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The Canterbury Earthquake Sequence (CES) began with the Darfield earthquake on 4 September 2010. Continual
large and small aftershocks since that time have meant communities have cycled through repeated periods of
impact, response and recovery. Scientific communication about aftershocks during such a prolonged sequence
has faced distinct challenges. We conducted research to better understand aftershock information needs for
agencies and the public, and how people interpreted and responded to such information. We found that a wide
range of information was needed from basic facts about aftershocks through to more technical information, and
in different formats (e.g. maps, tables, graphs, text, analogies). Information needs also evolved throughout the
sequence, and differed depending on people's roles and experiences, and the phase of impact, response and
recovery communities were in. Interpretation of aftershock information was influenced by a variety of factors
including how understandable and relevant the information was, whether people had prior knowledge or experience of aftershocks, whether the information was personalised or contextualised, emotions and feelings,
credibility and trust, and external influences. Given that such a diversity of evolving information is required, it is
imperative that geoscientists strategize how to provide such information before a significant earthquake occurs.

1. Introduction
On 4 September 2010, a Mw 7.1 earthquake occurred near Darfield,
Canterbury, New Zealand [34]. The earthquake caused damage to infrastructure and buildings in the surrounding area, including the nearby
city of Christchurch (population approximately 385,000 prior to the
earthquake) [89]. The Mw 7.1 was followed by an aftershock sequence,
known as the Canterbury Earthquake Sequence (CES), a prolonged
series of earthquakes which continue as of the date of publication of this
paper.
Many of the aftershocks for the CES have had epicentres close to
Christchurch City, and on 22 February 2011 a devastating Mw 6.2
earthquake [17] occurred 6 km south-east of the city centre (Fig. 1).
The strong Modified Mercalli Intensity (MM) ground-shaking (up to
MM 11) [97] and liquefaction resulted in damage to most homes in the
city and to nearly half of all buildings in the Central Business District,
severe infrastructure damage, and the death of 185 people [80]. As part
of the sequence, severe aftershocks occurred on 13 June 2011 (Mw 6.0;
⁎

[45]), 23 December 2011 (two aftershocks of Mw 5.8 and Mw 5.9; [2])
and 14 February 2016 (Mw 5.7; [46]).
1.1. Impact of the CES on communities
Typically, earthquakes (and other hazard events) are treated as
acute events with relatively short periods of impact and response that
transform into a recovery phase. The existence of potentially prolonged
aftershock sequences that result in communities having to cycle
through periods of impact, response and recovery several times has not
been given significant attention in the emergency and disaster management literature. The CES has highlighted that such sequences will
require communities to deal with this challenge. Risk communication
needs to be adapted to fit into this cycle to accommodate changing and
evolving challenges (e.g. progressive damage, relocation, livelihood
changes). The goal of this paper is to facilitate understanding of these
little-studied issues and to undertake preliminary work on developing a
framework for incorporating them into future earthquake risk
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Fig. 1. Earthquakes during the Canterbury Earthquake Sequence for the period September 2010-April 2014 Source: Robert Langridge and Will Ries, GNS Science (in
Potter et al. [80]).

communication planning and intervention.
An important starting point for this process derives from people
having limited or no understanding of the complex nature of seismic
processes, including the reality that aftershock sequences represent
significant sources of risk that can persist for long periods of time.
Anecdotally from the Canterbury sequence we heard issues arise that
related to gaps in people's knowledge and how crucial aspects of information about hazard characteristics were communicated or not
communicated. For example, people reported not understanding how
aftershock sequences worked, how they should respond to the aftershocks, and that aftershocks were causing them distress [75].
Previous studies have highlighted the challenges of communicating
in an aftershock context [54,60,61,82,9,92] and have offered suggestions about how to motivate populations to take protective action, including through the use of Operational Earthquake Forecasting (e.g.
[42–44,29,37]). However, there remains much work to be done regarding the nature of the information that should be communicated,
how it should be communicated, how it can be adapted to accommodate the emergence of diversity across sectors of affected communities that change over time (e.g. accommodate demographic, locational and impact diversity), and who should be involved in
communicating such information. The latter includes considering how
formal agencies, community groups and social media can be harnessed
to play complementary roles in adapting information to meet progressively diverse needs and goals. A need for these activities was supported
by anecdotal evidence from the CES.
Given the challenges faced by the Canterbury population during the
CES, we developed a study to understand communication needs in an
aftershock context, with a view to improving aftershock communication
by the geoscience community. Our study aimed to take a broad exploratory approach, as described by Berg and Lune [10], to better understand how people interpreted and responded to different types of

scientific aftershock information over the first two years of the CES. To
provide context for our study we now outline the types of aftershock
information that were available at the time, including reference to
several products of interest.
1.2. Aftershock information
For the CES, science agencies provided information about the nature
of the earthquakes that were occurring, and created aftershock forecasts
for distribution. Information regarding specific earthquakes (i.e. location, depth and magnitude) were reported by GeoNet (New Zealand's
seismic monitoring project, run by GNS Science and funded by New
Zealand's Earthquake Commission, EQC) within minutes via their
website (https://www.geonet.org.nz [35]), social media platforms
(Twitter/Facebook) and their mobile phone application. Information
was also available via other university or local Canterbury sources (for
example, see Quigley and Forte [81]). GNS Science and GeoNet developed aftershock forecasts based on the STEP model [18], initially
using a single STEP model, and then moving to a combination of
models. The STEP model is based on a combination of statistics with an
earthquake catalogue, historical accounts and physics. The modelling
provides information about the expected number of different magnitude earthquakes and/or ground shaking for specific time periods (e.g.
daily, weekly, monthly and annual). These forecasts are then made
available to the various publics and key stakeholders via formats such
as tables, charts and maps. Specific products developed for the CES
included (see Fig. 2a to 2d):
a. tables of expected (forecast) numbers of aftershocks for different
magnitudes, versus observed numbers of aftershocks.
b. MM shaking intensity forecast maps for the following 24-h.
c. forecasts of earthquake rates for the Canterbury region (e.g. for
398
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Fig. 2. Examples of scientific information provided during the Canterbury Earthquake Sequence. (Note: M6.3 was initially used in Table 2a to represent the
magnitude of the Christchurch Earthquake, and was shown like this to focus group participants. It is now referred to as M6.2 following re-analysis of the earthquake
data [17]. Numbers of observed aftershocks also increased following detailed analysis of the earthquake catalogue by GeoNet).

M≥5.0 earthquakes) displayed as graphs.
d. tables of earthquake probabilities for the Canterbury region for
different time periods and magnitude ranges.

newspapers. Other products, such as the tables of earthquake probabilities (2d) and graphs of forecasted earthquake rates for the Canterbury region (2c), were offered directly to expert end-users, such as
the Orion electricity company, and the Ministry of Business, Innovation
& Employment (MBIE), and were posted on GeoNet. Tables of earthquake probabilities (2d) were also reworked into text-based articles for
newspapers (Fig. 2e).

The tables of expected versus observed numbers of aftershocks
(Fig. 2a) were accessible online via GeoNet. The MM shaking intensity
forecast maps (Fig. 2b) were on the GeoNet website and placed in local
399
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specific aftershock information products that had been available as of
May 2013 (see Fig. 2). Given their experiences during the CES, all focus
group participants and interviewees were provided with information
about where they could find additional sources of personal support if
needed. All data were collected following appropriate human ethics
considerations, with an ethics notification submitted through the
Massey University Human Ethics Committee prior to data collection
(notification number 4000016747).
Focus groups and interviews were digitally audio-recorded, then
transcribed into a word-processing programme. Transcriptions were
loaded into the qualitative software analysis programme NVivo [3]. Because multiple researchers were involved in coding the data, we developed a set of predetermined concepts to use as codes (i.e. ‘labels’ for
meanings of words or phrases), based on our preliminary overview of the
focus group discussions. Transcripts were read line by line and these predetermined codes were allocated in appropriate places; this process is
described as etic coding [20]. Additionally, interpretative thematic analysis was undertaken, whereby upon reading the transcripts new codes
were allocated to different concepts in the data if required [12]. Codes
were reviewed regularly to ensure they provided accurate representation
of the data and were then grouped further into key themes.
Our previous work on aftershock communication for the CES has
highlighted the importance of time and context [95], the utility of
forecasts for decision-making [6], the diversity of aftershock information needs, and the importance of relationship development and coordinated messaging [94]. This paper expands upon our previous work
by analysing scientific aftershock communication in the context of
people's evolving experiences during prolonged exposure to the CES. In
this paper, we first outline agency and public perspectives on aftershock
information needs, and the types of scientific information they were
exposed to (Section 3.1. Information needs, receipt and delivery). We
then discuss some of the factors that influenced people's interpretation
of, and response to, that information (Section 3.2). Finally, we draw
some conclusions about how scientific communication for an aftershock
sequence might be improved in future (Section 4.0).

Table 1
Sample of exploratory questions for the 2013 focus groups and interviews related to information receipt, delivery, and specific types of aftershock information. (Note: as per customary practice in qualitative research, this is not
an exhaustive list as participants can direct conversation).
Questions relating to information receipt
What did you want or need to know about aftershocks? (e.g. What did you need to
know to support your work or home life? What did you need to know to make
organisational or personal decisions?)
Did you receive, or were you exposed to, aftershock information?
o From what source?
o What medium? [i.e. channel]
o What format?
o What was the message content?
What did you understand from the information about the aftershocks?
How useful was the message? Why?/why not?
Were there any obstacles to making use of that information and if so, what were
these obstacles?
Did the information you received meet your needs?
Questions relating to information delivery
Were you a ‘deliverer’ of aftershock information?
Did you have to interpret or modify information to deliver to an audience?
What type of information did you ‘deliver’?
Who did you ‘deliver’ it to? How did you customize for difference audiences?
Please describe your relationship with recipients
What were the outcomes you desired for the recipients of the information? (e.g.
What did you want people to understand? What changes in attitudes or beliefs did
you anticipate? What changes in emotions or feelings did you anticipate? What
actions did you want them to take?)
Were there any particular obstacles to the delivery and use of aftershock
information, and if so what were these?
How did these affect the intended outcome or use of the information?
For the information you delivered, what was:
o the source?
o the medium? [i.e. channel]
o the format?
o the message content?
How was the information used by others (to the best of your knowledge)?
What feedback did you receive from the recipients of the information?
Questions relating to specific examples of aftershock information products (see
Fig. 2)
How would you anticipate this information to be used, or expected it was used?
(This question was directed at scientists)
How would you interpret this information? (This question was directed at people
from other agencies and the public)
Had you come across this [type of] aftershock information prior to 4 September
2010?
What do you understand about aftershock risk from the table/graph/map shown?
Do you have any questions about the meaning of the information?
What is most enlightening about this information compared to what you heard/saw
after the earthquakes?
How did/could you use this information?
How could this information be improved and why?

