027" 0.782 0.88 0.003" 0.005 0.010"
Livelihood Coastal resources such as fishing 4.37 0.10 0.195 0.001° 0.135 0.000° 0.001"
Household income 4.19 0.899 0.379 0.253 0.000" 0.008" 0.002"
Awareness & | DRR training programmes 4.39 0.119 0.769 0.336 0.272 0.970 0.689
Training Awareness campaigns 4.27 0.038* 0.062 0.005" 0.777 0.33 0.619
Multilingual awareness programmes 4.04 0.106 0.036" 0.056 0.619 0.098 0.18

Notes: * p < 0.05, + Mann-Whitney U-test, £ Kruskal-Wallis test
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5.5 Discussion

In total, approximately 76% of the respondents stated that ‘tackling oil spillages’ posed
the most significant community resilience challenge for coastal cities, as shows in Table
5-1. This item was given the highest mean score of 4.62 and the lowest SD of 0.79. This
was followed by ‘security systems and safety procedures’, ‘poverty rate’, ‘compliance
with international standards (International Ship and Port Facility Security Code) and
‘DRR training programmes’, respectively. The least important item for respondents was
‘the conservation of mangroves’, which received the lowest mean score of 3.96 and the
highest SD of 1.16. Another low-ranking item was ‘exposure and risk of increasing
temperature’. These findings indicate that most stakeholders considered issues
regarding the wider community resilience to be of greater importance; i.e., ‘projection of
rising sea levels’, ‘availability of urban green space’, ‘building codes’, ‘security systems
and safety procedures’ and ‘awareness campaigns’. This is similar to the findings of the
previous studies conducted on community resilience outlined in the literature review. In
the current study, all indicators received mean scores greater than 4 (important), with

the exception of one example, which had a mean score of 3 (moderately important).

The principal component analysis revealed the existence of three structured
components, all with high internal consistencies. However, as shown in Table 5-2,
several factors only contained three items. The following sub-sections discuss
community resilience in terms of PCA components grouped according to their

importance and priority, as indicated in Table 5-3.

5.5.1 Human and environmental impacts

The largest PCA component was found to be ‘human and environmental impacts’, which
was made up of 11 items and had a mean score greater than 4.00. This indicated that
all items were of high importance. Furthermore, gender had a significant effect on
perception for most of the items, which illustrates the ways in which women and men
respond to and recover from disasters based on their own life experiences. According to
Joerin et al. (2012), men and women have different abilities and ways of responding to
disasters, which result in different impacts. Within this component, ‘tackling oil spillages’
was considered most important. Akyuz et al. (2017) noted that oil spillages are commonly
regarded as the greatest cause of maritime environmental damage. Saudi Arabia’s
location and its vast oil reserves have made it particularly vulnerable to oil spillages. The
country has roughly 161 large oil deposits across the Arabian Gulf, which makes it the
world’s leading nation in terms of exposure to a potential oil spill disaster. A recent
UNESCO report highlighted this fact, stating that 75% of global oil spills take place in

this area, which results in billions of dollars of damage every year (Alamri, 2010, Bjornstig
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and Forsberg, 2016). Oil spills are a human-induced threat that could also impact the
Red Sea coastal plain of Saudi Arabia, because it is a major route for transporting oil
between the Arabian Gulf and the Western world (Hereher, 2016). Therefore, it is

necessary to tackle the issue of oil spillages to enhance environmental resilience.

‘Security systems and safety procedures’ was the second most important item identified
by the respondents. Respondents stated that security and safety programmes are vital
for identifying, assessing and monitoring disaster risks and in enhancing early warning
systems to control the coastal community for the purpose of reducing the threat of man-
made maritime disasters such as terrorism and vessel accidents (Coaffee et al., 2008).
Thus, region had a significant effect on stakeholders’ perception regarding this item.
Decision-makers need guidance on security systems and safety procedures to improve
the resilience of communities and make them less vulnerable to disruptive events,

including natural and man-made disasters.

The third most important item was identified by participants as ‘compliance with
international standards (International Ship and Port Facility Security Code)’. The ISPS
Code was born of growing threats of terrorist and piracy attacks on ships and port
facilities. Nowadays, ports are required to demonstrate critical infrastructure resilience,
particularly due to their role as important national and international economic resources.
If aterrorist attack occurred at a port or on a ship, this would result in significant disruption
of supplies and lead to several negative outcomes. For example, a suicide bombing
using a vessel on an oil platform would considerably disrupt oil and gas supplies and
pollute the sea. Moreover, the loss of vessels, cargo and human lives, as well as the
need to divert productive resources to increase security measures would also have a
negative effect on the country’s economic activities (Barnes and Oloruntoba, 2005).
Therefore, it is clear that ‘compliance with international standards’ is an important item

for Saudi Arabia’s society and economic resilience.

The item ‘building codes’ was identified by participants as the fourth most important item.
Livelihoods and infrastructure are particularly vulnerable to the negative impacts of
maritime disasters; therefore, it is important to reduce exposure and potential disaster
damage through the enhancement of building codes. This may also result in lower
investment costs (Aerts et al., 2014). Bosher et al. (2007) noted that building codes also
help to strengthen buildings and infrastructure exposed to disasters. On the whole, it has
come to be understood that construction practices must have greater sensitivity to
disasters if it is going to be possible to effectively mitigate their impacts (Chmutina and
Rose, 2018). In this way, the development of building codes must involve guidelines for

design and construction, as well as standards for health and safety, amenities and
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sustainability. The safety element is particularly significant because this will help to

protect human lives and wellbeing when disasters occur.

The fifth most important item in the ‘human and environment impacts’ group identified by
respondents was ‘monitoring of coastal water quality’. The Saudi Arabian coastline has
experienced considerable urban development in recent years, resulting in the installation
of many desalination plants, power stations and wastewater treatment facilities. The
primary source of freshwater in the country is desalinised water, with 3.29 million m3
being produced for the Western Region daily from the Red Sea (Hereher, 2016). These
desalination plants and their disposal of treated wastewater into the sea will potentially
increase the salinity of the seawater, threatening the marine environment and
communities dependent on coastal resources. Thus, to ensure environmental resilience,

Saudi Arabia must monitor its coastal water quality.

The other items that made up the ‘human and environmental impacts’ component in this
paper have also been identified in previous studies. These items include ‘the availability
of urban green space’, ‘safety considerations of man-made disaster’, ‘projection of rising
sea levels’, ‘mean elevation of the area’, ‘exposure and risk of increasing temperatures
and ‘conservation of mangroves’. According to Parry (2007), coasts are the most
vulnerable locations for global climate change. In the last century, the increase in global
temperature has resulted in rising sea levels. This global warming trend is expected to
continue in the future. As Saudi Arabia has the longest coastline of the Red Sea and
Arabian Gulf, this makes it particularly vulnerable to climate change (Hereher, 2016).
Rising sea levels are a problem that affects coastal areas globally and are of particular
concern with flat beaches. In Saudi Arabia, lowland areas could become overwhelmed
by an increase in sea level, resulting in flooding, loss of lives and property, and the
deterioration of water resources. Furthermore, an increase in water temperature
because of global warming could also affect mangroves in the area. These mangroves
are an essential part of the local and global ecosystems, as they absorb carbon dioxide
and other pollutants from the air and water, which helps to protect coastal communities
from cyclones and rising sea levels and enable water purification. However, they are
increasingly threatened by human and environmental impacts (Almahasheer et al., 2016,
Ghosh et al., 2016).

5.5.2 Impact on livelihood

The second PCA component identified in this study related to livelihood and was made
up of three items. ‘Poverty rate’ was deemed the most important item by respondents,
with the highest mean score of 4.42. It was also rated the third most important indicator

in the questionnaire. This may be because, as Ainuddin and Routray (2012) stated,

97



poverty is the main factor that increases disaster risks. When a disaster occurs, people
are often forced into poverty. For this reason, it is extremely difficult to eradicate poverty
completely. However, the impact of poverty is not homogeneous; it can vary according
to local capacity (Hallegatte et al., 2016). This explains why, for this item, location was
rated by stakeholders as a significant factor (as shown in Table 5-3). Hallegatte et al.
(2016) claimed that disasters strongly impact poverty, thereby emphasising the
importance of building disaster resilience in poor communities, which could help to
prevent future disaster events from impoverishing people. This would protect their

livelihoods and assets, which, in turn, would help them recover at a faster rate.

Coastal resources, such as fishing, was the second most important item identified for
this group. Coastal resources have a high economic productivity, particularly reefs and
mangroves, which provide many marine species with nursery and feeding areas.
Moreover, these coastal resources also increase protection against storms because they
act as buffer areas (IOTWSP, 2007). However, human activities in coastal areas are
causing a major problem by damaging coastal resources. The overuse of such resources
creates excess pressure, which can increase risks to such areas. For this reason, it is
necessary to manage human use of coastal resources to increase the communities’

disaster resilience.

The third most important item identified by respondents was ‘household income’, which
Cai et al. (2016) noted to be a significant and positive predictor. Yoon et al. (2016) stated
that communities with higher incomes can absorb, respond to and recover from
emergencies more rapidly because they have large budgets to spend on disaster
recovery. In this way, communities with higher economic vitality are better able to
respond and recover from disasters, as they have both the funds and resources to assist
inhabitants. Therefore, they are more resilient than communities with less economic
vitality. This also explains why lower income populations tend to live in poor quality
housing located in high risk disaster areas. Indeed, region and location had a significant

effect on stakeholder perception for this item.

5.5.3 Awareness and training

The final PCA component was ‘disaster risk reduction (DRR) training programmes and
was made up of three items related to awareness and training. DRR training programmes
are an important way of helping communities increase their awareness, skills, and
abilities to deal with disasters effectively, thereby enhancing community resilience (Liu
et al., 2016). DRR training programmes include themes such as search and rescue, first
aid, temporary shelter construction, food distribution and evacuation management

(IOTWSP, 2007). Drills and exercises, such as those taught in the training programmes,
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must be carried out regularly to safeguard community responses and to identify any gaps
or deficiencies for future consideration. If a community is resilient, it will have community
members who are able to respond quickly when an incident occurs, by drawing on their

training, education and drills.

Respondents considered the second most important item for this component to be
‘awareness campaigns. Disaster resilience can be enhanced by raising risk awareness,
as demonstrated in studies conducted by , Hereher (2016) and Alshehri et al. (2013),
who demonstrated that warning systems are not effective if sufficient education and
outreach has not been achieved. If communities are unable to understand information
about warnings or do not know how to respond to them, the risk of loss of life increases
significantly. When a large disaster occurs in Saudi Arabia, multiple agencies are
involved, some of which may have overlapping roles and responsibilities. This can often
reduce the efficiency of the disaster response. With this in mind, it is important that
awareness programmes notify staff and organisations of this issue. This may also explain
why the stakeholders considered ‘occupation’ a significant factor for stakeholders for this
item. Through comprehensive public awareness campaigns, members of the community
could be informed regularly about disaster risks, warning procedures and evacuation
plans, which would improve community resilience. Joerin et al. (2014) identified a
significant correlation between education, awareness and community preparedness.

Thus, it is clear that raising awareness would result in better prepared communities.

The final item identified for this component was ‘multilingual awareness programmes’,
which entail similar awareness training to DRR training programmes but in multiple
languages. It is important that disaster information is disseminated to all the people living
in a country, including foreign residents or travelers who may not understand the
country’s native language (Hasegawa et al., 2005). Saudi Arabia has more than 10
million foreign residents from a wide range of countries (as of 2016), which represents
approximately 33.1% of the country’s total population and is increasing year by year
(Algarni et al., 2018). This is particular crucial for a country such as Saudi Arabia as
foreign visitors to the KSA come from all over the world. Thus, it is clear that disaster
prevention and refuge information must be provided in multiple languages. This
information must be disseminated to people at appropriate times in suitable formats and

in a range of languages to bolster community resilience.

5.6 Summary
This chapter has expanded on the outline laid out in the previous chapter. This study has
presented the perceptions of various stakeholders regarding community resilience and

the challenges it entails. It has also identified several important priorities, based on the
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views of these stakeholders, within the context of Saudi Arabia. It has reported that it is
necessary for all at-risk individuals, organisations, and institutions to work together
before a disaster occurs to decrease the level of risk. Thus, public participation is a key
component of building disaster community resilience. Using these findings, this study
concludes by outlining some of the key recommendations for decision-makers,
practitioners, and researchers regarding how to build community resilience to maritime

disasters as summarised below.

The study has identified tackling oil spills as the most notable challenge in Saudi
Arabia. Due to the country’s location and its vast oil reserves, it is particularly vulnerable
to the possibility of oil spillages. Every year, 75% of global oil spills take place in Saudi

Arabia, which can lead to billions of dollars of damage.

The improvement of building codes offers one way to reduce exposure and potential
disaster damage. Improved codes could strengthen buildings and infrastructure exposed
to disasters risk.

Compliance with international standards, such as the ISPS (International Ship and Port
Facility Security) Code is also essential for the prevention of man-made disasters, such
as terrorist acts and piracy against ships and port facilities.

Furthermore, the human use of coastal resources must be managed. Overuse can
result in extreme pressure on resources, heightening the risk of damage to such areas.
This is a major concern, because these areas provide nursery and feeding areas to many

marine species, as well as serving as buffer zones to offer protection against storms.

This study also been identified that increasing the provision of DRR training
programmes is an important way to help communities build awareness, skills and
abilities to deal with disasters effectively. Furthermore, such information must be made
available to the necessary people at appropriate times in a range of suitable formats and

languages.

Thus, multilingual awareness programmes must also be offered to foreign residents
or travelers who do not speak Arabic. This is critical, given that over ten million foreign

residents (i.e. 33.1% of the country’s total population) live in Saudi Arabia.

These findings have provided evidence of the various social, economic and
environmental factors that can make communities more resilient to disasters. A
community’s resilience to disaster depends largely on its socioeconomic status, as well
as upon environmental factors and understandings of disaster risk. Therefore, it is
important that less resilient communities are particularly prioritised for support to

enhance their disaster coping capacity.
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The data from this chapter will be further analysed using empirical methods in the form
of the Delphi technique and Analytical Hierarchy Process to work towards developing the

framework for coastal community resilience against maritime disasters.

101



Chapter 6
Identification resilience assessment factors

This chapter aims to identify coastal community resilience assessment framework factors
through the collation of expert’s opinions using the Delphi technique. This is the third stage
in the research process. The chapter first discusses the Delphi technique and its origins,
applicability and advantages. A reminder of the assessment criteria that originated from the
literature reviews are then referenced the four dimensions and their indicators and sub-
indicators are detailed. The Delphi technique is summarised together with the background
of the experts involved. In this study, a consensus was achieved after two rounds. Next, the
analysis of the Delphi results is detailed and explained in the context of the significance of

each dimension. The following research questions are addressed in this Chapter.

* RQ3 - Which applicable coastal community resilience factors are required for the

management of risks of maritime disasters in the Saudi Arabian context?

* RQ4 - How can identified resilience factors be incorporated into a local coastal

community resilience assessment framework?

6.1 Introduction

This chapter details the Delphi technique which has its basis in Greek mythology the
oracle at Delphi, a wise Greek figure that had the answers to all questions put to her by
the Greeks and distant travellers and through listening to her many informers. This
technique’s ability to essentially answer difficult questions from gaining the input of
various opinions is why it has inherited the name Delphi. As outlined by Skulmoski et al.
(2007), this technique has been adopted in various fields including engineering, defence,

education and many more.

There are various consensus methods that could have been employed such as the
Nominal Group Technique described by Bowling (2014). The Delphi technique, however,
has several advantages as described in Chapter 4. The first of these is the privacy
afforded participants which prevents other participants having knowledge of who else is
taking part. This is beneficial as it prevents the intimidation of participants by individuals
they deem superior and it eliminates the pressures stemming from socio-psychological
pressures (Bailie, 2011, Okoli and Pawlowski, 2004). The exclusion of these pressures

serves to improve the rate of response as the responses increase in validity.

The second advantage of the Delphi technique originates from the way in which the
questions and responses are communicated and gathered. When using the Delphi

technique, participants can be located across the globe and could be numerous (Keeney
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et al., 2006). As demonstrated through various studies, the third benefit of the Delphi
technique is further strengthened through its iterative and feedback processes which

serve the attainment of a consensus (De Villiers et al., 2005, Keeney et al., 2006).

Finally, the need to employ experts in the decision-making process is the fourth
advantage which accounts for its robustness (Okoli and Pawlowski, 2004). The experts’
range of knowledge and expertise greatly increase the reliability, applicability and

significance of responses given.

6.2 Results and analysis

The Statistical Package for Social Sciences (SPSS) version 20.0 has been used to
analyse the collected data. The data was derived from a survey designed to determine
whether participant experts could reach a consensus regarding the importance of

community resilience criteria (four dimensions) for disasters that occur in Saudi Arabia.

6.2.1 The Delphi survey respondents

Chapter 4 indicated that seventy-three prospective panellists were contacted initially with
an invite to take part in the survey. Of these seventy-three, sixty-five were involved in the
first round and fifty-eight in the second round. During the second round, a general
consensus was obtained. This decision eliminated the need for further rounds. According
to previous studies (Hasson et al., 2000) and (Okoli and Pawlowski, 2004), this was
deemed an appropriate number of experts. All experts came from a range of disciplines
that dealt with disaster risk management; consisting of international experts,
professionals and highly informed local experts from the world of academic, government
and non-government. All had at least five years of experience in disaster risk

management and a relevant degree.

6.2.2 The framework for assessing coastal community resilience to maritime
disasters in Saudi Arabia

Based on the consensus obtained amongst the expert panel, a final framework was
created that integrated a number of factors that were regarded as important for building
community resilience to disasters. The basic framework is outlined in Table 6-1 and
includes the hierarchy of factors. The first level consists of four dimensions: society and
economy, environment and climate change, infrastructure and governance and
institutions. The second level is made up of eighteen indicators, while the third level

includes sixty-eight sub-indicators.
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Table 6-1 Coastal community resilience to maritime disasters framework in KSA

Coastal community resilience assessment framework of maritime disasters management for Saudi Arabia

Governance and Institutions

Laws & policy

Regulations and policies

Environmental regulation

Participationin DRR planning

DRR strategies

Compliance with international
standards that consider hazard
risks

Institutional action

Observation and Monitoring

Institutional collaboration &
coordination

Voluntary Groups

Warning and
evacuation

Early warning system

Availability of evacuation centre

Emergency Aids

Hotels and motels

Society and economy Environment and climate change Infrastructure
Demographic Population growth rate Coastal pollution Water quality Health Hospitals (#) in 100 people
Population density control Marine pollution Hospital beds (#) in 100
dependent population Mangrove cover Number of physicians (#) in
100 people
Disability Industrial wastewater discharge Number of ambulances (&)
Level of education land use Agricultural land Health insurance (#) in 100
people
Foreign population Urban green space Health care support
workers (#) in 100 people
Livelihood Population dependent on coastal Built uparea Transportation Roads accessibility
resources
Household income Building codes and regulation Vehicde ownership
Poverty Mean elevation of the area School and employee buses
Employment Employment dependence on coastal Slow onset Exposure and risk of increasing Special need transportation
resources disasters temperature services
Nonprofit organization (NPO) Relative rate of sea level rise Public transportation
modes
Awareness & Disaster exercises and drills Implementation of IPCCRules and Utilities Infrastructure and public
training Procedures facilities
DRR training Rapid onset Frequency of natural hazards Renewable energy
Awareness of disaster and climate disasters Intensity/severity of natural hazards Fire stations
change risks
Multilingual awareness programmes Seabed seismic monitoring Communication Access to mobile phones
Awareness campaigns Access to radio/television
Culture Social capital Reliability of
communication systems
Integrating DRR into school curriculum Internet services
Safety and Riots, conflicts and homicide incidents Embankment & Vulnerable shoreline
security ISPS code compliance shoreline Age of enbankments
Safety and security systems Maintenance of
embankments
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As part of the first round, sixty-five experts received the criteria relevant to each
dimension. These experts were asked to provide an opinion on the importance of each
factor and to include any further relevant criteria. A 5-point Likert scale (1 — unimportant,
2 — of little importance, 3 — moderately important, 4 — important, 5 — very important) was
used to indicate their rating. Table 6-2 lists the resulting mean ratings. All responses
were analysed to assess the degree of perceived importance. Moreover, the responses
were further analysed to determine whether or not a consensus was reached across the
panel of experts. This was achieved by determining the inter-quartile range (IQR). The
values of the mean ranged from 3.5 to 4.8 signifying the importance of all the criteria. At
the end of round one, nine new criteria were suggested by the expert panel. Seven of
these were accepted but two failed to qualify due to not gaining a general consensus
(IQR<1). Table 6-3 details this information. The nine criteria included were non-profit
organisation (NPO), foreign population, integrating DRR into school curriculum, industrial
wastewater discharge, public transportation modes, implementation of IPCC rules and
procedures, compliance with international hazards that are considered disaster risks,
unemployment rate and sex ratio. The last two criteria; specifically unemployment rate
and sex ratio were excluded. Sex ratio is not an essential means of defining the
population as its impact on resilience would be minimal. Two other criteria population
density and population growth rate both afford a better assessment of population
contribution to the framework. Resilience is also likely to be impacted by the effect of
those who are less able. This is also accounted for by two criteria; namely disability and

the dependant population.

