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ABSTRACT

The islands of New Zealand lie astride two actively deforming tectonic plates, creating a
diverse physical landscape with high scenic value, but one which is prone to a range of
natural hazards. The Alpine Fault is a 450 km-long fault which defines the position of the
plate boundary as it runs the length of the Southern Alps in the South Island. Paleoseismic
evidence suggests it is overdue for a significant earthquake of magnitude ~ 7.8 - 8. Coincident
with this area of high seismic potential is a burgeoning tourism industry, which, over the past
two decades has shown remarkable growth, capitilising on the region’s international
reputation for unique nature-based tourism experiences. Visitor activities occur, at times, in
relatively remote and hazardous settings, such as National Parks, alpine or coastal areas.
Many tourism destinations in the Southern Alps can only be accessed via alpine passes or
road ends.
This research project adopted three methodological approaches to satisfy two objectives. The
first objective of the study investigated the physical outcomes of a large Alpine Fault
earthquake on the tourism industry. Modelled isoseismal data for a number of earthquake
magnitude scenarios were combined with map overlays illustrating tourist destinations,
transport infrastructure, activity settings and travel flows, using ArcView GIS software. The
second objective used a quantitative methodology involving a postal survey to gain insights
into the total population of tourism operators around the Southern Alps, which generated a
51% response rate. It investigated operator perceptions of regional seismic risk, their
perceived level of preparedness, and the factors that influence the resilience of tourism
businesses. A third methodological tool involved semi-structured interviews with key tourism
stakeholders and tourism business operators to add greater depth and support to the
interpretation of the quantitative results.
Results from objective one showed that a magnitude 8 earthquake is likely to produce severe
damage to infrastructure, buildings and roads, and cause lengthy interruption to human
activities throughout the Southern Alps. Widespread landsliding will cause an immediate drop
in visitation due to road closures, with long-term repair work (> 6 months) required to restore
access. Visitors in many small, remote, tourism-based communities will be left stranded for a
period of days until emergency authorities begin evacuating those most in need, adding to the
immediate burden on communities. Medium to long-term recovery outcomes may be
i

hampered by on-going aggradation of sediment in fluvial systems, particularly on the western
side of the Alps. Post-disaster recovery in terms of visitation is predicted to take
approximately 12-18 months, depending on the timing of the earthquake.
Objective 2 results suggested tourism operators understand the likelihood of an earthquake on
the Alpine Fault, but lack awareness of the potential consequences for their business.
Business owners consider themselves to be poorly prepared for a large earthquake, although
they see the benefit in taking steps to become more prepared. Emergency managers should
make efforts to convert tourism operator motivations into improved business preparedness,
primarily by making business preparedness information more readily available to the tourism
sector. Demographic variables were found to have only weak correlation with business
preparedness. Business characteristics, such as business longevity, size and turnover, had
varying degrees of influence on the uptake of key resilience ‘tools’, including continuity
insurance, induction, staff training and disaster planning. Levels of continuity insurance and
disaster planning were found to be inadequate and in need of significant improvement in light
of the expected outcomes of a future Alpine Fault earthquake on business function.
To date, there has been a significant gap in our understanding about earthquakes and their
potential effects on the tourism industry in New Zealand. This doctoral research project built
upon the crisis management and risk perception literature by providing critical insights into
the seismic risk perceptions and preparedness of business managers in a sector of the New
Zealand economy growing in prominence. In addition, it brought together the study of
tourism with the science of earthquakes to develop a clear illustration of the physical
outcomes of a future Alpine Fault earthquake around the Southern Alps. A magnitude 8 event
will cause considerable disruption to tourism activities for a prolonged period. Improvements
in business preparedness and resilience are urgently needed, which could be achieved using
innovative business and community-driven initiatives, with improved communication and
support from government agencies.
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CHAPTER ONE
Introduction
The islands of New Zealand lie astride the boundary between two tectonic plates on a small
segment of the ‘Ring of Fire’, a geological phenomenon encompassing the Pacific Ocean in
which 80% of all earthquakes occur (Bolt 2004). As a result of a highly active tectonic
environment, New Zealand experiences around 13,000 detectable earthquakes every year
(Anderson & Webb 1994). Most are too small to feel, but since European settlement (post
1840) eighteen significant earthquakes (magnitude > 7) have resulted in a total of 297 deaths
(Dowrick & Roades 2005). The relatively low death rate from historical earthquakes is a
function of low population density, but as the New Zealand population surpasses 4.5 million,
and annual international visitor numbers exceed 2.5 million, societal vulnerability is
heightened and the likelihood of more widespread impact from a significant earthquake
increases.
The tourism industry in New Zealand over the past two decades has shown remarkable
growth, and is now the country’s largest export industry, responsible for one in every ten jobs
(Tourism Research Council 2009). International visitor receipts generate $9.3 billion
annually, with an additional $12.4 billion from domestic tourism (Tourism Research Council
2009). Since 1999, total visitor arrivals to New Zealand have grown by 48%, with a forecast
of continued growth at 4.7% annually (Ministry of Tourism 2007a). Tourists are attracted by
images of New Zealand scenery, which is integral to a very successful international tourism
marketing campaign drawing on the country’s landscapes, culture, people and tourism
activities (Morgan et al. 2002).
The tectonic setting of New Zealand dictates, however, that human activity will occasionally
experience severe disruption due to large, devastating earthquakes. Seismic hazard
assessments in New Zealand indicate two faults have the most potential to generate such an
event; the Wellington fault in the North Island, and the Alpine Fault running west of the
Southern Alps in the South Island (Stirling et al. 2000). An earthquake on the Wellington
fault will impact a large, urban environment; the capital city of New Zealand. The Alpine
Fault, by contrast, traverses remote alpine environs of great scenic beauty with low population
densities, but with demonstrated potential for future tourism growth and development. The
focus of emergency management policies in recent years has been the vulnerability of
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Wellington city, because of its economic and political importance. There is a pressing need,
however, for research focussing on the social outcomes of a large Alpine Fault earthquake
(AFEQ) on communities and businesses located around the Southern Alps. More precisely, on
a sector of the business community that is growing in economic prominence; the tourism
industry.

1.1

Research Context

This research project builds on the foundation provided by three very different academic
disciplines. The first is the study of earthquake geology and natural hazard science (detailed in
Chapters 2 and 3), which provides the scientific basis for this investigation into the Alpine
Fault and the hazard it presents. Secondly, research into the psychology of risk over the past
five decades has provided critical tools for understanding and describing human perceptions
and behaviour in the face of the threats posed by natural disasters (described in Chapter 4).
Chapter 5 outlines the third theoretical pillar of this research project; the study of tourism
crises. Research in recent years has focussed on natural disasters and their impact on tourism
activities, using case studies of real events to illustrate the factors influencing tourism
recovery, community and social issues (Mazzocchi & Montini 2001; Faulkner & Vikulov
2001; Huang & Min 2002; Huan et al. 2004; Peters & Pikkemaat 2005; Huan 2007; Huang et
al. 2007; Ciciccio & Michael 2007). Others have contributed theoretically towards improving
crisis management and resilience within tourism businesses (Murphy & Bayley 1989;
Glaesser 2003; Ritchie 2004; Henderson 2007; Johnston et al. 2007; Laws et al. 2007; Pfoff
2009; Pforr & Housie 2009; Ritchie 2009).
Devastating catastrophes, such as the Boxing Day tsunami in the Indian Ocean (2004),
Hurricane Katrina (2005), the Samoan tsunami (2009) and the Haiti earthquake (2010) have
recently put the spotlight on natural disasters, with real time television footage showing the
events as they unfold. International media issue warnings to tourists to stay away, while local
economies experience immediate and widespread impacts from the loss of tourism earnings,
and endure many months of uncertainty before a return to anything resembling normal
business operation. As a consequence of the geology and geography of New Zealand, natural
hazards are commonly occurring events; from floods and landslides to volcanic eruptions and
earthquakes. Tourism development in New Zealand is often contiguous with high-risk areas,
such as on volcanoes or in alpine areas (e.g. ski fields). Tourism and natural hazards
frequently overlap in time and space, making them inherently vulnerable to serious disruption.
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For example, the eruptions of Mt Ruapehu (central North Island) in 1995/6 caused economic
losses in excess of $130 million, mostly in the ski and aviation industries (Johnston et al.
1999).
It is important to briefly introduce the concept of risk in the natural hazard context, with a
detailed description of terms following in Chapter 4. The term ‘risk’ is relevant to a multitude
of different academic disciplines, as well as public and private sector organisations and
individuals, each developing their own definition and understanding of it (Renn 1998; Slovic
& Weber 2002). In the natural hazard context, risk will be shown to be a relatively simple
function of ‘hazard’ (i.e. an earthquake) and the impact it has based on the ‘vulnerability’ of
society. In other words, the increasing complexity of human society results in enhanced
vulnerability to natural hazards, resulting in events being described as ‘natural disasters’
(Ritchie 2009). The recent Haiti earthquake clearly illustrated the vulnerability of a city which
lies close to an active plate boundary, with buildings predominantly constructed from
unreinforced masonry, and a population largely living in poverty; the net result was more than
200,000 casulties and the destruction of approximately 30,000 buildings in the city1.
For volcanic eruptions, hurricanes, far-source tsunamis or storms there is a window of
opportunity to inform local residents, businesses and visitors about impending disaster, and to
initiate pre-planned evacuation or mitigation methods. Earthquakes differ because of their
sudden onset and lack of lead-time for evacuation, leading Huan et al. (2004) to describe them
as ‘no-escape’ natural disasters. While earthquakes are uncontrollable, the consequences of
earthquakes on people and property can be managed to some degree (Lindell & Perry 2000;
McClure et al. 1999). Hazard management research in the past few decades has broadened our
understanding of the ways to mitigate and manage the consequences of earthquakes (Mileti
1999; Paton 2000; 2007; Paton & Johnston 2001; Paton et al. 2003a; Lindell & Perry 2000;
Lindell & Whitney 2000). Mitigation measures that increase the chances of survival (e.g.
storing water) and reduce damage (e.g. fixing objects to the wall) can significantly improve
post-disaster outcomes for individuals (Spittal et al. 2008). Millions of dollars have been
spent on hazard and risk communication programmes, but research into disaster readiness
suggests that relatively few people are prepared for a major natural disaster (Paton & Johnston
2006). Integral to understanding why people fail to prepare themselves for a natural disaster is
1

Reported figures are estimates, and continue to be updated by web-based news organisations at the time of
writing.
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the psychology of the perception of risk; the way individuals consider the level of risk to
which they may be subjected during a natural disaster, their ability to cope and recover from a
disaster, and the likelihood they will be affected by future disasters (Renn 1998; Sjoberg
2000; Paton et al. 2003c). Perceptions of risk develop from personal experiences, as well as
complex social and psychological factors (Slovic 1997; Rohrmann 2000). The nature of
earthquakes, in terms of the lack of forewarning coupled with long periods without any
noticeable seismic activity, contributes to a sense of complacency amongst individuals living
in regions with seismic risk, and the belief that there is little point getting prepared for an
event which is unpredictable and may never happen during one’s lifetime. Individuals with
certain psychological characteristics (e.g. fatalism, internal locus of control, see section 4.4.4)
tend to believe that earthquakes and their effects are uncontrollable, making them less
inclined to adopt mitigation measures (McClure et al. 1999).
Optimistic bias is a term used in risk perception research to describe an individual’s belief that
they are less likely to have their health, property or livelihood negatively affected by a natural
disaster compared to their neighbours or others in their community (Burger & Palmer 1992;
Lindell & Whitney 2000; Paton & Johnston 2001; Spittal et al. 2005). Their unfounded
optimism makes individuals’ less likely to prepare themselves for a disaster by adopting
hazard mitigation and reduction actions known as ‘hazard adjustments’ (Lindell and Whitney
2000). These measures may be as simple as storing drinking water, securing bookcases to the
wall, or getting involved in community preparedness initiatives. A recent public awareness
campaign implemented by the Ministry of Civil Defence and Emergency Management
(MCDEM) has attempted to put the onus on individuals to look after themselves for a
minimum period of three days following a disaster in New Zealand, by forward planning and
getting prepared (MCDEM 2007). It seems, however, that societal risk perceptions and
motivations to become more prepared do not always equate to favourable post-disaster
outcomes.
Tourism destinations are highly sensitive to interruption by natural disasters because tourism
operations are reliant on functioning critical infrastructure, including electricity, sewage,
communications and water; lifelines which are inevitably damaged and disrupted for a
prolonged period following a damaging event (Ritchie 2009). Flow-on effects from disasters
also include significant disruption to the supply and distribution chains of even the most
prepared businesses (Lee & Harrald 1999). Economic losses are attributable to a decline in
visitor arrivals, visitor nights, and expenditure, but more immediately due to injury and
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damage to infrastructure (Laws et al. 2007). The interdependencies of the tourism industry
have been one of it’s great strengths, allowing it to rapidly expand and diversify. But natural
disasters can produce immediate, cascading failures within the tourism sector which have the
ability to reverberate within communities and countries for many months and years. Chapter 5
presents three case studies of recent large earthquakes in Taiwan, China and the United States
(Alaska) to highlight some of the physical and social outcomes of large magnitude
earthquakes.

1.2

New Zealand natural hazard and risk perception studies

New Zealand natural hazard risk perception research to date has focussed on several areas,
namely community awareness of volcanic hazards in the central North Island (Johnston et al.
1999a; 1999b; Becker et al. 2001) and Auckland (Ballantyne et al. 2000), flood and
earthquake hazards in Franz Josef and Mt Cook (Gough et al. 1999; Gough 2000, 2001), and
earthquake risk perceptions in Wellington (Spittal et al. 2005; 2006; McClure et al. 1999).
Johnston (1999a) described changes in societal vulnerability to volcanic hazards in New
Zealand since 1945, and the way in which humans have become increasingly exposed to
natural hazards. For example, hydro-electricity developments on rivers in close proximity to
active volcanoes are susceptible to ash fall clogging their turbines, but in pre-1945 New
Zealand such infrastructure did not exist. While an earthquake triggered avalanche or
landslide in alpine regions of the West Coast may go relatively unnoticed, the same event on
one of the country’s commercial ski fields would have far-reaching impacts on participants,
local communities, and the local economy. Thus, social and economic development results in
increased vulnerability to natural hazards, which leads to increases in the level of risk to
which human society is exposed (Blaikie 1994; Johnston 1999a).
Becker et al. (2001) reported on the effects of the 1995/6 Ruapehu volcanic eruptions on local
residents’ risk perceptions. Respondents with prior experience of Ruapehu volcanism had a
heightened awareness of volcanic hazards, and a greater understanding of how these hazards
might affect them in future (Becker et al. 2001). This study also highlighted that the tourism
and hospitality sectors experienced major economic losses as a result of the ash fall and
associated volcanic hazards. It is likely that volcanic hazards have a higher level of salience
for the population in the vicinity of Mt Ruapehu compared to earthquake hazards in the region
of the Alpine Fault, simply because of the lack of significant earthquakes in living memory.
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Johnston et al. (1999) also compared two communities and their perceived risk and threat
knowledge of volcanic hazards. While experience of recent volcanic activity had heightened
respondents’ knowledge of the threat posed by Mt Ruapehu, and their perception of risk, their
level of preparedness for future volcanic eruptions was reduced. Johnston et al. (1999)
attributed this to a phenomenon termed ‘normalisation bias’, where an ability to cope with a
relatively minor volcanic eruption leads to a belief that future eruptions will have no negative
impact. Experience of moderate earthquakes has the potential to cause a similar normalising
affect on local residents in the Southern Alps.
Gough (2000) investigated resident awareness and perceptions of natural hazards, namely
floods and earthquakes, in Franz Josef and Mt Cook. Both communities are heavily reliant on
their respective tourism industries, with low permanent resident populations, and highly
transient seasonal patterns of workforce migration. Local residents were found to be aware of
the likelihood of natural disasters, but lacking an understanding of the magnitude and
potential consequences (Gough 2000). The role of effective risk communication in local
communities is considered key to engendering a sense of ‘working towards a common goal’:
emergency preparedness, and enhancing community resilience following a major disaster
(Millar et al. 1999). Paton and Johnston (2001) suggested that a mix of risk communication
strategies is necessary to promote community resilience and preparedness. Reducing reliance
on external sources of emergency response and recovery improves the ability of small
communities to ‘self-help’, by participation in problem-solving.
McClure et al. (1999) investigated the influence of locus of control and risk-taking on
individuals’ perceptions of earthquake preparedness measures amongst students in
Wellington. When individuals see earthquake damage as uncontrollable, they are less likely to
get prepared, and typically have a high degree of fatalism and an external locus of control. In
addition, individuals with a propensity to take risks downplay the probability of a damaging
earthquake and are less prepared for an earthquake than those with lower risk-taking
tendencies. Risk-taking was seen as a stronger predictor of earthquake preparedness than
locus of control. Spittal et al. (2008) surveyed a resident population in Wellington and also
found risk-taking and locus of control to be predictors of preparedness. Spittal et al. (2006)
also contributed to the research literature by developing a readiness scale for earthquake
preparedness, and through an investigation confirming the presence of optimistic bias towards
earthquake preparedness in Wellington residents (Spittal et al. 2005).
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1.3

Research problem

New Zealand is considered a young and geologically active country. It is transected by a
major plate interface, which has existed for the past 25 million years (Norris et al. 1990;
Sutherland et al. 2007). The plate boundary is complex with regard to the relative motion of
these plates. In simple terms, they are jostling for position, at times being pushed against or
over each other (subduction), or in other areas sliding past one another. The Pacific Plate is
subducting westward beneath the Australian Plate along the Hikurangi Trench in the
northeast, while the Australian Plate is subducting eastward below the Pacific Plate along the
Puysegur Trench in the south-west of New Zealand (Figure 1.1). These two massive tectonic
features are linked by a long, linear fault trace known as the Alpine Fault, spanning a distance
of 450 km from Springs Junction to Milford Sound, where it continues offshore. Total
displacement of 480 km has occurred across the plate boundary over the last 25 million years
as the eastern South Island has incrementally moved south-westward relative to the Australian
Plate (Norris et al. 1990; Sutherland et al. 2007). In the modern phase of oblique convergence
across the plate boundary, 25 km of vertical displacement has occurred across the Alpine
Fault, producing the Southern Alps (Norris et al. 1990; Sutherland et al. 2007)2.
Time-averaged movement across the plate boundary is approximately 37 mm/year, which
goes unnoticed on human timescales. But occasionally the Alpine Fault moves with a sudden
jolt. According to paleoseismologists, the last time this happened was 1717 AD, when a
magnitude 7.8 earthquake caused one side of the fault to surge eight metres horizontally
relative to the other (Yetton et al. 1998; Sutherland et al. 2007), creating a visible scar at least
375 km long3 between Milford Sound and Arthur’s Pass (Barnes et al. 2005; Sutherland et al.
2007). Three other earthquake events of similar magnitude are known to have occurred in the
past six hundred years (Sutherland et al. 2007). Careful seismological analysis and modelling
suggests that the repeat time, or the time between big earthquakes, for the Alpine Fault is 100300 years, indicating that the area is overdue for another significant earthquake (Sutherland et
al. 2007). The ‘footprint’ of an earthquake this size will extend for many hundreds of

2

Note that the plate boundary is not just one fault. It actually consists of a swathe of active faulting in a zone ~
200 km wide, of which the Alpine Fault is the principal constituent, accommodating 60-90% of the total plate
boundary motion (Norris et al. 1990; Norris & Cooper 2001; Barnes et al. 2005).
3

Barnes et al. (2005) and Sutherland et al. (2007) suggest the 1717 AD event could have created a surface
rupture of up to 460 km, including the offshore continuation of the Alpine Fault south of Milford Sound.
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kilometres, and result in a zone of widespread devastation (Yetton et al. 1998; McCahon et al.
2006a; 2006b).
Figure 1.1. Schematic map of the tectonic setting in New Zealand. Plate motion from
Anderson and Webb (1994).

The most damaging earthquake hazard is ground shaking (Bolt 2004), which can cause
widespread landsliding in mountainous terrain, and significant damage to infrastructure,
including partial or total building collapse. The majority of deaths caused by earthquakes are a
direct result of structural collapse. Ground displacement, or surface rupture, occurs along the
fault itself, and can appear as a scarp (up to metres in height), or as fissures or cracks. Faults
that run through buildings or across transport links (railway lines, runways or roads) can
cause major dislocation. Earthquake-induced landslides are particularly relevant for this
research because landslides in alpine regions can dam rivers, causing the water to back-up,
overtop and flood downstream (Schuster & Costa 1986). The West Coast town of Franz Josef
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is particularly vulnerable to so-called landslide dam breaks because of the close proximity of
the Waiho River catchment immediately south of the township.
Uplift across the Alpine Fault created the mountainous landscape of the western South Island,
but it was the work of glaciers which carved out the valleys of the Southern Alps, dumping
moraines as they retreated at the end of the last glaciation (> 10,000 years ago). The ice
sculpted landforms and fiords of the western South Island are largely a product of glacial
processes, generating the iconic scenery of Central Otago Lakes District and Fiordland. As a
result, the Southern Alps has a thriving tourism industry, based on alpine and coastal scenery,
and a diverse range of predominantly nature-based activities and attractions. It is unlikely,
however, that visitors are aware of their vulnerability as they enter an environment with
considerable seismic potential.
The field area for this research project encompasses the narrow, elongate expanse of land
surrounding the Alpine Fault, from Milford Sound in the south, to Springs Junction and
Greymouth in the north, including the tourism hubs of Queenstown and Mt Cook on the
eastern side of the Southern Alps (Figure 1.2). Tourism opportunities are diverse across the
field area, but inextricably linked to the scenic values of the region. Queenstown, a tourist
resort marketing itself as the adventure capital of the world, provides an extensive range of
outdoor recreation and thrill seeking activities; including skiing, bungy jumping, sky diving
and jet boating. Tourism on the West Coast is largely focussed on nature-based experiences,
such as fishing, glacier viewing, wildlife and other scenic tours. Aoraki/Mt Cook and Milford
Sound visitors are motivated to visit specifically for the scenery, engaging in activities such as
scenic flights, walks, tramping or simply taking in the view from vantage points along tracks
and in scenic reserves.
The tourism sector is particularly at risk from earthquakes in the zone of the Alpine Fault for a
number of reasons. Tourism activities take place within a zone less than 90 km from the
active trace of the Alpine Fault, and at times right alongside it (e.g. Franz Josef). Road access
to the western side of the Alps can only be achieved via alpine passes (Haast and Arthur’s
Passes, and the Te Anau-Milford Highway), through steep, forested, landslide-prone terrain.
Earthquake-induced landslides around the margins of the Southern Alps have the potential to
isolate many tourism-reliant communities for days, weeks or months following a major
earthquake. Ignorance of the magnitude and consequences of a large earthquake on the Alpine
Fault, coupled with public complacency due to the long periods between earthquakes, is likely
9

Figure 1.2. Map of key locations around the Southern Alps, New Zealand. The Alpine Fault
and Marlborough Fault system are shown in red.

to contribute to tourism businesses being ill-prepared. Other more salient natural hazards,
particularly heavy rainfall events and avalanche risks (during winter months) in western areas,
occur frequently and potentially cause more immediate concern for operators in some parts of
the region.
Careful business planning can lead to greater resilience against natural disasters (Seville et al.
2006), and most importantly, continuity, meaning that businesses can continue to function
through a disaster as opposed to simply recovering from one (Paton & Johnston 2006). There
are a number of useful planning tools available to assist businesses to get prepared for natural
hazard events (MCDEM 2007), however, very little is known about the efficacy of these
public education methods for businesses, especially the uptake of such programmes.
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While New Zealand risk perception research to date has focussed on the views of individual
residents, nothing is known about business communities. One purpose of this research project
is to address the pressing need for insights into a sector of the business community which is
rapidly growing in prominence; not only in terms of its regional economic contribution, but
also as it becomes enmeshed into the social fabric of small communities and towns around the
Southern Alps. A future AFEQ will cause major interruption to business activities, and to the
lives of those who have come to rely on tourism within their community. This research, in
part, contributes to an understanding of the resilience of the tourism sector in the face of a
significant business interruption caused by a large future AFEQ.

1.4

Aims and Objectives of the study

This research project brings together the study of tourism and the science of earthquakes to
consider the likely outcomes of an AFEQ on the tourism industry; the physical outcomes of a
big earthquake, and the short, medium and long term impacts on the tourism industry postdisaster, and the risk perceptions, preparedness and resilience of tourism operators in the zone
of the Alpine Fault. Figure 1.3 illustrates the conceptual framework of the research project, by
illustrating the three pillars of literature. This cross-disciplinary approach forms the basis for
the discussion of earthquake risk and the tourism industry. The research project is seen to be
positioned within the broader context of geohazards (the physical environment), which
encompasses the three circles representing the academic fields of tourism and crisis
management, earthquake science, the psychology of human behaviour (risk perceptions).
Isoseismal maps and the use of earthquake scenarios lie at the intersection between tourism
and earthquake science, and contribute to improving the preparedness of the tourism industry
by applying the science of earthquakes to the tourism context. Psychology and tourism crossdisciplinary investigation utilises the extensive risk perception and preparedness literature. In
the centre of the model lies the overlap between all three pillars, and represents where this
research hopes to contribute to the academic discourse in terms of improving disaster
awareness and preparedness for future disasters.
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Figure 1.3. Conceptual framework for the study.

Isoseismal maps are a tool used in seismology to describe the ‘footprint’ of an earthquake,
providing a visual description of the intensity of shaking and the damage caused at the surface
of the earth (Bolt 2004). They are constructed by collecting physical evidence from field
observation, and human accounts of the impacts of earthquakes. To date, their main function
has been in post-earthquake analysis of the relative size of an earthquake, and in the field of
hazard management. This research proposes to apply this methodology to a social science
investigation, by using isoseismal maps for an AFEQ of varying magnitudes, and overlaying a
spatial description of the tourism industry in the field area; tourism destinations, transport
links, national park boundaries, hut and track networks, and visitor flows. In doing so, a clear
illustration of the relationship between earthquakes and tourism in the field area develops,
highlighting the vulnerabilities of the tourism industry to seismic hazard.
The objectives of the research, then, are as follows:
Objective One
To identify the spatial extent of Alpine Fault seismic hazard with respect to key tourism
destinations in the field area, through the use of scenario-based isoseismal maps that will be
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combined with map overlays illustrating tourist destinations and infrastructure, and spatial
travel flows, using GIS.
Objective Two
To investigate the perceptions of seismic risk held by tourism business operators, and disaster
readiness in the zone of the Alpine Fault. Three sub-objectives are used to address this
research question:
2 (a): To investigate the earthquake knowledge, preparedness and risk perceptions of
tourism operators with respect to the Alpine Fault and its seismic potential;
2 (b): To investigate the influence of demographic variables and prior experience on
the preparedness of tourism operators;
2 (c): To investigate business resilience in the tourism sector, and whether key
resilience factors are influenced by business characteristics.
The primary methodological tool used for Objective 2 will be a quantitative postal survey to
tourism operators in the Southern Alps, with a secondary tool involving qualitative interviews
with industry stakeholders and tourism operators in the field area.

1.5

Thesis Structure

This thesis is organised into nine chapters. Because of the inter-disciplinary nature of the
project, the literature chapters describe three very different areas of academic research;
Chapters 2 and 3 offer a background to seismology and geology, as a necessary foundation
from which to describe the science behind the Alpine Fault and isoseismal mapping. Chapter
2 describes earthquakes and faulting, with specific reference to explaining faults, measuring
earthquake magnitude and intensity, and the recurrence intervals between characteristic
earthquakes on active faults. In Chapter 3, the development of the contemporary geological
setting in New Zealand and the Alpine Fault are described, together with an outline of the
physical hazards associated with large earthquakes.
Chapter 4 begins by defining key terms in risk and risk perception literature, including risk,
hazard, vulnerability and disaster. There follows a discussion of disaster preparedness and the
factors which influence it, including demographics variables, optimistic bias, threat
knowledge and prior experience, and a number of other psychological factors. Chapter 5
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describes the tourism literature with specific reference to business resilience and crisis
management as tools for improving tourism business and community vulnerability and
resilience post-disaster.
The research methods used to address the two main objectives of the study are described in
Chapter 6. Constructing the GIS maps required work in bringing together existing
seismological data (isoseismal maps) and spatial tourism data from a number of sources. A
series of layers was then generated in GIS to describe all the necessary component parts,
producing a visual description of the interface between seismic risk and the tourism industry
around the Southern Alps. A quantitative postal survey was administered in May 2008, which
was designed to address objective 2 (a, b, c). It generated results concerning tourism operator
perceptions, preparedness and resilience in terms of the seismic risk posed by the Alpine
Fault. In addition, a number of qualitative interviews were conducted with tourism operators
and local government officials to inform the analysis and discussion of the quantitative data.
Each of the three methodological tools is detailed in Chapter 6.
Chapter 7 is the first of two results chapters, and presents the isoseismal maps depicting the
intensity ‘footprint’ of damage to the ground surface by earthquakes of varying magnitudes.
These maps provide an illustration of the relationship between tourism and earthquakes in the
field area. Key magnitude-based scenarios are used to describe the potential short, medium
and long-term impacts on the tourism industry from earthquakes measuring 6.5 – 8.0 in
magnitude. This chapter relates entirely to Objective 1 of the research.
Chapter 8 describes and discusses the results from the quantitative research methodology. The
first section considers tourism operator awareness and understanding of the Alpine Fault and
it’s seismic potential related to Objective 2 (a). Objective 2 (b) investigates the influence of
demographic variables and prior experience of a damaging earthquake on individual and
business preparedness. The chapter concludes with a discussion about business resilience; the
use of key resilience ‘tools’ in tourism businesses within the sample population, such as
continuity insurance, disaster planning and staff induction. Business characteristics, including
number of employees, length of time in operation and business type, were investigated in
terms of their influence on the resilience of tourism operations to interruption by a large
AFEQ.
Chapter 9 summarises the key findings from Objectives 1 and 2, and integrates the results in
order to describe the implications of Alpine Fault seismic hazard on the tourism industry
14

around the Southern Alps. It presents key recommendations for both tourism operators and
public sector agencies resulting from the research findings, and concludes by highlighting
future research directions stemming from this research.
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CHAPTER TWO
Earthquakes and Faulting
“The broken schist looked like the result of explosions,
or perhaps we were seeing the heart of old earthquakes”

Harold Wellman describing the rocks in the Alpine Fault zone, South Westland, 1941.

This chapter provides an overview of the basic principles of geology and seismology in order
to establish a foundation for the remaining chapters of the thesis. It begins with an explanation
of faults and plate tectonics theory, followed by an outline of why earthquakes happen, and
how scientists measure their size and intensity. Some faults produce characteristic
earthquakes with some degree of regularity, and the reasons for this are discussed.

2.1

Explaining faults

A fault is a planar discontinuity across which geological assemblages (rock types) are offset
against each other by shearing displacement. It is a common misconception that a fault is a
‘fault line’ or a point on a map (epicentre) (Bolt 2004). A fault should be visualized as a
plane, which gives rise to a fault line where it intersects the earth’s surface. Faults can occur
with dimensions ranging from less than one metre, up to several hundred kilometres. Big
earthquakes generally occur on large faults, while minor faults generally only produce small
quakes. The bigger the earthquake, the larger the rupture area across the fault plane. The
majority of displacement on faults in the top 10-20 km of the crust occurs by seismic slip
(earthquakes); however, some can develop gradually by aseismic slip when slow,
imperceptible movement takes place over many years, exemplified by movement on some
parts of the San Andreas Fault system in California.
Some faults are stunningly straight and clear on the map, but others are curved and disjointed
depending on their orientation, making them difficult to see without the help of aerial photos
or close inspection. As with other planar features, fault plane orientation is described in terms
of ‘dip’ and ‘strike’ (Figure 2.1). The ‘dip’ is the angle that the fault plane is inclined away
from the horizontal, like the slope of a hillside, and the ‘strike’ is the trend of a horizontal line
on the surface of the plane. These measurements help seismologists to describe geological
structures, and enhances our understanding of why earthquakes occur in time and space.
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Figure 2.1. A schematic diagram of tilted sedimentary layers, illustrating the terms dip and
strike (Source: Earth Science Australia 2009).

The earth’s crust is pervaded by faults. Some, inherited from earlier episodes of crustal
deformation, are inactive, while some are active in the present seismotectonic regime. Some
faults have histories of infrequent, but regular earthquake events, while others may have been
created during one event and then cease to be active. This can happen because of changes in
the stress regime surrounding faults. There are three basic types of fault (Bolt 2004, Figure
2.2). Horizontal compression, or squashing together of the land, creates reverse or thrust
faults, where one side of the fault is pushed upwards and over the top of the other, generally
resulting in older rock above younger rock (Figure 2.2 (a)). In extensional environments,
where the crust is being horizontally extended, normal faults are created, displacing younger
rock vertically over older material. Normal faults generally dip more steeply than reverse
faults, averaging approx. 60º (Figure 2.2 (b)). The third type of fault involves horizontal
movement of one side of the fault relative to the other, called strike-slip, referring to
movement along the strike of the fault (Figure 2.2 (c)). Strike-slip faults are described as
either left-lateral (dextral) or right-lateral (sinistral), depending on the movement of one side
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2.2. Block diagrams of the three basic types of fault. a) reverse fault; b) normal fault; c)
strike-slip fault. Note that combinations of these faults are common in reality (adapted from
USGS 2009).
a) Thrust or Reverse fault4

b) Normal fault

c) Strike-slip fault; left-lateral and right-lateral.

4

The difference between a thrust and a reverse fault is the dip of the fault plane; reverse faults dip more steeply
than thrust faults.
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relative to the other. Variations in the amount of damage caused by movement on different
faults are noteworthy. Reverse fault scarps typically collapse, and because of their low dips
active thrust faults are the most difficult to recognise. Because strike-slip faults tend to be
vertical, they produce linear traces that are easy to recognise. Normal faults are also steep and
tend to produce easily recognisable scarps. These three end-member fault types are often
present in combination, where, for example, reverse or normal faulting may include a
component of strike-slip. The Alpine Fault is a dextral strike-slip fault with an element of
reverse faulting causing the uplift of the Southern Alps. Aseismic slip involves gradual
displacement along fault zones, typically at rates of 1-10 mm/year. Recent advances in
satellite survey methods, known as space geodesy, involve very precise measurement of a
series of strain markers which are concreted into bedrock so that only movement associated
with tectonic forces is measured. They are distributed around a fault zone, or throughout a
seismic region. Through time they show gradual changes in position, so that vertical or
horizontal movement of one marker relative to another indicates the style of deformation
taking place, e.g. compression or extension. Thus, even though a fault zone may not have
experienced an earthquake for centuries, stresses are gradually building up over time.
The concept of elastic stress and redistribution following earthquakes has been examined by
some researchers (King et al. 1994; Harris 1998; Stein 2003). This theory, known as stress
triggering, describes the interactions between earthquakes and their aftershocks, and suggests
that an earthquake can trigger seismic activity in adjacent areas by redistributing stress,
thereby loading adjacent areas and enhancing the probability of an earthquake (Harris 1994;
Stein 1999; 2003). In other words, when elastic strain accumulating on a fault is released by
an earthquake, it raises the stress in surrounding areas. This theory explains the spatial
distribution of some aftershocks, which can coincide with areas with elevated stress following
the mainshock. Figure 2.3 illustrates the redistribution of stress following an earthquake. In
simple terms, the red and orange areas indicate the highest stress, with the left hand diagram
illustrating the stress accumulating along a fault prior to an earthquake. On the right, the
earthquake has ruptured, and the stress has been reduced around the fault rupture (coloured
blue). Crucially, however, the stress has now been redistributed to the ends of the fault
rupture, and Stein (2003) argues it is here that the majority of aftershocks cluster.
Stress triggering can also influence the occurrence of earthquakes on long faults (King et al.
1994; Stein et al. 1997), suggesting that an earthquake can trigger events on adjacent
segments of the same fault (King et al. 1994). This phenomenon is clearly illustrated on the
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Figure 2.3 Distribution of stress around a strike-slip fault zone immediately before an
earthquake, and then after the event, showing the strain transfer between neighbouring fault
systems which effectively loads the stress into adjacent areas (Stein 2003).

North Anatolian fault in Turkey. Between 1939 and 1992, an east to west progression of ten
earthquakes (magnitude > 6.7) ruptured consecutive segments of the fault over a total length
greater than 1000 km (Figure 2.4). Stein et al. (1997) described the pattern of historical
earthquakes of the fault, and suggested that the busy port city of Izmit would be the next
casualty. Two years later a magnitude 7.4 earthquake and strong aftershocks occurred near
Izmit, killing as many as 18,0005 people and causing extensive damage (Parsons et al. 2000).
Stress triggering, therefore, has the potential to highlight the existence of high risk areas,
providing an additional tool for earthquake forecasting and seismic hazard assessment.

2.2

Plate tectonics theory

The theory of plate tectonics was developed in the 1960s, and provided a unifying explanation
for many physical observations; for example, what caused the linear mountain ranges of the
world, and why do earthquakes occur in linear belts associated with major topographic
irregularities (such as mountain ranges, or deep sea trenches). In simple terms, the earth’s
surface is divided into a mosaic of lithospheric plates ~ 100 m thick, which are internally rigid
but mobile with respect to each other (Bolt 2004). They move and jostle for position, driven
by heat created during the decay of radioactive elements in the earth’s interior. Lithospheric

5

There are reports of up to 40,000 fatalities (Sibson, pers. comm. 2007).
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Figure 2.4. Rupture of the north Anatolian fault from 1939 onwards (Stein et al. 1997).

plates may contain either continental crust (formed on land) or oceanic crust (formed beneath
the sea), as well as the uppermost mantle of the earth. The thickness of continental crust
ranges from 30-60 km, and is created by endless recycling processes on land, involving
erosion, uplift, weathering, volcanism and metamorphism. Oceanic crust averages 5-6 km in
thickness, and is made up of relatively high density basaltic rock that is less buoyant than
continental crust (Bolt 2004). A factor which influences the thickness of the crust is the
amount of stress exacted on it. Stress (force per unit area) causes both thickening or thinning
of the crust depending on whether the forces are compressional (pushing and shortening) or
extensional (pulling or stretching). Hence, where compressional stresses are acting on the
rock, the crust thickens. Conversely, extensional stresses stretch the crust and make it thinner.
About 100 km below the earth’s surface, the temperature approaches 1200ºC, and rock begins
to melt (Bolt 2004). This is the transition between the lithosphere (crustal material comprising
cold, rigid plates) and the asthenosphere, where the temperature of the rock approaches
melting, and becomes soft and plastic. Temperature gradients lead to convection in the upper
mantle, with hot material rising and cooler rock sinking, driving the movement of lithospheric
plates across the earth’s surface. This convective flow of material is slow, measuring only
centimetres per year; however, over geological timescales movement may involve many
thousands of kilometres.
There are three basic types of plate boundary; divergent, convergent or transform boundaries.
New lithosphere is created at divergent plate boundaries where two plates are moving away
from each other (Figure 2.5). Basaltic magma rises up from the mantle and fills the space
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between them, creating new crustal material. This process can occur within continental
tectonic plates (e.g. the African Rift Valley) or on the ocean floor at mid ocean ridges (e.g. the
Mid-Atlantic ridge), where molten rock wells up along plate boundaries many thousands of
kilometres long, then cools and spreads away in opposing directions. This phenomenon is
known as sea-floor spreading.
Figure 2.5. An example of a mid-ocean spreading ridge, where basaltic magma wells up
beneath the ocean floor and spreads away, producing new oceanic crust (Source: Google
images 2009).

Crustal material is destroyed at convergent plate boundaries, where two plates are being
pushed against each other. It involves a process called subduction where one plate is forced
beneath the other, and is recycled back down into the mantle (described as the subducting
‘slab’) (Figure 2.6). The outcome of the collision of two plates depends greatly on the types of
lithospheric crust involved. For example, where oceanic crust is pushing against continental
crust, the less buoyant oceanic material is forced to pass beneath the continental landmass
(Figure 2.6 (a)). Where two continental plates are converging, mountain-building results,
exemplified by the collision zone of the Himalaya where the Indian plate is travelling
northward into the Eurasian plate (Figure 2.6 (b)). Subduction in mid-ocean settings (oceanicoceanic crustal subduction) results in the formation of island arc volcanic chains, such as the
Mariana Islands in the western Pacific Ocean (Figure 2.6 (c)). Volcanism is closely associated
with subduction due to dewatering (melting) of oceanic crust as it descends, resulting in
magma rising to the surface of the overriding plate to form a volcano. The Taupo Volcanic
Zone in the central North Island of New Zealand is an example of volcanism derived from a
subduction zone.
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Figure 2.6. Three types of subduction zones, with associated descriptions of the outer part of
the earth’s interior, including the asthenosphere, lithosphere and crust. Note the relative
thickness of oceanic crust compared to continental crust (Source: USGS 2009).
a) Oceanic and continental crust collision. Note the presence of volcanic activity as the
subducting slab melts during its descent into the mantle, e.g. the Andes.

b) Collision of two continental crustal plates. Note the presence of mountains parallel to the
plate boundary, e.g. the Himalaya.

c) Collision of two oceanic crustal plates. Note the presence of island arc volcanism, e.g. the
Mariana Islands in the western Pacific Ocean.

Transform boundaries involve neither creation nor destruction of crust; instead one plate
grinds laterally past the other along massive faults up to thousands of kilometres in length.
Transform faults most commonly occur on the sea floor where they offset spreading ridges,
but two of the most famous examples of transform faults lie on land; the San Andreas Fault in
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California, and the Alpine Fault in New Zealand. Although three discrete types of plate
boundaries have been described, it is important to note that combinations are possible in some
situations. For example, transform boundaries commonly involve an element of oblique
convergence. This ‘transpressive’ situation results in the formation of mountain ranges
parallel to the plate boundary, e.g. the Southern Alps east of the Alpine Fault.

2.3

Earthquakes and seismic waves

Our understanding of the structure of the earth’s interior has been greatly enhanced by
discoveries in the field of seismology. The ductile (semi-solid) nature of the asthenosphere
means it is unable to store seismic energy. In contrast, the rigidity of the lithosphere permits
elastic energy to build up and then be released as earthquakes. A map of world seismicity
superimposed on a plate tectonic map shows incredible spatial similarity, with almost all
earthquakes occurring along plate boundaries. The Pacific ‘Ring of Fire’ is highly seismic and
experiences extensive volcanism; a function of complex zones of subduction involving the
Pacific Plate and a number of other plates (Bolt 2004; Figure 2.7). New Zealand lies on the
Pacific Rim, and it is no surprise, therefore, to discover that New Zealand is highly seismic,
and is also home to active volcanism (the Taupo Volcanic Zone), and geothermal activity
driven by subduction of the Pacific Plate beneath the Australian Plate. The Alpide-Asiatic belt
is another well-defined zone of deformation extending from Gibraltar through Turkey, Iran
and the Himalaya to South-East Asia, and involves complex tectonic interactions between the
Indo-Australian, African and Eurasian plates.
Earthquakes are caused by the sudden release of stored elastic energy through frictional
instability on faults (Bolt 2004). Gradual build-up of elastic strain in the rock surrounding a
fault occurs over time, in a similar way to stretching a rubber band. And then, when the
stresses exceed the frictional strength of the fault, the fault ruptures and gives rise to an
earthquake (Figure 2.8.). Energy is released as seismic waves, which radiate out from the
source, travelling through different materials, either liquid or solid, in different ways. Shaking
and damage on the earth’s surface is caused by seismic waves (Figure 2.9). The first waves to
arrive following an earthquake are called the primary, or P waves, which correspond to sound
waves. These have the ability to push and pull both solid and liquid matter as they travel.
Secondary waves, or S waves, move more slowly than P waves, and are the second to arrive,
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Figure 2.7 Global map of plate boundaries, noting the position of the ‘Ring of Fire’ around
the periphery of the Pacific Plate, coincident with 80% of world seismicity (Source: USGS).

shearing the rock at right angles to the ray-path (direction of travel), but they are unable to
propagate through liquids. A third type of seismic wave is called a surface wave (L-wave),
which travel close to the surface. It is S and L waves which are the most damaging to
structures because they literally cause the ground to shake. The speed at which seismic waves
propagate depends on the properties of the rock and soil they pass through. As they hit the
earth’s surface, a complex range of wave interactions occur as some are reflected back
downwards into the path of oncoming waves, thereby amplifying the degree of shaking on the
ground.
Figure 2.8. Elastic rebound theory showing forces being exerted on rock mass (1), gradual
distortion of the rock mass surrounding the fault (2), until the frictional strength of the fault is
exceeded, resulting in an earthquake (3).
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Figure 2.9. Seismic wave propagation; (a) undisturbed material, (b) primary waves push-pull
the rock it travels through, compared to the lateral shaking of secondary waves (c) (Source:
Google images 2009).

Seismic waves move more quickly through solid rock, and slow when passing through
fractured, broken ground and less optimal rock and soil types. The velocity of S waves is
described by the following equation, where G is the rigidity modulus (the elastic character of
the rock), and ρ is the density of the rock through which the waves are passing.

Vs =

G

ρ

Earthquakes generally occur in the shallow crust (< 20km), or in association with subduction
zones which extend hundreds of kilometres below the surface. The term focus is used to
describe the point of rupture initiation during an earthquake (Figure 2.10). Then, a line drawn
vertically from the focus indicates the position of the epicentre, which is always at the earth’s
surface.
Shallow focus earthquakes most commonly nucleate at < 10-20 km below the surface.
Intermediate and deep foci earthquakes are closely associated with subduction environments,
where cold, oceanic lithosphere is being forced down into the mantle. Depending on the rate
of subduction, it is possible for the slab to maintain its rigidity, thus its ability to produce

27

Figure 2.10. Diagram illustrating the position on a fault (solid black line) where the
earthquake rupture originated (the focus) and the epicentre of the earthquake on the earth’s
surface.

earthquakes to depths of over 600 km below the surface. This is deeper than in any other
geological setting, and is a unique seismic environment which has been given a special name;
the Wadati-Benioff Zone, after the scientists who discovered it (Bolt 2004). Generally
speaking, however, shallow crustal earthquakes are most likely to produce surface fault
breaks (cracks, fissures and rupture), and thus are the most damaging, contributing more than
three-quarters of the seismic energy released worldwide (Bolt 2004). One of the more costly
recent earthquakes in New Zealand history was in Edgecumbe in the Bay of Plenty (North
Island) in 1987. It was a strong earthquake of magnitude 6.3, with a focus 8 km below the
surface, resulting in significant economic losses totalling $356 million caused by damage to
infrastructure in the epicentral region (Insurance Council of New Zealand 2007).

2.4

Measuring earthquake size

The Chinese were the first civilisation to measure earthquakes in the second century A.D.
(Bolt 2004). Their techniques were rudimentary, and it was not until the late 19th century that
seismographs were built in a form recognisable to us today. In simple terms, seismographs
measure the arrival times of seismic waves as they move through the earth’s interior and
crust. They do this by recording the amplitude of ground motions created by seismic waves as
they arrive at the seismograph. Using simple geometry, it is possible to locate the focus and
epicentre of any earthquake using a minimum of three seismographs. Today, a global network
of seismographs allows seismologists to measure the size and location of earthquake events.
Advances in computer technology over the last decade also mean that seismologists can now
receive complete, detailed online information within minutes to hours of the event (via the
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United States Geological Survey website). In New Zealand, GeoNet6 provides real time
monitoring of earthquakes, with email alerts of epicentral locations and preliminary
magnitudes available within minutes of the event.
Earthquake magnitude measures the size of an earthquake based on the amount of wave
energy released during an event. It is derived from analysis of a seismogram by measuring the
amplitude of seismic waves. Charles Richter devised the original local magnitude scale, ML,
in the 1930s, now widely (and incorrectly) referred to in the media as the Richter Scale. Due
to the huge range in size of earthquakes, it was necessary to make the scale logarithmic, so
that each magnitude increase corresponds to a ten-fold increase in the amplitude of seismic
waves. Notably, the amount of energy released increases by a factor of 32 across each whole
magnitude up the scale, and doubles for every increase of 0.2 on the magnitude scale. The
United States Geological Survey has classified earthquakes by their size. Earthquakes with a
magnitude greater than or equal to 8 are described as ‘great’ earthquakes. A ‘major’
earthquake lies between 7 – 7.9 in magnitude, with a ‘strong’ earthquake between 6 - 6.9.
‘Moderate’ earthquake event are between 5 - 5.9 in magnitude.
The most widely adopted modern method for describing the size of earthquakes is currently
seismic moment (Hanks & Kanamori 1979), which has as its foundation the amplitude of
long-period seismic waves arriving at a seismograph, but also relates directly to the surface
area of the ruptured fault plane (together with the amount of displacement across the fault
surface). A magnitude scale derived from seismic moment has been developed, called
Moment Magnitude (MW), which provides an accurate way to compare earthquake size,
particularly those over magnitude 8. The ML scale was limited in its ability to illustrate the
difference between deep and shallow earthquakes, and it became saturated by the wave
arrivals from large events (ML > 6.5). Prior to the widespread adoption of MW, a range of
other magnitude scales were employed in addition to local magnitude (ML), including mb
(body wave magnitude), which described simply the P-wave amplitude, or MS (surface wave
magnitude) which measured only the surface wave amplitude. These have effectively been

6

GeoNet is a collaboration between the Earthquake Commission and GNS.
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superceded by moment magnitude, and all references to magnitude throughout this thesis refer
to MW from this juncture7.
There is an approximately inverse relationship between the relative frequency and the
magnitude of earthquakes over a given time period, shown in Table 2.1 (Sibson 1989). The
largest earthquakes are the most uncommon, with M8 or higher events occuring on average
only once in the world each year, compared to ten M7 events, a hundred M6 events and so on.
This ‘rule of thumb’ relationship can also be applied to the New Zealand seismic record, with
historically one M8 occuring each century, and ten M7 events, one hundred M6 events etc.
Table 2.1 also highlights some of the key criteria to consider when imagining the scale of
different sized earthquakes.
Table 2.1 Key criteria for describing the physical dimensions of various earthquakes,
assuming a circular rupture (Source: Sibson 1989).
Magnitude

Average slip (ū)

Length of rupture
(L)

Total area of
rupture (A)

Relative Frequency
(globally per year)

8

~3 m

~ 100 km

10,000 km2

1

7

~1 m

~ 30 km

1,000 km2

10

6

~ 30 cm

~ 10 km

100 km2

100

5

~ 10cm

~ 3 km

10 km2

1000

4

~ 3 cm

~ 1 km

1 km2

10,000

Magnitude is closely related to the size of the rupture area of a fault (the length L, and the
total area A), the average movement across the fault zone (slip, ū) (Figure 2.11). Slip on a
strike-slip fault can be imagined by observing a fence line crossing a fault, where one side of
the fence is offset horizontally relative to the other following an earthquake. Strain energy
continues to be released in the months and years following the initial release of seismic
energy (the mainshock), as a sequence of aftershocks (Bolt 2004). The magnitude of
aftershocks reduces in size over time, described by Omori’s Law (Omori 1894), where
aftershock frequency is roughly inversely proportional to the amount of time following the
mainshock, i.e. the odds of an aftershock on the second day after the main earthquake are half

7

Earthquake magnitude is shortened to M from now on.
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that of the previous day, and so on (Bolt 2004). The difference in size between the mainshock
and the largest aftershock is described by Bath’s law, where there is a 1.1 – 1.2 reduction in
magnitude, irrespective of the size of the mainshock (Bath 1965). Aftershocks can cause
further damage to buildings and infrastructure already affected by the mainshock, and it can
take years before equilibrium is restored and the area is stable again. Duration of strong
aftershock activity is highly variable, but for a M6 is typically several days to a week. For a
M7 felt aftershocks could continue for a month, while for an M8 or greater aftershocks could
last several months to several years (Sibson pers. comm. 2010).
2.11. Schematic diagram of a fault zone at depth, showing rupture dimensions (L and W),
average slip, and surface rupture. (Source: Sibson pers. comm. 2007).

2.5

Earthquake intensity and isoseismal maps

Magnitude as a measure of the damaging effect of earthquakes can be confusing for the
layperson because the biggest earthquakes are not always the most destructive. For example,
the largest earthquake recorded in 2006 was a M8.3 off the Kuril Islands (north of Japan), but
the deadliest was only a M6.3 which struck Java in Indonesia and killed almost 6,000 people
(USGS 2007). The magnitude of an earthquake alone only tells part of the story; we also need
to know about its focal depth, and about the environment and society which lies within the
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impact zone, including population density, level and type of infrastructural development and
local geological conditions. For example, a M6 in the top 15 km of the crust in proximity to a
town in Turkey (a country with a long history of devastating earthquakes) will cause more
death and destruction because of poorly constructed housing, compared with the same
earthquake close to a town comprising wooden houses with reinforced foundations (more
commonly found in New Zealand).
For this reason, an empirical scale was developed (prior to the existence of accurate seismic
wave measurements) to describe the destructiveness of an earthquake, otherwise known as
intensity. It is a qualitative description of the degree of damage on the earth’s surface caused
by ground shaking. In 1857, an engineer called Robert Mallet travelled to Naples to
investigate the damage caused by a large earthquake, making him one of the first people to
carry out careful post-earthquake field observations. His work provided the first steps towards
the development of an intensity scale, subsequently devised by an Italian called Giuseppi
Mercalli in 1902. The Modified Mercalli scale, outlined in Table 2.2 measures from I to XII,
with each increment describing the impacts on structures of human origin, and the amount of
disturbance to the ground surface (related to ground acceleration). For example, a value of
MM III8 indicates that an earthquake can easily be felt indoors, but may not be recognised as
an earthquake by local residents. A value of VIII involves damage or partial collapse of some
buildings, fall of chimneys, and overturning of heavy furniture. The highest value of XII
represents total destruction. The nature of the built environment will affect the applicability of
the scale to different cultural settings. For example, poorly constructed, unreinforced masonry
buildings will experience total collapse more readily than wooden framed buildings with
reinforced foundations. As a result, the Mercalli scale has been modified to suit New Zealand
conditions (a complete Modified Mercalli Scale is provided in Appendix A, and abbreviated
in Table 6.5).
Note that while a particular earthquake is characterised by one magnitude, it gives rise to
many values of intensity. Intensity values for each earthquake event are then contoured to
create isoseismal maps (Figure 2.12). Contour lines are drawn around areas which have
incurred similar levels of damage, comparable to a weather map using isobars to show

8

The values of intensity for the Modified Mercalli scale will be referred to as MM, to avoid confusion with
magnitude (M).
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pressure variations. Isoseismal maps illustrate the ‘footprint’ of an earthquake, with the most
intense damage generally (but not always) occurring in the central zone, and diminishing
outwards. Isoseismal patterns vary according to a number of factors, including the focal depth
of the earthquake and local ground conditions. Another factor is the directivity of an
earthquake, which describes the direction that the rupture propagates along a fault plane. For
example, some earthquake ruptures may initiate at one end of the fault plane and propagate
unilaterally (i.e. in one direction), or conversely the rupture may propagate bilaterally
outwards from the centre of the rupture plane. Seismic energy tends to be focussed in the
direction of rupture; thus, the most damage is generally done in the direction of rupture
propagation. Empirically, the contour of the MM VIII isoseismal correlates roughly with the
Table 2.2. Summary of the Modified Mercalli Index (source: Chapman 2003).
Intensity Impact

Effect

I

Negligible

Detected by instruments only

II

Feeble

Felt by sensitive people. Suspended objects swing.

III

Slight

IV

Moderate

V

Rather strong

VI

Strong

VII

Very strong

VIII

Destructive

Vibration like passing truck. Standing cars may
rock.
Felt indoors. Some sleepers awakened. Sensation
like heavy truck striking building. Windows and
dishes rattle. Standing cars rock.
Felt by most people; many awakened. Some plaster
falls. Dishes and windows broken. Pendulum clocks
my stop.
Felt by all; many are frightened. Masonry chimneys
topple. Furniture moves.
Alarm; most people run outdoors. Weak structures
damaged moderately. Felt in moving cars.
General alarm; everyone runs outdoors. Week
structures severely damaged; slight damage to
strong structures. Heavy furniture and monuments
toppled.
Panic. Total destructure of weak structures;
considerable damage to specially designed
structures. Foundations damaged. Ground fissured.
Panic. Only the best buildings survive. Foundations
ruined. Rails bent. Ground badly cracked. Large
landslides.
Panic. Few masonary structures remain standing.
Broad fissures in ground.
Mega-panic. Total destruction. Waves are seen on
the ground. Objects thrown in the air.

IX

Ruinous

X

Disastrous

XI

Very
disastrous
Catastrophic

XII
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Figure 2.12. The 1855 M8.1 Wairarapa earthquake isoseismal (Source: Downes 1995).

rupture length of the fault (L) (Wells & Coppersmith, 1994), and also defines the zone of
widespread landsliding in areas of high relief (Hancox et al. 2002), a relationship which will
be referred to frequently in this thesis.
Modern methods of gathering intensity data include the circulation of questionnaires to
residents in affected areas asking them to identify what they felt during the earthquake. It is
also

possible

for

individuals

to

complete

an

online

‘Felt

report’

(e.g.

magma.geonet.org.nz/felt), which allows scientists to refine isoseismal maps over large
geographical areas. In addition, because intensity is measured using observable effects on the
ground, it is possible to deduce the approximate size of historical (pre-seismograph)
earthquakes based simply on written accounts of human experiences and local ground
impacts.
Dowrick and Rhoades (1999) modelled likely MM intensities for historical New Zealand
earthquakes, providing a very useful hazard management tool. Their method has limitations,
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however, when predicting intensities of larger earthquakes involving long rupture lengths. For
example, Figure 2.13 illustrates the Dowrick and Rhoades (1999) model for an AFEQ
(M8.07). The highest intensities are felt in MM IX-X in the centre, but each end of the fault
rupture only experiences MM VI. Smith (2002) argues this is not a realistic representation of
a M8 event, because the entire length of the fault rupture should coincide with high
intensities. The near-fault intensity model developed by Smith (2002) refines the Dowrick and
Rhoades (1999) model by inferring that the fault trace will lie entirely within the MM VIII
and IX contours, rather than extending out into zones of less intense damage at each end
(Figure 2.14). Smith (2002) suggests the position of the MM X isoseismal will be relatively
localised, encircling an area immediately surrounding the epicentre (Smith 2002).
Figure 2.13. The Dowrick and Rhoades (1999) isoseismal model for an Alpine Fault event
(M8.07), which is notable because the highest MM intensities are localised, rather than
encompassing the entire rupture trace of the event.
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Figure 2.14. An isoseismal map (adapted from Yetton et al. 1998, reported in the WCRC
Lifelines report by McCahon et al. 2006) based on the near-source model of Smith (2002),
with the MM VIII isoseismal encompassing the entire rupture length.

