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Earthquake early warning in Aotearoa New
Zealand: a survey of public perspectives to guide
warning system development
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Earthquake early warning (EEW) can be used to detect earthquakes and provide advanced

notification of strong shaking, allowing pre-emptive actions to be taken that not only benefit

infrastructure but reduce injuries and fatalities. Currently Aotearoa New Zealand does not

have a nationwide EEW system, so a survey of the public was undertaken to understand

whether EEW was considered useful and acceptable by the public, as well as perceptions of

how and when such warnings should be communicated, before making an investment in such

technology. We surveyed the public’s perspectives (N= 3084) on the usefulness of EEW,

preferred system attributes, and what people anticipated doing on receipt of a warning. We

found strong support for EEW, for the purposes of being able to undertake actions to protect

oneself and others (e.g. family, friends, and pets), and to mentally prepare for shaking. In

terms of system attributes, respondents expressed a desire for being warned at a threshold of

shaking intensity MM5–6. They suggested a preference for receiving a warning via mobile

phone, supported by other channels. In addition to being warned about impending shaking,

respondents wanted to receive messages that alerted them to other attributes of the

earthquake (including the possibility of additional hazards such as tsunami), and what actions

to take. People’s anticipated actions on receipt of a warning varied depending on the time

available from the warning to arrival of shaking. People were more likely to undertake quicker

and easier actions for shorter timeframes of <10 s (e.g., stop, mentally prepare, take pro-

tective action), and more likely to move to a nearby safe area, help others, look for more

information, or take safety actions as timeframes increased. Given the public endorsement for

EEW, information from this survey can be used to guide future development in Aotearoa New

Zealand and internationally with respect to system attributes, sources, channels and mes-

sages, in ways that promote effective action.
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Introduction

Earthquake early warning (EEW) is becoming more utilised
around the world. EEW systems are designed to detect
earthquakes at their source or detect the arrival of P-waves

before shaking from the S-waves arrives (Given et al., 2018). After
detection, a warning notification is sent out to locations that can
expect shaking. This notification may give anywhere from a few
seconds to two minutes warning before shaking occurs. If a
location is close to the epicentre of an earthquake, it will not likely
receive a warning prior to the shaking arriving. Additionally, the
amount of warning time available and the eventual shaking
intensities felt, depend on the nature of the fault rupture that
produces the earthquake. Even though longer warning times are
possible, many places are only likely to get <10 s warning of
strong shaking (Minson et al., 2018).

EEWs are beneficial, as they allow organisations to take either
automated or procedural actions to counter the impacts of the
shaking. Examples of organisational actions include slowing
trains, stopping surgeries, or turning off dangerous or essential
equipment (Johnson et al., 2016; Allen and Melgar, 2019). A
warning can also give employees and the public enough time to
take protective actions such as moving away from dangerous
areas or performing the ‘drop, cover and hold’ action. Conse-
quently, EEWs have the potential to reduce damage, minimise
injuries and save lives (Sutton et al., 2020).

A number of countries have functioning EEW systems
including Japan, Taiwan, South Korea, Mexico, and the USA
(Allen and Melgar, 2019). Every country’s system is slightly dif-
ferent—some countries have national systems of sensors, some
use stand-alone alerting devices (often networked), and others
rely on a combination of both. The source, channels and messages
provided for the warnings also differ depending on the country
context.

In Aotearoa New Zealand, EEW is still in its infancy, with no
comprehensive national system in place. While some countries
have undertaken research on organisational uses of EEW before
system development (e.g. USA (Goltz, 2001; Johnson et al., 2016);
Mexico (Espinosa-Aranda et al., 2011); Japan (Horiuchi, 2009;
Hoshiba, 2014); various European nations (Clinton et al., 2016))
and recently in New Zealand (Becker et al., 2020)), exploratory
research on public utility of earthquake warnings has rarely been
undertaken before developing EEW technology. Consequently,
we took a different approach; using surveys to investigate whether
EEW is considered useful and worth the investment by the public.

As New Zealand has limited experience of EEW, the
researchers looked to Japan, where a national EEW system has
been officially operated by the Japan Meteorological Agency
(JMA) since 2007 (Fujinawa and Noda, 2013). Given many years
of public exposure to EEWs and limited research on people’s
response to these warnings, we, the authors, sought to understand
how the Japanese public react by undertaking two public surveys
following warnings for earthquakes that occurred in Gunma and
Chiba Prefectures in 2018 (Nakayachi et al., 2019). While the aim
of these surveys was to better understand how the Japanese public
responds to EEWs, it also had a secondary purpose of developing
questions for a survey in New Zealand.

Using the Japan survey questions (Nakayachi et al., 2019) as a
starting point, we modified the survey for the New Zealand
context. In the survey we sought to understand the public’s
perspectives on whether an EEW system would be useful for New
Zealand. We asked about their preferences for such a system,
including desired warning thresholds, response timeframes,
channel for receiving a warning, and message preferences. To
understand people’s likely behavioural response to an EEW, we
also used a hypothetical scenario to enquire about what people
anticipated doing on receipt of a warning. This scenario was

based on similarities to the real EEWs experienced by Gunma and
Chiba Prefectures in 2018. Our paper presents the survey data
and provides a commentary on how these data might inform
future directions for EEW, both in New Zealand and
internationally.