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

3. Results and discussion
3.1. Information needs, receipt and delivery
3.1.1. Information needs
Agencies and participants from the public were asked what they
needed to know about aftershocks (see Table 1 for relevant questions).
Both agency officials and the public were interested in a range of information, as noted by Wein et al. [94] and Becker et al. [6]. This included basic information about what aftershocks were, through to advanced scientific information about earthquake and geological
properties, and earthquake forecasts. Basic scientific information was
useful for understanding aftershocks within the context of people's situations, while more advanced scientific information assisted with informing complex decisions.
Agencies suggested a range of information they needed, and articulated how they utilised information, particularly from a decisionmaking perspective (Table 2). Please note that Table 2 only provides a
snapshot of agency perspectives, and is by no means a full representation of the information needs of every agency or sector, or the decisions
made.
Our public focus group participants were interested in the scientific
topics listed in the first column of Table 3. Alongside this was also a
need for information about “What to do” during the aftershock sequence (i.e. protective action and coping information), which people
could translate into actual actions that addressed safety and wellbeing.

2. Methodology
To better understand people's interpretation and response to scientific aftershock information, we conducted nine focus group discussions
and 17 one-to-one interviews (55 participants in total) from May to July
2013. Working in coordination with local agencies (as per Beaven et al.
[4]), we recruited participants first via invitation of people known to be
involved in response and recovery for the CES, followed by a snowball
recruitment approach [31]. Participants included members of the
public and media, as well as staff from agencies representing a range of
roles during the response and recovery periods of the CES. Such roles
included scientists, emergency responders and managers, engineers,
public information officers, local government employees, elected officials, infrastructure personnel, and insurance experts. The focus groups
and interviews took place in Christchurch and Wellington.
The focus groups and interviews were semi-structured and a predetermined set of questions were used as a guide for conversations
(Table 1) (as per Morgan [65]). Questions were framed around three
topics: information receipt, information delivery and a discussion of

3.1.2. Sources of information and further dissemination
Source is defined by Berlo [11, p. 30] as “where the message originates”. When asked about recognisable sources of information about
400
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Table 2
Aftershock information needed by agencies from different sectors during the CES, and how it was used (adapted from Becker et al. [6]).
Sector
Urban Search and Rescue
(USAR)
Structural engineers/building
assessors

Geotechnical engineers

Information needs

of earthquakes that had just occurred (e.g. earthquake
• Details
spectra)
forecasts (size, number of earthquakes, location)
• Aftershock
consequences
• Likely
of earthquakes that had just occurred (e.g. earthquake
• Details
response spectra)
forecasts (magnitude, probabilities, number of
• Aftershock
earthquakes, location)
• Likely consequences
of earthquakes that had just occurred (e.g. fault location,
• Details
orientation and nature of rupture. Peak Ground Accelerations
(PGA)).

Critical infrastructure
providers
Emergency managers and
responders

forecasts (probability, size, number, timeframe, decay
• Aftershock
rate)
probability of larger earthquakes (i.e. size), and the timeframe
• The
in which these might occur.
• Likely consequences (e.g. liquefaction)
information about an earthquake that had occurred (e.g.
• General
M, location, depth, time, what had caused the earthquakes, etc.)
forecasts (probability, size (M and MM), number,
• Aftershock
location, and timeframe (including timeframes related to

•
Communication
representatives

Business representatives

Construction mangers
Insurers

Policymakers
Recovery leaders

a

immediately after a large earthquake (6–12 h), within 7 days and
up to 1 month))
Likely consequences (e.g. risk of building collapse)

information about an earthquake that had occurred (e.g.
• General
M)
• General aftershock information
aftershock information (e.g. probability, size, timeframe)
• General
• Likely consequences
aftershock information
• General
forecasts (e.g. probability, size, number, location,
• Aftershock
timeframe, decay). They specifically wanted to know:
damaging earthquakes were going to cease (i.e. aftershock
• When
duration)
likelihood combined with ground conditions”
• “Aftershock
(Scientist, K)
medium and long-term pictures” (Emergency manager and
• “Short,
insurance representative, R) e.g. up to 1 year
the aftershock rate had decayed beyond a certain threshold
• When
past events had occurred for decision-making context
• Where
risks and consequences
• Likely
forecasts (e.g. size, number, timeframe) and specifically
• Aftershock
the forecast 50-year decay rate
forecasts (e.g. size, number location, timeframe (with
• Aftershock
suggested timeframes of 1–5 years, though to decades)
• When the aftershock rate had decayed beyond a certain threshold

Uses

determine when it would be ‘safe’ enough to re-enter
• Tobuildings
to save lives
context for likely damaged buildings and how to deal
• Towithprovide
them (e.g. earthquakes of M5.5 that had occurred were
used as a thresholda for shutting the Red Zone down)

when it would be ‘safe’ enough to re-enter buildings
• Tofor determine
assessment, and how to “sticker” them (Green – no restrictions,
Yellow – restricted access, Red – unsafe do not enter)

context, so they could make judgements about the
• Tolikelyprovide
evolution of aftershocks, and the risks they might pose
• To inform risk models (e.g. liquefaction, landslide risk)

prepare resources (e.g. size of labour force needed) and
• Todevelop
relationships for response to potential aftershocks.
repair scope, timing and standard of infrastructure
• Determine
repair.
risks in a fragile building environment
• ToTo determine
decide where to place cordons around dangerous buildings/
• infrastructure,
how long to keep those in place, and how to control
the entry and exit of people

decide when to stop people entering buildings (e.g. for building
• Toassessment);
and when it would be ‘safe’ to re-enter
determine risks related to building demolitions
• ToTo inform
the public about aftershocks and answer questions such
• as, “Will there
be more aftershocks?”, “When?” and “What will the
impact be?”

how they would respond to an earthquake that had
• Tojustinform
occurred (e.g. evacuate; check buildings). For example, M5

•
•
•
•
•
•
•
•

was used as a threshold for checking “certain things in […]
buildings”
To inform what they would tell people about what had just
happened, and what might happen in future
To inform businesses’ decisions about whether they could reenter their buildings
Specific industries like tourism used forecasts to brief the tourism
industry about potential aftershocks, develop messages about the
city's damage and safety, and promote the return of tourists
To evaluate the risks of building demolitions.
To inform timing for repairs, rebuild and/or write-offs
To decide when insurers could begin insuring again
To understand whether properties could be insured
To decide the level at which insurance premiums should be set

devise a local building standard that would be applied in the
• ToCanterbury
rebuild
when to commence with repairs and recovery
• ToTo decide
• delineate red zones for land retirement and remediation

Thresholds are mentioned throughout people's discussion with respect to making decisions about response (e.g. use of thresholds to determine when to stay out
or enter a dangerous area; when to check buildings/infrastructure) and recovery (e.g. when to begin repair and recovery).

aftershocks, people mentioned science agencies within New Zealand,
including GeoNet. Sometimes, information was reinterpreted and disseminated via another agency, such as an emergency management
agency or a local scientist. This re-interpretation was common amongst
emergency managers and Public Information Managers (PIMs) from
Regional Councils, who reported having to change scientific aftershock
information for public messaging purposes. These changes included
simplifying complex science language or condensing information for
publications. The PIMs expressed that they had added explanations and
complementary information alongside to advise the public about how
to protect themselves from earthquakes.

3.1.3. Specific information types
Agencies and the public acknowledged being exposed to a range of
types of scientific information. Some mentioned these types of information without prompting, with the discussion about specific types
of information later in the focus groups and interviews reinforcing any
initial observations they made. Information types that people had been
exposed to included:

• earthquake reports (e.g. time, magnitude, location, and depth of an
event that had occurred);
• cumulative graphics or maps of aftershocks that had occurred, via
401
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Table 3
Information needs of focus group participants who identified themselves as the general public.
Science information

Protective action information

had caused the earthquakes (including geological background)
• What
future earthquake locations
• Likely
future magnitudes or intensities of aftershocks (e.g. “the aftershocks may be
• Likely
[felt as] as severe[ly] as the initial shock”)
know there will be aftershocks
• ToDuration
• next one?”)of the aftershock sequence (e.g. “another six months”; “When's going to be the
around an aftershock forecast (how it compares to background seismicity,
• Context
what happened in previous NZ and overseas earthquakes, how do future earthquakes

to immediately respond to aftershocks (e.g.
• How
Drop, Cover, Hold)
to do next during the aftershock sequence
• What
(e.g. look after your friends/family).
to get prepared (e.g. physical preparedness,
• How
develop a family emergency plan).

Coping/recovery
information

to and from school
• Getting
for parents
to and from work
• Commuting
their house would
• Whether
be liveable
on how to cope with
• Advice
aftershocks.

relate to what we have already just experienced?)

information to inform longer term decision-making (e.g. future property
• Aftershock
purchases).

NB. Note these lists are not comprehensive, as they are based on data from the focus groups. For example, our analysis revealed no specific mentions of likelihoods or
probabilities by the public focus groups in terms of their stated information needs (as highlighted by Bryner [16]). This, however, could be expressed by statements
like, “When's going to be the next one?” People also expressed a need to see that scientists understood what was going on even if they themselves did not understand
the statistics. Finally, concepts of impacts or safety were not frequently mentioned by the public themselves but are noted as important in terms of information needs
by emergency managers.

•

various media (e.g. videos on the internet showing the location and
sequencing of aftershocks; maps in the newspaper); and
earthquake forecasts.

When asked about their reflections on the table of earthquake
probabilities for the Canterbury region for different time periods
(Fig. 2d), which were created for specific stakeholders during the
aftershock sequence, many participants found them difficult to read and
understand, and consequently the tables were open to misinterpretation. Those who were technically savvy at interpreting and using
probabilities (e.g. lifelines agencies) found these useful. One specific
comment was that a careful selection of the magnitude range represented in the tables was needed. There was support for including
uncertainty in the presentation of the information (e.g. via ranges in
numbers in the Poisson confidence bounds).
Participants generally supported the probability statements that had
been available in local newspapers (Fig. 2e) and other forums. There
were a few comments that some thought the statements were “too
clinical”, and it was highlighted that such text-based communication
was not useful for non-English speakers.
Support for a range of information formats indicates that scientific
information should be communicated in as many of these formats as
possible, in order to meet the variety of needs of the audiences. This
finding is supported by other reviews of communication for the CES
[26] and those of Becker et al. [9], who investigated the information
needs of agencies for Operational Earthquake Forecasts.

When prompted by examples of specific aftershock forecast products that had been available prior to May 2013 (see Fig. 2) people gave
their perspectives on the various products.
Participants were generally supportive of the table of expected
numbers of aftershocks for different magnitudes versus observed
numbers of aftershocks (Fig. 2a). Some suggested that the table was
reassuring to them, as seeing the observed number of aftershocks fit
within the range of expected aftershocks showed the sequence was
normal. Seeing alignment between the two made people comfortable
that the scientists knew what they were doing, and increased credibility
of the scientists and forecasts.
The MM shaking intensity forecast maps for the following 24-h
(Fig. 2b) were met with interest, but people were unsure of their specific utility. It was suggested that their main benefit was that they increased situational awareness of future earthquake risk, but couldn’t
necessarily be used to base any action on. People felt the 24-h time
window was too short, and the probabilities portrayed were too low, for
any useful action. There was also sometimes little change in the maps
from day to day. Things that people liked about the maps included the
gradational boundaries, which helped portray uncertainty and stopped
people wondering “which side of the boundary” their house was on.
The maps were seen to have an intuitive colour scale, however participants from agencies did speculate that the public had a lack of understanding of what the probabilities meant, and would assume that
anything red is “bad”, and green is “good”. It was also felt that the maps
were a good way of portraying information for those who couldn’t read
English.
The forecast of earthquake rates for the Canterbury region for
M≥ 5.0 earthquakes in graph format (Fig. 2c) was initially aimed at
structural engineers to assist with ascertaining a new design standard
that was effective over short and long periods of time for reconstruction. People from the focus groups who looked at it suggested that this
type of information was good for showing trends over time, including
representing the decay in the number of earthquakes. Such information
was reassuring for those living through the sequence, as it portrayed a
decline, and provided a feeling that the scientists knew what would
most likely happen in the long term. Emergency managers noted a
potential issue for their role, however, as they wondered whether it
might be difficult to motivate the public to remain prepared for aftershocks if earthquake activity was seen to be declining.