The unemployment rate criterion was also deemed to be unimportant. This is because
an issue arose in the methodology used to measure unemployment, as this criterion
could be measured in different age groups. Furthermore, a criterion already exists that
serves the same purpose as the employment criterion. Finally, both criteria cannot be
included as it would essential be equal to measuring this aspect of resilience twice. This
would therefore make the calculation of resilience inaccurate. Thus, the unemployment

rate criterion was excluded.

Round two was completed by fifty-eight experts. This time, all sixty-eight criteria (sub-
indicators) under the four dimensions obtained means between 3.6 and 4.5 (See Table
6-4 To Table 6-7). This means that they were all considered to be important. Moreover,
all criteria obtained an IQR between 0 and 1, which indicates that a general consensus
was achieved for all criteria. In addition, there was a standard deviation of less than 1 for
all criteria which demonstrates a high level of consensus was agreed by the expert panel

across all criteria. Given this fact, there was no need to carry out any further rounds.
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Table 6-2 Round 1

Dimension Indicator Sub-indicator Total experts |Mean |Median
Society and Demographic Population growth rate 65 4.1 4.00
economy Population density 65 4.2 4.00
Dependent population 65 3.5 4.00
Disability 65 3.9 4.00
Level of education 65 3.9 4.00
Property type 65 3.5 4.00
Livelihood Population dependent on coastal resources 65 3.9 4.00
Household income 65 3.4 4.00
Poverty 65 3.6 4.00
Employment Employment 65 3.4 3.00
Employment dependence on coastal resources 65 4 4.00
Awareness & Disaster exercises and drills 65 4.5 5.00
training DRR training 65 4.6 5.00
Awareness of disaster and climate change risks 65 4.6 5.00
Multilingual awareness programmes 65 4.2 4.00
Awareness cam paigns 65 4.4 5.00
Culture Social capital 65 3.6 4.00
Religious organisations 65 3.3 3.00
Safety and security |Riots, conflicts and homicide incidents 65 3.5 4.00
I15P5 code compliance 65 4.3 4.00
Safety and security systems 65 4.3 5.00
Environment and |Coastal pollution Water quality 65 4.2 4.00
climate change control Marine pollution 65 4.5 5.00
Mangrove cover 65 3.8 4.00
land use Agricultural land 65 3.6 4.00
Urban green space 65 3.8 4.00
Built up area 65 4 4.00
Building code 65 4.4 5.00
Mean elevation of the area 65 4.2 4.00
Slow onset disasters|Exposure and risk of increasing temperature 65 3.8 4.00
Sea level rise 65 4.1 4.00
Rapid onset Frequency of natural hazards 65 4.2 4.00
disasters Intensity/severity of natural hazards 65 4.3 4.00
Infrastructure Health Hospitals 65 4.4 5.00
Hospital beds 65 4.3 4.00
Number of physicians 65 4.1 4.00
Number of ambulances 65 4.2 4.00
Health insurance 65 3.9 4.00
Health care support workers 65 4.1 4.00
Transportation Roads accessibility 65 4.5 5.00
Vehicle ownership 65 3.4 3.00
School and employee buses 65 3.6 4.00
Special need transportation services 65 4.1 4.00
Utilities Infrastructure and public facilities 65 4.6 5.00
Renewable energy 65 4 4.00
Fire stations 65 4.6 5.00
Communication Access to mobile phones 65 4 4.00
Access to radio/television 65 3.7 400
Reliability of communication systems. 65 4.3 4.00
Internet services 65 4.2 4.00
Embankment & |Vulnerable shoreline 65 4.2 4.00
shoreline Age of embankments 65 4.1 4.00
Maintenance of embankments 65 4.3 5.00
Governance and Laws & policy Regulations and policies 65 4.5 5.00
Institutions Environmental regulation 65 4.3 4.00
Participation in DRR planning 65 4.3 4.00
DRR strategies 65 4.2 4.00
Institutional action |Observation and Monitoring 65 4.1 4.00
Institutional collaboration & coordination 65 4.4 5.00
Voluntary Groups 65 4.4 5.00
Warning and Early warning system 65 4.7 5.00
evacuation Awailability of evacuation centre 65 4.8 5.00
Emergency Aids 65 4.7 5.00
Hotels and motels 65 3.7 5.00
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Table 6-3 Total criteria reaching consensus in rounds 1 & 2

Round 1 Round 2
Di . Total Consensus % #criteria Total Consensus %
Imension criteria criteria proposed criteria criteria
by expert
Societyand | ) 15 71 2 21 21 100
economy
Environment
and climate | ,, 10 83 3 15 15 100
change
Infrastructure 20 16 80 1 20 20 100
Governance
and. ] 11 11 100 1 12 12 100
Institutions
Total 64 52 85 7 68 68 100

6.2.3 The society and economy dimension

The standard deviations for the various criteria in the Society and Economy dimension
are shown in Table 6-4. All criteria score less than 1, ranging from 0.54 to 0.99 more
specifically. Furthermore, the IQR for all criteria is 1, while the mean values range
between 3.6 and 4.6. Thus, the analyses indicate that there is a consensus on all twenty-

one criteria in the Society and Economy dimension.

6.2.4 The environment and climate change dimension

According to Table 6-5 the Environment and Climate Change dimension obtained
standard deviations of less than 1 for all criteria, ranging between 0.70 and 0.99 more
specifically. The IQR for each criterion was =1, while the mean values were in the range
of 3.6 and 4.5. This indicates that a consensus was obtained on the fifteen criteria in the

Environment and Climate Change dimension.

6.2.5 The infrastructure dimension

In Table 6-6, the standard deviations for the criteria under the Infrastructure dimension
are shown. All are less than 1 and range between 0.57 and 0.97 respectively. Moreover,
the IQR for all criteria is equal to 1, while the mean values run from 3.38 to 4.58. This
proves that there is a general consensus for the twenty criteria under the Infrastructure
dimension.
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Table 6-4 Society and economy criteria consensuses final round

Society and Economy Dimension Round 2

Mean | Median | Std. Interquartile

Deviation | Range (IQR)

Society and economy
Demographic
Population growth rate 4.1 4.00 0.87 1.00
Population density 4.2 4.00 0.92 1.00
dependent population 3.5 4.00 0.92 1.00
Disability 3.9 4.00 0.92 1.00
Level of education 4.0 4.00 0.87 1.00
Foreign population* 3.6 4.00 0.88 1.00
Livelihood
Population dependent on coastal resources 3.9 4.00 0.90 1.00
Household income 3.4 4.00 0.94 1.00
Poverty 3.6 4.00 0.99 1.00
Employment
Employment dependence on coastal resources 4 4.00 0.85 1.00
Non-profit organization (NPO)* 4.1 4.00 0.89 1.00
Awareness & training
Disaster exercises and drills 4.5 5.00 0.69 1.00
DRR training 4.6 5.00 0.54 1.00
Awareness of disaster and climate change risks | 4.6 5.00 0.60 1.00
Multilingual awareness programmes 4.2 4.00 0.75 1.00
Awareness campaigns 4.4 5.00 0.73 1.00
Culture
Social capital 3.6 4.00 0.89 1.00
Integrating DRR into school curriculum* 4.3 5.00 0.85 1.00
Safety and security
Riots, conflicts and homicide incidents 3.6 4.00 0.84 1.00
ISPS code compliance 4.3 4.00 0.77 1.00
Safety and security systems 4.3 5.00 0.64 1.00

*: Proposed by expert

Table 6-5 Environment and climate change Criteria Consensuses Final Round

Environment and Climate Change Round 2

Dimension Mean [Median |[Std. Interquartile
Deviation [Range (IQR)

Environment and climate change

Coastal pollution control

(1) Water quality 4.2  14.00 0.87 1.00

(2) Marine pollution 4.5 |5.00 0.73 1.00

(3) Mangrove cover 3.8  14.00 0.99 1.00

(4) Industrial wastewater discharge* 4.20 14.00 0.73 1.00

land use

(5) Agricultural land 3.6  14.00 0.87 1.00

(6) Urban green space 4.1  14.00 0.80 1.00

(7) Built up area 4 4.00 0.88 1.00

(8) Building codes and regulation 4.4  |5.00 0.81 1.00

(9) Mean elevation of the area 4.2 |4.00 0.81 1.00

Slow onset disasters

(10) Exposure and risk of increasing temperature 3.6 14.00 0.87 1.00

(11) Relative rate of sea level rise 4.1  14.00 0.75 1.00

(12) Implementation of IPCC Rules and Procedures*|4.1 |4 0.73 1.00

Rapid onset disasters

(13) Frequency of natural disasters 4.2  14.00 0.77 1.00

(14) Intensity/severity of natural disasters 4.3  14.00 0.71 1.00

(15) Seabed seismic monitoring* 4.50 |5.00 0.70 1.00

*. Proposed by expert
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Table 6-6 Infrastructure criteria consensuses final round

Infrastructure Dimension Round 2

Mean |Median |Std. Interquartile

Deviation |Range (IQR)

Infrastructure
Health
(1) Hospitals (#) in 100 people 4.4  |5.00 0.75 1.00
(2) Hospital beds (#) in 100 people 4.3  14.00 0.83 1.00
(3) Number of physicians (#) in 100 people 4.1 14.00 0.85 1.00
(4) Number of ambulances (#) in 100 people 4.2 14.00 0.63 1.00
(5) Health insurance (#) in 100 people 4 4.00 0.85 1.00
(6) Health care support workers (#) in 100 people 4.1  14.00 0.91 1.00
Transportation
(7) Roads accessibility 4.5 |5.00 0.62 1.00
(8) School and employee buses 3.6  14.00 0.97 1.00
(9) Special need transportation services 4.1  14.00 0.87 1.00
(10) Public transportation modes* 4.1 ]4.00 0.74 1.00
Utilities
(11) Infrastructure and public facilities 4.6  |5.00 0.58 1.00
(12) Renewable energy 4 4.00 0.91 1.00
(13) Fire stations 4.6 |5.00 0.57 1.00
Communication
(14) Access to mobile phones 4 4.00 0.72 1.00
(15) Access to radio/television 3.7 14.00 0.86 1.00
(16) Reliability of communication systems 4.3 14.00 0.92 1.00
(17) Internet services 4.2  14.00 0.77 1.00
Embankment & shoreline
(18) Vulnerable shoreline 4.2  14.00 0.79 1.00
(19) Age of embankments 4.1 14.00 0.86 1.00
(20) Maintenance of embankments 4.3 |5.00 0.80 1.00

*. Proposed by expert

Table 6-7 Governance and institutions criteria consensuses final round

Governance and Institutions Dimension Round 2
Mean |Median |Std. Interquartile
Deviation |Range (IQR)
Governance and Institutions
Laws & policy
(1) Regulations and policies 4.5 |5.00 0.73 1.00
(2) Environmental regulation 4.3 14.00 0.74 1.00
(3) Participation in DRR planning 4.3 14.00 0.73 1.00
(4) DRR strategies 4.2 4.00 0.84 1.00
(5) Compliance with international standards that 45 |5.0 0.74 1.00
consider disaster risks*
Institutional action
(6) Observation and Monitoring 4.1  14.00 0.81 1.00
(7) Institutional collaboration & coordination 4.4  |5.00 0.69 1.00
(8) Voluntary Groups 4.4  |5.00 0.62 1.00
Warning and evacuation
(9) Early warning system 4.7  |5.00 0.66 0.00
(10) Availability of evacuation centre 4.8 |5.00 0.45 0.00
(11) Emergency Aids 4.7 |5.00 0.49 0.00
(12) Hotels and motels 3.7 |5.00 0.80 1.00

*. Proposed by expert

109



6.2.6 The governance and institutions dimensions

Table 6-7 shows the standard deviations for each criterion in the Governance and
Institutions dimension. All are less than 1 and range between 0.45 and 0.80. Moreover,
all criteria have an IQR of <1 and mean values between 3.7 and 4.8. This data shows
that all twelve criteria under the Governance and Institutions dimension obtained a

consensus.

6.2.7 Overall ranking of all framework dimensions

The above findings indicate that a general consensus has been obtained for all four
dimensions in the framework of coastal community resilience to disaster in Saudi Arabia.
In Table 6-8, provides a summary of the analysis for the four dimensions on the
consensus status for the final Delphi round. This clearly shows the agreement across all
members of the expert panel for all four dimensions. In total, the standard deviations are
less than 1 and range between 0.56 and 0.78. Furthermore, all dimensions obtained an
IQR of <1 and mean values between 3.9 and 4.5.

Table 6-8 Dimensions of the framework consensus final round

Dimension Mean | Median | Std. Interquartile Range (IQR)
Deviation

Society and economy 3.9 4.00 0.78 0.00

Environment and climate change 4.4 4.50 0.56 1.00

Infrastructure 45 5.00 0.56 1.00

Governance and Institutions 4.2 4.00 0.76 1.00

6.3 Discussion

6.3.1 Society and economy dimension
One of the most important factors when considering resilience is the social and economic
dimension, which deals, not only with communities’ vulnerability, but also with their ability
to learn, cope and adapt when faced with changes (Cutter and Director, 2008). The social
component deals with people and their related issues, such as decreased mobility (which
may be associated with gender, age or disabilities). Increased awareness and training
of the public aids in the augmentation of resilience at the social level. Such improvements
could be realised through the continuous education of community members on the risks
emanating from disasters, processes used in warning systems and evacuation
procedures. Maritime disasters may lead to disruption of communications, loss of
property and fatalities. Among the resilience indicators found in the economic
component, the percentage of social security recipients in the community is identified. In
this sense, communities with more wealth and resources at their disposal display a
greater ability to recover from disasters. In a community with a lower proportion of low-
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income residents, a larger amount of money is available to be spent to absorb, respond
to and recover from disasters (Yoon et al., 2016). The economic component deals with
issues inherent to the economy of the affected area. Maritime disasters can adversely
affect a great number of activities, such as coastal resources or fisheries (Simonovic and
Peck, 2013). The economic vitality of a community can be measured using indicators
such as household incomes and unemployment levels. This is directly related to the
livelihood capital that can be used to enable the community to adopt strategies to mitigate
the risk of disasters (Hung et al., 2016). It is because of this that factors such as
demographics; livelihood; employment; awareness and training; culture; and safety and
security are identified when exploring this dimension. All of these criteria achieved high
consensus with the panel of experts, who expected that communities with a higher
proportion of women and elderly in total population or unemployed individuals, and a
lower level of education would be more vulnerable to disaster and would demonstrate a

lower level of resilience than communities with opposing characteristics(Teo et al., 2013).

Moreover, the factor referencing the foreign population and non-profit organisation
(NPO) which were included in this group by the panellists, also achieved the level of
consensus. NPOs have been shown to increase the ability of a community to cope with
disaster and to rebuild and provide relief wherever they are present (Alshehri et al.,
2015a). As stated by Hasegawa et al. when circulating disaster related guidance to a
community, provision should be made for non-locals who reside in the area or are likely
to travel through the area. Such provisions would mostly concentrate on circulating the
information in their language and enhancing their understanding of the local culture. This
is particular crucial for a country such as Saudi Arabia as foreign visitors to the KSA
come from all over the world (Algarni et al., 2018). It therefore follows that any guidelines
on the prevention of disasters and how to seek refuge should be circulated in various
languages in the KSA. Moreover, such distribution of guidelines should be performed in
a timely manner and in various formats allowing all individuals’ sufficient time to prepare

for such disasters, thereby enhancing a community’s resilience.

6.3.2 Infrastructure dimension

An essential part of any community resilience framework is represented by the
infrastructure dimension, which refers to an assessment of the physical capability of a
community’s infrastructure to respond to, withstand and recover from disaster.
Transportation, the first key area within the dimension, refers to the ability of people to
move to secure places and to obtain essentials such as food or water, which are crucial
elements to sustain the community while it is displaced and during the recovery period.
Utilities, the second key area, references the facilities and support available to the public

such as fire engines that are essential services used to sustain life. It must be mentioned
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that the provision of such services, though essential for recovery, is beyond the control
of the community (Teo et al., 2013). Health is also a big player and here it references the
availability of hospitals, ambulances, health workers (e.g. physicians and care staff) and
also insurance policies. These factors are all crucial for the recovery phase and once
again are out of the control of the public. The communication systems in this dimension
form an extension to the warning and evacuation systems as without them the public
could not be informed nor could recovery take place in an efficient manner. Finally, the
resilience derived from the physical presence of the embankment and the shoreline is
also crucial and must be maintained as it forms a first line defence against maritime
disasters. All these factors, including utilities, transport, healthcare and communication
are crucial to mitigating the effects of a disaster and increasing the ability of the
community to cope with them. The panel of experts was in agreement with all of this and
determined that infrastructural resilience must show robustness and dynamism in a
resilient community, with coastal communities being no exception to the rule. One study,
however, demonstrated how communities in developing countries lack such
infrastructure, public transport being one of them (Peacock et al., 2010). For this reason,
the panel of experts added modes of public transport to the framework under this
dimension, expecting to find a clear correlation between their existence and the
community’s resilience to disaster. For example, it is expected that a community with a
poor transport network will struggle to evacuate its citizens, and hence show diminished
resilience. These indicators are used in this study to provide a measurement of the
infrastructural capacity of a community and to identify basic vulnerabilities related to
infrastructural deficiencies (Teo et al., 2013). Lack of critical facilities and physical
infrastructure may hamper a community’s ability to prepare for, respond to and recover
from disaster, as they play an important role in ensuring the availability of resources and
support in these cases (Peacock et al., 2010). The indicators explored in this study also
include an overall assessment of the quantity of particularly vulnerable private property
(e.g., housing built before the enactment of mandatory building codes) that may lead to

economic losses during a disaster (Cutter et al., 2010).

6.3.3 Governance and institutions dimension

The governance and institution dimension makes up one of the fundamental parts of any
community resilience framework. Under this dimension, resilience consists of various
factors related to local government, particularly regarding its performance and in its
ability to reduce the negative impacts of disasters (Yoon et al., 2016). It also features
elements related to mitigation, planning and prior disaster experience. In this case, the
capacity of communities to reduce risk is affected by resilience, as well as their ability to

involve local residents in mitigation (on a voluntary basis), to create links with
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organisations and to build and protect social systems within a community (Cutter et al.,
2010). Policy and planning now form key issues in disaster risk management. The fact
that coastal communities are at risk of the consequences of maritime disasters
necessitates the development of special policies and planning specifically for coastal
communities. Planning referenced here is not merely planning for disaster risk
management. As it is not possible to prevent natural catastrophes from taking place, it is
essential to construct plans to aid communities in facing disasters ensuring minimum
loss and rapid recovery. Planning is also necessary in the preparedness phase through
regulation of land use and compliance with international standards. Such measures
serve to protect the population from disasters by insuring minimal risk prior to disaster

onset.

