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Welcome

We would like to welcome you to the 6th International Building Resilience
Conference 2016, with the theme ABuilding R
The conference is proudly organised Q4entre forhe
Disaster Resilience, R ecovery 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 eve nt 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 vib rant
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 sha ring, collaboration, disciplinary reflections, institutional exchange

and collective growth.

We have been overwhelmed with the interest and enthusiasm shown for this
conference. The conference progr amme contains over 150 papers, 7 workshops
and plenty of o pportunities 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 Isl ands, 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 confe rence 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 Do mingo Conference Convenors
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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 resilien
importance but also points t o the difficulties inherent in measuring

community resilience: resilience is a fuzzy concept; a communityaos
resilience is only revealed through disrupt
depends on how it i's stressed; a community
time; different parts of a community have different levels of resilience;
resilience ([ a mani festation of a Commun

difficult to measure directly; the user of the data will determine the data
needed.

A recent review of community resilie nce measurement approaches focused
on the methods 7 t h e A Housed to assess community resilience. In this
paper, the usefulness of four different measurement approaches for
informing decisions by community leaders it he @ Whisyconsidered.

Considera tion 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
unders tand 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) . Il n this paper, i me
its broadest sense, including quantitative data, objective non - quantitative


mailto:john.plodinec@resilientus.org

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 i while
important T are a means to an end, not an end in themselves. Ultimately,
the goal of measuring a C o nomassist nymalsng r es i | i

decisions T wh a't Datnow and Pardata-(@DaAdmedadé&ciisi on
about actions that bol ster a communitydés re
data validates the value of a resilience measurement approach; without

action, the approa ch is at best an interesting intellectual exercise.

The number of measurement approaches for community resilience speaks

both to the subjectds i mportance and to the
a communityés resilience. ¢srare tohsidered,paadp e r , t h
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
communityds infrastructndlience with eranistanee , thusu at e
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 6 s resilience i s only reveal ed t hr
recovery from a disruption . While the goal of measurement is to

enhance community resilience in some way, we can only know a

communi tyoés resilience after we see it come

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 communityds resilience depenAd €arpemer,btow i1t i
al . (2001) poi nt out , a communityoés resilice¢
and magnitude of the crisis as well as the nature of the community (its

structure and its governance), or, as Plodinec (2015) points out,

ADi saster s haviedifttrient gypes of oriseg 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



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 | evels 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) t hat are significantly improving

residentsd quality of i fe. Conversely, t
many houses still boarded up even a decade after Katrina, has not i and

may never i recover . Al though the cityodos popul at
fourths t h at before Katrina, residentsd median
t he achievements of their children i n t he
significantly improved above pre -Katrina levels.

Resilience is a manifestation of a communit

diffic ult to measure those strengths directly; thus surrogates must often
be used . Aldrich (2012), Weil (2011) and many others have pointed out

the i mportance of a Ccommuh ithe gobrectioco that a | cap
bind the community together and those that exte nd beyond the
community to sources of external resources T to t he communi ty

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 t o 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

measur ement i's not the goal; action i s. Me
the decision -makers so that good decisions are made. At the community

|l evel, community | eaders wanting to invest

resilience certai nly need to know the strengths and weaknesses of each

part of their community. However, they also need to know their
communityds risk profile so that they can
Once investments are made, decisions will shift from what should b e

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 communityoés resilience is rowet time.o itsst ant ;
almost a cliché 1 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 s hifts may create new 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 -inf orming 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 guantitative
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 (e.g., hurricanes, sector

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 exist ing
conditions in order to fAimeasure the effectiwv
interventions specifically designed to i mpr o

The 36 quantitative indicators T primarily census -type statistical data for US
counties 1 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
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 connec tedness). This then requires that decision -

maker s accept t he representativeness of t |

surrogates.

negative



A composite index is calculated for each category; thus providing some
guidance for prioritizing investments. It is assumed that th e 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

communitydés infrastructure. Thus, ther e

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 giv en
project or initiative rather than the composite indices within BRIC.

