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Abstract: This study examines people’s response actions in the first 30 min after shaking
stopped following earthquakes in Christchurch and Wellington, New Zealand, and Hitachi, Japan.
Data collected from 257 respondents in Christchurch, 332 respondents in Hitachi, and 204 respondents
in Wellington revealed notable similarities in some response actions immediately after the shaking
stopped. In all four events, people were most likely to contact family members and seek additional
information about the situation. However, there were notable differences among events in the
frequency of resuming previous activities. Actions taken in the first 30 mins were weakly related to:
demographic variables, earthquake experience, contextual variables, and actions taken during the
shaking, but were significantly related to perceived shaking intensity, risk perception and affective
responses to the shaking, and damage/infrastructure disruption. These results have important
implications for future research and practice because they identify promising avenues for emergency
managers to communicate seismic risks and appropriate responses to risk area populations.

Keywords: earthquakes; post-impact response actions; risk perception

1. Introduction

In the immediate aftermath of an earthquake, many victims’ survival and injury outcomes depend
on the response of others who are in the impact area. Conversely, many of those who have survived
unscathed must choose whether to resume their previous activities, seek information—about the
situation generally or about their loved ones more specifically—or try to cope with the disaster by
cleaning up debris or helping other people. It is well known that volunteers and emergent groups
are a major source of early search and rescue (SAR) activity [1]. Earthquake epidemiological research
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has provided data about the proportion of trapped victims who are rescued by untrained uninjured
victims; however, little is known about the proportion of bystanders who take action after the shaking
stops to engage in SAR—let alone other activities. Therefore, to better understand how people behave
in the immediate aftermath of earthquakes, this study examines people’s actions during the first 30 min
after four earthquakes in New Zealand and Japan. The following sections (1) review the social science
literature on people’s actions in the immediate aftermath of earthquake shaking, (2) propose eight
research questions and three research hypotheses, (3) describe the methods by which the present study
was conducted, (4) present the survey results, and (5) discuss the theoretical and practical implications
of those results.

2. Literature Review

2.1. Previous Research

There has been a significant amount of research on household preparedness for earthquakes [2–11]
but there has been substantially less research on people’s responses during earthquakes. Recent studies
by Prati et al. [12] and Lindell et al. [13] have built on previous work [14–20]. Specifically, the
Prati et al. [12] study of the 2012 Emilia-Romagna MW 6.1 earthquake found that the most common
response was to move to another room (42%), followed by evacuating the home (36%), waiting in bed
(33%), going downstairs (28%), getting dressed (19%), sheltering in a doorway (14%), sheltering near a
supporting wall (14%), and sheltering under a table (2%). There were no significant predictors of the
three sheltering behaviors, probably because they were so infrequent, and fear was the most consistent
predictor of all five other behaviors. The Lindell et al. [13] study of the 2011 Christchurch and Tohoku
earthquakes reported that the most common response during the shaking was to freeze in place (34%),
followed by evacuate immediately (20%), duck, cover and hold on (12%), protect persons (8%), protect
property (8%), and continue normal activities (2%). Logistic regression analysis revealed inconsistent
predictors for the three most common responses—freezing, evacuating, and covering.

There is even less information about people’s behavior in the immediate aftermath of earthquake
shaking although SAR activity has been a major focus of most accounts. For example, Noji [21] reported
that 90% of the victims in an Italian earthquake were rescued by untrained volunteers. Wenger [22]
indicated that participation in SAR activity is related to location (i.e., impact proximity), knowledge
about the safety of significant others, identification with the community, emergency-relevant training,
and membership in emergency-relevant organizations. Additionally, Friedsam [23] concluded that
rendering assistance to others beyond the family was negatively related to age, and Form and
Nosow [24] concluded rendering help to strangers was more likely among men than women. However,
Takuma’s [20] report of people’s actions after the 1968 Ebino earthquake provides no mention of
helping others. Instead, 24% of victims sought refuge, 18% turned off fuel outlets, 11% prepared to
seek refuge, 8% sought information, 7% entered the house (39% had sought refuge outdoors), 7% “did
nothing” (presumably resuming previous activities), and 5% located items for self protection or put
things back in order. Thus, the research literature has produced rather disparate accounts of the extent
to which untrained uninjured victims are actively involved in SAR activities—let alone other actions
in the immediate aftermath of earthquakes.

