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1. Introduction

The Resilient Buildings Project, through which we report our findings, sought to capture a
snapshot of societal expectations and tolerance toward seismic risk to inform future
performance objectives for new buildings. Historically, these objectives have been framed by
technical experts in structural engineering and building science, and this project represents
the first time in New Zealand researchers have set out to document from a community
perspective nationwide societal expectations for the seismic performance of buildings.

The Resilient Buildings Project set out to:
1 Explore whether there is a social license to redefine statutory performance objectives.
M1 Develop a clear and shared language of desired performance objectives.
1 Map the pluralities of societal risk perception and define how performance objectives
shift relative to building and geographical context.
1 Understand the importance of seismic resilience relative to other demands on built
environment.

In 2021, we interviewed 32 individuals across a range of backgrounds and sectors, as well as
27 individuals in 6 geographically based focus groups, to capture a snapshot of
expectations for seismic performance of buildings. The purpose of this report is to highlight
the findings from the 32 interviews. This is a data report and is intended as a fully
documented account of the interview methodology and data collected. A comprehensive
analysis and synthesis of these findings, alongside the focus group findings, can be found in:
Brown et al., 2022, Societal expectation for seismic performance of Buildings. The Resilient
Buildings Project Research Paper.

The specific research questions we sought to address in the project were:
1.  What are the desired performance outcomes for buildings following earthquakes of
varying scales, this could include
o human outcomes (e.g. life safety, availability of critical infrastructure services)

o economic outcomes (e.g. cost, business disruption impacts)
o social (e.g. social connectivity, heritage, cultural impacts)
o natural (e.g. sustainability, carbon emissions, waste)

2. How does the desired performance outcome change for different:
o geographic settings (rural, urban, geographically confined, seismic hazard risk,
economic importance of community, other?)

o building setting (proximity to roads, footpaths, critical infrastructure etc)
o levels of insurance/societies ability to pay/recover availability

types/uses/occupancy/design life of buildings (e.g. critical infrastructure,
health, stadiums, office, residential units)

3. How does earthquake resilience or the above desired performance outcomes
compare against day-to-day building priorities (e.g. embodied carbon, architectural
value, fire safety etc)?

The insights arising from this study will contribute to debate about desired levels of
resilience to the impacts of earthquakes, and the design approaches and options available
to achieve desired performance.

T Full report available at
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2. Method

2.1 Overview

To support the overall project outcome, 32 interviews were undertaken between July and
September 2021. The interviews were approximately one hour long and were conducted in
person or virtually using video conferencing software. All interviews were recorded and
transcribed for analysis.

The interviews followed a set of structured questions intended to gain an understanding of
the interviewee’s current role, background, and earthquake experience; expectations during
a significant earthquake event; expectations during a minor earthquake event; and
prioritisation of seismic resilience relative to day-to-day building design requirements.
Interview questions are presented throughout the ‘Findings’ section as they are relevant to
the discussion and provided in entirety in Appendix A.

2.2 Perspectives

Purposive sampling was used to select interviewees that represented a wide range of
perspectives, including wellbeing (human, social, economic, or natural perspectives),
building ownership (owner with short or long term investment interest, owner-occupier,
tenant, user, or multiple/expert), sector (private, public, public interest or research),
geographic (national, low, moderate, or high seismic hazard zones?), and industry
perspectives. Figures 1-5 show the distribution of interviewees across these perspectives.
Several interviewees represented more than one perspective, but a post hoc critical review
was taken to assign each interviewee to their dominant categories.

Interview Perspective Interview Perspective
14
14
15 15
10 5
10 8 8 5 3 3 4 3
0
5 , 0l _m m [ @\ m
Developer/ Owner Owner  Tenant User  Multiple / NA
0 T T T -—| investment (long term occupier Expert
Human Economic Social Natural (short terminvestment
interest) interest)
Wellbeing Building ownership
Figure 1. Primary wellbeing perspective of Figure 2. Primary building ownership perspective of interviewees

interviewees

2 The Building Act 2004 divides New Zealand into three seismic risk areas (high, medium, and low) based on the ‘7’
factor, which is the seismic hazard factor for each area of New Zealand. High seismic risk areas have a Z factor greater
than 0.3, medium seismic risk areas have a Z factor between 0.15 and 0.3, and low seismic risk areas have a Z factor lass
than 0.15.
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Interview Perspective Interview Perspective
20, 16 20 16 "
15 13
5
O T % T |-|-|-|-| T F.;.i ) 0 T T T T 1
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interest hazard zone  hazard zone  hazard zone
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Figure 3. Sector perspective of interviewees  Figure 4. Geographic perspective of interviewees

Interview Perspective Industry Key: .
A- Agriculture, Forestry and Fishing

B- Mining
7  C-Manufacturing
B D- Electricity, Gas, Water and Waste Services
E- Construction
F- Wholesale Trade
4 G- Retail Trade
H- Accommodation and Food Services
3 3 3 | - Transport, Postal and Warehousing
J- Information Media and Telecommunications
2 2 22 K- Financial and Insurance Services
L- Rental, Hiring and Real Estate Services
M - Professional, Scientific and Technical Servi
N - Administrative and Support Services
O- Public Administration and Safety
ABCDEFGHI| JKLMNOPQR SNA P-Educationand Training
Q- Health Care and Social Assistance
R- Arts and Recreation Services
S- Other Services

O P N W h O O N @
L

Industry Perspective

Figure 5. Industry perspective of interviewees. Note that each interviewee was only assigned to one industry, but the
interview may have covered multiple perspectives (e.g., @ major supermarket chain was assigned to F - Wholesale
trading, but the interview also covered warehousing (1) and retail (G) perspectives). NA indicates the interviewee did not
represent any of the listed industries.