Ground acceleration is another measure of earthquake ground motion related to intensity.
Vertical or horizontal accelerations are expressed in terms of units of acceleration due to
gravity, or 1.0g. As an example, vertical accelerations of greater than 1g will force unsecured
objects to leave the ground. Strong motion seismographs positioned near the source of
earthquakes are able to measure large ground accelerations (seen on a seismograph as very
large amplitude waves) without going off scale. The majority of accelerations for moderate
earthquakes lie somewhere between 0.05 and 0.35g, and generally vertical accelerations are
less damaging than horizontal ones. During an earthquake, it is the horizontal back and forth
motion that is the most destructive to buildings, whereas vertical motions can more often be
withstood. Some unreinforced, masonry buildings topple when subjected to as little as 0.1g
horizontal accelerations. Local geology can have a significant influence over the amplitude
and duration of seismic waves. For example, the 1986 San Salvador M5.4 earthquake
destroyed thousands of dwellings and caused 1,500 deaths. The underlying geology consisted
of 25 metres of volcanic ash deposits, and as seismic waves passed through them, their wave
amplitudes were magnified up to five times (Smith 2004), like jelly on a plate.
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2.6

Recurrence Intervals and characteristic earthquakes

Segments of some active fault structures generate characteristic earthquakes; they produce
earthquakes of comparable size, with a certain degree of regularity through time. It is possible
to calculate a recurrence interval (R.I.), or repeat time, for some fault segments, which is
described by the Wallace’s equation (1970). This measure provides an average time between
past events, where ū denotes the characteristic displacement of the fault, and Vt describes the
long-term averaged slip rate.

u
R.I. =
Vt
For example, the Wellington fault has a characteristic displacement of 4.5 m, and an average
slip-rate of 6-7 mm/year, indicating a recurrence interval of c. 700 years between earthquake
events. Note that a lack of small earthquakes on an active fault does not preclude the
occurrence of a large earthquake. Much like dormant volcanoes, some large faults only
produce their characteristics earthquake every few thousand years.
The study of earthquake activity prior to the historical record (in New Zealand pre-1840) is
called paleoseismology. Movement of the crust by earthquakes is very difficult to measure in
the distant past, so paleoseismologists rely on alternative methods to calculate repeat times.
Offset river terraces or coastal wave-cut platforms can be created during an earthquake. If a
fault produces similar features during each seismic event, through time it may be possible to
locate a series of terraces, each the product of an individual earthquake. Cape Turakirae, near
Wellington, has four terraces, with each forming after a great earthquake during the past 8,000
years (Aitken 1999), the last representing the Wairarapa earthquake in 1855 that produced a
6.4 m uplift terrace (Plate 1). It is possible to date carbonaceous material deposited into cracks
and slumps caused by earthquakes, providing a clear idea of when past earthquakes occurred.
Another method involves dating tree rings. Earthquakes in forested regions result in
widespread damage to trees, or tree mortality (Wells et al. 1999). Growth rings in these trees
may show a period of retardation following a significant earthquake; thus careful dating
techniques can be employed to calculate when tree growth slowed. Similarly, dune formation
at river mouths can be controlled by the occurrence of earthquakes (Wells & Goff 2007). A
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more detailed discussion of paleoseismic investigations on the Alpine Fault follows in
Chapter 3.
Plate 1. Cape Turakirae near Wellington in New Zealand, illustrating where successive
earthquakes have raised the land, producing wave-cut platforms around the coastline (Source:
GNS Science, Wellington 2009).

2.7

Chapter Summary

This chapter has provided a relatively simple overview of earthquakes and faulting as a
foundation for more detailed discussion of Alpine Fault seismicity and the presentation of
isoseismal maps in subsequent chapters of this thesis. It has summarised the most important
concepts relating to faulting, and the factors that lead to the occurrence of earthquakes on
faults. An explanation of plate tectonics theory described the history of scientific
understanding of the movement of lithospheric plates across the earth’s surface, which
provided a mechanism to explain why earthquakes frequently occur around the margins of
large rigid plates. A brief overview of seismic waves, elastic rebound theory and an
explanation of key terms in seismology was followed by a description of how scientists
measure the size of earthquakes using magnitude and intensity scales. The chapter concluded
with recurrence intervals for active faults and an explanation of ‘characteristic’ earthquakes.
Chapter 3 provides a detailed description of the hazards associated with earthquakes. The
New Zealand tectonic setting is described in terms of the collision of two large plates, and the
seismicity generated across New Zealand as a result. The discovery and science of the Alpine
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Fault is outlined with specific reference to the development of the fault itself over the past 25
million years, and the field studies that contributed to an understanding of the paleoseismic
behaviour of the Alpine Fault. Finally, earthquake hazards specifically relating to a future
AFEQ are detailed, including surface rupture, ground shaking, liquefaction, landslides,
tsunami/sieche waves, aggradation/avulsion of rivers and forest damage.

39

40

CHAPTER THREE
Earthquake Hazards
This chapter describes earthquake hazards, including surface rupture, ground shaking,
landslides, tsunami, liquefaction, sieche and forest damage. Timeframes are highlighted
wherever possible to develop a clear idea of how geological hazards can impact at local and
regional levels over short, medium and long terms. The New Zealand tectonic environment is
described with specific reference to the development of the plate boundary and the Alpine
Fault; it’s geological history and the current status of research, with particular reference to
paleoseismic evidence of past AFEQs. The chapter concludes with a description of the
hazards specific to a large AFEQ, and the impacts that may affect infrastructure and essential
services as a consequence.

3.1

Introduction

Earthquakes are destructive and damaging, responsible for killing ca. two million people in
the twentieth century (Smith 2004). Over the past decade alone a further 250,000 people were
killed by the M9.1 Boxing Day tsunami of 2004, and more than 200,000 by the M7.0 Haiti
earthquake in February 2010. The M6.8 Kobe (Japan) earthquake in 1995 and M6.7
Northridge (California) earthquake in 1994 are second and third only to Hurricane Katrina in
2005 as the most expensive natural disasters on record (Smith 2004). It would be easy to
believe that earthquakes are becoming more dangerous and destructive over time, judging
from 24-hour media reports from disaster zones. This, of course, is not the case; earthquake
activity per se is not changing. What is happening involves a gradual but steady increase in
societal complexity, including population growth, urbanisation, infrastructural development
and increased population density (Bilham 2004). Coupled with this is rising individual wealth
and consumption; in other words, we have much more to lose than ever before. Bilham (2004)
argues that while earthquake-resistant building codes have gone some way towards reducing
the risk in large cities, rapid urbanisation over the past five decades has resulted in many
people now residing in poorly constructed megacities. Bilham (2004) concludes that future
earthquake disasters could claim in excess of one million lives per event, and the fact that this
is without precedent is simple because of the short exposure these urban agglomerations have
had to seismic risk to date.
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Natural hazards such as earthquakes, volcanoes, tsunamis and floods, have a lethal reputation
for causing sudden onset disasters. It is important, however, to remember that natural hazard
events become human disasters as a result of a wide range of social, political and economic
factors (Blaikie 1994). For example, human populations that inhabit marginal environments
such as river deltas, and attempt to control river levels by levee construction, are exceedingly
vulnerable to flooding during severe storms, as the people of New Orleans discovered in the
aftermath of Hurricane Katrina. Where natural hazards like floods, fires, landslides or severe
storms differ from earthquakes is in the role that human actions can play in exacerbating the
outcomes, or indeed causing disasters. Clear-felling a forested hillside can combine with a
heavy rainfall event to cause a destructive landslide. Human activities have led to excessive
CO2 production, which may be driving global warming giving rise to increasingly extreme
climatic events such as severe storms. By contrast, humans have no control over the
occurrence of the vast majority of earthquakes.

3.2

Types of earthquake hazards

More than 95% of all deaths in earthquakes are caused by the collapse of buildings and other
human structures due to ground shaking (Blaikie 1994). Shaking can also dislodge heavy
objects, break water and gas pipes and topple chimneys, all of which are exceedingly
hazardous for inhabitants. Generally, earthquake mortality is higher in countries with high
population densities and building styles involving unreinforced masonry construction. In
addition, the deadliness of an earthquake is influenced by a number of other factors. Timing
of the earthquake will have a very clear impact on the death rate, based on whether people are
at work, in bed, indoors or outdoors when the earthquake occurs. Earthquakes during the
night are more deadly, because people may not be aware of any precursory warnings from
foreshocks, and do not react quickly enough to protect themselves during the main event
(Blaikie 1994). A secondary hazard caused by ground shaking is fire. During the famous 1906
San Francisco earthquake, fires broke out after the main shock and spread for three days,
destroying large tracts of the city (Bolt 2004).
Surface rupture on faults can result in vertical or horizontal ground displacements of up to
many metres. Vertical displacement produces fault scarps, or raised ground on one side of the
fault trace. Buildings, roads, water and gas pipes and other infrastructure are vulnerable if
they straddle the active fault zone. In many developed countries, mapping of the local geology
has been carried out, particularly in urban areas, to minimise the risks posed by surface
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rupture. In New Zealand, hazard maps have been developed for the capital city, Wellington,
showing the relative hazard for each 10 m by 10 m parcel of land in the four metropolitan
zones of the city, with implications for land use management, zoning and the issuing of
building consents in future.
The impact of an earthquake on the earth’s surface is closely related to local geological
conditions. Seismic waves are amplified, and resonate for longer when they travel through
unconsolidated material (sediment) on the surface (Chapman 2003). This is a phenomenon
which can result in liquefaction, where loose sediment becomes water-saturated due to
ground shaking during an earthquake. Liquefaction causes a total loss of strength in
sediments, resulting in formerly solid ground acting like a liquid, and can cause serious
damage to buildings and other structures. Structurally sound buildings may experience
catastrophic tilting, slumping and differential settling when foundation sediments liquefy. If
the affected ground is on a slope, mass movement can occur in the form of lateral spreads or
flows, which can cause damage to sub-surface human structures and services. Liquefaction is
particularly common in coastal areas, especially where the spread of cities has involved
reclamation of land around the coastal strip. Wellington is built on an active fault system, in a
hilly harbour setting with alluvial basins in the valleys and a general lack of flat ground. A
great deal of reclamation has taken place around the central business district and wharf area,
all of which is highly susceptible to liquefaction.
Landslides can be triggered by seismic activity as small as ML ~ 4, particularly in areas of
high topography, high rainfall, with certain soils and land use types (Keefer 1999; Smith
2004). Large earthquakes can result in thousands of landslides over an area of many
thousands of square kilometres. For example, the 1950 Assam, India earthquake generated
more than 100,000 landslides (Keefer 1999). The use of historic earthquake-induced landslide
data provides an indication of the intensity of prehistoric earthquakes, based on the criteria for
ground damage in the Modified Mercalli Scale.
Landslides take a number of different forms, as defined by Keefer (1999); falls, disrupted
slides, avalanches, slumps, block slides, slow slides, lateral spreads, and rapid flows (Figure
3.1). They can involve movement of rock (firm, intact bedrock), debris (coarse sediment), or
earth (fine-grained sediment) or a combination of all three. Landslides fit into three
categories, based on their style of movement and speed of travel (Keefer 1999). Falls,
disrupted slides and avalanches are grouped into disrupted landslides, because each becomes
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highly disaggregated during down slope movement. In addition, they all generally originate in
steep terrain, and move at high speed, over moderate distances. Rock falls and disrupted rock
slides are the two most common earthquake-induced landslides (Keefer 1999). They require
slopes of approximately 40º, and move volumes of up to 10,000 m3 on average (Keefer 1999).
Rock avalanches are particularly hazardous, because they can shift massive quantities of rock
over large distances, at speeds approaching terminal velocity. For example, the Round Top
debris avalanche near Hokitika, Westland, is thought to have been triggered by an AFEQ in
930 A.D, and moved 45 Mm3 of debris more than 4 km from the range front across an alluvial
plain (Wright 1998a).
Figure 3.1. Types of landslides, as defined by Keefer (1999).

The second category of landslides is coherent landslides, and includes slumps, block slides
and slow slides because they move as large blocks without losing internal structure or
cohesion. In general they move slowly (mm/sec), over small distances (<100m), and on lesser
slopes than for disrupted landslides. Thirdly, lateral spreads and flows involve the movement
of earth and debris (excluding rock) by the saturation and liquefying of basal sediments. In
other words, this category of landslide is synonymous with liquefaction, discussed above.
Keefer (1999) identified the types of rock most susceptible to earthquake-induced landslides
on steep slopes. Rock that has been intensely weathered, most frequently found in tropical
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areas, or areas with high average rainfalls (> 1500 mm/year), is most likely to fail during an
earthquake. The Southern Alps comprises fractured and weathered schist and greywacke
which is susceptible to landslides, and receives > 5000 mm/year of rainfall (Henderson &
Thompson 1999).
To think of landslides simply as agents of mass movement fails to recognise their significant
influence on the evolution of landscapes (geomorphology) and river systems. Denudation
(erosion) of upland source areas and the subsequent deposition of material on alluvial fans
and flood plains can result in large scale changes to fluvial drainage systems. Raising the level
of riverbeds can result in avulsion (changing the course of a river), and inundation of
surrounding land with rocks and silt (aggradation). Rivers and streams with high proportions
of bed load (rocks and cobbles being moved along the river bed during floods), as opposed to
suspended load (material suspended in river waters) will experience the most aggradation
(Keefer 1999). Landslides remove vegetation cover, and leave scars in hillsides which change
run off patterns and leave slopes susceptible to increased erosion. Heavy rainfall following
earthquake-induced landslides adds to the quantity of material moving through the drainage
system, with sediment-charged rivers transporting material many kilometres from the
landslide source. Keefer (1999) calculated a relationship between magnitude and the
production of landslide material. Earthquakes measuring M6, M7 and M8 will produce, on
average, 1.6 million, 45 million and 1.3 billion m3 of landslide material respectively.
Landslides in mountainous terrain can dam rivers, resulting in landslide dams. Dams form
when significant volumes of largely unconsolidated material are deposited across river
valleys, with lakes forming as the upstream river flow is backed up against the dam wall
(Plate 2). Landslide dams can breach by rapid structural failure of the dam, causing
inundation of flood waters downstream. Most commonly, however, dam waters gradually
overtop by cutting down through the top of the dam, allowing the release of water at a lesser
rate (Schuster & Costa 1986). Factors that influence the survival time of landslide dams
include the rate of inflow, dam capacity, and the characteristics of the dam material (Hancox
et al. 2005). In some rare cases, newly formed lakes can survive for centuries, however most
are unstable in the long term and generally breach within a year (Schuster & Costa 1986).
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Plate 2. The Mount Adam rock avalanche of 1999 in South Westland, showing the
impoundment of water behind the landslide (Source: GNS Science 1999).

The release of dam waters leads to significant sediment delivery downstream (Hancox et al.
2003; Korup et al. 2004). Changes in alluvial fan morphology caused by sedimentation and
channel aggradation and avulsion are rapid and on-going following dam breaks, particularly
when coupled with episodic heavy rainfall events. The Mount Adams landslide dam in the
Southern Alps breached following a heavy rainfall event, and created a flood downstream that
was 2 m higher than normal river flow (Hancox et al. 1999), causing a civil defence
emergency in Poerua community.
Ground shaking can affect lakes and enclosed harbours as a sieche, or “sloshing”, where lake
or harbour waters oscillate back and forth across the body of water. Lake Tahoe, in California,
is particularly susceptible to seismically-induced sieches, with modelled earthquake scenarios
generating waves up to 10 m in height (Ichinose et al. 2000). Large earthquakes can result in
sieching long distances from the epicentre. The M7.9 Denali earthquake in 2002 caused
sieching in Lake Ponchetrain, New Orleans, some 4,800 km away (Aho 2003).
Tsunamis are sea waves produced by underwater earthquake ruptures, and by submarine
landslides. Displacement on the sea floor can move large volumes of sea water, creating a
wave which may travel many miles before making landfall. The Boxing Day tsunami in 2004
caused massive sea waves to propagate from the Andaman Islands across the Indian Ocean to
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Mozambique, north to India and Sri Lanka, in addition to the more proximal coastlines of
Indonesia and Thailand. Landslides which fall into lakes, lagoons or harbours can also create
localised tsunami waves. Davies (pers. comm. 2007) considers it possible a tsunami wave up
to 10 m in height could impact Milford Sound following a significant AFEQ.
In New Zealand, historical evidence suggests that tsunamis have devastated some
communities prior to European settlement, judging from this account from Maori oral history
(Mitchell & Mitchell, 2004 p. 63):
“Unfortunately the community at Moawhitu was eventually wiped out when a massive tidal
wave called Tapu-arero-utuutu swept into the harbour and drowned almost everyone,
tumbling their bodies into the sand dunes which were piled up by the force of the waves…”
Tsunami waves can travel at speeds of 600-700 km/hour, and generally pass unnoticed to sea
traffic on the open ocean. It is not until they arrive at the coast that waves increase in height as
a function of interactions with a shallower sea floor and coastal topography. The resultant
surge can travel several kilometres inland, entraining debris and destroying everything in its
path. Tsunami warnings can be issued with many hours to spare for emergency response
depending on the location of the earthquake; however in some cases the tsunami might arrive
within minutes of being generated. The February 2010 M8.8 Chilean earthquake generated a
tsunami wave, which led to a Civil Defence alert in New Zealand and other Pacific Rim
nations. New Zealand is vulnerable to Pacific Rim earthquakes, and is linked to the Pacific
Tsunami Warning Centre, in Hawaii, but does not have a warning system in place for local
earthquake events.

3.3

The New Zealand tectonic environment

In terms of complexity, few parts of the world can rival the tectonic environment of New
Zealand. Both islands lie across the actively deforming boundary between two plates; the
Pacific Plate in the east is moving steadily south-westward relative to the Australian Plate
with which is it colliding. Relative movement across the plate boundary varies from 35-60
mm/year in the North Island, to 20-40 mm/year in the South Island (Norris & Cooper 2001;
Sutherland et al. 2007). Because of the complexity of the rates and angles of relative motion,
three distinctly different zones of plate collision exist, illustrated in Figure 1.1. Where tectonic
forces are pushing across the plate boundary, subduction results, and in the north east of New
Zealand, the Pacific Plate (oceanic crust) is subducting beneath the Australian Plate
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(continental crust) along the Hikurangi Trench. In the southwest, there is a second zone of
subduction called Puysegur Trench, but here the Australian Plate is subducting beneath the
Pacific Plate.
Linking the two subduction zones is an area where the two plates are grinding laterally past
each other, producing a transform (strike-slip) fault - the Alpine Fault. The interplate slip
vector is slightly oblique to the Alpine Fault, and the net result of oblique convergence gives
rise to the Southern Alps (Figure 1.1). The main divide rises steeply immediately east of the
active trace of the Alpine Fault, reaching as high as 3760 m above sea level approximately
10-15 km to the east. The Alps are continuing to rise by up to 10 mm/year (Norris et al.
1990); however, denudation rates are almost equal to the rate of mountain building.
Seismicity patterns in New Zealand vary across the three different segments of the plate
boundary described above. Figure 3.2 illustrates the spatial distribution of deep earthquakes in
New Zealand. The Hikurangi subduction zone produces thousands of small to moderate
earthquakes each year, with the Benioff Zone being clearly defined by deep (between 40-200
km) earthquakes beneath Hawkes Bay (Anderson & Webb 1994). Similar trends are apparent
in the Puysegur Margin, where the subducting slab is outlined by diffuse seismic activity. In
distinct contrast, the region of the Alpine Fault experiences relatively low seismicity, devoid
of any earthquakes deeper than 90 km, with earthquake activity largely restricted to
infrequent, small, shallow (< 12 km) earthquakes of less than magnitude 3 (Eberhart-Phillips
1995; Figure 3.3), and in places is considered aseismic (Anderson & Webb 1994). The swathe
of shallow seismicity shown across the Southern Alps (Figure 3.3) shows that the plate
boundary is not represented simply by the Alpine Fault, but by a zone of diffuse seismicity
100-300 km wide.
A number of large earthquakes have peppered the seismological record in New Zealand
(Table 3.1). Over the period since European settlement in 1840, eighteen earthquakes over
M7 have been recorded (GNS 2009, Table 3.1; Figure 3.4). The most infamous of these was
the Napier earthquake of 1931, which levelled the town, and killed 256 people. The death rate
was a direct result of the predominantly unreinforced masonry buildings, which could not
withstand the severe sideways shaking created by the earthquake. Wellington city experienced
a major earthquake in 1855, known as the Wairarapa earthquake (M8.1), which remains the
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Figure 3.2. New Zealand’s deep earthquakes deepen across the Hikurangi and Puysegur
subduction zones, while the Alpine Fault zone shows very low levels of deep seismicity
(source: GNS 2009).

Figure 3.3. Shallow seismicity between (0-40km depth) for New Zealand (Source: GNS
2009).
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largest New Zealand earthquake on record. Fortunately the buildings of the town were
constructed from wood, which flexed and moved with the shaking and remained largely
intact. Only five people died as a result. The most recent large event was the Resolution
Island M7.8 on July 15th 2009. It was the most significant earthquake since Napier 1931. For
a number of reasons, including a lack of high frequency shaking and the remote nature of the
epicentral region, this earthquake failed to produce significant damage to built infrastructure.
Table 3.1. Large (> M7 and less than 30 km depth) historical earthquakes since 1848 and
their respective magnitudes, listed in chronological order (Source GNS 2009).
Date Epicentre

Magnitude

1848 Marlborough

7.5

1855 Wairarapa

8.1

1863 Hawke’s Bay

7.5

1888 North Canterbury

7.3

1929 Arthur’s Pass

7.1

1929 Murchison (Buller)

7.8

1931 Napier

7.8 and 7.3

1934 Pahiatua

7.6

1942 Wairarapa

7.2 and 7.0

1968 Inangahua

7.1

2003 Doubtful Sound

7.1

2009 Resolution Island

7.8

In the South Island, there have been seven earthquakes greater than M7 since 1929. The two
most famous of these were the Murchison (Buller) event in 1929, the largest earthquake in the
South Island last century (M7.8) and the Inangahua earthquake in 1968 (M7.1). The
Murchison earthquake was felt over much of New Zealand, with a 4.5 m scarp forming where
the White Creek Fault crossed the main highway. Murchison experienced intensities of MM
IX-X, toppling chimneys and dislodging some houses from their foundations. Extensive
landsliding within the MM IX isoseismal region closed the highway for 22 months. Seventeen
people were killed, mostly by landslides demolishing houses near the foot of hillsides (Yetton
et al. 1998). The 1968 Inangahua earthquake killed three people, and destroyed 100 km of
railway and 50 bridges. On the evening following the quake, 50 locals were ordered to
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evacuate on foot to neighbouring Reefton, and no one was allowed to return for a month. It
was the first earthquake in New Zealand to be studied using modern techniques, and provided
valuable information that helped improve building codes.
Figure 3.4. Locations of earthquakes > M7.0 since 1840 (Adapted from GNS Science).

3.4

The Discovery and Science of the Alpine Fault

Charles Douglas, an untrained but intuitive geologist, carried out some of the earliest
fieldwork on the West Coast at the turn of the century, and compiled a geological and
topographical map of South Westland. Henderson (1929) almost inadvertently introduced the
name ‘Alpine Fault’ on his “Fault Map of New Zealand”, but it was Harold Wellman a
geologist working throughout the West Coast region in the 1940s, who realised a major fault
extended all the way from Milford Sound to Lake Rotoroa, a distance of 450 km (Nathan
2005). Wellman and his colleague R. W. Willet, another geologist, spent many months in
remote South Westland tracing the position of the fault that they named the Alpine Fault.
Wellman noted evidence for horizontal displacement of rivers, which he correctly inferred to
be the result of movement on the fault. Wellman’s most controversial claim was that
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movement on the Alpine Fault had resulted in the 470 km dextral offset of geological rock
units along the fault during the Cenozoic (65 million years ago to present, Figure 3.5)
(Wellman & Willett 1942; Norris et al. 1990), which has since be found to be correct.
Figure 3.5. The distinctive rocks of the Dun Mountain Ophiolite Belt, offset along the Alpine
Fault.

Since plate tectonic theory became established in the 1960s, the Alpine Fault has been
recognised as a dextral transform fault linking the Hikurangi and Puysegur subduction zones
northeast and southwest of New Zealand respectively (Norris et al. 1990). The plate boundary
through New Zealand developed in the Late Eocene, approx. 45 million years ago, in an
extensional rift environment (Sutherland et al. 2000). Complex changes in relative motion of
the two tectonic plates during the Miocene (between 5 and 23 million years ago) led to the
development of the incipient Alpine Fault around 25 million years ago as continental collision
began (Norris et al. 1990; Sutherland et al. 2000). The nature of the plate boundary since then
has evolved, with predominantly dextral strike-slip motion developing a component of
oblique convergence, in a similar way to the present day, for the past 5-8 million years
(Sutherland et al. 2000; Batt & Braun 1999; Little et al. 2005). Motion along the plate
boundary currently occurs at a rate of 20-30 mm/year (Sutherland et al. 2006), with between
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5-10 mm/year of that movement occurring vertically, and ~ 20 mm/year as strike-slip motion
(Norris & Cooper, 2001). In other words, over the past 5-8 million years, motion on the
Pacific-Australian plate boundary has uplifted the Southern Alps ~ 20 km and compressed the
plate margin together approximately 80 km. High average rainfall in the Alps, and high rates
of erosion (~10 mm/year), ensure the Southern Alps grow no higher than 3,800 m of
elevation. If plate boundary motion continues at the current rate, Christchurch and Milford
will be on the same longitude in about 10 million years.
Vertical movement on the Alpine Fault has uplifted high-grade metamorphic rocks from
depths of ~ 20-25 km below the surface (Norris & Cooper 2001). These rocks were originally
deposited in a marine environment, and then buried and metamorphosed into schist at depths
of ca. 30 km and temperatures of 500º C in the Jurassic (~ 180 Million years ago). Over the
last 25 million years, these rocks have been subjected to extensive deformation (pressure and
heat) during their uplift on the eastern side of the Alpine Fault, with the net result being a
reduction in grain size and colour (darkening). Schist is a foliated rock, predominantly
comprising elongate, platy minerals, and is easy to break into slabs or flakes, hence the
derivation of its name from Greek meaning “to split”. At high altitude, the texture of
weathered schist has anecdotally been described by mountain climbers as “weetbix”, because
it cannot be relied upon for firm-footing due to its propensity to break and fracture. This has
significant implications for its behaviour during shaking induced by earthquakes.
The Alpine Fault is one of the most remarkably linear fault traces in the world, clearly visible
from satellite maps running along the edge of the Southern Alps (Figure 3.6). The Alps form a
natural obstacle to the prevailing westerly weather fronts that frequent New Zealand, resulting
in up to 10 metres of orographic rainfall per annum in some areas of the West Coast. Rivers
flowing westward onto the flood plains of the West Coast can rise and fall rapidly, carrying
significant quantities of suspended sediment up to boulder size during heavy rainfall events
(Korup et al. 2004). These rivers are the agents of denudation, or erosion, in the Alps,
resulting in an environment with deeply incised, steep, landslide-prone valleys.
The Alpine Fault is 450 km long, and is divided into four segments based on a number of
geological and tectonic criteria (Little et al. 2005). The central segment is given special
attention in this research project, because it is considered the most likely to produce a large
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Figure 3.6. Satellite map of the Alpine Fault, taken in winter showing the Alpine Fault west of
the snow-covered Southern Alps.

future earthquake, and coincides with popular tourism destinations. Little et al. (2005)
describe the central segment as being ~ 50 km long, spanning the area from Whataroa in the
north to just south of Fox Glacier, although Smith (2006) suggests it extends as far south as
Jackson’s Bay. Seismicity along the central segment of the fault is ‘nearly absent’ (Leitner et
al. 2001; Little et al. 2005, p. 710), with the area between Harihari and Jackson’s Bay
variously described as “aseismic” (Anderson & Webb 1994) or as having low seismicity
(Eberhart-Philips 1995) (Figure 3.2 and 3.3). As an illustration, over a three-year period from
1991-1993, this region of the fault experienced nine earthquakes all measuring less than M3.6
(Eberhart-Philips 1995).
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The central segment is characterised by more rapid uplift than any other part of the Alpine
Fault, approximately between 8 – 12 mm/yr (Little et al. 2005; Walcott 1998), resulting in
higher mountains with steeper slopes than elsewhere in the Southern Alps. This section of the
fault lies only 15 km west of the Main Divide, compared to > 25 km in other areas of the Alps
(Little et al. 2005). It is important to emphasize that while the Alpine Fault is the principal
component of the plate boundary, subsidiary deformation and earthquake activity occurs over
a broad ~ 200 km wide swathe across the entire South Island. On the ground, the active
Alpine Fault trace runs down the main street in Franz Josef, passing beneath a petrol station,
yet no movement or cracking has occurred for decades. In addition, there are no written or
oral accounts of any large AFEQs in pre- or post-European history. It is only through the
work of careful field investigation and radiocarbon dating that a clear picture of the seismic
history of the fault has developed.
3.4.1

Paleoseismic investigation of the Alpine Fault

It is generally agreed that the most recent large AFEQ was in 1717 AD (Sutherland et al.
2007; Yetton et al. 1998)9. There have been a number of significant field investigations over
the past decades, and below is a selection of those which have contributed to a paleoseismic
account of the past 1000 years of AFEQs:
• Trenches dug close to the Alpine Fault near Haast show evidence for liquefaction
of sand layers, which is consistent with intensities of MM >7. Their proximity to
the fault scarp of the Alpine Fault suggests a causal relationship with large, local
seismic events (Berryman et al. 1998).
• Investigation of offset river channels at several locations in Westland indicates
horizontal fault motion of 8-9 m per earthquake, with 1 m of vertical movement up
to the southeast (Yetton et al. 1998).
• Vegetation growing on three different terraces, inferred to have formed during
three paleoseismic Alpine Fault events, have been dated at 1710-1720 AD, 16001620 AD and 1405-1445 AD. These dates indicate the age that the terraces were
uplifted out of the flood zone of the adjacent Karangarua river when vegetation

9

There is some evidence to suggest a moderate AFEQ occurred in 1826, but most studies indicate 1717 AD is
the most reliable recent earthquake event on record.
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began to grow without being periodically drowned (Yetton et al. 1998; Wells et al.
1999).
• Regional studies of tree growth and tree damage indicate three periods of forest
disturbance, which fit well with the dates for terrace ages described above (Wells
et al. 1999; Wright 1998a; Yetton et al. 1998; Cooper & Norris 1990).
All of the above evidence suggests there have been three major AFEQs at 1717 AD, 1620
AD, 1430 AD (Yetton et al. 1998; Sutherland et al. 2007). Estimated rupture lengths for these
events range from 200-600 km, with magnitudes of M7.9, 7.6 and 7.9 respectively
(Sutherland et al. 2007; Figure 3.7). According to Sutherland et al. (2007) all three events
ruptured almost as far north as Springs Junction, with the 1717 AD event rupturing the entire
length of the West Coast from Milford Sound. Both the 1717 AD and 1430 AD events are
inferred to have produced horizontal dextral slip of 8-9 metres.
Figure 3.7. Estimated rupture lengths for the three inferred paleoseismic Alpine Fault events,
in 1430, 1620 and 1717 AD. Note the 1717 AD event ruptured as much as 600 km (Adapted
from Sutherland et al. 2007).
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Figure 3.8. Synthetic isoseismal model of the M7.9 1717 AD AFEQ (Yetton et al. 1998).

Figure 3.9. Synthetic isoseismal model for the M7.6 1620 AD AFEQ (Yetton et al. 1998).
The epicentre is further north than the 1717 AD event.
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Synthetic isoseismal models for the 1717 and 1620 AD AFEQs have been developed,
illustrated in Figure 3.8 and 3.9 respectively (Yetton et al. 1998). The MM VII-IX isoseismal
range for the 1620 AD event takes in a large area of Westland and Nelson district, and as far
east as Banks Peninsula. The 1717 AD Alpine Fault ruptured further south than the 1620 AD
event, and an isoseismal map for this event shows the MM VII-IX range encompassing
Queenstown, Milford Sound, Christchurch and Hokitika.
So what does this tell us about the future for the Alpine Fault? Taking into account all of the
paleoseismic evidence, Sutherland et al. (2007) conclude that the Alpine Fault has the
potential to produce an earthquake measuring approximately M7.8-8.0, depending on the
length of the fault rupture. Using the past as a key to the present, the Alpine Fault produces
large earthquakes approximately every 100-300 years. In the intervening years, strain is
gradually building up on the fault until it accumulates sufficiently to cause the fault to rupture.
Yetton et al. (1998) used paleoseismic data to calculate the probability of recurrence on the
Alpine Fault, which suggests there is a 65% ± 15% probability over the next 50 years,
increasing to 85% ± 10% over the next 100 years. The year 2007 marked the 290th
anniversary of the 1717 AD earthquake. Using the recurrence interval calculation described in
Chapter 2 (using ū = 8 m, Vt = 25-30 mm/yr) produces a timeframe of 267-320 years between
large Alpine Fault events. The most recent event in 1717 AD means the window for the next
event lies between 1984 – 2037.

3.5

Earthquake hazards in the zone of the Alpine Fault

Regional authorities have an obligation under the Resource Management Act (RMA) (1991)
to investigate natural hazards, and avoid or mitigate their effects. This, coupled with recent
changes to the Civil Defence and Emergency Management Act (2002), have put the onus on
regional authorities to improve their awareness and understanding of the natural hazards
which affect their jurisdiction, in order to be better prepared for a natural disaster. The West
Coast Regional Council conducted a review of natural hazards in 2002. Their report
concluded that, in terms of severity of disaster, an AFEQ presents the greatest risk to the
region compared to any other natural hazard (DTEC Consulting 2002). The West Coast Civil
Defence and Emergency Management (WCCDEM) group produced an operative plan in
2005, designed to address the need for preparedness for emergency situations involving
natural (and technological) hazards (Clayton 2005). They ranked natural hazards in order of
importance with respect to risk for local populations and infrastructure, and an AFEQ was
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identified as the highest priority. Since then, further work has been commissioned by the
various West Coast, Otago and Canterbury Regional and District councils to investigate the
impact of a natural disaster on essential lifelines, including transportation, energy, water
supply, sewerage and telecommunications (McCahon et al. 2006a; 2006b). These so-called
Lifeline reports highlight the issues that will arise from a major natural disaster, using an
AFEQ as an example of a worst-case scenario. The reports identify key vulnerabilities, and
make recommendations to improve regional and community resilience.
The following section provides a thorough description of the likely outcomes of an AFEQ.
Firstly, however, it is important to note the following:
•

A M8 event is considered highly likely over the next 50-100 years (Yetton et al. 1998,
Sutherland et al. 2007). While the probability of an AFEQ is relatively well
understood, it is impossible to predict precisely where the epicentre will be. What is
more important is an understanding of the likely rupture length (L) of the future event.
Based on current knowledge, the next AFEQ is expected to take place between Haast
and Hokitika (Sutherland et al. 2006). McCahon et al. (2006) used Paringa (30 km
north of Haast) as the epicentre for their Lifelines earthquake scenario.

•

Limitations in predicting the size of a future AFEQ are mainly related to the rupture
length (Yetton et al. 1998). The 1717 and 1420 AD events both ruptured the entire
length of the central section of the Alpine Fault from Haast to Hokitika, and as far
south as Milford for the 1717 AD earthquake (Yetton et al. 1998; Sutherland et al.
2007). It must be remembered that while the epicentral region may experience the
most intense shaking of up to MM X (Smith 2002), an AFEQ is likely to rupture the
surface for a distance of between 100 - 350 km, resulting in very strong shaking over
large areas surrounding the fault.

•

Accumulated slip on the central section of the Alpine Fault over the last 290 years is
inferred to be sufficient for the fault to be approaching failure, i.e. the fault has the
potential to generate a large earthquake event of the magnitude recorded in
periodically over the past several thousand years (Sutherland et al. 2006).

•

An additional factor that will determine the amount of damage caused by the
earthquake is its directivity (direction of propagation). For example, a south to north
surface rupture is likely to cause more damage in northern areas such as Greymouth
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and Hokitika, compared to a north to south rupture which will affect Haast and
Milford Sound more severely (Norris pers. comm. 2009).
Earthquake hazards specific to the region of the Alpine Fault are described below, with
respect to how each is likely to impact on infrastructure, essential lifelines, and landscape, as
well as the spatial distribution of these impacts.
3.5.1

Ground Shaking

Yetton et al. (1998) predict very strong ground shaking in areas close to the Southern Alps in
the event of a M8 on the Alpine Fault. The degree of shaking will be the most intense in the
epicentral region, and weaken with distance from the source. The intensity of ground shaking
is inherently linked to the geological materials that seismic waves pass through on their way
to the surface, and this is very difficult to predict with any degree of certainty. Estimating the
zone of the most intense ground damage, with intensities of MM IX –X, is further
complicated by variables including rupture length, epicentral and focal location and building
construction. Broadly speaking though, Arthur’s Pass, Mt Cook, Greymouth, Hokitika, Fox
and Franz Josef will be particularly badly affected, and shaking will be stronger than any
other earthquake over the past 100 years throughout the field area, including the Inangahua
earthquake of 1968 (Yetton et al. 1998). Widespread damage to road and rail infrastructure by
landslides, liquefaction and structural damage (i.e. aside from damage caused simply by
surface rupture) will occur as a direct result of ground shaking within the MM VIII isoseismal
and above.
McCahon et al. (2006) correlated peak ground acceleration (g) with intensity by comparing
the work of four different New Zealand studies (Table 3.2), which provides a further
indication of the degree of damage likely to be experienced by an AFEQ. Accelerations
across the MM VII-X range vary from 0.05 g to 1.2 g (remembering that accelerations of
approximately ≥ 0.3 g are capable of causing extensive damage to buildings and
infrastructure), suggesting that wide areas of the Southern Alps lying within the MM VII-X
isoseismal range will be heavily damaged during a major AFEQ. McCahon et al (2006a)
suggest that a 5-10 km wide zone around the surface rupture will receive accelerations of 0.8
g.
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Table 3.2. Correlation between peak ground accelerations and intensity (from McMahon et al.
2006).
Peak Ground Acceleration (g)
MM Intensity

Yetton (1998)

Transit (2000)

Cousins (1999)

Stirling (1999)

VII

0.05 - 0.10

0.1 - 0.2

0.05 - 0.2

0.1 - 0.25

VIII

0.1 - 0.2

0.2 - 0.3

0.2 - 0.6

0.25 - 0.55

IX

0.2 – 0.4

0.3 – 0.4

0.6 – 1.0

0.55 – 1.2

X

0.4 – 0.8

3.5.2

1.2 -

Surface rupture

Surface rupture during a large AFEQ will cause the most damage where it transects roads,
buildings, water pipes, electricity lines, communication links, and rail links. The Alpine Fault
transects the main highway several times south of Whataroa on the West Coast, and it is these
locations that will experience the most severe disruption due to ground displacement,
including road bridges, bridge approaches and road embankments. Franz Josef will be the
worst affected because critical infrastructure is located across the fault on the main street of
the town. Yetton et al. (1998) predict horizontal offsets of 1.8 ± 1 metres in the northern
section of the Alpine Fault, and 8 ± 2 metres in the south. Vertical movement will range
between 0.5-1.5 metres (southeast side up). In addition to surface rupture along the fault trace,
ground distortion and tilting will be widespread in a zone 50-100 m from the fault (Yetton et
al. 1998). Disruption to essential lifelines will cut the supply of electricity,
telecommunications, reticulated water, and sewerage in large parts of the field area in the
immediate aftermath of the earthquake.
3.5.3

Liquefaction

Historically, liquefaction has been recorded up to 160 km from the epicentre of large New
Zealand earthquakes (e.g. following the 1855 Wairarapa earthquake), although it is possible
liquefaction in remote areas went unreported. The 1929 Murchison earthquake resulted in

61

widespread liquefaction of alluvial sediments, observed along the waterfront in Hokitika and
Greymouth, destabilising wharves and adjacent land (Hancox et al. 2002). International
examples have highlighted induced liquefaction up to 250 km from the source (Kuribayashi &
Tatsuoka 1975).
Hancox et al. (2002) found the magnitude threshold for soil liquefaction in New Zealand is
M6, and intensity levels of MM VII-VIII (or MM VI in particularly susceptible soils),
suggesting that all susceptible areas within the epicentral region will be affected by
liquefaction. Yetton et al. (1998) predict the lower floodplains of the West Coast will be the
worst affected, including river mouths, dunes and estuarine environments. Hokitika and
Greymouth were originally inhabited because of favourable access to the sea, with sufficient
flat ground to construct port facilities, but as a result they are highly vulnerable to
liquefaction. The upper levels of flood plains, including high river terraces, moraines and
alluvial fans have lower water tables and less fine sediment, and lie on top of solid rock;
factors unlikely to give rise to liquefaction (Yetton et al. 1998).
3.5.4

Tsunami and Sieche Waves

An AFEQ is not expected to produce the large scale submarine uplift required to generate a
significant tsunami (Yetton et al. 1998). There are two exceptions; if the epicentre was
positioned south of Milford Sound where the Alpine Fault goes offshore. In this case, the
impact of a tsunami would be reduced by the narrow, enclosed nature of the fiords, deep
water immediately offshore, and the lack of human settlement. Any wave generated in this
area would travel parallel to the shore, with wave action oblique to the coastline. Possible
outcomes include erosion of sand from beaches, and waves travelling short distances up river
mouths (McCahon et al. 2006). Davies (pers. comm. 2007) argues that Milford Sound itself is
highly vulnerable to tsunami generated by rock falls within the fiord, which could produce
waves tens of metres in height. The second possibility could result from an Alpine Fault event
triggering a underwater landslide (known as a turbidity current) on the continental shelf west
of the West Coast region (Daniel pers. comm. 2008).
Lake Brunner and Lake Kaniere on the West Coast lie seven kilometres from the Alpine Fault
trace, and their lake front settlements are vulnerable to waves generated by landslides falling
into the lake. Lake Brunner is also vulnerable to the Taramakau River changing from its
present course and flowing into the lake. The tourist towns of Queenstown and Wanaka are
similarly vulnerable to sieche and rock-fall tsunami wave inundation. Recent public
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awareness lectures in Queenstown warned locals there could be a 5 m high sieche wave
generated by landsliding into Lake Wakatipu, which would seriously damage the low-lying
downtown area of Queenstown (Morris 2007). Benn (1992) considered sieches to be more
hazardous than tsunamis. Sieche-prone lakes exist on both sides of the main divide, and
include Lakes Wakatipu, Wanaka, Hawea, Pukaki, Tekapo, Benmore and Ohau, all lying
within 70 km of the fault. McCahon et al. (2006a) believe seiching will affect all lakes in the
region of the Alpine Fault.
3.5.5

Landslides

A direct effect of an AFEQ will be the generation of extensive landsliding in the Southern
Alps, throughout the MM VIII zone (Yetton et al. 1998; Hancox et al. 2002). Rock fall and
disrupted rock slides are the most abundant earthquake-induced landslides (Keefer 1999),
clearly observed during the 1929 Murchison earthquake which involved several thousand
landslides (McCahon et al. 2006a). An important factor in determining the extent of
landsliding is ground saturation, because high soil moisture levels enhance the distribution of
landslides. Avalanches will also be widespread throughout the MM VIII zone during winter
months.
The 1929 Murchison M 7.8 earthquake caused up to 10,000 landslides over an area of 5,000
km2, some of which are still visible as scars on the landscape (Hancox et al. 2002). The
volume of rock displaced by landslides during this event is the largest of any historical New
Zealand earthquake, estimated as 2 km3 (or 2 billion m3) (Hancox et al. 2002). Additional
impacts included the slumping of bridge approaches and road embankments up to 120 km
away from the epicentre, which closed roads and caused disruption to local communities. Of
the seventeen deaths caused by the Murchison earthquake, fourteen were related to landslides
as houses located in river valleys or close to range fronts were flattened by rocks and debris
(Yetton et al. 1998).
Rock avalanches induced by an AFEQ will occur in the Southern Alps, largely because of the
widespread extent of fractured and weathered schist and greywacke, occurring on steep,
incised valley walls, which are highly susceptible to ground shaking. Rock avalanches will
involve large volumes, and travel significant distances at high speed. The Round Top
avalanche, near Hokitika on the West Coast, dates from 930 AD, and is an example of an
earthquake-induced event in the Southern Alps. This event offers some indication of the scale
of landslides that could eventuate following a big Alpine Fault event today (Wright 1998). A
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total of 45 million m3 of material was transported 4 km down slope before spreading out over
5 km2 of alluvial fan along the range front (Wright 1998a). The landslide deposit comprises
boulders (up to 15 m in diameter) as well as very fine grained material that was pulverised
while entrained by the landslide, and overlies a 1.5 m thick layer of trees and vegetation. If a
similar event took place today near the main road or near a town, it would put many lives at
risk and cut local communities off to road traffic and essential services for a considerable
length of time. As such, the Round Top rock avalanche provides a useful case study for
hazard managers when considering the potential outcomes of an Alpine Fault-triggered
landslide.
Hancox et al. (2002) used historic landslides in the region of the Alpine Fault to investigate
the relationship between intensity and earthquake-induced landsliding and surface rupture.
The minimum intensity threshold for landsliding was found to be MM VI, with widespread
landsliding associated with intensities of MM VII-VIII. In terms of magnitude, a minimum of
M5 is required to induce landslides, and a M6 or higher is likely to trigger widespread
landsliding (Hancox et al. 2002). Isoseismal models for the 1717 AD and 1620 AD events on
the Alpine Fault (Figures 3.8 and 3.9 respectively) indicate these earthquakes generated
sufficient intensity to induce landsliding as far east as Christchurch and Timaru, located more
than 150 km from the fault trace. Table 3.3 describes the estimated landslide hazard for
localities within the field area, based on the empirical methods of Yetton et al. (1998). This
method describes a zone of major landslide generation within 30 km of the epicentral region
resulting from intense ground shaking. Moderate abundance of landslides is modelled to
occur between 30-90 km and relatively low abundance in the area more than 90 km from the
epicentre. As will be demonstrated in Chapter 7, the MMVIII isoseismal modelled for this
research closely approximates the 30 km wide zone described here.
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Table 3.3. Relative hazard from landslides triggered by an AFEQ (Adapted from Yetton
1998).
West Coast
Milford Sound

East of the Alps

Distance from epicentral
region (km)
<5

Fox Glacier

<5

Franz Josef

<5

Harihari

<5

Jacksons

<5

Springs Junction

10

Haast

10

Ross

Arthur’s Pass

20
Mt Cook village

30

Greymouth

3.5.6

Major

20

Hokitika
Haast Pass

Relative abundance
and impact

35
Glenorchy

55

Twizel

75

Wanaka

80

Queenstown

85

Te Anau

95

Nelson

110

Christchurch

130

Moderate

Low

Landslide dams

Many river valleys in the Southern Alps have narrow valley floors and steep slopes, which are
particularly susceptible to landslide dam formation (Korup 2004), and between 25-30 valleys
are expected to be dammed following a big earthquake (Yetton et al. 1998). Due to high
annual rainfall in Westland, dam formation is generally quickly followed by their destruction,
either by gradual over-topping or by outburst dam breaks, and subsequent obliteration of
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landslide material by fluvial erosion (Korup 2004). In drier areas east of the Alps, dams are
unlikely to fill so quickly and are therefore less likely to fail as rapidly as in western areas.
The Mount Adams rock avalanche of 1999, located east of the Alpine Fault near Whataroa on
the West Coast, is the most studied landslide dam in the field area, and provides a clear
example of an earthquake hazard with the potential to affect foreland communities
significantly (Hancox et al. 2005, Becker et al. 2007). Approximately 10-15 km3 of rock and
debris blocked the Poerua river valley, impounding 5-7 million m3 of water, 11 km upstream
of the main highway (Hancox et al. 2005). Heavy rainfall in the days following the event led
to the overtopping of the dam, with a rapid rise in river levels to 2 m higher than normal flow
under the main highway road bridge (Hancox et al. 2005; Becker et al. 2007). While no
significant damage was done to human infrastructure, mainly a result of the river flow being
contained within existing river channels, a catastrophic dam breach and subsequent
downstream flood could have had serious impacts on downstream inhabitants (Becker et al.
2007). A local farmer lost several prime dairy paddocks through aggradation of the river bed
close to the range front (Plate 3).
Plate 3. Aggradation caused by the Mount Adam rock avalanche in 1999, with associated loss
of agricultural productivity. The scar of the landslide is shown by the red dashed line (Photo
taken by the author).
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The Waiho River and its tributary, the Callery River, flow through the township of Franz
Josef, and are recognised as presenting a significant hazard for residents from flooding and
landslide dam breaks (Davies & Scott 1997; McSaveney & Davies 1998; Davies 2002). The
Waiho river bed has aggraded dramatically in recent decades, and currently lies at critical
levels compared to surrounding flood protection structures (these structures are, in fact,
believed to be exacerbating the problem (Davies & McSaveney 2001). A landslide dam in the
Callery River catchment was identified as having the potential to flood a holiday park situated
south of the bridge in Franz Josef, with up to 300 people exposed to excessive risk during the
peak tourist season (Davies 2002). As a result, the park was decommissioned.
3.5.7

Aggradation and avulsion of rivers

An indirect effect of a major AFEQ will involve changes in the sediment load of rivers
flowing from the Alps. Several studies have investigated sediment yields in the Southern
Alps, and these are summarised below.
•

Adams (1980) determined that three M ~ 7 events in the Southern Alps over the past
century had contributed 59 million m3, 1.3 billion m3 and 52 million m3 of material
respectively. Subsequent erosion from landslide scars immediately after the event
generated another sediment pulse equivalent to 50% of the total generated by the
landslides (Adams 1980). Half of the sediment generated by the Inangahua earthquake
(1968) had been transported out to sea by rivers within 19 months of the landslide.

•

Korup et al. (2004) estimated short-term sediment yields of 70,000 tonnes/km2/year
immediately following a landslide in the Southern Alps.

•

Pearce and Watson (1986) measured aggradation in a river catchment affected by the
M7.7 Murchison earthquake in 1929, and reported the delivery of 400,000 m3/km2 of
sediment to stream channels, which were raised by up to 10 m in the epicentral region.
Fifty years later little of the coarse sediment had been removed from the area, with
most relocated < 10 km from their source region.

Sediment delivery on this scale has far-reaching effects on settlements downstream,
particularly agricultural communities whose land will be seriously disturbed by aggradation,
changes in riverbed morphology, damage to stop banks, and increased flooding frequency due
to raised river beds. Aggradation will affect both sides of the Southern Alps, but the West
Coast will be worst affected because of its high river flows and steep catchments (Yetton et
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al. 1998). Streams and rivers carrying high bed loads from steep sections of the mountains
and across the range front will experience the most aggradation.
State Highway (SH) 6 road bridges traversing rivers will be particularly vulnerable, as
extreme sediment loads lead to aggradation of alluvial fans upon which bridges exist. In the
long term, bridges will need to be rebuilt to accommodate higher river bed levels, and road
realignment will also be required in some areas. Excessive sediment loads will have a
significant impact on hydroelectric generation (on the Grey River near Arnold, and on major
rivers east of the Southern Alps, including the Clutha and Waitaki), with turbine shutdown
taking place to protect dams from sediment clogging.
The onset of massive aggradation following a major earthquake on the Alpine Fault will be
determined by the amount of rainfall in the days and weeks after the event. In a worst case
scenario, the earthquake will occur during a heavy rainfall event, which will immediately
begin the process of transporting massive quantities of material downstream. If the earthquake
occurs during a dry period, there will be a delay in the timing of the inevitable downstream
effects until the next heavy rainfall event, which could equate to delays of weeks or months.
3.5.8

Forest Damage

Earthquakes in forested terrain have demonstrated effects on tree mortality (Yetton et al.
1998; Wells et al. 2001). The 1717 AD Alpine Fault event caused widespread disturbance to
more than 1400 hectares of forest cover (Wells et al. 2001), with contemporary forests in
these areas dating to the 1717 AD earthquake as a result of a phase of post-earthquake
regeneration. Earthquake-triggered landslides can remove extensive tracts of forest from steep
slopes, and liquefaction can cause immediate death to trees by damaging root systems,
leading to instability and toppling. In the longer term, earthquake-triggered tree loss coupled
with high rainfall results in increased erosion and aggradation. In the months and years
following the earthquake, vegetation re-establishes itself on bare ground, providing a visual
description of historical forest damage and regeneration.
Allen et al. (1999) argue that the mortality of trees due to earthquakes is often underestimated
because it is based on visual assessments of large-scale landslide obliteration of forests, and
does not take into account damage or injury to trees, such as branch and crown damage. Their
investigation following a M6.7 earthquake at Arthur’s Pass in 1994 determined that while
landslides accounted for a high proportion of tree mortality, more pervasive damage was done
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by trees being struck by debris, or because trees were located on steep terrain or on unstable
soils (Plate 4). This resulted in ~ 50% of canopy trees experiencing injury, with significant
implications for premature tree mortality, and for an overall reduction in forest biomass. In
the aftermath of the Wairarapa earthquake in 1855, up to one third of trees were removed
from the hills just north of Wellington city (Allen et al. 1999).
Plate 4. Damage to forests before and after the 1994 Arthur’s Pass earthquake (Source: Allen
et al. 1999).

3.6

Chapter Summary

Chapter three began by describing earthquake hazards, with examples from recent large New
Zealand earthquakes and from international events to illustrate the physical outcomes of large
earthquakes. Earthquake-induced landslides in mountainous terrain generate significant
quantities of material which is then mobilised by fluvial systems, acting as an agent for
widespread changes in the landscape. The tectonic environment of New Zealand has involved
oblique compression across the South Island over the past 25 million years as the Alpine Fault
developed into the present configuration, extending 450 kilometres west of the Alps. Rates of
relative motion between the Pacific and Australian plates, as well as paleoseismic evidence
documenting the past several earthquakes on the Alpine Fault, suggest there is a high
probability the region will experience a large earthquake over the next 50 years. The
characteristic event on the Alpine Fault takes place every 100-300 years and is a M7.8 - 8.
Synthetic isoseismal models for the 1620 and 1717 AD events suggest the whole of the South
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Island experienced MM VI or above intensities, with MM VIII or higher affecting a broad
area of the Southern Alps. Physical outcomes of a future AFEQ were detailed, highlighting
the seriousness of the damage caused by surface rupture, ground shaking and landslides, and
associated effects. Chapter 7 will build on the foundation of earthquake hazard literature
presented here in the discussion of results related to Objective 1 of the research programme.
In the next chapter, literature relating to the psychology of risk will be described as a basis for
continued discussion of human behaviour in the face of natural disasters; risk perceptions and
emergency preparedness, and the factors that influence individuals’ motivation to prepare.
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CHAPTER FOUR
Risk Perception, Resilience and Recovery
“How extraordinary! The richest, longest lived, best protected, most resourceful
civilization, with the highest degree of insight into its own technology, is on its way to
becoming the most frightened” (Wildavsky 1979, p.32, quoted in Slovic (1987) p. 280)

4.1

Introduction

Human civilisation continues to develop increasing levels of complexity, and today in western
society our immediate concerns about survival have been superceded in the most part by
expectations of living longer, healthier lives. Expanding human development, population
growth and increased wealth have all led to greater vulnerability to a range of environmental,
biological, climatic and human-induced hazards. The magnitude and frequency of disasters, as
well as the costs, have escalated dramatically as a result (Gregg & Houghton 2006; Blaikie
1994; Chapman 2003).
Demand for ever safer environments has increased as people seek to reduce the risks
associated with daily life by altering the natural and social landscape to suit human needs.
Advanced nuclear and chemical technological developments over the past sixty years have
introduced new ways to cause widespread and catastrophic damage to life. Risk assessment
methods, designed to quantify the level of risk posed by hazards, proliferated in the 1980s and
1990s (Slovic 1987). Barnes (2002) described changes in risk management which led to the
“professionalisation of risk”, where traditional societies once dealt with the risk posed by
natural disasters at community level, now being replaced by the concept of an ‘expert’
outsider making collective decisions for society.
Slovic (1997) argued that risk assessment remains a poor attempt at measuring a phenomenon
which is inherently subjective, in order to satisfy the public’s need to cope with uncertainty
and fear. And ironically, the growth in risk assessment and mitigation practices has done
nothing to reduce public concerns about risk (Slovic 1997). Instead, increased levels of
prosperity and consumerism are resulting in the perception of greater vulnerability; in other
words, the more material wealth we have, the more we have to lose.
Our understanding of natural hazards has been enhanced by modern technologies such as
weather forecasting and hazard monitoring methods, as well as our ability to respond to
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hazards by building appropriate structures (e.g. flood levees) or reinforcing existing structures
(earthquake engineering) (Smith 2004). Knowledge of hazard activity, however, is limited by
the short duration of written records, which have only been in existence for several centuries
at best (Gregg & Houghton 2006), and are inadequate at describing the full range of hazard
magnitudes and scales. Earthquakes are particularly problematic because recurrence intervals
can range from hundreds to tens of thousands of years.
This chapter begins by developing a theoretical foundation for later discussion of the concept
of risk and risk perception. The terms risk, hazard and vulnerability are defined, as they relate
to adaptive capacity and resilience. Risk perception research is described, with emphasis on
recent studies conducted in New Zealand. Emergency preparedness, and the factors which
influence preparedness, are described at length in section 4.4.