3.1.4. Experience as information
Another category of aftershock information that people referred to
consisted of environmental cues as described in Lindell and Perry's [51]
Protective Action Decision Model (PADM). Environmental cues are related to people's experiences which are a form of information in
themselves [25,5,8,96]. Participants frequently discussed information
related to environmental cues, such as hearing or feeling the earthquakes, and the nature of the shaking they experienced. People expressed to us that they used experience combined with earthquake reports to help understand what was happening (e.g. how big, where the
aftershock was situated, what the impacts might be, where they thought
future aftershocks might occur next) and to make their own assessments
on what actions they should take.
3.2. Factors influencing people's responses to aftershock information
3.2.1. Accessibility of information
Accessibility of information relates to two primary factors: its
availability and how understandable the information is. Mileti and
Fitzpatrick's [59] model highlights that people must hear, understand,
believe and personalise, before being able to respond to warning
402
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people have different risk tolerance for certain activities or hazards and
so may not actually view the comparative risk in the way intended,
viewing it higher or lower. There are numerous other factors that can
also influence a person's perception of a risk or probability statement
(e.g. [13,77,93]). As such, based on international recommendations
(e.g. [78,33,55]), Doyle and Potter [23] recommended that probabilities for geohazards be communicated by GNS Science in the future
using both descriptive (e.g. ‘likely’) and corresponding numerical (e.g.
70%) terms, and link to a probability translation table to ensure a
common understanding.
Visual representations of what was happening, including animated
images, videos and in-person presentations, increased people's accessibility to information. A communication representative described an
example of how a simple experiment shown online helped people understand how liquefaction worked:

messages. Our findings about the need for accessibility of information
link closely to Mileti and Fitzpatrick's concepts of ‘hearing’ and ‘understanding’. The PADM model [51] also highlights that people must be
exposed to information, pay attention to it and understand it, to make
sense of and act upon it.
In terms of accessibility, information had to be available to people
for them to see it. We noted several instances where people thought
there was a lack of information. These perceived gaps ranged from very
basic information through to more technical information (e.g. Peak
Ground Acceleration (PGA)), depending on the audience's needs. As an
example, one member of the public who was proactive in understanding rock fall issues on the Port Hills suggested that “… the issue to
[her] was […] the lack of information, as opposed to what [information] came [to her]” (Member of the public, S).
People reported that they did not know information existed, that
they were unable to access it (e.g. though lack of technology), or they
had a reluctance to request it. Some people expressed that they needed
information which was simply was not available [7]. A few participants
also expressed views that they felt some information had deliberately
been withheld by science agencies or the government. Where it was
perceived that there was an information gap, for example by the media
looking for stories, these gaps were sometimes filled with perspectives
from less official sources, such as alternative theorists.
Where information was received, or accessed by agencies or the
public, it needed to be easily understood and relevant to the individual,
so that it could applied to each person's situation [52,59–63]. In terms
of ease of understanding, public focus group participants and local
scientists stated that it was important for information to be given in
“layman's terms” or analogies provided to help people understand what
the information means. A business representative gave a good example
of an analogy:

“…he had a jug of sand and rocks and showed when you shook them the
water, liquefaction kind of thing, rather than just trying to explain liquefaction in a diagram. So more kind of visual clues and images”
(Communication representative, L1).
3.2.2. Prior knowledge
People's ability to understand more complex aftershock information
(including probabilities and uncertainties) was linked to a knowledge of
earthquakes prior to the CES. This included knowledge gleaned by
previous exposure to and retention of information about earthquakes
(e.g. via Civil Defence Emergency Management booklets, brochures and
information – see McBride [56] for a summary of Canterbury public
education), from formal education or training about earthquakes (e.g.
university and workplace training), or from experiences of actual
earthquakes. For example, an Urban Search and Rescue (USAR) representative suggested that his prior training about aftershocks had
helped him understand what to expect and how he needed to respond
accordingly, stating:

“I think it's about getting it to them in a way that's a bit, it's digestible if
you tell somebody there's going to be a magnitude 3 earthquake or there'll
be lots of magnitude 3 earthquakes well that's great, well what does that
mean? If you tell somebody that there'll be a number of earthquakes that
are probably going to feel like a bus or a really, really, large truck has
gone past your house, you know, there'll be a lot of those, you know,
there will be a number where it will feel you are in the middle of a big
storm and you'll hear the thunder” (Business representative, E).

“We go back to our USAR training and you have one 7.1 magnitude
event we expect an aftershock in the order of one magnitude lower, that's
what we’re trained to think” (Immediate responder, C).
One other USAR engineer in the same group mentioned Omori's Law
of Decay [71,90]. Omori's Law is a century old mathematical model of
aftershock decay curves from Japan. However, the above understanding
was not universal among USAR participants.
Additionally, a communication representative discussed how her
formal university training had assisted her understanding of what to
expect as part of an aftershock sequence, and consequently helped with
coping:

Several other participants mentioned the usefulness of comparisons
between risk posed by future aftershocks in the CES to other potential
risks. Specifically, participants expressed that comparing the CES with
what happened in previous earthquakes both in New Zealand (e.g.
Edgecumbe in 1987) and overseas (e.g. Haiti in 2010), provided an
understanding of the likely evolution of the sequence, and the potential
impacts in a way they could visualise and personalise. Additionally,
comparisons between the CES and Canterbury's background seismicity
or even seismicity in other regions of New Zealand, was also found to be
useful information that provided understanding and context of what
was happening. As one infrastructure representative (R) suggested,
these comparisons could be used to “reassure my staff” about how relative levels of risk had reduced in Canterbury during the aftershock
sequence, or that they were not as high as in other places like
Wellington.
Information providers and PIMs also professed to using analogies
between the risk posed by earthquakes and other risks such as the risk
of car accidents, to try and provide some context for people. As a responder noted:

“I'd studied [earthquakes] at University as part of my Environmental
Science Degree, so [after the September earthquake] I was there going,
we're going to feel another one, it's going to keep coming, but don’t worry
they're going to lessen off over time […]. So we weren't surprised by the
on-going shakes we were having and they were pretty bad, um, following
the September one for probably a few days” (Communication representative, L2).
The lack of previous training, unsurprisingly, had the reverse affect,
as some new migrants to New Zealand, who had no experience or
education on earthquakes, did not know to expect aftershocks. People's
previous experiences helped with the overall understanding of earthquakes and aftershock sequences but, as forecasts were not readily
available pre-Darfield earthquake, it did not help them with understanding information about the probabilities of aftershocks.

“…you’re dealing with [rock falls in] the Port Hills, and [the] probability
[of that] equates to about […] a death in a car crash right. So [you are]
translating that to layman's terms…” (Immediate responder, M)

3.2.3. Personalisation of information to the situation
On receipt of aftershock information people would attempt to make
sense of the information by personalising it to their situation
[52,59–63]. Some participants expressed that they asked themselves

However, research by Slovic et al. [88] indicates that using comparisons to communicate risk may not actually enhance the understanding of a situation as desired due to individual biases. For example,
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questions such as “…how does that [information on aftershock forecasts] affect me?” (Member of the public, B). They were interested in
understanding how the aftershocks might impact their location, how
they might affect their health and safety or how they might impact on
any formal role that they had to perform in response and recovery. This
personalisation process appeared to inform their decisions about their
actions.
Decisions that depended on the answer to these personal questions
included whether to get more prepared, whether to leave town for the
day or move away from Christchurch altogether or, on the professional
level, whether to enter buildings for assessment. For example, one of
the communication representatives, summed up how information like
the MM forecast maps could be considered and used. She stated that
people might be thinking, “How does [the aftershock forecast information on the MM maps] translate to a personal risk that might
make me want to modify my behaviour on that day?” (Communication
representative, M). The lack of translation to personalised risk may be
why the daily forecast which appeared as forecast maps in the newspapers, and sometimes did not vary much from day-to-day, was unsuccessful as reported by participants.
At least one person directly mentioned that the personalisation
process required an emotional element. In order to understand what an
earthquake and its subsequent impacts might mean to the participant,
the person required an understanding of how they might feel about the
event and its impacts. The particular business representative who alluded to this fact stated:

3.2.4. The role of experience
A major finding from our research was that past and current experience informs interpretation of aftershock information [51,8,91].
From an information content perspective, people with prior education,
training or experiences of actual earthquakes appeared to have greater
capacity to understand more complex information than those without
the fundamentals (as discussed previously in Section 3.2.2). Those with
less experience needed more access to basic information about earthquakes.
There was a time element to the influence of people's experience on
knowledge, consistent with findings in the literature. Aligned with
Kolb's theory [47], people underwent ‘experience-based learning’, becoming more knowledgeable and adept as time went on, and as a result,
were easier to communicate with. Their growing knowledge about the
earthquakes, was seen in their understanding of the science of earthquakes (e.g. understanding of magnitudes, ground shaking, etc), understanding of the impact that aftershocks could have on the environment (e.g. building damage, liquefaction, rockfalls) and their more
comprehensive responses to real and potential aftershocks (e.g. using
thresholds of M5 for responding).
Another key finding was that information was easier to make sense
of if it aligned or conformed with people's experiences. If information
and experiences matched, then people had more confidence in the information and it was perceived to be more credible and trustworthy. A
participant in our emergency management group suggested that over
time messages gained “more credibility […] because of the experience
that our people had” (Emergency Manager, B). Another example of this
is evidenced by people's interpretation of the table of expected (forecast) numbers of aftershocks versus observed numbers of aftershocks
(Fig. 2a). Many of our participants expressed positive feelings towards
these tables as when forecasts aligned with observed earthquakes it
provided “reassurance” [94], and confidence and credibility in the information. Evidence of this was provided by a communication representative:

“The only thing about a chimney falling off is that what does it mean?
[…] Tell[ing] me that my chimney is going to fall off, it's not a very
emotive statement […] my take on it is that you have to tell me what it's
going to feel like to me. You know, not specifically what might happen to
an appendage of my house” (Business representative, E).
As part of the personalisation process, it was important that people
had access to scientific information about earthquake impacts and ongoing aftershocks provided by local scientists with whom they could
relate. One scientist was mentioned a number of times by our participants. People saw that the local scientist was trained and knowledgeable about earthquakes, and lived in Christchurch during the CES, thus
he had a shared experience with the public. He was also seen to be a
good communicator, and provided easily understandable explanations
about the earthquakes. These attributes meant that he was a credible
and trusted source of information.

