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Abstract

Researchers have explored different risk assessment
approaches from the perspectives of different disciplines
to capture urban risks, resulting in many risk assessment
frameworks. In these frameworks, the risk environment is
analysed using different quantitative and qualitative
assessment methods, such as fuzzy set, probability theory,
and evidence theory. While each approach has contributed
to risk assessment, they suffer from a lack of consensus in
defining and measuring the impact of risk in an urban
environment.

Therefore, the study aims to conduct a literature survey
to consolidate a common set of risk assessment
perspectives and approaches for measuring these risks.

A structured review was carried out to achieve the aim
of this research. The research question used for
conducting the literature review was “What approaches
are being used to define and measure the impact of hazard
risks in an urban environment?”. The PICO (Population,
Intervention, Compression Intervention, and Outcome)
method was used to generate the search string for the
literature review by considering the keywords in the
research question. Initially, 206 research papers were
selected through a search strategy, and by applying a
screening method, 119 research articles were selected for
the detailed review. The Nvivo software was supported for
the review purpose; then, a mind map was developed,
integrating all the risk assessment perspectives.

Risk assessments were summarised by considering the
various researchers’ perspectives. Thirty-four risk
perspectives were identified through the literature, and a
mind map was developed to understand the connectivity.
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This mind map was converted into a network diagram, and
future requirements of risk perspectives were identified
based on the risk assessment network diagram. According
to the analysis, risk communication, risk treatment, critical
curve, judgment curve, and risk matrix could be identified
as future research areas. The risk reduction measuring
strategies were identified by considering the feedback
loop of the network diagram. Thus, 14 risk reduction
strategies could be identified through the analysis.

The risk assessment frameworks focused on holistic
approaches, but most research studies did not adequately
follow the risk perspectives. Therefore, research gaps
were identified in the risk assessment process, and the
areas were highlighted as state-of-the-art to conduct future
research studies. The feedback loops of the network dia-
gram emphasised the risk reduction strategies, which
could be further researched through application to a case
study.
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1 Introduction

Disaster Risk Assessment (DRA) is a fundamental activity
necessary for establishing a clear understanding of local risks
to implement appropriate interventions for risk reduction
activities and build resilient urban environments. Therefore,
there are many international efforts to encourage
governments to implement DRA to create sustainable cities
and communities through partnerships (Nations U 2015b).
For example, many disaster risk reduction action plans such
as the International Decade for Natural Disaster Reduction
(Nations 1989), the Yokohama Strategy and Plan of Action
for a Safer World, the Hyogo Framework for Action (HFA)
(2005-2015), Sendai Framework for Disaster Risk Reduction
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(2015-2030) are calling for governments to focus on disaster
risk reduction against climate-induced disasters (Nations U
2015a). In this context, the Sendai Framework calls for
strengthening the scientific capacities to develop or apply
DRA  methodologies and frameworks to  assess
vulnerabilities, exposure, and disaster risks for various
hazards (Nations U 2015b). Such risk assessment
frameworks need to take a systemic view of DRA within
urban environments by considering the interdependencies of
various subsystems and help city governors fully understand
the cascading impact of hazards across various subsystems
and domains (Hasani 2014).

Due to the complex relationships that exist among the risk
assessment variables, researchers have explored different risk
assessment approaches, resulting in many risk assessment
frameworks (Khazai et al. 2014; Yeganeh and Sabri 2014;
Zlatanova et al. 2014; Munasinghe and Wijegunarathne
2015; Torre et al. 2019; Huang et al. 2020). In practice,
different institutions and countries have used different risk
management frameworks for assessing disaster risks in their
local contexts.

A risk management framework is a guided process on risk
management principles, policies, and practices developed
more systematically by various institutions. Pedro Basabe
(2018) has divided these frameworks into four categories:
(1) Generic Principles, guidelines, and methods, (2) Applied
principles for governmental organisations, (3) Intergovern-
mental framework, and (4) National Institutionalised Frame-
work. The examples of category one frameworks on “Generic
principles” include ISO31000 and IRGC risk frameworks
which are purely theoretical frameworks. In contrast,
OECD and UNECE risk assessment frameworks are category
two frameworks on “Applied principles for governmental
organisations”, which are focused on a specific thematic
area (OECD 2012). For example, the OECD methodology,
developed by G20 countries, focused on assessing the finan-
cial risk status of a country (OECD 2012). On the other hand,
the Sendai Framework, introduced by UNISDR, is an exam-
ple of a category three risk framework on “Intergovernmental
risk management”, which proposes seven targets and four
priorities that are aimed at supporting the reduction of
existing and new disaster threats (UNDRR 2015). In contrast,
the National Risk Register, prepared by the UK cabinet
office, describes the national risk reduction approaches
aligned to the National Institutionalised framework type,
which comes under category four (Cabinet-Office-UK 2020).

