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Welcome

We would like to welcome you to the 6th International Building Resilience
Conference 2016, with the theme “Building Resilience to Address the Unexpected”.
The conference is proudly organised by the University of Auckland’s Centre for
Disaster Resilience, Recovery and Reconstruction (CDRRR), and the Construction
Management Groups at Massey University and the University of Auckland. The
Global Disaster Resilience Centre (GDRC), School of Art, Design and Architecture at
the University of Huddersfield, UK, is a key partner of this event.

The Building Resilience Conference is an annual international conference exploring
resilience as a useful framework of analysis for how society can cope with the
threat of natural and human induced hazards. This is the sixth event in the Building
Resilience Conference Series and follows on from previous successful events.

With increasing numbers of people being affected by shocks, stresses and strains,
resilience building has become one of the key themes for governments. This vibrant
annual international Building Resilience Conference brings together researchers,
educators and industry practitioners involved in natural hazards and disaster
resilience across the globe, providing participants with a strong platform for
knowledge sharing, collaboration, disciplinary reflections, institutional exchange
and collective growth.

We have been overwhelmed with the interest and enthusiasm shown for this
conference. The conference programme contains over 150 papers, 7 workshops
and plenty of opportunities to network with old friends, and to make new ones. We
are particularly pleased to see so many overseas delegates, and offer a special
welcome to those people from countries recently affected by disasters such as the
Philippines, Italy, United States, Indonesia, Vanuatu, Sri Lanka, Japan, Nepal and
Fiji. We hope you will be able to take some valuable lessons away from the
conference to assist you with your continuing recovery. We also welcome those
people travelling from neighbouring Pacific Islands, Australia and the Asia-Pacific
and hope to see future regional and international collaborations arise from this
conference.

We would particularly like to thank all our sponsors who have helped make this
conference possible. To the hard working conference committee, we would like to
offer our sincerest thanks. To the scientific committee and reviewers, we could not
have been more impressed with your dedication. To our conference attendees and
presenters, we offer a very warm welcome and hope you will enjoy the conference
as much as we have enjoyed bringing the 6th International Building Resilience
Conference to Auckland.

We look forward to meeting you at the conference and welcome you to the
beautiful city of Auckland.

Suzanne Wilkinson and Niluka Domingo Conference Convenors
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EASURING RESILIENCE: “WHY"” IS AS IMPORTANT AS
\\HOWI'

M. John Plodinec

Community and Regional Resilience Institute

Phone: +1-803-257-1760, email: john.plodinec@resilientus.org

ABSTRACT

Globally, the measurement of community resilience has become a major
focus of activity especially as it relates to natural disasters. The number of
approaches for measuring community resilience speaks to the subject’s
importance but also points to the difficulties inherent in measuring
community resilience: resilience is a fuzzy concept; a community’s
resilience is only revealed through disruption; a community’s resilience
depends on how it is stressed; a community’s resilience changes over
time; different parts of a community have different levels of resilience;
resilience is a manifestation of a community’s strengths, but often
difficult to measure directly; the user of the data will determine the data
needed.

A recent review of community resilience measurement approaches focused
on the methods - the "How” - used to assess community resilience. In this
paper, the usefulness of four different measurement approaches for
informing decisions by community leaders - the "Why” - is considered.

Consideration of the difficulties and the review of the four measurement
approaches leads to practical guidelines for development of community
resilience measurement approaches. These include: a) identifying the
decisions for which data are needed; b) identifying the decision-makers; c)
establishing a data collection process that specifies who will collect data, in
which domains, by what methods, at what frequency, and when it should be
provided to decision-makers; d) ensuring that decision-makers will both
understand and trust the data provided.

Key words: Community resilience; resilience measurements

INTRODUCTION

Globally, the measurement of community resilience has become a major
focus of activity especially as it relates to natural disasters
(Ostadtaghizadeh, et al., 2015). In this paper, "measurement” is used in
its broadest sense, including quantitative data, objective non-quantitative
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data (e.g., lack of a response or recovery plan), and subjective data such as
perceptions captured via a survey instrument.

In developing a community resilience measurement approach, it is of
paramount importance to recognize that the measurements - while
important — are a means to an end, not an end in themselves. Ultimately,
the goal of measuring a community’s resilience is to assist in making
decisions — what Datnow and Park (2014) call “data-informed decisions” -
about actions that bolster a community’s resilience. Action informed by
data validates the value of a resilience measurement approach; without
action, the approach is at best an interesting intellectual exercise.

The number of measurement approaches for community resilience speaks
both to the subject’s importance and to the difficulty of actually measuring
a community’s resilience. In this paper, the difficulties are considered, and
general design principles developed. Four measurement approaches are
then examined in terms of the design principles. In particular, an attempt
is made to identify the types of decisions that each measurement approach
might support.

WHY IS MEASURING RESILIENCE SO DIFFICULT?

The difficulty of measuring resilience cannot be overstated. It stems from
several causes:

Resilience is a fuzzy concept. Some efforts, particularly when focused on a
community’s infrastructure, seem to equate resilience with resistance, thus
focusing on the ability to resist damage (for example, Park, et al., 2013).
Others, particularly in social and economic contexts, see resilience as the
ability of a community to adapt to adverse circumstances.

A community’s resilience is only revealed through response to and
recovery from a disruption. While the goal of measurement is to
enhance community resilience in some way, we can only know a
community’s resilience after we see it come though a storm. Thus, none
of the measurement approaches proposed have been validated by
experience. We can, however, use similarity and argument by analogy
to partly mitigate this difficulty (Cutter, et al., 2010).

A community’s resilience depends on how it is stressed. As Carpenter, et
al. (2001) point out, a community’s resilience will depend on the type
and magnitude of the crisis as well as the nature of the community (its
structure and its governance), or, as Plodinec (2015) points out,
“Disasters have direction” - different types of crises will attack different
parts of a community. Thus, a community may follow a different
recovery path after a natural disaster than it does from a pandemic or an
economic crisis. For example, Butler and Sayre (2012a, 2012b) found
very different recovery paths for US Gulf Coast communities after the
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Deepwater Horizon oil spill (an economic disaster for the affected
communities) than after Hurricane Katrina (a natural disaster).

Different parts of a community will have different levels of resilience.
New Orleans provides many examples to illustrate the point. Some
neighborhoods, such as Broadmoor, have not only recovered from the
devastation of Hurricane Katrina but have built many new structures
(such as a neighborhood center) that are significantly improving
residents’ quality of life. Conversely, the Lower Ninth Ward, with so
many houses still boarded up even a decade after Katrina, has not —-and
may never — recover. Although the city’s population is only about three-
fourths that before Katrina, residents’ median household incomes and
the achievements of their children in the city’s schools have both
significantly improved above pre-Katrina levels.

Resilience is a manifestation of a community’s strengths, but it is often
difficult to measure those strengths directly; thus surrogates must often
be used. Aldrich (2012), Weil (2011) and many others have pointed out
the importance of a community’s social capital - the connections that
bind the community together and those that extend beyond the
community to sources of external resources - to the community’s
resilience. While these might be determinable by social network analysis,
that science is still in its infancy. Thus, surrogates must be used. A
surrogate should be relatable to the community attribute it represents;
so the number of residents in clubs or associations might be a surrogate
for binding social capital.

The decision (and decision-maker) determines the data needed. Too
often, the developers of approaches to measure resilience forget that
measurement is not the goal; action is. Measurement’s role is to inform
the decision-makers so that good decisions are made. At the community
level, community leaders wanting to invest to improve their community’s
resilience certainly need to know the strengths and weaknesses of each
part of their community. However, they also need to know their
community’s risk profile so that they can prioritize their investments.
Once investments are made, decisions will shift from what should be
done toward assessing progress in doing it. Thus, the need for data to
evaluate the progress and impact of projects or policy initiatives will
replace data relating to strengths or vulnerabilities.

A community’s resilience is not constant; it changes over time. It is
almost a cliché - in a world of kaleidoscopic change, both communities
and the contexts they find themselves in are changing. Former areas of
strength may atrophy; increasing complexity of the community may
introduce new risks; economic shifts may create nhew weaknesses.



MEASUREMENT APPROACHES

A recent review by Ostadtaghizadeh, et al., (2015) examined seventeen
measurement approaches found in the literature from a methodological
standpoint. However, they did not consider the decision-informing nature of
these approaches. In the following, four approaches are examined in detail.
These have been selected for illustrative purposes because they represent
various combinations of data type, hazards, and targeted decision makers.

Hazards o
Approach Data Type . Decision-maker
considered
Baseline Quantitative Natural disasters Not specified
Resilience

Indicators for
Communities

Community Mixture; Natural disasters Leaders in public
Disaster primarily non- sector

Resilience quantitative

Scorecard but objective

Community Mixture; All Community

Advancing primarily leaders of all

Resilience Toolkit subjective types

Coastal Non- Coastal storms Leaders in public

Community quantitative sector

o o (e.g., hurricanes,
Resilience Index but objective floods)

Baseline Resilience Indicators for Communities

Cutter, et al., (2010) developed Baseline Resilience Indicators for
Communities (BRIC) based on the Disaster Resilience of Place model. The
stated purpose of these indicators is to provide a snapshot of existing
conditions in order to "measure the effectiveness of programs, policies and
interventions specifically designed to improve disaster resilience.”

The 36 quantitative indicators — primarily census-type statistical data for US
counties - are grouped into five categories: social resilience, economic
resilience, institutional resilience, infrastructural resilience and community
capital. For each indicator, the development team explicitly identified
whether the property represented made either a positive or negative
contribution to community resilience based on the natural disaster
literature. Unfortunately, this means that surrogates are needed for many
of the properties of interest; there are no complied direct measurements of
them (e.g., community connectedness). This then requires that decision-
makers accept the representativeness of the developers’ choices of
surrogates.



A composite index is calculated for each category; thus providing some
guidance for prioritizing investments. It is assumed that the developers will
provide the data.

The development team chose not to include indicators for the natural
environment because of the lack of relevant and and consistent data. The
indicator set also does not consider either the type or the magnitude of the
natural hazards facing the community. Also absent are any measures of
the financial resources available to the community or of the condition of the
community’s infrastructure. Thus, there is no data to assist in prioritizing
investments in these areas.

While the development team did not explicitly identify a decision-maker
who might use the data (or a process for its use), the quote above implies
that community leaders are the target as they assess projects or initiatives
undertaken to improve resilience to natural disasters. To do this, decision-
makers would have to look at changes in the indicators over time (the
trajectory of the community). This makes it more likely that community
leaders will look at a few specific indicators directly related to a given
project or initiative rather than the composite indices within BRIC.

One of BRIC’s most valuable uses may be to help community leaders to find
peer communities. The indicators for Memphis, for example, are quite
similar to those for New Orleans. Thus, Memphians might turn to those in
New Orleans who have dealt with the problems of flooding for guidance on
recovering from a massive flood of the Mississippi River.

Community Disaster Resilience Scorecard

The Torrens Resilience Institute (Arbon, 2014) in Australia has taken a very
different approach toward natural disaster resilience. It begins with a
community leader-driven decision process and then proceeds to develop
indicators to support the process. As part of the Scorecard, guidance is
provided in terms of who within the community should collect the data.
While community-based, the process also lends itself to regional planning.

The “indicators” are the answers to 22 questions, grouped into four
categories: community connectedness, available resources, risk and
vulnerability, and planning and procedures. As relevant, the Scorecard
blends census-type data (e.g., trends in the size of the resident population)
with self-assessment questions (e.g., availability of food, water, and fuel).
It is the only measurement approach that directs attention to the transient
population in @ community, including tourists and those who work in the
community but reside elsewhere. There is a strong emphasis on assessing
the state of community planning.

While the approach inquires whether risks are known, and whether the
community may be isolated in a natural disaster, it does not quantify risks.
It also does not consider the community’s economy or finances, its natural
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environment or the state of its infrastructure. Rather than long-term
recovery, the focus of the Scorecard is on readiness and near-term
response actions.

Because it is embedded in a decision-making process, the Scorecard lends
itself to identifying actions needed to achieve greater resilience. However,
because of its limited scope and its emphasis on planning, it is best used to
drive “public decisions” — actions by government or social service providers.
Its lack of consideration of the community’s economy limits its usefulness
for leaders in the private sector. However, since the approach uses the
community’s own answers as its indicators, the data is more readily
understood by the community leaders than the literature-driven indicators
in BRIC.

Community Advancing Resilience Toolkit (CART)

Like the Scorecard, CART (Pfefferbaum, 2011) is designed to assist
community leaders (of all types) going through a process to improve
resilience. CART consists of nine tools that either generate or present data.
Data are grouped into four domains: connections and caring, resources,
transformative potential and disaster management. As opposed to the
preceding approaches, it explicitly considers terrorism as a community risk.

CART is unique among the approaches considered in that it does not
explicitly specify what data community leaders should have for the decisions
they make. Rather, the CART tools are designed to assist Community
Leaders in collecting and interpreting the data they need. For example, the
Assessment Survey within CART consists of a core group of questions aimed
at determining a community’s perception of itself and its resilience and
optional sets of questions that delve more deeply into aspects of the
community such as community communications and informants’
relationship to the community. The Data Collection Framework identifies
data that might be useful in making decisions but leaves it to the decision-
makers to decide what data they need. Similar to BRIC and the Torrens
Scorecard, the natural environment and community finances are not
considered. While communities can map the infrastructural elements within
neighborhoods using the Neighborhood Infrastructure Maps tool, there
seems to be little attention to analysis of these data by decision-makers.

CART is a flexible and powerful tool; that is both its strength and its
weakness. It is easily customized; many of the tools even include
suggestions for doing so. However, customization and making use of its
power requires a level of sophistication that many community leaders may
not have. Further, because assessing perceptions is so much at the core of
the approach, it may be difficult for community leaders to gain a clear
picture if there are widely divergent views within the community.

Coastal Community Resilience Index

The US National Oceanic and Atmospheric Administration (Sempier, et al.,
6



2010) has sponsored development of a Community Resilience Index for
coastal communities in the United States. Similar to the Torrens Scorecard,
it is a self-assessment aimed at leaders of coastal communities facing
storms and flooding. It, too, is embedded in a process aimed at enhancing
resilience. The community’s assessment team starts by identifying a severe
past storm as a benchmark and then an even more severe future storm
(50% greater intensity is suggested) to provide the context for the
assessment.

The assessment is broken into six modules: critical infrastructure and
facilities, transportation, community plans and agreements, mitigation
measures, business plans and social systems. For critical infrastructure and
facilities the assessment team determines whether critical infrastructure or
facilities are in areas that are either flood-prone or would be impacted by
either the past or postulated future storm. The team then determines
whether the infrastructure or facility would still be functional after a
disaster. The other five modules contain simple “Yes-No” questions; e.g.,
will road transportation would be back in service within one week; how
prepared is local government to respond to a disaster; have both the public
and private sectors taken adequate steps to mitigate disaster (including
protecting the natural environment); are large retail stores, grocery stores
and fuel distributors prepared for a disaster; how strong are the social and
economic ties that bind the community together.

The individual questions allow decision-makers to readily identify gaps in
their resilience to severe storms, but are primarily geared toward the
immediate response to a disaster and to leaders of local government. The
questions that uncover gaps essentially guide the decision-maker to fill the
gap, with one glaring exception. Since the intended users of the tool are
“experienced local planners, engineers, floodplain managers or
administrators,” it is not clear what they can do to strengthen weaknesses
found in the social ties that bind the community together.

DEVELOPING A RESILIENCE MEASUREMENT APPROACH

The difficulties of measuring a community’s resilience discussed above,
combined with the examination of four measurement approaches, lead to
practical principles that can guide design of an approach to inform decisions
by community leaders relating to community resilience.

Purpose. The specific purpose for which the measurements are needed -
the kinds of decisions that the measurements will inform - must be clearly
identified. Doing this will provide a less fuzzy definition of resilience for the
decision makers. The data needed to identify areas of weakness that
should be addressed are somewhat different than those needed for
prioritizing investments, both of which are quite different than those needed
to evaluate the progress made by a single project. And in prioritizing areas

for investment, the trajectory (trend over time) as well as the current state
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of the community can provide useful inputs.

Decision-maker(s). It is imperative to ascertain who the intended users -
the decision-makers - are before developing a measurement approach.
While the decisions to be made will in part determine what data should be
collected, the value of the data collected (and, in fact, whether it is used at
all) will also depend on the capability and perceptions of the decision-
makers: their level of understanding of community resilience; the time
they can devote to analysis of data; and the amount of data they believe is
necessary for decisions. While “snapshots” can be informative, community
leaders may be more interested in the community’s temporal trajectory.
Decision-makers also can impact the selection of surrogates: if the
surrogate is to be useful in decision-making, decision-makers need to
readily perceive its relevance to decisions being made.

Data collection. The data collection process - who will collect data, how
(and how frequently) they will collect data, in what domains - must be
clearly specified. Decision-makers may easily become frustrated if the data
collection process has not had this scrutiny: the wrong data may be
collected, or the data may not be provided in a timely manner. Some
decision-makers (e.g., a transportation department) may only be interested
in data on one part of the community; inundation by irrelevant (to them)
data will also cause frustration. If the data is to be collected on a continuing
basis (for example to monitor the evolution of the community’s resilience)
the data collection process should be developed with continuity of collection
in mind as well.

Understanding and Trust. If the message - data - is to inform decisions,
then decision-makers must trust the messenger and understand the
message. Several factors will contribute to this. The better acquainted the
decision-makers are with the data providers, the more likely they will be to
trust the data. If surrogates are used, the linkage between the surrogate
and the property it represents must be almost intuitive to ensure its import
is understood. Since none of the approaches purporting to measure
resilience have been validated by actual experience, there should be
evidence from actual disaster recoveries that the properties included in the
measurement approach contribute to a community’s resilience. Even if one
selects those properties based on first principles, there should at least be
evidence from case studies demonstrating their relevance.

CONCLUSIONS

In terms of informing decisions at the community level, each of the four
approaches considered leaves some dark corners hidden from decision-
makers. None of them examines community finance (e.g., insurance in the
private sector or creditworthiness in the public sector), yet financial
resources are essential for recovery. None of them gives more than a

glance at the community’s governance (how and how well decisions are
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made and implemented), yet the depth of the disaster, and the duration
and ultimate success of the recovery directly depend on the community’s
governance. Rather surprisingly, little light is shone on the vulnerability of
the natural environment, primarily because of a lack of data. For the same
reason, those approaches that rely on publicly available data also provide
decision-makers with little information about infrastructural resilience.
Thus, none of them provide a complete picture of the community.

Resilience measurement approaches based on self-assessment appear to
have advantages in terms of understanding and trust. They are not
constrained by the availability of consistent publicly available data sets.
They can be adjusted to collect and use the community’s own data reducing
the reliance on surrogates. Because the data comes directly from the
community itself, the data is more likely to be trusted. Embedding a
resilience measurement approach in a decision support framework also
improves the usefulness of the approach.

Measurement will not make a community more resilient. However, a well-
designed measurement approach can illuminate the community so that its
strengths and weaknesses stand out in bold relief. The approach needs to
be designed to provide the data needed by decision-makers to inform their
decisions, through a well-conceived process that provides the data needed
in a timely manner, in a form that decision-makers can understand and
trust.
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ABSTRACT

The measurement of resilience has become a major focus of effort world-
wide. Starting in 2010, the Community and Regional Resilience Institute
(CARRI) developed and refined an assessment approach for community
resilience. The goal of the approach is to assist community leaders in
taking action to improve their community’s resilience. The assessment used
four tools: a simple risk assessment worksheet; a compilation of statistical
information; a survey to provide a subjective “profile” of the community;
and an in-depth multi-hazard resilience assessment of the “Whole
Community” (Plodinec, et al., 2014).

This assessment regimen was used as part of a larger program in nine
communities across the United States. Several important conclusions have
been drawn which are guiding CARRI’s continuing efforts.

Since all of the communities had already completed detailed risk
assessments for emergency management purposes, the risk assessment
worksheet was useful only by helping community leaders consider economic
and mass contagion risks. Community leaders used neither the statistical
compilation nor the community “profile” survey in decision-making. The
statistical compilation was at too coarse a scale (county instead of
neighborhoods) to drive action. The community “profile” survey was not
administered by any of the communities, primarily because of a lack of
resources and a lack of understanding of the information developed.
Conversely, the multi-hazard resilience assessments proved to be very
helpful for community leaders: each assessment pointed directly to
potential actions. The assessment itself was trusted because it was carried
out by the community’s own experts.

This paper discusses these lessons learned in terms of the usefulness of
each part of the assessment for decision-making. Methods to improve each
part of the assessment are discussed. It is hoped that these lessons
learned may prove useful to others developing resilience measurement
regimens.

Key words: Community resilience measurement; community systems
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INTRODUCTION

The Community and Regional Resilience Institute (CARRI) has developed a
unique “Whole Community” approach to help communities improve their
resilience (Plodinec, et al., 2014). CARRI defines a community to be a group
of individuals and organizations bound together by geography and
perceived self-interest to efficiently carry out common functions and provide
essential services. Community resilience is thus simply the ability of the
community to positively adapt to change.

CARRI’'s approach is embodied in a simple process designated the
Community Resilience System (CRS). The CRS has four parts: organizing
the community’s leadership; assessing the resilience of each part of the
community; formulating plans to improve resilience, based on the
assessment; and then implementation of the plans and monitoring of their
effectiveness. The CRS was the first resilience-building approach to
operationalize the “"Whole Community” concept in the United States. CARRI
identified a set of eighteen systems each of which provides an essential
service to the community; for example, finance, energy, and education (as
detailed in Plodinec, et al., 2014). In this paper, the initial assessment
process used in the CRS is presented. Lessons learned from its use in nine
communities in the United States are discussed in terms of their usefulness
to community leaders in making resilience-building decisions.
Improvements for each part of the assessment process are then examined.

COMMUNITY RESILIENCE SYSTEM BASICS

Assessment of a community’s resilience, while necessary, is not sufficient:
unless community leaders take action based on the assessment it will be a
resource-intensive but only mildly interesting exercise. Thus, the
usefulness of the CRS resilience assessment approach must be judged in
terms of how useful it proved to be to community leaders in making
decisions for improvement of their community’s resilience.

As described by Plodinec (2014), CARRI's Whole Community approach is
predicated on the concept that all communities provide the same set of
essential services, but that the systems that provide these services vary
widely. Taken together, these systems — one for each service area —provide
a consistent framework for evaluating a community’s resilience.

The set of service areas used by CARRI are: Arts, Entertainment and
Recreation; Communications; Community Records; Economy; Education;
Energy; Finance; Food; Housing; Individuals and Families; Local
Government; Natural Environment; Public Health; Public Safety and
Security; Solid Waste; Transportation; Water and Wastewater; and
Workforce.

Parsing the community as is done in the CRS offers significant advantages
12



for assessments of community resilienc. First, some community systems
recover more rapidly or more completely than others from the same severe
disruptive event, i.e., each community system has its own resilience. For
example, New York City’'s economy recovered relatively quickly after the
9/11 atrocities, but it took much longer for its transportation infrastructure
- with its hub at the World Trade Center - to fully recover. Thus, the CRS
“Whole Community” approach provides a convenient method to assess and
define needed actions for each community “service area.”

Second, the CRS approach facilitates community leaders’ understanding of
the interdependencies within and among the systems that provide its
essential services. This is important because these interdependencies
determine the distinctive impacts that each type of severe event will have
on specific systems and on the community as a whole (Plodinec, 2015).
Natural disasters directly impact a community’s physical and natural
environment with a cascade of concatenated consequences on other parts
of the community. Conversely, a pandemic will not directly impact a
community’s infrastructure at all, but may severely impact a community’s
social capital and its economy. As Plodinec (2015a) has noted, “disasters
have direction.”

RESILIENCE ASSESSMENT PROCESS

The CRS resilience assessment process is led by the community’s collective
leadership. This Leadership Team includes senior leaders from each service
area thus representing all of the community’s significant stakeholders.

CARRI’s community resilience assessment process discussed in this paper
consisted of four parts:

Identification of the most significant risks facing the community as
determined by the Leadership Team;

Use of a "Community Snapshot” - a collection of publicly available statistical
data (compiled by CARRI) each reflecting one or more aspects of the
community’s resilience;

Development of a community identity profile based on a survey of
community members; and

Assessment of the resilience of each community service area toward all of
the significant risks identified by the Leadership Team.

Identification of Most Significant Risks

Each community’s Leadership Team collectively determined which of the
threats facing their community was significant. The Team was provided
with a worksheet that listed a variety of natural hazards, technological
hazards, human-caused hazards, mass contagion (pandemic), and
economic threats. The worksheet was an expansion of FEMA’s Threat and
Hazard Identification and Risk Assessment worksheet (FEMA, 2013). The
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leadership group were instructed to rate each threat in two categories -
frequency of occurrence (High, Medium, Low, Never) and level of severity
(High, Medium, Low). All threats that rated “High” in either category and
any that were rated “"Medium” in both categories were to be considered
“Significant.” This set of hazards and threats was used as input to the
multi-hazard resilience assessment as described below.

Community Snapshot

When a community began using the CRS process, CARRI’s staff generated a
Community Snapshot from publicly available statistical data, primarily from
the US Census Bureau. Data were at the county level because that
provides the most comprehensive span of data sets, i.e., there are more
data types available for counties than for finer-grained units (e.g., census
tracts or parcels). The data were organized into three categories: one set
focused on the community’s economic resilience, a second focused on its
natural and built environment, and the third on its social resilience. For
each datum, CARRI provided the community’s numeric value and the state
and US national averages for comparison. CARRI also provided a visual cue
for the comparisons: a red-yellow-green “stoplight” for comparison to both
the state and national averages. A red or a green light indicated that the
community’s value was more than one standard deviation away from the
state or national average. A yellow light indicated that the community’s
value was within one standard deviation of the relevant average.

In addition, “gauge” indicators were provided for each of the three data
categories that indicated the community’s overall resilience in that category
compared to others in its state or in the US. For each data category, the
gauges indicated where the aggregate of the data in the set fell in relation
to state and national averages.

In selecting variables for inclusion in the Snapshot, CARRI scouted several
other compilations (e.g., Cutter, 2008; Norris, 2007; Sherrieb, 2010). The
variables included in the Snapshot were selected because there was
evidence that they contributed to a community’s resilience. Care was taken
in variable selection to avoid unduly giving extra weight to a particular
aspect of the community. There is no relevant publicly available data
available for some of the community systems (e.g., energy), but the 26
variables selected provided a broad view of a community’s resilience.

The following variables relating to the community’s economy were included
in the Snapshot:

A “business profile,” a pie chart showing the contributions of various sectors
to the community’s economy.

A profile of community annual incomes (fraction earning less than $40,000,
fraction earning from $40,000 to $100,000 and fraction earning greater
than $100,000. This also includes the median household income.

The net influx of workers in the 25-44 years of age cohort. This is intended
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to reflect the relative economic attractiveness of the community.

A profile of the community’s population by age.

A profile of the educational attainments of the community (fraction with less
than a high school diploma, fraction graduated from high school, fraction
who have earned a four-year college degree, and fraction with a graduate
degree).

The fraction of the community’s labor force who are actually employed.

The fraction of the community’s housing which is vacant.

The ratio of “transfer” payments to earned income. Transfer payments
include Social Security and welfare, and other distributions of funds from
government to individuals. A high ratio often indicates that in case of a
crisis, the community will have to rely more on external sources of funding
than will more self-sufficient communities. It also is likely to be a more
precise indicator of vulnerability than simply looking at the fraction of the
population in groups that may require special assistance.

The following variables relating to the community’s built and natural
environment were included in the Snapshot:

The community’s score on the Natural Amenities Index. This Index was
developed by the US Department of Agriculture to indicate the desirability
of a community in terms of its natural environment. It considers
temperateness of the climate (both temperature and humidity), fraction of
the area covered by water, and the topographic variability of the area.

The community’s score on the US Environmental Protection Agency’s Air
Quality Index. This Index provides a relative measure of overall air quality.
It aggregates the concentrations of five major pollutants in the air: ground-
level ozone, particle pollution (also known as particulate matter), carbon
monoxide, sulfur dioxide, and nitrogen dioxide.

The average commuting time for the community.

The fraction of the community’s housing which is vacant.

The following variables relating to the community’s social resilience were
included in the Snapshot:

The ethnic makeup of the community. This is presented as a pie chart
based on the ethnic groups residing in the community.

The fraction of the community belonging to the “creative class.” The
creative class is made up of those members of the community who are
pursuing either artistic or professional careers.

The average life expectancy at birth is a measure of the health of the
community.

The fraction of the school-aged members of the community actually enrolled
in school. This was included as a leading indicator of future resilience.

The ratio of “transfer” payments to earned income. In conjunction with the
population profiles this can be used to identify what groups within the
community are at special risk.

The ratio of births to teen-aged mothers to total births. Since teen-aged

15



mothers are much more likely to be locked into a cycle of poverty and
dependence and more teen births, this is a leading indicator of future
weakness and reduced resilience.

Charitable giving. This is a strong indicator of the social strength of the
community reflecting community members’ support for each other.

FBI crime indices. These are inverse indicators of a community’s social
strength.

The ratio of the number of religious establishments in the community to the
population. Religious establishments are great sources of strength in many
communities providing both social services and social networks to
community members.

Ratios of the number of civic organizations to the population. Three were
provided: one for arts, entertainment and recreation organizations; one for
civic betterment organizations; and one for social advocacy organizations.

Community Identity

The Community Snapshot was a collection of quantitative measures of the
community’s strengths and weaknesses. The Community Identity survey
gathered more subjective information about the community. It consisted of
two parts: a brief questionnaire about the community’s self-perceptions and
a rating of the perceived quality of various aspects of the community.

The first part asked questions adapted from Pfefferbaum, et al., (2013),
including

How would you describe your community?
Why do people move into or away from your community?

Where do people regularly gather in your community (e.g., cultural or civic
centers, parks, retail centers)?

In the last three years, has the community undertaken one or more large
initiatives? If yes, why were they successful or unsuccessful?

For the second part of the survey, residents were asked to rate the
following on a scale of 1 to 4, where “1” indicates a need for improvement,
and “4"” indicates excellence. The aspects of the community included were:
public safety, the economy, employment opportunities, wages, education,
the natural environment, transportation, health care, housing, shopping,
recreational opportunities, art and culture, community spirit, and
friendliness.

Multi-hazard resilience assessment

The multi-hazard resilience assessment (MHRA) consisted of a set of “yes-
no” questions for each service area aimed at identifying strengths and
weaknesses. The MHRA is specific to a given community because it only
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asks questions that pertained to the risks the community leaders had
identified as significant (using the risk assessment worksheet). Thus, for
example, if a community is not prone to natural disasters, its resilience to a
natural disaster is not questioned, reducing the data-gathering burden.

Each set of questions (called threads) considered four aspects of the
resilience of a particular service area (based on Plodinec, 2015b): its
capacity or level of service, critical assets necessary for delivering the
service, critical assets at risk to the significant hazards or threats facing the
community, and the resources available for recovery.

These questions were answered by a group of subject matter experts
(SMEs) for each service area. For example, for a community’s energy
service area, the group of SMEs might include representatives from the
regional electric utility and the regional transmission organization,
distributors and retailers of liquid fuels (gasoline, propane and natural gas),
and suppliers of support services. For the water and wastewater service
area, the group of SMEs might include representatives from the regional
water authority, the local public health department, the state environmental
regulator, and chemical and equipment suppliers.

Questions relating to capacity or level of service included:

Does the entire community have access to the electric grid?

Does the generator of electric power have enough generation capacity to
meet the service area’s needs at times of peak demand?

Is the community’s electric power reliability equal to or greater than the

national average of 99.96% for electric reliability?
Is there an active arts and entertainment scene in the community?

Is there a park, public open space, or other recreational area within 0.3 mi
of every resident in the community?

Similar questions were asked for each service area.

The SMEs for each service area also determined which assets were critical
to that service area and recorded the location of each. Examples for the
water services area might include reservoirs and storage tanks, water
pumping stations, water distribution lines, wastewater treatment facilities,
and water treatment chemical storage areas. For the public health service
area critical assets might include hospitals, clinics, medical supplies
distribution centers and ambulance depots. If any of these were owned or
otherwise controlled by an organization outside the community that also
was recorded because it constituted a potential weakness that should be
explored (Plodinec, 2015).

For each critical asset identified, the SMEs were asked to assess the asset’s
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vulnerability to the significant threats facing the community. As an
example, if the community’s financial service area SMEs identified an IT hub
as a critical asset, and if a pandemic was a significant threat to the
community, the SMEs are asked: Has the IT hub organization identified
critical personnel and developed succession plans for them if they are
unable to work?

Similarly, if a community that is facing natural hazards and identified a
community college as a critical educational asset, the SMEs were asked: Is
[the community college] at risk from natural hazards? Consider its location
in relation to expected seismic zones, flood plain maps for the community,
or nearness to a coastline, and whether or not the facility has been
designed to withstand the natural hazard.

Questions such as this give rise to “subthreads” of questions depending
upon how they are answered. A "“Yes” answer indicating that the
community college was at risk would then lead to follow-on questions such
as “Is there an evacuation plan for the community college?” and “Has an
alternate location been identified for providing the educational services
normally provided by the community college?”

The last part of each thread queried the SMEs about the resources available
for recovery of service. For example, in a community prone to natural
disasters, SMEs in the transportation service area were asked “Are there
sufficient financial resources available to repair or rebuild transportation
assets at risk? Consider reserve or special purpose assessments or funding,
taxes, catastrophic insurance, bonds, loans, and federal funds.”

For any answers that indicated a gap or shortfall, a potential action the
community could take was identified and an indication of its cost provided.
Relevant resources that could help community leaders shape their actions
(success stories from other communities, links to web resources, tips for
success) were also provided. In total, over 300 supporting resources were
(and are) contained in the CRS.

WHAT WORKS, WHAT DOESN'T

Over the last five years, nine communities have used the assessment
module. These have provided some significant “lessons learned” that
should guide similar efforts in the future.

The identification of the risks that are significant for the community proved
to be useful in two ways. It helped to focus the Leadership Team on the
risks that were most important to consider and it reduced both the data-
gathering burden and the number of potential actions the CRS generated.
The Community Snapshot - the compilation of publicly available data - did
not prove to be very useful to community leaders in making decisions to
improve resilience. When asked, community leaders felt that it did not
18



provide actionable information because it was at too coarse a scale. The
Snapshot would have been more useful if it had provided the data in a
geocoded form, facilitating actions targeted to a specific neighborhood. It
would also have been more useful had it provided the data over time,
enabling Community Leaders to see the trajectory of the community.

None of the communities used the community profile survey. Some of the
communities did not believe they had the expertise to administer the survey
and interpret its results. Others simply did not have the resources for the
effort. This did not reflect a flaw in the survey but rather an opportunity to
improve the CRS. None of the communities that have used the CRS have
been closely aligned with a college or university. Going forward,
communities will be encouraged to include one as a partner to handle data
gathering tasks such as administering the survey.

As Plodinec (2014) noted, the results of pilot testing led to a change in the
CRS from a web-enabled to a facilitated model. While not useful for
decision-making by community leaders, the Snapshot provided a valuable
context and better understanding of the community for facilitators from
outside the community.

The decision to have SMEs carry out the multi-hazard resilience
assessments was validated by experience. For example, when one local
government tried to carry out the assessment it was later found to be
extremely inaccurate and of no use. Community leaders opined that the
community’s own SMEs lent the assessment more credibility and a more
nuanced understanding of what was needed and what actions would be
successful in their community.

SMEs indicated that geocoding asset locations would have helped them to
make better decisions about which assets were at risk.

Conversely, when SMEs carried out the assessment they often found new
insights particularly related to dependencies and interdependencies.
However, SMEs often did not know who should be involved in the
assessment of their service area. As has been described elsewhere, CARRI
developed additional tools to help with this process, including moving to a
partially facilitated process (Plodinec, 2014; Plodinec, 2015a).

CONCLUSION

Assessment of a community’s strengths and weaknesses should be the
signpost for community actions to toward greater resilience. CARRI’s rather
unique approach - combining both statistical and subjective measures with
detailed assessments of each community service area — was developed to
provide that direction. In practice, the multi-hazard resilience assessments
of each service area have proved to be the most useful in pointing to
meaningful actions. CARRI is using the results reported here to further
improve the CRS process.
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INTRODUCTION

Resilience refers to a system’s ability to accommodate variable and
unexpected conditions without catastrophic failure, or “the capacity to
absorb shocks gracefully” (Foster 1993). As everyday local, regional,
national, and international dependence on transportation facilities grows
around the world, resilient transportation systems are needed to secure
the highest possible level of service during various disruptive events.
Reports from recent events around the globe, including Hurricane Katrina
and significant seismic events in Haiti, Chile, and Japan, have increased
the awareness and the importance of resilience demands on
transportation systems. Indeed, analysis of the transportation network’s
resilience before a disruptive event will help decision makers identify
specific weaknesses within the network so that investment is prioritized
appropriately (Freckleton et al. 2012).

In recent years, many researchers have focused on the concept of
resilience for infrastructure systems and their evaluation. A number of
frameworks and measurement tools have been proposed, intending to
integrate resilience into the transportation system’s asset management
process. Among these, the New Zealand Transport Agency (NZTA)
engaged AECOM to develop a framework to measure the resilience of the
New Zealand transport network. The research has been published as
Research Report 546 - Measuring the resilience of transport infrastructure
(Hughes and Healy 2014).

One of the recommendations from this work was to ‘undertake a real-
scenario testing of the framework with key operational staff’.
Consequently, the purpose of this research is to test the resilience
framework and assessment tool developed by Hughes and Healy (2014)
in a pilot study to determine its potential usefulness to NZTA.
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OVERVIEW OF THE NZTA TRANSPORTATION RESILIENCE TOOL

This section provides a summary of the transportation resilience
measurement tool drawing heavily from the original research.

Technical Resilience Framework

Referring to Figure 1, the technical resilience assessment tool by Hughes
and Healy (2014) has been divided into three main principles (i.e.
robustness, redundancy and safe-to-fail). Each principle is in turn a
weighted average of a number of categories below each Principle (e.qg.
structural, procedural and interdependencies under robustness). Finally, a
number of measures (or questions) exist under each Category.

Technical Resilience Assessment

Technical Resilience Assessment Context ) Resilience Indicator Measures

Dimension Principle > Category - Aggregate measures based on weightings

>

Detailed Measures

Cross cutting themes
Hazard Specific
Scale
Shock/stress event

(Robustness
NIP Attributes:
Service Delivery,
Adaptation,
Interdependencies

: "Redundancy ictural i S Technical Resilience
Technical Resilience NIP Attributos: Proce undanc

Adaptation, - Int 5
Interdependencies . ~ ~ e 21

Score

Figure 1: Technical Resilience Framework Overview, Source: Hughes and Healy (2014)

Resilience Assessment Tool

A resilience assessment tool - in spreadsheet format - was developed
which describes each measure and their measurement process. The tool
captures scores on a scale of 4 (very high level of resilience) to 1 (low
resilience). Table 1 shows a sample of identified measures for robustness
indicators within the structural category.
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Referring to Table 1, it is noted that the tool consists of a range of
questions across the categories. Once the relevant questions have been
answered, weightings can be applied at the category, principle or
dimension level. It is important to note that the weightings are subjective
and will be based on user preference.

Table 1: Example of the Resilience Assessment Tool (for the ‘robustness’ principle)

ROBUSTNESS Total Robustness score: 2.3
Category|Context Measurement Indicators Measurement scale Individual (Category
score average
MaintenancelProcesses exist to maintain critical 4 - Audited annual inspection process for critical assets
infrastructure and ensure integrity and land corrective maintenance completed when required.
operability - as per documented 3 - Non-audited annual inspection process for critical
standards, policies & asset management |assets and corrective maintenance completed when
plans (e.g. roads maintained, flood banks |required. 3.0
maintained, stormwater systems are not > _ ad hoc inspections or corrective maintenance
blocked. Should prioritise critical assets as |.ompleted, but with delays/backlog.
identified. 1 - No inspections or corrective maintenance not
icompleted.
Renewal Evidence that planning for asset renewal |4 - Renewal and upgrade plans exist for critical assets,
and upgrades to improve resilience into  fare linked to resilience, and are reviewed, updated and
system networks exist and are implemented.
implemented. 3 - Renewal and upgrade plans exist for critical assets

land are linked to resilience, however no evidence that
they are followed.

2 - Plan is not linked to resilience and an ad hoc
approach is undertaken.

1 - No plan exists and no proactive renewal or upgrades

of assets.
Structural Percentage of assets that are at or below [4 - 80% are at or above current codes 2.8

current codes 3 - 50-80% are at or above current codes 3.0
2 - 20-50% are at or above current codes i
1 - Nearly all are below current codes

Assessment of general condition of critical |4 — 80% are considered good condition

assets across region 3 - 50-80% are considered good condition 3.0
2 - 20-50% are considered good condition ;
1 - Nearly all poor condition

Design Percentage of assets that are in 4 - <20% have some exposure to known hazards

zones/areas known to have exposure to 3 - 20-50% are highly exposed, or >50% are

hazards moderately exposed d 2.0
2 — 50-80% are highly exposed
1 - 80% are highly exposed to a hazard

Percentage of critical assets with 4 — 80%+ of critical assets have >50% spare capacity

additional capacity over and above normal [available

demand capacity 3 - 50-80% of critical assets have >50% available 2.0
2 - 20-50% of critical assets have >50% spare capacity
1 - 0-20% have spare capacity.

IMPLEMENTATION METHODOLOGY

The methodology adopted follows the "“Action Research” training
methodology (Stringer 2013). The pilot study site chosen was a high
profile and high-impact case study (refer to Site Selection section below)
to enable the research to focus on probable issues and lessons learned
(Creswell 2012; Patton 2014). The case study methodology used in this
research seeks to explain the present situation, to address "how" things
happen and “how” technical resilience measures should be assessed and
carried out to enhance the resilience of the state highway network (Yin
2013).
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Purposeful Sampling: Identification of Key Participants and Data
Sources

Purposeful sampling was conducted, where key individuals were initially
proposed by NZTA to help collect an “information-rich” data sample
(Patton 2014). Identifying other “opinion leader” or “gatekeeper”
respondents was later extended using the so called “"snowballing” process
followed by Stringer (2013).

A number of face to face workshops and interviews were undertaken in
the case study to provide an environment through which stakeholder
groups and individual experts could collectively contribute during
implementation. These were supplemented by telephone and email
communication as required. The use of other sources of data (e.g.
documentation, observation, archival documents and audio-visual
materials) allowed the research team to investigate a broader range of
technical and historical issues.

Site Selection

The pilot study route proposed by the Northland Regional office is state
highway one (SH1) at Kawakawa. Specifically, the study route starts at
the SH1/10 junction at Pakaraka to the SH1/SH11 junction at Kawakawa,
and from that point along SH11 to 427 Paihia Road. An aerial photo of the
selected site is included in Figure 2. The region’s transportation network
in 2015 included 6,530 kilometres of road, a freight rail link from
Auckland via Whangarei to Otiria, a deepwater port at Marsden Point and
commercial airports at Whangarei, Kerikeri and Kaitaia (Northland CDEM
2016).

" SH10

Pakaraka 427 Paihia Rd

—~
\

Kawakawa

Figure 2: Pilot Site for Assessment
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Hazard Selection

The individual hazard to be assessed as part of this trial was chosen as
flooding; pre-selected in the wake of the major 2011 and 2014 Northland
floods.

Northland was significantly hit by three sequential flooding events from
8th to 20t July 2014, consequently State Highway 1 (SH1), SH10, SH11
and SH12 completely closed and SH14 became single lane. In addition,
more than 100 local roads closed and more than 430 landslips happened
in the area. In January 2011, cyclone Wilma caused damage to the road
network in the region at a cost of approximately $6 million. In July and
March 2007 the region faced similar flooding events which caused
approximately $3 million and $6.2 million damage to the road transport
network, respectively.

According to the Northland CDEM (2016) “Flooding has, and will continue
to be a high priority hazard for the Northland region”. However, the area
is also vulnerable to other hazards including: tsunami; volcano;
pandemic; and electricity or fuel failure

Resilience assessment process

The assessment process developed by Hughes and Healy (2014) is
summarised in Figure 3 below. This includes an initial criticality
assessment, followed by a hazard-specific risk assessment to determine a
‘desired’ level of resilience. The resilience assessment of an asset is then
undertaken and compared against the ‘desired’ level, from which any
improvements or interventions can be then developed.

Criticality . Desred Resilience Improvemens/
Risk Assessment

Assessment - Assessment intervention

Figure 3 Resilience assessment process, Source: Hughes and Healy (2014)

For this pilot study, a critical route within the study area (see Figure 2)
has been chosen in conjunction with NZTA, as discussed in the Site
Selection section above.

Subsequently, in preparation for the resilience assessment process, the
highly exposed sites within the study area which were prone to flooding
were identified. The 2012 Flood Study (URS Ltd) has been reviewed,
along with interviews with relevant stakeholders to determine the
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likelihood of flooding at different sites. Consequently, four flood prone
sections have been identified, as shown in Figure 4.

1. 5H11 qt Taumarere Riv?
(Bottom of lemons Hill)

2 SH1lat Tirohanga Stream
(Tirohanga Stream overtops Sh1l
from South %o North)

8. SH1 at Kawakawa
Triple Bridges Crossing

SH1 at Otiria Stream, Moere
{Bottom of Turntable Hill

Figure 4 Flood Information for ARI=100 years

The risk ratings for each site indicated in Table 2 below, along with the
resulting ‘desired’ resilience level, were then determined. This is on a
four-tier scale from ‘low’ resilience (corresponding to a low ‘risk’ score) to
‘very high’ resilience (corresponding to an ‘extreme’ risk score).

Table 2 Risk scores and ‘desired’ resilience scores for highly exposed sites

Site 1: Site 2: Site 3: Three Site 4: Otiria

Taumarere Tirohanga bridges Stm
Likelihood rating Possible Highly unlikely Possible Likely
Consequence Major Major Major Major

High risk: Moderate risk: High risk: High risk:
Risk* Risk requires close [Risk requires Risk requires Risk requires

attention attention close attention close attention
rz:isl;’e.itz:e level** High Moderate High High

*From NZTA Risk Assessment Tool
**From Hughes and Healy (2014)

As shown in Table 2, three of the four sites require ‘high’ resilience, and
the fourth (Tirohanga bridge) merits a ‘moderate’ resilience score. Figure
5 shows a photo of one of the high risk sites (i.e. three bridges) in July
2014 during a flooding event.
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Figure 5: Flooding at Kawakawa Triple Bridges in July 2014 (looking north)

RESILIENCE ASSESSMENT

This section includes the technical resilience assessment for the selected
network. The default weightings were applied, as the determination of
weightings was outside the project scope. As the pilot study progressed, it
became clear that a particular Average Recurrence Interval (ARI) also
needed to be defined. For example, some of the resilience assessment
questions refer to the ‘percentage of critical assets affected’ or the ‘likely
impact on system performance’. In the case of flooding, the response to
the question is dependent on the particular ARI. Consequently, for the
purpose of this pilot study, an ARI of 100 years was chosen.

The resilience scoring matrix is summarised below, along with the
associated colour scheme in the resilience assessment tool (see Figure 6).

Score 4: Very high resilience — meets all requirements

Score 3: High resilience - acceptable performance in relation to a
measure(s), some improvements could be made

Score 2: Moderate resilience - less than desirable performance and
specific improvements should be prioritised

Score 1: Low resilience - poor performance and improvements
required.

27



i
Score 4 3 2 =
i i

Figure 6: Resilience colour scheme

The summary dashboard detailing the technical resilience of the study
route is shown in Table 3 below.

Table 3: Summary of Technical Resilience Assessment for Northland Study Route

Dimensio P o[ atego : ._' Principle fAverage Dimensions fverage
Structural i i
Robustness  |Procedural Robustness
Interdependencies : , 1
Technical Structural - [Technical
Resilience  Redundancy |Procedural 4.00 Redundancy | 3.0 [Resilience
Interdependencies [2.28 & | e e
. Structural .
Safe to fail Safe to fail
Procedural

As a standalone route assessment, the resulting resilience scores provide
the following insights:

Overall, the pilot study route has a moderate technical resilience level.
This is achieved via a poor safe-to-fail principle score (score of 1.0), a
high redundancy score and a moderate robustness score.

Within the categories, all scores were moderate or poor, with the
exception of redundancy-procedural, which scored very high.

The robustness-procedural score was low due to the absence of
resilience-specific design codes being available, and enacted.

The safe-to-fail scores were low as this is a new concept and therefore not
part of historical design codes or practices.

DISCUSSION, LESSONS LEARNED AND RECOMMENDATIONS
Getting ‘the right person in the room’

The importance of getting ‘the right person in the room’ should be
highlighted. In addition, they need to come prepared with the right
information. While the study team eventually found ‘the right person’ to
answer each question, this was arrived at following interviews with one or
two others who had an opinion on the score but recommended that we
speak to ‘the right person’ to obtain confidence in the scoring.
Consequently, the final score adopted was taken to be that from the
“right person” and this was, where possible, backed up by evidence.
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Consistency of Scoring

Maintaining consistency was not an issue in this trial, as the same people
were being quizzed on each critical asset. However, should the tool be
used nationally to assess the resilience of assets or corridors in different
NZTA regions, with a view to funding resilience projects, ensuring
consistency of interpretation and scoring potentially becomes an issue.
One solution may be the establishment of a dedicated resilience team
within NZTA, tasked with travelling to the regions to manage/facilitate the
resilience assessment process, thereby ensuring consistency.

Consistency of Events

As the pilot study progressed, and as previously mentioned, it became
clear that a particular Average Recurrence Interval (ARI) needed to be
defined - chosen as 100 years for this study. For example, some of the
resilience assessment questions refer to the ‘percentage of critical assets
affected’ or the ‘likely impact on system performance’. In the case of
flooding, the response to the question is dependent on the particular ARI.
Should the tool be used nationally to assess the resilience of assets or
corridors in different NZTA regions, with a view to funding resilience
projects, then pre-defining the events against which the assessment is to
be carried out is critical to ensuring consistency and comparability.

Broader Trial of the Resilience Tool

To date the tool has been trialled only for a single hazard - flooding.
While it is envisaged that the tool can equally be applied to an alternate
single hazard or multiple hazards, the ease with which it can be applied
depends on availability of data. Consequently, it is recommended that the
resilience assessment tool is trialled for all specific hazards requiring
consideration in the New Zealand environment. This will help determine
data requirements for each hazard and, indeed, availability of such data.

CONCLUSION

The Transport Agency has indicated that they would like this tool to be
used to gauge resilience levels on various parts of the State highway
network. These levels could then be compared across the country, to
assist in decisions on where to invest money in order to achieve the
greatest overall network resilience. The Transport Agency have also
indicated that they would like the tool to be used as a network wide filter
to identify these problem areas before drilling down and doing a more
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detailed assessment of the problem areas identified. This approach
would feed in well to the business case process where more detail is
required as each case progress.

The trial of the resilience tool suggests that, with the
recommended modifications, it would be able to assist the Transport
Agency with the above. However, the tool itself needs to be more
user friendly, such as providing a clearer user interface and
integrated instructions. An integrated tool would also need to be able
to draw in reports from different parts of the network to provide the
evidence for scores.
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ABSTRACT

Measuring resilience is not an easy task. Even though amount of research
on resilience has been increasing in the past decade, according to the
UNDP, finding a consensus on how to measure it is impossible. This can
be explained by the fact that the concept of resilience has been developed
in different fields and using diverse set of dimensions for analysing
phenomenon.

Modern societies are highly dependent on the uninterrupted functioning of
critical infrastructures (CIs) and therefore, any disruption will have a
negative impact on the security and well-being of citizens. Consequently,
several initiatives have been created, such as the European Programme
for Critical Infrastructure Protection (EPCIP), the Centre for Critical
Infrastructure Protection (CCIP) in New Zealand or the Presidential Policy
Directive: “Critical Infrastructure Security and Resilience”, in the USA.

For this paper, we performed an extensive literature review on the
concept of critical infrastructure resilience (CIR) to determine what types
of measurement of the phenomenon are available and how they are used.
We also consulted CI operators through workshops we conducted under
the EU project IMPROVER.

We found that available models for assessing CIR focus mainly on
technical and rarely include social dimension of resilience. We also found
that the CI operators are not able to agree on a definition of CIR.

Keywords: critical infrastructure resilience, resilience assessment
INTRODUCTION

Economic losses from disasters are now reaching an average of US$250
billion to US$300 billion each year. It is estimated that future losses will
be at US$314 billion in the built environment alone (UNISDR, 2015). Built
environments including CI form the backbone of modern societies.
Therefore building resilience into CI systems is essential for increasing the
overall resilience of communities.

The concept of CI can be traced back to the US in the mid-1990s, when
some infrastructures began to be seen as critical for the functioning of the
society. The concept of CIR started to appear in CI related documents,
most notably in the US, in the late 2000s. It gathered speed after the
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hurricane Katrina in 2005 and policy debates regarding the US
government’s policy being too focused on protecting assets from terrorist
attacks rather than improving the resilience of those assets against a
variety of threats (Moteff, 2012). The change from CI protection to
resilience enabled an all hazard approach (Australian Government, 2010).
Due to the adverse and changing landscape of hazards and threats to CIs,
it is not possible to foresee, prevent, prepare for and mitigate all these
events.

Despite the fact that there has been increasing interest in building and
measuring CIR, the efforts tend to focus on technical aspects of
infrastructures and they fail to grasp antecedent social factors. While the
technical features are essential for the infrastructure to function, the main
purpose of CI is to provide services to the public. Separation of social and
the technical environment that are highly interconnected is arbitrary and
therefore there is a need for more holistic approaches to measuring CIR.

METHODOLOGY

This article is built on the information collected by the EU project
IMPROVER by using several methods. First of all, we conducted an
extensive literature review analysing all types of material relevant to the
topic, including books, scientific articles, conference proceedings, etc. In
order to collect information on existing country-level definitions,
implementation and assessment of resilience concepts, the IMPROVER
consortium conducted an extensive international survey covering Europe,
Africa, Asia, Oceania, North and South America. Information was collected
by reviewing region specific documents, scientific papers, and conducting
interviews with resilience experts in a specific region or country.

Secondly, we interviewed identified CI operators and other experts from
different European countries. We gathered information in the IMPROVER
workshop that took place in Copenhagen in September, 2015, as well as
CI operator workshop that was held at the premises of the European
Commission Joint Research Centre in Ispra in April, 2016. The pool of CI
experts was primarily composed of the IMPROVER associate partners who
committed themselves to support the project. Other experts were
involved using personal contacts of the IMPROVER consortium members.
We were compelled not to disclose the names of the organisations and
experts referenced in this article due to non-disclosure agreements;
therefore, we are allowed to mention only the business area of the
interviewed experts.

CONCEPT OF CRITICAL INFRASTRUCTURE RESILIENCE

The concept of CIR is rather ambiguous and no commonly accepted
definition exists in scientific literature. Despite the difficulties, different
countries are making progress in this direction. For example, the US
National Infrastructure Advisory Council (NIAC) defines infrastructure
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resilience as “the ability to reduce the magnitude and/or duration of the
disruptive events. The effectiveness of a resilient infrastructure or
enterprise depends upon its ability to anticipate, absorb, adapt to, and/or
rapidly recover from a potentially disruptive event” (National
Infrastructure Advisory Council, 2009). In Japan, resilient infrastructure is
defined using four qualities: resistance, reliability, redundancy, response
and recovery (Dewit, 2015). In New Zealand, infrastructure resilience has
been defined in relation to risk reduction, readiness, response and
recovery (Ministry of Civil Defence and Emergency Management, 2015).
Therefore, these CIR definitions are closely related to the theory of
engineering resilience and primarily focus on the technical dimension of
resilience for improving CIR (Bruneau et al., 2003; Tierney & Bruneau,
2007). Technical dimension of resilience refers to the physical properties
of a CI facility, including its ability to resist damage and loss of function
and “to fail gracefully”.