2.2. Theoretical Framework

One limitation of previous research on immediate aftermath actions is the lack of a theoretical
framework. This need can be filled by Lindell and Perry’s [25–27] Protective Action Decision Model
(PADM), which summarizes research explaining how the social and environmental context affects
environmental cues, social cues, and socially transmitted warnings. In turn, these produce perceptions
of threat, alternative protective actions, and social stakeholders that also depend on people’s personal
characteristics (past experience, personal resources, and demographic characteristics). These, in turn,
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produce information search strategies and protective action decision making that, depending on the
presence of facilitating conditions or impediments in the situation, result in behavioral responses.

2.3. Research Questions and Hypotheses

To date, most research relevant to the PADM has focused on pre-impact protective actions,
especially recommendations to evacuate from hurricanes or shelter in-place from tornadoes. However,
there are many different types of actions that might be taken in the immediate aftermath of an
earthquake, such as information seeking and actions to protect persons and property. Consequently,
it is important to assess the relative prevalence of each type of action. In addition, the choice
of different post-impact actions would be expected to depend on the variables identified by the
PADM—social and environmental context, environmental cues, social cues, socially transmitted
warnings, and personal characteristics such as past experience, personal resources, and demographic
characteristics. These considerations lead to eight research questions and three research hypotheses
about the prevalence of different post-impact actions and the variables that might explain them.

RQ1. How did behavior during the immediate aftermath (i.e., the next 30 min after shaking stopped)
differ across earthquakes?

RQ2. Do demographic variables, such as age, gender, and marital status, affect peoples’ behavior
during the immediate aftermath?

RQ3. Does earthquake experience and emergency preparedness affect behavior during the
immediate aftermath?

RQ4. Does physical context, such as being at home, affect behavior during the immediate aftermath?
RQ5. Does household context, such as the location of family members, affect behavior during the

immediate aftermath?
RQ6. Does social context, such as whether the individual is with others, affect behavior during the

immediate aftermath?
RQ7. Do actions taken during shaking affect behavior during the immediate aftermath?
RQ8. What communication channels were used to seek additional information about the situation

and to contact separated household and/or family members?

There is a common tendency for people to label disaster victims as disorganized or panicked
and in need of economic, social, and emotional support. Moreover, this tendency usually assumes
that such support can only be effectively organized by external actors or organization. Despite these
popular stereotypes, however, disaster research conducted since the 1960s has demonstrated that
those affected do not merely remain passive “victims,” but rather become active participants in
emergent organizations [28–32]. Thus, people will respond to earthquake shaking, home damage, and
infrastructure interruption by taking adaptive action.

RH1. Perceived shaking intensity, risk perception and affective response are negatively correlated
with returning to previous activities, but positively correlated with behaviors such as turning
off utilities, contacting household members, cleaning up, and helping others.

RH2. Home damage and infrastructure interruption are negatively correlated with returning to
previous activities, but positively correlated with behaviors such as turning off utilities,
contacting household members, cleaning up, and helping others.

RH3. Injuries are positively correlated with helping others but negatively correlated with the other
immediate aftermath actions.
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3. Method