2.3 Overview of report and analysis

This report documents the discussions from the 32 interviews. The interview data was
predominately evaluated using qualitative thematic analysis, which is a ‘method for
identifying, analysing and reporting patterns (themes) within data’, where the theme
captures important aspects of the data and meaning within the data set3. Unless noted
otherwise, the themes presented are in the authors words and aim to summarise sentiments
raised by interviewees.

Quantitative analysis methods were also utilised and are presented throughout the report.
Frequency, which is denoted as ‘(n=x)" following a statement, was often used as a means to
understand whether opinions were common or unigue among interviewees. However, the
presented frequency counts do not necessarily indicate that other interviewees do not
share the same opinion. They only show that ‘x’ number of interviewees stated that opinion
during the interview process. The frequency count was used in conjunction with data on the
interviewee perspectives (as presented in Figures 2-4) as a means of identifying emerging
trends or factors that may influence risk tolerance.

3 Braun V & Clarke V. (2006). “Using Thematic Analysis in Psychology.” Qualitative Research in Psychology 3 (2): 77-101.
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It is important to note that interviewees were selected to demonstrate a breadth of
expectations, and not as a representative sample of the population or sectoral perspectives.
Therefore, the analysis in this report is not intended to serve as a statistical representation of
the population. Readers should focus on the nature of the sentiments raised by interviewees
and general patterns of views. Useful patterns include the frequency with which a view is
raised, and whether views are similar or differ between different perspectives.

Overall, eliciting societal tolerance for seismic risk is influenced by several dynamic factors?.
Social norms evolve® ¢ and are influenced by proximity to adverse events?. Social norms are
also influenced by current policy settings, community context and how hazard information is
presented?. Risk preferences can vary significantly among individuals based on education,
experiences, and personal circumstances. This temporal and individual heterogeneity needs
to be acknowledged and reflected in the interpretation of data on societal risk expectations.
Hence this analysis is designed to show a snapshot of perspectives, in time, across a diverse
range of individuals. It is not intended to be representative of all views across New Zealand
but rather demonstrate the breadth and trends in expectations.

4 May PJ. (2001). Societal Perspectives about Earthquake Performance: The Fallacy of “Acceptable Risk”. Earthquake
Spectra; 17 (4): 725-737. https://doi.org/10.1193/1.1423904

5 Legros S & Cislaghi B. (2020). Mapping the Social-Norms Literature: An Overview of Reviews. Perspectives on
Psychological Science, 15(1), 62-80. https://doi.org/10.1177/1745691619866455

6Young HP. (2015). The Evolution of Social Norms. Annual Review of Economics; 7 (1): 359-387. doi:10.1146/annurev-
economics-080614-115322

7McClure J, Ferrick M, Henrich L, Johnston D. (2019). Risk judgments and social norms: Do they relate to preparedness after
the Kaikoura earthquake? Australasian Journal of Disaster and Trauma Studies; 23 (2): 41-51.

8 Vinnell LJ, Milfont TL, & McClure J. (2019). Do Social Norms Affect Support for Earthquake-Strengthening Legislation?
Comparing the Effects of Descriptive and Injunctive Norms. Environment and Behavior, 51(4), 376-400.
https://doi.org/10.1177/0013916517752435
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3. Findings

3.1 Expectations during a major earthquake

In an effort to understand the expected impacts of a major earthquake as well as the
response and recovery needs of affected individuals and communities, interviewees were
presented with the following prompt:

Imagine, 20 years from now, that your community has been hit by a rare and
significant earthquake. The prolonged and severe shaking is frightening to most
people. Physical damage causes considerable and prolonged disruption to normal life.

The focus of the Resilient Buildings Project is about how buildings should perform in the
future. Therefore, the purpose of establishing that the hypothetical earthquake takes place
in the future (20 years from now) was to encourage the interviewees not to be limited by
their understanding of the building code performance objectives and the current risk
environment, nor constrained by their experiences of recent earthquake events. Instead,
interviewees had the freedom to define what the built environment might look like in the
future to support their recovery needs.

The interviewees were asked a series of questions that aimed to establish 1) the most
important aspects of the built environment, 2) aspects of the built environment that the
community could live without, and 3) secondary impacts (i.e., consequences) from failures
in the built environment that would be unacceptable.

In terms of overall performance, all interviewees expect new buildings should withstand a
major earthquake without creating a significant threat to the life safety of building
occupants or passers-by. Significant structural failures, including total building collapse, are
unacceptable (n=7). Damage to non-structural systems (e.g., cosmetic cracks to plaster
board, damage to ceiling tiles or mechanical ducts) is expected to occur in most buildings.
The extent to which damage to non-structural systems affects building functionality will
vary building to building.

Outside of individual building performance, interviewees understood that external factors in
the built environment have the ability to impact the post-earthquake functionality of their
buildings. Most buildings are reliant on the performance of critical infrastructure to ensure
access to utilities such as power, water, sewer, gas, and telecommunication. Damage to
these systems will impact building usage. Damage to transportation infrastructure (e.g.,
roads and bridges) may impact one’s ability to access their building, as would damage to
neighbouring buildings that result in cordoned areas.

Potential consequences of failures in the built environment from earthquake damage as well
as priorities for the response and recovery process are discussed in the following sections.

3.1.1 Life safety

All interviewees discussed life safety during earthquakes, with most interviewees (n=24)
explicitly stating that safety would be their first consideration following a major earthquake.
It is generally expected that buildings should protect lives in earthquakes and building
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occupants should be able to safely evacuate a building following a major earthquake (n=9).
Five interviewees also discussed the risks that buildings could pose to passers-by or
evacuated occupants, with falling glass cited as a particularly concerning hazard in urban
areas.