Even though the risk frameworks are different, these
frameworks possess common characteristics since they all
focus on risk, vulnerabilities, and their causes and
consequences. They focus on hazards, existing linkages to
development, risk governance and regulations (Pedro Basabe
2018). Therefore, it is essential to understand these
frameworks’ common characteristics and terminologies to

establish a holistic risk assessment approach (Hasani et al.
2014).

In these frameworks, the analysis of the risk environment
is carried out by using different quantitative and qualitative
assessment methods. Some examples of methods used in risk
assessment include possibility theory, fuzzy set, probability
theory, and evidence theory (Giorgini 2009). Aksha et al.
(2020) have identified various limitations in these current
multi-hazard risk assessment approaches, which include: a
lack of standard definitions for multi-hazard risk, lack of a
holistic approach for integrating risks from different hazards,
unavailability of intensive data required for risk assessment,
confinement of risk assessments within disciplinary
boundaries, and the inherent uniqueness of each place
generating geographically specific hazard conditions and
outcomes.

Therefore, this study aims to understand how the risk
assessment characteristics are discussed in various research
studies in the urban environment. It aims to answer the
question “What approaches are being used to define and

measure the impact of hazard risks in an urban
environment?”
2 Literature Survey

This section discusses the literature review approach used to
gather relevant research papers to explore the research ques-
tion. The PICO method was used to generate the search string
by considering the keywords in the research question for
identifying the relevant literature. The PICO represents four
groups: Population, Intervention, Compression intervention,
and Outcome. Table 1 presents the initial and extended
keywords identified for the literature review.

The keywords were connected with “AND” or “OR”
operations. The “OR” connection was used to connect within
the group, and the “AND” connection was used to connect
between the groups. The following literature searching state-
ment was used to search the research papers that match with
keywords, abstract and title of the research papers in the
Scopus and the Web of Science databases. Further, eight
reports were collected from intergovernmental organisational
websites. A total number of 206 research articles were
selected for screening.

Literature search statement: (‘Urban’ OR ‘Urban Infra-
structure’ OR ‘Urban Development” OR ‘Urban design*’
OR ‘Urban Plan*’ OR City OR Town) AND (Hazard OR
Risk OR ‘Cascading effect” OR Propagation OR ‘Cascading
failure OR ‘Chain Reaction’ Or ‘System thinking’ OR ‘Sys-
tem Dynamics’ OR interdependence*) AND (Resilience OR
Impact OR Disaster OR Perturbation OR Damage OR Fail-
ure) AND (Model* OR Theory* OR Method* OR Formulas
OR Index OR Eq. OR Approach OR Simulation).
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Table 1 Keywords selection—PICO method
Population (P) Intervention/control (I) Comparison intervention (C) Outcome (O)
Urban Hazard risk Measure impact Approach
Urban Hazard Damage Method*
Urban infrastructure Risk Perturbation Model*
Urban design* Propagation Disaster Theory*
Urban plan* Cascading effect Resilience Formulas
City Cascading failure Failure Index
Town Chain reaction Impact Simulation
System thinking Approach*
System dynamics
Interdependence™
Figure 1 shows the PRISMA method of screening the
literature records for the study. The following inclusion 3 Risk Assessment

criteria were used to select the most relevant papers for this
study, which are most relevant to generate risk propagation
modelling: consider only the research papers published after
1999 in English; consider papers only from the key subjects
areas Engineering, Environmental science, Physics, Mathe-
matics, and Social Science, which are more relevant with the
research scope. This process resulted in 123 papers for further
consideration. After reading the abstracts, only 119 research
papers were selected for the full paper review process.

2.1 Detailed Review Process

A systematic/ mapping review approach was selected
because of mapping the existing characteristics on a network
diagram. Accordingly, each research paper was reviewed to
identify key risk assessment characteristics and make a net-
work diagram. The Nvivol2 Pro software was used to sup-
port the literature review (Sweet 2014), and cases/nodes were
created for each risk character. Figure 2 shows different risk
management perspectives that were addressed in the chosen
research papers in this study.

2.2 DRA Characteristics and Percentage

of Research Interests

According to the review, 94% of the research papers
discussed the risk analysis approaches, and in there, hazard
assessments (97%); vulnerability assessment (82%);
exposures (66%); risk propagation (19%); and risk percep-
tion (30%) were discussed. Although risk appetite was
discussed in 74% of the research papers, this aspect was not
discussed in detail. For example, the key elements of risk
appetite, such as risk thresholds, risk tolerance, and critical or
judgment values, were only found in 1% of research studies.
The following section discusses the risk analysis and risk
analysis methods in detail.

The risk assessment is an important study in risk management
and is conducted to assess the risk status of the
community. According to Zlatanova et al. (2014), risk
management is comprised of four major phases; (1) risk
identification, (2) risk evaluation, (3) choice and implemen-
tation of risk reduction measures and instruments, and
(4) monitoring and maintenance of acceptable risk. Within
this context of risk management, the first two phases
(risk identification and risk evaluation) belong to the
risk assessment. However, it is evident that there are
many ways to define the key risk assessment activities.
For example, ISO-Guide73 (2009) has defined risk assess-
ment activities as risk understanding, analysis, and
evaluation.