One of BRI C6s most valuable uses may be
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 A ustralia 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 ter ms of who within the community should collect the data.
While community -based, the process also lends itself to regional planning.

The Aindi cator so ar e t he answer s t o
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 me asurement approach that directs attention to the transient
population in a 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 communityos

5
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environment or the state of its infrastructure. Rath er 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 Apubl i ¢ adiomsby goveonmenor social service providers.

l'ts | ack of consideration of the community?o:s
for leaders in the private sector. However, since the approach uses the

communi tyos own answers as I ts i ndicator s,
understood by the community leaders than the literature -driven indicators

in BRIC.

Community Advancing Resilience Toolkit (CART)

Like the Sc orecard, 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 guestions aimed

at determining a communityds perception of
optional sets of questions that delve more deeply into aspects of the
community such as community communicatio
relationship to the community. The Dat a 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

considere d. 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 an d Atmospheric Administration (Sempier, et al.,



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 communityds assessment team

past storm as a benchmark and then an even more severe future storm
(50% greater intensity is sugg ested) 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 infr astructure 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 infras tructure or facility would still be functional after a

di saster. The other five moNMwd egu aetnitan sn; sd
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
guestions that uncover gaps essentially guide the decision -maker to fill the

gap, with one glaring exception. Since the intended users of the tool are
Afexperienced | ocal pl anner s, engi neer s,
admini strators, 0 i tthey &an dodotstrengthenaveaknedses t

found in the social ties that bind the community together.

DEVELOPING A RESILIENCE MEASUREMENT APPROACH

The difficulties of measuring a communityos
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 decis ions that the measurements will inform T 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



of t he community can provide useful inputs.

Decision - maker(s). It is imperative to ascertain who the intended users T
the decision -makers 1 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 o f data; and the amount of data they believe is

necessary for decisions. Whil e fAsnapshotso c
|l eaders may be more interested in the c¢ommu
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 T who will collect data, how
(and how frequently) they will collect data, in wha t domains T 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 th e communityoés resi.l
the data collection process should be developed with continuity of collection

in mind as well.

Understanding and Trust . If the message 1 data 7 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 t hey 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 va lidated by actual experience, there should be
evidence from actual disaster recoveries that the properties included in the
measurement approach contribute to a communi
selects those properties based on first principles, there s hould 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 exami nes 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

gl ance at the communityéds governance (how a
8



made and implemented), yet the depth of the disaster, and the duration

and wultimate success of the recovery di
governance. Rather surprisingly, little light is shone on the vulnerability of

the natural environment, primari ly 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 communityads own
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 u sefulness 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 t o 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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MEASURING COMMUNITY RESILIENCE FOR COMMUNITY
ACTI ON: WHAT WORKS, WHAT DOESNOT
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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

takingacti on to i mprove their communityds resi.l
four tools: a simple risk assessment worksheet; a compilation of statistical
informati on; a survey to provide a subjecti’
and an in -depth multi -hazard resilien c e assessment o f t he
Communityo (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 gui di fflogs. CARRI 6s conti nui

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 ne ither the statistical
compilation nor the community fAmpakingf iTheed sur
statistical compilation was at too coarse a scale (county instead of

nei ghborhoods) to drive action. The communi

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 communitydés 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 e ach
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
uni que AWhole Communityodo approach to help c
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 6s approach S embodi ed i n a =i mple
Community Resilience System (CRS). The CRS has four parts: organizing

the communityds | eadership; assessing the r
community; formulating plans to improve resilience, based on the

assessment; and then implementation of the p lans and monitoring of their

effectiveness. The CRS was the first resilience -building approach to
operationalize the fAWhole Communityo concept

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 discu ssed 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 communityados ryesnotisuffeiente, whi l
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 i mprovement of their community:

As described by Plodinec (2014), CARRI 6s Wh
predicated on the concept that all communities provide the same set of

essenti al services, but that the systems that provide these services vary

widely. Taken together, these systems i one for each service area i provide

a consistent framework for evalwuating a c¢ommi

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

exampl e, New York Cityés economy recovered
9/11 atrocities, but it took much longer for its transportation infrastructure

T with its hub at the World Tra de Center 1 to fully recover. Thus, the CRS

AWhol e Communityo approach provides a conven
define needed actions for each community fse:

Second, the CRS approach facilitates communi
the interde pendencies 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 (P lodinec, 2015).

