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EXECUTIVE SUMMARY

Australian communities face increasing losses and disruption from disasters.
Disaster resilience is a protective characteristic that acts to reduce the effects
of, and losses from, natural hazard events. Disaster resilience arises from the
capacities of social, economic and government systems to prepare for,
respond to and recover from a natural hazard event, and to learn, adapt and
transform in anticipation of future natural hazard events. This assessment of
disaster resilience estimates the status of these capacities and shows how they
are spatially distributed across Australia.

Composite indices are frequently used to summarise and report complex
relational measurements about a particular issue. The Australian Disaster
Resilience Index measures disaster resilience as a set of coping and adaptive
capacities. Coping capacity is the means by which available resources and
abilities can be used to face adverse consequences that could lead to a
disaster. Adaptive capacity is the arrangements and processes that enable
adjustment through learning, adaptation and transformation. Eight themes of
disaster resilience encapsulate the resources and abilities that communities
have to prepare for, absorb and recover from natural hazards (social
character, economic capital, emergency services, planning and the built
environment, community capital, information access) or to adapt, learn and
solve problems (social and community engagement, governance and
leadership). Across the eight themes, 77 indicators were used to compute the
Australian Disaster Resilience Index in 2,084 areas of Australia, corresponding to
the Statistical Area Level 2 divisions of the Australian Bureau of Statistics.

The Index was then used to undertake the first nationally standardised
assessment of the state of disaster resilience in Australia. Disaster resilience is
reported at three levels: an overall disaster resilience index, coping and
adaptive capacity sub-indexes and themes of disaster resilience that
encapsulate the resources and abilities that communities have to prepare for,
absorb and recover from natural hazards and to adapt, learn and solve
problems (social character, economic capital, emergency services, planning
and the built environment, community capital, information access, social and
community engagement, governance and leadership).

Not all Australian communities have the same capacity for disaster resilience.
The state of disaster resilience in Australia is one of non-uniformly distributed
disaster resilience. The assessment of disaster resilience using the Australian
Disaster Resilience Index shows that communities in Australia do not all have the
same capacity for disaster resilience. About 52% of the population live in areas
with moderate capacity for disaster resilience, about 32% in areas with high
capacity for disaster resilience and about 16% in areas with low capacity for

vii
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disaster resilience. Analysis of the distribution of disaster resilience in Australia
revealed:

e Most of the population of Australia live in areas assessed as having
moderate capacity for disaster resilience.

e There is a distinct association between capacity for disaster resilience
and remoteness (see figure below).

e Most areas of higher capacity for disaster resilience are located in
meftropolitan and inner regional Australia. Areas of higher capacity for
disaster resilience comprise only 0.5% of land surface area.

e Most areas of lower capacity for disaster resilience are located in outer
regional, remote and very remote Australia. Areas of lower capacity for
disaster resilience comprise over 93% of land surface area.

e There are areas of lower capacity for disaster resilience in metropolitan
Australia.

e Innerregional areas have greater capacity for disaster resilience than
outer regional areas.

e Paftterns of capacity for disaster resilience at the national level are
generally, but not always, upheld in each state or territory.
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Australian communities are also affected by various factors which enhance or
constrain their capacity for disaster resilience. The particular combination of
factors that influence capacity for disaster resilience differs from place to
place. This generates a heterogeneous and complex picture of the factors
associated with disaster resilience in Australia. Analysis of the distribution of the
eight theme sub-indexes revealed:

e Social character often constrains the capacity for disaster resilience in
Australia. Geographic distribution of the social character sub-index is
mixed; however, lower values of the social character sub-index are
concentrated in metropolitan and very remote areas.

e Australia has a mix of areas with higher and lower economic capital. All
areas can experience constraints on disaster resilience associated with
low economic capital. However, lower economic capital is most
pronounced in remote and very remote areas, while higher economic
capital is most pronounced in metropolitan and inner regional areas.

e Emergency services generally enable the capacity for disaster resilience
in Australia. The emergency services sub-index is usually moderate to
high, although considerable variation can still be evident within and
between regional and metropolitan areas.

e Planning and the built environment is not a significant barrier to the
capacity for disaster resilience in Australia. The planning and the built
environment sub-index is moderate to high in most areas of Australia,
with the exception of some remote and very remote areas.

e Australia has a mix of areas with higher and lower community capital.
Higher community capital occurs in regional areas. In cities, areas of
higher and lower community capital are often clustered.

e Information access is a significant barrier to the capacity for disaster
resilience in Australia, particularly in regional and remote areas.

e Many areas of Australia are associated with moderate social and
community engagement. High social and community engagement is
concentrated in metropolitan and inner regional areas and low social
and community engagement is concentrated in remote and very
remote areas.

e Moderate to high governance and leadership is concentrated in
meftropolitan and inner regional areas. Increasing remoteness decreases
governance and leadership capacities.

About 72% of Australia’s population, or 17.2 million people, live in SA2s assessed
as having a combination of moderate or high coping and adaptive capacity.
Communities with these combinations of coping and adaptive capacity are
supported by social processes that develop the capacities to anficipate and
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withstand unpredictable and adverse events such as natural hazards and to
adjust to current or future predicted change. As with the national scale
assessment of disaster resilience, the areas of strong coping and adaptive
capacity tend to occur in the most highly populated areas - metropolitan or
inner regional areas. Thus, the systems generating coping and adaptive
capacities are enhanced in these areas.

About 9% of the population, or 1.6 million people, live in SA2s assessed as
having a combination of low coping and adaptive capacity. Areas with the
combination of low coping and adaptive capacity face constraints on their
ability to anticipate and withstand unpredictable and adverse events such as
natural hazards and to adjust to current or future predicted change. These
constraints may arise from the status of social, economic or government
processes and the ways that these inhibit access to resources and opportunities
or the ability for flexibility and agility.

Communities may also have a combination of strength in coping or adaptive
capacity and constraint in the other. About 21% of the population, or 5 million
people, live in SA2s with these combinations. The extent to which good coping
capacity can compensate for inhibited adaptive capacity is not clear,
because the characteristics make different contributions through the disaster
management cycle. For example, adaptive capacity applies to changes and
reforms that tend to be made outside crisis periods in response to an
unpredictable future hazards, although they may happen in response to a
particular event. Coping capacity relates to the macro-system of factors that
influence the capacity to prepare for, respond to and recover from hazard
events. Thus, a strength in either capacity is advantageous.

The themes that influence disaster resilience in different locations in Australia
are summarised using a typology. A typology identifies SA2s that have similar
characteristic patterns of theme sub-index values, and places these SA2s
together into groups. Thus, the SA2s within a group are similar to each other, but
each group has a different disaster resilience profile. The profile associated with
each group can then be used to understand disaster resilience in local
communities and the strengths and opportunities for enhancing or improving
disaster resilience.

Cluster analysis revealed five disaster resilience profiles in Australia. The SA2s
within a group all have a similar profile — that is, they have similar disaster
resilience strengths and constraints. Most SA2s fall into Group 4, and these are
largely in metropolitan Australia. In comparison to other groups, areas within
Group 4 are best placed overall to cope with and adapt to complex change
associated with natural hazards. Areas in Group 3 are largely in regional and
remote areas. Areas with this disaster resilience profile have an enhanced pro-
social setfting, but face constraints from economic capital, planning and the
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built environment, emergency services, information access and governance
and leadership. Areas with the Groups 1 and the Group 5 disaster resilience
profile are constrained by community capital and social character. Areas with
the Group 2 disaster resilience profile are largely inner regional areas with
reduced access to information and telecommunications services. Variation in
the strengths and constraints on disaster resilience suggests that place-based
strategies need to be applied to support the different dimensions of disaster
resilience.

xi
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Summary of disaster resilience profiles in Australia

Emergency
services

Disaster resilience
strengths
Economic
capital

Planning and
the built
environment

Information
access

Governance
and
leadership

Community
capital
Social and
community
engagement

Barriers to disaster
resilience

Social
character

Social
character

Community
capital

Social and
community
engagement

Economic
capital

Planning and
the built
environment

Emergency
services

Governance
and
leadership

Information
access

3,266,777
13.7
405,546
53

389

125 (10%)
204 (43%)
55 (18%)
4 (8%)

1 (2%)

* Computed using ABS Estimated Resident population as of 30t June 2015.
# Excludes SA2s not used in the index. The population in SA2s used in the index is 23,803,623 people. The
population in SA2s not used in the index is a further 12,372 people.
A Excludes SA2s not used in the index. The land area of SA2s used in the index is 7,644,763km2. The land area
of SA2s not used in the index is a further 43,047km2.
+ Excludes SA2s not used in the index. Of the 2214 SA2s in the ASGS 2011, 2084 were used in the index and

130 excluded.
$ ABS remoteness categories, ASGS 2011.

Typology group

Social Economic

character capital

Community Information

capital access

Social and Governance

community and

engagement leadership
Social
character
Planning and
the built
environment
Emergency
services
Community
capital
Social and
community
engagement

Economic

capital

Planning and

the built

environment

Emergency

services

Information

access

Governance

and

leadership

3,156,814 7,474,525

133 31.4

7,211,800 10,689

94.3 0.1

447 572

70 (6%) 495 (41%)

133 (28%) 59 (12%)

161 (52%) 17 (6%)

37 (77%) 1 (2%)

46 (96%) 0 (0%)

Planning and
the built
environment

Governance
and
leadership

Economic
capital

Emergency
services

Information
access

Social and
community
engagement

Social
character

Community
capital

6,337,995
26.6
6,328

0.1

368

355 (30%)
10 (2%)
3(1%)

0 (0%)

0 (0%)
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Volume | (this volume) assesses the state of disaster resilience in Australia, using
the Australian Disaster Resilience Index. Volume | gives a brief overview of the
design and computation of the index, then assesses the state of disaster
resilience in Australia at different levels: overall disaster resilience, coping and
adaptive capacity, and the eight themes of disaster resilience. Volume | also
presents a typology of disaster resilience that groups areas across Australia that
have similar disaster resilience profiles.