In contrast, Corominas et al. (2013) have proposed risk
analysis and risk evaluation as the key phases in risk assess-
ment, where the key activities of risk analysis are hazard
identification, hazard assessment, inventory of elements at
risk and exposure, vulnerability assessment, and risk estima-
tion. In this phase, hazard identification is the initial step for
gaining insights into any threat, uncertainty, vulnerability,
and unexpected event that can become a source or trigger
for risk to materialise (Tran et al. 2018). Risk evaluation is
the stage at which values and judgments enter the decision
process, explicitly or implicitly, including considerations of
the importance of the estimated risks and the associated
social, environmental, and economic consequences to iden-
tify a range of alternatives for managing the risks (Corominas
et al. 2013).

Risk Evaluation is considered an essential step in the risk
assessment process to guide how to improve the current
system to face future risks. At this step, values and judgments
enter the decision-making process, explicitly or implicitly, to
consider the severity of the estimated risks and the associated
social, environmental, and economic consequences and to
identify a range of alternatives for managing the risks
(Corominas et al. 2013).
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Fig. 1 Stages in PRISMA review
as carried out in the study

Identification Literatures via Data bases and Registers

Identification

Records identified from Electronic
Databases. (N=206)
Scopus/Web of Science (N=198)
Various institutional reports (N-8)

Application of different filtered,
eligibility and screened.
(Year >1999, Language (English),
Subject areas(Engineering,
Environmental Science, physics,
Mathematics, Social Science)
Scopus/Web of Science (N=123)

Records excluded.
(N=83)

v

Screening and Eligibility

Records assessed for eligibility.
(abstract review) (N=123)

Records excluded.
(N=4)

Included

Records included for the review.
(N=119)

3.1 Risk Analysis
There is no exact definition for risk, which varies from
discipline to discipline (Stock and Wentworth 2019; Aksha
et al. 2020). According to the generic principles, risk analysis
is a process of understanding the nature of risk and deciding
on the level of risk to provide a basis for risk evaluation and
decisions about risk treatment (ISO-Guide73 2009). Typi-
cally, risk analysis is conducted by considering three
variables: hazard, vulnerability, and exposure (Gallopin
2006; Bibi et al. 2018; Huang et al. 2020; Zhou et al. 2020).
According to the literature, the risk analysis includes
parameters such as consequences, probability of occurrence,
hazard, exposure, vulnerability, capacity, triggering factors,
cycle incubations, perturbation, range of alternatives, uncer-
tainty, unexpected events, threat and perception (Gallopin
2006; Corominas et al. 2013; Zlatanova et al. 2014; Izquierdo-
Horna and Kahhat 2018; Tran et al. 2018; Huang et al. 2020;
Zhou et al. 2020). The following subsections discuss the
connections between the risk analysis variables in detail.

3.2 Risk Analysis Methods

Different risk assessment formulas are used in different
assessments, and in general, the risk is considered a function
of hazard, vulnerability, and exposure. This section discusses
the representation of the risk values to support decision-
making. However, Corominas et al. (2013) have developed
a formula for landslide risk assessment by subcategorisation
of hazard based on its characteristics of magnitude, spatial
probability, and temporal probability. His formula and
expression can be described as follows.

R=P(M;).P(X;|M;).P(T|X;).V;.C

where R is the risk due to the occurrence of a landslide of
magnitude M; on an element at risk located at a distance X
from the landslide source, P(M,) is the probability of occur-
rence of a landslide of magnitude Mi, P(X;IM;) is the proba-
bility of the landslide reaching a point located at a distance X
from the landslide source with an intensity j, P(TIX;) is the
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probability of the element being at the point X at the time of
occurrence of the landslide, Vj; is the vulnerability of the
element to a landslide of magnitude i and intensity j, and C
is the monitory value of the element at risk (Corominas et al.
2013). Here, the magnitude defines the event’s size when a
risk materialises, sometimes referred to as the ‘severity’ of
the event, is compared with the impact or consequences of the
risk materialising (Hopkin 2010). Also, the intensity is
expressed by considering the propagation mechanism—for
example, the landslide intensity coupled with its volume or
the kinetic energy (Corominas et al. 2013).

Different theories and approaches are used for different
hazard analyses. Mathematical and statistical analysis, quan-
titative methods, Multi-Criteria Decision Analysis, system
dynamic method and uncertainty methods are the most com-
mon methodologies to assess disaster risk (Yeganeh and
Sabri 2014). These theories and approaches could be
categorised into four types; (1) Stochastic programming
approach, where variables are considered here as random
variables with defined probability distributions; (2) Fuzzy
programming approach, which considers variables as fuzzy
numbers; (3) Stochastic dynamic programming which
considers random variables distributed in all areas of multi-
stage decision making; (4) Robust optimisation, which finds
the optimum result for a given set of input data to an actual
scenario (Yeganeh and Sabri 2014). Yeganeh and Sabri
(2014) have identified four common techniques that could
be used for developing weights for each variable: ranking
method, rating method, pairwise comparison method, and
trade-off analysis method & comparing method.