Methodology
We chose to use a survey to collect empirical data on people’s
perspectives about EEW, situating our research primarily in a
positivist philosophy, with a deductive approach (Melnikovas,
2018). Survey data is useful as it can provide an overview of
people’s thoughts and actions, is generalisable across populations,
and can be applied to existing theoretical frameworks. Both the
Japan and New Zealand surveys were developed based on pub-
lished theoretical research on people’s behaviour to warnings
(Mileti and Sorensen, 1990; Goltz, 2001; Lindell and Perry, 2012;
Dunn et al., 2016; Wood et al., 2017). Aspects that informed our
EEW questions included: the importance of information receipt,
interpretation and confirmation; previous experience of events;
threat perceptions and perceptions of protective action; the effect
of biases (e.g. optimism bias); environmental and social influences
on the warning process; trust in warnings; and the availability of
personal resources (including self- and response-efficacy, and
practical skills gained through undertaking earthquake pre-
paredness activities and exercises).

Materials
For the New Zealand survey we adapted the Japanese questions
for relevance to the cultural context and added others about
warning content and timeframes. The New Zealand survey con-
tained 20 questions in total, with18 quantitative (single response,
multiple response, and Likert scale) and 2 qualitative (free
response) questions (see Supplementary Information). The
questions focused on previous earthquake experience, anticipated
behavioural response to EEWs (within the context of a hypo-
thetical scenario based on the 2018 Gunma and Chiba earth-
quakes), reasons for those anticipated responses, perceived
usefulness of EEWs, preferred attributes of a warning system (i.e.,
warning thresholds, timeframes, channels, and messages), earth-
quake preparedness, and demographics.

We followed Massey University of Aotearoa New Zealand
human ethics procedures and our research was deemed to be low
risk, resulting in the submission of a Low-risk Human Ethics
Notification (Ethics Notification Number: 4000019302). The
survey ran online via SurveyMonkey from 22 March 2019 to 30
April 2019. The survey was promoted by press release (resulting
in a newspaper article in a national paper and radio interviews)
and social media (e.g. Facebook, Twitter).

Data. We received a total of 3084 responses from across New
Zealand. Basic frequency analyses were undertaken using the
SPSS and Excel software programmes, and frequency tables
showing percentages were constructed from the quantitative data.
Tests of significance were undertaken, but are not reported in this
paper, and will be focus of future work. Themes were coded from
the free-response qualitative data and analysed using methods
recommended by Corbin and Strauss (2014). Quotes reflecting
these themes are presented throughout this paper. Given we had
over 3000 respondents, the themes for Question 15, which asked
about people’s anticipated responses for different warning time-
frames, were also further organised into categories and analysed
quantitatively (see section “Warning time versus actions”).
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Participants. Large numbers of responses came from the regional
areas of Auckland, Canterbury, East Coast North Island (Hawke’s
Bay/Gisborne), Wellington, and Otago/Southland (Table 1).
Respondents were more likely than average to be female (65%)
and to consider their ethnicity to be New Zealander (40%) or
New Zealand European (46%). Males (33%) and other specific
ethnic identities, including Māori (4%), were underrepresented in
the survey. A range of people from different age groups filled out
the survey (Table 1) similar to the age profile of New Zealand
where the median age is 37.4 years and ~45% of the population is
between 30 and 64 years (NZ.Stat., n.d.).

Limitations. The gender and ethnicity bias in the data pose
potential limitations. Previous work exploring the role of demo-
graphics in earthquake preparedness behaviour suggests mixed
impact of such biases. For example, some researchers have found
gender to influence earthquake preparedness (Mulilis, 1999),
while others suggest demographics has only limited impact on the
preparedness process (Becker et al., 2015). In addition to demo-
graphic bias, the survey self-selection process might mean the

survey was answered by people with more interest or experience
in earthquake hazards, skewing the answers toward a position of
greater knowledge. Use of a hypothetical scenario may have
influenced participants’ answers about their intended responses,
and preferred attributes of a warning system. Finally, the survey
might also have been impacted by social desirability bias (Phillips
and Clancy, 1972) whereby respondents answered questions in
ways they thought favourable to the researchers to appear more
compliant with social norms. Consequently, EEW survey
responses should be interpreted in the context of potential
demographic, personal and contextual biases.

Results and discussion
Usefulness of EEW. Overall, respondents were supportive of
having an EEW system. Nearly 97% thought that a system would
be either “Useful” (76%) or “Somewhat useful” (19%). These
results are similar to those from Japan and Mexico where
somewhere between 64–75% of the public in those countries
perceive their EEW systems to be useful, despite experiencing
occasional false or missed alarms (Nakayachi et al., 2019; Santos-
Reyes, 2019). Reasons New Zealanders thought that EEW would
be useful included that they could prepare for physical actions
they needed to take (91%) including protecting themselves (79%;
aligning with 75% in a previous USA study (Dunn et al., 2016)
and helping or saving others nearby (79%; Table 2). Interestingly,
as per the Japanese experience, New Zealanders were also very
supportive of the fact that EEW could help them mentally prepare
for impending shaking. The percentage of support for this benefit
was identical to results from the Japanese study (83%), con-
firming support for EEW’s value for psychological preparedness.
In the “Other” category (6%) there were also some unique reasons
people gave as qualitative comments for supporting EEW
including a focus on ensuring a warning would be given to
essential services (n= 17), assessing tsunami risk (n= 15), and
protecting pets (n= 14).

