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Abstract 
Over the past few decades considerable effort has been devoted to improving our knowledge 
of seismic risk. Much of this work has resulted in improved seismic risk models and hazard 
maps, delineating variations in relative risk. However, disparities are still common between 
these expert assessments and the way the public and authorities interpret and act on seismic 
risk information. Public understanding of and response to earthquake risk is determined by a 
range of factors, including scientific information, and direct experience of earthquakes, as well 
as the interaction of social, cultural, institutional, and political processes. Many people in lower 
seismic hazard regions falsely interpret their relatively low seismic hazard as having low 
seismic risk, and therefore as a reason not to prepare. Similarly, people may perceive less risk 
from earthquakes and be less inclined to take preparation actions if there are other, more 
salient hazards in their environment, either through cues or through recent experience. Recent 
research in Auckland, New Zealand, a low(er) seismic hazard zone, showed both negative and 
positive influences of spatial comparisons, as well as influences of hazard salience. These 
findings suggest that encouraging earthquake mitigation and preparation in lower seismic 
hazard areas may need to consider both how people compare their seismic risk to others as 
well as how they prioritise the multiple hazards they face. 
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1 Introduction 
Previous research has identified relatively low earthquake risk perception and preparation in 
Tāmaki Makaurau Auckland, Aotearoa New Zealand (Johnston et al., 2017). While this area is 
typically classed as low or lower seismic hazard, this is in comparison to other areas of NZ 
which is a highly-seismically active country by global standards. These comparisons can lead 
to low preparation (particularly mitigation actions such as strengthening homes) and therefore 
poorer outcomes in areas which are at objectively lower, but still significant, seismic hazard 
(McClure et al., 2011; 2015). National and city level surveys show an increase in preparation 
following a significant event (e.g., Vinnell et al., 2019); however, at this point damage and harm 
has already occurred. It is therefore critical to explore and aim to reduce barriers to earthquake 
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resilience actions including structural strengthening based on pre-event factors such as risk 
perception. 

 

 
Figure 1. National Seismic Hazard Model (lighter colours indicate higher expected mean Peak Ground 
Acceleration for a 2% in 50 years probability of exceedence); GNS Science, n.d. 

 
The context in which people perceive their risk can have meaningful impacts on preparation 
behaviours such as earthquake strengthening (Vinnell et al., 2017). We therefore need to 
understand earthquake-related judgments and behaviour in areas of relatively lower seismic 
hazard so that we can inform existing practice, public education, and policy to reduce the 
amount of damage and harm experienced when an earthquake does occur. Biases such as 
unrealistic optimism, where people understand that earthquakes will occur and cause negative 
impacts but do not believe that they will be personally affected, inhibit preparation behaviour 
such as retrofitting buildings to better withstand shaking (Becker et al., 2015). 
Two potential additional mechanisms are explored in this research: spatial comparisons and 
hazard comparisons. Although some previous research demonstrates the role of comparative 
risk judgments throughout NZ (e.g., Johnston et al., 1999), further research is needed to 
understand how exactly these spatial comparisons (i.e., an individual considering their 
earthquake risk in relation to other areas with higher or lower hazard) work to inhibit behaviour 
as well as how end-users can communicate, educate, and make policy decisions to reduce 
these barriers. Secondly, many countries are prone to a number of natural hazards, which 
means that earthquakes may compete for attention and prioritisation with other events such 
as floods and bushfires. 

1.1 Spatial Comparisons 

One major concern in terms of earthquake risk perception and preparedness is that those in 
low(er) seismic hazard zones may displace their concern onto areas of higher hazard. For 
example, because earthquakes are objectively more likely to occur and likely to be larger 
elsewhere in the country, people in Auckland may assume that earthquakes will occur in those 
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places rather than in Auckland (see Figure 1). For example, many people (>60%) in one survey 
reported thinking before the Canterbury Earthquake Sequence that an earthquake near 
Christchurch was unlikely because they thought it would happen elsewhere (McClure et al., 
2015).  
The role of spatial comparisons is of potential interest to other parts of the world; for example, 
the 2024 New Jersey earthquake received over 180,000 “Did you feel it” responses, despite 
only being a M4.8 (USGS, 2025). While this is partly due to the geology of the east coast, it is 
worth considering whether residents of less-shaky parts of the US frame their earthquake 
related judgments and behaviour, at least in part, on comparisons to other parts of the country. 
This proposed comparison mechanism is also potentially of relevance to countries such as 
Australia with relatively lower seismic hazard compared to neighbouring countries.  
 