“I expect my building to not kill or injure me. | expect it to withstand the kinds of
quakes for which Wellington should be prepared, to not fall over if that quake brings
a tsunami, and to allow me to eventually exit the building when it is safe to do so.” -
Interviewee (private sector, high seismic hazard zone, tenant)

Following an earthquake, fire safety was a concern for some interviewees (n=3). Earthquake
shaking could damage reticulated gas lines and fire protection systems (e.g., fire wall
barriers and sprinkler systems). Damage to these systems could result in a conflagration
that spreads to adjacent buildings. There was concern that fires would be particularly
challenging to contain if there is damage to the surrounding water supply or transport
routes.

Three interviewees expressed a belief that deaths following a significant earthquake are
inevitable. This primarily stemmed from a belief that eliminating all risk is impossible given
the seismically active setting of New Zealand.

“I think we’ve got to accept the possibility of some loss of life, just as we accept the
possibility of loss of life on our roads, and in the event of landslides, and flooding,
and all those things. - Interviewee (public sector, national perspective, environmental
expert)

In addition to being safe during an earthquake, interviewees expressed a desire to have
reassurances of their buildings’ safety. People look to authority figures (e.g., engineers or
building managers) to provide confidence that their building is safe to re-occupy after a
large earthquake (n=11). This confidence is crucial for making decisions during the response
and recovery processes.

“So from a safety perspective, it’s important to have that reassurance from our
structural engineers that [they] are comfortable that we can be inside this building.”
- Interviewee (private sector, national perspective, owner occupier)

“The first thing we’re looking for from our buildings is certainty. Can we go back in?
Are we allowed to? Health and safety? What’s that crack mean? Certainty is the thing
you need, because to make decisions, you need information.” - Interviewee (private
sector, national perspective, tenant)

3.1.2 Response priorities

The immediate concern of most interviewees following a major earthquake was for the
safety of themselves, building occupants that they were responsible for, and their loved
ones. Correspondingly, an early response priority is the ongoing provision of services that
support life - including emergency response services and healthcare.

It is generally expected that emergency services will continue to function after a major
earthquake so that those who need help are able to receive it. Buildings identified as critical
in the early response phase included hospitals or other medical centres (n=14), emergency
operations centres (i.e., buildings that host civil defence and search and rescue operations)
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(n=13), fire stations (n=6), police stations (n=5), and ambulance depots (n=3). Interviewees
also spoke about the need to keep key arterial routes open (i.e,, clear of building debris or
land damage) to ensure that ambulances and other emergency vehicles are able to be
dispatched to areas in need and return any injured persons to emergency medical centres
(n=7).

The ability to move people and supplies into and out of the affected area was also a
common topic (n=15). Ensuring that critical routes remain open allows people to return to
their homes after an earthquake (n=10). This was a particular concern for Wellington, where
thousands of people are likely to be stranded in the Central Business District if a major
earthquake occurs during a workday and cuts off transport routes to surrounding suburbs.
Roads also allow for emergency supplies (e.g., food, water, medication) to be delivered to
the affected area (n=8). However, it was noted that there are alternative means of
delivering supplies (e.g., by ships or helicopter) in an emergency (n=2).

The ability to communicate with others was identified as critical to the early response, and
therefore maintaining telecommunication networks (i.e., cell phone coverage) is a key
priority (n=14). Communication is important for the coordination of emergency services. It
also allows people to connect with loved ones to enquire about their safety and wellbeing.
Some interviewees were concerned about cell networks being overloaded immediately
after an earthquake, which was an issue after the Kaikoura earthquake, and suggested that
even reduced coverage (e.g., texting only) would be acceptable.

After the acute health and safety and access concerns are attended to, the basic needs of
individuals must be met. This includes access to shelter (n=15), water (n=19), food (n=14),
and medication (n=3). A suitable shelter would be a warm, dry, safe and secure location
with access to facilities for food, water, and sanitation. The ideal place for most people to
take shelter is in their own homes. It was noted as particularly important that medium to
high-density housing continues to provide shelter after a major earthquake, preventing
large numbers of people from being displaced (n=5). Temporary housing needs to be
provided for stranded visitors or locals with damaged houses (n=9).

“Within a day, you need as much as possible to give people the necessities of life:
food, shelter, water” - Interviewee (private sector, national perspective, expert in
building sector)

“We need to ... find ways that we can get people from wherever the problem is to
somewhere safe, and then from there back to their homes.” - Interviewee (private
sector, national perspective, owner occupier)

Interviewees were generally accepting of disruptions to utilities (e.g., water and sewage) in
their homes for days, weeks or even months after a major earthquake, as long as basic
needs could be provided for with temporary measures (e.g., community water points and
portaloos) (n=8). Power was noted as being more time-critical to return to function,
particularly in the winter months when people need to use heaters (n=12).

Interviewees were also accepting of community buildings taking on post-disaster functions
after a major earthquake (n=11). Schools, halls, gymnasiums, stadiums, maraes, churches,
libraries, and community centres were all suggested as buildings that could be repurposed
as civil defence centres or temporary accommodation. Many interviewees (n=12) also spoke
about the need for a ‘community hub’ to be established after a major earthquake. The
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purpose of this hub would be to provide a central location for people to gather and share
information about the response.

In fact, clear communication and information sharing were identified as one of the primary
community needs during the response phase (n=13). The information that people seek after
an earthquake includes the status of neighbours and the locations of supplies, mental health
services, and other support networks. It was noted that methods of communication (e.g.,
text, radio, calls, in-person hubs) should be utilised in order to ensure that vulnerable
individuals and communities (e.g., disabled, elderly, non-English speaking) have access to
pertinent information.