Most of the risk assessment has mainly considered the
physical features of settlements. However, some studies
address the valuation of human life in risk assessments. For
example, Zhou et al. (2020) have considered the ‘Value of
Statistical Life (V‘L)’ and calculated risk using the following
equation.

Risk(I) = Probability (I) x Loss(I)
Loss(I) = LDE(I) + LVSL(I)

Here, direct loss (Loss(I) is calculated by using direct
economic loss (LDE (I)) and the loss of VSL(LVSL()).
The evaluation method of VSL calculates risk as a human
capital approach or willingness-to-pay approach (Zhou et al.
2020).

The presentations of the risk values are also studied in this
survey. Lee et al. (2015) described that risk values should be
classified into zero (0) to one (1) range for easy classification
purposes or assigned unique names for different risk classes
according to their probabilities and level of perturbations. For
example, based on the risk levels, the following names are
assigned: Medusa, Cassandra, Pandora, Pythia, Cyclops, and
Damocles (Stock and Wentworth 2019). A risk matrix is a
standard method for representing risk values in most risk
assessments (Hopkin 2010; Corominas et al. 2013). In this
method, a plot is generated by individually considering the
expected losses against the probability of occurrence of natu-
ral hazards. These individual risk matrices could be
integrated into the total risk matrix for a specific area. Figure 3
shows the risk matrix diagram, which is a graph considering
two dimensions impact and likelihood.

Trajectory trend curves can be used to monitor risk values
with various criteria, and they can be overlayed with the risk
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matrix to see the risk value variations with identified
variables. This method has been used by Gallopin (2006) to
monitor social resilience values as the ability of groups or
communities to cope with external stresses and disturbances
due to social, political, and environmental change. Figure 3
illustrates the trajectory trends curve with an initial state,
trajectories, and current state. This method has linked with
a risk matrix.

33 Risk Evaluation Methods

Risk evaluation is a significant step in risk assessment and is
discussed in the risk management frameworks. The
ISO-Guide73 (2009) defines risk evaluation as comparing
risk analysis results with risk criteria to determine risk appe-
tite. This risk evaluation assists the risk treatment decisions.
For example, gathering the stakeholders’ perceptions on risk
status can be an evaluation. Kellens et al. (2013) have
described risk perception as a subjective risk assessment
that can assess the attendees’ perception of risk status on an
identified perturbation. For example, Xu et al. (2020) have
identified that the new communication (media) systems help
to increase the community perception level in terms of under-
standing of risks (magnitude and frequency levels). There-
fore, it is required to find literature on risk perception
methods that could be used for risk assessments.

34 Risk Perception

Risk perception is a complex process that encompasses both
cognitive (e.g., likelihood, knowledge) and affective (e.g.,
feelings, perceived control) aspects (Kellens et al. 2013).
Two methods are used for risk perception studies: the

Psychometric Paradigm and the heuristics approaches
(Kellens et al. 2011, 2013). The psychometric Paradigm is
an influential and popular theoretical framework in risk per-
ception which attempts to quantify personal risk perception
and attitudes through a structured questionnaire. Heuristics,
or simple and efficient rules of thumb, are often used to
simplify complex problems and make decisions without
using all of their cognitive capacities. The prominent
approaches to examine risk perceptions are Expectancy
Valence Approaches (EV) and Applications of Contingent
Valuation Methods (CVM).

Expectancy Valence Approaches (EV): This approach
focuses on the explanation of people’s adaptive behaviour,
which can predict by using their valences for different
outcomes like a desire to protect oneself, instrumentalities
of their performance of actions like installation of flood
barriers, and experience of previous successful performances
on risk reduction. The concepts are based on psychological
theories, and a few other methods are linked with the EV,
which could be described as follows.

* Protection Motivation Theory (PMT): This tool helps
analyse the threat and coping appraisal of a person’s
perception. Three constructs are defined as a tool to pre-
dict the coping appraisal: response efficiency, self-
efficiency, and response cost (Kellens et al. 2013). Two
constants for predicting the threat appraisal are perceived
probability and perceived consequence (Bubeck et al.
2012). Bubeck et al. (2012) have discussed the usability
of PMT for flood risk management, emphasising that these
aspects should receive greater attention in risk communi-
cation policies.

* RCSA model (Risk, Coping and Social Appraisal): This
model has three appraisals, Risk appraisal (includes a
perception of severity and perception of probability), Cop-
ing Appraisal (includes self-efficiency and response-
efficiency), and Social Appraisal (includes community
identification and perceived norms). This tool is used to
understand the farmers’ drought adaptation practices and
concludes that the tool is a better predictor of adaptation
intention than a strictly demographic model (Truelove
et al. 2015).

e Protective Action Decision Model (PADM): This tool is
closely like the PMT and is mainly applied for earthquake
hazards. Here, efficiency attributes are protecting people,
protecting property, and protecting utilities.