1.2 Hazard Comparisons 

A second major potential influence on how people perceive their earthquake risk is the role of 
other hazards (Ardaya et al., 2017; Boholm, 1998). Thinking about one natural hazard event 
can be psychologically challenging given the threat they may pose, leading to the hypothesis 
that it is difficult for people to perceive multiple risks at the same time. Instead, they may 
cognitively downplay those which are less salient. For example, perceptions of earthquake risk 
stayed the same in one town not impacted by the ashfall from the 1995 Ruapehu volcanic 
eruption but decreased in another town which did experience that ashfall (Johnston et al., 
1999). 

2 Method 
This research focused on Tāmaki Makaurau Auckland, given its (relatively) low seismic hazard, 
the high salience of volcanic hazard, and frequent experiences of severe weather events. All 
participants were therefore recruited from the wider Auckland Region.  
The first phase of this study used a cross-sectional approach, with a single questionnaire 
conducted online at a single point in time. However, the Auckland Anniversary rainfall event of 
January 2023 and subsequent events which impacted Auckland (e.g., Cyclone Gabrielle) 
allowed for a natural experiment comparing those who were impacted by severe weather in 
the preceding 6 months to those who were not in terms of key outcome measures (in particular, 
risk perception and preparation for various hazards, including earthquakes). 
The second phase of the research used a semi-structured interview design, where questions 
were developed beforehand to address key research aims but there was inbuilt flexibility to 
pursue and elaborate on interesting responses. Interviews ran for approximately 30 to 45 
minutes and were conducted online using Microsoft Teams. While this interview was semi-
structured, enabling it to be flexible to interviewees’ [priorities], the core questions were fairly 
direct such that analysis focused more on descriptive rather than reflective or thematic 
analysis. 
The final survey sample comprised 638 participants. Eight people participated in the  
interviews. While the number of interview participants is not large, it is considered within the 
acceptable range for this type of research (six to 12; Guest et al., 2006), particularly because 
the qualitative data is complemented by a large quantitative dataset. 
This study was evaluated by peer review and judged to be low risk, so a notification of the 
study was filed with Massey University in accordance with the due process for that institution. 
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3 Results 

3.1 Spatial Comparisons  

Counter to expectations, the survey results showed that beliefs that earthquakes are more 
likely somewhere else in NZ were not associated with earthquake preparation in Auckland, 
either negatively or positively. This was seen both with correlations between perceived risk in 
Auckland and other, higher risk NZ regions as well as regression analysis of reported barriers 
to preparation. 
For some of the interview participants, the belief that the next earthquake will not be in 
Auckland led them to feel better and more relaxed about their own risk, but this finding was not 
ubiquitous. One participant thought that many Aucklanders were not prepared enough for 
earthquakes, while another commented that they thought recent earthquakes in other parts of 
the country had made people in Auckland excessively concerned about their seismic risk. Only 
one participant said that the belief that Wellington will be the location of the next big event 
made them more worried about their risk in Auckland, explaining that because the hazard was 
higher in Wellington, more steps had been taken to address it. The example they provided was 
the labelling of earthquake-prone buildings, the absence of which in Auckland meant it was 
difficult to know how dangerous some of the city’s older buildings might be. 
Two participants were less worried about earthquakes because they had lived in areas of 
higher risk (one in Wellington, one overseas), while a further two participants reported the 
Canterbury Earthquake Sequence had heightened their perceptions of risk in Auckland. As 
one of them explained, because “everyone” had said the next big earthquake would be in 
Wellington, the Canterbury earthquakes made them realise that earthquakes are possible 
anywhere, not just where they might be the most likely. 
The interview findings may explain why there was little to no evidence of spatial comparisons 
affecting risk perception or preparedness within the survey data; it appears that for some 
people, being in a lower seismic hazard zone does decrease concern and preparation as 
predicted, but that for others this comparison increases concern. Additionally, it appears that 
for some people, recent experience of a large earthquake in a part of the country they generally 
do not consider high-risk highlights the fact that damaging events can happen anywhere. 