However CI is a socio-technical system and a part of a complex
community system. No matter how much physical science and technology
are involved in a complex system; no system is ever solely physical (Bea
et al., 2009). Therefore, there have been some recent attempts to link
CIR with other dimensions of resilience, such as social and organisational,
this way urging for the resilience concepts that are applicable and relate
to both the CI itself and the community where it functions within. For
example, Labaka et al. suggest that CIR should be defined as: (a) the
resilience level of the CI where triggering event occurs (internal resilience
composed of technical, organisational and economic resilience); (b) the
resilience level of the rest of the external involved agents (external
resilience composed of technical, organisational, economic and social
resilience) (Labaka et al., 2015). Jackson also recognises that the people
and organisational infrastructure surrounding the technological systems
are also involved in ensuring system resilience (Jackson, 2007). In the
context of CIR, social resilience aims to increase resilience of people living
around and depending upon CI services in times of disruptions.
Organisational dimension of resilience is concerned about organisations
owning and operating CI facilities and ways to increase their resilience in
the case of an emergency.

The Australian Critical Infrastructure Resilience Strategy is an important
development in relation to the aforementioned discussion as Australian
Government has chosen to focus on organisational and not technical
resilience in order to achieve CIR. CIR is seen as “coordinated planning
across sectors and networks, responsive, flexible and timely recovery
measures, and development of an organisational culture that has the
ability to provide a minimum level of service during interruptions,
emergencies and disasters, and return to full operations quickly”
(Australian Government, 2010).
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IMPROVER RESULTS

Our interviews with CI operators and other resilience experts revealed
that the concept of CIR is at a rather early stage of implementation in
Europe. There is neither commonly accepted definition nor methodology
for measuring CIR. “Different CI sectors require different indicators to
measure resilience. Even within one sector several functions might exist
with various indicators of each functional performance. Therefore the
indicators of resilience will be different across different sectors and
functions. A major challenge is how to compare and/or combine them.”
(IMPROVER workshop in Copenhagen, group discussions with CI operators
and resilience experts, September 25, 2015).

IMPROVER results from interviews with CI operators indicate that the
operators across European countries do not use direct measures to assess
CIR. A representative of the company working in oil sector in Norway
noted that instead of measuring resilience, the company measures
infrastructure redundancy (representative from a major supplier of fuel to
the Norwegian market, personal communication, April 22, 2016).
Norwegian power grid operator argued that “downtime is the most
descriptive way to measure CIR. One could also measure lifetime,
condition, maintenance and criticality” (representative of electrical power
production and distribution company, Norway, personal communication,
April 22, 2016). Similar opinion was expressed by the former employee of
an organisation operating Oresund fixed link who informed that resilience
should be measured in terms of the downtime of a facility (former
employee of an organisation operating Oresund bridge and tunnel,
Sweden, personal communication, May 17, 2016).

The representative from water sector in Norway informed that in their
company “resilience is measured indirectly with parameters such as
deliverance certainty, resistance against unwanted events, surveillance,
condition monitoring, number of unwanted events, downtime, analysis of
previous events, redundancy in the systems, etc.” (local suppler of
potable and waste water management, Norway, personal communication,
April 22, 2016).

Group discussion during the IMPROVER operator workshop revealed that
European CI operators consider already existing risk management or
business continuity tools to be useful. They stressed that as long as
resilience concepts do not appear significantly different, it is hard to
motivate and justify the usage of resilience concepts and measures.
Therefore in that sense it could be argued that resilience is already part of
the company, and it is difficult for the operators to see the need for
something else. The group stressed the need for clearly described
indicators, and a framework that can be used together with already
existing business continuity plans and risk management tools (IMPROVER
operator workshop in Ispra, group discussion, April 28, 2016).
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These results indicate that CI operating organisations mainly focus on
internal resilience by assessing technical factors (such as robustness and
reliability of the physical infrastructure, downtime, post-event
functionality, etc.) of infrastructure with some recent efforts to include
organisational resilience indicators (such as training and education of
staff). However, they tend to fail to include social dimension of resilience
(e.g. training and education of the public, local understanding of risk,
information sharing with the public, etc.). Nevertheless, during the
operator workshop, CI operators agreed that in order to achieve overall
community resilience, there is an urge to involve society. The resilience of
societies in the context of CIs can be increased through improved
population engagement and the utilisation of the concept of shared
responsibility.

EXISTING ATTEMPTS TO MEASURE CI RESILIENCE

Compared to the European countries, the US is rather advanced in the
area of CIR measurement. The US Department of Homeland Security
(DHS) has developed the Enhanced Critical Infrastructure (ECIP) Initiative
which serves as a cornerstone of the voluntary outreach effort by the
Government to help to increase resilience of CIs across the country. The
Resilience Measurement Index (RMI) used as part of the programme was
developed to characterise the resilience of CI. The RMI involves technical
as well as organisational resilience indicators. It is developed using a
hierarchical process (three levels of indicators), placing the generic
characteristics of resilience at the upper ‘Level 1': preparedness,
mitigation measures, response capabilities, and recovery mechanisms
(Figure 2) (Petit et al., 2013).

In reality, indicators are measured and applied using a set of specific
questions. The RMI is an aggregation of information from questions
answered during a facility visit to create an overall index. A list of ‘Yes/No’
questions each having its weight is divided into functional groups. For
each group an index is calculated by using a weighted sum method. Each
group itself has its weight value. The final CIR index is calculated as a
weighted sum of all calculated group values. Each ‘Yes’ answer is worth
100 points and each ‘No’ question is worth 0 points. Consequently, RMI
can have values from 0 to 100 reflecting relative resilience level of a
particular CI facility. Consider business continuity management exercises
group. It contains seven questions, such as if an organisations includes
external responders in its exercises.
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Figure 2. Resilience Measurement Index. Reprinted from “Resilience Measurement Index:
An Indicator of Critical Infrastructure Resilience”, by Petit et al., Argonne National
Laboratory, ANL/DIS-13-01, 2013. Retrieved from:
https://www.researchgate.net/publication/299528136 Resilience Measurement Index
An Indicator of Critical Infrastructure Resilience. Accessed: July 3, 2016.

As it was already mentioned, the Australian government has focused on
organisational resilience in order to achieve CIR. CIR is achieved by
undertaking traditional risk management/business continuity and
organisational resilience initiatives. For example, the Australian
Government offers an online tool called ‘Organisational Resilience
HealthCheck’” which asks to rate an organisation according to a set of low
and high level descriptors for 13 resilience indicators (see Figure 3).! The
indicators are grouped under three resilience attributes, namely
leadership and culture, networks and partnerships, change readiness
(Australian Government, n.d.). Each indicator is qualitatively assessed in
a four-item scale (from low to high). Consider leadership and culture
group. It consists of seven questions, such as leaders are reactive and act
under stress, or if leaders are oblivious to the needs of people working
below them.

The index can have values from 0 to 100 and offers a set of treatment
options to improve organisational resilience. For example, to improve
leadership, it is suggested to develop a culture of managing problems
locally and supporting the teams centrally, etc. However, putting an
emphasis on organisational resilience assessment, this model does not
take into consideration neither technical nor social resilience aspects.

! HealthCheck is based on an organisational resilience assessment tool developed by Lee
et al. from the research group Resilient Organisations in New Zealand (Lee et al., 2013).
Lee et al. developed the tool by reviewing and adapting organisational resilience
benchmarking tool developed by Stephenson (2010).
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Figure 3. Resilience Indicators. Reprinted from Resilient Organisations, 2012. Retrieved
from: http://resorgs.org.nz/what-is-resilience. Accessed: July 5, 2016.

As a part of Critical Infrastructure Resilience Strategy, the Australian
Government also initiated the Critical Infrastructure Modelling and
Analysis (CIPMA) program, which is intended to improve the security of
the country’s CI (Australian Government, 2008). Although resilience is not
among the main targets of the program, it is implicitly included though
the investment to mitigation strategies. The CIPMA program aims to
improve an insight into the effects, in terms of service disruption, of
natural or human-sourced disasters (Buxton, 2013). The outcome of this
program is a software tool that combines simulation models, databases,
geographic information system and economic models. It is intended that
CIPMA should provide guidance on helping to avoid failures, with
preparedness and planning as well as aid in recovery from disasters. It
should be noted that when the CIPMA team undertake a program of
study, each case is treated separately and tailored to the purposes of the
project (Buxton, 2013). However, only limited information about the
methodology used in the tool could be accessed.

CONCLUSIONS

There is existing, but fragmented efforts to measure CIR. This paper
showed how CIR assessment models focus on the technical and
organisational aspects of the infrastructure failing to take a more holistic
approach and include social resilience measurements. While the technical
features are essential for the infrastructure to function, the main purpose
of CI is to provide services to the public. Indeed, since the goal of these
models is to increase resilience of CIs, why not to include indicators which
the CI operators can control in order to enhance social resilience? For
example, one of the key factors of social resilience is communication
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between all the actors involved in the disaster, including the public, CI
operators, emergency management personnel, etc. Thus by sharing
timely and accurate information not only with emergency management
personnel but also with the public, CI operators would be increasing social
resilience. Social resilience can also be improver through improvements in
risk awareness and preparedness.
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ABSTRACT

Following major disruptions, the restoration of infrastructures back to pre-
event service levels can be tracked to aid recovery decisions. For
wastewater systems, damage assessment in the immediate response to a
disruptive event can prove difficult due to being a largely buried system,
the relatively slower response to realising a loss of connectivity due to
storage capacities, and overflows to land or co-located stormwater
networks. Due to these inherent complexities, using single performance
metrics to define system operability, such as network connectivity alone,
cannot sufficiently represent all aspects of system functionality. A
previous study has defined a range of functionality indicators conducive to
data collection both in the immediate response and in posterior analyses
of wastewater system recovery. Further separating these indicators into
distinctive levels of service; full, restricted, or no service, the technical
recovery of the system can be quantified. This paper builds on the
literature by incorporating a metric to assess the performance of the
technical recovery based on restoration targets or user expectations of
recovery. The proposed approach is applied in a post-disaster analysis of
wastewater recovery following the Christchurch Earthquake (22 February,
2011) and quantitatively concludes that the wider system recovery was
largely effective. The complete framework can be applied in both the
immediate response to disruptions and in the simulation of different
redundancy and recovery strategies to compare the impacts on overall
system functionality and the perceived performance of recovery decisions.

Key Words: Wastewater, Christchurch earthquake, disaster recovery,
lifeline infrastructure

INTRODUCTION

The restoration of an infrastructure system following a major damage
causing event is commonly represented graphically by plotting the
functionality of the system over time (Duefas-Osorio & Kwasinski, 2012;
Cimellaro et al., 2014; Zorn & Shamseldin, 2016a; amongst others). The
definition of functionality is not always consistent between infrastructures
or events, however, variations on network connectivity are frequently the
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most widely reported (i.e. the population without service, number of
connections without service, or the percentage of operable nodes and
links in the network). With spatial variability in population densities and
the representation of networks at different resolutions, such indicators are
not necessarily analogous and may not be representative of the wider
system as a whole. The importance of considering system functionality
beyond connectivity is highlighted by Davis et al. (2012) in the analysis of
the potable water system recovery following the 1994 Northridge
Earthquake. By separating the water system functionality into a range of
properties (connectivity, quality, quantity, and fire protection) insights
into the recovery process were made that were not otherwise evident
when considering connectivity in isolation.

With this in mind, wastewater system recovery has recently been
separated into different categories (Davis, 2014; Preston, 2015; Zorn &
Shamseldin, 2016b). While somewhat related in definition and purpose,
only those proposed by Zorn and Shamseldin (2016b) are applied to an
observed disruptive event — a posterior analysis of the wastewater system
recovery following the February 22, 2012 Christchurch earthquake. With a
focus on simplicity and being conducive to data collection in both the
short-term immediate response to a disruptive event, overall system
functionality was broken down into three service categories; network
connectivity, the volume of wastewater produced, and the treatment
qualities. Furthermore, each was separated into three distinct classes of
normal service (N), restricted/alternate service (A), and no service (X). In
taking this approach, it was observed that considering wastewater
connectivity in isolation leads to a significant overestimate of the
complete system functionality.

While the framework presented by Zorn and Shamseldin (2016b) provides
an indication of technical functionality in the immediate response phase,
the priorities and perceptions of recovery progress can differ across user
groups (Quarantelli, 1999; Brown et al., 2008). Although asset operators
generally prefer to minimise the number of adversely affected users
(Bruneau & Reinhorn, 2007), user groups may have a different priorities
as evinced in the Christchurch Earthquake recovery (Potangaroa et al.,
2011; Lambert et al., 2012; Law, 2015; amongst others). To further
assess recovery, the acceptance of users to provided level of service can
be examined (Kameda, 2000) based on the premise that although an
aspect of system functionality may be provided using an alternative
measure, the community may be less acceptant of such provisions for
extended lengths of time. Gauging such perceptions of users proves
difficult in the Christchurch application due to the control placed on social
science research following the event (Beaven et al., 2015) and the time
delay for this analysis. As a compromise, wastewater recovery targets are
assumed representative of public expectations for the assessment of
recovery performance. This will allow comparison to the conclusions of an
independent review of the emergency management response (McLean et
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al., 2012) who commend the wastewater recovery efforts given the
damage state.

The main contribution of this paper lies in the provision of a framework to
investigate and quantify the restoration performance in the immediate
response to a major disruption based on the perceived acceptability of
each level of service classification.

METHODOLOGY TO QUANTIFY RECOVERY PERFORMANCE

Zorn and Shamseldin (2016b) define wastewater system functionality
based on three separate categories which each comprise three distinct
level of service classes (Table 1). This breakdown allows for the
straightforward population of categories and classes in the immediate
response to a disaster event or in a posterior analysis with reduced
information.

Table 1. Service categories and classifications for wastewater network
recovery simplified from Zorn and Shamseldin (2016b).

Service Case Study Definition

Category

Collection N Wastewater producing appliances can be used with
Service the downstream collection network able to convey

flow - regardless of lateral connection status.

A External collection of wastewater is in place
through the use of portable or chemical toilets.

X No wastewater collection service is provided on
behalf of the Christchurch City Council.

Volume N No restriction in producing normal wastewater
volumes whether through a normal connection or
sufficiently sized redundant storage tanks.

A Volume is restricted due to alternative collection
services or downstream damage requiring users to
restrict the wastewater volume produced due to
overflows to the environment or repairs.

X No wastewater produced is connected to the
network at any stage of conveyance or treatment

Treatment N Pre-event removal efficiencies are maintained at
Quality the wastewater treatment plant (WWTP).
A Treatment plant is operational but at a reduced
capacity and/or efficiency.
X Wastewater is discharged directly to the
environment without any treatment.

For an individual sub catchment (or a complete system as a whole), the
fraction with normal operation in the j™ service category over time t is
denoted nj: . Similarly, alternative/reduced and no service classifications
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are a;+ and x;: , respectively. Each of these are normalised by the
maximum attainable level of service such that they summate to one
across all t. For a total of J service categories to a maximum time T,
normal service levels can be represented through;

N,y Mz . M1 M
Nz N2 .. N1 N7
N=| : P : : (1)
Ny11 Ny1,2 o Nya,11 Ny
Ny Ny2 . Njra Nyt

and similarly for alternative service A and no service X with elements a; ¢
and x;: , respectively. This allows for the addition of any number of
service categories (such as if additional wastewater re-use options are in
place) and/or for the combining of multiple sub-catchments based on a
weighting assumption (e.g. populations served, pipe lengths, or
otherwise). To track the progress of system recovery from the user’s
point of view, a restoration performance metric is introduced to consider
both the importance of the service category over time and the level of
service provided. The approval of normal service 7;; for the 7 service

categories over time t can be represented through;

[A1,1 A1 oo Ayrr A7)
Ny Npp .. NAyry  RApr
Wp=| : : s ; (2)
Ny1,1 Ar12 o« Apgra Arar
| ﬁ],l ﬁ]lz ﬁ],T.l ﬁJ,T |

where 7;:€[0,1] with the limits representing complete unacceptance and
acceptance, respectively. Following a single disruptive event, ﬁj,tSﬁj,t-_z
such that acceptance is constant or decreasing over time. While Wy is
expected equal to unity under normal circumstances, similar matrices for
alternative and no service provisions denoted Wa and Wx (with elements
aj: and X;:) are expected to differ and need to conform to
0<X;:<3;:<n;:<1 to ensure a preferential order of service levels.

From Equations 1 and 2, the combined system restoration performance P
over time is;

P=Ws - [N-WNy+A Wa+X-Wy]+E (3)

where elements of P are denoted p;:, E is a J by T combination error
term, and the importance of " service category over time are
represented in Ws with elements s;: such that for a given t, %;s;:=1.
Such interpretations are evident in the literature where a wastewater
service connection is a priority over wastewater treatment quality through
the discharging of raw wastewater to the environment without normal
treatment procedures (Strand & Masek, 2008; Tang & Johansson, 2010;
Wang & Fu, 2011; Wareham & Bourke, 2012). Amongst other examples,
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Davis (2014) suggests the protection of human life and property is of
most concern following a disaster, which could be inferred as the
avoidance of spills and surface flooding is of greater concern initially when
compared to other categories. Weightings can therefore be likened to the
proportion of effort or resources that should be going into restoring and
maintaining each of the service categories. For a given t, the overall
system restoration performance P; is ijj,twith P.<1 for all t. While P

provides an expression of recovery performance, assumptions and
variability in public opinion provide greater uncertainties when compared
to technical functionality. As a result, distribution of this metric should be
always be coupled with comment on the source and/or derivation of
weightings.

APPLICATION TO THE CHRISTCHURCH EARTHQUAKE

The February 22, 2011, Christchurch Earthquake and Canterbury
Earthquake Sequence is well reported and discussed throughout the
literature. Similarly, discussions regarding wastewater system response
and recovery are widely reported, such that the reader is directed towards
the literature cited within this paper for further discussion.

System Functionality

Based on the nine recovery curved delineated by Zorn and Shamseldin
(2016b), Figure 1 presents the recovery of the Christchurch City
wastewater network across all service categories (sj,t=0.33) for normal,
alternative, and no service classes. While the cited study provides
discussion regarding these curves, it should be noted herein that the
sharp changes at 13 June are due to a significant aftershock and is hence
taken as the temporal extent of analysis in this paper.
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Figure 1. Overall wastewater system functionality following the February
22, 2011 Christchurch Earthquake as stacked areas (left) and as separate
curves with recovery performance (right).

Defining Acceptability

To quantify the weighting matrices (Wn, Wa, and W), recovery targets
are used to assess restoration performance under the assumption that
these are representative of the general public view. For each service
category, normal service is assumed to be expected from all connections
(i.e. A;+=1). This ensures that recovery is relative to an earlier pre-
Christchurch Earthquake user survey which noted 88% satisfaction in
safety, convenience, and collection efficiency (CCC, 2010). The remaining
Wa and Wy are populated based on pre-event target recovery times for
Christchurch City wastewater recovery as discussed below and presented
in Figure 2.
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Figure 2. Assumed weightings for alternative/restricted service and no
service provision across relevant categories.

The provision of service to standard connections (i.e. residential) are
expected within two to eight weeks (Ladbrook, 2013). Figure 2 assumes
the midpoint (five weeks) is where all available connections are expected
to have some form of connectivity whether normal or alternate by this
time. At 12 weeks (17 May), 50% connectivity is targeted (CELG, 1997)
with this being extrapolated across the remaining time period due to the
expectation of full recovery after two years (CELG, 1997; Ladbrook,
2013).

For wastewater volumes, the acceptance of no service provision is
analogous to no wastewater volumes being collected (Service (X) =
Volume (X) in Figure 2). However, as a restriction on wastewater volume
production can occur with both normal and alternate connection types,
the acceptance of alternate wastewater connections is assumed greater
than or equal to restrictions on volumes. In addition, it can be assumed
that reduced volumes are expected when alternate connections in place.
Over time, as alternate services are no longer deemed acceptable,
overflow target volumes can be subtracted from this value to provide the
estimate of suitable volume conveyance. This is based on the premise
that those with normal connections to the network will not necessarily
accept their wastewater flowing to the environment (Rai, 2011). The
target overflows modelled here equate to 80% of wastewater piped to the
WWTP after two weeks, 90% after four weeks, 99% after three months,
and full compliance between six and twelve months (Henderson, 2011).

The acceptability of no treatment is similarly relatable to the decreasing
target overflow volumes with an expectation that overflows will occur at
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the time of the event with no acceptance after six months. For reduced
treatment, a linear reduction is assumed between full acceptance of this
service at the time of the event until twelve months where full compliance
is targeted.

Recovery Performance

Figure 1 presents the resulting restoration performance curve modelled
using the weightings of Figure 2. Due to the assumption that users will
expect a reduced level of service immediately following a major
disruption, the restoration performance curve does not exhibit a sudden
reduction over the first 2-3 time steps (days) when compared to the
fraction of the system showing no service. Although restoration
performance continues with a negative slope over the first two weeks to a
minimum (~78%), the rate of change slows due to the ongoing provisions
of alternative measures and the regaining of normal service across the
wider system. The decrease in restoration performance in the early
recovery period can be attributed to the significant damage at the single
centralised WWTP (Wareham & Bourke, 2012), however, additional issues
have been raised regarding the apparent inconsistent distribution and
delay in the provision of portable and chemical toilets as an alternative
waste collection method (Potangaroa et al., 2011; Heather, 2011b;
McLean et al., 2012).

With further increases in normal and alternate service across the system,
restoration performance increases to a maximum (~92%) after
approximately 5 weeks (1 April). Beyond this, the little change in system
functionality leads to a steady decline in restoration performance due to
the decreasing perceived acceptability of temporary alternatives still being
in place. While progress in restoration performance begins with increases
in normal system functionality, the 13 June aftershock event provides a
re-initialization of weightings. While in reality the expectation in service
levels following an aftershock so close to the event may not be equivalent
to the initial expectations, determining the effects of ongoing earthquakes
on lifeline service acceptance is beyond the scope of this paper.

FUTURE DEVELOPMENT AND APPLICATIONS

While the framework for determining technical functionality is effective for
the immediate response to disruptions, further consideration is required in
quantifying weightings. This is in terms of both sub-catchment recovery
priorities (i.e. focus on minimising overflows) and the scalability of
weightings across different disruptions. Although representative sub-
catchment priorities are difficult to quantify, scalable weightings can be
achieved if recovery targets are based on the time to restore to a certain
percentage of initial damage, as recognised by Zorn and Shamseldin
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(2015) who present dimensionless recovery curves for various
infrastructures to restore the system back to 90% of the initial damage.

Although solely calibrated to the Christchurch Earthquake recovery, the
impacts of different redundancy and recovery options in the immediate
recovery phase of a disruption can also be simulated using this
framework. The advantage in using this framework lies in the rapid
overview of system response compared to a more technical wastewater
recovery scheduling and optimization model.

CONCLUSIONS

This paper presents a framework for tracking wastewater system recovery
following major disruptions. Wastewater functionality is shown that it can
be effectively broken up into different categories of service each
comprising three distinct levels of service - while all being conducive to
data collection. This is in both in the immediate response to a disruption
and in a posterior analysis of recovery. Pre-determined recovery targets
are shown to provide an effective indication of how recovery is
progressing. In application to the Christchurch Earthquake, this
quantitative approach suggests a minimum recovery performance of
~78%. Given extent of system damage, recovery is considered largely
effective - in line with the views of the independent report from McLean
et al. (2012) into the emergency response. It is suggested that the
overall calibrated model is further tested in the simulation of added
network redundancies and recovery options.
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ABSTRACT

Resilience across all sectors of society is imperative for global efforts to
reduce the adverse effects of disasters and to build a society that is
change-ready and seeking opportunities for future wellbeing. In 2015, the
New Zealand government launched the Resilience to Nature’s Challenges
(RNC) research programme to address the country’s significant disaster-
related challenges. This paper examines aspects of the initiating work on
RNC approaches to resilience measurement and connects it to the next
phase of resilience research and action in New Zealand. The paper begins
by introducing a general theory of change for resilience improvement,
followed by an overview of analyses on the many approaches to resilience
assessment. We argue that actively improving resilience begins with
assessing the current position of the system’s resilience and monitoring
progress over time. To this end, we introduce a maturity model for
evaluating the ability of existing resilience assessment tools to
operationalise resilience. The final section concludes by moving from
theory to meaningful action, discussing how New Zealand can become
more resilient to disasters.

Keywords: Maturity model; Resilience measurement; Resilience to
Nature’s Challenges; Sendai Framework for Disaster Risk Reduction

INTRODUCTION

In 2015, as part of a new funding approach to investigate the country’s
biggest challenges, the New Zealand government launched the Resilience
to Nature’s Challenges Kia manawaroa Nga Akina o Te Ao Taroa -
National Science Challenge 10. The Resilience to Nature’s Challenges
(RNC) programme aims to combine, “hazard knowledge with innovation
to enable New Zealanders to better anticipate, adapt and thrive in the
face of nature’s challenges,” (Joyce, 2015).

Resilience refers to a system’s ability to anticipate, resist, absorb, adapt,
respond effectively to, and recover from a hazard in an efficient manner
and in a way that allows for the restoration of basic services and
improvement going forward (Paton & Johnston, 2006; UNISDR, 2009;
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Stevenson et al., 2015). This understanding of resilience describes a
system’s ability to respond in various ways to the shocks and stresses to
which it is exposed.

There are a number of underlying factors that make systems more or less
resilient. Much of the research undertaken as part of the RNC will seek to
identify and understand such resilience factors. Project outputs will
ultimately aim to influence these factors in ways that improve resilience.

As illustrated in the general Theory of Change model (in Figure 1), we
argue that improved resilience is located at the intersection of project
outcomes and the broader societal
impact (Brooks et al., 2014). The

IMPACTS impact is assessed as the wellbeing of
beneficiary New Zealanders despite shocks, a
wellbeing despite motive for action and investment
articulated by many, including The New
PROJECT Zealand Treasury.?
OUTCOMES
resitence of A Theory of Change is a way of thinking

beneficiaries

about how to promote social change,
beginning by defining the desired

impacts on society and working
PROJECT ‘backward’ to pro desi d
OUTPUTS programme design an
required inputs.

The decisive measure of a project’s
resilience outcomes will be the extent
to which it can be associated with
reductions in the negative effects of
shocks and stresses (Brooks et al,
Figure 3: General Theory of Change for  2014). In most cases, however, we will
Resilience to Nature's Challenges need to evaluate changes to resilience
in the absence of shocks.

PROJECT
INPUTS

Resilience, however, is not directly observable. As a result, research on
resilience measurement has focused on identifying and defining resilience
indicators - quantifiable variables that represent a characteristic of a
system or phenomena. In the case of the RNC, indicators will allow us to
evaluate the efficacy of research programmes at the outcome (and impact
in the event of a shock) rather than just the output level.

THE STATE OF RESILIENCE MEASUREMENT
Measurements of complex social phenomenon, such as disaster resilience
can serve as tools for objective assessments and as value-laden decision

> The Treasury is developing the Higher Living Standards Framework (HLSF) to assess their policy choices. The
HLSF uses “subjective measures of wellbeing...as a useful cross-check of what is important,” (Karacaoglu,
2012).
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making tools. They provide a way to consistently measure, interpret and
compare resilience, but they also influence the type of disaster risk
reduction activities that are pursued, where resources are focused, and
how success is gauged. Therefore, resilience measurements both monitor
the progress and efficacy of programmes like the RNC and serve as
targets at which policy makers and practitioners can aim their efforts.

Building resilience begins with understanding where a system is, the
desired future state for that system, and through repeated trials and
evaluation, building pathways to get there. There will not be a single best
tool. Those seeking to measure resilience will need a suite of data
collection and analysis tools including indicators and indexes that use
secondary data, primary data collections tools to fill information gaps, and
models and scenario tools to map paths forward.

Resilience Benchmarking and Monitoring Tool Review

Measuring resilience is currently approached from many theoretical,
epistemological, and methodological perspectives. In a thorough meta-
review of disaster resilience metrics Winderl (2014) classified the different
approaches based on the elements included (see Figure 4), the number of
dimensions evaluated, the unit of analysis, and the levels at which
resilience was measured (i.e., input, output, outcome, impact).

MEASURING WELLBEING

BEFORE AFTER

MEASURING
VULNERABILITY
MEASURING THE MEASURING
IMPACT OF DISASTERS |— | REACTIONS
MEASURING
RESILIENCE (response, recovery)
CAPACITIES

(absorption,
adaptation, tranferral)

MEASURING PROGRAMME RESULTS

Figure 4: Elements of measuring disaster resilience (adapted from
Winderl, 2014)

For example, in the classification system in Figure 2, tools that measure
“resilience capacities” capture a system’s potential ability to absorb
impact, adapt, and transform, but because it is not yet manifested
through behaviour change, it is considered an output rather than an
outcome. Tools that measure reactions, on the other hand, evaluate
outcomes.
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Additionally, in a systematic evaluation of 27 disaster resilience
assessment tools, Cutter (2016, p.742) found that the most common
elements in all of the approaches could be divided into “attributes and
assets (economic, social, environmental, infrastructure) and capacities
(social capital, community functions, connectivity, and planning).” As a
result of this analysis, Cutter (2016) proposes a measurement core for
community disaster resilience (Table 2). This measurement core provides
a useful point to begin assessing baselines for resilience, benchmarking
systems against relevant references, and monitoring the progress of
assets and capacities in these systems.

Table 2: Measurement core for community disaster resilience
(Cutter, 2016)

Attributes/ Most often used proxy variable

Capacities
Economic Income (median household)
Social Educational attainment/ equality, health

Social capital

Institutional

Community assets
and functions

Infrastructure

Connectivity

Emergency
management

Environmental

care access (number of doctors)

Civic organisations (number), religious
organisations/ adherents (number)

Mitigation plans (% population covered),
mitigation activities (number), or mitigation
spending (per capita)

Community services (number)

Buildings of various types (emergency
management, government, power, bridges,
commercial)

Feeling of belonging to the community,
proximity to urban areas

Shelters, evacuation routes

Impervious surfaces

Categories & scales of assessment
Researchers and practitioners use a wide range of tools to assess hazards

resilience. Here we provide a summary of three tools: indexes, scorecards
(including surveys and compliance monitoring tools), and computational
modelling (Box 1). The tools adopted depend on the assessors’ desired
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outcomes, requirements, capabilities, as well the characteristics of the
system.

Indices and composite indicators tend to use secondary data provided
through government bodies (e.g., census data). They facilitate
standardized comparisons across time and are useful for tracking dynamic
trends for various indicators. Indices often require large inputs of data,
often aggregated from a number of sources with varying degrees of
quality and completeness. This can lead to compounding uncertainties
that undermine the validity of the results (Barnett et al., 2008).

Box 1: Resilience Assessment Tool Categories

Indices: Indicators are combined to construct an index or composite
indicator in order to capture the multidimensional nature of a system,
while distilling it into a single metric. Examples: Baseline Resilience
Indicators Model for Communities (BRIC) (Cutter et al., 2010),
Community Disaster Resilience Index (CDRI) (Peacock et al. 2010)

Scorecards: Consist of a number of questions or assessment criteria,
often with a set of scaled answers from which to select. The result can
be a single ‘score’ or a collection of scores within a number of target
areas. Examples: Risk and Resilience Scorecard (Ahorn, Burton, &
Khazi 2014)

Computational Models: Rendering of a system designed to help an
observer to understand how it works and to predict its behaviour.
Relationships are captured using a set of formulas or matrices.
Examples: Community Resilience Modelling Environment (NIST 2015),
Measuring the Economics of Resilient Infrastructure Tool (MERIT) (GNS
2014)

Scorecards can be deployed at any time (i.e., researchers do not have to
wait for official sources to gather new data). They also offer flexible
applications at different scales, that may be more difficult for a secondary
data. The down side, is that primary data collection is time consuming
and costly; self-assessed questionnaires are often subject to
misinterpretation, and the number of items evaluated is often limited to
ease the burden on the respondent.

Computational models can offer the potential for forecasting using the
integration of hazard scenarios and testing the efficacy of interventions.
These tools can be expensive to develop, however, and end-users require
training in the software systems. Additionally, higher powered models
can be very data intensive, and robust empirical data on resilience factors
is often limited (Stevenson et al., 2015).
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Resilience assessments can be standardised to facilitate comparisons
between communities or other systems. They can be context-specific -
tailored to a particular system; or they can be a blend of both with a core
set of standard indicators supplemented by locally tailored measurements
(Winderl, 2014).

Resilience assessment maturity model

Resilience assessment is a field ‘under development’. There are new
conceptual, empirical, and mechanistic assessment frameworks emerging
regularly across a number of scales and systems. Those developing
resilience assessment tools may choose to build on existing frameworks
or to ‘translate’ tools developed in other contexts to their specific system
of interest. Winderl (2014, p.19) identified six phases of maturity for
disaster resilience measurements: 1) theoretic framework, 2)
identification of potential indicators, 3) development of a clear indicator
framework, 4) some data collected for indicators or data for a limited
geographic area, 5) data collection institutionalised and collected
regularly, and 6) measurement empirically verified.

In order to assist with the process of tool evaluation, we have developed
a prototype Resilience Assessment (RA) Maturity Model (Figure 3) to
evaluate existing frameworks and provide pathways for further
development in the Resilience to Nature’s Challenges Context. While
Winderl’'s (2014) phases of maturity focus on data and empirical
development, the RA Maturity Model includes assessment criteria for the
operationalisation of resilience assessments.

A maturity model is a staged structure, indicating levels to which specific
processes, goals, or quality measures are assigned (Stevenson et al.,
2015). The evaluation criteria within the RA Maturity Model were derived
from interviews with RNC stakeholders in 2015 and a systematic survey of
the resilience literature. The evaluation criteria include:

The theoretical foundation of the measure (i.e. resilience is clearly defined
and distinct from other concepts)

Whether the conceptual work on resilience has actually led to the
development of an assessment tool

Whether that tool has been tested with empirical data and refined
Whether the assessments are operationalized to influence policy inform
decision-making, or prompt and guide resilience building interventions
Whether the model has been validated.

The maturity model (presented in Figure 3) enables users to evaluate the
degree of fit that frameworks and resilience assessment tools have with a
number of proposed optimal criteria. The assessment of a tool’s maturity
using the preliminary model is not intended to be a critique. Rather,
assessing a tool’s maturity level (ML) provides some degree of guidance
about the practicality of using these tools to realise the users’ goals for
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resilience benchmarking, monitoring, and guiding policy and
interventions.

This maturity model can help researchers make systematic comparisons
between tools that are currently in use in New Zealand and elsewhere.
For example, the Rockefeller City Resilience Framework (CRF) is currently
informing policy and resilience interventions in New Zealand through the
100 Resilient Cities programme. The CRF will eventually serve as the
basis of a City Resilience Index (CRI) with specified sub-indicators and
metrics, but the CRF is not currently mature enough to be considered a
high-quality resilience assessment tool.

Conversely, the Adaptive Capacity/ Resilience Model developed by Duglas
Paton and colleagues draws on over a decade of empirical research on
social-cognitive disaster preparedness, vulnerability, and resilience.
Researchers have also started validating the model, in part using data
collected during the response and recovery to the 2011 Canterbury
earthquakes. The validation confirms that the model’s factors actually
enhance post-disaster outcomes for individuals or communities (Paton et
al., 2015). As a result of these different levels of development maturity,
the CRF is assigned an ML of 2.5 and the Adaptive Capcity/ Resilience
Model is assigned an ML of 4.5 (Table 3). The scores generated using the
maturity model reflect the relative suitability of these tools as systematic
and comparable resilience benchmarking and monitoring tools.

Table 3: Maturity Level (ML) evaluation results for two models of
resilience

Definition Tool Policy & Maturity
Develop- Refine- Operational- Validity level
ment ment isation (Avg.)
City
Resilience ML 5 ML 2 ML 2 ML 1 ML 2.5
Framework
Adaptive
Capacity/ ML 5 ML 5 ML3 ML5 ML4.5
Resilience
Model

There is no single best tool for resilience assessment, and not all models
or frameworks of resilience are intended to facilitate systematic
benchmarking and monitoring. New Zealand will need a suite of robust
assessment tools to benchmark resilience, monitor progress, and evaluate
interventions.
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CONCLUSION: OPERATIONALISING RESILIENCE MEASUREMENT
Going forward a number of steps are important to operationalise
resilience measurement, to move from theory to meaningful action that
enhances the disaster resilience of communities. Making this move
requires systematic and coordinated efforts among researchers,
practicioners, policy makers, and ultimately (and most importantly) with
affected communities. Such efforts will require a process through which
elements of a common vision of resilience can be formed, assessed,
monitored, and refined over time. Some proposed steps include:

Clearly define resilience for the system of interest

Establish a vision for the desired impact of resilience on the system of
interest (i.e., develop an operational definition and set of criteria for
the desired impact)

These two steps may be facilitated by official policy tools including the
National Disaster Resilience Strategy being developed by the Ministry of
Civil Defence and the Treasury’s Higher Living Standards Framework.
They will also be informed by the Sendai Framework for Disaster Risk
Reduction (2015-2030) - the United Nation’s international agreement
intended to provide guidance and enhanced international cooperation to
prevent the creation of risk, reduce existing risk, and strengthen
resilience to natural disasters - which New Zealand will begin to report
against in the coming years.

Identify important system drivers (people, resources, processes) and
how they contribute to resilience.

Identify observable components and behaviours to benchmark
resilience and monitor the efficacy of interventions.

For these two steps, researchers and practitioners will build on work
already conducted nationally and internationally.
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Figure 5: Prototype Resilience Assessment Maturity Model
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For example, the United Nations Office for Disaster Risk Reduction
(UNISDR), established an Open-ended Intergovernmental Expert Working
Group on Indicators and Terminology tasked with developing
terminological definitions related to Disaster Risk Reduction and
identifying indicators that can monitor progress toward achievement of
the Sendai Framework’s global targets.

Consider the context-specific features of the environment in which
you will be operating.

Consider the approaches to assessment that might be most
appropriate in that context

Again, researchers and practitioners will work collaboratively with
communities across New Zealand to ensure that the approaches
developed are context appropriate. Going forward, the next big challenge
for resilience assessment will be to integrate possible future trends and
incorporate models of potential changes (gradual or acute) into resilience
assessments to better guide decision making to optimal short- and long-
term resilience outcomes.
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ABSTRACT

Australian Governments (local, state and federal) have spent large sums
on projects initiated after major emergency and natural disasters. The
public expects this. But ‘too often, too much money is spent on the wrong
projects in the wrong place’ (Terrill et al., 2016 p2).

Even in the wake of a major emergency, politics often ‘comes ahead of
the public interest’ (ibid.,). Large sums of public money get spent on
projects that do not contribute to the sector mandate to protect life and
property but are easy to sell to the public. The political pressures of
election campaigns and industrial relations negotiations often drive
decisions on project selection and the funnelling of taxpayer money into
marginal electorates. Decisions made on ‘weak or undisclosed business
cases’ result in projects that ‘provide no more benefits . . . but cost twice
as much’ (ibid.,) as existing services.

This study explores projects in the state level emergency management
sector (EMS) in Victoria, Australia with a particular interest in projects
initiated after major emergencies or natural disasters. The research
investigates why the success of projects in the EMS is determined by the
delivery of outcomes of the project management process (products
delivered on time and in budget) rather than on outcomes delivered to
meet strategic objectives. Objectives that support the sector mandate to
‘protect life and property’ and the stated social, economic and political
standards of public service delivery. The aim of the research is to
understand if social, economic and political factors influence and define
the success of projects in the EMS.

The study examines the ‘lived experience’ (van der Hoorn, 2015) of
emergency management practitioners in the EMS in Victoria, Australia.
Underpinned by an interpretivist philosophy, the research utilises
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qualitative methods to build on the author’s own experience and, due to
the ‘complex, multiple and unpredictable nature of what is perceived as
reality’ (Hudson and Ozanne, 1988), the unique experiences of a range of
qualified individuals from across the sector.

Findings are based on analysis of literature (both academic and
government reports and papers available in the public domain),
observation of 4 EMS project management Community of Practice (CoP)
meetings and 25 semi-structured interviews conducted between 2014 and
2015. Analysis to date indicates that a large number of projects initiated
after a major emergency or natural disaster are politically motivated
rather than strategically driven. These projects move straight to project
implementation without progressing through the concept or front-end
planning phase. The projects tend to have poorly defined scope, outcomes
that don’t align with the stated sector mandate or strategies, and are
defined by ‘traditional’ concepts of project success - the delivery of a
product on time and in budget - doing things right, rather than the
delivery of an outcome that contributes to the protection of life and
property — doing the right thing (Rochet, 2008).

This research aims to identify if social, economic and political factors
influence and define project success in the state-based emergency
management sector. This will support the future development of
treatments that ensure project outcomes are aligned to the sector
mandate to protect life and property.

Key Words: Emergency Management; front-end project management;
project success; rethinking project management; social, economic and
political factors;

INTRODUCTION

Despite the depth of discussion on projects and the discipline of project
management, the range of research undertaken on projects delivered in
the EMS is limited. Of the 291 academic articles, reports and documents
reviewed in this research to date, only 12 discuss projects delivered in the
EMS (Hougham, 1996; Fitzgerald & Russo, 2005; Moe & Pathranarakul,
2006; Simpson, 2006; Steinfort & Walker, 2007, 2008, 2011; Curlee &
Stirling, 2008; Steinfort, 2010; Crawford et al, 2013; Kim & Choi, 2013;
McLennan & Handmer, 2014). This includes four pieces by the same
author on Aid Relief Projects (Steinfort & Walker, 2007, 2008, 2011;
Steinfort, 2010). It has been equally difficult to identify research on
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factors that influence and define the success, or otherwise, of projects in
the EMS, and particularly projects initiated after a major emergency or
natural disaster.

The aim of this research is to understand if social, economic and political
factors influence and define project success in the EMS. This will inform
the future development of treatments that ensure project outcomes are
aligned to the sector’s mandate to protect life and property.

Understanding these factors is important as they inform how these forces
‘enable, constrain and define project outcomes in ways that cannot be
apprehended within existing research’ (Sage et al, 2014, p545).
Examining the ‘social contextualisation of project management’ (ibid.,
with reference to Cicmil et al, 2009) will aid understanding of ‘how and
why those outcomes are being defined and legitimated’ (Sage et al, 2014,
p545);

Social - the role of the EMS is to deliver services considered essential for
the protection of life and property and the universal provision of these
services should be guaranteed. In 1999, the United Nations Secretary-
General, Kofi Annan stated ‘Above all let us not forget that disaster
prevention is a moral imperative, no less than reducing the risks of war’
(Emery, 2005). Kapucu & Van Wart (2006) identified that ‘people
increasingly expect the public sector to do a better and better job in the
management and reduction of risk of all types, with emergency
management being key among them. The larger the emergency or
potential for crisis, the more the expectation has grown for public sector
involvement’ (p282). In July 2016, Victoria’s Emergency Management
Commissioner (EMC) announced the Victorian Preparedness Goal. This
work responds to the community demand for EMS reform after the 2009
Victorian Black Saturday fires. Developed in collaboration with the Federal
Emergency Management Agency (FEMA) in the United States, the goal is
about ‘building safer more resilient communities’ and meets the
‘obligation to contribute to improving the preparedness, capability and
resilience of all communities to prepare for, respond to and recover from
emergencies’ (EMV, 2016 p3). This indicates that the outcomes of
projects should always contribute to the ‘all communities, all emergencies
approach [that] underpins Victoria’s emergency management system’
(ibid.,).

Economic - most projects initiated after a major emergency or natural
disaster are funded by public money. There is an expectation that public
value will be gained when public money is expended. As the government
‘uses the power of the state to divert the resources and options of private
individuals to achieve public value’ (Moore, 1995 p29), the public expects
that public money will be spent wisely and efficiently for the benefit of the
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public as a whole. The obligation is to deliver services that provide
economic use of financial and material resources. ‘Once a public authority
is engaged, issues of fairness are always present. And public authority is
always engaged when tax dollars are being spent’ (ibid., p48, italics in
original). As noted by Steve Sedgwick (2010) during his term as
Australian Public Service Commissioner, the Australian community has a
perfectly proper expectation that the Australian Public Service (APS) will
act ethically in the administration of programs funded by the public purse
(p9). As global trends show that Victoria is going to experience an
increase in the frequency and intensity of emergency incidents (EMV,
2016, p4), the EMC has committed to public accountability and
transparency to ‘drive improved public value’ and to ‘maximise utilisation
of capability and capacity’ (Ibid., p6). In an environment of increasing
demand, ensuring projects deliver outcomes of public value is vital.

Political - in Australia, politics plays a key role in the delivery of
emergency management projects at local, state and federal government
levels. This is particularly evident in projects initiated after a major
emergency or natural disaster. As evidenced by the political activity
following Victoria’s devastating fire season of 2009, major incidents often
become the fodder of election campaigns. These campaigns generate
political promises and stimulate funding that result in project mania.
Flyvbjerg (2012) noted that these pressures lead to flawed planning and
decision making where promised projects are ‘strategically
misrepresented’ (p328) in terms of overestimated benefits and
underestimated costs to increase the likelihood of public approval. In an
environment where future governments are not legally bound by the
financial promises of the past projects can be abandoned as funds are
redirected. Political election cycles create environments where emergency
management organisations cannot count on ongoing commitment to
project outcomes or leave unsustainable and obsolete legacies that make
no contribution to the protection of life and property (Wirick, 2009, p6).

Analysis of research data to date indicates that projects initiated after a
major emergency or natural disaster are highly influenced by these social,
economic and political factors. Interviewees describe these projects as
‘knee jerk’ and focused on short-term outputs rather than long term
outcomes that contribute to the sector mandate to protect life and
property. According to the interviewees, projects often fail to deliver value
in terms of the public purse and more often than not are the fodder of
political point scoring and ‘pork-barrelling’” (Terrill et al., 2016). The
challenge is to manage these factors to ensure project outcomes deliver
on the mandate to protect life and property.
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RESEARCH CATALYSTS AND RESPONSES

The researcher’s interest in investigating these factors germinated from
experience in the VEMS. Over the past 16 years, the author has sought to
understand why project success was determined by the delivery of
‘government initiatives’ (on time and on budget) rather than on the
delivery of the sector identified strategic outcomes that contributed to the
protection of life and property.

This interested was enhanced by a number of highly critical reports on
projects in both the federal Australian and Victorian Public Sectors. The
reports included admissions that governments, departments and agencies
were not able to demonstrate that they deliver on stated outputs, or
operate and manage projects effectively, efficiently or economically
(Terrill et al., 2016; Victorian Ombudsman, 2011; VAGO, 2012). The
reports identified that despite the extensive guidance, expertise and
literature available, the mistakes in planning, governance and project
management that have been observed and reported for some years are
consistently repeated. They also reported a lack of accountability of those
responsible for ensuring project outcomes linked to organisational
strategy. The interesting thing about these reports was the focus on a
product being delivered on time and in budget rather that on whether the
project delivered the planned benefit or outcome.

Whilst these reports did not directly address the emergency management
sector, these findings reflect the 2009 Victorian Bushfires Royal
Commission’s Delivery Report (2010) and the Bushfires Royal Commission
Implementation Monitor’s Progress and Final Reports (July 2011 & July
2012). These reports describe failures to deliver within project
timeframes, lack of adequate resource allocation, the imposts and
limitations of legal barriers, policy and procedures, and a need for
coordinated strategic direction and leadership within the entire emergency
management sector. Again, the interest to the researcher was that these
reported failures reflect a perspective that relies on the ‘enduring
traditional approach’ (Brady & Hobday, 2012), where the ‘function of
projects and their management is the accomplishment of some finite
piece of work in a specified period of time, within a certain budget and to
an agreed specification’ (Hodgson & Cicmil, 2006, p2).

The experience of the author and the interviewees in the EMS, includes
(but is not limited to) projects generated as a result of the 1998 Linton
Fires, the 2004/05 Victorian Alpine Campaign fires, Victoria’s 2009 'Black
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Saturday’ bushfires and the 2010 Victorian floods. Examples of the
projects managed include those generated by the more than $900 million
of state and federal taxpayer funding committed in direct response to
Victoria’s 2009 Black Saturday fires and the 67 recommendations of the
2009 Victorian Bushfires Royal Commission (VBRC). This, by any
standard, is a significant commitment of public monies to the promise of
improved future protection of life and property.

THEORETICAL FRAMEWORK

The research seeks to move discussion from one focused on the delivery
of successful project management outcomes, the ‘doing things right’, to a
discussion that considers the delivery of a successful strategic outcome,
the ‘doing the right thing” (Rochet, 2008). It pursues Hodgson & Cicmil’s
(2006) idea that the success of projects requires something other than a
heavy reliance on the mainstream functionalist, instrumental view where
the function of projects and their management is the ‘accomplishment of
some finite piece of work in a specified period of time, within a certain
budget and to an agreed specification’ (p2).

Project management has, according to Bredillet (2004), ‘evolved from a
conceptual approach based on a positivist paradigm’ (pl), an approach
that forms a ‘barrier to effective understanding and communication of the
true nature of project management’ (ibid., p 1-2). According to Cicmil and
Hodgson (2006) ‘mainstream research into projects and project
management continues to rely heavily on the prescriptive and the
instrumental (p6) and, as Séderlund (2011) argues, an analysis that is
orientated around ‘descriptive statistics on the criteria and factors of
project success and failure’ (p158). This supports Brady & Hobday’s
(2012) argument that perhaps ‘the very high project failure rates
observed are partly a consequence of the enduring traditional approach’
(p289).

Using a qualitative research approach, this research seeks to explore how
the perspective of the ‘lived experience’ can bring ‘new insights to
fundamental project concepts’ (van der Hoorn, 2015, pl1). This approach
supports the development of a theory to assist the understanding of the
phenomenon and further contribute to the research discussion in this
field. The exploration requires a systematic methodological approach that
captures the ‘unique experiences’ of participating individuals and ensures
a ‘more personal, concrete description of the perceived experience’ (van
der Hoorn, 2015, p4). For this reason, an interpretivist philosophy has
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been adopted. Underpinned by a qualitative research approach grounded
theory research methods are utilised to avoid ‘the research participants
providing generic, instructed, or indoctrinated responses that are based
on a theory of what projects should be like or taught definitions (ibid.,).
The research approach is useful because little is known about the
phenomena or ‘contextual conditions’ (Yin, 2011, p8) of the social,
economic and political factors that impact on emergency management
projects.

The grounded theory research methods used include participant
observation, semi-structured interviews, and the analysis of secondary
data (sector artifacts and documents published in the public domain). As
a participant observer, the researcher’'s immersion and long-term
engagement in the VEMS has assisted in the identification and collection
of primary research data. The preliminary analysis of the data collected
provides an account of key elements of a state level emergency
management environment. This supports the investigation of how social,
economic and political factors ‘enable, constrain and define’ (Sage et al,
2014, p545) project outcomes delivered in the sector.

RESEARCH GAPS

The research to date has identified that, despite the level and depth of
discussion on projects and project management, and the continued
professionalism of the discipline of project management;

the literature and reports fail to account for what Moe and Pathranarakul
(2006), Gauld (2007), Wirick (2009), Flyvbjerg (2012) and Terrill et al.,
(2016) describe as the dynamics of the social, economic and political
elements that surround public sector and emergency management
projects.

the range of research undertaken to understand if social, economic and
political factors influence and define the success project outcomes within
the Australian federal and state public sector is limited.

the research undertaken on the nature and extent of the challenges to the
delivery of projects within state level emergency management sector
specifically is also limited. This limited discussion focuses on the delivery
of successful project management outcomes, the ‘doing things right’,
rather than the delivery of successful strategic outcomes, the ‘doing the
right thing” (Rochet, 2008). The discussion has yet to address the ‘more
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substantive question of how and why those outcomes are being defined
and legitimated’ (Sage et al, 2014, p545)

the literature available on the management of emergency management
projects is limited and lacks understanding of the ‘peculiarities’ of the
emergency management sector and the social, economic and political
context in which it operates. The emergency management sector is a
highly complex environment, ‘more complex than most traditional project
managers are very likely to face’ (Steinfort & Walker, 2011, p8). As a
result, there are few sources from which project managers and
emergency management organisations can obtain guidance on developing
well-founded project delivery strategies and actions to address the
challenges they face.

This research aims to address these gaps by identifying if social,
economic and political factors influence and define project success in the
state-based emergency management sector. This will support the future
development of treatments that ensure project outcomes are aligned to
sector mandate to protect life and property.

FINDINGS

As planned, the researcher conducted a total of 25 semi-structured
interviews and observed 4 VEMS project management Community of
Practice (CoP) meetings between 2014 and 2015. These project-based
activities were part of a sustained relationship with EMS project
practitioners that included interviews, informal conversations, site visits
and meetings with senior sector personnel including Inspector-Generals,
Chief Officers, Regional Commanders, Directors, Divisional Operations
Managers, Senior Program and Project Managers and Project
Coordinators. A ‘purposive sampling’ (Rudestam & Newton, 2007, p106)
approach was utilised to increase the scope and range of data and to
‘uncover the full array of multiple perspectives’ (Lincoln & Guba, 1985,
p40). Participants were identified through sector networks as ‘experiential
experts on the phenomenon being studied’ (Rudestam & Newton, 2007,
pl1l07).

The findings to date indicate that despite the growing adoption of project
management as a standard business practice, there is a limited amount of
empirical research that ‘takes seriously the practitioners lived experience
of projects’ (Cicmil & Hodgson, 2006, p675; see also Morris et al 2012a;
Soéderlund, 2012; van der Hoorn, 2015). This is particularly relevant to
projects in the VEMS and supports the dynamics identified by Steinfort
and Walker (2011), and Crawford et al (2012 & 2013) relating to the
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challenges of delivering projects within the emergency management and
disaster recovery context.

In an environment where issues of urgency and the objective to ‘improve’
and cope with similar catastrophes in the future add a complexity that
‘most traditional project managers are ever likely to face’ (Steinfort and
Walker, 2011, p8), the use of standard project management tools and
techniques have been criticised by researchers and interviewees as
‘foolish or even harmful’ (ibid., see also Crawford et al., 2012 & 2013) in
terms of their wider applicability to chaotic disaster related environments.

The research so far supports findings into why failures of public sector
projects continue to be so common despite the research, reports and
investigations conducted both domestically and internationally (Young,
2006; Flyvbjerg & Budzier, 2011; VO, 2011; VAGO, 2012 & 2014, Terrill
et al., 2016). Preliminary research findings indicate that the majority of
projects initiated after a major emergency or natural disaster move
immediately to project implementation without progressing though the
concept or business case phase. Projects have poorly defined scope, are
‘output” rather than ‘outcome’ focused, are defined by ‘traditional’
concepts of project success and the implementation of the ‘government
initiatives’ rather than the delivery of a net benefit contribution to the
public good.