Readers interested in the results of the assessment of disaster resilience in
Australia should focus on Volume |.

Volume Il - Index design and computation

Volume Il describes in detail the computation of the Australian Disaster
Resilience Index. This includes resilience concepts, literature review, index
structure, data collection, indicators, statistical methods, detailed statistical
outputs, sensitivity analysis and uncertainty analyses.

Readers interested in the technical aspects of the Australian Disaster Resilience
Index should also consider Volume Il. Volume Il is comprised of six chapfters:

1) Design of the Australian Disaster Resilience Index

2) Indicators

3) Computation of the Australian Disaster Resilience Index

4) Statistical outputs: ANDRI, coping capacity and adaptive capacity

5) Statistical outputs: disaster resilience themes

6) Uncertainty and sensitivity analysis

XV
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END USER STATEMENTS

John Schauble, Emergency Management Victoria

What makes a community resilient to natural disasters is in large measure the
same as makes if resilient to other shocks and stressors. Put simply, strong and
connected communities are inherently resilient. The task for emergency
managers is to ensure that whatever they do builds upon this rather than builds
dependency. The Australian Disaster Resilience Index has significant potential
to assist in this process of identifying the resilience of communities to natural
hazards at scale. This will assist government and agencies to plan and resource
activities that further enhance resilience, in terms of planning, response and
recovery. Living in a hazard rich environment does not mean developing
learned helplessness, particularly in urban environments. Understanding
communities and their relationship to the environment and the natural hazards
local to them will help in addressing resilience shortfalls and building the
strengths to overcome them. The out workings of this project have the
potential to deeply influence that dialogue and its outcomes.

Suellen Flint, Department of Fire and Emergency Services (Western Australia)

At their best resilient Communities are prepared, are able to adapt to changing
sifuations, are connected to each other and are self-reliant.

Recent reports into disasters has identified that government has a responsibility
to prepare for emergencies, however these reports also identified the notion of
shared responsibility. It is clear that government bears a responsibility to support
the community to build the knowledge, skills and importantly protective
behaviours that are part and parcel of disaster resilience. Emergency Services
support it's communities by building these characteristics in communities. Not a
simple task. It involves highly complex forms of engagement based in a raft of
community development based research focused on community and
individual psychology, decision making under stress, physiology, knowledge
exchange and information take up by the community.

The Australian Disaster Resilience Index will be advantageous in many ways and
support national and state and local governments. The ability to identify hot-
spots of high or low disaster resilience in Australia, and identify areas of strength
in coping and adaptive capacity will support the desired outcomes of the
Australian Natural Disaster Resilience Strategy, and potentially help to embed
disaster resilience not only intfo policy and legislation, but to lead to an increase
in shared responsibility and resilience across Australia.

| commend the researchers for addressing the challenge in developing the
Australian Disaster Resilience Index.
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Natural hazards, such as bushfires, cyclones, floods, storms, heatwaves,
earthquakes and tsunamis have always occurred and will continue to occurin
Australia. While natural hazards are naturally occurring they frequently intersect
with human systems to create natural disasters. Australion communities face
increasing losses and disruption from natural disasters. The total economic cost
of natural disasters in Australia has averaged $18.2 billion per year between
2006 and 2016 (Deloitte Access Economics 2017). This is expected to almost
double by 2030 and to average $33 billion per year by 2050 (Deloitte Access
Economics 2016). The social impacts of disasters are also substantial. Costs
associated with social impacts may persist over a person’s lifetime, and can
often be greater than the costs of tangible damages (Deloitte Access
Economics 2016). Climate change is expected to alter the frequency and
magnitude of some natural hazard types in Australia (BOM & CSIRO 2018). An
increasing population, demographic change, widening socio-economic
disparity, expensive infrastructure and the location of communities in areas of
high natural hazard risk also contributes to the potential for increasing losses
from natural disasters.

The effects of natural disasters in Australian communities are influenced by a
combination of social, economic, natural environment, built environment,
governance and geographical factors. The effects of natural disasters may
also be influenced by prevention, preparation, response and recovery
activities. Disaster resilience is a protective characteristic that acts to reduce
the effects of, and losses from, natural hazard events. Disaster resilience arises
from the capacities of social, economic and government systems to prepare
for, respond to and recover from a natural hazard event, and to learn, adapt
and transform in anticipation of future natural hazard events. Assessing disaster
resilience estimates the status of these capacities and shows how they are
distributed across Australia.

The Australian Disaster Resilience Index is a nationally standardised estimate of
disaster resilience based on coping and adaptive capacities (Parsons et al.
2016). Here, the index is used to undertake the first nationally standardised
assessment of the state of disaster resilience in Australia. The results of the
assessment can be used to aid macro-level policy, strategic planning,
community planning and community engagement activities at National,
State/Territory and Local Government levels. The assessment also provides a
benchmark against which to assess future change in disaster resilience.
Understanding the distribution of disaster resilience in Australia will assist
communities, governments, organisations and businesses to build the
capacities needed for living with and adapting to natural hazards.

This section outlines the key conceptual elements of the Australian Disaster
Resilience Index. A more detailed discussion of the conceptual framework for
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the Australian Disaster Resilience Index is published in a peer-reviewed article,
available as open access from the journal website:

Parsons, M., Glavac, S., Hastings, P., Marshall, G., McGregor, J., McNeill, J.,
Morley, P., Reeve, I. and Stayner, R. 2016. Top-down assessment of disaster
resilience: A conceptual framework using coping and adaptive capacities.
International Journal of Disaster Risk Reduction, 19: 1-11.

There are two prominent schools of thought about the influence of natural
hazards in human societies. The first school of thought derives from a
vulnerability perspective where distributional inequalities in physical, social,
economic and environmental factors influence the susceptibility of people to
harm and the ability of people to respond to hazards (Cutter et al. 2003;
Birkmnann 2006; Bankoff 2019). The second school of thought derives from a
resilience perspective where people are learning to live with a changing,
unpredictable and uncertain environment (Folke et al. 2002; Bankoff 2019), of
which natural hazards are a part. Although the definition and application of
disaster resilience is keenly contested in the academic literature (Klein et al.
2003; Wisner et al. 2004; Boin et al. 2010; Tierney 2014), resilience generally refers
to the capacity to cope with and absorb disturbances or changes and to
maintain adaptive behaviours (Maguire and Cartwright 2008). Important in this
view of resilience is the notion of adaptation, where adaptation and
fransformation can be proactive for future events, or reactive in response to an
event that has already occurred (Handmer and Dovers 1996; Engle 2011).
Learning from experience and a focus on review and adjustment helps to build
resilience to future events.

The resilience school of thought has been adopted in the Australian Disaster
Resilience Index, although the way that distributional inequalities influence the
capagcities for disaster resilience are considered in the index. Resilience is a
process linking a set of capacities to a positive trajectory of functioning and
adaptation after a disturbance (sensu Norris et al. 2008). The definition of
natural hazard resilience adopted for the Australian Disaster Resilience Index is:

Resilience is the capacity of communities to prepare for, absorb and recover
from natural hazard events and to learn, adapt and fransform in ways that
enhance these capacities in the face of future events.

The Australian Disaster Resilience Index will assess resilience based on two sets
of capacities — coping capacity and adaptive capacity:

o Coping capacity is the means by which people or organisations can use
available resources and abilities to face adverse consequences that
could lead to a disaster (sensu UNISDR 2009). In a practical sense,
coping capacity relates to the factors influencing the ability of a
community to prepare for, absorb and recover from a natural hazard
event.

e Adaptive capacity is the arrangements and processes that enable
adjustment through learning, adaptation and fransformation.
Adaptation is the ability of a system to modify or change its
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characteristics or behaviour to cope with actual or anticipated stresses
(Folke et al. 2002). Adaptive capacity entails the existence of institutions
and networks that learn and store knowledge and experience, create
flexibility in problem solving and balance power among interest groups
(Folke et al. 2002).

Coping and adaptive capacities form the core of the assessment of disaster
resilience (Figure 1.1). Two other factors contextualise the assessment. First, the
assessment takes an all-natural-hazard approach and assumes that the coping
and adaptive capacities enable resilience to all types of natural hazards. The
types of natural hazards occurring in a location are not considered as part of
the index (Figure 1.1). The intent is that spatial outputs from the assessment of
disaster resilience can be overlaid onto existing natural hazard risk maps to
examine the intersection between prevailing natural hazards and the
capacities for disaster resilience. Second, external drivers and linkages, such as
broad demographic and economic trends, regional development and
environmental change also influence the application of the index in policy and
strategic planning, but are not included in the assessment (Figure 1.1).
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Figure 1.1: Conceptual elements of the Australian Disaster Resilience Index.

Coping and adaptive capacities form the basis for assessment of disaster resilience,
where coping capacities are the means by which people or organisations use
available resources, skills and opportunities to face adverse consequences that could
lead to a disaster and adaptive capacities are the arrangements and processes that
enable adjustment through learning, adaptation and transformation. Resilience
assessment sits within a context of the occurrence of different natural hazard types and
external drivers and linkages (dashed lines) but these factors are not considered as part
of the index. Taken from Parsons et al. (2016).