Rahman (2013) notes that planning is also an important element of emergency response
and disaster recovery. A community with robust warning and evacuation systems
demonstrates increased resilience as it is capable of receiving notifications and alerts of
coastal disasters, which allows it to warn at-risk populations in a timely manner and also
allowing the efficient and timely response of individuals acting on the alert. Local
government has responsibility for distribution of warning information thereby ensuring
the public are forewarned and prepared to act (Rahman and Kausel, 2013). Given the
above, it is clear that laws and policies, institutional actions and warnings and
evacuations must also be considered under this dimension. All of these criteria achieved

high consensus with the panel of experts.

6.3.4 Environment and climate change dimension

This dimension is central to the issue of disaster recovery as noted in Kesavan and
Swaminathan (2006) who noted that the frequency of disasters can be decreased by
improvement of environmental and climatic conditions. Additionally, the more robust the
ecological construct of a community then the greater resilience it shows in terms of
reduced damage and rapid recovery. Moreover, Biggs et al. (2012) had indicated the
importance of environmental conservation in enhancing a communities financial

capability through tourism which in turn would fund recovery from disasters more rapidly.

The first area of reference in this dimension concerned marine life. Marine life is key not
only to resilience of a community but also to the adaptation of a community to the
conditions of climate change as indicated in (Roberts et al., 2017). Including adaptation
to sea level rises and tropical cyclones. To ensure this is maintained mangroves in the
region must be maintained, thereby forming a protective barrier for the community and
marine life. Next, the quality of the water must be high through reduced pollution

including release of industrial waste. The latter was an additional sub-indicator included
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by the expert panel. To ensure this criterion is managed it must be individually referenced

in this dimension.

Next, the land use indicator highlights the importance of greenspace, building regulations
and elevation data all these criteria play an important role of maintaining the ecological
environment of a community and ensuring it is protected from rogue actions that could

reduce its resilience.

The final two indicators outline the central point of the issue in the form of the feature
associated with natural man-made disasters. Their frequency, intensity, climate change
and sea level rises should all be monitored for planning and recovery purposes. Disaster
risk management should also concentrate on ensuring that regulations governing the
monitoring of all these disasters is carried out. The ‘Implementation of IPCC Rules and
Regulations’ and ‘Seabed Seismic monitoring’ are two sub-indicators that were added
by the expert panel. This highlights the importance implementation of such regulations
and monitoring and ensuring that policies applied are at the international level and in

agreement with international bodies.

The environmental dimension is not only considered at the local level but also at the
national and international level. Disasters occur all over the globe and countries would
serve each other well by sharing information and coming to agreements to monitor and
address climate change. Such actions would only serve to enhance a country and a

communities resilience.

6.4 Summary

The methodology used in this chapter was one of the main stages in the development of
a broad, inclusive and robust framework for the measurement of criteria that are crucial
for the assessment and development of a communities resilience to maritime disasters.
The involvement of a range of experts from various fields related and concerned with
disaster risk management was key to the comprehensive nature of this framework.
Moreover, the inclusion of local and international experts ensured that a wealth of

experience and knowledge supplemented the development of this framework.

As a consensus-based technique, the Delphi technique ensured that a collective strategy
was implemented in reaching a consensus. 65 experts responded to the first round of
guestions and of those, 58 responded to the second round of questions at which point a
consensus was achieved for all indicators and sub-indicators and therefore for all four
dimensions. This included the introduction of seven new sub-indicators by the panel of
experts; three for the environment and climate change dimension, two for the society
and economy dimension and one for each of governance and institutions and the

infrastructure dimensions. These additions illustrate the need for a more comprehensive
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framework for resilience particularly regarding the environment and climate change
dimension and more specifically regarding the importance of monitoring and application

of policies and regulations in the enhancement of resilience.

Finally, this chapter has served to address two objectives and two research questions in
assessing the perspectives of the experts and determining which criteria were important
regarding the maritime disasters challenging the KSA, the applicable resilience factors
and how they can be incorporated in a framework in this case across the four dimensions
specified.
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Chapter 7
Prioritisation of resilience assessment factors

To help understand the data used in the AHP, this chapter starts by explaining the previous
analytical steps that led to the elucidation of assessment criteria that were deemed
significant by both the public and a panel of experts. The chapter explains the hierarchical
breakdown of the assessment criteria; the dimensions, indicators and sub-indicators. The

results of the weighting is then detailed for each tier with significant criteria highlighted.

7.1 Methodology to establish a coastal community resilience
framework (CCRMD)

This research represents a mixed methods study (one that includes both quantitative
and qualitative research) aimed at establishing a coastal community resilience
framework (CCRMD). It comprises a literature review, stakeholder perception, a survey
using the Delphi technique and prioritisation using the AHP (see Chapter 4). For the first
stage of this study (Chapter 5), a quantitative strategy was employed to analyse the
results of a survey carried out in Saudi Arabia. This survey analysed the public’s
perspective and aimed to determine the public perception on the topic. The results of
this survey, in combination with the literature review enabled the establishing of criteria

under four different dimensions.

Chapter 6 represents the second stage of the study, consisting of the Delphi consensus-
based consultation. A panel was constructed consisting of experts in the field. The panel
was communicated the details of the four dimensions and their corresponding criteria to
ascertain their relevance with regards to community resilience to disaster risk
management in Saudi Arabia. The CCRMD was completed following the Delphi survey,
using the following criteria applied in the final stage with the aim to strengthen the

framework.

The Delphi data was then fed into the final stage of this study. The AHP and a set of
formulae were applied to establish how each dimension and criterion should be weighed.
The AHP technique was employed due to its advantageous features including the ability
to assess data presented in quantitative and qualitative forms (Wedley, 1990). Data
gathered through the Delphi technique is of qualitative form. The AHP converts this
qualitative data into analysable quantitative data. A Saaty rating technique was described
by (Shapira and Simcha, 2009). This used a rating system ranging from 1 to 9 to allow
the conversion of qualitative Delphi data into quantitative form. This chapter focuses on
the use of the AHP methodology to ascertain the weight of each dimension, as well as

on answering the following research question:
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*+  RQ5- What is the most appropriate applicable weighting system to reflect an

accurate assessment of the community resilience in the context of Saudi Arabia?

7.2 Development of the coastal community resilience framework
prioritizing and weighting system

7.2.1 The AHP process and experts selection

Chapter 4 details the process that led to the development of the AHP used in this study.
To facilitate the process a group of 21 experts from the original Delphi group were invited
to take part in the AHP. As stated by Lin et al. (2010); the experts participating in the
AHP need to come from the Delphi group to ensure that consistency is maintained and
overlapping data is avoided. Of the 21 invited experts, 19 agreed to take part in this
study, which is an acceptable number (Omar and Jaafar, 2011). The AHP is applicable
with a small sample size. This fact was supported by various studies and was deemed
to not be restrictive to the process (Tsyganok et al., 2012, Lee and Walsh, 2011).

There were several criteria that were used to determine who to select from the original

Delphi group of experts. These criteria are as follows:
* The experts must have participated in this study’s Delphi survey.

* The expert must have a minimum of five years of experience in the field of

disaster risk management.
* The panel must constitute both national and international experts.

« All experts must have knowledge of disaster risk management issues in their

region but also on global issues.

» The various fields of disaster risk management must be represented in the final

panel.
* Regarding the international experts:

o They must be able to appreciate the cultural and religious aspects of the
KSA or have direct experience through work in the KSA.

o They must have experience in working in developing countries and
associated global organisations be able to apply this experience in this

analysis.

7.2.2 Structuring the Hierarchy

As described in chapter 4 section 4.6.3, pair-wise comparisons were used to help
prioritise the various elements of the assessment criteria. The pair-wise comparisons for

each pair of assessment criteria were submitted to the 19 experts via email an in the
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form of a questionnaire. All responses were completed and submitted online. The
consistency ratio (CR) described in section 4.6 was used to assess the degree of
dependability of the responses. Of the 19 responses, two had CRs above the value of
0.1 indicating that there was a lack of consistency and therefore reliability in the results.
These two results were therefore rejected. Finally, Expert Choice software was used to

compute the weight or each assessment criterion and to determine the group consensus.

During the structuring of a hierarchy, the decision-making problem must be divided and
simplified into three levels: goal; criteria and sub-criteria; and alternatives (Ishizaka and
Labib, 2009). Figure 7-1 illustrates the components that were deemed to optimally
describe coastal community resilience to disaster. These are described through the AHP
in the form of a hierarchy consisting of three levels. This figure was the outcome of a
consensus formed by the expert panel through the application of the Delphi technique,
as described in Chapter 6. For the purpose of this study, the first level consisted of four
dimensions that were extracted including: society and economy; environment and
climate change; infrastructure; and governance and institutions. In the second level, 18
indicators based on resilience dimensions are found. These indicators are sub-divided
further into 68 sub-indicators the third level.

7.3 Results and discussion

7.3.1 Allocation of weights

The weighting system offers an important way to assign appropriate credit distribution to
each community resilience criterion based on local priorities (Ameen and Mourshed,
2019). When establishing a new method to assess community resilience, it is essential
to adapt weighting systems to fit with local and regional priorities. This can be achieved
through a consensus- built method with experts (Chew and Das 2008; Giannarou and
Zervas 2014). Within the context of this study, experts were consulted and a series of
pairwise comparisons were carried out using Expert Choice software. The software
enabled the pairwise comparisons between the various assessment criteria to be
converted into weighted measures. This ensured that the data was reliable and enabled
the priorities to be calculated automatically. The total of all the weights computed to a
value of 1 across the dimensions. The weights assigned were 0.191 + 0.242 + 0.215 +
0.352 = 1.000. With regards to determining the significance of each criterion the CR
detailed above is used (Triantaphyllou and Mann, 1995). This is one of the AHP’s most
beneficial aspects as it allows for the reliability of the experts’ opinions to be assessed.
This is crucial and the possibility of a lack of consistency at this stage is raised(Ishizaka
and Labib, 2009, Yang et al., 2007). In the case of this study, a CR of 0.040 was obtained

when analysing pair-wise comparisons, a figure that is considered valid (Salmeron and
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Herrero, 2005, Cutter et al., 2014). The weightings calculate were determined using the
formulae detailed in chapter 4 section 4.7 (Alshehri et al., 2015b). At the end of the
process, the environment and climate change dimension was shown to makes up 35.2%
of the final weight of the hierarchy, making it the weightiest dimension. The second
weightiest dimension was infrastructure with a percentage weighting of 24.3%. This was
followed by the government and institutions dimension with a weighting of 21.5% and
finally the society and economy dimension with a weighting of 19.1%. These results are
illustrated in Figure 7-1.The details of the proportion (P) and the weight allocation (wc)
occupied by each sub-indicator for each dimension are listed in Table 7-1 to Table 7-4.
Based on these calculations, a weighted tool with a final (weighted) score, as well as
individual (weighted) scores for each of its four dimensions (society and economy;
environment and climate change; infrastructure; and governance and institutions) was
successfully achieved. Therefore, it can be used within the context of the KSA to assess
the resilience of coastal communities and the strengths and weaknesses as indicated for

each criterion.
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Figure 7-1 CCRMD hierarchical structure and dimension weightings

7.3.2 Environment and Climate change

The environment and climate change dimension was computed as the weightiest
dimension (0.352) through this study. Table 7-1 details and confirms the weightiness in
the allocation of the individual proportions for each sub-indicator. These ranged between
0.058 and 0.073. Of all the sub-indicators, marine pollution and seabed seismic
monitoring appear to be classified as the most important, both allocated a weighting of
0.0256. This is logical as seismic monitoring is the easiest means of monitoring disasters

that are initiated rapidly. The more efficient these techniques are the greater the
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opportunity afforded the community to prepare and safeguard themselves against the
disaster. Regarding the marine pollution sub-indicator, this is crucial in that marine life
can aid in delivering natural resilience to disasters. Kesavan and Swaminathan (2006)
described, “The vicious spiral between environmental degradation and ever increasing
frequency and intensity of hydro-meteorological disasters” a form of maritime disasters.
Reduction of levels of pollution are expected to lead to an improvement in frequency of

disasters, therefore forming a means of enhancing the resilience of a community.

Table 7-1 Indicator weighting for environment and climate change

Dimension Indicators Sub Indicators P WC | WC%

Environment and|Coastal pollution control

climate change Water quality 0.068 |0.0239 |2.39%
Marine pollution 0.073 [0.0256 |2.56%
Mangrove cover 0.061 |0.0216 [2.16%
Industrial wastewater discharge 0.068 |0.0239 |2.39%
land use
Agricultural land 0.058 |0.0205 |2.05%
Urban green space 0.066 |0.0234 [2.34%
Built up area 0.065 |0.0228 |2.28%
Building codes and regulation 0.071 |0.0251 |2.51%
Mean elevation of the area 0.068 |0.0239 [2.39%

Slow onset disasters
Exposure and risk of increasing temperature  |0.058 |0.0205 [2.05%
Relative rate of sea level rise 0.066 |0.0234 |2.34%
Implementation of IPCC Rules and Procedures |0.066 |0.0234 |2.34%
Rapid onset disasters

Frequency of natural disasters 0.068 |0.0239 [2.39%
Intensity/severity of natural disasters 0.070 |0.0245 |2.45%
Seabed seismic monitoring 0.073 |0.0256 |2.56%

1.00 |0.352 [35.2%

7.3.3 Infrastructure

The criteria under the infrastructure dimension -the second weightiest dimension
registering a weight of 0.242 are shown in Table 7-2. The proportions associated range
from 0.043 and 0.055. The most significant in this dimension are infrastructure and public
facilities and fire stations, both with weights of 0.0133. These two are closely followed by
road accessibility (with a weighting of 0.0131. The necessity for fire stations would lie in
the fact that these act as the first responders to disaster and thus constitute the beginning
of resolving and restructuring a community. Controlling the extent of a disaster would
mean that there would be less damage formed. This in turn would mean a community
could return to normal faster. This also applies regarding the infrastructure and public
facilities dimension in that it describes a utility that serves the whole community thereby
allowing the return of the whole community to normal more rapidly. Finally, road

accessibility is crucial in allowing disaster recovery. Ensuring accessibility of roads
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ensures that resources would reach the necessary regions rapidly leading to rapid

recovery.

Table 7-2 Indicator weighting for infrastructure

Dimension Indicators Sub Indicators P WC | WC%
Infrastructure [Health
Hospitals (#) in 100 people 0.053 |0.0128 |1.28%
Hospital beds (#) in 100 people 0.052 |0.0125 |1.25%
Number of physicians (#) in 100 people 0.049 |0.0119 |1.19%
Number of ambulances (#) in 100 people 0.050 |0.0122 |1.22%
Health insurance (#) in 100 people 0.048 |0.0116 |1.16%
Health care support workers (#) in 100 people 0.049 |0.0119 [1.19%
Transportation
Roads accessibility 0.054 |0.0131 |1.31%
School and employee buses 0.043 |0.0104 |1.04%
Special need transportation services 0.049 |0.0119 [1.19%
Public transportation modes 0.049 |0.0119 |1.19%
Utilities
Infrastructure and public facilities 0.055 |0.0133 |1.33%
Renewable energy 0.048 |0.0116 |1.16%
Fire stations 0.055 |0.0133 [1.33%
Communication
Access to mobile phones 0.048 |0.0116 [1.16%
Access to radio/television 0.044 |0.0107 |1.07%
Reliability of communication systems 0.052 |0.0125 |1.25%
Internet services 0.050 |0.0122 [1.22%
Embankment & shoreline
Vulnerable shoreline 0.012 |0.0122 [1.16%
Age of embankments 0.012 |0.0119 [1.13%
Maintenance of embankments 0.012 |0.0125 |1.19%

1.00 |0.242 [24.2%

7.3.4 Society and Economy

As seenin Table 7-3, this dimension is assigned a weight of 0.191 and comprises criteria
with a range of proportions between 0.040 and 0.054. The most important criteria in this
dimension are DRR training and awareness of disaster and climate change risks, with a
credit of 0.0104. An awareness of the risks is half the battle. Prevention is better than
cure is the popular phrase. Thus, awareness aids prevention which increases the
resilience of a community as it allows the community to enhance is preparedness.
Therefore, when disaster strikes, a better prepared community would suffer reduced
damage indicating greater resilience. Higher levels of community awareness lead to a
community with increased endurance levels against disaster, more likely to be able to
handle emergencies and also more capable of returning to normal (Izadkhah and
Hosseini, 2005). This also applies to increasing levels of preparedness by reducing risks
that could result from disasters. Training a community on how to reduce their risks serves
to increase resilience in a similar way to awareness. Awareness of the risks forms the

first step and acting on the awareness and reducing the risks forms the second step. The
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benefits of training on DRR by a community are outlined in the United Nations document
‘Building Disaster Resilient Communities - Good Practices and Lessons Learned’
released in 2007 and include factors such as communities that “would be in a better
position to engage with local government structures in the development of local disaster
risk management plans”. Thus, these two elements both strengthen resilience through a

process of greater preparedness of a community.

Table 7-3 Indicator weighting for society and economy

Dimension Indicators Sub Indicators P WC | WC%

Society and  |Demographic

economy Population growth rate 0.048 [0.0092 [0.92%
Population density 0.050 |0.0095 |0.95%
dependent population 0.041 |0.0079 |0.79%
Disability 0.046 |0.0088 |0.88%
Level of education 0.047 |0.0090 [0.90%
Foreign population 0.043 |0.0081 |0.81%

Livelihood
Population dependent on coastal resources 0.046 |0.0077 [0.88%
Household income 0.040 |0.0067 [0.77%
Poverty 0.043 |0.0071 |0.81%
Employment
Employment dependence on coastal resources |0.047 |0.0090 [0.90%
Non-profit organization (NPO) 0.048 |0.0092 |0.92%
Awareness & training
Disaster exercises and drills 0.053 |0.0101 [1.01%
DRR training 0.054 |0.0104 |1.04%
Awareness of disaster and climate change 0.054 |0.0104 (1.04%
risks
Multilingual awareness programmes 0.050 [0.0095 |0.95%
Awareness campaigns 0.052 10.0099 |0.99%
Culture
Social capital 0.043 |0.0081 |0.81%
Integrating DRR into school curriculum 0.051 |0.0097 |0.97%
Safety and security
Riots, conflicts and homicide incidents 0.043 |0.0081 |0.81%
ISPS code compliance 0.051 |0.0097 |0.97%
Safety and security systems 0.051 |0.0097 |0.97%

1.00 |0.191 [19.10%

7.3.5 Governance and Institutions

This is the dimension with the lowest weight in the study (0.215). Its criteria are presented
in Table 7-4 and have proportion ranging from 0.070 and 0.091. Availability of evacuation
centre is the most significant criterion for this dimension. This sub-indicator is a great
factor in the recovery phase of disaster risk management (0.0196). Better availability of
evacuation centres will enhance response and safety therefore allowing the better
recovery of a community. Thus, this means that improvements in shelter centre
availability would enhance resilience. Next, the availability of early warning systems and

emergency aid are also high on the weightings of this dimension. Early warning systems
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serve to inform the public of impending disasters thereby allowing them to prepare and
possibly salvage what they can. At the other end of the disaster risk management scale
is emergency aid. This is one of the first requirements of recovery. It is the means for a
community to start helping itself through healing. These factors all influence resilience
through different phases of the disaster risk management process. Nevertheless,
whether discussing preparedness or recovery, it is always crucial that resilience is
enhanced throughout all four phases. For example, if the evacuation systems are highly
resilient yet the emergency aid is lacking, then a lot of people who survived the disaster
well may suffer or recover slowly because of the lack of aid. Though the lack of resilience
is only in one phase (recovery) of a framework it still has an impact on the communities
resilience and therefore the framework as a whole. Once again we see that although
some sub-indicators carry greater weight than others, each sub-indicator is similarly
dependent on others to ensure the resilience of the framework and therefore the

community as a whole.