4.2

Definition of terms

4.2.1

Risk

‘Risk’ is a complex and multi-faceted term. Kasperson et al. (2003 p. 96) state that “risk
involves threats of harm to people and nature but also to other things or ends that people
value, such as community or political freedom”. It is also “in part, an objective threat of harm
to people and in part a product of culture and social experience” (Kasperson 1992 p. 158).
The term ‘risk’ has gone through a complex evolution since early work on natural hazards in
the 1960s (Kates 1962; 1971; Kasperson 1992). Risk can be considered as the perceived or
real implications that arise from a hazardous event (Rohrmann 2003). In some situations it has
positive connotations, particularly in the field of adventure tourism (risky thrill-seeking
activities), but for the most part risk describes the negative outcomes of a hazardous situation.
Risk classification reflects its interdisciplinary nature, including the fields of psychology,
mathematics, economics, ecology, geography, geology, engineering and many others (Renn
1992). Renn (1992) defined seven risk perspectives which stem from these different areas of
academic research; actuarial (statistics), toxicological and epidemiological, engineering,
economic, pyschological, social and cultural theories of risk. The most relevant perspective
for this research is the psychological approach, which uses psychometric analysis of
individuals’ risk perceptions to provide an understanding of subjective judgements that
society makes about risk.
From a theoretical perspective, risk can be conceptualised in three parts; a physical
(technical/scientific) attribute, a cultural phenomenon or a psychological phenomenon (the
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latter two being social-science fields of interest) (Renn 1992; Rohrmann 2003). The physical
concept of risk focusses on the probability of events (an earthquake, volcanic eruption, car
crash) and the magnitude of the consequences (e.g. deaths) (Kasperson 1992). Risk then
becomes the sum of the probability multiplied by the consequences (Kasperson 1992). In the
same way, risk can be seen in expression (1) as the product of hazard and vulnerability
(UNDP 2004). Risk, therefore, only exists if there is vulnerability to a hazardous event.
Risk = Hazard x Vulnerability

(1)

Society tends to be indifferent towards low probability/high consequence risks, and high
probability/low consequence risks (Kasperson 1992), such as a damaging earthquake, as
opposed to smoking. This means of assessing risk is deficient in fully describing societal
preferences and choices for policy-making (Kasperson & Kasperson 1996). In addition, it
fails to recognise that individuals have abilities for self protection and group action within
their social network which go further than simply coping, but include resilience and adaptive
capacities. Incorporating these factors results in expanding expression (1) as follows;
Risk = Hazard x (Vulnerability – Adaptive capacity)

(2)

The cultural theory of risk was developed by Douglas in the late 1970s (1978; Douglas &
Wildavsky 1982), and suggests that perceptions of risk are a product of an individual’s
cultural background and social learning. In other words, individual risk perceptions are
largely dependent on which social groups one belongs to, and one’s ‘way of life’ (Boholm
1996), not by personal traits, preferences, needs, or properties of the risk object itself. Cultural
bias, however, is difficult to isolate from all other personal characteristics, so much so that
while the theory may be useful, collecting data to prove its legitimacy is somewhat more
challenging. As a result, cultural theory has been widely criticized for lacking empirical
support for its claims (Boholm 1996), particularly for its predictive power.
The psychological theory of risk describes “the heuristics that ordinary people utilize to cope
with the complex array of risk information available as they wend their way through a
potentially hazardous world” (Kasperson 1992, p. 155). Psychometric scaling methods were
adopted to quantitatively measure risk perceptions, and a range of other aspects of perceptions
(Slovic 1997). Other methodological approaches, such as different rating scales or attitude
questions were also developed and tested. The psychometric paradigm, as it became known,
had limitations, none more so than the assumption that risk is subjective. In addition,
individual assessments of risk were found to be influenced by a complex range of factors,
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which arugably made a complete understanding of risk perception virtually impossible.
However, with appropriate methodological design, it is possible to quantify and model these
factors and their interrelationships so that some understanding of risk perceptions at
individual and societal level can be developed (Slovic & Weber 2002).
The social amplification of risk theory was developed by Kasperson et al. (1988) as a
continuation of the psychometric paradigm, and suggests hazard events interact with social,
psychological, cultural and institutional processes that influence risk behaviour and risk
perceptions, both amplifying or attenuating them. This theory was born from an inability to
explain or predict why public responses to certain low risk events were unexpectedly severe
compared to other higher risk events. Risk amplification occurs when a hazard defined by
experts as low risk becomes a “particular focus of concern” within a society (Kasperson et al.
2003, p. 13), for example recent concerns about terror attacks or agricultural disease
outbreaks, or earlier incidents involving nuclear reactor leaks (e.g. the Three Mile Island
incident in 1979) (Kasperson et al. 1988). This may occur because of exaggerated media
reports, the salience of the event, or where there is a lack of trust in information sources. In
contrast, risk attenuation refers to the general lack of concern within society about serious
hazards, such as smoking or car accidents. It has been two decades since the development of
the theoretical framework to describe the social amplification of risk (Kasperson et al. 1988;
Kasperson & Kasperson 1996), and a large number of empirical psychometric studies have
been carried out to test the reliability of the framework. These are discussed further in section
4.4.
4.2.2

Hazard and disaster

A hazard is a physical entity; “a situation, event or substance that can become harmful for
people, nature or man-made facilities” (Rohrmann 2003 p. 24). Kasperson (1992, p. 158)
adds a time component by stating that hazards “involve transformations of the physical
environment or human health as a result of continuous or sudden (accidental) releases of
energy, matter, or information or involve perturbations in social and value structures”. Both
of these broad definitions encompass environmental, biological, and man-made hazards,
including technological, nuclear generation, extreme climatic events, terrorism and volcanism.
An important distinction can be drawn between risk, which can be thought of as voluntary,
compared to hazard, with connotations of “involuntariness” (Barnes 2002 p.16).
Natural hazards research takes a slightly narrower approach, describing a hazard as “a natural
process that could potentially threaten the things that people value” (Gregg & Houghton
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2006 p. 21). For example, landslides, tsunamis or earthquakes can threaten not only human
life, but also the built infrastructure and property, plants and animals, and soil. This definition
is not specific about the scale or magnitude of the hazard. Disaster refers to a natural hazard
event that a community is unable to cope with alone, requiring external help from national or
international agencies (Quarantelli 1998; 2005; Gregg & Houghton 2006). Disasters, as
opposed to lesser emergencies, have the ability to attract a rapid influx of assistance from
external agencies, quick mobilisation of resources, and can lead to local residents losing
autonomy over their community as government officials take control of the disaster response
(Quarantelli 2005).
Hazard mitigation involves measures designed to protect people and property from damage
prior to a natural disaster, described as passive protection by Lindell and Whitney (2000).
Mitigation measures include a range of simple techniques for preventing excessive damage,
for example by fixing bookcases and water cylinders to the wall, and storing heavy items low
to the ground. There has been a tendency in the past for governments to fund post-disaster
response and recovery; however, more recent efforts have been directed at encouraging
hazard mitigation before a hazardous event, for example, by developing appropriate public
education campaigns (Gregg & Houghton 2006). Mitigation measures at a societal level
include hazard warning systems (e.g. the Pacific Tsunami warning centre), structural
engineering (e.g. dams, sea walls, earthquake retro-fitting of buildings), building codes and
landuse planning and public policy methods.
4.2.3

Vulnerability, Resilience and Adaptive Capacity

The concepts of vulnerability, resilience, and adaptive capacity are defined in the following
section. It is important to note that these terms have broad multi-disciplinary applicability,
and can be applied at a range of scales, from individual household to community to
society/global level (Smit & Wandel 2006). They are important factors in biological, political,
social, economic and environmental discussions, and have implications over a range of
timescales, from instantaneous, to decades and centuries (Smit & Wandel 2006).
The term vulnerability has variously been described as ‘the characteristics of a person or
group in terms of their capacity to anticipate, cope with, resist, and recover from the impact
of a natural hazard’ (Blaikie 1994, p. 9). This societal definition encompasses the factors
which determine the level of disruption to life and livelihood in the event of a natural or
human disaster. Ecological vulnerability can be considered as susceptibility and exposure to
harm and external stresses, such as perturbations that affect an ecosystem (Gallopin 2006). A
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broad range of academic disciplines have adopted the term to suit their own agendas, and
there exists a lack of consensus about its meaning from the ecological and social disciplines.
For the purposes of this research, a societal definition is the most appropriate, in line with the
Blaikie (1994) definition above.
The meaning of ‘resilience’ is derived from the Latin ‘to jump back’; in other words, the
notion of ‘bouncing back’ from adversity to the way things were before (Paton 2006a). In
natural sciences it is used in mechanics to describe the ability of a material to deform
elastically, and then recover to its former state. In the social sciences, the study of positive
psychology developed from the observation that some individuals have a capacity to achieve
positive outcomes despite experiencing significant adversity, e.g. child abuse or neglect
(Yates & Masten 2004). More recently it has been applied to human systems and ecosystems
that have been subjected to stresses and have the ability to recover from social, political and
environmental change (Gallopin 2006), and also refers to reducing vulnerability and
enhancing sustainability (Klein et al. 2003).
Thus, resilience is a desirable attribute for any individual, community, city or natural
ecosystem (Klein et al. 2003; Yates & Masten 2004). However, the focus on recovery per se
fails to fully describe the real outcomes of a disaster (Paton 2006a). Natural disasters are
capable of causing significant change to the physical and social landscapes, from which a full
recovery is impossible. Hence, it is a new post-disaster reality to which a community must
adapt (Paton 2006a). The climate change debate has put renewed emphasis on human
vulnerability to extreme weather events, and enhanced the need for adaptation to the poorly
understood future hazard landscape (Klein et al. 2003). The UN International Strategy for
Disaster Reduction included adaptation in its definition of resilience (UN/ISDR 2002, p. 24):
“The capacity of a system, community or society to resist or to change in order that it
may obtain an acceptable level in function and structure. This is determined by the
degree to which the social system is capable of organising itself and the ability to
increase its capacity for learning and adaptation, including the capacity to recover from
disaster”.
The concept of adaptive capacity (also known as capacity of response, or coping capacity)
therefore, has emerged, and refers not only to they way in which a community can bounce
back from disaster, but how it can ‘plan, prepare for, facilitate, and implement adaptation
options’ (Klein et al. 2003 p. 38). Further, it describes the ability of a system to ‘capitalize on
the new possibilities offered’ by the disaster (Paton 2006a, p. 8). Webb et al. (2002) highlight
the opportunities to fast-track communities improvements during the reconstruction boom
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following disasters. There are many parallels between individuals, communities and
businesses with respect to adaptive capacity; Seville et al. (2006) described the planning and
preparation required by businesses to increase their ability to respond to disaster, and to take
advantage of opportunities in the aftermath.
Resilience, therefore, has evolved from a simple concept used in mechanics, to a complex
multi-disciplinary term used to describe human and natural systems, their vulnerabilities and
adaptive capacities. It is the holistic definition of resilience, therefore, that will be adopted for
the remainder of this thesis. Business resilience is described in more detail in section 5.5.
4.2.4

Risk perception

Risk perception is an area of academic research which investigates how individuals judge and
evaluate the risks posed by a range of hazards (risk sources) (Renn 1992; Rohrmann 2003).
Irrational public fear about risk was once blamed on ignorance and irrationality, but the key
determinants which inform perceptions of risk magnitude and acceptable levels of risk have
been found to be psycho-social; beliefs and attitudes, prior personal experiences, as well as a
range of societal and cultural influences (Rohrmann 2003). These factors form the foundation
for our intuitive judgements about risk, known as risk perceptions (Slovic 1987).
Early risk perception researchers (Starr 1969; Slovic 1987; Fishchoff et al. 1978) found that
people are not logical in the way they evaluate risks, and these biases are particularly evident
when considering the differences in how laypeople perceive certain risks compared to experts.
For example, in the 1970s and 1980s people were concerned about the risks posed by nuclear
power (which experts believed to be relatively low risk), but were comparatively unconcerned
about other more risky activities, such as smoking. Starr (1969) found that people were 1000
times more likely to accept a risk if it was voluntary (e.g. smoking or driving), compared to
involuntary (e.g. nuclear or chemical risks). In addition, experts and the public were
concerned about different aspects of risk (Slovic 1987; Rohrmann 1999a). Expert opinion was
shaped by technical facts such as magnitude and numerical estimates of probability, whereas
the general public focussed on feelings of ‘dread’ and ‘fear’, and whether they were being
exposed voluntarily or involuntarily to a specific risk (Krimsky & Golding 1992; Sjoberg
2000).
Individuals make judgements about risk by employing a set of mental strategies, called
heuristics, in order to process and categorise risks (Kahneman et al. 1982; Krimsky &
Golding 1992). Risk judgements can be both reasonable and illogical, and are prone to large
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biases due to misleading media reports, personal experiences and anxieties. One key heuristic
is availability, which describes the way individuals judge the frequency of a hazardous event
based on how easy it is to imagine or recall past events (Krimsky & Golding 1992). Once
opinions are formed, they are very difficult to alter even with the presence of strong evidence,
because individuals tend to dismiss or deny reports that conflict with their particular point of
view (Slovic 1987).
4.2.5

New Zealand risk perception studies

New Zealand lies on an actively deforming plate boundary, and experiences a range of
geological and climatic natural hazards across the country. Historically, the level of
acceptable risk posed by natural hazards has been determined by central government officials
or consultants (engineers), but more recently community level involvement has been
encouraged as a way to pass some of the responsibility for hazard mitigation and emergency
preparation on to those most at risk (Gough 2000). Investigating risk perceptions, therefore,
has become key to understanding why people fail to get prepared for disasters.
A number of academic studies on natural hazard risk perceptions have been conducted in New
Zealand in recent years, particularly those associated with active volcanism, earthquakes and
flooding hazards. Gough et al. (1999; Gough 2000; 2001) investigated two remote
communities in the Southern Alps in terms of local inhabitants awareness and understanding
of natural hazard risk in their community. Both Franz Josef and Mt Cook Village
communities are susceptible to seismic and flooding hazards due to their close proximity to
the Alpine Fault and the Southern Alps. Franz Josef village lies directly below the range front,
with the Alpine Fault passing through the town centre. The Waiho River flows immediately
south of the township, and over the past decade the riverbed has aggraded, creating a
significant flooding hazard to downstream infrastructure (particularly the holiday camp)
(Davies & McSaveney 2000). In addition, the Callery River is vulnerable to landslide dam
formation induced by heavy rainfall or ground shaking from earthquakes, which could send a
deluge of river water downstream in the event a dam breaches (Davies 2002).
Overall, local residents appeared to understand the likelihood of a natural disaster, but were
less prepared for the magnitude and consequences of the event. They were generally aware of
the risks, but chose to tolerate them in order to live their lifestyle of choice. Other findings
include:
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•

Since both communities are heavily involved with tourism, the local population was
diverse in its origins and experiences, with many seasonal workers coming from
outside the district. These social and cultural perspectives significantly affect the
way these communities respond to natural hazard events.

•

Risk communication between local residents and regulatory authorities was
considered very important. Communication within the local population was also
considered necessary to develop risk management plans.

•

The more cohesive the community, the better the understanding of natural hazard
risk.

Johnston et al. (1999a) and Becker et al. (2001) conducted risk perception research on
communities around the central North Island volcanic plateau. In winter, the volcanoes of
Ruapehu, Whakapapa and Turoa host a thriving ski industry and in 1995 the most active of
the volcanoes in the region, Mt Ruapehu, produced several episodes of volcanic activity over
a period of months, which had serious impacts on the economy of the surrounding area.
Hastings received ash fall from the volcano, and Whakatane was largely unaffected, but both
towns were in the media spotlight in the weeks following the event. Johnston et al. (1999a)
administered a postal survey pre- and post-eruption in the towns of Whakatane and Hastings.
The study investigated the way local inhabitants in the two towns perceived the threat and risk
from the Ruapehu volcanic activity, and how these perceptions differed between the towns. It
was hypothesized that Hastings residents would be more prepared and have increased threat
knowledge because of the direct ashfall impact compared to Whakatane residents. This was,
in fact, the case, both in terms of threat knowledge and risk perception. Becker et al. (2001)
found similar results for local residents who experienced the 1995 volcanic activity, who had
a heightened awareness of volcanic hazards and a greater understanding of future risks from
volcanic activity. Residents’ understanding of the threat, however, did not translate into
preparedness actions. Johnston et al. (1999a) concluded this was due to normalisation bias,
when individuals have coped well with a prior experience of a hazard and believe any future
event (even if it may potentially be more severe) will not have any adverse effect on them. In
addition, respondents rated themselves as more prepared and less vulnerable than the wider
community, a phenomenon known as optimistic bias (described in 4.4.2). While direct
experience from a hazard increases threat knowledge and risk perception, this study concurred
with a number of others in noting that experience does not always translate into better
preparedness.
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The Ruapehu eruptions of 1995-96 were the focus of another investigation by Millar et al.
(1999), this time into the psychological mechanisms of community vulnerability. The
eruptions occurred during the ski season, which forced businesses to close, and the
subsequent out-migration of workers. A psychological model first developed in 1985 by
Bachrach and Zautra was used to investigate community vulnerability using three factors; 1)
sense of community; 2) coping style; and 3) self-efficacy (section 4.4.5-4.4.6). Results
supported the idea that a well-constructed community emergency response to a hazard
requires self-efficacy and problem-focussed coping to reduce vulnerability. If these factors are
improved, then community reliance on external sources of help is reduced, and community
resilience is enhanced.

4.3

Emergency Preparedness

Emergency preparedness refers to the steps an individual can take to actively protect
themselves during and after a disaster event (Lindell & Whitney 2000). Getting prepared for a
disaster can involve simple mitigation measures, otherwise known as hazard adjustments, that
can significantly improve safety and response to the disaster. Actions that make physical
structures safer include, for example, strapping water heaters and chimneys and latching
cupboard doors to avoid heavy objects toppling during the shaking. Preparations to improve
an individual’s survival or comfort following a disaster include having an emergency kit and
storing food and water. Preparedness means knowing about the hazards that can affect you
personally, and becoming educated about the likely outcomes of a particular hazard and how
to protect yourself during the event e.g. ‘drop, cover and hold’ in an earthquake. Individuals
should also take responsibility for being aware of community warning systems and
emergency plans, including evacuation zones. Business operators have an additional
responsibility to ensure the safety of staff and clients by developing emergency response
plans, and providing appropriate training, and safe work places (described in section 5.6).
Aside from being physically prepared in these ways, it is also important to be psychologically
prepared for a disaster. Coping with the stresses involved in a disaster depends to some extent
on personality types, although learning about specific hazards and protective measures may
help individuals manage and reduce their anxiety. Research has highlighted that individuals
who employ action-coping rather than emotion-coping strategies have greater resilience
during a disaster (section 4.4.5). Psychological preparation for some types of hazards is much
easier than for others. For example, Morrissey and Reser (2003) suggest that cyclones, which
are seasonal and closely monitored with modern warning systems, offer an opportunity for
preparedness to be intitiated during the cyclone pre-season. Parts of southern Australia
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experience ‘fire season’ in the summer months, and local residents are encouraged to prepare
themselves physically and pyschologically (Tara et al. 2003). Becoming psychologically
prepared for hazard events that occur frequently and with some forewarning, however, is very
different than for earthquakes in regions where recurrence intervals are centuries or longer in
duration.
Paton et al. (2003c) describe a three-stage reasoning process involved in an individual taking
steps towards getting prepared. The first phase is motivation to prepare, which is driven by an
individual’s risk perception, critical awareness (knowledge and awareness of the hazard) and
hazard anxiety. If these three factors are present at sufficient levels, motivation is translated
into intention to prepare; the second phase of preparedness. An individual will formulate
whether their actions will actually mitigate the effects of the hazard, a phenomenon known as
outcome expectancy. A key factor which influences the intention to prepare is self-efficacy, or
a individual’s belief in their own capacity to act. The final stage in the sequential process
towards improving preparedness occurs when intention to prepare is converted into action,
which is influenced, in part, by the perceived liklihood of a hazard event taking place (Paton
et al. 2003c).
The level of preparedness of an individual or business has a significant influence on reducing
vulnerability and exposure to hazards, minimising injury and damage, and improving
resilience and speed of recovery. It is somewhat surprising, therefore, to discover relatively
poor levels of preparedness, even in high risk hazard zones around the world (Ballantyne
2000; Mulilis & Duval 1995; Lindell & Whitney 2000; Paton & Johnston 2001; McClure et
al. 1999). The factors which influence preparedness are complex and, at times,
counterintuitive. Some act as barriers to preparedness, while others can be positively
influential. Lindell and Whitney (2000) investigated earthquake preparedness by examining
twelve household hazard mitigation measures, and correlated these with demographic and
perceived risk and hazard attributes. Choosing to get prepared was more closely related to
perceptions of the mitigation measure itself, rather than their perceptions of the hazard. In
other words, if an individual considers storing food and water as an effective method then this
will be more important in determining whether they take action than how they perceive the
actual hazard risk. This phenomenon can be explained by the Theory of Reasoned Action
(Fishbein & Ajzen 1975), which suggests that an individual’s attitude towards an object (e.g.
earthquake hazard) is less predictive of behaviour than their attitude towards an act associated
with the object (e.g. storing emergency supplies of water and food) (Lindell & Whitney 2000;
Lindell & Perry 2000).
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Other studies have shown that the factors which reduce or improve hazard adjustment
adoption are related to the characteristics of the person, not the characteristics of the hazard
adjustment (Mulilis & Duval 1995; Duval & Mulilis 1999). Person-relative-to-Event (PrE)
theory states that self-efficacy and response-efficacy play a significant role in determining
hazard adjustment adoption (see section 4.4.5). Self-efficacy refers to an individual’s belief in
their skill, knowledge, ability and resources to protect themselves in a threatening situation,
and also the amount of effort they are willing to expend in adopting the mitigation measure
(Paton et al. 2003a). In contrast, response-efficacy refers to an individual’s assesssment of the
effectiveness of a mitigation action (Lindell & Whitney 2000).

4.4

Factors influencing emergency preparedness

How then do residents of high risk seismic zones cope with the prospect of a disaster when its
occurrence is highly probable, but the timing is entirely unpredictable? At first glance, risk
perception would seem a logical predictor of preparedness. In other words, individuals who
perceive the risk of a disaster to be insignificant would be less prepared than others who
consider the risk to be high. In reality, however, there is much greater complexity due to the
range of inter-relating variables that influence our motivation to get prepared. The following
section describes the key demographic and socio-cognitive variables believed to influence
preparedness, including prior experience, locus of control, self-efficacy, coping style, sense of
community and risk communication.
4.4.1 Demographics
A large number of research projects have examined the influence of demographic factors on
preparedness (Lindell & Whitney 2000; and for a review of recent research see Lindell &
Perry 2000), including gender, age, education, ethnicity, income, marital status, home
ownership, and number of dependants. Most have found that the correlation between
preparedness and demographic variables is weak, and is not reliable enough to assist risk
communicators with targetted awareness campaigns, i.e. focussing on specific gender, age or
ethnicity (Lindell & Whitney 2000; Nguyen et al. 2006). There are, however, some
correlations between specific demographic criteria and level of preparedness. For example,
higher levels of income and education are often associated with better preparedness (Edwards
1993). Individuals with dependant family members residing at home are more likely to be
prepared, as are home owners, long-term residents of a particular area (Edwards 1993), and
married couples (Nguyen et al. 2006). Generally, younger people are less prepared (Lehmann
& Taylor 1987; Lindell & Whitney 2000). It should be emphasized, however, that research
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investigating these relationships has involved differing methodological approaches, and their
results, while useful, can be conflicting (Lindell & Perry 2000).
4.4.2

Optimistic bias

Optimistic bias describes when individuals believe they are less vulnerable or at risk from a
hazardous situation compared to a theoretical ‘typical person’ (Weinstein 1989), which can
reduce the uptake of preparedness actions because individuals believe they are more skilful,
and therefore less vulnerable than others (Lindell & Whitney 2000; Spittal et al. 2005).
Lindell and Whitney (2000 p. 17) reported that individuals rate their likelihood of injury or
damage to their property from a natural disaster as significantly less than, for example,
damage to property owned by others, or damage to property on a regional scale. Spittal et al.
(2005) found residents in earthquake-prone Wellington believed they were better prepared
and personally less likely to experience harm compared to other people in the event of a large
earthquake, reflecting a high degree of optimistic bias. Optimistic bias reduces the
effectiveness of risk communication practices because it is difficult to persuade people to get
prepared if they are overly optimistic about their personal safety. There is also a tendency for
individuals to overestimate their knowledge of a hazard, which may result in less attention
being paid to public awareness material (Ballantyne 2000; Paton & Johnston 2001).
4.4.3

Threat knowledge and prior experience

Threat knowledge is a term used to describe societal awareness of a specific hazard; the
salience of the hazard for the public, as well as prior experience of the hazard, the level of
damage, and the degree of contact with hazard information sources (Johnston et al. 1999a).
Prior experience of a hazard is a significant determinant for the adoption of hazard
adjustments (Lindell & Whitney 2000). Weinstein (1989) found, with only a few exceptions,
a strong link between increased preparedness and past experience of a natural hazard event, so
that if an individual has been affected severely in the past, they are more likely to prepare
themselves for future events. Nguyen et al. (1996) found that residents who suffered physical,
emotional or financial injury during the 1994 Northridge earthquake were more likely to
increase their preparedness for future events, but this was unrelated to demographic or socioeconomic factors. Russell et al. (1995) also found a link between past experience of
earthquakes in Californian residents and improved earthquake preparedness. Davis et al.
(2005) demonstrated that residents surrounding one of the most active volcanoes in the world,
Mt Etna, were very aware of the risks posed by the volcano because of frequent, on-going
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volcanic activity, most recently in 2006-7. The high salience of the hazard for local residents
translated into a greater perception of the risks posed by the volcano.
An individual’s knowledge of hazard threat and risk reduction activities can influence risk
perception, and in turn, emergency preparedness. For example, the perception of a hazard as
‘uncontrollable’ and ‘highly likely’ may result in people ignoring or denying the threat as a
means of coping (Johnston 1997), and reduce preparedness actions by individuals (Paton
2003b). In some instances, prior experience of a minor hazard event can result in a reduced
likelihood of preparing for future event, because people normalise the risk and assume that if
they can manage a minor event, then future events will not have an adverse effect on them
(Johnston et al. 1999a; Mileti & Fitzpatrick 1993).
4.4.4

Locus of control

Locus of control is a personality trait which describes the way individuals attribute
responsibility for the outcome of events (McClure et al. 1999). People with an internal locus
of control are satisfied that their life’s outcomes will result from hard work and good
management through their own efforts. In contrast, people with an external locus of control
lay the blame for negative outcomes on external sources, and are less likely to believe that
their own efforts will return positive results. These judgements are then translated into
actions; for natural hazards, individuals with an internal locus of control are found to be more
resilient and self-sufficent during a disaster, whereas those with an external locus will place
responsibility for their safety and well-being on others, namely local, regional and central
government (McClure et al. 1999). Jackson (1981) found that Californian residents expected
federal (54%), state (19%) or local (23%) government to take responsibility for earthquake
hazards, with only 10% citing households as having the most responsibility.
There is an assumption from the general public that because earthquakes cannot be predicted
or controlled, their effects are similarly uncontrollable (McClure & Williams 1996). Hence,
despite the usefulness of mitigation measures, people are generally poorly prepared for
earthquakes because of a degree of fatalism about their impacts (Hurnen & McClure 1997).
Fatalism combined with an external locus of control results in a tendency for passivity
towards hazard threats (McClure et al. 1999).
4.4.5

Self-efficacy, coping style and outcome expectancy

Based on the Theory of Planned Behaviour, Ajzen (1985) identified the role of self-efficacy
and outcome expectancy on an individual’s ability to cope in stressful situations (Paton et al.
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2003a). Self-efficacy is defined as “people's beliefs about their capabilities to produce
designated levels of performance that exercise influence over events that affect their lives”
(Bandura 1998 p. 71), and also relates to the individual’s perception of their own ability to
execute the behaviour that will result in a positive outcome (Ajzen 2002). Self-efficacy differs
from locus of control in that it describes internal behavioural characteristics, rather than
focussing on controllability of internal or external factors (Ajzen 2002). A strong sense of
self-efficacy engenders positive feelings of accomplishment and well-being in individuals and
communities (Paton & Johnston 2001). It also plays a crucial role in determining how
individuals cope with hazardous situations. People with a strong sense of self-efficacy are
more likely to remain calm, driven by a sense that they will be capable of managing a
potentially hazardous situation. Those with poor self-efficacy may allow their negative
feelings to overcome them, magnifying the threat and acting to further reduce their ability to
cope with a crisis. Positive self-efficacy also determines the amount of time and energy
individuals will exert in overcoming obstacles (Paton et al. 2003a).
The way individuals respond to stressful events is also influenced by their coping style
(Lazarus 1993; Paton et al. 2003c). Coping style describes the way people perceive a stressful
event, and how they manage it. There are two main types of coping. The first is problemfocussed, where individuals confront the stressor by taking direct action to address or change
the situation. In contrast, emotion-focussed coping can involve feelings of denial, without
attempting to solve the problem, or believing that nothing can be done to alleviate the threat.
In terms of an effective response to a crisis, problem-focused coping combined with a strong
sense of self-efficacy provides the best possible foundation. People with these attributes are
also more likely to have an internal locus of control, further enhancing their resilience, and
reducing vulnerability.
4.4.6

Sense of community

Coles and Buckle (2004, p. 7) define community as “people at a local (sub-municipal) level
who are not organised by emergency services but have skills, resources and an organisational
capacity or structure that allows them to provide services to people at risk or actually
affected by disasters”. This definition may include local volunteer groups, such as firefighters,
St John’s Ambulance volunteers and church groups. Sense of community describes the
attachment and sense of belonging felt by individuals towards their community, and their
experience of place, rather than simply the physical structure and setting (McMillan & Chavis
1986). Age, education and length of stay in a community can influence the level of
community involvement sought by individuals (Millar et al. 1999). For hazards research,
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sense of community has been investigated in terms of its influence on the level of
preparedness (through hazard adjustment), and general vulnerability and resilience within the
community (Davis et al. 2005). Shaw et al. (2004) reported that during the immediate
aftermath of the Kobe, Japan earthquake in 1995, many people were rescued by their friends,
family and neighbours, and this was particularly apparent in areas where community ties were
strongest. In addition, the rebuilding and reconstructing phase in Kobe was much smoother in
communities with a high degree of social togetherness or cohesion, because of better
collective decision making by the community (Shaw et al. 2004).
While the prospect of experiencing a natural disaster is less than appealing, it is possible that
in the aftermath of a disaster, adversity can lead to community growth and empowerment
(Paton & Johnston 2001). Community involvement in activities that develop a sense of
togetherness leads to improved resilience because the community has developed efficacy and
problem-solving skills together (Paton & Johnston 2001). For a community to be able to
recover from a disaster using its own resources, steps must be taken to safeguard the built
environment, e.g. building codes and retrofitting, and economic continuity (business and
administrative) (Paton & Johnston 2001). It is also very important for the community to have
the capacity and capability to utilise all of its available resources. This is particularly relevant
for communities around the Southern Alps, where small, tourism and farming-based
communities are heavily reliant on their neighbours and friends when an emergency occurs.
Risk communication strategies should focus on reducing the reliance of communities on
external sources of help, and focus on improving resilience by developing self-help and
problem-solving skills within the community (Paton & Johnston 2001).
Research conducted on rural, agricultural communities and their preparedness for wildfires in
Victoria, Australia (Tara et al. 2003) provides some useful parallels for this research. Tara et
al. (2003) describe the social, human and cultural capital of communities, which are seen as
critical resources for improving disaster (wildfire) preparedness. Social capital was defined as
‘characteristics contributing to collective social action, such as leadership, networks, and
mobilization of resources’ (Tara et al. 2003, p.2). Human capital refers to knowledge and
skills gained through education and training. Thirdly, cultural capital is related to the
development of knowledge and skills as a result of an individual’s heritage, experience and
attachment to place. Social capacity in the rural Victoria is high, which is attributed in part to
the population’s length of time in residence, and community networking. Tourism
destinations around the Southern Alps attract highly mobile foreign workers into communities
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which were formerly focused on pastoral farming, thereby changing the social structure, and
potentially reducing community cohesion (Duncan 2008).
4.4.7

Risk communication/public education

Levels of preparedess for a natural disaster remain low, despite the widespread use of hazard
campaigns to highlight the need for improvement. Paton and Johnston (2001) suggest that
public awareness campaigns in New Zealand do not translate into better preparedness, and
can have the opposite effect. Johnston (1997) found that informing the public about risk
mitigation measures can be counterproductive because people then incorrectly assume that the
risk has been reduced or eliminated, thereby increasing the overall risk. A volcanic hazard
awareness campaign in the North Island resulted in 28% of residents feeling less concerned
about volcanic hazards because they believed the source of the information (the local council)
would take responsibility for managing their safety (Ballantyne 2000). Paton and Johnston
(2001) suggest individuals are more likely to take action to prepare if there are implications
for their livelihood, rather than because of the severity of the hazard. Public education
campaigns need to focus on tangible actions, such as protecting income or property, rather
than uncontrollable threats, e.g. ash fall, or seismic activity.
Mileti & Fitzpatrick (1993) suggested that risk communication techniques should provide
specific details on how to prepare, and where to get additional information, and should be
disseminated via trustworthy sources, such as government, friends and family. It is essential
that hazard information is communicated frequently and consistently, via a range of media,
including television, Internet, radio and brochures. Shaw et al. (2004) believe the key to
improved disaster preparedness is education within the family and community, with schools
acting as useful conduits for disaster education (Shaw et al. 2004; Ronan & Johnston 2005).
McClure et al. (2009) describe the importance of negative or positive framing in risk
communication messages.
An example of a nationwide risk communication strategy is the NZCDEM’s on-going
television, radio and print campaign with the tag line ‘Get Ready, Get Thru’ (initiated in
2005). It was designed to motivate the New Zealand population to take responsibility for their
own emergency preparedness in the event of a major disaster, by highlighting that individuals
should be prepared to be self-sufficient for three days before help arrives. It attempts to
transfer part of the responsibility for post-disaster preparedness onto the individual, thereby
reducing their reliance on external sources of help. This campaign is continuing in 2010. Once
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it is has been fully implemented there will be an opportunity to conduct an empirical study to
test its effectiveness.

4.5

Chapter Summary

Chapter four defines key terms and concepts of risk as a foundation for discussion of a M8
earthquake on the Alpine Fault; disaster, risk, hazard, vulnerability. This research project has
been seen to lie within a theoretical framework of risk; psychological and cultural
perspectives within the social science field of academic study. The term ‘disaster’ describes
an event to which local communities are unable to respond without assistance from external
sources. This definition reinforces the importance of ‘community’, both for individuals and
businesses within the context of this research. Risk perception studies conducted in New
Zealand to date have investigated the effects of volcanic eruptions within communities in the
central North Island, and the potential threat of seismic activity in Wellington. To date, no
risk perception research has investigated tourism business operators.
Disaster preparedness is influenced by a number of demographic and psychological factors. A
sequential psychological process towards improving an individual’s level of preparedness was
described by Paton et al. (2003a), in terms of intentions, motivations and actions.
Psychological factors such as threat knowledge, locus of control, self-efficacy, coping style
and sense of community are part of the complex web of interdependent variables that are
correlated to preparedness by researchers. In addition, prior experience is noted as a strong
predictor of individual preparedness. These factors will be discussed in detail during the
presentation of the quantitative and qualitative results in Chapter 8.
The next chapter describes the third pillar of academic literature for this research; tourism and
crisis management. Chapter 5 begins by defining tourism crises, and the impact natural
disasters can have on tourism activities. Crisis management theory is described with respect to
restoring business function in the recovery and response phases of a disaster, as well as the
measures business operators can take to mitigate the effects of a significant business
interruption. Three international case studies are presented to illustrate the relationship
between disasters and the tourism industry, and are compared specifically to the Alpine Fault
situation. Each case study examines the key seismological, physical and social factors that
influenced the degree of damage in the aftermath. The resilience of businesses to disasters is
then described with specific reference to business continuity management, and the need for
the business community to work in collaboration with others in their network towards
improving post-disaster outcomes, which is particularly important for small, peripheral
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destinations in the Southern Alps. The chapter concludes with an outline of the legal
obligations of tourism operators with respect to their responsibilities for their staff and clients
in the event of a natural disaster relating to the Health and Safety in Employment Amendment
Act 2002.
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CHAPTER FIVE
Tourism Crises and Natural Disasters
5.1

Introduction

From avalanches to hurricanes, volcanic eruptions to earthquakes, the tourism industry is
highly sensitive to the impacts generated by natural disasters, and tourists frequently get
caught up in the chaos (Pforr & Housie 2009). Business interruptions may result from a large
range of events, which can create cascading failure within an organization, such as, climatic
events (e.g. snow fall causing road closure), or the indirect impacts of a natural hazard on
infrastructural failure (e.g. power outages or road works diverting traffic away from places of
business) (Seville et al. 2006). An important distinction must, therefore, be drawn between
human-induced tourism crises and those caused by natural disasters; in terms of human
response to crises, natural occurrences are much easier to forgive than human-induced events
(Glaesser 2003). For example, while tourists visiting alpine ski resorts are generally made
aware of the risk posed by avalanches or blizzards by the use of warning signs, there are
inherent risks involved in alpine recreation (Smith & Petley 2009). Terrorist attacks, such as
that which killed 58 tourists visiting an historic site in Egypt in 1997, lead to ‘much longer
loss of faith and, therefore, to more negative consequences’ for the tourism industry than
crises caused by natural disasters (Glaesser 2003, p. 16). Rapidly increasing numbers of
international tourists, expected to reach 1.6 billion per annum by 2020 (WTO 1998), will
likely result in more exposure to natural hazards, with greater numbers losing their lives
during increasingly common crises for the tourism industry (Ritchie 2009).
This chapter describes tourism crises and crisis management, and illustrates these concepts
with three international case studies of large, damaging earthquakes and the physical
outcomes that affected tourism activities in the respective countries. Next, business resilience
theory is described with specific reference to developing resilience and adaptive capacity
within the tourism sector. The chapter concludes with a discussion about the legal concerns of
tourism operator in terms of their responsibilities for clients and staff during the response
phase of an AFEQ.

5.2

Defining tourism crises

Disruptions to tourism flows are not a new phenomenon; in fact, they have been occurring for
centuries (Laws & Prideaux 2005). The essential ingredients of a crisis or disaster, which are
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wholly applicable to a tourism crisis, have been variously described by Faulkner (2001),
Carter (1991), Glaesser (2003), Laws and Prideaux (2005), Henderson (2007), Pforr & Hosie
(2009), and Ritchie (2009) as:
•

A sudden event which requires exceptional response measures by the affected
community;

•

An event which challenges the operation and survival of an organisation (Henderson
2007);

•

An element of surprise or urgency, with a short decision time;

•

An event which leads to a turning point in the organisation, which may have both
negative or positive outcomes, determined by decisions made by the organisation;

•

Core themes of a crisis include ‘preparedness’ and ‘initial response’, managed by
communication, information and confidence (Pforr & Hosie 2009).

•

An unexpected and undesired event, which requires immediate decisions to reduce the
negative consequences (Glaesser 2003).

Triggering events, or the origin of the crisis, can be human-induced, such as terrorism, or the
result of natural phenomena like earthquakes or volcanoes (Laws & Prideaux 2005). The term
crisis can be applied from an individual tourism business level to destination level (local,
regional, national or global). Laws and Prideaux (2005) describe three types of crises based
on their spatial extent; Local crisis events cause local financial losses but do not impact at
national level, such as localised damage to an access road preventing tourists from visiting a
site. Regional crises have a localised impact, but have the potential to impact nationally. For
example, if a country’s premier tourist site was struck by a hurricane, regional visitation will
drop, but visitors may then decide to visit a different country rather than other regions of their
first choice destination. National level crises affect the tourism sector throughout a country,
with recovery taking many years. In 2002, Bali experienced depressed tourism activity for
more than two years following the bombing at Kuta Beach and the death of several hundred
foreign nationals (Laws & Prideaux 2005). Global crises like the recent swine flu epidemic
have a significant impact on the flow of international tourists. In addition, crises that begin as
local events have the potential to escalate rapidly into global crises, illustrated by the outbreak
of swine flu in Mexico which quickly led to cross-national public health crises (with
significant affects on tourism) in the weeks and months following.
A 2009 Ministry of Tourism report outlined the impact of global crisis events on the tourism
industry in New Zealand (Ministry of Tourism 2009), which highlighted a growing
appreciation of the vulnerability of the tourism industry to severe external crises. Attention
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was drawn to recent events, such as the SARS outbreak in 2003 and the terrorist bombings of
2001. These were, however, described as unpredictable ‘one-off events’, and instead the
primary focus of the report was the negative implications of global economic downturns
(Ministry of Tourism 2009, p. 74). While the report goes some way towards identifying the
impacts of global events on travel flows to and from New Zealand, it fails to acknowledge the
potential importance of future natural disasters generated within New Zealand. The country
has been shown to have significant seismic and volcanic potential, with recent research
highlighing the economic losses generated by the Ruapehu eruptions of 1995/6. It is critically
important that government policy-makers turn their attention towards addressing the
pontential outcomes of natural disasters on the tourism industry in New Zealand (see section
5.5). National crisis management policies from other countries do not always have the tourism
industry as a top priority. During the Foot and Mouth disease outbreak in the United Kingdom
in 2001 government officials focussed their efforts towards the agricultural sector, ignoring
the needs of the tourism industry (Thompson et al. 2002). Post-crisis economic analysis,
however, showed losses to the agricultural sector totalling £3.2 billion, comparable to the
direct losses of between £2.7-3.2 billion to tourism businesses (Thompson et al. 2002). New
Zealand needs to learn lessons from the experience of other nations with respect to the
tourism sector.
Natural hazards present a significant threat to tourism activities, and while the specific timing,
location and consequences of natural disasters cannot be predicted with any certainty, it is
possible to identify areas at risk and to make efforts to mitigate against their effects. What has
been demonstrated on numerous occasions worldwide is that natural disasters result in a
drastic reduction in visitor numbers and visitor mobility, and the aftermath is rapidly
communicated through the global media (Sharpley 2005). For example, visitation to Nantou
province in Taiwan was severely reduced in the aftermath of the Chi-Chi earthquake in 1999
(Huang & Min 2002, section 5.4.1), and following the Boxing Day tsunami (Carlsen 2006),
and the Canberra and Victoria bush fires in 2003 (Armstrong & Ritchie 2007; Cioccio &
Micheal 2007). Visitor demand is often seen as inverse to perceived risk, so that tourists
choose to make alternative travel plans as opposed to visiting a risky destination (Pforr 2009);
Henderson (2007) agrees, stating that many tourists will not cease travelling as a consequence
of negative forces, but it will influence their choice of destination within a highly competitive
global tourism marketplace. McKercher and Hui (2003) consider that reduced visitor flows
are only short-lived, and tourists generally resume travelling once the immediate threat has
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passed, although some visitors are motivated to visit areas devastated by natural disasters,
including scientists and so-called ‘dark tourists’ (Lennon & Foley 2006).

5.3

Crisis Management

Crisis management is defined by Glaesser (2003, p. 22) as ‘the strategies, processes and
measures which are planned and put into force to prevent and cope with crisis’. It has as a
core function the recovery and rebuilding of a destination following a crisis (Peters &
Pikkemaat 2005). The crisis management literature has covered destination management
issues arising from technological, political, socio-cultural (e.g. crime, terrorism) and
environmental (e.g. pollution, public health/pandemics), and economic upheavals (Henderson
2007; Laws & Prideaux 2005), with a particular focus on tourism case studies of recent
events, recovery marketing and crisis management (Scott et al. 2007; Henderson 2007).
Scenario-based predictions have become an important tool in managing many forms of crises,
and have been used to plan for the outcomes of economic, environmental and natural events
(Laws & Prideaux 2005). Laws & Prideaux (2005) criticised the slow uptake of the method
within the tourism academic community, and highlighted the need for identifying probable
future crises situations in order to assist industry and government agencies in planning for
their occurrence.
Crises management of natural disasters has focussed on the mitigation measures that
businesses can develop before the event, and the ‘steps required to restore the ‘normal’
situation’ following the event (Scott et al. 2007, p.3). Scott et al. (2007) argue, however, that
changes within the tourism system brought about by a natural disaster are widespread and
interconnected, making a return to normality almost impossible. Paton et al. (2006) described
a similar phenomenon with respect to community recovery, highlighting the opportunities for
improving the previous state of a community following a disaster. Others consider that the
tourism system can experience positive change, but can also degenerate as a result of a natural
disaster (Scott et al. 2007).
There is general agreement and concern about the low level of strategic crisis management
planning within tourism businesses (Ritchie 2009). The reluctance to plan for a crisis could
stem from fears that if hazards are recognised as a threat, then negative publicity may result in
tourists staying away (Huan et al. 2004; Henderson 2007); however, it could also reflect a
lack of resources and poor awareness of planning methods within small-scale tourism
operations (Webb et al. 2002; Drabek 1994; 1995). Tourism business operators must find a
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balance between creating crisis plans that can cope with a range of different scenarios,
without becoming too precise and prescriptive (Henderson 2007).
Prideaux (2003) highlighted the difficulty in forecasting tourism demand following shocks or
crises, due to the unexpected nature of political, economic or natural events. Adopting
appropriate marketing strategies as soon as possible following a crisis can have significant
benefits for tourism destinations (Prideaux et al. 2007; Scott et al. 2007). Recovery strategies
need to focus on rebuilding confidence in terms of the public perception of the affected
destination (Peters & Pikkemaat 2005; Scott et al. 2007), although it is essential that key
infrastructure is repaired and functional before attracting visitors back to a disaster zone.
Tropical Cyclone Larry devastated a popular tourism destination in northern Australia in
March 2006 (Prideaux et al. 2007). Local authorities adopted a 5-stage recovery marketing
plan to attract visitors back to the area, predominantly via news and print media. It culminated
in an advertising campaign with the theme ‘Never better’, referring to the positive recovery of
the area following the crisis, which was successful in helping to restore visitor flows after the
event (Prideaux et al. 2007). The 2004 Boxing Day tsunami highlighted the vulnerability of
tourism to natural disasters, but it also showed that tourism could be a key force in the
recovery process by bringing together western nations (primarily concerned with repatriating
their dead) in the aftermath of the disaster (Sharpley 2005). Following the tsunami, an action
plan was developed to restore tourist confidence in travelling to Phuket, and to increase
visitor numbers through a variety of initiatives, including ticket giveaways, and pressure on
travel advisories to provide accurate advice to travellers, which achieved reasonable success
(Sharpley 2005). Communicating with the media following a disaster needs to be developed
as an essential tool for tourism managers in planning and mitigating against the impacts of
natural disasters.

5.4

Case Studies: earthquakes and tourism

The following section considers three case studies illustrating the ways in which earthquakes
can affect tourism destinations. Each describes some of the key response and recovery issues
that local authorities were faced with in the aftermath. The case studies provide significant
detail about the physical setting of each earthquake, with each chosen because of their
geological and physical similarities to the Southern Alps, and because the outcomes of these
events were comparable to what is expected from a future AFEQ. Past earthquakes can teach
important lessons from which to improve readiness for a future disaster. The first, a M7.3 in
Chi-Chi, Taiwan in 1999, struck a popular tourist destination and caused major problems
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during the recovery phase because of severe damage to road access, and from the massive
sediment discharge in the months following the event. The second case study, a M7.9 on the
Denali fault in Alaska, illustrates the importance of seismic wave directivity on the physical
consequences of a large earthquake, and how damage to infrastructure plays a critical role in
determining the speed of recovery in the tourism sector. Protecting key infrastructure by
mitigating against earthquake damage proved highly successful in Alaska. Third, the M7.9
Sichuan disaster in China in 2008 can be considered a template for a future AFEQ in a
number of ways; for example, the dangers posed by landslide dams and their affects on
downstream communities.
5.4.1

M7.3 Chi-Chi earthquake, Taiwan, 1999

Critical issues in reinstating access to a tourism destination; road reconstruction and
aggradation of river systems
A shallow M7.3 earthquake on the Chelungpu thrust fault struck the region of Nantou on
September 21st, 1999, killing 2,400 people and causing significant damage to buildings and
infrastructure (Shin & Teng 2001; Prater et al. 2002; USGS 2007). The earthquake created a
surface rupture of ~ 80 km (Kao & Wang-Ping 2000, Plate 5 and 6). The tourism industry felt
the immediate effects of the quake because of damage to facilities and infrastructure (Huang
& Min 2002). Negative media coverage resulting in a drastic drop in international visitation
(Huang & Min 2002), including a 60% decline in hotel occupancy rates, and airline
cancellations numbering more than 200,000 in the three months following the quake.
Government-owned tourism facilities suffered losses totalling US$19.5 million, and privately
owned and operated tourism businesses lost US$119 million (Huang & Min 2002). Many
hotels and other tourism buildings were destroyed (Chen & Petley 2005). The main shock
produced many large landslides (often reactivating historic slides), with slope failure
continuing as a result of aftershock activity (Hung 2000). Heavy rainfall in the months
following the earthquake generated damaging debris flows.
Central Taiwan is mountainous, tectonically and seismically active, and experiences 3-4
heavy rainfall events (typhoons) per annum (Chen & Petley 2005). The region attracts visitors
seeking alpine scenery and themed scenic parks and reserves. Before the earthquake road
access to key tourism assets in the region could only be achieved via the mountainous Central
Cross-Island Highway (CCIH1) with tourism contributing US$3.4 billion to the Taiwanese

1

The CCIH was completed in 1960, connecting east and west Taiwan for the first time.
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economy annually (Huang et al. 2007). The CCIH was extensively damaged by debris flows
and landslides during the Chi-Chi earthquake. While reconstruction work was being carried
Plate 5. Surface rupture of the Chelongpu fault produced by the Chi-Chi earthquake in
Taiwan, seen crossing an athletics track. Inset shows the fault motion that produced the scarp
(Source: Sibson 2010).

Plate 6. The surface rupture of the Chelongpu fault following the Chi Chi earthquake in 1999
where it crosses a river, creating a waterfall and severely damaging a road bridge (Source:
Sibson 2010).
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out at a cost of $52 million, a second moderate earthquake the following year caused further
damage, and cast doubt on whether the highway was cost-effective to repair (Hung 2000).
Work was finally completed in 2004, but later that year Typhoon Mindulle struck the region
and the road was destroyed again. Today, it remains permanently closed and an alternate route
has recently been completed.
Massive aggradation of river systems downstream of the landslide zones continued, creating
flood hazards in communities due to elevated river beds. Several hydroelectric dams were
severely damaged, with cost of repairs estimated at $250 million. Eleven months after the
earthquake, Huang & Min (2002) reported that visitor numbers had not returned to pre-quake
levels, but were recovering favourably. While specific tourism data for the recovery phase are
unavailable, there are reports that some villages, like Chi-Chi township, received tourists keen
to view damaged local landmarks and temples (Prater et al. 2002).
There are many similarities between a potential AFEQ and the events which took place in
Taiwan in 1999. Topographically and geologically the regions are comparable; mountainous
and tectonically active, with known active faulting (Wu et al. 2007). Rapid, recent mountainbuilding in both regions has created incised, landslide-prone valley slopes. Climatically, both
regions receive significant rainfall, with river systems transporting large sediments loads after
heavy rainfall events (Wu et al. 2007). This has serious implications in a post-earthquake
situation, clearly demonstrated by the years of massive downstream aggradation following the
Chi-Chi earthquake, and its associated impact on infrastructure and communities many
kilometres from the epicentral region. The CCIH is comparable to the two passes (Arthur’s
and Haast) connecting the West Coast with eastern South Island, both of which could
potentially take many months or years to reinstate, at significant cost to the government.
Population figures for the Nantou province are ~ 500,000, which is higher than the population
living around the Alpine Fault (less than 50,0002). New Zealand emergency management
officials could learn valuable lessons from the Chi-Chi earthquake, in terms of the lasting
physical affects on local communities caused by sediment redistribution and infrastructural
damage. Barriers to recovery of the tourism sector were primarily a function of loss of access,
and negative media coverage, contributing to a slow rebound to pre-earthquake tourism
activity.
2

Refer to Appendix B for population figures around the Southern Alps.
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5.4.2

M7.9 Denali earthquake, Alaska, 2002

The effect of directivity on post-earthquake physical impacts, and the importance of preemptive engineering work towards protecting key assets.
The Denali fault is a 1700 km southeast trending strike-slip fault lying in the remote interior
of Alaska, northeast of Anchorage. Complex subduction of the Pacific and Yukatat Plates
beneath the North American Plate has resulted in active mountain building and elevated
seismicity across the plate boundary. A M7.9 earthquake on November 3rd 2002 resulted in a
total of 335 km of surface rupture with a right-lateral sense of motion, giving rise to 5 m high
scarps, and horizontal slip averaging 5 m (Aho et al. 2003, Figure 5.1). Shaking lasted on
average 110 seconds (Martirosyan 2003), and caused thousands of landslides in a relatively
narrow band of mountainous terrain approximately 30 km either side of the fault trace (Harp
et al. 2003). Keefer (2002) modelled earthquake magnitude against expected spatial extent of
landsliding, with a M7.9 event resulting in landslides distributed over ~ 28,000 km2 on
average. The Denali earthquake produced a significantly smaller zone of landsliding of
approximately 10,000 km2, reflecting the relatively low peak accelerations generated by the
earthquake (0.34 - 0.40 g), as well as a deficiency of high frequency shaking (Harp et al.
2003). The northwest to southeast directivity of the seismic energy produced in the event,
however, resulted in physical affects felt as far away as New Orleans, where the surface of
Lake Ponchetrain oscillated (Aho et al. 2003). Liquefaction of susceptible soils occurred up to
180 km away from the zone of maximum displacement (Harp et al. 2003), which is unusual
for a large earthquake because landsliding and liquefaction are generally spatially similar in
their extent (Keefer 1984).
Impacts on tourism activities included lateral spreading of an airport runway at Northway
which closed the airport due to fissures up to 1 m wide across the paved runway and its
margins. Northway, Fairbanks and Anchorage airports are the gateways for visitors to Denali
National Park, of which there are more than a million per annum (Wikipedia 2009). Access to
the park is by road or train, and takes several hours from each of these cities. McCarthy
(2003) reported damage to several key highways and six road bridges in the area. The
remoteness of the damaged roading infrastructure presented challenges to state authorities in
terms of carrying out repairs (McCarthy 2003). In addition, the remote nature of the epicentral
region significantly limited damage to infrastructure and livelihoods, and resulted in only one
fatality and several minor injuries.
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Figure 5.1. Intensity map of the Denali earthquake in 2003 (Source: Martirosyan 2003).

The oil industry in Alaska pipes crude oil from northern Alaska (Prudhoe Bay Oil Field) to
the south coast (Valdez) via the Trans Alaskan Pipeline, built between 1974-77 (Figure 5.1
and Plate 7). The pipeline crosses the Denali fault on its way south. Little was known about
the paleoseismic record of the Denali fault, but evidence suggested a past earthquake
produced 6-8 m of horizontal slip. This geological information was used in the 1970s to
design specially engineered slider-beams beneath the pipeline as it crossed the Denali fault
trace (Plate 7). During the Denali earthquake of 2002, the fault rupture shifted the pipeline
horizontally but all of the movement was accommodated by the slider beams and the pipeline
remained intact (Eberhart-Phillips et al. 2003).
A key lesson learnt from the Denali event was the importance of the earthquake’s directivity,
which played a significant role in determining the physical impact, or the ‘footprint’ of the
earthquake. The seismic waves propagated from northwest to southeast, resulting in damage
to distant areas in the southeast. The directivity of a future Alpine Fault event will determine
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Plate 7. The Trans Alaskan pipeline following the Denali earthquake (M7.9, 2002), showing
the slider beams accommodating horizontal offsets across the fault zone (Source: USGS).

the degree of damage felt at each end of the rupture zone. For example, if seismic wave
energy is focused northeastward along the Alpine Fault, Nelson-Marlborough will be
experience more serious physical impacts than if the earthquake propagates southwest
towards Milford Sound and Te Anau (Norris pers. comm. 2009).
The Denali fault is comparable to the Alpine Fault in a number of ways. The Alpine Fault has
the potential to produce a M7.9 earthquake or larger, with potential for horizontal slip of up to
8 m. The rupture length of the Denali earthquake was 335 km, similar to predictions for a
future AFEQ. The remote, mountainous landscape which bore the brunt of the Denali
earthquake is comparable to the Southern Alps in terms of the abundance of slopes
susceptible to earthquake-induced landsliding. From a social perspective Alaska’s population
is 686,000 with 65% living in the urban centres of Fairbanks and Anchorage (ADLWD nd).
Thus, the impact of the 2002 earthquake on remote rural communities was mitigated by low
population densities. Tourism activities were disrupted due to damage to the Northway airport
runway, and to the roading network in some places. Economic figures for tourism losses are
unavailable.
A positive outcome of the Denali earthquake was the success of the engineered structure to
protect the oil pipeline as it passed across the fault trace. The careful methods used to protect
the pipeline offer insights into the possibilities that exist to mitigate against criticial
infrastructural damage across fault zones, and to improve the speed of recovery for the
tourism industry. In the 1960s a subdivision was planned for Totara Park, a suburb of
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Wellington transected by the Wellington fault. City planners created a 20 m set-back from the
fault trace which is now occupied by public green space, adding a positive asthetic to the local
community, and protecting houses and infrastructure from potential dislocation caused by
rupture on the Wellington fault. More recently, in 2003, the Ministry for the Environment
produced formal guidelines for local government authorities to consider before the
construction of new buildings close to active faults, which recommends a 20 m set-back from
active fault traces. The position of the Alpine Fault trace is spatially well constrained, offering
local authorities an opportunity to protect future develpoment in and around it. For example,
an application to the Grey District Council to create a residential subdivision adjacent to Lake
Poerua (inland from Greymouth) is currently undergoing a lengthy resource consent process
because the site is transected by the Alpine Fault. A 30-40 m set back from the active trace
has been recommended. This notified consent is currently in the submission phase, and the
final outcome is not yet known, but if the proposal is rejected on the grounds of excessive
seismic risk, it will provide a precedent for future development proposals.
5.4.3

M7.9 Sichuan earthquake, China, 2008

Regional tectonic stresses in the Sichuan region of China are generated by the convergence of
the Indian Plate as it moves northward into the Eurasian Plate, causing crustal material to be
forced eastward into China (Parsons et al. 2008). Recent seismicity in the region since 1981
has involved ten events, all of which were shallow (6-14 km), moderate sized earthquakes (M
5.2 - 6.7), occurring west of the Sichuan epicentre (Stone 2008). The most recent significant
earthquake on the Longmen Shan fault was a M7.5 in 1933, which killed 9,300 people (90 km
north of the Sichuan epicentre). Paleoseismicity studies of the Longmen Shan fault provide
evidence for earthquakes occurring 12-13,000 years ago, 4,000 years ago and 930 +/- 40 years
ago on different segments of fault (Densmore et al. 2007). Current slip rates are relatively
low, measuring approximately 3 mm/year (dextral slip) and 2 mm/year (convergence)
(Densmore et al. 2007).
The Sichuan earthquake occurred on May 12th 2008, 80 km west-northwest of the provincial
capital of Chengdu in a highly populated, predominantly rural region of western China. The
earthquake (focal depth 19 km) was generated by the Longmen Shan Fault, a long NEtrending reverse fault dipping north-west, which marks the western margin of the Sichuan
Basin (Parsons et al. 2008). Displacement of 9 m occurred along a 240 km length of the fault,
extending through a 20 km-deep seismogenic zone (Parsons et al. 2008). More than one
hundred aftershocks were recorded within 72 hours of the main shock, with the largest
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measuring M6. The earthquake produced severe ground shaking and associated effects that
resulted in the death of 69,197 people, and injuries to 375,000 others. More than 5 million
people resided within the intensity MM VIII - X zone, with 1.5 million subjected to violent or
extreme shaking, and millions left homeless in the aftermath (Stone 2008; Table 5.1).
Over 30 landslide dams formed in the hills, threatening 700,000 people living downstream,
with 200,000 people requiring evacuation from the most hazardous areas. Government-led
relief efforts were swift and efficient, involving the deployment of 50,000 Chinese troops
immediately after the event. Efforts were hampered, however, by heavy rainfall as well as
difficulty in reaching isolated rural communities. Some were stranded without help for five
days until the army finally set off on foot (and 100 paratroopers were dropped) to help the
most inaccessible communities in Maoxian County. More than 150 helicopters were involved
in the search and rescue efforts. Infrastructural damage was extreme in some areas, with up to
80% of buildings destroyed in Beichuan County. Social effects within the largely rural
population were amplified by low levels of personal insurance, and poor standards of health
care.
Table 5.1. Population affected by various earthquake intensities during the Sichuan
earthquake on May 12th 2008 (Source: USGS 2008). M denotes millions of people.
Intensity
X
IX
VIII
VII
VI
V

Population affected
600,000
690,000
4.3M
12M
15M
90M

Tourism in the area accounted for 8% of regional (county) GDP prior to the earthquake (Lim
2009). The earthquake cost Sichuan province US$7 billion in lost tourism revenue (Zhiling &
Xianyu 2009). In contrast to the aftermath of the Chi-Chi earthquake, tourism to the area
rebounded in less than a year as domestic visitors flocked to see areas devastated by the quake
(Lim 2009). Government investment in the tourism industry in the region hopes to cash-in on
the ‘earthquake tourism’ phenomenon, with work currently taking place on the construction
of a number of earthquake museums in the province, and a quake-relief training centre in
Beichuan (Zhiling & Xianyu 2008; Lim 2009). Local officials hope to increase tourism
earnings to as much as 20% of regional GDP. One local Beichuan man describes his feelings
about the earthquake; ‘The earthquake was a catastrophe, but it will be good for the tourist
industry’ (Lim 2009). The travel motivations of domestic Chinese tourists include observing
the power of nature, to pay their respects to the dead, and to be reminded of the frailty of life
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(Liu 2009). According to various online news reports, as many as 19 million tourists visited
Sichuan province during the National Day celebrations this year (Global Times 2009). The
business of earthquake tourism, it seems, is booming in devastated parts of the epicentral
region.
The Alpine Fault shares some similarities with the Longmen Shan Fault (Table 5.2). Both
fault zones are transpressional, NE-trending structures several hundred kilometres in length
(Figure 5.2), adjacent to step range fronts. The isoseismal footprint of the Sichuan event was
ellipse-shaped, resulting from the long rupture length of this event, and shows remarkable
similarity to isoseismal models generated for a M8 Alpine Fault scenario. The depth of the
seismogenic zone in the two regions is comparable (~ 20km), with the rupture length of 240
km on the Sichuan fault similar or slightly less than expected rupture lengths for a predicted
AFEQ.
Figure 5.2. Intensity map of the Sichuan earthquake, May 2008.
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The terrane in Sichuan province and the Southern Alps regions is similarly mountainous and
forested, with significant potential for landslide dams to form, and affect downstream
populations. Heavy rainfall events in both areas are common, which can exacerbate the
impacts of large seismic events by speeding up the delivery of sediment loads downstream,
and adding volume to, and reducing the stability of, landslide dams. In terms of seismic
history, the most recent large event on the Longmen Shan Fault occurred 75 years ago. A
recurrence interval for large earthquakes on this fault is unknown.
A significant difference in terms of seismic risk in the two areas is population density, with
more than 5.5 million experiencing > MM VIII intensities in Sichuan province, compared to
approximately 30,000 people living permanently within comparable intensity zones for a
predicted Alpine Fault event. Tourist numbers to the highest impact zone surrounding the
Alpine Fault depend on the season and are difficult to estimate, but could reach many
thousands in peak season. Tourist numbers to Sichuan province prior to the earthquake are
unknown.
Table 5.2. Summary table comparing the Alpine and Longmen Shan faults.
Comparison

Longmen Shan fault

Alpine Fault

Length of rupture

240 km

~ 200-500 km

Width of rupture

20 km

15-20 km

Mean slip

9m

~ 8m

Slip rates

* Dextral = 3 mm/yr
Normal to fault = 2 mm/yr

**Dextral = 38 mm/yr
Normal to fault = 10 mm/yr

Historical seismicity
(>M 6)

Little recent seismicity except No significant historical
1933 M 7.5
seismicity

Paleoseismicity

Evidence for events at
Evidence for events at
~ 930 BP, 4,000 BP and 121717, 1640 and 1420 AD
13,000 BP

Pop. within MM VIII-X

5.6 million

Terrane

Mountainous/Basin/Rangefront Mountainous/Rangefront

Rainfall

Potential for significant heavy Potential for significant
rainfall events
heavy rainfall events

30,000 approx

* from Densmore et al. (2007)
** from Ellis et al. (2006)
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5.5

Building business resilience

Lack of preparedness for major crises or disasters in the business community is widespread,
with an estimated 50% of United States companies having no crisis management plans in
place (Paton & Hill 2006). Recent world events, like the September 11th terrorist attacks,
illustrated the significant economic losses directly attributable to a lack of preparedness by
businesses, totalling 25% of the $40 billion losses caused by the attacks (Paton & Hill 2006).
Levene (2004) estimated 90% of medium to large businesses unable to resume basic
operations within five days of a crisis could be expected go out of business, and over the
following five years an additional 40% of businesses could fail.
Avoiding this situation requires business continuity management (closely related to crisis
management planning), involving a thorough assessment of all the risks posed by a complete
range of hazards, and the development of strategic plans to mitigate them (Paton & Hill
2006). Seville et al. (2006 p. 3) describe business resilience as “a function of the overall
vulnerability, situation awareness and adaptive capacity of an organisation in a complex,
dynamic and interdependent system”. Business resilience describes the capacity of an
organization to respond to a disaster and restore its core functions by a process of careful predisaster strategic planning and mitigation (Paton & Hill 2006). There are two key components
of business resilience; vulnerability, or the impact a disaster has on the continuity of an
organization, and adaptive capacity, referring to an organization’s ability to respond and
recover from a disaster (Seville et al. 2006). Business resilience frameworks are designed to
cover a range of different crises, from local events (e.g. building fires, work accidents),
regional events (e.g. floods, earthquakes), societal events (e.g. influenza pandemic) or distal
events (e.g. disruption to a key supplier due to a disaster in another region) (Seville 2005).
The aim of a resilient organisation is to reduce the size and frequency of crises (vulnerability),
and enhance the ability and speed of the organization in terms of managing a crisis (adaptive
capacity) (Seville et al. 2006). While reducing vulnerability to natural hazards is not always
possible, improving adaptive capacity can significantly improve post-disaster outcomes for
businesses. Alesch et al. (1993) suggest two main earthquake risk reduction approaches that
businesses can employ. First, they can mitigate against physical damage to their business
infrastructure, such as reinforcing buildings (considered not cost-effective in some situations
particularly in areas where the seismic hazard is perceived to be remote), or fixing heavy
objects to the wall. This method is particularly relevant because it can be used to address a
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range of potential natural events, including storms or floods. Second, they need to have
appropriate insurance to cover financial losses resulting from business interruption.
Seville et al. (2006) emphasize the importance of businesses not acting in isolation when
devising business resilience plans, but realizing they are part of a interdependent web, with
each business relying on many others to continue operating. Figure 5.3 illustrates this process,
showing how the disaster causes key performance indicators to move away from normal
levels as a function of the vulnerability of an organization. Speed of recovery then becomes a
function of adaptive capacity. The area beneath the curve defines the net impact on the
business over the response and recovery period, and provides a useful measure of the
resilience of a business (Dalziell & McManus 2004).
Figure 5.3. Business resilience as a function of vulnerability and adaptive capacity before and
after a disaster, showing Key Performance Indicators (KPIs) changing in response to the
event, and the area under the curve describing business resilience (Source: Seville 2005).