Assessment refers to a qualitative or quantitative process of evaluating the
status of some phenomenon of interest. Assessments can be conducted for
different purposes including: 1) to gauge or audit the state of a system at one
point in time or over time; 2) to assess whether regulated performance criteria
have been exceeded; 3) to detect impacts; and, 4) to assess responses to
mitigation or restoration (Downes et al. 2002). In this work, assessment means
gauging or auditing the state of disaster resilience at one point in fime. With
further data at future points in time, the state of disaster resilience can be
tracked over time.
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The Australian Disaster Resilience Index is a composite index designed for the
assessment of disaster resilience. Composite indices are frequently used as an
assessment tool to summarise and report complex relational measurements
about a particular issue (OECD 2008). An index should capture change and
respond directionally according to the behaviour of the system (Burton 2015),
so that the index can be arrayed along a continuum of condition. Indices are
calculated from a series of measurements, generally termed indicators. For
example, a Consumer Price Index, a tool o assess cost pressures on
households, is calculated from the prices of a number of consumer items.

There are three main characteristics that define the nature of a composite
index: measurement models, data sources and aggregation. The first relates to
the application of formative or reflective measurement models. Disaster
resilience, as a conceptual characteristic of communities or societies, cannot
be assessed directly, but can be assessed indirectly by its causes or by its
effects. Thus, it is important to know whether the index values “cause” or “are
caused by” the indicators.

Assessment based on causes makes use of the current understanding about
which factors enhance or constrain disaster resilience. This understanding
generally comes from the study of disasters through the prevention,
preparation, response and recovery phases, and evaluations of transformation
and adaptation. If a factor has been found to enhance the resilience of a
particular community where a disaster has occurred, then it can be assumed
that this factor will also enhance the capacity for resilience of other
communities with the same characteristics, should they be exposed to natural
hazards in the future. Levels of such factors may be readily measurable and
serve as indicators of the capacity for disaster resilience of communities,
regardless of whether they have experienced natural disasters or noft.
Indicators for assessment based on causes will generally be measures of the
socio-economic state of society and its governance and disaster management
systems.

Assessments based on the effects of disaster resilience can only be made for
communities where natural disasters have occurred. The speed and extent of
recovery post-disaster is assumed to reflect the capacity for resilience. While
the concept of capacity for resilience is not directly measurable, indicators of
the speed and extent of recovery may be readily measurable. If a community
makes a speedy, complete and adaptive recovery from a disaster, then it can
be assumed that it has a high capacity for resilience. Indicators for assessment
based on effects will generally relate to post-disaster changes in the state of
society and its governance and disaster management systems.

If policy and planning initiatives to improve disaster resilience are to be
undertaken anywhere in Australia, or for specific regions, a usable index of the
capacity for disaster resilience has to have national coverage. It is of limited
utility if estimates of the capacity for disaster resilience are only available for
localities where natural disasters have already occurred. For this reason, an
index of the capacity for disaster resilience with national coverage has to be
based on the known or presumed causal factors for disaster resilience. This
approach to index construction is known formally as a formative measurement
model. If the capacity for disaster resilience was to be estimated from
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indicators of its effect, this is termed a reflective measurement model. There
has been considerable debate over the last few decades about the merits and
validity or otherwise of formative and reflective measurement models (for a
detailed review see Bagozzi 2011). These issues have generally received little
consideration in composite index construction in the natural hazards
vulnerability and resilience index literature.

The distinction between formative and reflective measurement models is
important in the inclusion or exclusion of indicators, interpretation of correlations
among indicators, and consequent decisions about the statistical freatment of
indicators in a composite index. To achieve national coverage, the Australian
Disaster Resilience Index is necessarily based on a formative measurement
model, where the capacity for resilience in a community, which is not directly
measurable itself, is assessable by reference to the values of a chosen set of
indicators. However, in the exploratory analysis conducted prior to deciding
upon an appropriate method of calculation of the index, the possibility for a
reflective measurement model was given consideration.

The second characteristic that defines the nature of composite indices relates
fo the sources of the data upon which the index is based. These have
implications for how the index is constructed and used. Bottom-up approaches
are locally based and locally driven, and are qualitative self-assessments of
disaster resilience (Committee on Measures of Community Resilience 2015).
Bottom-up approaches survey individuals or communities using a scorecard
consisting of indicators of disaster resilience such as preparation, exposure to
specific hazards, community resources and communication (e.g. Arbon 2014).
In contrast, fop-down approaches are often intended for use at broad scales
by an oversight body (Committee on Measures of Community Resilience 2015)
and use secondary spatial sources such as census data to derive quantitative
indicators that describe the inherent characteristics of a community that
contribute to disaster resilience (Cutter et al. 2010). The choice of top-down or
bottom-up assessment is an important consideration because it determines the
degree of community involvement in the assessment process, influences the
cost and spatial extent of the assessment and bounds the ability to compare
across units using standardised data (Parsons et al. 2016).

The Australian Disaster Resilience Index takes a top-down assessment
approach. The index uses indicators derived from secondary data. Assessment
is at a national scale and provides a nationally-standardised spatial coverage
of the entire country. The use of a top-down assessment in combination with
the coping and adaptive capacity framework of disaster resilience governs the
interpretation of the state of disaster resilience in Australia. The index assesses
the capacities for disaster resilience, not the actual realization of disaster
resilience following any one event.

The third characteristic that defines the nature of composite indices is the
strategy that is used to aggregate, or combine, indicators to produce an index.
The aggregation strategy can employ a simple single-level aggregation where
a set of indicators are combined to produce the index. This is termed a
deductive structural design by Tate (2012). Alternatively, the aggregation
strategy might involve several levels, where separate sets of indicators are
aggregated to produce sub-indices and these sub-indices are aggregated in
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turn to produce the final index. A multi-level strategy, where the sets of
indicators are chosen by a priori theoretical reasoning corresponds to Tate's
(2012) hierarchical structural design. If the sets of indicators are instead
identified using Principal Components Analysis, so that there is a sub-index for
each component, this corresponds to Tate's (2012) inductive structural design.

The Australian Disaster Resilience Index uses a multi-level, hierarchical
aggregation strategy. The capacities for disaster resilience are captured using
eight themes that capture various dimensions of disaster resilience: social
character; economic capital; emergency services; planning and the built
environment; community capital; information access; social and community
engagement; and, governance and leadership. Sub-indices are calculated for
each of these themes, and the sub-indices are combined into coping capacity
and adaptive capacity sub-indices, which are combined in furn into the
Australian Disaster Resilience Index. The eight themes are explained further in
Section 1.3.

In summary, the Australian Disaster Resilience Index is a national scale
composite index that uses a formative measurement model with a top down
approach to data acquisition and a multi-level or hierarchical aggregation
strategy.

The structure of the Australian Disaster Resilience Index is shown in Figure 1.2.
The top level is the overall assessment of disaster resilience. The second level is
made up of coping capacity and adaptive capacity. The third level is made
up of themes that reflect the dimensions of disaster resilience within coping
capacity and adaptive capacity. The fourth level is comprised of indicator sets
that measure the status of a theme. An index is computed for the first, second
and third levels, using the indicators collected at the fourth level.

Themes are community characteristics that contribute to the resilience to
natural hazards, via coping and adaptive capacity (Table 1.1). Consistent with
a formative measurement model, themes have been chosen for their basis in
the literature: some with empirical evidence of the relationship between the
theme and resilience, and others that conceptualize this relationship but with
developing evidence. These relationships are outlined in detail in Volume Il and
summarised below in Table 1.1.

Coping capacity is comprised of six themes that encapsulate the factors
influencing the resources and abilities that communities have to prepare for,
absorb and recover from natural hazard events (Table 1.1). Adaptive capacity
is comprised of two themes that encapsulate the factors that enable
institutional and social learning, flexibility and problem solving (Table 1.1)
Indicators provide the data for a theme —the indicators are analysed together
to measure the status of the theme.
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Figure 1.2: The Australian Disaster Resilience Index structure. The assessment is
structured hierarchically across three levels: overall disaster resilience index; coping and
adaptive capacity sub-indices; and, theme sub-indexes. Indicators are not a level of
measurement but are used to compute each theme sub-index.
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Table 1.1: Explanation of coping and adaptive capacity themes within the Australian
Disaster Resilience Index. The relationship of each theme with disaster resilience is
supported by a literature review, available in Volume II.

Coping capacity

Social character

Economic capital

Emergency services

Planning and the
built environment

Community capital

The social characteristics of the
community.

Represents the social and
demographic factors that
influence the ability to prepare for
and recover from a natural hazard
event.

The economic characteristics of
the community.

Represents the economic factors
that influence the ability o prepare
for and recover from a natural
hazard event.

The presence, capability and
resourcing of emergency services.

Represents the potential to
respond to a natural hazard event.

The presence of legislation, plans,
structures or codes to protect
communities and their built
environment.

Represents preparation for natural
hazard events using strategies of
mitigation, planning or risk
management.

The cohesion and connectedness
of the community.

Represents the features of a
community that facilitate
coordination and cooperation for
mutual benefit.

Social and demographic factors have well
known influences on capacity to prepare
for, respond to and recover from a natural
hazard events. These include household and
family composition, age, sex, education,
employment, disability, language, and
length of residence.