Table 7-4 Indicator weighting for governance and institutions

Dimension | Indicators Sub Indicators P | wC |wC%
Governance and | Laws & policy

Institutions Regulations and policies 0.086 [0.0184 [1.84%

Environmental regulation 0.082 |0.0176 [1.76%

Participation in DRR planning 0.082 [0.0176 |1.76%

DRR strategies 0.080 |0.0172 [1.72%

Compliance with international standards that  [0.086 (0.0184 [1.84%
consider disasters risks

Institutional action

Observation and Monitoring 0.078 |0.0168 |1.68%
Institutional collaboration & coordination 0.084 |0.0180 [1.80%
Voluntary Groups 0.084 |0.0180 |1.80%
\Warning and evacuation
Early warning system 0.089 |0.0192 |1.92%
Availability of evacuation centre 0.091 |0.0196 (1.96%
Emergency Aids 0.089 |0.0192 |1.92%
Hotels and motels 0.070 |0.0151 [1.51%

1 0.215 [21.5%

7.4 Summary

The identification of criteria—dimensions, indicators and sub-indicators that were key in
developing a robust and comprehensive resilience framework constituted the initial
stage. For these criteria to be applicable in the context of the coastal communities of the
KSA, they had to be weighted according to their degree of importance. To this end, once
again, a panel of experts were employed to process these indicators according to the

Analytical Hierarchy Process.
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Twenty-one were invited, all of whom had previously taken part in the Delphi technique.
This not only ensured that they were experts in the field but that they were already
familiar with the work being undertaken. Through pairwise comparisons and the use of
Expert Choice software, each criterion was allocated a weighting which culminated in a
final weighting for each dimension; 35.2% for the environment and climate change
dimension, 24.3% for the infrastructure dimension, 21.5% for the governance and
institutions dimension and 19.1% for the society and economy dimension. These
weightings served to further highlight that the environmental dimension had certainly
been under-emphasised in previous frameworks derived from the literature review as the
highest weighting and therefore importance was assigned to this dimension. The use of
the AHP to complete the classification of this framework certainly served to apply an
approved weighting system to this framework and in doing so ensured the completion of
the Coastal Community Resilience to Maritime Disasters (CCRMD) framework for use
as a measure of resilience in the context of the KSA.
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Chapter 8 Development and validation of the CCRMD
Framework

This chapter demonstrates how the CCRMD framework would be implemented as a tool for
the measurement and development of resilient coastal communities in Saudi Arabia.
CCRMD is verified against three other existing frameworks to highlight its comprehensive
and robust nature and the consideration of the local context. This is an essential step in the
finalisation of any framework to ensure it works as intended and to prepare for its use

application across Saudi Arabia.

8.1 Development of the CCRMD framework

The effective assessment of the impact of disasters on a region requires an initial
understanding and appreciation of the region’s resilience (Ewing and Synolakis, 2011).
This in turn would aid communities and decision-makers in developing plans and policies
to effectively handle different disaster stages including mitigation, response,
preparedness and recovery (Tianzhuo and Linyan, 2014). Resilience, however, is a
feature of a region that varies with time as it is dependent on various environmental and
social factors, as well as infrastructure, governance, the economy and institutions.
Therefore, as stated by Kirmayer et al. (2013), it is crucial that resilience is assessed
over time in a continuous manner to ensure that a community’s resilience measurements

are always up to date.

The frameworks available were found to be developed for specific regions facing specific
risks and although they overlapped in certain indicators, they, nevertheless, also differed
in their make-up and applicability. Thus, these were deemed unsuitable for application
to the KSA. However, some of them were considered useful for detailing a list of criteria
necessary for assessing coastal community resilience. Four dimensions - society and
economy; environment and climate change; infrastructure; and governance and
institutions - were extracted from the collation of this data and were used as a basis to
group the criteria further into indicators and sub-indicators forming a three-level

framework that required further analysis.

Various studies have demonstrated that when assessing a community’s resilience, the
framework adopted should be designed specifically for the region in question (Gou and
Lau, 2014, Seinre et al., 2014). This is to ensure that the true effects of the environment
and climate, as well as other factors (governance, society, economy, infrastructure and
institutions), are comprehensively accounted for in the correct context. The specific
climate of a region, coupled with the specific environment and capabilities of a region

(e.g. oil production), highly individualise a community’s possible disasters and resilience
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which, in turn, prevents the application of non-specific environmental analysis
methodologies (Todd et al., 2001). With this in mind, it was important to develop a new
framework that was for maritime disasters affecting the Gulf region and more specifically,
KSA, rather than use a pre-existing one. Nonetheless, nine previous frameworks were
assessed and drawn upon to aid with the development of a new framework to address

coastal communities in KSA.

A major advantage of many of these frameworks was that they were developed in part
using criteria from previous frameworks. This served to increase their robustness and
comprehensive nature (Courtney et al.,, 2008). Consequently, when developing the
framework for this study - the Coastal Community Resilience to Maritime Disasters
(CCRMD) framework — attention was also given to prior studies, as well as the
knowledge and experience of local and international experts. However, it also became
clear that when comparing the four dimensions in all nine frameworks, there was a lack
of emphasis attributed to the environment and climate change dimension when
compared with the other three dimensions. The literature review conducted emphasised
that the environment, its protection and the maintenance of its resources were all crucial
to enhancing the resilience of a community and easing its recovery from a disaster. Thus,
the lack of emphasis attributed to the environment and climate change dimension was
deemed a shortcoming of the nine frameworks that had to be corrected for the newly
created CCRMD framework.

To further refine the indicators and sub-indicators to those relevant to the KSA, two
opinion polls were carried out. The first was a questionnaire that was distributed to the
public and the second was a consensus methodology. More specifically, the Delphi
technique was used to gather the opinion of experts in the field to further determine
indicators and sub-indicators that were deemed applicable in the context of the KSA and

the disasters it faced.

This then fed into the AHP which was used to prioritise and specify a weighting to each
level of the framework: the dimensions, indicators and sub-indicators. The software
Expert Choice was employed at this stage owing to the high number of comparisons
required. The final CCRMD framework developed was computed and the weighting of
each dimension determined. The new framework demonstrated a higher weighting and
therefore importance attributed to the environment and climate change dimension, which
was previously shown to be a shortcoming of the final nine frameworks.-The end result
was a weighted tool with four dimensions, which aims to evaluate the resilience of coastal
communities in the KSA by providing a final (weighted) score for the framework as well
as individual (weighted) scores for each of its four dimensions: society and economy;
environment and climate change; infrastructure; and governance and institutions.
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Table 8-1 is a representation of the final product of the CCRMD framework tool. To help
simplify the calculations involved, each dimension is assumed to have a final weight of

100%. The Table lists the weighting each of indicator and sub-indicator involved.

Table 8-1 The CCRMD tool for measurement of resilience

CCRMD Framework

Society and WC% | New Environment WC% | New Infrastructure | WC% | New

economy WC% | and climate WC% WC%
change

Demographic Coastal pollution control Health

SD1 0.92 New EC1 2.39 | New IH1 1.28 | New

SD2 0.95 New EC2 2.56 | New IH2 1.25 | New

SD3 0.79 New EC3 2.16 | New IH3 1.19 New

SD4 0.88 New EC4 2.39 | New IH4 1.22 New

SD5 0.9 New Land use IH5 1.16 New

SD6 0.81 New EL1 2.05 | New IH6 1.19 New

Livelihood EL2 2.34 New Transportation

SL1 0.88 New EL3 2.28 | New IT1 1.31 New

SL2 0.77 New EL4 2.51 | New IT2 1.04 | New

SL3 0.81 New EL5 2.39 | New IT3 1.19 New

Employment Slow onset disasters IT4 1.2 New

SE1 0.90 New ES1 2.05 New Utilities

SE2 0.92 New ES2 2.34 | New U1 1.33 | New

Awareness & training ES3 2.34 New 1U2 1.16 New

SAl 1.01 New Rapid onset disasters U3 1.33 | New

SA2 1.04 New ER1 2.39 New Communication

SA3 1.04 | New ER2 2.45 | New IC1 1.16 | New

SA4 0.95 New ER3 2.56 | New IC2 1.07 New

SA5 0.99 New Total 35.2 New IC3 1.25 New

Culture IC4 1.22 New

SC1 0.81 New Embankment & shoreline

SC2 0.97 New IE1 1.16 | New

Safety and security IE2 1.13 New

SS1 0.81 New IE3 1.19 New

SS2 0.97 New Total 24.2 | New

SS3 0.97 New

Total 19.10 | New

Governance WC% | New .

and WC% Soctety and

Institutions Y

Laws & policy AN

GL1 1.84 New O] TN

GL2 1.76_ | New //‘*‘E'h Reiienta.,

GL3 176 | New J ol N

GL4 1.72 | New J . \\

GLS_ . . 1.8 New Governance and ,* \prm Sf’fencﬂ “__Environment and

Institutional action Institutions % 1 # Climate change

Gl1 1.68 | New “\ 2 g

GI2 1.8 New “ 4 e

GI3 1.8 New N 6 7

Warning and evacuation N\ i

GW1 1.92 New \\ L ,/

GW2 1.96 New Ay 4

GW3 1.92 | New Infrastructure

GwW4 151 New

Total 21.5 New
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The CCRMD framework represents a starting point. It is the initial step required to help
determine and build the resilience of the coastal communities of the KSA. One limitation
to note, however, is that each community has its own specific elements which would
either increase or decrease its level of resilience. Such elements may be geographical,
economic, political or linked to the society or culture (Tam et al., 2013). The way in which
each individual in the community interrelates with their community is both multifaceted
and constantly changing. Thus, this results in the significance of each criterion to a
community being a cause for variability between the communities in applying the
framework. To ensure that this variation does not limit the benefit that can be derived
from the CCRMD framework, it is crucial that such specific elements that define a

community are defined and incorporated in the analysis of resilience.

8.1.1 Use of benchmarks

The use of benchmarking is a primary requirement in assessing community resilience to
disasters as indicated by Doyle (1996). Some studies have used percentages whereas
others have used values between 1 to 5 or O to 1. In general, a proportion of the scale
was indicated as signifying an excellent level of resilience, a good, acceptable or poor
level. For example, one study used percentages to determine the resilience of an
organisation to disasters (Stephenson et al., 2010). In this study, an excellent level of
resilience was indicated by a score ranging from 81-100% while any scores from 49%
and lower indicated very poor resilience. This indicates five scores of resilience similar
to the study by US-IOTWS (2007) which had 5 indication of resistance scores as
indicated in Figure 8-1. Benchmark resilience scores in the context of KSA were then

estimated for the CCRMD framework and given inTable 8-2.

Fair resilience

IU o2 \Itm -6 -8 11.‘ Benchmark
| | | | | |

0 1 2 3 4 5

5 Excellent (81 —100 %)

4 Very Good (61 to 80 %) .F_xcellent

3 Good (410 60 %) P o

2 Fair (21to 40 %) Fair

1 Poor (1to 20 %) ®

0 Condition absent Poor

Figure 8-1 Benchmark resilience scores
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Table 8-2 Description of the benchmark resilience scores of CCRMD

Resilience Explanation

Absence of resilience | Resilience is non-existent in this community. This makes the community
R=0 highly susceptible to disasters. Indication of this level signifies an urgent
need to identify the elements of resilience that can be used to strengthen the
community’s resilience to maritime disasters.

Poor There is some resilience to disasters in this community, but it is extremely
1% <R <20% minimal, and the community is highly susceptible to disasters. Once again,

elements that can be enhanced to increase resilience must be identified.
This is crucial but not as critical as level 0.

Fair The degree of resilience present at this level is medium to low. The

21% <R <40% community is susceptible to disasters but it does have a base level of
resilience that can be used to enhance the resilience of the community

Good The degree of resilience at this level is at a medium level making the

41% < R < 60% community moderately resilient to disasters. 50% of the criteria are fulfilled
but the community needs to improve non-performing criteria.

Very Good The degree of resilience at this level is high and can cope well with

61% < R < 80% disasters. There, however, is room for improvement as some criteria are

below the acceptable level and therefore can be improved to further
enhance resilience of the community.

This benchmarking scale is used to specify the resilience of a particular coastal
community in the KSA and is based on the application of the four dimensions, 18
indicators and 68 sub-indicators. It can therefore be used to appraise a communities
resilience and the strengths and weaknesses as indicated for each criterion.

From the Table it is clear that resilience is split into five levels ranging from a score of O
to 100%. The degree of resilience of a community dictates the amount of work that needs
to be performed to identify and improve sub-standard criteria. Communities’ resilience is
a feature that is likely to change over time as disasters hit the community and the make-
up of the community changes not only with regards to the environment but also in terms
of the support services, policies and regulations as well as the general population. This

is why it is crucial that such a framework has been developed.

8.2 Validation of the CCRMD framework

Once the CCRMD framework was developed, it was important to assess its effectiveness
in a range of ways. One such way was through comparison with other previous
frameworks identified in the literature review in Chapter 3. Three of the nine previously
analysed frameworks were chosen for comparison: the LDRI, CDRI 3 and the CRDSA
frameworks. These three frameworks all concern developing economies - India,
Philippines and KSA, respectively- which are defined as countries with low levels of per
capita gross domestic product ( $2190, $3250 and $23490, respectively, as defined by

the International Monetary Fund in 2018). The respective populations of each country
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currently stand at 1.35 billion, 109.16 million and 33.87 million, respectively. The LDRI
and CDRI 3 are international frameworks, while the CRDSA is a local framework specific
for the KSA. These three frameworks were selected not only for the fact that they
targeted developing countries and covered both the local and international perspectives,
but also because they had weightings associated with their dimensions, which could be
used to directly compare each of the dimensions to the CCRMD framework’s
dimensions, as shown in Table 8-3. Furthermore, as indicated in Chapter 3, one of the
findings of the literature review was the lack of importance given to the environmental
and climate change dimension compared to the other three dimensions. To be able to
determine whether this has been rectified, a comparison has to be made between the
developed CCRMD framework and some of the well-established frameworks listed in
Chapter 3.

Table 8-3 Dimension weightings for CCRMD, LDRI, CDRI 3 and CRDSA

Dimension LDRI | CDRI3 | CRDSA | CCRMD
Environment and climate change 25.1 17.03 17.40 35.20
Governance and Institutions 13.88 21.89 18.00 21.50
Society and economy 61.02 38.95 50.40 19.10
Infrastructure 0 22.12 14.00 24.30
Total 100% | 100% 100% 100%

Framework validation usually requires a comparison to be made between current
resilience information and information on resilience gathered prior to a disaster.
However, within the context of KSA, there is a lack of information on resilience due to no
official archives holding data on previous disasters. This was a major challenge and
limitation of the project. Nonetheless, by comparing each framework directly against the
CCRMD, this allowed the researcher to determine whether the framework is more
comprehensive in general and if it is more inclusive particularly regarding the

environmental framework, thus making it applicable in the context of KSA.

8.2.1 Comparison of the CCRMD framework against the LDRI framework

The Localised Disaster-Resilience Index or LDRI framework was employed in
determining the resilience of a coastal-community in the Philippines. This was developed
in 2012 and similarly to this study it employed both the Delphi and the AHP together with
20 experts in its construction (Orencio and Fujii, 2013). The framework had three aims:
to provide a means of quantifying disaster resilience; to reduce the bias of assessments

performed locally; and to improve on a local strategy for risk reduction.

Unlike other frameworks, the LDRI applied greater emphasis to both environmental and

social dimensions which accounted for just over 80% of all criteria as demonstrated in
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Table 8-3. This is a substantial amount and the majority of it is attributed to the social
dimension. This is different from CCRMD which applied a 10% greater weighting to the
environment and climate change dimension, which accounted for 35% of the weighting
alone. Infrastructure was attributed a greater weighting than the society and economy
dimension in the CCRMD framework. Infrastructure in the LDRI framework, however,
was not given any weighting and therefore was found to be lacking. The society and
economy dimension in CCRMD is approximately three times the weight of the society

and economy dimension in the LDRI framework.

These discrepancies can be examined with respect to the varying populations of the two

countries, their differing disaster risks and their respective populations.

It is clear that both frameworks differed greatly in highest weightings assigned. In the
CCRMD framework the highest weighting was assigned to the environment and climate
change dimension. This was certainly not the case with the LDRI framework which
assigned an exceptionally high weighting just over 60% to the society and economy
dimension. In the LDRI framework the environment and climate change dimension was
related greatly to the livelihoods of people living in the community and didn’t necessarily
reference as many environmental criteria as the CCRMD framework in terms of
regulations and policies amongst other. Moreover, the country to suffer the greatest
number of disasters in 2009 was the Philippines. Orencio and Fujii (2013) had discussed
how the lack of resilience in the Philippines was attributed more to governmental bodies
than the environment due to failure in a lack of forecasting. This was related to the failure
in interactions of social bodies and the vulnerability of the population. This may explain
the extremely high weighting assigned to the society and economy dimension in the LDRI
framework. In the CCRMD framework greater emphasis is given to the environment and
climate change dimension due to the natural resources available in the KSA that can
contribute to efficient recovery and therefore to enhanced resilience. The social
dimension is considered the least important dimension of all the four in the CCRMD
framework. This can also be explained by the lower population in the KSA compared to
the Philippines. As indicated by the IMF data, the population of the Philippines and the
KSA currently stand at 109.16 and 33.87 million of people, respectively. Thus, the
population of the Philippines is three times greater than that of the KSA and therefore
may require greater emphasis on the interactions of the society. This alone, however,
cannot account for the high degree of emphasis on the society and economy dimension.
Rather this over weighting of the society and economy dimension may be considered a

flaw in the design of the framework as it is highly biased towards this dimension.

Finally, the lack of weighting indicated for the infrastructure dimension in the LDRI
framework may be considered a weakness of this framework as the criteria for
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infrastructure are not being assessed as an individual dimension, rather they are being
considered together with other dimensions. Infrastructure, however, forms a crucial
backbone of any society. Transportation, health, communication, utilities, embankment
and shoreline are all aspects that should be given their due importance for any coastal
community facing maritime disasters. They should therefore be given significance in
being assessed for resilience as a separate dimension. It is the author’s opinion that the
LDRI framework would have been further strengthened by inclusion of specific criteria

under the infrastructure dimension.

8.2.2 Comparison of the CCRMD framework against the CDRI 3 framework

The Climate Disaster Resilience Index (CDRI3) was established for measurement of
resilience in Chennai, India against climate-related disasters e.g. heat waves, cyclones,
floods and droughts. Ten experts were employed to determine the construct of this

framework.

A key difference between these two frameworks is the area assessed. CCRMD was built
to address maritime disasters in the context of the KSA as a whole while CDRI 3 was
used to assess Chennai in India. The former would therefore assess a much greater
number of maritime disasters that were both natural and man-made. Whereas, the latter
chiefly assessed natural disasters. This makes the CCRMD framework more

comprehensive regarding its coverage of maritime disasters.

Another point to note is that the criteria used in the CDRI 3 framework were more
specifically tailored to a city, whereas the CCRMD framework was tailored to the KSA as
a whole. This would indicate that the CCRMD framework can be enhanced by the
inclusion of coastal community specific criteria. This would allow for differences between

coastal communities in the KSA to be highlighted and improved upon.

In examining the specific weightings attributed to each dimension it is clear that both
frameworks assign similar importance to both the governance and institutions and
infrastructure dimensions, whereas, the CDRI 3 framework assigns reduced weighting
to the environment and climate change dimension; this equates to half the weighting
assigned in the CCRMD framework and it also assigns almost double the weighting to
the society and economy dimension. This could be due primarily to the area being
examined. The CCRMD framework needs to be more comprehensive with this respect
as it covers a greater area and therefore a larger range of maritime disasters. Moreover,
the experts involved in development of the CDRI 3 framework had all been engineers
working locally at the zone level. This means the development of the framework was
subjective in that it didn’t include experts from other fields concerning maritime disasters

nor did it involve consultation with the public or other experts on the global level. This

133



could highly bias the criteria included in the framework. Thus, although the CDRI 3
framework encompasses all the dimensions included in the CCRMD framework it doesn’t

appear to be as expansive as the CCRMD framework.