In order to reduce ongoing burden on emergency services, it is important to enable
individuals to look after themselves and others as much as possible. As previously
mentioned, keeping people in their own homes reduces the need for temporary housing.
Other buildings in the community identified as helpful for individuals to retain independence
after a major earthquake include essential retail such as supermarkets and pharmacies
(n=4), petrol stations (n=3), and banks (for ATM/cash access) (n=3).

3.1.3 Recovery priorities

After a rare and significant earthquake, people are generally tolerant of disruption during
the recovery process at least in the early aftermath. However, this tolerance for disruption
after an earthquake is finite, and people need to see progress towards normalcy in order to
recover confidence about the future (n=8).

The interviewees identified a range of recovery priorities relating to mental health, social
recovery, economic recovery, and the natural environment. The nature of these priorities
and how they relate to recovery of the built environment are discussed in the following
sections.

Two priorities, in particular, seemed to provide a foundation for other aspects of recovery.
These were (1) the provision of safe, secure, and healthy housing and (2) a desire for
certainty and confidence in the recovery process.

Overall, the ability to keep people in their homes after an earthquake (or provide adequate
housing alternatives) was identified as one of the most vital aspects of recovery (n=7).
Ensuring that people can continue to live in safe and healthy homes is essential for mental
well-being and enables individuals to contribute to the social and economic recovery of
their community.

“| think that a key to our resilience, in so many ways, comes back to our housing and
the key lifelines associated with enabling people to stay in their homes. If they can
work from home and have the basic amenities, they can keep their job, they can keep
sending their kids to school, they can keep their biggest financial investment if
they're homeowners” - Interviewee (public sector, high seismic hazard zone,
community recovery expert)

The interviewees that spoke about a desire for certainty and confidence in the recovery
process often reiterated the idea several times throughout their interview. Having
confidence that their building(s) are safe and their community can bounce back in a timely
manner was key to achieving positive recovery outcomes. Uncertainty in the recovery
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process could lead to poor mental health, encumbered social and economic recovery, and,
ultimately, the retreat of people and businesses from the affected area.

“['The success of the recovery] will be a combination of the duration of [the
recovery] and the certainty. So, a longer period that is certain and fixed is better
than one that’s shorter but with a lot of uncertainty about whether [the recovery] will
extend out for years beyond.” - Interviewee (public sector, high seismic hazard zone,
tenant)

Recovery progression

The interviewees were asked several questions related to their needs after a major
earthquake and what they could live without. While these needs varied based on
circumstance, there were general trends in how interviewees expected recovery to
progress.

It was noted that interviewees were most comfortable talking about short term recovery
priorities (i.e., the first several months after the event). Longer timelines were generally
difficult to discuss in detail because of the varying possible levels of disruption and the
many interdependencies and uncertainties in the recovery process.

The earliest part of the recovery process is about enabling people to get back into buildings
or start the repair or rebuild process. Most larger buildings will need to be inspected by an
engineer to allow for re-occupancy after an earthquake. It was generally expected that this
inspection would occur within the first day to week following an earthquake, depending on
the size of the earthquake and the supply of engineers in the area (n=4).

For buildings determined to be structurally sound by the engineer but not fit for continued
use (e.g., severe non-structural damage), the collection of essential belongings was an early
priority (n=4). This could include allowing people to return to their apartments to collect
important documents or their workplaces to collect essential business supplies. The
collection of these types of belongings enables individuals or businesses to make alternative
arrangements while their building is closed for regular use.

Some interviewees discussed the importance of getting cash into the community quickly
after a major earthquake (n=3). Quick financial support from banks or insurers can fund
recovery or relocation efforts of individuals and businesses. Cash gives people the flexibility
to take action that suits their needs, whether that be starting repairs or relocating.

Within the short term (i.e,, the first few months of the recovery process), people may still be
adaptable but are looking for more stability and certainty than they may have experienced
in the first few weeks of the earthquake. This stability can come from having a
safe/secure/sanitary home, being able to earn a living, and starting to return to normal
activities.

Interviewees noted that people living in damaged homes should be able to maintain safe
and sanitary living conditions. Buildings should be weather tight, power and
telecommunication (i.e., internet) available, and councils should be collecting rubbish. There
was still some tolerance for disruptions to normal water and sewerage systems (n=2). This
tolerance was primarily based on the Christchurch experience, where many households
went months without indoor plumbing. Other interviewees (n=4) expressed that homes,
especially relatively new ones, should not have to go months without indoor plumbing.
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Temporary sewerage measures were considered unsustainable for large apartment
buildings.

Schools opening in the short term (i.e, less than eight weeks) was a priority for many (n=5).
Schools assist students to regain a sense of normalcy by attending class and seeing their
peers (n=1). Schools also enable parents to return to work and/or attend to repairs (n=5).

“The focus [following the Canterbury earthquakes] was on how to get kids back to
school. How do you normalize life? Maybe it was an unrealistic expectation because
we couldn’t normalize it but getting kids back into school gave everybody a bit more
breathing space. You now had a population who were being cared for. Because it
was quite difficult [for parents], you know, when you're living in a damaged home,
and have all that stress of EQC, and just living in that [post-earthquake] environment.
When you take away one problem, the kids being educated, it was a huge, | think, a
huge relief for a lot of parents” - Interviewee (public sector, national perspective,
owner occupier)

Getting people back to work within months of an earthquake was also a priority identified
by interviewees (n=2). People need to be able to generate an income to support themselves
and their families. Many interviewees discussed the importance of having access to
information technology (IT) to enable businesses to continue running remotely and people
to work from home (n=11). For many people, reliable internet connections to enable virtual
meetings and access to cloud or web-based services were viewed as a suitable alternative
to needing a physical building in the short to medium term. This sentiment was primarily
based on recent experience with COVID-19. However, it was noted that people would need
to have a reliable living environment to work or attend school from home, which is not a
guarantee after a major earthquake.