Interestingly, preliminary analysis of interview data correlates with the
findings of a recent report released by the Grattan Institute on transport
infrastructure projects in Australia (Terrill et al., 2016). This relates as
transport infrastructure is a core capability identified in Victoria’s
Preparedness Goal (2016; www.emv.vic.gov.au/capacity). Whilst all EMS
participants were interviewed well before the Grattan Report release, the
initial research data indicates that;

whilst governments fund many worthwhile projects, overall investment is
poorly directed

decisions on particular projects are made of the basis of weak or
undisclosed business cases

too much money is spent on the wrong projects in the wrong places

too often politics comes ahead of the public interest

an ‘ad hoc’ approach misses key opportunities and results in a high level
of waste

many projects provide no more benefits to service delivery capability but
cost more than twice as much
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there is little that can be done to stop politicians committing to projects
before they are properly evaluated - particularly during election
campaigns

the public don’t understand the sector and therefore don’t understand if
the funds are being spent wisely

(Terrill et al., 2016, ‘Roads to riches: better transport investment’, p2)

Although the detailed, data analysis is yet to be completed, the
consistency of these preliminary findings across the participant interviews
suggests that social, economic and political factors do influence and
define the success of projects within the EMS.

LIMITATIONS AND CONSTRAINTS

The focus of this study is limited to the EMS in the State of Victoria,
Australia and the social, economic and political factors that impact at the
state level. As such, it may not be deemed ‘universally-applicable’ (van
der Hoorn, 2015). However, as the VEMS is a robust example of a state
level EMS it is likely that the factors identified may be applicable to other
state level EMS within Australia and the commonwealth. A larger sample
of the sector in other states and federally in future research would
increase the validity of the findings.

Other limitations include the potential bias of the author who has been
employed in the VEMS for over 16 years. As the sole facilitator and
analyst of all interviews, bias may influence interpretation of the data
presented. Equally, the validity of the understanding of the ‘lived
experience’ as grounded in the conception of the memory - experience
gap may be a limitation to the findings. Kahneman (2007) and Kahneman
and Riis (2005) argue that the ‘experienced’ and the ‘remembered’ are
two different measures that will have different results. This is noted to
highlight that whilst the findings of this research ‘cannot be assumed to
reflect the ‘living’ experience (i.e. the experience in the moment) . . . they
can be categorised as the ‘lived’ experience (i.e. a recollection of the past,
a memory)’ (van der Hoorn, 2015 p12).

CONCLUSION

This research provides an overview of the preliminary findings of the
research to identify if social, economic and political factors influence and
define the success of projects in the EMS. This research has identified that
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discussion of projects, particularly those initiated after a major emergency
or natural disaster, is limited in the literature. The research to date
indicates that the social, economic and political factors influence and
define project outcomes in ways that ‘cannot be apprehended within
existing research’ (Sage et al, 2014 p545). It identifies that current
definitions of project success are not sufficient to ensure outcomes that
support the sector mandate to protect life and property. The aim of this
research is to enhance the theoretical understanding of the management
of projects in the state based EMS. This research will contribute to the
future development of treatments that ensure project outcomes are
aligned to the sector mandate to protect life and property.
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ABSTRACT

Disaster response is primarily concerned with allocating limited resources
efficiently and quickly to those most in need of them. Accurately
identifying which people to target with relief, as well as what types of aid
to provide, is crucial to an effective disaster response. This s
unfortunately often difficult to accomplish when assessments examine
tangible factors in isolation to determine needs. Psychometric evaluation
of individual quality of life allows for rapid, sector-agnostic assessment of
disaster impact and community resilience. This information can be used in
both research and operational contexts to identify at-risk subgroups for
targeted interventions, monitor the effectiveness of specific aid
interventions over time, determine the appropriate phase of disaster
response or recovery relative for recipients, and identify the current needs
of disaster victims. This paper develops the theory underlying the
psychometric assessment approach, and examines the methodology and
results of applying this approach to post-disaster communities in villages
in Afghanistan after severe flooding and Vanuatu after a Category 5
tropical cyclone. The studies demonstrate that quality of life indicators are
robust, operationally viable, culturally agnostic, and imminently useful for
targeting aid, determining needs, and measuring the effectiveness of
programs.

Keywords: assessment, disaster, Afghanistan, Vanuatu, resilience

INTRODUCTION

The disaster response/relief sector faces several key challenges due to the
nature of the post-disaster operating context: limited resources, limited
information visibility, and limited time. Because of these limitations and
the primary mandate of disaster relief—reducing human suffering and
saving lives—sub-optimal action on the part of humanitarian actors is
damaging, whether in the form of poorly targeted or poorly implemented
interventions, or redundant interventions from several different actors.
Poor programming in a humanitarian context consumes limited resources
out of the total available to the entire response pool (funding, logistical
capacity, etc.), wastes time, and ultimately leads to more loss of life or
suffering than if proper action had been taken. Unfortunately, the very
same limitations that make missteps so damaging also make error more
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likely, as humanitarian actors struggle to meet victims’ needs with
restricted resources while making decisions with partial information under
time pressure.

Given the trend of increasing disaster frequency, size, and complexity,
effective humanitarian action is of dire importance (Dilley 2005). The core
question for effective relief is who to allocate limited resources to (target
population), how (programming), and how to do so quickly (timely
response). The traditional solution is to use technical assessment
techniques to identify needs by measuring tangible, easily counted
deficiencies, such the loss of a home. At-risk or marginalised groups are
identified by these tangible factors and/or commonly accepted
demographic factors, such as household size or gender (Jones et al.
2013; OCHA 2013).

Unfortunately, physical measures are inherently flawed when used as a
complete measure of need for determining resource allocation in disaster
relief. Technical factors alone do not capture the net human impact of
disasters, which is determined by the complex interaction of multiple
physical and psychological dimensions, as well as victims’ tangible and
intangible resources (Couch & Kroll-Smith 1985; Gist et al. 1998).
Measuring all of these factors in the field would be impractical, even
before trying to combine them.

However, human factors assessments—measuring the present quality of
life of disaster-stricken populations—offer a promising solution to these
issues. Examining overall disaster effects through proxy measurements,
such as clinically proven quality of life tools. Using semi-quantitative
psychological measures (psychometrics) as the primary assessment
method yields many benefits, including (a) measuring the real outcome of
the interaction of all factors that could amplify or ameliorate the
cumulative effect of a disaster, (b) identifying individuals and
communities capable of self-driven recovery, (c) clearly showing
differentiated impacts, (d) measuring need in a sector-agnostic manner,
and (e) providing a comprehensive metric for measuring the effectiveness
of relief programs over time. Quality of life surveys also do not create the
expectation of specific aid.

By combining psychometrics with demographic factors, high-need groups
can be quickly identified and helped, without the opacity of using
technical assessments or assumptions of relying on predetermined
demographic risk factors. A psychometric approach generates unified
indicators that account for the nexus of factors that determine disaster
impact and resilience, including factors that are not readily apparent or
measurable. Psychometrics account for the disaster’'s affect after
considering factors such as culture, personal savings and income security,
and community-mediated resources accessible through family and social
networks.
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Psychometric assessments can also easily extend to include simple ways
for individuals to self-indicate needs. This gives aid recipients a voice in
the process, and when paired with the psychometric indicators, quickly
shows which people are most affected and what types of programming to
investigate to meet their most pressing needs. Assessing populations
using psychometric tools is also a useful proxy measure of community
resilience (or vulnerability) before or after a disaster.

The objective of this research is to further demonstrate the operational
viability of using a psychometric assessment approach in disaster relief.
Studies were conducted in several villages in Afghanistan following a
UNHCR shelter response to flooding in 2014, and in the developing island
nation of Vanuatu after Tropical Cyclone Pam in 2015.

METHOD

Assessment data was collected using the Depression, Anxiety, and Stress
Scale 42-Item (DASS-42) psychometric survey, extended with
demographic data and a self-ranked hierarchy of current needs for
respondents. The DASS-42 indirectly measures depression (sad, “empty”
affect, accompanied by somatic and cognitive changes leading to loss of
function), anxiety (apprehension, worries about loss of control or ability),
and stress (over-arousal, characterised by touchiness, irritability, or
jumpiness), via the frequency with which respondents experience physical
and psychological phenomena. The DASS was utilised because it has been
used to measure psychological well-being in a variety of contexts,
including past disasters as a resilience indicator (American Psychiatric
Association 2013; Antony et al. 1998; Aslam & Kamal 2016; Mujeeb &
Zabair 2012; Potangaroa et al. 2015; Santosa et al. 2014).

Potangaroa and Wilkinson (2015) in particular have made use of the
DASS in a disaster context in Pakistan, China, Haiti, Christchurch, the
Philippines, and Indonesia. They successfully focused on utilizing the
DASS-42 as a tool for identifying which demographics were most affected
by disasters and evaluating the outcome of aid programmes. When
considering the case studies performed previously, as well as those
outlined in this paper, it is clear that psychometric tools, and the DASS-42
specifically, can be flexibly applied to assessment for almost any cultural
context, hazard type, or scale of event.

The survey’s phenomenological nature makes it largely trans-cultural, and
suitable for most contexts if properly translated (Oei et al. 2013). It is
robust and designed to be administrable by nonprofessional staff
(Lovibond & Lovibond 1996). It can be effectively conducted in
approximately 15 minutes by a practiced administrator (Potangaroa et al.
2015).
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The DASS severity index for interpreting scores is effective for indicating
the relative seriousness of the measured psychological states, regardless
of cultural context and, critically for post-disaster assessment, without the
need for baseline data.

RESULTS AND DISCUSSION

Afghanistan

The objective of administering the DASS-42 in Afghanistan was to
demonstrate the psychometric method’s ability to measure the
effectiveness of the UNHCR housing programme in meeting the affected
population’s needs, uncover the local patterns of disparately affected
groups, and to identify those need of further assistance.

After the shelter programme’s completion, the extended DASS-42 was
used to gather quality of life information. The extended DASS-42 survey
forms were translated into Dari and Pashto as appropriate and validated.
UNHCR partnered with local Afghan officials to collect data from 444 aid
recipients in the Gardiz, Herat, Mazar, and Kabul regions by interviewing
aid recipients with the questionnaire. Data was collected in November and
December 2014, following the April flash floods.

Table 4. Median DASS scores by region.

Region
Dimension Gardiz Herat Karbul Mazar Overall Severity
Depression 9 7 17 13 12 Mild
Anxiety 10 5 16 13 12 Moderate
Stress 17 8 17 17 17 Mild

Table 5. Frequency of DASS severity indicators

Severity Depression Anxiety Stress
Normal 174 122 180
Mild 106 51 74
Moderate 113 107 97
Severe 35 79 57
Extremely Severe 16 85 36

The data shows that while a majority of the studied population had
recovered to normal levels of quality of life (Table 1), a significant portion
were still strongly affected, experiencing severe or extremely severe
psychological symptoms (Table 2). This indicates that while shelter
response was effective in restoring quality of life for the community at
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large, critical gaps remain, leaving many families still in a state of crisis.
This kind of post-intervention evaluation is not easily obtained using
technical assessments, but is incredibly important for ‘completing’ a
response. This data also enables agencies to become more effective with
immediate follow-ups in the field for those still in crisis, as well as
enabling an improved response in future disasters.

Quality of life data can also be used to identify marginalised groups and
local risk factors effectively. One of the most notable disparities in quality
of life was geographic (Table 1). The Karbul and Mazar regions
demonstrated disproportionately high indicators of depression and
anxiety, while Herat appears to have been most-recovered province. The
disproportionate impact on Karbul may be related to a high number of
young children in Karbul households (Table 3). Indeed, for the surveyed
population, there was a highly positive relationship (significant even at p
< 0.005) between the number of young children in a house and all of the
DASS dimensions, as well as with household size.

Table 6. Number of children per respondent household, by region.

Region Avg. no. children 5 or under Median no. children 5 or under
Gardiz 1.88 2
Herat 0.80 0
Karbul 3.14 3
Mazar 1.51 2

Normally, this type of risk information is assumed—for example, the
preferential targeting of female-headed households or the elderly for aid.
However, many of these factors are locally specific, as demonstrated by
the difference between the relatively high quality of life for women in
Gardiz (where they were significantly less affected than men, and less
than women in Karbul and Mazar), compared to the impact on women
elsewhere (significantly more so than men) (Table 4). These regional
differences in demographic differentiation would be more difficult to
quantify using standard assessments.

Table 7. DASS scores by gender and region.

Region
Gender Dimension Gardiz Herat Karbul Mazar Overall Overall Severity

Depression 15 6 16 13 12 Mild

M Anxiety 16 4 13 13 12 Moderate
Stress 18 7 16 17 15 Mild
Depression 8 10 18 16 12 Mild

F Anxiety 9 9 18 13 11 Moderate
Stress 17 17 18 18 17 Mild
overall Depress.ion 9 7 17 13 12 Mild

Anxiety 10 5 16 13 12 Moderate
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Stress 17 8 17 17 16 Mild

Foregoing standardized assumptions about marginalised demographics in
favour of quality of life information also prevents wasteful mis-targeting
of aid. For example, the Afghanistan data reveals no consistent
relationship between age and quality of life after the disaster. Contrary to
the findings of past research on other communities, older respondents did
not report consistently higher levels of depression, anxiety, or stress, with
the exception of a single outlier in the Herat region (Phifer 1990; Phifer &
Norris 1989; Potangaroa et al. 2015). Even though Afghanistan has been
regularly censured by international organisations as one of the least
hospitable countries in the world for the elderly, age was a poor predictor
of the quality of life impact of the flooding (HelpAge International 2015).
Neither was the number of people with disabilities in a respondent’s
household, which did not show a statistically significant correlation to any
quality of life indicators.

Vanuatu

The objective of the research in Vanuatu was to again demonstrate the
operational efficacy of psychometric assessment for identifying both
relative disaster impact (who to help), as well as how the method can be
extended to capture the primary needs of the community (how to help).
The DASS-42 was extended with not only demographic factors, but a list
of potential needs—food, water, housing, debt, income, clothing, and
health—which respondents ranked for their top three concerns.

The DASS was translated to Bislama and validated. It was administered to
all of the adults (n=14) in the village of Laonkarai on the island of Efate in
June 2015, following the devastation of Tropical Cyclone Pam in March.
Although the standard format for administering the DASS is a private
interview with individuals, constraints led to the survey being self-filled by
respondents. Administration is a key determinant of DASS outcomes, and
should be kept consistent across the population to keep relative results
valid. There are several problems inherent to self-filling: the presence of
family members or other observers may distort responses for some
respondents but not others, and the necessity of assistance for those
without the literacy required for self-filling the survey will skew answers
through both the observer effect and by priming the respondent with a
failure. Due to the variation of literacy capabilities in most populations,
even in developed countries, as well as the potential for confusion on the
scale or instructions, ensuring a consistent environment (one or two
interviewers with privacy from the community) is preferred to self-filling.
Fortunately, the main concern of the DASS in an operational environment
is generation of data valid for relative comparisons between groups and
over time, and not measurement precision on an absolute scale, and thus
the assessment is adaptable to several methods.
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The demographic context of the village was non-traditional, because most
of the working-age men had left the region or even country to find
employment. Only four of the 14 adult villagers were male, only one of
whom was younger than 54. However, a large number of children were
still present, with a median household size of 5.

The psychometric method’s utility in validating or disproving the
traditional assumptions regarding vulnerable groups have the potential to
be a powerful tool in increasing the efficiency and efficacy of disaster
response. In this case, the data shows that women were more affected by
Cyclone Pam—each indicator of psychological distress is one to two scales
of severity higher for women when compared to scores for men (Table 5),
which indicates an unusually disparate effect across genders. This may be
due to cultural factors, as withessed by Vanuatu’s chronic record of
gender inequality, with 60% of ni-Vanuatu women experiencing physical
or sexual violence, one of the highest prevalence rates in the world (CARE
2015).

Table 8. DASS results by gender.

Depression Anxiety Stress n
5.5 7.5 8
Male Normal Normal Normal 4
Female 11.5 13.5 22.5 10
Mild Moderate Moderate
9 13 18.5
Total Normal Moderate Mild 14

Surprisingly, younger respondents were more affected than older
villagers, especially two of the young women who were functioning as
heads of household. Older members of the community, however, were not
as affected (see Table 6).

Table 9. DASS results by age.

Depression Anxiety Stress n

Under 30 Mod1e7rate Extrig'\ely Se?/lere 3
Severe

30-39 Se%%a re Mod1e3rate IVTiI7d 3

40-49 Nor6mal Mold?a.lite Nolrr?wal 2
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7.5 10.5 15
50+ Normal Moderate Mild 6

The only other demographic factors correlated with lower quality of life
were households with female heads and households with higher numbers
of young children.

The extended quality of life assessment format allows disaster victims to
participate in the initial aid process by indicating their primary needs
themselves, which also enables a more-efficient pull-style aid supply
chain. Respondents reported a significant increase in needs and concerns
after the cyclone, especially regarding food security (Figures 1 and 2).
Housing was previously a top concern for aspirational reasons; before the
cyclone, villagers wanted to update their current traditional shelters to
Western designs and methods.

Food House Money Health Clothes Work Heat

R S R ¥ N s

No. of responses

L=
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Figure 6. Self-indicated needs and concerns of villagers before Cyclone
Pam. Some villagers reported no concerns before the cyclone.
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Figure 7. Self-indicated needs and concerns of villagers after Cyclone
Pam.

Despite their central location, the villagers are concerned about food
supplies in the future. Financial concerns were also largely fuelled by the
perception of food insecurity. The destruction of local traditional fruit
crops by the cyclone, combined with country-wide agricultural devastation
due to Pam and an oncoming dry season, will only increase pressure on
the villagers’ ability to procure food at reasonable prices. Agricultural
capacity is not predicted to fully recover for at least 3 years (based on
historical regrowth patterns for leaf-stripped crop trees), even given
optimal conditions (no dry seasons or cyclones).

It is notable that while aggregate measurements of psychological
wellbeing for the village at large were below expected for a community in
the response and early recovery phases following a disaster, 28% of the
villagers were still experiencing severe quality of life effects. Additionally,
although Laonkarai village was not as severely affected by Cyclone Pam
as it could have been (with intact homes and no deaths), they are now
highly vulnerable to a secondary-onset disaster, such as an extended
drought or another cyclone. Without intervention, food security concerns
will only grow over the following years.

CONCLUSION

Using quality of life assessments such as the DASS-42, offers
demonstrated advantages over using only technical assessments. As
shown by the study in Afghanistan, the DASS can be implemented
efficiently on a large scale, and provides a -culturally agnostic,
comprehensive measure of which groups or individuals are most in need.
Psychometrics are shown to be robust indicators because they account for
hidden factors, as well as interactions between factors, and thus show the
net state of an individual or community, rather than only measuring a
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small piece of the overall context. Because of this, psychometric
assessments are also more useful and accurate for program targeting
than assuming that traditional risk factors for marginalized groups are
valid in every situation.

The study in Vanuatu also demonstrated that extending this assessment
format with self-reported needs is an effective way to inform
programming that will have the greatest impact on quality of life, and to
identify the greatest needs for specific communities and subgroups.
Quality of life assessments can also provide a much more relevant tool for
measuring the effectiveness of technical interventions for improving the
lives of aid recipients. Given these operational advantages, the authors
recommend that disaster response efforts at all levels incorporate quality
of life assessment techniques for primary assessment following disasters
and when monitoring the effectiveness of programs.
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The Canterbury earthquakes present a significant opportunity to observe
business disruption and recovery in a well-insured and relatively high-
income country. This paper examines the business disruption effects of
the Canterbury earthquakes to identify which businesses were most
impacted and why. Using data collected in business surveys at various
stages of the recovery process, we analyse the extent to which insurance
helped, and sometimes hindered, business recovery, providing insight to
the role of insurance in both the short- and longer-term recovery
contexts.

Insurance was a significant part of the recovery journey for many
organisations in Canterbury. In some cases it gave organisations the
financial ‘space’ to respond and adapt to the dynamic post-disaster
environment. In other instances however, insurance created roadblocks
in their recovery process. The second half of this paper draws lessons for
the insurance industry on the role that they can and do have on business
resilience and recovery.

Key words: insurance, business disruption, disaster recovery, economic
impacts, organisational resilience
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ABSTRACT

The UN’s Sendai Framework for Disaster Risk Reduction 2015-2030
highlights the importance of engaging multiple stakeholders in Disaster
Risk Reduction (DRR). However, questions remain about whether the
increasingly broad range of people who are required to make more
informed decisions about risk reduction actually have the professional
competencies to do so. DRR in the UK is a part of the resilience agenda,
which implies a proactive approach to managing disasters and reducing
the risks. In Australia, DRR is integrated within national disaster
management policy, shifting responsibility away from government
towards a proactive private sector, community and individual. When
analysed closely it becomes apparent that despite the presence of
legislation that encourages integrating such considerations into built
environment processes, many built environment practitioners have not
received the training required for dealing with DRR. In addition,
proactively dealing with disaster risk in both countries is primarily
implemented by emergency managers that typically have not been
trained to deal with the required range of DRR approaches. These
observations suggest that if DRR considerations are going to become
better integrated into the (re)development of increasingly urbanised
world, then there is a need to better integrate DRR principles into the core
professional training (or at least continued professional development) of
some of these key built environment practitioners. Therefore with the aim
of assessing the extent to which DRR is (or can be) a core professional
competency, this paper a) presents a critical review of the current core
competency requirements for members of professional institutions, and b)
provides an overview of the training of built environment practitioners in
the UK and Australia.

Keywords: Disaster Risk Reduction; built environment; professional
competencies

INTRODUCTION

The last century has witnessed mass urbanisation that has occurred in the
context of neo-liberal ‘free-market’ policies, with the role of the state as

88



an urban custodian gradually being diluted (Johnson et al. 2013). This has
resulted in a reduction in regulatory control and a perspective that the
role of the state is primarily to enable ‘free’ markets to work. For the
construction sector this has enabled investments in construction through
the provision of infrastructure, financial mechanisms and making land
available for development. However, reduced (or ineffectively applied)
regulatory controls have meant that disaster risks, and other
environmental concerns, are often poorly considered in urban
development decisions (UNISDR 2011; Johnson et al. 2013). This has
been further exacerbated by the lack of appropriate training among built
environment practitioners.

The UN’s Sendai Framework for Disaster Risk Reduction 2015-2030
(UNISDR, 2015) highlights the importance of engaging multiple
stakeholders in Disaster Risk Reduction (DRR), with the specific role of
built environment practitioners highlighted in literature (e.g. Bosher et al.
2007; Chmutina et al., 2014). However, questions remain about whether
the increasingly broad range of people who are required to make more
informed decisions about risk reduction actually have the competencies to
do so.

A number of authors argues (e.g. Bosher et al., 2015; Siriwardena et al.,
2013) that despite the presence of legislation that encourages DRR and
resilience agendas to be integrated into built environment processes (i.e.
design, construction and operation of the built environment), it becomes
apparent that many built environment practitioners have not received the
training required for dealing with DRR. In addition, proactively dealing
with disaster risk is primarily implemented by emergency managers that
typically have not been trained to deal with the required range of DRR
approaches. These observations suggest that if DRR considerations are
going to become better integrated into the (re)development of
increasingly urbanised world, then there is a need to better integrate DRR
principles into the core training (or at least continued professional
development) of some of these key built environment practitioners (i.e.
civil engineers, architects, surveyors and facilities managers).

Therefore with the aim of assessing the extent to which DRR is (or can
be) a core professional competency, this paper a) presents a critical
review of the current core competency requirements for members of
professional institutions (e.g. the Institute of Civil Engineers (ICE),
Institute of Structural Engineers (IStructkE), Chartered Institute of Building
(CIOB), Royal Institution of Chartered Surveyors (RICS), Royal Institute
of British Architects (RIBA), Institute of Engineers Australia (EA),
Australian Institute of Architects (AIA)) and, b) provides an overview of
the professional training of built environment practitioners in the UK and
Australia.
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DRR COMPETENCIES AND PROFESSIONAL TRAINING
Why are DRR competencies important?

There is a potential for the private sector to play a critical role in
proactively addressing DRR. However the realities of free-market
economics (that often places a value on hazard prone land and a
competitive market for insurers to provide insurance as standard) and the
lack of incentives for the private (and even the public-private) sector to
proactively consider DRR have resulted in a legacy of inappropriately
considered developments. These developmental practices have occurred
to promote economic development, but not necessarily to enable
appropriate sustainable development.

Nonetheless, Bosher (2014) believes that there is scope for utilising an
approach to DRR that is less dependent on governmental regulation. For
instance, possibly through forward thinking private sector developers that
can grasp the business opportunity (even if it is just driven by free-
market fundamentalism). For some ‘new build’ developments, particular
developers are recognising that it could actually be a good idea to become
a market leader in incorporating DRR into commercial developments, with
the hope that it will give them the cutting edge over competitors in the
short term (i.e. under risk-blind legislative conditions) and the long term.
This has already happened in the area of sustainability, which is becoming
more and more mainstreamed into the construction sector’s activities;
many developers charge premium rates for the project that have a
potential to receive outstanding environmental ratings (e.g. LEED or
BREEAM). The greater engagement of built environment practitioners with
DRR activities provides a similar opportunity not just to increase revenue
and profitability, but also to contribute towards the betterment of
sustainability, and community, environmental and other social outcomes
(Bosher and Dainty, 2011).

The involvement of built environment practitioners in DRR has in the past
largely been associated with a range of critical activities such as
temporary shelter before and after the disaster, restoration of public
services (e.g. hospitals, schools power lines) etc. (World Bank, 2001). In
reality, however, built environment practitioners have a much broader role
to anticipate, assess, prevent, prepare, respond and recover
(Keraminiyage et al. 2007). Figure 1 illustrates that for DRR ideologies to
be made more influential, they need to be considered in the ‘project
concept’ and maybe even made a core component of ‘Company Policy’
(Bosher and Chmutina, 2017). The approach to how cities, infrastructure
and buildings are developed needs to be change, by not merely
mainstreaming DRR into practice but by making DRR part of the
‘developmental DNA’ (UNISDR, 2015). If DRR is only considered in the
planning and detailed design stages then there is hope that DRR
measures will be included but they may not be highly effective. If DRR is
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not considered or only considered once construction or reconstruction has
started then the creation of disaster risk is much more likely.

DRRisin | DRRis | DRRis an afterthought (potential |
the DNA | considered : for disaster risk creation) :
: ' :
High 4 .
ompany Policy
Project concept
Site selection
Potential
influence Planning appli
Low

Stage of the project/development
Figure 1: The ‘Project influence curve’ (Bosher and Chmutina, 2017)

This vision will need to be supported by many other non-structural
activities, and in particular by incorporating DRR into the professional
training (formal and informal) of built environment practitioners and
raising awareness of proactive risk reduction to deal with the current and
longer-term impacts of climate change.

As advocated by Russell (2013) and Janda and Pareg (2013) new skills
are required as core competencies to enable a better understanding of the
societal aspects of built environment practices and improved engagement
/empowerment with stakeholders (such as clients and local communities).
Bosher et al. (2015) take this idea further stating that the professional
institutions that provide education to, and accredit courses for, built
environment practitioners should take the lead in educating current and
future built environment practitioner about their roles in DRR. While
admittedly this is not a panacea it would definitely be a move in the right
direction.

DRR competencies and professional development in the UK3*

® This section is largely based on the research conducted by Mark Mayers as a part of his final year
dissertation project for the School of Civil and Building Engineering, Loughborough University and
supervised by Dr Lee Bosher and Dr Ksenia Chmutina.

* Data collection for this and the following section involved the exploratory analysis of the online
information in order to identify what DRR-related courses are currently available as a part of civil
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Whilst there is an opportunity for the introduction of DRR as a part of
professional competencies, current situation in the UK demonstrates that
this opportunity has not yet been fully realised.

The role of Higher Education Institutions in enhancing DRR-related
knowledge and skills through the development of relevant curricular and
modules is recognised (Malalgoda et al., 2015). Currently, a number of
engineering courses in the UK provide DRR-related modules, however a
predominant number of these modules are optional (see Table 1). These
modules mainly cover flood management, seismic hazards and tectonics.
The majority of the DRR-related programmes are largely offered at a
post-graduate level, with the main focus being on emergency
management (i.e. reactive rather than proactive approach to DRR).

Table 1: Overview of the DRR-related modules

Subject area Number of Number of Number of optional
Universities compulsory DRR- | DRR-Related
offering the related modules modules
subject area

Civil and 52 1 19

Building

Engineering

Town and 26 0 2

Country

Planning

Siriwardena et al. (2013) point out that due to the complexity of DRR,
relevant competencies have to be developed continuously. The
underpinning principles of the professional institutes that accredit built
environment courses provide an excellent opportunity for the integration
of DRR into the professional competencies, as their Codes of Conduct
already emphasise the importance of welfare, health and safety, and
sufficient professional knowledge (e.g. ICE, 2014; CIOB, 2015).

Whilst none of the engineering chartered institutes see DRR as a core
competency, in recent years a number of the Continuing Professional
Development (CDP) events focused on DRR (particularly natural hazards)
(e.g. flood management, resilience, risk assessment) has increased. For
instance, in 2016 RIBA ran a ‘Disaster Day’ workshop aimed at developing
preparedness and built in resilience approaches for the cities located in
disaster prone areas (RIBA, 2016).

engineering programmes, and whether DRR competencies are covered by the professional
development offered by various professional bodies.
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The IStructE has a dedicated Earthquake Engineering Field Team (EEFIT)
that collects and analyses data on geology and seismology, and make
technical evaluations. EEFIT offers an opportunity to the members of the
IStructE to join the team to expand their personal competence and
development their understanding of DRR measures and the perceived
importance of resilience in the built environment (IStructE, 2016).

DRR competencies and professional development in Australia

Australian society has extensive lived experience of disaster. However, in
recent years, it has become apparent that risk has been often
misunderstood by communities, industries and various government bodies
(Forino et al. 2015). This is sometimes attributed to the highly
professional nature of emergency response and a resulting complacency
displayed by those at risk. There is a pervasive technocratic mind-set that
asserts that more development and innovation will solve all of our
concerns. In this context, built environment professionals are being
trained overwhelmingly to prioritise economic rationale over all other
factors and students are generally positioning themselves for a
competitive neo-liberal job market.

Of the 37 universities training civil engineers in Australia, none explicitly
require students to focus on DRR, but around half include DRR-related
content, similar to the UK situation. Several of these have DRR-focused
electives, with the standout being James Cook University. EA integrates
many of the core skills and behaviours associated with DRR into its
competency standards and while ‘disaster’ is not included explicitly, ‘risk’
is a critical term that is embedded strongly.

With regards to Construction Management degrees, the University of
Newcastle offers an elective module on Disaster Resilience in its
undergraduate programme. However among the 12 universities awarding
CM degrees (which is a highly commercially focussed discipline), DRR is
clearly not a priority. The Australian Institute of Building, which accredits
all of these programmes, does not make any reference to ‘disaster’, ‘risk’
or ‘resilience’ in their competency standards (AIB, 2015). There is a
related focus on environmental standards and health & safety more
broadly.

The 18 Schools of Architecture in Australia boast numerous social good
initiatives, and while this can lead graduates into DRR-related pathways,
within the curriculum students are generally expected to develop their
own interests and DRR is not prescribed as a core area of competence.
The AIA provides various CPD opportunities in related areas and features
‘disaster relief” as an example of the relevant application of the profession
(AIA, 2016). A $10 million endowment was made to UNSW in 2015 to
fund research in disasters within the architectural field and will surely
raise the national profile significantly (Cheng, 2015).
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Urban Planning undergraduate degrees are offered by 26 universities and
deal more broadly with disaster risk management, but stop short of
targeting risk reduction specifically in curricula. Planning Australia has a
long standing relationship with the Australian Emergency Management
Institute and seems the most active discipline in terms of shaping policy
with an appreciation for DRR (Kelly, 2013). More specifically targeted DRR
modules are indeed taught in Australia, across Environmental Science,
Human Geography, Emergency Management, Public Policy and
Development Studies but built environment disciplines do appear to be
slow on the uptake with regards to graduate competency profiles.

CONCLUSIONS

This paper emphasises that for the built environment to become resilient,
DRR competencies of the built environment practitioners should be
improved. During the last few decades a paradigmatic shift has
contributed towards an increased focus on disaster preparedness, hazard
mitigation and vulnerability reduction rather than the often reactive focus
on disaster management and relief. Despite this new emphasis, the
construction industry at various scales is arguably poorly positioned to
embrace the tenets of DRR. The construction industry’s structural
fragmentation sustained by ingrained practices which have emerged from
the temporal nature of projects arguably present a problematic arena
within which to enact the joined-up thinking necessary to mainstream
DRR (Bosher and Dainty 2011), let alone the more ambitious aim of DRR
becoming part of the ‘developmental DNA'.

It is apparent that the broad range of built environment practitioners
need to do a better job at transferring existing knowledge; many of the
problems being encountered in hazard prone developments are not about
knowledge/information not existing (i.e. technical information on how to
build flood resistant structures), it is primarily about the knowledge not
being applied (for instance due to poor knowledge transfer, poor training,
commercial self-interests or poor regulation). Thus there is a need for
broadening the core skills base (the breadth of multi-hazard DRR
considerations, rather than just specialising in specifics such as
earthquake or wind engineering) so that non-structural approaches to
DRR can be given as much credence as some of the more technical
structural considerations.

It is thus argued by Bosher et al. (2015), and reiterated in this paper,
that proactively dealing with disaster risk should not merely be a ‘bolt on’
consideration, otherwise it tends to be more expensive, poorly integrated
and less effective than if incorporated into earlier designs. This raises
implications for the core education and continued professional training of
the built environment practitioners that are involved in the design,
planning, construction, operation and maintenance of our increasingly
urbanised world. Consequently, it is increasingly being argued that the
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institutions that provide built environment related education/training
programmes should take the lead in educating students about their roles
in DRR. This would need the support of key professional institutions (such
as the ICE, EA, RIBA, AIA, CIOB, AIB and RICS) including an open
dialogue about the feasibility of including DRR as a professional
competency though core undergraduate training, on-the-job practical
training and/or Continued Professional Development courses.
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ABSTRACT

The reliable serviceability of urban infrastructure system is crucial for
supporting modern society needs. Yet, the inherent hazard events within
the respective urban infrastructure system exert significant risks on the
dependent community. A number of conventional risk assessment
methods are unable to assess the risks in the context of its ripple effect
and impact within the community as various stakeholders associated and
impacted dissimilar to the existing hazard events. This study intends to fill
the risk assessment knowledge gap by applying a social network theory
and analysis which can capture, model and simulate the relationship
between the inherent urban infrastructure hazard events and the
community. A bipartite network analysis, called Bi-NA, utilized to analyze
the complex risk problem in a two-mode affiliated social network. The
method is applied using the real case study of urban water supply
infrastructure in Indonesia context. As many as 30 hazard events
identified from both literature review and expert comments in the field,
including the fulfilled design-based questionnaire by 126 individual which
grouped within 8 stakeholder groups of Surabaya city water supply
infrastructure system used as a main input data. The core capability and
advantages of the Bi-NA includes; characterizing, portraying, modelling
and expressing the association between each individual (stakeholder) with
the hazard events. The result, discussion and findings of this study will
contributes to the risk management field and as practical tools for the
urban communities in order to develop better urban infrastructure system
and community resilience.

Keywords: Risk assessment; social network; bipartite analysis;
infrastructure system.

INTRODUCTION

The urban infrastructure systems, within our built environment play a
crucial role for, not only as the backbone of socio-economic development
but also community wellbeing. As the urban infrastructure systems play a
significant part to the entire community wellbeing, thus the discussion
towards disturbances affecting urban infrastructure serviceability is a
great crucial matter. In urban infrastructure sectors, the hazardous
events can potentially exert significant failure on the functionality of one
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infrastructure and another, which ultimately affecting community
wellbeing.

The urban infrastructure system is a complex and crucial assets which
regulated, controlled and supported as well as exploited by various
stakeholders (who dependent and affected by the infrastructure system).
Departing from the understanding of the social amplification of risk
framework (Kasperson et al., 1988), both different individual and, or
groups within the urban community circumstances will be associated and
affected to risk event differently. Thus, understanding the interaction
between different stakeholder and risk events, in terms of different social-
cultural experiences is a crucial towards building the urban infrastructure
risk assessment and policy building.

In light with vast development of risk analysis and assessment method in
previous studies, nonetheless, the discussion towards stakeholder-
associated risk in the context of urban infrastructure is still missing. In
the light of literature gap, this study proposed and applied a network-
based risk analysis build upon various stakeholder perceptions towards
each risk associated with them (individually) in order to analyze the
nature of risk giving ripple effect affecting community.

LITERATURE REVIEW

Urban infrastructure system, faces a range of potentially serious threats,
despite this formidable array of threats confronting the respective
infrastructures, many problems will occur simply due to the complexity of
these systems (Little, 2009). Therefore, a single disruption can be
automatically devastated and affecting its serviceability which yields on
disruption on urban flow. Assessing risk especially in urban infrastructure
context can be daunting as urban infrastructures, which usually seen in a
traditional view, cannot be solely observed in a single technical matter
rather than the urban infrastructure systems create a social value
downstream by serving a wide variety of end-users (as an individual or
group) who rely on access to the system.

The urban infrastructure system is a complex and crucial assets which
regulated, controlled, supported and exploited by various stakeholders
(who dependent and affected by the infrastructure system as well).
Consider the complexity characteristic of urban infrastructure system,
thus the discussion towards a disturbance on, and resilience of urban
infrastructure serviceability may lead to the investigation of significant
issues, which is; the association between risk and urban community.

A discussion related to the urban infrastructure risk and its impact on

community has received a large number of attentions in risk management
studies, for instance; (Little, 2009; Mei, Chuanfeng, & Liang, 2010).
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Repose to the concept of social amplification of risk (SAR) framework,
developed and proposed by Kasperson et al (1988e) (Kasperson et al.,
1988), different individual or groups within the urban community will be
associated and affected to risk event differently in which (direct or indirect
experience, and knowledge) influenced by their social and cultural
environment. Understanding this interaction for different risks, for
different social experiences and for different cultural groups is an
important research need towards developing better urban infrastructure
system risk management.

A number of conventional quantitative risk analysis method has been
developed well in previous studies, for instances; Failure Mode Effect and
Criticality Analysis, domino effect analysis, event tree, risk matrices,
aggregate exposure metrics, risk priority-scoring methods, and fault tree.
Nonetheless, conventional risk assessment considered to view hazard
events in a subjective, compartmentalized, linear and isolate manner
(focusing on the numerical analysis and hazard-technical matter), which
neglects the relationship between the risk events and the urban
community (Cox Jr, 2009; Rausand, 2013). Thus, this issue leads to
losses crucial information, issues obscurity, and cause managerial
uncertainty towards building the comprehensive risk mitigation plan and
strategyError! Bookmark not defined..

To fill the gaps in previous risk management field of study, this study
developed a novel risk assessment method in such a way be able to
capture and model the divergent relationship between the hazard events
and the community by objectively accommodate stakeholder perceptions
towards risk.

The Bipartite Network-based Risk Analysis

The proposed methodology, named as Bipartite Network-based Risk
Analysis (Bi-NA). The proposed Bi-NA is based on gathering and
assembling the exchanging perception-based information towards (or
experts-associated risk event. To explore the risk-stakeholder
interactions-based properties, the proposed method flowchart (figure 1)
and a ‘step-by-step’ process explained below.

Identify and determined both the hazard events and the stakeholder in
the respective urban infrastructure sector.

The design-based questionnaire built in order to obtain the perception of
risk from the participant. Participant need to specify what hazard events
are associated with them.

The next step involves defining the links within the network, which
present the relation between two nodes.
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Building the stakeholder-associated risk matrix (SRM, which represents
relations among objects) in order to further develop the network structure
(Danilovic & Browning, 2007; Fang, Marle, Zio, & Bocquet, 2012). Risk-
stakeholder interaction is considered as the existence of a possible
precedence relationship between two nodes S; and R,. (Fig. 2)

Direct assessment is made for each potential interaction by one or more
experts according to their experience and/or expertise. A qualitative scale
(either 0 or 1, as aforementioned) issued for assessing the interactions.

Apply the fixed SRM as the main matrix towards 2-mode SNA simulation
in order to reveal the network topology.

s e 5 e e e ) e e e e e e e e e e e e e S e ey

! Identify and determine Identify and determine
| the hazards events the stakeholdergroups |1

Desigbased o _ __ Targeted responderits within
dustonnaing L &= the specific stakeholder groups
s
------ —

(9'1) _| | Stakeholder-associated -
\ s Risk Matrix (SRM) N

Main model and simulation
\ 4

Social Network Analysis
(SNA)
v

Network visualization

2-mode (S-R) Network
topology decipherment

- Degree centrality

- Closeness centrality
Correlated |- Betweenness centrality
- Status centrality

- Eigenvector centrality

Model output analysis

Figure 1. Proposed method flowchart.
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Figure 2. (a) SRM and, (b) Stakeholder-associated risk network.

The SRM matrix, which is a 2-mode (or bipartite) network, is used to form
a main network. The networks can be represented by a network graph, in
which the identified risks and stakeholders are mapped into N and I
nodes respectively connected by non-weighted arrows (Fang et al.,
2012). Further, a number of network topology representations (such as;
degree, degree centrality, betweenness centrality, closeness centrality
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and eigenvector centrality) will be utilized to decipher the structural
configurations of the node relations by calculating a number of SNA
indicators in a normalize form (Lienert, Schnetzer, & Ingold, 2013;
Malisiovas & Song, 2014; Marin & Wellman, 2011; Prell, Hubacek, &
Reed, 2009; Zhang et al., 2008). Thus, the higher the normalized value
the higher the ranking is.

Application to Urban Water Supply Infrastructure System

This study applies and validates the proposed Bi-NA method in the case of
in Surabaya city water supply infrastructure system as a 2nd largest city
in Indonesia who has the best ranked urban water supply system among
the nation. A number of past studies explored and discussed the problem
and challenge that Surabaya water supply system faced either in
environmental, technical, economic and social aspects (Ostojic, Bose,
Krambeck, Lim, & Zhang, 2013; Setiono, 2013; W.Dick, 2002). As many
as 30 hazard events identified based on the vast literature review
(including interviewing the experts) based on the studies published in the
mainstream risks and resilience literatures (Grafton, Pittock, Tait, &
White, 2013; Roozbahani, Zahraie, & Tabesh, 2013) (Table 1).

Table 1. The identified 30 hazard events.

Hazard category Hazard events
R1. Climate change, R2. Natural disasters, R3. Water
Nature scarcity (shortage), R4. Idle land exploitation, R5.

Pollution and contamination.

R6. Uncertain water demands (and trends) R7. Water
misuse, R8. Limited access to clean water, R9. Payment
Social problem, R10. Community rejection, R11. Population
growth and urbanization problem, R12. Sabotage to
physical infrastructure.

R13. Uncertain political behavior, R14. Limited public
Political participation, R15. Changes in government policy, R16.
Obscurity on government legal and regulatory.

R17. Insufficient non-technical service provision, R18.
Water quality defective, R19. Trouble in water
transmission and distribution network, R20. Mechanical
(physical) component failure, R21. Under rate
maintenance, R22. Physical infrastructure decay
(aging), R23. Lack of technical service provision, R24.
Water loss (NRW), R25. Disturbance from another
supporting infrastructure.

R26. Interest rate instability, R27. Foreign exchange
Economic rates instability, R28. Poor infrastructure investment,
R29. Inflation hazard, R30. Uncertain water price.

Technical and Operational

As many as 126 respondents from eight different stakeholder groups (i.e.,
national river basin management agency; state government public works
department; public corporation (PJT-I); Surabaya city government;
regional water supply company; industry; commercial and, or public
facilities; domestic end user (household/individual)) participated into this
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study by filling the design-based questionnaire and willing to share the
information which used as the preliminary input data within the proposed
method.

DATA ANALYSIS, OUTPUT AND DISCUSSIONS

The raw data has been initially input, modelled and simulated using
Spreadsheet and NetMiner 4.0. The SRM is a big matrix which consists of
30 x 126 matrix size (i.e., based on the 30 hazard events and 126
participant). Once the SRM developed, both the network visualization and
topology decipherment can be obtained and analyzed by following the
network topology measurement. This study, focus on the bipartite (2-
mode) network analysis and output discussion in the risk events node
side only in terms of affecting to various stakeholders. Figure 2 clearly
depicts the interrelationship between stakeholder and the risk event
based on divergent perceptions towards risk.

Figure 2. The 2-mode network visualization from the determined SRM.

Table 2 shows the output analysis for the network topology decipherment
and figure 3 depicts the degree, betweenness, closeness and eigenvector
centrality concentric map completed with the value. Referring to the
concentric map, the more centralized the respective nodes the more
important/significant the risk event is (following the network topology
decipherment type).

Table 2. 2-Mode network topology analysis.

Risk Degreel Degree Centrality | Bet Centrality | Closeness Centrality | Eigenvector Centrality

ID | value  Norm Rank | Value Norm _Rank | Value Norm _Rank | Value Norm _ Rank
R1 70 0.556 0.753 6 0.047 0.425 6 0.640 0.835 6 0.219 0.837 6
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R2 73 0.579 0.785 5 0.061 0.549 4 0.654 0.853 5 0.230 0.877 5

R3 76 0.603 0.817 3 0.063  0.562 3 0.669 0.872 3 0.232 0.884 4
R4 33 0.262  0.355 25 0.007 0.065 24 0.506  0.659 25 0.125  0.478 25
RS 93 0.738  1.000 1 0.112  1.000 1 0.767 1.000 1 0.262  1.000 1
R6 36 0.286  0.387 24 0.006 0.053 25 0.514  0.671 24 0.147  0.561 23
R7 51 0.405  0.548 14 0.020 0.179 14 0.563  0.734 14 0.181  0.690 15
RS 63 0.500  0.677 8 0.036 0.327 8 0.610  0.795 8 0.204  0.777 8
R9 46 0.365  0.495 18 0.016 0.146 17 0.546  0.712 18 0.162  0.619 19
R10 28 0.222  0.301 27 0.003 0.025 30 0.492  0.641 27 0.123  0.469 27
R11 44 0.349  0.473 21 0.014 0.123 20 0.539  0.703 21 0.159  0.608 21
R12 48 0.381  0.516 16 0.014 0.124 19 0.553  0.720 16 0.179  0.681 16
R13 26 0.206  0.280 29 0.004 0.037 27 0.486  0.634 29 0.108  0.411 29
R14 28 0.222  0.301 27 0.005 0.048 26 0.492  0.641 27 0.113  0.430 28
R15 65 0.516  0.699 7 0.038 0.340 7 0.618  0.806 7 0.212  0.808 7
R16 45 0.357  0.484 19 0.013 0.113 21 0.543  0.707 19 0.168  0.641 18
R17 57 0.452  0.613 11 0.025 0.224 11 0.586  0.763 11 0.193  0.737 11
R18 85 0.675 0.914 2 0.085  0.767 2 0.718  0.935 2 0.254 0.969 2
R19 75 0.595 0.806 4 0.053  0.479 5 0.664 0.866 4 0.237 0.903 3
R20 60 0.476  0.645 9 0.033 0.296 9 0.597  0.779 9 0.203  0.775 9
R21 58 0.460  0.624 10 0.025 0.228 10 0.589  0.768 10 0.202  0.770 10
R22 47 0.373  0.505 17 0.017 0.151 16 0.549  0.716 17 0.173  0.659 17
R23 51 0.405  0.548 14 0.019 0.168 15 0.563  0.734 14 0.182  0.695 14
R24 55 0.437  0.591 12 0.023 0.203 12 0.578  0.753 12 0.193  0.736 12
R25 38 0.302  0.409 22 0.008 0.068 23 0.520  0.678 22 0.153  0.583 22
R26 29 0.230  0.312 26 0.004 0.034 28 0.494  0.644 26 0.125  0.475 26
R27 23 0.183  0.247 30 0.003 0.028 29 0.478  0.624 30 0.097  0.371 30
R28 37 0.294  0.398 23 0.009 0.082 22 0.517  0.674 23 0.138  0.527 24
R29 45 0.357  0.484 19 0.014 0.129 18 0.543  0.707 19 0.161  0.614 20
R30 54 0.429  0.581 13 0.021 0.191 13 0.574 _ 0.748 13 0.188 _ 0.716 13

From the degree analysis part, R5 has the great number of connection
link with the stakeholder as many as 93 link, followed by R18, R3, R19
and R2 by 85, 76, 75 and 73 links respectively among 126 stakeholders.
Nonetheless, R27 received very small amount of degree value (just as
many as 23) among the 126 stakeholders, which reflect that people
mainly consider this risk event as not so important or crucial in terms of
having affect/impact (influencing people perceptions) in the case of
Surabaya water supply infrastructure system.

In all of the network topology analysis, R5 has been stated as the most
critical risk, being perceived by majority of stakeholders as the Surabaya
river is basically the main resource for producing clean water in Surabaya
city. In the view of betweenneess centrality, R5 also has the highest
capability in order to bridging/passing other risk event impact (both to
community as well as other risk events) by having the highest centrality
value. Both the closeness centrality (to reach and affecting stakeholders)
and eigenvector centrality, R5 also bring a critical understanding towards
its high connection and importance towards other risk events.

To the most, based on further interview, almost all of the participants
agreed towards this issue. Importantly, the issue of pollution and
contamination in Surabaya river is a multi-dimension challenges to
Surabaya government city where the sources of this problem is both
nature (climate change, river flow fluctuation, river sediment and dirt)
and man-made error (lack of awareness such as; littering and wash in the
river, unjustified law enforcement, a number of industries do not have
and apply the standard waste management in which pollute the Surabaya
river.
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Figure 3. Risks (i) degree, (ii) betweenness, (iii) closeness and (iv)

eigenvector centrality concentric maps visualization.

Another risk events which is ranked 2nd highest among the 30 risk events
based on network topology decipherment analysis is. Based on the
interview with the some experts (as well as lay people), this risk event
correlated high with the R5. The disturbances form of this risk event is
the delivery product of not-so-clean water which inevitably interfere
community daily activities. Further, R2, R3 and R19 are also the risk
event which has a high ranking among the other 30 risk events (ranked
as 3rd, 4th and 5th). Contrary to the five risk events ranked highest
discussed previously, the R10, R13, R14, R26 and R27 are another five
risk issues which considered not so or unimportant in terms of affecting
communities based on the low network topology score among the other
one stated in table 3.
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Interestingly, although the ranking from different network topology
decipherment measurements is somehow dissimilar, nonetheless R, R3,
Rs, Rig, and Rj¢ always ranked within the fifth best risk events, as well as
the Rio, Ri3, R14, R2s and Ry, contrary stand within the fifth lowest rank in
the context of network topology analysis among the 30 risk events. This
output refers to the critical and not-so-critical risk events in which, even
without following the classic risk analysis, mainly direct or indirectly-
negatively affecting people (either significant or not).

The discussions above further reveals another findings; people were
giving their attention higher to the risks issue in which correlated high to
the main product delivering by the Surabaya water supply infrastructure
system (i.e., “clean water”). Moreover, people perception toward risk
events is the product of individual intuition which reflects their self-
vulnerability point of view both in the pre and post disturbance period.
The analysis output data also clarify a significant finding which is; when
direct personal experience is lacking or minimal, there’s a tendency that
an individual learn about risk from other persons and from the media.

CONCLUSIONS

This study attempts to propose and apply the bipartite network-based
methodology to assess urban infrastructure risks in which capable to
capture, model and simulate the phenomena of the complexity connection
between risks and stakeholders individually. The results obtained show
that the topological analysis by bipartite network theory adds further
value and complements the classical risk assessment, in identifying both
the important risks and the important risk interactions with respect to
their role in the network behavior.

The advantages of the proposed method can be seen in the analysis and
discussion shown in previous section as the risk not assessed by its
impact, instead the association between individual and the hazard risks.
The ability of each of the risk event giving its impact and affecting
community based on multi-stakeholder perceptions toward each of risk
events has been discovered and discussed deeper which is significant to
support decision maker making crucial final decision for developing
community resilience as well as respective urban infrastructure system in
the further time. The proposed method enable for decision makers to
build both preliminary and post disturbance, a combination of feasible risk
mitigation actions thus can be performed and supported the building of
urban infrastructure risk mitigation and planning in order to increase the
urban infrastructure as well as community resilience.
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INTRODUCTION

The growth of cities has resulted in a concentration of risk for people and
assets alike. Catastrophes such as the 2004 Indian Ocean tsunami and
Cyclone Nargis (which struck Myanmar just four years later) have led to
the loss of hundreds of thousands of lives. These disasters also brought
economic catastrophe: millions lost their homes and livelihoods; cities
were reduced to rubble; economic growth and development were set back
by years, or even decades in some cases. Left unchecked, the cost of
climate change could account for some 20% of global GDP by the end of
this century. Much of that bill will have to be paid for by cities and
businesses (Axa, 2016).

Resilience planning is a complex issue that falls under the responsibility of
multiple departments within governments. While some cities have set up
plans that centralize the multiple aspects of resilience planning, others
have integrated adaptation and resilience across departments and
sectors. Cities are implementing both long-term adaptation measures as
well as more immediate response activities. Given the nature of the
challenges that cities will face, long term planning and adaptation to the
changing environment will be crucial for surviving the worst impacts of
climate change. It is, therefore, necessary to move beyond plans that
simply identify the potential for disaster and to outline emergency
responses.

There are also many cities and smaller urban centres where even the
best-oriented disaster risk reduction policies have a limited impact due to
large deficits in critical social infrastructure and in local investment
capacity. Consequently, two of the key issues for building urban resilience
is how to support, and learn from, the innovators, and how to leverage
significant changes in city-level resilience, even where there are limited
resources.

Another important trend is the extent to which cities are integrating
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disaster risk reduction into other local government activities, including
education, livelihoods, health, environment and planning, either by
incorporating risk consideration into existing activities or by initiating
projects that address multiple issues simultaneously.

The United Nations Office of Disaster Risk Reduction (UNISDR) launched
the Making Cities Resilient Campaign: My City is Getting Ready! (UNISDR,
2016) in 2010 in recognition of the increasing risks linked to global
urbanization and to strengthen local governments’ role in reducing these
risks. Since its launch, the Campaign has amassed pledges from more
than 3,000 cities. By signing up to the Campaign, local governments
commit to implementing the “Ten Essentials” for Making Cities Resilient, a
10-point checklist that serves as a guide to good disaster risk
management and reduction practice.

Within this context, this paper aims to share the Ten Essentials that have
been developed by UNISDR with the aim of promoting the increased
understanding of, and commitment by, local governments to disaster risk
reduction and to make cities resilient to disasters caused by natural
hazards.

NEED TO MAKE CITIES RESILIENT TO DISASTERS

Cities are complex in nature. They consist of a number of inter-dependent
physical systems (Santos-Reyes, 2010) and human communities which
are vulnerable to disasters in varying degrees. Kreimer et al. (2003)
identified a city or an urban area as a "“set of infrastructures, other
structures, and buildings that create an environment to serve a
population living within a relatively small and confined geographic area”.
Cities are seen as engines of economic growth where the majority of
economic activity takes place (Pelling, 2003). In many cases, city centres
are considered to be the preferred location for economic activities (as
movement is cheap in terms of distance, time and convenience of travel
as a result of good transport facilities), providing a thriving labour market
and good service facilities to support business organizations (Macionis and
Parrillo, 2004).

Increased global exposure to natural hazards has largely been driven by
population growth and the trend for an increased proportion of that
population to live in cities rather than in rural areas (Global Assessment
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Report, 2015). In 1990, 43 per cent (2.3 billion) of the world’s population
lived in urban areas and by 2014 this was 54 percent. The urban
population exceeded the rural population for the first time in 2008 and by
2050 it is predicted that urbanisation will rise to 70% (Albrito, 2012). This
increase in urban population has not been evenly spread throughout the
world. Different regions have seen their urban populations grow more
quickly, or less quickly, although virtually no region of the world can
report a decrease in urbanization. As the urban population increases, the
land area occupied by cities has increased at an even higher rate. A global
sample of 120 cities observed between 1990 and the year 2000, shows
that while the population grew at a rate of 17 per cent on average, the
built-up area grew by 28 per cent. It has been projected that, by 2030,
the urban population of developing countries will double, while the area
covered by cites will triple (World Urbanization Prospect, 2014).