Finally, the “society and economy” dimension appears to be attributed a larger weighting
in the CDRI 3 framework compared to the CCRMD framework. When comparing the
populations of the two regions the population of the KSA was determined to be 33.87
millions of people by the IMF, whereas, that of Chennai was 14.9 million in 2009 expected
to rise to 20.9 million by 2025; (Joerin et al., 2014). However, the area of Chennai is
significantly smaller than that of the KSA. Thus, the population density of Chennai is
significantly higher than that of the KSA. This may be reason for the greater weighting
assigned the society and economy dimension in the CDRI 3 framework compared to the
CCRMD framework. That is, such a high population density would require a lot of
resources and finance filtered to systems that are developed to aid the public and the
economy of the region. With such a high population, mis-management would be a far-

reaching issue.

Finally, although not as comprehensive as the CCRMD framework, the CDRI 3
framework does involve community-related criteria that would enhance the applicability
of the CCRMD framework.

8.2.3 Comparison of the CCRMD framework against the CRDSA framework

The Community Resilience to Disaster in Saudi Arabia (CRDSA) framework is the only
framework of the three to be based on the Saudi population specifically (Alshehri et al.,
2015b). Moreover, unlike the other three frameworks, the disasters targeted in the
CRDSA framework relate to biological rather than coastal disasters. Similar to the
CCRMD framework the CRDSA framework also based its development on the inclusion

of public perception, the Delphi technique and the AHP.

In this respect it is understandable that a lower weighting is attributed to the
environmental dimension and a higher one to the society and economy dimension. The
resilience of the environment carries a greater degree of importance when discussing
maritime disasters than biological disasters. Thus, it stands to reason that the weighting
attributed in the CRDSA framework is half that of the CCRMD framework.

Furthermore, biological disasters have a much closer association to humans than
environmental disasters as their effect would directly affect the public and their effect can
also last a long time. This therefore explains the greater weighting attributed to the
society and economy framework in the CRDSA framework compared to the CCRMD

framework.
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Finally, the CRDSA framework also included several criteria under a society and
economy dimension that would have deviated weighting away from the other
frameworks, thereby explaining the reduced weightings of the environmental,

infrastructure and governance dimensions.

8.2.4 Comparison of all four frameworks

Environment and

climate change
70

60
50
40

\ Governance and
Infrastructure ¢ (o ) .
\ / Institutions

Society and economy

- LDRI - CDRI 3 CRDSA CCRMD

Figure 8-2 Weightings comparison of CCRMD dimensions across all frameworks

Figure 8-2 clearly illustrates the comparison between the CCRMD framework (yellow)
and the LDRI (blue), CDRI 3 (orange) and the CRDSA (grey) frameworks. The CCRMD
framework applies a greater weighting to the environmental dimension than the other
three. This is understandable as the CCRMD framework was developed to measure
resilience to maritime disasters for which environmental resilience is highly applicable.
This also highlights the fact that both the LDRI and the CDRI 3 frameworks with
environmental dimension weightings of 25.1 and 17.03, respectively, are lacking in this
dimension. This is because although they both measure resilience to coastal and climate
change disasters, yet their environmental weightings are closer to the CRDSA framework
with a weighting of 17.4 and which measures biological disasters. This therefore makes

the CCRMD framework superior with respect to coastal disasters.

Figure 8-2 Also illustrates the comprehensive nature of the CCRMD framework as it
covers three of the four dimensions either equally more deeply than the other three
frameworks. The exception to this is the society and economy dimension which is
emphasised more in all three frameworks the LDRI, CDRI 3 and the CRDSA frameworks.

This was addressed and explained earlier in the context of the population.
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8.2.5 Semi-Structure Interviews

Empirical research was necessary in this study as much of the research into the
development of assessment frameworks in resilience studies has failed to validate
measures empirically, especially in terms of incremental validity (Irajifar et al., 2013).
This is one of the major challenges of using assessment frameworks, as there is no
simple way to obtain scientific validation of a particular framework (Davidson and Shah,
1997); therefore, the absence of empirical validation is a concern. In many
circumstances, frameworks rely on empirical data that is far from perfect. While the best
way for any type of metrics related to the disaster field to be validated would be to test
them continually after major events and refine them accordingly, this would take a
considerable amount of time (Simpson and Katirai, 2006). In addition, the lack of data is
considered another obstacle to validate this framework. Therefore, the CCRMD

framework has been validated through semi-structured interviews with experts.

A semi-structured interview was carried out with ten governmental leaders and three
academic leaders, and four organisational leaders. These leaders were responsible for
disaster management and the enhancement of resilience. As described in Chapter two,
the responsibilities for disaster risk management in the KSA are entrusted to several

organisations. This results in the absence of a general disaster management centre in

the country. The profiles of the leaders who were interviewed are shown in Table 8-4.

Table 8-4 Profile of 17 leaders and managers interviewed in KSA

Category Interviewee Organisation Job title
Government A General Directorate of Civil Defence Manager of Safety
B Crisis and Disaster Risk Management  Head of Crisis and Disaster Risk
Centre in Makkah Region Management Centre in Makkah
Region
C Ministry of Municipal and Rural Affairs ~ Manager of disaster
management
D Saudi Arabian Border Guards Manager of Safety
E Royal Saudi Naval Forces Riyadh Manage of Safety
F Saudi Ports Authority Leader of safety and security
G Presidency of Meteorology and Leader of safety and security
Environment (PME)
H Saudi Red Crescent Authority Leader of Safety
| Ministry of Education Manager of safety and security
J Ministry of Health Manager of safety and security
Academia K King Abdelaziz University Manager of Emergency and
Disaster Centre (EDC)
L King Faisal University Director of Security and Safety
M King Fahd Security College Director of Security and Safety
Organisation N Saudi Aramco Leader of Industrial safety
and security
(o] National Water Company Leader of safety and security
P Saudi Electricity Company Leader of safety and security
Q General Authority of Civil Aviation Leader of safety and security

(GACA)
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The goal of using semi-structured interviews as an approach to validate the CCRMD
framework was to cover all aspects. First of all, to ensure that the scope of the framework

was applicable to the context of the country, interviewees ‘B, C, and L’ said that:

(B) “the uniqueness of such a proposed framework is having four dimensions to assess
all aspects of community resilience in the context of Saudi Arabia” which was mentioned

by interviewees Q and J as well.

(C) “I highly recommended adopting this framework in our organisation because this
new one has given a more comprehensive emphasis to the environmental dimension”

which was also stated by interviewees F, and B.

(L) “Having three levels of the hierarchical structure will enable a deep and

methodological examination of community resilience to disaster management”
Although interviewee ‘K’ agrees with applying the framework, he stated that:
(K) “This framework is applicable; however, it needs to be tested with real disaster”

Moreover, to ensure the completeness and relevance of the indicators the interviewees,
D and O said that:

(D) “The useful relation between the indicators seem to establish a solid framework to
deal with the possible disaster in Saudi Arabia and it may be possible to extend that to
all of the Arab peninsula”. The idea came from interviewee E.

(O) “The existence of a relation between environmental indicators and governance

indicators has shown clearly a dependency relationship which reflects the status quo”

Interviewees ‘A, K, and G’ noted the below statement to give proposed weighting and

ranking indicators.

(A) "Giving the environment and climate change more importance tends to regenerate

different prospective in this framework, which is significant for now!”

(K) "The proposed framework has clearly weighted the indicators and sub-indicators

which has led to a reasonable value for each of them”

(G) "Given the high score of weighting for the environment, this reflects the logic of such

a framework and its applicability” (and M)

Nevertheless, the framework could face issues in addressing challenges/policy

implementation as interviewees ‘I, and N’ said:

(I) "From a first glance, it may same that such a detailed framework with all indicators

will be difficult to apply. However, the hierarchical structure of the framework helps
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decision maker a complete and offer a broader picture of missing factors that were not

considered before”, interviewee H shared with the same point.

(N) "The implementation of the framework may face some challenges due to the fact that
some quantitative data is missing, but at the same time, using this framework will help to
build and organise a comprehensive disaster database for Saudi Arabia” which was

concluded by interviewee P as well.

The above discussions illustrate the interviewees’ level of agreement of the framework’s
applicability in Saudi Arabia. Moreover, many leaders accepted that the framework is
applicable to the context of the country. For instance, the leaders highly recommended
adopting this framework in their organisation. However, others mentioned that the
framework needs to be tested with a real disaster. In addition, many of the interviewees
noted that the indicators seem to establish a solid framework to deal with a possible
disaster in Saudi Arabia which confirmed the streng relevance between the indicators.
Similarly, many leaders proposed the weighting and ranking indicators of the proposed
framework have clearly been weighted which has led to a reasonable value for each of
them. It is also however important to note that the framework could face implementation
challenges. For example, one leader said that the detailed framework with all its
indicators would be difficult to apply, although it would help in examining the hierarchical
structure to give decision makers a complete picture that includes any of the missing
factors that were not considered before. Notwithstanding the above, the leaders
confirmed that the CCRMD framework has been validated for enhanced community

resilience to maritime disasters in the Saudi Arabian context.

8.3 Summary

To conclude, it is clear that there is a need for highly resilient coastal communities to
better allow themselves to recover following an incident. By identifying the resilience of
a community using the CCRMD framework, sub-standard criteria that can be used to
further enhance this resilience can be identified and built upon. Through the mixed
methods technique, this study employed a literature review, questionnaires, the Delphi
technique and the AHP to develop a framework to be used in the context of the KSA.
The CCRMD framework is the first framework to target the measurement of the resilience
of a coastal community to maritime disasters in the KSA. Assessment of a community
based on the various dimensions, indicators and sub-indicators would result in
determining a community’s resistance. This can then be compared to the benchmarking

system to output measurable results.
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To ensure the CCRMD framework would be suitable for measurement of resilience to
maritime disasters in the context of the KSA, a suitable methodology was used for
adaptation. This was carried out by an assessment of the significance of each of its
dimensions against that of three weighted frameworks from the literature review. Two of
these were developed for coastal resilience (LDRI and CDRI 3) and one for biological
resilience (CRDSA). The two concerning coastal resilience were used to measure
resilience in two other developing countries, whereas, the third was specifically
developed for the KSA. In assessing the applicability of the CCRMD framework against
these three frameworks the specificity of the CCRMD framework to the KSA and the Gulf
region in general was evident. Moreover, it was clear that the CCRMD framework had
addressed the gap indicated in the environment and climate change dimension in the
literature review. Although the CCRMD framework had placed greater emphasis on the
environment and climate change dimension, nevertheless, it did not do this at the
expense of the other three dimensions. The weighting of these dimensions, though not
as high as that of the environment and climate change dimension, was still sufficient for
the purposes of the framework and in the context of the KSA. Finally, the inclusiveness
and robustness of this framework can therefore be attributed to the methodology used in
developing it, namely the Delphi technique, the AHP and the inclusion of the opinions of
both the public and the panel of experts.
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Chapter 9 Conclusion

This chapter concludes the study by first outlining the background of the research and
reasons for its development. Next, it seeks to address the research questions stated at the
start of this thesis, thereby demonstrating that all questions have been answered and the
objectives fulfilled. After, contributions of this study to the body of knowledge on the subject
of resilience to maritime disasters are outlined and its limitations are detailed and discussed.
Finally, this study closes with recommendations for future research detailing directions to

further the work carried out in this study.

9.1 Motivation

Globally there has been an awakening to the need for the development of coastal
community resilience frameworks that are specific and targeted to a particular region.
Such thoughts have arisen from the increased frequency and incidences of maritime
disasters over the years that have taken place partially due to changes in our climate
(natural maritime disasters) and partially as a result of the practices of a region (man-

made maritime disasters).

KSA like many other countries has seen the mobilisation of communities to coastal
regions as a result of growth in their populations and economy (Pararas-Carayannis,
2013). Specifically, for the KSA and as stated by Abualnaja (2011), approximately more
than half the population reside within 100km of the Saudi coastline. As the KSA is
situated in Asia, this means that it is located in the continent that is most prone to
disasters. Moreover, as 90% of global disasters are maritime disasters and as the largest
country in the Arabian Peninsula, the KSA coastline is extensive and, as a result, its
exposure to maritime disasters is great (UNISDR, 2015). The maritime disasters to which
the KSA is subjected are in part attributed to its geographical, tectonic and bathymetric
profiles (Abualnaja, 2011, Lam et al., 2015, Ewing and Synolakis, 2011). Furthermore,
the KSA'’s oil reserves are the largest in the world being made up of 161 giant oil deposits
situated along the Arabian Gulf (Pararas-Carayannis, 2013). Over half the global exports
of oil pass through the Arabian Gulf and the oil business is responsible for 70% of the
KSA’s economy (AlAli, 2013; Stats.gov, 2017). Therefore, the coastal regions are an
essential part of the KSA’s economy.

Over the years, the frequency of maritime disasters in this region and all over the world
have intensified and grown. This has resulted in the loss of many lives, with over one
thousand losing their lives in this region from maritime disasters over a fourteen-year
period. Moreover, the costs of these disasters have amounted to billions of US dollars.
These losses are highly significant, yet records on previous disasters are insufficient and

limited (Pararas-Carayannis, 2013). Such systematic recordings of maritime disaster
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data are crucial for the development of policies and regulations to guide disaster risk
management strategies and to ensure the impact of such disasters on the public,
economy and environment is highly reduced through the enhancement of a community’s

resilience.

These factors demonstrated the need and urgency for a framework to measure coastal
community resilience. Although there are many frameworks in the literature developed
for the measurement of coastal community resilience, none of these were specifically
designed for the KSA. This led to the creation of this study which aimed to develop a
framework specifically for the measurement of coastal community resilience in the
context of the KSA. This would therefore mark the initial step in the development of a
tool for use in disaster risk management in the KSA. It is also the most important part of

Saudi’s government agenda in the area of risk management.

9.2 Addressing the research questions

The primary objective of this study was to develop a framework for the measurement of
the resilience of coastal communities in the KSA. To this end, several research questions
were developed ensuring that a stepwise approach was employed to achieve this

primary objective. These research questions were addressed as follows:

9.2.1 RQ1
Which maritime disasters pose a risk to the coastal communities of Saudi Arabia and

what are their likely impacts?

This research question sought to define the extent of the issues surrounding the KSA in
terms of both man-made and natural maritime disasters. These were subsequently well
defined in the literature review chapter following a comprehensive and detailed
systematic review. Various articles were identified that were concerned with both man-
made and natural maritime disasters which allowed for a map to be drawn out to illustrate
the range of threats facing the KSA along both the Red Sea and the Arabian Gulf. This
marine map illustrated the frequency and clustered location of each disaster. Tsunamis,
tropical cyclones and sea level rises were all natural maritime disasters deemed to
threaten the KSA mostly along the Arabian Sea and the Arabian Gulf. In contrast, the
man-made maritime disasters were found to threaten the KSA mostly along the Red Sea

and included maritime piracy, maritime terrorism, vessel disasters and oil spills.

9.2.2 RQ2
Are the well-established coastal community resilience assessment frameworks

appropriate for the Saudi Arabian context?
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This research question examined the available frameworks and their applicability to
maritime disasters threatening the KSA. This also involved extensive and systematic
literature mining using key words, which culminated in the extraction of nine frameworks
from across the globe and applied in both developing and developed countries.
Frameworks were analysed for their various criteria which were collated prior to their
allocation into four specific dimensions as appropriate in the context of the KSA. The
frameworks assessed were deemed lacking in the environment and climate change
dimension when comparing all four dimensions. This fact was clearly addressed later in

the research.

9.2.3 RQ3

Which applicable coastal community resilience factors are required for the management
of risks of maritime disasters in the Saudi Arabian context?

To answer this research question, the resilience factors identified and collated from the
literature review were analysed by both the public and a panel of experts. The data was
grouped into three levels, namely dimensions, indicators and sub-indicators. It was
subsequently analysed according to its necessity through a questionnaire that was
presented to the public and through the classical Delphi technique which was presented
to a select panel of experts. Criteria were agreed upon and a consensus on the
applicable criteria developed. This also included the addition of seven extra sub-
indicators by the panel of experts to ensure that the framework was both comprehensive

and specific to measure the resilience of the coastal communities in the KSA.

9.2.5 RQ4

How can identified resilience factors be incorporated into a local coastal community

resilience assessment framework?

To help structure the framework the various criteria were identified for their applicability
by the Delphi technique and this aided the splitting of the framework into its various
levels. Two successive rounds of structured consultations were conducted; firstly, a
brainstorming phase to identify potential factors applicable in the Saudi context;
furthermore, a revision and narrowing down of the creative list to the most important ones
and secondly, a final rating on the agreed community resilience assessment factors
(indicators and sub-indicators). The results identified the key local community resilience
factors that were essential for the development of the CCRMD framework. The AHP was
then employed to aid in the prioritisation of the criteria at the indicator and sub-indicator
levels. This was achieved through the performance of various pairwise comparisons and
involved the use of Expert Choice software, which was required to convert the pairwise
comparisons between the various assessment criteria into weighted measures. This
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ensured that the data was reliable and that the priorities were computed automatically,

which avoided human error.

9.2.6 RQ5
What is the most appropriate applicable weighting system to reflect an accurate

assessment of the community resilience in the context of Saudi Arabia?

This question served to ensure each criteria’s importance was measured and assigned
correctly. This was achieved by the employment of mathematical formulae at the end of
the AHP which served to assign a weighting to each criterion thereby indicating its
significance relative to other criteria. The CCRMD framework demonstrated a higher
weighting and therefore importance attributed to the environment and climate change
dimension, which was previously shown to be a short coming of the nine frameworks
that derived from the literature. This helped structure the framework and allowed for the
development of a benchmarking scheme against which the resilience of the different

coastal communities could be measured and compared.

9.3 Limitations of the research

The limitations of this research are as follows.

* One limitation of this project was one of the reasons why the necessity to develop
the CCRMD framework arose. This was due to the lack of information currently
available on previous disasters facing the KSA. This limitation eliminated the
possibility of performing a validation, as that would require the ability to compare
current resilience measures to older data. This, however, was overcome through
the performance of a validation by comparing the CCRMD framework to three

weighted frameworks.

* Another limitation of the study was that the CCRMD framework could only be
compared to three of the nine frameworks discussed in the literature review
(chapter 3). This is because the other six frameworks lacked weightings and so
could not be compared directly as their data was qualitative rather than

quantitative,

* One further limitation was recognised in the Adaptation stage which indicated the
need to further specify the framework for a community as each community is
specific in its features and characteristics. By allowing for this the framework
would more specifically define the resilience of a community using its own specific

characteristics.
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9.4 Recommendations for future research
As with any research study, there is an expectation that the findings will lead to further
work being proposed. In the case of this study the following recommendations can be

made:

» Trial of the CCRMD framework on all coastal regions in the KSA. This is an initial
step towards the gathering of data that will help in the assessment of resilience

following disasters.

* The further development of a coastal community specific dimension to account
for differences between coastal communities. This will only be possible once the
CCRMD framework has been trialled in different coastal regions as this will
identify factors that vary between coastal regions.

* The implementation of the framework across the Gulf cooperation Council (GCC)
member states. This should yield comparable results as the countries
surrounding the KSA face similar maritime disasters.

* The development of policies and regulations to govern the application of the
framework and in doing so also the implementation of disaster risk management
systems and departments for the management of risks of maritime disasters in
the KSA.

8.5 Summary

This study has covered a topic that is crucial for the Kingdom of Saudi Arabia due to the
various dangers that it faces from maritime disasters. With the advent of global warming
and the increased frequency of maritime disasters together with the increased incidence
of man-made disasters through maritime piracy and terrorism, assessment of resilience
is crucial. This is especially important as more people move to live near coastal regions

and also as a large portion of the economy is dependent on oil.

This study has succeeded in fulfilling its aims and objectives in the development of a
framework that is robust and comprehensive and and that has been validated against

existing frameworks and through semi-structured interviews with experts .

By fulfilling the recommendations for future work, the KSA will be able to establish a
disaster risk management system that will protect it and prepare it for all forms of

maritime disasters. This study is the first in a line of studies to achieve this system.
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Appendix A Public Perception Survey

Public perception of maritime disasters in Saudi Arabia
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Coastal communities around the world vulnerable to man-made maritime disasters, such as pollution, piracy and maritime

terrorism, as well as natural maritime disasters such as tropical cyclones, tsunamis and sea-level rise.