“I think it's good because it shows how accurate it, the, the forecast was,
even though it was in a very broad range. Um, so that helps with your
credibility issue of people believing you” (Communication representative,
L1).
Another comment from an emergency manager stated:
“If you look at it with the, on the next one which is unobserved data
[pause] - it's nice seeing it with the observed data but that's more of an
[…] after the fact, and its sort of like, oh yes you’re sort of within the
bounds of what you're predicting. Which does give people confidence”
(Emergency manager, A).

“Overall I think he did a good job. I think he filled a gap and I think the
fact that he was, as you say locally based, been through it himself and
was […] providing that information when he himself had his own problems at home with liquefaction” (Emergency management, P).

As discussed previously, the sharing of local earthquake experiences
was important to the information sense-making process around aftershocks. This has been outlined in this paper in terms of Canterburybased scientists sharing their experiences during information provision,
but the sharing of experiences also occurred widely via other response
and recovery agencies, and between members of the public. A communication representative discussed the benefits of the mayor of
Christchurch sharing his experiences publicly, and the effect it had on
providing support for people:

In an interview with us, this local scientist provided his own reflections on his communication role. His statement below also highlights the value people placed on him being a local scientist and on the
importance of shared experiences in helping people personalise and
make sense of aftershock information.
“Most questions I was asked [by reporters] were personal… they wanted
to know why I was still living in my house. They wanted to know what
happened underneath my house. They wanted to know whether we were
still going to work. They wanted to know what we wanted to do. Whether
we were going to leave Christchurch. They wanted to know lots of personal information, and by providing them with some personal information that I was comfortable with […] that enabled them to go, well this
guy's living through the same shit that we are and he's still here and he's
doing the best to give us information therefore he's credible. Whereas if
they're constantly hearing information from outside, regardless of how
good it is that information, there's a bit of, 'but they're in Wellington'”
(Scientist, M).

“If I look at somebody like Bob Parker [the then Mayor of Christchurch],
one of the reasons he was so great was that he was prepared to acknowledge that he was scared. I went through what he went through and
it scared the hell out of me but, you know, we’ll get through this”
(Communication representative, M).
Another way that the public shared experiences was via the
“Magnitude Guessing Game”. Every time a reasonable-sized earthquake
occurred, people would discuss and guess what the magnitude of the
earthquake was (this could be people in the same room, via social
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media, etc.). They would then access the GeoNet website to compare
who was the closest in terms of their magnitude “guess”. This scientifically-informed social game acted as a mechanism for people to share
their experiences, help understand what was happening, reduce fear
and stress, and inject humour. Such social aspects are highlighted as
important for people's information sense-making in models such the
PADM [51]. A participant in our public focus group describes the
benefits such a social sharing game bought:

their expectations of what would happen in future:
“I can tell you when we, on the 13th of June [2011], we were dealing with
the Harcourt's Building and that was a pretty sick looking building, it was
on a lean, there were engineers and contractors working in the building
when the first earthquake came through. Cleared the Red Zone, we went
round and we were standing outside there and we had a face to face argument with the engineering contractor telling him that they were not to go
back into the building. [We] left the site, they went back in and the second
one came and the whole back half of the building collapsed. And they were
on the fifth floor.1 So this is two engineers, experienced contractors,
thinking they were still okay, so we’ve been through it all. Yep, been
through all these events and all they were trying to do was um retrieve
some contents from the building to save some money on demolitions. So
right down at this late piece” (Emergency responder/recovery, C).

“So people […] were going into GeoNet and they were predicting [the
magnitude of the earthquake that had just occurred] … they started to
make it a game and it took the fear out of it for them […]. GeoNet
became almost like […] the social game for the whole period. Everyone
was getting into it. They were all doing their predictions and so on and it
became better than TV in a way because of the, not just the semblance of
understanding but really understanding and then trying to foresee what
things, what was happening and tying it back to your own reality”
(Member of the public, S).

3.2.5. Emotions and feelings (including psychosocial wellbeing)
Psychosocial issues during the CES has been well documented in the
literature [21,32,66,85,75]. The Canterbury Wellbeing Survey (initiated
by a number of partner agencies through the Canterbury Earthquake
Recovery Agency (CERA) but now administered by the Canterbury District Health Board), which has been on-going since the initial earthquake,
specifically indicated that aftershocks were a cause of anxiety in the
Greater Christchurch population (Christchurch, Selwyn and Waimakariri
districts), with the worst levels of anxiety occurring approximately 18
months after the Christchurch earthquake [66].
While we explored people's experiences in our study, we did not
have any specific questions in our focus groups or interviews related to
psychosocial effects. Even though it was not explicitly asked, some
participants reported experiencing feelings of confusion about the
mainshock, and fear, anxiety and distress as a consequence of the
aftershocks. The finding that disasters such as earthquakes can cause
psychosocial impacts is consistent in the literature, and is accounted for
across various models relating to disaster response (e.g. [41,48,51,73]).
Specific aspects of aftershocks caused participants anxiety. For example, there were a number of specific mentions of how the different
noises of the earthquakes were scary. One participant said that it was
because “you don’t think of an earthquake being noisy, you think of it
as being feeling” [i.e. shaking] (Communication representative, L1).
Another participant expressed to us that her anxiety was caused by the
noise she heard being unrelated to the size of the earthquake. Thus, for her
when she heard the earthquake noise she was uncertain about how big the
earthquake was going to be, and what impacts it might have. She said:

There is evidence that community spirit and connectedness were a
positive by-product of the CES [75,76,85]. Our study supports this
finding, as our evidence suggests some people used scientific information to increase their feelings of community connectedness.
Another influence that people's experience of the earthquakes had
was on threat perception, also identified by Lindell and Perry (1992). In
particular, relatively benign experiences of the earthquakes (especially
post-4 September 2010) led to people feeling overly optimistic [14,40]
that they had already experienced the worst earthquake possible, so
that a future earthquake would not be as bad, or at most, would only be
the same as what had occurred. Such benign experiences led to less
attention being paid to aftershock messages, and a “complacency” to
undertake actions to reduce risk from aftershocks. A conversation between an elected official and an emergency manager in one of our focus
groups highlights the optimism that people had about earthquakes post4 September 2010 and the complacency that resulted.
Elected Official, K: “I think perhaps we were, were less aware of the
danger because September the 4th happened in the early hours of the
morning, there was nobody there, the causalities were zilch virtually.
[…] If that same earthquake had happened in the middle of a busy
working day you would have had a lot more casualties and would have
been far more aware of those dangers I would think”
Emergency Manager, P: “And I think, there was, there was a sense of
complacency in terms of - oh well that was the big one…”

“I think probably part of the noise for me is that, you can't equate the
sound of the noise to the, to the size of the earthquake. So some of the
bigger roars have less destructive powers but because it's a big noise you
tense, prepare, your heart goes into adrenalin, your whole body goes into
flight or fight mode…” (Communication representative, M).

Elected Official, K: “We’ve survived”.
We interpret that this reflects that normalisation occurred from
experiencing aftershocks. Normalisation, defined by Mileti and O’Brien
(1992), refers to people undertaking actions (such as getting prepared)
in proportion to their experience of the initial earthquake. This was
identified by Mileti and O’Brien (1992) following the 1989 Loma Prieta
earthquake in Northern California (Mw 6.9), who concluded that there
was a non-victim 'normalisation bias' that limited risk perception of
damaging aftershocks and subsequent action. Doyle et al. [25] also
found in a New Zealand earthquake context that people's preparedness
initiatives were influenced by their experience from the first of two
earthquakes that occurred in 2013.
Following the September 2010 earthquake, participants expressed a
belief that the aftershocks they were experiencing would continue in
the manner they were accustomed to, which had a bearing on how they
responded. For example, people reported risks being taken, such as
emergency responders entering dangerous buildings even while aftershocks were still occurring, or health professionals in hospitals not
taking protective actions such as “Drop, Cover, Hold” [49].
One emergency responder/recovery participant summed up how
people's actions were framed by what they had experienced before, and

Participants also noted that another reason why aftershocks were so
scary was because of the uncertainty of when one would happen next.
Relating to this uncertainty was the concept that earthquakes are uncontrollable, which heightened their anticipatory anxiety, as noted by
Dorahy et al. [21]. Participants in our focus groups made comments
that reflected such anticipatory anxiety:
Communication representative, L1: “You feel the things like the wind
shakes my house […]
Communication representative, L2: Or you hear a truck going past.
Communication representative, L1: Yeah, big trucks. It's just, it's only for
a spilt micro-second and then it just passes, but you, it must affect you
psychologically I’m sure over time. You do it without realising.”

1
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The social implications of aftershocks were also a cause of anxiety
for people. For example, there was discussion about how the aftershocks would trigger worry about loved ones:

“I can remember having many conversations with [a scientist] about it
and there was a tension particularly after the 22nd of February about
just how much information should we tell the public because we might
scare them, or should we just tell them everything and at least they'll
understand it. That was a quandary for a while …” (Emergency manager, P).

“Every time there was an aftershock, the kids just didn't cope because
where was Mum and Dad? Were they caught in town, you know, what do
we do? A lot of anxiety…” (Emergency Manager, J).
One finding of our study is that anxiety caused by the aftershocks
had implications for people's interpretation and sense-making of
earthquake information. As one of our emergency manager participants
stated:

Despite communicators’ concerns, we found no evidence in our data
that hysteria or panic occurred on hearing aftershock information in the
public or other focus groups. The lack of panic is supported by other
international research, that suggests mass panic is a ‘myth’ [19,68,70].
Further, as discussed previously, some members of the public exhibited
an appetite for complex scientific information as a coping tactic [94].
However, we acknowledge that the earthquakes did create anxiety,
and the psychosocial needs of communities should be addressed
through the provision of appropriate information and support services.