Economic capital can facilitate disaster
resilience by reducing the losses from natural
hazard events. Economic resilience can
confribute to the reduction of losses from
natural hazard events through improved
mitigation and risk management, individual
flexibility and adaptation, enhanced
recovery, market contfinuity and business
continuity.

Losses from natural hazards may increase
with greater wealth, but increased potential
for loss can also be a motivation for
mitigation.

High level of economic capital often goes
hand in hand with high levels of social
capital.

Emergency management is a core function
of government.

The capacity for emergency response is
infegral fo community disaster resilience.
Emergency management is also a key
inclusion in policy guiding disaster resilience
and disaster risk reduction.

Increasing remoteness implies barriers to the
provision of, and access to, services.

Considered land use planning is a core
hazard mitigation strategy in built
environments. Good planning policy is
essential to reduce risk and enhance
resilience. Good planning policy can also
reduce future risk.

Building codes set construction standards to
reduce damage from natural hazards.

Participation in social networks can
enhance solutions to collective action
problems.

Disaster resilience is enhanced by the ways
the sense of community fosters participation,
community competency, pro-social
behaviour and preparedness through
working with others to solve shared local
problems.

Social capital facilitates disaster resilience
before, during and after disasters. Social
capital is often highlighted in times of
disaster because it is a resource that
facilitates collective action for mutual
benefit.
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Table 1.1 (cont.)

Theme

Relationship to disaster resilience

Information access

Coping capacity

The potential for communities to
engage with natural hazard
information.

Represents the relationship between
communities and natural hazard
information and the uptake of
knowledge required for preparation
and self-reliance.

Telecommunication and internet access is
vital fo information sharing through alll
phases of a disaster. As digital
communication has become the default
medium for everyday exchanges,
information sharing, and access to
essential services, the disadvantages of
being offline increase.

Community engagement activities enable
disaster resilience through public
participation in decision making about
natural hazards. Community engagement
has been shown to have direct benefit for
community resilience through capacity
building, social connectedness and
empowerment, self-reliance, education
and training, awareness of risk and
psycho-social preparation.

Social and
community
engagement

Governance and
leadership

Adaptive capacity

The capacity within communities to
adaptively learn and fransform in the
face of complex change.

Represents the resources and
support available within communities
for engagement and renewal for
mutual benefit.

The capacity within organisations to
adaptively learn, review and adjust
policies and procedures, or to
fransform organisational practices.

Represents the flexibility within
organisations to learn from
experience and adjust accordingly.

Adaptive communities are able to
manage complex change. Characteristics
of adaptive communities include social
engagement, frust, cooperation, learning
and well-being.

Adaptive institutions have conditions
suited to the development of the skills,
knowledge and culture for managing
complex change. Enabling conditions
include social learning, research,
innovation, collaboration and leadership.

Effective response to natural hazard
events can be facilitated by long term
design efforts in public leadership.
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The grain of the Australian Disaster Resilience Index is Statistical Area Level 2
(SA2), defined in the 2011 Australian Statistical Geography Standard (ABS 2011).
SA2s are delineated by the Australian Bureau of Statistics using criteria of
population, functional areas, growth, gazetted suburbs or localities, local
government area boundaries and rural or city locations (ABS 2011). SA2s
generally have a population range of 3,000 to 25,000 persons, with an average
population of about 10,000 persons (ABS 2011).

Overall, there are 2,214 SA2s across Australia (Figure 1.3). The Australian Disaster
Resilience Index was computed for 2084 of these SA2s: 130 SA2s (6%) were
excluded because they were areas of no or low population (e.g. national
parks, ports, airports, industrial estates). Jervis Bay, Christmas Island, the Cocos-
Keeling Islands, Lord Howe Island and French Island were also excluded from
the index because the availability of indicator data for these areas was
inconsistent.

The SA2s included in and excluded from the Australion Disaster Resilience Index
are listed in detail in Volume .

Figure 1.3: Map of SA2s in the Australian Statistical Geography Standard, 2011.
SA2s excluded from the index are highlighted in red and further detailed in Volume Il
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Indicators are the variables used to determine the status of a theme: the raw
data used to compute the index. An indicator is a quantitative measure
‘infended to represent a characteristic of a system of interest’ (Tate 2012).
Selecting indicators is both an art and a science. An indicator always implies
that a relationship exists between the indicator and a latent construct
representing some aspect of resilience. Thus, the process of indicator selection
is also coupled with the purpose, framework, design and interpretation of the
index. While there will always be trade-offs between indicator specificity, data
availability, cost effectiveness and sensitivity (Birkmnann 2013, Winderl 2014), the
selection of indicators can be guided by criteria that help to bound large sets
of potential indicators (Parsons et al. 2016). The use of indicator selection
criteria minimizes potential sources of uncertainty in the interpretation of
disaster resilience arising from the types of indicators included in computation.

An intensive, three-step process was used to identify and select indicators for
the Australian Disaster Resilience Index (Figure 1.4). The indicator identification
process begins with the conceptual model for the index, which determines the
focus on coping and adaptive capacity and the definition of these capacities.
The conceptual model subsequently sets the second step outlining the structure
and design of the index and identifying latent dimensions of disaster resilience
(see Section 1.3). These latent dimensions correspond to the eight themes of
the index: social character; economic capital; emergency services; planning
and the built environment; community capital; information and access; social
and community engagement; and, governance and leadership. Themes
guide the identification and selection of indicators where the goal is to obtain
indicators that quantitatively measure the status of that theme. Thus, the
selection of indicators for the Australian Disaster Resilience Index was initially
constrained by the requirements of the conceptual model and latent
dimensions of resilience, as described in Parsons et al. (2016).

The third step in indicator selection was an iterative process of literature
evaluation, data availability and filtering against generalised criteria (Figure
1.4). Scores of indicators have been used to assess disaster vulnerability or
resilience in top-down assessments (see reviews by Beccari 2016 and Cutter
2016). Most of these published indicators are aligned with the coping capacity
part of the Australian Disaster Resilience Index conceptual model. Indicators of
adaptive capacity have been used within the climate change and adaptive
governance literature (Gupta et al. 2010, Engle 2011, IPCC 2012, Engle et al.
2014). We reviewed the indicators from published indexes and used them as a
starting point to populate the themes. Further indicators were derived for
themes through exploration of available data sets, and the literature
underpinning each of the latent dimensions of resilience (Figure 1.4).

Data availability was a major consideration in the identification and selection
of indicators. The index takes a fop-down assessment approach that provides
continuous spatial coverage of the entire country at a national level.
Therefore, it was necessary to use indicators that also had spatial coverage of
the entire country. A comprehensive search was undertaken for available
data sets relating to the latent dimensions of disaster resilience and which were
also publically accessible or for a reasonable fee.
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Overall, 77 indicators were used to compute the Australian Disaster Resilience
Index, across the 8 themes (Table 1.2). Full details of the indicators including
indicator sources, resolution, indicator computation and relationship to disaster
resilience are provided in Volume .

Where possible, indicator data were obtained at SA2 resolution. Some
indicators were collected at other resolutions, such as Local Government Areq,
State/Territory, police district, SA4, and region. These indicators were
disaggregated to SA2 resolution: the disaggregation methods are provided in
Volume Il.

Figure 1.4: Generalised process for identification and selection of indicators for the
Australian Disaster Resilience Index. The indicator identification process begins with the
conceptual model for the index, which subsequently sets the structure and design of
the index and identifies latent dimensions of disaster resilience. Published literature and
the availability of primary data are used to identify indicators suitable for the index, and
in rare cases the availability of data resulted in adjustments to the latent dimensions of
disaster resilience in the index structure and design. Indicators were then selected by
applying a sub-set of the generalised criteria for indicator selection, where the focus
was on relationship to disaster resilience, relevance to the scale of assessment,
measurability and data availability. Modified from Parsons et al. (2016).
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Figure 1.4 (caption on previous page)
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Table 1.2: Indicators used fo compute the Australian Disaster Resilience Index. Full
details of the indicators including indicator sources, resolution, indicator computation
and relationship to disaster resilience is provided in Volume Il

Coping Social % population arrived in Australia 2001 onwards
capacity character

% households with all or some residents not present a year ago
% speaks English not well or not at all

% population with a core activity need for assistance

% one parent families

% households with children

% lone person households

% group households

Sex ratio

% population aged over 75

% population aged below 15

Ratio of certificate/postgraduate educational attainment to Year 8-12
educational attainment

% of labour force unemployed
% not in labour force
% employed as managers and professionals

Economic % residents owning their home outright

capital % residents owning their home with a mortgage

% residents renting their home
Median weekly rent ($)
Median monthly mortgage repayment ($)
Median weekly personal income ($)
Median weekly family income ($)
% families with less than $600 per week income
% families with more than $3,000 per week income
% employment in largest single sector
Economic Diversity Index
% businesses employing 20 or more people
Retail and/or commercial establishments per 1,000 people
% population change 2001 to 2011
Local government grant per capita

Emerqency Medical practitioners per 1,000 population

sefvices Registered nurses per 1,000 population

Psychologists per 1,000 population
Welfare support workers per 1,000 population
Available hospital beds per 1,000 population
Ambulance officers and paramedics per 1,000 population
Fire and emergency services workers per 1,000 population

Police per 1,000 population
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Table 1.2 (cont.)