“In the economic space, COVID has certainly driven us to be able to work from home
in a more effective way. But if telecommunications are down, that's obviously a
challenge. That becomes a bit of an ... existential question, ... ‘If we don’t have jobs
here in the short to medium term, where do those people go and what does the
future look like?’” - Interviewee (public sector, high seismic hazard zone, community
recovery expert)

“Commercial space itself, you can do without for a certain amount of time, because
these days most organizations... have pretty good resilience strategies for weeks -
weeks to months. You can work from home and stuff like that, assuming you've got
power at home and the necessities of life. | think if you get beyond months - and this
is what happened in Christchurch - if you get beyond months, people go, 'Well
[obscenity], we need a Plan B.” Like you're not going to go back to Plan A” -
Interviewee (private sector, national perspective, tenant)

Also in the short term (within first few months), people expressed desire to participate in
normal social activities such as going out to eat or playing sports (n=2). There was
acceptance that these normal activities may take place in temporary facilities (e.g., food
trucks instead of restaurants and fields instead of stadiums).

It was noted that if people aren’t seeing progress in their communities within the first few
months following an earthquake, they will lose confidence in the recovery (n=8). This lack of
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confidence in the short term could have long term consequences if people start to move
themselves and/or their business out of the affected area.

In the medium to long term (several months to years following a major earthquake),
interviewees generally spoke about wanting more ‘normal’ social and economic activity to
resume over time. This included the reopening of restaurants, pubs, and cafes as well as
other workplaces opening and operating from permanent facilities. The return of office-
based workers was noted as being particularly important in city centres because these
workers provide the customer base for many retail and hospitality businesses (n=3). People
also want more permanent community spaces to open (e.g., libraries (n=3) and pools or
other sporting facilities (n=4)). Finally, opening public assets for events (e.g., stadiums and
convention centres) will attract tourists, bringing new customers to local businesses (n=1).

Hindrances to recovery

Several interviewees expressed intolerance for a long, drawn-out recovery (n=6) and
identified factors that would impede progress for individuals and communities. These
hindrances to the recovery process included damage to critical infrastructure, damage to
surrounding buildings, ‘red tape’ in the building consent process, and protracted insurance
settlements.

“I think what's unacceptable is delayed recovery. Unnecessarily delayed recovery, for
a whole range of reasons.” - Interviewee (private sector, national perspective, expert
in building sector)

Re-establishing key critical infrastructure was a noted early recovery priority because
progress is often dependent on this infrastructure being operational (n=3). Major arterial
routes to and from the affected area enable the transportation of people and essential
supplies, including building supplies. Roads within the affected town or city also need to be
functional to allow for the delivery of supplies and for contactors to access buildings. A
functioning power supply also helps to enable repair or rebuild efforts. In terms of economic
recovery, functional critical infrastructure is required because most businesses will not be
able to operate from premises that do not have reliable road access or utilities such as
power, telecommunication, and water.

Damage to surrounding buildings can also hinder an individual or business’s ability to
recover (n=10). The damage to adjacent buildings may cause a safety hazard that prevents
access to other buildings in the area, delaying repairs and ultimately the return to function
of those buildings.

“Even if you had a highly resilient, base-isolated building in the CBD, you might be
surrounded by buildings that are vulnerable.... You may not be able to access [your]
building for months, if not a year or two, simply because of the dangers that those
adjacent buildings pose to your highly resilient building.” - Interviewee (private
sector, national perspective, expert in insurance sector)

The Government was also identified as a potential inhibitor of recovery efforts (n=3). It was
noted that flexible and expedited consenting is necessary to enable quick repairs or
temporary solutions that facilitate the reoccupation of homes and businesses. Some
interviewees drew on their experience following the Canterbury earthquakes to explain that
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uncertainty and indecision related to proposed changes to land use zoning in the CBD and
suburbs following an earthquake slowed the rebuild®.

“Having sufficient flexibility in zoning and consenting to let people get on with things
after the event and getting more housing so that [people] aren't reduced to living in
cars and shacks and sheds, that matters to me.” - Interviewee (public sector, high
seismic hazard zone, tenant)

“The regime uncertainty that is introduced by [the government’s] inability to make
decisions about what the plan might be.... Frustrates individuals’ efforts to form their
own recovery, whether it’s in their home or in their business.” - Interviewee (public
sector, high seismic hazard zone, tenant)

Delays in access to financial resources can severely inhibit recovery progress and outcomes.
For example, some interviewees spoke about how changes to the seismic design standard
following the Canterbury earthquakes™ complicated insurance claims and delayed
settlements (n=2). Overall, delays to the settlement of insurance claims, for any reason, is
costly both in terms of monetary expense and social harm (e.g. stress and anxiety) for
individuals seeking payments to fund their recovery efforts. An interviewee from the
insurance sector explained these costs:

“One of the ... lessons learned ... in Canterbury is that the longer it takes to settle a
claim, the more expensive it gets. And the more uncertainty around what the
insurance liability is.” - Interviewee (private sector, national perspective, expert in
insurance sector)

“If the government is taking actions that prevent the insurance company from
providing support immediately, then the result will be social harm to that family,
because they will be unable to progress their lives if they want to move elsewhere,
buy another property, and put themselves in a safe place. So, lots of things follow
when you don’t have those payments come through.” - Interviewee (private sector,
national perspective, expert in insurance sector)

Addressing these potential hindrances before a future event can support effective and
timely recovery.