Building resilience in the tourism sector is crucially important for a number of reasons. In the
aftermath of an earthquake on the Alpine Fault, the physical damage to plant and property
will only be part of the problem; interrupted supply chains, staff absenteeism, slow insurance
claim processing, lack of tradespeople for rebuilding works, as well as reduced visitor arrivals
will have major regional and/or national implications for the tourism industry, and broader
social and economic implications for New Zealand in general. Communities are likely to
suffer in the post-disaster phase because of employment losses and interruption to lifeline
services. Business resilience contributes to the overall stability of communities by providing
economic and employment continuity in the aftermath of a disaster (Paton & Hill 2006), and
when businesses fail to adequately prepare, the whole society suffers indirectly. Business
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resilience, therefore, goes hand in hand with community resilience (Seville 2005; McManus et
al. 2007).
Recovery from a major natural disaster can be an interesting concept for tourism businesses.
Small tourism enterprises are highly dynamic, and must adapt quickly to changing visitor
preferences, trends in visitor arrivals, and seasonal variations. The recovery process, in effect,
may result in the development of a very different business structure to previously, but reflects
the important skill of adapting to the new reality in the post-disaster environment. The extent
to which small business operators recognize that the post-disaster environment is different,
and adopts strategies that will maximize their potential, is a reflection of their adaptive
capacity.
According to Paton (2006), developing resilience and adaptive capacity against disaster
comprises four general components. First, communities, businesses and institutions must have
the necessary resources in order to protect themselves from harm, and to ensure continuity of
core functions after a disaster. The second component identified by Paton (2006) for
improving resilience involves having competency with respect to mobilizing, organising and
using the resources available to deal with the hazard event. A third component of developing
resilience against disaster involves planning and development strategies that can capitalise on
opportunities for positive growth and change after the disaster (Paton 2006). While the
immediate negative outcomes of a natural disaster are often overwhelming, opportunities for
positive change can result. The process of rebuilding, for example, provides a unique
opportunity to redesign and improve the aesthetic and function of a community, particularly
while consents are being fast-tracked to enable rapid reconstruction (Webb et al. 2002).
Disasters can also strengthen the social fabric of a society, bringing people together in
adversity and creating a strong foundation for taking action against future problems. In
addition, tourism managers learn a great deal from the experience of a natural disaster, and
Peters and Pikkemaat (2005) found their policies and plans are significantly improved by their
experience. Essentially, this is a process that requires people to make it happen, and it is
choices made by the community itself that will determine positive outcomes (Paton 2006).
The final component involves developing strategies to ensure the continued availability of
resources and competencies as the needs of the community evolve, and during times when the
hazard is less salient (hazard quiesence). Paton (2006) suggests that relationships between
people, their community, and societal institutions and organisations have an important
influence on adaptive capacity. For example, recovery following a disaster will be affected by
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the physical integrity of the built environment, i.e. building codes, land use planning, lifeline
engineering, which requires significant financial investment from local and central authorities.
Facilitating disaster preparedness in the community takes a commitment of people, and
money, and sustained support to make it work.
While in theory building resilience is clearly important for improving continuity and adaptive
capacity to crises, business operators have had little practical guidance to assist them in
developing these elements of their business. In recent years, however, there have been
significant developments in the provision of web-based resources to help business operators
develop plans. For example, Tourism Alliance Victoria (TAV) is an industry association for
operators working in the Australian state of Victoria, which represents and advocates for
tourism operators across a range of issues to government (Tourism Alliance Victoria 2010).
Efforts to improve crisis management in Victorian tourism sector were, in part, precipitated
by the so-called Black Saturday bush fires in 2009 which killed 173 people. As a result, TAV
developed of a ‘tool kit’ for improving the business crisis planning and disaster preparedness
of its members, which offers simple and practical ideas for developing business resilience
(primarily for bush fires) (Tourism Alliance Victoria 2010). The crisis management toolkit
begins with a checklist of key resilience tools, including continuity insurance, disaster
planning, media communications and responsibilities for clients and staff, which provides
tourism operators with an indication of their level of preparedness and the areas that require
improvement. Then, a step-by-step guide offers simple strategies for building business
resilience, and highlights some of the key issues that may arise in the response and recovery
phase of a crisis. The Tourism Industry Association of New Zealand (TIANZ) has no
comparable risk management or business preparedness information available for its members.
There is an urgent need for TIANZ to be more proactive in encouraging tourism business
operators to develop plans before a major crisis occurs, and a toolkit with relevant advice
specific to earthquake and volcanic hazards would be very worthwhile in the New Zealand
context.

5.6

Post-disaster legal concerns for tourism operators

A key vulnerability of many tourism-reliant communities around the Southern Alps is their
isolation. In the event of a large AFEQ, tourism operators may have a number of clients in
their care; on a tour, at an accommodation facility or on a tour bus. Tourists are likely to be
traumatised by the shaking, unfamiliar with their surroundings and in need of first aid and
care for a period of several days. Do tourism operators have a legal obligation to take care of
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their clients in the event of a natural disaster? It is important at this juncture to clarify the
regulatory framework regarding tourism operator responsibility for health and safety in the
workplace. The Health and Safety in Employment Act (1992) and the 2002 Amendment,
places duties and responsibilities on employers, employees and others to mitigate and manage
hazards in the workplace. ‘Hazards’ are defined as ‘an activity, arrangement, circumstance,
event, occurrence, phenomenon, process, situation, or substance (whether arising or caused
within or outside a place of work) that is an actual or potential cause or source of harm’
(HSE Amendment Act 2002, Part 1).
This definition of ‘hazard’ is broad, allowing for hazardous events caused by, for example,
human actions or plant malfunction while also providing scope to include external forces or
phenomena. The definition of hazard as ‘arising from within or outside a workplace’ is
perhaps the most relevant in the tourism context because it allows for an interpretation that
includes natural phenomena such as natural hazards (including earthquakes). Tourism
destinations in locations with a high risk of earthquake activity could be interpreted as falling
under the HSE Amendment Act (2002) definition of ‘hazard’. Earthquakes pose a significant
threat to the tourism industry around the Southern Alps, and one could argue that tourism
managers have an obligation to be prepared. For example, accommodation providers may
have a number of tourists at their establishment who may require shelter, food and first aid.
Glacier guiding companies could be responsible for hundreds of visitors in the glacial valleys
of Fox and Franz Josef. What are their responsibilities? Are they legally obligated to account
and care for their clients, and if so, over what timeframe?
The tourism industry differs from manufacturing, agriculture and other industries because
tourists pay for the right to spend time in a ‘workplace’, e.g. a motel, backpackers, or a
tourism activity or attraction. Part 2, section 16 of the HSE Act (2002) describes the
responsibilities of managers to ‘people who have paid the person to be there or to undertake
an activity there’ (HSE Act 2002, Part 2, s. 16, 2 (b) (iii)). In the case of tourists, managers
have a duty under the Act to take all practicable steps to ‘ensure that no hazard that is or
arises in the place’ is likely to harm people, namely their customers or clients (HSE Act 2002,
Part 2, s. 16 (1)). Although the Act specifies that ‘all practicable steps’ must be taken, it is
not prescriptive in the actual steps that need to be taken and instead relies on a self-regulatory
approach of the ‘controller’. The controller is, however, expected to do so ‘only in respect of
circumstances that the person knows or ought reasonably to know about’ (HSE Act, Part 2A
s. 2).
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The HSE Act (1992) and its amendments to date have never been tested in the area of natural
hazards, and will rely on future case law for interpretation (Garside pers. comm. 2009). If a
future natural hazard event provided the legal grounds for a workplace prosecution in the
tourism sector, careful consideration would have to be given to whether the business manager
‘knew or ought reasonably to have known about’ the specific hazard. It could be argued that
knowing about a hazard is very different from understanding the outcomes of a hazard event,
and taking the correct course of action to mitigate against the hazard. There are many simple
actions (‘practicable steps’) that could make a significant difference to post-earthquake
outcomes. For example, providing signage showing the correct protective measures for
tourists to take during shaking (i.e. Drop, Cover and Hold), fixing heavy furniture to walls,
and providing evacuation plans indicating where to meet after the shaking has stopped so
people can be accounted for. It could be argued that business managers who are aware of the
likelihood of a large earthquake and do not install simple earthquake hazard adjustments are
neglecting their ‘duty of care’ responsibilities to clients and staff, and should this failure lead
to serious harm, they could be liable for a tort claim of negligence (Garside pers. comm.
2009).
Among their many duties in respect to their employees, workplace managers must take all
practicable steps to ‘develop procedures for dealing with emergencies that may arise while
employees are at work’ (HSE Act 1992, Part II, s. 6 (e)). Hazard management in the
workplace requires employers to ‘systematically identify existing hazards at work’ as well as
‘new hazards’ (HSE Act 1992, Part II, s. 7 (a) and (b)). In addition, hazards which may arise
and impact on employees must be identified and minimised ‘where elimination and isolation
(are) impracticable’ (HSE Act 1992, Part II, s.10). This is particularly relevant for natural
hazards, because although it may be possible for an employer to identify and mitigate against
some natural hazards, in most cases it is impossible to control or eliminate them. It could be
argued that training should be part of ‘all practicable steps’ (Part II, s.10) required to
minimise the likelihood of harm (Garside pers. comm. 2009). To date, the Court has
interpreted the employer’s duty to train staff (s.13) in relation to the adequacy of training to
carry out the work itself, such as use of plant and dealing with substances, rather than training
related to working in a specific place that is potentially hazardous (Garside pers. comm.
2009). Further obligations from the Act in relation to natural hazard mitigation strategies are
suggested from the 2002 Amendment extended definition of ‘hazard’ (Part I, (2)), which
includes a situation resulting from traumatic shock that affects a person’s behaviour. Posttraumatic stress is a common psychological disorder following natural disasters (Galea et al.
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2005); an AFEQ is likely to result in a spike in reported PTSD cases resulting from a natural
hazard.
In sum, even in the event of a seemingly uncontrollable natural disaster for which blame
cannot be apportioned to individuals, businesses can still be held responsible if they fail to
take appropriate steps to mitigate and plan for potential outcomes and are, therefore, deficient
in their management practices (Faulkner 2001). Tourism operators in New Zealand have a
legal duty of care to their clients and staff in terms of taking all practicable steps to ensure
their clients are as safe as reasonably possible. However, the self-regulatory approach relied
upon by the Court in terms of fulfilling these obligations reduces the likelihood of
prosecution, especially since there is currently no precedent for legal proceedings resulting
from negligence following a natural disaster.

5.7

Chapter Summary

A discussion of tourism crises and crisis management highlights the vulnerability of the
tourism industry to business interruption resulting from natural disasters. Laws and Prideaux
(2005) identifies the need for tourism research to adopt scenario-based methods to plan for
future crises. This research has answered the call by developing an isoseismal scenario-based
methodology to assess the potential outcomes of a large AFEQ on the tourism sector around
the Southern Alps (results from this analysis are presented in Chapter 7), and coupled these
findings with an investigation of tourism manager risk perceptions, preparedness and
resilience (Chapter 8).
The implications of an AFEQ on tourism in terms of tourist mobility, infrastructure and
business interruption have been compared to three international case studies. In the first, the
Chi-Chi, Taiwan earthquake in 1999 illustrated how a thriving tourism industry can be
devastated by lack of access, and by negative international media exposure. The Denali
earthquake of 2003 struck a remote, sparsely populated region of Alaska, similar
topographically to the West Coast. The directivity of this earthquake produced significantly
more damage east of the rupture zone, which should be born in mind as a possible outcome of
an Alpine Fault event. Lastly, the M7.9 Sichuan earthquake in 2008 along a mountain range
front gave a very similar intensity ‘footprint’ to that expected for an M8 on the Alpine Fault,
illustrating the hazard posed by landslide dam formation in steep hilly countryside in the
aftermath of a large earthquake. Successful tourism recovery was largely a result of domestic
visitor motivations to see the damage zone in Sichuan province.
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Building business resilience through careful planning is seen as a way to improve the capacity
of a business to respond and recover from a significant interruption following a natural
disaster. The line between ‘business’ and ‘community’ is blurred as a function of the
interdependencies that exist in rural communities like those in the Southern Alps; business
resilience is inextricably linked to community resilience in this context. The final section of
the chapter outlined the New Zealand legal framework relating to business operator
responsibilities for their guests and staff in the event of a natural disaster, and will be revisited
in Chapter 8. The following chapter describes the research methodologies used to address
Objectives 1 and 2 of the research project.
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CHAPTER SIX
Methodology
6.1

Introduction

This chapter addresses the research methods adopted for this study, as they relate to the two
primary objectives. Objective One required the use of ArcView GIS (Geographical
Information System) software to create a visual description of the likely physical
consequences of a significant AFEQ. A series of isoseismal (intensity) maps were generated
for a range of earthquake magnitudes (Smith pers. comm. 2007). Spatial tourism data,
including destinations, infrastructure, activity settings and travel flows data, were then
combined with the earthquake isoseismals in a GIS map to illustrate the potential impacts of
an earthquake on the tourism industry in the zone of the Alpine Fault. The second objective
investigated the risk perceptions of tourism operators, their level of preparedness, knowledge
of seismic risk, and the factors that contribute to the resilience of tourism businesses. The
primary tool used for data collection to address Objective 2 was a quantitative postal survey,
administered to tourism operators involved with activities, attractions, accommodation and
visitor transport in the field area. The processes involved in selecting the sample population,
designing the survey, pilot testing, survey distribution and follow-up reminders are described
in detail, including data processing and analysis. A third methodological tool involved
qualitative interviews with tourism operators and representatives from District and Regional
Councils, and the Department of Conservation. The interviews were used to extend and
inform the interpretation of the quantitative data. Each of the three methodologies is described
in detail in this chapter. This mixed method approach is designed to address a significant gap
in the literature with respect to understanding the outcomes of an earthquake disaster on the
tourism sector in regions which are heavily reliant on tourism income.

6.2

Justifying the field area

Selecting a field area for this research project required consideration of both the geometry and
seismicity of the Alpine Fault, and the nature of the tourism industry surrounding the fault
zone. The Alpine Fault heads offshore at the mouth of Milford Sound, where it forms a
continuation of the plate boundary into the Puysegur Trench in southwest New Zealand.
Northward, the fault can be followed for 450 km along the western side of the Alps to Springs
Junction (Figure 1.1). The Alpine Fault splays north-eastward into a number of different
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faults 65 km south of Springs Junction, known as the Marlborough fault system. The field
area needed to capture the zone around the Alpine Fault most likely to experience significant
damage during a M8 event (Figure 6.1). The predicted magnitude of a future Alpine Fault
event translates into a significant ‘footprint’ in terms of the intensity of damage on the
surface, with Modified Mercalli intensities of MM VI or above likely for much of the South
Island (excluding only parts of Marlborough and the isolated south-west corner of the island)
(Smith pers. comm. 2007). Intensities of MM VII or greater will be felt across most of the
Southern Alps (Smith pers. comm. 2007), where ground shaking will cause general alarm in
people (who can have difficulty in standing upright), move furniture and appliances, and
cause substantial damage to fragile and unsecured objects (Dowrick 1996). The MM VII
intensity contour was chosen to mark the eastern and western extents of the field area. This
contour encompasses the tourism destinations likely to experience significant disruption
following a M8 earthquake. A jurisdictional boundary between the Grey and Buller Districts
coincides with changes in the physical nature of the Alpine Fault, and provides an appropriate
northern boundary for the field area. To the south, Te Anau and Milford Sound were
important inclusions to the study, with the former marking the southern extent of the field
area. Population figures for all towns in the field area are provided in Appendix B.
Figure 6.1. Field area (yellow shaded area) with key locations in the South Island. Lakes are
shown in blue, and state highways in red. The Alpine Fault is shown in dark blue.
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6.3
6.3.1

Objective 1 – The ‘footprint’ of an earthquake
Isoseismal models

The first objective of this research project was to develop GIS maps illustrating the
relationship between tourism and seismic risk. Understanding the physical impacts of a M8
earthquake on the Alpine Fault is enhanced by visualizing the ‘footprint’ of an earthquake
using isoseismal maps. The maps provide a visual description of the vulnerability of the
tourism sector to a large earthquake, and inform the discussion on the implications of a future
AFEQ in Chapter 7. An isoseismal map contours the degree of damage on the earth’s surface
by an earthquake in the same way as a weather map contours pressure variations in the
atmosphere. The most intense damage is found in the central contour of the isoseismal map,
where intensities of MM X-XII can occur in large, destructive earthquakes. The MM VIII
isoseismal ellipse gives an approximate area likely to experience strong landsliding during an
M8. The earthquake intensities used to describe the impacts of modelled AFEQs are from the
New Zealand Modified Mercalli Scale (Table 7.2), which define earthquake-related impacts
based specifically on the New Zealand environment, taking into consideration local building
standards. Smaller intensities are based on human experiences of earthquake shaking, and
higher MM values are based on observed structural damage to buildings and other
infrastructure.
It is important at this juncture to describe the scenario that will form the basis of discussion
about a future AFEQ in this thesis. The earthquake scenario used to define key response and
recovery issues for the tourism industry, and to address Objective 1 of this research project, is
a M8 centred on the central segment of the Alpine Fault between Haast and Hokitika. This
assumption follows the views of Sutherland et al. (2007) and Yetton (1998), based on careful
paleoseismic studies which indicate that three large prehistory earthquakes on the Alpine
Fault ruptured between 200-600 km of the fault from Greymouth (Ahaura River) in the north,
to Milford Sound (1717 AD), Jacksons Bay (1430 AD) and Fox Glacier (1620 AD) in the
south (Sutherland et al. 2007; Yetton 1998, Figure 3.6). In the 1717 AD and 1430 AD events,
the central segment of the Alpine Fault ruptured in its entirety. The precise southern extent of
the 1620 AD rupture is not known, but lies between Haast and Fox Glacier (Sutherland et al.
2007). Sutherland et al. (2007), Yetton (1998) and McMahon et al. (2006a) consider that the
southern segment of the Alpine Fault between Milford and Fox Glacier is the most likely to
rupture in future.
Given the specification of several key variables, namely magnitude and epicentral location, it
is possible to generate relatively simple intensity models using software developed by
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Geological and Nuclear Science (GNS), a Crown Research Institute based in Wellington,
New Zealand (Smith pers. comm. 2002). Isoseismal models were developed in consultation
with GNS which has specific expertise in the area of earthquake modeling. A range of
magnitude scenarios were generated (M6, M6.5, M7, M7.5 and M8) using the Dowrick &
Rhoades method (1999), with the Smith (2002) modification for long fault sources (Smith
pers. comm. 2007). Interpretation of the models was carried out solely by the researcher. As
described in Chapter 2 (section 2.4), the magnitude scale is logarithmic, meaning that one full
increase in magnitude results in the release of 32 times more seismic energy. Increments of a
full magnitude, therefore, can produce very different impacts, and are useful in describing
large earthquakes. In addition, a full range of magnitude scenarios is necessary to illustrate the
impact of aftershocks following a major earthquake.
The M8 isoseismal scenario is modeled to illustrate surface rupture of the entire length of the
Alpine Fault, with elliptical isoseismal contours fanning out around the rupture trace. The
total rupture length for the M8 scenario lies entirely within the MM VIII isoseismal ellipse,
which is several hundred kilometers in length (Figure 6.2). The modeled scenario for a M7.5
is characterised by the rupture of only one segment of the Alpine Fault between Haast and
Fox Glacier. For earthquake scenarios < M7.5 ruptures propagate from a point source, with
the same epicentre as for the M7.5 model.
The epicentres for each of these earthquakes have been modelled to lie between Haast and
Fox Glacier, although it is important to emphasize that the epicentral location of a future
AFEQ is impossible to describe with total certainty, and that this scenario is based on the
most recent scientific understanding about the paleoseismic behaviour of the Alpine Fault. In
reality, the precise location of a M8 epicentre is of little consequence since the high impact
zone will take in a broader area than the term ‘epicentre’ suggests (Smith pers. comm. 2007).
In other words, all of the isoseismal contours would remain unchanged wherever the epicentre
was located, except the MM X ellipse, which Smith (pers. comm. 2007) argues would simply
move up and down the fault to coincide with the epicentral region. Norris (pers. comm. 2009)
believes the spatial extent of the MM X isoseismal could be more widespread, and may
coincide with the rupture surface of a future M8 AFEQ depending on local conditions.
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Figure 6.2. Modelled isoseismals for a M8 and M7.5 on the Alpine Fault.

6.3.2

Spatial tourism data

Tourism and other spatial data used in the GIS isoseismal map overlays were collected from a
number of different sources (Table 6.1). Over the last two years, geodata from reputable
sources, such as Statistics New Zealand and DOC have become increasingly accessible on the
Internet. Government departments and research institutes have made spatial data available
online11, where shapefiles can be downloaded for no charge (with appropriate
acknowledgement). Road networks, towns, railways, lakes and Department of Conservation
estate, huts and tracks data were all downloaded from the Koordinates website.

11

Geodata is available from Koordinates.com, launched in 2007 to centralise GIS data from
New Zealand and from selected countries around the world.
119

Table 6.1. Geodata sources.
Data

Source

Regional Council boundaries

Statistics New Zealand

District Council boundaries

Statistics New Zealand

Rivers

Land Information New Zealand

Railways

Land Information New Zealand

DOC Public Conservation land

Department of Conservation

DOC Tracks and backcountry huts

Department of Conservation

Active faults

GNS Science

State Highways, towns, lakes, traffic flows

Tourism Flows Model package,
Ministry of Tourism

The tourism flows data were generated by the Ministry of Tourism using GIS software, and is
known as the Tourism Flows Model (Vuletich 2006). The model projects the movements of
domestic and international tourists around New Zealand based on an origin-destination
approach. It uses nine years of International Visitor Survey data and six years of Domestic
Travel Survey data collected by the Ministry of Tourism, covering the period 1997-2005. The
model has not been updated since 2006; however, it provides a useful estimate of the volume
of visitor flows on major transport networks in New Zealand (Vuletich 2006).
The isoseismal models for each earthquake scenario from Smith (2007) were imported into
ArcView (version 16.2) as .jpeg files, and digitized into polygons. Shapefiles downloaded
from Koordinates were stored in a geodatabase before being imported as map layers to
overlay with the isoseismal models. The field area boundary was digitized as a polygon so
that ‘clipping’ of other datasets could be achieved (e.g. selecting the towns lying within the
field area only). Once the map was complete, the relevant layers were activated and exported
as .ai files (Illustrator) to be formatted for final reproduction. Extensive interpretation of the
potential physical and social outcomes of the full range of earthquake magnitudes was carried
out based on the GIS map outputs described above. The results of this analysis are described
in Chapter 7.

6.4

Objective 2 – Perceptions and preparedness in the tourism industry

Objective 2 relates specifically to the quantitative and qualitative methodologies, and is
divided into three sub-objectives;
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2 (a). To investigate the earthquake knowledge, preparedness and risk perceptions of
tourism operators with respect to the Alpine Fault and its seismic potential.
2 (b). To investigate the influence of demographic variables and prior experience on the
preparedness of tourism operators.
2 (c). To investigate business resilience in the tourism sector, and investigate whether key
resilience factors are influenced by owner employment status, income, number of
employees and length of time in operation.
6.4.1

Justifying the quantitative research method

To gain an understanding of the behaviour of tourism operators regarding earthquake
awareness and emergency preparedness requires an investigation into the demographic and
psychological characteristics of the sample population. A quantitative questionnaire was
considered the most appropriate method to achieve these aims. It is acknowledged that there
are many advantages and disadvantages in using this method. Postal surveys provide a low
cost alternative in terms of data collection and processing, they are able to reach a widely
diverse and distributed sample population, and they avoid the potential interviewer biases
involved in face-to-face interviews (Oppenheim 1992). Conversely, postal questionnaires can
involve low response rates, an inability to correct or identify misunderstandings and a lack of
control over the order in which questions are answered (Oppenheim 1992). The survey layout
holds considerable importance in ensuring readability and user-friendliness, and careful
attention was paid to the flow of questions and page formatting.
6.4.2

Ethical Approval

This programme of research gained University of Otago ethical approval for Category B
research involving human participants. The anonymity of the survey and interview
participants was ensured in a number of ways. The cover letter was generically addressed to
‘Dear Tourism Manager’, and it emphasized that every effort would be made to protect the
anonymity of participants in the recording and reporting of data, and that the analysis of data
would be conducted in aggregate form only. Contact details were provided in case they had
any questions or queries about the research, or the postal survey. The survey form did not
require the respondent to identify themselves, unless they chose to by noting an interest in
receiving a summary of results. The survey envelope was personalized if possible, but
otherwise addressed to ‘The Manager’.
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The face-to-face interviews with industry stakeholders were requested by letter, and then
phone calls were made to arrange a time and place. At the beginning of the interview the
participants were asked to complete a consent form (Appendix C), which provided all the
necessary information about the research project, addressed issues of anonymity, and advised
participants that they could withdraw from the research project at any time without
disadvantage. The questions included in the survey were open-ended, and were designed to
allow the conversation to flow to a certain extent, so the precise nature of the questions could
not be fully determined in advance. Participants were reminded in the cover letter that if the
line of questioning developed in such a way as to make them feel hesitant or uncomfortable,
they had the right to decline to answer any particular question(s) without any disadvantage of
any kind.
6.4.3

Sample population

The tourism industry encompasses a number of different and overlapping component parts
involved in the provision of hospitality (accommodation, food, beverage and related services),
transport, recreation, activities and attractions (Leiper 2004; Brotherton 1999). Three key
criteria were essential in determining which tourism sectors should be included in the sample
population:
•

Tourism businesses that have a degree of responsibility for tourist management and
safety;

•

Tourism businesses where relatively lengthy interactions take place with the
tourist/client (e.g. overnight stay, tour, bus journey, fishing trip);

•

Tourism businesses that would benefit from investing some thought and planning into
improving their earthquake preparedness.

Tourism retail sectors, including food and beverage and related services (e.g. information
centres), were not considered to fulfill these criteria, as their engagement with tourists is
restricted to brief encounters, leaving little or no perceived need to be responsible for their
safety per se. Thus, the retail sector was excluded from the sample. Accommodation
providers play an important role in visitor management and safety, particularly at night when
their guests have completed their activities for the day (excepting those spending the night in
Department of Conservation huts). In the event of an earthquake, responsibilities for their care
will fall on the accommodation provider in terms of assessing injuries or fatalities, and
providing for people until emergency services arrive. Activity, attraction and transport
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providers are responsible for tourists while they are undertaking activities, and hence they
fulfill the criteria for inclusion in the sample population.
The accommodation sector includes establishments of different sizes and styles, including
hotels, motels, holiday parks, backpackers and hosted accommodation (Figure 6.3). Hosted
accommodation is defined as including bed and breakfast, guest houses, private hotels,
boutique lodges, luxury lodges and farm stays (Ministry of Tourism 2007b). This sector was
found to be over-represented in the field area compared to the rest of the New Zealand, with
initial indications suggesting up to 60% of accommodation options comprised hosted
accommodation, compared to 2.1% of the total accommodation sector (Ministry of Tourism
2007b). These establishments are typically small, with 77% defined as owner-operated with
no employees, and 90% having a capacity of less than 10 guests per night (Ministry of
Tourism 2007b). Business turnover is relatively low compared to other types of
accommodation, and owner-operators potentially lack the financial or personal motivations
and resources to invest in business management planning (Hall & Rusher 2004). As a result,
hosted accommodation was excluded from the sample.
Figure 6.3. Proportion of accommodation types in New Zealand (Ministry of Tourism 2007b).

Another factor in selecting the sample population was the size of the sample. Initial
investigations into the extent of the tourism industry in the field area during the development
of the mailing list for this project indicated an approximate figure of 800 operations across all
sectors. Lindell and Whitney (2000) suggest an optimal sample size for this style of research
is N > 200, and preferably N > 400. Thought was then given to selecting a proportion of each
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sector to contribute to a 500-600 sample. However, when the mailing list was under
construction it became apparent there were fewer businesses than first thought (approximately
600), and capturing the total population of tourism operations became possible.
6.4.4

Constructing the mailing list

The mailing list of tourism operator names and addresses was developed using several search
methods;
•

Internet searches, focusing predominantly on Regional Tourism Organisation (RTO)
websites who list contact details for tourism providers by sector. In most cases the link
to each tourism operation was followed to locate and record all the necessary postal
details.

•

Contacting all visitor centres in the field area by mail or email, to request either
electronic databases or pamphlets and brochures of relevant operators. In one case, a
complete database of names and contact details was provided. In most cases,
responses were in the form of an envelope containing print material.

•

A number of ‘webrings’ were found with listings for specific sectors of the tourism
industry e.g. fly-fishing guides. These were particularly useful for cross-referencing
the RTO listings to check for omissions.

A total of approximately 550 operators were identified as fitting the criteria for this research.
Full details for each operator were entered into an Excel spreadsheet, including the name of
the business, postal address, email address (although these were not used at any point), web
address and phone number. Where possible the name of the manager was recorded. Once all
the details were entered, a total of 291 activities/attractions and transport operators and 245
accommodation providers had been identified, contributing to a total sample population of
536.
6.4.5

Questionnaire content

The questionnaire included 32 questions, designed to be concise and readable while gaining
sufficient detail to address the research objectives (Appendix D). A summary table of the
survey questions, organized by objective, is presented in Table 6.2. The survey was divided
into four sections. The first was titled ‘Your ideas about earthquakes’, and consisted of five
questions concerning earthquake (threat) knowledge and risk perceptions relating to seismic
risk (Objective 2 (a)). An additional three questions relating to objective 2 (a) were positioned
later in the survey (in section 3) to gain a business perspective. Section 2, ‘Personal and
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Community Preparedness’, was designed to investigate themes relating to objective 2 (b),
and included six questions addressing issues such as earthquake preparedness information
seeking and community-based initiatives. A question about the frequency of casual business
conversations regarding earthquake preparedness was positioned later in the survey to explore
their business perspective. Section 3, ‘Your tourism business’, consisted of twelve short
questions to create a profile of tourism businesses in terms of the nature of their operation,
location, income, number of employees and length of time in business. Questions enquiring
about the presence or absence of key resilience tools, including insurance, induction,
evacuation, staff training and disaster planning, allowed for subsequent cross tabulation of
business profile and resilience results to fulfill the requirements of objective 2 (c).
The final part of the survey involved a series of questions to profile the demographic
characteristics of respondents. It was intentionally placed at the end of the survey, as
Oppenheim (1992) recommends leaving the more personal part of the investigation until last
so as not to put the respondents off completing the remaining questions. A statement of
explanation leading into the demographic section was included (‘Finally, the last set of
questions is about you personally, and will help us interpret the results’), so respondents were
informed that there was good reason for asking the questions (Oppenheim 1992). The
demographic profile was restricted to only the most important characteristics; for example,
ethnicity was excluded because it was not considered relevant to this research.
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Table 6.2. Survey questions, question number (Q), question type and reference.
Q

Topic

Question Type

Reference

Objective 2 (a) – RISK PERCEPTIONS AND THREAT KNOWLEDGE
1
2
3
4
5

Natural hazard in the region with most potential to impact livelihood
Closed (grouped)
Prior experience of a damaging earthquake
Y/N
Likelihood of a major AFEQ
Closed (grouped)
Threat posed by an earthquake on a) your personal safety, b) your 5-point Likert scale
business, c) your property, and d) your community
Emergency preparedness statements
5-point Likert scale

25 Outcomes of a M8 on business
26 Length of time to reopen
27 Comments on most important issue post-earthquake

Adapted from Finnis (2005)
Adapted from Finnis (2005)
Adapted from Finnis (2005)
Adapted from Leonard et al.
(2004)

5-point Likert scale
Closed (grouped)
Open-ended

Objective 2 (b) – PREPAREDNESS
6
7
8
9
10
11
15
22

Ranking of organizations with responsibility for earthquake preparedness
Sources of earthquake risk and preparedness information
Sense of community engagement
Level of community disaster response
Preparedness within the community
Community belonging statements
Casual conversations about earthquake preparedness
Frequency of conversations about earthquake preparedness

Ranking three discrete options
Closed (grouped)
5-point Likert scale
Y/N list
5-point Likert scale
5-point Likert scale
Y/N
5-point Likert scale

Objective 2 (c) – BUSINESS RESILIENCE PROFILE
12 Type of tourism business
13 Business location

Closed (grouped)
Closed (grouped)

Adapted from Finnis (2005)
Leonard et al. (2004)
Adapted from Finnis (2005)
Adapted from Finnis (2005)
Leonard et al. (2004)
Drabek (1995)

Q
14
15
16
17
18
19
20
21
23
24

Topic
Length of time in business
Role in the business
Secondary employment
Number of employees
Induction
Evacuation policy
On-going staff training
Business income
Continuity insurance
Formal disaster plan

Question Type
Closed (grouped)
Closed (grouped)
Y/N
Closed (grouped)
Y/N
Y/N
Y/N
5-point Likert scale
Y/N
Y/N

Reference

Drabek (1995)

Demographic Profile
28
29
30
31
32
33

Age
Gender
Marital status
Living situation
Level of education
Length of time in residence

Closed (grouped)
Closed (grouped)
Closed (grouped)
Closed (grouped)
Closed (grouped)
Closed (grouped)

General demographic
variables

Finnis (2005) studied vulnerability and resilience in residents surrounding the active volcano
of Mt Taranaki, in the North Island, New Zealand. Her research has parallels with this project,
particularly in terms of the preparedness and risk perception themes. Some of the questions
used in the Finnis (2005) quantitative survey (administered in 2002) have been adapted for
this study to address the issues of seismic risk (as opposed to volcanic risk). In addition,
Leonard et al. (2004) conducted research in Te Anau on the preparedness and risk perceptions
of local residents. Several questions from both Finnis (2005) and Leonard et al. (2004) were
replicated for the purposes of comparing responses across the sample populations. References
to questions that have been adapted or replicated are listed in Table 6.2.
It was considered important to construct a survey with a number of different question types, to
maintain the respondents interest as they completed the survey. Closed (grouped) questions
listed a number of potential answers, and the respondent was required to tick the appropriate
box to complete their answer. Likert scales allowed respondents to select their answer across
a five-point range of possible options. These scales ranged from a positive opinion (value = 1)
to a mid-point (neutral or uncertain, value = 3) to a negative opinion (value = 5). The end
points on most scales used in the survey were ‘strongly agree’ and ‘strongly disagree’, or
‘very unlikely’ and ‘very likely’. Labels were given to each intermediate point on the scale
(values 2, 3 and 4). In one question a five-point range from ‘not at all prepared’ to ‘very
prepared’ was offered on a continuum (with no mid-point). ‘Don’t know’ and ‘not applicable’
options were included for the community engagement questions because respondents may
have legitimately been unaware of community initiatives, or they could live remotely so that
the questions did not apply to their situation. An ‘other’ option was provided in some
situations to allow respondents to specify precisely what their situation was, for example, to
describe the nature of their tourism operation (e.g. fly-fishing, motel).
An open-ended question was used at the end of Section 3, since this form of questioning
allows the respondent to describe their point of view with no predetermined responses (Patton
2002). In this question, respondents could identify the most significant issue they would face
in the aftermath of an Alpine Fault event. Two dotted lines were provided for their answers;
however, some continued to write additional comments overleaf. Respondents were also
given space to describe the contents of their disaster plan and the length of their insurance
cover in Section 3. At the conclusion of the survey respondents could add any further
comments regarding the survey, or about earthquakes in general, which offered an
opportunity to voice any concerns or issues. Operators interested in receiving a summary of
the main findings of the project were required to write their contact details in a space
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provided. All of the open-ended questions produced some very worthwhile comments and
were a useful addition to the survey.
6.4.6

Questionnaire presentation

The survey was presented in booklet form over seven pages. It was printed on an A3 sheet,
folded into an A4 booklet and stapled down the spine. A unique number was stamped on the
back of each survey booklet to allow respondents to be removed from the follow-up mailing
list once their survey was returned. In doing so, the cost of the second and third contacts with
the sample population was substantially reduced, and respondents were not asked to return the
survey when they had already done so. Coding the surveys in this way did not appear to cause
any problems, reflected by the good response rate. A freepost envelope was included in the
mailout to allow respondents to return their completed survey. No incentives for returning the
survey were offered. Respondents were given the opportunity to receive a summary of results,
and if so, they were asked to provide their postal or email address. The cover letter was
addressed to “The Manager”, unless the name of the manager was available, in which case it
was personalized.
The cover letter comprised an A4 letter separate from the survey booklet (Appendix E). It
explained the nature of the research project, and emphasized the anonymity of responses. As
mentioned in section 6.4.2, ‘Dear Tourism Manager’ was used on the cover letter to maintain
the anonymity of the respondent. It included the University of Otago logo, which Dillman
(1991) suggests is a good means of adding to its integrity and trustworthiness. A second A4
sheet was also attached with a brief description of the size of a M8 earthquake (Appendix E),
together with a diagram presenting some of the key impacts of such an event. Much
consideration was given to whether or not providing this kind of information was appropriate,
and ultimately it was decided that setting the scene for the survey in terms of the scale of a
M8 earthquake was important to ensure respondents had the correct scenario in mind when
formulating their answers.
6.4.7

Implementing the survey

Pre-testing the survey involved asking a number of members of the Tourism and Geology
Departments to complete the survey and provide feedback. In addition, several non-academic
people were invited to pre-test the survey to check for inappropriate jargon or lack of clarity.
Minor changes were made to wording and formatting in light of the feedback from this pretesting stage.
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The first phase of survey implementation involved mailing a pilot survey to 50 randomly
selected operators from the mailing list on April 9th 2008. The timing was designed to
coincide with the end of the summer tourist season. Pilot testing was used to test the
effectiveness of the questionnaire in terms of response to questions, identify any deficiencies
in the survey design, and to determine whether the full mail out would achieve a satisfactory
response rate. Two weeks after the pilot survey was administered, 30% had been returned. A
reminder postcard was then sent on May 23rd 2008, which led to the return of a further eight
surveys, bringing to total response rate to 49% (including three returned to sender) (Appendix
E). After a period of a further two weeks a replacement survey was sent to all remaining
operators. A modified cover letter was enclosed highlighting the importance of their response
to the survey, and stating a closing date of the end of July 2008 (Appendix E).
The final response rate to the pilot test was 66%, suggesting it was generally well received.
Once the pilot-testing was found to be achieving a good response rate, a critical consideration
of the questions and formatting was undertaken, revealing that only minor changes were
necessary. In question 7, another tick box was added for those who had never sought any
preparedness information. Several minor formatting issues were addressed before an
additional 489 surveys were printed and administered to the remaining sample population on
May 29th 2008. Table 6.3 outlines the regional distribution of surveys within the field area.
Table 6.3. Number of postal surveys sent to each region in the field area.
Region

Number of surveys

Wanaka

112

Queenstown

234

Te Anau

46

Mt Cook

39

West Coast

100

Arthur’s Pass

5

TOTAL

536

The process used in implementing the survey to the total sample population and the follow-up
reminders was exactly as for the pilot test. Two weeks after the survey was administered a
reminder postcard was sent requesting the return of the survey by the end of June. After a
subsequent two weeks, a replacement survey was administered stating that the closing date
was July 18th 2008. These two follow-up methods boosted the response rate by 12% and 16%
respectively. The survey implementation process followed the Total Design Method described
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by Dillman (1991), but differed slightly in that the postcard reminder was sent after two
weeks (instead of one week), and a second replacement survey was not distributed. A second
replacement survey was considered unnecessary since the response rate had reached 45% by
that time, as well as the cost involved in making a fourth contact. By the closing date, a total
of 251 surveys were returned (with 31 returned to sender), corresponding to a total response
rate of 51.0% (Table 6.4).
Table 6.4. Sample size, return to senders and the overall response rate.
Sample population
536

6.4.8

Returned to
Valid Responses
sender or invalid
43

251

Total response
rate
51.0%

Data preparation and analysis

Data entry employed SPSS (Statistical Package for Social Sciences, version 16.0). It was
evident during the data-inputting phase that respondents had taken care to answer the
questions carefully and thoughtfully, judging by the low number of missing values in the
database. In a few cases, though, pages had been missed or left blank. The gender question
received a disproportionately high number of missing values, which was probably a result of
the formatting of the survey where this question was placed on the right hand column of the
page, and respondents appear to have missed it and continued down the page to the next
question. Question 6 was answered incorrectly by 21 respondents, who wrote the same
number in each space rather than ranking the categories from one to four, and these responses
were removed from the analysis. The wording of question 10 had shortcomings. Respondents
were asked for their perceptions of ‘how prepared they are to deal with an AFEQ’. It is
possible to interpret this statement in a number of different ways. For example, how
emotionally prepared they are to cope with the devastation, or conversely, their physical
preparedness, i.e. the extent of their efforts to get prepared (seismic adjustments) (Lindell and
Whitney 2000). If this question were to be replicated in future, the wording should be
clarified.
Data analysis involved running mostly frequency and descriptive analyses for the majority of
the survey questions, as well as cross tabulations (supported by Chi square tests of
significance). Objective 2 (a) required only simple frequencies and distributions. The analysis
of objective 2 (b) involved cross tabulations of demographic, situational (e.g. involvement in
community, perceptions of community) and business variables with a number of survey
questions relating to the level of preparedness among operators. Objective 2 (c) involved
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frequencies and distributions in addition to a number of cross tabulations with business
variables. Cross tabulated results were statistically significant when P < 0.05 (providing cell
counts and minimum expected counts were sufficient), and are shown in parentheses as χ
(Chi square statistic), df (degrees of freedom), P (probability) in Chapter 7.

6.5

Qualitative interviews

While the quantitative data is the primary tool for investigating objective 2 of the study, the
interpretation of the data was enhanced by qualitative interviews conducted with tourism
operators and public sector agencies between August and September 2008. Potential
interviewees were flagged in the database if they had made themselves known in the survey
(i.e. showed interest in receiving a summary of results). Fifteen tourism operators were
contacted by mail to request an interview, asking them to respond via email. Eleven replied to
the letter and agreed to being interviewed.
In addition to interviews with tourism operators, it was considered important to gain a local
and regional government perspective on managing the tourism industry in the event of a
significant earthquake. Seven industry stakeholders were identified via word-of-mouth and
preliminary web searches during the first year of the research project. They represent the
following organizations:
•

West Coast Regional Council (2 informants)

•

Westland District Council (2 informants)

•

Department of Conservation (1 each from Fox Glacier, Hokitika, Wanaka).

Potential interviewees were then contacted by phone to request their participation in a face-toface interview, and in all cases permission was granted and a date was set for a meeting. The
interviews were conducted in Greymouth, Hokitika, Franz Josef, Fox Glacier, Haast,
Hannah’s Clearing, Wanaka, Queenstown, Te Anau, Glenorchy and Mt Cook (Figure 6.4).
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Figure 6.4. Interview locations around the field area (conducted in August and September
2008).

6.5.1

Interview methodology

Two sets of questions were formulated for the two groups of interviewees; tourism operators
and public sector agency representatives. A list of questions can be found in Appendix F,
together with the information sheets for both tourism operators and public sector interviewees
and consent form for the interviews.
A semi-structured interview technique was adopted (Mason 1996; Gibson & Brown 2009).
During the planning stage, key themes were identified and then interview questions were
formulated (Gibson & Brown 2009). The questions were generally asked in order, but there
remained sufficient flexibility to vary the order of the questions in response to the ‘natural
flow’ of the interview. In the event that the conversation moved in a direction which was
irrelevant to the research questions, the interviewee was given the opportunity to complete
their response before the interview returned to the next key question.
The interviews with tourism operators were designed to add depth to some of the themes
which arose from the quantitative method, including:
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• Tourism operator understanding of the Alpine Fault and the threat it poses;
• Issues surrounding community preparedness (e.g. community groups, preparedness
initiatives), response and recovery.
• Details about the preparedness measures adopted by tourism operators personally and
for their business, including staff training and induction.
A second set of questions was formulated for public sector agency representatives. The key
themes of these interviews were to investigate:
•

How earthquake hazards associated with the Alpine Fault are considered by their
organization,

•

Whether their organization has formal plans or policies specifically related to
managing the tourism sector within their hazard management framework?

•

The role of their organization in the response and recovery phases following an
AFEQ;

•

The networks that exist between public sector agencies in the field area in terms of
their contribution to the recovery effort;

Each interview was taped face-to-face using a digital recorder, and the length of the
interviews varied between 15-60 mins. As each interview was completed, the tapes were
reviewed as soon as practicable to establish whether any important themes had emerged
that could be included in subsequent interviews (Gibson & Brown 2009). The interviews
were transcribed in full. The interview transcripts were then reviewed for quotations that
could be used to illustrate and add support to key themes emerging from the interpretation
of the quantitative results. Throughout Chapter 7 and 8, the quantitative results are
presented alongside quotations from the interviews with tourism operators and public
sector agencies. Each interviewee has been assigned a code which is cited for each
quotation in the text. ‘TBO’ indicates a Tourism Business Operator interview, and ‘PSA’
refers to a Public Sector Agency interview. The numbers range between 1-11 representing
the eleven TBO interviews, or 1-7 for the seven PSA interviews (a full list of interview
codes is provided in Appendix G).

6.6

Chapter Summary

Chapter 6 has described the methodological approaches used to investigate the two main
objectives of this study. Objective 1 required the use of ArcGIS software to present maps of
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seismic intensity overlain with spatial tourism data. Mapping tourism vulnerability to seismic
risk in this way has not been done before, and provides a clear visual description of the spatial
extent of physical impacts around the Southern Alps in a tourism context. Isoseismal models
for a range of AFEQ scenarios were used to highlight the potential effects of not only a M8
mainshock, but also the aftershock sequence. These maps provide the basis for discussion
about the implications of a large Alpine Fault event for the tourism industry in Chapter 7.
Objective 2 of research project used predominantly a quantitative method for collecting data,
supported by semi-structured interviews with tourism operators and public sector agencies. A
postal survey was administered to the total population of tourism operations involved with
activities/attractions, accommodation and transport within the field area. A full description of
the results generated by the analysis of the survey is presented in Chapter 8. Quotes from the
interviews are used to give support or add depth to specific themes highlighted by the
quantitative analysis.
Chapter 7 is the first of two results chapters, and presents the findings from Objective 1 of the
research project. GIS maps of earthquake magnitude scenarios for a future AFEQ are used to
illustrate the potential physical outcomes of a damaging earthquake on tourism destinations
around the Southern Alps.
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CHAPTER SEVEN
AFEQ and Tourism Crisis Scenarios
“Had New Zealand remained as a series of low wind-swept islands in the South Pacific,
similar to the Chatham Islands of today, it is doubtful whether its attraction as a tourist
destination would have been notable. Fortunately for the tourist industry, events
beginning around 45 Ma ago would lead to the rise of part of the continent from
beneath the sea and eventually to “a great land uplifted high” (Norris 1999)1

7.1

Introduction

The development of the South Island tourism industry is inextricably linked to its geological
setting. Movement across the Pacific-Australian plate boundary has created the Southern Alps
over the past 45 million years, effectively generating opportunities to attract visitors to the
region to view the abundance of appealing scenic landscapes in the Southern Alps, and
engage in a diverse range of adventure and ecotourism activities. However, the same
geological environment that offers these unique opportunities for tourism development also
has the potential to take them away. An earthquake on the Alpine Fault of the size forecast
over the coming decades would have serious consequences for a region becoming
increasingly reliant on tourism income (DOC 2004a; 2004b).
Globally, tourism activities are periodically interrupted by devastating natural disasters;
severe storms, landslides, floods, volcanoes, tsunamis and earthquakes (Murphy & Bayley
1989; Smith 2004; Blaikie 1994). Some natural hazards can be carefully mitigated and
planned for; for example, hurricane monitoring in the United States provides a long lead-time
for evacuation and mitigation, and volcano monitoring can usually predict eruptions, allowing
the public to be forewarned. Earthquakes, in contrast, are impossible to predict with any
degree of certainty. Huan et al. (2004) described the phenomenon of no-escape natural
disasters; disasters with no lead-time for escape, which include earthquakes, near-source

1

Professor Richard Norris (1999) on the emergence of the continent of New Zealand as we know it today,
following the break-up of Gondwana. The quote at the end is from the early explorer Abel Tasman, on his first
impression of New Zealand in 1642.
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tsunami (those with only minutes of warning), and some landslides. The nature of these
hazards makes it impossible to provide local residents or visitors with a publicised evacuation
plan. In addition, many visitors to seismically active destinations are totally unaware of the
potential risks, and may have no concept of what to do in the event of an earthquake.
The purpose of this chapter is to describe the implications of a major AFEQ on regional
tourism activities and infrastructure around the Southern Alps of the South Island in order to
satisfy Objective 1 of the research project. First, the tourism industry in the Southern Alps
will be described in a contemporary context, detailing its key vulnerabilities to a potential M8
earthquake. Second, the results of work involved in the production of GIS maps combining
earthquake intensity (isoseismal) models with spatial tourism data will be detailed. A number
of magnitude scenarios are described, together with an examination of the possible short,
medium and long term outcomes on the tourism industry from earthquakes ranging in size
from M6.5 – M8.0. In doing so, the impact of aftershocks is not overlooked.

7.2

The tourism product in New Zealand

Domestic and international tourism activities in New Zealand began to grow and diversify
from 1950 onwards, as a result of political change and developments in the aviation industry
(Perkins & Thorns 2001). The year 1992 saw international visitor numbers reach one million
per annum, with marketing strategies around this time aiming to attract three times that
number by 2000. Visitor receipts in 2009 were 2.7 million (Tourism Research Council 2009).
The typical visitor experience in New Zealand involves arriving at the gateways of Auckland
(North Island) or Christchurch (South Island), followed by a circuit of the major attractions
based on areas of high scenic value; nature, scenery, mountains, coastlines and beaches,
Maori culture and geothermal activity (predominantly around Rotorua in the Central North
Island), as well as a range of urban activities, including museums, restaurants and shopping
(Figure 7.1). In Figure 7.1, estimated tourist flows on main roads are shown (based on 2006
sample data), with the thickness of the red line giving some indication of estimated flow
volumes which range between 200,000 and 2.8 million per annum. Tourism flows are
concentrated through the central North Island, down the east coast of the South Island and
inland to Queenstown, Milford Sound and the West Coast.
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Figure 7.1. Estimated traffic flows for tourists on the main highways of New Zealand (Source:
Ministry of Tourism).