“…our ability to understand what was going on was so diminished because of the stress our bodies were under…and messages had to be repeated, very simple messages had to be repeated ten times over for you to
actually understand what was going on” (Emergency Manager, A).
The focus group discussions and interviews revealed that the public
was divided over the amount and types of aftershock information that
they needed [94]. This division was also noted by Miller [64], who
concluded that ‘monitors’ (those who used information as a form of
coping) and ‘blunters’ (those who did not want to know any information) represented the two major psychological processes to threats.
People tend to be somewhere on the spectrum between these two extremes [27].
Some participants involved in communication roles noted a variety
of information needs that they perceived should be met, to assist with
reducing psychosocial impacts. As well as general scientific aftershock
information that could provide reassurance (e.g. such as the aftershock
forecast tables described earlier) it was important to provide information on “how to deal mentally with having shakes” (Communication
representative, L1), identify where psychosocial support was available,
and provide advice on what people could do to stay safe (e.g. through
preparedness). Information should be easy to understand (“plain
English”, “basic”), repeated to allow for the stress that people were
experiencing, and empathetic, as explored in Seeger [86]. Locally-based
“shared experiences” can be effective in conveying empathy [86].
We interpreted that people in communication roles preferred
aftershock information to include psychosocial support information
both in the short term, and strategically over the long term, as information needs evolve. For example, one participant noted that information that supported psychosocial needs was still essential over two
and a half years after the 4 September 2010 Darfield earthquake, as
aftershocks re-triggered stress:

3.2.6. Credibility and trust
Credibility and trust were important factors for helping people interpret and make sense of aftershock information. This included credibility and trust in the information itself, as well as in the source of
information. Renn and Levine [83] proposed that trust between publics
and a spokesperson or agency is essential if the message is to be effective. The importance of trustworthiness in achieving effective communication is also supported by research related to a variety of other
science and hazard-related contexts (e.g. [1,15,28,30,39,72,79]).
Participants mentioned that credibility was related to knowing that
information providers had “experience” or “expertise” in a scientific
field. This basis for credibility was also endorsed by findings from the
Earthquake Recovery Learning Project [26]. But at the same time, we
also found that scientific experience had to be made more “human” to
people, with empathy provided. So, a combination of scientific experience and humaneness was important for credibility:
“I suppose experience was very credible. So, if someone had had a lot of
experience in that field over a period of time and had studied earthquakes, and was able to make it more […] human […], and more related to the people rather than very scientific mathematical, you know
risk and all that sort of thing…” (Communication representative, L1).
Trust was often developed through positive exchanges and growing
relationships (“without relationship[s], nothing matters”; Emergency
responder, R). For example, responders and recovery personnel who
had good relationships with scientists were more likely to trust the
information that the scientists were providing. Ways to build trust and
confidence included having regular conversations (particularly face-toface interactions):

“And you talk to people and they say, it's been great, there's just been one
small aftershock and all those feelings come back, all the stresses come
back and the nightmares and the sleepless nights, the kids screaming”
(Communication representative, D).

“…from our point of view we had confidence in GNS's modelling 'cos we
could have another conversation with them and we understood what they
were saying around those probabilistic models and what were the factors
being fed into the algorithms and things” (Emergency Manager, J).

Additionally, while long term support was still required for communicating about and addressing the psychosocial impacts of felt
aftershocks, communicators expressed that information was also required on how to move forward and recover. A communication representative stated:

Other factors that influenced trust included the type of person
presenting the information, which also linked back to their personality
and/or leadership qualities, and political neutrality [53]. Seeing a
particular person regularly providing or presenting information was
important as it portrayed to others that they had a vested interest in the
ongoing impacts of the earthquakes in the community. As discussed
previously, local communicators or provision of local information was
also important in building credibility and trust.
Also, as discussed above, if people's experiences matched the information they were receiving then the messages were more likely to be
perceived as credible. Acknowledging or correcting conflicting information helped build trust. As an example, when scientists addressed
issues raised by an alternative theorist rather than ignoring them, that
appeared to help with trust-building.

“Leaving people with a heightened sense of alert for a length of time is
bad [psychologically]. People need to feel that they are moving on, that
they're progressing, that the re-build [is] happening, but how much are
you, you almost lulling people into a false sense of security?”
(Communication representative, L1).
Scientists, emergency managers and others expressed to us that
people's anxiety about aftershocks had an impact on the way they approached communication. Several participants reported being concerned that any aftershock information they released might scare the
public and cause panic (‘fear of panic’). One of our emergency management participants recalled a conversation they had with a scientist
who brought up this ‘fear of panic’ issue:
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3.2.7. External influences and changes in needs over time
There were a number of additional external influences that impacted on interpretation, sense-making and response to information.
Von Winterfeldt [91] notes that ‘external influences’ provide key interactions within the communication process. External influences that
we found to be influential included political and economic pressures.
For example, there was a desire by businesses to return to ‘normal
functioning’, and some pressure placed on re-opening the CBD. Consequently, political and economic pressures often provided a context
that affected scientist's decisions about what types of aftershock information they would provide:

information that had not been factored into the communication process
(e.g. individual and social influences, psychosocial issues, the emergence of alternative theorists, political influences).
Consideration of these issues before the CES would have aided more
strategic and effective aftershock communication. This points to the
need for science and response agencies to develop a strategy for communicating about prolonged earthquake sequences, prior to a large
earthquake happening [37,87,86]. Such a strategy should identify
target audiences and create a plan for how communication with these
audiences should work over time [84]. The strategy should recognise
the interactive nature of communication and account for developing a
relationship with audiences [50]. The strategy should also ensure that
information formats and appropriate messaging is considered prior to
an event. Draft communication templates that scientists could use at
short notice could be developed beforehand. Checklists of items to
consider when communicating during an earthquake sequence have
also been identified as potentially helpful by scientists [57].

“As we got into February and June [2011], I think there was some real
challenges for the science guys based on what information to put out.
There [were] political pressures to sort of say it's calming down and they
were wanting to say, well we don’t actually know” (Emergency management, J).
An additional influence was the passage of time in the two and a
half years following the Darfield earthquake. Time and context had an
influence on aftershock information needs, perceptions and beliefs.
Website data shows that people's overall appetite for earthquake information spiked following a large earthquake [81]. However, we also
found that different types of information were required over different
timeframes as the earthquake sequence evolved [6,7]. Table 4 summarises participants’ comments about aftershock communication for
different time periods bounded by key earthquake events.
As described in Becker et al. [7], we noticed a difference between
information that was needed to support the immediate crisis following a
large earthquake, versus information that was needed to help participants understand and respond to longer-term earthquake risk, which
aligns with our findings regarding experience. We also found that
people's levels of concern about aftershocks rose and fell throughout the
sequence depending on the level of impact of the earthquakes, influencing people's level of attention to aftershock information. The evolution of information needs was also influenced by people's on-going
experiences of the earthquake sequence, which served as a type of experiential training, as highlighted by Kolb's [47] theory. People's experience of aftershocks thus allowed them to tap into more complex
information over time [69].

4.2. Provide education and training about aftershocks before an earthquake
sequence
We found that people who had been exposed to earthquake information prior to the earthquake sequence, who had undergone
training including with respect to aftershocks, and who had prior experience of earthquakes, were better able to cope with what was happening because they knew what to expect. This helped people to interpret any information they received, informed their decision-making,
and cope psychologically with what was occurring.
Consequently, more education or training regarding aftershock sequences could be useful in building knowledge and expectations of
what might happen [5], and what people can do to respond to an event
[73]. This would enhance psychological preparedness amongst agency
staff and the public [67,75]. The inclusion of aftershock scenarios in
exercises, training, and public education campaigns would be an effective means to depict the nature of ongoing sequences [22,24]. Upskilling could also be provided about information products that are
available and how these can be utlised by agencies. Geoscientists could
play a part in providing such education, in collaboration with other
agencies involved in readiness and response activities.

4. Key findings and recommendations
Little is understood about communities living through prolonged
periods of impact, response and recovery, and how to undertake effective communication in such a volatile environment. Prolonged
events may occur in the context of many perils including aftershock
sequences, volcanic unrest and eruptions (including lava flows and lahars) and flooding. The Canterbury Earthquake Sequence provided an
example of such a situation, and an opportunity to understand communication during an evolving aftershock sequence. Consequently, we
initiated this research project to better understand the aftershock information needs of agencies and the public over the duration of the first
two years of the CES, and what this might mean for future communication from a science perspective.
We now reflect upon our key findings and provide recommendations. We focus on the perspective of scientific communication from the
geoscience community, but acknowledge that for effective communication to occur, a range of responding agencies need to be involved.

4.3. Allow for flexibility in communication
A diversity of aftershock information was needed by individuals and
agencies at different time periods during the CES from 2010 to 2013.
The types of information desired differed depending on the context of
people's experiences. For example, after the 4 September 2010 Darfield
earthquake there was a hunger for basic information about aftershocks
from publics who had a lack of experience with earthquakes, as well as
a requirement for technical information for responders. Following the
22 February 2011 Christchurch earthquake there were immediate needs
for technical scientific information to inform the response, but the
public were more interested in damage and welfare information. Strong
demands for aftershock-related psychosocial information, and longerterm aftershock forecasts, also arose in the months following the
Christchurch earthquake.
People's experiences of the earthquakes had various effects. For
example, after earthquakes that had significant physical and emotional
impacts, some people's ability to “hear” and “understand” [59] information was affected. But over time people's experiences also helped
grow knowledge about earthquakes and gave them more understanding
and ability to interpret scientific information. Given these findings,
scientific communication during an earthquake sequence should be
responsive to the evolving nature of a situation, and provide targeted
information appropriate to timing, audience, and context.

4.1. Develop a communication strategy prior to an earthquake sequence
Our findings point to the importance of being prepared to communicate about aftershocks in a post-earthquake context. Scientific
aftershock communication for the CES was ad hoc and reactive [94].
We saw issues related to a lack of availability of information, lack of
understanding of information, and influences on the use of that
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Table 4
A summary of aftershock communication findings for different time periods for the CES from 2010 to 2013.
Timeframe

Key findings on aftershock communication over time

felt they needed more information and/or training about the occurrence and
• People
nature of aftershocks to assist with “knowing what to expect” in an event, and how to

Pre-4 Sept 2010 People's reflections in a post-earthquake context

respond.

curiosity about the nature of the earthquakes and geological setting.
• General
they had survived the “big one”.
• Perceiving
levels of concern about the aftershocks.
• Low
interest in aftershock information.
• Low
that the aftershocks would taper off in magnitude and impact.
• AA belief
lack of understanding about the impacts aftershocks could have and risk.
• Limited
discussion about aftershocks in emergency management and communication
• forums with
suggestions discussions may have been “stifled” or limited in their scope.
feeling that low levels of concern and economic pressures translated into risky
• Aactions
(e.g. some believed the CBD cordons were too small; or that people had taken

4 Sept 2010–21 Feb 2011 (Period of aftershocks from the Mw7.1 Darfield earthquake
through to the Mw6.2 Christchurch earthquake). The first 4 ½ months provided a
taster of aftershocks, whereby people felt they had survived “the big one”, and
consequently had less concern for the subsequent aftershocks.

•

22 Feb – 21 Mar 2011 (Period of aftershocks during the first month following the 22
February 2011 earthquake). 22 Feb provided a new “benchmark” for the damage and
disruption aftershocks can cause.

•
•
•
•
•
•

22 Mar – 13 Jun 2011 (One month post-Feb 22 earthquake, through to the 13 June
aftershock). People became worn down by the events that had occurred.

•
•
•

Post-13 June 2011 – May/June/July 2013 (The timeframe following the 13 June
2011 aftershock, through to the time the research was conducted in 2013).
Continued support required. Opportunities to focus on recovery.