Of the small proportion (3%, n= 87) who thought EEW would
be “Somewhat useless” or “Useless”, their primary reason related
to the fact that they might not be able to react to a warning in
time (59%), a reason not shared as strongly by Japanese
participants. In Japan only a third or less of people from both
Gunma and Chiba prefectures who had experienced a real EEW
indicated that they had been unable to respond to the warnings
they had received (Nakayachi et al., 2019—see also Table 3). In
contrast, Japanese participants were more likely to think that
EEW might be useless because they might not have received a
warning for past earthquakes until after the shaking had started

Table 1 Location and demographic characteristics of the
EEW survey participants.

Location % (N= 2545)a Gender % (N= 2572) Age %
(N= 2566)

Auckland 9 Male 33 18–20 years 3
Bay of Plenty 3 Female 65 21–29 years 12
Canterbury 29 Transgender female <1 30–39 years 23
Gisborne 1 Transgender male <1 40–49 years 24
Hawke’s Bay 5 Gender diverse <1 50–59 years 19
Manawatu-
Wanganui

5 Decline to answer 1 60–69 years 13

Marlborough 2 70–79 years 5
Nelson 2 80+ years 1
Northland 1 Ethnicity % (N= 3084)
Otago 5
Southland 1 New Zealander 40
Taranaki 2 New Zealand European 46
Tasman 1 New Zealand Māori 4
Waikato 3 Pacific Islander 1
Wellington 31 Asian 1
West Coast
(South Is.)

1 Decline to answer 1

Other (please specify) 7

aAdds to >100% because of rounding.

Table 2 Reasons why New Zealand respondents thought EEW would be useful, compared with Japan respondents (Nakayachi
et al., 2019, p.11).

New Zealand (%)
(N= 2607)

Japan Study 1: Gunma
(%) (N= 224)a

Japan Study 2: Chiba
(%) (N= 337)a

I would be able to mentally prepare myself for what is coming 83 83 83
I would be able to physically prepare myself for the physical actions
that I would need to take to protect myself from an earthquake

91 38 34

I would be able to protect myself 79 29 26
I feel like I wouldn’t panic and would be able to move quickly 50 24 28
I would be able to help or save other people nearby 79 23 18
I would be able to get some sort of information about the
earthquake, even if I didn’t feel the shaking

46 22 18

EEW would inspire me to participate in training and drills 21 5 4
Other 6 0 1

aThe Japan questions were phrased as “I can” rather than “I would […]”, with a subtle phrasing difference for the question about training in which EEW was referred to as the “first step”.
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(Study 1 Gunma: 68%; Study 2 Chiba 64%; New Zealand 53%).
New Zealanders additionally thought that EEW effectiveness
might be questionable because they might not notice a warning
(51%), or despite receiving a warning that says “strong shaking”
might only receive minor shaking (39%) or no shaking at all
(31%). In the “Other” category (30%) some responses purported
that EEW was a waste of time (n= 13) while one person
highlighted that patchy mobile phone coverage might prove an
issue for effective warning in New Zealand.

Preferred attributes of a warning system
Modified Mercalli intensity thresholds. New Zealand has its own
Modified Mercalli (MM) intensity shaking scale (Dowrick, 1996).
Participants reported the minimum level of MM intensity for
which they thought a warning would be useful. They were pro-
vided with a table showing the descriptions for MM3–MM8+
(Table 4) along with a cartoon picture from GeoNet Felt Rapid

that reflects each level (Haubrock et al., 2017; GeoNet, n.d. a) and
were asked to select their preferred minimum intensity. The most
popular intensity level was MM5 or moderate shaking (51%)
followed by MM6 or strong shaking (25%) (Table 5).

Because MM scales vary internationally, it is difficult to tell
whether the most popular choices of category for the New
Zealand survey align with thresholds already used for warnings in
other countries. New Zealand MM5-6 potentially aligns with
thresholds for public warnings in places like Japan (5L on the
Japanese intensity scale, strong shaking (Nishimae, 2018)) but
appears to be slightly higher than the MM thresholds used in the
USA. Previously US thresholds have been identified as MMI 4
(light shaking: the threshold for light building damage) (Given
et al., 2018), however debate has recently arisen following the
2019 Ridgecrest earthquake in California, about lowering thresh-
olds for alerting the public to US MMI 3. Public who felt the
shaking but did not receive a warning due to a higher threshold

Table 3 Reasons why respondents thought EEW might be useless, compared with Japan respondents (Nakayachi et al.,
2019, p.11).

New Zealand (%)
(N= 87)

Japan Study 1: Gunma (%)
(N= 75)a

Japan Study 2: Chiba (%)
(N= 113)a

I might receive a warning after the shaking has started, and not
be able to respond

53 68 64

I might not be able to react in time, even if I get a warning before
the shaking starts

59 31 20

The message might say ‘strong shaking’, but in reality the
shaking might be very small

39 13 12

I don’t believe that significant danger or damage would occur
from the shaking that came after an EEW

13 9 12

Despite receiving an EEW, I might not experience any shaking
occurring afterward

31 8 6

I might not notice it (i.e. not see or hear the warning) 51 5 6
I would not know what to do if I received an alert 6 Not asked in Japan Not asked in Japan
The people around me would not know what to do and I would
have to help them

8 Not asked in Japan Not asked in Japan

Other 30 3 6

aThe Japan questions were phrased in past rather than future tense, with subtle phrasing differences for some questions.