Coastal cities in the Kingdom of Saudi Arabia are among the most vuinerable to these disasters due to their geographical
location along the coasts of the Red Sea and the Arabian Gulf

In order to mitigate the risks and effects of the maritime disasters on Saudi people, economy and environment, | aim to

develop a disaster risk management framework as part of doctoral research at Cardiff University, UK

The purpose of this questionnaire is to gain a better understanding of public perception of disasters in Saudi Arabia. Your
response is essential in identitying the important indicators from the public’s point of view. The data collected will be used for

scientific research purposes only. For questions about this research and the questionnaire, please contact

Mr Arif T Almutairi

Doctoral researcher

Cardiff University/ UK

Carditf, CF24 3AA

Emall: AimutaifAT @cardiff.ac.uk

Goldl) Jio Gluwdl mio o cuilS Iegaw il oleSly slolaall win e GSLaY i3SI o allall Jso> dpadl wlrainall jue
sl plaaw glasyl 6 als aSy wlilawilly juoleVl Jis aumudall &)lsSIl o ol (ol s Y1y dio ,illy

sl e Jlaall polaall lgasgal ans & yleSIl At dio s oSLY] ST o uins anrgadl ag el aSlasll 9 aud>ludl Gaall
ol gylally saxYl,

usdas JM e & )leSI 8 15) aplSal | auallall Sl clogs atudly sLaisly Gl Lls o )leStly wla Y] Ul Casandly
adlly aolaidly aelaiz¥l Glubball o Esane SN (o lere Jolad) gainall dig e pulid) dels Lol

ol aSlaall ol U] ughas | g 6asall aSlaall w9515 anal> L3 ol 1eiS Wl any lillais e 65> 98 Glaiwdl l3a ol
o] Ugsoall dagally Llg¥l oglanll ga dalinell gainall gl sis Ll ilgzy agd 0l ¢ sl oo)lgSly Lo ¥l 6,10 asgall
o leSIl s 6,00Y 3 kall L

ssgen)| Jlai dgzy o dolgll liball 2o b 5 900 OblmiwYl Glal lidg o €52 pasani 3 aSisl O
Jais Galell candl ol 2V pasiuiw lgra> i il UL O

o Ja¥l o lutwdly candl aa Jo> aliwd! glaly

sl sllo 0 )le

8l,915) o

baxiall aSlaall / 95,15 dnal>

Email: AlmutainAT @cardiff.ac.uk




* 1. Consent to proceed: please select your choice below. By clicking on the "Accept” button you confirm
that you are at least 18 years of age. You are free to withdraw at any time during your participation in this
questionnaire.

Jis Y Jac ol 3555 cols "Jous "5 e lasiall, obisl Ikl sazs 2 i0baiwIl laiw¥l e aaslgall
Ol 32 (09 iS ) Like J¥> cidy ¢IUSVMY|~JPJLLWMIBOL
) Accept
Jssd
) Decline
uady




Public perception of maritime disasters in Saudi Arabia

a302all a3 500l aSlaall (9 a2l ,leSU pladl jemaill

Consent to proceed
ol eiwdl Gl aaslgall
Ol YL

You have reached this page because you have selected "Decline" as an answer to proceed question. If
you think this was a mistake, please go back to the survey introduction page and select "Accept” 1o
proceed. If you dont wish to proceed with this survey, please close the browser window/tab. Thank you for
your interest in project.

i 13] - J13aslls * Load (minall e dddleall * ] alafS ® Jad, * o jisl a8 LY axiuall 03n ] caliog 2d)
o Uil (o9 ik i ¥ S 1] obrai¥ls * Joud * sisle 1 amisall W] £57 )l o2 s OIS s ol Akins
sl aode / piaiall 530U AME| o250 «ganall I3,

Aolaial e ) 1S




Public perception of maritime disasters in Saudi Arabia

apreaa| ag 8l aSLoall (pd Al & leSl pladl guaill

Demographic information «leglasll
dvasill

Note: Please answer all questions to move to the next page
Wl axiall L) JlasW altwY! ma> e LYl Lo ke Na

* 2. Gender Gzl
Male ,5)

Female Ll

" 3. Age asll
18-24
25-30

) 31-35
36-40

41-50

56-60

61+

* 4, What is the highest level of education you have completed ?
T lgale Jua> asale solgis el o Lo

Post-graduate degree (MSc, PhD etc.) ()l ol 19555 + jwinurla) Ll sslg
Under-graduate degree igre gl amel> solgd s Jol>
Secondary school certificate a, oWl solgid! s JLol>

I No qualification ale Jase Ug

Other (please specify)
aaxall 2 ) ‘5);])




* 5. Occupation aigall

() Government employee
wosS> aloso

() Non-govemment employee wro9S> it caloge
() selt-employed 5 ,> Jlas!

() Other (please specify)
st 2 2l Jlasl

* 6. In which region do you live in Saudi Arabia?
T apgrall dy )l aSlanll 8 e dilaio sl 9

() Central Region
oyl adlasall

() Western Region
| ailaiall

(") Eastern Region
agd il aidaiall

(") Northem Region
aJlasill dilaiall

() Southem Region
Augixd| dilaiall

* 7. In which city do you live? s ause sl 9
Iﬁ g
Other (please specily)
aaadl o2 ) $20)

* 8. 5. Do you live in coastal area?
T alolw dilaio 9 Guwrs Jo
Q VYes
an
() No
y

it



*9. 9. Do you live on coastal resources?
Tl awall Jis amull wlg,dll Gle dlss jaao sain Ja

) Yes
o

) No
y




Public perception of maritime disasters in Saudi Arabia

ao0radl ag 2l aSlaoll (9 aadl & ,leSU plall guail]

knowledge of
QEVETGE

Sloliall 49,00

Note: Please answer all questions to move to the next page
adlill anasall ) Jasl aiw¥! pa> Gls albbYl oo talasdes

* 10. Do you consider that your region is prone to disasters?
S loSU dio yn0 idlnio ol 2din Ja
) Yes au
No X§

) I'm not sure 1xSko cawd

*11. Have you ever experienced a natural disaster?
c&JlSJd.m.uu-o)muleb

Yes an

No Ms

12. Please specify the type of disaster
&)l ggi 53> ULas o

Earthquake J Y

Flood Jsal wllias

Volcanic eruption (uS .

Tsunami ol gaus

Tropical cyclones a ol juole Yl

Maritime terrorism s ol Cla Y|

Marine pollution s =l & eldl|

Vessel disaster §.,>, 3., pobas) pawll &)lsS)

Did not occur &oaxs ol

OO0Oooododn

Other (please specify)
(2ol o \5))1)

|




*13. To what extent do you agree or disagree with each of the following statements about disasters?
AWl wlsall po JS e $9les Y ,l CIPVRTS™ ,,1' | leSIL dnanidl is e e lawl

Neither agree Nor Completely
Completely agree Mostly agree disagree Mostly disagree disagree
PYWRRPeT | olsl 2lne Solsly oo iyl ¥
| am aware of
disasters risks -~ <
olaay a9 s 52 Ul A
Sl

| am aware of the
places prone to
natural disasters in my
city / region ~ P 7
SVl a8 yne Lole Ul - / - -/
< yloSl dio ynall
! itire 9 aunpdall
zala
| know the route to
evacuation place In
my area ' Y 8
").lm Fryen uh' ul \./ \_/ A \_/ A 4
o NV S|
silaiel il re
I know the evacuation
sign in my city /region
wloday ad me ale Ll Q
o sVl Liloely
adloialll iy 20

\
\J
)

7/

/

"
-
\

-

./

| am trained to help my

family and help others

during disasters —~
628 buo e i jate Ul >
828 Lwsy ilile

i lgS)l slish o891

I am aware of the

emergency

procedures | need to

follow if a disaster

warming Is issued ® ) L)
wlelol alys wle Ul

o il s lglall

o] > 9 Leslul

lsSdl o i

\
—~
.
"
./
\/
\
A




Neither agree Nor Completely

Completaly agree Mostly agree disagree Mostly disagree disagree
oauias golgl Solsl aulne oolgly oauies golgl ¥
| would be willing to
participate in DRR
program if one is
available —~ —~ —~ ~ —
Samleae g J (J \J J \J

b a5 slatll a Laiall
e )lsSJI

* 14. Are residents provided with the following required information before the disaster happen?
FTa, sl w9z ol ag Jub aJUl wloslaall Il 3s55 oty Jo

Yes No 'm not sure
an s aslis coud
Evacuation Routes ~ 'S )
Yl b - = ~/
Evacuation Bus Pick-
Up Locations
MY Lilwy adlso ~
Ml ol JUla))
Location of Shelters ~ N )
coa¥all gilse (J \/ \./
Emergency contact \

s lslall Jlasl 03, / ~




* 15. Please rate how important the following awareness and training programs are to cope with disasters in
your area?
S @ loSIl Hlobro o roimall drlas 5405 (9 @l cayailly assoill mol s asonl 20 pasis 525
Moderately
Unimportant Of little importance important Important Very important
Age puE aaaVl Lls Jaize JSis age P x> age
DRR training program
/disaster drills such as
search and rescue
and first aid
sl il ol ~ ~ ~ — —~
Jolss Ga sl Lle = et b =
Cadl Jis &oleSl
wlslawdl SlasYly
sslall £l sadgVl
sVl 6la]s eadiall

Awareness campaigns

about the threats from

Disasters and climate

change O O
a9l ausgill wMa>

aaxll wlaagdl ol

tliall junig o jlsSdl 2

Multilingual awareness

programmes ) - \ 3 R
gol ) 3aaiall lalll b=t R v- J \_J
s gill

Other (please specify)
sl o) s ut)

*16. 1. Do you have any previous knowledge about the maritime disaster?
§ a ol eleSIL Gl logles ol dilu 49,0 2La) Ja
() Yes
P
) No
y
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a9l agpall aSLaoll (pd ap ol & leSU plall guaill

Socio-economic and environmental preparedness

&leSl) Ll s3laidYly amaixall slasiwd!
aall

Note: Please answer all questions to move to the next page

aJll asaall ) Jaul aliw¥l gaz Lle LYl Lo rilas s

* 17. Please rate how influential of the following natural maritime disasters are in coastal regions in KSA?
Tayrgrudl adoludl Haoll Lle aJUl (asudall) a2l & )lesUl selis5e puds 2

Moderately Extremely
Not at all influential  Slightly influential influential Very influential infiuential
(E3VTN Vo Wls ise Jrine JSuiss yie Ia Jise alall ji3e
Tsunami
pull l>ge) (roligans
aJlall)

Sea level rise
tlow ssiums glaiyl
Jolw Gle i
aalaiall

Tropical cyclones

aoll usleYl

* 18. Please rate how important preparedness of the following natural maritime disasters are for the coastal
regions in KSA?
Sanrgnadl audsbudl Haral) duill adll (asmadall) dspml &leSIl agolsal slaniwl dsanl 10 puis >

Moderately
Unimportant Of little importance important Important Very important
age it ananVl Lls Jaine Jic, age age > age
Tsunami
224l Slogs) rabigas
8 s03all adlall)

Sea level rise

low sgiwe glas,l
Jolw ol Lle a2l
aalaiall

Tropical cyclones
aplal| suolel > - -~

11



*19. Please rate how important preparedness of the following man-made maritime disasters ?
T AWl (Olw)) go o) aadl & leSUl agzlsal slaniwyl dsanl i puis Lz 0
Moderately
Unimportant Of little importance important Important Very important
e P aanVl Lls Jaine JSis pge e Ias ~ae
Maritime terrorism B ® \
sl oyl b

Maritime piracy

slowall ) a ! i il O O )
tlwall)

Vessel disasters ~
kil &ylss \J
Marine pollution
ol wsldl

* 20. Please rate how important the following factors are to enhance the protection of the coastal zone from
the impacts of natural (natural)?

§ (asnadall) aadl & leSI LT o aulo bl diliall arlos sosni o9 Wl Jalsall dsanl 530 puis o2 0

Moderately
Unimportant Of little importance important Important Very important
prege aadVl s Jsine JSuis age P x> nge
Mean elevation of the
area (Resilient
communities were
located along the
coastline and
elevation area). O O ®)
el Jauwgie 3o
plaw ¢ dilaiall
sl ol
adassiall gloliall
8 plaall

Projection of rising sea
level and its severity
for the area

oo £yl 3l
ole iy sl plaw
ailaiall Jolw




Exposure and risk of
increasing
temperature (The
main cause of global
sea level rise is the
thermal expansion).
byl 4z 83l ail e
RWICH [ROWWI ) IS
Tlaw Sgime glai)l 0
Ja bl Gle ol
anglall & )leSl 831 )9
ailaiall 09 )

Building code
(Enforcement of
Building Code to
reduce vulnerability
and risk),

295 Sasdas ol I

699 jujai) sl ules
wliniag Gilis Jaxs
Holre o dilaiall
wyleSdl

Availability of urban
green space (e.g.
parks) that have
positive effects on
climate-related
disaster resiliance.
elyian| ol luall 84
(51adl Jia) apiaxl
wle s il Ly il
& lgSUl T Caas
tlall alaw,all

Other (please specity)
SVRC [ RFC) JUT W) |

Moderately

Unimportant Of little impx Imp: P

~ga aanVl Lls Jaine Sl age .-
@) O O O
O O 2 ®
O O @) O

Very important

li> nge




* 21. Please rate how important the following safety and security factors are for coastal regions form man-
made disasters?
0o alolull sloliol] goizo alo> juim o8 adll aloxlly oYl Jolss assnl s20 pusi >
(oYl gio ) aaddl o leSIl Lblae

Moderately
Unimportant Of little importance imp Very important
Age ananVl Lls Jaine Ji age age x> age

Safety consideration

against man-made

disaster such as

piracy and terrorists

acts Q) Q) )
bl gl 5 g9

Jlagl pa alaxl

oVl auo,all

wslilly s =l

Security systems and

safety procedures

such as monitoring

cameras, sensors, elc. )

ooVl skl 3am -
Jle alaxdl Glsl olg

vawdlyall Wl usls

ol ol 65e2ls

Compliance with

international standards
(International Ship and

Port Facility Security

Code) @
suleall sulan ol VI

agaall) dulaxdl adgall

ol oY adgall

rilzally )

Other (please specify)
aasull ) s u)

14



* 22. Please rate how important the following coastal pollution control factors are for coastal regions?
§ Ul o oo budl gaizall dla> ujn 9 adWl s ol Saldl ax8lSe Jolss dsanl sx0 pnis oz

Moderately
Unimportant Of little importance P P Very important
P aaaVl JLls Jaine S nge ~a- > age

Monitoring of coastal

water quality ~ —~ —~ —~
oliall 839> il 10 S / / \_/
aul> Ll

Tackling oil spillages in

coastal areas ~ ~ ~ S A
o9 Jaaill U axlles s s '
bl sloliall

Conservation of
mangroves
wlle e blaxl
a ol Logailall
Aol oLty )

Other (please specify)
SYECH | PE W) JUIL WS |




* 23. Please rate how important the following livelihood factors in coastal regions?
G leSUl Jolra o dulsbudl gloliall Ol aissmall sl dslas o jaid aUl Jolga)l dsanl 20 pssii o2
Tag !

Unimportant Ot little imp, derately imp po Very important
P aa¥l s Jaine S mge P s> nge

Funds available for

reconstruction after

disaster O O @ (

by Jlsa¥l dgs

a8l pady am ylas)l

Employment

dependence on

coastal resources

ailaiall oyl i lax

aulo Ll 5 lgalls 6 O O O
yleSdl Loz 632gelly

o oS b Jia

aluly Jlawl

gl

Coastal resources

such as fishing

bl U ale>

Sy sminall O (
2lsall ls lilis

o Jia dl> Ll

Jlawdl

N/
\

)

J

Increase household

income ~ —~ —~ -
J5 Jase 834 I ~ -/ -/
o ¥l

Reduce poverty rate —~ : ~ —~
siall Jana ks = =

Other (please specity)
sl oz e ) s k)

-
(=]




Public perception of maritime disasters in Saudi Arabia

ay39%uuill ag )l aSLaoll (18 a sl & loSU pladl 5 guaill

Risk governance (
Response)
&leSdl wllas 5)05)

Note: Please answer all questions to move to the next page

AWl aniall JEoW Aliwll gor ol LYl o akasNe

17



* 24. Please rate the availability and effective of the following risk management in your city / region :
islaio [ Uiivro o9 adll & )lsSIl 5 0] Jolgs audelsy 1955 Sa0 puii o

Not available Very bad

Good Very good
Tlis jus la> alews s

Ia> s3>

Early warning systems —~ =

Saall 151 ke = e
Emergency operations
center . B .
s8I 5,0] 5550 3 L -~ -~/ v
auaall

O fE
g

Emergency plans ~ ~ ~
5.lshall lalas @ O

Availability of
evacuation shelters O )
MoV ola 49gi

Shelter's location

outside of risk areas = — ~ > ==
Dl’ l.al-.ll PYIN \_/ \_J ./ \_J \J
anll slblis

The route to
evacuation place O )
YOS W Solall

The evacuation sign
apli Vl oloell bt = s b M
ER)

Volunteer groups of

evacuation ~ —~ - -~
@9 b aaiall ifgazo e = > bt
MYl adas

Emergency aids, such

as logistics, food,

medicine, materials

etc —~ — — —~ ~
i lall a6 busall / \ A o
fwzelll wleandl Jis

)l,.", ",3", canI,

ol
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agreram| ag 8l aSloall (9 3l &leSl plall ) guaill

Self- assessment ouiil
VAMI"

Note: Please answer all questions to move to the next page

Al asaall JlaoW aliwdl ez e ALY Lo tabasis

* 25. How would you rate the preparedness of the following current public services and utilities of your city /
region to cope with the future maritime disasters?
Lissoo d (alll o) lgigaz Jb 9 aadl & leS)l dglaa) allll adll 331 1alls wloasdl a@jals puis oS
)

Not available Very bad Bad Good Very good

89958 pat [FE s S>> x> 82>

Capability of health
facilities (Number of
hospitals, physicians
and ambulances)

aw L 6 aall
2a2) apall 331 ,aU
elbYly oladauall
Slewy! ol jluws)

Transportation
infrastructure
accessibility
lailwg) pladl Jaul
algw 3, kb J8020in
Jswosll)

Public services
availability such as
water and sewage
aslall Cilosxll 94
o pally olall Jis)
£l e8Iy ouall)

Alternative energy
source promotion
(solar, wind, etc.)
abal aslall j94
auadd! asliall)
b uss Thls)

19



Not avallable Very bad

b 0940 put [P Sae>

Communication
reliability (telephone
and internet service,
and Reliability of
communication
systems)

Al e asleasyl
Wdgigny noa i)l
wYla! dakul)

* 26. Please check the three best methods to deliver safety advice to you?
Tl & leSIL doll dnll lsli,Yl Jlay Jlail Lilws ol Jasl izl o
[] Rradio
sly
[] Television
Usalill

[] Newspaper
waall

[] nternet
)l

[ ] social media
o laa¥l Lolgdl wlSads

m Other (please specify)
sl 2 ) s 2)

|

Thank you for your participating in survey.
O] dusi (09 lino pSigles oSJ i

CARDIFF

UNIVERSITY

PRIFYSGOL

CARDYR

fE
g

Very good

la> s>




Appendix B Delphi surveys Round 1

CARDIF}
virsiTYy  Coastal community resilience to maritime disasters in Saudi Arabia

vscoL  (First Round: Brainstorming )
(A RDY®

Introduction

Dear expert

First and foremost, | would like to take this opportunity to thank you sincerely for agreeing to participate in
this research consultation, Your Involvement is a vital component for the positive outcomes of this
consultation

Due to varying geographical and tectonic factors, the reglon of Saudi Arabia has been subjected to
numerous maritime disasters during the last two decades. Some of these natural maritime disasters
(Including tropical cyclones and tsunamis) have been recorded In coastal areas that are connected with
the Indian Ocean, Including the Gulf of Aden, the Guif of Oman and Arablan Gulf. The Indian Ocean is also
widely reqgarded as the potential source of future destructive maritime natural disasters with significant
capacity to affect the reglon. On the other hand, man-made marntime disasters (i.e. those arsing from ol
spllls, piracy, maritime terrorism, and vessel disasters) are most likely to take place in the Red Sea and
Arabian Gulf, which are key locations for the export of oil between Asia and Europe. There is a need to
promote community resilience to disasters in various regions and coastal citles of the country to address
uncertaln future scenarlos. The research aims at identifying and bullding consensus around a set of
Indicators and underpinning sub-indicators that can provide detailed accounts and assessment of the
capacity of resilience of a coastal community to natural or man-made hazards

Your response |s essential in identifying the important indicators. The data collected will be used for
sclentific research purposes only. For questions about this research and the questionnaire, please contact

Mr AT T Almutain

Doctoral researcher

Cardiff University/ UK

Cardiff, CF24 3AA

Emall: Almutalf AT @cardiff.ac.uk




The proposed Indicators and sub-indicators of framework for gssessing the coastal community resilience to maritime dsaster in Saudi

Arabla




CARDIF
NIVERSITY  Coastal community resilience to maritime disasters in Saudi Arabia

vscoL  (First Round: Brainstorming )

(A'RDYly

Delphi technique

Delphi technigque will be used In this consullation via a questionnasire method. The questionnalire will involve threée rounds o
roach consensus around community resilience dinensions and factors in Ssudi Arabin. The first round of Delphd involves
approving and extending a set of factors drawn from the Meratuee In the field. The sacond round will synthesize resolts from
the first round with the view of reaching consensus on a sol of agreed factors, The third and fmsd round will swolve ranking

the Bt of factors by levels of Importance

Delphi rounds (adpted from Okoll and Pavdowski (2004), Alshehrl (2013))

-
* Brainstorming for important factors.