As cities grow larger and become economically more productive, they
serve as magnets for rural-urban migration. As urbanization continues,
more and more people settle in cities, leading to urban sprawl and also to
increasing densification. Urbanization has the potential to make cities
more prosperous and countries more developed, but many cities all over
the world are grossly unprepared for the multi-dimensional challenges
associated with urbanization. As a result, the world’s population is
increasingly concentrated in large cities with poor housing and a lack of
basic protective infrastructure. Cities are, therefore, characterized by high
population density and a concentration of resources and infrastructure.
There is thus a high risk of economic loss, damage to assets, and human
casualties and injuries in disasters and extreme weather events, making
cities particularly vulnerable. Many of the world’s mega-cities are already
situated in locations that are already prone to major earthquakes and
severe droughts, or along flood-prone coastlines where the impacts of
more extreme climatic events and sea level rise pose a greater risk of
disaster. Urbanization taking place in relatively smaller cities is also a
concern - particularly in regions where the existing infrastructure and
institutions are ill equipped to cope with disasters. The vulnerability of this
new generation of urbanites will become a defining theme within disaster
risk in the coming decades. In contrast, cities also have a concentration
of resources, skills and political power and, hence, more capacity for
enabling resilience to hazards.

Cities are also characterized by much more built up areas as compared to
rural regions. Because of its concentration and extent in cities, the built
environment (infrastructure, facilities/installations, buildings, etc.)

111



represents high assets’ value and is vulnerable to damage and loss due to
disasters and climate change impacts. The built environment contributes
significantly to resource consumption and to greenhouse gas emissions
(Rosenzweig et al., 2011) and, consequently, to climate change which is a
key risk element within cities. A significant proportion of urban
development in cities is occurs in an ad-hoc, unplanned and unregulated
pattern, characterized by large-scale informal developments that are
particularly vulnerable to hazards. Urban planning and development
agencies often lack the capacity and resources required to deal with the
huge scale of the problem and, despite various localized coping strategies,
urban communities cannot mitigate or manage disasters that stem from
an urban development process beyond their control.

As a result of rapid urbanisation, cities are becoming extremely vulnerable
to threats posed by natural hazards (Malalgoda et al., 2013). Increase in
severe weather events and disasters have highlighted the need for cities
to augment their ability to withstand the disaster risks that they may
face, and to mitigate and respond to such risks in ways that minimize the
impact of severe weather events and natural disasters on the social,
environmental and economic infrastructure of the city. In the light of all
the above, city leaders need to make significant transformative changes
and investments in the resilience of their cities.

The ‘resilient city’ is a comparatively new term which is now widely used
in disaster related literature (Malalgoda, 2014) and policy documents
(UNISDR, 2012). UNISDR (2007) defines it as the ability of a system,
community or society exposed to hazards to resist, absorb,
accommodate, and recover from the effects of a hazard in a timely and
efficient manner, including the preservation and restoration of its
essential basic structures and functions. Friend et al. (2015) provide a
context for considering the rapidly changing characteristics of risk at a
local level and, in doing so, consider how the notion of the local level
might be reframed, and the opportunities for multi-scale interventions for
disaster risk reduction and how and the opportunities for multi-scale
interventions for disaster risk reduction might be seized. Tyler and
Moench (2012) draw on complex systems and resilience thinking to
consider the implications of urbanization for an understanding of local
disaster and climate risk. Furthermore, Friend et al. (2015) present
urbanisation as a process of social and ecological transformation, and
cities as dependent on complex systems and flows of resources beyond
their physical location. These approaches emphasise the increasing
influence of complex infrastructure and technology systems in shaping
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cities and urbanization, and the increasingly complex mobility of people
across different social arenas and locations (Graham and Marvin, 2001).

Godschalk (2003) states a disaster resilient city goes beyond changing
land use and physical facilities. It must also build up the capacity of the
multiple involved communities to anticipate and respond to disasters.
With the effects of evolving coastal hazards, this swift increase in
exposure makes cities key areas in which to address evolving disaster
risk.

Accordingly, what makes a city resilient to disasters can be seen as a
combination of resilience accumulated through the process of urbanization
and planning on the one hand, and the result of specific actions to reduce
disaster risk by various actors on the other. When viewed in this light,
urbanization is obliged to consider actions to reduce vulnerability beyond
the physical location of cities and, in so doing, to consider what is meant
by the term ‘local’. In considering the local dimensions of disaster risk
reduction, the focus is thus on the process of urbanization rather than on
the physical location of cities, or on the administrative units of the city or
municipality. This is not to reject the importance of place as a key
determinant in disaster risk and vulnerability but to also argue for the
growing importance of more multi-scale, systems-oriented approaches
(Friend et al., 2015).

POLICY CONTEXT

The Sendai Framework for Disaster Risk Reduction: 2015-2030 (UNISDR,
2015) adopted at the Third UN World Conference for Disaster Risk
Reduction, lays out the priorities of action that are necessary to be
undertaken at both national and local level in order to reduce mortality
and direct disaster economic losses (including damage to critical
infrastructure) by increasing the number of national and local disaster risk
reduction strategies by 2020.

These strategies and plans needs to be available across different
timescales, with targets, indicators and time frames all aimed at
preventing the creation of risk, a reducing existing risk and strengthening
economic, social, health and environmental resilience.

With the adoption of the Sendai Framework and Goal 11 of the
Sustainable Development Goals (make cities inclusive, safe, resilient and
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sustainable) local governments have become even more places at the
centre of efforts to build resilience to disasters.

WHAT IS THE UNISDR “"MAKING CITIES RESILIENT CAMPAIGN"?

A consideration of resilience with regard to cities has been led by the
United Nations Office for Disaster Risk Reduction (UNISDR) and was
adopted in their Making Cities Resilient Campaign which began in 2010
(Cassidy et al., 2014). This Campaign launched in May 2010 addresses
issues of local governance and urban risk. The Campaign is led by the
UNISDR but is self-motivating and partnership and city-driven with an
aim to raise the profile of resilience and disaster risk reduction among
local governments and urban communities worldwide. It focuses on
disaster resilience - that is, the ability of a city to plan for, mitigate,
respond, recover, adapt and grow after major disasters in the light of its
unique physical, economic, environmental and social circumstances. The
objectives of the Making Cities Resilient Campaign are (UNISDR, 2012):

Know More: Raise awareness of citizens and governments at all levels of
the benefits of reducing urban risks.

Invest Wisely: Identify budget allocations within local government funding
plans to invest in disaster risk reduction activities.

Build more safely: Include disaster risk reduction within participatory
urban development planning processes and protect critical infrastructure.

Though all levels of government are generally expected to become
involved in disaster risk reduction, the role and actions of local
governments in making cities resilient are critical. Local governments can
play a key role in contributing to making cities resilient in humerous ways
as they are rooted at the local level where disasters strike. The Campaign
developed ‘ten essentials’ to enable local governments to make their cities
more disaster resilient (UNISDR, 2012). The rationale for this important
development was to devise and implement innovative tools and
techniques for disaster risk reduction which can be replicated elsewhere
and/or scaled up nationwide. This rationale is also based on the
hypothesis that local governments are in a better position to organise,
develop and experiment with new tools and technologies for disaster risk
reduction such as early warning systems etc. and to make such tools and
technologies policy priorities.

It is clear that local governments can contribute to disaster risk reduction
and the resilience of cities in humerous ways. Disaster risk reduction has
to be achieved, mainly, through the proactive means of implementing
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mitigating measures with the participation of community groups and other
stakeholders.

Even though the role played by local governments in making their cities
resilient to disasters has been widely recognised in literature, several
authors (Malalgoda, 2014; Friend et al., 2015) and researchers have
identified that gaps exist in the actual contributions made by local
governments towards disaster risk reduction endeavours. This is
especially true within the context of the implementation of risk reduction
factors (UNISDR, 2015). Local governments need guidance on addressing
the underlying risk factors through resources, incentives and decision
making responsibilities.

THE METHODOLOGY FOLLOWED IN DEVELOPING THE NEW
ESSENTIALS

Looking towards the implementation of 2030 global agendas, to
increasing risks and to the future estimates of uncontrolled urbanization,
there is a need to design the “Ten Essentials” to be more actionable and
to encourage cities to move towards their implementation.

Member states and stakeholders have called for revisions to the local
indicators, which are informed by the essentials, and to the reporting
process; these revisions are required within the new framework including
the goals of the Sustainable Development Goals (UN, 2016).

The Steering Committee of the Making Cities Resilient Campaign met in
September 2014 and laid out guidance for the UNISDR for the revision of
the ten essentials. The recommendations included:

Establishing a group consisting of technical agencies, experts and
partners working at local level to lead the modification and harmonization
of the Ten Essentials;

Engaging National and Local Governments in the process to ensure that
relevant linkages are built into the measurement and monitoring;
Ensuring pilot studies are undertaken to factor in the realities on the
ground;

Focusing on action oriented actions; and

Engaging in the intergovernmental processes to get the new essentials
and indicators endorsed.

Accordingly, an expert group of 50 global agencies’, experts’, cities’ and
government representatives was established and the group first met in
December 2014. As an input to this process, UNISDR, in advance,
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conducted an evaluation of the ten essentials’ associated local
government indicators that engaged cities from all regions, partners and
stakeholders.

The expert group proposed a set of new Ten Essentials that was shared
with cities and partners at the Third UN World Conference on Disaster
Risk Reduction, held from 14™ to 18™ March 2015 in Sendai, Japan. These
essentials were then finalised after further consultations and a pilot
implementation. These new essentials were aligned to the guidance
provided by the Sendai Framework for disaster risk reduction monitoring
at the local level, the work of the inter-governmental working group on
indicators for the global targets of the Sendai Framework, and the overall
Sendai Monitoring framework. Identified technical agency leads (who
were recognised experts in their specific fields relating to any of the
proposed new ten essentials) assisted in the process of the development
of the indicators and the guidance notes for users. These guidance notes
provide city officials with examples on how to implement the essentials.

Pilot tests of the new essentials, their indicators and the generation of the
guidance notes were carried out in 20 cities commencing in January 2016.
Feedback generated in the pilot studies were used to revise the new ten
essentials and in establishing the final indicators and the guidance notes.
These revisions were then fed into, and assisted in forming, the new
indicators for the combined monitoring and action planning tool for
disaster risk reduction at the local level.

NEW ESSENTIALS

As already identified above, the main objective of the new essentials is to
be actionable. These new Ten Essentials are built upon the previous
essentials, just as the Post 2015 framework for Disaster Risk Reduction
builds upon the Hyogo Framework for Action (2005-2015), with interlinks
with priorities for action, representing a transition to the implementation
stage.

The new “Ten Essentials” listed below should be viewed as the key and
interdependent steps that need to be undertaken in order to build and
maintain resilience. The first three Essentials are the foundation blocks
from which all other Essentials can be acted upon, in parallel. Essentials
4-10 are, therefore, not presented in a specific sequential or prioritized
order:

Organise for disaster resilience - Put in place an organizational structure
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and identify the necessary processes to understand, and act on, the
reduction of exposure, its impact and vulnerability to disasters;

Identify, understand and use current and future risk scenarios - City
governments should identify and understand their likely risks, including
hazards, exposure and vulnerabilities, and use this knowledge to inform
decision making;

Strengthen financial capacity for resilience - Understand the economic
impact of disasters and the need for investment in resilience. Identify and
develop financial mechanisms that can support resilience activities;

Pursue resilient urban development and design - The built environment
needs to be assessed and made resilient as applicable, informed by the
risks identified in essential 2;

Safequard natural buffers to enhance the protective functions offered by
natural ecosystems - Identify, protect and monitor critical ecosystems’
services that confer a disaster resilience benefit;

Strengthen institutional capacity for resilience - It is important to ensure
that all institutions that are relevant to a city’s resilience have the
capabilities they need to discharge their roles;

Understand and strengthen societal capacity for resilience - Ensure the
understanding of and strengthening of societal capacity for resilience.
Cultivate an environment for social connectedness which promotes
a culture of mutual help through a recognition of the role of cultural
heritage and education in disaster risk reduction;

Increase infrastructure resilience - Assess the capacity and adequacy of,
as well as the linkages between, critical infrastructure systems and
upgrade these as necessary according to the risks identified in essential
2;

Ensure preparedness and an effective disaster response - Ensure that the
creation and updating of disaster response plans are informed by the risks
identified in essential 2 and are communicated to all the stakeholders
through the use of an organizational structure as per essential 1;

Expedite recovery and build back better - Ensure the existence of
sufficient pre-disaster plans according to the risks identified and that,
after any disaster, the needs of the affected are at the centre of recovery
and reconstruction, alongside the support needed to design and
implement rebuilding.

Foundations for these new essentials have been the need to organise for
resilience, to identify, understand and use current and future risk
scenarios, and to strengthen financial capacity for resilience.

The annex contains further details including a detailed description of each
Essential.
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IMPLEMENTATION OF THE 'TEN ESSENTIALS’

The outcome of any city development strategy should be sustainable and
resilient systems, services and communities. Unfortunately, the
relationship between sustainability and resilience is not clearly understood
or applied and quite often “being sustainable” has also been incorrectly
assumed as “being resilient”. The confusion is brought about by a lack of
standards in both disciplines and a lack of clarity in language and
concepts resulting in fragmented and disjointed efforts to achieve
sustainable and resilient communities (UNOPS, 2016). Cities progress
with the new Ten Essentials can be reviewed through various tools.
Through the monitoring of progress, the needs of cities can be identified
and, thereafter, partnerships can be sought with those in appropriate
positions, and with the expertise to assist with improvements.

In order to build resilience a common and shared understanding of what
makes cities resilient must be established. If a city has certain
characteristics or elements present it is likely to perform better than a city
without them. The Ten Essentials define the elements or characteristics
that need to be present in order for a city to be able to absorb, or recover
quickly from, shocks and stresses. The indicators that support the
essentials “measure” if these characteristics are present or not and to
what degree they are present so that decision makers can get an
indication of “how the city would perform if faced with shocks and
stresses”. In some instances this may require a qualitative approach in
assessing the degree to which the characteristic is present or not. Each
Essential covers one characteristic. However, in order to understand to
what degree it is present, a number of sub-indicators are used to reflect
the makeup of the main characteristic. The sub-indicators should be
assessed and a qualitative score set with reasons given. This will provide
more granularity and substance for each of the main indicators.

This process establishes a “baseline” at multiple levels. Strategically, it
provides cities with a clear guidance for determining the priorities for
action while, at the sub-indicator level, it enables gaps or weaknesses to
be identified so that remedial actions can be taken in order to build
resilience in a coherent and systematic fashion. Output indicators that will
enable progress to be measured on specific actions within each element
can be defined action by action.

Furthermore, the new Ten Essentials are in line with the focus of the
second phase of the Making Cities Resilient campaign. Starting in 2016,
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this phase will be dedicated to implementation, aiming to ensure that the
commitments made by governments are integrated into the local context.
Serving as a means for implementing the Sendai Framework and the
Sustainable Development Goals (SDGs), the Campaign will shift its focus
to implementation support, to partners’ engagement, investment-
cooperation opportunities, local action planning and the monitoring of
progress.

The Campaign will continue to advocate widespread commitment by local
governments in the building of resilience to disasters, aiming to reach
5,000 city-local government participants by 2020 with at least 500 of
them developing and implementing DRR and resilience strategies.
Standardized approaches to resilience such as the checklist for the new
“Ten Essentials” and corresponding indicators, targets and a reporting
process applicable to all cities will be introduced.

Private sector partners will also be targeted as well as looking for
connections with local governments and other development partners to
actively contribute to the development of products and services, and the
tools and technical support required for innovative urban risk reduction
solutions.

CONCLUSION

Local governments and local authorities are key to building urban resilience.
They are well placed to understand the local/national context, to leverage
public interest in climate change once specific risks become salient, and to
plan for, and implement, resilience measures. However, local governments
face complex and interrelated challenges in attempting to take effective
action such as a lack of coordination between different departments, a lack
of clear authority (even with devolved responsibilities) and a lack of
capacities to carry out policies effectively.

The Ten Essentials will assist local governments and local authorities in
building urban resilience (by assisting them in identifying gaps and
priorities), in building up the trust of their investors and, consequently, in
reducing losses both to human lives and investments.

Since 2010, the Making Cities Resilient Campaign has served as the
primary means of supporting the implementation of disaster risk
reduction at a local level. Among global initiatives, the Campaign is
unusual in its focus on both urban and local governments which are seen
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as the “front line” in disaster risk reduction. The Campaign promotes:
resilience-building in cities through many mechanisms, including raising
awareness of DRR among local governments through high-profile events;
providing tools, technical assistance and training for local authorities and
facilitating city-to-city support networks and learning opportunities,
including building on experiences gained from previous disasters and
refining local sustainable disaster management systems; the use of cost
effective local resources; participatory institutional systems for effective
disaster management; mediation with national agencies to bring in locally
relevant scientific advancements for effective disaster management, and
interaction between local communities and national governments to
implement policy changes in order to support locally relevant
development measures.
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Annex — The New “Ten Essentials”

E#

Essential

Description

Organise for
disaster
resilience.

Put in place an organizational structure and identify
the necessary processes to understand and act on
reducing exposure, its impact and vulnerability to
disasters.

Recognizing that the exact format/structure will vary
within and between countries, this will include but is
not limited to:

Establishing a single point of coordination in the city,
accepted by all stakeholders (see below).

Exercising strong leadership and commitment at the
highest elected level within the city authority, such as
the Mayor.

Ensuring that all departments understand the
importance of disaster risk reduction for achieving the
objectives of respective departments’ policies and
programmes and identifying measures to reduce
disaster risk within the departments’ roles and
responsibilities, and that they have a framework
within which to collaborate as required.

Engaging and building alliances with all relevant
stakeholder groups including government at all levels
(e.g national, state, city, parish or other subdivisions,
neighbouring cities or countries as applicable), civil
society and community organizations, the private
sector.

Engaging and learning from other city networks and
initiatives (e.g. city to city learning programmes,
climate change, resilience initiatives, etc.)
Establishing necessary strategies, acts, laws, codes or
integrating resilience qualities into existing policies
aimed at preventing the creation of risk and the
reduction of existing risk.

Creating policies to gather and manage data for
sharing amongst all stakeholders and citizens.
Ensuring that all city government discussions routinely
capture resilience implications; that the resilience
implications of policies and standards in use are also
assessed, and that action is taken upon these as
needed.

Putting in place reporting mechanisms that capture
key information about resilience and promote
transparency, accountability and improved data
capture over time.

Identify,
understand and
use current and
future risk

City governments should identify and understand their
risk scenarios, and ensure that all stakeholders both
contribute to, and recognize, these.

Risk scenarios should identify hazards, exposures and
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scenarios

vulnerabilities in at least the most probable and most
severe (worst-case) scenarios, paying particular
attention to the following:

How hazards might change over time given the impact
of factors such as urbanization and climate change;
how multiple hazards might combine; and how
repeated small scale disaster events (if there is a
relevant risk of these) might accumulate in their
impact over time.

Geographic areas exposed and territorial impact;
Population segments, communities and housing
exposed

Economic assets and activities exposed including their
impact on the society, health, education, environment,
and cultural heritage.

Critical infrastructure assets exposed and the
consequent risk of cascading failures from one asset
system to another (for example, where loss of power
prevents water being pumped or weakens the
hospitals’ system).

Timescales over which risks, vulnerabilities and
impacts occur and responses are required.

Creation and publication of risk and exposure maps
detailing the above.

Scenarios should be:

A means for current and future investment decisions.
Based on participatory processes that seek input from
the full range of stakeholders (including ethnic and
social groupings).

Regularly updated.

Widely communicated and used for decision-making
purposes and the updating of response and recovery
plans.

Strengthen
financial capacity
for resilience

Understand the economic impact of disasters and the
need for investment in resilience. Identify and develop
financial mechanisms that can support resilience
activities. Key actions might include:

Understanding and assessing the significant direct and
indirect costs of disasters (informed by past
experience, taking into account future risk) and the
relative impact of investment in prevention rather
than incurring more significant costs during recovery.
Assigning a ring-fenced capital budget for any major
works found to be necessary to improve resilience.
Including risk management allocations in operating
budgets as required to maintain the required state of
resilience over time (including supporting the actions
set out in the Ten Essentials).

Assessing disaster risk levels and the implications
coming out of all the planning and capital spending
decisions, and adjusting those decisions as needed.
Creating incentives for homeowners, low-income
families, communities, businesses and the public
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sector to invest in reducing the risks they face (e.g.
business continuity planning, redundancy, building
upgrades).

Applying for (and if necessary, generating) insurance
coverage for lives, livelihoods, city and private assets.
Exploring as needed innovative financing mechanisms
such as specialised bonds, specialised insurance, tax
efficient finances, development impact bonds, etc.

Pursue resilient
urban
development and
design

The built environment needs to be assessed and made
resilient as necessary. Building on the scenarios and
risk maps from essential 2, this will include:

Land zoning and the management of urban growth to
avoid exacerbating resilience issues; the identification
of suitable land for future development taking into
consideration how low-income groups can access
suitable land.

Risk-aware planning, design and implementation of
new buildings, neighbourhoods and infrastructure
using innovative or existing/traditional techniques as
applicable.

Addressing the needs of informal settlements including
basic infrastructure deficits such as water, drainage
and sanitation.

Assessing infrastructure for resiliency to potential
hazards; incorporating appropriate retro-fitting of
prevention measures.

The development and implementation of appropriate
building codes and guidelines for heritage structures.
Education about hazard-resistant building practices for
all construction sector actors.

Integrating the protection of cities’ natural and cultural
heritage.

Maximizing the use of urban design solutions (such as
impermeable surfaces, green areas, shadowing, water
retention areas, ventilation corridors, etc) that can
cope with risks and also reduce the dependency on
technical infrastructure like sewage systems, dikes,
etc.

Engaging affected stakeholders in appropriate and
proportional participatory decision-making processes
when making urban development decisions.
Incorporating exemplary sustainable design principles
into new developments. Link to other existing
standards where appropriate (BREEAM, LEED,
Greenstar, etc).

Updating building regulations and standards regularly
(or periodically) to take account of changing data and
evidence on risks.

Safeguard
natural buffers to
enhance the
protective

Identify, protect and monitor critical ecosystems’
services that confer a disaster resilience benefit.

Relevant ecosystem services may include, but are not
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functions offered
by natural
ecosystems

limited to, water retention or water infiltration;
afforestation; urban vegetation; floodplains; sand
dunes; mangroves and other coastal vegetation, and
pollination. Many ecosystem services that are
relevant to a city’s resilience may well be provided
outside its geographical area.

This Essential includes:

Recognising value and benefits from ecosystem
services for disaster risk prevention and protecting
and/or enhancing them as part of risk reduction
strategies for cities.

Integrating ecosystem services to enhance more
urban resilience into urban land use management,
urban design and into relevant investment projects.
Considering also natural buffers in the rural hinterland
of cities and their wider region, and cooperation with
municipalities there to establish a regional approach to
land use planning in order to protect the buffers.
Anticipating changes from climate trends and
urbanization and planning to enable ecosystem
services to withstand these.

Strengthen
institutional
capacity for
resilience

It is important to ensure that all the institutions
relevant to a city’s resilience have the capabilities they
need to discharge their roles. “Institutions” include, as
applicable, central, state and local government
organizations; private sector organizations providing
public services (depending on locale, this may include
telephones, water, energy, healthcare, road
operations, waste collection companies and others as
well as those in a volunteering capacity or the
equipment required in the event of a disaster);
industrial facility owners and operators; building
owners (individual or corporate); NGOs; professionals,
employers’ and labour organizations, and cultural
institutions and civil society organizations (see
Essential 8).

Capacity should be developed across the five key DRR
areas of understanding, prevention, mitigation,
response and recovery planning. Factors affecting
capacity will include:

A shared understanding of roles and responsibilities.
Skills, including, but not limited to, hazard/risk
assessment, risk-sensitive planning (spatial and socio-
economic), integrating disaster and climate risk
considerations into project evaluation/design
(including engineering design), co-ordination,
communication, data and technology management,
disaster management, response, recovery,
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assessment of structures post disaster, and business
and services continuity planning.

Training, based ideally on case studies how DRR can
be implemented and what business continuity
requires.

Creating and implementing information and data
frameworks for resilience and disaster risk reduction
that build can consistency in data capture and storage
and can enable access to data, their use and re-use by
multiple stakeholder groups for regular development
processes.

Understanding
and
strengthening
societal capacity
for resilience

I\\

Social “connectedness” and a culture of mutual help
have a major outcome on the impact of disasters of
any given magnitude. These can be encouraged by
measures that include:

Establishing and maintaining neighbourhood
emergency response groups and training.

Engaging and co-opting civil society organizations
such as churches, youth groups, clubs, advocacy
groups (for example, for the disabled).

Providing community groups with “unvarnished” data
on risk scenarios, on the current level of response
capabilities and thus on the situation they may need
to deal with.

The formulation of neighbourhood plans by reference
to such groups (see Essential 9).

Offering education, training and support to such
groups.

Undertaking formal or informal censuses of those who
may be vulnerable and less able to help themselves in
each neighbourhood, and understanding from them
what their needs are.

Using government “touch-points” with the public (such
as welfare or social services’ visits) and offices, police,
libraries and museums to build awareness and
understanding.

Ensuring that the education curriculum within schools,
higher education, universities and the workplace
includes disaster awareness and training.

Recognizing the role of cultural heritage in building
resilience and in protecting the sites, structures and
artefacts they represent.

Engaging with employers and using them as a
communications channel with their workforces for
disaster awareness and training.

Engaging with local media in capacity building (TV,
print, social media, etc).

Mobiles (phones/tablets) and web-based “systems of
engagement” (for example, crowd sourcing or
disseminating data on preparedness).

The translation of all materials into all languages used
in a city.

Increase

Understanding how critical infrastructure systems will
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infrastructure
resilience

cope with disasters the city might experience (see
Essential 2) and developing contingencies to manage
risks caused by these outcomes. This should be
addressed via measures which include, but are not
limited to:

An assessment of capacity and adequacy in the light
of the scenarios in Essential 2. For example,
considering possible damage to parallel infrastructure
(for example, the impact on evacuation capacity if one
of two roads out of a city is blocked) and considering
linkages between different systems (for example, the
impact created if a hospital loses its power or water
supply).

Systematic triaged processes for the prioritization of
retrofit or the replacement of unsafe infrastructure.
Liaising with, and building connections between,
infrastructure agencies (including those that may be in
the private sector) to ensure resilience is considered
appropriately in project prioritization, planning,
design, implementation and maintenance cycles.
Tendering and procurement processes that will include
the resilience criteria agreed upon by the city and
stakeholders and is consistent throughout.

For emergency management infrastructure, an
assessment of “surge” capacity - the ability to deal
with suddenly increased loadings from law and order
issues, casualties, evacuees, and so on.

Protecting or supporting cultural and other sites of
historical, cultural heritage and religious interest.

Critical infrastructure includes that required for the
operation of the city particularly that required
specifically for emergency responses where different.
Infrastructure required for the operation of a city
includes, but is not limited to:

Transport — roads, rail, airports and other ports.
Vehicle and heating fuel supplies.

Telecommunication systems.

Utilities’ systems (water, wastewater, electricity, gas,
waste disposal).

Health care centres, hospitals and other healthcare
facilities.

Schools and educational institutes. See pink highlight
below

Community centres, institutions.

Food supply chain.

Police and fire services.

Jails.

“Back office” administration — welfare payments,
housing

computer systems and the data which support the
above

cultural heritage sites and structures.
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The infrastructure required for any disaster response
may include the above, plus (as examples):

Emergency or incident command centres and
associated communications and monitoring/situation
awareness systems. These may include cameras,
sensors and crowd sourcing mechanisms such as the
reading of SMS and Twitter feeds.

Additional fire, police and ambulance vehicles.

The national guard or other military services.

Earth and debris-removing equipment.

Pumps.

Generators.

Sports facilities, school buildings and so on, that
provide places of shelter.

Mortuaries.

Back-up computing facilities.

Ensure
preparedness and
effective disaster
response

Building on the scenarios in Essential 2, ensuring
effective disaster response by, for example:

Creating and regularly updating contingency and
preparedness plans which should be communicated to
all stakeholders through the structure in Essential 1
(especially including other levels of government and
adjacent cities, infrastructure operators, community
groups). Contingency plans should include law and
order, providing vulnerable populations with food,
water, medical supplies, shelter and staple goods
(e.g., for housing repairs).

Developing and installing detection and monitoring
equipment, early warning systems and effective
associated communication systems for all stakeholders
and community groups.

Ensuring the interoperability of emergency response
systems with adjacent countries, between agencies
and with neighbouring cities.

Holding regular trainings, drills/tests and exercises on
all aspects of the wider emergency response “system”,
including community elements and volunteers.

The integration of risk reduction and emergency
responses from engineers, contractors etc. in order to
be able to effectively and efficiently engage in
preparedness, response and recovery operations.
Coordinating and managing response activities and
relief agencies’ inputs

Ensuring in advance that a viable mechanism exists
for the rapid, rational and transparent disbursement of
funds after a disaster.

Assigning and ring-fencing adequate contingency
funds for post event response and recovery.

Expedite
recovery and

After any disaster:

Ensuring that the needs of the survivors and the
affected communities are placed at the centre of
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build back better

recovery and reconstruction, with support for them
and their community organizations to design and
implement rebuilding shelter, assets and livelihoods at
higher standards of resilience.

Planners should ensure that the recovery programmes
are consistent and in line with the long-term priorities
and development of the disaster affected areas.

Recovery, rehabilitation and reconstruction can, to a
considerable degree, be planned ahead of a disaster.
This is critical to building back better and making
nations, cities and communities more resilient to
disasters. Pre-disaster plans for post-event recovery
should cover the following including necessary
capacity building, where relevant:

Mechanisms for the integration of disaster risk
reduction in all investment decisions on recovery and
reconstruction.

Providing shelter, food, water, communication and the
addressing of psychological needs, etc.

Limiting and planning the use of schools as temporary
shelters.

Identifying the dead and notifying next of kin.

Debris clearing and management.

Specific actions for the recovery of sectors including
livelihoods, health, education, critical infrastructure,
environment and ecosystems, psycho-social support,
cultural heritage and governance issues (such as
accountability, roles and responsibilities and
corruption control).

Taking over abandoned property.

The management of local, national and international
aid and funding, the coordination of efforts and the
prioritizing and managing of resources for maximum
efficiency, benefit and transparency.

The integration of further disaster risk reduction in all
investment decisions for recovery and reconstruction.
Business continuity and economic rebooting.

Systems to help communities integrate disaster risk
reduction into the decisions they take to recover from
a disaster in order to reduce future vulnerabilities.
Learning loops: undertaking retrospective/post-
disaster assessments to assess potential new
vulnerabilities and to build learning into future
planning and response activities.
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IMPROVING THE RESILIENCE OF SMALL AND MEDIUM
ENTERPRISES (SME’S)

Tracy Hatton!,Omar Abou-Samra? ,Sawyer Baker?, Erica Seville!, Charlotte Brown® and
John Vargo?

! Resilient Organisations

2 Global Disaster Preparedness Centre

Phone: +64-21-160.7707, email: tracy.hatton@resorgs.org.nz

Organisations play a vital role in community recovery following disasters.
They are the providers of goods and services needed in both response
and recovery efforts; they provide employment and support the economic
base of communities; and they contribute immensely to people’s sense of
‘normality’ and psychological wellbeing. There is growing recognition of
the importance of engaging the business community in resilience building
efforts, however there are currently limited tools to incentivise and guide
small and medium sized organisations to engage with resilience.

This paper describes the development of a major new initiative being
undertaken by the Red Cross’s Global Disaster Preparedness Centre
(GDPC). This initiative aims to build the disaster resilience of small and
medium-sized enterprises internationally. The GDPC, in partnership with
Resilient Organisations, is developing a scalable and adaptable suite of
business continuity tools and services to be used globally by the Red
Cross and Red Crescent national societies. This presentation will offer
insights into how agile design techniques can be used to create products
that actively engage businesses in building response and recovery
capabilities.

Keywords: Business Continuity, Disaster Resilience, Organisational
Resilience, Risk Management
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CONNECTIONS BETWEEN THE RESILIENCE OF THE BUILT
ENVIRONMENT AND COMMUNITY

Kevin Heaslip?
! Virginia Tech
Phone: +1-571-858-3070, email: kheaslip@vt.edu

Many resilience measurement methodologies are siloed into domain
specific areas. The built environment’s resilience has a large effect on
community and individual resilience. Research on the interactions of built
environment and community resilience is ongoing to determine the
attributes of the built environment and community environments that
support resilient societies. The Resilient America Roundtable of the
National Academy of Science (US) has brought together experts in social
and engineered science to start to address this challenging topic. To
support this effort, the roundtable has initiated a Community Pilot
Program in Cedar Rapids/Linn County, Iowa, Seattle, Washington, and
Charleston, South Carolina in order to help understand the linkages
between the built environment and community resilience. The pilot
communities all have unique experiences and needs when it comes to
building and maintaining community resilience. This paper will summarize
the processes that were used to gather input from the Pilot Communities
and how that data can be used to help communities become more
resilient. The linkages between the resilience of the built environment and
the resilience of communities will be examined with emphasis on how
increased resilience in one of the two areas can support additional
resilience in the other area. The characteristics of the built environment
and communities that were seen to have been successful in building
resilience will be discussed as well. Recommendations of expansion of the
methodology will be provided.

Keywords: Communities, Built Environment, Resilience, Methodology
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HEALTH RISK ANALYSIS OF INTERNATIONALY
DEPOYING FIRST RESPONDERS FOLLOWING A NATURAL
DISASTER
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ABSTRACT

This study bridges the gap of available information between the
occupational health of first responders and the epidemiological studies of
populations affected by the natural disasters. The study summarize health
risks associated with natural disasters. The focus of this paper is on
physical rather than mental health consequences following natural
disasters.

Due to interdependent nature of many disasters and their location it is
important for first responders to take a proactive role in their health
hazard risk management and be personally responsible for taking
appropriate mitigation and preparedness measures to reduce their risk of
becoming a victim and further endangering health of the affected
population.

With an increasing number of natural disasters occurring worldwide there
is an increasing pressure on first responders to be prepared for the
deployment. Natural disasters differ in their triggering event and effects
they cause on the impacted communities. Geography also plays a role in
the severity and likelihood of disasters. Health hazards associated with
natural disasters are just as diverse. This paper includes a table of health
hazards and is useful when put into a context of the type of natural
disasters in which these hazards occur.

Keywords: first responder health, natural disaster, health risk,
emergency preparedness

INTRODUCTION

Definition of health

The World Health Organization (WHO) defines health as “a state of
complete physical, mental and social well-being and not merely the
absence of disease or infirmity” (WHO, 2003). There are three models for
studying health and disease; they are biomedical, sociological, and
political economy, each having its scope and limitations (Birn, 2009,
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pl133). Traditionally health is studied from a biomedical perspective where
health and illness are studied on an individual level examining the root of
the disease (Birn, 2009). In a sociological model, studies are focused on
learning how a person understands health and the choices they make on
a household level (Raphael, 2010). Finally, political economy models
mainly focus on how politics and economics shape health (Raphael,
2010). For the purpose of this paper, the biomedical model is considered
to be the most appropriate model.

Understanding natural disasters

Definition of a disaster is taken from the paper on "“the role of the
epidemiologist in natural disasters”, by Sue Binder and Lee M. Sanderson
which is an “event that causes adverse health impacts on a population;
usually, but not always, causes widespread destruction to the
environment; and occurs suddenly or over a relatively short period of
time”.

Disasters are generally divided into natural, man-made or technological
events. Technological events can be intentional such as terrorist attacks,
or unintentional which can be due to human errors or a consequence of a
natural event. Unintentional events following a natural disaster were
defined by Stacy Young and associates as natech events, which can
release small or large amounts of hazardous materials into the air. Such
releases from plants or industrial sites lead to higher health risks for the
exposed population (Young, 2004). They further state that natech events
are mainly preventable if mitigation actions are taken prior to disasters.

Disasters can be further divided into pre-impact, impact and post-impact
phases. Each phase is associated with its own health hazards, which will
be discussed later in this paper. It should be noted that only post-impact
phase is relevant to internationally deploying first responders with few
exceptions such as wildfires and draughts.

Natural systems and earth processes function independently of social
systems, and disasters occur only when the two intersect (Burton, 1993).
Their interaction does not have to result in a negative consequence and
can be beneficial to the exposed population if they are properly protected.
For example, a flood does not have to be destructive. It fertilizes the land,
flushes out salts and toxins, recharges ground waters, and deposits
sediment, among other benefits (Few, 2003). However, in order to
decrease human suffering from floods, which are considered one of the
deadliest disasters, mitigation and preparedness measures need to be
adapted by vulnerable communities via installation of early warning
system, channel controls such as dykes and flood walls, et cetera. It is at
the intersection of natural events and vulnerable populations that loss of
life, property and livelihood occurs.
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There has been considerable progress with implementation of policies and
mitigation measures to reduce future disasters. However, in her paper on
“Disaster risk management”, N. Nirupama stressed that in order to
effectively and efficiently manage disaster risks, focus has to be on
addressing vulnerability; which are “conditions determined by physical,
social, economic and environmental factors or processes, which increase
the susceptibility of a community to the impact of hazards” while at the
same time improving the resilience and coping capacity of populations.
She defined disaster risk management as “a comprehensive approach
involving the identification of threats due to hazards: processing and
analyzing these threats; understanding people’s vulnerability; assessing
the resilience and coping capacity of the communities; developing
strategies for future risk reduction; and building up capacities and
operational skills to implement the proposed measures” (Nirupama,
2013).

Even though vulnerability is an immensely important subject to consider,
this paper will not include analysis of local policies that led to the natural
disasters since first responders will be arriving in the response stage of
the disaster management and when any mitigation and preparedness
measures have failed.

First responders

Natural disasters attract a lot of attention and can urge people to help in
whatever capacity they can. People might opt to volunteers their time and
expertise and be either (un) trained or may (not) be associated with an
organization (not) established in the area. Before the 2004 Indonesian
Tsunami there were only a handful of Non-Governmental Organizations
(NGOs) present in the province of Aceh, Indonesia, however, following the
disaster the number swelled to approximately 300 (Canny, 2005). Such
an influx of volunteers does not always lead to positive effects. After the
2010 earthquake in Haiti there was an accidental introduction of Cholera
bacterium, which led to an outbreak resulting in 8,300 deaths (Chin,
2011). It is believed that the outbreak started due to sewage leakage
from a U.N. base housing Nepalese peacekeepers (CNN, 2013). It is,
thus, imperative that first responders arrive at the site of events not only
prepared physically and mentally for the deployment, but also healthy
enough not to endanger vulnerable local population. Occasionally, first
responders can become victims themselves and use resources originally
allocated to the affected population. In 2014 during an Ebola outbreak,
375 health care workers became infected and 211 of them were killed
(Cohen, 2014). When first responders become victims, not only are they
using up resources delivered for the affected population, but is also
reduced overall staff availability. It is from this standpoint, that first
responders need to be aware of their health risks upon deployment and
be personally responsible for taking appropriate mitigation and
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preparedness measures to reduce their risk of becoming victims
themselves.

This paper will approach the study of first responder health risks by
compiling epidemiological studies related to health effects due to the
exposure to various pathogens or hazardous materials following a natural
disaster. Research has been done on victims of natural disasters
immediately after and years following an event. Separate studies exist on
occupational hazards and health of first responders such as police,
firemen and paramedics. This paper will combine the two types of studies
together to create a comprehensive list of health hazards for first
responders following natural disasters, which could be used as a tool by
organizations and responders to assess their health risk prior to an
international deployment based on the type of an event they are
responding to.

This paper limited the definition of health to biomedical perspective which
eliminated a number of factors influencing individual health, which further
limited health risk analysis when considering geopolitical location of the
disaster. Future studies should focus on exploration of political and social
perspectives on pre-deployment health status of first responders.

DISCUSSION

As mentioned above natural disasters can be divided into pre-impact,
impact, and post-impact phases (Binder, 1987). During the pre-impact
phase, public health interventions have the most impact on saving lives.
For example, most deaths following earthquakes are due to structure
collapses, as a result city officials can decrease morbidity of the
population by enforcing building codes appropriate for the area. This
phase is characterised by mitigation and preparedness actions as
summarized in Figure 1.

In the impact phase, health is affected by the release of energy of the
event; be it either a volcanic eruption or a tornado. In this phase,
vulnerable population will have the greatest suffering. In this phase, first
responders will generally be local survivors of the disaster.

Finally, the post-impact phase includes secondary injuries usually to local
and international first responders as they perform relief operations.
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e Hazard identification

Pre-impact  Mitigation and preparedness actions

e Health risks associated with the immediate consequences of the event
e First responders are locals who are not personally affected
Impact ® Response actions

eSecondary injuries to first responders
¢ Exacerbation of chronic diaseses and mental health
Post-impact| eRespose and recovery actions

Figure 8 Natural disaster phases and factors affecting population health.
Adapted from Binder, 1987.

Intersection of natural disasters with vulnerable population can lead to
various health effects. In general, developing countries are more affected
by health outbreaks due to pre-impact lack of resources and
infrastructure (Watson, 2007, Waring, 2005), while natech events affect
industrialized countries to a greater extend because of high population
density living in close proximity to industrial sites (Young, 2004). Natural
disasters can cause a high mortality rate, and there is a common myth
that dead bodies pose a health risk, however it is only the case when a
pathogen spread, such as cholera occurs by direct contact with infected
body fluids (Watson, 2007). Biggest threat of epidemics post a natural
disaster is due to overcrowding among the displaced individuals, poor
ventilation, poor health status and immunization prior to the disaster as
well was lack of safe water and sanitation, which leads to either
respiratory or gastrointestinal diseases (Watson, 2007, Jobe, 2011, Birn,
2009). It should be noted that depending on the geographical location of
the disaster, the same event can lead to different health risks. For
example, a flood occurring in the developed world can cause an industrial
spill potentially leading to an exposure to hazardous materials; on the
other hand if flood occurs in the developing world there is an increased
rate of gastrointestinal epidemics due to suboptimal sanitation and
hygiene, as well as fecal contamination of drinking water (Watson, 2007).
Health risk of first responders is thus dependant on the class of natural
disaster as well as geographical location of the event.

Health effects can be classified into waterborne, crowding, vector-borne,
wound and other diseases that are summarized in the table below (Table
1).
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Table 10 Summary of various types of health hazards and their method of
affecting individuals.

Health Hazard Method of affecting health

Waterborne disease Contamination of drinking water, poor sanitation and crowded
shelters (Watson, 2007, Waring, 2005). Cases are reported following
flooding or other related displacement.

Crowding conditions

Common if population is displaced by natural disaster, occur due to a
high number of people who are potentially malnourished living in
close proximity to each other with poorly ventilated areas (Watson,
2007, Waring, 2005).

Occur when wounds become contaminated in people who have not
been immunized in the last 10 years. People who are at risk are both
victims and first responders if they are working with natural disaster
debris.

Fungal contamination of the found in soil when individuals are
exposed to airborne dust (Watson, 2007)

Occur when new breeding sites for vectors (mosquitos) are created
by standing water as well as due to disaster related displacement
individuals changing their living habits (i.e. sleeping outside) thus
increasing their risk of being infected (Watson, 2007). Onset usually
occurs up to 8 weeks following a disaster (Waring, 2005).

Natech events Increase risk of epidemics in cases of power failures which can lead
to failure of water treatment and supply facilities, thus increase the
risk of waterborne diseases and disrupt functioning of health facilities
and vaccine preservation (Watson, 2007).

Canadian Centre for Occupational Health and Safety recommends
breaking health risks into hazards, example of hazards and harm they
cause (CCOHS, 2009). Applying the CCOHS framework to Table 1 and
combining it with disease and risk factors following the emergency
information presented in the WHO paper on *Moving beyond the Tsunami,
a WHO story” Table 2 presents health hazards and associated harm
following natural disasters.

Wound related disease

Other diseases

Vector-borne disease

Table 2 Health hazards and their harm to human health. Information
compiled from WHO, 2005, Young, 2004, Watson, 2007.

Health hazard Health hazard example

e
Food insecurity Malnutrition

Poor quality or quantity
of water

Comments
Overcrowding is
exacerbated by poor
immunization

Associated harm
Crowding diseases

Acute respiratory
infections

Vitamin deficiency and
associated diseases
Waterborne diseases
Wound related diseases

Poor hygiene

Poor washing facilities
Poor sanitation
Increased exposure to
mosquitoes

Increased number of
breeding sites

Standing water Vectorborne diseases Population movement
and interruption of
vector control
measures increases
risk of vectorborne
diseases

Waterborne diseases

Inadequate health care Disruption of basic

services services Crowding diseases
_ Open wound or lacerations ~Wound related diseases
Trauma and injury Infections
m Toxin release Exposure to harmful
toxins
Electricity Electric shock
Burns
Power outage Improper use of indoor Carbon monoxide
generators, heaters or poisoning
cooking devices
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Natural disasters can have direct impact on health, such as dangers
associated with flooding itself; or they can cause secondary disasters
which can be of technological nature (i.e. contaminated water supplies) or
secondary natural disaster such a landslide following an earthquake.

Occurrence of natural disasters is not evenly distributed. Hydrological
disasters constitute 44% of all natural disasters (Figure 2), while
geophysical disasters happen approximately 8% of the time and thus
requires special consideration during training and deployment
preparations.

Global occurrence of natural
disasters between 2000 and
2013

H Biological

H Climatological
Geophysical

H Hydrological

Meteorological

Figure 9 Global distribution of types of natural disasters between the
years of 2000 and 2013. Data compiled from EM-DAT website.

Distribution of natural disaster consequences depicts the relative
distributions of damage associated with each type of a disaster (Figure 3).
In this view, biological disaster causes a lot of injuries and deaths,
however it does not affect many people, and doesn’t leave many
homeless. Hydrological disasters, on the other hand, affect a lot of people
and leave many homeless, while not causing as many injuries or deaths.
Each disaster, thus, presents unique distribution of consequences and
adequate preparation depends on understanding health risks associated
with each type of disaster.
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Global distribution of damage associated
with each type of natural disasters
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Figure 10 Relative consequences of natural disasters divided into their
types. Data gathered from EM-DAT website.

CONCLUDING ARGUMENTS

Natural disasters differ in their triggering event and effects they cause on
the impacted communities. Geography also plays a role in the severity
and likelihood of disasters. It is estimated that a nation in Asia is 28.5%
more likely to experience a disaster in any given year than Africa (Kahn,
2005). Health hazards associated with natural disasters are just as
diverse. Primary health hazards that were presented in Table 2 have been
expanded based on natural hazard risks and are presented in Table 3.

Table 3 Updated table on health hazards associated with natural disasters
based on information presented in the text.

Health hazard

e

Food insecurity Malnutrition

Health hazard Associated harm Comments

Crowding diseases Overcrowding is
exacerbated by poor
immunization

Acute respiratory

infections

Vitamin deficiency and

associated diseases

Poor quality or
quantity of water

Standing water

Inadequate health

care services

Poor hygiene

Poor washing facilities
Poor sanitation
Increased exposure to
mosquitoes

Increased number of
breeding sites

Disruption of basic
services

Open wound or
lacerations
Trauma and injury
Toxin release

Waterborne diseases
Wound related diseases

Vectorborne diseases

Wound related diseases
Infections

Exposure to harmful
toxins

Population movement
and interruption of
vector control
measures increases
risk of vectorborne
diseases

Waterborne diseases
Crowding diseases
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Health hazard

Infrastructure
damage

Health hazard
Electricity

Improper use of indoor
generators or heaters
Delivery of electrical
current

Fast falling large icicles

Properly damage
Projectiles

Knocked down trees
Knocked down power
lines

Knocked down mobile
homes

Unsafe traveling
conditions

Building collapse
Downed trees/power
lines (see above)
Isolation of homes in
rural communities
Poor driving conditions
Elevated soil or
sandstorm

Inability to lower
internal body
temperature

Associated harm

Electric shock
Burns

Carbon monoxide
poisoning

Fire

Burns

Death

Properly damaged
Killed livestock
Injury from the
projectiles

Trauma during clean up
Electrical burns
Power outage (see
above)

Debris (see above)

Debris (see above)
Motor-vehicle accidents

Poor visibility
Respiratory diseases
Acute respiratory
infections

Skin eruption

Heat fatigue

Heat cramps

Heat syncope

Heat exhaustion
Heat stroke

Comments

Table 3, thus, answers the research question and presents information on
health risks that internationally deploying first responders could face
following a natural disaster. This information is useful when put into a

context of the type of natural disasters in which these hazards occur.

Since many natural disasters occur alongside others, Table 4 summarizes
commonly co-occurring events.

Table 4 Natural disasters that occur alongside other disasters.

eBlizzard *\/olcanic *Heatwave
followed by a eruption eDrought
fcempearture eEarthquake eLightening
|ncre'ase *Melting snow

'TFOIPIC3| *Rain downpoor
cyclone eHurricane

eTsunami ;

eTsunami

eLocal storms

eThunderstorm
eHurricane

eWinter storm
eHurricane
*Blizzard

*\/olcanic
eruption
eEarthquake
eMeteor impact
eUnderwater
explosion

It would be beneficial for first responders to familiarise themselves with
health hazards associated with each disaster presented in the first row of
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Table 3 since it is likely their response will involve one of these events.
Similarly, there may be unique health effects for some events and
organizations should consider All-Hazards Planning when preparing their
teams for deployment.

There are few disasters in which first responders might arrive during the
impact stage, such as a heat wave, drought or a winter storm. However,
most of the time internationally deployed first responders will be arriving
in the post-impact stage. Majority of natural disasters are associated with
some level of property damage and population displacement. As a result it
is crucial to ensure that first responder’s immunizations are up-to-date,
personal protective gear is available and the responders are adequately
trained in its usage to ensure that donning and doffing does not result in
contamination.

Finally, natech events present a particular complication since their
presence is dependent upon the geo-political locale of the country in
distress. Developed countries are at a higher risk of natech events
because of the close proximity of industrial sites to communities with high
population density. Identifying locations of these sites prior to deployment
would decrease the risk of toxic exposure by allowing first responders to
take appropriate preparedness and mitigation measures.

Pre-deployment health of first responders is also of importance since
disasters such as wildfires and volcanic eruption can exacerbate pre-
existing conditions. Organizations might opt to not deploy vulnerable
responders to ensure their continual health.

First responders should be in their most optimal health pre-deployment
since biomedical approach to health studies omits other important aspect
of the determinant of health. This paper attempted to compile a
comprehensive list of health hazards associated with natural disasters
with the hope of providing practical reference to future responders.
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ABSTRACT

Temporary shelters are required almost immediately after the occurrence
of a disaster, hence limiting the time for conceptualization, design and
construction of such structures. Such limitation, however, should not lead
to a compromise in the safety of the shelter. These structures should not
be designed with similar engineering parameters as in permanent
structures as it may result to uneconomical and impractical design. Higher
design loads result to higher strength requirements and sizes for
structural members; thus, increasing the weight and cost of the shelters.
This also impedes the rapid deployment of such structures. Design
standards in some countries recognize this and applicable reduction
factors for lateral loads, specifically wind loads, were derived based on the
annual probabilities of exceedance of specific events. However, in terms
of scope, these codes specify that the standards are not applicable for
temporary residential structures that would be used beyond six months
up to five years. The wind load provisions of the National Structural Code
of the Philippines are based on historical data from weather stations in the
country, indicating the 3-sec gust wind speeds with the probability of
exceedance of 0.02 or 50-year return period. As this method generally
applies to permanent structures, there are no established design
parameters yet for temporary residential structures such as emergency
and transitional post-disaster shelters. Based on the statistical analysis of
wind speed data, a reduced wind speed of 78% of the Code-specified
value is recommended for design of transitional shelters for a 5-year
design life. However, considering the limited available wind speed data
and taking note of the 2-year average duration of stay in transitional
shelters, ASCE-7 recommended reduction factor of 66% may be used.

Keywords: transitional shelters, temporary shelter, structural design
parameters, Philippines

INTRODUCTION

Disaster events usually entail scenarios where affected people are
displaced from their houses, either when their houses get damaged or
when they have to be temporarily relocated. Shelter types that arise after
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a disaster event differ on the kind of hazard and the nature of the
disaster. Generally, these temporary structures are categorized into
three: emergency, transitional and progressive.

Emergency shelters are designed to provide the most basic shelter
support immediately after a disaster event. (International Federation of
Red Cross and Red Crescent Societies (IFRC), 2013). Emergency shelters
may be in a form of a tent, a school building or an open space where the
displaced people may stay for a short period of time. This type of shelter
is often used in the aftermath of a disaster, thus the comfort, sanitation
and privacy are not taken of utmost importance.

Transitional shelters are designed to be used longer than emergency
shelters up to a period of two years. (The Sphere Project, 2004) This type
of shelter is typically built on leased lands. These shelters are designed as
a rapid shelter solution where speed of construction and cost
effectiveness are of utmost importance. Due to these, the lifetime of the
shelter is limited. Temporary or transitional shelters can provide
appropriate shelter which can be dismantled when the affected population
could already return to their original homes or go to their resettled
homes.

Progressive shelters are post-disaster shelters typically built on
permanent sites specifically designated for housing projects. This type of
shelter is designed in a way where future alterations or upgrades may be
made. A progressive shelter is also a rapid shelter solution; the only
difference is that it could be upgraded to be a permanent shelter.

One of the challenges faced by the government in reconstruction and
relocation of displaced families is the availability of land. Finding land that
are suitable for permanent resettlement since acceptable sites should be
titled and should be in safe areas not easily vulnerable to natural hazards
and secured appropriate clearances. Aside from selecting appropriate site
for permanent housing programs for displaced population, procurement
process and securing permits and licenses from agencies takes time
(Housing and Urban Development Coordinating Council, 2015). Because
of this, transitional shelters are the most prevalent mode of post-disaster
housing in the Philippines.

The Sphere Handbook: Humanitarian Center and Minimum Standards in
Humanitarian Response (2004) prescribes that a shelter should provide
security, personal safety, protection from climate and resistance to ill
health and disease. Shelter Centre Transitional Shelter Standards 2009
states that the design of a shelter shall be consistent with known climatic
conditions and is capable to withstand Iloadings due to natural
phenomena. For durability of a transitional shelter, it must last for a
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minimum of 36 months from the moment of deployment. Shelter Cluster
Philippines recommends a shelter life-span of two to five years.

There is, however, no clear standard for the design of transitional shelters
because the National Structural Code of the Philippines (NSCP) only set
standards for permanent structures. There is a need to establish a set of
design parameters for transitional shelters that is applicable te—in the
Philippine setting.

This will not only lead to better structural performance of post-disaster
housing but will also contribute to broaden the knowledge in designing
temporary housing structures.

METHODOLOGY

To propose structural design parameters for transitional shelters that can
be deployed in the Philippines, current and existing local and international
guidelines, standards, and designs were reviewed in terms of design,
construction methods materials, and design load factors.