Table 4 The New Zealand Modified Mercalli (MM) intensity shaking scale (from GeoNet (Geonet, n.d. b), based on Dowrick
(1996)).

MM Intensity Description

1 Unnoticeable Barely sensed only by a very few people.
2 Unnoticeable Felt only by a few people at rest in houses or on upper floors.
3 Weak Felt indoors as a light vibration. Hanging objects may swing slightly.
4 Light 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.
5 Moderate 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.

6 Strong 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.

7 Severe General alarm. People experience difficulty standing. Furniture and appliances are shifted. Substantial damage to fragile or
unsecured objects. A few weak buildings are damaged.

8 Extreme Alarm may approach panic. A few buildings are damaged and some weak buildings are destroyed.
9 Extreme Some buildings are damaged and many weak buildings are destroyed.
10 Extreme Many buildings are damaged and most weak buildings are destroyed.
11 Extreme Most buildings are damaged and many buildings are destroyed.
12 Extreme All buildings are damaged and most buildings are destroyed.

aThe table shows a simplified version of the New Zealand Modified Mercalli intensity scale, with a generalised Intensity term provided.
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suggested a desire to be notified about large earthquakes even
with low shaking intensities at certain locations (Cochrane and
Husker, 2019).

Our data suggests that the public support higher alerting
thresholds; however, this is within a New Zealand specific context
where 73% of participants had experienced strong shaking
previously (e.g. 2010–2011 Canterbury earthquakes) and where
there is no operating EEW infrastructure. It is possible that
influences such as previous experience, individual perspectives,
and social and environmental factors may place additional
demands on threshold setting.

Minimum warning time needed to respond. We asked survey
participants the minimum time that they would need to under-
take a response to the warning (i.e., between receiving an alert
and feeling the shaking). Interestingly, we received a wide range
of responses to this question. Few people (2%) felt they could do
anything with 0–2 s of warning. The greatest proportion of people
(21%) felt that 6–10 s of warning was the minimum time needed,
similar to what is reported in an EEW study by Goltz (2001).
Others’ perspectives on the minimum amount of warning needed
were evenly distributed over the other timeframes (Table 6). We
further explore what people think they might do within these
minimum timeframes in the section “Warning time versus
actions”.

Warning channel. People’s preferred channel for receiving a
warning was via mobile phone (83%), consistent with data from
Japan, where following the Gunma and Chiba prefecture earth-
quakes, most people received warnings via their mobile phones
(~89%) (Nakayachi et al., 2019). ShakeAlert, the EEW system for
the West Coast of the USA, is exploring options for delivery of
warnings through mobile phones, including via smartphone apps
and Wireless Emergency Alert (WEA) cell broadcasts (Given
et al., 2018), both of which have been utilised in tests and real
events such as the Ridgecrest earthquake (Cochrane and Husker,
2019). Similarly, the New Zealand National Emergency

Management Agency (NEMA) currently use cell broadcasts to
send Emergency Mobile Alerts (EMA) as warnings about differ-
ent hazard events (National Emergency Management Agency, n.
d.a) and this channel could be a viable option for sending alerts.

Research highlights the importance of multiple channels to
deliver warnings (Sorensen, 2000; McGinley et al., 2006; Wright
et al., 2014). Accordingly, additional to mobile phones, there were
also several other channels indicated by participants as useful,
including television (47%), radio (39%), public announcement
(33%), and social media (31%). Given the short warning
timeframes for EEW, social media is probably the most
challenging warning notification channel, however even with
very short delivery timeframes, research into use of crowdsourced
Twitter data (Steed et al., 2019) suggests that social media might
present an opportunity for EEW. Platforms such as Twitter have
been used effectively to deliver warnings during disaster events in
Indonesia (Chatfield and Brajawidagda, 2013) with some cross-
cultural evidence suggesting that social media is used during
disasters similarly in different countries (e.g. Australia and China
(Kulemeka, 2014)). However, Twitter may be a useful post-alert
messaging channel, to explain what occurred e.g. false alert, late
alert, missed alert, inaccurate alert (McBride et al., 2020).

Message content. We suggested to participants that on receipt of
an EEW alert they might receive the following message: “Earth-
quake early warning, strong shaking expected soon”, along with
the name of the agency issuing the warning. We then asked
participants to indicate on a five-point scale how strongly they
agreed or disagreed that certain types of information should also
be included (Table 7). Participants supported the inclusion of
three additional types of information in an earthquake warning
message: (1) Information on additional geohazards that might
occur such as tsunami or landslides; (2) further information
about the earthquake that has occurred; and (3) guidance on what
action to take.

Support for the inclusion of additional information about likely
geohazards points to the need to integrate EEWs with other
related hazards. Tsunami is particularly relevant, given the length
of coastline in New Zealand and the potential for a near-shore
tsunami to be generated, putting coastal communities at
significant risk. Japan has integrated its earthquake and tsunami
warnings into one system to provide a chain of information to
users to which they can respond accordingly (Japan Meteor-
ological Agency, 2019).

New Zealanders also had an appetite to receive further
information about the earthquake itself (e.g., location and
magnitude). Such data is currently provided via the GeoNet
system via rapid post-earthquake notifications but could also be
integrated into an EEW chain of alerts. Further information
about an earthquake could potentially come after the initial
warning as it does in Japan, either directly or by provision of a
link as supported by 72% of participants.