3.1. Settings

The 2011 Christchurch earthquake was a MW 6.3 event that struck at 12:51 local time on
22 February, causing 185 deaths, some 7500 injuries, and USD 11 billion of damage [5,33]—see Figure 1.
The city of Christchurch, which experienced 12 s of severe shaking (a maximum of MMI IX), was the
area most severely affected by the earthquake. The 2011 Tōhoku MW 9.0 earthquake struck Japan at
14:46 local time on 11 March. The 3−5 min of severe earthquake shaking (a maximum of MMI VII in
Hitachi) and resulting tsunami caused 15,854 deaths, 26,992 injuries, and USD 235 billion of damage
throughout northeast Japan. Two years later, in July and August 2013, two earthquakes occurred
near Wellington, New Zealand that were widely felt and injured over 100 people. The Cook Strait
earthquake, which occurred at the depth of 13 km about 51 km from central Wellington, was a MW 6.5
event that struck at 17:09 and lasted for 7.5 s, producing a maximum of MMI VI in Wellington. The
Lake Grassmere earthquake, which occurred at a depth of 8 km about 77 km from central Wellington,
was a MW 6.6 event that struck at 14:31 and lasted for 2–3 s, producing a maximum of MMI VI in
Wellington. In combination, the 2013 earthquakes caused NZ$ 30 million of insured earthquake
damage to residential properties. Although the Tōhoku event had a much greater magnitude than the
other three events, the sample of Hitachi residents selected for that event was located much farther
away from the earthquake epicenter than the Christchurch or Wellington samples were from their
respective epicenters. The local intensities were thus more similar than the source magnitudes.
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Following the 2011 Christchurch and Tōhoku earthquakes, researchers from Texas A&M
University drafted a questionnaire in collaboration with colleagues from New Zealand
(GNS Science/Massey University, Wellington, New Zealand) and Japan (Kansai University, Osaka,
Japan)—see Lindell et al. [13] for details. The study team then selected a random sample of
600 households from census (Christchurch) or voter registration (Hitachi) records. Each household
received an initial notification letter with a questionnaire, a reminder postcard, and a follow-up
questionnaire if they did not return a completed questionnaire. The Christchurch data were collected
from September–December 2011 and the Hitachi data were collected from January—April 2012.
The procedure yielded 257 (42.8%) usable questionnaires from Christchurch and another 332 (55.3%)
from Hitachi.
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the immediate aftermath?) revealed that participants were more likely to contact absent household
members if they were unsure of the absent members’ safety (r = 0.23), or even if they were known to be
safe (r = 0.17). By contrast, those who were safely together with household members were less likely to
make contact (r = −0.30) and were more likely to turn off utilities (r = 0.11). These results suggest that
knowing the safety of family members can allow people to take other actions during the immediate
aftermath but the effect is very weak. This is consistent with the finding that household context did
not show significant correlations with immediate response actions.

The results for RQ6 (Does social context affect behavior during the immediate aftermath?)
revealed that people’s social context (whether they were alone, with children, or with adults) produced
differences in immediate aftermath actions. Consistent with previous studies, those who were with
children were more likely to help others (r = 0.12), whereas those who were alone were less likely
to do so (r = −0.13). These results are somewhat consistent with Goltz et al. [17], who reported that
the presence of other adults inhibited protective action, whereas the presence of children enhanced it.
These results could also be compared with previous studies where contextual variables had limited
impacts on immediate behavioral responses during shaking [19,36]; these results indicate that social
context, like household context, has a modest effect on immediate aftermath actions.

Regarding RQ7 (Do actions taken during shaking affect behavior during the immediate
aftermath?), the results revealed that actions during and after earthquake shaking had only two
significant correlations: those who froze during shaking were more likely to return to previous
activities (r = 0.17) and those who tried to protect persons during shaking were more likely to help
others afterward (r = 0.18). Both findings indicate a continuity between actions during shaking and
immediately afterward. As for RQ8 (What communication channels were used to seek additional
information about the situation and to contact separated household members?), the Internet showed
the strongest correlation with information-seeking behavior (r = 0.49; data collected only in Wellington),
although there were significant correlations for the other communication channels as well. By contrast,
telephone seems to have been the major communication channel for contacting household members
(r = 0.40) although the Internet (r = 0.22) and face-to-face communication (r = 0.11) also received
significant use. The results concerning the Internet are consistent with recent conclusions about its
increasing importance as a source of information and risk communication [37,38] compared to the
low reliance on the Internet that previous research has found during events that occurred in earlier
years [36,39].