Mental health

Mental health and well-being following an earthquake were a concern for most of the
interviewees (n=18). A post-earthquake environment is full of stressors of many forms,
including visual reminders of the earthquake (i.e., building damage), aftershocks, degraded
infrastructure including closure of schools, places of worship, and recreation facilities,
prolonged insurance settlements, and in some cases financial uncertainty. In general, the
best way to alleviate adverse effects on mental health, identified by the interviewees, was

2 According to Chang et al (2014), the three most significant decisions in recovery were the establishment of the
Canterbury Earthguake Recovery Authority (CERA), the residential red zoning, and the cordoning of the CBD. Chang,
SE, Taylor, JE, Elwood, KJ, Seville, E, Brunsdon, D, Gartner, M (2014) Urban disaster recovery in Christchurch: The central
business district cordon and other critical decisions. Earthquake Spectra 30(1): 513-532.
https://doi.org/10.1193/022413EQSO50M

0 The seismic hazard factor (aka Z-factor) is a fundamental value used to determine the design seismic actions for
buildings. Following the 2010/11 Canterbury earthquakes, the Z factor in Christchurch increased from 0.22 to 0.30 to
account for the greater seismicity in the region.
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to prevent a lengthy recovery process and facilitate a return to normalcy as quick as
possible.

Individuals may be traumatised by the ground shaking and poor performance (perceived or
actual) of buildings to the extent that they are wary of entering certain types of buildings
(e.g., tall buildings) (n=2). Visible earthquake damage to buildings (even non-structural
damage) may trigger anxiety and undermine confidence in the safety of a building (n=3).

The chronic stress related to having an unstable living environment, employment
uncertainty, and/or having a lengthy insurance settlement or dispute can negatively affect
personal and professional relationships. The stress of an earthquake and the recovery
process may impact an individual's ability to perform at their job if that stress makes them
distracted and tired (n=4). Dealing with issues related to the earthquake and recovery
process can also result in a lack of spare time and time spent with loved ones (n=2). These
mental health-related issues can have a multi-generational impact if parents are unable to
provide adequate care for their children, who may also be traumatised by the earthquake
(n=3).

“The people who were the most affected with serious mental health problems were
not actually the people who lost spouses, but the people whose homes were in really
terrible condition” - Interviewee (public sector, national perspective, building user)

“It's unacceptable to have a really drawn-out recovery that is just too long... So
Christchurch has been unacceptable in many ways... People’s houses, homes down
there, and the crap people have had to go through with insurance. It's just
unacceptable... this prolonged chronic stress of trying to recover.” - Interviewee
(private sector, national perspective, building user)

“The rollout from the mental health issues [since the Canterbury earthquakes] has
impacted a generation. So, you’ve got mums and dads who have been dealing with
earthquake issues, raising kids who have not been raised correctly. The teachers are
looking after things that they shouldn't be looking after, the kids soiling themselves
because they haven't been trained to get to the toilet. And it just goes on and on
when ignored. So, you know, there is a wave of a generation that's coming through
that has particular earthquake-related mental health.” - Interviewee (private sector,
high seismic hazard zone, tenant)

People who have had their homes, businesses and communities impacted may feel as if
they have lost control over their environment, which can adversely affect their mental
health (n=8). This feeling of losing control is heightened by long and drawn-out insurance
settlements or other hindrances to the recovery process (e.g., a difficult consenting process
or a safety hazard from a neighbouring building restricting site access) that make
individuals feel as if they are at the mercy of others. Overall, the ability of an individual to be
resilient to the mental health impacts of an earthquake largely depends on their personal
circumstances prior to the earthquake. The stress of an earthquake has the potential to
exacerbate existing mental health conditions (n=1). It also may be the tipping point for
someone already dealing with multiple or significant hardships in their everyday life (e.g.,
COVID-19 impacts, securing housing and/or employment).

“['The earthquake] puts [individuals] completely out of the control. They have no
control over what's happening around them. They have no control over what’s
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happening to their families... [They] are subject to that EQC Act [National
Government Insurance Scheme] and to [their] insurance company. So there’s other
people in control of [their] destiny.” - Interviewee (public sector, high seismic hazard
zone, owner occupier)

“"We have many other modern pressures being placed upon our citizenry, [such as]
the Auckland housing crisis and issues around ensuring employment. There are
probably a lot of people who are already fairly stretched in terms of their personal
psychological resilience. So, if you then add a major disaster on top of that, how
many people are going to effectively just snap?” - Interviewee (public sector, low
seismic hazard zone, community expert)
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Social and economic recovery

Further to the recovery priorities already described, the interviewees mentioned additional topics related to social and economic recovery.

Table 1 and Table 2 outline themes related to social recovery and economic recovery, respectively, that were discussed during the

interviews.

Table 1. Additional themes related to social recovery

Theme

Description

Communities are adaptable.

All interviewees described ways that their communities could adjust to survive in a post-earthquake environment
because, as one interviewee explained, “Communities have the instinct and resilience to readapt.” For example,
micro-communities (e.g., church congregations) that typically gather in buildings can adapt and move post-event if
necessary, as the community is built of individuals, not just buildings (n=3).

Communities should be
empowered to help manage their
recovery.

Community members will be most aware of their community’s specific needs after an earthquake and are best
placed to determine how response and recovery efforts should be prioritised (n=3). Therefore, community leaders
should work with civil defence and other non-local relief organisations to allocate services and resources to
accurately reflect the needs and wants of the community.

“How do you support communities to do what they need to do, rather than just trying to provide services?
Because you'll never have the capacity to do it all, and you'll never do it right” - Interviewee (public sector, high
seismic hazard zone, owner occupier)

Individuals should be empowered
to help with community recovery.