J

N
* Narrowing down the creative list to the most

important ones,

J

™
* Ranking the list of important factors.

J




CARDIF}
NivirsiTy  Coastal community resilience to maritime disasters in Saudi Arabia
coL  (First Round: Brainstorming )

(71\" ‘{[ )‘.l*))

Personal Information

1. Please provide the following information

[ |

Company

Positing

Country

Email Addrass

Phone Number

|
|
- [ |
|
|
|




CARDIF}
viRsiTY  Coastal community resilience to maritime disasters in Saudi Arabia

ryscol  (First Round: Brainstorming )
(AMRDY

Society and Economy Dimension

In coasial communites, soclal and economic resience refers o the abllity of & commuasty 1o survive on lmited natural
resources whan they are typscally highly dependent on such resources . economic resilience’ inchude (1)demographics,

(Z}iivelihood, (3jemployment, (4)awareness and tralning, (5)culture and (6)safety and security

Indicators and subandicators of soclety and aconoeyy dmeansion




" 2. Please rate how Important the following demographic indicators are for community resilience to

maritime disasters in Saudi Arabia,

Population growth
rite:;

Average yeartly
population growih
rates,

Population density:
Population Density
In the aren (number
of personveg. Km)

Age Dependency:
Populntion less than
14 and more than 64

yoars of age,

Disability:
The rate of people
with desabilitios.

Level of education:
Qualifcation lavels
of the people,

Property
ownership and
type:

The rate of owner-
occupled housing
units and types.

Of Nttle
Unimportant Importance  Moderately important  Important

3. Please List further indicators of demographic, which not are mentioned above.

1

2

|
l
|

Very important




" 4, please rate how Important the following livelihood indicators are for community resilience to maritime

disasters in Saudi Arabia.

5. Piease List further Indicators of livelihood, which not are mentioned above.

1

2

Coastal resources:
The rate of the
population who
depends on coastal
TESONTRE,

Household Income:
Tha average income
earmed by each
parsonvfamily in a
(1iven aren.

Poverty:

The poverty rate (s
the ratio of the
people whose
Incomu bekow the
povesty line,

Unimportant Importance  Moderatoly important

Important Very important




" 6. please rate how Important the following employment indicators are for community resillence to
maritime disasters in Saudi Arabia,

Of little

Unimportant importance  Moderately important  Important Very important
Employment:
Labour force
employed (%
Employad per
10,000 lshour
forces).

Employment

dependence on

coastal resources:

Employment

opportunities inchude ) ) %3 =)
|obs related (o

coastal and ocaan

resources sach as

fishing and towrism.

7. Please Uist further indicators ofemployment, which not are mentioned above.
: |
: |

. |

|

4

" B. Please rate how Important the following awareness and training Indicators are for community

resilience to martime disasters (n Saudi Arabia.

Of little
Unimportant Importance  Moderately Important  Important Very Important
Disastor exercises
and drills:
Availabty of

disaster exercises ) () ) () ()
and deils, (n tarms of

numibes and

frequency.




Of little

Unimportant importance  Moderately important
DRR training:
A frogquency of
Diuaster Risk
Reduction (DRR)
brsning program, it
Inchudes search and
rascue, fest ald,
temporary shedor
construaction, food
distribution, and
avacuation
management,

Awareness of
disaster and
climate change
risks:
Comprohansve
public awareness
campaigns provide ®) () S
constant reminders
about hazards rinks,
waning procedures,
and evacuation plans
within constal
communtios.

Nt g uad

awareness

programmes:

Capacity avallabllity

such as books,

lonfiets, eic, (o {
disseminato disaster
AWAreness

programmes by

differant langunge.

Awaroness

campaigns:

AWNONOsS { () ()
ocampalgns ta reduce

pollution,

Important

Very important




9. Please List further Indicators olawareness and training, which not are mentioned above,

: | |

2

I
2 |
[

4

|
|
|

* 10. Please rate how Important the following culture indicators are for community resilience to mantime

disasters in Saudi Arabia,

Of little

Unimportant Importance  Moderately Important  important Very important
Soclal capltal:
Populaton
participatog In
Oty
nctivies/chibs, @ ®) O @) @)
acceptance leval of
partcipation In &
decksion-making
process,

Religious
organisations:

Number of roliglous
organisations.

11. please List further Indicators ofculture, which not are mentioned above.

‘ |
2

|
3 |
|

10




" 12. please rate how Important the following safety and security indicators are for community resilience
to maritime disasters in Saudi Arabla,

Of Nttle

Unimportant Importance  Moderately important  Important Very important
Riots, confilcts and
homicide
Incldents:
Qccurrance of flots,
conflicts or homickde
Incidonts.,

ISPS code

compliance:

Compliance with

Intematlonal

standards ISPS ) ) ) S )
Code (nternathonasd

Ship and Port

Facllity Securlty

Code).

Safety and security

systems:

Socurity systems () @ ) ) (]
and safety

procedures,

13. piease List further indicators of safety and security, which not are mentioned above.

* |
2

|
’ |
|

11




CARDIF}
virsiTy  Coastal community resilience to maritime disasters in Saudi Arabia
oL (First Round: Brainstorming )

(A'RDYWY

Environment and Climate change Dimension

Environmental and climate change dimension can be roughly inked to a coastal area's exposure to
specific coastal hazards (1.e. Tropical cyclone, Tsunami and rising sea levels), The environmental
safeguarding action for each indicator has been Introduced In order to Incorporate specific actions that
may be carried out In order to mitigate the threats ansing from climate change, While these factors may, at
times, be conslderad to be negligible, they also have the potential to bacome highly detrimental to a
soclety and its economy during periods of catastrophe, Its assessmant indicators include (1)coastal
pollution control, (2)land use, (3)slow onset disasters and (4)rapid onset disasters

Indicators and sub-indicators of environment and climate
change dimension

12



" 14. Piease rate how Important the following coastal pollution control indicators are for community

resilience to maritime disasters In Saudi Arabla.

Of Ne
Unimportant importance  Moderately important  Important Very important
Water quality:
Froquency of
monitaring of coastal
Watnr quality,

Marine pollution:

Oceurrence Ol

spiling incidents = ) ) ) )
from jetthes,

platforms and ships,

Mangrove cover:

The parcontage of —- - =
forent cover as por . N s
Innd usao of the area

15. Piease List turther Indicators of coastal pollution control which not are mentioned above.

. | |

2

I |
' I |
l |

13




" 16. please rate how Important the following land use Indicators are for community resilience to maritime
disasters in Saud| Arabia.

Of Nutle
Unimportant importance  Moderately important  Important Very important

Agricultural land: 7 7
Aron of agricultuesl () () () () ()
land (ha)

Urban green space:

The avalabdity of

urban green space

(8., parks) that () D) () ® )
have positive effects

on climatn-related

disaster resillence.

Bullding code:

Enforcoment of

Bullding Code 10 () J (J &
reduce vwinerabiity

and sk,

Moan elevation of
the area:

Resiliont
commuanitios were
locatad along the
coastine and
olovation area
(Averaged elevation
(m) above sea
leved).

Vulnerable bullt up
aroa:

Identily the
developed Iand area,
such a8 residential,
commescinl,
recreationnl fncilsties,
Industrinl and
educationnl ket
uses {(km2).

14



17. please List further indicators offand use , which not are mentioned above.

1

2

4

" 18. piease rate how important the following slow onset disasters indicators are for community resilience
to maritime disasters in Saudi Arabla,

19. please List further Indicators of slow onset disasters, which not are mentioned above.

1

2

Exposure and risk
of increasing
temperature:

The two majo
caues of global sea
loved rise are tharmal
expanslon caused
by warming of the
ocean and ncreased
meking of land-
hased |ce.

Sea level rise:
Projection of rsing
s0a lovel and is
sevarity for the
nren,

|
|
|

Unimportant

Of little
Importance  Moderately important  Important Very important

l
|
|

|
|
|

15



" 20. piease rate how Important the following rapid onset disasters Indicators are for community resllience
to maritime disasters in Saudi Arabia.

Of little
Unimportant importance  Moderately important  Important Very important
Frequency of
natural hazards:
Frequency of namual D {J & ( @
disastors occurred In
the Area.

Intensityfseverity of

natural hazards:

The severity of

impact caused by the QO ) @
larpest-scale of

disaster occurred o

the aren,

21. piease Ust further Indicators ofrapid onset disasters, which not are mentioned ahove.

. | |

2

| |
d l |
| |

16



CARDIF]
tRSITY  Coastal community resilience to maritime disasters in Saudi Arabia
(First Round: Brainstorming )

(A I\’[ )'!,i,’

Infrastructure Dimension

Infrastructure resllience dimension, utilities, communication and public services are all essential for
reducing the impact of disasters. When essential public services are discontinued, this has a negative
Impact on any rescue and rellaf operations which, in tum, can affect racovery. Thus, It s necessary for the
infrastructure resilience to be robust and dynamic, The assessment indicators include (1)transportation,
(2)health, (3)transportation, (4)utilities, (5)communication and (6jembankment and shoreline

Indlcators and sub-ndicators of Infrastructure dimension




" 22. Please rate how Important the following health Indicators are for community resilience to maritime

disasters in Saud| Arabia.

Unimportant

Hospitals:
Number of hospltals
(per 1000 porsons).

Hospital beds:
Number of hospital
heds (per 1000
persons),

Physlclans:
Number of
physicians {(per 1000
porsons).

Ambulances:
Number of
ambudancas (per
1000 pessons).

Hoalth Insurance:
The rate of
population with
health Inswance

Health care support
workers:

Population employed
in health care
SO,

Of little
importance  Moderately important

23. Please List further Indicators of healt, which not are mentioned ahove.

l |

2

|
2 I
[

18



" 24, please rate how Important the following transportation indicators are for community resilience to
maritime disasters in Saudi Arabia.
Of little

Unimportant importance  Moderately important Important Very important

Special need
transportati
services:
Spocis need
ransportatlon
sorvices

Roads
nccessibility:

Thiz ahility of people
10 move 1o secure
places and obtam
essentad needs,

Vehicle ownership:
Mowsiholds/
parsons with at keast
ane vehick.

School and

employee buses:

Number of school i ) ®, ) )
and employee

buses,

25. please Ust further Indicators oftransportation, which not are mentioned above.

: |

2

|
' |
|

19



' 26. Piease rate how Important the following utilities indicators are for community resllience to maritime
disasters in Saudi Arabia.

27. Piease List further Indicators ofutilities, which not are mentioned above.

1

2

Infrastructure and
public facllities:
Infrastructure and
public facilites 10
Suppon emergancy
managomant
services, auch as
ulnciricity, wator,
sewnge,

Renewable energy:
The use of
allemative sorce of
alectricity ranawable
of energy
(Solariind edc.).

Fire statlons:
Numbar of fire
AL,

Of Nutle
Unimportant Importance  Moderately important  important Very important

—_—_

20



" 28. Please rate how important the following communication indicators are for community resiience to

maritime disasters in Saudi Arabia,

Access to moblle
phones:

Parcent of
househokts with

tedephone
sorvico avasable,

Access o
radioitelevision:
Parcent of pogrdation
having
radiofalavesion.

Rellabllity of
communication
systems:

Ro#iable
COMMUEBCALIONS
croatn daly
connectivity between
places, people and
services.

Intermnet services:
Parcont of popudation
having Intemet
connmction,

Unimportant

Of little

importance  Moderately important  important Very important

29, Please List further indicators ofcommunication, which not are mentioned abave.

1

2

|
I
l

o fL__alga__ sl
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* 30. Please rate how Important the following embankment & shoreline Indicators are for community
resilience to mantime disasters in Saudi Arabia.
Of litte

Unimportant importance  Moderately important  important Very important

Vulnerable

shoreline:

Vulnerable shoreline ) () o ()
protected by

dykes/ambankments.

Age of
embankments:

Average age of
ambankments,

Maintenance of
embankments:
Freguency and
quality of
maktenance of
ombankmenms.

31, Please List further Indicators ofembankment & shoreline, which not are mentioned above,

t |

2

|

| |

| |

* [ |
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CARDIF]
NIVERSITY  Coastal community resilience to maritime disasters in Saudi Arabia

vscoL  (First Round: Brainstorming )

(ARDYily

Governance and Institutions Dimension

Dimension of governmance and Institution resllience can be described as the role that governments and
associated institutons play in helping to build resilient communities, A proper understanding of governance
must Incorporate the roles and responsibiiities of all levels of government (local, state and federal), as wall
as the extent to which these either impede or facilitate community resillence, The assessment Indicators

include (1)Laws & policy, (2)institutional action and (3)Warning and evacuation

Indicators and sub-ndicators of govarnance and Institutions demansion

23



" 32. Please rate how Important the following laws & policy Indicators are for community resillence to
maritime disasters in Saud| Arabia,
Of Ntle

Unimportant importance  Moderately important  Important Very important

Regulations and

policies:

Reguiations and

pollcy of

devetopmant plans () () @ ("3 »
of DRR mcluding

BVBCURTon

omergoncy

management plans,

Environmental
regulation:
Implementation of
anmvronemental
Proteaton nct and
samilar,
Implemantation of X3 () ) ) )
effickent wasts
management
system,
Implemantation of
métigation polickes to
roduce alr polation,

Participation in

DRR planning:

Local commansty

participation In 2 () () ® )
Desastor Risk

Reduction (ORR)

planning.

DRR strategles:
Disastnr Risk
Reduction (DRR)
strategies imegrate
with climate change
10 Incroases the
ahility of community
to adapt to the
adverse impacts of
face fulure hazards,

24



33. Please List further indicators of laws & policy, which not are mentioned above.

' |

2 |

s |
|

4

" 34, piease rate how important the following institutional action indicators are for community resilience to
maritime disasters in Saudi Arabia.

Of little
Unimportant Importance  Moderately important  Important Very important

Observation and
Monitoring:
Observation and
monstaring for busk
environment and
manting facilites.

Institutional
collaboration &
coordination:
Institutional
collaboration and
coordnation of DRR
(Govermmeant, non-
povermmant).

Voluntary Groups:
Support from non-
povermemertal
organisatons
(NGOn) and
community-based
organisations ) ) ()
(CROY), population
avacuating
voluntarily,
population
participating In refet
works,

25



35. Please List further Indicators of institutional action , which not are mentioned above.

1 | |
: |
|
I

3

|
|
!

4

" 36. Please rate how important the following warning and evacuation indicators are for community
resilience to mantime disasters in Saudi Arabia.

Of little

Unimpaortant Importance  Moderately important Important Very important

Early warning
system:

Exstence of carty ra - S U ®

Warming systam,
Avallability of
ovacuation center:
Number of
temporary shelters
during emergencees
such as schooks

Emergency Alds:

Avolabiry of

Bmergency iids,

such &s logistics, () () @ ®
food security,

medicine, materlals

ale,

Hotels and motels:

The avalabisty of & ) ®)
hotets and motels,

37. Please List further Indicators ofwarning and evacuation, which not are mentioned above,

' I |

2

I |
) l !
| |
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Appendix C Delphi surveys Round 2

Coastal community resilience to maritime disasters in Saudi Arabia
(Round 2)
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Doar Export,

1 would Bke to thank you very much for your efforts and taking the time 1o complete the fiest round of the Delphl
questionnaire with your snportant commants

For your idormation, the results have been presented based on your and other expernt's responses to the questionnalre
The results are presented as a chan, aach indicator being evakstod and reflected (o you as statistical data (mean: the
average rating of 56 Expents). The average rating s based on & 5-pont Likert scale, where 5 means exdremedy important
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Coastal community resilience to maritime disasters in Saudi Arabia
(Round 2)
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(anslidl algl)

Personal Information

" 1. Please provide the following information

Name awYl [ ]

Email Address L Y1 [ I

Phone Number  Jlgall [ 1




ARDIFI Coastal community resilience to maritime disasters in Saudi Arabia
LARUIET (Round 2)
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Society and Economy Dimension
aplaidVlg aclaiz Vi sl Y

Pleass see the below figure, there |8 consensus on the society and economy Indicators in the Nirst round of the survey.
Then, pleass re-rate the following Indicators that did not reach consensus during the first round for Incluslon or exclusion
in Round 2, These are highlighted in yellow In the below Ngure, Alter that, please rate the proposed indicators in the same
way as the indicators were rated in Round 1, that Is, on a S.point Likert scale from 1 (Unimportant) to 5 (Very important),
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" 2. The feedback and re-evaluation
There is consensus on the society and economy indicators according to the level of importance in the first
round of the survey. Thus, please re-rate the level of importance of the following Indicators that did not

reach consensus during the first round for inclusion or exclusion In Round 2.
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Of Nite
Unimportant Importance  Moderately important Important Very important

Disability:
dasle ¥l

The rate of people
with disabllites,
gt ,_plA.‘.M Joane
adle)l

Level of education:
! palill sgians
Qualincation levets
of the people

Jialdl Glgtiua
owlil)

Property
ownership and
type:

:,hnll “n.
aroiy

The rate of owner \ )
negupled housing
units and types
whargll Jane
lelade il ausiull
lgslgily lagSite

Riots, conflicts and
homicide
Incidents:

¢ eamaiall Jlagl
walgmg wilelully
Jaall

Oceurrence of rlots,
conflicts or homickde
Incadents,

Jlasgl wgaz 2ae
ol wleluall ol Caasdl
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Comments




" 3. Further indicators from experts :
The experts recommended the following Indicators for inclusion under society and economy dimension,
Please rate the Importance of the proposed Indicators for community resilience to maritime disasters in
Saudi Arabia.
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Of litde
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Foreign population:

temls VI il
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foredgn persons
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Of little
Unimportant importance
e asen¥l Juls
Integrating DRR
Into school
curriculum
ilalane aulei pas
Lgan aandly oy leSIl
oabliadl o
M'JA”
The avallabdity of
Incorporation of
disaster education
schools
o wasatdl rlay] Jily
welaall

Moderately important Important

asen V! Jaine

~

Very important
12> pge




Of little

Unimportant  importance  Moderately important  Important  Very important

P asan¥l Lls aran¥l Jaine

Nonprofit
organization (NPO):
EO] RRRFON ||

anny panll asunll
Anonpramt

organization ane
usually woll
Integratad withan
lncal communitios
and thus often able
to respond to
disaster In a very
short time span and
thel involvement in
roliaf and
reconstruction
nctivities has also
bean cruckal in
fostering post
disaster racovery In ) { {
many regions of the
workd,
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Coastal community resilience to maritime disasters in Saudi Arabia

(CARDIFF - ipound 2)

s gyl oyl S 6,10Y adaall wlrainal 3900 608 Gulid U]
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(asslil alganl)

Environment and Climate change Dimension
thall iy asiadl sLuVI

Ploase see the below figure, there s consensus on the environment and climate change indicalors in the first round of the
survey. Then, pleass re-rate the following indicators that did not reach consensuas during the first round for Inclusion or
exclusion in Round 2, These are highlighted In yellow in the below ligure. After that, please rate the proposed indicators in
the same way as the Indicators were rated in Round 1, that is, on a 5-point Likert soale from 1 (Unimportant) to 8 (Very
important),
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" 4. The feedback and re-evaluation:

There is consensus on the environment and climate change Indicators according to the level of importance
10




In the first round of the survey. Thus, please re-rate the level of importance of the following indicators that

did not reach consensus during the first round for inclusion or exclusion In Round 2.