The design of existing transitional shelters in the Philippines deployed
after typhoon Haiyan in Tacloban and the 2013 earthquake in Bohol were
assessed. Field surveys and consultations as part of the assessment of
shelters were conducted to come up with the proposed design parameters
especially on structural system and construction method. End-users were
surveyed regarding comfort ratings on covered shelter area and shelter
materials. Some shelters whose coordinators were present at the site
were interviewed regarding construction method, buildability, and any
design parameter set for each shelter type. Traditional construction
method used coconut lumber as frame member and “sawali" (bamboo
matting) or plywood as wall material.

DPWH Bunkhouses (Cadahug) = - Urban Poor Associates (Sanwose)

: Lsion (Badato) 1M and All Hands (Taderos DSWD Bunkhouses (Base
F/gure 11 Existing Transitional Shelters in Leyte and Samar Ph/llppmes

Probabilistic approach using Gringorten estimation for a Gumbel
distribution used by Statistical Engineering Division, National Institute of
Standards and Technology (NIST) to model extreme wind data sets for
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non-directional wind speeds in the US (Simui, Changery, & Filliben, 1979)
was used in this study. The data consist of maximum annual wind speed
data regardless of wind direction. The model estimation parameters are
as follows:
Table 11 Gringorten Estimation model parameters for a Gumbel
Distribution

PREITMEET Description

Maximum annual wind speed

v sorted from lowest to highest

Rank of wind speeds from lowest
M .

to highest
N Total number of annual maximum

observations
Pv (Gringorten )
Estimation) (m-0.44)/(N+0.12)
-In (Pv) Negative of natural logarithm of Pv
1 (L Negative of the natural logarithm
In (-In(Pv)) of Pv taken twice

RESULTS AND DISCUSSION

The resilience of a structure against natural hazards can be mitigated
through proper design standards. Codes and standards generally set the
design parameters for each structure type.

Permanent versus Transitional Shelters

Basic design loads consist of dead load, live load, seismic and wind loads.
The primary code basis for the NSCP after the 1992 edition shifted from
Uniform Building Code (UBC) to American Society of Civil Engineers’
Standard 7, “"Minimum Design Loads on Buildings and Other Structures”
(ASCE 7). Major change in this transition was mainly due to the shift in
the wind design methodology to consider the dynamic affects for wind-
sensitive structures and use of the 3-second gust speed rather than the
fastest wind speed. However, there is no provision on the NSCP regarding
temporary or transitional shelter design.

Designing transitional shelter structures for full loads similar to
permanent structures would result to uneconomical and impractical
solutions. Higher design loads would require bigger structural members;
thus, increasing the weight and cost of the shelter. Transitional shelters
should preferably be made of lightweight and economical materials to
provide immediate assistance to displaced people.

Design parameters for light weight temporary structures are not as
readily available as those for permanent structures. Some design
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standards consider options to reduce the lateral loads (i.e. wind and
seismic loads) as these are incurred by natural phenomenon and their
probability of occurrence would be different in the design life of temporary
and permanent structures.

The Transitional Shelter Standards by Shelter Centre specified that the
erected shelter should be able to withstand a wind speed of 18 m/s (64.8
kph) which is significantly less than the design wind speed in the NSCP.
Temporary shelter prototypes designed by different international
organizations used different design speeds. For better comparison, Table
12 shows the various design wind speeds and the conversion factors for
reducing wind speeds.

Table 12: Design Wind Speed References

References Design Wind Speed (kph’
National Structural Code of the
Philippines 2010 150, 200, 250

Transitional Shelter Standards 64.8
ASCE 7-05 (American Society of Civil Conversion factor of 0.66
Engineers, 2006) for 5 year MRI

Lateral load reduction factors may also be determined from probabilistic
method approach by analyzing actual data through extreme value theory.
Applicable probability distributions include Generalized Extreme Value
(GEV), Gumbel and Weibull distributions.

Existing Transitional Shelter Design Wind Speeds

Existing Transitional shelters have already adjusted design wind speed to
reduce wind loadings as seen in Table 3. World Shelter’s Transhel
Proposal for the Haiti Relief used wind forces calculated as shown in Table
3 per International Building Code/ASCE-05 with Exposure Type as C
(Open Terrain with scattered obstructions having heights generally less
than 9.1m). Liina Transitional Refugee Shelter by Aalto University used
the design wind speed of 25 m/s. Maddel’s Pophut Shelter is designed to
withstand 22 m/s wind for the shelter service life of 5-7 years.

Table 13: Existing

Design Wind
Speed

64.8 kph (18m/s),
79.2 kph (22m/s)

Transitional Shelter

World Shelter

Liina Transitional Refugee Shelter 90 kph (25m/s)
Maddel Shelter 79.2 kph (22 m/s)

Statistical Evaluation of Available Wind Speed Data

Wind speed data from DOST-PAGASA for 1998 to 2013 with the rest of
wind data for the other years obtained from Typhoon2000 were used in
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this study. Typhoon2000 is a third-party database of typhoon data from
different sources such as Weather Philippines Foundation Inc., PAGASA,
U.S. Navy's Joint Typhoon Warning Center (JTWC) based in Pearl Harbor,
Hawaii, United Nations' Regional Specialized Meteorological Centre
(RSMC) Tokyo-Typhoon Centre (Japan Meteorological Agency), & Hong
Kong Observatory. A statistical analysis of the wind speed data was done
to obtain the appropriate load reduction factor for a 5-year design period
for transitional shelters.

Maximum annual wind speeds from 1964 to 2013 were plotted in
linearized form using Gringorten Estimation (Pv) for Gumbel distribution
as shown in Figure 2 below. The wind speeds at different mean recurrence
interval (MRI) as well as reduction factor based on a 50-year return
period is shown in Table 4.

Gringorten Estimation for Gumbel
Distribution of Extreme Wind Data

400

y = 32.16x + 220.69
R? = 0.9049

-2 -1 0 1 2 3 4 5

Figure 12: Gringorten Estimation for a Gumbel Distribution of Philippine
Wind Data

Table 14: Wind speed from a Gumbel Distribution using Gringorten
Estimation

MRI x Wind Speed Factor

5 1.4999 268.92807 0.776852815
10 2.2504 293.0618132 0.846567986
15 2.6738 306.6778673 0.885900697
20 2.9702 316.2114792 0.9113440452
50 3.902 346.1763472 1

100 4.600 368.6307991 1.0648642

The resulting wind speed of 350 kph for 50-year return period is
significantly higher than what is specified in NSCP, which is 250 kph for
the same MRI. The generated estimate for a 5-year wind using Gringorten
is around 78% of the 50-year wind, a higher relationship value compared
to what was indicated in ASCE manual (66% of the 50-year wind).
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The generated wind estimate using Gringorten may still be validated if the
available annual wind speed per region is available rather than an annual
wind speed for the whole Philippine archipelago.

Design Parameters for Transitional Shelter

The design parameters developed in this study is for a proposed
transitional shelter for Philippine setting. The proposed transitional shelter
consists of steel frame elements and connection systems that is quite
different from conventional residential structures in the Philippines.
Typical houses in the Philippines use reinforced concrete and lumber for
construction, while the proposed Transitional Shelter utilizes hot-rolled
and cold-formed steel as frame members with specialized connections.
Design of members were therefore based on the steel design provisions of
the NSCP.

The transitional shelter was designed to be modular for ease of
installation and reusability, i.e. it is anticipated to be used after two years
by one family and it could be deployed to another family who could be
affected by another calamity. It can also be prepositioned in anticipation
of an emergency situation.

Details of the structural design parameters are as follows:

Structural Material Properties

Frame members of the structure are to be of A36 hot-rolled structural
steel and A653 Grade 33 Cold-formed steel. Material properties used were
based on standard ASTM specifications.

Dead Loads

Dead loads considered includes self-weight of the frame members and
superimposed loads due to the weight of the roofing materials. Dead load
from flooring and wall were assumed to rest directly on the ground and
were not considered in the design.

Live Loads

Values used for live loads were obtained from the NSCP. Live loads
considered were 1.90 kPa for residential occupancy and 0.75 kPa for roof
live load.

Wind and Earthquake Loads

Wind and earthquake loads were determined in accordance with NSCP
2010. As the transitional shelter is assumed to be deployed to any region
in the country, lateral load parameters considered conservative
assumptions (i.e. zone 1 on wind zone map with 250 kph design wind
speed, predominant seismic and geologic properties in the Philippines)
with a design life span of 5 years. Table 5 summarizes the seismic load
parameters and Table 6 summarizes the wind load parameters. Pending
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the availability of sufficient wind load data per region, wind reduction
factor per ASCE-7 of 0.66 was used in the design.

Load Combinations
The temporary shelter structure was designed to resist load combinations

as stated in the NSCP. Load combinations include dead load in
combination with live load, and wind or earthquake load.

Table 5: Summary of Seismic Load Parameters

Seismic Load Parameters Value

Importance Factor, I 1.0
Soil Profile Type Sc
Seismic Zone Factor, Z 0.40
Seismic Source Type B
Distance to source 10 km
Near Source Factor, N, 1.0
Near Source Factor, N, 1.0

6.5 (Light-framed
walls sheathed with

Resistance Factor, R wood structural
panels/ sheet steel
panels)

Table 6: Summary of Wind Load Parameters

Wind Load
Parameters

Design Wind Speed Vv 165

Symbols Value Description

Zone 1 with reduction
factor of 0.66 (ASCE 7-05)

Wind directionality Ky

0.85 Main Wind Force Resisting
factor
Importance Factor Iy 1.0 Occupancy Category IV
Ground surface roughness
Exposure category Exposure B condition. As defined by
surface Roughness B
Velocity pressure K, and 0.70 Exposure B, Case 1, height
exposure coefficients K, ' above ground=0-4.5m
Topographic Factor Kt 1.0
Gust effect factor G 0.85
Enclo_s_ure_ Enclosed Building
classification
i:te?’;inc?(l_nt pressure GCpi :F001188 For enclosed building
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0.80

Wall pressure (windward) Use with g,

coefficient Co -0.5 L/B=0-1; Use with gy
(leeward)
-0.3, 0.2 For 8 = 25° h/L = 0.5

Roof pressure (windward) (0.46)

coefficient P -0.6 For 8 = 25°; h/L = 0.5
(leeward) (0.46)

Roof pressure

coefficient (wind C, -1.01,0.18 From 0 to h/2

parallel to ridge) -0.85, 0.18 >h/2

CONCLUSION

In the absence of specific provisions for the design of temporary shelters
in the National Building Code of the Philippines or in the National
Structural Code of the Philippines, international design standards and
literature from several international relief organizations were reviewed.
Available wind data for the Philippines were also analyzed for possible
guidance in the design wind speed.

Design parameters for dead load, live load, as well as earthquake load
similar to permanent structures were used for transitional shelter design.
Analysis of wind data for the Philippines suggested rather high wind loads,
with 50-year wind speed higher than what the current National Structural
Code prescribes for permanent structures. While the statistical analysis of
available wind speed data indicated a 78% factor for wind speed, a
reduced design wind speed of 66% of the 50-year wind speed following
the ASCE-7 provision was followed considering the relatively small
amount of wind speed data available and the temporary nature of
transitional shelters. Load combinations prescribed by the National
Structural Code of the Philippines were also adopted.
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SHARED LEADERSHIP AND RESILIENCE ENGINEERING -
A TALE OF TWO TEAMS

Lev Zhuravsky
Waitemata DHB
Phone: +64-22-3543671, email: levzhuravsky1973@gmail.com

The purpose of this presentation is to demonstrate practical application
and positive contribution of resilience engineering and shared leadership
to the sustained resilience performance following a natural disaster.

This presentation brings stories of two acute clinical teams following their
initial response to 6.3 magnitude earthquake in Christchurch, New
Zealand. In the first example, author describes his personal experiences
in utilizing resilience engineering and shared leadership while leading
nursing team of one of the medical wards of Christchurch Hospital. The
second example is based on published qualitative research conducted by
the presenting author which describes shared leadership in the intensive
care unit of Christchurch hospital. As transcribes from the conducted
research and recorded personal experiences, shared leadership and
resilience engineering assisted in achieving safe patients care in complex
environment and provided an innovative framework, contributing to
overall teams’ resilience. To adopt these approaches and foster teams’
resilience, managers need to articulate values and behaviours such as
open and frequent communication, placing a high value on staff well-
being, nurturing and empowering emergent leaders within teams. Shared
leadership and resilience engineering played an important role in building
adaptive resilience in both teams. They were not just a practical tool for
crisis management but vital components of a genuine process of
collaboration, learning and success.

KEY WORDS: Christchurch earthquake, resilience engineering, shared
leadership
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ABSTRACT

Recent disasters across the world have highlighted the fragility of the built
environment to a range of natural hazards, including those that may be
influenced by climate change. Moreover the rapid pace of urbanisation has
increased concerns about the resilience of cities; with contemporary
discussions considering how physical/protective interventions can be
integrated into the built environment or, indeed, what types of
interventions are most effective. Too often Disaster Risk Reduction (DRR)
and Climate Change Adaption (CCA) have been treated as separate
issues. Despite a shift to more pro-active and pre-emptive approaches to
managing disaster risk, DRR appears to have been overly influenced by
more reactive emergency management practices. At the same time, CCA
activities have typically fallen within the realm of environmental sciences.
As a result there appears to be critical disconnects between policies for
CCA and DRR; often centered in different departments with little or no
coordination. Moreover, there is a lack of integration of these policies
within building regulations; the scope of which is largely limited to rigid
restrictions in height and volume and specifications of materials and
technology. Most often these building regulations are focused on the
mitigation of a single hazard such as earthquakes, floods or cyclones.

This opinion paper will highlight the lack of integration between DRR and
CCA in built environment related policies and regulations, and
demonstrate how policy and regulations can be used to make DRR
including CCA inputs from key built environment stakeholders more
proactive and thus more effective.

Key words: disaster risk reduction; climate change adaptation; built
environment; policy

INTRODUCTION

As pointed out by Wisner et al. (2012, p.31), the “natural environment is
neither a hazard nor resource until human action makes it one or the
other (or both)”. Vulnerability is thus created not by the environment but
by poor decision-making, practices (including construction practices) and
planning. Natural hazards only become disastrous if a settlement (or any
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kind of a built environment) is located in a hazard-prone area, poorly
constructed and/or does not have a warning system in place.

The built environment is one of the largest contributors to greenhouse gas
emissions worldwide (Anderson et al., 2015) and at the same time it can
be extremely vulnerable to the effects of climate change. This emphasises
the increasing importance of the role of the built environment in reducing
its negative contributions to climate change by making the building stock
more energy efficient, and in adapting to the negative impacts of climate
change by increasing resilience through investment in DRR measures
(Lizarralde et al., 2015). However, while the concepts of climate change
and DRR are widely discussed, it is not always clear to what extent these
notions are interrelated. There appear to be fundamental conflicts
between perspectives dominated by eco-efficiency (minimising the use of
resources) and long-term resilience (robustness of built assets) to the
impacts of climate change. This however does not mean that both these
perspectives cannot be addressed simultaneously. It is becoming clear
that DRR and CCA must go hand in hand - particularly when it comes to
the planning, design, construction and operation of the built environment,
with the references to both areas increasingly appearing in international
guidance and reports.

Based on the extensive review of literature, this opinion paper will discuss
the above mentioned issues by highlighting the lack of integration
between DRR and CCA in built environment related policies and
regulations in the UK, India, USA and Barbardos. It will highlight how
policy and regulations can be used to make DRR including CCA inputs
from key built environment stakeholders more proactive and thus more
effective.

CCA, DRR AND THE BUILT ENVIRONMENT

An increasing number of international and national policy documents
acknowledge climate change as a ‘risk multiplier’ (e.g. UK National
Security Strategy), although it can also diminish risks, and as a result a
large number of climate change mitigation strategies aimed at reducing
greenhouse gas emissions (mainly by reducing fossil fuel consumption
and introducing new renewable energy technologies) have been
introduced in recent decades. Being a global challenge (and which can
only be addressed globally), climate change has become a distraction
from other equally important concerns, or ‘creeping environmental
problems’ (Glantz 1994), such as resource overexploitation or inequality.
Therefore whilst it is not appropriate to ignore climate change, it is
important to bear in mind other hazards. CCA efforts should be seen as a
part of the DRR agenda, with climate change being treated as one of the
hazards (Kelman, 2015), although it is equally important not to overlook
climate change mitigation.
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The impacts of climate change on disaster risks are not only relevant to
the increase in frequency and severity of a hazard, but also to
encompassing vulnerabilities, as climate change rapidly affects local
environments changing them in a way that local knowledge becomes less
applicable (Kelman, 2015). Taking into consideration the possible effects
of hazards and threats related to climate change and disasters that may
affect the built environment presents a great challenge to both policy-
makers and built environment professionals. They have to make a choice
of either taking as a basis the upper limits of uncertainties provided by
the projection scenarios, or continue with current practices therefore
potentially reducing the lifetime of a structure. Whilst the former is a
more effective adaptation strategy, it may be less cost-effective.

A large number of cities have introduced and applied humerous mitigation
measures aimed at greenhouse gas emissions and energy consumption
reduction, however only a few cities have been creative and productive in
the realm of adaptation (Jabareen, 2015). This suggests that built
environment professionals and policy-makers do not act enough to
mitigate uncertainties from climate change and other natural hazards and
human-induced threats. Instead of developing strategies for coping with
risks, the vulnerabilities are often increased by decisions that do not take
local context into account or are not appropriately enforced (Bosher,
2014).

Regulations and policies that address how the built environment is
designed, planned and operated are critical for DRR including CCA, as the
ways in which land is used and buildings and infrastructure are designed
and operated influence exposure to hazards and threats. Once the
investment in built assets in a risk-prone location has been made, it will
remain there for a long period of time; in addition, once in place it is more
expensive and less effective to correct and add new DRR measures than it
would have been to avoid the creation of the risk in the first place
(UNISDR, 2011). It is therefore clear that building regulations and
planning policies can be a primary prevention, mitigation and adaptation
mechanism.

During the past 25 years, building regulations and codes have been
developed for virtually every type of construction; there are also an
increasing number of informal guidance documents for the construction
sector. They are constantly revised and improved, and the evidence
shows that in those countries where building codes have been effectively
applied, there is a dramatic improvement in performance of new
construction (Krimgold, 2011). The majority of the current building codes
and regulations and land-use planning policies take into account various
hazards and threats (e.g. floods and storms, earthquakes). However
whilst these policies and regulations have shifted towards addressing the
root causes of vulnerabilities to disasters such as structural integrity of a
building, they do not often do so explicitly and tend to focus only on a
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single hazard or one part of the problem. In addition, mandatory built
environment policies are based on the historical trends and previous
events thus neglecting future projections that are critical for effectively
embedding CCA within DRR.

CHALLENGES AND OPPORTUNITIES FOR INCLUDING CCA IN DRR

DRR and climate change are addressed in separate policy arenas at
international and national levels. However starting with Hyogo Framework
for Action 2005-2015 and 2007 Bali Action plan, a number of efforts have
been made to point out the importance of addressing DRR and CCA
together (UNISDR, 2008). This has also been reemphasised in the Sendai
Framework for DRR, and further strengthened during the COP21 meeting
in Paris in 2015. For instance, the building code reviews, which usually
reflect the most recent impact of a disaster event (be that natural hazard
(e.g. an earthquake) or a human-induced threat (e.g. terrorism)), will
now likely be made based also on future projections of change in wind
speeds or height of storm surges, as well as other climate impacts.

However, despite recent debates for integrating CCA into DRR, there is
hardly any evidence about technical and institutional challenges in
practice (Davies et al. 2013). Around the world, solid frameworks for CCA
and DRR exist, however these frameworks are not easily included into the
built environment-related regulations and policies. There is a
disconnection in the way that DRR and CCA are treated: for instance both
CCA and DRR are often preparedness and response oriented, thus paying
less attention to prevention considerations into a country’s development
and planning practices, and consequently not sufficiently mainstreaming
DRR and CCA into policy-making.

Whilst the issues addressed under CCA and DRR policies relate to the built
environment, the interventions are often planned and implemented by
different ministries. Neither DRR nor CCA are a sector, as they require
informed action across a number of sectors (from education to health to
utilities). DRR is often handled by civil defence and emergency
management departments, which do not have links with environmental or
economic ministries that overlook national planning and climate-change
related policies. In addition, DRR and CCA are not the sole responsibilities
of these departments and therefore tend not to be at the top of their
priority lists. This creates further challenges for the built environment
when building regulations, codes, and planning policies are introduced, as
often the contribution of both DRR and CCA into these policies is
negligible. Moreover professional training of the built environment
professionals does not mainstream DRR and CCA as these competencies
are not required in order to follow the existing regulations.

Building regulations and planning policies present an excellent opportunity
for incorporating CCA into DRR. However there are some challenges that
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can diminish the role of building regulations and codes in DRR. For
instance, land use planning maybe ineffective if it is implemented at a
local level but a given risk crosses legislative boundaries of that locality.
In addition, planning processes are often long-winded and inconsistent
with the rapid development of a city (this is particularly an issue in the
middle- and low-income countries). Similarly, building codes and
regulations often do not take local specifics into account, and their
implementation is often hindered by a lack of required expertise and
manpower within the local government to monitor and enforce the
regulations (UNISDR, 2011). Governments are often reactive and slow in
responding to the issues related to CCA and DRR, and although new
improved regulations are introduced, there is often a lack of incorporation
of older buildings’ and infrastructure upgrade. The lack of government
initiative also drives market barriers, as often risk-averse construction
professionals are reluctant to invest in new technologies and practices
that could be more appropriate in terms of CCA and DRR (van Heijden,
2014). Another issue is lack of implementation of these regulations and
policies. Moreover these regulations and policies are not designed to
address specific design and construction technologies as prevalent in
various regions; their contextualisation thus indeed being a challenge.
Another important challenge is a lack of stakeholder engagement,
particularly in the private sector. DRR is often seen as a responsibility of
emergency managers, however multi-stakeholder participation can
increase the capacity and capability of those who take part in DRR.
Involvement of various public and private stakeholders can also lead to
and facilitate knowledge and experience sharing. It is essential to identify
those stakeholders who can have a positive influence over DRR in the
built environment at various stages of the design, construction and
operation processes, including commissioning, operation and
maintenance, as effective decision making requires an integrated
understanding of how to avoid and mitigate the effects of disasters
(Chmutina et al., 2014).

Tensions created by CCA and DRR policies

Whilst complementary, CCA and DRR policies create some tensions when
addressing the challenges faced by the built environment, due to differing
interpretations of terminology, institutional responsibilities and contextual
differences:

Specific vs. broad scope: CCA policies largely focus on what can be
achieved in terms of adapting to climate change-induced threats, in
particular storms and floods. DRR policies put emphasis on the capacities
that are (or should be) available in order to cope with a wider range of
risks and threats, both natural and human-induced often regardless of
their connection to the impacts of climate change.

Efficiency vs. redundancy: The overarching climate change agenda that
informs CCA policies often endorses a lean approach to development and
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streamlining processes that goes hand in hand with climate change
mitigation, i.e. to reduce consumption and minimise environmental
impacts. DRR policies are more open to the potential benefits of over-
designing (i.e. using more material resources to increase robustness) in
order to avoid damages and prevent disasters.

Emphasis on standards vs. emphasis on potential: CCA policies have been
informed by, and focused on, globally accepted standards often neglecting
local context. DRR policies are often driven at the local level and
encourage the identification and reinforcement of local potentials and
capacities of the system.

Reactive vs. proactive: CCA policies acknowledge that climate change will
have a negative impact on the built environment and therefore suggests
the ways of adapting to these impacts. DRR policies (at least on a
theoretical level) acknowledge the importance of a more pro-active
approach to dealing with risks.

Main areas in which synergies could and should be created

These tensions are important to consider, however a number of areas in
which synergy can (but does not necessarily do so yet) complement both
CCA and DRR is in relation to the challenges faced by the built
environment.

Similar goals: CCA and DRR policies implemented at the local level
essentially address the same issues.

Synergising CCA and DRR can provide a basis for the much needed multi-
stakeholder engagement: currently CCA is mainly addressed by
environment-related departments, whereas DRR is a responsibility of
emergency managers, with the private sector and communities in many
cases not being involved in decision-making at any stage. Multi-
stakeholder engagement can bridge disconnected policy and practice by
putting those at risk (e.g. businesses and vulnerable sections of society)
to the forefront.

Knowledge sharing: Multi-stakeholder engagement will allow for the
integration of scientific knowledge of the environmental (and other)
professionals, local knowledge of communities that is prevalent in the
DRR, and practical context-specific knowledge of the built environment
professionals. In addition, CCA can draw from some of tools developed
within DRR (e.g. risk monitoring).

Overarching DRR plans can employ a holistic approach by emphasising
natural resource protection, land-use planning and building codes that
also address reduced energy consumption.

Time scales: synergies between CCA and DRR would allow for the
expansion of DRR’s efforts time horizon by utilising future projections
developed as part of CCA. In doing this it could be easier to justify
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investment in pre-emptive risk reduction considerations for future
developments.
Budget allocation will be more effective if it is aimed at both DRR and CCA
thus helping to reduce doubling efforts and increasing institutional
effectiveness.

However in order to create these synergies, some basic challenges need
to be overcome. These include existing institutional gaps and lack of
coordination between various departments/ministries linked to DRR and
CCA. Also there is challenge of using commonly understood vocabulary for
DRR and CCA. Another common issue is the nature of financial allocations
that are made under separate budget heads for DRR, CCA and other
related areas thereby making it difficult to pull the resources for
integrated planning and implementation. Last but not the least is the
challenge of integrating CCA into DRR policies and programmes at
national, district and local levels.

CONCLUSIONS

As demonstrated in this paper, the contribution of the built environment
to climate change and CCA is well accepted in current building policies
and regulations, however the risk reduction rationale in these regulations
originates mainly from the past. This sets a challenge of expanding the
current existing focus of building regulations: there is a need to
incorporate a wider holistic ecological approach that looks at regional
impacts and vulnerabilities and is not just limited to the performance of
the built environment.

CCA and DRR initiatives currently work in silos, neglecting and
underestimating their commonalities and goals, or being unable to
overcome political constrains. Such a lack of synergy should not be
ignored as it increases the risk of unsuccessfully reducing vulnerabilities
of the built environment in the long run. Whilst there is enough
understanding about how to place CCA within DRR, there is a lack of
appropriate governance approaches and tools. This leads to multiple
negative consequences, including duplicating efforts that lead to
organisational inefficiencies and ineffective use of resources as well as
counter-productive efforts, in particular by reinventing older approaches
(Mercer, 2010).

In order to achieve a truly sustainable and resilient built environment it is
critical to achieve an effective scale of hierarchically interdependent built
elements. If such hierarchy is weak, the vulnerability of a built
environment increases and therefore an impact of one hazard may
exacerbate the impact of another hazard, thus creating a
complex/compound hazard. Vulnerability continually increases in many
places because the size and complexity of the built environment is
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increasing, with systems and networks planned, designed, constructed
and operated without appropriate attention to the potential risks. Climate
change presents an additional challenge and opportunity; therefore what
were previously considered reasonable margins of safety in the traditional
engineering approaches may no longer be relevant or effective.

Climate change has become a part of the built environment’s political
agenda nationally and internationally in many countries, and it therefore
could act as a mechanism to attract attention of policy makers to DRR.
This however has to be done carefully in order not to shift the agenda to
climate-induced hazards only, but instead it is critical to make DRR part of
the sustainability agenda. Whilst it is important to build a structure that is
energy efficient and constructed using materials that have minimal
impacts on the environment, it is equally important to make sure that it is
not in a risk-prone area and is not going to be destroyed by the next
earthquake or flood. DRR including CCA should play a bigger role in
building regulations and planning policies.

Structural measures can predominate in DRR - but this is also appropriate
for CCA. Incorporation of CCA into DRR in the context of the built
environment can be imposed through effectively implementing,
monitoring, and enforcing building regulations and codes and land use
planning and zoning requirements, ensuring that responsibility for
preventive, protective and mitigation actions lies with engineering and
planning professionals. It can also contribute towards climate change
mitigation. Planning policies also present a unique opportunity to
integrate policies of mitigation, adaptation, land use and other
sustainability-related measures in one legally binding document.
However, it is important to incorporate ecological perspectives through
adaptable design, which increases flexibility and durability of the built
environment. Better integration of CCA into DRR can promote more
structured and coordinated planning, construction and operation
mechanisms and simultaneously provide support for overall sustainable
development.

Acknowledgement: This paper is a short version of a paper based on
the more extensive chapter accepted for the publication in Chmutina, K.,
Jigyasu, R. and Bosher, L. Integrating DRR including CCA into the delivery
and management of the built environment. In: Gaillard, J.C. et al. (eds.),
Routledge Disaster Risk Reduction and Climate Change Adaptation
Handbook. Routledge.
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ABSTRACT

With the occurrence of disasters caused by natural hazards rising in
frequency and intensity, the importance of conducting research on the
effect of disasters on major infrastructure becomes evident. Road
infrastructure such as bridges, culverts and flood-ways play an important
role before, during and after a disaster since providing access to affected
areas is a vital factor influencing the evacuation, rescue, recovery and
also reconstruction activities. Consequence assessment of disasters on
road structures provides valuable information for decision makers to
measure the potential risk on structures and to identify and implement
appropriate strategies and programs to sustain the infrastructure.
Assessment of social, environmental and economic consequences of
failure of road structures provides necessary data to design road
structures that are not only more resilient to natural hazards, but also
sustainable in the long run. This paper reviews the current literature
which focuses on measuring sustainability (i.e. social, environmental and
economic) impacts of road structure failure due to disasters. The paper
also analyses the strengths and weaknesses of relevant studies in order
to understand the knowledge gap and to build a more rigorous, holistic
model that could be used to assess sustainability impacts of failure of
road structures in varied disaster scenarios.

Key words: Natural hazards, Road infrastructure, Sustainability impacts

INTRODUCTION

Natural disasters by definition, are natural events, which cause extensive
economic loss or loss of life (Wisner, 2003), and as a result the impacts of
disasters are commonly measured in terms of lives lost and / or economic
costs caused by the event. However, damage to infrastructure, and its
consequent reconstruction, can exacerbate the damage to the natural
environment and thus reduce its ability to recover after a disaster.
Therefore, when measuring the impacts of a disaster it is important to
take into account the impacts the event has had on ecological systems as
well.

As Holling (2001) illustrates, defining boundaries for these three systems
can be a complex task as social, economic and ecological systems overlap
each other frequently. This issue is further complicated by the fact that
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there is no common unit of measure for social and environmental
impacts, while in contrast quantifying economic impacts is simpler.

As the scope of this paper is to review methodological research used to
measure social, environmental and economic impacts of failure of road
structures, categorisation of the impacts will only be done to ensure that
all aspects will be incorporated and to minimise any double counting
errors.

The impacts studied will be limited to the impacts caused by structural
damage to the infrastructure and the usability of it at a local scale, while
wider social, economic and environmental impacts of the disaster will be
considered to be out of the scope of this paper.

MEASURING SOCIAL, ECONOMIC AND ENVIRONMENTAL IMPACTS
OF DISASTERS

Economic impacts

Media reports on economic losses caused by disasters, even before rescue
efforts have ended, can imply that economic impacts are easy to quantify.
However such reports are mere estimates of the actual economic impact
and can vary significantly from the empirically measured values. In
addition most economic valuations tend to rely on insurance claims after a
disaster or in the replacement value of damaged infrastructure (Pelling et.
al., 2002). Therefore it is important to understand the current literature
on methodological approaches to measuring economic impacts in order to
use / develop a method which incorporates the most relevant economic
data.

Costs of disasters have typically been categorised into direct and indirect
based on the spatial and temporal effects; and as tangible and intangible
based on the ability to measure the costs. (Gentle et.al., 2001 & Merz et.
al., 2010).

Tangible costs are costs that have a market value which can be attributed
to them and hence tangible costs, both direct and indirect, are often used
to measure the economic costs of disasters.

Table 1: Classification of disaster losses

Type of loss
Measurement | Direct Indirect
Tangible Damage to infrastructure, | Disruption of public services outside the

buildings and contents, | flood area; cost of traffic disruption;
vehicles; destruction of | induced production losses
harvest; damage to livestock;
clean-up costs

Intangible Death and injury, loss of | Inconvenience and disruption, especially
items of cultural significance | to schooling and social life; Stress
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| and personal memorabilia | induced ill-health and mortality |

Note: Adapted from Review article: Assessment of economic flood damage by Merz, B.,
Kreibich, H., Schwarze, R. & Thieken, A, 2010, Natural Hazards and Earth System
Science, 10, 1697-1724.

The Bureau of Transport Economics (BTE)(2001) presented a framework
to estimate economic costs based on standard costs obtained from an
Emergency Management Australia (EMA) database. The disaster cost
estimation principles used by BTE are useful as it is based on previous
cost estimation principles developed by Australian authorities.

A major limitation of this framework is that the cost estimates used have
been calculated based on insurance payments and media reports and not
based on actual empirical data. In addition since the BTE report takes a
national view on the economic losses some indirect costs such as business
disruption costs have been excluded, even though such costs would need
to be included when measuring economic costs at a local level.

In addition to direct and indirect costs Pelling et. al., (2002) adds another
classification termed as secondary costs, which take in to account the
overall performance of the economy as measured through the most
significant macro-economic variables. Such indicators may include effects
on sectoral and local GDP, levels of indebtedness and long term impact on
public finances. However such costs will be harder to measure as they
may be felt over a number of years after the disaster and would have to
be de-coupled from impacts due to normal economic cycles.

Stephenson et. al., (2013) presented a Socio-Economic Impact
Assessment Model for Emergencies (SEIA-Model), based on a Cost-
Benefit-Analysis (CBA) approach, which addresses some of the
deficiencies highlighted in previous models by taking a local approach to
the impact assessment and by incorporating social and environmental
costs into the model.

However by assigning monetary values to social and environmental
impacts, social and environmental capital is regarded as directly tradeable
with economic capital, which can be misleading. Hence it may be
appropriate for social and environmental impacts to be measured
separately from economic impacts.

Table 2: Summary of economic models discussed

Model Advantages Limitations
Economic cost | Takes an Australian | Not based on empirical data
estimation (BTE | perspective Cost estimates are out dated and
report) Easily replicable based on insurance claims
Ignores local costs

Cost Benefit Analysis | Incorporates intangible | Assigns monetary values to social

costs and environmental costs

Uses  opportunity  cost
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values

Secondary cost | Focuses on a wider | Measurement can be subjective and
analysis temporal and spatial scale | hard to measure

Social impacts

Previous research on the quantification of social impacts of disasters,
typically seek to assign a monetary value to social impacts (Stephenson
et. al., 2013, Chang, 2003 and Chang et. al., 2009). Such quantification
using a human capital approach, assigns values to human beings purely
as economic actors and places a financial value on an individual based on
the average contribution a person would have on the potential output of
the economy.

Using a human capital approach to quantify social impacts can be
beneficial, as it allows to integrate social impacts to a traditional economic
impact assessment. Though such a method may add value to an
economic Cost-Benefit-Analysis it can be very misleading as the quality of
life of individuals affected by the disaster are not considered.

Lindell and Prater (2003) presented a resource-based approach to assess
societal impacts of disasters, based on dependency relationships and the
availability of resources after the disaster. This approach however is
better suited for measuring resilience and recovery of the society rather
than to measure the social impacts.

Chang et. al. (2009) measured the social impacts of infrastructure failure
using a system functionality approach, which looked at the number of
people affected and the loss in functionality of the system affected by a
disaster.

Gardoni and Murphy (2009 & 2010) proposed a capabilities-based
approach to assess the social impacts of natural disasters. A capabilities-
based approach refers to dimensions of well-being of individuals and
takes into account what different individuals actually do with a resource
and the opportunities they have. Though the final Disaster Impact Index
proposed by Gardoni and Murphy (2010), incorporates the selected
capabilities, its main purpose is for a comparative study of disasters
rather than to measure the absolute social impact of a disaster.

Deshmukh et.al. (2003) use a similar approach to estimate social costs of
critical infrastructure after a disaster by identifying the activities of
communities and functions of industries supported by infrastructure in
order to assess the serviceability of them. The serviceability level of an
infrastructure for supporting an activity is considered to be 100% before
the disaster, while the post-disaster serviceability level is estimated
through a Monte Carlo simulation process.

Table 3: Summary of social impact models
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Model

Advantages

Limitations

Human
Approach

Capital

Can be incorporated in CBA
A single unit of measure can be
used

Views society as a group of
economic actors
Quality of life is not considered

Resource-based

Suitable to assess resilience of

Only negative social impacts

approach societies are calculated
Absolute social impact is hard
to measure
Systems Relevant for road networks and | Application to individual
(network) infrastructure infrastructure assets is limited
approach Outcomes are measured based

on number of people affected

More suitable for comparative
studies

Focuses on the capabilities
affecting well-being of individuals
Can be used to measure positive
and negative social impacts

Capabilities-based
approach

An appropriate way forward would be to measure social impacts using a
capabilities-based approach and to represent it as a percentage of pre-
disaster serviceability levels. Such a method would enable a wide range
of, both quantitative and qualitative social impacts to be measured and
presented in a meaningful manner.

Environmental impacts

Environmental (ecological) impacts of disasters are the least researched
into impact category, mainly as it is hard to identify and distinguish
environmental impacts caused by a disaster. The fact that there is no
commonly accepted principle to measure and amalgamate environmental
impacts makes such assessments even more challenging.

As environmental impacts are considered external to economic
transactions most economic assessments do not incorporate
environmental impacts in such models. Those economic assessments that
internalise any environmental impacts through a Cost-Benefit Analysis,
assigns a monetary value to any environmental cost or benefit
considered.

The three most common environmental valuation methods used are the
Hedonic Pricing Method, Travel Cost Method and the Contingent Valuation
Method, while each of them have their own benefits and limitations, the
exact method to be used will depend on the type of environmental impact
under consideration (Al-Kandari, 1994).

A major drawback of such valuation methods is that by giving a monetary
value to environmental impacts, environmental capital is regarded as
directly tradable with financial capital, which can be very misleading.

The most common method used to study the environmental impacts of
road structures, without assigning economic values to impacts, has been
Life Cycle Assessment (Du et. al., 2014, Pang et. al., 2015 & Zhang et.
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al., 2016). LCA is an internationally recognised, comprehensive
methodology, which can be used to assess the environmental impacts of a
wide range of products and processes. The scope and depth of an LCA
study could be varied according to the requirements of the researcher,
which helps more relevant research to be conducted (Rebitzer et. al.,
2004).

However most LCA studies focus on the overall environmental impacts of
road structures throughout its life cycle, from the design stage to the end-
of-life stage, and don’t focus on the impacts that can be caused by failure
of the bridges. Studies that link assessment of environmental impacts
with failure of road structures have focussed on structural design and
repair options that minimise environmental costs (Sobanjo & Thompson,
2013 and Tapia & Padgett, 2016), while minimal focus is given to the
actual environmental impacts caused by the failure.

The environmental impacts of the failure of a road structure due to a
disaster could be evaluated using a LCA approach by considering the
failure of the road structure as the process being studied. As the
environmental impacts of the physical damage as well as reconstruction
will be assessed, this method would help to understand the resilience of
structures in disaster situations.

Table 4: Summary of environmental impact methods

Model Advantages Limitations
Environmental Can be incorporated in CBA Uses economic pricing models
valuation methods | A single unit of measure can be | Regards environmental capital as
used tradable with economic capital
Life Cycle | A higher number of | Aggregation is based on applying
Assessment environmental impacts could be | weightages
considered No common unit of measure
Scalable

MODELS USED FOR MULTI-CRITERIA DECISION ANALYSIS

An important component of measuring social, environmental and
economic aspects of a disaster would be to integrate these three
dimensions to one common platform. As the impacts in these three areas
are not directly comparable with each other, a systematic and
understandable framework needs to be used for aggregation purposes.

Multiple Criteria Decision Analysis (MCDA), is an umbrella term used to
describe a collection of formal approaches, which seek to take explicit
account of multiple criteria to help make decisions in an objective manner
(Belton & Stewart, 2002).

Though most MCDA approaches are based on the same fundamentals
where, values for alternatives are assigned for a number of dimensions,
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and then multiplied by weights in order to arrive at a total score, the
approaches differ on how the values are assigned and aggregated (Huang
et.al., 2011). Thus it is important to analyse the different MCDA
approaches so that the most relevant method could be used.

Multi-Attribute Utility Theory (MAUT) is an approach, which assigns utility
values to the different dimensions, based on preferences of decision
makers and then look to optimise the total utility function to arrive at the
best decision. MAUT facilitates rational choices and will be applicable in a
scenario with one decision maker who is able to clearly express
preferences over outcomes and clear trade-offs for specific levels of
achievement across dimensions (Huang et.al., 2011). This benefit in itself
would be a disadvantage in that the ultimate outcome will be subjective
and include preference bias of the decision maker.

The Analytic Hierarchy Process (AHP) uses pair-wise comparisons of
criteria in order to rank the criteria based on verbal judgments of the
importance of one criteria over another, which makes it possible to
compare both quantitative and qualitative data together (Saaty, 1990).
AHP is a good tool to be used when there are a high number of
alternatives and multiple decision makers, although the value judgments
used in the model can render it to be subjective.

Outranking is a MCDA method typically used to compare alternative
options by assigning preference scores for the different dimensions of
options. A range of possible scores for the different options is considered
for each dimension, to develop preference functions across dimensions.
An options score within a dimension will show how it compares against
the other options (Murat et.al., 2015). Outranking is an approach that can
be used for comparability of options hence does not necessarily identify
the best options.

A study by Huang et. al. (2011) found that AHP applications have been
used in the vast majority of MCDA research and concludes that this is
mainly related to the availability of user-friendly and commercially
supported software packages and enthusiastic and engaged user groups,
rather than the analytical methodology of the model.

Table 5: Summary of MCDA models

Model Advantages Limitations
Multi-Attribute Utility | Preference of a decision maker is | Final weightings are
Theory taken into consideration subjective

Analytic Hierarchy | Preferences of multiple decision | Based on value judgements
Process makers is considered

Can be used when there are a
number of diverse alternatives

Outranking Easy to compute and understand Identification of a best
Can be used as a comparative tool | option is harder
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In conclusion it can be stated that the methodology to be used for the
integration and assessing of social, environmental and economic
dimensions would depend on the preferences of the relevant decision
makers. However, a hybrid method using AHP and MAUT models could be
developed. Pair-wise comparisons as in the AHP model could be used to
reduce subjectivity, while using the aggregation process of MAUT for
convenience and transparency.

PROPOSED METHODOLOGY
The methodology proposed in this paper is summarised below.

The economic, social and environmental impacts of the road structure
failure would need to be measured using three different approaches, each
of which will be the most relevant and representative of the impact
category.

Since the outcome of the three impact categories will not be directly

comparable, MCDA methods would be used to assign weights and for
aggregation purposes.

Figure 1: Proposed methodology

mpac ez

Surveyon tangible Capabilitiesbased Life Cycle
Measurement Method Economic costs approach Assessment
Outcome Economic cost f Reductionin Environmental
Benefit (5) capabilicies (%) footprint

AHP - Pairwiss comparisons
by multiple decision makers

|

Aggregation | MAUT - Useofa ut'll'rtl,'furrct'u:un|

Assigning weights

CASE STUDY: ECONOMIC, SOCIAL AND ENVIRONMENTAL IMPACTS
OF THE FAILURE OF THE KAPERNICKS BRIDGE, QUEENSLAND

The following section of the paper focuses on the application of the
relevant models identified above to measure the sustainability impacts of
the failure of the Kapernicks Bridge due to the 2013 floods which affected
Queensland.
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The most relevant tangible economic costs of failure of a bridge could be
categorised as per Table 2.

Table 6: Economic cost categories and estimation principles

Cost Category Estimation principle Data Source
Damage to infrastructure Depreciated economic value | Replacement cost -
Discounted restoration cost | additional strengthening
cost
Replacement cost
discounted at 85%
Clean-up costs Cost of material + | Survey
opportunity cost of labour Insurance paid out
Increased vehicle operating | Extra fuel cost, | Survey
costs depreciation,
Extra travel time Loss or reduction of income | Survey
Business disruption Loss of value added Survey
Alternative accommodation | Cost of staying away from | Survey
home

When assessing the social impacts through a capabilities-based approach,
the capability group that would be most impacted would be affiliation and
mobility, as it is these capabilities that would be most affected by
disruption to transport networks. Within this group two capabilities are
identified to be affected;

Ability to engage in a desired activity

Ability to move freely from place to place

Since these two aspects can be interrelated, measures need to be taken
to avoid any double counting errors.

Ability to engage in a desired activity would include activities like time at
school and with family, while ability to move freely would include time
taken to travel. A list of probable capabilities that could be impacted and
needs to be surveyed based on previous research conducted by Mullet
et.al., (2015) are listed in Table 7.

It is important to note here that any direct economic costs of extra travel
time like extra fuel costs should not be included under social costs, as
these costs will be included in the economic cost calculations.

As data regarding which capabilities had been affected and its magnitude
are not available, a survey would need to be conducted among residents
who frequently use the Kapernicks bridge in order to gather this
information.

Table 7: Capabilities that may be impacted

Capability Measure Impact

Attend school No. of school days missed % of days in school year
Spend time at home Extra time taken to travel % of normal travel time
Spend time at home Days away from home % of calendar year
Access to markets Extra time to obtain necessities % of average time (days)
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Access to medical and | Time away from such facilities
other required facilities

Live a healthy life No. of injuries & deaths

The environmental impacts of the failure of the bridge would be assessed
by conducting a process level LCA. The functional unit for the LCA would
be the "“process of repairing the bridge to pre-disaster serviceability
levels”.

An important aspect of conducting a LCA would be the identification of the
different environmental impacts. When conducting a LCA study all
possible impacts categories need to be assessed and then assigned
weightages in order to normalise and convert them to a common unit of
measurement.

However a more simplified method would be to select the most relevant
impacts, which will reduce the time and effort needed to conduct the
study. The most common environmental impact categories identified for
bridges (Du, et.al., 2014, Horvath & Hendricks, 1998, Kendall et. al.,
2008, Pang et.al., 2015 and Zhang et.al., 2016) are Global Warming
Potential, energy use, non-renewable resource depletion and ecosystem
quality.

Table 8: Environmental impact categories and indicators

Impact Category Indicator

Global Warming Potential Kg Co2e

Eutrophication Eutrophication potential
Energy use Mj (embodied energy)
Non-renewable resource use Kg oil / mineral used

CONCLUSION AND FUTURE RESEARCH DIRECTION

This paper has studied the methodological applications presented in
recent years to measure social, environmental and economic impacts of
road structure failure. These models will need to be amalgamated and
used to develop a holistic model, which is more relevant to disaster
scenarios.

Based on the analysis of the models and the data requirements identified
an empirical study on road structure failure needs to be carried out. Such
a study will help identify any limitations of the model so that it could be
improved and used in empirical studies of road structure failure.

The empirical model developed would also need to be compared with
existing mechanistic models of road structure failure in order to compare
the validity of the assumptions used and the final outcome of two
different types of models.
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ABSTRACT

Effective and targetted disaster risk management is essential in building
more resilient communities. Decision-makers are regularly required,
through legislative frameworks, to determine how much, and where, to
invest in disaster risk management to maximise economic and community
benefits. Despite this mandate, there are few frameworks available to
adequately support decision-makers in these complex decisions.

We review formal economic approaches to decision-making as well as
existing risk management decision-making frameworks internationally.
We summarise the types of tools used and the relative strengths and
weaknesses of existing approaches. We find that many existing decision-
making frameworks rely on cost-benefit analyses that tend to focus on
monetized benefits and costs. We seek to increase the efficiency of risk
management processes by providing guidance on the full range of
outcomes that are likely to occur in a risk management context, and the
appropriate decision support tools to apply when evaluating options.
Many outcomes of risk management are not valued in markets, and the
ability to undertake valuations is often limited due to resource and
information constraints and system complexity. Importantly, we aim to
address uncertainty, which is «critical to the evaluation of risk
management options.

This review is part of a two-year project developing a prototype
framework for effective disaster risk management intervention decision-
making. The framework will help decision-makers to better value disaster
risk management investment in the current sustainability and well-being
focused legislative/policy context.

Key words: Cost-benefit analyses; Decision making,; Disaster risk
management; Full cost accounting;

INTRODUCTION

Natural disasters bear a heavy financial, social and environmental cost for
New Zealand. Despite a number of international studies illustrating the
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benefits of disaster risk reduction and mitigation (for example, Rose et al.
(2007), Fenwick (2012), Mechler et al. (2014) and Shreve and Kelman
(2014)) decision-makers sometimes find it difficult to justify investment in
disaster preparedness. A robust disaster risk decision-making framework
is needed to provide a good ‘evidence base’ for decision making.

Current decision-making methods, such as cost benefit analysis and
multi-criteria analysis, are used broadly. However, there are some
challenges in applying these to disaster risk assessments due to the long
time horizons being considered and high levels of uncertainty around
quantification of benefits.

In addition, current assessment techniques also tend to favour easily
quantifiable costs and benefits (often impacts that can be monetized).
Within the current New Zealand policy context there is emphasis towards
a ‘multi-capital’ approach to policy evaluation. Treasury’s Higher Living
Standards (HLS) (New Zealand Treasury, 2011), The Resource
Management Act and the Local Government Act all point toward a need to
assess actions by environmental, social and economic means. The tools
currently available, however, cannot do this robustly, transparently or in
an agile fashion (Counsell, 2010).

This literature review is part of a New Zealand government funded
research project ‘Full Cost Accounting of Disaster Risk Management: Risk,
meanings and metrics with uncertainty’. This project seeks to develop a
prototype decision making framework fit for disaster risk management.

GENERIC DECISION SUPPORT TOOLS

Existing economic and decision-making tools generally fall into three
broad categories:

Cost benefit analysis (CBA)

Costs effectiveness analysis (CEA)

Multi-criteria analysis (MCA)

A brief description of each of the decision-making tools is included in
Table 15, including strengths and weaknesses for application to disaster

risk management decisions and suggested applications.

Note that, the evaluation methods and tools are not necessarily mutually
exclusive nor compete with each other. It may, for example, be beneficial
and enlightening to complement CBA with MCA or other qualitative tools
(Brouwer et al., 2010) or one method may be more applicable than
another in a given situation.
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Table 15  Application of decision-support tools within disaster risk management

Tool (key Description Strengths Challenges Suggested Application
references)

CBA cost- Framework for Follows an established Valuation techniques Options are well defined
benefit comparing and open are imperfect and Costs/benefits that are not
analysis projects/policies methodology loaded with able to be monetised are
(Atkinson based on efficiency Encourages disciplined assumptions unlikely to be significant or
and Usually expresses  consideration of Tempting to only are at least included in
Mourato, costs and benefits  choices include benefits/costs decision making through
2008; in the common for which information is other analyses

Boardman metric of today’s readily available

et al., money Difficult to balance

2001; non-quantifiable

Florio, costs/benefits with

2014) quantifiable

Conclusions may be
highly sensitive to
assumptions, incl.
discount rate

CEA cost Compares costs of Follows an established Objective or target Clearly defined goal or
effectivene projects/policies and open must be well defined objective
ss analysis against a defined methodology Limited ability to Prioritisation of least-
(Brouwer goal or benefit Does not necessarily consider multiple costly/highest benefit
et al., (e.g. disaster risk require the and/or competing option is paramount
2010) reduction) monetisation of benefits

benefits See also challenges for

CBA

MCA multi- Establishes Enables decision- Subjectivity of Effects of a project/policy
criteria preferences makers to handle assessment are likely to be complex and
analysis between options by large amounts of Time-consuming to information on effects is
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(Keeney
and Raiffa,
1976;
Dodgson et
al., 2009;
Huang et
al., 2011)

assessment
against a set of
agreed objectives
and measurable
criteria

complex information
in a consistent way
Flexible to allow for
alternative objectives
and values

Can incorporate
diverse range of
information

undertake stakeholder diverse
engagement processes

and buy-in is required
Weighting dimensions

can be complex and

subjective
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INTERNATIONAL DISASTER RISK DECISION-MAKING
FRAMEWORKS

Formal frameworks for disaster risk decision-making are growing but are
not widely adopted. The majority of the frameworks reviewed (Table 16)
use CBA as their base method; adding a variety of methods for managing
‘non-market values’ including qualitative assessments, multi-criteria
analyses and willingness to pay methods. Benefits were valued on an
average annualized losses basis and discounted using rates between 3-
12%.

Across the frameworks a number of key steps within the assessment are
recommended:

Define the problem and assessment objectives

Establish the baseline (‘*do-nothing’ option)

Carry out risk analysis (including hazard intensity, recurrence,
vulnerability)

Identify intervention options (could include hard (e.g. engineering) and
soft (e.g. policy) approaches) and their probability of success
Identify and value the full range of costs and benefits

Carry out assessment

Compare and select preferred option

A diverse range of potential costs and benefits are described in the
frameworks. Generally these can be categorised as:

Social, environmental, economic,

Direct and indirect

Tangible and intangible, and

Market and non-market.

Methods for calculating the costs and benefits range from bottom-up
approaches (using unit estimates scaled to the hazard impact) to top-
down approaches using historic data.
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Table 16

Framework

Primary

evaluation

Summary of example disaster risk management decision frameworks

Management of ‘non-market’ costs /
benefits

Australian Business Roundtable for
Disaster Resilience and Safer
Communities: Building our nation’s
resilience to natural disasters
(Deloitte Access Economics, 2013)

method used

Cost benefit
analysis

Qualitatively included

United States FEMA: Benefit Cost
Toolkit 5.2.1. (FEMA, 2015)

Cost-benefit
analysis

Not included directly. Opportunity to discuss
but not integrated into the assessment

United Kingdom Environment
Agency: Flood and coastal erosion
risk management appraisal
guidelines (Environment Agency,
2010)

Cost-benefit
analysis combined
with swing multi-
criteria analysis.

Recommends monetizing values where
possible. Otherwise the guide advocates
‘swing’ multi-criteria analysis (MCA): within
each type of impact, options are weighted
relative to the difference between the worst
and best outcome. Options are then assigned
‘implied’ monetary values by comparing the
monetised and nhon-monetised impacts and
their relative weights
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Framework

GTZ: Cost-benefit Analysis of
Natural Disaster Risk Management
in Developing Countries (Mechler,
2005)

Primary

evaluation
method used

Cost-benefit
analysis

Management of ‘non-market’ costs /
benefits

Recommends two methods: direct preference
(price someone is willing to pay to prevent a
consequence) and the indirect method
(estimate of market losses).

World Bank: Climate-Smart
Development. Adding up the
benefits of actions that build
prosperity, end poverty and combat
climate change (World Bank, 2014)

Cost effectiveness
analysis. Bottom-
up modelling of
future losses /
benefits combined
into a
macroeconomic
assessment tool.

Some established monetary valuations for
benefits incorporated into financial modelling
(value of statistical life, crop value, social cost
of carbon, carbon dioxide mitigation cost, and
energy savings).

Others intangible benefits considered
qualitatively.
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KEY CHALLENGES

With all of these evaluation methods there are a number of challenges
when applying them to disaster risk decision-making.

Deep uncertainty

When valuing the costs and benefits of a particular disaster risk
management intervention, we are valuing benefits that may or may not
occur at some point in the future. There is uncertainty around the extent
of these benefits due to both our ability to predict the impact of hazard
events and also the future social, economic and natural environment that
will be affected. Often compounding the problem, parties to a decision
have competing priorities and beliefs (Kalra et al., 2014). Inevitably this
uncertainty leads to a bias in the analysis of costs”.

For most DRM projects, the lack of data, especially regarding benefits,
means it is not easy to apply CBA (Mechler, 2005; Toyama & Sagara,
2013). Kalra et al. (2014), note that uncertainty can paralyse sound and
effective decision-making and, therefore, needs to be managed carefully.