Nat ur al di sasters directly i mpact a C Oommun
environment with a cascade of concatenated consequences on other parts

of the community. Conversely, a pandemic will not directly impact a
communitydés infrastr bautturneayatseaerely i mpact
soci al capital and its economy. As Pl odi ne«
have direction. o

RESILIENCE ASSESSMENT PROCESS

The CRS resilience assessment process is | ed
leadership. This Leadership Team includes senior leaders from each service

area thus representing all of the communityod:
CARRI 6s community resilience assessment pr oc

consisted of four parts:

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

Use of a #fACommuniitaycoll&tioa gf publicly available statistical
data (compiled by CARRI) each reflecting one or more aspects of the
communityds 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 communityods Leadership Team collective
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 expal
Hazard Identification and Risk Assessment worksheet (FEMA, 2013). The

13



leadership group were instructed to rate each threat in two categories |
frequency of occurrence (High, Medium, Low, Never) and level of severity

( Hi gh, Medi um, Low) . Al l threats that rat e
any that were rated AMediumo in both <catego
ASignificant. 0O T h amsl threast wasoused hsaizpat rtodtlse

multi -hazard resilience assessment as described below.

Community Snapshot

When a community began using the CRS process
Community Snapshot from publicly available statistical data, primarily fr om

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 org anized into three categories: one set

focused on the communityds economic resilier
natural and built environment, and the third on its social resilience. For

each dat um, CARRI provided the communigydos n
and US national averages for comparison. CARRI also provided a visual cue

for the comparisons: a red -yellow -gr een fistoplighto for comp

the state and national averages. A red or a green light indicated that the
communityo6s val utkkan ona standard dewviation away from the

state or nati onal average. A yellow I ight
value was within one standard deviation of the relevant average.

Il n addition, fgaugeo indicators were provid
categories that indicated the communityds ov
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 aver  ages.

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 t O a communitybdés resilience.

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

vari ables selected provided a broad view of

The following variables relating to the comm
in the Snapshot:

A fibusiness profile, 06 a pie chart showing th
totheco mmuni tyés 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 i n the 25 -44 years of age cohort. This is intended

14



to reflect the relative economic attractiveness of the community.

A profile of the communityos popul ation by a:
A profile of the educational attainments of the community (fraction with less

than a high s chool 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 communityés | abor force
The fraction of the cwhichhuvacant.y 6s housi ng

The ratio of Atransferd payments to earned
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 communi  ty 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 foll owing vari abl es relating t o t he C «
environment were included in the Snapshot:

The communityds score on the Natur al Ameni t
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 communityds score on the US Environment
Quality Index. This Index provides a relative measure of overall air quality.

It agg regates 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 communityds housing which is va

The following variables relating to the com
included in the Snapshot:

The ethnic makeup of the community. This is presented as a pie chart

based on the ethnic groups residing in th e community.

The fraction of t he communi ty bel onging t o
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 th e 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 Atransfero payments to earned i
pop ulation 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
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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 membersdé supp
FBI crime indices. Th ese are Iinverse indicators of a
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 service s 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 o rganizations.

Community Identity

The Community Snapshot was a collection of quantitative measures of the

communityds strengths and weaknesses. The
gathered more subjective information about the community. It consisted of
twopart s: a brief questionnaire apemceptonstide ¢ o mmi

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

foll owing on a scale of 1 to 4, where A10 in
and fi4d40 indicates excellence. iNdiuded wesep ect s O
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

Themulti -hazard resilience assessment ( MHRA) cor
nood gqgquestions for each service area ai med
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 da ta - 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 exampl e
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 areads needs at times of pe:
Il s the communi t gwesreliabilite equal to or gneater 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 resid entin 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 r eservoirs 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 suppli es
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).