The following section outlines the tourism activities taking place in the field area, together
with some background on the development of tourism in key destinations around the Southern
Alps. For this purpose the field area is divided into two geographical subsets; destinations east
of the Southern Alps, and those lying to the west. This division is based on a number of
tourism-related factors, including accessibility, topography, climate and landscape. West of
the Alps the landscape is heavily forested with predominantly native species in temperate
rainforest, excepting the coastal strip comprising mostly pastoral farmland. Road access
across the Alps is via three circuitous alpine passes which are vulnerable to closures by slope
instability and snowfall. Rainfall levels are high as a result of westerly weather systems
striking the natural barrier of the Southern Alps. East of the Alps the climate is drier and more
settled, with less forest and more open countryside. Road closures are rare except from
snowfalls across sub-alpine passes (e.g. the Crown Range and Lindis Pass).
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7.2.1

Tourism east of the Southern Alps

East of the Southern Alps, the tourism destinations of Queenstown, Wanaka and Mt Cook
village lie at elevations of up to approx. 300 m above sea level, with mountainous terrain
providing the scenic backdrop for a wide range of tourism activities. Queenstown is
considered the jewel in the crown of the South Island’s tourism industry, attracting 933,000
international visitors in 2009 in addition to domestic visitors (Tourism Research Council
2009). In the 1980s, tourism in Queenstown was recognised as having the potential to grow
faster than most other sectors at the time, and efforts were made to protect key assets for
tourism development. Proposals for hydroelectric dam construction on the Kawarau and
Shotover rivers were rejected to allow for the continued development of white water rafting
and jet boating activities (Kearsley 1993). In the 1990s, Queenstown evolved from simply a
winter ski resort towards a centre for adventure tourism over both summer and winter months
(Kearsley 1993). Today, Queenstown is an international resort, attracting visitors in winter for
skiing and snow-boarding at the Remarkables and Coronet Peak ski areas, as well as all year
round adventure and thrill-seeking activities, including bungy-jumping, paragliding,
canyoning, heliskiing and a host of others. Queenstown has a recently upgraded international
airport with services directly from Australia, and receives up to 15 domestic and international
flights per day.
Access to Queenstown is via three routes: the Crown Range linking Queenstown and Wanaka
via a 1070 m high, winding pass; to the south, State Highway (SH) 6 connects Queenstown
and Te Anau via Lumsden; eastward, State Highway 6 continues to Cromwell. The latter
travels down the narrow Kawarau river gorge along a winding route, frequently closed by
rock instability at Nevis Bluff. In September 2000, the road was closed at this point for two
weeks because of a rock fall across SH 6 (NZTA 2009). In terms of tourist flows, SH 6
provides crucial access for visitors travelling on the most common circuit, from Christchurch
to Queenstown and Milford Sound. The Crown Range offers an alternative route in the event
of closure on SH 6 to Cromwell, although it is weather dependent and not recommended for
heavy vehicles. Loss of road access poses a significant threat to the tourism industry in
Queenstown. Current annual average road traffic figures2 for general traffic from the New
Zealand Transport Agency offer some indication of the volume of traffic using the road

2

Traffic data are intended to be used as approximate indicators of traffic flows on state highways. The traffic
volumes are typically calculated from individual counts over one-week intervals. Most sites are counted one, two
or three times a year, with other sites counted on a continuous basis (New Zealand Transport Agency 2008).
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network around the field area (Table 7.1). Traffic volumes for the Crown Range and
eastbound traffic through the Kawarau Gorge are roughly the same, with central Queenstown
experiencing the highest volumes within the field area.
Table 7.1. Annual Average Daily Traffic volumes (Source: New Zealand Transport Agency).
SH

Telemetry Location

AADT

73

Kumara Junction

1500

73

Otira (South of river)

1210

6

Greymouth (Paroa School)

5650

6

Hokitika (Fitzherbert St)

4970

6

Ross

1280

6

Whataroa

870

6

Franz Josef

1510

6

Haast

535

6

Haast Pass

490

6

Wanaka

3500

6

Crown Range

5047

6

Queenstown (SH 6 and 6A junction)

14200

6

Queenstown (Kawarau Gorge)

5650

94

Te Anau

1355

94

Homer Tunnel

571

80

Pukaki (en route to Mt Cook)

535

Queenstown is experiencing growing pressures on its infrastructure network resulting from
rapid population growth, as well as increasing numbers of visitors. The Queenstown-Lakes
District Council (QLDC) is in the difficult position of providing services for an expanding
tourism industry from a rates income generated by a permanent population of less than 16,000
inhabitants. As a result of heavy demand, water main failures (both drinking water and waste
water) have taken place several times in recent years, forcing the QLDC to prepare a schedule
of upgrades to cope with forecast growth in demand. Earthquake-induced shaking from a
large Alpine Fault event has the potential to disrupt aging pipelines, particularly the sewage
and water network. Road closures on the eastbound main road at Nevis Bluff could stem the
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flow of tourist traffic for a period, which would be exacerbated if the Crown Range road was
also closed.
Wanaka is a smaller, but nonetheless thriving resort town providing similar nature-based
tourism experiences, with a small domestic airport. Wanaka township is situated close to
Cardrona and Treble Cone ski fields, and a short distance from Mt Aspiring National Park. Te
Anau is located on the eastern margin of Lake Te Anau, and is the gateway to Fiordland
National Park. Many visitors travel to Te Anau en route to Milford Sound, while others stay
in Te Anau specifically to engage in lake and river recreation, and to make use of
opportunities in the national park. Fiordland National Park offers visitors a range of beginner
to expert ‘tramping’ options, and opportunities for scenic boat cruises on Doubtful and
Milford Sounds.
Mt Cook village lies at a road end on SH 80 north of Lake Pukaki in the MacKenzie district,
and attracts tourists interested in viewing New Zealand’s tallest mountain, Aoraki/Mt Cook
(3,754 m), and the surrounding alpine scenery in Aoraki National Park. Scenic flights from
Mt Cook village across the alps and glaciers are a popular activity, as well as day walks into
the national park, and more serious alpine pursuits such as mountaineering and rock climbing.
International visitor numbers to the park totalled almost 160,000 at year end March 2007
(DOC 2007).
In the northern part of the field area, Arthur’s Pass village lies on SH 73, marking the position
of the regional boundary between Westland and Canterbury. The Arthur’s Pass entry point
(Otira) into the field area has more than double the traffic volume of Haast Pass (Table 7.1).
Arthur’s Pass is the highest state highway in New Zealand (920 m above sea level), traversing
steep, unstable faces en route to Kumara on the western coast. The Otira viaduct, located
immediately west of the pass, was constructed in 1999, replacing a winding, narrow road
prone to slips and closures, and thereby reducing the frequency of traffic interruptions (Plate
8). A popular tourist activity is the 223 km long TranzAlpine train excursion, a four-hour rail
journey from Christchurch to Greymouth during which the train passes over four viaducts and
through nine tunnels. Tourist numbers have increased significantly since it was established in
1987, and in 2005, 200,000 passengers travelled on the TranzAlpine (Coventry 2005). Rail
access is also critical for the transport of freight goods to and from the West Coast.
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Plate 8. Otira viaduct, located below Arthur’s Pass (Photo taken by author).

7.2.2

Tourism west of the Southern Alps

West of the Southern Alps are the West Coast and Fiordland regions, encompassing a narrow
expanse of coastal strip and range front approximately 550 km in length. The resident
population of the West Coast is in gradual decline, and currently stands at approximately
30,500, compared with 33,200 in 1996 (Statistics New Zealand 2006). Natural resources have
traditionally played a key role in the economy of the West Coast, with extractive industries
such as mining, farming and forestry of significant importance. Gold mining attracted early
pioneers to the region in the 1860s, with subsequent development of coal mining, logging and
agriculture (Balcar & Pearce 1996). The early settlers had to be tough to survive, eking out a
living in a harsh environment, and it is the influence of these physical hardships which has
carved out the distinctive regional identity of the West Coast.
Today, tourism in the West Coast is predominantly nature-based, with international visitor
numbers of 1.15 million in 2009 (Tourism Research Council 2009). There are a number of
heritage attractions, particularly in the old mining areas; the most popular being the
reconstructed gold mining village of Shantytown (inland from Hokitika). In 2003, tourism
supported the direct employment of 1870 FTEs, or 15% of the region’s workforce (DOC
2004b). Easy access to temperate rainforest and attractive coastal scenery offers opportunities
for bush walking and scenic viewing in extensive conservation areas. The largest of these is
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Westland Tai Poutini National Park, taking in 127,000 hectares of temperate rainforest in both
alpine and coastal ecosystems, and receiving 360,000 international visitors per year (DOC
2007), a figure which has ‘grown significantly’ over the past three years according to PSA1.
DOC accommodates visitors by providing a range of facilities, including visitor centres, car
parks, interpretive displays, picnic areas, and a network of huts and tracks. The main
attractions of the park are Fox and Franz Josef Glaciers, extending over a vertical drop of
almost three kilometres from high in the Alps to their terminus 250 metres above sea level.
The glaciers can be accessed relatively easily on foot, and are serviced by their respective
tourist-reliant villages. Local permanent residents in Franz Josef total 350 (Census 2006),
rising in the summer tourist season as the seasonal workforce increases (Gough 2000).
The West Coast is governed by three district councils; Westland, Grey and Buller, although
the latter lies outside the bounds of the field area, with the Grey District Council boundary
marking the field area’s northern extent. Road access is via two mountain passes across the
Southern Alps; Haast Pass at the southern end of the field area, reaching 562 m above sea
level, and Arthur’s Pass in the north, allowing visitors to complete a circuit route from
Christchurch or Queenstown3. Both passes wind their way through forested terrain, with high
alpine, rocky slopes prone to instability and landsliding.
DOC administers 1.9 million hectares of public conservation land on the West Coast (Figure
7.2), and plays an integral role in managing tourism facilities in the conservation estate.
Moore et al. (2001) stated that public conservation lands were a significant motivation for
West Coast visitors, with 65% of tourists making use of them during their visit. Concessions
to carry out commercial activities (including tourism) in protected areas are administered by
DOC, with over 500 commercial activities taking place at present (DOC 2007). Tourism
concessions include guided walks, accommodation facilities, aircraft flights, ski fields and
boating, generating $23 million of income in 2004 (DOC 2004b). DOC indicate the figures
for 2009 would be ‘significantly larger’ (DOC 2009), presenting ‘challenges in how we
manage that growth’ (PSA1). Visitor safety is the responsibility of the concessionaire, and in

3

Sir Keith Holyoake opened the Haast Pass on November 6th, 1965, but heavy rain caused the road to be closed
only hours later because of slips across the road.
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situations where free independent travellers enter the conservation estate, DOC covers its
legal liability for safety issues by stating:
“People are responsible for their own decisions on risks they are prepared to take on
public conservation lands and waters and for ensuring that they and, generally, those in
their care, have the level of skill and competence and the equipment to cope with those
risks.”
Milford Sound lies at the southern end of the field area in Fiordland National Park,
established in 1952 and designated as a World Heritage area in 1986. Steep mountains rise
directly out of the fiord, the most famous being Mitre Peak (1683 m). Rainfall exceeds six
metres per year, making Milford Sound the wettest place in New Zealand (Climate Otago
2007), enhancing the scenic value of the fiord with run off creating numerous waterfalls.
Access to the area was achieved with the completion of the Homer Tunnel in 1952, after
almost two decades of construction. The tunnel lies 945 m above sea level, cutting through
1.2 km of mountain side and linking the Hollyford Valley with Milford Sound. Fiordland
Regional Tourism Organisation received more than one million visitors per annum in 2008,
comprising 765,000 international and 297,200 domestic travellers (Tourism Research Council
2009).
Figure 7.2. Department of Conservation national parks and reserve land within the field area.
Yellow colouration is non-DOC land. The blue line is the Alpine Fault.
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Road access to Milford Sound can only be achieved by passing through Te Anau en route,
and is via a 120 km remote, winding and mountainous road with no petrol stations or other
settlements. Avalanche hazards can pose a serious threat to traffic flows in the winter and it is
commonplace for closures to interrupt travellers for many days. TBO6 acknowledges the risks
that nature poses in terms of interrupting tourism activities; ‘The longest we’ve had it closed
for was 5-6 weeks. Huge avalanche’.

7.3

Implications for the tourism industry

The following section describes the outcomes of Objective 1 of the research project, which
involved an examination of the impact of a range of AFEQ magnitude scenarios on the
tourism industry around the Southern Alps. Discussion centres around a M8 scenario, with an
epicentre on the central segment of the Alpine Fault between Haast and Fox Glacier. As
described in Chapter 3 and 6, this scenario is based on current knowledge about the
paleoseismic history of the Alpine Fault (Yetton et al. 1998; Sutherland et al. 2006;
Sutherland et al. 2007; Norris et al. 1990; Norris & Cooper 2001; Wells et al. 2001; Wells &
Goff 2007), and an understanding of the seismological and geophysical characteristics of the
plate boundary at depth (Eberhart-Phillips 1995; Leitner et al. 2001; Barnes et al. 2005)
(Figure 3.7).
The proposed M8 earthquake is described in terms of the associated physical hazards,
followed by a discussion about the short (immediate response), medium and long-term issues
within the tourism context. Earthquake hazards include the direct effects of ground shaking
and surface rupture, and secondary effects including liquefaction, landslides (and landslide
dams) and seiche/tsunami. Impacts on tourism activities include loss of access, isolation,
negative media attention, business recovery, and potential fatalities, as well as the physical
and mental health and rescue of tourists. This section begins with a discussion about the M8
scenario, followed by a M7.5, M7.0 and M6.5, with specific reference to the tourism sector in
terms of:
•

Transportation infrastructure, including road, rail and aviation.

•

Water supplies (potable water, drainage)

•

Sewerage

•

Electricity supplies
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•

Telecommunications

While there are many smaller tourism destinations in the field area that contribute to defining
the regional tourism product, the impacts experienced by them will be similar to those for
larger centres and thus a line is drawn in terms of which destinations within the field area to
include in the discussion;
•

Greymouth

•

Arthur’s Pass

•

Hokitika

•

Franz Josef

•

Fox Glacier

•

Haast

•

Mt Cook

•

Wanaka

•

Queenstown

•

Te Anau

•

Milford Sound

7.3.1 Magnitude 8.0
The modelled isoseismal for a M8 earthquake on the Alpine Fault involves rupture of 450 km
from Milford Sound to Springs Junction; in other words, the full extent of the Alpine Fault on
land, and approximately the same extent as the 1717 AD event (between 300-500 km). The
footprint of the earthquake is described by a long, elliptical contour of MM IX intensity
taking in the full rupture length (Figure 7.3). Smith (2007) suggests the position of the MM X
zone is arbitrary; the MM X ellipse can simply be moved to reflect the location of the
epicentre of a future M8 event, although Norris (pers. comm. 2010) argues the MM X zone
could extend over most of the fault rupture. The MM VIII isoseismal mirrors the elongated
nature of the MM IX isoseismal, and includes areas east of the Main Divide and to the north
and south of the MM IX contour. The full extent of the field area fits within the MM VII
contour in this scenario, with almost the entire South Island lying inside the MM VI
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isoseismal. MM VII intensities are described as ‘damaging’, and manifest as general alarm in
people (who can have difficulty in standing upright), shifting furniture and appliances and
causing substantial damage to fragile and unsecured objects (Dowrick 1996; Table 7.2).
‘General alarm’ is key for this discussion because residents and tourists alike will be
subjected to serious shaking, and could be traumatised and fearful after the event, which will
have implications during recovery efforts at local and regional levels.
7.3.1.1 Earthquake hazards
The surface rupture includes lateral displacement of 5-8 m, and vertical offsets of 0.5 - 1.5 m
are realistic estimates of ground movement across the fault zone (Sutherland et al. 2007;
McCahon et al. 2006a). While the active trace of the Alpine Fault traverses mostly remote and
unpopulated areas on the western side of the Southern Alps, it transects SH 6, pastoral
farmland and rural communities in several locations, and these areas will sustain severe
damage as the rupture propagates at speeds of 3 km/s during the event (Figure 7.3).
Figure 7.3. Isoseismal model for a M8 AFEQ, shown with locations within the field area, and
the Alpine Fault (in blue), and state highways (green). A small area of MM X intensities lies
between Haast and Fox Glacier.
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MM
Intensity

Label

Description

MM I

Imperceptible

Barely sensed only by a very few people

MM II

Scarcely felt

Felt only by a few people at rest in houses or on upper floors

MM III

Weak

Felt indoors as a light vibration. Hanging objects my swing slightly

MM IV

Largely observed

MM V

Strong

Generally noticed indoors, but not outside, as a moderate vibration or jolt. Light sleepers may
be awakened. Walls may creak, and glassware, crockery, doors or windows rattle.
Generally felt outside and by almost everyone indoors. Most sleepers are awakened and a few
people alarmed. Small objects are shifted or overturned, and pictures knock against the wall.
Some glassware and crockery may break, and loosely secured doors may swing open and shut.

MM VI

Slightly damaging

MM VII

Damaging

MM VIII

Heavily damaging

MM IX

Destructive

Felt by all. People and animals are alarmed, and many run outside. Walking steadily is
difficult. Furniture and appliances may move on smooth surfaces, and objects fall from walls
and shelves. Glassware and crockery break. Slight non-structural damage to buildings may
occur.
General alarm. People experience difficulty standing. Furniture and appliances are shirted.
Substantial damage to fragile or unsecured objects. A few weak buildings are damaged.
Alarm may approach panic. A few buildings are damaged and some weak buildings are
destroyed.
Some buildings are damaged and many weak buildings are destroyed.

MM X

Very destructive

Many buildings are damaged and most weak buildings are destroyed.

MM XI

Devastating

Most are damaged and many buildings are destroyed.

MM XII

Very devastating

All buildings are damaged and most buildings are destroyed.

Table 7.2. The modified Mercalli Scale for New Zealand conditions (Source: GNS Science).
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Ground shaking will continue for up to two minutes, damaging many buildings and
destroying those of poor construction within the MM IX isoseismal zone. Infrastructure
positioned across the rupture will be seriously damaged, namely underground water pipes,
dams, and electricity and telecommunication lines. Roads will be affected by cracking and
slumping, and blocked by slips and rock falls.
The spatial extent of landslides following a large earthquake is closely related to the MM VIIVIII isoseismal contour (Hancox et al. 2002). Yetton et al. (1998) defined a 30 km zone either
side of the Alpine Fault trace that would experience ‘major’ abundance and impact from
landslides following a M8 earthquake (Table 7.3). Thus, the MM VIII contour is used in this
scenario to define the spatial extent of large-scale landslide activity, although some landslides
will occur outside the MM VIII contour. Visible scars from landslides on forested slopes will
be widespread. Landslides in steep incised valleys may dam rivers. River flows downstream
will immediately reduce in volume and water clarity, providing some indication to local
communities that water is backing up higher in the catchment. Local residents need to be
made aware of the indicators of landslide dams in their local river catchments, the most
obvious of which is the sudden drop in flow as the river is dammed. As a worst case scenario,
it is conceivable that a landslide dam could form overnight accompanied by a heavy rainfall
event, which could lead to a dam breach and flood downstream by the morning without the
community realising they are in danger (Becker et al. 2007). Any unusual changes in river
level should trigger local community action to investigate the upper reaches of some
hazardous rivers.
Shaking induced liquefaction will affect susceptible soils, such as river valley floors, coastal
areas and swampy ground. Avalanches and cornice collapses in winter months may be
extensive. River stopbanks may settle and spread, reducing their effectiveness. Lake surfaces
will oscillate, producing waves around lake margins, and causing river deltas to collapse.
Rivers will immediately begin to discharge high sediment volumes, especially during periods
of heavy rainfall. Tree damage will be immediate due to landslides and ground shaking, and
on-going as aftershocks further damage root systems and topple unstable trees.
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Table 7.3. Tourism destinations east and west of the Main Divide, their epicentral distance
from a hypothetical M8 AFEQ, and the relative abundance of slope failure (landslides, debris
flows) on susceptible slopes in the vicinity (adapted from Yetton et al. 1998; McMahon et al.
2006a).
West Coast

East of the Alps

Milford Sound

Distance from epicentral
region (km)
<5

Fox Glacier

<5

Franz Josef

<5

Springs Junction

10

Haast

10

Hokitika

Arthur’s Pass

20

Haast Pass

Mt Cook village

30

Greymouth

Relative abundance
and impact

Major

35
Glenorchy

55

Wanaka

80

Queenstown

85

Te Anau

95

Nelson

110

Christchurch

130

Moderate

Low

7.3.1.2 Short term – immediately following the event and for a period of 1-2 weeks
Roads, airports and lifelines infrastructure
Significant damage to the road and rail network around the Southern Alps will result in an
immediate, unprecedented drop in visitor numbers. The West Coast roading network will
sustain severe damage in some areas, particularly across the rupture zone. Roading
contractors are likely to focus their immediate attention on northern parts of the West Coast
and areas east of the Alps, which may see the reopening of roads around Greymouth and
Hokitika within a week of the earthquake. The West Coast Engineering Lifelines Group
(WCELG; McCahon et al. 2006a) investigated roading vulnerabilities in the event of a M8
AFEQ, and indicate SH 6 between Haast and Franz Josef, and Arthur’s Pass (SH 72) will take
more than six months to reopen to essential traffic, initially as a single lane. SH 6 between
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Hokitika and Ross could reopen within a week, while the section between Ross and Franz
Josef will take between 1-3 months to reopen to essential services, and longer for general
traffic. Damage sustained by bridges in Westland District (totalling 289, with 151 managed
by the New Zealand Transport Agency) is likely to slow repair work in some areas (McCahon
et al. 2006a)4. South of Franz Josef, SH 6 crosses Fox Hill, a 25 km-long stretch of winding,
hilly terrain transected by the active trace of the Alpine Fault at a number locations e.g. Hare
Mare Creek and Waikukupa River. Intensities of MM IX-X will result in severe damage to
Fox Hill, with the road cut by fault rupture, and blocked by widespread landslides and slumps.
SH 6 crosses the active trace of the Alpine Fault at the Wanganui River, Whataroa River,
Cook River, Karangarua River and Paringa River in South Westland, and extensive damage to
bridges and approaches is also likely in these areas.
The position of the Te Anau-Milford highway within the MM VIII-IX isoseismal zones
indicates estimated timeframes for re-establishing road access post-earthquake of ~ 1-3
months; however, this will depend on whether the Homer Tunnel has sustained any damage,
and the extent of landslides or avalanches across the highway. Road access to Queenstown
(SH 6, via Cromwell) may be impeded by slips and rockfall, particularly at Nevis Bluff5. The
Crown Range is susceptible to slips, and may also be inaccessible for a period of time. SH 80
into Mt Cook village may take ‘some days’ to reopen following a large Alpine Fault event
(Aoraki ERP 2008)6. While this seems a relatively short timeframe, the community has access
to heavy machinery and local operators will work on repairs to the road without delay.
The rail network linking the east and west coasts through Arthur’s Pass traverses the Southern
Alps as a single track, passing through several long tunnels and across a number of viaducts,
embankments and cuttings (McCahon et al. 2006a). The regional economy is heavily reliant
on rail access, including delivery of critical food supplies, and the export of primary industry

4

The New Zealand Transport Agency have undertaken a seismic screening programme to identify bridges
vulnerable to seismic events. Upgrades of bridges on ‘high importance’ routes have been completed, with
remaining ‘low risk’ work continuing where funding allows. The SH 73 Otira Viaduct has been designed to
resist significant earthquakes with only minimal damage (pers. comm. Lloyd 2009).

5

McMahon et al.’s (2006a) M8 Alpine Fault scenario involved a epicentre further north on the Alpine Fault
which generated only MM VI intensities in Queenstown.
6

The Aoraki/Mt Cook Community Emergency Response Plan (2008, p. 16) compiled by tourism stakeholders,
local residents and DOC.
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products7. The railway line crosses the Alpine Fault trace at Lake Poerua, west of Otira, and it
is here that the most damage is likely to be sustained. Many rail bridges through the Pass date
from construction of the railway line in the 1920s, and it is likely that bridge approaches, piers
and abutments will be damaged or weakened. Railway tracks will suffer distortion, as well as
potential damage to tunnels and viaducts. Because railway lines require precise gradients and
alignments, much more so than for roads, restoring rail access through Arthur’s Pass may take
longer than for SH 72 (i.e. more than six months) (McCahon et al. 2006a). Further problems
will arise due to river aggradation and channel avulsion in the months and years following the
event, causing prolonged disruption to rail transport and significant impacts on the regional
economy.
Airport runways and other airstrips on both sides of the Alps will be assessed for damage
before incoming assistance can arrive by air. Greymouth airport is based on liquefiable soils,
and will probably be damaged by ground shaking (McCahon et al. 2006a). Hokitika airport is
less vulnerable to liquefaction and could be in use within a short time, thus enabling Hokitika
to act as emergency coordination centre for the Westland District. The Franz Josef aerodrome
is 5 km from the Alpine Fault trace and lies on the south side of the Waiho River, which could
negate its usefulness if the Waiho bridge is impassable. On the West Coast, more than twenty
grass airstrips may be available for light plane traffic during the relief effort. Heavy lifting
helicopters (e.g. Chinooks) might also be required. Helicopters within the epicentral region
will require safety assessments to ensure rotors have not been affected by shaking before
reconnaissance and search and rescue flights can begin (dependent on clear weather,
particularly in western areas)8. Fuel supplies will become increasingly scarce and flights will
be restricted to serious emergencies only.
All major lifelines within the MM VIII-IX and above zones are likely to be cut, including
sewerage, electricity, water and telecommunications. Electricity supply to the West Coast is
via one 100 kV line through Reefton (a second line has been proposed), and 66 kV line via

7

The transport of coal from Stockton and Spring Creek mines, as well as gold ore from Reefton, relies on rail
access to Christchurch and Palmerston respectively, and daily trips on the TransAlpine take tourists between
Greymouth and Christchurch.
8

During the qualitative interviews conducted during this research, there was varied opinion about whether
helicopters would remain upright in MM IX- X intensity zones. Helicopters inside hangars during the event
could be unusable due to building damage or collapse.
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Lake Coleridge in the east9. Local power schemes, such as the Kaniere Power Scheme,
generate electricity for local use. Kaniere lies east of the fault trace, and supply lines feeding
Hokitika may be severed during an AFEQ. Water storage facilities and sewage treatment
ponds may be damaged and inoperable. In Franz Josef, the water storage facility and the
township are located on different sides of the fault. Civil Defence has access to the DOC
communications network, which may be the only means of communicating on the West Coast
for a period.10 The DOC network is robust (Single Side Band) and should continue to operate
providing the repeaters remain standing.
Social issues for the tourism industry
Tourists will be stranded throughout the epicentral region, in towns, on roadsides, or within
the Conservation Estate. Around the field area, communities will be making efforts to care for
the sick and injured. According to PSA6, Franz Josef could have a significant number of
tourists to care for;
‘There could be 3,000 people there on the night if it [an AFEQ] occurred between
October and May. There is the fundamental need for shelter, water, food. There is
probably a day and a halves food held down there because everything is just in time’.
Accommodation and tour operators will prioritise their own safety before attempting to
account for their clients and staff. Foreigners and locals employed in the tourism industry will
make every attempt to reunite with family and friends within or outside the district, which
will be impossible in the short term because of road closures and isolation, particularly for
those on the West Coast. The capacity of local towns to care for tourists will vary. PSA4
believes;
‘The proportion of tourists to the locals is out of kilter in the glacier towns. In
Greymouth, if you have an incident, then the capacity of the town to take up tourists is

9

Recent growth in electricity demand (driven by development of primary industries, including Westland Milk
Products and Pike River Coal), is likely to cause a short-fall of supply (Little 2007). A number of hydro-electric
power schemes have been proposed, including on the Waitaha, Ngakawau and Arnold Rivers, to improve local
supply and reduce the region’s reliance on electricity supplied from the national grid (Electricity Commission
2005).

10

DOC has a single side band (SSB) capability, which uses an aerial and does not rely on repeaters (compared to
VHF), and hence is more resilient in the event of an earthquake. Cellphone coverage is non-existent across most
of South Westland, except for Fox Glacier and Franz Josef townships.
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quite good. But there aren’t enough local people down there [in Franz and Fox
Glacier], they’d run out of capacity’.
Once tourists and seasonal workers realise they are unable to leave immediately, they will
become a vital resource during the relief effort. The seriously injured will be the first
evacuated to the nearest medical facility, probably Nelson, Wellington or Dunedin (depending
on the damage sustained by Christchurch). Food will become increasingly scarce in some
places (except for those with emergency stores). The West Coast relies on daily delivery of
food stocks by road and rail mainly via Arthur’s Pass, which will soon be depleted given the
large numbers of stranded visitors and locals. PSA7 states;
‘In December and January there are trucks going backwards and forwards into South
Westland all day. Basically day to day supply. If a bridge went down for 24 hours, it
would be a major problem’.
Lack of refrigeration in local supermarkets will cause remaining food stores to degrade within
days of the earthquake. Aftershock activity will continue to cause significant stress and
concern to tourists and local residents.
DOC on the West Coast and in other parts of the field area (especially Mt Cook, Wanaka and
Fiordland) will be a vital resource during the response and recovery phases of a AFEQ
because they are well resourced in terms of personnel, plant and telecommunications. PSA2
explains; ‘We’d just pull everyone in [DOC staff] and give them tasks to do to help the overall
picture’. PSA3 concurs; ‘We have got good comms. [sic], we’ve got vehicles, chainsaws,
motorbikes, a lot of big strong men. In the event, everyone would just pitch in’. The physical
location of the DOC offices in close proximity to the Alpine Fault in Franz Josef, however,
may reduce the effectiveness of their response to a large earthquake. DOC offices in Te
Anau, Queenstown and Wanaka are less vulnerable to earthquake hazards and should remain
fully functioning. DOC’s experience in search and rescue (SAR) operations (volunteers are
always on standby), and their knowledge of the physical environment will be invaluable.
Records of visitor intentions within the Conservation Estate will enable DOC to carry out
SAR attempts for those stranded in huts and on tracks in the area, although their priorities
may lie elsewhere immediately following the event, as well as being restricted by lack of road
access and a lack of operable helicopters. Detailed knowledge of concessionaire daily
activities and annual records of visitor numbers will help in identifying areas where help may
be needed, as well as routine checks of car parks and road ends on the fringe of national
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parks. Day visitors present the biggest challenge since their movements within national parks
and reserves are difficult to monitor. Accounting for tourists will become a priority as
international media attention becomes focussed on individual stories of the lost and missing.
There will be demand from outside interests to visit the epicentral region to investigate and
report on the devastation. Those helicopter operators which are still operational will be able to
capitalise on worldwide interest from media and seismologists/geologists, by conducting
overflights and landings in affected areas. Outflow of visitors and foreigner workers from the
epicentral region will begin as it becomes possible to leave by air or road. Towards the end of
the first two weeks following the earthquake, the demands on SAR activities will dimish as
the recovery effort begins to supercede the immediate response phase.
7.3.1.3 Medium term – 2 weeks to 3 months
Recovery efforts will begin to gain momentum. Repairs to key roads, bridges and failed
infrastructure will be given high priority. The NZTA will continue work to a planned schedule
of road and bridge repairs from north to south on the West Coast’s SH 6, and other road
networks throughout the field area (McCahon et al. 2006a). The length of road closures will
be a critical factor in determining how quickly tourism businesses can reopen, albeit at
significantly reduced volume for a prolonged period. Lengthy delays in reopening roads south
of Hokitika will cripple tourism operations in Franz Josef, Fox Glacier and Haast. Access to
Milford Sound will be closed, affecting tourism activity in Te Anau, and throughout
Southland and Otago. Road access out of Queenstown-Lakes District, Mt Cook and Te Anau
is likely to reopen in the medium term, albeit in a restricted, single-lane, to allow some people
to leave these areas and for visitors to begin to return.
The landscape will continue to change markedly as rivers disgorge large volumes of sediment
and bedload onto the West Coast coastal strip. Allen (2008, p. 23), in his discussion about
aggradation in active tectonic environments, described the Southern Alps as ‘an aggressive
erosional environment’, in which sediment transport following a erosional perturbation (i.e.
an earthquake) is rapid due to steep catchments and high precipitation. An AFEQ will literally
shake the Southern Alps, with material brought down by landslides clogging local fluvial
drainage systems, creating serious impacts on downstream environments. Aggradation and
river avulsion could result in the destruction of viable farmlands (exemplified by the Mount
Adam rock avalanche inundating dairy farmland in 1999, Plate 2), and the need for continued
road and bridge works on SH 6, 72 and the Te-Anau Milford Highway. Bridge abutments and
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roads will require on-going work to adjust to several metres of aggradation; a phenomenon
that will continue for many years as the Southern Alps gradually adjust to new postearthquake patterns of erosion. East of the alps, sediment delivery into river systems will be
significantly less because of the drier climate. However, clogging of drainage systems will be
a serious issue for some areas, particularly on rivers containing hydroelectric dams.
7.3.1.4 Long term – 3 – 18 months
The return of tourists will begin for areas with road access; tourism operators in South
Westland are likely to suffer the lengthiest delays in seeing visitor numbers rebound as a
result of their isolation. Prolonged closure of the Haast Pass will prevent tourists completing a
north-south circuit of the West Coast for more than six months, and only those visitors with
enough time and motivation will venture as far as Haast and Jacksons Bay from a northern
entry point (Lewis Pass in lieu of Arthur’s Pass reopening). Tourists unable to visit Milford
Sound may seek alternatives, such as Doubtful Sound or Stewart Island. North Island tourism
activity may experience increased demand as visitors choose to remove the South Island from
their itinerary.
The timing of the earthquake will be critical; if it takes place during peak summer season,
road works will be required as the weather worsens through the winter months, which will
add to an already challenging situation. This would, however, provide hope amongst tourism
operators that the following summer could see renewed tourism activity, 12 months after the
event. On the other hand, a mid-winter earthquake event would result in serious impacts on
the coming summer season as many preferred tourist roads remain closed, and tourists change
their itineraries, prolonging a recovery in tourists numbers until the following summer ~ 18
months after the earthquake.
Extensive tree mortality will have some impact on visitor satisfaction, particularly west of the
Alps. Visitors to the field area are motivated by the scenic value and visual aesthetic of the
rainforest, particularly in conservation areas (DOC 2004a; 2004b). Widespread forest
destruction, extensive landslides and aggraded river beds will potentially diminish the visual
aesthetic, and reduce the visitor experience.
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7.3.1.5 Case study: Franz Josef township
Franz Josef township has a population of ~ 350, and relies heavily on tourism based on
activities in and around the Franz Josef glacial valley. Visitor numbers on peak summer days
can see the population swell by several thousand. Most tourists come to view Franz Josef
glacier located several kilometres up the Waiho Valley immediately south of the township.
The glacial valley is a dynamic and risky environment in which tourism takes place, with
steep unstable slopes rising above the visitor carpark, and a highly active, advancing glacier
(Plate 9).
Plate 9. Franz Josef glacier car park, with active scree faces in close proximity (Photo taken
by author).

Regional seismic potential and the nature of the Waiho River prompted the Ministry of Civil
Defence and Management to conduct a risk assessment for the town in 2002 (Milligan 2002).
The MCDEM report, together with Davies (1997; 2002) and Davies & McSaveney (2001),
identify three serious hazards with the potential to cause loss of life:
¾ The position of the active trace of the Alpine Fault transecting the main road of Franz
Josef. In the event of a M8 earthquake on the central segment of the Alpine Fault,
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Franz Josef would experience MM IX - X intensities, and 8-9 m horizontal surface
offset along the fault trace, which would result in severe damage to the town.
¾ Dam break flooding from the Callery River. A steep, incised river valley which flows
into the Waiho River is susceptible to landslides, particularly those caused by ground
shaking, and is recognised as a threat to Franz Josef due to landslide dam creation and
subsequent inundation flooding downstream.
¾ Flooding of the Waiho River. The Waiho River drains the glacial valley, and exits the
range front at the southern end of Franz Josef township. Significant aggradation of the
riverbed (8 m over the past 15 years (Milligan 2002), due, in part, to the construction
of a stopbank near the township, has resulted in some parts of the township now lying
below river level and at risk of inundation flooding (Davies et al. 2003). A camping
ground on the south side of the river was bought by the WDC and decommissioned
because of the flood risk. Recent heavy rainfall events have seriously tested the
stopbank on the southern side of the river in recent years, and there are ongoing
concerns that the river could overtop the stopbank and begin to flow across SH6 south
of Franz Josef, effectively cutting off South Westland from the north.
All three of the hazards described above are inter-related; in the event of a large AFEQ,
landslide dam creation on the Callery River will pose a significant threat to Franz Josef. In
addition, a large earthquake will generate massive sediment discharge from the Waiho River
which will raise the riverbed level beyond critical levels and greatly increase the risk of
flooding.
Following a M8 earthquake on the Alpine Fault, Franz Josef is likely to be one of the worst
affected areas in terms of casualties and damage to buildings and infrastructure, a fact well
understood by WDC. PSA4 believes ‘It all boils down to the fact that at Franz, in particular,
we know that in the middle of the tourist season it will be awful’, and PSA6 describes Franz
Josef as ‘the extreme case’ when considering the negative outcomes of an AFEQ on the West
Coast. One of its key vulnerabilities is the potential for large numbers of visitors to be in the
town in the summer months (PSA6 believes it could be up to 3,000 people on a busy day),
and how to care for their basic needs while the town remains isolated. Supplies are delivered
day-to-day, with few stores of food available (unless individuals have an emergency kit
containing food supplies). The farming community in the area will be reasonably resilient,
and will take care of themselves by using generators and living off stored food; PSA6
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suggests ‘Farmers will adapt, they will look after themselves brilliantly’. Tourism operators,
in contrast, will have significant demands from guests/clients and staff in their care and will
feel some obligation for their welfare in the days following. Operators who made some
preparations before the event will be the most comfortable; those with no preparations will be
severely stretched, and will have to rely on help and support from others in the community,
and from emergency services when they arrive. A Civil Defence welfare centre will be hastily
set-up, and will quickly be swamped with those in need. Strong leadership from key people in
the community will be critical in managing a very difficult and challenging situation.
The medium to long-term outlook for Franz Josef in terms of tourism recovery will be heavily
reliant on the timeframe for repair of roads and bridges north of the town, and the amount of
infrastructural damage sustained by the township. The Westland District Council estimates a
period of 1-3 months minimum to restore the road to a single lane between Ross and Franz
Josef, and more than six months between Franz Josef and Haast. Even when the road reopens
as a single lane, heavy rainfall events will continue to interrupt the mobility of tourists
through continuing slumps and instabilities particularly where SH 6 passes close to the range
front, or across aggrading rivers. In the meantime, damage assessment works in Franz Josef
will establish whether rebuilding in the present location is a cost-effective option. A proposed
development project north of the township in recent years has seen the construction of a new
helipad to attract tourism businesses to a new location, with some businesses taking the
opportunity to relocate. While this project has created some ill-feeling among the community,
it is offering an opportunity to create a new town centre, which would mitigate against future
damage from flooding on the Waiho River. Whether or not locals and government authorities
would consider wholesale relocation of the town after a damaging earthquake has not been
formally considered, but could be a sensible option for the long-term sustainability of the
town.
7.3.2 Magnitude 7.5
A M7.5 earthquake on the central segment of the Alpine Fault will create a surface rupture of
90 km, and for this scenario the rupture extends from Haast to Fox Glacier township (Figure
7.4, Table 7.4). Intensities of MM IX-X will encompass the full length of the surface rupture,
and MM VIII intensities will be felt in Franz Josef, Haast and Mt Cook. All of the earthquake
hazards described for a M8 scenario will apply in the event of a M7.5, but their spatial extent
will be significantly less widespread. Haast will be isolated from traffic through the Haast
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Pass and north on SH 6 because of road damage, particularly across SH 6 at Haast where the
active trace crosses the highway, and between Haast and Paringa where the coastal section of
SH 6 (at Knights Point) is steep and unstable and likely to sustain significant damage. Road
access through the Haast Pass will require a similar timeframe to reopen as for the M8
scenario. Surface rupture north of Paringa will mostly occur in remote range front areas until
it reaches Fox Glacier township, although two road bridges across the Karangarua and Cook
Rivers will be affected. Fox Hill will sustain some damage from landslides and minor road
surface damage, but less than for the M8 scenario because the rupture trace will not extend
this far north. North of Franz Josef, SH 6 will likely remain open except for minor work for
slumps, rock fall, and potentially flooding. Shaking around Aoraki/Mt Cook will trigger
landslides and avalanches, and may result in movement on known slope instabilities on Black
Birch Stream immediately behind Mt Cook village.
It is important to reiterate that the position of the epicentre is an assumption, and were a M7.5
to be centred further north, then Franz Josef, Hokitika, Greymouth and Arthur’s Pass could
experience more serious damage, depending on local conditions.
Social issues for the tourism industry
Tourists in the epicentral region of a M7.5 will experience severe ground shaking, and
buildings of weak construction will sustain serious damage. The remoteness of the MM IX-X
zone could result in tourists being isolated on roadsides, in the Conservation Estate, or in
small settlements for a period of time. Because the scale of this event is less than a M8
earthquake, assistance from emergency services and Civil Defence should come within hours
to a few days. This event will be a South Westland phenomenon for the most part, thus
resources from northern parts of the West Coast and the remainder of the South Island will be
mobilised to affected areas.
In the weeks and months following the event, Haast and Fox Glacier will remain isolated
from the rest of the country while road repairs are carried out. Haast inhabitants involved in
tourism activities will suffer economic losses, but the community has strong roots in pastoral
farming and fishing and many will return to work in other areas until tourism numbers
rebound. In Fox Glacier, the community relies on tourism to a much greater extent, and while
farming remains a significant industry, many tourism operators have little to fall back on.
They will channel their energies into sustaining their business, or closing down, until the
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recovery takes place. Meanwhile, Franz Josef will continue to receive visitors, except those
that choose not to ‘double-back’ from a northern entry point to the West Coast.
Figure 7.4. An isoseismal model for a M7.5 on the Alpine Fault. The 90 km rupture length of
the earthquake is shown in black, between Haast and Fox Glacier.

7.3.3 Magnitude 7
The footprint of a M7 earthquake on the southern segment of the Alpine Fault is modelled to
have an epicentre south of Fox Glacier, near Paringa (Figure 7.5). The centre of the isoseismal
model is a small zone of MM IX intensity, < 5 km in length. MM VIII intensities will be felt
across a zone approximately 65 km in length, where landslides on susceptible slopes will be
widespread. The coastal section of SH 6 via Knights Point will again be affected by closure
from slumps and landslides, and Haast will be isolated from the north. Haast Pass highway
could also be closed due to rock falls across the road, although the structural integrity of the
road should remain intact, meaning that reopening the road will take significantly less time
than for a M8 or M7.5 earthquake. Aftershocks in the days following a large M8 on the

162

Alpine Fault could measure up to M6.811, hence a scenario similar to this should be
considered likely. In this scenario, Mt Cook, Franz Josef, Fox Glacier and Haast all lie within
the MM VII isoseismal, and Queenstown, Milford Sound, Te Anau, Hokitika, Greymouth and
Arthur’s Pass are within the MM V isoseismal zone. Wanaka is on the outer edge of the MM
VI isoseismal. Interruption to tourism activities will occur in a localised area, depending on
the damage sustained by SH 6 north of Haast and across the Haast Pass. The glacier towns
will continue operation as normal.
Table 7.4. Comparison between AFEQ magnitude scenarios with respect to rupture length and
the location of tourism destinations within the MM VIII – X zones.
Magnitude

Rupture length

Tourism destinations within the
MM VIII-X isoseismal zones

Scenario
M8

420 km

Milford Sound, Haast, Fox Glacier, Franz Josef,
Hokitika, Greymouth, Arthur’s Pass, Mt Cook,
Queenstown, Wanaka

M7.5

90 km

Haast, Aoraki/Mt Cook, Fox Glacier

M7

Surface rupture likely

Possibly, depending on epicentre

M6.5

Surface rupture possible

Possibly, depending on epicentre

11

Bath’s Law offers a ‘rule of thumb’ for the average difference in magnitude between a mainshock and its
largest aftershock as 1.2.
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7.5. Isoseismal model for a M7 earthquake on the Alpine Fault.

7.3.4 Magnitude 6.5
The isoseismal model for a M6.5 earthquake has at its centre a zone of MM VIII intensity that
will extend 35 km parallel to the Alpine Fault trace (Figure 7.6). No South Westland
settlements of any major signficance to the tourism industry will be affected; instead the MM
VIII zone will shake a sparsely populated, forested, remote area of South Westland. In this
area, landslides will be widespread, and could close SH6 around the Knights Point coastal
section. This scenario should be considered a likely aftershock following a M8 Alpine Fault
event. Again, note that an earthquake measuring M7.5, M7 and M6.5 could potentially occur
anywhere along the Alpine Fault, and so their likely effects need to be considered with regard
to local facilities and infrastructure.
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Figure 7.6. Isoseismal model for a M6.5 on the Alpine Fault.

7.4

Chapter Summary

The tourism industry in the field area was described in terms of regional tourism activities and
spatial distribution. Then, a number of magnitude scenarios for future AFEQs were presented
together with a description of the main hazards generated by earthquakes, and their
implications for the tourism industry. A M8 event has the potential to isolate large parts of the
West Coast, Milford Sound and Mt Cook for a long period of time because of severe damage
to road networks. It will take a minimum of six months to repair SH 73 via Arthur’s Pass,
resulting in disruption to the flow of visitors on the Haast Pass-Arthur’s Pass circuit of the
West Coast. In addition, road access to Milford Sound will take an extended period to restore.
Extensive landsliding within the MM VIII isoseismal zone across the Southern Alps will
begin a process of massive sediment redistribution; a phenomenon that will continue for years
into the future, and cause significant change to the landscape. The negative media attention
generated by this event will send a message to the world that travel to New Zealand, at least in
the short-term, is risky. International visitor numbers will drop for a prolonged period, with
tourism recovery dependent to some extent on the timing of the event; a summer season
earthquake could enable renewed visitation within twelve months, and a mid-winter event will
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require between 12-18 months before a return to pre-disaster visitor numbers could be
expected. What is clear is that a large AFEQ will present major challenges to businesses in the
tourism sector.
A large future AFEQ is a certainty, and while the timing cannot be predicted with enough
precision to satisfy the demands of society, geoscientists have offered sufficient evidence
from which governments, emergency managers and individuals can make steps to plan and
prepare for it. Chapter 7 has presented a scenario for a future AFEQ based on the current state
of scientific knowledge, and described the physical outcomes of a M8 earthquake and the
implications for the tourism industry. The next chapter reports the findings from Objective 2
of the research programme, designed to investigate the perceptions, preparedness and
resilience of tourism operators in terms of the seismic hazard posed by the Alpine Fault; their
awareness of the seismic potential of the physical environment upon which many rely as an
integral part of their tourism activities and attractions. Operator perceptions of their own
individual preparedness within their household are also investigated, as well as their
understanding about the likelihood of serious interruption to their business activities. The
presence or absence of business resilience ‘tools’, such as continuity insurance, staff induction
and training, are described as a way to measure the resilience of tourism businesses in the
field area.

166

CHAPTER EIGHT
Perceptions, Preparedness and Resilience

8.1

Introduction

Chapter 8 is divided into three sections in order to address Objective 2 of this research
project. The first section presents results related to sub-objective 2 (a), which investigates the
risk perceptions and preparedness of tourism operators with respect to a M8 AFEQ. Subobjective 2 (b) considers the influence of demographic variables and prior experience on the
preparedness of operators. The third sub-objective, 2 (c), investigates the resilience of tourism
operations to interruption by an AFEQ, and the business factors that influence it. The results
presented in this chapter were generated by a quantitative method, involving a postal survey
to tourism operators within the activity/attraction, accommodation and transport sectors of the
tourism industry in the field area. A seven-page questionnaire was sent to 536 tourism
operators between April and July 2008 (see Chapter 6).
Supplementary qualitative data were collected during interviews with tourism operators and
industry informants in August and September 2008 primarily to inform the analysis of the
quantitative data. Eleven interviews were conducted with tourism operators, as well as seven
key informants at DOC, WDC and WCRC. Relevant quotes from the interviews have been
added to illustrate key points throughout Chapter 8. This chapter begins with a demographic
profile of the sample population to frame the data analysis. Subsequent sections begin with a
description of the results, followed by a discussion within the broader academic context.
Before embarking on a full description of the results from the quantitative survey, it is
necessary to profile of the tourism operators who completed the questionnaire: the types of
tourism operations, their location and other business criteria. In addition, a demographic
profile of respondents, including age, gender, living situation and level of education, is
presented alongside the most recent Census data (2006) to ascertain whether the sample is
representative of the general population.
8.1.1

Business Type

The survey asked respondents to categorise their business into ‘activity/attraction’,
‘accommodation’ and ‘transport’, or ‘other’. In addition, a space was provided beside each
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tick box for a specific description of their operation, e.g. backpackers, fly-fishing tours etc. A
total of 249 responses were collected, including 108 activity and attraction providers, or
43.4%, with the accommodation sector making up 48.6% (121 businesses), and transport the
remaining 8% (20 businesses). The activity and attraction responses cover a broad range of
tourism operations, with flight-seeing, fishing, tramping/guided walks, adventure, and boat
cruises making up the majority, but also including wildlife tours, ski resorts, heritage/culture,
horse treks and others. Recoding the accommodation sector responses into sub-categories
highlighted the predominance of motel operators in the sample population (Table 8.1).
Table 8.1. Accommodation sector responses to the quantitative survey.
Types of Accommodation

Frequency

Motel

44

Backpackers

17

Hotel

12

Holiday Park

10

Apartment

10

Lodge

7

Combination

4
104

Total
8.1.2

Regional distribution of tourism businesses

Respondents were asked to indicate where their tourism operation is based (Table 8.2).
Queenstown and Wanaka fielded the most responses, comprising 54% of the total sample. Te
Anau/Milford were the next largest on 11.6%, followed by a spread of locations across the
field area. Business locations were recoded into four broader regional groups to allow for
comparison during the analysis (Table 8.2; Figure 8.1). Three of the recoded regions are in
line with existing district or regional boundaries; Lakes District includes the towns and
villages of Queenstown, Wanaka, Hawea, Glenorchy and Makarora, and is officially known
as the Queenstown-Lakes District. Fiordland comprises part of Southland District, and for
the purposes of this research includes Te Anau and Milford, but excludes the rest of
Southland District. West Coast incorporates Westland and Grey Districts, which includes the
towns of Fox and Franz Josef Glaciers, Hokitika, Greymouth, Haast. The fourth region, called
Eastern Alps, covers part of Mackenzie, Waitaki, Ashburton and Selwyn districts on the
eastern side of the Southern Alps, and includes Mt Cook and Arthur’s Pass townships. After
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Lakes District (56.6%), the West Coast had the second largest proportion of responses
(24.0%), followed by Fiordland and Eastern Alps with 10.0% and 9.6% respectively.
Table 8.2. Location of tourism operations within the sample population (n = 251), showing
recoded regional locations, number of responses per region and frequency percent.
Region

Percent

Number of responses

Queenstown

34.7

87

Wanaka

20.7

52

Hawea/Makarora

1.2

3

Te Anau/Milford

10.0

25

Fox and Franz Josef

9.6

24

Greymouth

6.8

17

Hokitika

4.4

11

Haast

3.2

8

Mt Cook

8.0

20

Arthur’s Pass

1.6

4

Location recoded

Lakes District

Fiordland

West Coast

Eastern Alps

Regional response rates were as high as 60% for the West Coast (i.e. 100 surveys posted and
60 returned) (Table 8.3). Fiordland and the Eastern Alps regions both had response rates of
54%. The lowest response was from the Lakes District (41%). Queenstown itself returned
38% (234 surveys sent).
Table 8.3. Regional response rates to the postal survey. n is the total number of surveys
returned for each region.
Region

Response Rate

n

Lakes District

41%

142

West Coast

60%

60

Fiordland

54%

25

Eastern Alps

54%

24

Total

251

169

Figure 8.1 Regional boundaries for Lakes District, Fiordland, West Coast and Eastern Alps.

8.1.3

Demographic Profile

Tourism operators who responded to the survey were most likely to be aged between 41-64
years (67.3%), with 27.8% between 21-40 years, 4.4% older than 65 years, and only one
respondent younger than 2023 (n = 248, Table 8.4). Males and females comprised 58% and
42% of the sample respectively. The 2006 Census data for 2006 showed the population
comprised 51.2% females and 48.8% males in New Zealand.
Living situation was included in the list of demographic questions in order to test if an
individual’s household composition has any influence on their preparedness for a natural
disaster, reflecting previous research by Finnis (2005) and Leonard et al. (2004). Forty-five
per cent of the sample (n = 251) described themselves as being part of a “family with
children”, and 37.5% as “family without children”. The two other categories were ‘living
alone’ (8.0%), and ‘living with others’ (9.6%).
23

This record was removed from the dataset for analysis involving age because of its small sample size.
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Table 8.4. Summary table of demographic data for this research compared to the 2006 New
Zealand Census data.
2008 survey

Gender

Age*

Household
composition

Highest qualification

2006
Census

n

%

%

219

58

48.8

Female

42

51.2

Less than 20

0.4

29.0

27.8

27.1

41-64

67.3

31.6

65 or above

4.4

12.3

Family with children

45.0

DU

37.5

DU

Living alone

8.0

22.5

Living with others

9.6

4.9

School qualification

34.8

35

30.8

75

University undergraduate

27.9

11

University postgraduate

6.5

5

Male

21-40

247

Family without children

Vocational/trade certificate

251

247

*Census data for 2006 has been adapted to suit the age intervals for this research, and is not
considered wholly accurate across narrower intervals. DU = data unavailable from Statistics New
Zealand.

The sample is under-represented in the living alone category compared to the 2006 Census,
and over-represented for individuals living with non-family members (Table 8.4). Regional
analysis of living situation was carried out to determine the proportion of families with or
without children across the four regions. There are significantly more families with children
living in Lakes District (48.5%) and Fiordland (55.0%) compared to West Coast (38.2%) and
Eastern Alps (34.5%) (χ2 = 0.231, df = 9, P = 0.006). The highest proportion of tourism
operators living with non-family members (i.e. flatting / house-sharing) was in Lakes District
(12.5%). Almost a quarter (24%) of operators in Fiordland live alone, which is significantly
higher than all other regions (between 5-10%).
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Level of education ranged from a high school qualification only (34.8%), to vocational or
trade qualifications (30.8%), undergraduate degree (27.9%) and postgraduate degree (6.5%)
from a total of 247 responses. The 2006 Census data identifies that 35% of the New Zealand
population older than 15 has only a high school qualification, which is in line with the
proportion resulting from this research (Table 8.4). Seventy-five per cent of the general
population has a trade qualification (Census 2006). In terms of undergraduate degrees, the
sample is over-represented compared to the general population, of which 11.0% have an
undergraduate degree. Postgraduate qualifications, including postgraduate diploma, honours
degree, Masters degree or doctorate, are held by 5.0% of the general population (Census
2006), compared with 6.5% from this sample.
8.1.4

Role in business

The questionnaire was mailed to tourism business owners or managers. To verify that the
correct person had received and completed the survey, respondents were asked to identify
their roles in the business. A multiple response analysis of the 278 responses to the question
confirmed that 56.8% were completed and returned by the owner-operator, and 33.5% from
the manager. The remaining 9.7% of respondents indicated they carried out some
administration and/or tour guiding duties in addition to running or managing the business.

8.2

Earthquake knowledge and emergency preparedness

Objective 2 (a) – To investigate the earthquake knowledge, preparedness and risk
perceptions of tourism operators with respect to the Alpine Fault and its seismic
potential.
The following description of results relating to Objective 2 (a) is divided into three
subsections; the first focuses on tourism operator knowledge of earthquakes (also known as
threat knowledge). The second subsection describes the results related to tourism operator
perceptions of their personal level of earthquake preparedness, as well as their business. The
final subsection considers the role of community; sense of belonging, and involvement in
community-driven preparedness activities.
8.2.1

Threat Knowledge

Threat knowledge is a term which describes an individual’s knowledge and understanding
about a specific hazard (Johnston et al. 1999). Perceptions of a specific natural hazard threat
evolve and are affected by a number of factors, including personal awareness, salience, prior
experience, past damage and contact with information sources, as well as a range of cultural
and societal factors (see section 4.4). The following section investigates operator awareness
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and understanding of the Alpine Fault and the threat it poses; regional hazardscape (i.e. how
earthquakes are considered within the broader regional hazard context), prior experience,
likelihood of a AFEQ, perceptions of the threat posed by the Alpine Fault and the potential
outcomes for a future AFEQ.
8.2.1.1 Regional hazardscape
A question relating to natural hazards around the Southern Alps was asked to gauge how
tourism operators prioritise natural hazards in terms of their potential to impact on their
business. Respondents were asked to indicate on a scale from 1 (very unlikely) to 5 (very
likely) the potential impact of a range of natural hazards on their livelihood. The hazards
listed were flood, volcano, earthquake, drought, tsunami and storm.
The potential impact on livelihood from an earthquake was considered likely or very likely by
88.9% of the 235 respondents, with only 2.6% indicating they were unlikely or very unlikely
(Table 8.5). Floods and storms were considered likely or very likely by 71.0% and 70.6% of
the sample respectively. Droughts (72.4%) and tsunami (85.4%) were considered unlikely or
very unlikely. Volcanoes were thought to be very unlikely by 83.4% (n = 223).
Table 8.5. Natural hazards ranked with the categories of likely and very likely grouped
together, with mean, standard deviation (SD) and sample size (n).
SD

Mean*

n

Earthquake

0.78

4.29

235

Likely/Very likely
to impact on livelihood
(%)
88.9

Flood

1.27

3.67

234

71.0

Storm

1.124

3.66

228

70.6

Drought

1.376

2.39

221

27.6

Tsunami

1.21

1.82

223

14.8

Volcano

0.678

1.26

223

2.2

Natural Hazard

*(1 = very unlikely; 5 = very likely)

The earthquake component of this question was then cross-tabulated with region of tour
operation (Table 8.6). More than 60% of Fiordland and West Coast tourism operators
consider an earthquake to be very likely (χ2 = 0.212, df=12, p= 0.047). Fifty-two percent of
Lakes District operators considered earthquakes to be likely, with 33.3% describing the threat
as very likely. Fourteen percent of Eastern Alps operators were unsure.
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Table 8.6. Likelihood of an earthquake cross-tabulated with region of operation, shown as
row percentages (n = 234).
n

Very unlikely Unlikely

Unsure

Likely

Very likely

Lakes District

129

1.6

2.3

10.6

52.7

33.3

Fiordland

26

0.0

0.0

0

38.5

61.5

West Coast

51

0.0

0.0

5.9

33.3

60.8

Eastern Alps

28

3.6

0.0

14.3

35.7

46.4

WCRC and WDC have prioritised regional hazards, and while flooding is the most frequently
occurring hazard in the region, an AFEQ is considered to pose the greatest risk of damage
from a single event (DTec Consulting 2002). A future AFEQ event was shown in Chapter 7 to
have the potential to affect tourism businesses across the field area because of its ability to
disrupt tourism activities for prolonged periods, both locally and nationally. This was born out
in the views of tourism operators for this question. Fiordland and West Coast operators have
stronger opinions about the likelihood of an AFEQ compared with those in other parts of the
field area, which could be a function of their closer proximity to the fault zone. The likelihood
of the remaining hazards varied (drought, storm, flood and tsunami), reflect the views of
individuals based on their physical environment, i.e. beside a flood-prone river, or in a coastal
location with the potential to be inundated by a tsunami. Volcanic hazards were included on
the list even though there are no active volcanoes in the field area.
8.2.1.2 Prior experience of a damaging earthquake
Respondents were asked whether they had experienced a damaging earthquake in the past,
and if so, to name the place and year of the event. Two open-ended spaces were provided to
record this information. The word “damaging” in the question was chosen to indicate an
earthquake of sufficient magnitude to have caused damage, in order to eliminate experiences
of minor earthquake events. Respondents reported either where they were during the event, or
the location of the epicentre. For example, Queenstown and Wanaka respondents who
indicated they had experienced a damaging earthquake in 2003 were almost certainly
referring to the Doubtful Sound M7.1 event of that year.
Almost 40% of respondents had experienced a damaging earthquake (n = 248). Of these, 25%
were affected by the 1968 M7.1 Inangahua earthquake. Another 25% reported experiencing a
damaging earthquake in Te Anau, as well as Queenstown (17.2%), Wanaka (8.6%), and the
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remainder of the South Island (11.8%). North Island earthquake experiences accounted for
7.9%, with 3.2% from overseas. Cross-tabulating this result against business location
illustrated that Fiordland operators (69%) were significantly more likely to have experienced
a damaging earthquake compared to other regions (χ2 = 0.189, df = 3, p = 0.000). Eastern
Alps operators had the least experience of a damaging earthquake (20.7%), followed by Lakes
District (32.6%) and West Coast (47.3%).
Lindell and Whitney (2000), amongst others, suggest that personal experience of damaging
earthquakes can influence whether or not people make efforts to get prepared for future
earthquake events. This question was designed to enable cross-tabulations with preparedness
factors to gauge whether past experience plays a role in earthquake preparedness of
individuals, and their businesses. These cross-tabulations are described in section 8.3.6.
8.2.1.3 Likelihood of a major AFEQ
Survey respondents were asked to indicate the likelihood of a M8 earthquake over a number
of timeframes (Table 8.7). Six tick boxes were offered, as well as an “I don’t know” option.
The results are normally distributed, with the median time frame in the “next 30 years”
category; however, the data are skewed into the longer timeframes of “next 50 years” or
“More than 50 years”. Almost 20% of the sample suggest the next big AFEQ could happen
within ten years. More than a quarter of the sample stated “I don’t know”. There was no clear
relationship between region of operation and perceived timeframe for a future AFEQ.
Table 8.7. Frequency table of respondent perceptions of the likelihood of a M8 earthquake on
the Alpine Fault over a number of time intervals (n = 247).
Frequency

Percent

Within the next year

2

0.8

Next 10 years

48

19.4

Next 30 years

63

25.5

Next 50 years

55

22.3

More than 50 years

10

4

I don’t know

69

27.9

Total

99.9

As demonstrated in Chapters 3 and 7, the Alpine Fault produces earthquakes of M7.8-8 each
100-300 years, and according to Yetton et al. (1998) the probability of another major event
over the next 50 years is 65% +/- 15%, increasing to 85% +/- over the next 100 years.
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Responses to this question suggest that tourism operators consider the threat to be relatively
distant in time, and by selecting the 30-50 year time frame they are placing this threat outside
their career timeframe and/or their own lifetime (since more than 70% of the sample is older
than 41 years). The perceived lack of immediacy reduces the salience of the threat, with other
potential hazards attaining greater importance for tourism operators, which may result in a
diminished perceived need to get prepared for an AFEQ.
8.2.1.4 Threat posed by an AFEQ
Respondents were asked to indicate on a five-point Likert scale the extent to which an AFEQ
could pose a threat to their personal safety, property, tourism business, and community. The
threat to personal safety was considered possible by 21.6% of respondents (Table 8.8). One
third described the threat as probable, while 40.8% selected ‘a great deal’. In terms of
property, 57.4% consider the threat to be significant (i.e. ‘a great deal’), and 29.7% describe
the threat as probable. Two-thirds of respondents consider the threat to their tourism business
as significant, with fewer responses in the ‘possibly’ category compared to the two previous
questions. Operator perceptions of the threat to community and business were similar.
Table 8.8. The extent to which an AFEQ will pose a threat to personal safety, property, their
tourism business and their community, shown as row percentages.