* Motivation Intention Volition Model (MIV): “Motivation
results from perceived risk but may be hampered by a lack
of perceived personal responsibility and tendencies to
avoid or suppress the perceived threat. A person’s inten-
tion to adopt hazard adjustments is further influenced by
perceived response and self-efficacy. The violation phase
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intentions are turned into actions depending on the situa-
tional barriers encountered.” (Kellens et al. 2013)

» Risk Information Seeking and Processing Model (RISP):
this tool expresses the construct of insufficient information
defined as the gap between a person’s current knowledge
and his/her knowledge threshold.

Applications of Contingent Valuation Methods (CVM):
This economical approach estimates people’s perceptions.
This method is focused on people’s willingness to pay
(Kellens et al. 2013). The technique has been used to analyse
earthquake disasters in Taiwan by Chen et al. (2020). The
study shows that people tend to have greater risk perceptions
of future hazard risk and less willingness to pay for
retrofitting their houses after a severe disaster. Similarly,
people with higher education and a better occupation status
may be more willing to pay than others to adopt adaptation
behaviour.

In addition, there are non-theoretical approaches to exam-
ine the risk perceptions which are based on; (1) awareness
(or consciousness, e.g., “Are you aware that you live in a
flood-prone area?”); (2) affect (or worry, fear, concern, e.g.,
“Do you feel personally endangered by a flood?”); (3) likeli-
hood (or probability, e.g., “What do you think about the
chances of a flood in your neighbourhood within the next
ten years?”); (4) impact (or consequences, vulnerability, e.g.,
“Rate the following statement: A flood will have fatal
consequences for my family and me”); and (5) cause
(or origin, e.g., “Can you indicate the cause of the flood
risk in your neighbourhood?”) (Kellens et al. 2013). A per-
ception study has been conducted to assess the acceptability
of flood risk in Japan’s Toki River basin in Japan. This study
identified that public facilities and services perception loss
due to floods increases flood risk’s public acceptability (Zhai
and Ikeda 2008).

3.5 Risk Predictive Behaviour
Understanding the existing risk and predicting its behaviour
are essential to determine the risk reduction approaches
(Jemec Aufli¢ et al. 2018). Therefore, understanding the
probability of hazard occurrence at the hazard assessment
stage is significant, and it involves stakeholder and commu-
nity engagements to identify the possible hazards (Jemec
Aufli¢ et al. 2018). Risk perception techniques are required
to capture the existing and possible neighbourhood hazards
(Kellens et al. 2013).

The training and knowledge-sharing sessions are required
to conduct frequently to upgrade the existing knowledge of

the community and stakeholders to capture the hazard
impacts. For example, the Learning-by-doing approach for
community awareness of the landslide proved more effective
in community awareness programmes (Jemec Aufli¢ et al.
2018). However, the effectiveness of community awareness
activities depended on the social classes, impact experience,
and affect-length of residence in hazardous areas (Kellens
et al. 2013).

Hypothesis or scenarios are required to investigate the
community risk by changing various parameters (Xu et al.
2020). Then, the damage assessment (possible) is conducted
by considering the hypothesised events and impact on the
properties (Xu et al. 2020). Based on the outputs, the risk
acceptance is discussed by referring to the cost-benefit or the
consequences of the damage assessment (Zhai and Ikeda
2008; Stock and Wentworth 2019). The emergency planning
activities are determined based on these risk acceptance
priorities (Stock and Wentworth 2019).

The worst-case and the most-probable scenarios play
a significant role in emergency planning (Stock and
Wentworth 2019). Governments should communicate the
most-probable scenario to the public, and community
engagement may help validate the scenario outputs by
acquiring geographic and physical information (Stock and
Wentworth 2019). The reasonable worst-case scenario can
represent the challenge to the community but is not necessar-
ily informative for businesses and the public. However, it
should be considered in the risk assessment (Stock and
Wentworth 2019).

3.6 Risk Appetite

Risk evaluation gives some idea of the risk mitigation
options, and risk appetite is for identifying risk capacities
related to a settlement. Hopkin (2010) has discussed risk
appetite as a technique to identify threshold levels in each
risk category; Risk accepts, adopts, adapts, and avoids. The
judgement and critical lines could be identified based on the
levels of risk management activities (Hopkin 2010). Both
lines are plotted on the risk matrix, and the judgement line
represents the margin between the comfort and cautious
zones. If the risk level belongs to the comfort zone, the
dominant response will be Risk Tolerate, and if the risk
level belongs to the cautious zone, the dominant response
will be either Risk Transfer or Risk Treat (Hopkin 2010).
The critical line of risk is the Cautious and Concerned
zone’s margin. The dominant response will be risk
Terminate if the risk level belongs to the concerned zone
(Hopkin 2010).
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4 Discussion
4.1 Disaster Risk Assessment Dynamic

Connections

Risk assessment characteristics were summarised in the pre-
vious sections, and a conceptual diagram was developed for a
better presentation. Accordingly, the risk assessment is
comprised of three activities: identification, analysis, and
evaluation. The risk analysis has three major components:
Hazard, Vulnerability, and Exposure assessment. Gallopin
(2006) has identified the relationship between each compo-
nent of hazard, vulnerability, and exposure of the human
settlements. Vulnerable elements are the internal processes
of human settlements, and hazards or perturbations are the
external processes of human settlements.