Coping Emergency Fire and emergency services and SES organisations funding per 1,000
capacity services (cont)  population

(cont) Ambulance organisations funding per 1,000 population
Fire service volunteers per 1,000 population

SES volunteers per 1,000 population

Distance to medical facility (km)

Planning and % caravan and improvised dwellings
the built

environment % residential dwellings built post 1981

% commercial and industrial dwellings built post 1981
Emergency planning assessment score
Full-fime equivalent council staff
Council area per full-fime equivalent council staff
Number of dwellings per full-time equivalent council staff
New dwellings (2012-2016) as a proportion of 2011 dwellings
New dwellings per week (2015-2016)
Planning assessment score
Community Offences against person per 100,000 population
capital Offences against property per 100,000 population

Age standardised number of people per 100 population who feel safe
walking in their neighbourhood

Age standardised number of people per 100 population who are able
to get support in times of crisis

Age standardised number of people per 100 population whose
household could raise $2,000 in a week

Age standardised number of people per 100 population who had
difficulty accessing services

% households with no motor vehicle

Age standardised number of people per 100 population with fair or poor
self-assessed health

% residents in same residence for greater than 5 years
% population undertaking voluntary work
% jobless families
Information % area with excellent or good ADSL coverage
access . .
% area with mobile phone coverage

Community engagement score
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Table 1.2 (cont.)

Adaptive Social and % population with life satisfaction scale 70 and above
capacity community

% population with high generalised trust

engagement
Migration effectiveness 2006-2011
% population with post school educational qualification
% population over 15 in further education
% participation in personal interest learning
Governance Presence of research organisations

and leadership .
Business Dynamo Index

Local economic development support

Emergency services governance, policy and leadership score

The computation of the Australian Disaster Resilience Index takes as its starting
point the 77 indicators described in Section 1.3. Computation of the Australian
Disaster Resilience Index is then hierarchical based on the levels shown in Figure
1.2. There are two stages in the computation of the index: the indicator
conditioning stage and the aggregation stage. The conditioning stage adjusts
the indicators so that they can be validly combined into an index. The
aggregation stage is concerned with the combination of the conditioned
indicators info an index.

In their raw form, the 77 indicators have considerable variation in the range of
values they take. Many indicators are percentages of a whole and so can
take values between 0 and 100. Other indicators are expressed as numbers per
1,000 population or numbers per full fime equivalent local government staff.
Without some form of remedial adjustment, indicators with mostly small values
will be overwhelmed by indicators with mostly large values in the aggregation
process used to form an index. This is contrary to the assumption behind
composite indices that all indicators make, if not similar contributions to the
index, then at least non-negligible contributions. All indicators were rescaled to
arange of 0 to 1: a common and recommended approach to conditioning
indicators prior to aggregation (OECD 2008). Full details of the rescaling
procedure are provided in Volume Il.

Indicators can have very different distributions, even if they have the same
range of values. For example, an indicator can be highly skewed with mostly
low values and a few very large values. While the small differences between
SA2s with low values might be significant for disaster resilience, in a composite
index these differences will be overwhelmed by other less skewed indicators.
For this reason it is generally recommended that skewed indicators be




AUSTRALIAN DISASTER RESILIENCE INDEX VOLUME | — STATE OF DISASTER RESILIENCE REPORT | REPORT NO. 492.2019

VIZFTIIIIIIIIIIIIIIrrsiIN

normalised, i.e. fransformed so that their distribution resembles the bell-shaped
curve of the normal distribution (OECD 2008).

Similar problems for aggregation into a composite index can occur when
indicators have a strongly leptokurtic distribution, where most of the values lie in
the middle of the range with relatively few in the shoulders of the distribution. A
method to reduce the kurtosis of strongly leptokurtic indicators was devised as
part of the normalisation procedure. Full details of the normalisation procedure
are provided in Volume II.

The normalised, rescaled indicators that were hypothesised to have a negative
relationship with disaster resilience were subtracted from 1, so that all indicators
had a positive relationship with disaster resilience. Full details of the
hypothesised relationships between and indicator and disaster resilience are
provided in Volume II.

Overall, the indicator conditioning procedures were rank-preserving. The
position of each SA2 in the list of SA2s sorted by raw indicator value was exactly
the same as its position in the list sorted by the conditioned indicator value.

The assignment of weights to indicators is a form of conditioning that attempts
to take account of evidence or beliefs about the relative importance of
indicators in their contribution to the composite index. Weights may be
introduced prior to, or implicitly within, aggregation procedures and, as pointed
out in OECD (2008) there remains contention around their use. Volume Il
reviews some of the issues. For the construction of the Australian Disaster
Resilience Index, it was found that evidence in the literature that might assist in
attributing relative importance to indicators was generally lacking, so explicit
weights were not assigned to indicators, i.e. they were equally weighted. This
approach is consistent with that taken by some 44 out of 104 disaster risk,
vulnerability and resilience composite indices reviewed by Beccari (2016).

Aggregating a series of indicators to form a composite index is mathematically
equivalent to the aggregation procedures in a wide range of fields, including
psychology (construction of summative scales), multi-criteria decision analysis
(scoring a series of decision options), life-cycle analysis (scoring a series of
consumer products) and information science (scoring the results of a web
search). While the composite indices used in much of natural hazards
vulnerability index research are based on simple additive procedures, such as
means, sums or weighted sums, the aggregation procedure used in the
Australian Disaster Resilience Index draws on the improved aggregation
techniques that have been developed in fields outside of natural hazards. The
decision to use these improved techniques was a response to the growing
crificism and concerns about the use of simple additive procedures. These
concerns have given rise to a wide range of proposed aggregation procedures
that attempt to overcome the shortcomings of additive procedures (see, for
example, Bertin et al. 2018; Chakraborty and Zavadskas 2014; Cherchye et al.
2007; De Muro et al. 2011). A review of the composite index literature is
provided in Volume Il.
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The central concern about constructing composite indices using simple
addifive procedures is the issue of the compensatory effects and inferactions
among indicators. This is best understood by reference to a hypothetical
example (Table 1.3). Suppose we have two indicators: paramedics per 1,000
population and fire service staff per 1,000 population. We want to use these
two indicators to construct an index of capacity for response to emergencies
by taking the average of the two indicators, which have been rescaled to a
range of 0 — 1. The table below gives the indicator and index values for four
geographic regions.

Table 1.3: Hypothetical composite index example illustrating compensatory effects.

Region Paramedic Fire service Emergency
indicator indicator response index

A 0 0 0

B 1 0 0.5

C 0 1 0.5

D 1 1 1

The values of the emergency response index for Region A and Region D are as
expected (Table 1.3). If both the paramedic and the fire service indicators
have a very low value, then the emergency response index has a very low
value. Likewise, when the two indicators have very high values, the index also
has a very high value.

However, Regions B and C have the same value of the index, despite having
very different indicator values (Table 1.3). The value of 0.5 for the index implies
that low values of the fire service indicator can be compensated by high
values for the paramedic indicator, and vice versa. Since paramedics cannot
do the work of fire service staff and vice versa, the use of the average as an
aggregation function is a poor reflection of reality. A more realistic
aggregation of the indicators for Regions B and C might yield an index value of
0.1. Alternatively, if the fire service staff in question had some paramedical
training, and so could stand in for paramedics to a limited extent, then index
values of 0.1 and 0.2 for Regions B and C, respectively, might be a better
reflection of reality.

It can be seen from this example that, although widely used in composite index
construction, the arithmetic mean can be a poor aggregating function to use
to combine indicators into an index, due to the unrestrained compensatory
effects.

Seventeen aggregation functions were evaluated for use in the Australian
Disaster Resilience Index. These comprised six from the European composite
index tradition (e.g. OECD 2008), two from information science (e.g. Dwork et
al. 2001), seven from multi-criteria decision analysis (e.g. Figueira et al. 2005)
and two from the theory of aggregation functions (e.g. Grabisch et al. 2011).
The criteria upon which each aggregation function was evaluated were:
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e whetherit discarded any information contained in the indicators;

e whether it produced a ratio index (rather than, say, a ranking);

e whether it provided control over compensatory effects;

¢ whether the control over compensatory effects was adjustable; and,

e the computation time for an aggregation of 77 indicators and 2,084
SA2s.

One aggregation function was rejected because it could not be validly
applied to small geographic areas such as SA2s. Three functions were rejected
because of impossibly or inconveniently long computation times. Eight
functions were rejected because they provided rankings or ordinal scores and
not a ratio index. The linear sum or mean was rejected for the reasons given in
the example above. A further aggregation function, the Maziotta-Pareto Index
was rejected because, while providing control over compensatory effects, it
did not allow for adjustment of the level of limitation of these effects. Of the
five remaining aggregation functions, only one — the discrete Choquet Integral
— adllowed for complete specification of the restrictions on compensatory
effects for all indicator interactions. Since the number of specifications
increases rapidly with the number of indicators, the discrete Choquet Integral
was selected for use where there were only two or three indicators to be
aggregated and it was possible to make plausible estimates of the interactions
between indicators.

Of the remaining four aggregation functions, all of which allowed for generic
restriction on compensatory effects rather than complete specification,
Ordered Weighted Averaging was chosen as the most suitable for use in
aggregations of four or more indicators, specifying an overall level of restriction
of compensatory effects, rather than a complete specification.

A full description of the evaluation of aggregation functions is provided in
Volume Il.

The hierarchical structure of the Australian Disaster Resilience Index (see Figure
1.2) dictates that the aggregation procedure also needs to be hierarchical,
with aggregations occurring at several levels. Groups of indicators are
aggregated to give the theme sub-indices, theme sub-indices are aggregated
to give the coping capacity and adaptive capacity sub-indices and these two
sub-indices are aggregated to give the overall Australian Disaster Resilience
Index.