Personal Safety

250

Not at
all
0.8

21.6

4.8

32.0

A great
deal
40.8

Property

249

0

9.2

3.6

29.7

57.4

Tourism Business

250

0.8

4.4

1.2

27.2

66.4

Community

250

0.4

4.4

2.0

26.0

67.2

n

Possibly Not sure Probably

In general, respondents consider the Alpine Fault poses a significant threat to all four
categories; however, they downplay the risk to their own personal safety. Respondents are
more certain that an AFEQ could pose a threat to their property, business and community.
This reflects an element of optimistic bias, where an individual will rationalize a potential
threat by considering the situation to be worse for one’s neighbour, or community, than to
oneself; in effect believing themselves to be immune to natural hazard disasters (Hurnen &
McClure 1997; Burger & Palmer 1992, Spittal et al. 2008). These results also suggest that
tourism operators consider their own business to be more vulnerable than themselves
personally.
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Table 8.9. Statements regarding the response and recovery phase of an AFEQ event, with mean and standard deviation.

n

Mean*

After an earthquake the business community will look
after each other

247

2.73

Things should get back to normal pretty quickly

247

I have a responsibility to look after my staff after a big
earthquake
I have a responsibility to my clients after a big
earthquake

Standard

SA

A

Uncertain

DA

SDA

0.977

8.5

35.2

35.2

17.0

4.0

3.49

0.883

1.2

8.9

42.9

33.2

13.8

241

1.88

0.723

29.0

57.7

9.5

3.7

0

248

1.67

0.801

47.2

44.0

4.0

4.0

0.8

I am confident my business is prepared for an AFEQ

250

3.21

0.861

2.4

14.4

47.6

30.6

4.8

I doubt my business could survive the aftermath of an
AFEQ
There will be a drop in visitor numbers for many
months after an earthquake

250

3.42

0.835

1.2

9.2

45.6

34.8

9.2

250

1.90

0.828

35.2

45.2

15.6

2.4

1.6

Deviation

*Likert scale from 1= strongly agree (SA); 2 = agree (A); 3 = uncertain; 4 = disagree (DA); 5 = strongly disagree (SDA).

8.2.1.5 Outcomes of a M8 event
Tourism operators were asked seven questions relating to the response and recovery phase of
a major AFEQ, to gauge their opinion of the severity of the aftermath, and the potential
impact on their business (Table 8.9). A five-point Likert scale from strongly agree to strongly
disagree (with neutral in the middle) was offered. Each question will be described
individually, followed by a discussion and summary.
More than a third of tourism operators were uncertain whether the business community would
support each other in the aftermath of an AFEQ (35.2%). Positive responses summed to
43.7% compared to 21.0% of respondents who disagreed with the statement. When crosstabulated with region, 64.3% of Eastern Alps operators either agreed or strongly agreed.
Lakes District operators were the least likely to be in agreement, on 38.4%, and also showed
the greatest proportion of uncertainty (43.6%) that the business community would help each
other.
The perception that the post-earthquake situation should return to normal quickly following
an AFEQ produced the highest mean score, of 3.49. Forty-seven percent of respondents
disagreed or strongly disagreed with the statement, with only 10.1% in agreement. Forty-two
percent were uncertain. A regional breakdown showed 22.2% of Fiordland residents agreed or
strongly agreed that life will get back to normal quickly, compared to West Coast (12.7%),
Eastern Alps (7.1%) and Lakes District (6.7%). The proportion of responses in the ‘unsure’
category ranged from 29.6% (Fiordland) to 57.1% (Eastern Alps).
Eighty-six percent of tourism operators agreed or strongly agreed that they have a
responsibility to care for their staff after an AFEQ, with only 3.7% disagreeing. Fewer than
10% were uncertain about their feelings towards this question. Tourism operators also felt
strongly about their responsibility to their clients, which produced the lowest mean score of
all the statements, at 1.67. More than 90% of tourism operators agreed or strongly agreed that
they would feel some responsibility to care for their clients after a large earthquake.
Tourism operator confidence in the preparedness off their business varied considerably, and
had the highest proportion of uncertainty compared to all the other questions in the suite
(47.6%). A total of 35.4% of respondents agreed or strongly agreed with the statement, and
16.8% disagreed or strongly disagreed. Regional cross-tabulation revealed that Fiordland
operators were more likely to agree or strongly agree that their business is prepared for an
AFEQ (34.4%), compared to West Coast (16.3%), Lakes District (14.8%) and Eastern Alps
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(6.9%). Almost 70% of Eastern Alps operators were uncertain about their level of
preparedness.
Business survival following an AFEQ produced a high proportion of uncertainty from
respondents, at 45.6%. Forty-four percent disagreed or strongly disagreed that their business
survival could be at threat, compared to 10% who agreed with the question. Results did not
vary on the basis of region. There was strong agreement from tourism operators that there will
be a drop in visitor numbers for many months following an AFEQ. Fifteen percent were
uncertain, and only 4% disagreed with the statement. Fiordland operators were the least likely
to agree or strongly agree (64.5%), compared to Lakes District (78.5%), West Coast (87.3%)
and Eastern Alps (89.6%).
The results suggest that tourism operators generally do not believe the situation will get back
to normal quickly; however, a significant proportion are uncertain about how long it may take
to recover following an AFEQ. Notably, Fiordland residents are the most optimistic about a
return to normality and are the most confident their business is prepared for an earthquake.
They are also most likely to disagree that there would be a drop in numbers for many months.
The 2003 Doubtful Sound (M7.1) earthquake tested local preparedness, and resulted in
significant damage. Leonard et al. (2004) reported that up to 64% of households in their
sample had experienced damage or loss from the earthquake. Their relatively frequent
experience of earthquakes (almost 70% of Fiordland residents claimed to have experienced
past damaging events; section 8.2.1.2) may have resulted in a normalising bias, by which
many believe that by surviving significant past events, future ones will be just as manageable
(Johnston et al. 1999).
In general, operators are uncertain whether the business community would look after each
other in the aftermath, although there are generally more in support of this idea than against it.
Lakes District operators are the least likely to believe in business community support, a
phenomenon which may be related to the size of Queenstown as a destination; a large number
of businesses lying 90 km from the Alpine Fault with relatively few previous damaging
earthquakes to keep disaster preparedness issues salient in their minds. In contrast, Eastern
Alps operators appear to have the strongest business network, reflected by the highest
proportion of agreement with the statement. While there is a degree of optimism about
business survival post-earthquake, this is countered by relatively high uncertainty from some
respondents.
What is clearly evident in the results is that operators feel a strong sense of responsibility
towards both their clients and staff in terms of the period of time immediately after an AFEQ.
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Legally, tourism operators have a duty of care towards their staff and clients in terms taking
all practicable steps to provide a safe environment (see section 5.6). They are not, however,
obliged to provide housing, food and care for clients and staff in the event of a major disaster
(Garside pers. comm. 2009). TBO2 believes that ‘If we were to have an [earthquake] event in
the middle of February, we could have an extra 4-5,000 people in town and all of a sudden we
have to do something with them’. The strength of feeling towards looking after their staff and
clients could result, in part, from operators falsely believing they have a legal obligation to do
so; however, it is more likely to be driven by human nature and the need to care for others in
times of crisis. Solberg et al. (2008, p.1) confirm that social behaviour in the post-disaster
environment is not dominated by ‘panic and irrationality’, but instead is driven by altruism
and a need to maintain and develop social relations, even with strangers. Tourists will be in
unfamiliar surroundings, with limited understanding of the environment and the social
structures in the community in which they find themselves. Their host (tourism operator) will
be one of the only people they are familiar with, and tourists may rely heavily on them for
emotional and physical (first aid, shelter, food) assistance in the days following an AFEQ.
There is clearly significant uncertainty and confusion about the outcomes of an AFEQ within
the tourism business community. For example, very few operators believe their business
would be forced to close following an AFEQ, while at the same time conceding that visitor
numbers will drop significantly, and a return to normality will not happen quickly. In the
aftermath of an AFEQ, businesses will be severely tested in an environment in which access
and mobility are impeded, and tourist numbers are likely to drop to unprecedented levels for a
period of months. Lack of business preparedness will only hamper recovery efforts and the
survival of many tourism operations will certainly be in question.
8.2.1.6 Time to reopen after an AFEQ
Respondents were offered six tick boxes ranging from ‘less than a week’ to ‘3-6 months’, as
well as ‘may never reopen’, to indicate how long it would take to reopen their business
following an AFEQ. The most common response was 3-6 months (22%), but there was a
spread of data across all categories; 14% indicated it would take less than a week to reopen,
with 13% selecting 1-2 weeks, and 16% in the 2-4 weeks category. Twenty percent perceived
it would take 1-3 months, and 14% believed they may never reopen.
Cross-tabulation with business location (n = 235) showed that 26.9% of Fiordland operators
believed they could reopen within a week compared to Lakes District (13.8%), Eastern Alps
(11.1%) and West Coast (9.6%) (Table 8.10). A third of West Coast operators indicated it
would take 3-6 months to reopen, and a further 21.2% suggest they might never reopen. One
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third of Eastern Alps operators also believed they may never reopen, compared to Lakes
District (9.2%) and Fiordland (7.7%).
Table 8.10. Regional analysis of perceived length of time to reopen following an AFEQ.
Shown as column percentages (n = 235).
Lakes District

Fiordland

West Coast

Eastern Alps

< One week

13.8

26.9

9.6

11.1

1-2 weeks

17.7

7.7

3.8

14.8

2-4 weeks

18.5

11.5

11.5

14.8

1-3 months

21.5

19.2

21.2

11.1

3-6 months

19.2

26.9

32.7

14.8

May never reopen

9.2

7.7

21.2

33.3

n

130

26

52

27

Tourism sector (activity/attraction, accommodation and transport) was also cross-tabulated
with this statement. Transport providers were significantly more likely to believe they could
reopen within one week of an AFEQ (41%), compared to the accommodation (9%) and
activity/attraction (14.4%) sectors (Table 8.11) (χ2 = 0.2627, p = 0.003, df = 10, n = 234). In
contrast, almost 20% of accommodation businesses indicated they might never reopen,
compared to 10% of activity/attraction and 5.3% of transport providers.
Table 8.11. Cross-tabulation between perceived length of time to reopen following an AFEQ,
against type of tourism business. Shown as column percentages (n = 234).
Activity/Attraction

Accommodation

Transport

< one week

14.4

9.0

42.1

1-2 weeks

18.3

9.0

10.5

2-4 weeks

17.3

12.6

21.1

1-3 months

17.3

25.2

5.3

3-6 months

22.1

24.3

15.8

May never reopen

10.6

19.8

5.3

n

104

111

19

A significant proportion of tourism operators (mainly from Fiordland and Lakes District)
believe it will take less than a month to reopen following an AFEQ. West Coast operators
were the notable exception; more than half perceiving it would take up to six months, or that
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their business will close down. This indicates an awareness of the vulnerability of West Coast
roads and alpine passes to intermittent closure, reinforced by the almost 90% of West Coast
operators who believe visitor numbers will drop for many months following an AFEQ. TBO2
described his community; ‘we are such an isolated community road-wise and we’ve only got
to have a significant landslide event either side of us and potentially we are cut-off’. In
contrast, operators from Fiordland and Lakes District were optimistic about reopening
relatively quickly, which, in the case of the former, is a function of normalisation bias due to
the relatively common occurrence of earthquakes in the region.
Transport providers are the most optimistic about their ability to reopen, believing that as long
as their vehicles are roadworthy, they should be able to recommence business operations
immediately. In reality, damage to roading infrastructure combined with a prolonged drop in
visitor numbers will seriously affect the transport sector. Operators in the accommodation
sector are heavily reliant on built infrastructure and services, which will take significant time
to repair before they are able to reopen for business, hence they are less optimistic about the
recovery phase. The spread of opinion in the activity and attraction sector is likely to relate to
the unique infrastructural and operational requirements of each business; for example,
operations with no significant built infrastructure, such as guided fishing trips, could reopen
more quickly than a built heritage attraction e.g. museums. In sum, it is important to reinforce
that while reopening a business may be possible, making it profitable in the months following
an AFEQ will be very challenging.
8.2.1.7 Post-earthquake recovery issues
Tourism operators were given an opportunity to describe the most important issue they might
face following an AFEQ, in an open-ended question. Their responses were then analysed and
ten themes were identified. The themes relate to two of the four emergency management
principles (‘four Rs’) of the disaster spectrum; response and recovery. Written responses
varied from single words to several sentences, and each answer contained references to as
many as three themes. The data were coded and input into SPSS. A multiple response of 360
references to the ten themes was collected (Table 8.12).
Damage to the built environment, particularly roads and buildings, was the most commonly
cited theme by respondents (28%). One operator suggested “blocked highways and alpine
passes” would be their biggest concern. Essential services had the second highest frequency,
on 12.8%, referring mainly to the lack of water, electricity, communication and sewage
treatment. Recovery issues concerned 12.2% of operators, specifically the immediate clean up
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Table 8.12. Themes from an open-ended question about the most significant issue tourism
operators will face following an AFEQ, (n = 360 multiple response).
Theme
Damage to infrastructure
Essential services
Recovery
Access
Drop in visitor numbers
Physical hazards
Immediate response
Personal well-being
Isolation
Attracting visitors back

Description

Frequency
(%)
Buildings, roading, infrastructural damage
28.0
Damage to water, electricity, sewage and
12.8
communications systems
Clean up, rebuilding, lack of tradesmen
12.2
Road closures, bridges damaged so that
11.7
visitors cannot access the area
Lack of tourists visiting the area
9.4
Landslides, flooding, changes in landscape
7.8
Care of clients, evacuation, first aid,
7.2
building safety
Risk to personal safety causing injury or
5.0
death
Geographical or social isolation from other
3.6
communities and from emergency services
Positive media messages; proactive
2.2
marketing to tourists and tour operators.

and rebuilding required, and the issue of “accessing trades people to effect necessary
assessments and repairs”. Lack of access due to road closures and damage to bridges was an
issue for 11.7% of the sample. Nine percent of operators were most concerned about the drop
in visitor numbers. One Queenstown operator stated; “with no tourists, Queenstown is totally
finished. The whole structure depends on tourism”. Another 2.2% noted it will be necessary to
market the area in order to attract visitors back, with one operator indicating the importance of
“positive media coverage for both national and international guests”. Physical hazards, such
as landslides and flooding, and also changes to the natural environment, were a significant
issue for 7.8% of the sample. One Franz Josef operator was concerned about “flash flood,
bridges to north and south washed out and nowhere to take 40 guests to for safety”. Another
respondent involved in adventure tourism stated “the change in nature of the canyons may
result in a change in location, or no canyoning”, and a glacier-guiding operator suggested
“the condition of the glacier” might affect their business. Fishing or kayaking operators were
most concerned about the “effect it has had on the lakes and rivers”. Landslides and
avalanches (depending on the time of year) will be a major issue, described in this account by
a Te Anau operator following a moderate (~M7) earthquake in Fiordland;
“In 2001 we experienced an earthquake that did some damage in Te Anau. After the
main tremor we went outside and heard loud roaring noises in the hills and expected
another earthquake. Afterwards I realised this was hundreds of avalanches in the
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mountains behind Queenstown. I flew my plane over the area the next day and observed
that this was indeed the source of the noise. There is a significant risk in the mountains
even with an earthquake of this magnitude”.
The immediate care of staff and clients in the response phase, including evacuation and
building inspections, was cited by 7.2% of the sample. One operator believed it would be
important to “make sure buildings are secure and safe”, while another considered “care,
evacuation of customers and residents” as their focus. Personal well-being and isolation from
help scored 5% and 2.2% respectively. One respondent asked the question “will we be here?”
while another suggested “death, injury” was their biggest concern. Several comments
focussed on the overall picture; “A magnitude 8 earthquake in Milford Sound could leave us
completely isolated for an unknown length of time”, while another stated “All of Milford
Sound will be wiped out with an earthquake this size!” “We will be isolated for a long time;
2-3 weeks. Rebuilding will take 1-2 years”. Another operator simply commented: “Total
chaos”.
8.2.2

Earthquake preparedness and risk perceptions

The following section presents results relating to personal and business earthquake
preparedness and tourism operator risk perceptions (Objective 2b). Preparedness was
measured by asking tourism operators to describe their perceptions of a number of
preparedness statements, and also by directly asking questions relating to preparedness
actions, such as whether they had actively sought information about earthquake preparedness,
from which sources, and where they consider the responsibility for preparedness lies. The
likelihood and frequency of casual conversations about earthquake preparedness within the
business and with other business owners were also investigated.
8.2.2.1 Comparative levels of preparedness
Respondents were asked to indicate on a Likert scale their perception of the level of
preparedness of themselves, their community, tourism business, local council, Civil Defence
and Central Government. By asking them to rate each of the six categories, it was possible to
compare the means for each category and gain a sense of the relative levels of preparedness,
as perceived by tourism operators.
Based on mean scores from this question, tourism operators perceive their own business as
being the least prepared to deal with an AFEQ, followed by their community, and themselves
as individuals (Table 8.13). Civil Defence was considered to be the most prepared of the six
categories, with Central Government and Local Councils scoring similar mean results.
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Table 8.13. Tourism operator perceptions of preparedness to deal with an AFEQ at individual,
business, community and government level, showing mean, n and standard deviation.
Category

Mean*

n

Standard Deviation

Your tourism business

2.44

239

1.051

Your Community

2.53

231

0.838

Yourself

2.65

243

1.048

Local Council

2.76

229

0.941

Central Government

2.80

226

1.06

Civil Defence

3.37

231

1.095

*Likert scale range from 1 = not at all prepared to 5 = very prepared

While the mean scores for this question are not statistically significant, the results give an
indication of perceived levels of earthquake preparedness. Tourism operators in the region of
the Alpine Fault consider their own businesses to be the most unprepared compared to all
other categories in the question. Their individual preparedness is perceived to be slightly
higher than their view of community preparedness. Individuals make comparisons between
themselves and others, and tend to be more optimistic about their own situation (Paton et al.
2006a). Interestingly, this phenomenon appears to be influencing not only perceptions of their
community, but also of their own business situation.
Civil Defence rank as the most prepared; their public profile has recently been raised by a
television and radio campaign developed by MCDEM with the tag phrase “Get ready, Get
Thru”. It recommends people should be prepared to spend up to three days fending for
themselves before help arrives from disaster response agencies. Respondents were asked in
the survey if they had seen or heard this message from MCDEM, and 75% of respondents
confirmed they had. The results for this question indicate their promotional work has had a
positive impact on tourism operator awareness of their organization, as well as the perception
that Civil Defence are prepared to cope with a future disasters.
8.2.2.2 Preparedness statements
Respondents were asked to indicate on a Likert scale their perception of four preparedness
statements (Table 8.14). Three of the statements were adapted from a survey conducted in Te
Anau by Leonard et al. (2004) who surveyed 162 local residents in Te Anau following the
2003 Fiordland earthquake (M7.1). Each of the four statements will be described and
discussed individually below together with comparative results from the 2004 Te Anau study
(except the business preparedness question which was not replicated).
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Table 8.14. Four statements relating to preparedness, shown as row percentages. Also shown are the mean and standard deviation (SD).
n
An AFEQ will be too destructive to bother
preparing for

Mean#

Standard
Deviation

SA

A

Neutral

DA

SDA

244

3.96

0.906

1.2

7.4

13.5

50.0

27.9

245

4.36

0.691

0.4

1.6

4.5

45.3

48.2

246

2.93

1.159

8.9

33.7

22.0

25.6

9.8

Getting prepared for an earthquake will help 245
my business to recover after the event*

2.56

1.068

13.5

42.9

23.3

15.1

5.3

It is unnecessary to prepare for an
earthquake because assistance will be
provided by the council and/or emergency
services
Getting prepared for an earthquake will
significantly reduce damage to my home
should an earthquake occur

# Likert scale ranges from 1 = strongly agree (SA); agree (A); neutral; disagree (DA); 5 = strongly disagree (SDA).
* This question was not replicated from Leonard et al. (2004).
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Most respondents do not believe a large AFEQ will be too destructive to bother preparing for,
with responses to this statement producing a mean score of 3.96. Seventy eight per cent of
respondents disagreed or strongly disagreed with the statement. Only 8.6% agreed or strongly
agreed. A cross-tabulation with region did not offer any more to this analysis. Results from
the Leonard et al. (2004) study revealed that 68% of Te Anau respondents disagreed with the
statement, and 13.3% agreed.
There was general disagreement that it is unnecessary to prepare for an earthquake because
assistance will be provided by the council and/or emergency services. The mean score was
4.39, and nearly half of the sample (48.2%) strongly disagreed. Leonard et al. (2004) reported
22.2% of residents in their sample strongly disagreed and 60.1% disagreed with the statement.
There was a broad range of opinion regarding the potential benefits of getting prepared in the
home, producing a mean score of 2.93, with a standard deviation of 1.159. The variability of
results is greater compared to the other three preparedness statements, with 42% of operators
in agreement, compared to 35.4% who disagreed. Regional differences were not statistically
significant, but did reveal a higher proportion of disagreement with the statement from Lakes
District and West Coast respondents. Leonard et al. (2004) reported two-thirds of their sample
agreed that preparations would reduce damage to their home, and only 12% disagreed.
The statement regarding business preparation for an AFEQ produced the lowest mean score
(2.56), indicating a greater level of agreement than any of the other statements. Two-thirds of
respondents either agreed or strongly agreed. Regional differences in opinion were not
statistically significant; however, there was more neutrality at the expense of agreement from
Lakes District and Fiordland operators than from other regions.
Results from this suite of questions suggest that a significant proportion of tourism operators
do not expect to rely on external sources of help in the immediate aftermath of a crisis, and
believe in their own abilities to cope, indicating an internal locus of control and greater
resilience and self-sufficiency during a disaster (McClure et al. 1999). The geographical
isolation of communities around the Southern Alps is likely to influence the locus of control
of individuals in small communities a long distance from external help. TBO5 described how
his community might fare in the aftermath of an AFEQ; “It’ll be every man for himself”. West
Coast operators, in particular, were realistic about the lengthy delays before they could reopen
for business. For parts of South Westland, it could take more than six months to reinstate SH
6, and emergency services could take longer to reach remote communities compared to higher
priority areas (e.g. Franz Josef, Queenstown, Milford Sound).
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There are many simple preparedness actions that individuals can apply to their homes,
ranging from storing food and water, to strapping hot water cylinders and fixing heavy objects
to walls, which can make a significant difference to the degree of damage to a home
following an earthquake (Lindell & Perry 2000; Lindell & Whitney 2000). However, while a
proportion of respondents believe household preparedness can make a difference, an almost
equally large proportion does not. Lindell and Whitney (2000) consider a number of practical
issues can reduce the uptake of hazard adjustments, including time, money, perceived lack of
the necessary resources and usefulness. Hurnen and McClure (1997) suggest that a degree of
fatalism about a large earthquake can act to reduce the uptake of mitigation measures.
Tourism operators have been shown to place the threat of a large AFEQ into the distant future
(up to 30-50 years away), and this lack of salience coupled with a degree of fatalism appears
to be contributing to reduced motivation to prepare. An individual’s perceptions of their own
abilities can also play a significant role; they may perceive that their actions will not be
effective in reducing the problem (outcome expectancy), or they may not believe in their own
ability to take the appropriate action (self-efficacy) (Paton et al. 2003a; 2006a), and are,
therefore, less likely to attempt to implement preparedness measures.
Paton et al. (2006a) suggest that if a threat is considered too severe, it acts to reduce
motivation to prepare. Tourism operators believe an AFEQ has the potential to seriously
affect their livelihoods, although few respondents consider the earthquake will be too
destructive to bother preparing for; in other words, tourism operators have a positive outcome
expectancy that an AFEQ will not overwhelm them. They are optimistic that taking steps to
improve business preparedness will make a difference post-disaster, but they are uncertain
whether their businesses are prepared, or consider their preparedness to be relatively low.
Paton et al. (2003a) conclude that intention to prepare is not always acted upon, and clearly in
this case tourism operators are not taking steps to improve their business preparedness even
though they believe it could make a difference.
There are a number of potential reasons for the apparent lack of preparedness amongst
tourism operators. The investment of time and money for small to medium tourism businesses
results in preparedness issues competing with other more immediate and important workplace
needs or goals (Paton et al. 2003a; Lindell & Whitney 2000). The Alpine Fault produces large
but infrequent earthquakes, thereby attenuating the perceived risk posed by the fault. It is also
possible that operators lack the necessary knowledge and resources to implement
preparedness strategies, known as low response efficacy (Lindell & Whitney 2000; Paton et
al. 2003a). Webb et al. (2002) found that efforts by business managers to improve
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preparedness often focused on the safety of employees and clients, rather than toward the
continuity of business operations. For example, business recovery plans were less common
than first aid kits or stores of food and water. In addition, preparedness plans in businesses
were designed for site-specific and small-scale interruptions, and not for major lifelines
failures or other significant external events.
This result suggest that risk communicators and local authorities need to find new, innovative
ways of encouraging tourism operators to prepare for a future earthquake, by developing
business preparedness resources which are simple to implement and are made accessible to as
many individual business owners as possible. It is also important to foster business
networking, so the tourism operators can cooperate and learn from others in the business
sector. In terms of personal preparedness, the MCDEM media campaign described above has
reached a wide audience, but a large proportion who saw the campaign were not prompted to
get more prepared for an earthquake. Paton et al. (2003a) suggest that while risk
communication programmes of this kind are effective in raising awareness of a particular
hazard, their ability to motivate individuals to make real steps towards improving their
preparedness can often fall short of expectation.
8.2.2.3 Responsibility for earthquake preparedness
Respondents were asked to rank from 1 (most responsible) to 4 (least responsible) the
responsibility of themselves, Local Council, Regional Council and Emergency Services in
terms of earthquake preparedness. This question proved challenging to analyse; there were 15
missing results, and an additional 45 incorrectly completed responses, which were removed
from the dataset. Frequencies for the ranking assigned to each category were calculated and
are illustrated in Table 8.15.
Table 8.15. Ranking responsibility for emergency preparedness, shown as row percentage
frequencies, with mean and standard deviation (SD), (n = 230). Bold-face cells indicate the
highest frequencies for each category.
Mean

SD

Most
Responsible

Second most
responsible

Third most
responsible

Least
Responsible

Myself

1.86

1.098

55.7

15.7

16.1

12.6

Local
Council

2.44

0.893

15.7

36.5

36.1

11.7

Regional
Council

2.75

1.115

19.1

20.0

27.4

33.5

Emergency
Services

2.56

1.191

23.9

30.9

10.9

34.3
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When asked to rank responsibility for earthquake preparedness, 55.7% of respondents
indicated that the most responsibility lies with themselves as individuals. The mean was 1.86,
the lowest mean score for any of the four categories. Local Council was most likely to be
ranked as second or third most responsible, and a mean of 2.44 placed it second on the overall
rankings. Regional Council was most commonly assigned a third-most, or least responsible
ranking. Emergency Services were considered the least responsible by 34.3% of responses,
however 30.9% ranked it as the second most responsible. The mean scores of Regional
Council and Emergency Services were 2.75 and 2.56 respectively; however, the variance was
relatively high suggesting a spread of results. Overall, the mean scores give an indication that
the primary responsibility for earthquake preparedness is perceived to be with the individual,
followed by Local Council, Emergency services and Regional Council.
While the data analysis for this question is inconclusive, the most interesting outcome is that
the majority of respondents consider themselves as individuals to be the most responsible for
earthquake preparedness. During a disaster, local councils have a responsibility for district
level emergency management and civil defence preparedness (Local Government New
Zealand 2009). Councils are required to coordinate their response with emergency services
and Civil Defence to minimize the impact on people and property. During the recovery phase,
councils have a responsibility to reinstate lifeline supplies, including electricity, water and
sewage. During disaster quiescence, councils must collect information in order to identify,
mitigate and manage natural hazards, and inform local people about these hazards. Regional
councils have responsibilities for regional emergency management and civil defence
preparedness, part of which requires them to have a rapid response to any natural disaster
(Local Government New Zealand 2009).
Emergency Services are responsible for helping search and rescue efforts, and providing first
aid to the sick and injured. However, the scale of future AFEQ may reduce their ability to
fulfill these functions because of a lack of access to many areas, and reduced personnel levels.
In addition, emergency services will be swamped with calls for help, and will need to
prioritize their efforts towards those most in need. Their role in emergency preparedness is,
therefore, negligible; their focus is on response and recovery.
8.2.2.4 Information seeking and discussion about earthquake preparedness
Turner et al. (1986) found the uptake of seismic adjustments, such as storing food/water, was
related to discussion about earthquake risk, and attendance at earthquake preparedness
meetings. Information seeking was also highly correlated with seismic adjustment in research
conducted by Mileti and Fitzpatrick (1993) and Mileti and Darlington (1997) in their studies
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in San Francisco Bay area. In New Zealand, Ronan et al. (2001) found similar correlations
between information seeking and preparedness. When individuals receive new risk
information, they respond by engaging in ‘conversations’, which involve a personal search for
more information, such as talking to trusted friends, relatives or neighbours (Mileti &
Fitzpatrick 1993; Ronan et al. 2001). Paton et al. (2006a, p. 112) suggest the importance
placed on hazard issues in terms of thinking and discussing them (known as critical
awareness), is a predictor of motivation to prepare. The following three questions were
designed to investigate how people engage in the search for earthquake preparedness
information; which sources they use, and the likelihood and frequency of casual conversations
being conducted by tourism operators in their personal and professional lives.
Sources of earthquake information
A list of six prominent sources of information regarding earthquake risk and emergency
preparedness were listed, and respondents were asked to indicate if they had sought
information from any of them by ticking the appropriate boxes. A multiple response of 333
was recorded (since respondents could select more than one source of information), which
included 40% indicating ‘I have never sought information’. Of those who had actively sought
information, the most popular source was the phonebook, with 40% of respondents having
referred to it for information on earthquake/emergency preparedness. Civil Defence is the
second most common source for almost 25% of respondents. The Earthquake Commission
and Local Councils both scored 11% of valid responses, followed by Regional Council (7%),
and the Department of Conservation (2%).
The wide range of sources used by tourism operators to learn about earthquake preparedness
is consistent with Ronan et al. (2001), who demonstrated that individuals rely on a number of
different sources considered the most reliable and credible. Local telephone books contain
basic, useful emergency preparedness information that is simple to access, thus it is logical to
find they are the most popular source of information. Civil Defence have a large range of
information on their website, for individuals and business. The Earthquake Commission is the
provider of Government-guaranteed insurance funding against losses attributable to natural
hazards, and may have been contacted regarding specific insurance issues. Local Councils
have a focus on local emergency management issues, and Ronan et al. (2001) consider that
Local and Regional Councils have an important role to play in acting as role models for local
communities; by demonstrating that they are prepared to deal with local and national disasters
may in fact encourage residents to get prepared too. The relatively low numbers asking Local
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and Regional Councils for help could be indicative of a lack of trust in their reliability, or a
lack of awareness of their knowledge and resources in this area.
Casual conversations about earthquake preparedness
Almost two-thirds of tourism operators had discussed the need for earthquake preparedness
within their own family or household (Table 8.16). One third had discussed the issue with
their employees, and 19.7% have talked about earthquake preparedness with other business
owners they know. Ten percent of respondents stated that they talk to their neighbours or
local council about earthquake preparedness. A cross-tabulation with business type did not
add to this analysis. Cross-tabulations with region highlighted some trends; for example, 25%
of Fiordland operators have made contact with their local council regarding emergency
preparedness, compared to Lakes District (7.8%), West Coast (9.4%) and Eastern Alps (12%).
Operators on the West Coast (71.7%) were more likely to talk to their family/household than
those in Lakes District (64.2%), Fiordland (56%) or Eastern Alps (53.6%).
Table 8.16. The percentage of tourism operators who have discussed the need for earthquake
preparedness within their family/household, with neighbours, other business owners,
employees, or Local/Regional Councils.
N

Yes

No

Don’t

N/A

Family/Household

245

63.3

35.5

0.4

0.8

Neighbours

236

10.2

88.1

0.4

1.3

Business owners

234

19.7

78.6

0.4

1.3

Employees

238

33.2

59.7

0.8

6.3

Local/Regional Council

235

10.6

88.5

0.4

0.4

Frequency of casual conversations about earthquake preparedness
This question was placed in the section described as ‘Your Tourism Business’ so that
respondents indicated their views as a tourism operator rather than as an individual. It added a
frequency component to the question to gauge how often earthquake preparedness is
discussed. Respondents were offered a scale with the categories 1 = ‘never’; 2 = ‘rarely’; 3 =
‘sometimes (2-3 times a year)’; 4 = ‘regularly (once a month)’; 5 = ‘once a week or more’.
They were asked to indicate how often they discussed earthquake preparedness within their
business, and with other business owners they know.
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Tourism operator discussions within their business returned a mean of 2.16 (n = 249). One
quarter of respondents stated they never talk about earthquake preparedness at work, and 39%
said they talk “rarely” (Table 8.17). Twenty-nine percent selected the ‘sometimes’ option.
The second part of the question asked whether operators had discussions with other business
owners they know, which produced a mean of 1.76 (n = 245). Forty-one percent said they
never talked with other business owners, and an additional 40.6% chose the ‘rarely’ option.
Fourteen percent indicated that they ‘sometimes’ talk to other business owners.
Table 8.17. Frequency of casual conversations within tourism businesses, and with other
business owners, including n and mean.

Sometimes Regularly

More than
once a
week

n

Mean

Never

Rarely

Within their
business

249

2.16

25.5

38.6

29.5

5.2

0.4

With other
business owners

245

1.76

41.4

40.6

13.5

2.0

0

Casual conversations about earthquake preparedness indicate that individuals consider the
issues to be important enough to give thought to, and engage in with others (Paton 2003),
although it must be remembered that nearly 40% had never sought information about
earthquake preparedness. Talking about earthquake preparedness is influential in raising
critical awareness, which is a key determinant and motivating factor for individuals to become
more prepared (Paton et al. 2006a). Talking about issues within the community is also
understood to improve participation in community activities, clubs or memberships (Paton et
al. 2006a). The results for this question suggest that the majority of operators are talking
about preparedness issues at home. However, relatively few individuals are talking to their
neighbours about their emergency planning ideas, which is an area that needs to be improved,
particularly in small, rural communities.
For tourism operators who run small owner-operator businesses, the extent of formal
emergency planning can be limited, which Lindell and Whitney (2000) have related to
financial, capability and time constraints. In this regard, casual discussions can be a very
productive way to raise awareness about the issues. The two questions relating to casual
discussions about earthquake preparedness suggest tourism operators are attempting to reach
out to their employees, and in general, discussions within their own business were more likely
than with other business owners. Talking with other business owners could lead to a greater
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awareness of the importance of business networking, which could enhance business resilience
and act as a positive force in the response and recovery phase of an AFEQ.
8.2.3

Community Issues

Community resilience to disasters is a concept that has developed from the wider framework
of disaster preparedness and hazards research (Ronan & Johnston 2005). In simple terms, it
describes the network of community resources that facilitate recovery from a disaster; not
simply recovering to the pre-disaster situation, but rebounding to an improved state (Paton &
Johnston 2006). Resilience is developed through cooperation and communication across
different organizations and groups within the community (Ronan & Johnston 2005). The
degree to which individuals get involved in community activities is closely tied with positive
self-efficacy and enhanced personal preparedness (Paton et al. 2003a). Turner et al. (1986)
suggest social ties and involvement in community activities give individuals an improved
sense of their ability to cope, because they feel as though they are part of a network and not
‘doing it alone’. Schools play an integral role in community life in many small towns and
villages, and in the context of this research, are an essential conduit for disseminating
earthquake risk information to children and, indirectly, to their parents (Ronan & Johnston
2005).
This section describes results associated with community resilience. First, results were
considered from six questions designed to investigate community preparedness initiatives,
including community-based emergency response planning, dissemination of hazard
information and involvement in community preparedness meetings. Respondents were offered
four tick boxes: ‘yes’, ‘no’, ‘don’t know’, and ‘n/a’. Note that while these data do not provide
detail on the size and scale of local community efforts in emergency planning, they are
indicative of community-based activities that contribute to an overall sense of community
resilience. The second part of this section describes results from five statements regarding
community belonging. These statements were adapted from work conducted by Ronan et al.
(2004) on local residents in Te Anau. Results for each statement are described, together with
comparable data from the Te Anau study, followed by a summary and discussion at the end of
the section.
8.2.3.1 Community response plans
In total, 43% of respondents confirmed their community has an emergency response plan.
Fifty-two per cent did not know, and 4% said their community does not have a plan. A crosstabulation with business location was performed to investigate any regional variation (Table
194

8.18). The region with the most positive responses was Eastern Alps on 53.5%. Fiordland and
West Coast scored relatively highly, with 50% and 46% respectively. In comparison, Lakes
District responses showed a higher proportion of uncertainty about whether plans exist locally
(58.3%), and comparatively few responses confirming community plans are in place (38.6%).
Table 8.18. Regional responses to the presence or absence of local emergency response plans,
shown as row percentage (n = 242).
n

Yes

No

Don’t know

Lakes District

132

38.6

2.0

58.3

Fiordland

28

50.0

3.0

46.4

West Coast

54

46.0

9.0

44.0

Eastern Alps

28

53.5

0

46.4

Tourism operator awareness of community planning for earthquake preparedness in Eastern
Alps was relatively high. Responses from Eastern Alps came from two communities: Mt
Cook and Arthur’s Pass, both of which are small and geographically isolated. Mt Cook village
lies within the boundaries of a national park, and DOC plays a significant role in community
emergency planning, and in building resilience. For example, they operate a well-organised
SARS team, which is a key human resource in the community. Similarly, Arthur’s Pass has a
strong Department of Conservation presence, lying within Arthur’s Pass National Park
boundaries.
Gough (2000) used Mt Cook as a case study in an investigation of risk perceptions in remote
communities in New Zealand. The community was described as ‘cohesive and informed’ (p.
3), based on their support for local activities, the school and fund-raising efforts (Gough
2000). Individuals in the community embraced the hazardous nature of their environment, and
‘expressed a sense of satisfaction or enjoyment’ about it. The village can potentially host up
to 3,000 day visitors and 1,000 overnight visitors in summer months. In recognition of their
responsibilities for tourism management and for their community as a whole, Mt Cook village
developed an Emergency Response Plan (ERP) in 2008. It was a collaboration between
tourism operators, Mackenzie District Council, DOC and local residents. The plan describes
potential threats and hazards, and includes chain of command, welfare, warning systems,
media liaison and evacuation procedures; in short, it is a comprehensive management plan for
a remote, hazard-prone community, and one which contributes to enhancing the resilience of
the community to disaster.
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Lakes District had the lowest proportion of operators who knew of local efforts to plan for
emergencies. The population of Queenstown is diverse and transient as young international
travellers come and go in search of seasonal employment. Population transience contributes to
a lack of cohesion, placing the community at risk and reducing resilience. Their lack of
awareness and understanding about community issues and lack of involvement in local
activities creates a division in the population that can reduce community resilience. Donner
and Rodriguez (2008) agree issues such as population diversity and migration can have a
significant impact on the cohesiveness of a community.
8.2.3.2 Hazard information from local authorities
Respondents were asked if they had received any earthquake hazard information from Local
or Regional authorities. A quarter of Lakes District responses confirmed they had received
earthquake hazard information from Local and Regional Councils, which was the lowest for
all four regions (Table 8.19). Fiordland and the West Coast scored 46.4% and 46.3%
respectively. More than half the responses from Lakes District and Eastern Alps had received
no information. Lakes District responses had the highest proportion of ‘don’t know’ responses
compared to all other regions.
Table 8.19. Regional percentage responses for whether tourism operators have received
earthquake hazard information from local or regional authorities (n =244).
n

Yes

No

Don’t know

Lakes District

134

25.4

52.2

22.4

Fiordland

28

46.4

39.3

14.3

West Coast

54

46.3

42.3

11.0

Eastern Alps

28

32.1

53.6

14.3

Lakes District and Eastern Alps recorded low levels of hazard information from the local and
regional councils. For Eastern Alps, the councils are located close to the main population base
of the region on the east coast; the Regional Council is in Christchurch (Environment
Canterbury), and the Local Councils are in Christchurch, Timaru and Oamaru. Comparatively
few people live in the western part of the district around the Southern Alps. The prioritization
of natural hazards in the region may be partially determined by population exposure, meaning
that the low proportion of people living in the west are less likely to receive hazard
information about earthquakes.
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In the case of Lakes District, the relatively high proportion of uncertainty conveyed by Lakes
District respondents about the receipt of earthquake hazard information, coupled with the
lowest positive response compared to all four regions, suggests that either hazard information
is not being distributed, or that risk communication lacks efficacy for the local residents in the
Lakes District. Damaging floods affected downtown Queenstown in 1999 (Becker &
Richardson 2000), and as a result the Local Council makes contact with local retailers each
year about the flood warning procedure. Hazard prioritization takes into account frequency
and risk of known hazards, and damaging floods are potentially higher priority for
Queenstown-Lakes District Council, perhaps at the expense of earthquake hazard
communication.
8.2.3.3 Community preparedness meetings
More than 76% of respondents had never been involved with any meetings concerned with
emergency preparedness (Table 8.20). Local Council meetings had been attended by 8.8% of
the sample, compared to meetings run by Civil Defence (11.5%) or other community groups
(10.6%). Meetings run by schools were the most likely forum for involvement by tourism
operators or their families, with 16% having attended a school meeting (χ2 = 0.2945, df = 9, P
= 0.001). Of the respondents who describe their living situation as ‘family with children’,
29% had been involved with schools emergency preparedness meetings, compared with only
5% of individuals without children.
Table 8.20. Respondents involvement in emergency preparedness meetings run by Local
Councils, Civil Defence, Schools or other community groups, shown as percentages.
n

Yes

No

Don’t know

N/a

Local Council

228

8.8

85.5

4.8

0.9

Civil Defence

227

11.5

84.6

3.1

0.9

Schools

223

16.1

76.7

4.5

2.7

Other

207

10.6

81.6

5.3

2.4

A regional cross-tabulation highlighted that 36% of Fiordland operators and 20% of West
Coast operators have been to a school meeting about earthquake preparedness, compared to
only 12.1% and 9.1% of Lakes District and Eastern Alps operators respectively (Table 8.21).
Fiordland (25.9%) and Eastern Alps (23.1%) operators were the most likely to attend a Civil
Defence meeting compared to Lakes District (7.3%) or West Coast (8.3%) operators. Local
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Council meetings (n = 225) have been attended by 16.7% of Fiordland operators, compared to
Eastern Alps (12.5%), Lakes District (7.8%) and West Coast (6.1%).
Table 8.21. Regional analysis of attendance at earthquake preparedness meetings. Figures
represent tourism operators who had attended a meeting, shown as frequency percent.
Lakes District

Fiordland

West Coast

Eastern Alps

Local Council

7.8

16.7

6.1

12.5

Civil Defence

7.3

25.9

8.3

23.1

Schools

12.1

36.0

20.0

9.1

Other

9.6

8.7

13.0

14.3

The Fiordland and West Coast regions scored highly in the schools category compared to
Lakes District and Eastern Alps. More than half (55.2%) of tourism operators in Fiordland
have children at home, as do 38.2% of West Coast operators. Lakes District operators are also
likely to have children (48.5%) but this was not reflected in their attendance at school
meetings, which may indicate that Lakes District schools do not provide earthquake
preparedness meetings. Ronan and Johnston (2005) found that a school programme involving
six sessions on earthquake preparedness over a six-week period resulted in an average
increase of four hazard adjustments per household. Schools play a key role in building
community resilience (Mileti 1999; Ronan & Johnston 2005), specifically where children take
information home to their families, thereby embedding ‘an ethos of hazard sustainability’
(Ronan & Johnston 2005, p. 59).
Civil Defence is an organization that plays a key role in developing community resilience to
disasters. Fiordland operators were the most likely to have attended a Civil Defence, Local
Council or school earthquake preparedness meeting. The relatively frequent experience of
damaging earthquakes in Fiordland compared to other regions in recent years is the most
likely cause. Following the M7.1 2003 Doubtful Sound earthquake, Civil Defence held a
community meeting to advise the local population about matters concerning the earthquake.
Three hundred people packed the local hall to hear speakers from EQC and GNS (Poole
2003).
8.2.3.4 Community belonging
Five statements regarding community belonging were designed to gauge how tourism
operators perceive their place within their community (Table 8.22). Belonging statements
were adapted from Leonard et al. (2004). Four of the five statements were replicated. For the
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fifth question, Leonard et al. (2004) asked “Even if I had the opportunity I would not move
out of this community”; this was changed into a negative statement for this research to
balance the other four positive statements in the suite of questions so that respondents had to
think carefully about their responses. Results for each statement, together with comparative
results from Leonard et al. (2004), are described and discussed.
Tourism operators generally do not want to move out of their community; 80.2% percent
disagreed or strongly disagreed with the statement. A cross-tabulation revealed no
relationship between location and likelihood to want to move away. Sixty-five percent of Te
Anau residents in the Leonard et al. (2004) sample agreed they would not move out, and 21%
were neutral.
Eighty-two percent of respondents agreed or strongly agreed their neighbours would help
them in an emergency. Only 6% disagreed or strongly disagreed. Ninety-three percent of
Fiordland respondents agreed or strongly agreed (compared to 89.2% in Leonard et al.’s
sample). Eastern Alps (96%) and West Coast (85%) operators generally agreed with the
statement. Lakes District scored the lowest proportion in agreement, with 75% (Table 8.23),
and had the highest neutral result, on 16.2%.
Table 8.23. Cross-tabulation between tourism business location and the statement “I believe
my neighbours would help me in an emergency”, shown as row percentages (n = 249).
Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

Lakes District

22.0

52.9

16.2

5.9

2.9

Fiordland

41.4

51.7

6.9

0

0

West Coast

36.3

49.1

9.1

5.5

0

Eastern Alps

41.4

55.2

3.4

0

0

The sense of community belonging was strong in tourism operators, with almost 80%
agreeing or strongly agreeing that they belong in their community. West Coast (76.2%) and
Lakes District (75.8%) showed the least agreement, compared to 93.1% and 86.2% of
Fiordland and Eastern Alps operators respectively (Table 8.24). Leonard et al. (2004) found
slightly less agreement amongst Te Anau residents compared to the Fiordland results for this
research. Eighty-two percent were in agreement, while 15% selected the neutral category.
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Table 8.22. Five statements regarding community belonging (n = 250), including mean and standard deviation.
Mean

Standard
Deviation

Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

Given the opportunity I would like to move out
of this community
I believe my neighbours would help in an
emergency

4.24

1.147

6.0

3.2

10.8

20.8

59.2

1.96

0.861

30.0

52.0

12.0

4.4

1.6

I feel as though I belong in my community

1.96

0.891

32.0

47.2

16.0

2.4

2.4

I feel loyal to the people in my community

1.93

0.811

29.6

52.8

14.0

2.0

1.6

I plan to remain a resident of this community for
a number of years

1.94

0.99

36.8

43.6

12.4

3.2

4.0

* Likert scale from 1 = strongly agree, to 5 = strongly disagree
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Table 8.24. Cross-tabulation between tourism business location and the statement “I feel as
though I belong in my community”, shown as row percentages (n = 249).
Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

Lakes District

24.3

51.5

19.1

1.5

3.7

Fiordland

41.4

51.7

3.4

3.4

0

West Coast

38.2

38.2

18.2

5.5

0

Eastern Alps

44.8

41.4

10.3

0

3.4

The statement regarding loyalty to the people in their community generated strong positive
opinion, with 82.2% of responses in agreement, and only 3.6% disagreeing. Regionally,
Fiordland operators had the strongest degree of loyalty to the people in their community, with
89.7% of respondents agreeing or strongly agreeing, compared to Lakes District (79.4%),
West Coast (83.6%) and Eastern Alps (86.2%) (Table 8.25). Te Anau residents scored
similarly high positive results compared to the Fiordland results for this research, with 85.4%
in agreement (Leonard et al. 2004).
Table 8.25. Cross-tabulation between tourism business location and the statement “I feel loyal
to the people in my community”, shown as row percentages (n = 249).
Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

Lakes District

21.3

58.1

16.2

2.2

2.2

Fiordland

34.5

55.2

6.9

3.4

0

West Coast

40.0

43.6

16.4

0

0

Eastern Alps

41.4

44.8

6.9

3.4

3.4

Tourism operators were committed to living in their community, with the statement about
remaining a resident producing the highest proportion in the strongly agree category
compared to all the other community statements (36.8%). A further 43.6% of responses fell
into the agree category. Lakes District showed the highest proportion of agreement, on 83.9%,
while the West Coast scored 72.7% (Table 8.26). Te Anau residents were less likely to
strongly agree (32.3%) than the Fiordland tourism operator respondents in this research
(48.3%) (Leonard et al. 2004).
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Table 8.26. Cross-tabulation between tourism business location and the statement “I plan to
remain a resident of this community for a number of years”, shown as row percentages (n =
249).
Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

Lakes District

32.4

51.5

9.6

2.2

4.4

Fiordland

48.3

31.0

17.2

0

3.4

West Coast

38.2

34.5

18.2

5.5

3.6

Eastern Alps

41.4

37.9

10.3

6.9

3.4

Community belonging statements showed strong positive bias towards agreement (or
disagreement in the case ‘moving out of the community’ statement). Regional differences
were noticeable, but were not statistically significant. Lakes District respondents were less
inclined to believe their neighbours would help them, and they felt a lesser sense of belonging
in their community. They were also less likely to feel loyalty to their fellow townspeople.
They were, however, most likely to plan to remain a resident of their community for a number
of years. While their reasons were not specifically investigated, it may relate to the fact that
their tourism business is site-specific in terms of its location (e.g. ski field, river jet boating),
and that their business is reaping obvious benefits by being located in a busy, tourist town.
Queenstown has a population of 23,000, and has experienced population growth of 34% since
2001 (Statistics New Zealand 2009). While tourism businesses benefit from the availability of
transient workers, there are negative spin-offs for the community. For example, short-stay
members of the population are less likely to add to the social capacity of the town regarding
community initiatives, such as involvement in Civil Defence, fire brigade, or simply meeting
and getting to know neighbours, thereby effectively reducing social/community cohesion
(Donner & Rodriguez 2008).
Fiordland operators were the most positive about community belonging, and their belief that
their neighbours would help them, as well as their overall sense of loyalty. Tourism activities
in Fiordland are based primarily in Te Anau with only a few operators permanently located in
Milford Sound. The strong sense of community is comparatively high compared to other
regions, which may result from the population being concentration in one town. Comparative
results between this research and the community belonging statements from Leonard et al.
(2004) suggest that tourism operators are more satisfied with their community than the
general residential population, judging by the higher proportions of strong agreement shown
in the tourism sample population. Reasons for this would be interesting to investigate further,
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but could, for example, relate to employment status whereby all the respondents for this
research owned and operated their tourism business, while the general population could be
unemployed or working in situations that are not as satisfying to them. It could also be related
to the nature of the surveys themselves.
West Coast operators were not as strong in their sense of loyalty to their community, or their
feeling of belonging, and were also least likely to plan to remain a resident. This result is
difficult to account for when we consider the popular view of West Coast people. They are
typically considered to be pioneering, independent and fiercely proud of their region as a
result of their heritage (Balcar & Pierce 1996), as gold-miners, farmers and loggers, and due
to their regional isolation (with the Southern Alps separating them from the rest of the
country). However, the population mix of the West Coast, while in net declined in recent
years, is changing as new migrants arrive and get involved in the tourism industry.
Accelerated tourism growth in Franz Josef has been taking place over the last five years.
PSA7 described the changing make-up of the local population by saying:
“We go to public meetings at Franz Josef now and we might really know six or eight
people, when we used to go to a public meeting at Franz Josef and we were all on first
name terms. A very different population now”.
While the social outcomes of tourism growth in the West Coast are to a certain extent beyond
the scope of this research project, it is interesting to speculate at how these changes are
affecting community resilience. In Franz Josef, the cultural capacity of the town is altered as
the balance between established farming and tourism residents is affected by increasing new
arrivals (Tara et al. 2003). Changes brought about by tourism growth could lead to a sense of
dislocation amongst individuals within the community because of the altering community
structure. It could also be argued, however, that new arrivals have a great deal to offer, by
adding fresh perspectives and energy to communities. New arrivals have a role in countering
the out-migration of young people from the region, as an aging population in rural areas acts
to reduce resilience because of their lesser ability to respond to and recover from an
earthquake (Donner & Rodriguez 2008; Wachtendorf & Sheng 2002).
There are a number of ways to facilitate and enhance community cohesion in rural
communities (Coles & Buckle 2004). The Australian government is actively encouraging
community engagement as a means of improving local capacity to respond to disasters, with
volunteer groups playing a vitally important role. Tara et al. (2003) identified the volunteer
fire brigade in Victoria, Australia, as a key facilitator for the community to help build their
own capacity, and for improving community networking and efficacy. In the New Zealand
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context, rural fire services provide a similar function, if less developed, as do volunteer
organisations like St John and Civil Defence. Civil Defence has a critical role in developing
community emergency plans, and one of its major challenges is disseminating their plans to
local residents, particularly in tourist towns with a highly transient residential population.
TBO1 described the lack of understanding about local Civil Defence plans in Franz Josef; “if
you chatted to most ordinary people in town who have only been here for a wee bit they still
wouldn’t have a clue what to do”. The functions of these organisations need to be developed
at community level to try and improve engagement in emergency preparedness. In doing so,
these organisations have the potential to provide a useful forum for local residents to come
together and build their resilience to disaster by improving community networking.