According to the literature review, hazard assessment has
four major elements: spatial probability, temporal probabil-
ity, magnitude, and resistances. The vulnerability assessment
consists of physical, social, economic, environmental, gover-
nance, resilience, sensitivity, and fragility. The risk evalua-
tion assessment divides into two: risk perception and risk

Reaching
Probabily
Probabili

S-SC!D!\'DIH-—-’_‘-‘N\-;\ ) Q'S":.

Spatial
DIOE:SIM‘,
Size
vilacity ~ «J
/-H'-"-u;nnr.de
Triggering
By Cycle . .
iz Y
\ .r‘_LJDa'J:n Shocks Ha:am\ /’Exu:s-ne
b J / -__)I;.,umhfj

Temponl
Pro batl P.',"‘_“

Climate

Initiation

Sensitivity
Weather

Resistance

Pra{emoﬂ'—//‘

Roughness Capacity
city

Economic
Scale

Social
Infrastructure

Demographic

Critical Factors

Facilities
Physical

Infrastructuré

Education

Fig. 4 Risk perspectives connections (a mind map)

sk
Assegsment

a— Capacity

Economic

Eensn;

appetite (through a risk matrix). Risk perceptions assess
people’s perception of known perturbation, and it has two
elements: risk examination and risk prediction behaviour.
Risk appetite is how people assess the limits and bounds
of the risk status. It is a matrix of risk-treating options
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42 Risk Reduction Strategies

Figure 4 shows the risk perspectives identified through the
literature review. Accordingly, a stock-flow diagram was
developed to understand the balancing and reinforced loops.
The negative (Red) and positive (Blue) connections were also
identified in the loops. These loops guide the development of
risk-reduction strategies. Consequently, 14 strategies were
identified by analysing the balancing loops, connected to
the risks, in the network, as shown in Fig. 5.
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The following section proposes strategies that can be used
to reduce the risks by analysing the identified loops.

1. Update the risk education programs with recent risk
evaluation experiences (Risk — Risk Assessment —

Risk Education — Risk Identification — Risk Commu- 4.

nication — Risk)—This balancing loop suggests that by
introducing risk education programs, updated with the
outcomes of recent disaster assessments, will lead to
effective risk identification and communication, and con-
sequently reducing overall local risks on the community.
2. Update community risk perception to enhance their
coping capacities. (Risk — Risk Assessment — Risk
Education — Risk Perception — Risk Identification —
Risk Communication — Risk)—This balancing loop
indicates that it is necessary to frequently measure the

risk perception of the community, using the tools 5.

discussed under the risk perception section, and intro-
duce community activities that can help them to gain an
accurate understanding of their local risks. Such
activities can make the community an active stakeholder
in risk reduction and communication.

3. Risk education programmes should be informed
through evidence-based approaches. (Risk — Risk
Assessment — Risk Matrix — Risk Appetite — Risk

Education — Risk Identification — Risk communication 6.

— Risk)—A thorough analysis should be conducted to

Risk
A Assessment

)

Fragility
ey

Resilient
Sentlement

Resilience

identify the risks and how to control them through risk
appetite. The outcome of this approach should play a
major role in educating the communities on why certain
risk management decisions are being made. These
approaches should be communicated to the communities.
Bring the community as an active participant in
reducing local risks to safeguard their livelihoods
(Risk — Risk Assessment —Risk Matrix — Risk Appe-
tite — Risk Education — Risk Perception — Risk Iden-
tification — Risk communication — Risk)—This
balancing loop suggests that by bringing communities
as an active participant in the whole risk management
process to reduce the local risks and to protect their
livelihoods. The risk-management actions should be
practised and absorbed into their livelihood by providing
appropriate training.

Improve the resilience capacities to reduce
vulnerabilities (Risk — Risk Assessment — Risk
Matrix — Risk Appetite — Resilience — Vulnerability
— Risk)—The actions carried out within the risk appetite
will enhance resilience capacities (anticipatory, absorp-
tive, restorative, transformative, coping) of various
dimensions (physical, social, economic, environmental,
and governance) hence reducing the vulnerabilities in the
settlements for various hazards.

Deploy community-based approaches to defining and
addressing resilience and vulnerabilities. (Risk —
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10.

11.