To capture all the factors that might influence the value of the theme sub-
indices, the compilation of indicators has been necessarily wide-ranging, with
the result that many of the theme sub-indices are aggregations of a
considerable number of indicators. While the logic of composite indices is that
each constituent indicator represents an independent factor known or
believed to influence the characteristic that is gauged by the composite index,
indicators may in fact be inter-related. The nature of the relationships between
indicators can infroduce aggregation artefacts that are a threat to the validity
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of a composite index. Consider a set of seven indicators, 1 — 7, that are to be
aggregated to form a composite index. Indicators 1 — 5 are highly correlated
with each other, and indicators 6 and 7 are correlated with each other, but not
with indicators 1 - 5. This suggests that there might be just two factors needed
to define the index. However, factor 1, represented by indicators 1 - 5, will
have a dominant influence on the index due to the greater number of
indicators used in the aggregation. Any effect of factor 2, represented by just
indicators 6 and 7 may be obliterated. This problem might be addressed by
discarding redundant indicators from factor 1, or with a two level aggregation
in which indicators 1-5 are averaged and indicators é and 7 are averaged,
then the two averages are aggregated. Note that the average is a valid
aggregation function when dealing with highly correlated indicators. A high
correlation between indicators A and B means that geographic regions with a
high value of A will also have a high value of B, and likewise for low values. So
high values are not being added to low values, which is when compensatory
effects occur.

Aggregation strategy refers to the approach taken in the aggregation
calculation for a composite index or sub-index, to deal with the types of issues
discussed above. [tis defined by:

e the type of measurement model assumed — formative or reflective;
e the number of stages or levels of aggregation; and,
e the aggregation functions used.

The main possible aggregation strategies for the Australian Disaster Resilience
Index are shown schematically in Figure 1.5.

Simple formative model Simple reflective model
Index @
Z: QWA s Afithmetic mea
| Indic 1 | [ Indic 2 ] | Indic 3 | | Indic 4 | [ Indic 5 l l Indic 1 I | Indic 2 | l Indic 3 | [ Indic 4 \ I Indic 5 ]
Two level formative model Hybrid reflective-formative model

Sub-index 2

Z: Arithmetic mean I:Arithmetic mean

\indic1| [indic2| |idic3| |indica| |indics | [indic1| [wmdic2| [indgica| [indgica| [mdics ]

Figure 1.5: Aggregation strategies considered in the calculation of the Australian
Disaster Resilience Index. Grey arrows show the direction of causation, red text gives
the aggregation function (OWA=0Ordered Weighted Average, Cl=discrete Choquet
integral).
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The choice of aggregation strategy starts with analysis of the correlations
among the set of indicators to be aggregated. The results are subsequently
applied in a decision tree to select the appropriate aggregation strategy
(Figure 1.6). Full details of the aggregation processes are provided in Volume |I.

Does the
indicator set have
a strong multi-factor
structure

YES NO

(PCA, FA)?
Does the
Is a reflective model YES indicator set have NO
applicable? a strong single factor
’ structure
(PCA, FA)?
YES Is a reflective model NO
applicable?
Can the
indicators be grouped
on substantive
grounds?
v A A, A v
Hybrid reflective- 2-level formative Simple reflective 2-level formative Simple formative
formative model model model model model

Figure 1.6: Decision free for the choice of aggregation strategy.

Two aggregation functions were chosen for use in the Australian Disaster
Resilience Index: Ordered Weighted Averaging (OWA) and the discrete
Choquet integral. The former was used where the number of indicators or sub-
indices to be aggregated was four or more. In this situation, it is difficult to
specify all the possible compensatory effects between pairs of indicators, so a
generic constraint can be placed on compensatory effects across all
indicators, using OWA. The parameter in OWA that controls the amount of
constraint placed on compensatory effects between indicators is known as the
orness (James 2016). For an orness of 0.5, the OWA of a set of indicators is
identical to the arithmetic mean, i.e. no constraint is placed on compensatory
effects between indicators. For an orness of 0.0, the OWA of a set of indicators
is identical with the value of the indicator with the smallest value, i.e. no
compensatory effects are allowed. Further details and examples of OWA are
provided in Volume Il.
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For the Australian Disaster Resilience Index, the extent to which high values of
some indicators could be allowed to compensate for low values of other
indicators was known only approximately, or not at all. Consequently, just two
orness values were used in aggregations using OWA: 0.125 for situations where
there was some certainty that only minimal compensatory effects should be
allowed, and an orness of 0.375 for situations where it was reasonable to
assume that substantial amounts of compensation were permissible in
aggregating indicators. An example of the former is indicators relating to
emergency services provision — it is unlikely that high numbers of fire service
volunteers could substitute for low numbers of police. An example of the latter
is indicators relating to communications — high levels of mobile phone
coverage could, in greater part, substitute for low levels of ADSL connectivity,
given the widespread ownership of smartphones. As an aggregation method
placing a generic constraint on compensatory effects, OWA implicitly involves
equal weights on indicators.

Where two or three indicators or sub-indices in a formative model were to be
aggregated, consideration was first given to using the discrete Choquet
integral. This aggregation function allows for a comprehensive and nuanced
specification of the degree of constraint to be placed on compensatory
effects between indicators. If knowledge of the compensatory effects
between, or among, these was insufficient, then OWA was used instead.

The parameter by which compensatory affects are adjusted for in aggregating
with the discrete Choquet integral is called the fuzzy measure (James 2016),
and is a set of weighting values. The weighting values can be adjusted to
reflect the desired level of constraint on compensatory effects between each
pair of indicators, as well as achieving a particular level of overall orness. To the
extent that the importance of an indicator might be regarded as its capacity
to compensate for low values of less important indicators, some of the
weighting values in the fuzzy measure can be interpreted in the sense of
importance weights. The discrete Choquet integral is used relatively
infrequently in the construction of the Australian Disaster Resilience Index. Itis a
fairly complex calculation, and a full explanation is provided in Volume Il.

The theory of aggregation functions predicts that the functions used in the
Australian Disaster Resilience Index, and the chosen orness values, will result in
particular differences in the distribution of aggregation results, compared to
what would be obtained with a simple arithmetic, mean or with other types of
aggregation functions. Accordingly, for every aggregation in the Australian
Disaster Resilience Index, the distribution of results for the chosen method was
compared with the arithmetic mean, geometric mean and Mazziotta-Pareto
Index. This provided a check that the chosen aggregation method and orness
values were performing as predicted by theory. The comparisons of
aggregation functions are provided in Volume |l

The Australian Disaster Resilience Index was computed with the base R
package (R Core Team 2016) and the following contributed packages:

e classint (Bivand 2015) — calculate class intervals for spatial plotting;
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cluster (Maechler et al. 2016) — functions for cluster analysis;

e 1071 (Meyer, et al, 2015) — functions for skewness and kurtosis;

e lattice (Sarkar 2008) - functions for plotting;

e maptools (Bivand and Lewin-Koh 2016) — functions for spatial plotting;

e psych (Revelle 2016) - principal components analysis, sorted loadings
tables;

e RcolorBrewer (Neuwirth 2014) — palettes for spatial plotting;

e rgdat (Bivand et al. 2016) — functions for reading and writing shape files;
and,

e sp (Pebesma and Bivand 2005; Bivand et al. 2013) - spatial plotting.

The final form of the Australian Disaster Resilience Index, and component
coping capacity, adaptive capacity and theme sub-indices is a value in the
range of 0 to 1. Values of 0 correspond to lower disaster resilience and values
of 1 correspond to higher disaster resilience. These values of the Australian
Disaster Resilience Index, and component sub-indices, can be viewed spatially
on maps, or analysed further to determine the spatial patterns of index values,
find groups of SA2s with similar disaster resilience, or examine the relationships
between index values and population characteristics.

At the level of the Australian Disaster Resilience Index, the 2084 SA2s were split
into three bands based on index values: high capacity for disaster resilience
(>75™ percentile); moderate capacity for disaster resilience (25t — 75
percentile); and, low capacity for disaster resilience (<25™ percentile). Each
band has an associated narrative of capacity for disaster resilience.
Population, land area and remoteness characteristics of the component SA2s
were tallied to estimate the proportions associated with the disaster resilience
bands.

The second level of the disaster resilience assessment is made up of coping and
adaptive capacity sub-indexes (Figure 1.2). The coping and adaptive
capacity sub-indexes range from 0 to 1, with 0 being lower coping or adaptive
capacity and 1 being higher coping or adaptive capacity. The 2084 SA2s were
split into three band based on coping and adaptive capacity sub-index values:
high coping or adaptive capacity (>75th percentile); moderate coping or
adaptive capacity (25t — 75t percentile); and, low coping or adaptive
capacity (<25t percentile). Each band has an associated narrative of
capacity for disaster resilience. Population, land area and remoteness
characteristics of the component SA2s were tallied to estimate the proportions
associated with the disaster resilience bands. Remoteness characteristics were
taken from the Australian Statistical Geographical Standard remoteness
structure (Figure 1.7).
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Figure 1.7: Australian Staftistical Geography Standard (ASGS) 2011 remoteness structure.
Modified from ABS (2011). The ASGS uses the term maijor cities of Australia, while the
Australian Disaster Resilience Index has termed this metfropolitan Australia.