•
•
•
•

risks to enter dangerous buildings; or that the start of a managed repair programme
began too soon.)
Immediate public interest in information regarding damage and welfare and what to
do, etc. as opposed to the aftershock sequence, which directed immediate
communication needs.
Responding agencies had an immediate need for aftershock information (e.g. forecasts
to inform response-related decisions about building entry).
Access to aftershock information was poor at first, but improved as time passed.
There was “heightened consideration” of the potential for aftershocks, and the
associated impacts.
Consequently, there was also greater discussion about aftershocks, and how to respond
to them.
Greater concern about aftershocks influenced decision-making and actions (e.g. more
considered and risk adverse decisions about entry into dangerous buildings).
Psychosocial impacts related to the 22 Feb and on-going aftershocks started to
become very apparent, and communication began to reflect this (e.g. messages were
provided about looking after yourself, where to find support).
Challenges arose in presenting scientific information about aftershock forecasts versus
people's wellbeing (for example, some people did not want to hear that the earthquake
sequence would continue for an extended period of time; they preferred stories about
the decline of the sequence).
Some agencies (e.g. insurance, lifelines, structural engineers) were beginning to use
aftershock forecasts to understand what it meant for their future activities (e.g.
insurance markets, reconstruction).
After the 13 June aftershock, people became aware that some services or places may
remain closed for a while. The damaging aftershock revealed the wisdom of the risk
management strategy of the cordon.
Scientific communication of aftershock forecasts continued to illustrate that
earthquakes and impacts would be on-going. But, people were getting frustrated by the
mantra of the probability statements.
There was a change in focus from “aftershock and building damage risk” to recovery,
and this was reflected in the information that was requested (e.g. 50-year aftershock
forecasts to inform re-build decisions and building standards).
The aftershocks continued to have psychosocial impacts, for example with participants
indicating that “people's morale went plummeting” after the 23 December 2011
earthquake.
There was specific mention of the long-term need for psychosocial messaging and
support, and as one person said at the time, “the third year is the worst”.

NB: This table will not be representative of all aftershock communication facets, but is based on findings from the focus group discussions.

4.4. Provide a diversity of information for different audiences

As well as providing information directly to agencies and the public,
scientists should also work with other responding agencies (e.g. emergency managers, public information managers, public health) to assist
with the re-working of scientific information into communication tailored for the specific audiences of those agencies.

In terms of specific information types and format, both agencies and
the public expressed interest in a variety of information. Participants
stressed that information be easily understood, with straightforward
explanations, and of relevance to their situation. Suggested formats
included standard scientific representations (maps, tables, graphs), text
describing earthquake information (e.g. aftershock probabilities and
scenarios), visual representations (e.g. pictures, animations, videos),
analogies (e.g. historical events), and comparative data. Information
that linked aftershock forecasts with potential impacts also helped
people understand the potential implications of future aftershocks and
what actions they might need to take. It is important to provide a
variety of information formats to account for different audience needs,
whether it be to help people understand what is happening, provide
reassurance, or to guide decision-making for specific actions.

4.5. Understand and account for influences on aftershock information
We found a diverse and interactive set of influences on people's
interpretation and sense-making of aftershock information, which influenced their thoughts and actions in helpful (e.g. getting ready for
future aftershocks) and unhelpful ways (e.g. optimistic biases, normalisation biases and anxiety). Such influences included how understandable and relevant the information was, whether people had prior
knowledge or experience of aftershocks, whether information included
an element of personalisation, people's emotions and feelings,
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credibility and trust in information and its source, and external influences.
Such influences should be accounted for when developing communication about aftershocks. For example, aftershock messaging could be
framed in ways that reduce optimism and normalisation biases, by
providing realistic information about aftershock forecasts and impacts.
This should be combined with information about how to reduce those
impacts by undertaking certain actions, to ensure people have a perceived sense of control about their situation [73]. Scientists could also
address the effects of aftershocks on people's emotions by injecting
empathy into messaging (see below), and undertake joint messaging
with appropriate social support agencies to provide mechanisms for
access to social support.

communication about aftershocks and its linkages with preparedness
and psychosocial support. The importance of joint messaging was also
highlighted by the Canterbury Earthquake Recovery Learning Project
[26]. To develop effective interagency communication, it is imperative
that relationships be developed prior to the occurrence of a large
earthquake.
5. Conclusions
This study focused on scientific aftershock communication during
the CES, a prolonged earthquake sequence that resulted in Canterbury
communities cycling through periods of impact, response and recovery
several times. Our research found that information needs of agencies
and the public evolved throughout the sequence depending on the
impacts experienced by people, and the roles that people were in. The
range of information required varied widely, from basic information
about aftershocks through to more technical information used by
agencies, and was desired in different formats (e.g. maps, tables,
graphs, text, analogies). Context was needed to provide relevance to
differing audiences using such information. Given the diversity of information needed, it is imperative that scientists consider how to develop and provide such information before an event occurs, via a
communication strategy. Such a strategy should encompass audience
identification, relationship development, messaging, formats, and ensure enough flexibility to allow for communication to evolve across a
sequence. The recommendations from this research apply not only in
the context of earthquakes, but could be applied to other prolonged
disaster events, such as volcanic unrest and eruptions, or flooding.

4.6. Ensure information is situated within a context relevant to the audience
Our research indicates that personalisation of aftershock information was important in helping agencies and the public understand what
the information meant to them and what they should do about it. To
assist personalisation we suggest that the provision of context in information is important. Suggestions from participants included framing
aftershock information relative to other earthquakes (e.g. Edgecumbe,
Haiti earthquakes), or earthquake risk at other points in time. There
was also a suggestion that other risks in society could provide a comparative and contextual basis for what was happening with respect to
aftershocks, however Slovic et al. [88] caution that using comparisons
to communicate risk may not actually enhance understanding of a situation due to individual biases.
Local context-relevant information was of direct interest, and it was
even better if this information was received from someone who lived
locally (e.g. a scientist, emergency manager, family or friend) (which
supports the findings of Haynes et al. [39]). Local focus allowed people
to “share experiences”, an important part of the sense-making process
[74]. A local focus also allowed people to assign credibility and trust to
information. Credibility and trust in information from agencies located
further afield (e.g. science agencies in Wellington) occurred though the
development of strong relationships, and the knowledge that these
people had some “expertise” that they could share with the Canterbury
community. Given these interactions, future communication should
thus ensure information applies to people's local contexts in ways that
help them personalise it. Thus, scientists with relationships to the area
in which an earthquake has occurred, (i.e. locally-based or with local
connections) should be involved in communicating about aftershocks.

5.1. Future directions
We have applied the preliminary findings from our aftershock
communication research to each major earthquake that has occurred in
New Zealand since we began this research, in GeoNet aftershock forecasts, and recently on forecasts of future large earthquakes that are not
part of an aftershock sequence (available at www.geonet.org.nz). Such
applications have included the Mw 6.5 Cook Strait and Mw 6.6 Lake
Grassmere earthquakes (2013), Mw 6.2 Eketahuna earthquake (2014),
Mw 6.0 Wilberforce earthquake (2015), Mw 7.1 East Cape earthquake
(2016), and Mw 7.8 Kaikoura (2016) earthquakes. We have also contributed our findings to communications about aftershocks in Nepal
following the Mw 7.8 Gorkha earthquake in 2015 [38] and recent U.S.
earthquakes.
There is much to learn about the best ways of communicating information about aftershocks, and each subsequent earthquake provides
us with more insight. On 14 February 2016, over six years after the
Darfield earthquake, a Mw 5.7 earthquake (known informally as the
“Valentine's Day Earthquake”) occurred in the Canterbury Region. This
earthquake demonstrated that aftershocks can continue for an extended
period and provided an opportunity to collect data on the long-term
effects of aftershocks in Canterbury, and implications for communication. Consequently, in October 2016, to address these issues and some
of the unanswered questions in our research, we undertook a series of
focus groups in Wellington and Christchurch. Analysis of this data is
currently underway and will provide insight into aftershock communication across a long-term sequence. Other topics of future research
should investigate which groups of people learned what, and at which
point, during an extended aftershock sequence. This knowledge will
help improve aftershock communication and people's interpretations
and sense-making of such information in future events.

4.7. Inject empathy into aftershock communication
Participants stressed that scientific communication about aftershocks was most effective when the scientists presented a “human” face,
and communicated with empathy to agencies and the public. The
combination of scientific experience and humaneness was important for
credibility, and for building trust in the source of information and the
information itself. Consequently, in addition to presenting robust scientific evidence about aftershocks during an earthquake sequence,
scientists should also inject an empathetic element into their communication, including messaging. This should include acknowledging the
difficult physical and emotional situation that agencies and the public
are dealing with as they are living through such earthquakes.
4.8. Ensure interagency coordination around communication
Finally, while we did not specifically focus on it in this paper, we
have identified previously [94] that agency coordination and joint
communication efforts are also essential, as different agencies with
specific expertise may need to take responsibility for communicating a
relevant sub-set of messages to communities [58,86]. The need for effective joint messaging was particularly highlighted in relation to

5.2. Limitations
Our research was exploratory in nature, with a focus on identifying
key themes related to aftershock communication, and consequently lent
itself to qualitative research methods [10]. A key strength of this work
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was the breadth of users that participated in the interviews and focus
groups, and provided useful information across sectors. However, limitations of this research do exist.
Our public focus groups were self-selecting, which would have attracted those people who were likely interested in the topic already. We
also noticed that the public who participated appeared to be reasonably
scientifically astute, and had a better appreciation of aspects such as
earthquake forecasts. Second, during the analysis, we did not exhaustively
investigate all the themes we found. For example, we did not fully investigate the influences of prior or current attitudes and beliefs on the
interpretation and sense-making process, but did capture a snapshot of
them throughout the thematic analysis. Such aspects undoubtedly have
influence on the process. In addition, the concept of ‘uncertainty’ looked
to be a key theme across much of the data but was not fully explored in
the research. Finally, we cannot comment on whether the attributes we
highlighted in the themes are generalizable across wider populations;
further quantitative research would help with such understanding.