Risk Assessment — Risk Education — Risk Perception
— Risk Matrix — Risk Appetite — Resilience — Vul-
nerability — Risk)—Risk perception of the community
influences the local risk appetite for choosing appropriate
interventions for enhancing community resilience and
reducing community  vulnerabilities. = Therefore,
communities’ risk knowledge and risk perception can
influence their attitude towards investment in various
risk reduction activities, such as the implementation of
building codes and the construction of retaining walls.

. Promote ecosystem management approaches for

reducing hazards (Risk — Risk Assessment — Risk
Matrix — Risk Appetite — Resistance — Hazard —
Risk)—This balancing loop suggests that risk appetite
measures influence resistance to hazards. Therefore, eco-
system management approaches, including structural or
non-structural methods, must be introduced for building
resistance. As an example, the introduction of appropri-
ate native plants as a nature-based solution can help build
resistance to hazards.

. Communicate the importance of ecosystem manage-

ment in mitigating hazards. (Risk — Risk Assessment
— Risk Education — Risk Perception — Risk Matrix —
Risk Appetite — Resistance — Hazard — Risk)—The
local community should be aware of the importance of
ecosystem management for their livelihood through risk
education. For example, communities should understand
how deforestation in mountainous slopes can lead to
potential landslides. The community must practice such
risk-reduction approaches to mitigate or reduce hazard
occurrences.

. Promote ecosystem restoration programs at suscepti-

ble locations. (Risk — Risk Assessment — Risk Matrix
— Risk Appetite — Resistance — Susceptibility —
Spatial Probability — Hazard — Risk)—The susceptible
hazard locations can quickly reach the threshold to trig-
ger a hazard. Therefore, these locations should be thor-
oughly investigated and introduce nature-based
mitigation solutions. For example, SABO dams can be
created to control the debris flow and protect the
surrounding areas from overflowing water.

Implement a community-led approach to hazard Mit-
igation at critical locations. (Risk — Risk Assessment
— Risk Education — Risk Perception — Risk Matrix —
Risk Appetite — Resistance — Susceptibility — Spatial
Probability— Hazard)—The local knowledge of risk
perception should be used to identify critical susceptible
hazard locations and introduce structural or
non-structural mitigation solutions to control the hazard
magnitude.

Prioritise ecosystem solutions at locations which can
trigger hazards of high magnitude. (Risk — Risk

Assessment — Risk Matrix — Risk Appetite — Resis-
tance — Susceptibility — Magnitude — Hazard)—It is
important to Identify and mitigate the hazard with high
magnitudes, by introducing structural or non-structural
solutions. Here hazard mitigation is concerned with
reducing or eliminating the triggering factors that lead
to a high-magnitude hazard. For example, groundwater
levels in the landslide-prone area have significantly
influenced the triggering of landslides. Therefore, hori-
zontal drains can be applied to remove the excess water
on the slope to reduce the magnitude of the triggering
factors.

12. Deploy community-based Hazard Mitigation
applications for reducing hazard magnitudes (Risk
— Risk Assessment — Risk Education — Risk Percep-
tion — Risk Matrix — Risk Appetite — Resistance —
Susceptibility — Magnitude — Hazard)—Some mea-
sure leads to reducing the hazard magnitude or slowing
down the event. For example, flood weirs and
SABO dams were constructed to control the flood
water and debris flow speeds. This structural measure
leads to reducing the hazard magnitude and reducing
impacts.

13. Communities can understand the hazard triggering
factors’ temporal variations: (Risk — Risk Assess-
ment — Risk Matrix — Risk Appetite — Resistance
— Triggering Factors — Temporal Probability — Haz-
ard —Risk)—The strategy focuses on understanding the
triggering factor’s frequencies. Accordingly, the com-
munity can take disaster preparedness actions if they
know the triggering factors’ changes. For example, rain-
fall is a triggering factor for landslides, and the commu-
nity should be aware of the frequency of rainfall changes
with time.

14. Implement hazard mitigation applications to reduce
hazard frequencies by communities: (Risk — Risk
Assessment — Risk Education — Risk Perception —
Risk Matrix — Risk Appetite — Resistance — Trigger-
ing Factors — Temporal Probability — Hazard
—Risk)—This strategy focuses on reducing hazard
frequencies by application of mitigation measures. For
example, soil erosions occur due to rapid water flow
from mountainous areas. However, the forest areas act
as water sponges, gradually releasing the water to the
downslope areas. Therefore, it helps to reduce the hazard
frequencies in the downslope areas.

Selecting appropriate strategies for risk reduction is
challenging in disaster risk assessment. The application of
risk reduction strategies is discussed in the risk
response stage, which needs to be more focused in the
research study.
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4.3 Future Research Requirements

The mind map was converted into a risk perspective network
diagram by establishing the connections between the
variables, and identified literature percentage values could
be assigned as the node weight. The edge distance was
considered a constant value equal to one. A graph was devel-
oped using the Gephi Software, and analysis of the network
parameters aligned risk perspectives. The discussion was
based on the above analysis.

The graph structure with various risk perspectives
presented in Fig. 4 was analysed using the following three
tests to identify the key risk perspectives that should be
further researched: (1) degree of nodes, (2) closeness central-
ity, and (3) eigenvector centrality.