Finally, participants suggested that an EEW message might also
include some information about what actions to take in response
to the alert. There has been debate about whether such
information should be included in warning messages, as actions
might differ depending on the context a person is in (Wood,
2018; Goltz et al., 2020). However short action messages may be
useful as a reminder for action, providing that people are also
familiar with these actions prior to receiving a warning (e.g.,
through education, training and exercises). Guidance messages
for action are a crucial aspect of short warning messages to
achieve an optimal behavioural response (Mileti and Sorensen,
1990; Mileti and Darlington, 1995; Potter, 2018). New Zealand’s
current guidance is to ‘drop, cover and hold’ (McBride et al.,
2019); this message, or an associated image of this action if the

Table 6 Minimum amount of time respondents felt they
needed to undertake a response to the warning presented in
the scenario.

Time % (N= 2596)

0–2 s or simultaneously 2
3–5 s 13
6–10 s 21
11–20 s 16
21–30 s 16
31–60 s 14
61–90 s 7
91–120 s 11

Table 5 Minimum MM intensity levels for warnings
suggested by respondents.

MM level % (N= 2593)

MM3 4
MM4 16
MM5 51
MM6 25
MM7 3
MM8–MM12 2
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channel allows it, could be included in future EEW messages. A
reminder about noticing whether the earthquake shaking is ‘long
or strong’ could also help with rapid tsunami self-evacuations
after the shaking.

Interestingly, there was less support for including a countdown
timer in an alert (65%), providing a description of potential
impacts from the shaking (60%), or including a reassuring
messaging (e.g., “Stay calm”). While more participants than not
liked the idea of using a countdown timer to know when shaking
will begin, some felt that this might cause anxiety. Perhaps the
same could be said of knowing what the potential impacts might
be. Reassuring messages may also not be seen as useful by
participants as reassurance may be better gained by a sense of
control of knowing what is going to happen and what actions are
needed in response; for example, action coping (i.e., coping with a
threat by focusing on actions which can be taken rather than on
the threat itself) increases protective behaviours for earthquakes
(McIvor and Paton, 2007).

In terms of participants’ free responses, several people (n= 9)
suggested it was important to include information that notified
people if it was a false alarm or if the event had ended, for
example if the threat of shaking had passed. Additionally, 43
people cautioned that there should not be too much information
in a message as there might be limited time available to read it all.
The latter is an important point; initial EEW messages should be
succinct given the short timeframes available for warnings. Recent
research has identified, however, that longer mobile phone alerts
can reduce the tendency for receivers to delay actions by
searching for additional information, than if they receive shorter
warning messages for imminent threats (Wood et al., 2017). The
diversity of interest in information suggests that EEW should
perhaps not be thought of as a single alert but a continuum of
linked messages in which the first alert is the beginning of a chain
of advice.

Intended responses to an EEW. We used an earthquake scenario
to understand the anticipated responses to an EEW by New
Zealand public survey participants. The scenario was based on the
timing and nature of Gunma and Chiba earthquakes in Japan
(Nakayachi et al., 2019), so that we could make comparisons with
the public response from these two real earthquakes that activated
Japan’s EEW.

The scenario read as follows:

“It is Saturday evening at 8.30 p.m. An earthquake occurs
somewhere near you, but you don’t know the location of
the earthquake or how big it is (the magnitude). The
earthquake automatically triggers an earthquake early
warning. You receive this warning as a mobile phone alert
before shaking occurs. The alert says “Earthquake Early
Warning. Strong shaking expected soon”. You don’t know
how long you have before the shaking starts, or how strong
the shaking will be in your location. However, you could
assume with “strong shaking” it would be hard to walk, and
there would be falling objects and moving furniture”.

Participants were asked to think about where they were on the
previous Saturday evening, so as to provide a real context from
which to answer the questions. The scenario was set on a weekend
evening so that most people would likely be inside at home, as per
the events in Gunma and Chiba. Indeed, most stated that they
were inside at home (77%), or inside at another location such as a
restaurant, bar, movie theatre, educational facility, or friend’s
house (17%). Only a small proportion were outside (2%), in a
vehicle such as a car or bus (1%), or in some other location (3%).T
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We asked participants to state how likely they would be to
undertake a number of listed actions on receipt of an EEW. These
anticipated actions aligned with real actions asked about in the
Japan surveys (Nakayachi et al., 2019) but instead of using a yes/
no response, and to reflect the uncertainty associated with future
intentions, participants were asked to select from options on a 5-
point scale from extremely unlikely to extremely likely.

The most likely intended action (i.e. “extremely likely” and
“likely” combined) was a motionless reaction, where people said
they would “mentally prepare for the shaking” (91%) (Table 8).
Sixteen percent of survey respondents in the Gunma earth-
quake and a quarter of people in the Chiba earthquake stated
that this is what they did in response to an actual earthquake
warning, showing rates of New Zealanders’ intending to
mentally prepare for the shaking is much higher than rates
during an actual Japan EEW. Other intended motionless
reactions by the New Zealand participants with high rates
included “look for further information about the warning”
(67%) and “stop and stay still, awaiting shaking on the spot”
(34%). The proportion of people who suggested that they would
“stop and stay still” aligns with previous data on observed
behaviour during shaking (Prati et al., 2013; Lindell et al.,
2016), and perhaps is a function of the high number of New
Zealand participants who have experienced strong shaking
previously (73%). Both the reactions “look for further
information” and “stop and stay still” were reported at lower
levels for the Gunma and Chiba warnings.