Lgasatts sole)s shusdl sl (a9 59155 | Juos o il lpuulgall
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Of little
Unimportant Importance  Moderately important Important Very important
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" 5. Further indicators from expens :

The experts recommended the following Indicators for Inclusion under the environment and climate change

dimension. Please rate the importance of the proposed indicators for community resilience to marntime

disasters in Saud| Arabia.

[ JVEN | ISR | O RS |

puii 2 thiall jutig ol aedl wliise e Lzl oY eVl aeall 8 adWl wlsgall 6Ll uosly
gl agnll aSlaall 8 a ] olaSU painall 25000 doglialsssadl iz jikall ol pubball asenl 530

ek

Industrial
wastewater
discharge:
! olis ciy puai
i Ll ol
Extent of discharge
of inddustrial
wastewnte in
coasial arons

olis La ) g2a
o ok lall U all
alsludl glolindl

Implementation of
PCC Rules and
Procedures:

L (IPCC) aclgn
algll szl
asdgall asegSall
el janss annddl
Inplamentation of
Imergovemmental W/
Panel on Chmate
Change (IPCC)
Rudes and
Procothwes,

el o]y 25198 35au
Ay ol e pSall angll
tlall jeat adsall

Of little

asan¥l Lo

Moderately iImportant

Important Very important
asanVl Jaine P [P
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Of little
Unimportant importance  Moderately important
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Coastal community resilience to maritime disasters in Saudi Arabia

CARDIF| (Round 2)
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" 6. The feedback and re-evaluation
There is consensus on infrastructure indicators according to the level of importance in the first round of the
survey, Thus, please re-rate the level of importance of the following indicators that did not reach consensus

during the first round for Inclusion or exclusion in Round 2.
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" 7. Further indicators from experts:
The experts recommended the following indicators for inclusion under infrastructure Dimension. Please rate
the importance of the proposed indicators for community resilience to maritime disasters in Saudi Arabia,
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Coastal community resilience to maritime disasters in Saudi Arabia

CARDIF| (Round 2)
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point Likert scale from 1 (Unimportant) to 5 (Very important),
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" 8. Further indicators from experts:
The experts recommended the following indicators for inclusion under governance and institutions
Dimension, Please rate the importance of the propoesed indicators for community resilience to maritime

disasters In Saud| Arabla.
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" 9. This framework has four dimensions. Could you please rate how important the following
dimensions are for the community resilience to maritime disasters in Saudi Arabia?
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Appendix D The analysis of the Delphi survey responses by rounds

Indicator Round 1 Round 2
Mean | Median | Std. Interquarti | Status of Consensus Mean | Median | Std. Interquarti | Status of

Deviati | le Range Deviati | le Range | Consensus

on (IQR) on (IQR)
Society and economy 3.9 4.00 0.78 0.00
Demographic
Population growth rate 41 |400 |0.87 1.00 v Achieved N _ _ _
Population density 42 |400 |0.92 1.00 v Achieved N _ _ _
dependent population 35 |400 |0.92 1.00 v Achieved N _ _ _
Disability 3.9 4.00 1.09 2.00 — To be included to round 2 | 3.9 4.00 0.92 1.00 \ Achieved
Level of education 3.9 4.00 1.02 2.00 — To be included to round 2 | 4.0 4.00 0.87 1.00 \ Achieved
Property ownership 3.5 4.00 1.03 1.00 — To be included to round 2 | 3.2 3.00 . _ x Excluded
Foreign population* L L . L . 3.6 | 4.00 0.88 1.00 \ Achieved
Sex ratio* . _ . _ . 3.2 3.00 _ o x Excluded
Livelihood
Population dependent on coastal 3.9 4.00 0.90 1.00 + Achieved _ _ _ — _
resources
Household income 3.4 | 400 |0.94 1.00 + Achieved _ _ _ _ _
Poverty 3.6 | 4.00 0.99 1.00 v Achieved _ _ _ _ _
Employment
Employment 3.4 3.00 _ _ x Excluded _ _ _ . _
Employment dependence on coastal 4 4.00 0.85 1.00 v Achieved _ _ _ _ _
resources
Unemployment rate* . _ . _ . 3.0 3.00 _ _ x Excluded
Nonprofit organization (NPO)* _ . . . . 4.1 4.00 0.89 1.00 \ Achieved
Awareness & training
Disaster exercises and drills 4.5 5.00 0.69 1.00 \ Achieved — _ _ — —
DRR training 46 |500 |054 1.00 v Achieved N _ — _
Awareness of disaster and climate 4.6 5.00 0.60 1.00 + Achieved _ _ _ — —
change risks
Multilingual awareness programmes 4.2 4.00 0.75 1.00 v Achieved _ _ _ _ _
Awareness campaigns 4.4 5.00 0.73 1.00 v Achieved _ _ _ _ _
Culture
Social capital 3.6 4.00 0.89 1.00 \ Achieved _ _ _ _ —
Religious organisations 3.3 3.00 _ _ x Excluded _ _ _ _ —
Integrating DRR into school curriculum* . . . . . 4.3 5.00 0.85 1.00 V Achieved




Safety and security

Riots, conflicts and homicide incidents 3.5 4.00 111 1.00 — To be included to next 3.6 4.00 0.84 1.00 \ Achieved
round 2

ISPS code compliance 4.3 4.00 0.77 1.00 v Achieved _ _ _ _ _

Safety and security systems 4.3 5.00 0.64 1.00 v Achieved _ _ _ _ _

Environment and climate change 4.4 4.50 0.56 1.00

Coastal pollution control

Water quality 42 |400 |0.87 1.00 v Achieved N _ _ _

Marine pollution 45 |500 |0.73 1.00 v Achieved N _ _ _
Mangrove cover 3.8 | 400 |0.99 1.50 v Achieved N _ _ _
Industrial wastewater discharge* L L . L . 4.20 | 4.00 0.73 1.00 \ Achieved
land use
Agricultural land 3.6 |400 |0.87 1.00 v Achieved N _ _ _

Urban green space 3.8 4.00 1.02 2.00 — To be included to round 2 | 4.1 4.00 0.80 1.00 \ Achieved
Built up area 4 400 |0.88 1.00 v Achieved N _ _ _
Building codes and regulation 4.4 5.00 0.81 1.00 v Achieved _ _ _ _ —

Mean elevation of the area 4.2 4.00 0.81 1.00 \ Achieved _ _ _ — —

Slow onset disasters

Exposure and risk of increasing 3.8 4.00 0.93 1.00 v Achieved _ _ _ — —
temperature

Relative rate of sea level rise 4.1 4.00 1.01 1.00 — To beincludedtoround 2 | 4.1 4.00 0.75 1.00 \ Achieved
Implementation of IPCC Rules and o - _ - _ 4.1 4 0.73 1 V Achieved
Procedures*

Rapid onset disasters

Frequency of natural hazards 4.2 4.00 0.77 1.00 \ Achieved _ _ . _ \ Achieved
Intensity/severity of natural hazards 4.3 4.00 0.71 1.00 \ Achieved _ _ . _ \ Achieved
Seabed seismic monitoring* . _ . _ . 450 | 5.00 0.70 1.00 V Achieved
Infrastructure 4.5 5.00 0.56 1.00

Health

Hospitals (#) in 100 people 4.4 5.00 0.75 1.00 v Achieved _ _ _ _ _
Hospital beds (#) in 100 people 4.3 4.00 0.83 1.00 v Achieved _ _ _ _ _
Number of physicians (#) in 100 people 4.1 4.00 0.85 1.00 v Achieved _ _ _ _ _
Number of ambulances (#) in 100 people | 4.2 4.00 0.63 1.00 v Achieved _ _ _ _ _

Health insurance (#) in 100 people 3.9 4.00 0.98 2.00 — To beincludedtoround 2 | 4 4.00 0.85 1.00 \ Achieved
Health care support workers (#) in 100 4.1 4.00 0.91 1.00 v Achieved _ _ _ _ _

people

Transportation

Roads accessibility 45 | 5.00 0.62 1.00 \ Achieved _ _ _ _ _
Vehicle ownership 3.4 3.00 x Excluded




School and employee buses 3.6 4.00 0.97 1.00 \ Achieved _ _ _ _ _
Special need transportation services 4.1 4.00 0.87 1.00 \ Achieved _ _ _ — —

Public transportation modes* _ . . . . 4.1 4.00 0.74 1.00 \ Achieved
Utilities

Infrastructure and public facilities 4.6 5.00 0.58 1.00 v Achieved o o . . \ Achieved
Renewable energy 4 4.00 0.91 1.00 v Achieved o o . . \ Achieved
Fire stations 4.6 5.00 0.57 1.00 v Achieved o o . . \ Achieved
Communication

Access to mobile phones 4 4.00 0.95 1.50 — To be included to round 2 | 4 4.00 0.72 1.00 \ Achieved
Access to radio/television 3.7 4.00 1.08 2.00 — To be included to round 2 | 3.7 4.00 0.86 1.00 \ Achieved
Reliability of communication systems 4.3 4.00 0.92 1.00 \ Achieved — _ _ — —
Internet services 4.2 4.00 0.77 1.00 v Achieved _ _ _ _ _
Embankment & shoreline

Vulnerable shoreline 42 | 400 |0.79 1.00 v Achieved _ _ _ _ _

Age of embankments 41 |400 |0.86 1.00 \ Achieved N _ _ _
Maintenance of embankments 4.3 5.00 0.80 1.00 + Achieved _ _ _ _ _
Governance and Institutions 4.2 4.00 0.76 1.00

Laws & policy

Regulations and policies 4.5 5.00 0.73 1.00 \ Achieved — _ _ — —
Environmental regulation 4.3 4.00 0.74 1.00 \ Achieved _ _ _ — —
Participation in DRR planning 4.3 4.00 0.73 1.00 + Achieved — _ _ — —

DRR strategies 4.2 4.00 0.84 1.00 \ Achieved — _ _ — —
Compliance with international standards | _ _ _ _ 45 5.0 0.74 1.00 \ Achieved
that consider hazard risks*

Institutional action

Observation and Monitoring 4.1 4.00 0.81 1.00 v Achieved _ _ _ _ _
Institutional collaboration & coordination 4.4 5.00 0.69 1.00 v Achieved _ _ _ _ _
Voluntary Groups 4.4 5.00 0.62 1.00 v Achieved _ _ _ _ _
Warning and evacuation

Early warning system 4.7 5.00 0.66 0.00 + Achieved — _ _ — —
Availability of evacuation centre 4.8 5.00 0.45 0.00 v Achieved — _ _ — —
Emergency Aids 47 |500 |0.49 0.00 + Achieved N _ — _

Hotels and motels 3.7 |500 |o0.80 1.00 \ Achieved

*: Proposed by expert in round one




Appendix D The scope of the CCRMD'’s factors and
measurement methods

Dimension Indicator Sub- Description Level of difficulty
indicator in evaluation
High/
Medium/Low
Society and Demographic | Population Average yearly population growth rates | L
economy growth rate
Population Population density in the area (number | M
density of person/sq. Km)
Dependent Population less than 14 and more than | L
population 64 years of age.
Disability The rate of people with disabilities L
Level of Quialification levels of the people L
education
Foreign Population foreign persons who came | L
population to Saudi Arabia
Livelihood Population Population who depends on coastal M
dependent resources.
on coastal
resources
Household The average income earned by each M
income person/family in a given area
Poverty % of people whose income below the M
poverty line.
Employment | Employment | % of employment opportunities include | M
dependence | jobs related to coastal and ocean
on coastal resources such as fishing and tourism
resources
Non-profit Availability of non-profit organization M
organization | (NPO)
(NPO)
Awareness Disaster Availability of disaster exercises and L
& training exercises drills, in terms of number and
and drills frequency
DRR training | A frequency of disaster risk reduction L
(DRR) training program, it includes
search and rescue, first aid, temporary
shelter construction, food distribution,
and evacuation management.
Awareness Comprehensive public awareness L
of disaster campaigns provide constant reminders
and climate about hazards risks, warning
change risks | procedures, and evacuation plans
within coastal communities.
Multilingual Effectiveness of disaster awareness H
awareness programmes by different language.
programmes
Awareness Awareness campaigns to reduce L

campaigns

pollution.




Culture Social capital | % of population participating in
community activities/clubs, acceptance
level of participation in a decision-
making process.

Integrating % of incorporation of disaster

DRR into education in schools

school

curriculum

Safety and Riots, Occurrence of riots, conflicts or

security conflicts and | homicide incidents

homicide

incidents

ISPS code Compliance with international

compliance standards ISPS Code (International
Ship and Port Facility Security Code).

Safety and Implementation of security systems

security and safety procedures

systems

Environmentand | Coastal Water quality | Frequency of monitoring of coastal
climate change pollution water quality and remediation

control measures

Marine Occurrence oil spilling incidents from

pollution jetties, platforms and ships

Mangrove The percentage of forest cover

cover

Industrial Extent of discharge of industrial

wastewater wastewater in coastal areas

discharge

land use Agricultural Area of agricultural land

land

Urban green | % of urban green space (e.g. parks)

space that have positive effects on climate-
related disaster resilience.

Built up area | Percentage of the developed area of
residential, commercial, industrial and
educational land uses

Building Enforcement of building code to

codes and reduce vulnerability and risk.

regulation

Mean % of housing living above the normal

elevation of flood line

the area

Slow onset Exposure The two major causes of global sea

disasters and risk of level rise are thermal expansion

increasing caused by warming of the ocean and
temperature | increased melting of land-based ice.

Relative rate | Projection of rising sea level and its

of sea level severity for the area

rise

Implementati | Implementation of intergovernmental

on of IPCC panel on climate change (IPCC) rules

Rules and and procedures

Procedures

Rapid onset | Frequency of | Frequency of natural disasters

disasters natural occurred in the area

hazards




Intensity/sev

The severity of impact caused by the

erity of largest-scale of disaster occurred in
natural the area
hazards
Seabed The availability of underwater
seismic earthquake monitors and tsunami
monitoring
Infrastructure Health Hospitals Density of hospitals (per 1200 000
persons)

Hospital Number of hospital beds (per 1000
beds persons)
Number of Number of physicians (per 1000
physicians persons)
Number of Number of ambulances (per 1000
ambulances | persons)
Health % of population with health insurance
insurance
Health care Population employed in health care
support support (per 1000 persons)
workers

Transportatio | Roads The ability of people to move to secure

n accessibility | places and obtain essential needs
School and Availability of school and employee
employee buses
buses
Special need | The availability of special need
transportatio | transportation services such as
n services disabled and elderly
Public Availability of Public transportation
transportatio | modes
n modes

Utilities Infrastructure | Quality of Infrastructure and public
and public facilities to support emergency
facilities management services, such as

electricity, water, sewage

Renewable Implementation of alternative source of
energy electricity renewable of energy

(Solar/wind etc.)

Fire stations

Availability of fire stations

Communicati
on

Access to Households with telephone
mobile service available

phones

Access to % of population having access to

radio/televisi
on

radio/television

Reliability of | Reliable communications create daily
communicati | connectivity between places, people
on systems. and services.
Internet Percent of population having internet
services connection
Embankment | Vulnerable % of vulnerable shoreline protected by
& shoreline shoreline dykes/embankments.
Age of Average age of embankments
embankment

S




Maintenance
of

Frequency and quality of maintenance
of embankments

embankment
S
Governance and Laws & Regulations | Regulations and policy of development
Institutions policy and policies | plans of DRR including evacuation
emergency management plans
Environment | Implementation of environmental
al regulation | protection act and similar,
implementation of efficient waste
management system, implementation
of mitigation policies to reduce air
pollution
Participation | Participation of local community
in DRR participation in DRR planning
planning
DRR DRR strategies integrate with climate
strategies change to increases the ability of
community to adapt to the adverse
impacts of face future hazards
Compliance Compliance with international
with standards that consider hazard risks
international
standards
that consider
hazard risks
Institutional Observation | Observation and monitoring for built
action and environment and existing facilities
Monitoring
Institutional Participation of non-government in
collaboration | DRR
&
coordination
Voluntary Support from non-governmental
Groups organisations (NGOs) and community-
based organisations (CBOs),
population evacuating
voluntarily, population participating in
relief works
Warning and | Early Existence of early warning system
evacuation warning
system
Availability Availability of temporary shelters
of evacuation | during emergencies such as schools
centre
Emergency Availability of emergency aids, such as
Aids logistics, food security, medicine,
materials etc.
Hotels and Availability of hotels and motels
motels
* where:

High: Information is difficult to obtain or the information collected by government
Medium: Information collected bit publicly
Low: collected routinely




Example:

Demographic:

% of average yearly population growth rates

1 2 3 4 5

>3.0 % 2.0-2.9% 1.6-1.9% 1.2-1.5% <1.1%

Population Density in the area (number of person/sq. Km)
1 2 3 4 5
> 1000 999-800 800-401 400-101 <100

Dependent population [(% of Population aged less than 15 + % Population more than 65/ % population
between 15-64) x 100]

1 2 3 4 5
>80 50-80 30-50 15-30 <15

Note: How to Calculate age dependency ratio: For example, if 41% of its population less than 15, and 4% is over
65. This makes 55% (100 - (41+4)) between the ages of 15 and 64. Hence, Dependency Ratio is [41 + 4]/55 x 100=
81.8 which means 81.8 persons depend on 100 working persons.

Livelihood:
% of population who depends on coastal resources.
1 2 3 4 5
> 90% 51-90% 31-50% 10-30% <10%
% of people whose income below the poverty line. [ < 1.25 USD/day, World Bank 2008]
1 2 3 4 5
> 50% 35-50% 16-35% 6-15% 0-5%

Note: May be given in terms of BPL population as defined by Government of KSA
Safety and security:
Occurrence of riots, conflicts or homicide incidents

1 2 3 4 5
More often Often Seldom Very Much rare | No incidents

% of the compliance with international standards ISPS Code (International Ship and Port Facility
Security Code).

1 2 3 4 5
Very poor Poor Medium Good Very Good

Coastal pollution control:
Frequency of monitoring of coastal water quality and remediation measures

1 2 3 4 5
Never happened | Very Rare Rare Frequent Very Frequent

Extent of discharge of Industrial wastewater in coastal areas

1 2 3 4 5
Regularly Regularly Occasionally Occasionally Not discharged
discharged discharged with | discharged discharged
without treatment | yregtment without after treatment
treatment

Slow onset disasters:
Projection of rising sea level and its severity for the area

1 2 3 4 5
Very high high Moderate Low No predicted
Impact




Rapid onset disasters
Frequency of natural disasters occurred in the area

1 2 3 4 5
Oncein5years | Oncein 10 Once 50 years | Once in 100 No reported
years years Tsunami event

Health:
Number of hospital bed (per 1000 persons)

1 2 3 4 5

> 2000 1800-1601 1600-1401 1400-1200 <1000
Transportation:
Availability of Public transportation modes

1 2 3 4 5

Very poor Poor Medium Good Very Good
Embankment & shoreline:
% of vulnerable shoreline protected by dykes/embankments

1 2 3 4 5

> 5% 5-25% 25-50% 51-80% 80-100
Average age of embankments

1 2 3 4 5

> 30 years 30-20 years 10-19years 5-10 years <5 years