Test 1: The degree of a node represents how many
connections it has to other nodes in a graph. The higher the
degree, a node has more influence on other nodes. Figure 6
shows the degree of nodes of all the risk perspectives. In this
figure, the size of the node represents the degree of the node
(the larger the circle higher the degree), and the colour varia-
tion represents how well it is researched (the darker the
colour, the higher the number of research publications).
These two variables are illustrated in Fig. 7 as a bar chart,

with blue bars representing the degree of nodes (Degree) and
red bars representing the research density(Node_w). This
analysis assumes that nodes with a higher degree of nodes
but with fewer research publications need further research.

This analysis shows that resilience has the highest degree
of node value, and hazard has the highest research
publications. It is clear that further research is required
in the areas such as Resilience, Risk treatment, risk termina-
tion, susceptibility, Risk education, and risk Predictive
behaviour.

Test 2: The closeness centrality of the network was
assessed to understand the most central risk perspective of
the risk assessment. Nodes with the highest closeness cen-
trality are considered as important and significant in a graph.
Accordingly, a network graph was developed representing
the node size as closeness centrality (the larger the node
higher the closeness centrality) and colour density
representing research density (the darker the colour, the
higher the number of research publications), as shown in
Fig. 8. These two variables are illustrated in Fig. 9 as a bar
chart, red bars representing the closeness centrality and blue
bars representing the research density. This analysis assumes
that nodes with higher closeness centrality but with fewer
research publications need further research.
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Fig. 7 Test 1 a results as a bar
chart
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Figure 8 and 9 indicate that the risk appetite has the
highest closeness centrality value of the network and
highlights the need for further research in risk perspectives
such as risk appetite, risk communication, risk treatment,
critical curves, judgment curves, and risk identification.

Test 3: Eigenvector centrality was assessed to understand
the common nodes in the shortest path that have been ade-
quately researched. Accordingly, a network graph was used
to analyse this test.

Figure 10 shows the integrated network diagram of risk
perspective density and eigenvector centrality. The signifi-
cance of eigenvector centrality lies in its ability to capture the
idea of “prominence” within a network. Nodes with high
eigenvector centrality are not only well-connected but are
also connected to other highly central nodes, making them
influential within the network. Therefore, the eigenvector

Treat
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centrality of each node was calculated to identify the most
influential risk perspectives. Figure 10 shows eigenvector
centrality (the larger the node, the higher the eigenvector
centrality) and colour density representing research density
(the darker the colour, the higher the number of research
publications). These two variables are illustrated in Fig. 11
as a bar chart, the blue bars representing the eigenvector
centrality and the red bars representing the research density.
This analysis assumes that nodes with higher eigenvector
centrality but fewer research publications need further
research.

The analysis of Figs. 10 and 11 shows that risk
perspectives such as vulnerability, resilience, risk communi-
cation, and risk matrix need further research.

The average values of the above three indicators were
considered to understand the research by classifying them
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Fig. 8 Test2 results based on closeness centrality and research density

into three groups based on (1) a good amount of research is
evident (@), (2) a moderate amount of research is evident
(“1), (3) lack of research is evident () (See Fig. 12).

According to this analysis, risk perspectives such as risk
communication, risk treatment, critical curve, judgment
curve, and risk matrix could be identified as areas requiring
future research.

5 Conclusion

This research paper focused on understanding the risk assess-
ment perspectives discussed by various researchers in the
disaster risk domain. Accordingly, a systematic literature
review was conducted to identify the literature, and a detailed
review was conducted with NVIVO software’s support. As a
result, 34 risk assessment perspectives were identified and
plotted as a network diagram for better representation.
Accordingly, the identified risk perspectives were discussed
in the initial section of the research paper.

A stock-flow diagram was developed by considering the
network diagram, which helps to generate the overall risk

reduction strategies. Here, the stock flow diagram helped to
identify the balancing and reinforcing loops to determine the
risk reduction measures. Accordingly, 14 balancing loops
were identified and analysed to propose risk reduction
strategies.

Furthermore, the study analysed future research needs by
analysing the importance of each risk perspective and the
number of publications against each risk perspective. Conse-
quently, the network diagram was further evaluated by
conducting three tests on the network (degree of nodes,
closeness centrality and eigenvector centrality). The average
results of these three tests show that further research is
required in areas such as risk communication, risk matrix,
and risk treatment.

The research outputs will be validated in the SATREPS
case study locations specified in the landslide risk manage-
ment in Sri Lanka. A project objective refers to strengthening
risk communication to reduce landslide risk. Therefore, the
community’s and stakeholder’s perceptions will be evaluated
concerning the stock-flow diagram. The identified actions
will be implemented under the purview of the National
Building Research Organisation.
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Fig. 9 Test 2 result as a bar chart
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Fig. 11 Test 3 results as a bar RESEARCH CONTRIBUTION
chart
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