It is important to provide individuals with a sense of purpose after a major life-disrupting event (n=2). Identifying
ways of empowering individual community members to assist in the recovery process may help alleviate mental
health impacts and build a stronger community.

There needs to be an equitable
distribution of resources in the
recovery process.

Less affluent communities are likely to be disproportionately affected by the impacts of a major earthquake (n=3).
These communities tend to have older buildings that are more likely to be damaged and community members that
work more service-based jobs that will be disrupted if commercial buildings are not functioning. They may also have
community members whose financial status makes them more vulnerable to disruptions. Government assistance
should be equitably distributed such that these communities receive adequate resources to enable recovery.

Vulnerable people may have
additional needs in the recovery
process.

Vulnerable members of society (e.g., elderly and physically or mentally disabled) have a high risk of becoming
isolated if damage to their home and surrounding environment results in disruption to their regular social routines
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Theme

Description

and/or dislocation from their community (n=3). Special care needs to be taken by community members to prevent
the isolation of these vulnerable individuals.

The post-earthquake environment presents significant barriers to the mobility of physically disabled individuals
(n=3). Temporary access paths provided during the response and recovery efforts should be suited to people with
different levels of mobility.

The preservation of heritage is
important for future generations.

While it was generally acknowledged that the preservation of heritage buildings is not an immediate priority in the
recovery process, many still find it important to maintain some heritage sites as touchstones to a shared history
(n=6).

It was noted by a heritage expert that there is no appropriate timeline for repairing heritage buildings; communities
can work to a timetable that fits their resources and needs. Regardless of the state of a heritage building - be it
open, closed for repairs, or demolished - the cultural identity of a community or heritage site can be maintained
through stories (n=1).

"The one thing that absolutely can be retained for everything, no matter what its final stages, is its story.” -
Interviewee (public sector, national perspective, cultural heritage expert)

Heritage buildings pose an
unacceptable risk to safety and
recovery.

Some interviewees explained that they do not feel a social or cultural connection to heritage buildings (n=3).
Rather, they view earthquake-prone heritage buildings as safety hazards that may hinder future recovery efforts.
These interviewees would rather have old, damaged buildings pulled down, regardless of heritage status, to
expedite recovery following a major earthquake.

“Heritage buildings are stagnating. You can’t use them because they’re seismically prone, and you can’t fix
them because they're heritage enabled. If a few of them got knocked over [in an earthquake], a lot of people
would probably cheer if there were nobody in them.” - Interviewee (private sector, national perspective,
tenant)

Business and population loss
impact sense of place.

Loss of a critical mass of buildings, business or population can impact the vibe of a city, how it looks and feels, and
disruption to this could negatively impact people’s sense of place in a community (n=4).
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Table 2. Additional themes related to economic recovery

Theme

Description

Business confidence is necessary
to stimulate recovery.

Economic agents in a community need to be perceived by others as being safe, secure, and of high quality to minimise
reputational damage and prevent investors from fleeing an area (n=4).

Schools enable parents to return
to work.

Having schools open enables parents and guardians to go to work by ensuring their children are cared for (n=5).

A stable home life enables people
to return to work and be
productive.

Living in an unstable home environment, such as a quake-damaged house, can affect people’s physiological and/or
psychological health, resulting in reduced productivity at work (n=4).

Maintaining infrastructure that
supports the supply chain is
critical to economic recovery.

Ports and roads need to be functional to maintain supply chains for both essential and non-essential goods (n= 3).
Storage facilities are also critical to the supply and distribution of goods (n=3). A representative from a national
supermarket chain stressed the criticality of ensuring the ongoing operation of supermarket distribution centres, as the
supply of goods in a region (i.e., up to 50+ stores) is dependent upon deliveries from these centres.

Businesses are often
interdependent such that the
economic recovery of one relies
on others.

Most businesses cannot function independently; they are reliant on the ongoing operations of complementary
companies in their area and those in their supply chain. For example, tourism-based businesses rely on hotels and
cafes/restaurants to be operating to ensure that potential customers can comfortably visit an area (n=2). Similarly,
manufacturing companies will be affected if their suppliers or distributors are impacted by earthquake-related
disruptions (n=2).

Hospitality and retail jobs are
especially vulnerable to
disruptions from building damage

Many jobs in the service, manufacturing and primary production industries are dependent upon having a physical place
of operations. If the buildings that house these types of businesses are damaged or destroyed in the earthquake, the
employees will be out of work (n=2).

“You have those direct employment types of businesses, which require a physical presence within a space and
interaction with the public, such as retail, hospitality. If [the buildings] are completely written off, all the people who
work in those industries are instantly going to be out of a job” - Interviewee (private sector, high seismic hazard
zone, owner occupier)

Additionally, many service-based industries (e.g., hospitality and retail) are dependent on having a reliable customer
base. Businesses may be forced to close if they no longer have customers because they have moved away, no longer
work in the area or there is neighbourhood disruption (n=4).
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Description

Economic recovery is about
prioritising and rationalising
business resources.

Businesses will need to adapt to the disruptions caused by a major earthquake. In doing so, they may need to make
tough decisions about their business model to stay afloat (e.g., the range of products they can offer or the number of
staff they can employ) (n=1).

“But the reality is that you have to prioritize your return because you can't fix everything straight away. You have to
prioritize where your major focus and growth is. You then have to rationalize some of the less popular and less
attractive options ... because to keep your areas of strength, you may have to reduce your total offerings.” -
Interviewee (public sector, high seismic hazard zone, owner occupier)

The recovery process can

introduce new job opportunities.