[14] J.M. Burger, M.L. Palmer, Changes in and Generalization of Unrealistic Optimism
Following Experiences with Stressful Events: reactions to the 1989 California
Earthquake, Personal. Social. Psychol. Bull. 18 (1) (1992) 39–43, https://doi.org/
10.1177/0146167292181006.
[15] R.J. Burkart, Consensus-oriented public relations (COPR): a concept for planning
and evaluation of public relations, in: B. van Ruler, D. Verčič (Eds.), Public relations
and communication management in Europe: A nation by nation introduction to
public relations theory and practice, Mouton de Gruyter, Berlin, German, 2004, pp.
459–465.
[16] V. Bryner, Communicating the Sciences of Disaster Risk Reduction: media stories
surrounding the Canterbury earthquakes of 2010–2011, A thesis submitted for the
degree of Doctor of Philosophy at the University of Otago, Dunedin, New Zealand,
2016, p. 830 (February 2016).
[17] A. Christophersen, D.A. Rhoades, S. Hainzl, E.G.C. Smith, M.C. Gerstenberger, The
Canterbury sequence in the context of global earthquake statistics. GNS Science
consultancy report 2013/196. 28 p, 2013.
[18] A.M. Christophersen, D.A. Rhoades, M.C. Gerstenberger, S. Bannister, J.S. Becker,
S.H. Potter, S.K. McBride, Progress and challenges in operational earthquake forecasting in New Zealand. Paper presented at the New Zealand Society of Earthquake
Engineers, Christchurch, New Zealand, 2017.
[19] L. Clarke, Panic: myth or reality? Contexts 1 (3) (2002) 21–26.
[20] C. Daymon, I. Holloway, Qualitative research methods in public relations and
marketing communications, OX: Psychology Press, Abingdon, 2002.
[21] M.J. Dorahy, A. Rowlands, C. Renouf, D. Hanna, E. Britt, J.D. Carter, Impact of
average household income and damage exposure on post-earthquake distress and
functioning: a community study following the February 2011 Christchurch earthquake, Br. J. Psychol. 106 (3) (2015) 526–543.
[22] E.E.H. Doyle, D. Paton, D.M. Johnston, Enhancing scientific response in a crisis:
evidence-based approaches from emergency management in New Zealand, J. Appl.
Volcanol. 1 (4) (2015) 1–16, https://doi.org/10.1186/s13617-014-0020-8.
[23] E.E.H. Doyle, S.H. Potter. Methodology for the development of a probability
translation table for GeoNet. GNS Science report 2015/67 (pp. 18). Lower Hutt:
GNS Science. Available from 〈http://shop.gns.cri.nz/methodology-for-thedevelopment-of-a-probability-translation-table-for-geonet/〉.
[24] E.E.H. Doyle, D. Paton, Decision-making: preventing miscommunication and
creating shared meaning between stakeholders, Adv. Volcanol. (2017), https://doi.
org/10.1007/11157_2016_31.
[25] E.E.H. Doyle, J. McClure, S.H. Potter, J.S. Becker, D.M. Johnston, M.K. Lindell,
S. Johal, S.A. Fraser, M.A. Coomer, Motivations to prepare after the 2013 Cook
Strait Earthquake, N.Z, Int. J. Disaster Risk Reduct. 31 (2018) 637–649, https://doi.
org/10.1016/j.ijdrr.2018.07.008.
[26] Earthquake Recovery Learning Project, CERA communications – key lessons identified. 18 April 2016, Canterb. Earthq. Recovery Auth. (2016), 〈http://www.
eqrecoverylearning.org/〉 (accessed 14 August 2018).
[27] J.S. Efran, R.L. Chorney, L.M. Ascher, M.D. Lukens, Coping styles, paradox, and the
cold pressor task, J. Behav. Med. 12 (1) (1989) 91–103.
[28] R.J. Eiser, A. Bostrom, I. Burton, D.M. Johnston, J. McClure, D. Paton, J. van der
Pligt, M.P. White, Risk interpretation and action: a conceptual framework for responses to natural hazards, Int. J. Disaster Risk Reduct. 1 (2012) 5–16, https://doi.
org/10.1016/j.ijdrr.2012.05.002.
[29] E.H. Field, T.H. Jordan, L.M. Jones, A.J. Michael, M.L. Blanpiedother workshop
participants, The potential uses of operational earhquake forecasting. Seismological
research letters, 87 (2A) (2016) 313–322 (March/April).
[30] S.T. Fiske, C. Dupree, Gaining trust as well as respect in communicating to motivated audiences about science topics, Proc. Natl. Acad. Sci. 111 (Supplement 4)
(2014) 13593–13597.
[31] U. Flick, An Introduction to Qualitative Research, 3rd edition, SAGE publications,
2006 (433p).
[32] L. Gawith, How communities in Christchurch have been Coping with their
Earthquake, N.Z. J. Psychol. 40 (4) (2011).
[33] J. Gill, J. Rubiera, C. Martin, I. Cacic, K. Mylne, C. Dehui, et al., Guidelines on
Communicating Forecast Uncertainty, World Meteorological Organization, 2008
(WMO/TD No. 4122).
[34] K. Gledhill, J. Ristau, M. Reyners, B. Fry, C. Holden, The Darfield (Canterbury, New
Zealand) Mw 7.1 earthquake of September 2010: a preliminary seismological report, Seismol. Res. Lett. 82 (3) (2011) 378–386, https://doi.org/10.1785/gssrl.82.
3.378.
[35] GeoNet, Geological hazard information for new Zealand, Earthq. Comm. GNS Sci.
(2018), 〈www.geonet.org.nz〉 (Date )(accessed 16 August 2018).
[36] T. Goded, M. Gerstenberger, M. Stirling, J. Cousins, and S, Canessa, High intensity
assignments for the 22 February 2011 Mw 6.2 Christchurch (Canterbury, New
Zealand) earthquake: a contribution towards understanding the severe damage
caused in this event (in prep.).
[37] J. Goltz, A further note on Operational Earthquake Forecasting: an Emergency
Management Perspective, Seismol. Res. Lett. 86 (5) (2015) 1231–1233.
[38] G.P. Hayes, R.W. Briggs, W.D. Barnhart, W.L. Yeck, D.E. McNamara, D.J. Wald, ...
K.S. Jaiswal, Rapid characterization of the 2015 M w 7.8 Gorkha, Nepal, earthquake
sequence and its seismotectonic context, Seismol. Res. Lett. 86 (6) (2015)
1557–1567.
[39] K. Haynes, J. Barclay, N. Pidgeon, The issue of trust and its influence on risk
communication during a volcanic crisis, Bull. Volcanol. 70 (5) (2008) 605–621.
[40] M. Helweg-Larsen, The lack of) optimistic biases in response to the 1994 Northridge
Earthquake: the role of personal experience, Basic Appl. Social. Psychol. 21 (2)
(1999) 119–129.
[41] S.E. Hobfoll, Conservation of resources: a new attempt at conceptualizing stress,
Am. Psychol. 44 (3) (1989) 513–524.

Acknowledgements
The authors would like to acknowledge the following sources who
provided funding for this project: New Zealand's Ministry of Business
Innovation & Employment via the Strategic Science Investment Fund,
and Resilience to Nature's Challenges; and the U.S. Geological Survey
who supported this work under Grant/Cooperative Agreement No.
G16AC00253. We would also like to acknowledge our participants who
participated in interviews and focus groups. Finally, thanks to our research assistants Jamie Jones and Bianca Jensen who assisted with
coding of the data, and two independent U.S. Geological Survey and
GNS Science internal reviewers who reviewed this paper before submission.
References
[1] S. Arlikatti, M.K. Lindell, C.S. Prater, Perceived stakeholder role relationships and
adoption of seismic hazard adjustments, Int. J. Mass Emergencies Disasters 25 (3)
(2007) 218.
[2] S.C. Bannister, K. Gledhill, Evolution of the 2010–2012 Canterbury earthquake
sequence, N.Z. J. Geol. Geophys. 55 (3) (2012) 295–304.
[3] P. Bazeley, K. Jackson, Qualitative data analysis with NVivo, Sage Publications
Limited, 2013.
[4] S. Beaven, T. Wilson, L. Johnston, D. Johnston, R. Smith, Research engagement
after disasters: research coordination before, during, and after the 2011–2012
canterbury earthquake sequence, New Zealand, Earthq. Spectra 32 (2) (2016)
713–735.
[5] J.S. Becker, D. Paton, D.M. Johnston, K.R. Ronan, A model of household preparedness for earthquakes: how individuals make meaning of earthquake information and how this influences preparedness, Nat. Hazards 64 (1) (2012)
107–137, https://doi.org/10.1007/s11069-012-0238-x.
[6] J.S. Becker, S.H. Potter, A.M. Wein, E.E. Hudson-Doyle, J. Ratliff. Aftershock
communication during the Canterbury earthquakes, New Zealand: Implications for
response and recovery in the built environment. Paper presented at the New
Zealand Society of Earthquake Engineering Proceedings, Rotorua, New Zealand.
〈http://www.nzsee.org.nz/db/2015/Papers/O-52_Becker.pdf〉.
[7] J.S. Becker, A. Wein, E.E.H. Doyle, S.K. McBride, S.H. Potter Earthquake crisis and
risk communication: gaps between theory and practice. p. 192-197, in: Johnston, D.
M.; Gunn, H.; McSaveney, E.R.; Coomer, M.A. Proceedings of the 4th International
Conference on Urban Disaster Reduction (4ICUDR). Lower Hutt, N.Z.: GNS Science.
GNS Science miscellaneous series 98.
[8] J.S. Becker, D. Paton, D.M. Johnston, K.R. Ronan, J. McClure, The role of prior
experience in informing and motivating earthquake preparedness, Int. J. Disaster
Risk Reduct. 22 (2017) 179–193, https://doi.org/10.1016/j.ijdrr.2017.03.006.
[9] J.S. Becker, S.K. McBride, S.H. Potter, M.C. Gerstenberger, A. Christophersen.
Effective communication of Operational Earthquake Forecasts (OEF): findings from
a New Zealand workshop. Lower Hutt, N.Z.: GNS Science. GNS Science report
2016/45. 49 p.; doi:10.21420/G2DH00.
[10] B.L. Berg, H. Lune, Qualitative research methods for the social sciences 5 Pearson,
Boston, MA, 2004.
[11] D.K. Berlo, The process of communication, Holt, Rinehart, & Winston, New York,
NY, 1960.
[12] V. Braun, V. Clarke, Using thematic analysis in psychology, Qual. Res. Psychol. 3 (2)
(2006) 77–101, https://doi.org/10.1191/1478088706qp063oa.
[13] D.V. Budescu, T.M. Karelitz, T.S. Wallsten, Predicting the directionality of probability words from their membership functions, J. Behav. Decis. Mak. 16 (3) (2003)
159–180.

410

International Journal of Disaster Risk Reduction 34 (2019) 397–411

J.S. Becker et al.