3.2 Hazard Comparisons  

Survey participants were asked to directly compare nine hazards (earthquakes, volcanoes, 
floods, storms, disease outbreaks, tsunami, drought, bushfires, and landslides) on three 
factors: how often they thought about them, how likely they thought it was that the hazard 
would impact them, and how severe they thought the impacts would be if they did occur. The 
hazards were ranked from 1 (the most) to 9 (the least), such that lower numbers mean higher 
risk perception. Across the full survey sample, earthquakes were the most thought about, seen 
as the most likely, and seen as having the most severe impacts while volcanoes were the 
lowest (see Table 1). These findings are counter to the expectation that earthquakes would 
not be thought about much given their infrequency in the area, while volcanoes would be highly 
rated given their salience (e.g., prominence in the landscape of volcanic cones). It is important 
to note that the mean scores had a narrow range and a high standard deviation; the former 
suggests that differences in perceptions of the hazards were small and the latter that there 
was limited consensus among the sample. It is likely that there are meaningful confounding 
variables which need to be considered when analysing hazard comparisons, such as personal 
experience, location within Auckland, and sociodemographics. 
It is also likely that the North Island severe weather events in the first half of 2023 influenced 
hazard perceptions amongst our sample. While this bias is potentially problematic, it also 
presented an opportunity to test the impact of recent experience of one hazard on perceptions 
of others. We conducted independent samples t-tests to compare mean scores for thinking 
about each hazard, the perceived likelihood of each hazard, and the perceived impact of each 
hazard between those who had and had not been recently impacted by severe weather. We 
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saw that people who were negatively impacted by severe weather in the 6 months before the 
survey thought about earthquakes significantly less, saw their likelihood as significantly lower, 
and thought the impacts would be significantly less severe than those who were not impacted 
by those weather events. Being affected by the severe weather increased the frequency of 
thinking about floods as well as the severity of impacts as would be expected, although did not 
influence perceptions of likelihood; it is probable that the extensive media coverage of the 
events meant that even those who were not impacted were aware that they occurred, and so 
their perceptions of likelihood would have also been influenced. 
 

Table 1. Hazard comparative rankings (survey participants) 

 Think about hazard Likelihood of hazard Impact of hazard 

 Yes No Yes No Yes No 

Earthquake 4.37 3.56 4.32 3.48 4.41 3.20 

Volcanoes 5.69 5.54 5.76 5.80 5.36 5.38 

Floods 4.53 5.09 4.47 4.65 4.74 5.48 

Storms 4.95 5.10 4.83 5.25 5.06 5.18 

Disease 4.55 4.77 4.48 4.52 5.12 4.81 

Tsunami 5.18 5.44 5.13 5.66 4.94 5.01 

Drought 5.35 5.33 5.37 5.64 5.27 5.65 

Fire 5.31 4.84 5.43 5.13 5.07 5.03 

Landslides 5.06 5.33 5.21 4.86 5.30 5.27 

Note. Participants were asked to rank the hazards from most (1) to least (9), such that lower mean 
scores = a higher comparative ranking. Highlighted cells indicate where there is a statistically significant 
difference between those impacted (“Yes”) and not impacted (“No”) by severe weather in the previous 
six months (independent samples t-test, p < .05, Cohen’s d for significant tests ranged from .188 to .342 
indicating to small to small-medium effects).  