Valuing the Future

A common criticism of CBA analyses is ‘the tyranny of ‘discounting’
(Atkinson & Mourato 2008; Hepburn 2007; Pearce et al., 2003). The
purpose of discounting is to ensure effects at different time periods are
expressed in their present value (EPA, 2010). However, currently used
discount rates means that effects occurring more than 25-35 years into the
future will have a value near to zero: thereby devaluing the importance of
reducing burdens on future generations. We need to review the role and
applicability of discounting.

Distributional Equity

Many economic analyses assess the impacts on society as a whole. There
is an assumption that the ‘winners’ will somehow compensate the ‘losers’.
However, this is often not the case. For example, if a proposed policy
results in a gain of $100 to individual A and a loss of $50 to individual B,
we cannot assume that social welfare has increased; for if A is rich and B is
poor, it may be that the loss of satisfaction to B of $50 is far greater than
the gain of $100 for A. Evaluation methods can be adjusted to record the
costs and benefits against the parties to which these accrue, however, this
is not widely practiced (cf Florio, 2014).

> In a recent review of environmental regulations, the U.S. EPA found that all regulatory impact analyses
estimated (some) costs, but less than half included some form of benefits (Hahn & Dudley as cited in Atkinson &
Mourato, 2008). Only about a quarter provided a full range of benefit estimates.
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Risk preferences

There is often an assumption, particularly in CBA, that people are rational
and risk neutral (cf Stehr,2006). That is, they make choices that
maximize their individual well-being now. However, some individuals may
be more altruistic and make decisions based on others’ well-being or some
may be risk averse and prefer guaranteed losses now over potential future
losses.  Decision makers are also faced with a difficult problem of
determining the appropriate degree of risk to manage at a macro
(community) level and at individual level.

Techniques to adjust for risk preferences, such as expected utility theory
(Smith & Vignaux, 2006) and multi-attribute utility theory (Wallenius et al.,
2008) are available to account for people’s individual risk preferences but
these are not widely used.

Interactions between different impacts

Disaster risk management assessment will inevitably be multi-faceted.
Decision-makers will be trying to balance competing objectives: social,
environmental and economic. This challenge is two-fold: how do you
weight or value the importance of each objective, while taking into account
the range of individual preferences. Second, are the effects additive or is
one or a particular combination of effects more significant? For example,
people might feel more strongly negative about a project a project that
imposes both environmental and social costs than would be estimated by
adding separate valuations of the two effects. More explicit guidance is
needed on how to balance different impacts.

Monetisation of costs and benefits

Particularly in CBA and CEA, the emphasis on monetary valuation of costs
and benefits has drawn criticism. A number of techniques, based on the
concepts of ‘willingness to pay’ or ‘willingness to accept’ have evolved to
aid in the monetary valuation of items not typically traded in markets
(Boardman et al., 2001). Techniques such as stated preference methods,
revealed preference methods, and cost-based valuation techniques can be
employed, however these are complex and relevant data is often not
available or is too expensive to collect. There are also ethical questions
around the valuation of things such as human lives (Mechler, 2005),
cultural and biodiversity values.

Residual risk and moral hazard

When determining the costs and benefits of an intervention, a consideration
often over-looked is the potential for residual risk and moral hazard. An
important part of intervention evaluation is to consider the effect of the
intervention on behaviour change (that is, does it induce riskier behaviour)
and the consequences of other events (for example, does a flood bank stop
a 1in 20 year flood only to make the consequences of a 1 in 50 year flood
worse?). The use of insurance can be an example of a moral hazard: if
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someone has insurance, they arguably have less incentive to reduce the
losses from occurring (Courbage and Stahel, 2012).

Optimism bias

There is a tendency for analysts to be overly optimistic in their assessment
of interventions. Some guidance documents recommend artificially
adjusting (percentage increase) projected costs prior to completing a CBA
assessment (HM Treasury, 2011).

CONCLUSIONS

There are a number of established decision-making techniques that can be
applied to disaster risk management decisions. Their effectiveness,
however, is dependent on the management of a number of key challenges,
including deep uncertainty, valuing the future, distribution equity, risk
preferences, interactions between impacts types, monetisation of costs and
benefits, residual risk and moral hazard, and optimism bias.

The next step in this project will be to develop a user friendly framework to
guide analysts and decision-makers towards more effective and robust
disaster risk decision-making.
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Disasters continue to have a dramatic impact on lives, livelihoods and
environments communities depend on. In response to these losses the
global community has developed various theories, assessment
methodologies and policies aimed at reducing global losses. A
contemporary outcome of these interventions is to build the disaster
resilience. However, despite the disaster resilience building endeavours
espoused by policies, theories and methodologies, very little progress is
being made in reducing disaster losses. This paper argues that a possible
reason behind the limitations of current resilience building policies and
methodologies could be that most of these policies are based a mechanistic
scientific paradigm that places an emphasis on system components that are
perceived to build resilience and not the function of systems as a whole.
This often leads to resilience building initiatives that are based on a “one
size fits all” approach. This paper argues for the use of a complex adaptive
systems approach to building resilience. This approach argues that
contextual factors within different social systems will have a non-linear
affect on disaster resilience building efforts. Therefore it is crucial to move
away form one size fits all” approaches to more flexible approaches to
building resilience. This hypotheses are tested by means of a correlation
statistical analysis of agricultural communities in Southern Africa. Results of
this analysis indicate that unique resilience profiles are evident in almost all
of the communities. This indicates that resilience is not the same for
everybody, and that resilience building endeavours should be flexible
enough to be adapted from community to community.

Key words: Resilience, Mechanistic Paradigm, Complex Adaptive Systems,
Non-linearity, Flexible

189



DEVELOPING A CULTURE OF PREPAREDNESS: EMBRACING
VULNERABILITY TO BUILD RESILIENCE
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ABSTRACT

The Small Island Developing State of Vanuatu is widely recognised as one
of the most at-risk countries due to its simultaneous high exposure and
vulnerability. Although the impacts of Cyclone Pam illustrated this high
level of risk, it also highlighted a path to resilience through the
development of a culture of preparedness by embracing and exploiting
vulnerability resulting from social, physical, economic, political and cultural
fragmentation in the country. The Vanuatu disaster governance system
developed mechanisms to turn potential vulnerability factors into catalysts
to more effectively and continuously build resilience of the diverse
communities scattered across the islands of the archipelago. These
strategies resulted in the development of a culture of preparedness relying
on the recognition that the concept of resilience-building is not the absence
of vulnerability factors but the ability of communities to integrate these
factors into their life as positive dynamics to better prepare for extreme
events and response activities. The Vanuatu disaster risk and climate
change governance system in place before Cyclone Pam was mobilised
during the cyclone response phase; this paper focuses on the qualitative
analysis of the cultural dimension of this system. Through the analysis of
cooperation patterns, the integration of vulnerability factors as triggers for
cooperation in preparedness strategies was highlighted as a particular
priority for developing a culture of preparedness among organisations and
communities, and to more effectively build resilience.

Key words: Climate Change; Culture of Preparedness; Disaster Risk
Reduction; Governance; Resilience; Small Island Developing State

INTRODUCTION

Building resilience is a complex process relying on the ability of
communities to face hazards, including climate change, without serious
harm. This ability relies on their aptitude to identify (and understand),
adapt and prepare for the actual and potential threats of hazards. The
consideration of culture is essential to analyse disaster risks and build such
ability (Kriger et al., 2015). Bankoff et al. (2015) define culture “as a
constantly and shifting configuration of social practices, or as outcomes of
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experiences, social arrangements and situation that are inscribed into a
society” (p.4). Accordingly, the concept of culture of preparedness explores
social structure and practices developed within a society to prepare
organisations and the broader communities for extreme events and
response activities. Developing a culture of preparedness does not mean
that a society will not be vulnerable and will not face losses during
disasters. It does mean that people understand the risk and can perceive
the potential of a risk of a hazard more violent than ever experienced, and
recognise the need to prepare as effectively as possible for such an event.
It also means that organisations and communities are prepared for the
management of response activities, which may involve extensive
cooperation with known and unknown stakeholders, as well as significant
mobilisation of human and material resources (often already scarce before
the disaster). The society will need the ability to adapt its social structure
and practices for effective disaster management before, during and after a
disaster while constantly building capacities and understanding to be
prepared for the next potential extreme event (of the same or a different
nature).

This paper aims to increase understanding of the potential of a governance
system based on networking to develop a culture of preparedness among
organisations and communities. It uses the case study of Vanuatu,
identified as the most at-risk country (Welle and Birkmann, 2015). Through
the qualitative analysis of results of a Social Network Analysis conducted
for the purposes of the author’'s PhD research, this paper explores the
patterns of cooperation (its structure, leadership and processes) at the
formal and informal levels in routine (pre-disaster) and disaster times. This
increases understanding of the impacts of networking on the level of
preparedness of organisations and communities in the process of resilience-
building.

Over the last few years, a governance system, referred to as the Vanuatu-
Networked-System in this paper, based on networking was developed in
Vanuatu to address the challenges inherent in disaster risk reduction and
climate change adaptation. The Vanuatu-Networked-System comprises
more than 50 more or less formal networks covering all dimensions of
building resilience to hazards (hazard monitoring, disaster management,
protection of vulnerable groups, project management etc.). These networks
have strong links with one another, and are supported by an extensive
legal and institutional background recognising the value of cross-sectoral
cooperation between government and non-government stakeholders. The
networking process that has evolved within the Vanuatu-Networked-
System builds long-term relationships among stakeholders (organisations
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and communities) and enables continuous understanding and capacity
building that addresses the different challenges that can be met in the
process of resilience-building in Small Island Developing States. This paper
focuses on some of the main recurrent challenges to resilience-building:
tensions between traditional and modern systems; numerous diverse
stakeholders with few resources and subjected to a high rate of staff
turnover; high exposure to multiple hazards; and geographic and cultural
distances among the at-risk communities. This paper analyses how the
Vanuatu-Networked-System addresses these challenges inherent in the
context of Vanuatu by adapting strategies to suit them instead of trying to
reduce them. This results in the development of a culture of preparedness
among organisations and communities.

TENSIONS BETWEEN TRADITIONAL AND MODERN SYSTEMS

As illustrated by Tabani (2002), defining ‘traditions’ in a context like
Vanuatu is difficult, and often amalgamated with ‘customs’ and ‘Kastom’
(comprising not only customs, habits and uses but also ancestral beliefs
and culture). For the purposes of this paper, the ‘traditional’ systems (such
as knowledge, leadership, culture, mechanisms) refer to systems based on
ancestral - pre-colonial - structures constantly evolving through the
indigenisation and absorption of received influences into local systems.
‘Traditional systems’ are expressed in this paper in contrast to ‘modern’
systems developed externally to the country and used as such.

The consideration of traditional knowledge, and more particularly its
complementarity with modern knowledge, is increasingly recognised as a
condition to building resilience to hazards (e.g. Gaillard, 2007; Mercer et
al., 2012; Cook, 2015; Kelman et al; 2015). In the case of Vanuatu, the
recognition of the value of traditional systems in resilience-building was
shared among most respondents. This situation was well reflected by a
NGO country director willing to better understand the concept of resilience
often loosely used by the diverse stakeholders: "I looked at synonyms for
resilience and there hidden among terms such as elasticity, buoyancy,
hardiness and toughness was a word that fitted better: spirit. A simple
term, but one which captured the essence of what I was seeing and feeling
among our Oxfam team and the general population - a spirit that was
strong, positive, realistic, practical under stress and located somewhere
deep in the fabric of the people of Vanuatu, deep in their culture and
traditions, deep in their hearts and minds.” (Van Rooyen, 2015).

However, challenges related to conflicts between traditional and modern
perspectives remain in countries based on oral traditions such as Vanuatu.
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The Vanuatu-Networked-System considers carefully these potential
tensions. It benefits from networks relying on traditional systems (e.g. the
Church Working Group) and networks relying on modern systems (e.g. the
Melanesian Volcano Network). Certain networks directly aim to identify and
utilise traditional knowledge (e.g. the Traditional Knowledge Working
Group), while others aim to bridge the two systems (e.g. the Vanuatu
Rainfall Network). The interconnections between all these networks and
between their members (from the civil to the high-level decision-maker)
build a whole system propitious to identify the most effective lines of
knowledge from the traditional and modern systems to develop an
effective, comprehensive and complementary system appropriate to the
specific context of Vanuatu. Combining traditional and modern systems
however creates a complex governance system that may become
inherently more inefficient and slower to react in extreme situations. The
bottom-up-top-down approach of the Vanuatu-Networked-System
circumvents this potential issue, more particularly through the recognition
and empowerment of the lowest levels of governance for decision-making
and implementation.

Ni-Vanuatu is an oral culture, potentially resulting in the gradual loss of
traditional knowledge from one generation to another one. Networks like
the Traditional Knowledge Working Group directly aim to capture traditional
knowledge to make it more sustainable and transferable, addressing the
challenge of potential loss inherent in oral culture. However, the oral nature
of the Vanuatu culture should also be seen a real asset for networking and
cooperation, since relations are easily built during informal and formal
group meetings, community gatherings and ceremonies. Vanuatu is a
family- and social-supportive environment. The Vanuatu-Networked-
System recognises the particular input of informal relations and gatherings
to share lessons and knowledge, and investing in building a network culture
(such as food and drinks after meetings or group activities). Overall, most
networks within the Vanuatu-Networked-System take a community-based
approach, by sharing experience and lessons learned from the field to
develop more effective projects, supporting continuous empowerment of
civil society to be self-reliant and more resilient. Adopting community-
based processes (Maclellan et al., 2012), the networked approach
advocates resilience-building with communities, instead of for communities.
The networks and networking processes within the Vanuatu-Networked-
System relate to the inherent culture of Vanuatu promoting face-to-face
oral interactions, while utilising relevant modern findings on climate change
management and disaster risk reduction.
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Furthermore, the inequality of Internet access and the relational culture of
the country based on oral exchange result in a significant reliability on
more traditional mechanisms of communication. Eisenman et al. (2009)
underlined the need to deliver information on disaster risks in general, and
preparedness in particular, to communities through formal and informal
networks to ensure that information is culturally appropriate and relevant,
as well as understandable and properly understood. The Vanuatu-
Networked-System developed complementary formal and informal, modern
and traditional mechanisms to effectively communicate and exchange
information and resources. A set of networking tools and mechanisms to
disseminate information, both modern (e.g. online newsletters, phone
messages, satellite information) and more traditional (e.g. group meetings,
radio forums, nature observation) ensures a comprehensive consideration
of the complex culture of Vanuatu in the process of resilience-building.

This complex complementarity between traditional and modern systems
(knowledge and communication tools) in the process of resilience-building
relates to the complex culture of Vanuatu, balancing the strong traditional
structure and beliefs, and social changes induced by the increasing
introduction of modern tools (Internet, high-technologies etc.) and
involvement of external secular actors. This ensures the development of
strategies related to resilience-building, and more particularly
preparedness, appropriate to the evolving social structure and practices of
the diverse at-risk communities.

NUMEROUS STAKEHOLDERS, SCARCE RESOURCES AND TURNOVER
Most stakeholders involved in the process of resilience-building reported
the overwhelming amount of diverse stakeholders (at-risk communities,
civil leaders, local officers, national decision-makers, regional advisors and
international actors) making cooperation particularly difficult. This situation
is further exacerbated following major disasters, such as Cyclone Pam.

The analysis of the Vanuatu-Networked-System for the purposes of this
research focussed on 260 stakeholders involved in the different dimensions
of building resilience to hazards, connected by 417 networking ties. These
ties occurred strongly across sectors and types of organisations, building
long-term and trusting social relationships. These formal and informal
relationships play a key role in the effectiveness of formal cooperation to
manage climate change and disaster risk management. The flexible
dimensions of these relationships motivated by social experiences, affinities
and aspirations support the development of clear, trusting and valued
channels to network. The institutional structure of the Vanuatu-Networked-
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System helps to harness these individual mechanisms to the benefit of the
whole system, consistently inscribing the process of resilience-building into
the formal and informal practices within the society.

The positive impacts of pro-active establishment and continuous
development of relationships and trust across and in the Vanuatu-
Networked-System were particularly well illustrated during Cyclone Pam
management. Staff well involved in the networking process were
particularly well prepared to conduct coordinated and cooperative
operations, whereas organisations and stakeholders not well integrated in
the process were overwhelmed by the difficulties in cooperating with the
other actors. Hence, the Vanuatu-Networked-System (its structure,
leadership and processes) is propitious to the development of social
structure and practices evolving in routine times effectively preparing its
members for extreme events and response activities.

Furthermore, the Vanuatu-Networked-System is a propitious system for
meeting the challenge of turnover. The disaster and climate change
governance system faces critical obstacles to sustainable and reliable
achievements due to the high-level of staff turnover. Loss of capital related
to turnover occurs when foreigners leave the country, or when locals
change position and do not effectively use the capacities acquired during
past work (which happens frequently since government and non-
government positions are often project-funded). This loss of capital
concerns particularly social networks, individual capacities and institutional
memories. The strong informal networking processes supported and
empowered by the existence of the interconnected flexible and long-term
networks supports the stability of the capital at the whole network level.
Hence, stakeholders were often involved in informal networking to utilise
their capital (human, social and cultural) developed during a previous
position to the benefit of their collaborators. The development of the
networks on their own and as part of the whole system stimulates resource
exchange among members, and help stakeholders to have an optimal use
of their resources invested in one project for the benefit of others.

Hence, the continuous development of trusting relationships within and
between networks across sectors and types of organisations simultaneously
addresses the issues related to competition between the numerous diverse
stakeholders, turnover and resource scarcity. Thereby, the Vanuatu-
Networked-System develops in the long-term comprehensive social
structure and practices propitious to continuous formal and informal
cooperation, equipping and preparing organisations for extreme events and
response activities, cooperatively and with few resources.
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HIGH EXPOSURE TO MULTIPLE HAZARDS

Vanuatu is considered the most at-risk country in the world, based on its
level of exposure and vulnerability (Welle and Birkmann, 2015), and
assessed as particularly vulnerable to climate change (UNDP, 2014). A
large majority of the population is indeed critically exposed to severe
weather, climate and geo-hazards. Tectonic hazards are a key concern for
resilience-building, with significant exposure of the population to constant
earthquakes (11 000 seismic events from magnitude 5 to 8 between 1973
and 2005, with an average of one to two events of magnitudes above 7 per
year in the area), and significant risks of tsunamis and volcanic hazards
(Campbell, 1990; Galipaud, 2002; Siméoni, 2012). Climatic events are also
a constant risk in the country, which has registered at least one cyclone per
year since 1959 (Siméoni, 2012). Based on the official position of the
Government of Vanuatu, these events are increasingly worsened by climate
change (Government of Vanuatu, 2015). Category 5 Cyclone Pam in March
2015 illustrated the high exposure of the SIDS to these events.

The co-existence and interconnections between networks focussed on geo-
hazards (such as the National Seismic and Volcanic Monitoring Network),
meteorology-hazards (such as the Vanuatu Rainfall Network), climate
change (such as the COP-Working-Group), as well as general development
issues (such as the Gender Partner Group) within the Vanuatu-Networked-
System enables the dissemination of data on the level of vulnerability
and/or resilience captured for one type of hazard that may affect the level
of vulnerability and/or resilience for other types of hazard.

Contexts exposed to multiple hazards like Vanuatu (e.g. cyclones,
earthquakes, floods) may face disasters in chain, hindering recovery and
making preparedness complex. The networking processes within the
Vanuatu-Networked-System limits these risks, through capacity building in
information dissemination (by organisations and authorities) and
information reception (by organisations and communities) for the different
types of hazards. One example is how organisations involved in climate
change adaptation and disaster risk reduction cooperated to develop short
phone messages and conducted campaigns to build capacity (within
organisations and communities) to manage these messages. Short phone
messages are particularly valuable communication channels in Vanuatu, as
phone coverage is wide. Hence, SMS texts cope with Internet limitations
and geographic distances to distribute written material and even short
vocal messages to negate literacy limitations. The SMS texts system was
officially integrated in the National Standard Operating Procedures as a
resilience-building tool (NDMO, 2013). Messages were widely sent to
inform, warn and help communities to prepare for Cyclone Pam, as well as
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to update regularly on the response and recovery operations. More
impressively, during the emergency period following Cyclone Pam, texts
concerning the potential threat of EI-Nifo advised communities to prepare
for this event, expected six months after (Box 1), while pursuing response
and early recovery of the most devastating cyclone they had experienced.
The positive reception of this text in time of disaster illustrates the long-
lasting capacity building on the understanding of the value of
preparedness.

Box 1. Example of informative SMS to build resilience
Received on May, 27t 2015 from Vanuatu Meteorology and Geo-Hazards Office

“Meteo dipatment i advisem public se wan drae taem (El Nifio) i stap kam mo bae i stap
kasem early 2016. Sevem wota mo plantem kakai we i grow gud long drae taem. Yumi
mas pripea gud nowia”

VMGD notifies the public that a dry weather (El Nifio) is coming and will remain until early
2016. Save water and plant food that grows easily in dry weather. We must all prepare
well.

The Vanuatu-Networked-System, with cooperation ties between the
stakeholders working on different types of hazards and with preparedness
mechanisms cross-hazards such as the phone short messages, enables
organisations and communities of Vanuatu to build resilience to all hazards
by recycling (hence optimally using the scarce resources) and adapting
mechanisms and capacities developed within one sector for all others.

GEOGRAPHIC AND CULTURAL DISTANCES AMONG COMMUNITIES

The 88 island-group of Vanuatu, separated into six provinces, covers a land
area of less than 12,500 km? but is spread over a maritime exclusive
economic zone of around 700,000 km? (UNICEF, 2011; NDMO, 2014). Such
scattered geography, coupled with Ilimited communication and
transportation means, critically hinders information management in a
timely, affordable and equal manner among the communities. These
challenges inherent in communication about national planning in the
country reinforce the fragmentation of programs conducted by government
agencies, NGOs, foreign aid and civil society groups (UNISDR and UNDP,
2012; IFRC, 2012). These difficulties are also deepened by the significant
economic, infrastructure and political differences between the different
geographic areas, especially between rural and urban areas. Although more
than 75% of the population were assessed as living in rural areas (UNICEF,
2011), decisions are mainly made in the cities of Port Vila and Luganville,
often considered significantly disconnected from the actual needs in the
remote areas. This situation is a critical issue for effective implementation

of resilience-related decisions. The cultural diversity of the country is often
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illustrated by the overwhelming number of languages spoken across the
Vanuatu communities: more than 110 languages (for only a little over
270,000 inhabitants), three of them being official (Bislama, English and
French) (Siméoni, 2012). Cultural diversity between the different islands is
reflected in the complexity of leadership. Community organisations may
significantly differ based on the area; a divide is particularly recognised
between the north and the south (e.g. material used to build houses,
traditional power distribution, cultural beliefs etc.) (Siméoni, 2012). These
different lines of diversity make the development of appropriate and
implementable national strategies related to resilience to hazards in the
different communities (especially the most rural ones) particularly difficult.

A NGO expatriate however observed that “the more rural and isolated
communities are, the more resilient they are”. These communities already
rely on themselves and local resources in routine times, a disaster may
affect their own resources but not their incentive to work on their own and
to capitalise all local resources before calling for external assistance. Civil
self-reliance and civil/local/national cooperation, induced by this context,
are considered to be well utilised by the Vanuatu-Networked-System during
the process of resilience-building. Indeed, addressing the issues of
geographic scattering (and connected difficulties of transport and
communication) and diversity between the different areas, sub-levels of
Disaster and Climate Change Committees were put in place to facilitate
appropriate decision-making and implementation. More particularly,
Community Disaster and Climate Change Committees (CDCs) were
established in several at-risk communities across the whole archipelago.

The CDCs are composed of local and civil stakeholders aware of the specific
needs and available resources in their respective communities (such as
women, farmers or local businesses). In their respective communities, the
CDCs participate in the identification of priorities, awareness raising,
information sharing and development of projects related to climate change
and disaster risks, as well as facilitating impact and needs assessments,
and preparedness, response and recovery operations. By directly involving
local and civil stakeholders, these networks, supported by the whole
networked system, develop social structure and practices evolving around
the continuous mindfulness of risks and mobilisation of at-risk
communities, resulting in the development of their culture of preparedness.
International actors involved in the management of response to Cyclone
Pam reported significant differences of preparedness levels, impacts and
utilisation of aid between communities with established CDCs and
communities without.
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Furthermore, tools developed for communication are particularly adapted to
the scattered and diverse context. Taking again the example of the phone
short messages before and during Cyclone Pam, regular and detailed
warning SMS texts reached around 120,000 people (half of the whole
Vanuatu population) (RRU, 2015). Coverage was well scattered throughout
the islands, as private companies constructed networks into less
commercially attractive areas, in the primary interest of expanding vital
information dissemination (Perry, 2015). Thanks to this wide coverage,
complemented with traditional and social networking communication and
supported by institutional and civil networks empowered within the
Vanuatu-Networked-System, the information in SMS texts reached a major
part of the society.

The official recognition and empowerment of local and civil involvement to
address issues related to distance, resulting in pre-determined channels to
directly involve local and civil stakeholders in decision-making and
communication, build the ability of grassroots leaders to take in charge
essential preparedness strategies for extreme events and response
activities within their communities. This developed the continuous
ownership of preparedness strategies instead of an external capacity
building process, facilitating the integration (more or less conscious) of
preparedness considerations into everyday life. This process results in
higher resilience in more remote areas, where communities are more and
better involved in preparedness decision-making and strategy
implementation than in urban areas where most organisations and
government agencies take charge in operations.

CONCLUSION

Resilience-building in developing countries based on oral culture is often
hampered by key vulnerability factors: the tensions due to the lack of
optimal use of existing systems and the differences between traditional and
modern systems; the diversity of the numerous stakeholders involved,
subjected to a high rate of staff turnover, scarce resources and geographic
and cultural distances; and a complex multi-hazard exposure enforcing
simultaneous work on the different risks. Such vulnerability factors are
often inherent to the context of these countries, and sometimes inexorable;
however, the case study of Vanuatu highlighted that resilience and
vulnerability factors may co-exist within a society.

The Vanuatu-Networked-System benefits from a comprehensive set of
institutionalised networks and networking ties within and across these
networks. This social networking process is maintained by a supportive
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legal and institutional background as well as appropriate cooperation tools.
This complex structure focuses on the utilisation of positive impacts of the
diversity of the numerous stakeholders involved in resilience-building, the
high rate of turnover, the complex multi-hazard context, and the diversity
of the communities exposed to develop a more comprehensive, flexible and
complementary governance system. This structure makes the Vanuatu-
Networked-System propitious to the continuous and effective development
of social structure and practices among and across all stakeholder groups.

Hence, good governance for resilience-building relies on the potential of the
system in place to support the continuous and optimal use of social
experiences of the disaster society (organisations and communities) to
prepare for extreme events and response activities, appropriately to the
different contexts exposed. This process can result in a sustainable culture
of preparedness if the strategies developed within the governance system
aim to build resilience, by recognising, integrating and embracing
vulnerability factors, instead of aiming to reduce these vulnerabilities.
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ABSTRACT

Building a long-term cooperative system is crucial for better disaster
governance in Small Island Developing States. Such a system, however,
faces many challenges, and requires strong, yet flexible, institutional and
legal mechanisms to manage resilience-building strategies conducted under
the scope of DRR, CCA and development. This paper focuses on networked
governance promoting inclusiveness and integration to build resilience to
hazards in the Small Island Developing State of Vanuatu. The concept of
good leadership as shared by the diverse actors for CCA and DRR in the
country illustrated the critical need to integrate grassroots leadership into
the governance system. More particularly, grassroots leadership
particularly played a key role in this governance system. The diverse
mechanisms to address critical disaster governance challenges in the
country resulted in a continuous bottom-up-top-down flux of consultations,
negotiations and decision-makings. Civil leaders and groups were widely
enabled to conduct resilience-building within the cooperative governance
system. Civil society was allocated key positions in the development and
implementation of policies, strategies and projects related to DRR, CCA and
development. Civil leaders play a particularly key role in ensuring the
effectiveness and appropriateness of communication in their communities.
The disaster governance structure of Vanuatu aims to optimise grassroots
leadership, not by framing and regulating it, but by facilitating its
development and involvement in formal governance. This system ensures
the pertinence, effectiveness and continuity of decisions made at the upper
levels and project implementation at the different community levels. This
recognition and empowerment of grassroots leadership is a key asset to
address the challenges inherent to resilience-building in the context of a
Small Island Developing State.

Key words: Disaster and Climate Change Governance; Grassroots
Leadership; Resilience; Vanuatu; Small Island Developing State

INTRODUCTION
Like many Small Island Developing States (SIDS), the Republic of Vanuatu
is characterised by critical challenges to resilience-building (Ali, 1992;
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Jayaraman, 2004; Gero et al., 2010; Walshe and Nunn, 2012; NDMO,
2014; Welle and Birkmann, 2015), such as:

High multi-hazard exposure;

Resource scarcity;

Scattered geography (80 islands covering 12,500 km? of land area spread
over a maritime exclusive economic zone of around 700,000 km?), with
particularly difficult transport and communication in remote areas;

Cultural, political, social, economic and environmental diversity among the
numerous exposed communities;

Complex decision-making relying on equally strong influence of national,
regional and international agendas, which can be in conflict and/or not
appropriate to local levels;

Lack of optimal use of traditional knowledge in strategy development.
These challenges make the development of effective and appropriate
national decision-making and strategy implementation particularly difficult.
A governance system was developed in the country addressing these
challenges by allowing grassroots leadership to play a key role in resilience-
building. This paper aims to better understand how the governance system
developed in Vanuatu optimises grassroots leadership to support formal
authority, and vice versa, in order to better address the complexity of
disaster and climate change governance in SIDS.

Grassroots leadership is the set of individuals without formal authority
affecting the process of decision-making through a bottom-up approach.
Grassroots leadership often emerges when individuals find that authority
cannot address challenges in their community. Grassroots leadership is
mostly studied under the scope of social movements and their impacts on
the social change of authority. Research on the impacts of the potential
complementarity between authorities and grassroots leaders is lacking.

This paper is based on the qualitative analysis of results of a Social
Network Analysis conducted for the purposes of the author’s PhD research
on Networked Disaster Governance in Vanuatu. Ninety stakeholders from
all types of organisations, sectors and governance levels involved in
Climate Change Adaptation (CCA) and Disaster Risk Reduction (DRR) in
Vanuatu responded to a survey on their networks (institutional and
individual), and on their perceptions of cooperation trends and leadership in
the country. This paper focuses on respondents’ perceptions of governance
structure and processes (institutionalised networks, actors’ and decision-
makers’ positions, formal and informal cooperation patterns etc.)
promoting grassroots leadership in CCA and DRR in Vanuatu captured
through this survey, and complemented by an extensive literature review.
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This paper identifies the shared understanding of good leadership among
the diverse respondents and analyses how the effective consideration of
grassroots leadership (civil society and local officers) in the Vanuatu
governance system echoes with this understanding of good leadership for
resilience-building. The processes of consideration and empowerment of
grassroots leadership make the Vanuatu disaster and climate change
governance system (referred to as the Vanuatu-Networked-System in this
paper) a concrete example of systems propitious to more effective
resilience-building in SIDS.

THE CONCEPT OF GOOD LEADERSHIP SHARED BY DISASTER AND
CLIMATE CHANGE STAKEHOLDERS IN VANUATU

Good leadership was spontaneously recognised among most disaster and
climate change stakeholders who responded to the survey of this research
as an essential enabler for effective resilience-building. Based on the
respondents’ perceptions of the impacts of networking on CCA and DRR,
key characteristics essential to leaders to support good leadership were
conceptualised for the purposes of this article. These characteristics
included political goodwill, taking of responsibility, trust, representativeness
(of the whole society), humility, and development of community
representatives’ self-confidence.

Data analysis did not find any link between the references of good
leadership characteristics by the 90 respondents and their attributes,
whether they were government or non-government, international or local,
empowered or grassroots, women or men. This highlights a shared and
commonly built understanding of good leadership. Interestingly,
respondents systematically emphasised the need for the identification,
recognition and empowerment of grassroots leaders, and better integrate
them into the process of decision-making.

Political goodwill for transparent and accountable cooperative decision-
making was considered as one the main characteristic of good leadership.
Respondents highlighted that political goodwill depended on the direct
involvement of grassroots leaders representing the different at-risk
communities in the process of decision-making. This involvement was
considered the condition for the development of accurate leaders’
understanding of the context in which cooperation evolves, and for
effective transparency and accountability of decision-making for resilience-
building.

The taking of responsibility on the part of leaders for the decisions made
and operations conducted was considered as another characteristic of good
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leadership, complementing political goodwill. Respondents highlighted
however that this taking of responsibility had to be distributed across
levels. They considered that grassroots leaders had to be identified and
empowered, and had to be made as accountable as authorities to ensure
effective strategy implementation and service delivery in the different
communities without discrimination.

The development of trust among all stakeholders, and more particularly the
most remote communities, was considered a particularly key priority that
had to be pursued by leaders to achieve good leadership. Stakeholders
must trust in the leaders’ willingness and capacities to shoulder their
responsibilities in order to develop trust in strategies and decisions, and
ensure their effective implementation. Building such trust however was
recognised as one of the hardest tasks in leadership, especially during
crises. Respondents considered direct interactions between the authorities
and grassroots leaders as conditions to the development of such trust.

Respondents often associated good leadership with the fair representation
of the diversity of the society within the governance structure. This fair
representation was seen as a condition to the respect of the community as
a whole, without discrimination, and including the whole scope of
stakeholders (the different levels of government agencies, types of actors,
communities and groups of civil society). Hence, the identification,
recognition, empowerment and direct involvement of grassroots leaders
within the governance system, and more particularly in the decision-
making process, were seen as essential to achieve fair representation and
consequent good governance.

This fair representation of the diverse communities, supported by the
integration of grassroots leaders, was also a key asset to achieve another
characteristic of good leadership: humility. Respondents believed that
interactions, and confrontation, between diverse leaders (official and non-
official, central and decentralised) prevented leaders to focus on their own
interests or the interests of only a part of the system members. The
development of leaders’ humility was then facilitated by cooperation
between authorities and grassroots leaders in the decision-making process.

Finally, the lack of community self-confidence to interact with the decision-
makers was often considered as an obstacle to good leadership. This
prevented leaders developing an accurate understanding of needs of all
communities, which may prevent them from ensuring that strategies were
appropriate to the specific needs of certain communities. Respondents
believed that authorities had to identify, recognise and empower grassroots

leaders to develop trusting relationships with them and build self-
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confidence of community representatives to get involved directly within the
decision-making process.

THE DEVELOPMENT OF GRASSROOTS LEADERSHIP SUPPORTED BY
THE GOVERNANCE SYSTEM

The analysis of formal and informal networks and ties for the purposes of
the Social Network Analysis resulted in the structural description of the
Vanuatu-Networked-System (Vachette, 2014, 2015a, 2015b, 2016). This
system was considered by all respondents as particularly propitious to
enable the achievement of these good leadership characteristics. Within the
Vanuatu-Networked-System, the 90 respondents identified and described
50 more or less formal networks bringing together government and non-
government stakeholders across levels around discussions and decision-
making related to DRR and CCA. The effectiveness of these networks relies
on a supportive inclusive and integrated system (legal and institutional
background, shared leadership and active capacity building activities). The
positive impact of inclusive decision-making through a multi-level
leadership in Vanuatu has been well-appreciated for decades (e.g. ADB,
1991; Ali, 1992), with the recognition of the key role of NGOs, community
leaders and civil groups, as well as the private sector in support of the
Government policies and plans. Several grassroots groups, in particular
women, youth and churches, are particularly considered within the
Vanuatu-Networked-System.

Most respondents, and more particularly non-government, highlighted that
women often play a leading role in everyday resilience in developing
countries. At the community level, women are increasingly empowered
through their primary role in the micro-economy system of Vanuatu (UN,
2010). On several islands, women’s groups have come together to apply
for small grants and generate income for the whole community. The
Department of Women’s Affairs (Ministry of Justice) coordinates, among
other programs, the Women in Shared Decision-Making (WISDM) program
that aims to empower women in the political sphere. For instance, this
program supported in 2014 the election of five women in the Port Vila
Municipal Council (AusAID, 2014). However, according to respondents,
mostly women representatives, real discussions around the role of women
in DRR and CCA are relatively new and remain fragile in Vanuatu. Several
key institutions and networks, such as the Gender Partner Group or the
long-term Gender Protection Cluster for emergency preparedness and
management, were established to facilitate discussions about and with
women, and help a better consideration of this group as key grassroots
leaders.
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Parallel to women, empowering youth is crucial to develop effective future
grassroots leadership. Vanuatu is a young country, with 58% of the
population under 25 years old (UNICEF, 2011). Youth in Vanuatu is
recognised as an active and adaptive group with potential for a positive
engagement in decision-making related to disaster and climate change
risks and development in the country (UN, 2010). Networks developed in
Vanuatu for DRR and CCA are particularly aimed at Youth. For example,
350 Vanuatu or the National Youth Symposium on Climate Change, in
which young local volunteers can directly get involved in discussion,
decision-making and implementation strategy. The network 350 Vanuatu
for example showed particular impact during Cyclone Pam preparedness
and management with the mobilisation of young volunteers to disseminate
information on social media or assist with evacuation management.
Cooperation between government and non-government stakeholders to
educate the future generation of leaders in CCA and DRR is well
demonstrated by a project, which started in 2012, aiming at the inclusion
of subjects related to climate change and disaster risks in school
curriculum.

The significant role of churches in leadership is also recognised by the
Government of Vanuatu (UN, 2010). The key position of Church was
strongly captured in the survey; this recognition was equally shared by
government and non-government respondents. Vanuatu is characterised by
a strong involvement of churches in providing public services and taking
part in decision-making for affairs related to CCA and DRR. Church
representatives are members of many networks focused on CCA and DRR,
and in particular the Community Disaster and Climate Change Committees
(cf. below), and are included in government strategies. This correlates with
the traditional involvement of the churches in disaster planning, as pastors
and other church leaders were key members of the NGO Disaster
Coordinating Council, NGO Disaster Management Committee, and NGO
preparedness and awareness workshops right after independence (Ali,
1992). The mobilisation of churches by the Government for providing
evacuation centres, and the empowerment of churches and their networks
to participate in effective response during Cyclone Pam confirmed the
potential of such systems in contexts like Vanuatu to lead more effective
operations. Although churches cannot be considered as grassroots leaders
since they have established and official structures and a network
recognised by authority, they play a central role in enabling grassroots
leadership development. Churches are a central symbol of power in
Vanuatu, whether through membership for the majority of the population
(with around 83% of the Vanuatu population being Christian based on US
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Department of State, 2007) or by rejecting it as a symbolic opposition to
the colonial heritage (such as the Yakel village in Tanna promoting
traditional beliefs against western religion). The continuous and trustful
relationships with the communities put them in an ideal position to develop
grassroots leadership by being a platform for grassroots leaders to grow
among their community, being a venue for grassroots leaders to conduct
discussions among their communities, and being a connector between the
communities and the decision-making levels.

Government and non-government local respondents described that
traditional response to disasters, developed before the colonial system,
focused on civil capacities to support food security and relief assistance
from one community to another. Over time, relief gradually switched from
the civil to the national, regional and international levels (Campbell, 1990).
Respondents reported this induced a fracture between the “new” decision-
makers (national leaders and donors) and the traditional way to address
needs (communities). However, grassroots leadership in disaster and
climate change matters is increasingly being re-introduced. The 5-year
national review of the Mauritius Strategy (UN, 2010) highlighted a slow
return to consideration of traditional institutions such as Chiefs, churches,
women groups and youth groups. The report (UN, 2010) stresses the
community influence, talking about the Vanuatu “Hidden Power” or “Power
of Faith”, which is the individual willingness to participate in general well-
being (p.22).

Thanks to their wide community coverage, the influence and potential of
the churches, women’s groups and youth groups as key platforms for civil
leadership, , is recognised throughout the recent policies, plans, strategies
and reports focused on Vanuatu governance for resilience-building (e.g.
UN, 2010; UNICEF, 2011; Maclellan et al., 2012; AusAID, 2014;
Government of Vanuatu, 2015a). Representatives of women and youth
were requested as part of the national delegation for the United Nations
Climate Conferences (Government of Vanuatu, 2015b), which highlights
this increasing recognition and empowerment. Likewise, civil society was
particularly well represented in the development of key institutions (e.g.
the National Advisory Board on Climate Change and Disaster Risk
Reduction) and policies (e.g. the National Sustainable Development Plan).
This involvement is strongly enabled by the networked structure in place.
Although representatives of the Vanuatu Association of NGOs (VANGO)
underlined the lack of recognition from the Government of the numerous
informal and ad-hoc networks existing in the rural areas, most local
respondents acclaimed the sectoral networks for their capacity to stimulate
leadership and technical capacities among the whole community.
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Based on the survey, the most important networking structures enabling
civil leaders to get involved in decision-making are the Community Disaster
and Climate Change Committees (CDCs) established in several at-risk
communities. The purpose of the CDCs is to have fair representation on
their respective communities; therefore, CDCs are composed of
representatives of the different civil groups existing in their communities,
such as women, farmers, local businesses, people with disabilities and
youth. The objective is to ensure that all groups are effectively assisted at
preparedness, response and recovery stages, depending on their specific
needs, and with a particular attention to the vulnerable groups. The CDCs
have a wide range of responsibilities, from the identification of CCA and
DRR priorities in the community to building community awareness on
‘Building Back Better’. They also have the responsibility to advocate for,
raise understanding of, and ensure sharing of information on DRR and CCA
among the whole community. Furthermore, the CDCs are in charge of
gathering data critical for DRR and CCA policies and programs, such as on
crops or rainfall. Also, most respondents reported that following a disaster,
the CDCs were the best positioned platforms for conducting the first impact
and needs assessments, and to facilitate the work of the rapid technical
assessment teams, using templates that are being developed by the
Government and NGOs. Utilising CDC for such work aims to collect the
most accurate data to the operational level. Therefore, the CDCs are key
venues to facilitate the involvement of grassroots leaders, who can ensure
the good development of projects related to disaster risks and climate
change, led by government agencies, NGOs and other organisations, in
their respective communities. This bottom-up flow of leadership is
essential, given the difficulties encountered at the national, regional and
international level for developing strategies appropriate to the special
needs of each at-risk communities. All respondents who had been in more
or less direct contact with these civil networks highlighted that the CDCs
were a perfect illustration of the strong awareness and efforts at the civil
leadership level to mainstream pertinent, consistent and effective
strategies for DRR and CCA, as well as the desire and efforts of authorities
to recognise and empower grassroots leadership.

DISCUSSION

By supporting the development and empowerment of grassroots
leadership, the Vanuatu-Networked-System offers the example of a
governance system propitious to resilience-building in SIDS. The co-
existence of more or less informal and flexible networks linking decision-
makers, local officers and civil society, and the recognition of grassroots
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value in formal institutions and policies optimise the potential of grassroots
leadership. This system developed an effective bottom-up-top-down
approach to resilience-building.

Grassroots leaders have diverse profiles and serve individual objectives (a
certain community, a certain line of work, a certain etc.). When brought
together, the diverse groups of grassroots leaders can be a real asset by
covering all dimensions and areas in need of resilience-building, supporting
the development of a national strategy despite challenges inherent to
resilience-building in SIDS (such as diversity among the different at-risk
communities, resource scarcity, political instability etc.). This requires a
more formal overriding supervision that can be fostered and facilitated by
authorities without undermining the informal level of activities of grassroots
leaders.

Grassroots leaders cannot create national strategies, positions or budget
priorities, but can induce authorities to make these decisions. To have an
actual impact, it is essential that grassroots leaders have a clear
understanding of the formal authority level and know the actual gaps and
challenges on which they can have an impact. This requires that
dissemination of information and knowledge takes place in a two-direction
process, such as the bottom-up-top-down approach adopted by the
Vanuatu-Networked-System. The recognition of grassroots leadership as a
value to governance effectiveness by authorities facilitates the impact of
these unofficial leaders, by allowing social change to happen through
cooperative instead of conflictual actions. The Vanuatu-Networked-System
is a special case study in which authorities and grassroots leaders tend to
have similar objectives, allowing the development of the bottom-up-top-
down approach. The arrival of external actors during Cyclone Pam
management challenged this balance. For instance, the strong involvement
of churches in strategy development was not always well accepted by
secular international humanitarian actors. The strong ties established pro-
actively between grassroots leaders and national actors in Vanuatu for DRR
and CCA prevented these conflicts from hampering emergency
management, through the clear position of grassroots groups in the
process of decision-making.

Accordingly to the perceived criteria of good leadership, a multi-level
leadership system, strongly recognising and empowering grassroots
leaders, was developed within the Vanuatu-Networked-Governance. This
multi-level leadership is mainly enabled by the set of networks bridging
across levels. More particularly, to remain effective, grassroots leadership
needs to evolve within a flexible, non-binding and informal system in order
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to prevent the politicisation and fear of commitment of potential grassroots
leaders. The set of networks, and their role as flexible venues to link
grassroots leaders with authorities, is the main asset for SIDS to build an
effective governance system. It allows the different groups of grassroots
leaders across the different communities to have access to all resources
and knowledge developed by international, regional, national and local
stakeholders often involved in SIDS development, without binding
engagement.

The co-existence of formal and informal networks, of traditional and
modern structures, and of grassroots leadership and authorities develop a
whole system propitious to simultaneously formalise grassroots dimensions
that require more structure (such as development of national policies), and
to keep other grassroots dimensions informal (such as non-binding
cooperation for ad-hoc emergencies).

CONCLUSION

The governance system developed in Vanuatu, and its bottom-up-top-down
approach, developed a flexible, comprehensive and enabling structure
effective for making appropriate, consistent and pertinent decision-making
in a SIDS to build resilience to hazards and develop a culture of
preparedness among at-risk communities. This system particularly
recognises the value of grassroots leadership and evolved around the
objective to empower this asset to support effective decision-making and
its implementation.

The full understanding on the impact of grassroots leadership is limited in
this paper, which reflects the perception of actors only. The findings of this
paper highlight how grassroots leaders can facilitate appropriate, pertinent,
consistent and effective decision-making and its implementation for
effective actions in resilience-building. Further research among the non-
leading civil society targeted by this grassroots leadership is needed to
complement this governance perspective with the concrete outcomes on
the level of resilience of communities.
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ABSTRACT

Nepal suffers devastating earthquakes on a regular basis, with its central
region affected approximately every eighty to one hundred years, and is
subject to other hazards much more frequently. As a consequence the
people of Nepal have developed building typologies that respond to the
local conditions and contribute to local resilience. In recent years, and
particularly in the wake of the 2015 Gorkha earthquake, very different
approaches and construction solutions have been brought from abroad with
the claim that they will assist the people of Nepal to ‘build back better’.

Based on field observations and discussions with local community
members, artisans, architects and engineers, as well as international
experts, and focusing on housing in areas impacted by the 2015
eathquakes, this paper examines: the design and performace of traditional
building typologies to various hazards in Nepal, including earthquake; the
changes that have occurred over time leading to the failure and/or
rejection of these typologies; and reconstruction options and approaches
offered, both traditional and modern, and their impacts on architectural
diversity, cultural identity and local resilience.

Key words: Nepal, traditional building resilience, architectural diversity
and culture, changing technologies

INTRODUCTION

Nepal suffers devastating earthquakes on a regular basis, with its central
region affected approximately every eighty to one hundred years. The 2015
Gorkha earthquake and its powerful aftershocks caused extensive damage
around the Kathmandu Valley and the mountains to its west, north and
east. Almost 9,000 lives were reported lost when mountainsides crumbled
and buildings collapsed.

But seismic events are not the only hazards that the Nepali people face in
their occupation of the land. Annual hazards include freezing winters, high
winds, snowmelt and torrential monsoon rains in summer causing
landslides and flooding. Empirical knowledge, gained through the cyclical
testing of communities and structures by these events, has developed over
generations and is reflected in the settlement patterns and traditional
housing models that are scattered across the Nepalese landscape and
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throughout the historic urban centres, contributing to their distinctive
character.

Over recent years, however, particularly since the 1970s, the importation
of foreign knowledge, practices, materials and technologies has brought
about substantial change to people’s aspirations and the built environment
(Adhikary, 2016). Since the recent earthquakes, there has been increased
pressure to reject traditional construction technologies and to adopt fully
imported solutions with the claim that these will enable the Nepali people to
‘build back better’. But are these claims well founded? Why did the
traditional solutions fail and will the modern solutions provide a more
resilient future?

This paper raises issues identified through pre and post-earthquake field
observations and through discussions with local community members,
artisans, architects, engineers, international experts and NGOs (local and
international) involved in the reconstruction. It highlights the complexity of
issues that must be considered in assessing earthquake damage and
potential new solutions. It argues for the recognition of empirical
knowledge and vernacular architecture in building resilience and
maintaining diversity in Nepal.

RESEARCH METHODOLOGY

The methodology for this study was generally qualitative in nature, with
information gathered through action research and field observations
undertaken over a two-year period (2014-2016). Research was
participative, with individual and focus group interviews with local people
and experts in the field contributing to the research process. Analysis and
critical reflection further informed the approach, underscored by the
author’s application of knowledge gained through years of field experience.
In short, data for this paper has been drawn from multiple sources and
critically analysed within an action based research framework which is
considered to be well suited to the conditions and circumstances as it is
flexible and responsive.

The author, an architect and specialist in traditional building construction
and conservation, first visited Bhattedande and neighbouring villages in
2014 to study the vernacular housing. She also investigated historic urban
housing in Dhulikhel and Kathmandu. Some of the buildings clearly bore
the scars of previous earthquakes and damp issues associated with the
annual monsoon rains. These were recorded photographically, in field notes
and annotated sketches.

Immediately following the earthquake of 25 April 2015, the author was
involved in discussions with members of ICOMOS-ICORP (UNESCO’s
International Council on Monuments and Sites-International Scientific
Committee on Risk Preparedness) regarding the earthquake’s impact on
traditional buildings in Nepal. Geologists, remote sensing experts,
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engineers and architects with expertise in traditional construction in seismic
zones made rapid assessments of the damage by analysing satellite
imagery, video footage and before and after photographs provided by
people in the field.

In the wake of the earthquake, the Nepal Rebuilds network was established
by local Nepali professionals and local and international NGOs to share
information to facilitate recovery and reconstruction. The author prepared
an open discussion paper outlining the issues identified through these
discussions, as well as findings of rapid assessments prepared by others
involved in the emergency response. The paper was circulated within the
group for review and comment. Email correspondence was entered into to
clarify observations and issues reported.

In October 2015, the author returned to Nepal as a member of the Joint
World Heritage Centre, ICOMOS and ICCROM (International Centre for the
Study of the Preservation and Restoration of Cultural Property) Reactive
Monitoring Mission to review the impact of the earthquakes on the World
Heritage Property of the Kathmandu Valley. This included a review of
damage to vernacular housing located within the property. Discussions with
architects, engineers and other experts in the Department of Archaeology
(the state party responsible for the management of the property) and
ICOMOS Nepal focused on the type, extent and potential causes of damage
to the structures, as well as issues for recovery. Consultation was also
undertaken  with  various community stakeholder groups and
representatives of local government.

In February 2016, the author returned to Dhulikhel and the village of
Bhattedande to examine both the collapsed buildings and those that had
survived, and to observe reconstruction within the village. Issues were
raised and discussed with local village leaders and artesans, as well as
NGOs involved in the reconstruction effort.

This paper highlights and critically reflects on the various issues identified
through these investigations and discussions.

TRADITIONAL SETTLEMENT PATTERNS AND HOUSING TYPES
Settlement Patterns

The Kathmandu Valley has been highly urbanized for several hundred years
with city states established around the historic urban centres of Kathmandu
(Hanuman Dhoka), Patan (Lalitpur) and Bhaktapur. The cities feature brick
and timber palaces, tiered temples and vernacular housing gathered along
narrow streets and around public squares. The buildings closely abut each
other, creating dense blocks with shared internal courtyards.

By contrast, rural settlements located on the steep mountain slopes
surrounding the valley are generally looser in arrangement, with free
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standing houses laid out along the contours of the land, closely hugging the
hillside whilst maintaining close contact with the rice terraces that feed
them. Nevertheless, they form close communities that provide mutual
support and some protection from the elements and wild animals.

Housing Typologies

The traditional houses are generally rectangular in form, three storeys
high, with the top storey nestled within the large pitched roofs. In rural
areas, they are raised on a plinth, approximately 450mm high, to keep the
water out. Cooking and livestock are accommodated on the ground floor to
provide warmth to the sleeping and storage areas above. Verandahs
provide external work and living spaces. In the cities, the ground floor
often accommodates a shop or workspace in a timber framed undercroft.

The houses vary in construction, depending on the local material resource,
geography and climate. Within the study area the houses are of masonry
and mud construction laced with timber, brick in the Kathmandu Valley and
stone on the mountainsides. The windows are small and the walls thick to
contain the heat. The mud and clay tiled roofs also provide insulation
against the cold. The steeply pitched roofs and wide eaves protect the walls
from the driving rains; fibrous mud plaster is reapplied regularly to the
external wall surfaces to keep them waterproof; and drains take the water
away from the footings. Thus the buildings are well designed for the cold
winters and wet summers, whilst providing the necessary accommodation
for daily life within the confined space offered by the small city allotments
or narrow mountainside terraces.

Seismic Design

Although the masonry walls are loadbearing, the key seismic components
of these structures are the timber elements (Langenbach, 2015; Adhikary,
2016; Pauperio & Romeo, 2016). These include: timber ring beams
distributed at various heights throughout the buildings (floors, lintels and
ceiling) to bind the walls together; long timber sills and lintels to spread the
loads over the window and door openings; timber posts to transfer the
loads vertically; timber floor structures that project through the walls to
form structural diaphragms; and braced timber roof structures that contain
and stabilize the tops of the walls. The timber is able to flex and move to
absorb the seismic forces, and is used to contain the masonry, which has
no tensile strength. Although the soft mud mortar joints allow the masonry
elements to slide across each other, large corner stones and through
stones help to bond the walls together (Yoemans, 1996; Desai, 2015).

FAILURE OF TRADITIONAL AND MODERN HOUSING

As these types of structures were predominant in the areas most affected
by the 2015 earthquakes, their failure was extensively reported in the
media (Adhikary, 2016). Very little was said about the failure of modern
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concrete buildings, and even less about the vernacular buildings that
survived. However, it is not sufficient just to say that the buildings failed. It
is important to ask what failed and why. Was it the design that failed or
were there other causes? Detailed investigations of the buildings revealed
the following (Forbes, 2015; Langenbach, 2015):

Essential timber components in many buildings had decayed (rot and/or
insect attack), compromising their structural integrity;

Essential timber elements had been substantially reduced in size and/or
number, or were missing altogether from many buildings;

Masonry walls separated through lack of adequate bonding (missing large
through stones);

Masonry gable end walls fell out due to lack of containment;

Mud mortar was missing from masonry joints;

Cement mortar on the other hand had caused stones to fracture due to its
strength and rigidity;

Internal cross walls were lacking;

Houses were poorly located on unstable ground; and

In city locations, the addition of unapproved floors to the tops of buildings
caused overloading and failure of the walls below.

It is evident from these findings that construction traditions had either been
forgotten or compromised.

CHANGING CONDITIONS

In order to better understand the causes of failure and to prevent or
mitigate these in the future, it is necessary to understand the historical,
environmental, technological and societal changes that have occurred over
the last hundred years.