8.3

Factors influencing emergency preparedness

Objective 2 (b) - To investigate the influence of demographic variables and prior
experience on the preparedness of tourism operators
There is a large and growing body of literature focussed on the factors that influence
individuals to become better prepared for disaster (Lindell & Perry 2000; Lindell & Whitney
2000; Heller et al. 2005; Ballantyne 2000; McClure et al. 1999; Paton 2003; Russell et al.
1995). Much of the research literature highlights the discordance between what one might
expect and what is true in reality. For example, one might expect individuals living in an area
with highly publicised seismic risk, such as California, to be aware of the risks and to take
appropriate action to get themselves prepared (Mileti & O’Brien 1992; Mileti & Fitzpatrick
1993; Mulilis & Duval 1995). One might expect individuals who have lived through major
disasters, such as the M6.7 Northridge earthquake in 1994, to feel a sense of urgency towards
getting more prepared. But in reality, extensive research tells us that neither of these ideas is
necessarily the case. People living in earthquake-prone regions have been seen to deny or
reduce the seriousness of the risk in their own minds, particularly when they feel there is little
to be done to reduce that risk (Lindell & Whitney 2000; Heller et al. 2005). What has become
apparent is that there is a very complex and extensive range of social, cultural and
environmental factors that play a role in determining an individual motivation to improve
their level of disaster preparedness.
Business and personal preparedness overlap significantly; business preparedness is inevitably
influenced by the perceptions of risk and motivation to prepare amongst those in charge;
owners or managers (Webb et al. 2002). The size of the business will also contribute to the
level of resourcing available for disaster preparation and planning. Webb et al. (2000) studied
disaster preparedness amongst a large population of 5,000 private-sector firms in communities
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across the United States, and found larger businesses had an increased capacity to get
prepared; e.g. they could employ staff dedicated to business preparedness. Drabek (1994;
1995) investigated disaster planning and response in a population of 185 tourism executives
in the United States, and concurred with Webb et al. (2000) that the characteristics of the
business (e.g. size, complexity, ownership) are a stronger determinant of preparedness than
the risk perceptions of business managers. Drabek (1995) concluded that tourism business
preparedness was generally unsatisfactory.
To date, only few attempts have been made to investigate the risk perceptions and disaster
preparedness of a tourism business population. This research project investigates tourism
operator perceptions of earthquake risk in a region with significant seismic potential. Do
tourism operators ignore legitimate risks, or do they take measures to offset the risks? Do they
believe, optimistically, that earthquakes will impact on other people or businesses more than
themselves? Does their prior experience of damaging earthquakes play a role in motivating
them to prepare for future events? Do demographic factors have any influence on business
preparedness? These questions are all addressed in the following section.
Age, gender, level of education and living situation are key demographic variables found to
have varying degrees of influence over an individual’s motivation to prepare for disaster
(Lindell & Perry 2000; Donner & Rodriguez 2008; Russell et al. 1995). The role of prior
experience of a disaster is correlated with improved preparedness for future events (Mileti
1999; Lindell & Perry 2000; Tierney et al. 2001). In order to investigate the degree of
influence of these variables, and in doing so satisfy Objective 2 (b) of this research, a number
of questions relating to emergency preparedness and risk perceptions were positioned
throughout the survey with the specific intention of being used to cross-tabulate with
demographic variables and prior experience to determine their degree of influence.
Preparedness was not measured by using a list to quantify the adoption of hazard adjustments;
instead, questions were asked to gauge operator perceptions of their own level of
preparedness, and that of their tourism business.
The preparedness questions used for analysis include:
- Perceptions of the extent of the threat posed by the Alpine Fault;
- Four statements regarding perceptions of personal preparedness;
- The frequency and occurrence of casual conversations about earthquake preparedness;
- Perceptions of how prepared they and their business are to deal with an AFEQ;
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Table 8.27. Summary table showing the personal and business preparedness questions, and the demographic factors and prior experience questions
with which they were cross-tabulated. Asterisks denote statistically significant results.
Personal Preparedness questions
The extent of the threat posed by the Alpine Fault on personal safety

Business Preparedness questions

Demographic
factors

Prior
experience

The extent of the threat posed by the Alpine Fault on business

‘An AFEQ will be too destructive to bother preparing for’
‘It is unnecessary to prepare for an earthquake because assistance will be
provide by council/emergency services’

‘Getting prepared for an earthquake will help my business recover after
the event’

Age

‘Getting prepared for an earthquake will significantly reduce damage to
my home’
Occurrence of conversations within family / household, neighbours
about earthquake preparedness
‘To what extent do you perceive you are prepared to deal with an AFEQ’

Occurrence of casual conversations with employees, other business
owners about earthquake preparedness
Frequency and occurrence of conversations within their business, and
with other business owners
‘To what extent do you perceive your business is prepared to deal with
an AFEQ’*
‘After an earthquake the business community will look after each
other’
‘Things should get back to normal quickly’**
‘There will be a drop in visitor numbers for many months after the
earthquake’
‘I’m confident my business is prepared for an AFEQ’
‘I doubt my business could survive the aftermath of an AFEQ’
Presence or absence of continuity insurance
Presence or absence of a business disaster plan

* Statistically significant when cross-tabulated with prior experience
** Statistically significant when cross-tabulated with prior experience and gender
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Gender

Living
situation

Level of
education

Experience
of a
damaging
earthquake

- Perceptions of the potential impact of an AFEQ on themselves and their business;
- Presence or absence of business continuity insurance;
- Presence or absence of business disaster planning.
This section is divided into five sub-sections based on age, gender, living situation, level of
education and prior experience, together with the cross tabulated results generated from the
preparedness statements listed above. A summary of the cross-tabulations carried out is
shown in Table 8.27. Only two statistically significant results were generated during the both
from the prior experience question. The remaining analyses, while not statistically significant,
produced interesting trends worthy of some discussion. Only analyses that produced notable
results will be described.
8.3.1

Age

The role of age in determining preparedness behaviour in individuals has been found to have
varying degrees of influence (Heller et al. 2005; Lehman & Taylor 1988; Lindell & Whitney
2000; Turner et al. 1986), with much of the research producing interesting trends, rather than
expansive correlations (Lindell & Perry 2000). Heller et al. (2005) believe there is a
possibility that the relationship is curvilinear (inverted U-shaped), where both the young and
old are the least prepared for disaster. Dooley et al. (1992) found age was among several
demographic factors that influenced preparedness. The following section presents how
individual tourism operators perceive their own level of preparedness, and that of their
tourism business. It should be noted when considering these results that tourism operators
were predominantly in the 41-64 years age group (167 respondents), with only eleven
respondents in the 64 years or above cohort. Sixty-six respondents were aged between 21-40
years. The sole operator in the < 21 years group was removed from the analysis.
The analyses are divided into two sections; the first describes results relating to individual
preparedness, followed by a section on questions associated with business preparedness.
8.3.1.1 Personal preparedness versus age
More than 70% of tourism operators in the 21-40 and 41-64 age groups selected the
‘probably’ or ‘a great deal’ categories to indicate the extent of the threat to their personal
safety by an AFEQ (Table 8.28). In contrast, 43.5% of operators over 65 years in age chose
these two categories, with 45.5% in the ‘possibly’ category.
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Table 8.28. Age cross-tabulated against the perceived extent of the threat to personal safety by
an AFEQ, shown as row percentage frequencies.
Not at all

Possibly

Unsure

Probably

A great deal

n

21-40 years

0

17.4

5.8

37.7

39.1

69

41-64 years

1.2

21.7

4.2

30.7

42.2

166

0

45.5

9.1

18.2

27.3

11

65+ years

The preparedness statement regarding earthquake preparation in the home showed some
differences between the three age groups (Table 8.29). A greater proportion of operators aged
over 65 years were uncertain whether getting prepared would reduce damage to their home
(45.5%), compared to the 21-40 years (23.5%) and 41-64 years (19.6%) age groups.
Operators aged between 41-64 years were the most likely to disagree that making
preparations will make a difference, and the 21-40 year old age group were the most likely to
agree.
Table 8.29. Age cross-tabulated against the preparedness statement ‘Getting prepared for an
earthquake will significantly reduce damage to my home’, shown as row percentage
frequencies.
Strongly
agree

Agree

Uncertain

Disagree

Strongly
disagree

n

21-40 years

10.3

36.8

23.5

23.5

5.9

68

41-64 years

8.6

32.5

19.6

27.6

11.7

163

0

36.4

45.5

9.1

9.1

11

65+ years

Respondents were asked to rank their perception of how prepared they are as individuals for
an AFEQ, and the result was cross-tabulated with age (Table 8.30). Again, the low sample
population for the age group 65 years and above should be taken into consideration when
interpreting these results. Across all three age groups the data cluster towards the ‘not at all’
end of the preparedness spectrum, with a larger proportion of the 65 years or above age group
in this category than the two other age groups. Seventy percent aged 65 and above were in the
lowest two preparedness categories on the scale, compared to 53% of 21-41 year olds and
39.1% of 41-64 year olds. The age group who considered they were the most prepared were
aged between 41-64 year olds.
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Table 8.30. Age cross tabulated against the extent that operators perceive they are prepared to
deal with an AFEQ, shown as row percentage frequencies.
Not at all

2

3

4

Very
prepared

n

21-40 years

11.8

41.2

30.9

16.2

0

68

41-64 years

15.5

23.6

37.9

17.4

5.6

161

65+ years

40.0

30.0

10.0

20.0

0

10

Discussions about earthquake preparedness with family/household produced some differences
between the three age groups. Sixty-nine percent of respondents aged between 41-64 years
talked within the family, compared to 58.8% of 21-40 year olds and 30% in the 65+ years
category.
8.3.1.2 Business preparedness versus age
When age was cross-tabulated with tourism operator perceptions of the extent of the threat
posed by the Alpine Fault on their business, the results clustered at the ‘a great deal’ end of
the spectrum (Table 8.31). A higher proportion of respondents in the oldest age cohort
indicated the threat to their business was ‘possible’ compared to 4.2% and 2.9% of the 41-64
and 21-40 year age groups respectively. This mirrors the results regarding the threat to
personal safety described above, where the oldest age cohort downplayed the threat.
Table 8.31. Age cross-tabulated against the perceived extent of the threat to their tourism
business by an AFEQ, shown as row percentage frequencies.
Not at all

Possibly

Unsure

Probably

A great deal

n

21-40 years

0

2.9

2.9

33.3

60.9

69

41-64 years

1.2

4.2

0.6

25.3

68.7

166

0

18.2

0

27.3

54.5

11

65+ years

The 65+ age group considered their business to be the least prepared. Fifteen percent of the
21-40 year age group indicated they are not at all prepared, compared to 23.4% of 41-64 years
and 33.3% of the 65+ age group (Table 8.32). As was the case for the personal preparedness
question, the 41-64 year age group consider themselves to be the most prepared overall,
having the highest proportion of responses in the 4-5 categories.
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Table 8.32. Age cross-tabulated against the extent that operators perceive their business is
prepared to deal with an AFEQ, shown as row percentage frequencies.
Not at all

2

3

4

Very
prepared

n

21-40 years

14.7

39.7

32.4

10.3

2.9

68

41-64 years

23.4

27.8

31.6

13.9

3.2

158

65+ years

33.3

33.3

22.2

11.1

0

9

There was stronger agreement from the 21-40 year age group that preparation would help
with business recovery, which scored 19.1% in the strongly agree category compared to
11.1% and 9.1% for the 41-64 and 65+ year categories respectively (Table 8.33). Eighteen
percent of the 65+ aged respondents strongly agreed that making preparations would help in
business recovery post-event.
Table 8.33. Age cross-tabulated against the preparedness statement ‘Getting prepared for an
earthquake will help my business recover after the event’, shown as row percentage
frequencies.
Agree

Neutral

Disagree

21-40 years

Strongly
agree
19.1

14.7

Strongly
disagree
2.9

44.1

19.1

41-64 years

11.1

43.8

65+ years

9.1

36.4

n
68

24.7

15.4

4.9

162

36.4

0

18.2

11

With respect to continuity insurance, the two younger age groups scored similar results with
between 62-66% of respondents indicating their business had continuity insurance. In
contrast, 44.5% of the 65+ years age group stated they were insured against business
interruption. The statements regarding the aftermath of an AFEQ and its impact on business
produced some notable results. The youngest age group (21-40 years) was the most optimistic
there would be help and co-operation from other business owners following a large AFEQ
(Table 8.34). Only the 65+ year group scored zero for the strongly agree category for this
question. There was a spread of data across all five categories for the 41-64 age group.
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Table 8.34. Age cross-tabulated against the statement ‘After an earthquake the business
community will look after each other’, shown as row percentage frequencies.
Strongly
agree

Agree

Uncertain

Disagree

Strongly
disagree

n

21-40 years

14.5

40.6

37.7

7.2

0

69

41-64 years

6.7

33.5

35.4

18.3

6.1

164

0

40.0

30.0

30.0

0

10

65+ years

There is considerable uncertainty across all age groups regarding business survival following
an AFEQ (Table 8.35). While 5.7% and 12.6% of the two younger age groups agreed that
their business may not survive, a higher proportion believed their business survival would not
be in doubt, notably 60% of the 65+ years age cohort.
Table 8.35. Age cross-tabulated against the statement ‘I doubt my business could survive the
aftermath of an AFEQ’, shown as row percentage frequencies.
Strongly
agree

Agree

Uncertain

Disagree

Strongly
disagree

n

21-40 years

1.4

4.3

43.5

37.7

13.0

69

41-64 years

1.2

11.4

46.7

33.5

7.2

167

0

0

40.0

40.0

20.0

10

65+ years

While there is strong agreement across all the age cohorts that visitor numbers will drop for
some time following an AFEQ, the 65+ year age group showed less uncertainty and
disagreement compared to the other two age groups (Table 8.36).
Table 8.36. Age cross-tabulated against the statement ‘There will be a drop in visitor numbers
for many months after the earthquake’, shown as row percentage frequencies.
Strongly
agree

Agree

Uncertain

Disagree

Strongly
disagree

n

21-40 years

30.4

40.6

21.7

4.3

2.9

69

41-64 years

36.5

46.7

13.8

1.8

1.2

167

65+ years

40.0

50.0

10.0

0

0

10

The results from this section suggest that tourism operators above the age of 65 years are less
prepared for, and less concerned about the consequences of an AFEQ. This group
downplayed the risk to their personal safety by an earthquake, and showed relatively high
uncertainty about whether getting their home prepared would effectively reduce damage in
the aftermath. They have a relatively low perception of individual preparedness compared to
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their younger counterparts, and are less likely to talk within the family about earthquake
preparedness. This could result from a wide range of personal or cultural factors, but given
that these respondents are retirement age and are unlikely to have dependents living at home,
their perception of the risks posed by the Alpine Fault are different from younger tourism
operators with dependent children. Knight et al. (2000) found older people living in areas that
had experienced high seismic intensities during earthquakes were less likely to prepare for
future events compared with younger people living in the same area. Recent experience was
not found to motivate older people to prepare (Heller et al. 2005).
In terms of business preparedness, the 65+ years age group are more certain of their business
survival, but are the least likely to have business continuity insurance, and consider their
businesses to be the most unprepared. They downplayed the threat posed by the Alpine Fault
on their business by suggesting it was ‘possible’, when the majority chose stronger threat
terms such as ‘probably’ or ‘a great deal’. They have less faith that getting prepared will make
a difference in the post-disaster business situation, and are less inclined to look to others in
the business community for ideas or support. While there is little in the academic literature to
support this view, it is possible that being older may have the affect of allaying concerns or
perceived risks of an earthquake, particularly given the perception that the earthquake may
not happen for 30-50 years, effectively putting it outside their lifetime or the lifetime of their
tourism venture. Older operators may have experienced changes or crises in the tourism
industry before, to which they have adapted and survived, giving them confidence that they
can withstand future crises. They may also have accrued sufficient wealth to provide financial
security, thereby reducing their perceived need for continuity insurance.
8.3.2

Gender

The way that males and females regard risk is markedly different (for example Finucane et al.
2000; Bord & O’Connor 1997; Mulilis 1999; Wachtendorf & Sheng 2002). Males are less
likely to consider an activity or phenomenon to be risky. In contrast, when women are asked
to react to a specific risk they generally show more concern than men (Wachtendorf & Sheng
2002; Bord & O’Connor 1997). In terms of exposure to disaster risks, women are considered
more vulnerable than men, resulting from many factors including lack of power and status,
and their susceptibility to poverty and lower socio-economic class (Fothergill 1998). Given
that women perceive risks more seriously, and are more vulnerable to disaster risks than men,
do they compensate by becoming more prepared for a disaster? The following section
investigates the relationship between gender and disaster preparedness, and presents results
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from cross-tabulations between gender and a range of disaster preparedness questions from
the survey (see Table 8.27 for a list of questions involved in the cross-tabulations).
8.3.2.1 Personal preparedness versus gender
The threat posed to personal safety by the Alpine Fault produced relatively equal scores in the
‘possibly’ category for males and females (Table 8.37); however females (51.6%) are more
likely to select ‘a great deal’ compared to males (33.9%). Perceptions of personal
preparedness were very similar between genders.
Table 8.37. Gender cross-tabulated against the perceived extent of the threat to their personal
safety by an AFEQ, shown as row percentage frequencies.
Not at all

Possibly

Unsure

Probably

A great deal

n

Male

0.8

22.0

5.5

37.8

33.9

127

Female

1.1

19.8

4.4

23.1

51.6

91

Females are more likely to agree that preparation will help reduce damage to their home, with
51.7% agreeing or strongly agreeing, compared to 35.2% of males (Table 8.38). Almost 25%
of males were uncertain, and 40% disagreed or strongly disagreed.
Table 8.38. Gender cross-tabulated against the statement ‘Getting prepared will significantly
reduce damage to my home’, shown as row percentage frequencies.
Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

n

Male

6.4

28.8

24.8

28.0

12.0

125

Female

14.6

37.1

16.9

23.6

7.9

89

8.3.2.2 Business preparedness versus gender
The statement regarding whether taking steps to improve business preparedness will help in
the recovery process produced more uncertainty from males (27.2%) compared to females
(17%, Table 8.39). Women are more likely to agree or strongly agree that preparing is useful
(63.6%) compared to men (50.4%).
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Table 8.39. Gender cross-tabulated against the statement ‘Getting prepared will help my
business recover after the event’, shown as row percentage frequencies.
Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

n

Male

12.0

38.4

27.2

15.2

7.2

125

Female

17.0

46.6

17.0

15.9

3.4

88

The regularity of conversations within the business varied slightly between genders (Table
8.40). Females are more likely to ‘never’ talk about earthquake preparedness within the
business or with other business owners. Males chose the ‘sometimes’ option more frequently
than women, and were more likely to talk with other business owners ‘rarely’ or ‘sometimes’
compared to females.
Table 8.40. The frequency of conversations within tourism businesses, and with other tourism
business owners.

Within the Male
business
Female
With other Male
business
owners
Female

Never

Rarely

Sometimes

Regularly

Often

N

20.6

40.5

34.1

4.8

0

126

27.2

40.2

27.2

4.3

1.1

92

33.9

49.2

16.1

0.8

0

124

48.4

37.4

12.1

2.2

0

91

Men were significantly more likely to disagree with the statement ‘things should get back to
normal quickly’ (χ2 = 0.1379, df = 4, p = 0.008), whereas women showed a greater degree of
uncertainty (Table 8.41). Male perceptions of whether there will be a drop in visitor numbers
following an AFEQ were more inclined towards agreement, with 38.9% strongly agreeing
with the statement (Table 8.41). Women showed more uncertainty (21.7%) compared to men
(11.1%). More than a third (38.9%) of men disagreed or strongly disagreed that their business
is prepared for an AFEQ, compared to 31.5% of women (Table 7.40). The proportion of
uncertainty amongst women (57.6%) was higher than for men (39.5%).
Cross-tabulations between gender and earthquake preparedness produced some noteworthy
results, but they were isolated to certain questions and produced only one statistically
significant result. Females are more likely to agree that making preparations at home would
reduce damage incurred during an earthquake. Half of the female sample population perceive
the threat to their personal safety as ‘a great deal’ compared to only a third of males, which
concurs with other research (e.g. Bord et al. 2001) highlighting the gender differences in risk
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Preparedness statement

Things should get back to normal quickly

There will be a drop in visitor numbers for many
months after the earthquake
I’m confident my business is prepared for an AFEQ

Gender

Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

n

Male

0.8

7.1

35.7

42.1

14.3

126

Female

2.2

11.2

52.8

19.1

14.6

89

Male

38.9

46.0

11.1

1.6

2.4

126

Female

27.2

45.7

21.7

4.3

1.1

92

Male

4.0

17.5

39.5

34.1

4.8

126

Female

0.0

10.9

57.6

26.1

5.4

92

Table 8.41. Three preparedness statements cross-tabulated against gender, shown as row percentage frequencies.
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perception. Women are more likely to consider that preparations will help their business
recover compared to men, who tend to be more uncertain. This supports the findings of
Lindell & Whitney (2000) who found females had greater intention to prepare than males.
The gender of business owners was found to have no influence over business survival
following natural disasters in the United States (Webb et al. 2002). Casual conversations
about earthquake preparedness took place in equal proportions for males and females;
however, the frequency of these conversations differed. Men talked more often about
earthquake preparedness, and were also more likely to talk to other business owners compared
to women. Males do not believe things will get back to normal quickly and are also more
convinced that there will be a drop in visitor numbers for many months. Females tend to show
more uncertainty in their beliefs, particularly on both these statements.
8.3.3

Living Situation

The living situation of individuals has been noted to influence their level of preparedness for
earthquakes. Dooley et al. (1992) reported that married couples and long-term residents were
more concern about seismic risk than others; and Nguyen et al. (2006) and Russell et al.
(1995) found that married couples were more likely to get prepared for an earthquake. The
presence or absence of children in the home can be a predictor for earthquake preparedness
(Ronan & Johnston 2005). To recap, the survey divided living situation into four categories;
as ‘family with children’, ‘family without children’, ‘living alone’ and ‘living with others’.
The following section describes the questions relating to personal and business preparedness.
Tourism operators living alone tended to feel the threat posed by the Alpine Fault more
acutely than the other groups in the analysis, choosing the ‘probably’ and ‘a great deal’
categories more frequently (Table 8.42). In contrast, a third of operators living with others
considered the threat as ‘possible’, compared to 17.9% of families with children, and 26.6%
of families without children.
Table 8.42. Living situation cross-tabulated against the threat posed by the Alpine Fault on
personal safety, shown as row percentage frequencies.
Not at all

Possibly

Unsure

Probably

A great n
deal

Family without children

1.1

26.6

3.2

24.5

44.7

94

Family with children

0.9

17.9

6.2

32.1

42.9

112

Living alone

0

5.0

5.0

65.0

25.0

20

Living with others

0

33.3

4.2

33.3

29.2

24
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Tourism operators living with others were the least likely to have continuity insurance (50%),
compared to those living alone (95%), with children (61.6%) or without children (60.9%,
Table 8.43). There were no differences in the disaster planning data.
Table 8.43. Living situation cross-tabulated with the presence or absence of business
continuity insurance, shown as row percentage frequencies.
n

Yes

No

D/n

Family without children

87

60.9

33.3

5.7

Family with children

112

61.6

35.7

2.7

Living alone

20

95.0

5.0

0

Living with others

24

50.0

45.8

4.2

Families with (65.5%) or without children (68.9%) were more likely to have casual
conversations about earthquake preparedness with family/household compared to those living
alone (50%) or with others (50%). Operators with children living at home (25.2%) or living
with others (25%) were less likely to discuss earthquake preparedness with their employees
compared to operators without children living at home (40.4%) or operators living alone
(55.6%).
Living situation has only a weak influence over personal and business preparedness questions.
Tourism operators without children or living in flatting situations show the highest levels of
optimistic bias in terms of the potential threat posed by the Alpine Fault. In contrast, operators
with dependent children or those living alone are the most concerned about the threat,
describing it as ‘a great deal’. This difference in perception between the two groups indicates
different levels of perceived personal vulnerability to a threat (Nguyen et al. 2006; Russell et
al. 1995). For individuals with dependent children, or those without anyone in the household
for immediate support in the event of a major earthquake, their perceived vulnerability is
raised, which correspondingly increases the perceived threat (Russell et al. 1995). Operators
living alone are most likely to have business insurance, which may be indicative of a lack of
financial support from a partner or spouse at home, making them more likely to take
responsibility for themselves. They are also the most likely to talk about earthquake
preparedness with employees, suggesting that a lack of close family in the household may
provide this group with more opportunities to direct their attention to staff. Casual
conversations about earthquake preparedness within the family / household most frequently
take place when operators have children (either present or no longer living at home), which
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may be driven, in part, by the relatively high proportion of operators who had attended
schools meetings about earthquake preparedness (Section 8.2.3.3).
8.3.4

Level of Education

Education is a demographic factor noted to influence emergency preparedness, with higher
educational attainment correlating with higher levels of earthquake preparedness (Turner et al.
1986; Edwards 1993; Russell et al. 1995). For the purposes of this research, level of education
was divided into four categories; high school, vocational/trade, undergraduate and
postgraduate. This section is structured in the same way as living situation, with both personal
and business factors described in one section.
Tourism operators with a postgraduate qualification take the threat posed by the Alpine Fault
most seriously, with the remaining three education categories showing similar threat
perceptions (Table 8.44).
Table 8.44. Level of education cross-tabulated against the threat posed by the Alpine Fault on
tourism businesses, showing column percentage frequencies.
Not at all
High School
Vocational/Trade
Undergraduate
Postgraduate

Possibly Unsure Probably A great deal

n

1.2

4.7

0

28.2

65.9

82

0

5.3

0

27.6

67.1

76

1.4

2.9

2.9

29.0

63.8

69

0

0

0

18.8

81.2

16

Views on whether preparation would help reduce damage to their home differed; operators
with postgraduate qualifications were more likely to agree with the statement, and showed
less uncertainty in their opinion than operators in the other three education categories.
Similarly, postgraduates were more likely to consider that business preparation will help in
the recovery process. Eighty seven percent of postgraduates agree or strongly agree with the
statement compared to high school (51.2%), vocational/trade (51.3%) and undergraduate
(61.2%). Operators with vocational/trade qualifications showed the highest level of
disagreement that efforts to improve business preparedness would make a difference after the
event (24.3%).
Vocational/trade and undergraduate operators considered themselves the best prepared to deal
with an AFEQ, with 28.7% and 22.7% ranking themselves as a 4 or 5 (with 5 being very
prepared), respectively (Table 7.46).

218

Table 8.45. Level of education cross-tabulated with operator ranking of their personal level of
preparedness for an AFEQ, shown as row percentage frequencies.
Not at all
prepared

2

3

4

Very
prepared

n

High School

17.1

34.1

34.1

12.2

2.4

82

Vocational/Trade

17.3

22.7

32.0

22.7

5.3

75

Undergraduate

10.6

28.8

37.9

19.7

3.0

66

Postgraduate

12.5

37.5

43.8

0

6.2

16

Operators with a postgraduate qualification (93%) were more likely to have continuity
insurance than operators in the other three education categories (59-67%). Although disaster
planning was relatively uncommon in this sample of tourism operators (n = 41), high school
(16.3%) or trade (16.2%) educated operators were the least likely to have made a disaster
plan, compared to operators with undergraduate (22.1%) and postgraduate (26.7%)
qualifications.
Discussions with other business owners varied; operators with postgraduate qualifications
(26.7%) were more likely to talk to other business owners than operators with high school
(16.5%), vocational/trade (18.8%) or undergraduate (22.2%) qualifications. Casual
discussions with their employees were most often engaged in by operators with postgraduate
qualifications (64.3%), and least likely with those with high school qualifications (31.5%).
While the frequency of conversations with other business owners did not differ with level of
education, conversations within the business did; operators with postgraduate qualifications
had the lowest proportion in the ‘never’ category.
Operators with postgraduate qualifications were the most optimistic that the business
community will ‘look after each other’ in the aftermath of an AFEQ (Table 8.46), and showed
the smallest proportion of disagreement compared to any of the other three education
categories.
Results for operators with high school, vocational/trade and undergraduate qualifications were
very similar for the statement ‘things should get back to normal pretty quickly’. In contrast,
those with postgraduate qualifications showed a higher proportion of uncertainty (68.8%) and
none reported strong disagreement with the statement. The question of whether their business
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Table 8.46. Level of education cross-tabulated with the preparedness statement ‘After an
earthquake the business community will look after each other’, shown as row percentage
frequencies.
Strongly
agree

Agree

Uncertain Disagree

Strongly
disagree

n

High School

9.6

37.3

32.5

14.5

6.0

83

Vocational/Trade

6.7

32.0

37.3

17.3

6.7

75

Undergraduate

4.3

31.9

42.0

21.7

0

69

Postgraduate

25.0

56.2

6.2

12.5

0

16

would survive the aftermath of an AFEQ generated high levels of uncertainty across the four
education categories; however, postgraduates were the least uncertain (37.5%) and had the
highest proportion of disagreement with the statement (56.2%, Table 8.47).
Table 8.47. Level of education cross-tabulated with the preparedness statement ‘I doubt my
business could survive the aftermath of an AFEQ’, shown as row percentage frequencies.
Strongly
agree

Agree

Uncertain Disagree

Strongly
disagree

n

High School

2.4

12.9

48.2

25.9

10.6

85

Vocational/Trade

1.3

6.6

43.4

42.1

6.6

76

Undergraduate

0

8.7

46.4

33.3

11.6

69

Postgraduate

0

6.2

37.5

56.2

0

16

The results for educational attainment and earthquake preparedness produced only weak
correlations. There is some evidence to suggest that higher educational attainment has a
positive influence in terms of the perceived benefits of preparing for an AFEQ, particularly
for continuity insurance, and business and personal preparedness. Edwards (1993) concurs
that higher levels of education are often associated with better preparedness. Tourism
operators with postgraduate degrees perceive the threat posed to their business by an AFEQ as
more severe than those with lower levels of education. They also have the strongest belief in
preparedness measures improving post-disaster outcomes for both their home and their
business. They were the most proactive in terms of communicating about earthquake
preparedness with their employees and with other business owners, which was borne out in
the ‘business community will help out’ question, with postgraduates being the most positive
about the benefits of business networking post-disaster. They were also the most optimistic
about the ability of their business to survive an AFEQ.
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8.3.5

Summary of demographic findings

The influence of demographic variables on the perceptions of personal and business
preparedness produced some noteworthy contrasts, but the predominant lack of statistical
significance between the different sub-populations highlights the weak nature of any
demographic influence on disaster preparedness. This finding supports the work of several
international studies, highlighting the complex nature of the factors that determine an
individual’s perceptions of risk and their motivations to become more prepared. Lindell &
Perry (2000) reviewed 23 studies of hazard adjustment and found only small correlations
between demographic variables and the adoption of disaster mitigation measures by
individuals. Lindell and Whitney (2000) found that demographic variables were significantly
less important in determining the adoption of hazard adjustments compared to the attributes of
the hazard adjustment itself (the Theory of Reasoned Action). In other words, the perceived
effectiveness of a hazard adjustment is a much stronger factor in driving an individual to
prepare than the influence of the demographic characteristics of the individual. Lindell &
Whitney (2000) suggested that risk communicators should turn their attention away from
targeted risk communication strategies based on demographic and socio-economic factors,
and work on improving how the public perceives the effectiveness of specific hazard
adjustments. The MCDEM media campaign has gone some way to highlighting the specific
benefits of having an emergency kit at home with a view to being self-sufficient for a period
of three days. More work is needed, however, to encourage communities to develop their own
plans, particularly those around the Southern Alps that may have to accommodate large
numbers of tourists in the event of an AFEQ.
8.3.6

Prior Experience

Of all the factors that influence earthquake preparedness, prior experience has been noted to
produce some of the strongest correlations (Weinstein 1989; Lindell & Perry 2000; Nguyen et
al. 2006). Personal experience of a traumatic event reduces an individual’s optimism and
increases their sense of vulnerability (Helweg-Larsen 1999). People who have survived
disasters tend to become more proactive in getting prepared for future events (Heller et al.
2005), but the converse is also true when individuals normalize the risk by downplaying the
consequences of future disasters based on their knowledge that they survived one, so they will
most likely survive another (Johnston et al. 1999a). The number of past earthquake
experiences has a direct impact on seismic hazard adjustment according to Russell et al.
(1995), and losses experienced from past earthquake are also found to influence preparedness
(Turner et al. 1986; Nguyen et al. 2006). Prior experience of a damaging earthquake was
221

cross-tabulated against preparedness factors to determine whether it had any influence over
personal or business preparedness (Table 8.27). As with living situation and level of
education, this section describes and discusses both the personal and business results.
Tourism operators with prior experience of a damaging earthquake were more likely to
consider the Alpine Fault poses ‘a great deal’ of threat to their personal safety, compared to
operators without experience. The proportion of operators who selected the ‘possibly’
category was similar for both groups in this analysis. In terms of the threat to their tourism
business, operators with prior experience were more likely to choose ‘a great deal’ to describe
the threat (Table 8.48). Only 1% of operators with prior experience selected the ‘possibly’
category, compared to 6.6% for operators with no experience.
Table 8.48. Prior experience of a damaging earthquake cross tabulated with the perceived
extent of the threat to personal safety by an AFEQ, shown as row percentage frequencies.

Threat to
personal
safety
Threat to
business

Not at
all

Possibly

Unsure

Probably

A great
deal

n

0

22.4

3.1

28.6

45.9

98

No experience

1.3

21.2

6.0

34.4

37.1

151

Experience

1.0

1.0

1.0

23.5

73.5

98

No experience

0.7

6.6

1.3

29.8

61.6

151

Experience

Tourism operators with prior experience showed significantly higher perceived levels of
preparedness than those without (χ2 = 0.16, df = 3, p = 0.003; Table 7.50). Twenty-seven
percent of operators with prior experience described their level of personal preparedness as a
4-5 on the scale (5 = very prepared), compared to 15.2% of those without experience.
Operators without experience were more likely to rate their personal preparedness as a 1-2 on
the scale. In terms of perceived business preparedness, operators with prior experience scored
more highly than operators without experience. Twenty percent indicated their business
preparedness was a 4-5 on the scale, compared to 12.6% of operators without prior experience
(Table 8.49).
There were differences in the likelihood of tourism operators to talk about earthquake
preparedness to their family, employees and with other business owners. Seventy-one per cent
of operators who talk about earthquake preparedness within the family or household have
prior experience of a damaging earthquake, compared to 59.5% with no experience. Operators
with prior experience are also more likely to talk to their employees (43.5%) and with other
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business owners they know (54.3%) compared to those without prior experience (30.4% and
45.7% respectively).
Table 8.49. Prior experience of an damaging earthquake cross tabulated with the extent that
operators perceive they are prepared to deal with an AFEQ, shown as row percentage
frequencies.
Not
at all

2

3

4

Very
prepared

n

Perceived personal
preparedness

Experience

12.4

18.6

41.2

20.6

7.2

97

No experience

17.2

36.6

31.0

13.8

1.4

145

Perceived business
preparedness

Experience

18.9

26.3

34.7

15.8

4.2

95

No experience

23.1

34.3

30.1

10.5

2.1

143

The frequency of casual conversations within tourism businesses differs as a result of prior
experience (Table 8.50). Operators with experience of a damaging earthquake are less likely
to indicate they ‘never’ talk about earthquake preparedness within their business, but instead
choose predominantly the ‘rarely’, ‘sometimes’ or ‘regularly’ categories. Twice as many
operators with no prior experience chose the ‘never’ option (31.6%). Eleven percent of
operators with experience talked ‘regularly’ within their business about earthquake
preparedness. The frequency of casual conversations about earthquake preparedness with
other business owners was more common for operators who have experienced damaging
earthquakes in the past; however, the results for this question were not as conclusive as for
conversations within the business (Table 7.52).
Table 8.50. Prior experience of a damaging earthquake cross-tabulated with the frequency of
casual discussions about earthquake preparedness within their business, and with other
business owners, shown as row percentage frequencies.

Prior
Conversations experience
within the
No
business
experience
Prior
Conversations
experience
with other
No
business
experience
owners

Never

Rarely

Sometimes

Regularly

Often

n

16.7

36.5

34.4

11.5

1.0

96

31.6

40.1

27.0

1.3

0

152

36.8

42.1

18.9

2.1

0

95

46.3

40.9

10.7

2.0

0

149
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Operators with prior experience were significantly more likely to agree with the statement
‘things should get back to normal pretty quickly’, with 15.5% agreeing compared to 6.7% of
operators with no experience (χ2 = 8.777, df = 4, P = 0.067) (Table 8.51). There is a higher
proportion of uncertainty from operators without experience.
Table 8.51. Prior experience of a damaging earthquake cross-tabulated with the preparedness
statement ‘Things should get back to normal pretty quickly’, shown as row percentage
frequencies.
Strongly
agree

Agree

3.1

12.4

36.1

0

6.7

47.7

Prior experience
No experience

Uncertain Disagree

Strongly
disagree

n

35.1

13.4

97

31.5

14.1

149

Twenty two per cent of tourism operators with prior experience of a damaging earthquake
were confident their business is prepared for an AFEQ, compared to 13.2% of those without
experience (Table 8.52), although there was a significant proportion of uncertainty for both
groups.
Table 8.52. Prior experience of a damaging earthquake cross-tabulated with the preparedness
statement ‘I’m confident my business is prepared for an AFEQ’, shown as row percentage
frequencies.
Strongly
agree

Agree

Uncertain Disagree

Prior experience

4.1

18.4

44.9

No experience

1.3

11.9

49.7

Strongly
disagree

n

26.5

6.1

98

33.8

3.3

151

Results cross-tabulating prior experience with a range of preparedness statements produced
two statistically significant results, and highlights that tourism operators who have been
affected by a damaging earthquake in the past take the threat posed by the Alpine Fault on
their personal safety and their business more seriously than those with no prior experience.
Lindell and Whitney (2000) reported a positive correlation between prior experience and the
uptake of seismic hazard adjustments, and Nguyen et al. (2006) found that experience of
physical, financial or emotional hardship following the Northridge earthquake in California
increased future preparedness of individuals. Mileti and O’Brien (1992) also conducted
research in California and reported similar correlation between prior experience and
earthquake preparedness.
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Interestingly, prior experience leads to a belief in some operators that life will get back to
normal quickly following an AFEQ, indicating a normalization bias i.e. they have lived
through one damaging earthquake so they can handle another (Johnston et al. 1999a).
Operators with prior experience consider themselves and their business more prepared than
operators with no previous experience. Webb et al. (2002), however, found no correlation
between previous experience or levels of pre-disaster preparedness with the survival rate of
businesses following natural disasters in the United States. Notably, the presence or absence
of insurance and disaster planning was not influenced by prior experience, which concurs
with the findings from Palm & Hodgson (1992) on insurance purchase following the M6.9
Loma Prieta earthquake in California, where past experience only had a negligible affect on
insurance uptake.

8.4

Business Resilience

Objective 2 (c) - To investigate business resilience in the tourism sector, and whether key
resilience factors are influenced by business characteristics.
Business resilience describes the way an organization is prepared and organized for a major
crisis. Broadly speaking it can be defined as ‘a function of the overall vulnerability, situation
awareness and adaptive capacity of an organization in a complex, dynamic and
interdependent system’ (McManus et al. 2008 p. 2). Unexpected events happen regularly in a
business environment, and it is the way these events are dealt with that presents both risks and
opportunities for an organization (Seville et al. 2006). Natural hazards like earthquakes pose a
significant threat to businesses, mainly because they happen so suddenly and without
warning. Rose & Lim (2002, p. 3) describe the direct and indirect losses attributable to natural
hazards, and the ‘chain reaction’ that is set off in terms of consequences for businesses
following a damaging earthquake. In the Southern Alps context, tourism losses will be
affected primarily by road closures and damage to lifelines and infrastructure, but cascading
consequences will be felt across the entire economy of the region.
Just as the preparedness and resilience of individuals can be influenced by personal
characteristics, perceptions and experiences, Webb et al. (2002, p. 46) suggest businesses are
‘differentially vulnerable’ to disasters. Business vulnerability can be influenced by the level
of resourcing of the business, as well as the characteristics of the owner, and access to postdisaster aid (Webb et al. 2002). In addition, Dahlhamer and Tierney (1996) reported the
importance of the financial condition of the business pre-disaster, the degree of disruption to
business operation during the event and the intensity of physical damage. The age and size of
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the business can significantly affect their recovery, with younger and smaller enterprises more
likely to fail than larger, established businesses (Webb et al. 2002). Dahlhamer and Tierney
(1998) investigated business recovery following the 1994 Northridge earthquake in California
and found larger businesses were significantly more likely to survive 18 months after the
event than their smaller counterparts; a phenomenon described as the ‘liability of newness’ by
Stinchcombe (1965).
It is important to reinforce that the concept of business resilience does not relate only to crisis
or emergency management, but also to the ‘reduction’ and ‘readiness’ phases of the 4Rs
emergency management framework (section 5.5, Seville et al. 2006). Preparing and planning
before business interruption can significantly improve post-disaster outcomes, by ‘reducing
the consequences of disaster’ (Rose 2007 p. 3). Putting business resilience concepts into
practice, however, is a major stumbling block (McManus et al. 2008). Simple steps include
having appropriate insurance, and developing a proactive and informative induction process
for new staff. Webb et al. (2000) found businesses had a preference for certain kinds of
preparedness; measures that were relatively uncomplicated and inexpensive, and that would
be useful against a number of different types of emergency situations. For example, first aid
kits and emergency training for staff were far more common than business recovery plans,
evacuation plans or the purchase of generators for emergency power supply (Webb et al.
2000).
The following section describes results for Objective 2(c) of the research; to investigate
business resilience in the tourism sector in terms of whether the presence or absence of key
resilience ‘tools’ is influenced by the characteristics of the business. Key resilience ‘tools’ in
this context include:
-

continuity insurance;

-

disaster planning;

-

staff training;

-

staff induction;

-

evacuation planning.

Tourism operators were asked a range of questions concerning the characteristics of their
business, including:
-

Gross annual business turnover (YE 2007);

-

Owner employment status (presence or absence of secondary employment);
226

-

Length of time in business;

-

Number of employees;

-

Business location (section 7.2.1);

-

Business type (activity/attraction, accommodation or transport) (section 8.1.1).

These business characteristics are expected to have varying degrees of influence over the
ability and capacity of the business to become more resilient to business crises. Each of the
business characteristics is described in the following section, with the inclusion of crosstabulations with other business factors where appropriate, for example, which of the three
tourism business sectors has the highest turnover, or is most likely to have a manager working
in secondary employment. Then, the presence or absence of the five resilience ‘tools’ is
described and discussed. Cross-tabulations between business characteristics and resilience
‘tools’ are used to determine whether the nature of tourism operations in the field area
contributes to the ability (or inability) of businesses to become more resilient.
8.4.1

Business turnover

Respondents were asked to tick the appropriate box to indicate their gross annual business
turnover (before tax) for YE 2007. The largest business turnover category was defined as
$500,001 and above, however the results suggest that more upper range categories should
have been included since 40% of responses fell into this category. Twenty-three percent had
turnover of between $250,001-$500,000, and 15.8% between $100,001-$250,000. The
remaining 21% fell into the <$100,000 range, comprising 8.3% between $50,001-$100,000
and 12.7% less than $50,000.
Table 8.53. Gross YE business turnover (2007) cross-tabulated with tourism sector, shown as
column percentage frequencies.
Activity / Attraction

Accommodation

Transport

Under $50,000

16.7

8.4

16.7

$50,0001-$100,000

7.8

8.4

11.1

$100,001-$250,000

13.7

18.7

11.1

$250,001-$500,000

18.6

26.2

33.3

More than $500,001

43.1

38.3

27.8

n

102

107

18

Business turnover cross tabulated with tourism sector shows that while 16.7% of activity and
attraction operations earn less than $50,000 per annum, 43.1% lie in the over $500,001
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income bracket (Table 8.53). Business turnover in the accommodation sector was found to
rise steadily with increasing number of years in business.
8.4.2

Secondary employment

The questionnaire asked respondents to indicate whether they operated their tourism business
full-time or if they had secondary employment. Three quarters of the sample (n = 250) stated
that they were full-time tourism operators. Of the 25% with a secondary job, two-thirds (n =
48) were employed in this job all year round in addition to their tourism operation, and one
third had a seasonal second job. Operators working in the transport sector were the most
likely to have a second job (35.2%), compared to the accommodation (22.3%) and
activity/attraction (28.5%) sectors. Secondary employment rates decreased as business
income increased, with 79.3% of business owners in the < $50,000 income category taking on
extra work, compared to 9.9% of tourism operators whose business earns > $500,001 per
annum.
8.4.3

Length of time in business

Less than half of tourism operations in the field area have existed for < 5 years, with 20.4% in
operation for 6-10 years, and 33.2% for more than 11 years (Table 8.54). Twelve percent of
businesses have been operating for < 1 year.
Table 8.54. Length of time in business, shown as frequency and percent.
Frequency

Percent

Less than a year

31

12.4

1-2 years

33

13.2

3-5 years

52

20.8

6-10 years

51

20.4

11 years or more

83

33.2

Length of time in operation shows significant variation across tourism sectors (χ2 = 0.4786,
df = 8, P = 0.000). The accommodation sector has the highest proportion of new business
operations compared to the activity/attraction and transport sectors (Table 8.55), most likely a
function of increasing visitor demand and a pressing need to increase the capacity of
acommodation in recent years. Activity/attraction and transport sectors have the highest
proportion of businesses in the 11 years or more category.
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Table 8.55. Length of time in operation cross-tabulated with tourism sector, shown as column
percentage frequencies.

8.4.4

Activity/Attraction

Accommodation

Transport

Less than a year

2.8

22.3

5.0

1-2 years

7.4

18.2

15.0

3-5 years

14.8

26.4

15.0

6-10 years

26.9

14.9

20.0

11 years or more

48.1

18.2

45.0

n

108

121

20

Number of employees

Respondents were asked to indicate the number of permanent (full-time and part-time) and
seasonal (full-time or part-time) staff employed by their tourism business, excluding
themselves. A limitation of this question was that if a respondent did not complete the
question it could mean they either chose not to answer it, or they had no employees. If this
question was to be replicated in future the addition of a tick option for “I do not employ
anyone” should be considered. If a blank answer is interpreted as the respondent having no
employees, then 33% do not have any permanent full-time staff, 55% do not have permanent
part-time staff, 68% have no seasonal full-time staff, and 65% do not employ seasonal parttime staff. Table 8.56 shows the frequency of staff numbers in the permanent (full or parttime) and seasonal (full or part-time) categories.
Of the tourism operators with permanent full time staff (n = 168), 23.2% employ two people,
and 16.7% employ one. Almost half (49.4%) of the sample employ up to three staff. Fourteen
percent have 6-10 full-time permanent staff. In terms of permanent part-time employees (n =
113), 26.5% of operators employ one and 27.4% employ two. Sixty five percent employ up to
three part-time permanent employees. Ten percent employ between 6-10 permanent part-time
staff. For seasonal staffing, 31.2% employ one or two full-time staff per annum (n = 80).
Almost 20% of respondents have two part-time seasonal staff. Eighty-six per cent of operators
employ fewer than ten part-time seasonal staff, compared to 72.3% for seasonal full-time
staff.
The total number of staff employed by individual operators across all four categories
(permanent and seasonal, part time and fulltime) is shown in Table 8.57. Ten percent of the
sample (n = 251) had no staff. The most common number of employees was 6-10, by 19.1%
of respondents. Almost 11% of tourism operators in this sample employ more than 51 staff.
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Table 8.56. Number of employees in permanent (full time or part time) or seasonal (full time
or part time) in tourism business, shown as column frequency percentages.
No. of

Permanent

employees

Seasonal

Full time

Part time

Full time

Part time

1

16.7

26.5

15.0

11.4

2

23.2

27.4

16.2

19.3

3

9.5

11.5

6.2

10.2

4

7.7

7.1

11.2

14.8

5

7.1

3.5

12.5

14.8

6-10

14.3

10.6

11.2

15.9

11-15

5.4

5.3

5.0

5.7

16-30

7.7

2.7

10.0

3.4

31-50

4.8

3.5

5.0

2.3

51+

3.6

1.8

7.5

2.3

n

168

113

80

88

Table 8.57. Total number of employees per respondent shown as a frequency (%) and n.
(Note: when this question was left unanswered it was assumed that no staff were employed,
hence n = 251).
No. of employees

%

n

0

10.8

27

1

6.4

16

2

6.8

17

3

10.4

26

4

7.2

18

5

8.0

20

6-10

19.1

48

11-15

7.2

18

16-30

10.4

26

31-50

3.2

8

51+

10.8

27
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8.4.5

Induction

Staff inductions are not a specific requirement of the Health and Safety in Employment
Amendment Act (2002). While business managers are required to inform their employees
about health and safety regulations, the legislation does not describe this process as an
induction per se (Garside pers. comm. 2009). Johnston et al. (2007) highlighted the potential
benefits of providing employees with an induction containing specific information about
natural hazards. Respondents were asked to indicate if they have an induction programme for
new staff, and if so, whether it included a section on dealing with natural disasters. The
wording was chosen to emphasize ‘dealing with natural disasters’ as a means of
distinguishing between routine workplace hazards, such as fires, for which evacuation plans
are a legal requirement in some situations. This question did not attempt to investigate the
specific nature of the induction process, for example, whether it was a documented
programme, or simply a verbal process when a new employee arrived on site. Instead, it was
designed to gauge whether tourism operators consider natural hazards to be worthy of specific
mention to new employees in terms of how to manage the outcomes of a natural disaster in
the workplace.
Of the 250 responses to this question, 72% confirmed they have an induction for new staff,
with 20% stating they did not, and 8% indicated the question was not applicable to them
because they had no employees. A total of 31.3% (n = 198) indicated they had a section on
how to deal with natural disasters in their induction programme, and 68.7% did not. TBO1
described their induction as ‘nothing really to do with earthquakes, more in the event of fire
or flood’, and TBO6 said ‘To be honest, I don’t know if we talk specifically about
earthquakes, but we talk about emergency procedures specifically, whether it be fire, flood,
earthquake or whatever’. Employers with a postgraduate qualification were significantly
more likely to provide their employees with an induction (93.8%, χ2 = 0.127, df = 6, P =
0.048), followed by operators with undergraduate degrees (82.6%), high school (65.9%) and
vocational / trade (64.5%) qualifications.
Employers who had a second job were significantly less likely to have an induction
programme for new staff (χ2 = 0.2861, df = 2, P = 0.000). Of those with a second job, 50.8%
provided an induction to new staff, compared to 79.1% whose sole focus was managing their
tourism business. Including a natural hazards section was also significantly more likely in
businesses where the owner did not have a second job (χ2 = 0.3206, df = 2, P = 0.000).
Activity and attraction business owners were the most likely to have an induction (75.0%)
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followed by accommodation (71.1%) and transport (65.0%) business owners (χ2 = 9.197, df =
4, P = 0.056).
Tourism businesses with turnover less than $50,000 gross per annum were significantly less
likely to have an induction than for any other income bracket (χ2 = 0.771, df = 8, P = 0.000)
(Table 8.58). More than 85% of businesses on the highest income bracket have an induction
programme. In terms of the inclusion of a natural hazards section in the induction, a similar
pattern is apparent, with an increase in proportion as business income rises. Less than 9% of
businesses in the < $50,000 income bracket have a natural hazards section, compared to
43.2% in the > $500,001 category (χ2 = 0.8569, df = 8, P = 0.000). Length of time in business
had no influence over the presence or absence of inductions.
Table 8.58. Presence or absence of an induction programme cross-tabulated with gross annual
business income (YE 2007), shown as row percentage frequencies (n = 201).

8.4.6

Induction

No induction

N/A

n

Under $50,000

27.6

31.0

41.4

29

$50,001 - $100,000

42.1

31.6

26.3

19

$100,001 - $250,000

69.4

25.0

5.6

36

$250,001 - $500,000

81.1

18.9

0

53

Over $500,001

86.8

13.2

0

91

Evacuation

Respondents were asked to indicate if they run evacuation drills in the workplace. Forty per
cent confirmed they run drills, while 52% did not (n = 250). The remaining 7.6% indicated
the question was ‘not applicable’ to them. A cross-tabulation with business type showed the
accommodation sector was the most likely to run drills (56.2%), compared to 34.3% of the
activity and attraction sector (13.0% indicated it was not applicable to their business), and
only 10.0% of the transport sector. Business income influences the likelihood of running
evacuation drills (χ2 = 0.8268, df = 8, P = 0.000), with high income earning tourism
businesses the most likely to run drills (61.5%), compared to a total lack of evacuation drills
in businesses in the lowest income category.
8.4.7

Staff training

Respondents were asked if they have on-going staff training about what to do in an
emergency. The specific nature of the staff training was not investigated, however, it is likely
to range from regular safety meetings at which emergency procedures might be discussed, to
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providing written material to staff, or simply casual conversations to keep the plans fresh in
the minds of employees. The question was designed to elucidate whether respondents
consider training their staff about emergency procedures is worthy of further discussion in the
period after staff are employed. Repeating key messages about emergency procedures helps
reinforce ideas for employees, and fulfils some of the health and safety requirements for
tourism operators (Johnston et al. 1999a; Garside pers. comm. 2009). While training staff
about natural hazards is not a requirement of the HSE Act 2002 (the Act refers to training
only in terms of manual work practices, use of chemicals and other practical workplace
activities), it could be argued that training should be part of ‘all practicable steps’ (Part II,
s.10) that managers are required to take to minimise the likelihood of harm (Garside pers.
comm. 2009).
Of the 229 valid responses to the question, 48.5% confirmed they have on-going staff training
about what to do in an emergency. On-going staff training was found to be relatively formal,
for example ‘a health and safety committee meeting once a month’ (TBO8), or ‘a meeting
first Monday of the month’ (TBO7), predominantly in larger tourism businesses. Activity and
attraction (58.5%) and transport operators (48.7%) were significantly more likely to have ongoing staff training compared to accommodation providers (39.7%) (χ2 = 7.759, df = 2, P =
0.021). In addition, tourism operators with a postgraduate qualification were more likely to
provide their employees with on-going staff training (60%) compared to those with a high
school qualification (32.9%). Business income influenced whether or not tourism operators
train their staff about what to do in an emergency (Table 7.63). The proportion of businesses
that train staff while earning < $50,000 per annum is significantly lower (12.5%, χ2 = 0.1916,
df = 4, P = 0.001) than for all other income categories, and the highest proportion of staff
training exists in businesses earning over $500,001 per annum (60.4%).
8.4.8

Continuity insurance

Respondents were asked whether or not they have business continuity insurance. If they did, a
space was provided for them to indicate how long their cover lasted following the
interruption. Sixty-three percent of tourism operators in the sample (n = 243) confirmed they
have business continuity insurance, while 33% did not, and 3.7% were uncertain. Of the 153
operators who were insured for business interruption, 86 respondents indicated the length of
their cover. Thirty-eight percent (33 respondents) stated their insurance policy covered a oneyear period, while 18.6% were covered for six months, and 12.8% for less than three months.
Thirty percent did not know how long their insurance cover lasted. In terms of the total
233

sample population, this translates to 14.5% of business with insurance cover for one year, and
6.5% for six months. Of the 153 operators who had insurance, 52% were from the highest
earning bracket (more than $500,000 per annum), and a quarter were from the second highest
income bracket (χ2 = 0.593, df = 8, p = 0.000) (Table 8.59). This is reflected by TBO8; ‘We
are pretty lucky because we’re part of a big company [name given], who have holdings all
over New Zealand. By virtue of that, in terms of our insurance cost, it is probably less than
some stand--alone businesses’. In contrast, TBO6 stated; ‘We haven’t got loss of profits
[insurance]. We decided it is quite expensive for the risk’, and TBO7 claims ‘It is
economically impossible. The insurance is stupidly expensive’. Accommodation providers
were the most likely to have insurance (80.2%), compared to activity and attraction (52%) and
transport operators (21%).
Table 8.59. Cross-tabulation of continuity insurance and disaster planning against gross
tourism business turnover (YE 2007), shown as percentages, with the sample size (n).
n

Less than

$50,001-

$100,001-

$250,001-

$50,000

$100,000

$250,000

$500,000

$500,001+

Insured

142

5.6

2.8

15.5

24

52

Disaster Plan

41

4.8

0

17

17

61

8.4.9

Disaster planning

Disaster plans are a voluntary tool that businesses can use to improve their preparation and
readiness for business interruption. They are not a requirement of the Health and Safety in
Employment Amendment Act (2002). Disaster plans vary, but generally require consideration
of basic structures in the organization to document chain-of-command details formally; i.e.
key individuals’ roles in the business, contact information, and ensuring these individuals
understand their roles during an emergency (McManus 2008). In addition, a muster point
where staff and customers will meet in the event of a disaster should be defined, and staff
should be encouraged to have made some emergency preparations at home as well as at work.
A contingency plan for communicating information about the disaster within the business and
with external agencies should also be included (McManus 2008).
Respondents were asked to indicate if they have a written disaster plan for their business, and
if so, space was provided to specify what it included. Of the 247 responses, 18.6% confirmed
that they have a disaster plan for their business. Thirty-three respondents described what was
included in their plan. The types of issues included in disaster plans varied substantially
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between operations. Emergency procedures, safety plans and evacuation were noted by
several operators, while others specified the types of disasters that were covered, such as
floods, fire, earthquakes, rock fall or pandemic. Several operators mentioned crisis
management plans. Others offered more detail about the content of their plans, including
chain of command, media communication, water safety, utilities, food and water storage, data
backup and guest communication.
Disaster planning occurred across different types of tourism business, with varying income
levels, but 61% were found to fall into the highest income bracket (χ2 = 0.138, df = 4, P =
0.008) (Table 8.59). Activity and attraction operations were the most likely to have disaster
plans (26.2%, n = 107), compared to transport (15%, n = 20), and accommodation providers
(12.7%, n = 118). Tourism operators running a business for less than a year were the least
likely to have a disaster plan (9.7%), compared to mature businesses operating for more than
11 years (28%).
8.4.10

Summary and discussion

For the majority of tourism operators around the Southern Alps their sole focus is running
their business. Joliffe and Farnsworth (2003) worked on seasonal employment in the tourism
industry and found some Canadian tourism operators chose to work for only a few months of
the year, using their tourism enterprise to supplement annual income. While there is little in
the academic literature regarding secondary employment in the New Zealand tourism
industry, it is likely that, historically, seasonal fluctuations in visitation may have led
operators to run their business as an aside to their fulltime jobs, particularly in small, rural
areas. The results from this research, however, indicate that the majority of tourism operators
in the sample population are fully engaged with the tourism industry, and are not seeking
seasonal or full-time secondary employment. This is indicative of the increasing maturity of
the tourism industry in New Zealand, as it establishes itself as a significant foreign exchange
earner for the region.
The activity / attraction and transport sectors of the tourism industry are relatively mature in
terms of length of time in business, and more than 40% of businesses in this sector earn >
$500,001 gross per annum. Activity / attraction businesses have the lowest proportion of
owners working in secondary employment, and rank highest in terms of induction, staff
training and disaster planning compared to the accommodation and transport sectors. The
accommodation sector has the highest proportion of businesses in their first five years of
operation. Insuring against business interruption and evacuation planning is most common in
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the accommodation sector, but this sector scored poorly on staff training and disaster
planning. The transport sector comprises mostly mature businesses, but is the least likely to
turnover more than $500,001 compared to the accommodation and activity/attraction sectors.
It has the highest proportion of operators working in secondary employment, and ranks poorly
in terms of induction and continuity insurance. Disaster planning is generally poor amongst
tourism operators in the field area, but is most commonly found in businesses with high
turnover.
Tourism operators employ a greater number of permanent staff than seasonal staff, and are
most likely to employ less than three permanent staff with a combination of seasonal staffing
options (both full and part-time). The size of tourism operations varies considerably, with
almost half of the tourism businesses in the sample employed five people or fewer. Drabek
(1994; 1995) and Webb et al. (2000) suggest that business size is a significant determinant for
preparedness, with smaller businesses lacking the resources and money to invest in disaster
planning. In this respect, the many small tourism businesses in the Southern Alps could be
considered to be particularly vulnerable to a future AFEQ. But in terms of disaster resilience
in the tourism industry, some small businesses may have greater flexibility during the
recovery phase of a large AFEQ. For example, Haast in South Westland has a small tourism
industry, and operators are able to return to other income-generating activities if tourist
visitation drops for a period of time; TBO5 suggested ‘We’ve got fishing down here [so] none
of us sort of rely on tourism’. But for tourism operators relying solely on their tourism
business for income, the lack of a ‘fall-back’ option could leave individuals struggling after a
large earthquake. For example, Franz Josef has evolved from a community based on pastoral
farming towards an increasing reliance on tourism income, effectively enhancing their
vulnerability to business interruption. There is increasing concern from local authorities about
tourists, transient employees ‘in the hospitality industry, aged between 19-27’ (PSA7) and
tourism operators from outside the region who are poorly prepared for disaster.
Webb et al. (2000; 2002) and Dahlhamer and Tierney (1998) investigated the influence of
business longevity on resilience to disasters, and suggest that businesses operating for only 12 years or less lack the time, experience or resources to dedicate to making preparations for
their business, such as getting appropriate insurance or developing evacuation and training
policies and procedures. In contrast, operators in business for more than ten years may have
gradually developed the skills and experience necessary to survive the aftermath of a
significant business interruption. This was born out in research conducted by Dahlhamer and
Tierney (1998) reported on business survival following two natural disasters in the United
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States, where small, young businesses were less likely to survive compared to established
firms. It is also possible, however, that length of time in business may act to reduce resilience.
For example, plans for disaster are not being tested by real events, so the salience of
earthquake hazards diminishes along with the motivation of operators to maintain their plans
and procedures.
Induction programmes are most likely to be included in a tourism business which has turnover
above $500,000 per annum, an operator with a university education and no secondary
employment. Developing an induction requires time, human capacity (motivation and
knowledge), and capital investment depending on the scale of the programme. The nature of
the induction process was not specifically investigated in this research, but interviews with
tourism operators highlighted a lack of depth on earthquake emergency procedures, which are
commonly combined with information about fire hazards and evacuation procedures in the
event of a fire.
The induction process presents a unique opportunity to advise new staff about potential
hazards, particularly for international workers who may have no idea of the seismic hazard in
the Southern Alps. TBO10 informs new staff about the possibility of an earthquake ‘Just so
they are aware it could happen. Then if it does they know what to do’. Johnston et al. (2007)
found staff training for tsunami hazards in Washington D. C. to be very low, particularly for
smaller owner-operators in the tourism sector. The benefits of integrating emergency
preparedness into core business activities, like staff training and induction, has the potential to
significantly improve the resilience of tourism businesses by empowering staff to know how
to help themselves and their clients in the event of a large earthquake (Johnston et al. 2007).
On-going staff training about emergencies in relatively common, particularly those with
higher business turnover, and managers with high educational attainment. Staff training
involving workplace evacuation drills, or simulations, are a useful way to reinforce the correct
response to a disaster for employees (Johnston et al. 2007). This research has highlighted that
evacuation drills are undertaken by 40% of tourism businesses, mainly in the accommodation
sector. An evacuation procedure in seismically active regions should make reference to the
period immediately following an earthquake24, including a muster point outside the building.
This is especially important for accommodation providers if a disaster occurs at night, when
the power may be cut and people are disoriented. For some transport operations, and activities

24

While people often attempt to run outside during an earthquake, the correct procedure is to ‘drop, cover and
hold’ until the shaking stops. During the fieldwork for this project, no examples of earthquake evacuation
procedures were found.
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and attractions (particularly those that operate outside buildings, e.g. guided fishing operators)
an evacuation policy will not apply, and this was reflected in the results of this research.
Continuity insurance is in place for almost two-thirds of the sample population, and is most
common in the highest earning tourism businesses, by operators with the highest level of
educational attainment. The length of cover was found to be inadequate in most cases, with
only 15% of businesses covered for a period of one year of interruption. Alesch et al. (1993,
p. 609) found a similar problem in the United States business context, and described it as an
‘earthquake insurability crisis’, resulting from government policy on earthquake risk
reduction, and a lack of business motivation to prepare for low frequency but high
consequence disasters. Chapter 7 illustrated that parts of the field area can expect to be
isolated for a period of six months by road, and that visitor numbers could take in excess of
one year to rebound to pre-earthquake levels. There is a need to improve awareness of the
benefits of insuring against significant business interruption amongst the tourism industry,
and this could be achieved in a number of ways. Directing resources to industry bodies such
as, for example, the Tourism Industry Association of New Zealand (TIANZ) or Regional
Tourism Organisations to develop business ‘self-help’ kits or brochures would help
disseminate key disaster planning information to tourism operators. Web resources are
currently available for business on a number of websites (see for example, ‘Get ready, Get
Thru homepage), but plans specific to the tourism industry would be a useful addition.
While it remains impossible to measure business resilience, the ‘tools’ investigated in this
section provide some idea of the extent of efforts being made by tourism operators to improve
their preparedness and resilience. What is clear from the results is that a proportion of tourism
operators are attempting to prepare for a future business interruption. The uptake of resilience
tools, however, is influenced to some extent by business income and the managers’
employment status and educational attainment. While smaller tourism operations could be
considered to be more vulnerable than larger tourism businesses because of their relatively
low levels of insurance and disaster planning, some have the ability to fall-back on alternative
forms of employment during a major downturn in visitation, and then return to business when
the recover begins. What is clear is that the tourism industry needs assistance to become more
prepared for an AFEQ. Planning and resources need to be directed at advising operators about
how to improve their preparedness, and to generate greater community collaboration
particularly for small, isolated tourism-reliant communities in the field area. Regional and
national government authorities, including MCDEM and the Ministry of Tourism, need to be
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innovative in developing plans and initiatives that focus specifically on the tourism sector in
an area of New Zealand that has significant seismic risk.