We asked participants to provide free responses on the reasons
why they thought it was “extremely likely” that they would
undertake these motionless reactions. People suggested they
might stay still for different reasons including because they were
afraid, had done so in a past event (e.g., 2010–2011 Canterbury
earthquakes), or because they were mentally preparing themselves

for the impending shaking. The benefits of mentally preparing
were articulated by respondents, many of whom suggested that a
few seconds of mental preparedness could help with responding
appropriately:

“Being able to mentally prepare for an earthquake before-
hand would mean a clearer head when it actually occurs,
and not fumbling around thinking of what to do.”

There were some who articulated that while they might
mentally prepare during the warning timeframe, they might only
take an action once shaking starts:

“Giving myself mental preparation and not panicking is
what I [would] do, if I had just a bit of time [to] prepare I
would feel calmer and more likely to act quickly when the
shaking actually started.”

Looking for further earthquake information was linked to the
desire to confirm the warning information, as highlighted in
comments such as “to check and confirm the news”. This is a
common reaction to warning messages, and causes a delay in
responding, referred to as ‘milling’ (Wood et al., 2017). The key
way to shorten the duration of milling is to ensure that all
elements of a warning message are included (Wood et al., 2015;
Potter, 2018). Looking for further information is also linked with
trust in the system (e.g., one person suggested they would seek
information because, “I wouldn’t trust the warning system to be
providing me relevant information”). Trust in the information
source is an important factor in interpretation and response
(Mileti and Sorensen, 1990; Wogalter et al., 1999; Becker et al.,
2019). Even with extremely short timeframes for EEW, looking
for information appeared to be part of the process in determining
what action to take (e.g., “…[look for] more information to make
an informed decision on what to do”).

Table 8 Actions New Zealand survey participants thought they were “extremely likely” or “likely” to take on receipt of an EEW
(with the two categories combined), compared with “what respondents did” in the Gunma and Chiba Earthquakes, Japan
(Nakayachi et al., 2019, p. 7).

New Zealand (%)
(N= 2714)

Japan Study 1: Gunma
(%) (N= 189)a

Japan Study 2: Chiba
(%) (N= 359)a

Inactions
Do nothing/undertake no actions 22 43 34
Cannot do anything Not asked in NZ 11 8
Motionless reactions
Stop and stay still, awaiting the shaking on the spot 34 21 21
Look for further information about the warning (e.g. check GeoNet,
TV, radio or mobile phone or talk to other people)

67 21 24

Mentally prepare myself for the shaking 91 16 25
Physical reactions
Tell other people the earthquake is coming 84 6 9
Move nearby to where I think it is safe 89 4 7
Help others or act to protect others (e.g. children, other family,
friends, workmates)

89 4 6

Undertake safety actions (e.g. secure furniture, secure a potentially
dangerous piece of equipment, turn something off (e.g. gas fire), open
the door to secure the way out, put on clothes or shoes)

67 4 5

Take specific behaviours to protect myself on the spot (e.g. drop,
cover and hold, hold on to something, protect head, take cover under
the table, etc.)

86 3 6

Slow down, pull over and stop car 71 3 1
Go outside 29 2 3
Not sure and other
No sure/cannot remember Not asked in NZ 2 1
Other 30 2 2

aThere were subtle phrasing differences between the Japan and New Zealand surveys on some action-related questions (see Nakayachi et al. (2019) for a comparison).
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Overall, participants were optimistic in their intentions to take
physical action on receipt of an EEW. More than 80% of survey
participants suggested it was extremely likely or likely they would
move nearby to where they thought it would be safe (89%), help
others or act to protect others (89%), take specific behaviours to
protect themselves on the spot such as drop, cover, hold (86%), or
tell other people the earthquake is coming (84%). Many also thought
they would undertake safety actions (67%). Reasons for taking such
actions included a desire to protect themselves so that they were safe
and survived shaking without injury or death. Some also had real-life
experience of these actions (e.g., in the 2010–2011 Canterbury or
2016 Kaikōura earthquakes), or had practiced an exercise such as the
ShakeOut drill (McBride et al., 2019; Vinnell et al., 2020). There was
a particularly strong sense of responsibility for others, as seen in
other earthquake contexts (Turner et al., 1986; Dooley et al., 1992;
Edwards, 1993; Russell et al., 1995; McIvor and Paton, 2007; Becker
et al., 2014), with participants wanting to warn others about the
EEW and take action to protect other people, particularly children
but also other family members, pets, friends, and vulnerable persons
(e.g., disabled, elderly, sick).

The figures of intended physical reactions are at odds with
actual numbers of people who undertook such responses in
warnings in Japan. Less than 10% of survey participants from
Gunma and Chiba undertook any physical actions in response to
the earthquake warnings (Nakayachi et al., 2019). A large body of
literature has demonstrated that intentions strongly but do not
completely predict behaviour (Webb and Sheeran, 2006),
although some evidence supports that people’s intentions are
acceptable proxies for behaviour (e.g., hurricane evacuation
(Kang et al., 2007)).