Many of the indicators used in the construction of the Australian Disaster
Resilience Index have well-understood spatial relationships. This suggests that, if
the eight theme sub-indices are considered, SA2s might fall into groups with
similar disaster resilience profiles. Cluster analysis was used to extract groups of
SA2s with unique disaster resilience profiles.

Four different methods of cluster analysis were used to examine the cluster
structure using the eight theme dimensions: hierarchical agglomerative cluster
analysis; k-means analysis; partitioning around medoids; and, latent profile
analysis. The choice of number of clusters was guided by the scree-type plots
appropriate to each method. The agglomerative hierarchical scree plot
suggested nine, five or three clusters. The k-means scree plot gave no
guidance. The silhouette coefficient plot for partitioning around medoids
suggested three clusters, but the low value of the silhouette coefficient for all
the cluster solutions indicated that cluster structure was very weak. The plot of
BIC against the number of profiles for latent profile analysis gave little guidance.

It was concluded that there is support for a three, five or nine cluster solution for
the eight theme sub-indices, although the cluster structure is weak. The five
cluster solution using partitioning around medoids was chosen on simple
communication grounds to support further interpretive visualisation of the
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Australion Disaster Resilience Index using a heatmap. A nine cluster solution
would overly complicate the interpretation, while a three cluster solution would
be unnecessarily parsimonious. External validation of the five cluster solution
using a measure of remoteness showed there were significant differences in
remoteness among the five groups. This lent support for the decision to present
interpretative visualisations of the Australian Disaster Resilience Index as a five-
group typology. When mapped, the five groups of SA2s tended to form
cohesive regions, rather than being scattered randomly, further supporting the
view that, although cluster structure is weak, it is nonetheless spatially
meaningful. A full description of the derivation of the typology is provided in
Volume .

The disaster resilience profile associated with each of the cluster groups was
determined using a three step process. First, percentiles were calculated using
all 2084 SA2s within a theme to set the classes of high (>75th percentile),
moderate (25" to 75t percentile) and low (<25™ percentile) disaster resilience.
Second, the median index values for each cluster group and theme were used
to identify groups as belonging to the high, moderate or low disaster resilience
band. Third, the bands were narrated using the relationships of individual
indicators to the distribution of theme sub-index values (see Volume lI).
Summary statistics were also used to show the relationships between cluster
groups and population, land area and remoteness, and the relationships
between groups and the resilience, coping and adaptive capacity index
values.

In addition to the packages used for indicator conditioning and aggregation
procedures, the following R contributed packages, were used to derive and
visualize the typlogy:

o fmsb (Nakazawa 2018) - radar plofts;

e mclust (Fraley and Raftery 2002; Fraley et al. 2012) — Gaussian mixture
modelling;

e sensitivity (Pujol et al. 2017) — functions for sensitivity analysis;
e superheat (Barter and Yu 2017) - functions for heatmaps;
e fidyLPA (Rosenberg 2018) — latent profile analysis;

e truncnorm (Trautman et al. 2014) - function to sample from truncated
normal distribution; and,

e wordcloud (Fellows 2014) — functions for labelling scatter plofts.
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The Australian Disaster Resilience Index ranges from 0 to 1, with 0 being lower
capacity for disaster resilience and 1 being higher capacity for disaster
resilience. The 2084 SA2s were split into three bands based on index values:
high capacity for disaster resilience (>75t percentile); moderate capacity for
disaster resilience (25" — 75t percentile); and, low capacity for disaster
resilience (<25t percentile). Each band has an associated narrative of
capacity for disaster resilience (Table 2.1). Population, land area and
remoteness characteristics of the component SA2s were tallied to estimate the
proportions associated with the disaster resilience bands.

Table 2.1: Description of high, moderate and low disaster resilience bands for the
Australian Disaster Resilience Index.

Low <25t percentile Communities in areas of low disaster resilience may be

ANDRI = 0 — 0.4461 limited in their capacity to use available resources to
cope with adverse events, and are limited in their
capacity to adjust to change through learning,
adaptation and fransformation. Limitations to disaster
resilience may be contributed by entrenched social and
economic disadvantage, less access to or provision of
resources and services, lower community cohesion and
limited opportunities for adaptive learning and problem
solving.

Moderate 25 - 75 percentile Communities in areas of moderate disaster resilience

ANDRI = 0.4462 — 0.6598 have some capacity to use available resources to cope
with adverse events, and some capacity to adjust to
change through learning, adaptation and
transformation. Moderate disaster resilience is generally
contributed by moderate levels of coping and adaptive
capacity, which in turn are associated with moderate
levels of economic capital, moderate provision of an
access to services, moderate community cohesion and
variable encouragement for adaptive learning and
problem solving.

>75t percentile Communities in areas of high disaster resilience have

ANDRI = 0.6599 - 1 enhanced capacity to use available resources to cope
with adverse events, and enhanced capacity to adjust
to change through learning, adaptation and
transformation. Factors contributing to high disaster
resilience may include employment, education, income,
good access o or provision of resources and services,
stfrong community cohesion and ample opportunities for
adaptive learning and problem solving.
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2.2 THE AUSTRALIAN DISASTER RESILIENCE INDEX: DISTRIBUTION OF
COMMUNITY CAPACITY FOR DISASTER RESILIENCE

2.2.1 Most of the population of Australia live in areas assessed as having
moderate capacity for disaster resilience.

Visually there is a general pattern of higher capacity for disaster resilience
across the populated south east areas of Australia, and around metropolitan
and major regional centres (Figure 2.1). Outer regional and remote areas,
particularly those in northern and central Australia, have lower capacity for
disaster resilience (Figure 2.1). Factors underlying this overall pattern are
discussed in the forthcoming sections.
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110°E 120°E 130°E 140°E 150°E

Figure 2.1: Capacity for disaster resilience in Australia assessed using the Australian
Disaster Resilience Index. The index ranges from 0 to 1, where 0 is lower capacity for
disaster resilience and 1 is higher capacity for disaster resilience. Maps of the Australian
Disaster Resilience Index at the resolution of State/Territory and major metropolitan
areas are shown in Appendix A.
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About 52% of Australia’s population, or about 12.3 million people, live in an SA2
assessed as having moderate capacity for disaster resilience (Figure 2.2 and
Table 2.2). Overall, areas with moderate disaster resilience comprise 6% of
Australia’s land area (Table 2.2). Most of the SA2s assessed as having moderate
capacity for disaster resilience occur in metropolitan, inner regional or outer
regional areas, although six remote or very remote SA2s had moderate disaster
resilience (Table 2.2). Areas with moderate disaster resilience have some
capacity to use available resources to cope with adverse events, and some
capacity to adjust to change through learning, adaptation and transformation.
Moderate disaster resilience is generally contributed by moderate levels of
coping and adaptive capacity, which in furn are associated with moderate
levels of economic capital, moderate provision of an access to services,
moderate community cohesion and variable encouragement of adaptive
learning and problem solving.
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|
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B Low 521
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I High 521
I I I I I
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Figure 2.2: Distribution of low, moderate and high capacity for disaster resilience in
Australia. Low, moderate and high bands are explained in Table 2.1. Maps of the
distribution of low, moderate and high capacity for disaster resilience at the resolution
of State/Territory and major metropolitan areas are shown in Appendix B.

About 32% of Australia’s population, or about 7.6 million people, live in an SA2
assessed as having high capacity for disaster resilience (Figure 2.2 and Table
2.2). Areas with high disaster resilience are associated with enhanced capacity
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to use available resources to cope with adverse events, and enhanced
capacity to adjust to change through learning, adaptation and transformation.
Factors contributing to high disaster resilience may include employment,
education, income, good access to or provision of resources and services,

stfrong community cohesion and ample opportunities for adaptive learning and
problem solving.
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Table 2.2: Population, land area and remoteness associated with low, moderate and
high capacity for disaster resilience.

Capacity for disaster resilience

Low Moderate High
<25 percentile | 25 - 75t >75% percentile

0 - 0.4461 percentile 0.6599 - 1
0.4462 - 0.6598

Population™

Population in component SA2s 3,842,568 12,323,025 7,638,030
Percentage population in component SA2s  16.1 51.8 32.1
Land area”®

Land area of component SA2s (km2) 7,146,933 467,381 30,448
Percentage land area in component SA2s 8.5 6.1 0.4
Remoteness?

Metropolitan 1,266,355 8,732,737 6,960,378
Population in component SA2s

Metropolitan 53 36.7 29.2
Percentage population in component SA2s

Metropolitan 111 639 453
Number of component SA2s

Inner regional 1,010,165 2,637,079 655,149
Population in component SA2s

Inner regional 4.2 11.1 2.8
Percentage population in component SA2s

Inner regional 131 280 65
Number of component SA2s

Outer regional 1,127,561 915,174 22,503
Population in component SA2s

Outer regional 4.7 3.8 0.09
Percentage population in component SA2s

Outer regional 189 117 8
Number of component SA2s

Remote 262,327 35,717 0
Population in component SA2s

Remote 1.1 0.15 0
Percentage population in component SA2s

Remote 43 5 0
Number of component SA2s

Very remote 176,160 2,318 0
Population in component SA2s

Very remote 0.74 0.01 0
Percentage population in component SA2s

Very remote 47 1 0
Number of component SA2s

Number of SA2s 521 1,042 521
Percentage of SA2s 25 50 25

* Computed using ABS Estimated Resident population as of 30th June 2015.

# Excludes SA2s not used in the index. The population in SA2s used in the index is 23,803,623 people. The population in SA2s not
used in the index is a further 12,372 people.