Timber shortage

Following the earthquake of 1934, it was recorded that suitable
construction timber was in very short supply (Adhikary, 2016). This has
continued to be the case in many areas affected by the recent earthquakes,
with buildings being built with young poor quality timber, often untreated
softwood (treated timber not being available) rather than the traditional
more durable hardwood that is resistant to rot and insect attack (Forbes,
2015). Although deforestation has been recognised as a major issue in
Nepal for many years and forestry programs have been established to
provide slope stabilization, new agricultural products and a fuel source for
cooking and heating, the establishment of forests for the production of
quality hardwood for construction does not appear to have been a priority.
Restrictions on timber harvesting have also made suitable construction
timber expensive and difficult to get. This has contributed to people not
only using poorer quality timber, but also reducing the size or number of
critical timber elements, or omitting them from their buildings altogether
(Adhikary, 2016; Forbes, 2015).
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Changing technologies

Since the 1970s, the importation of new construction materials and
technologies has introduced new building typologies to urban areas, but
also to areas easily accessible by road (Desai, 2015). The globally popular
reinforced concrete frame is now prominent across the landscape of the
Kathmandu Valley, reflecting peoples’ aspirations for modernity as well as
their strong belief in the strength and durability of cement. Their intrusion
into more remote mountain areas only accessible by foot has not been as
great.

Loss of memory, knowledge and skills

Although reinforced concrete construction requires specialist engineering
knowledge and construction skills, the workforce has followed the demand
and adapted, abandoning the traditional artesan skills and knowledge that
would previously have been handed down from one generation to another.
These changes are reflected in the professional training of architects and
engineers, which focuses totally on modern construction (Adhikary, 2016),
and have contributed to the low status of traditional artesans within society
and the devaluing of their knowledge, despite its continued relevance to
anti-seismic design and appropriate design for climate and place.

As eartghuakes usually occur only once in a person’s lifetime, the memory
of disaster and its impact on buildings is often lacking. Thus, without the
intergenerational transfer of knowledge, critical safety elements can be
forgotten and not implemented. The trust placed in the strength of cement
mortar has lead to the construction of thinner walls and the removal of
through and corners stones as key building elements. It has also lead to
risking construction on less stable ground (eg. building on the filled outer
edges of mountain terraces rather than on the solid ground back against
the hillside) (Forbes, 2015).

Building Codes

Followiing extensive research into both traditional and modern construction
technologies, Nepal developed building codes for seismic design in 1994
(DUDBC). These incorporated ‘mandatory rules of thumb’ that reflected
empirical knowledge of the past, although not the full diversity of solutions
developed across the country, as well as engineering requirements for the
use of modern materials (Sharpe, 2015). However, as there was no
inspection or certification process to ensure that buidlings were correctly
built, these codes were never fully implemented. Lack of proper
engineering input, skimping on materials and later additons to buildings
that were not desighed for them, saw many modern structures collapse as
well as traditional ones (Jain, 2015).
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Maintenance and Urban Infrastructure

In rural areas, annual maintenance of structures in the form of remudding
of walls, weeding of roofs and maintenance of drains are embedded in the
local culture (site evidence, 2014 and 2015). However, in city areas, the
installation and upgrading of modern infrastructure, such as sealed roads,
water supply and sewerage systems, has changed the environment in
which the buildings exist (site evidence 2015 and 2016). Over time, rising
ground levels have resulted in roads, through multiple layering and
resurfacing, being half a metre above internal floor levels instead of half a
metre below. This, together with the pressure of tall new structures built up
against the old, has made access for maintenance and repair extremely
difficult. Monsoon rains flood into the shops and houses at both roof and
ground level accelerating their decay. The loss of mortar from joints and
the decay of bricks and timber elements contributed to the failure of many
traditional city buildings during the earthquakes (site evidence, 2014, 2015
and 2016).

RESPONSE AND RECOVERY

Although the current crisis is a result of earthquake, reconstruction must
address all hazards and all aspects of daily life, both now and into the
future, including accommodating people’s livelihood needs within the
confined spaces available. The solutions should also be sustainable,
economically, socially, culturally and environmentally.

Government Funding

The Nepali Government pledged monetary support to all homeowners
whose houses collapsed, but proportional funds were not offered for houses
that were partially damaged (Adhikary, 2016). As a result, it has been
reported that many people demolished their houses for the government
survey, even though they could have been repairable (Desai, 2015). In
Bhattedande though, many people stated they demolished upper floors as a
precautionary measure against further collapse during aftershocks (village
discussions, 2016). In February 2016 (ten months after the earthquake),
government inspectors had still not surveyed the damage to houses in
Bhattedande even though there had been an 80% loss in the village. As
people awaited government confirmation of reconstruction requirements,
they had not begun to rebuild. Thus, although the government promise was
made with good intentions, it had in essence disempowered people from
undertaking their own recovery.

New Buildings and Technologies

Although all new buildings are required to be constructed in accordance
with the national building code, which is currently under review, as yet no
certification system has been put in place to ensure that this occurs

(Adhikary, 2016). Nor is the financial assistance offered sufficient to meet
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the costs of improvement. In the city areas, where people can afford to
rebuild without government assistance, reinforced concrete framed
buildings have been re-erected quickly, again without proper oversight and
often repeating the mistakes of the past (Adhikary, 2016).

Although the code provides rules of thumb for traditional construction, the
new Design Catalogue for Reconstruction of Earthquake Resistant Houses
developed since the earthquake by the Department of Urban Development
and Building Construction (DUDBC, 2015) promotes modern construction
and limits traditional construction to a single storey. This restriction on size
fails to satisfactorily accommodate living and livelihood needs on the
limited land available.

Many international companies have offered new manufactured products,
ranging from steel frames to polystyrene wall panels. Nearly all require
importation of materials and expertise from abroad and few have regard to
the local social, economic and environmental conditions. Poverty, combined
with the recent blockade of the Indian border (due to political unrest), has
temporarily prevented the importation of many of these options. The
homogeneity that these global alternatives create in the built environment
fails to recognize the value and appropriateness of local solutions to local
conditions.

Local Solutions

In remote rural areas, lack of access and minimal financial resources
necessitate the adoption of local solutions that use the physical and human
resources available. Even if communities had the money to afford cement
and steel, these materials cannot be carried up the steep mountain paths.
Therefore, where quality timber is not available, the immediate issue is
finding alternatives for the traditional seismic timber bands. Solutions
incorporating polypropylene geogrid bands (Adhikary, 2016), galvanised
wire gabion bands (Langenbach, 2015) and wire containment (Desai, 2015
& 2016) have been developed and tested for seismic performance. These
options, which incorporate local materials, knowledge and skills, provide far
more affordable and sustainable alternatives that enable maintenance of
local character and identity through retention of local architectural
typologies. However, as yet, these solutions have not been approved under
the national building code.

Capacity Development

As found in Bhattedande, many villages have lost both their traditional
artesans and modern construction workers through the export of skilled
labour to Asia and the Middle East where the pay is better (village
discussions, 2016). Thus, reconstruction requires capacity development in
both traditional and modern construction. Not only do traditional skills and
knowledge need to be reinforced and strengthened, but also understanding
of the highly technical nature of reinforced concrete construction: including
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the correct proportioning of cement, sand, graded aggregate and water;
appropriate cover to steel to prevent corrosion; and the removal of air to
ensure homogeneity and structural integrity (site evidence, Bhattedande,
2016).

Organisations such as CRAterre (International Centre on Earthen
Architecture) have partnered with the Red Cross and local NGOs to develop
simple guidelines that illustrate the key elements of earthquake resistant
houses based on well-researched local materials and technologies (Forbes,
2015). CRAterre and the Nepal Vocational Academy (Panauti, 2016) have
provided hands-on training for local builders and artesans to ensure they
have the skills and knowledge needed for traditional reconstruction. NSET
(National Society for Earthquake Technology-Nepal) has also provided
construction training focused on meeting building code requirements
(Forbes, 2015).

Testing over Time

Nepal’s traditional housing typologies have developed through cyclical
testing over time. Although those houses that were in good condition
survived with little impact from the disaster, many of the houses that
collapsed were found to be old, poorly maintained and suffering from
decay. In comparison, the concrete houses that survived were relatively
new. The performance of these houses over time has yet to be tested.
Considering the vulnerability of steel to corrosion when exposed to water
and air and the impact that this will have on the structural integrity of
these buildings, the durability and long-term sustainability of this
construction type and other alternate solutions must also be considered
and monitored.

CONCLUSION

Unfortunately, the failure of traditional buildings in the recent earthquakes
has been considered by the general populace as the failure of the materials
used, rather than the failure of poor construction, poor maintenance or the
changing built environment. Conversely, in the case of modern buildings,
the failure has generally been attributed to greed, corruption and poor
construction. The misunderstanding of causes of failure, particularly in
relation to traditional building types, has lead to a general rejection of
these typologies both locally and internationally. Correspondingly, there
has been an accelerated take up of the imported modern technologies,
which have not been locally tested over time.

The long-term impact of this for Nepal will be the loss of architectural
diversity, cultural identity and diminished resilience through the loss of
local knowledge and skills. It will also result in financial loss to the local
tourist economy through the loss Nepal’s unique character. The future
failure of the modern buildings will also result in diminished resilience.
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Major issues that still need to be addressed include: improving governance
within the property and construction industries to ensure that buildings
meet the required construction standards; improving drainage within urban
areas to prevent flooding and reduce building decay; and building
community awareness regarding the need for regular maintenance -
buildings in good condition are far more resilient than those in poor
condition.
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ABSTRACT

Christchurch’s water infrastructure suffered significant damage during the
2010-2011 earthquake sequence. This case study reviews the methods
used by the Stronger Christchurch Infrastructure Rebuild Team (SCIRT) -
who had to the role to rebuild the city’s horizontal infrastructure - in
rebuilding the city’s water infrastructure back to either an improved or
better condition which existed prior to the earthquakes.

The formal Build Back Better (BBB) framework, included within the Sendai
Framework for Disaster Risk Reduction 2015-2030, conceptualised by
Mannakkara and Wilkinson forms the structure of this research.

Overarching principles within this framework - Disaster Risk Reduction
(DRR), Community Recovery and Implementation - together provided a
holistic framework to guide post-disaster recovery efforts.

This paper aims to demonstrate how BBB can be practically applied during
the rebuilding of communities to guide rebuilding efforts following natural
disasters. The DRR principle is focused upon during this paper and
includes sub-groups; Structural Resilience, Multi hazard based Land Use
Planning and Early Warning and DRR education. Linkages from this
principle to the Community Recovery and Implementation principles are
also discussed, assisting to demonstrate the holistic nature of the BBB
framework.

Performance related to the DRR principle has been assessed as
“moderate”. Key actions taken include the enforcement strict design and
construction standards and closer attention to land condition and location.
Opportunities for further improvement include the adopted of new
technologies and design / construction methods.

Community Recovery considers the management of economic and social
factors while Implementation considers the governance, legislation and
regulation during the water infrastructure rebuild.

Key words: Build Back Better, Christchurch, Disaster Risk Reduction,
water infrastructure

INTRODUCTION

Christchurch’s water infrastructure suffered significant damage during the
2010 and 2011 earthquakes. Rebuilding the city’s water infrastructure
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presented a significant challenge, which had never been seen before in
New Zealand. Build Back Better (BBB) is a relative new post-disaster
rebuild framework that takes a holistic, yet theoretical approach to
rebuilding communities. This paper aims to;

Consider the steps taken to rebuild Christchurch’s water
infrastructure.

Understand where improvements in the city’s water infrastructure have
been made.

Understand if BBB is a practical framework to guide infrastructure
rebuild efforts following a natural disaster.

Pre research situation

Initially developed and applied for the first time on a regional scale during
the aftermath of the 2004 Indian Ocean Tsunami (IOT), BBB is a post-
disaster recovery mechanism that aims to prevent and minimise damage
in the event of future natural disasters in a holistic manner (Mannakkara
and Wilkinson, 2014, Clinton, 2006). In the past many frameworks within
the disaster preparedness and rebuilding sector have focused upon
resilience, in preparation for future disaster events, but as suggested in
the name of BBB, this concept considers resilience in a post-disaster
situation (Mannnakkara and Wilkinson, 2014).

There has been a recent push to encourage the focus given towards
Building Back Better. The Sendai Framework for Disaster Risk Reduction
2015-2030 (SFDRR) includes "“enhancing disaster preparedness for
effective response, and to Build Back Better in recovery, rehabilitation and
reconstruction” as one of its four priorities for the next 15 years (UNISDR,
2015). The SFDRR recognises that being able to effectively BBB also
requires a degree of pre-disaster planning and awareness, therefore it is
anticipated that BBB will obtain significantly more attention over the
coming years (UNISDR, 2015).

Disaster Risk Reduction

Effective Implementation

Principle 2: Principle 3:

Principle 1: Principle 4:

. . Principle 5: Principle 6:
Multi-hazard Psychological . MR
brEed] LErehuee 21l Skl Economic Governance and Legislation and

. S Stakeholders Regulation

Moo eie s

Figure 1: Build Back Better conceptual model (Mannakkara and
Wilkinson, 2014)
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Wilkinson and Mannakkara established a conceptual model (Figure 1).
This model has three high level sub-groups, each with two principles. All
of the six principles are made up of a range of BBB factors, which were
used to measure the practicality of BBB and assess the performance of
the water infrastructure rebuild in Christchurch.

Table 1: BBB factors for Principle 1 - Structural Resilience (Mannakkara
and Wilkinson, 2013).

Building Codes and Regulation

Enforce building codes and regulations using legislation
Provide education on building regulation revisions prior to
rebuilding to key stakeholders

On-going regular inspections and retrofit programmes
Incorporate traditional technologies

Cost and Time-related Factors

Arrange long-term funding to cover extra costs for structural
improvements

Provide incentives (e.g. tax reductions) to promote adoption of
structural changes

Provide transitional accommodation to relieve pressures on
rebuilding

Quality

Arrange quality assurance inspections

Provide incentives to attract skilled builders for reconstruction
Provide professional supervision for owner-building

Arrange rebuilding advisory service centres to support home-
owners

Facilitate the use of efficient and effective quality control
methods*

Note: * Highlights new factors, refer to Results section.

Table 2: BBB factors for Principle 2 — Multi-hazard based Land-use
Planning (Mannakkara and Wilkinson, 2012).

Risk based Zoning

Divide land (to be used for reconstruction) into risk zones based on
multi-hazard assessments

Determine appropriate land-uses based on risk zone maps AND
relevant building regulations

Provide education on risk reduction and revised land-use plans prior
to rebuilding

Implementation long-term risk management systems through
information dissemination and inspections

Resettlement

Provide resettlement only for high-risk lands where rebuilding is not
feasible

Collect background information about household subject to
resettlement
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Identify potential low risk land sites close to the original
settlement

Ihvolve the community in choosing new land sites

Provide incentives for relocation (e.g. payment for relocation,
employment opportunities)

Rrovide support for resettlement through counselling and advisory
services

(onsideration of ground condition during construction and design
phases*

Note: * Highlights new factors, refer to Results section.

Prior to commencing the rebuild SCIRT conducted a detailed analysis of
the damange sustained to water infrastructure across the city. This
analysis revelaed that 48% of water infrasructure required renewal, a
further 46% required some form of repair and the remaining 6% requiring
no action (P14). This highlighted the significant job which confronted
SCIRT and demonstrated the need for a structured and effective method
be used to rebuild Chrtistchurch’s water infrastructure within five years,
the agreed fixed lifespan of SCIRT.

METHODOLOGY

A case study approach was deemed to be the most appropriate for this
research. This was primarily due to BBB being a new concept and there
being minimal case studies available that measure the performance of
infrastructure rebuild efforts and the practical use of the holistic BBB
framework.

Key research methods used included Semi-Structured Open-ended
Interviews; document analysis; industry seminars; and data analysis.
Interviews were held with fourten SCIRT representatives from various roles
across the organisation, ranging from professional design engineers, on-
site construction supervisors and other business support staff. Design
engineers and on-site construction supervisors from each of the four
design teams and and five construction, or “delivery” teams were
interviewed. This interview approach enabled our research to gain a full
appreciation of the process from project initiation through to construction
and delivery. A summary of interview paticipants is provided below.

Table 3: Interview participants

Role within Experience Levels Participant

SCIRT Career Length Geographic Identification
Location

Delivery 10 years (2) United Kingdom (1) |[P1 to P5

Team Project |20 years (2) Australia (1) and

Coordinators |30+ years (1) New Zealand (3)
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Delivery Under 10 years United Kingdom & P6 to P8
Team Site (2) Australia (1)
Supervisors 30+ years (1) New Zealand (2)
Design Team |Under 10 years United Kingdom (1) |P9 to P12
Engineers (2) Australia (1)

20 years (2) New Zealand (2)
Senior 20 years (1) United Kingdom (1) |P13 and P14
Managers 30+ years (1) New Zealand (1)

Note: Numbers in brackets show the number of interview participants.

Supplementary research methods, including document review; industry
seminar participation; and data analysis were used. These were used to
inform an overall rating of how Christchurch’s water infrastructure was
rebuilt, using the BBB framework as the reference point. Although
assessments have been based on often qualitiative information, ratings
have been represented in a quantiative manner to help communciate
levels of performance (refer to figures 3 and 4).

RESULTS

During this research, four themes related to Disaster Risk Reduction when
rebuilding Christchurch’s water infrastructure became apparent. These
themes include;

Improved building codes and regulation

Adopting a quality construction and design process.
Robust construction planning and delivery processes.
Adopting a risk based design approach.

Observations related to each of these themes have been presented during
the remainder of the results section.

Improved building codes and regulation

Three key documents (Table 4) were used by design and delivery teams
throughout the rebuild.

Table 4: Construction and design standards used in the water
infrastructure rebuild (P1-P5, P13 & P14).

Document Name Came into Description

effect
Infrastructure Post- Provides the overall brief
Recovery Technical earthquakes for rebuild projects
Standard and associated with SCIRT
Guidelines (IRTSG)
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Construction Standard [Pre-earthquakes |Guides construction of

Specifications (CSS) - but has been infrastructure within the
adapted post- CCC area
earthquakes

Infrastructure Design |Pre-earthquakes |Guides infrastructure

Guidelines (IDS) - but has been design methods in the
adapted post- CCC area
earthquakes

Note: Both the CSS and IDS include sections to other infrastructure
which is not related to water infrastructure.

These documents were either developed by, or in close consultation with
CCC, the owner of Christchurch’s water infrastructure. These standards
are similar to the existing standards which were in place prior to the
earthquakes, and were updated to include specific earthquake response
items. These items focus on using more structural resilient materials and
specifying construction methods (P6-P11).

Significant volumes of water infrastructure and land condition data were
collected to evaluate the full extent of earthquake caused damage (P3,
P6, P7 & P10-P14). This data has been collated by SCIRT and now
provides the delivery teams, and CCC in future with more accurate and
extensive data base of information to inform future water infrastructure
capital and maintenance works (P13 & P14). Delivery team members
interviewed expressed that this high volume of information is likely to be
significantly more accurate and therefore useful than any other city in
New Zealand, (P9) allowing engineers and contractors a greater
understanding of the water infrastructure network and inform future
works (P9-P12).

Adopting a quality construction and design process

As stated in the previous section, consistent construction and design
standards have been implemented throughout the rebuild. To ensure
these are followed all designs go through a robust design processes,
which culminates with approval from a chartered professional engineer
(CPEng, or equivalent) (P2-P6 & P10-P12). In cases, where
constructability factors inhibit all aspects of design standards to be
included, approval must be sought from CCC prior to construction. This
ensures that CCC are aware that the agreed standards cannot be met
when considering reasonable constructability and cost implications, and
that CCC is satisfied with the alternative design and method proposed
(P6-P12).

Each delivery team has their own construction “Project Supervisors” who
were responsible for ensuring that the design provided was constructed.
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This role was important as the supervisors acted as the linkage between
the designers and delivery teams, and helped clarify issues as they
occurred (P3-P9). Designers and supervisors interviewed stated that
having a dedicated resource to ensuring that construction was of the
required standard and helped communication between design and onsite
staff assist projects to be delivered of increased quality and in a timelier
manner.

Robust construction planning and delivery processes

SCIRT used data collected in the early stages of rebuilding to identify
trends in post-earthquake infrastructure condition. This led to the city’s
water infrastructure networks being divided into 56 catchments, which
were then ranked in terms of condition (P13 & P14). These catchments
were geographically based and it was decided that rebuilding efforts would
occur in catchments — meaning that all projects in the catchment would be
completed prior to moving on to the next area. This was largely decided to
reduce public disruption and also reassure the public that a systematic
approach to the rebuild was being undertaken (P14). Figure 2
demonstrates the five stage process use to prioritise projects and factors
considered at each stage (P13 & P14).

A cadaa i [ [P AR

Condition Hydraulic Medical and Social and Environmental
Criticality Proximity Emergency Strategic plan
Servicability Schools requirements

Ongoing Hospitals Political influence
maintenance Transportation Other rebuild programmes

Figure 2: SCIRT rebuilding prioritisation processes (SCIRT, provided
information (P14)).

Using the results generated, SCIRT was able to produce a full schedule of
water infrastructure projects. This was key to schedule management and
public engagement. This analysis is repeated each three months to
ensure that any changes are included. Interviewees noted that schedules
changes were infrequent (P13 & P14).

A full and clearly identified schedule of work at an early stage of the
rebuild was key as it helped SCIRT management report rebuild progress to
owner participants and other interested parties throughout programme
delivery (P13 & P14). Early understanding programme progress was
crucial for management as SCIRT was established for a fixed timeframe
(five years) and with a fixed budget ($2 billion) (Auditor-General, 2013),
and would help identify the need for any changes in programme delivery
(if required) as early as possible (P13 & P14).

Adopting a risk based design approach
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New methods used to rebuild Christchurch’s water infrastructure have
tended to established and known technologies which are more commonly
used in other parts of New Zealand, or overseas (P6-P12). These include
the use of Cured In Place Pipe (CIPP) lining and creating vacuum sections
of the stormwater and wastewater networks. Both methods were rarely
used in Christchurch prior to 2010 (P1-P12). Decisions related to
construction method or to change the drainage systems (i.e. change from
gravity to vacuum or pressurised) were made on a case by case basis, to
ensure that the most suitable - from ongoing performance and “whole of
life” cost perspectives effective — balancing both technical and cost factors

- decision is made for the future performance of Christchurch’s water
infrastructure (P10 & P11). This includes considering the risks to the
network from future earthquake events, a factor which received
significant attention during the early stages of the rebuild as earthquakes
were still occurring (P10 & P11).

As stated previously, significant volumes of data has been collated to
inform the project schedule and update Christchurch’s water
infrastructure records. In parallel, large volumes of geotechnical data was
being collected to inform a wide variety of rebuild activities (P9 & P11).
SCIRT was one organisation which used this information regularly to
ensure that suitable precautions could be designed into pipelines to
mitigate impacts of future earthquakes where possible. Unfortunately
some interviewees (P1-P3, P5 & P9-P13) expressed that this information
was slow in being made available, which led to some earlier projects
either suffering structural damage during aftershocks or being built with
greater conservatism to cater for future ground shaking - both of which
had time and cost implications on the programme.

As the rebuild has progressed, more accurate geotechnical information
has been made available and consistent updating of the three technical
standard (Table 4) have helped to ensure that the appropriate risk based
elements are included in future Christchurch water infrastructure designs
- both during and following the rebuild.

Performance against Build Back Better principles

During the research it was found that a nhumber of the BBB factors (Tables
1 and 2) were not applicable for the rebuild of Christchurch’s water
infrastructure. Not applicable factors tended to relate to issues impacting
the Christchurch rebuild as whole, including the need for rebuilding
incentives (e.g. financial), worker accommodation and direct community
involvement. This has led to the proposal of modified BBB model for
rebuilding infrastructure, which is targeted to guide infrastructure network
rebuilding efforts. This is often for utility infrastructure, including water;
transportation; public housing / buildings; telecommunications; and
power infrastructure. Factors in the modified principles covering Structural
Resilience and Land use planning are included in Tables 1 and 2.
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Principle 1 Principle 2
Structural Resilience Land UseAPIanning

B Good Performance B Good Performance
Acceptable Performance Acceptable Performance
Poor Performance Poor Performance
Not Applicable Not Applicable

£ Assessed Rating L Assessed Rating

Figure 3: Christchurch water infrastructure rebuild performance related
to the DRR principles of the BBB model.

An overall assessment of SCIRT performance rebuilding Christchurch’s
water infrastructure is provided in Figure 4. Performance against each of
the factors from the proposed modified BBB model for rebuilding
infrastructure is provided. New factors have been highlighted and can be
identified using the identifiers in Tables 1 and 2.

The same assessment approach was taken for the remaining four
principles of the conceptual BBB model (Figure 1). Following this, an
overall assessment of how Christchurch’s water infrastructure was rebuilt
relative to each of the six BBB principles has been made and is presented
in Figure 4.

Overall Build Back Better Performance

Principle 1 - Structural Resilience

Principle 6 - Legislation and Principle 2 - Multi-hazard based

Regulation Land-use Planning

Principle 5 - Governance and Principle 3 - Psychological and

Stakeholders Social Recovery
Principle 4 - Economic Recovery
@ Good Performance Acd@btable Performance Poor Performance
Not Applicable Rarling

Figure 4: Overall assessment of Christchurch Water infrastructure rebuild
as per all principles of the conceptual BBB model (Figure 1).
234



CONCLUSION

Overall SCIRT has taken many positives steps in improve Christchurch’s
water infrastructure from a DRR perspective following the 2010-2011
earthquakes. These include steps to improve building codes and
regulations; Adopting a quality construction and delivery process; Robust
construction planning and delivery processes; and Adopting a risk based
design approach. In addition this case study has has highlighted the
ability of the holistic BBB framework to guide post disaster rebuild efforts.
Although initially established to cover all aspects of rebuilding, proposed
modifications have been made to provide a more “purpose built”
framework for rebuilding infrastructure networks. This framework can be
further developed and refined by using this model to guide infrastructure
network rebuilding efforts following a wide range of disasters in different
parts of the world.

NOTE: Any views expressed in this paper are those held by the authors.
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ABSTRACT

There are a limited nhumber of economic models specifically designed for
infrastructure outage and disaster situations. The degree to which current
models account for adaptive behaviours during these ‘unusual’
circumstances varies. In this paper, we present a model developed to
represent business behaviour and recovery following an infrastructure
disruption event.

This model was developed as part of the Economics of Resilient
Infrastructure® project, and derived using business recovery data from the
2010-2011 Canterbury earthquakes. The business behaviours model is
designed to integrate into a Computable General Equilibrium (CGE)
economic model. The earthquake data showed that recovery trajectories
follow a logarithmic pattern. A linear regression analysis, modelling the
recovery of business operability (or ability to meet demand), showed that
recovery was dependent on two variables: (1) overall level of impact
experienced by the business and (2) their suppliers’ ability to meet
demand. However, given supply relationships are already represented in
the CGE model, only overall impact was used as an input into the
business behaviors model. The researchers are developing this model
further so that it is fully transferrable to a range of infrastructure
disruption and hazard events.

Key words: Business behaviours; Disaster recovery; Economic modeling;
Infrastructure disruption; Spatial decision support system

INTRODUCTION

Increasingly costly and complex disaster events create a need for a
greater understanding of the drivers of the economic impacts of disasters.
Current economic models, however, often do not account adequately for
the capacity of businesses to both mitigate the risk of losses pre-event
and to adapt their operations to reduce losses.

® Funded by the Ministry of Business, Innovation and Employment, New Zealand
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A number of authors have recently developed methods for adjusting for
business/industry resilience within economic models. The models are
based on a variety of economic modelling techniques, including input-
output modelling (Haimes & Jiang, 2001; Haimes, Horowitz, Lambert,
Santos, Lian, et al., 2005; Jonkeren & Giannopoulos, 2014), computable
general equilibrium (A Rose & Liao, 2005; Adam Rose, Oladosu, & Liao,
2007; Adam Rose, 2004) and simulation modelling (Chang, Svekla, &
Shinozuka, 2002; Chang, 2003). These models account for business or
industry resilience through resiliency factors and/or inoperability
functions.

Resiliency factors are static factors defined as “the percentage of
production in an industry ... that could still be produced in the event of
total [infrastructure type] loss” (Chang et al., 2002, p. 292). Chang et al.
made a major contribution to the literature by developing empirically
derived resiliency factors for application in probabilistic simulation
methodology. Resiliency factors have been adapted and applied to other
economic models, for example (Chang, 2003; A Rose & Liao, 2005; Adam
Rose & Guha, 2004; Adam Rose et al., 2007).

Inoperability functions are temporal functions that describe the impact of
a disruption and trajectory back to full productivity. The impact and rate
at which businesses regain productivity is influenced by the sector’s
dependence on infrastructure, risk management policies, and risk
mitigation (Haimes, Horowitz, Lambert, Santos, Crowther, et al., 2005).
Inoperability functions have recently been extended to account for factors
such as inventories that can buffer the impact of some disruptions (Barker
& Santos, 2010; Jonkeren & Giannopoulos, 2014). Generally inoperability
functions are theoretically rather than empirically derived.

This research combines these two approaches and generates empirically
derived, temporal operability curves (the inverse of inoperability) for
application in a Computable General Equilibrium economic model. The
research contributes to the Economics of Resilient Infrastructure project.

METHOD

Two and a half years after the February 2011 earthquake (July to
December 2013), the authors sampled approximately 2,170 organisations
across Greater Christchurch to understand the impact of, and recovery
following, the earthquake. 541 organisations (response rate of 25%)
responded to the survey, with broad representation of industry sector and
ownership types. The survey sample slightly under-represented smaller
and younger businesses as well as failed businesses (1% response rate as
opposed to an annual average failure rate of 10%). For further details on
the survey see (Brown, Seville, Stevenson, Giovinazzi, & Vargo, 2015;
Brown, Stevenson, Giovinazzi, Seville, & Vargo, 2015; Seville, Stevenson,
Brown, Giovinazzi, & Vargo, 2014).
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ANALYSIS AND RESULTS

To generate operability curves, a step-wise linear regression was carried
out using the Canterbury earthquake survey data. Error! Reference
source not found. shows a conceptual diagram of the factors that
contribute to an organisation’s level of operability post-disruption and that
are included in the analysis.

The dependent variable for the regression, ‘operability’ is based on the
following survey question:

To what extent was your organisation able to Completely (80-100%)
meet the demand for your products and (1)

services? Mostly (60-80%) (0.75)
Immediately after the earthquakes Partially (40-60%) (0.5)
Several months after the earthquakes Limited (20-40%) (0.25)
A year on from the earthquakes Unable (0-20%) (0)

Two years on from the earthquakes

The initial intent was to carry out the regression analysis at all four time
steps noted in this question. However, at one year and two years on from
the earthquakes, the majority of respondents were able to completely
(80-100%) meet their demand. Therefore, due to the low data spread at
these time steps, a regression analysis would not be feasible. Instead,
the regression analysis focussed on immediately after the earthquakes (7
days) and several months after (90 days).

Figure 13 Schematic representation of factors affecting an organisation’s
post-disruption operability

The independent variables in the regression were constructed through
aggregation of a number of survey questions. Questions were aggregated
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to: 1) reduce the number of variables in the regression and therefore
improve the reliability of the model; and 2) where, necessary, account for
additive impacts.

In particular, a single variable for ‘overall disruption’ was created. A
factor analysis (Varimax rotation with Kaiser normalization) showed that
the earthquake impacts fell into three categories: non-infrastructure
(premises, neighbourhood and staff), node infrastructure (rail, airport,
port, fuel) and network infrastructure (water, sewage, gas, electricity,
phone, data, roads). Rather than aggregate all the impacts in each of
these categories, the maximum disruption value within each of the
disruption categories was taken. This assumption recognised that above
some level of disruption, additional disruptions will not increase the
material impact on an organisation. For example, once an organisation
has no building, disruption to the neighbourhood is of little impact so it
does not make sense to add or average these items. The overall
disruption was then calculated taking the average of the top two of the
three disruption categories. All the variables included in the regression
analysis, and survey questions they were derived from, are shown in
Table 17.The regression results for “immediately” and “several months
after” the earthquakes were significant and are represented in Equation 1
(R> = 0.166, p<0.005) and Equation 2 (R®> = 0.051, p<0.005),
respectively’. The only two variables retained in the step-wise regression
were overall disruption and suppliers’ ability to meet demand.

Op; =0.76 +0.12xSA~ 0.4x0D oy ation 1

Ops, = 0.84+0.08xSA—0.1x0D gy ogion >

Where Op, is operability at 7 days; Opq, is operability at 90 days,; SA
is Suppliers ability to meet demand; 0D is Overall Disruption

However, the economic model that this business behaviour model is being
applied to already has dynamic supplier-customer relationships defined.
To avoid double counting, suppliers’ ability to meet demand was removed
from the analysis. The revised regression results indicate that overall
disruption is the only statistically significant independent variable, see
Equation 3 (R? = 0.117, p<0.005) and Equation 4 (R*> = 0.029, p<0.005).

Op, =1—0.4x0D

Equation 3
0Py =1-0.1x0D Equation 4
Where Op-, is operability at 7 days; Opo, is operability at 90 days; OD

is Overall Disruption

’ The low R’ values are due to the large variability of organisation nature, impact and recovery situations.
However, the intent for this model is to generate a function that represents the average ‘operability’ within a
sector (rather than predict a single business response).
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Table 17

Dependent variables included in operability regression analysis.

Independent | Survey question Response options Description / Calculation
variable
Non- In the first three months following the 22 February 2011 earthquake, please indicate how disruptive | Very disruptive (1) Average score within the
infrastructure | the following factors were: Moderately disruptive three categories
impacts PHYSICAL (0.66) calculated.
Difficulty Accessing IT Data. Slightly disruptive (0.33) | Cronbach’s Alpha for
Structural damage to building(s) (integrity of building compromised) Not disruptive (0) each category of 0.84,
Non-Structural damage to building (fittings damaged e.g. windows or light fixtures) N/A (excluded) 0.882 and 0.81,
Machinery loss or damage respectively.
Office equipment damage
Damage to inventory or stock Maximum impact carried
NEIGHBOURHOOD through to overall
Damage to or closure of adjacent (next door) organisations or buildings disruption calculation.
Damage to local neighbourhood (e.g. other buildings in area, damage to pavements, etc)
Difficulty accessing premises/site
STAFF
Health and safety issues for employees’
Availability of staff
Perceptions of building safety
Changes in staff emotional wellbeing
Infrastructure | With reference to the 22 February 2011 earthquake, how was your organisation disrupted Very disrupted (1) Maximum impact carried
impacts - by the loss of the following infrastructure services? Moderately disrupted | through to overall
Network Water supply (0.66) disruption calculation.
Sewage Slightly disrupted
Electricity (0.33)
Gas Not disrupted (0)
Phone networks (cell and landline)
Data networks
Road network
Infrastructure | With reference to the 22 February 2011 earthquake, how was your organisation disrupted Maximum impact carried
impacts - by the loss of the following infrastructure services? through to overall
Node Rail disruption calculation.
Airport
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Port
Fuel

Overall Combination of non-infrastructure, node and network infrastructure impacts above. Average of top two
disruption impact types
Resilience — To what extent do you agree or disagree with the following statement from your Strongly disagree (0) Average response across
planned organisation? Moderately disagree items

Given how others depend on us, the way we plan for the unexpected is appropriate (0.15) Cronbach’s alpha,

Our organisation is committed to practicing and testing its emergency plans to ensure they | Slightly disagree (0.3) | a=0.874

are effective Negative side of

We have a focus on being able to respond to the unexpected neutral (0.45)

We build relationships with others we might have to work with in a crisis Positive side of

We have clearly defined priorities for what is important during and after a crisis neutral (0.55)

We proactively monitor our industry to have an early warning of emerging issues Slightly agree (0.7)
Resilience - To what extent do you agree or disagree with the following statement from your Moderately agree Average response across
adapted organisation? (0.85) items.

There are few barriers stopping us working well with others Strongly agree (1) Cronbach’s alpha,

Our organisation maintains sufficient resources to absorb some unexpected change a=0.846

People in our organisation are committed to working on a problem until it is resolved

If key people were unavailable, there are always others who could fill their role

There would be good leadership from within our organisation if we were struck by a crisis

We are known for our ability to use knowledge in novel ways

We can make tough decisions quickly
Feasibility of | How feasible is it to relocate parts or all of your organisation’s operations? (tick all that Yes Binary scale: responses
relocation apply) No split into those that can

The majority of my staff can work from home (1) relocate (1) and those

It is relatively easy for us to set up a new location (1) that cannot (0)

We have multiple sites we can operate from (1)

There are significant health/safety and regulation constraints affecting the locations we

operate from (0)

Our equipment is difficult to source, relocate and replace (0)

Our business is quite location-specific, moving is not an option (0)

We could potentially site-share with another organisation (1)
Level of With reference to the 22 February earthquake, to what extent have the following factors N/A (0) Average response across
mitigation helped mitigate the impact of the earthquakes on your organisation? Not important (1) items — higher value
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Backup/alternatives to water, sewerage, electricity, communications
Backup-/alternatives to IT

Relationships with customers

Relationship with suppliers

Relationships with business in our sector

Relationship with business advisor/mentor

Relationships with staff

Relationship with banks or lenders

Relationship with our neighbours

Available cash or credit

Spare resources (e.g. equipment or extra people)

Insurance

Business continuity, emergency management or disaster preparedness plan
Backup or alternative site

Practiced response to a disaster

Emergency kit

Well designed and well build buildings

Other (please specify)

Slightly important (1)
Moderately
important (1)

Very important (1).

means more mitigation.

Post-event Has your organisation initiated new collaborations? Yes(1) Average response across
adaptation Has your business adopted new technologies? No(0) items — higher value
Has your business changed operational processes? means more adaptation.
Has your business restructured?
Has your business closed unprofitable lines?
Change in Compared to before the September 2010 earthquake, how is the demand for your products | Increased demand (1) | Asis. Time period
demand and services? About the same (0) matched to operability
Immediately after the earthquakes Decreased demand (- | time period.
Several months after the earthquakes 1).
A year on from the earthquakes
Two years on from the earthquakes
Ability of How well were your regular suppliers able to meet your organisation’s needs after the Incapable (0) As is.

suppliers to
meet
demand.

earthquakes?

Somewhat capable
(1)

Completely capable
(2)
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Ownership— | How would you describe your organisation’s ownership structure? (please tick all that Yes(1) As is. Analysis indicated

individual apply) No(0) that this was the only

proprietorship | Individual Proprietorship/Self-employed ownership structure type
that had a high
correlation with
operability.

Number of Please estimate the number of employees now working in your organisation (including Free text Based on 1 x full time

FTE yourself if you are owner / operator)? staff + 0.5 x part time

employees Number of full time employees in Canterbury staff.

Number of part time employees in Canterbury

Number of How many sites or locations does your organisation currently operate from? Free text Total outside Canterbury.

locations Within Canterbury? Included as a proxy for

outside Elsewhere within New Zealand? organizational support

Canterbury Outside New Zealand? outside affected region.

Need to Did your organisation relocate your main sites due to the earthquakes? Yes (1) As is.

relocate No (0) Included because

following qualitative research

earthquakes shows that relocation can
have a major impact on
recovery.

Use of How has/is your organisation financing its recovery from the earthquakes? Yes (1) As is.

earthquake Earthquake wage subsidy No (0) Included because

support anecdotal evidence

subsidy suggested this was a

major contributor to
organisation survival
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The survey results show that operability over time follows a logarithmic
pattern. This is in line with the inoperability curves defined by Haimes et al.
(2005). Therefore, taking the two static operability functions (Equation 3
and 4), a temporal operability function can be defined, see Equation 5.

Op(t)=1-0.63xX0D+0.12 x OD x In(¢t) .
Equation 5

Where Op(t) is Operability at anytime, t; 0D is Overall Disruption
CONCLUSIONS

The analysis presented in this paper shows the generation of empirically
derived operability curves. This research brings together two existing
approaches to modelling business resilience and adaptation in economic
models. Being empirically derived, it represents the actual average
response of organisations to disruption, including for diverse adaptation
measures such as: relocation, increased working hours, operational changes
etc.. It also represents the impact and subsequent recovery temporally.
This has an advantage in economic modelling (compared to static resiliency
factors) as it allows for the economic model to experience an ongoing
‘shock’, which extends beyond the initial impact and decays over time.

While this analysis is presented based on a single disaster event, the
researchers have begun to, and continue to, develop this operability model
into a fully transferable model that can be applied to a nhumber of different
infrastructure and hazard disruption events, including infrastructure
disruption functions (based on duration of infrastructure outage) and non-
infrastructure disruption functions (based on physical hazard attributes e.qg.
MMI for earthquakes). For more on this research project go to
http://www.naturalhazards.org.nz/NHRP/Hazard-themes/Societal-
Resilience/EoRI.
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Coastal zones are of major importance due to their intrinsic environmental
and socio-economic characteristics, mainly related with their high
demographic densities and natural resources. This paper examines the
regional scale coastal hazards risk assessment for Hawke Bay in New
Zealand. A frame work for the quantitative estimation of present and future
risks has been adopted for the study. The probabilistic risk assessment
presents in this study in terms of losses and likelihood for coastal
inundation, tsunami and erosion hazards. Fragility function have been
applied to calculate potential damage costs to a given structure and its
contents for a range of different inundation depths using synthetic
vulnerability curves. Risk has been categorized in human, economic,
social/cultural and environmental losses for each hazards for present and
future. The results are shown in terms of effects on humans (fatalities and
injuries), economic, social and cultural and environmental/ecological for
study area. The tsunami hazard risk within the Hawke Bay region for the
events modelled is significantly greater than the coastal inundation and
coastal erosion hazard. Losses for coastal inundation are generally greater
than for coastal erosion, but the range of values are of a similar order of
magnitude for these two hazards.

KEY WORDS: Coastal risk, vulnerability, Multi-Hazard.
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ABSTRACT

When New Zealand’s Resource Management Act 1991 (RMA) was enacted, it
did not include reference to resilience or risk — rather, it took a sustainable
management approach to land use planning. Since then, resilience has
become the ‘in’ thing, and natural hazard risks are now being given a
priority in the RMA reforms. But what is resilience within a land use planning
context? And how does resilience relate to sustainability and risk-based land
use planning?

The land use recovery of Christchurch, New Zealand, provides a unique
opportunity to explore these questions in a post-disaster environment. The
red zoning of high risk land, categorising land into technical categories, and
the risk-based replacement District Plan has highlighted the interrelationship
between resilience, sustainable management, and risk-based planning.
While a sustainable community should also be resilient, sometimes
resilience-building does not always take sustainability into account.

This paper will explore these tensions, using the city of Christchurch as a
case study to answer these questions. It will highlight the relationship
between sustainability, resilience and risk, and provide a deeper
understanding of the implications of planning for each. The paper will also
outline what lessons have been learned from the Christchurch experience,
and actions that need to occur to ensure that the integration of
sustainability, resilience, and risk management.

Key words: Christchurch, land use planning, resilience, risk, sustainability.

INTRODUCTION

The term ‘resilience’ is increasingly being used in a multitude of contexts,
from physical, psychological, ecological, social, city, community to individual
resilience (Gallopin, 2006; Klein, Nicholls, & Thomalla, 2003; Manyena,
2006; Norris, Stevens, Pfefferbaum, Wyche, & Pfefferbaum, 2008). In land
use planning the term ‘resilience planning’ is used interchangeably with
sustainability (Berke & Conroy, 2000; Godschalk, 2002; Houston, Kohlhase,
& Suri, 2012; Tobin, 1999). But what does ‘resilience’ mean for land-use
planning, and how does this relate to sustainability?

The paper provides an overview of the terms ‘sustainability’ and ‘resilience’
to ascertain the similarities and differences, and provides examples of how
these terms are used in the New Zealand legislative setting. Looking at
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recovery, pre-event planning and insurance, this paper will discuss the
relationship between sustainability and resilience, and use a case study of
the 2010-11 Canterbury earthquakes to discuss 1) Is a resilient community
a sustainable one? and 2) To be sustainable, does a community need to be
resilient?

SUSTAINABILITY & RESILIENCE

Overview of Sustainability

The widely accepted definition of sustainability from the Brundtland
Commission, is “... meets the needs of current generations without
compromising the ability of future generations to meet their own needs”
(Brundtland Commission, 1987, p. 23).

Guiding principles in the Sendai Framework for Disaster Risk Reduction
2015-2030 state that “Disaster risk reduction is essential to achieve
sustainable development” (United Nations, 2015, p. 9). Three key
interacting elements underpin the concept of sustainable development:
economic, environmental, and social (including cultural) well-beings (Berke
& Conroy, 2000; Campbell, 1996; Lele, 1991).

Sustainable recovery from a natural hazard event ensures that existing risks
are reduced and new risks are managed. The term ‘holistic disaster
recovery’ from natural hazard events means that sustainability principles
guide redevelopment.

Overview of Resilience

Resilience is more than just the ability to “bounce back” (cope). Recent
literature suggests that resilience is an ‘adaptive capacity’ held by
individuals and/or communities (Klein et al., 2003; Norris et al., 2008).
While those at the periphery of an event may be able to “bounce back”,
those facing more catastrophic losses will have to adapt (Paton, Anderson,
Becker, & Petersen, 2015). Paton and Johnston (2006) have defined
resilience as the ability to adapt to the demands, challenges and changes
encountered during and after a disaster and evolve with changing
circumstances. Key contexts within which resilience must be considered
include: emergency management, the environment, infrastructure, land use
planning, building, insurance and engineering (Auckland Council, 2014;
Queensland Reconstruction Authority, 2012).

Paton et al. (2013) suggest that planning, including land use planning, is an
integral part of creating a resilient society and that it is important to involve
citizens in the process. A community engagement strategy to determine
levels of risk provides a robust, transparent and acceptable decision making
framework (Saunders, Grace, & Beban, 2014).

A number of timeframes affect resilience (Schwab, Topping, Eadie, Deyle, &
Smith, 1998): the period before a disaster; the period immediately following
a disaster; and the recovery period from days to years afterward. Building
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resilience and long term sustainability after a disaster is challenging when
recovery is protracted. For example: A natural hazard event occurs that
requires some form of recovery. Insurance claims enable landowners to
rebuild/repair their house; infrastructure is repaired. Another event occurs -
more recovery is required. The landowner rebuilds/repairs with insurance.
Infrastructure is repaired. Another event occurs. As the process continues
you can start to see differences between short term resilience focussed on
“bouncing back”, and long term adaptive resilience and sustainability.
Repeated events compound the situation, and short term measures (e.g.,
insurance, repairs) may not address the problem effectively.

Reconciling sustainability and resilience

Is a resilient community a sustainable one and visa versa? First we must
understand what a resilient and sustainable community is (see Table 1).

Table 1. Explanations of sustainable and resilient communities in the land
use planning context

Reference Definition

Tobin, 1999, p. Sustainable and resilient communities are defined as

13 societies which are structurally organised to minimize
the effects of disasters, and, at the same time, have the
ability to recover quickly by restoring the socio-
economic vitality of the community.

Berke et al., Communities with a coherent land-use plan and hazard-

2000, p. 104 mitigation strategy are able to build settlements that
will be resistant to natural disasters, able to recover
quickly from a natural event, and able to last for many
years with little cost in dollars or lives to their
inhabitants. These are resilient, sustainable
communities.

UN Commission Sustainable development seeks to meet present needs
on Sustainable without compromising the ability of future generations

Development, to meet their needs, but it cannot be successful without
2002 (In enabling societies to be resilient to natural hazards and
Godschalk ensuring that future development does not increase
2002, p. 3). vulnerability.

Sustainability and resilience are interdependently linked. Godschalk (2002)
suggests that “Sustainable development... cannot be successful without
enabling societies to be resilient to natural hazards”. The UN Sustainable
Development Conference, 2012 named 17 sustainable development goals.
Goal 11 states “"Make cities and human settlements inclusive, safe, resilient
and sustainable”. This is supported by the aim to “increase ... the number of
cities and human settlements adopting and implementing integrated policies
and plans towards inclusion, resource efficiency, mitigation and adaptation
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to climate change, resilience to disasters ... , develop and implement in line
with the forthcoming Hyogo Framework holistic disaster risk management at
all levels” (UN Division for Sustainable Development, 2014). The Sendai
Framework now provides a framework to implement this goal (United
Nations, 2015).

The New Zealand Treasury has produced a Higher Living Standards
Framework (see Figure 2) in which risk management, sustainability, and
resilience are key. Figure 2 reconciles the three concepts of resilience,
sustainability and risk management implying that resilience should be
focussed on short and long term adaptability, while sustainability should
focus on ‘future generations’. But sustainability and resilience goals can
contradict each other if not managed as complementary outcomes
(McPhearson, 2014).

Risk, Resilience & Sustainability
(Linking to Treasury’s Living Standards Framework)

Resilience
(Adaptability)

Sustainability
(Future
generations)

— Known Knowns — Unknown Unknowns

- Variability can be readily described - Black swan
— Known Unknowns - Threats where you haveadversary
A R S - Complexsystem risks with dynamic
- Limitations, assumptions interdependencies

Figure 2: How resilience is related to both risk and sustainability (Blake,
2013, p. 6)

LEGISLATIVE FRAMEWORK FOR SUSTAINABILITY AND RESILIENCE
IN NEW ZEALAND

Sustainability forms the philosophical base for New Zealand statutes that
contribute to natural hazard management - the Resource Management Act
1991 (RMA); Civil Defence Emergency Management Act 2002 (CDEM Act);
the Building Act 2004; and the Local Government Act 2002. While these four
statutes refer to sustainability, only the RMA defines sustainable
management. Other commonalities between the legislation include
references to social, economic, cultural, environmental well-being, and
health and safety. These well-beings are not defined within the legislation,
allowing councils to determine their own measures. Health and safety is an
RMA issue, and not just the responsibility of the Building Act and CDEM Act
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The concept of resilience is advocated by only the CDEM Act. Administered
by MCDEM, resilience is the core focus of the National Strategy, required
under the CDEM Act. The Strategy’s vision is “... to build a resilient and safer
New Zealand with communities understanding and managing their hazards
and risks” (MCDEM, 2008, pl). While the Strategy does not define
resilience, it shows linked components of a Resilient New Zealand, being (p.
7):

Individuals looking after their families and loved ones;
Communities managing their hazards;

Businesses providing services to support the continued functioning of
communities;

City, district and regional authorities ensuring the safety of their
communities;

Emergency services providing critical services;

Central government ensuring the security and well-being of their citizens;
and

Utilities providing essential services.

To assist in achieving resilience, the CDEM Act and National Plan focus on
ensuring the “4R”s of reduction, readiness, response and recovery are
addressed (CDEM Act, 2002; CDEM, 2006). Within the National CDEM
Strategy, it is acknowledged that a sustainable management approach
needs to be adopted, thus acknowledging any links between resilience and
sustainability. The National Strategy is currently in the process of being
updated.

The New Zealand Coastal Policy Statement (NZCPS) is required to achieve
the purpose of the RMA in relation to the coastal environment of
New Zealand (i.e., sustainable management). The term ‘resilience’ is not
defined but is included once within the NZCPS, via Objective 1, which is “To
safeguard the integrity, form, functioning and resilience of the coastal
environment and sustain its ecosystems, including marine and intertidal
areas, estuaries, dunes and land ...” (Department of Conservation, 2010, p.
9).

CHRISTCHURCH - A RESILIENT AND SUSTAINABLE CITY?

The M7.1 Darfield earthquake occurred on 4 September 2010 and caused
damage to the immediate Darfield area, Kaiapoi township, and the city of
Christchurch. Building damage occurred from fault rupture, ground shaking
and liquefaction.

On 22 February 2011 a shallow M6.3 aftershock - the Christchurch
earthquake - occurred resulting in the collapse of a number of unreinforced
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masonry buildings, two multi-storey office buildings, and damage to other
buildings. This aftershock resulted in 185 fatalities (New Zealand Police,
2012), and many serious injuries (Johnston et al., 2014). Much of the CBD
was damaged and was cordoned off for months and years afterwards.
Infrastructure was disrupted. Rock falls occurred in the Port Hills.
Liquefaction and lateral spread was widespread with properties and streets
affected and many residents displaced.

Aftershocks on 13 June and 23 December 2011 again caused liquefaction
(Cubrinovski, Henderson, & Bradley, 2012), and there was a marked
increase in flood events due to the changed ground levels from ground
tilting and subsidence.

Recovery from the earthquakes

The recovery process began following the 2010 Darfield earthquake. People
re-engaged with their social networks at a local level to help each other, and
provided emotional support, meals, and clean-up assistance. Volunteer
community members (e.g., Student Army, Farmy Army) cleared liquefaction
material which was disposed of by the city services. Damaged buildings
were identified, and decisions made to demolish or repair them. Local
authorities held community discussions and started planning for the future.
The region saw itself as resilient (Seville, Hawker, & Lyttle, 2011; Wood,
Robins, & Hare, 2010), and people vowed to work together to recover.

However, despite progress on recovery following the Darfield earthquake,
many of the resilient adaptations that people employed to “bounce back”
(e.g., removal of liquefaction, repairs to buildings and infrastructure) were
rendered useless by the impacts of the Christchurch earthquake, and were
not able to be translated into a long term sustainable future.

In a land use planning sense, the destruction of the Christchurch CBD, and
the liquefaction and rock falls had damaged a large portion of Christchurch
(Environment Canterbury, 2013), meaning people were unable to return to
their homes and workplaces. Every aftershock meant more liquefaction
(Cubrinovski et al., 2012), and rock falls had either damaged homes, or had
the potential to damage homes in the future, making many properties
uninhabitable (CERA, 2014c). To ensure a sustainable future, new adaptive
land use planning solutions were required to be implemented - it was not
business as usual.

Examples from Christchurch of land-use planning that contribute to
sustainability and resilience

Due to the amount of liquefaction and land instability that occurred in
Christchurch - and the likelihood of continuing susceptibility to future events
- planning initiatives were developed including the residential red-zone
system, a recovery plan or ‘Blueprint’ for the CBD, and the use of insurance
pay-outs to improve previous living or work situations.

Red and green zones were developed for residential properties. Red zones
for the flat land subject to liquefaction, and for areas susceptible to cliff
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collapse and boulder roll; green zones were developed for areas considered
to have low risk to life, and the land could be remediated.

Red zoning - a sustainable approach?

Areas in the flat land residential red zone had area-wide land and
infrastructure damage, and an engineering solution to repair the land was
considered to be uncertain, costly, and highly disruptive (CERA, 2014a).
Residents received a pay-out for forfeiting their property in the red zone.
Houses were removed from the site, and reinstatement of the land began.

Residential red zone criteria (CERA, 2014d) was as follows:
significant and extensive area wide land damage;

success of engineering solutions may be uncertain in terms of design, its
success and possible commencement, given on-going seismic activity; and

any repair would be disruptive and protracted for landowners.
In the Port Hills, red zone areas were identified as those:

affected by cliff collapse and there were immediate risks to life, land
remediation was not considered viable and infrastructure was difficult and
costly to maintain; or

affected by rock roll and the risk to life was considered unacceptable, was
unlikely to reach an acceptable level in a reasonable timeframe, and
protective works to mitigate the life safety risk were not considered
practicable (CERA, 2014a).

This zoning of residential land shows a sustainable management response to
the land use recovery process. The sustainable approach was to retire the
land until a time when it may be reinstated in the future.

Green zoning - a resilient response?

Green zones were used for residential land in both the Port Hills for land
instability, and on the flat land for liquefaction. Flat green zone land was
divided into 3 technical categories (CERA, 2014b):

Technical Category 1 (TC1, grey) - future land damage is unlikely. You
can use standard foundations for concrete slabs or timber floors.