Only 22% of participants thought it likely or extremely likely
that they would do nothing in response to an EEW, a lower
proportion than was seen in Japan (43% Gunma, 34% Chiba
(Nakayachi et al., 2019)). There was an element of optimism from
participants in that they thought the place they were in would be
safe (30%), which was also seen in Japan (25% Gunma, 17%
Chiba). However, our respondents were more likely to believe
that they would not have enough time to undertake actions before
the shaking began (30%) compared with Japan (5% for both
Gunma and Chiba). Japanese survey respondents were more
likely to do nothing in response to an EEW because they expected
the impending shaking to be of small intensity (Gunma 28%;
Chiba 38%), despite alerts only being sent out when strong
shaking is anticipated. This is in contrast with New Zealand
participants where only 11% thought this might influence their
decision to do nothing. This speaks to the Japanese experience of
early warnings, where perhaps repeated experience of warnings
has helped them understand that they can take action, but they
often do not because of their optimism that the shaking will not
be severe and they will be safe (Nakayachi et al., 2019). This effect
of experience has implications for EEW education and training;
countries developing new EEW systems might need more of a
focus on helping people understand what actions can be taken in
response to a warning within a short timeframe, while countries
with an advanced system may need to focus on reducing
optimism and normalisation biases (Weinstein, 1980; Mileti and
O’Brien, 1992; Spittal et al., 2005; Mclvor et al., 2009).

Participants provided suggestions about other actions they might
take instead of the listed options. Actions that differed from those
already listed included check or save pets (n= 48) and assess
tsunami risk/evacuate from a tsunami (n= 35). These comments
speak to two issues not picked up in the current EEW literature. The
first is that pets comprise part of the decision-making process for
EEW action. This has been seen in events with longer fuse warnings
such as evacuation for the 2017 Port Hill (New Zealand) fires
(Squance et al., 2018) and is reinforced in the EEW context.

The second is that people may consider evacuating for a tsunami
threat on seeing an EEW alert. For example, one participant who
suggested it was extremely likely they would move to safety and go
outside on receipt of a warning said they would do so, “Because of
the danger and tsunami risk of where we are”. As articulated in this
instance, such evacuation may commence before shaking begins and
people may move into an area that is dangerous during shaking,
rather than protect themselves from shaking.

Warning time versus actions. Participants were invited to freely
articulate what actions they thought they would take if they knew
they had (a) 10 s or less of warning before earthquake shaking
occurred, (b) 11–30 s of warning, (c) 31–60 s of warning, or (d)
more than 60 s warning. Participants often provided multiple
actions, and these were coded for each timeframe as ‘First action’,
‘Second action’, ‘Third action’, and ‘Fourth action’. Actions were
then graphed for the different timeframes (Fig. 1).

Participants were more likely to take no action or feel like they
could not do anything for the shortest timeframe of <10 s.
Similarly, for motionless reactions, people suggested that they
were more likely to stay still and mentally prepare themselves if
they thought they had <10 s of warning than if they had a longer
warning timeframe. Mental preparedness also occurred for some
people as a primary action for up to 30 s of warning, and as a
secondary action for timeframes of up to 60 s and over. Looking
for further information was suggested as a first action if people felt
they had 30 s or more available to them before shaking started.

In terms of physical reactions, protecting oneself was seen
more of a first action to take and was more likely to be taken in
the first 10 s. The number of people suggesting that they would
protect themselves as a primary action decreased the greater the
warning time available and became predominantly a second,
third, or fourth action. Undertaking safety actions had the
opposite relationship, whereby these actions were more likely to
be identified as a first action with 31–60+ s warning and less
likely at 10 s or less. Telling other people that the earthquake was
coming increased over warning timeframes; it was predominantly
a first/second action within a warning timeframe of 0–30 s and a
second/third action with a warning timeframe of 30 s and over.
Many people selected “move nearby to safety” as an action across
all timeframes, as a first action up to 30 s and a second and third
action from 31 to 60 s and over. Only a few participants selected
the option of specifically going outside/evacuating for the warning
timeframe of <10 s, but the desire to undertake this action
increased with available time, as highlighted also by previous
research in a California setting (Goltz, 2001).

Analysis of the data highlights that perceptions of the time
available between a warning and shaking will likely influence
people’s responses to EEW. This has implications for decisions
about whether information such as countdown timers, which
show how many seconds there are before shaking begins in the
receiver’s location, should be included in alerts. People may be
more likely to stop, mentally prepare, and take protective action if
they believe they only have a short time before shaking starts.
This was reinforced by many of the respondents’ comments who
suggested that for short warning timeframes they were extremely
likely to undertake protective action because such actions were
quick, easy, and provided the greatest benefit.

“Given [the] short window of opportunity, [you] need to
take the steps that are most likely to have biggest impact”;

“They are incredibly simple tasks that require very little
time to do—I would be able to do these (send a message,
move under a table, etc.) without knowing how imminent
the shaking is.”.
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A belief that shaking will not start for many seconds more may
increase people’s desire to move around increasing potential for
injury should the shaking arrive (Johnston et al., 2014). However,
knowledge of a longer timeframe before shaking begins may also
have a benefit of being able to take other safety actions, for example,
securing furniture or dangerous equipment, turning off equipment,
or evacuating earthquake-prone buildings (Santos-Reyes, 2019). It is
possible that for longer warning timeframes there may be a lower
intensity of shaking, thus reducing risk and perhaps the imperative
to undertake safety actions, but this is not a given and is dependent
on the location and nature of the fault rupture (Minson et al., 2018).
Lower levels of shaking may not always occur with longer warning
timeframes. Consequently, EEW developers and emergency
managers need to consider what creates the most benefit: providing
messages about the time available before shaking so people can take
safety actions or a simple message about imminent strong shaking
which prompts immediate protective action.