A Excludes SA2s not used in the index. The land area of SA2s used in the index is 7,644,763km?. The land area of SA2s not used in
the index is a further 43,047km?.

S ABS remoteness categories, ASGS 2011.

+ Excludes SA2s not used in the index. Of the 2214 SA2s in the ASGS 2011, 2084 were used in the index and 130 excluded.
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About 16% of Australia’s population, or about 3.8 million people, live in an SA2
assessed as having low capacity for disaster resilience (Figure 2.2 and Table
2.2). Areas with low disaster resilience are associated with low capacity to use
available resources to cope with adverse events, and are likely to be limited in
their capacity to adjust to change through learning, adaptation and
fransformation. Limitations to disaster resilience may be contributed by
entrenched social and economic disadvantage, less access to or provision of
resources and services, lower community cohesion and limited opportunities for
adaptive learning and problem solving.

Each remoteness category encompasses SA2s with a range of high to low
index values. However, there is a distinct relationship between remoteness and
capacity for disaster resilience (Figure 2.3). Remote and very remote SA2s are
concentrated within the lower end of index values. Outer regional, inner
regional and metropolitan SA2s are progressively concentrated within the
higher end of index values. Thus, metropolitan SA2s are generally associated
with higher capacity for disaster resilience.
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Figure 2.3: Distribution of Australian Disaster Resilience Index values by remoteness
categories.
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2.2.3 Most areas of higher capacity for disaster resilience are located in
metropolitan and inner regional Australia. Areas of higher capacity for
disaster resilience comprise only 0.5% of land surface area.

Most of the SA2s assessed as having high capacity for disaster resilience occur
in metropolitan and inner regional areas of Australia, with an associated
population of about 7.5 million people (Figure 2.2 and Table 2.2). Only 3 outer
regional SA2s had high capacity for disaster resilience, and no remote or very
remote SA2s were assessed as having high disaster resilience (Table 2.2). Areas
with high disaster resilience are confined to less than 0.5% of Australia’s land
surface area (Table 2.2).

In metropolitan areas, 38% of SA2s have high capacity for disaster resilience
(Figure 2.4). This falls to only 8% outside of metropolitan areas (Figure 2.4). Non-
meftropolitan SA2s with high capacity for disaster resilience are located almost
entirely within inner regional areas, generally in close proximity to metropolitan
areas. Thus, proximity to metropolitan areas can be seen to enhance the
potential for high capacity for disaster resilience.
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Figure 2.4: Proportion of SA2s with high, moderate and low capacity for disaster
resilience in metropolitan and non-metropolitan (combined regional and remote)
areas.

The SA2s with high capacity for disaster resilience are not distributed evenly
through metropolitan areas. Rather, SA2s with high capacity for disaster
resilience are usually clustered together, forming multiple pockets of higher
capacity within the metropolitan area (Appendix B). These clusters can
sometimes have substantial numbers of high capacity SA2s sharing boundaries
(Appendix B). These clusters often extend in one direction from the inner
suburbs through to outer ring suburbs (see, for example, the Sydney, Melbourne
and Adelaide maps in Appendix B). This indicates that specific locations within
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a meftropolitan area can have a combination of attributes amenable to high
capacity for disaster resilience.

Low capacity for disaster resilience is associated with remote and very remote
SA2s, comprising about 435,000 people (Table 2.2 and Figure 2.2). Areas with
low disaster resilience comprise over 3% of Australia’s land surface area (Table
2.2). AlImost 50% of non-metro SA2s have low capacity for resilience; in metro
areas it is less than 10% (Figure 2.4).

Despite the predominance of low capacity for disaster resilience in remote and
very remote SA2s, low capacity for disaster resilience was also found in
metropolitan areas. Nine percent of metropolitan SA2s, comprising about 1.3
million people, were assessed as having low capacity for disaster resilience
(Figure 2.4 and Table 2.2). In most metropolitan areas, small clusters of SA2s
with low capacity for disaster resilience can be observed (Appendix B). Those
clusters are comprised of small numbers of SA2s and are found in outer, middle
and inner city areas (Appendix B).

The "concentric zones” theory of urban sociology (Burgess 1925), which once
held that the social structure of the metropolitan area could be read in ferms of
concentric rings progressively arranged outwards from the city centre, does not
apply in the distribution of capacity for disaster resilience in the metropolitan
areas. There is no clear pattern to show, for example, that SA2s on the
metropolitan fringe will have lower capacity for disaster resilience than SA2s
closer to the city centre. In some cities, some fringe SA2s will have low capacity
for resilience, but this is not a general rule across all cities. Some inner
meftropolitan SA2s can also show low capacity for disaster resilience.
Conversely, SA2s with high capacity for resilience can be found in inner,
middle, and outer parts of metropolitan areas.

The conclusion is that while moderate disaster resilience is the dominant state
across metropolitan areas, the metropolitan landscape of disaster resilience is
one of localised pockets of different disaster resilience capacity. The factors
used to assess disaster resilience will reflect localised differences in capacity for
disaster resilience within metropolitan areas. Some metropolitan locations have
a combination of factors that contribute to higher capacity for disaster
resilience, while other locations have a combination of factors that contribute
to lower disaster resilience.
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About 72% of inner regional SA2s were assessed as having moderate to high
capacity for disaster resilience: 14% with high capacity and 58% with moderate
capacity (Table 2.2). In contrast, only 39% of outer regional SA2s were assessed
as having moderate to high capacity for disaster resilience: 1% with high
capacity and 39% with moderate capacity (Table 2.2). However, most (72%)
inner regional SA2s occur in the more populous eastern mainland states,
highlighting the importance of the inner regional areas of the eastern mainland
states in the geography of disaster resilience.

The overall patterns of population associated with areas of high, moderate and
low capacity for disaster resilience are generally, but not always, displayed in
each State and Territory. New South Wales and Victoria have less of their
population associated with areas of low capacity for disaster resilience than at
the national level (Table 2.3). These States also have more of their population
associated with areas of high capacity for disaster resilience than at the
national level (Table 2.3). While Queensland and Western Australia have a
similar population associated with areas of moderate disaster resilience to the
natfional level, these States have lower than national-level proportion of the
population associated with areas of high disaster resilience and higher than
national-level proportion of population associated with areas of low disaster
resilience (Table 2.3). South Australia has the same population distribution
across areas of low, moderate and high disaster resilience as the national level.

The Northern Territory and Australian Capital Territory patterns are different from
the national-level distribution. All areas of the Northern Territory are associated
with low disaster resilience (Table 2.3). The Australian Capital Territory follows
the national level trend for population associated with areas of moderate
disaster resilience (Table 2.3). The remainder of the Australian Capital Territory
population is associated with areas of low disaster resilience and none of the
population is associated with areas of high disaster resilience (Table 2.3).
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Table 2.3: Population and land area associated with low, moderate and high capacity
for disaster resilience for each Australian State and Territory. The national-level is also
shown for comparison.

Capacity for disaster resilience

Low Moderate High
<25% percentile | 25 -75th >75t percentile

0 - 0.4461 percentile 0.6599 - 1
0.4462 - 0.6598

NATIONAL

Population™

Population in component SA2s 3,842,568 12,323,025 7,638,030
Percentage population in component SA2s  16.1 51.8 32.1
Land area®

Land area of component SA2s (km2) 7,146,933 467,381 30,448
Percentage land area in component SA2s 93.5 6.1 0.4

NEW SOUTH WALES

Population™

Population in component SA2s 697,199 3,733,412 3,184,250
Percentage population in component SA2s 9.2 49.0 41.8
Land area”®

Land area of component SA2s (km2) 585,513 183,764 19,962
Percentage land area in component SA2s 74.2 23.3 2.5

VICTORIA

Population™

Population in component SA2s 454,330 2,948,494 2,618,994
Percentage population in component SA2s 7.5 49.0 43.5
Land area”®

Land area of component SA2s (km?) 81,928 132,736 6,998
Percentage land area in component SA2s 37.0 59.9 3.2

Population™

Population in component SA2s 1,173,873 2,836,002 766,851
Percentage population in component SA2s  24.6 59.4 16.1
Land area”®

Land area of component SA2s (km2) 1,673,482 48,117 1,229

Percentage land area in component SA2s 97.1 2.8 0.1.
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Table 2.3 (cont.)

Capacity for disaster resilience

Low Moderate [ [{e]y]
<25th percentile | 25 - 75h >75th percentile

0 -0.4461 percentile 0.6599 - 1
0.4462 - 0.6598

SOUTH AUSTRALIA

Population®*

Population in component SA2s 293,173 854,567 552,785
Percentage population in component SA2s  17.2 50.3 2.5
Land area”®

Land area of component SA2s (km2) 900,171 82,502 1,347
Percentage land area in component SA2s 91.5 8.4 0.1

WESTERN AUSTRALIA

Population®*

Population in component SA2s 618,219 1,488,664 433,308
Percentage populatfion in component SA2s  24.3 58.6 17.1
Land area®

Land area of component SA2s (km2) 2,509,286 14,509 608
Percentage land area in component SA2s 99.4 0.6 <0.1

TASMANIA

Population®*

Population in component SA2s 201,885 231,375 81,842
Percentage population in component SA2s  39.2 44.9 15.9
Land area”®

Land area of component SA2s (km2) 49,034 5,587 305
Percentage land area in component SA2s 89.3 10.2 0.6

NORTHERN TERRITORY

Population®*

Population in component SA2s 241,997 0 0
Percentage population in component SA2s 100 0 0
Land area