[67] S.A. Morrissey, J.P. Reser, Evaluating the effectiveness of psychological preparedness advice in community cyclone preparedness materials, Aust. J. Emerg. Manag.
18 (2) (2003) (46-46).
[68] A.E. Norwood, Debunking the myth of panic, Psychiatry 68 (2) (2005) (114-114).
[69] P.W. O'Brien, D.S. Mileti, Citizen participation in emergency response following the
Loma Prieta earthquake, Int. J. Mass Emergencies Disasters 10 (1) (1992) 71–89.
[70] M. O'Leary, Common Misconceptions about Disasters: panic, the "Disaster
Syndrome," and Looting. The First 72h: a community Approach to Disaster
Preparedness, iUniverse Publishing., Lincoln, Nebraska, 2004.
[71] F. Omori, On the aftershocks of earthquake, J. Coll. Sci. Imp. Univ. Tokyo 7 429
(1894) 111–200.
[72] D. Paton, Disaster preparedness: a social-cognitive perspective, Disaster Prev.
Manag. 12 (3) (2003) 210–216.
[73] D. Paton, J. McClure, Preparing for Disaster. Building Household and Community
capacity, Charles C. Thomas, Springfield, Il, 2013.
[74] D. Paton, R. Bajek, N. Okada, D. McIvor, Predicting community earthquake preparedness: a cross-cultural comparison of Japan and New Zealand, Nat. Hazards 54
(3) (2010) 765–781.
[75] D. Paton, L. Mamula-Seadon, K.L. Selway, Community resilience in Christchurch:
adaptive responses and capacities during earthquake recovery, GNS Science, Lower
Hutt, NZ, 2013 (GNS Science report 2013/37. 24 p).
[76] D. Paton, E. Anderson, J.S. Becker, J. Petersen, Developing a comprehensive model
of hazard preparedness: lessons from the Christchurch earthquake, Int. J. Disaster
Risk Reduct. 14 (1) (2015) 37–45, https://doi.org/10.1016/j.ijdrr.2014.11.011.
[77] A. Patt, S. Dessai, Communicating uncertainty: lessons learned and suggestions for
climate change assessment, Comptes Rendus Geosci. 337 (4) (2005) 425–441.
[78] A. Patt, D.P. Schrag, Using specific language to describe risk and probability, Clim.
Change 61 (2003) 17–30.
[79] R.G. Peters, V.T. Covello, D.B. McCallum, The determinants of trust and credibility
in environmental risk communication: an empirical study, Risk Anal. 17 (1) (1997)
43–54.
[80] S.H. Potter, J.S. Becker, D.M. Johnston, K.P. Rossiter, An overview of the impacts of
the 2010–2011 Canterbury earthquakes, Int. J. Disaster Risk Reduct. 14 (Part 1)
(2015) 6–14, https://doi.org/10.1016/j.ijdrr.2015.01.014.
[81] M.C. Quigley, A.M. Forte, Science website traffic in earthquakes, Seismol. Res. Lett.
88 (3) (2017) 1–8.
[82] P.A. Reasenberg, L.M. Jones, Earthquake aftershocks: update, Science 265 (5176)
(1994) 1251–1253.
[83] O. Renn, D. Levine, Credibility and trust in risk communication, in: R.E. Kasperson,
P.J.M. Stallen (Eds.), Communicating Risks to the Public, 4 Springer Netherlands,
Rotterdam, The Netherlands, 1991, pp. 175–217.
[84] B. Rohrmann, Assessing hazard information/communication programs, Aust.
Psychol. 33 (2) (1998) 105–112, https://doi.org/10.1080/00050069808257390.
[85] C. Rowney, P. Farvid, C.G. Sibley, "I laugh and say I have 'Earthquake brain!'":
resident responses to the September 2010 Christchurch Earthquake, N.Z. J. Psychol.
43 (2014) 2.
[86] M.W. Seeger, Best practices in crisis communication: an expert panel process, J.
Appl. Commun. Res. 34 (3) (2006) 232–244.
[87] T. Sellnow, K. Vidoloff, Getting crisis communication right, Food Technol. 09.09
(2009) 40–45.
[88] P. Slovic, B. Fischhoff, S. Lichtenstein, Perceived risk: psychological factors and
social implications, Proc. R. Soc. Lond. 376 (1981) 17–34.
[89] Statistics New Zealand. Before the 2011/12 earthquakes, Christchurch had overtaken Wellington to become New Zealand’s second largest city. Statistics New
Zealand. 〈http://archive.stats.govt.nz/browse_for_stats/population/mythbusters/
chch-overtakes-wellington-population.aspx〉. Published 22 June 2012, based on
information previously published in 2011. Access date: 16 August 2018.
[90] T. Utsu, A statistical study on the occurrence of aftershocks, Geophys. Mag. 30
(1961) 521–605.
[91] D. von Winterfeldt, Bridging the gap between science and decision making, Proc.
Natl. Acad. Sci. 110 (Supplement 3) (2013) 14055–14061.
[92] K. Wang, G.C. Rogers, Earthquake preparedness should not fluctuate on a daily or
weekly basis, Seismol. Res. Lett. 85 (5) (2014) 955–959, https://doi.org/10.1785/
0220140143.
[93] E.U. Weber, From subjective probabilities to decision weights: the effect of asymmetric loss functions on the evaluation of uncertain outcomes and events, Psychol.
Bull. 115 (1994) 228–242.
[94] A. Wein, S. Potter, S. Johal, E. Doyle, J.S. Becker, Communicating with the Public
during an Earthquake Sequence: improving Communication of Geoscience by
Coordinating Roles, Seismol. Res. Lett. 87 (1) (2016) 1.
[95] A.M. Wein, S. Potter, J.S. Becker, J.L. Ratliff, E.E. Hudson-Doyle, Aspects of
Decision-Making for Risk Reduction during the Prolonged Earthquake Sequence in
Canterbury, Paper presented at the AGU Fall Meeting Abstracts, New Zealand,
2014.
[96] D.J. Whitney, M.K. Lindell, H.D. Nguyen, Earthquake beliefs and adoption of
seismic hazard adjustments, Risk Anal. 24 (1) (2004) 87–102.

[42] T. Jordan, Lessons of L’Aquila for operational earthquake forecasting, Seismol. Res.
Lett. 84 (1) (2013) 4–7, https://doi.org/10.1785/0220120167.
[43] T. Jordan, Y. Chen, P. Gasparini, R. Madariaga, I. Main, W. Marzocchi, ... J. Zschau,
Operational earthquake forecasting: state of knowledge and guidelines for utilization, Ann. Geophys. 54 (4) (2011) 315–391.
[44] T.H. Jordan, W. Marzocchi, A.J. Michael, M.C. Gerstenberger, Operational earthquake forecasting can enhance earthquake preapredness, Seismol. Res. Lett. 85 (5)
(2014) 955–959, https://doi.org/10.1785/0220104143.
[45] A.E. Kaiser, C. Holden, R.J. Beavan, R.D. Beetham, R.A. Benites, A. Celentano,
D. Collet, W.J. Cousins, M. Cubrinovski, G.D. Dellow, P. Denys, E. Fielding, B. Fry,
M.C. Gerstenberger, R.M. Langridge, C.I. Massey, M. Motagh, N. Pondard,
G.H. McVerry, J. Ristau, M.W. Stirling, J. Thomas, S.R. Uma, J.X. Zhao, The Mw 6.2
christchurch earthquake of february 2011: preliminary report, N.Z. J. Geol.
Geophys. 55 (1) (2012) 67–90, https://doi.org/10.1080/00288306.2011.641182.
[46] A.E. Kaiser, C. Holden, I.J. Hamling, S. Hreinsdottir, N.A. Horspool, C.I. Massey, P.
Villamor, D.A. Rhoades, B. Fry, E. D'Anastasio, R.A. Benites, A. Christophersen, J.
Ristau, W. Ries, T. Goded, G.C. Archibald, C. Little, S. Bannister, Q. Ma, P. Denys, C.
Pearson, M. Giona-Bucci, P. Almond, S. Van Ballegooy, S. Wallace, The 2016
Valentine’s Day Mw 5.7 Christchurch earthquake: preliminary report. paper no. O20 in: Reducing risk raising resilience: New Zealand Society for Earthquake
Engineering Technical Conference, 1-3 April 2016, Christchurch. New Zealand
Society for Earthquake Engineering, 2016.
[47] D.A. Kolb, Experiential Learning: Experience as the source of learning and development, Prentice Hall, Englewood Cliffs, NJ, 1984.
[48] R.S. Lazarus, S. Folkman, Stress Appraisal and Coping, Springer, New York, 1984.
[49] E.S. Lambie, T.M. Wilson, E. Brogt, D.M. Johnston, M. Ardagh, J. Deely, ...
S. Feldmann-Jensen, Closed circuit television (CCTV) earthquake behaviour coding
methodology: analysis of Christchurch Public Hospital video data from the 22
February Christchurch earthquake event, Nat. Hazards 86 (3) (2017) 1175–1192.
[50] J.A. Ledingham, Government-community relationships: extending the relational
theory of public relations, Public Relat. Rev. 27 (3) (2001) 285–295.
[51] M.K. Lindell, R.W. Perry, The protective action decision model: theoretical modifications and additional evidence, Risk Anal. 32 (4) (2012) 616–632, https://doi.
org/10.1111/j.1539-6924.2011.01647.x.
[52] M.K. Lindell, C.S. Prater, Household adoption of seismic hazard adjustments: a
comparison of residents in two states, Int. J. Mass Emergencies Disasters 18 (2000)
317–338.
[53] W. Luth, C.G. Jardine, T. Bubela, When pictures waste a thousand words: analysis of
the 2009 H1N1 pandemic on television news, PloS One 8 (5) (2013) e64070.
[54] F. Marincioni, F. Appiotti, M. Ferretti, C. Antinori, P. Melonaro, A. Pusceddu,
R. Oreficini-Rosi, Perception and communication of seismic risk: the 6 April 2009
L’Aquila earthquake case study, Earthq. Spectra 28 (1) (2012) 159–183, https://doi.
org/10.1193/1.3672928.
[55] M.D. Mastrandrea, C.B. Field, T.F. Stocker, O. Edenhofer, K.L. Ebi, D.J. Frame, et al.
Guidance note for lead authors of the IPCC fifth assessment report on consistent
treatment of uncertainties. IPCC Cross-Working Group meeting on consistent
treatment of uncertainties. Jasper Ridge, CA, USA, 6–7 July 2010, 2010.
[56] S.K. McBride, The Canterbury tales: an insider's lessons and reflections from the
Canterbury Earthquake Sequence to inform better public communication models: a
thesis presented in fulfilment of the requirements for the degree of Doctor of
Philosophy in English and Media Studies at Massey University, Massey University,
Wellington, New Zealand, 2017.
[57] S.K. McBride, A.M. Wein, J.S. Becker, S.H. Potter, E.E. Husdon-Doyle, An evidencebased approach for supporting scientists communicating earthquake forecasts.
11NCEE 2018 Conference Proceedings, Los Angeles, California, 2018.
[58] A.J. Michael, E.H. Field, J. Hardebeck, A.L. Llenos, K.R. Milner, M.T. Page, … A.M.
Wein, Aftershock Forecasting: Recent Developments and Lessons from the 2016 M5.
8 Pawnee, Oklahoma, Earthquake. Paper presented at the AGU Fall Meeting
Abstracts, 2016.
[59] D.S. Mileti, C. Fitzpatrick, The causal sequence of risk communication in the
parkfield earthquake prediction experiment, Risk Anal. 12 (3) (1992) 393–400.
[60] D.S. Mileti, C. Fitzpatrick, B.C. Farhar, Fostering public preparations for natural
hazards: lessons from the Parkfield earthquake prediction, Environ.: Sci. Policy
Sustain. Dev. 34 (3) (1992) 16–39.
[61] D.S. Mileti, P.W. O'Brien, Warnings during disaster: normalizing communicated
risk, Social. Probl. 39 (1) (1992) 40–57.
[62] D.S. Mileti, L. Peek, The social psychology of public response to warnings of a
nuclear power plant accident, J. Hazard. Mater. 75 (2) (2000) 181–194.
[63] D.S. Mileti, J.H. Sorensen, Why people take precautions against natural disasters,
in: N. Weinstein (Ed.), Taking Care: Why People Take Precautions. Cambridge
University Press, New York, 1987, pp. 296–320.
[64] S.M. Miller, Monitoring and blunting: validation of a questionnaire to assess styles
of information seeking under threat, J. Personal. Social. Psychol. 52 (2) (1987) 345.
[65] D.L. Morgan, Focus Groups, Annu. Rev. Sociol. 22 (1996) 129–152.
[66] J. Morgan, A. Begg, S. Beaven, P. Schluter, K. Jamieson, S. Johal, ... M. Sparrow,
Monitoring wellbeing during recovery from the 2010–2011 Canterbury earthquakes: the CERA Wellbeing Survey, Int. J. Disaster Risk Reduct. 14 (2015) 96–103.

411