Additionally, given that participants potentially intended to
take up to four actions on receipt of a warning, actions cannot be
considered mutually exclusive but part of a sequence of actions.
This is also seen in other studies such as analysis of human
behaviour in CCTV footage for the 2011 Christchurch earthquake
(Lambie et al., 2016).

Conclusions
We undertook a public survey in Aotearoa New Zealand to better
understand whether EEW was considered useful and acceptable
by the public, before New Zealand makes an investment in such
technology. Overall, the public strongly supported the concept of
EEW and intended to take action before shaking to protect
themselves and others. However, while intended actions are often
a good predictor of real action (e.g., hurricane evacuation (Kang
et al., 2007)) one wonders whether this would hold true given
intention–behaviour gaps in other contexts (e.g. in the health risk
context or for pro-environmental behaviours). The low rates of
physical protective actions undertaken in Japan for real EEWs
suggest that the results presented here should be interpreted with
caution. In addition to protective action, the majority of partici-
pants indicated that they would use early warning as an oppor-
tunity to mentally prepare themselves for imminent shaking. This
finding aligns with mental preparedness for actual warning
instances in Japan (Nakayachi et al., 2019), suggesting that the
value of this aspect may be transferable across contexts.

Participants shared their perspectives on preferred system
attributes which included having MM intensity thresholds of 5–6
(moderate–strong shaking); receipt of warnings via mobile
phones (supported by other channels); and a diversity of
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Fig. 1 Anticipated actions for different warning timeframes. Showing actions that participants said they would take if they knew they had a 10s or less of
warning before earthquake shaking occurred, b 11–30s of warning, c 31–60s of warning, or d more than 60s warning.
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messages. In addition to receiving a warning message about
“strong shaking expected soon” participants wanted supporting
information about (a) the earthquake that had occurred, (b)
additional geohazards such as tsunami, and (c) what actions
to take.

Given the timeframes available for EEW response, initial
messages should prioritise information that informs effective
action (Potter, 2018; Wood, 2018). For example, an initial alert
might provide a short message such as “Earthquake early warn-
ing, strong shaking expected soon, drop cover hold” or “Earth-
quake early warning, strong shaking expected soon, take
protective action” (the latter of which could be useful across
different contexts). More work is needed around how best to
convey and support this information (Sutton et al., 2020).

After shaking has occurred, another short message could be
delivered to coastal areas who received the EEW, stating that if
the earthquake shaking felt ‘long or strong’ then evacuate
immediately in case of tsunami (as per official guidance from
emergency management (National Emergency Management
Agency, n.d.b)). Subsequent messages could provide links to
further information about the earthquake that has just occurred,
the impacts, and what to do. This information could come from
the same source or channel, or from separate sources or channels,
as long as this integration is identified and addressed, as exem-
plified in the JMA system (Japan Meteorological Agency, 2019).

People’s anticipated actions on receipt of a warning differed
over varying timeframes with people more likely to intend
undertaking quicker and easier actions for shorter timeframes of
<10 s (e.g., stop, mentally prepare, take protective action), and
more likely to move to a nearby safe area, help others, look for
more information, or take safety actions as timeframes increased.
Mapping these actions out over time provides interesting insight
into behaviours for short-fuse warnings and support for the idea
that people likely need time to process the warning message and
mentally prepare before acting (Wood et al., 2017).

Given that anticipated actions differed over varying time-
frames, those developing EEW messaging should consider whe-
ther a priority is to focus on getting people to undertake quick
protective actions or whether additional information like a
countdown timer should be included to allow people to move
around and undertake further safety actions. Given many alerts
will only be received up to 10 s before shaking begins (Minson
et al., 2018), it may be more realistic to focus public education on
responses that are appropriate for that timeframe.

Finally, alert messages and educational and exercise initiatives
should be aligned, to allow for consistency in understanding and
response. Education and exercising comprises an important part
of success in responding to an EEW. Educating people on how to
respond to EEWs is an important component of the work being
carried out for ShakeAlert in the USA (Cochran et al., 2018).
Further, this suggestion is supported by differences between the
Japan and New Zealand data; countries new to EEW might need
to focus on training people how to respond to an EEW in the first
instance, while countries with a mature system for which they
have had personal experience receiving many EEWs, may need to
focus on reducing optimism and normalisation biases.

In summary, our survey of the New Zealand public found
support for having an EEW system, and optimism that such a
system could be used for taking actions to assist safety and mental
preparedness for earthquake shaking. We did not undertake a
benefit–cost analysis or investigate benefits at a life-safety level;
this could be an avenue for further research and has been
undertaken by other countries (Hsiao et al., 2009; Cauzzi et al.,
2016; Porter and Jones, 2018; Strauss et al., 2019; Bouta et al.,
2020). Our recommendations for countries who are in the early
stages of thinking about EEW, is to first take a step back and

understand the social context within which the system is being
developed. Our survey has contributed to this understanding for
Aotearoa New Zealand. A better comprehension of social context
will help develop warning system attributes, sources, channels
and messages in ways that promote effective action, increasing
the likelihood of such a warning reducing injuries and, poten-
tially, fatalities.

Data availability
The data used in our analysis can be found in the attached
Supplementary Information.
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