8.5

Chapter Summary

This chapter has detailed the results relating to Objective 2 of the research programme. The
first sub-objective addressed issues surround threat knowledge, risk perceptions and
preparedness for an AFEQ. The Alpine Fault is given the highest ranking amongst other
regional natural hazards in terms of its potential to affect tourism livelihoods. Most tourism
operators believe the next big AFEQ will occur within the next 30-50 years, placing the threat
outside the lifetimes of a predominantly older sample population. Operators take the threat to
their personal safety and their business seriously; however, there is uncertainty and confusion
about the outcomes of an AFEQ on business continuity and preparedness. Contradictory
opinions are apparent in the way tourism operators rationalize the impact of an immediate
drop in visitor numbers in terms of business continuity, with many showing undue optimism
about, for example, how quickly their business could reopen following a M8 earthquake.
What was clear from the results presented in part one of this chapter is that tourism operators
are aware of the threat posed by the Alpine Fault, but lack an understanding of the
consequences; not simply the physical outcomes on roading networks and infrastructural
damage, but the indirect flow of affects that will reverberate within the region for a prolonged
period. The interconnectivity of networks between businesses, communities and individuals
have the ability to increase vulnerability, but it also has the potential to enhance resilience if
individuals within the network take proactive steps to mitigate and prepare for disaster.
Business preparedness is perceived as being low by tourism operators, although there is
evidence to suggest that operators consider preparation will be beneficial both personally and
for their business. The majority of operators place the responsibility for earthquake
preparedness in their own hands. Many operators have taken steps to search out information
from a range of sources to improve their knowledge about earthquake preparedness, and
casual conversations within the family and household are relatively common. These factors
indicate an internal locus of control and strong self-efficacy amongst tourism operators which
is a positive result, and offers a significant opportunity for emergency managers and tourism
administrators to turn their motivation into action. It is important to increase the uptake of
continuity insurance and community business networking within the tourism sector, which
could be achieved in a range of innovative ways. Results from this research, however,
highlight a sense of fatalism about the possibility of an AFEQ, and this coupled with lack of
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income and resources is acting to reduce the motivation of tourism operators to become more
prepared, reflected by their poor perceptions of individual and business preparedness (Paton
et al. 2006a; Hurnen & McClure 1997).
The second sub-objective investigated the factors influencing preparedness within the tourism
business community. Results suggest only a weak relationship between age and disaster
preparedness within this sample of tourism business owners. Older operators are less inclined
to become prepared, and less concerned about the consequences of a large earthquake,
resulting in low insurance uptake. Gender differences are also inconclusive, although in
general female operators have a heightened sense of risk and more uncertainty than their male
counterparts, which is supported by the work of Bord & O’Connor (1997) and Finucane et al.
(2000). The influence of living situation increases the perception of risk in operators with
children and for those living alone, and affects insurance uptake in some cases. A positive
relationship between education attainment and preparedness exists, particularly for insurance
uptake. Operators with prior experience of a damaging earthquake take the threat posed by the
Alpine Fault more seriously, and are more likely to talk about earthquake preparedness than
those without experience. A normalization bias is apparent in operators with prior experience
in terms of their enhanced optimism about a return to normality after a significant earthquake.
Community cohesion and sense of belonging vary across the field area, but is notably less
evident in Lakes District, which is a function of population transience and lack of
involvement in community networks.
The third sub-objective detailed results relating to business resilience in the tourism industry.
Length of insurance cover against business interruption is wholly inadequate when considered
against the M8 scenario in Chapter 7. The accommodation sector has the highest proportion
of new businesses, compared to the more established activity/attraction and transport sectors.
Business income is a key indicator for all the business resilience factors, including insurance,
disaster planning, staff training, evacuation and induction. Secondary employment and
educational attainment also influence the implementation of resilience tools. There are
differences in uptake of resilience tools across the three tourism sectors, with inductions most
common in the activity/attraction sector, and the accommodation sector having a relatively
high proportion of continuity insurance and evacuation planning. Inductions are taking place
in almost three-quarters of businesses, which offers a promising avenue to explore in terms of
improving the provision of earthquake-related information to new staff.
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CHAPTER NINE
Conclusion
This interdisciplinary research project has used a methodology informed by the academic
fields of geology and tourism in order to highlight the vulnerability of the tourism industry to
a predicted M8 earthquake on the Alpine Fault. It has used as its foundation current scientific
understanding about the behaviour of the Alpine Fault, and translated the seismic hazard into
real consequences for the tourism sector around the fault zone. The objectives of the project
were twofold; first, to create a visual description of the outcomes of a M8 by using isoseismal
models for a range of magnitude scenarios, overlain with spatial tourism data in GIS. Second,
to investigate the perceptions and preparedness of tourism operators, and the factors that
influence the resilience of tourism businesses to interruption by a large earthquake. The
results of this research have highlighted that tourism operators are aware of the risk posed by
the Alpine Fault, but this does not translate into active preparation due, in part, to a lack of
understanding of the consequences of a M8 earthquake. A postal survey to the total
population of tourism operators in the accommodation, activity/attraction and transport
sectors generated a 51% response rate. A summary of key findings from objectives 1 and 2 is
outlined, followed by general discussion about the implications of this research, both for
tourism operators and emergency managers.

9.1

Seismic hazard and the tourism industry

Tourism activities in the Southern Alps are growing in size and diversity. The backdrop to the
tourism industry is a landscape of dynamic tectonism, responsible for creating the Alpine
Fault and the Southern Alps over relatively short geological timescales. The paleoseismic
record of the Alpine Fault has been described, involving the recurrence of large earthquakes
every 100-300 years in the past, with the last occurring at c. 1717 AD. Geoscientists consider
the region is overdue for a M7.8-8 event, with a probability of 50% over the next 50 years.
International examples of large earthquakes and their impact on tourism activities have been
described in order to highlight similarities with a future AFEQ. The directivity a future AFEQ
could produce very different outcomes depending on the direction of seismic wave energy,
which was illustrated using the Denali earthquake in Alaska. Nelson and Canterbury are likely
to experience more severe damage if the earthquake propagates towards the northeast. Road
access to the West Coast, Milford Sound and Mt Cook is similarly mountainous and
vulnerable to closure from slips and landslides. This research has highlighted that the West
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Coast tourist circuit (via Arthur’s Pass and Haast Pass) is likely to remain inaccessible for
more than six months following a M8 earthquake, presenting significant issues for tourism
operators, especially those in South Westland. The Chi-Chi earthquake in Taiwan illustrated
the serious damage to the tourism industry resulting from prolonged closure of mountainous
highways in the area. The long-term recovery of communities around the Southern Alps will
be hampered by on-going aggradation, particularly on the West Coast, with direct
consequences on roads and bridges, farmland and downstream communities. Landslide dams
could pose a significant threat immediately following a future AFEQ, in a similar way to the
Sichuan earthquake in western China in 2008.
The hazards associated with a M8 earthquake on the Alpine Fault include ground shaking,
surface rupture, landslides, liquefaction, seiche waves, rock-fall tsunami and landslide dams.
Their spatial extent has been described using isoseismal models for a range of magnitude
scenarios for a future AFEQ. The M8 model involved the rupture of the full length of the
Alpine Fault on land, from Milford Sound to Springs Junction. The hypothetical epicentre
was positioned between Haast and Fox Glacier on the central segment of the fault, considered
the most likely to initiate a large future earthquake. The most intense damage will be
experienced within the MM IX - X isoseismal ellipse, particularly where surface rupture
intersects human structures; roads, infrastructure, buildings, railway lines. The tourist town of
Franz Josef will be the worst affected because of its position across the active trace of the
fault. The MM VIII isoseismal encompasses most of the field area, and provides a useful
estimate of the area where landsliding will be widespread. Milford Sound, Mt Cook, Arthur’s
Pass and all the tourism destinations on the West Coast lie within the modelled MM VIII
isoseismal and will experience significant infrastructural damage and isolation by road.
Shaking throughout the Southern Alps will result in widespread tree mortality, erosion and
aggradation, and visible scarring of valley slopes, which will reduce the visual aesthetic of the
region and have consequences for visitor satisfaction once tourism numbers recover. Icefall
and damage to glaciers, as well as changes in the nature of rivers will directly impact tourism
operators involved in glacier and fishing activities. The M7 and M6.5 isoseismal models
described in Chapter 7 offer an indication of the potential impact of the largest aftershocks.
The region will experience aftershock activity involving frequent small to moderate
earthquakes for 12 months or longer after the mainshock.
The combined affects of a future AFEQ have the potential to damage the tourism industry
severely over a period of up to 18 months, predominantly through loss of road access. Longer
term the effects of sediment redistribution and aftershock activity will continue to indirectly
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impact on tourism activities. International media attention will focus on the disaster zone,
with potential visitors changing their immediate plans to visit the South Island, and possibly
New Zealand as a whole. Tourism crises caused by natural disasters change the travel plans of
potential visitors; however, visitor numbers have been seen to recover over time. The question
is, will tourism operators be able to weather the downturn in the months following an Alpine
Fault event?

9.2

Perceptions and preparedness in the tourism sector

The importance of landscape, scenery and mountains for the tourism industry in the field area
is so acute, and so inherently tethered to tectonic processes, that tourism would not exist
without the raw elements of nature. Alpine Fault seismicity dictates that large earthquakes are
rare on human timescales. A relatively small proportion of tourism operators have
experienced a major earthquake before (predominantly those in Fiordland), and this has a
significant impact on their perceptions of seismic risk. Tourism operators around the Southern
Alps understand the threat posed by a future AFEQ, and rank it as the most likely of any
natural hazard in the region to affect their livelihood. The probability of a large earthquake is
most frequently placed more than 30 years into the future by operators, outside the lifetimes
of the majority of the sample population, and also the expected timeframe of their business
enterprise. This is perhaps an unsurprising result; there has not been a large AFEQ event since
European settlement in 1840, thus it lacks salience for those living with the risk. Some parts
of the field area are frequently exposed to heavy rainfall and flood events, which take
precedence over any consideration of a high consequence but low probability earthquake. In
sum, while the tourism community understand the seismic potential of their region, they are
prepared to live with it in the hope that it will never happen while they are alive.
While there is a relatively accurate understanding about the probability and potential threat
posed by a future earthquake, there is confusion amongst tourism operators about the
consequences of an AFEQ on their business. Operators are generally aware that the business
environment will not return to normal quickly and that visitor numbers will drop for many
months, but this does not translate into concern about business survival in the aftermath of an
AFEQ or into improved business or personal preparedness, with a large proportion of the
sample perceiving themselves and their business as poorly prepared for a future earthquake.
Regional variations in opinion are apparent. A significant proportion of Fiordland, Lakes
District and Eastern Alps operators consider they will be able to reopen for business less than
a month after a M8 earthquake. West Coast operators are notably more pessimistic about the
long-term consequences on their livelihood, with the majority indicating it would take up to
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six months to reopen, highlighting their awareness of the vulnerability of the transport and
lifelines infrastructure in their region.
In general, tourism operators lack confidence in their business preparedness, although they
see value in becoming more prepared, offering emergency managers an opportunity to
develop improved business preparedness. Fiordland operators are notably more optimistic
about their own business and consider the post-earthquake situation will get back to normal
quickly, reflecting a normalising bias resulting from their relatively frequent experience of
damaging earthquakes in the past. There are positive signs that tourism operators consider
themselves to be the most responsible for their own level of preparedness, and do not transfer
the responsibility to external agencies, suggestive of an internal locus of control. Tourism
destinations in the Southern Alps are isolated geographically, and there is a realisation that
assistance will not be immediately forthcoming and that their community will be required to
withstand several days of isolation before help arrives. Operators feel a strong sense of
responsibility towards their clients and staff in terms of caring for their wellbeing following a
M8 earthquake. Although there is no legal imperative to provide the necessities of life in a
disaster, human behaviour in disaster zones has been seen by Solberg et al (2008) and others
to be driven by altruism, which will be particularly important for tourists stranded in isolated,
rural communities in the aftermath of an AFEQ.
Correlations between demographic variables and personal/business preparedness are weak.
The only statistically significant result suggests that males are more likely to believe ‘things
will get back to normal quickly’ following a large earthquake compared to females. Prior
experience is a stronger indicator of preparedness. Tourism operators with experience of a
damaging earthquake have a positive perception of their personal and business preparedness
and consequently are more optimistic about the speed of recovery. Although they take the
threat posed by the Alpine Fault more seriously than those without prior experience, their
experience of past earthquakes leads them to downplay the consequences of a future AFEQ;
thus insurance uptake and disaster planning is not found to improve as a result of prior
experience.

9.3

Tourism business and community resilience

Over the course of this research it became apparent that an investigation of the tourism
industry per se is impossible without considering its many overlapping elements with
community. Tourism in the field area comprises relatively small-scale, isolated pockets of
tourism activity taking place within rural, peripheral communities. Tourism operators are
244

members of the community, with neighbours, friends and co-workers all forming an integral
part of the community network. Road access between townships can be winding and remote,
increasing community reliance on their own people and expertise rather than looking further
afield for assistance or support for emergency planning.
Community efforts towards improving earthquake preparedness need to be driven by good
local leadership, and utilise all human and physical resources; making local plans for local
people. If external support is needed, the community should take steps to access it.
Communities need to be cautious about regional preparedness policies, which can
disenfranchise small communities, and result in trust issues when community needs are not
met. Rural communities are capable of looking after their own people. Coles and Buckle
(2004) highlight that small communities in Australia are being encouraged to take an allhazards approach to managing their disaster readiness, making efforts to take care of everyone
in the community and relying on their own resources. Fox Glacier and Mt Cook are adopting
a similar plan to cater for the needs of the community in the event of a natural disaster. Mt
Cook village has a community-driven emergency response plan with active participation from
all facets of the small community, setting them in good stead for a fast and effective recovery
from disaster. Other communities should be encouraged to follow their lead by formalising
community plans.
Some parts of the field area are more optimistic than others with respect to community
networking and sense of belonging. Queenstown scored poorly in the community questions,
particularly in terms of their sense of belonging, loyalty to local people, expectation of help
from neighbours and their plans to remain a resident of the community in the long term.
These factors are all indicative of a lack of cohesion and networking within Queenstown,
which could be a function of the larger size of the town and the relatively transient nature of
the population that resides there. Lack of involvement in community networks effectively
reduces the resilience of the town as a whole.
This research has highlighted the importance of casual conversations about earthquake
preparedness as way to improve the uptake of preparedness measures and strengthen
community networks. The majority of tourism operators talk with their family/household
about the issues, with fewer talking with their employees. Having conversations about
earthquake preparedness is an important starting point towards improving both personal and
business preparedness. In September 2009 an earthquake exercise conducted on the West
Coast (known as ‘ShakeOut’) highlighted the importance of schools in disseminating
earthquake preparedness information to households and the community in general.
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9.4

How resilient is the tourism industry?

9.4.1

The presence or absence of resilience ‘tools’

Improving business resilience in the tourism industry can be achieved by a broad range of
initiatives, including insuring against financial loss due to business interruption, educating
staff about emergency procedures, creating a business disaster plan, providing new staff with
an appropriate induction and making plans for evacuating staff and clients from buildings
(with specific mention of what to do during an earthquake). While measuring business
resilience in the tourism sector is very difficult, the results from an analysis of the presence or
absence of resilience tools offers some indication.
Businesses with appropriate levels of insurance to interruption from a natural disaster will
weather the recovery ‘storm’ more favourably than those without. In general, however,
tourism operators in the Southern Alps are underinsured, with less than 15% having cover for
a one year period, and one third with no insurance against losses. This may be a function of
lack of liquidity among small businesses (tourism businesses with the highest turnover are
significantly more likely to have insurance), as well as a refusal to mitigate against lowprobability-high consequence natural disasters such as an AFEQ (Alesch et al 1993).
Differential vulnerability across tourism sectors is also apparent, with more than 80% of the
accommodation sector insured compared to only one fifth of transport operations. The three
tourism sectors investigated during this research clearly have different perceived insurance
needs. Business preparedness initiatives should highlight the benefits of insuring against
interruption. Insurance brokers should be encouraged to emphasize the benefits of earthquake
insurance and business continuity insurance, particularly for those in high risk areas. In
addition, targetted information to the activity/attraction and transport sectors via TIANZ could
go some way towards improving the poor uptake of insurance in these sectors.
Staff inductions are carried out by more than 70% of tourism operations in the Southern Alps,
with one third including a section on how to deal with natural disasters. Business turnover and
higher educational attainment by tourism managers are strong indicators of the presence of
staff induction and evacuation policies. Managers with secondary employment are
significantly less likely to give staff inductions, highlighting the influence of a lack of time to
dedicate to making staff more prepared for disaster. Training staff about the possibility of a
large earthquake and what to do when one happens is important (Johnston et al. 2007)
particularly for the tourism industry around the Southern Alps which relies on workers from
outside the region, many of whom may have a limited understanding of the seismic potential
of the region.
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Business disaster planning is relatively rare in the tourism sample population investigated
during this reseach, with less than 20% indicating they had some form of plan in place.
Business turnover and the length of time in business correlated with increased likelihood to
have a disaster plan, i.e. new tourism operations less likely to have a disaster plan compared
to those in operation for more than a decade, which concurs with the findings of Dahlhamer &
Tierney (1998). Small to medium sized tourism operations have limited resources and energy
to invest in getting prepared for a disaster that they consider may never eventuate (Webb et al
2002), and as a result, many perceive their business preparedness to be poor. Alesch et al.
(1995, p. 604) stress how difficult it is to persuade small businesses to allocate resources
towards protecting against a remote threat, and suggest that loss reduction measures will not
be implemented by businesses ‘unless they seem salient, sensible, cost-effective, and above
all, good business’. Tourism operators in the Southern Alps believe that making preparations
will benefit post-earthquake outcomes, and many have sought information and active
discussion about earthquake preparedness in a number of personal and business settings.
However, their fatalistic view of Alpine Fault hazard acts to reduce motivation to prepare; a
phenomenon highlighted by many in the risk communication literature, and one which poses a
significant challenge to emergency managers involved in improving preparedness.
9.4.2

The influence of business characteristics on resilience

The resilience of tourism businesses is influenced by a broad range of factors, including
income, length of time in operation, business size (number of employees), and type
(accommodation, activity/attraction or transport). The size of tourism operations in the field
area varied considerably; however, most are small to medium sized enterprises, with more
than half the sample population employing fewer than five people. Drabek (1994) and Webb
et al. (1999; 2002) agree that small businesses frequently lack the time and resources to
dedicate to disaster planning, thereby reducing their resilience. Dahlhamer & Tierney (1998)
suggest that relatively new and small businesses are the most likely to fail as a result of a
natural disaster. The employment status of the manager/owner has some measure of influence
over their ability to invest time and energy into making their business more prepared for
disaster. The educational attainment of the tourism operator was also found to be a significant
indicator of improved resilience, particularly with induction, staff training, and to some extent
insurance and disaster planning.
There are some differences between the three business sectors with respect to the presence or
absence of resilience ‘tools’. The transport sector is poorly prepared in terms of insurance and
induction, and has the highest proportion of operators working in secondary employment.
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These factors, coupled with generally lower income than the accommodation and
activity/attraction sectors, result in enhanced vulnerability to interruption by a large AFEQ.
The accommodation sector is the best prepared in terms of continuity insurance and
evacuation procedures, but is relatively weak on staff training and disaster planning. In
contrast, activity and attraction operations are most likely to have full time managers, staff
induction and training, and disaster planning. Each sector is unique in the way it operates, and
this research has highlighted that the outcomes of a future AFEQ will vary as a consequence
of the different vulnerabilities across each of the three sectors.

9.5

Recommendations and future research directions

The conflicting and contradictory results from the risk perception section of the survey
suggest there is a pressing need to provide clear, practical information to the tourism industry
describing the potential impacts of an AFEQ. Research funding by government agencies
(EQC and MCDEM) needs to be channeled into proactive business preparedness development
initiatives, through both future academic research into business preparedness, and via
practical resources and solutions for business managers. In doing so, tourism operators can
take a more informed approach to developing plans to manage a future business interruption.
Disseminating information about seismic risk, however, poses a significant challenge to
emergency managers and risk communicators. TIANZ could take a lead in developing a
regional risk communication strategy for tourism operators around the Southern Alps,
highlighting the seismic risk posed by the Alpine Fault and the potential future consequences
for the tourism sector. A business toolkit, similar to the one produced by Tourism Alliance
Victoria following the 2009 bushfires, could provide specific mitigation and planning
measures tailored for tourism operators. Links could also be made in the public consciousness
with tsunami hazards, particularly in light of the recent Chilean earthquake and the resultant
Civil Defence tsunami warning in New Zealand.
The Ministry of Tourism and MCDEM need to work in partnership to address the specific
issues that the tourism sector will face in the aftermath of a future AFEQ. Strategies towards
ensuring an effective and efficient recovery in the tourism sector need to be developed. For
example, a detailed recovery marketing plan has the potential to attract visitors back to the
Southern Alps as quickly as practicable, thereby reducing tourism business failure, and
stimulating regional and local economic recovery. There will also be a pressing need for the
communication of accurate and effective information from emergency managers to those
affected during the response and recovery phases of an earthquake disaster. For example,
tourism operators will need information about evacuation procedures for tourists in the
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epicentral region. Evacuations will be coordinated by MCDEM (with involvement from the
Ministry of Foreign Affairs and Trade with respect to foreign nationals), and clear
communication will help make this process as effective and efficient as possible. Informing
tourism operators about the expected timeframes for repairs to critical infrastructure and
roading will be essential with respect to their expectations of when they can reopen their
business. Emergency managers will need to provide accurate information through effective
lines of communication with local communities over the short, medium and long terms postearthquake.
Other forms of risk communication are currently taking place in the field area; recent public
lectures have been well received1, and should be offered regularly as a means of
communicating the risk to local residents. Local councils and Civil Defence are active in
getting the message across via other forms of media, and by visiting schools, however their
efforts could be increased to good effect. Community or business initiatives to improve
business preparedness should be encouraged and applauded. The ‘ShakeOut’ earthquake
exercise generated significant regional interest and involved a large number of active
participants. Similar events could prove hugely beneficial in other parts of the Southern Alps,
such as Queenstown and Wanaka, and significantly improve local awareness of seismic risk
by appealing to a wide audience. Earthquake simulations at schools teach pupils what to do
during the shaking, how to get more prepared at home and how to make family plans for
reuniting after the event, and these should be undertaken annually in the most vulnerable
areas. Educating children about earthquake safety has proven potential for improving
community preparedness because they take ideas home to their families, which generates
significant benefits for households and communities.
While conducting field work for this research project, the provision of earthquake safety
information in accommodation facilities was found to be non-existant. Fire evacuation
policies are a lawful requirement under the Fire Safety and Evacuation of Buildings
Regulations 2006. Accommodation providers operating around the Southern Alps should be
encouraged, potentially through appropriate legislation, to inform tourists about what to do
during an earthquake. This could be achieved by placing basic earthquake safety information
alongside fire evacuation procedures. Current best practice for protecting yourself during
shaking is to ‘Drop, Cover and Hold’, and a simple diagram illustrating the technique will not

1

In 2007 Tim Davies (geologist at the University of Canterbury) gave public lectures in Crowell, Wanaka and
Queenstown about the threat posed by the Alpine Fault which were well attended A group of geologists and
social scientists (including the author) talked in Franz Josef to an overflowing auditorium in August 2009. Simon
Cox (GNS Scientist) gave a talk in Haast in 2010, which was also well received.
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only highlight the correct procedure, but also inform visitors of the potential for earthquakes
to occur, since many may be unaware of the risk.
This research project has offered insights into the perceptions, preparedness and resilience of
the tourism industry around the Southern Alps. Analysis of the total population of tourism
operators in the region has provided useful indications about the level of preparedness and
resilience towards an AFEQ. Future research could provide more detail on some of the
specific issues brought to light. For example, it would be useful to construct a quantitative
measure specifically for business preparedness, which could build on the methodology of
Spittal et al. (2008). The resilience ‘tools’ described in this project could be investigated in
terms of the level and extent of staff training and induction with respect to disaster
preparedness, which could involve in-depth interviews with tourism operators and content
analysis of plans and procedures. Future work could focus on the role of stakeholder agencies
in the provision of emergency management in tourism-reliant communities, and investigate
the policies and plans (or lack thereof) in place specifically relating to tourism.
The GIS maps used in this research could be refined with the addition of more spatial data to
enable the production of larger scale maps for regional or community-level analysis. The
addition of more detailed infrastructural/lifelines data would provide an additional dimension
to further discussions about regional vulnerability to large seismic events. The mapping
methodology used for this research could be replicated using other epicentral locations and
magnitudes, which could be of interest to specific regional authorities in New Zealand. This
methodology has the potential to be applied in hazard zones worldwide, and while GIS is a
common tool in hazard management, the interdisciplinary method developed for this project
is relatively unique in its approach to applying scientific rigour to a social science problem.
There is a pressing need for more cross-disciplinary research aimed at breaking down the silofocussed research programmes that currently dominate academic study. Students should be
encouraged to think across the traditional divisions of academia in order to broaden their
focus in addressing current global issues, such as climate change and disaster-related research.

9.6

Concluding remarks

This research project is the first of its kind to investigate tourism business operator
perceptions and preparedness for a damaging future earthquake in New Zealand, and to draw
conclusions about the resilience of an industry that has become a vital economic force at
regional and national levels. It has built upon natural disaster research developed across multidisciplinary fields of academia. The physical and social outcomes of large, damaging
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earthquakes have been described within a framework of crisis management in the tourism
industry and the psychology of risk and risk perception. GIS maps illustrating the spatial
extent of expected physical impacts from a future M8 AFEQ have provided a clear picture of
the potential damage to transport networks and tourism destinations around the Southern
Alps. The consequences of a M8 AFEQ are likely to result in a serious downturn in tourism
activity for a period of up to 18 months, during which many tourism operations will struggle
to remain viable, particularly new, small businesses. Lack of insurance protection will
compound an already challenging business environment in the tourism sector.
Low frequency but high consequence earthquake events offer significant challenges with
respect to motivating preparedness. Recent world events have highlighted the vulnerability of
the tourism industry to damaging earthquakes. While government agencies should continue to
encourage individuals to become more prepared, there is a serious gap in terms of developing
business preparedness. It is critical that improved efforts are made towards building tourism
resilience, which will require an investment of resources and innovative thinking on the part
of emergency managers in New Zealand.
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APPENDIX A
INTENSITY SCALES
MODIFIED MERCALLI (MM) INTENSITY SCALE
(Table from Downes, 1995)
MM I

Not felt by humans, except in especially
favourable circumstances, but birds and
animals my be disturbed. Reported mainly
from the upper floors of buildings more than
10 storeys high. Dizziness or nausea may be
experienced.

People
Not felt except by a very few people under
exceptionally favourable circumstances.

Branches of trees, chandeliers, doors, and
other suspended systems of long natural
period my be seen to move slowly.
Water in ponds, lakes, reservoirs etc may be
set into sieche oscillation.
MM II

Felt by a few persons at rest indoors,
especially by those on upper floors or
otherwise favourably placed.

People
Felt by persons at rest, on upper floors or
favourably placed.

The long-period effects listed under MM I
may be more noticeable.
MM III

Felt indoors, but not identified as an
earthquake by everyone. Vibration may
be likened to the passing of light traffic.

Felt indoors; hanging objects may swing,
vibration similar to passing of light trucks,
duration may be estimated, may not be
recognised as an earthquake.

It may be possible to estimate the
duration, but not the direction. Hanging
objects may swing slightly. Standing
motorcars may rock slightly.
MM IV

Generally noticed indoors, but not
outside.Very light sleepers may be wakened.
Vibration may be likened to the passing of
heavy traffic, or to the jolt of a heavy object
falling or striking the building.
Walls and frame of buildings are heard to
creak.
Doors and windows rattle. Liquids in open
vessels may be slightly disturbed.
Standing motorcars may rock, and the shock
can be felt by their occupants.
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People
Generally noticed indoors but not outside.
Light sleepers may be awakened. Vibration may
be likened to the passing of heavy traffic or to the
jolt of a heavy object falling or striking the
building.
Fittings
Doors and windows rattle. Glassware and crockery
rattle. Liquids in open vessels may be slightly
disturbed. Standing motorcars may rock.
Structures
Walls and frame of buildings, and partitions
and suspended ceilings in commercial buildings
may be heard to creak.

After Eiby (1966)

MM V

After Study Group (1992)

Generally felt outside, and by almost everyone
indoors.
Most sleepers awakened. A few people frightened.
Direction of motion can be estimated.
Small unstable objects are displaced or upset.
Some glassware and crockery may be broken.
Some windows cracked.
A few earthenware toilet fixtures cracked. Hanging
pictures move.
Doors and shutters may swing.
Pendulum clocks stop, start, or change rate.

People
Generally felt outside, and by almost everyone
indoors.
Most sleepers awakened.
A few people alarmed.
Direction of motion can be estimated.
Fittings
Small unstable objects are displaced or upset Some
glassware and crockery may be broken.
Hanging pictures knock against the wall. Open
doors may swing. Cupboard doors secured by
magnetic catches may open.
Pendulum clocks stop, start or change rate (H*).
Structures
Some window type I* cracked. A few
earthenware toilet fixtures cracked (H)

MM VI

Felt by all.
People and animals alarmed. Many run outside.
Difficulty experienced in walking steadily.

People

Some plaster cracks or falls.

Felt by all.
People and animals alarmed.
Many run outside.
Difficulty experienced in walking steadily.

Isolated cases of chimney damage.

Fittings

Windows, glassware and crockery
broken. Objects fall from shelves, and
pictures from walls.

Objects fall from shelves.
Pictures fall from walls (H*).
Some furniture moved on smooth floors.
Some unsecured free-standing fireplaces
moved.

Slight damage to Masonry D.

Heavy furniture moved. Unstable
furniture overturned. Small church and
school bells ring.
Trees and bushes shake, or are heard to rustle.
Loose material may be dislodged from existing
slips, talus slopes, or shingle slides.

Glassware and crockery broken.
Unstable furniture overturned.
Small church and school bells ring (H).
Appliances move on bench or table tops.
Filing cabinets or "easy glide" drawers may
open (or shut).
Structures
Slight damage to Buildings Type I*. Some
stucco or cement plaster falls. Suspended
ceilings damaged.
Windows Type I* broken.
A few cases of chimney damage
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After Eiby (1966)

MM VII

After Study Group (1992)

General alarm.

People
General alarm.

Difficulty experience in standing.

Difficulty experienced in standing.
Noticed by motorcar drivers who may stop.

Noticed by drivers of motorcars.
Trees and bushes strongly shaken.
Large bells ring.
Masonry D cracked and damaged. A few
instances of damage to Masonry C.
Loose brickwork and tiles dislodged.
Unbraced parapets and architectural ornaments
may fall.
Stone walls cracked.
Weak chimneys broken, usually at the
roofline.
Domestic water tanks burst. Concrete
irrigation ditches damaged.
Waves seen on ponds and lakes.
Water made turbid by stirred-up mud.
Small slips, and caving-in on sand and gravel
banks.

Fittings
Large bells ring.
Furniture moves on smooth floors, may move on
carpeted floors.
Structures
Unreinforced stone and brick walls cracked.
Buildings Type I cracked and damaged.
A few instances of damage to Buildings Type II.
Unbraced parapets and architectural ornaments tall.
Roofing tiles, especially ridge tiles may be dislodged.
Many unreinforced domestic chimneys broken.
Water tanks Type I* burst.
A few instances of damage to brick veneers and plaster
or cement-based linings.
Unrestrained water cylinders (Water Tanks Type III)
may move and leak. Some Windows Type 11 * cracked.
Environment
Water made turbid by strirred up mud. Small slides such
as falls of sand and gravel banks.
Instances of differential settlement on poor or wet or
unconsolidated ground.
Some fine cracks appear in sloping ground.
A few instances of liquefaction.

MM VIII

Alarm may approach panic.
Steering of motorcars affected.
Masonry C damaged, with partial collapse.
Masonry B damaged in some cases.
Masonry A undamaged.
Chimneys, factory stacks, monuments, towers
and elevated tanks twisted or brought down.
Panel walls thrown out of frame structures.
Some brick veneers damaged.
Decayed wooden piles broken.
Frame houses not secured to the foundation
may move.
Cracks appear on steep slopes and in wet
ground.
Landslips in roadside cuttings and
unsupported excavations.
Some tree branches may be broken off.
Changes in the flow or temperature of springs
and wells may occur.
Small earthquake fountains.
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People
Alarm may approach panic. Steering of motorcars
greatly affected.
Structures
Buildings Type II damaged, some seriously
Buildings Type Ill damaged in some cases.
Monuments and elevated tanks twisted or
brought down.
Some pre-1965 infill masonry panels damaged.
A few post-1980 brick veneers damaged.
Weak piles damaged.
Houses not secured to foundations may move.
Environment
Cracks appear on steep slopes and in wet ground.
Slides in roadside cuttings and unsupported
excavations.
Small earthquake fountains and other manifestations of
liquefaction.

After Eiby (1966)

MM IX

After Study Group (1992)

General panic. Masonry D destroyed.
Masonry C heavily damaged, sometimes collapsing
completely.
Masonry B seriously damaged.
Frame structures racked and distorted. Damage to
foundations general.
Frame houses not secured to the foundations shifted
off.
Brick veneers fall and expose frames. Cracking of
the ground conspicuous. Minor damage to paths
and roadways.
Sand and mud ejected in alluviated areas, with the
formation of earthquake fountains and sand craters.
Underground pipes broken. Serious damage to
reservoirs.

MM X

Most masonry structures destroyed, together with
their foundations.
Some well built wooden buildings and bridges
seriously damaged.
Dams, dykes and embankments seriously damaged.
Railway lines slightly bent.
Cement and asphalt roads and pavements badly
cracked or thrown into waves.
Large landslides on river banks and steep coasts
Sand and mud on beaches and flat land moved
horizontally.
Large and spectacular sand and mud fountains
Water in rivers, lakes and canals thrown up the
banks

MM XI

Wooden frame structures destroyed
Great damage to railway lines and underground
pipes.

MM XII

Damage virtually total. Practically all works of
construction destroyed or greatly damaged.
Large rock masses displaced.
Lines of sight and level distorted.
Visible wave-motion of the ground surface
reported.
Objects thrown upwards into the air.
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Structures
Many buildings Type I destroyed.
Buildings Type II heavily damaged, some
collapsing.
Buildings Type III damaged, some seriously.
Damage or permanent distortion to some
buildings and bridges Type IV.
Houses not secured to foundations shifted off.
Brick veneers fall and expose frames.
Environment
Cracking of ground conspicuous. Landsliding
general on steep slopes. Liquefaction effects
intensified, with large earthquake fountains and
sand crater.

Structures
Most unreinforced masonry structures
destroyed.
Many Buildings Type II destroyed.
Many Buildings Type III (and bridges of
equivalent design) seriously damaged. Many
Buildings and Bridges Type IV have moderate
damage or permanent distortion.

Construction Categories for Damage Assessment as Used in
Modified Mercalli Intensity Scale

After Eiby (1966)
Categories of non-Wooden Construction
Masonry A
Structure design to resist lateral forces of about 0.1g, such
as those satisfying the New Zealand Model Building
Bylaw, 1955. Typical buildings of this kind are well
reinforced by means of steel or ferroconcrete bands, or are
wholly of ferroconcrete construction. All mortar is good
quality and the design and workmanship is good. Few
buildings erected prior to 1935 can be regarded as in
category A.
Masonry B
Reinforced buildings of good workmanship and with
sound mortar, but not designed in detail to resist lateral
forces.
Masonry C
Buildings of ordinary workmanship, with mortar of
average quality. No extreme weakness, such as inadequate
. bonding of the comers, but neither designed nor
reinforced to resist lateral forces.
Masonry D
Buildings with low standard of workmanship, poor
mortar, or constructed of weak materials like mud brick
and rammed earth. Weak horizontally.

After Study Group (1992)
Categories of Construction
Buildings Type I
Weak materials such as mud brick and rammed earth; poor
mortar; low standards of workmanship (Masonry D in other
MM scales).
Buildings Type II
Average to good workmanship and materials, some including
reinforcement but not designed to resist earthquakes (Masonry
B and C in other MM scales).
Buildings Type III
Buildings designed and built to resist earthquakes to normal sue
standards, i.e. no special damage limiting measures taken (mid 130’s to c. 1970 for concrete and to c. 1980 for other materials).
Buildings and bridges Type IV
Since c. 1970 for concrete and c. 1980 for other materials, the
loadings and materials codes have combined to ensure fewer
collapses and less damage than in earlier structures. This arises
from features such as "capacity design" procedure, use of
elements (such as improved bracing or structural walls) which
reduce racking (i.e. drift), high ductility, higher strength.
Windows

Windows
Window breakage depends greatly upon the nature of the
frame and its orientation with respect to the earthquake
source. Windows cracked at MM5 are usually either large
display windows, or windows tightly fitted to metal
frames.

Type I — Large display windows, especially shop windows.

Water Tanks
The "domestic water tanks" listed under MM7 are of the
cylindrical corrugated-iron type common in New Zealand
rural areas. If these are only partly full, movement of the
water may burst soldered and riveted seams.

Type II - Domestic hot-water cylinders unrestrained except by
connecting pipes.

Hot water cylinders constrained only by supply
and delivery pipes may move sufficiently to break
the pipes at about the same intensity.

Type II - Ordinary sash or casement windows.
Water Tanks
Type I - External, stand mounted, corrugated iron water tanks.

H - (Historical)
Important for historical events. Current application only to
older houses, etc.
General Comment
"Some" or a "few" indicates that the threshold of a particular
effect has just been reached at that intensity.
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APPENDIX B
Population figures for the field area
Place
By town/village
Te Anau
Milford Sound
Queenstown
Hawea
Glenorchy
Wanaka
Fox Glacier
Franz Josef
Haast
Whataroa
Hokitika
Greymouth
Aoraki/Mt Cook
Arthur’s Pass

Population
Census 2006
1,902
160
15,858
1,596
465
5,037
378
330
297
405
3,078
3,486
213
54

By District
Queenstown-Lakes
Grey
Westland
Fiordland (Te Anau and Milford Sound only)
MacKenzie (Aoraki/Mt Cook only)
Selwyn (Arthur’s Pass only)

22,956
12,894
8,403
2,062
213
54

Total population of the field area

46,582
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APPENDIX C - Consent Form for interviewees

Alpine fault hazards and the Tourism Industry
South Island, New Zealand
CONSENT FORM FOR PARTICIPANTS
I have read the Information Sheet concerning this project and understand what it is about. All
my questions have been answered to my satisfaction. I understand that I am free to request
further information at any stage.
I know that:1. my participation in the project is entirely voluntary;
2. I am free to withdraw from the project at any time without any disadvantage;
3. the data stored on audio tapes will be destroyed at the conclusion of the project but
any raw data on which the results of the project depend will be retained in secure storage
for five years, after which it will be destroyed;
4. this project involves an open-questioning technique where the precise nature of the
questions which will be asked have not been determined in advance, but will depend on
the way in which the interview develops and that in the event that the line of questioning
develops in such a way that I feel hesitant or uncomfortable I may decline to answer any
particular question(s) and/or may withdraw from the project without any disadvantage of
any kind.
5. the results of the project may be published and available in the library but every
attempt will be made to preserve my anonymity.
I agree to take part in this project.
.............................................................................(Signature of participant)
............................... (Date)
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APPENDIX C
Information Sheet for Tourism Operators
March 8th 2008
Alpine fault hazards and the Tourism Industry
South Island, New Zealand

Information sheet for Participants
Thank you for showing an interest in this project. Please read this information sheet carefully
before deciding whether or not to participate. If you decide to participate we thank you. If
you decide not to take part there will be no disadvantage to you of any kind and we thank you
for considering our request.
What is the Aim of the Project?
This project is being undertaken as part of the requirements for PhD research. It aims to
investigate the level of preparedness of tourism operators for a significant earthquake on the
Alpine Fault. Interviews will be conducted with tourism industry operators to investigate
levels of preparedness and resilience in the tourism industry in the event of an Alpine Fault
earthquake (magnitude 7.5-8).
What will Participants be Asked to Do?
Should you agree to take part in this project, you will be asked to answer questions relating to
yourself and your tourism business in regard to earthquake preparedness, and some of the
factors which influence individual, community and business resilience.
Can Participants Change their Mind and Withdraw from the Project?
You may withdraw from participation in the project at any time and without any disadvantage
to yourself of any kind.
What Data or Information will be Collected and What Use will be Made of it?
This project involves an open-questioning technique where the precise nature of the questions
which will be asked have not been determined in advance, but will depend on the way in
which the interview develops. Consequently, although the University of Otago Human Ethics
Committee is aware of the general areas to be explored in the interview, the Committee has
not been able to review the precise questions to be used.
In the event that the line of questioning does develop in such a way that you feel hesitant or
uncomfortable you are reminded of your right to decline to answer any particular question(s)
and also that you may withdraw from the project at any stage without any disadvantage to
yourself of any kind.
The interviews will be recorded and transcribed (by the researcher) for the purposes of
analysis. The results of the project may be published in academic journals and will be
available in the library but every effort will be made to preserve your anonymity.
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You are most welcome to request a copy of the results of the project should you wish. The
data collected will be securely stored in such a way that only those mentioned above will be
able to gain access to it. At the end of the project any personal information will be destroyed
immediately except that, as required by the University's research policy, any raw data on
which the results of the project depend will be retained in secure storage for five years, after
which it will be destroyed.
What if Participants have any Questions?
If you have any questions about our project, either now or in the future, please feel free to
contact either:Caroline Orchiston

or

Prof. James Higham

Department of Tourism
9196

Department of Tourism (03) 479(03) 479- 8500
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APPENDIX C
Information Sheet for Public Sector Agency interviewees
August 18th 2008
Alpine fault hazards and the Tourism Industry
South Island, New Zealand

Information sheet for Participants
Thank you for showing an interest in this project. Please read this information sheet carefully
before deciding whether or not to participate. If you decide to participate we thank you. If
you decide not to take part there will be no disadvantage to you of any kind and we thank you
for considering our request.
What is the Aim of the Project?
This project is being undertaken as part of the requirements for PhD research. It aims to
investigate the policy framework for tourism and seismic hazards within Local and Regional
government and the Department of Conservation with respect to a potential Alpine fault
earthquake (magnitude 7.5-8).
What will Participants be Asked to Do?
Should you agree to take part in this project, you will be asked to answer questions relating to
tourism and hazards policy planning, and how tourism is considered within the emergency
and hazards management framework.
Can Participants Change their Mind and Withdraw from the Project?
You may withdraw from participation in the project at any time and without any disadvantage
to yourself of any kind.
What Data or Information will be Collected and What Use will be Made of it?
This project involves an open-questioning technique where the precise nature of the questions
which will be asked have not been determined in advance, but will depend on the way in
which the interview develops. Consequently, although the University of Otago Human Ethics
Committee is aware of the general areas to be explored in the interview, the Committee has
not been able to review the precise questions to be used.
In the event that the line of questioning does develop in such a way that you feel hesitant or
uncomfortable you are reminded of your right to decline to answer any particular question(s)
and also that you may withdraw from the project at any stage without any disadvantage to
yourself of any kind.
The interviews will be recorded and transcribed (by the researcher) for the purposes of
analysis. The results of the project may be published in academic journals and will be
available in the library but every effort will be made to preserve your anonymity.
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You are most welcome to request a copy of the results of the project should you wish. The
data collected will be securely stored in such a way that only those mentioned above will be
able to gain access to it. At the end of the project any personal information will be destroyed
immediately except that, as required by the University's research policy, any raw data on
which the results of the project depend will be retained in secure storage for five years, after
which it will be destroyed.
What if Participants have any Questions?
If you have any questions about our project, either now or in the future, please feel free to
contact either:Caroline Orchiston

or

Prof. James Higham

Department of Tourism
9196

Department of Tourism (03) 479(03) 479- 8500
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APPENDIX D
Survey
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Section One – Your Ideas about Earthquakes
This section addresses what you personally think about earthquakes, and the
hazard posed by the Alpine Fault.
Try and complete the survey considering the outcomes of an Alpine Fault
earthquake with a magnitude of 8. An earthquake this size is likely to cut off many
essential services, produce large numbers of landslides and cause significant
damage to property and livelihoods.
1.

In your region, which natural hazard (independent of earthquakes) do you consider to
have the most potential to impact on your livelihood? Please tick one box per line, on a
scale from 1 (very unlikely) to 5 (very likely).
Very
Unlikely
unlikely

Flood
Volcano
Earthquake
Drought
Tsunami
Storm

Unsure

Likely

Very
likely

1

2

3

4

5

1
1
1
1
1
1

2
2
2
2
2
2

3
3
3
3
3
3

4
4
4
4
4
4

5
5
5
5
5
5

2.

Have you experienced a damaging earthquake in the past?
Yes
1
If so, where? …………………….. Year? ………
No
2

3.

How likely do you think it is that a magnitude 8 Alpine Fault earthquake will occur?
Within the next year
1
Within the next 50 years 4
Within the next 10 years
2
More than 50 years
5
Within the next 30 years
3
I don’t know
6

4.

To what extent do you think an Alpine Fault earthquake (magnitude 8) could pose a
threat to each of the following? Please tick one box per line on a scale from 1 (not at all) to 5
(a great deal).
Not at
all

Your personal safety
Your property
Your tourism business
Your community

Possibly

Unsure

Probably

A great
deal

1

2

3

4

5

1
1
1
1

2
2
2
2

3
3
3
3

4
4
4
4

5
5
5
5
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5.

Please describe the extent to which you agree or disagree with the following
statements, by ticking one box per line on a scale from 1 (completely agree) to 5
(completely disagree).

An Alpine Fault earthquake will
be too destructive to bother
preparing for
It is unnecessary to prepare for
an earthquake because assistance
will be provided by the council
and/or emergency services
Getting prepared for an
earthquake will significantly
reduce damage to my home
should an earthquake occur
Getting prepared for an
earthquake will help my business
recover after the event

Completely
agree

Agree

Neutral

Disagree

Completely
disagree

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Section Two – Personal and Community Preparedness
Another important purpose of this survey is to learn how you feel about the
preparedness of yourself and your community in the event of an Alpine fault
earthquake (magnitude 8). Please answer as an individual, not a business operator.
6.

Please rank the following in the order in which you think responsibility for
earthquake preparedness should lie, by writing a number from 1 (most) to 4 (least
responsible) in the space provided.
Example
My responsibility
….
3
Local Council responsibility
….
2
Regional Council responsibility
….
1
Emergency services responsibility
….
4

7.

Have you ever sought information on earthquake risk and getting prepared from
any of the sources below? Please tick all that apply.
Earthquake Commission 1
Phonebook
6
Local Council
2
Other (please specify)
Regional Council
3
…………………………………
Civil Defence
4
DOC
5
I have never sought information 7
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8.

Please read the following list of preparedness actions and record whether they
currently apply to your community, by ticking one box per line.

Does your community have an emergency
response plan?
Have you received any earthquake hazard
information from local or regional authorities?
Have you or any family members been involved
in emergency preparedness meetings, run by:
Your local Council
Civil Defence
Schools
Other community groups/organisations
Have you discussed the need for earthquake
preparedness with:
Your family/household?
Your neighbours?
Other business owners?
Your employees?
Your local District or Regional council?
9.

Yes

No

Don’t
know

N/A

1

2

3

4

1

2

3

4

1
1
1
1

2
2
2
2

3
3
3
3

4
4
4
4

1
1
1
1
1

2
2
2
2
2

3
3
3
3
3

4
4
4
4
4

Have you seen the ‘Get Ready, Get Thru’ advertising campaign on TV over the
last year?
Yes
1
No
2
If yes, has it prompted you to get more prepared?
Yes
1
No
2

10. To what extent do you perceive each of the following is prepared to deal with an
Alpine Fault earthquake (magnitude 8). Tick one box per line on a scale from 1 (not
at all prepared) to 5 (very prepared).
Not at all
prepared

Very
prepared

1

2

3

4

5

Your local council

1
1
1
1

2
2
2
2

3
3
3
3

4
4
4
4

5
5
5
5

Your local Civil Defence group
Central government

1
1

2
2

3
3

4
4

5
5

Yourself
Your community
Your business
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11. In regard to living in your community generally, please describe the extent to
which each statement applies to you, by ticking one box per line on a scale from 1
(strongly agree) to 5 (strongly disagree)
Strongly
agree

Agree

Neutral

Disagree

Strongly
disagree

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

Given the opportunity I would like to
move out of this community
I believe my neighbours would help me
in an emergency
I feel as though I belong in my
community
I feel loyal to the people in my
community
I plan to remain a resident of this
community for a number of years

Section Three – Your tourism business
This section asks several questions about your tourism business.
Please remember this information will be kept CONFIDENTIAL.
12. Please tick the appropriate box to indicate the type of tourism business you
operate, and write the kind of operation in the space provided, e.g. hotel, glacier
walk, guided fishing tour etc.
Activity/Attraction
1 ……………………………………
Accommodation
2 ……………………………………
Transport (e.g. shuttles, bus tours) 3 ……………………………………
Other (please specify) …………………………………………………..
13. Where is your tourism operation based? Tick one box only.
Queenstown
1
Greymouth
6
Te Anau/Milford
2
Mt Cook/Twizel
7
Haast
3
Wanaka
8
Fox or Franz Josef 4
Arthur’s Pass
9
Hokitika
5
Other (please specify) …………………….
14. How long have you been running your business? Please tick one box.
Less than a year
1
1-2 years
2
3-5 years
3
6-10 years
4
11 years or more
5
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15. What is your role in the business? Please tick all that apply.
Owner-operator
1
Manager (employed by the owner)
2
Administration/reception
3
Tour Guide
4
Other (please specify) ………………………
16. Do you run your tourism business in addition to working in other employment?
Yes
1
If yes, is the other job seasonal ? Y/N (please circle)
No
2
17. How many people are employed in this tourism business (excluding yourself)?
Please write the number of employees in the space provided.
Permanent full time: ……..
Seasonal full time:
.…….
Permanent part time: ……..
Seasonal part time:
……..
18. Do you have an induction programme for new staff?
Yes
1
No
2
If yes, does it include a section on dealing with natural disasters?
Yes
1
No
2
19. Do you run evacuation drills?
Yes
No

1
2

20. Do you have on-going staff training about what to do in an emergency?
Yes
1
No
2
21. What was your gross annual business turnover (before tax) for YE 2007? Please
tick one box.
Under $50,000
1
$50,001 - $100,000
2
$100,001 - $250,000
3
$250,001 - $500,000
4
over $500,001
5
22. To what extent do you discuss or talk about earthquake preparedness in the
following situations? Please tick one box per line on a scale from 1 (never) to 5 (once a
week or more).

Within your business?
Between you and other
business owners you know?

Never

Rarely

Sometimes
(2-3 times a
year)

Regularly
(once a
month)

Once a
week or
more

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5
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23. Are you insured for business interruption due to natural disasters (known as
business interruption insurance)? Please tick one box.
Yes
1
No
2
If yes, what period of interruption does it cover? ……………………………
24. Do you have a written Disaster Plan for your tourism business?
Yes
1
No
2
If yes, what does it include (please specify).
………………………………………………………………………
………………………………………………………………………
………………………………………………………………………
25. Please indicate how you feel about the following statements regarding how an
Alpine Fault earthquake measuring magnitude 8 might affect your business, by
ticking one box per line on a scale from 1 (strongly agree) to 5 (strongly disagree).

After an earthquake the business
community will look after each other
Things should get back to normal
pretty quickly
I have a responsibility to look after
my staff after a big earthquake
I have a responsibility to look after
my clients after a big earthquake
There will be a drop in visitor
numbers for many months after the
earthquake
I’m confident my business is
prepared for an Alpine fault
earthquake
I doubt my business could survive
the aftermath of an Alpine fault
earthquake

Strongly
agree

Agree

Uncertain

Disagree

Strongly
disagree

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

26. How long do you estimate it would take for you to reopen your business
following an Alpine Fault earthquake (measuring magnitude 8)? Please tick one
box.
Less than a week
1
1-3 months
4
1-2 weeks
2
3-6 months
5
2-4 weeks
3
May never reopen
6
27. What do you believe will be the most significant issue you will face following an
Alpine Fault earthquake (magnitude 8)?
……………………………………………………………………………………….
……………………………………………………………………………………….
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SECTION FOUR: A bit about you
Finally, the last set of questions is about you personally, and will help us interpret
the results. Please tick the appropriate boxes.
Age: 20 or under
21-40
41-64
65 or above
Living situation:

1
2
3
4

Gender:

Male
Female

1
2

Family without children 1
Living alone
3
Family with children
2
Living with others 4
Other (please specify) ………………………………

Level of education: High School
1
Undergraduate degree
Vocational/Trade 2
Postgraduate degree
Other (please specify) …………………………

3
4

How long have you lived in this town/district? ………..years?

❖ ❖ ❖
Any further comments regarding this survey, or earthquakes in general?
………………………………………………………………………………………..
………………………………………………………………………………………..
………………………………………………………………………………………...
…………………………………………………………………………………………
………………………………………………………………………………………..
………………………………………………………………………………………..

Thank you very much.
Your responses will help us understand more about business resilience
and earthquake preparedness in the tourism industry.
Please return it in the post-paid envelope provided.
If you would like to receive a summary of results at the conclusion
of this study (mid-2009), please write your email address or
other contact information below.
………………………………………………………………………..
………………………………………………………………………..
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APPENDIX E
Cover letter, Earthquake information sheet,
Reminder postcard and Modified cover letter

April 2008
Dear Tourism Operator,
This questionnaire is part of a University of Otago doctoral study exploring Earthquake
Preparedness in the Tourism Industry. It is designed to find out how tourism operators feel
about the risks posed a large earthquake on the Alpine Fault, their level of preparedness, and
the resilience of their business.
All tourism operators in the area between Milford Sound and Greymouth (including Mt Cook,
Queenstown and Arthur’s Pass) are being asked to complete a survey.
Your reply will be strictly confidential and all the data will be used in aggregate form only.
No company or participant will be personally identified.
I would greatly appreciate your completing the enclosed survey and returning it in the post
paid envelope provided. Since the validity of the results depend on obtaining a high response
rate, your participation is crucial to the success of this study.
The survey should take about 10 minutes to complete.
If you have any questions or concerns about completing the questionnaire or about being in
this study, you may contact me the phone and email provided below.
If you are interested in receiving a summary of results there is a section in the final part of the
survey for your contact details.
Yours sincerely,
Caroline Orchiston
PhD Student
corchiston@business.otago.ac.nz
Ph. (03) 479-9196
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June 2008
TOURISM AND EARTHQUAKES IN THE SOUTHERN ALPS
Dear Tourism Operator,
A few weeks ago you received a survey in the mail about a major Alpine Fault earthquake,
and its potential impact on the tourism industry.
The survey was sent to all tourism operators with businesses of varying size, from fishing
guides to large hotel chains. The survey was designed to capture opinion from a wide range of
business operators. I am still very keen to hear from you.
I have enclosed a replacement survey in case your first copy has been lost or misplaced.
Your reply will be strictly confidential and all the data will be used in aggregate form only.
No company or participant will be personally identified.
If you have any questions or concerns about completing the questionnaire or about take part
in this study, you may contact me on the phone and email provided below.
Yours sincerely,

Caroline Orchiston
PhD Student
corchiston@business.otago.ac.nz
Ph. (03) 479-9196
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APPENDIX F
Questions for tourism operators
How long have you been involved in the tourism industry? What does your current business
involve? How long have you lived here?
Can you tell what you know about the Alpine fault? (In the event the interviewee knew very
little about the Alpine fault, they were informed about the potential for a M8 earthquake, the
probability of it happening over the next 50 years, and a brief description of the damage it
may cause).
How do you think it will impact your business?
Have you thought about ways you could become prepared for an AFEQ in future? If so, can
you describe what you have prepared in terms of for yourself and your family, and your
business?
Do you talk to your neighbours/local people about the Alpine fault?
Are there any community preparedness initiatives that you are aware of?
How do you think your community will respond in the aftermath of a M8 on the Alpine fault?
Do you talk about earthquakes with your staff/clients? Is there any mention of earthquakes in
a staff induction?
Have you thought about your responsibilities towards your clients in the event of a large
AFEQ?
Who do you consider to be the most responsible for earthquake preparedness?
What are some of the issues that might slow the recovery of your own business following a
large earthquake?
Any other comments?
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Questions for Public Sector Agency representatives
What is your role in the organization?
Can you explain the policies and plans your organizations has with respect to tourism and
natural hazards?
Is there any networking between other government organizations with respect to planning for
a future AFEQ?
What are some of the issues that will help and hinder the recovery effort after an AFEQ?
Does your organization communicate the risk of earthquakes to the public, and if so, how?
How could the planning for tourists/tourism be improved in light of a potential future AFEQ?
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APPENDIX G
List of interviewees

TBO – Tourism Business Operator
PSA – Public Sector Agency
Interviewee

Region

TBO1

West Coast

TBO2

West Coast

TBO3

Queenstown

TBO4

Glenorchy

TBO5

West Coast

TBO6

Te Anau

TBO7

Queenstown

TBO8

Aoraki/Mt Cook

TBO9

Aoraki/Mt Cook

TBO10

Te Anau

TBO11

West Coast

PSA1

DOC

PSA2

DOC

PSA3

DOC

PSA4

WCRC

PSA5

WCRC

PSA6

WDC

PSA7

WDC

DOC – Department of Conservation
WCRC – West Coast Regional Council
WDC – Westland District Council
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