 
Interestingly, there were few other significant impacts of severe weather experience. Those 
who were impacted saw tsunami as significantly more likely and thought about bushfires 
significantly less than those were not impacted. It is possible that flood inundation was seen 
as similar to tsunami, and counter to the possibility of bushfire. The hypothesis behind these 
findings is that people may have a limit to the amount of perceived threat they can cope with, 
and so after experiencing one hazard, cognitively downplay others to avoid becoming 
overwhelmed; it may be that only earthquakes were salient enough and/or perceived as 
dangerous enough to trigger this cognitive mechanism. However, future research should 
explore why earthquake perceptions in particular were so strongly impacted by severe weather 
experience. 
Of the eight interview participants, all but one mentioned volcanoes when asked which three 
natural hazards they thought would be the most impactful on them. Rain and flooding were 
also mentioned by seven participants, with three mentioning tsunami and only two listing 
earthquakes in their top three hazards. When asked about which of those hazards they were 
most concerned by, the most common answer was volcanic eruption (three participants), with 
a further three participants saying flooding or climate change (due to its impacts on increased 
rainfall). Of note, two of the participants who said that volcanoes concerned them the most 
commented that if they had been asked in 2023, they would have said flooding. This suggests 
that volcanoes are a prominent consistent hazard, while concern about flooding depends on 
the recency of extreme events. One participant, who lives near the coast, said that tsunami 
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concerned them the most, while the final participant said that they were not worried about any 
natural hazard. 

4 Discussion 
In the survey, earthquakes were ranked highest on average for how often they were thought 
about, perceived likelihood, and perceived severity of impacts, while volcanoes were ranked 
the lowest on all of these factors, suggesting that earthquakes are perceived as a far more 
pressing hazard for at least some Aucklanders. However, in the interviews, only a quarter of 
participants said that earthquakes were in the top three hazards they thought could impact 
them or concerned them in Auckland, while volcanoes were named by all but one participant. 
These conflicting findings show the importance of approaching the same question with multiple 
methods and data types, to gain a clearer understanding of the answer. In this case, further 
research is needed to clarify how most Aucklanders think about their earthquake risk within 
their multi-hazard context. This could include additional interviews, as this research had an 
acceptable but small interview sample size which limits the ability to generalise; typically, this 
would be mitigated by the triangulation with the larger survey sample, but given some of the 
discrepancies in findings, it is clearly important to conduct further research. One important 
question to explore is how similar or different perceptions are across the Auckland region, 
given considerable hazard and sociodemographic uncertainty. 
Similarly, more work is needed to understand the role of both spatial and hazard comparisons 
in earthquake risk perception and resilience actions. For example, it is unclear why the severe 
weather events may have significantly impacted risk perceptions for earthquakes but (largely) 
no other hazard. The role of spatial comparisons is also likely more context-dependent and 
individual than originally hypothesised; the lack of a clear pattern in the survey is at least 
partially explained by the finding of both positive and negative influences in the interviews (i.e., 
instances where perceptions of high earthquake risk in other parts of the country lowered and 
instances where it heightened perceptions of risk in Auckland). 

4.1 Recommendations 

Caution should be taken when communicating to people about a specific hazard such as 
earthquakes when they have recently been impacted by a different one. This includes a 
consideration of ethical responsibility to avoid harm through increasing or revisiting potential 
trauma, but also a consideration of the psychological impacts on hazard perception. Previous 
research has shown that post-event is an important window in which to try to encourage 
preparation action as salience and beliefs about the importance of preparing are temporarily 
heightened (Vinnell et al., 2019), but it may be that this benefit is limited to the specific hazard 
which was experienced. Within the hazard itself, it is also important to consider which impacts 
people experienced, as previous research has shown that in the immediate post-event window 
people are likely to prioritise actions related to ways in which they were affected (Doyle et al., 
2018). 
These findings have important implications for earthquake engineering. Individuals like our 
survey participants who were recently impacted by severe weather may be less motivated to 
structurally strengthen their homes or buildings. It is possible that the influences on earthquake 
risk perception, in particular comparisons to Wellington as seen with some of our interview 
participants, may also influence policy-related decision makers. 
Future work is needed within NZ to better understand the cognitive mechanisms suggested 
here, as well as to test communication and intervention strategies to avoid or mitigate the 
impact of these mechanisms. Additional studies could also be conducted in other countries 
with similar seismic profiles, in particular areas with low but not negligible earthquake hazard 
and a range of other salient hazards, such as Australia. 
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