The recovery process may generate new job opportunities for people in the construction sector or those willing to work
jobs related to the repair or rebuild (n=1).
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Natural environment

The natural environment was not typically top of mind for interviewees when considering
the potential impacts of failures in the built environment following a major earthquake.
However, when prompted to consider topics such as sustainability, carbon emissions, and
waste, it became apparent that these are emerging priorities for many.

One of the most common concerns was managing the waste generated from demolished
buildings (n=6). The Christchurch earthquake was often cited as an example of an
earthquake that resulted in widespread building demolition, which required innovative
approaches to waste management. Interviewees were concerned that the uncontrolled
demolition of buildings would result in ground contamination from hazardous building
materials (e.g., asbestos) and a lost opportunity to re-use or recycle building materials.

A less common counterpoint to this view is that building waste has to be dealt with at some
point, so it is not a significant concern or priority specific to earthquakes (n=1).

“There’s always going to be environmental impacts. | mean, dust and asbestos, petrol
falling out of tanks and going into the water and stuff like that... | think that a lot of
that stuff is probably pretty minor in the scheme of things.” -Interviewee (private
sector, national perspective, tenant)

The carbon cost of demolishing a building due to earthquake damage was also discussed
by some interviewees (n=4). Reducing carbon emissions is an emerging priority for many
individuals and organisations. The untimely demolition of a building would counteract
environmental sustainability objectives. Several interviewees observed that fixing a building
is more sustainable than demolishing and rebuilding it (n=2).

“We've been very much focusing on low impact design, so ensuring that the building
is operational and doesn’t need to be knocked down as a consequence of the
earthquake. So clearly, the embodied emissions are really raising up the profile at the
moment. We don't want to waste millions or thousands of tons of embodied carbon
because of the earthquake. So that's probably the longer-term priority.” -
Interviewee (public sector, national perspective, sustainable construction expert)

Containing other potential pollutants (not from building demolition waste) was also a
priority. Some interviewees thought it was important to take precautions prior to an
earthquake to ensure buildings that hold hazardous materials (e.g., acids) are not damaged
in a way that would cause containment issues (n=3). Sewage was also identified as a
potential pollutant if there is damage to underground piping or wastewater treatment
facilities (n=3).

One interviewee noted that there might be some environmental benefits to the widespread
demolition of buildings in an area, citing the renewal of plant and animal life in the ntnkaro

T Brown C, & Milke M. (2012). Case study report: 2010 Canterbury and 2011 Christchurch Earthquakes - Demolition and
Disaster Waste Management.
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Avon River Corridor (an area that was declared a residential red zone) following the
Canterbury earthquakes'.

"When people moved out [of the Christchurch residential red zones], nature re-
established itself, which was a bonus” - Interviewee (public sector, national
perspective, owner occupier)

Irrecoverable damage

Interviewees were asked to identify types of disruption that might cause irreversible or
irrecoverable damage to a community. Interviewees considered either the community in
which they lived (e.g., Wellington) or the micro-community they represented (i.e., an
individual business).

Most interviewees discussed their belief that the flow-on effects of widespread damage to
the built environment (city or town) would be irrecoverable. Extensive damage to buildings
and infrastructure would require a long and disruptive recovery, with limited assurance that
the community could return to pre-earthquake levels of social and economic activity. The
extent of the disruptions, duration of the recovery, and the uncertainty associated with both
may be beyond what individuals and businesses are able to tolerate, and in the worst case
this could lead to a mass exodus.

Examples of disruptions considered irrecoverable are presented Table 3 and Table 4. In
residential areas irrecoverable disruption arises when residents cannot secure safe, sanitary
and secure housing in a reasonable timeframe after an earthquake, or if their social ties
within the community begin to fracture. For businesses, irrecoverable disruption could
result from a breakdown in their supply chain and/or a loss of part or all of their customer
base. Uncertainty about the duration of these disruptions could lead to a lack of confidence
in the area, driving businesses to close or relocate.

Some interviewees identified the likely physical causes of the socio-economic disruption
noted in Table 3 and Table 4 such as severe land damage and environmental destruction.
Damage from liquefaction, fault scarps or a tsunami could result in the land being declared
unfit for reoccupation (as was the case for the Christchurch residential red zone following
the 2010-2011 earthquake sequence) (n=4). Earthquake damage that leads to environmental
destruction (e.g., soil or waterway contamination from wastewater or other hazardous
waste) could also make affected areas uninhabitable (n=1).

The capacity of individuals and communities to recover was also discussed. When multiple
destructive earthquakes occur in a short timeframe, the stress and disruption caused by
these successive events can be irreversibly detrimental to individuals and to the social and
economic fabric of a community (n=1).

2 See details of the ntnkaro Avon River Corridor Regeneration Plan at
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Table 3. Examples of disruptions considered to be irrecoverable for residents

Examples of Irrecoverable
Damage

Description

Critical loss of permanent
housing stock

People will begin to move away from an area if they cannot obtain/maintain safe/secure/sanitary housing in a reasonable
timeframe after an earthquake (n=4). A lack of housing may result from damage to single-family or multi-unit dwellings, or to
neighbourhoods where the land is damaged (as was the case for the Christchurch residential red zone). Long and uncertain
timeframes for repairs or rebuilding may be beyond what some individuals are willing to tolerate.

Loss of confidence in local
building stock and
infrastructure capacity

Widespread damage to buildings and infrastructure following a major earthquake could cause a perception that certain
places are not viable places to live. People may witness earthquake damage and decide that the risks associated with
continuing to live in a certain area are too great (n=1), or the disruption associated with reinstating badly damaged services
and buildings would be severe and prolonged.

Loss of the ability to obtain
adequate and affordable
home insurance

If an
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