Foreach cr i ti cal asset identi fied, the SMEs wer
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vulnerability to the significant threats facing the community. As an

example, i f the communityds financial servic:
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 seismi c 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 #Asubthr
upon how they are answered. A ARYesoO answer i ndicatin
community college was at risk would then lead to follow -on questions such

asl & there an evacuation plan f arndtHdé@an c o mmu
alternate location been identified for providing the educational services

normally provided by the community coll ege?0

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

di saster s, SMEs in the transportafArethere ser vi
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 . 0

For any answers that indic ated 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 reso urces, tips for
success) were also provided. In total, over 300 supporting resources were

(and are) contained in the CRS.

WHAT WORKS, WHAT DOESNOT

Over the last five years, nine communities have used the assessment
module. These have provided some signif i cant Al essons l earn
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 t 0 consider and it reduced both the data -
gathering burden and the number of potential actions the CRS generated.

The Community Snapshot i the compilation of publicly available data i did
not prove to be very useful to community leaders in making decisions t 0

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 ta rgeted 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
communitie s 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 com munities 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, th e 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 an  d of no use. Community leaders opined that the
communitydés own SMEs | ent the assessment mo
nuanced understanding of what was needed and what actions would be
successful in their community.

SMEs indicated that geocoding asset locat ions 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 kno w 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).

CONCLUSIO N

Assessment of a communityos strengt hs and
signpost for community actions to toward gre
unigue approach 1 combining both statistical and subjective measures with

detailed assessments of each communi ty service area 1 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 sy st emllyy to accommodate variable and
unexpected conditions without catastrophic failure, or @t h@apacity to
absorb shocks gr ac e f (Fodtey 01993). As everyday local, regional,
national, and international dependence on transportation faciliies 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 transportaton net wor kO 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 sy st e as8ed 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 6 under a ackhle
scenario  testing of the framework with  key operational staff 6.
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.g.
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

vV

Dimension Principle > Category ) Aggregate measures based on weightings

>

Detailed Measures ~
”

Scale

Cross cutting themes
Hazard Specific

Shock/stress event

Robustness

NIP Attributes:
Service Delivery,
Adaptation,
Interdependencies

; Redundancy = f e Technical Resilience
Technical Resilience NIP Attributes: 5 : 'Redu ore

Adaptation, ‘ ndenci | SEore
Interdependencies - - 4@ 2 1

Safe-to-fail
NIP Attributes:

Service Delivery

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

Resilience Assessment Tool

A resilience assessment tool T 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

guestions across the categories.

answered,
dimension

weightings
level.

can be
It is important

is noted

that the tool consists of a range of
Once the relevant questions have been
applied at the category, principle or

and will be based on user preference.

to note that the weightings are subjective

Table 1. Example of the Resilience Assessment Tool (for the 6 r o b u st mprnsipke)
IROBUSTNESS Total Robustness score: 2.3
Category |Context Measurement Indicators Measurement scale Individual ICategory

score laverage
Maintenance [Processes existto maintain critical 4 i Audited annual inspection process for critical assets
infrastructure  and ensure  integrity and land corrective  maintenance completed when required.
operability i as per documented 3 7 Non-audited annual inspection process for critical
standards, policies & asset management lassets and corrective  maintenance completed when
plans (e.g. roads maintained, flood banks [required. 3.0

maintained, stormwater systems are not
blocked. Should prioritise ~ critical assets as
identified.

2 7 Ad hoc inspections  or corrective maintenance
completed, but with delays/backlog.

1 i No inspections or corrective maintenance not
completed.

Renewal

Evidence that planning for asset renewal
land upgrades to  improve resilience into
system networks exist and are
implemented.