Technical Category 2 (TC2, yellow) - minor to moderate land damage is
possible in future significant earthquakes. You can use standard timber piled
foundations for houses with lightweight cladding and roofing and suspended
timber floors or enhanced concrete foundations.

Technical Category 3 (TC3, blue) - moderate to significant land damage
is possible in future large earthquakes. Site-specific geotechnical
investigation and specific engineering foundation design is required.
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In contrast to the red zone, the green zones allow for adaptive measures to
be completed so that resilience and adaptive capacity is improved and
property owners can continue to live in these locations.

CONCLUSION

Sustainability and resilience are not interchangeable concepts: a sustainable
community should also be resilient; but a resilient community may not
necessarily be sustainable in the long term. A resilient community should
also be a sustainable, for two reasons: to meet legislative requirements;
and to meet the needs of future generations - economically, socially,
culturally, and environmentally. The ability to recover from an event, and in
the process improve sustainable practices and adaptive capacity, is a
positive outcome for communities.

Sustainability and resilience both aim to develop strong communities and
create places that are enjoyable and safe to live in. However, some current
definitions and frameworks focus on resilience as a short-term phenomenon
(e.g., "bounce back”), and sustainability a long-term phenomenon. This can
lead to unsustainable practices in the long term.

During the Canterbury earthquake sequence, the dynamics between
resilience and sustainability were certainly evident. People considered
themselves resilient and able to "“bounce back” after the Darfield
earthquake, but after the Christchurch earthquake people realised that a
short-term view of resilience was not in fact sustainable in the long term.
Projects such as the red and green zoning, Christchurch CBD recovery plan
(CERA, 2012), and insurance initiatives were undertaken as a way of
adapting and evolving to the catastrophic consequences that had unfolded.
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APPLICATION OF SCIENCE AND TECHNOLOGY IN THE
SENDAI FRAMEWORK
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The Sendai Framework, a landmark international framework adopted in
2015, calls for a shift from managing disasters to managing risks. This
requires a more holistic approach to risks and a stronger focus on risk-
creation processes, and it presents opportunities to approach disaster risk
reduction (DRR) as an integral part of sustainable development. The SFDRR
was endorsed last March 2015. There has been much discussion on what the
SFDRR encompasses, and it is obviously difficult to cover all aspects of DRR
in short documents. There has been discussion what would be the next after
the SFDRR. The journey started with the Yokohama Declaration (1994) and
moved onto the Hyogo Framework (2005). Perhaps for the next 15 years it
will be the SFDRR. Science has gone through a highly advanced stage but
there is still more to go. Unfortunately much of the scientific information is
never incorporated into the operational domain for decision-making, and
very little has been incorporated down to the community level to respond to
disaster risks. There is and will be uncertainty in scientific knowledge.
Similarly uncertainty exists in all aspects of human decision-making. Thus
there is no harm to applying uncertain scientific knowledge for decision-
making. If the probability is 60%, the uncertainty is 40%. But by using 60%
certainty, many disaster impacts could be avoided. In the law there is a
concept of “foreseeability”. It refers to actions for which the outcomes could
and therefore should have been foreseen. Foreseeability is a qualitative
expression of probability.

KEY WORDS: Science and Technology, Sendai Framework, resilience, early
warning system.
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COMMUNICATING UNCERTAINTY FOR FLOOD LOSS AND
DAMAGE ASSESSMENT

S.H.M. Fakhruddin

Politecnico di Milano, Italy

ABSTRACT

Uncertainties in flood loss and damage assessment models are inevitable. At
a bare minimum, uncertainties reflect flaws in data accuracy and the
simplification of a complex system that is inherent in any model or set of
equations. The disaster management community recognizes the value of
communicating these uncertainties to decision makers in order to better
quantify disaster risk. While a common framework and standardized
techniques does not yet exist to communicate uncertainties to decision
makers, independent evaluations have been conducted and interest are
growing. This research focuses on communication mechanisms to provide
flood loss and damage information to end users based on flood modelled for
future climate change and damage calculated using synthetic fragility
function. A hybrid framework was developed for flood loss and damage
uncertainty analysis and involvement of end users through questioner
survey and focus group discussion. The proposed framework was applied to
the study in a basic way to provide an impression about the relative
uncertainty of key areas within the entire modelling and results
communication processes. The findings demonstrated how the proposed
uncertainty framework could be used to identify areas within the data
management and transformation process that could benefit from further
improvements. Furthermore, the results from the questionnaire and focus
group discussions can be integrated to better communicate scientific results
to end users. Based on these results, certain recommendations are
highlighted. Uncertainties due to human errors and inferences were
identified as the most significant contributors. Subsequent decisions based
on modelled flood information could be greatly improved if uncertainties
from these areas are minimized and the insights provided by end users are
addressed.

INTRODUCTION

Over the long term, flood damages are mitigated through flood-risk
management, which relies on estimates of the risk of flooding (Betty et al.,
2015; U.S. Army Corps of Engineers (USACE), 1996; Olsen et al., 1998;
Ganoulis, 2003; Takeuchi, 2001; Merz and Thieken, 2004). Estimates of
flood risk have numerous sources of uncertainty. (Smith, 1981;
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Krzysztofowicz and Davis, 1983; Wind et al., 1999; National Research
Council, 2000; Green, 2003; Thieken et. al., 2005). The uncertainty could
be categorized into two categories: Aleatory and epistemic. Aleatory
uncertainties arise from natural variability. Aleatory uncertainties can be
quantified with a range of robust, statistical methods. Uncertainties are
characterized as epistemic, if the modeller sees a possibility to reduce them
by gathering more data or by refining models Uncertainties are categorized
as aleatory if the modeller does not foresee the possibility of reducing them.
From a pragmatic standpoint, it is useful to categorize the uncertainties
within a model, since it then becomes clear as to which uncertainties have
the potential of being reduced. More importantly, epistemic uncertainties
may introduce dependence between events, which may not be properly
noted if their character is not correctly modelled (Kiureghian & Ditlevsen,
2007). Walker et al. (2003) explain that the nature of uncertainty can be
categorised into epistemic uncertainty, i.e. the uncertainty due to imperfect
knowledge or stochastic uncertainty or ontological uncertainty, i.e.
uncertainty due to inherent variability, e.g. climate variability. Flood or any
hazard modelling contain inherently uncertain quantities. Therefore an
important part of building the model universe is modeling of these
uncertainties or way to find a communication pathway to dealing with
uncertainties (Merz et al., 2010).

Climate change-based uncertainties are attributed to a number of factors
related to the inherent unpredictably such as incomplete knowledge about
the climate system, and the limitations of existing models to generate
projections (Stainforth, 2007). Uncertainty also exists in relation to the
effects of strong natural variability of precipitation and discharge.
Uncertainty is further confounded by the effects of land use changes
(Kundzewicz, 2013). Climate change impacts would enhance vulnerabilities
and to curtail these past and present flood models are to be compared,
analyzed and upgraded (Surminski et al., 2012). Uncertainties relating to
the transfer in spatial scale include those related to climate model
downscaling. While global circulation models (GCMs) may provide credible
quantitative estimates of future climate changes at continental or global
scales, there are challenges to downscaling the results to support adaptation
decisions at regional or local scales and dealing with uncertainties (Solomon
et al., 2007).

In order to understand various approaches to uncertainty and model
implications, they need to holistically analyze. An inherently high level of
uncertainty is associated with damage assessments derived with parametric
approaches (Baleca et al., 2013). While higher degrees of accuracy may be
achieved with data-intensive physically based hydrologic-economic models,
uncertainties are still associated with each step of the process (Morrs et. al.,
2005). In particular, uncertainties exist in direct, indirect and long-term
reversible damage estimates. Uncertainty in the development of a
hydrologic model can stem from two sources: natural variability (stochastic)
and knowledge uncertainty (epistemic). Natural variability can be due to
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temporal variability, spatial variability, and individual heterogeneity.
Knowledge uncertainty focuses on the model development factors,
parametric breadth and numerical accuracy of available data, and the type
of model being used in relation to decision-making needs (Ahmad and
Simonovic 2011, Merz et. al. 2010; De Groeve at. Al., 2014).

Uncertainties in predicting flood damage, however, present challenges to
both insurance companies responsible for developing appropriate insurance
programs (Dick 2006) and farmers who must decide whether to allocate
financial resources to risk reduction or income optimization (Mechler et. al.
2008). Understanding uncertainties would greatly facilitate increasing the
efficacy of agricultural insurance options. There is, and will be, uncertainty
in scientific knowledge. The uncertainty inherent in scientific information is
one of the reasons for failing to act on disaster warnings. People take
chances in every decision-making process. Therefore, there is no harm to
applying uncertain scientific knowledge for decision-making. If the
probability is 60%, the uncertainty is 40%. But by using 60% certainty,
many disaster impacts could be avoided. In Law, there is a concept of
“foreseeability”. It refers to actions for which the outcomes could and
therefore should have been foreseen. Foreseeability is a qualitative
expression of probability (Fakhruddin, 2016).

METHODOLOGY

A hybrid approach based on the combination of an update of the uncertainty
classification framework described by Skeels et al. (2010) and the Pedigree
parameter of the Numeral Unit Spread Assessment Pedigree (NUSAP)
method described by Funtowicz et al. (1990) was proposed by Romao and
Paupério (2014a,b) used for this study. The approach was presented by the
authors at the Joint Research Centre of the European Commission’s “Joint
workshop of IRDR loss data and EU loss data experts” in May 2014.

A limited sample size (n = 10) was chosen to gather preliminary data about
the flood impacts on farmers in the study area of Banghpa Inn and Wangnoi
districts in Bangkok, Thailand. Respondents included rice growing farmers
who worked on their own properties and those who worked on rented land.
The respondents’ ages ranged from 29 to 67 years old, with an average of
49 vyears. All participants received at least primary to secondary level
education. The majority of the participants had lived on the farm since birth,
with the shortest length of residence of 8 years. Based on the ages and the
duration that the participants worked on the farms, it may be assumed that
they have sufficient experience to make decisions to safeguard and optimize
the returns of their labor. However, due to the partial or limited ownership
of the farms and/or differential education levels, certain participants may
not have ability or adequate knowledge to make significant changes related
to the uncertainties facing agricultural production in the future.
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Updated Uncertainty Classification Framework

The original framework (Skeels et al., 2010) was developed based on a
movement away a generalized treatment of aleatory and epistemic
uncertainties. The updated framework is established on a (modified)
hierarchy and connectivity among six types of differentiated uncertainties
including measurement, completeness, inferences, disagreement, credibility
and human error. Romao and Paupério (2014) identified the inability to
account for human error and proposed additional consideration for this type
of uncertainty in the updated framework.

In general, the process used to solve a problem of interest can be described
in three stages, where each stage is associated with i) a more advanced
state of data processing and ii) one of the six types of uncertainties
expressed in the stages (Figure 1). Uncertainties relating to disagreement,
credibility, and human error are considered at all three stages which are
data acquisition (measurement), data sorting and manipulation
(completeness) and data transformation to address objectives (inference).

Figure 14 Six Types of Uncertainty and their relationships (Source:
reproduced from Romao and Paupério, 2014)

Measurement considers both accuracy (i.e. extent of differences between
measured and actual values; deficiencies in measurement techniques and
epistemic factors) and precision (i.e. consistency of measured results,
attributable to limitations in measurement technique and/or natural
variations in the phenomena being measured).

Completeness considers three aspects: sampling (i.e. whether estimates can
be generalized for the whole system; aleatoric uncertainty associated with
random sampling and epistemic if samples are collected based on pre-
defined criteria), missing values (i.e. values that are not present in the data,
but would preferably be included; possibly due to the unavailability or the
removal of erroneous values), and aggregation (i.e. an irreversible
procedure that may result in loss of information and incomplete data).

Inferences assign meaning to data. Uncertainties arise from the inadequate
representation of data properties or relationships, which prevent the
accurate replication of the phenomena of interest. Three possible ways of
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making inferences include modeling, prediction, and extrapolation into the
past.

Disagreement describes the inconsistencies between data sets describing
the same phenomena, between repeated measurements, and between
interpretations made with the same results.

Credibility describes confidence or doubt in sources of information, methods,
tools, known conflicts of interest, concerns about performance, and/or
biases.

Human error is a type of aleatoric uncertainty assumed to result from
random events that is generally difficult to quantify, but may be more
helpful to describe in detail with a categorized approach. Romao and
Paupério (2014) identified the inability to account for human error and
proposed additional consideration for this type of uncertainty in the updated
framework.

The Pedigree Parameter of the Numeral Unit Spread Assessment Pedigree

The Pedigree parameter is a matrix where problem-specific criteria are
assigned scores based on a customizable numerical scale (De Groeve et al.,
2014). The matrix structure does not have any formal requirements; the
rating scale, number and type of criteria are selected to reflect the needs of
each problem. It was originally developed to characterize and assess the
multidimensional uncertainty in science for policy. The NUSAP method
provides a systematic framework for synthesizing qualitative and
quantitative uncertainty assessments and the information is organized in a
coherent and easily understandable way. Consequently, it can be applied to
complex models of natural phenomena. The Pedigree parameter specifically
evaluates the strength of relevant values by considering both the
background by which it was produced and the status of the value following
processing. This helps to focus research efforts on the most problematic or
weakest model components. By providing an in-depth and comprehensive
overview of the sources and nature of the uncertainties, the method serves
as an effective way for all participants (i.e. scientists, stakeholders, policy
and decision makers) to become more aware of their interaction with the
data at different stages, thereby supporting a transparent and extended
peer review process. The main disadvantage, however, is that it can be a
time intensive procedure. Applying the NUSAP method to loss and damage
assessments involves multiple stages (van Sluijs, J., 2010):

the initial examination of uncertainties and assumptions
decision to perform expert or stakeholder elicitation

the selection of experts
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the choice of pedigree criteria

problem visualization with diagnostic diagrams

reporting and communicating findings

interpreting results and integration in the decision making process

In general, the process used to solve a problem of interest can be described
in three stages, where each stage is associated with i) a more advanced
state of data processing and ii) one of the five types of uncertainties
expressed in the brackets. Uncertainties relating to disagreement,
credibility, and human error are considered at all three stages.

Stage 1 : data acquisition (measurement)
Stage 2 : data sorting and manipulation (completeness)
Stage 3 : data transformation to address objectives (inference)

To determine disaster losses, the data acquired at the first stage can either
be used as an indicator to represent actual loss or be applied as input for
further processing (Romao and Paupério, 2014). Therefore, the degree of
uncertainty is dependent on the extent of processing per stage. Additional
approach was taken to gather information summarized in.

Supplementary information (S1): Uncertainty from target end users'

perspective
Supplementary information (S2): Focus group discussion

Average Pedigree matrix scores are determined for each stage of the
process. Based on the water level results from hydro-dynamic model,
agriculture damages were future climate 2020 scenarios and compared.

FINDINGS AND DISCUSSIONS

The following provides guidance on the practical use of an adapted
uncertainty classification framework (Romdo and Paupério, 2014a) and
describes the supplementary information that is expected to be derived from
the field-based questionnaire. The proposed approach is summarized as
follows by considering each stage from figure 1.

Stage 1: Uncertainty Relating to Data Collection

Stage 1 quantifies uncertainty related to the data collection effort and
should be completed by representatives who were involved with that
process. To provide a more comprehensive understanding of uncertainties
relating to each set of input data used, one evaluation should be completed
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by the responsible representative for each data set involved. All of the
evaluations completed for Stage 1 would then be averaged.

Alternatively, representatives who are aware of the data collection process
can complete one evaluation to describe “averaged” uncertainties. This may
be considered under time constraints or if those originally responsible for
data collection are unavailable. To identify potential evaluators at this stage,
we needed to identify the contact person responsible for collecting and
distributing each primary data set used in the study.

So the assessments of uncertainties at Stages 1 through 3 of the flood
damage assessment process were completed by four entities in the case
study.

Stage 2: Uncertainty Relating to Data Organization and
Manipulation

Stage 2 quantifies uncertainty related to the organization and manipulation
of the data and should be completed by representatives that were involved
with the organization and participated in that process. An example of Stage
2 output can be found in Table 3. To provide a more comprehensive
understanding of uncertainties relating to the handling of each set of input
data used, one evaluation should be completed for each data set by the
responsible representative. All of the evaluations completed for Stage 2
would then be averaged.

Alternatively, representatives who are aware of the data organization and
manipulation processes can complete one evaluation to describe “averaged”
uncertainties. This may be considered under time constraints or if those
originally responsible for data handling are unavailable. To identify potential
evaluators at this stage, identify the contact person responsible for
organizing and preparing the primary data so that it can be used in the
subsequent modelling stage.

Stage 3: Uncertainty Relating to Data Processing to Realize Project
Objectives

Stage 3 quantifies the uncertainty related to processing of the data to
realize project objectives and should be completed by representatives that
were involved with that process (i.e. modeling flood damages). An example
of Stage 3 output can be found in Table 4. To provide a more
comprehensive understanding of uncertainties, one evaluation should be
completed for each person involved in the modeling process by using the
diagnostic diagram of uncertainty scores in figure 2. Weights, totalling 1.00,
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can be assigned to data sets to reflect the relative significance to the
modeling process. All of the evaluations completed for Stage 3 would then
be averaged.

Alternatively, if time constraint is a factor, one evaluation to describe
“averaged” uncertainties can be considered. To identify potential evaluators
at this stage, there is a need to identify the contact person responsible for
processing the data (i.e. involved in physical modelling, preparing the flood
vulnerability index and economic models).

For each of the stages, uncertainty scores range from 1.0 (high uncertainty)
to 5.0 (low uncertainty). It can be observed that in all three stages, human
error is consistently identified as the most significant evaluation criteria
contributing to uncertainty in the flood damage assessment process. At
Stage 3, inference (i.e. the manner in which meaning is assigned to data or
the way that data is interpreted) was also identified as a source.

The range of average scores varies for each stage. Scores at Stage 3 were
the lowest, implying that the levels of uncertainty associated with relating
data processes to realizing project objectives are notably higher than at the
first two stages.

Stage 1: 3.3 to 4.0
Stage 2: 3.3 to 4.0
Stage 3: 3.0 to 3.7

This assessment reveals that the uncertainties associated with the first
three stages of the data acquisition, processing, and inference are
consistently attributed to human error. Furthermore, the interpretation of
the modelled data at the final stage should also be re-examined to ensure
that all assumptions and generalizations are valid. Elimination of these two
sources of uncertainty would improve the credibility of the information
presented to decision makers.

CONCLUSION

The findings demonstrated how the proposed uncertainty framework could
be used to identify areas within the data management and transformation
process that could benefit from further improvements. Furthermore, the
results from the questionnaire and focus group discussions can be
integrated to better communicate scientific results to end users. Based on
these results, certain recommendations are highlighted.

A formal procedure should be developed to select key experts to perform
the uncertainty assessments. Selections criteria could include educational
background, impartiality and scope of involvement in project. It would also
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be beneficial to consider developing criteria for evaluation matrices with
groups or experts and/ or stakeholders, so that areas of concern are clearly
represented and can be directly addressed. The example provided in the
study by Warmink et al. (2011) can be consulted for further guidance.

In addition to communicating uncertainty information, it may also be useful
to investigate different modelling approaches to reduce known uncertainties
(i.e. whether the prediction of loss and damages by physical modelling is the
best approach). For example, Merz et al. (2013) presented a study that
explores a potential alternative to reduce known uncertainties by conducting
a multi-variate flood damage assessment.

In summary, the proposed framework was applied to the study in a basic
way to provide an impression about the relative uncertainty of key areas
within the entire modelling and results communication processes.
Uncertainties due to human errors and inferences were identified as the
most significant contributors. Subsequent decisions based on modelled flood
information could be greatly improved if uncertainties from these areas are
minimized and the insights provided by end users are addressed.
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ABSTRACT

As a result of societal changes like citizen empowerment and increasing
attention for strengthening community resilience, relationships between
citizens and professional responders in crisis management are changing.
Citizens actively deal with crises themselves, implying adjustments to
professional procedures. To provide professionals with support to
understand the actual resilience of a community we developed a dashboard
that provides insight into both the vulnerability of a selected community
(for example elderly) and capacities. Capacities were based on indicators
of resilience adapted from the multi-level Community Engagement Theory
of Douglas Paton.

We discussed this dashboard with professionals in interviews and focus
groups. The results showed that professionals mostly wanted to know the
location of less self-reliant inhabitants (vulnerability) and key persons and
characteristics of social networks (capacities). Professionals were most
sceptical with regard to the reliability of the data. Ideally, it should be based
on existing data bases, but at the same time, not all relevant information
is registered and this information is quite general.

Our study confirms that having access to information about the level of
resilience of communities seems to have a great potential in supporting
professional responders in crisis management. Yet knowledge about
communities’ levels of resilience or sharing information is not enough and
comes with limitations. What is more important is that structural
collaboration between citizen communities and professionals is facilitated.
This collaboration should already start in the preparation phase and
continues throughout all phases in crisis management.

Key words: community resilience, indicators, platform, cooperation,
professionals
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INTRODUCTION

In the past decades, the world has seen a substantial increase in both
occurrence and impact of disasters. Current developments such as climate
change, urbanisation and extensive digitalization of critical infrastructure
will further deepen the effects of natural hazards and human-induced
threats. These developments necessitate a new emphasis on community
resilience: the capacity of citizen communities to be more self-reliant, and
less reliant on government help. This understanding has been entrenched
in many current regional or global disaster risk reduction programmes, such
as the Sendai Framework (UNISDR, 2015) or the Rockefeller Foundation’s
100 Resilient Cities Program.

The political will for community resilience initiatives can often be found in
response to a recent crisis or disaster within the affected region. This can
prompt an identification of high-risk areas which require resilience capacity
building in order to mitigate future risk. On the other hand, regions that
have not experienced any significant disaster also need to adopt the notion
that it is necessary to address society’s vulnerabilities and build capabilities
across the community to cope with possible shocks and stresses.

A resilient society is a society in which individuals, groups and communities
are able to cope with threats and disturbances caused by social, economic,
and physical changes (Adger 2000; FAO 2010). This can be understood
more broadly in relation to general changes, but more often societal
resilience is defined in terms of resilience towards disasters: the process of
preventing an event escalating into a disaster therefore requiring the ability
to prepare, the capacity to cope with the impact of disasters when they
occur and the capacity to implement recovery activities in such a way that
the societal disruptions are minimized (Renschler et al. 2010). Resilient
communities are considered to be able to respond to changes within their
specific physical and social environment positively and proactively, with a
focus on the continuity of it’s essential functions despite what kind of stress
or shock it is confronted with. Different stresses will demonstrate different
degrees of resilience within communities, based on the specific resilience
capacities the community has to cope with an respond to that particular
stress (Kelly 2004).

Ever since the adoption of the Hyogo Framework for Action in 2005
(UNISDR 2005), there has been a shift within international disaster
resilience discourse. Where once the main goal was that of hazard planning
and disaster risk reduction, it has moved towards focusing more on building
community resilience. The widespread adoption of the ‘resilience’ discourse
(e.g. Duijnhoven & Neef 2014; Norris et al., 2008; Woods & Hollnagel,
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2006) marks a notable shift from a state-centred approach to risk and
safety towards an integrated approach whereby the activated community
(including all different stakeholders across the community, including
citizens) takes responsibility for building and strengthening its capacities to
cope with sudden shocks and long term stresses or transformations. Such
a community-centred approach is in line with other wide-spread
transformations in recent times whereby community-centred governance
has gained ground in over centralized, state-led policies (e.g. Bailey & Pill,
2011). Neighbourhood programs, aimed at increasing inclusion,
empowerment and self-reliance and stimulating communities to take-up
responsibility and improve quality of life. In addition, technological
developments and societal changes have given rise to new forms of
communication among citizens and between citizens and professional
organizations. Social media is everywhere and also plays an important role
with regard to risk and crisis management.

As a result of these and other developments, increased community
resilience and community empowerment are changing the relations
between citizens and professional responders in crisis management. This is
more and more acknowledged among crisis management professionals as
well as researchers and there is an increase in research on how to enhance
and strengthen citizens’ self-reliance in crises. In this paper we discuss the
changing landscape of crisis management and present some results of a
European project in which new ways of supporting professionals in crisis
management have been tested.

CITIZEN PARTICIPATION IN CRISIS MANAGEMENT
Participation of the public in crisis management is not a new phenomenon.

In fact, it is an essential aspect of disaster response. Citizens are typically
the first to arrive at the scene of an incident, and often play a vital role in
the early, chaotic stages of crisis response. Many disaster reports recount
stories of citizens that spontaneously start caring for victims, providing
transport, or performing other tasks, as soon as they are confronted with a
crisis (e.g. Grimm et al., 2014; Helsloot & Ruitenberg, 2004; Milliken &
Linton, 2015; Prati et al., 2012). Such citizen actions come undirected and
spontaneous, and stem from fundamental inter-human interest, and is well
studied from a sociological perspective (for instance Drabek & McEntire,
2003; Barraket et al, 2013).

Ideally, professional responders make use of the local and situational
knowledge of the public at the scene and fully utilize the capacities of those
citizens that are present. In practice, however, there is often a lack of
standing operational procedures or practical knowledge among professional
responders on how to actually collaborate with the public at the scene. In a
Dutch study investigating how professionals would react to such citizen
activities it was for example observed that five teams (17%) sent citizens
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away immediately, five teams allowed them to stay at the scene and the
rest of the teams sent (part of) the citizens away at a later point in time
(Kerstholt et al. 2015). This study illustrated the lack of guidelines
professionals have in dealing with citizens at the scene.

If citizens become more pro-active during crises, the responsibilities and
general attitude of professional responders need to be re-evaluated, and a
new balance needs to be sought between the responsibilities of government
parties and the inevitable actions of citizen parties. Each crisis is unique
and will involve different stakeholders in each occasion. Therefore, it is
impossible to know in advance the level and type of citizen participation.
Nor can responders be certain about available citizen knowledge and
capacities, nor can they be certain how the citizen population will behave.
Citizen behaviour in response to a disaster will depend greatly on the risks
and dangers involved. The type and size of the crisis are also factors that
need to be considered when deciding how to respond to the situation,
including the citizens at the scene.

THE COMMUNITY ENGAGEMENT THEORY

To facilitate more effective collaboration between professional responders
and the public in crises, we argue that it is important for professional
responders to have more insight into the level of resilience of the affected
communities. What types of capacities are available in the community and
how can these be effectively used? What kind of vulnerabilities characterize
the community and what needs to be done to mitigate these? In the
European project DRIVER, we developed a dashboard that provides insight
into both the vulnerabilities of a selected community (for example elderly)
and capacities. The idea behind this dashboard is that it could be used to
provide professionals with support to understand the resilience of a specific
community.

The dashboard is based on a set of indicators to measure both the
vulnerabilities and capacities of a community. For the vulnerabilities we use
indicators such as the amount of elderly citizens, citizens with special needs
and the presence of hospitals or care facilities. Capacities were based on
indicators of resilience adapted from the multi-level Community
Engagement Theory of Douglas Paton (Paton, 2008; 2013; Paton et al.,
2014).

The Community Engagement Theory (CET) is a multi-level model, operating
on three levels:

Individual level
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Outcome expectancy (or response efficacy): the belief an individual has
in the effectiveness of specific behaviours in preparing for disaster.
Negative outcome expectancy refers to the belief that the disaster or
crisis is too “catastrophic” for personal actions to make a difference to
safety, while positive outcome expectancy refers to a belief that their
actions can make a difference.

Community level

Community participation: interactions with others in regular social
contexts. Through discussion with others information is exchanged on risks
and effective responses.

Collective efficacy: community members’ assessment of their collective
capabilities and resources needs and their ability to formulate plans to use
resources to meet challenges.

Place attachment: identification with a neighbourhood - including
attachment to the physical place as well as attachment to its members.
Institutional level

Empowerment: belief that one has influence on their own environment
and institutional policies.

Trust: belief that the relationship with risk management agencies is fair
and empowering.

Intentions: indication that one is going to conduct a particular behavior.

These indicators are measured through a survey that can be used either
pre-event, post event or both.

The theory is community-led and predominantly focuses on the decision-
making processes regarding the uncertainty of community resilience and
has been developed to examine the factors that influence how people
change and adapt to in order to become more resilient. It measures the
interpretive processes that occur at the individual, community and societal
level of resilience and how they affect a community’s decision-making to
become more resilient/increase capacity. For communities to increase their
resilience, they must engage in disaster risk reduction and preparedness
activities through the development of resilience behaviours such as
implementing household emergency plans or collaborating with fellow
community members and local agencies to address local problems. (Paton
2013).

Traditional ways to engage communities such as financial assistance
provision or resilience information dissemination have shown to have little
influence on preparedness (Perry and Lindell 2008). CET seeks to address
this by considering preparedness as a decision making process where
“uncertainty” acts as the variable. CET addresses the decision making
process of each individual within the community’s response to risk. This
universality of the decision making variable provides a cross cultural
overlap, operating at the psychosocial level of resilience present in
everyone regardless of cultural differences, access to finance, differing
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resources and organizational capacities.

CET is considered an “all hazards” approach, validated across a range of
communities and within different cultures using structural equation
modelling (SEM) analysis. The theory has been validated in ‘developed,
western’ countries that have frequent experience of disaster (e.g. New
Zealand and Australia), but also within small to larger communities and
radically different cultural contexts (e.g. Taiwan). The theory has been
validated in both urban individualist (e.g. Christchurch, New Zealand) and
rural collectivist (e.g. Taiwan) communities, showing valid cross-cultural
equivalence, necessary for testing within pan-European contexts (Eiser et
al., 2012).

CET draws upon some of the psycho-social concepts of community
resilience, consistent with emerging community resilience literature that
puts “pro-active human agency” at the forefront of community resilience
(Skerrat & Steiner 2013; Paton, 2008). This is in contrast to the more
reactive, “bounce-back” nature of more traditional resilience literature.

COMMUNITY RESILIENCE DASHBOARD

In order to come to a more effective collaboration between professional
responders and the public in crises, professionals could work on better
tailoring their interactions with affected communities to the specific needs
and capacities that are available within these communities. We developed
a dashboard to facilitate this. The idea behind the dashboard is that by
providing professional responders with information about the level of
resilience of a community, they may be better able to align their approach
(response activities) to the situation at hand.

For the development of the community resilience dashboard we adopted
the original CET survey (Paton, 2008; Paton et al., 2014) and administered
it among citizens of The Hague, the Netherlands with regard to their
preparedness against floodings. A demo-version of the dashboard (see
figure) provides a resilience profile of specific communities. The profiles are
based on indicators for the two main dimensions of resilience capacities and
vulnerabilities. The indicators for resilience capacities are drawn from the
CET, and the vulnerability is expressed in a set of indicators taken from
existing census registrations. The first view in the demo-version shows a
position of a community on the resilience matrix (the two dimensions) to
see in one glance what the level of resilience is (the combination of high/low
capacities and high/low vulnerabilities).
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For more in depth analysis of the resilience profiles, users may browse each
of the underlying factors in order to see what the specific factors are that
influence the actual position in the matrix. This information can provide
useful input for determining or adjusting the course of action of professional
responders when preparing for or responding to an event in that
community.

PRACTICAL USEFULNESS OF THE INSTRUMENT

The information in the dashboard of the demo tool offers clues for
determining courses of action for professionals in anticipating and
maximizing the resilience capacities of communities, both in training
situations as well as operational situations. We discussed potential of the
demo-version with a multidisciplinary team of professional responders in
The Hague. In general they were positive about the underlying idea of
bringing together useful information about the level of resilience of different
communities to enhance their assessment of a crisis situation. The idea is
in line with their ambitions to make better use of existing information to
facilitate and stimulate effective collaboration with citizens and groups or
organizations in affected communities and to better utilize the range of
capacities that are present in these communities.

The respondents saw a lot of benefits of using such a dashboard during the
pre-event phases. They argued that it could contribute to a better
collaboration, starting in the preparation phase, for instance by building
stronger networks between existing community networks and the
professionals which saves time during a crisis. The use of a dashboard like
this during the response phase is more complicated. In order to base part
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of the decisions about courses of action on the information in a dashboard,

it is essential that the data is correct and updated dynamically. Crisis
situations are always unique and it is dangerous to assume to know what
can be expected based on more or less static information that is drawn
from external sources or a periodic survey. Nevertheless, certain
information can contribute to the assessment and sensemaking processes.
For instance if there have been several incidents in a community related to
tensions between different ethnic groups, this may indicate a relatively
small event may escalate. An important conclusion is that even though a
lot of data may be available to include in such a tool, it is important not to
try to add too much details because that increases the possibility of
erroneous or dated information. Moreover, it will never be the sole basis
for a decision to decrease response efforts but at best only to increase
certain specialist response efforts or to contact specific key contacts within
the community to facilitate better collaboration and aligning interpretations
of the situation.

CONCLUSION: FROM  SELF-RELIANCE TO COLLABORATIVE
RELIANCE

The increasing acknowledgement of the importance of strengthening
community resilience is part of a broader transition in disaster
management. It is recognized that preparation is a key factor when it
comes to building resilience capacities. Preparation relates to risk
awareness and actions within communities (citizens preparing for specific
risks) but is also related to relations between the public and professional
responders. While professional responders have a long tradition in training
and preparing for response procedures in crisis situations, they generally
do not prepare for collaboration with (resilient) citizens. So if citizens are
stimulated more and more to become resilient and prepare for disasters,
naturally professionals need to prepare for interacting with resilient
communities.

Our study confirms that having access to information about the level of
resilience of communities seems to have a great potential in supporting
professional responders in crisis management. Yet knowledge about
communities’ levels of resilience or sharing information is not enough and
comes with limitations (for instance regarding information reliability and
accuracy in a dynamic crisis context). What is more important is that
structural collaboration between citizen communities and professionals is
facilitated. This collaboration should already start in the preparation phase
and continues throughout all phases in crisis management.

So what we argue is that there is a need for a new foundational vision on
crisis management that stresses ‘collaborative reliance’: a state wherein
there are collaborations between professionals and citizen communities
that are based upon maximizing capacities and minimizing strict operating
procedures. A situation in which collaboration is set up in a dynamic, ad-
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hoc and flexible manner. As we see it, collaborative-reliance is not about
creating formal, static collaboration agreements or rigid procedures. It is
about creating conditions that encourage society-wide collaboration in
disaster management and that is based on a mutual understanding of
capacities, limitations and ambitions across communities.
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ABSTRACT

While community resilience is said to have gained a lot of traction politically
and given credence by disaster management professionals, this perception is
not always shared by the individual members of communities. One solution
to addressing the difficulty of individuals ‘conceptualising’ the benefits of
resilience can be through the use of community workshops as a method of
facilitating resilience awareness. Participatory workshops can be created to
facilitate a “bottom-up” approach, with the aims of raising awareness and
increasing the likelihood of resilient behaviours being adopted.

Within the European project ‘DRIVER’ we have tested CART (Community
Advancing Resilience Toolkit) as a means to increase resilience. This
framework has an added benefit of bringing community members together
regarding resilience, increasing their awareness of resilience and improving
community cohesion through the exchange of ideas throughout the process.
The methodology employs the use of a range of participatory methods
including an assessment survey, key informant interviews, data collection
framework, community conversations, neighbourhood infrastructure maps,
community ecological maps, stakeholder analysis, SWOT analysis, capacity
and vulnerability assessment.

Eight workshops were held in Scotland pairing the CART toolkit’s framework
with recent British Red Cross resilience thinking in order to raise the
awareness of resilience among a broad range of rural and urban
communities. The overall result is that members of communities became
more aware of their own vulnerabilities and capabilities, both at the
individual and collective level, encouraging action as to increase their
resilience.

Key words: community resilience, strengthening resilience, measurement,
awareness raising, participatory methods

INTRODUCTION

In this paper we discuss the concept of resilience from the perspective of
communities. The concept of resilience in the context of disaster risk
reduction has gained a lot of traction politically and given credence by
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disaster management professionals, including a recognition of the
importance of community resilience as an essential focal point in
strengthening the resilience against a complex range of uncertain and
sometimes unknown threats. Yet, the widespread adoption of a resilience
perspective towards disaster risk reduction in professional circles has not
spread equally among the public, i.e. the individual members of
communities. Among citizen communities, resilience often becomes a topic
of concern only after a crisis, when they have been confronted with disaster
and are aware of some of the vulnerabilities in their community. For
communities that have not experienced serious disasters, the perception of
risk and vulnerabilities is not always present, and for them the concept of
resilience does not have a strong meaning or sense of urgency. In addition,
a lower sense of urgency with regard to disaster preparation or community
resilience may be related to citizens’ views on the state’s role in disaster risk
reduction and crisis management. Individuals can therefore find it difficult at
times to appreciate the range and implications of consequences in the event
of a disaster and the benefits of community resilience (Paton et al., 2014).

One solution to address the difficulty of individuals ‘conceptualising’ the
benefits of resilience can be through the use of community workshops as a
method of facilitating an increase of communal resilience awareness.

Within the European project DRIVER, we address the issue of community
resilience and in particular seek to understand how members of a
community can become activated through increased awareness about the
resilience of their particular community. The overall aim of the project is to
evaluate emerging solutions in crisis management and resilience. In order to
evaluate existing approaches towards enhancing community resilience we
have reviewed a selection of existing tools and frameworks that address the
topic community resilience. In this paper, we discuss some of the
characteristics of different available tools and discuss the preliminary results
of our tests with one of the tools.

ENHANCING COMMUNITY RESILIENCE: A RANGE OF APPROACHES

The concept of resilience has received a lot of attention in recent years, yet
the concept itself remains subject to debate and diverging interpretations
(e.g. Cutter et al., 2010, Duijnhoven & Neef, 2016; Shaw & Maythorne
2013). It is used in various disciplines and fields, leading to a variety of
definitions and operationalisations and a broad range of resilience
enhancement frameworks (Duijnhoven and Neef 2014; Ostadtaghizadeh et
al., 2015). Community-oriented approaches aim to facilitate self-assessment
of resilience in communities (both communities of place and communities of
interests such as a specific sector) by bringing together different
stakeholders to identify critical functions, vulnerabilities and to develop
specific enhancement activities. Some of the community oriented
approaches aim to increase awareness within a community and help to
identify concrete actions to enhance resilience, whilst others are primarily
aimed at measuring the level of resilience of communities and
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understanding the determining factors of community resilience. These aims
show a close relation to the way resilience is measured and relevant data
are gathered. On the one end of the spectrum there are the participatory
ways of collection of qualitative data. The methods are often applied in
frameworks aiming at creating awareness of risks and hazards and shared
responsibilities of stakeholders as a basis for enhancing community
resilience. These frameworks take resilience as an on-going process at its
starting point. At the other end of the spectrum community resilience can be
measured quantitatively, either by specific surveys or by administrative
statistics. The results of these measurements are mostly serving governance
purposes by making comparisons between communities, cities, regions, etc.
Between these two extremes there are a number of *hybrid’ frameworks that
take a ‘mixed methods’ approach towards data collection to measure
community resilience, based on their specific objectives.

Recently, Ostadtaghizadeh et al. (2015) conducted a comprehensive review
of assessment tools available for evaluating community disaster resilience,
using international electronic databases including Scopus and ISI Web of
Science. As noted by Ostadtaghizadeh, et al. (2015) most studies on
available tools are based on an analysis of community characteristics rather
than on how to measure the level of community resilience, based on
theoretically grounded and valid indicators. These characteristics relate to
the level of communities’ preparation and response. The research on
community resilience is not very mature in that sense.

For our analysis, we have selected one specific tool to evaluate its
usefulness and usability. Some of the approaches we reviewed originated
from government/NGO initiatives that were meant to raise awareness and to
identify possibilities for enhancing community resilience. These are based
on theoretical insights, but they are not scientifically tested or validated.
This means that there is not a lot of (systematic) information available
about their validity or generalizability. This does not mean that these are
not useful tools, but it is difficult to judge this on the basis of the
information that is available. Two approaches Disaster Resilience Of Place,
DROP (Cutter, 2008), and Community Advancing Resilience Toolkit, CART
(Pfefferbaum et al., 2013), seem to have a more explicit theoretical
grounding and there are a number of publications available about the tools
and underlying models. Looking at these two tools, the theoretical model
that is the basis for DROP has been discussed rather extensively in academic
journals (e.g. Cutter et al., 2008; Cutter et al. 2010), but there is less
information about its empirical application, whereas CART offers a broad,
more community participation oriented set of tools, and there is also a
number of articles available about its application in different contexts (e.g.
Pfefferbaum et al., 2015; 2016). Based on these considerations, we have
selected CART by Pfefferbaum et al. (2013) as the tool to use in our project.
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APPLYING THE COMMUNITIES ADVANCING RESILIENCE TOOLKIT

The Community Advancing Resilience Toolkit (Pfefferbaum et al., 2013),
uses a combination of several participatory data gathering methods to
create a toolkit that can support communities in gaining information on the
level of resilience capabilities in their community. The CART framework is
used mainly by community organisations and as such can be considered a
“bottom-up” approach to community resilience. The framework has an
added benefit of bringing community members together to collectively
discuss the topic of resilience in relation to their local situation, increasing
their awareness of resilience and improving community cohesion through
the exchange of ideas throughout the process. The CART framework helps
users to collect community information following a process whereby the
community generates an initial profile of their community, refines the
profile, develops a plan and implements the plan. The process is iterative
and communities use the following tools throughout the process: (i)
assessment survey; (ii) key informant interviews; (iii) data collection
framework; (iv) neighbourhood maps; (v) ecological maps; (vi) stakeholder
analysis; (vii) SWOT analysis; (viii) capacity and vulnerability assessment.

CART is a comprehensive "“bottom-up approach”. The toolkit and is
organised within a modular set-up allowing for the selection of specific,
relevant tools to the community involved. CART’s range of participatory
instruments within the toolkit allow the community to reflect upon its
capacities and identify actions aimed at improving certain specific capacities
or addressing areas that are lacking to improve the resilience of the
community. Four domains are distinguished: (i) Connection and Caring
(participation, relatedness, shared values, support systems, fairness, hope);
(ii) Resources (natural, physical, human, financial and social resources); (iii)
Transformative potential (identify and frame collective experiences, data
collection, analysis, planning, skill building to create the potential for
community charge); (iv) Disaster Management (disaster prevention,
mitigation, preparedness, response and recovery).

In our project we have applied CART in eight different Scottish communities
with the aim to evaluate its usefulness and usability as an instrument to
activate communities and increase resilience. The communities were
selected by the British Red Cross and included four rural and four urban
communities. The BRC facilitated and moderated the workshops with the
communities.

RESULTS

All participants of the workshops indicated that they found participation
interesting and inspiring. Most of them said they were planning to take
concrete actions to prepare themselves and their community for crises as a
result of the workshop.

In order to measure the effectiveness of the workshops in increasing
awareness about community resilience and activation of participants, we
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administered a short survey at three different times: before the workshop,
directly after the workshop and one month after the workshop. The
qguestions in this short survey addressed the awareness of the participants
about the vulnerability of their community, their opinions about the
resilience of their community (capabilities to deal with a crisis), and whether
or not they are prepared for a crisis.

The results of the surveys show that the members of communities who
participated in the workshops became more aware of their vulnerabilities.
Figure 1 shows the mean scores of the question: ‘Do you think that your
community is vulnerable to a crisis?’
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Figure 1: assessment of vulnerability as a function of time (pre, post and after month) and community
(rural and urban)

There is an overall effect of time (F(2,108)=7,21; p=.001, no overall
difference between communities (F(1,54)<1) and no interaction between
time and community (F(2,108)=1,41; p=.25). The time effect is not due to
a difference between the scores between pre and post workshop
(F(1,67)<1), but to a difference between post workshop and after a month
(F(1,54)=7.61, p=.008). This means that in the month after the workshop
both rural and urban communities became more aware of the vulnerability
of their community.

Furthermore, the results of the survey indicate that participants became
more aware of their community’s capabilities to deal with a disaster, both at
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the individual level as well as at the collective (community) level. It seems
however, that this awareness of capabilities decreases over time (based on
the survey one month after participation in the workshop). Figure 2 shows
the results for the question ‘Do you have the feeling that your community is
capable of dealing with a crisis?’.
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Figure 2: assessment of community capability as a function of time (pre, post and after month) and
community (rural and urban)

It shows that there is a time effect (F(2,108)=5.41, p=.004), no main effect
of community (F(1,54)=2.04, p=.16) and a significant interaction
(F(2,108)=3.42, p=.036). In order to explain the interaction effect we
conducted separate analyses for the different types of communities. The
results show that there is only an effect of the intervention for rural
communities (F(2,28)=11.65, p<.0001) and not for urban communities
(F(2,24)=1.51, p=.24). For rural communities there is a significant increase
between pre and post measurement F(1,41)=9.29, p=.004) and a
significant decrease between the scores that were taken directly after the
workshop and after a month (F(1,29)=16,31, p<.0001).

A month after the workshops we also asked participants about any
behavioral adaptations: 1) whether they thought about risks and resources
of their community; 2) whether they discussed what they had learned at the
workshop with other members of the community; 3) whether they gathered
additional information about their community’s resilience and 4) whether

284



they had made any preparatory actions with regard to risks. Table 1 shows
the mean scores on these questions for both rural and urban communities.

rural urban p-value
Thinking 4.43 4.73 12
Discussing 3.77 4.31 .14
Information 3.97 4.39 .20
Actions 3.70 4.65 .007

Table 1: mean scores and p-values for the behavioral responses after workshop

The answers could be given on 6-points scales. As can be seen in Table 1
the mean scores were between 3 and 5, with ‘3" meaning rarely, ‘4’
occasionally and ‘5’ frequently. The scores of the urban communities are
overall somewhat higher than of the rural communities, but only for the
preparatory actions a significant difference was found between the two types
of communities (thinking: F(1,54)=2.51; p=.12, discussing: F(1,54)=2.27,
p=.14, information F(1,54)=1.66, p=.20 and actions F(1,54)=7.76,
p=.007). This means that all communities occasionally thought, discussed
and gathered information about risks and resources in their community. But
the urban communities took significantly more preparatory actions than the
rural communities in the month following the workshop.

Interestingly, with regard to both the vulnerabilities and capabilities rural
communities seem have higher awareness about it. The urban communities,
on the other hand, seem to show an increase in the extent to which they
feel prepared for a crisis after participating in the workshops, both at the
individual level and at the level of their community.

CONCLUSIONS

The results of our study indicate that participating in a resilience awareness
workshop using CART is effective in increasing awareness of vulnerabilities
and capabilities. In particular for urban areas, where it seems there is less
awareness to start with, the results show an effect in the assessment of the
level of preparedness for themselves and their communities. The differences
between urban and rural communities may be explained by the fact that
many rural areas in Scotland are more prone to certain risks, such as
flooding, making members of these communities more aware of this
vulnerability, and more prepared as well. With regard to the higher level of
preparedness as reported by rural communities, this may have to do with
the more isolated location of many rural communities, with less professional
response or other help close by, such smaller, tight-knit communities are
often more used to helping each other out in times of crisis and being more
self-reliant.

Based on these results it seems that CART is an effective toolkit to be used
by communities for enhancing awareness about resilience. In order to test

whether the application leads to sustained awareness and/or concrete
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actions within these communities further research, after more time, is
needed.
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The long-term economic impact of disasters is debated among scholars.
Several factors should be taken into consideration, including the type and
severity of natural disaster, the underlying wealth of the economy, and the
total area of country impacted. Additionally, the way that researchers
choose to define long-term impact, look at direct and indirect damage, and
the availability of data also matters. Regardless, there is still no clear
consensus concerning the long-term economic consequences of disasters. A
common way to determine this impact is to compare the economy post
disaster to the level it was at prior to the disaster. This approach can be
useful when comparing the impact in the short-term; however when
analyzing the long-term impact it becomes problematic. Economies are
constantly changing, and over long periods of time these changes will
accumulate. Therefore one of the biggest challenges is to estimate what the
level the economy would be at had the disaster not occurred. The ways in
which researchers go about doing this can have a large impact on their
conclusions. Several authors have found very little to no impact, of natural
disasters in the long-term, especially when using country level data. There
have been some notable exceptions. Poor countries as well as small island
nations have been found to be less resilient in the long-term. Studies using
data collected at regional or city level have found a much more nuanced set
of results.

KEY WORDS: Economic impact, long-run, long-term growth, recovery,
socio-economic
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ABSTRACT

Background and Purpose: Authors’ research group is developing an Area
Disaster Resilience Management System Model for Healthcare (ADRMS-H),
which is composed of the municipality and healthcare-related organizations,
to enhance the healthcare resilience of a community. To operating ADRMS-H
effectively, we must execute emergency exercises and rotate PDCA cycle.
However, a systematic method of preparing long-term plan of emergency
exercises and executing them systematically has not been established yet.
The purpose of this study is to propose a systematic method of planning
emergency exercises for healthcare. Approach: At first, we enumerate
emergency works at the time of disaster and classify them based on the
seven principles of disaster coping. Next we break down the purposes
specified in the ISO 22398 into detailed purposes by considering healthcare
characteristics and systematize them. Based on this analysis, we propose a
method of selecting individual exercise project and making annual plan of
the exercises.
Findings: We extracted 118 emergency works and made a system diagram
of the same. We made correlation matrix between emergency works and
working teams as well. We can decide the exercises to be executed and the
team to be selected by the diagram and the matrix. Furthermore, we
clarified 31 concrete purposes of the emergency exercises by considering
healthcare characteristics. Based on the results, we proposed a systematic
method of preparing long-term plan of emergency exercises and executing
them systematically. We applied the proposed method to the core hospital
of ADRMS-H and verified its effectiveness as well.

Keywords: ADRMS-H, Emergency Works, Healthcare Resilience

288


mailto:munechika@waseda.jp
mailto:waka-0630.ya@ruri.waseda.jp
mailto:chisato-k@fuji.waseda.jp
mailto:mkaneko@tokai-u.jp
mailto:sano.masataka@p.chibakoudai.jp

INTRODUCTION

Japan faces a high risk of natural disasters, such as earthquakes, during
which it is essential that countermeasures are taken to secure business
continuity. During the 2011 Great East Japan Earthquake and the 2016
Kumamoto Earthquake, Japan found that a failure in its healthcare
infrastructure hindered its social and industrial activities and created social
dysfunction.

To create a safe and secure society in the midst of natural disaster, we must
take countermeasures to enhance area resilience for healthcare. We define
the area resilience for healthcare as the “ability of healthcare-related
organizations in the area, to operate both normal medical care and disaster
medical care continuously, to maintain status and condition, to recover
quickly, and to improve as appropriate.”

The authors’ research group is developing an Area Disaster Resilience
Management System Model for Healthcare (ADRMS-H), which is composed
of the municipality and healthcare-related organizations, to enhance the
healthcare resilience of a community. To operate ADRMS-H effectively, we
must execute emergency exercises and engage the Plan-Do-Check-Act
(PDCA) cycle. However, a systematic method of preparing and executing a
long-term plan of emergency exercises has not been established. The
purpose of this study is to propose a systematic method of planning
emergency exercises for healthcare.

In this study, the target area is the city of Kawaguchi, which is located in
the southeast of Saitama Prefecture, north of Tokyo, and has a population
of around 600,000 people. Possible natural disasters around this area
include a northern Tokyo Bay earthquake, the Kanto earthquake, etc. The
core medical organization is the Kawaguchi Municipal Medical Center
(KMMCQC), an acute care hospital with 539 beds and the core disaster-based
hospital, a designation which is given to only one hospital in each
prefecture. In this paper, we take up exercises in KMMC as an example.

APPROACH

ISO 22398, Societal Security - Guidelines for Exercises, has been published
[ISO, 2013]. However, since the guideline has some problems, such as "it
does not show which work should be a target of exercises” and “the
objective of exercises are abstract,” we cannot plan exercises concretely.
First, to clarify the target activities, we enumerate activities during disaster
by referring to healthcare literature, such as disaster procedure manuals.
Next, we classify the works based on seven principles of initial response:
command and control, safety, communication, assessment, triage,
treatment, and transport (CSCATTT) [Carley, 2005].
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Furthermore, we break down and systematize the objectives of exercises
shown in ISO 22398 by considering healthcare characteristics. In summary,
according to the above analysis, we propose a method of planning exercises
that creates an annual exercise plan and selects a specific exercise for each
year.

ENUMERATION AND CLASSIFICATION OF WORKS DURING DISASTER

To organize activities during disaster, we enumerated them. We
investigated disaster procedure manuals [Hokkaido, 2010; Saitama, 2014a]
and business continuity plans (BCP) of hospitals [Saitama, 2014b; Kochi,
2013; Tokyo, 2012], and related literature [InterRisk, 2013]. Initial
activities are described in the disaster procedure manuals, while initial and
subsequent activities are described in the BCPs. In total, we extracted 118
activities that occur during a disaster.

Next, we classified the activities as follows. Since medical needs, such as
the occurrence of illnesses and wounds, increases during a disaster
[Yoshinaga, 1996], many new tasks must be implemented. In this paper,
we call them “disaster response works.” On the other hand, tasks done
during normal work, especially healthcare for hospitalized patients must be
performed continuously. The procedures of the works have been
determined, however, there might be a case in which the procedures must
be modified due to the disaster. We call these activities “normal works
during disaster.” Since the characteristics of these works differ greatly, we
then divide activities that must be accomplished during a disaster into
disaster response works and normal works during disaster.

Medical works are divided into medical care and support services, such as
setting up infrastructure and securing lifelines. The importance of support
services increases during a disaster. Thus, we divided both disaster
response works and normal medical works during disaster into medical care
and support services. For disaster response works, we then classified
medical care into “triage,” “treatment,” and “transport” and support services
into “command and control,” “safety,” “communication,” and “assessment”
based on seven principles of initial disaster activities, CSCATTT. We defined
these activities as primary works.

Furthermore, in the normal works during disaster, there are some tasks that
are performed in a manner differing from normal circumstances due to the
cessation of lifelines and the lack of material and human resources. These
activities must be the target tasks to be exercised preferentially. We then
classified these tasks into substituted work, reduced work, and temporarily
interrupted work. The substituted work are tasks for which an alternative
method should be determined. The reduced work are the activities for
which, although the amount of the work must be reduced, the procedure
does not differ from the norm. The temporarily interrupted work are tasks
for which the priority is low and can be ceased temporarily.
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In summary, we classified 118 works into the above categories and created
a systematic diagram and table of disaster medicine works. Figure 1 shows
a systematic diagram of disaster medicine works, and Table 1 shows a table
of disaster medicine works.

Medical care

Disaster response
works

Triage

Treatment

Command & Control

Disaster medicine
works

Normal works during
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Support service

Safety

Communication

)
|
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Medical care

Support service
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work
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Temporary interrupted

)
Temporary interrupted }
)
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Fig.1 Systematic Diagram of Disaster Medicine Works

Table 1 Disaster Medicine Works (Partial)

Category

Primary work Secondary work

Disaster
response works

Medical care

Distribute necessary goods

Triage =
Conduct triage

Distribute necessary goods

Reception at each aid station

Care of patients who need
emergency medicine

Prescribe/prepare medicine

Treatment
Conduct emergency test

Conduct emergency operation

Conduct emergency
radiograph test

Perform an autopsy

Determine patients to be
transported

Transport bodies of the
deceased to family

Transport Coordinate with DMAT (DMAT

arrived)

Transport patients (DMAT not

Normal works
during disaster

Support
services

Temporarily
interrupted
work

External communication area citizens

management Information sharing control

with partners

Medical cooperation management

Purchase management Purchase control of books

Outsourced test control

Outsource management

Dispatching personnel control