4 i Renewal and upgrade plans exist for critical assets,
are linked to resilience, and are reviewed, updated and
implemented.

3 i Renewal and upgrade plans exist for critical assets
and are linked to resilience, however no evidence that
they are followed.

2 1 Planis not linked to
approach is undertaken.
1 i No plan exists and no proactive renewal or upgrades
of assets.

resilience and an ad hoc

Structural

Design

Percentage of assets thatare at or below
current codes

47 80% areat or above current codes
31 50-80% are at or above current codes

2.8

2 1 20-50% are at or above current codes £0
1 7 Nearly allare below current codes

Assessment of general condition of critical 47 80% are considered good condition

assets across region 3 7 50-80% are considered good condition 30
2 i 20-50% are considered good condition g
1 7 Nearly all poor condition

Percentage of assets that are in 41 <20% have some exposure to known hazards

zones/areas knownto  have exposure to 3 1 20-50% are highly exposed, or >50% are

hazards moderately exposed gz
2 7 50-80% are highly exposed
11 80% are highly exposedto a hazard

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

additional capacity over and above normal lavailable

demand capacity 37 50-80% of critical assets have  >50% available 2.0

2 1 20-50% of critical assets have
17 0-20% have spare capacity.

>50% spare  capacity

IMPLEMENTATION

The
methodology

profile and high -impact
to enable the
2012;
research seeks to explain

(Creswell

happen and
carried out
2013).

methodology

adopted
(Stringer  2013).
research

Patton 2014).
fi h o wexchnical
to enhance

follows
The pilot
case study (refer
to focus on probable
The case study methodology
the present
resilience measures should be assessed and
the resilience of the state highway network (Yin

METHODOLOGY

the

issues and

situation, to address

AAct i Res e ar drainng
study site chosen was a high
to Site Selection section below)
lessons
used
"how"

learned
in this
things
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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 finformation -r i c lklaia sample
(Patton  2014). Identifying other fiopinion leader 6 or fgatekeeper 0
respondents was later extended using the so called i s no wb a Iplodess g 0
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 r e g i otrandmortation  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

—~
\

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
8" to 20" July 2014, consequently State Highway 1 (SH1), SH10, SHi1l
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 milion damage to the road transport
network, respectively.

According to the Northland CDEM (2016) A F 1 o o dhds,nand will continue
to be a high priority hazard for the Northland r e g i oHowever, 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
0 d e s i level dob resilience. The resilience assessment of an asset is then
undertaken and compared against the 6 d e s i lewld drom which any
improvements or interventions can be then developed.

Criticality RiskAssessmer |55 Resilience Improvemens,

Assessmer e Assessmer 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)

s el SH1T at Tirohanga Stream
(Tirohanga Stream overtops Sh1l
from South %o North)

8. SH1 at Kawakawa
Triple Bridges Crossing

Figure 4 Flood Information for ARI=100 years

The risk ratings for each site indicated in Table 2 below, along with the
resulting 6 d e s i reglidnée level, were then determined. This is on a

four -tier scale from 6 | oresdience (corresponding to a low 6 r i scérd) to
overy highd resilience (corresponding to an

Table 2 Riskscores and 60 d e s i resiltbice 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
?e?ili(::n?:el lgveel*g 0 High Moderate High High

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

As shown in Table 2, three of the four sites require 6 h i gelilience, and
the fourth (Tirohanga bridge) merits a 6 mo d e r edilienbe 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
qguestions refer to the 6 per c e ot aitical assets af f ecarahd@ 661 | kel y
impact on system per f or malm the @ase of flooding, the response to

the question is dependent on the particular ARI. Consequently, for the
purpose of this pilot study, an ARl 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 I meets all requirements

Score 3: High resilience 1 acceptable performance in relation to a
measure(s), some improvements could be made

Score 2: Moderate resilience 1 less than desirable performance and
specific improvements should  be prioritised

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