The partial support for RH1 (Perceived shaking intensity, risk perception and affective response
are negatively correlated with returning to previous activities, but positively correlated with behaviors
such as turning off utilities, contacting household members, cleaning up, and helping others) indicates
that the higher people’s perceived shaking intensity and risk perceptions, the less likely they were to
resume their previous activities and the more likely they were to engage in actions that responded to the
shaking. These correlations ranged from weak (r = 0.15) to moderately strong (r = 0.32). These results
are interesting when considered in relation to the correlations between these psychological variables
and the immediate responses during the shaking, which were nonsignificant. These findings are
consistent with those reported by Ohta and Ohashi [18], who reported that efforts to “tidy rooms”
and “purchase essentials” increased with shaking intensity (from just over 1% to almost 50% of
respondents), whereas information search by TV or radio was constant (at about 50%) and return to
previous activities decreased with shaking intensity (from about 40% to just over 1%). These results
provide an important qualification to previous conclusions that high perceived shaking intensity
decreases some people’s adaptive response during an earthquake. Specifically, Takuma [20] reported
that more people evacuated immediately (39%) than any other action and Lindell et al. [13] found that
perceived shaking intensity was correlated with immediate evacuation. These results suggest that
people become increasingly likely to engage in adaptive behavior after the immediate threat passes.

In order to explore the impacts of physical damage and injuries on immediate aftermath actions,
RH2 (Home damage and infrastructure interruption are negatively correlated with returning to
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previous activities, but positively correlated with behaviors such as turning off utilities, contacting
household members, cleaning up, and helping others) and RH3 (Injuries are positively correlated
with helping others but negatively correlated with the other immediate aftermath actions) were
tested. The weak support for RH2 showed that the more damage people experienced, the more
likely they were to clean up debris in the immediate aftermath (r = 0.11). Surprisingly, injuries were
nonsignificantly correlated with immediate aftermath actions, perhaps because the injuries these
respondents experienced were rare and might have been quite minor—slight cuts and bruises rather
than major lacerations and fractures.

6. Conclusions

In summary, there are two key findings from this study. First, household context, especially
knowing the safety of absent household members, had a moderately strong relation to people’s
immediate aftermath actions; the most common immediate aftermath action was contacting family
members (54%). These results indicate that more planning/policy efforts should be made to encourage
households to develop plans for communicating with family members when away from the home
as well as to facilitate communication among household members in the earthquake aftermath.
Both efforts will reduce people’s psychological stress and facilitate an earlier recovery from the disaster.

Second, there was only a modest continuity between actions taken during earthquake shaking
and those taken during the immediate aftermath; the only two significant correlations were for freezing
during shaking with returning to previous activities afterward and protecting persons during shaking
and helping others afterward. Moreover, the antecedent demographic, contextual, and psychological
variables had only 11 significant correlations with actions during shaking but 29 significant correlations
with immediate aftermath actions. This difference in the predictability of earthquake response
during the two time periods poses an important challenge for future research, specifically whether
there are other variables that can provide better prediction of actions during shaking. A related
concern is that earthquake experience, earthquake information, and emergency preparedness had no
significant correlations with actions during shaking and only two small correlations with immediate
aftermath action. The significant correlation and regression coefficients for turning off utilities suggests
that current earthquake information and preparedness have at least one specific effect on people’s
earthquake response actions.

However, the nonsignificant correlations of earthquake experience, information, and preparedness
with actions during shaking suggest that earthquake experience did not teach people what to do in
subsequent earthquakes and the available earthquake information and preparedness checklists—if they
did address this information—did not provide it in a way that led people to take appropriate action
when it was needed during seismic shaking. This suggests that existing hazard awareness programs
may need to be examined to see if they can be revised in ways that facilitate transfer of training [40,41]
from the “classroom” to actual events so people know—and remember—how to respond appropriately
during shaking and have such confidence in this training that they have lower levels of risk perception
and affective response.

One promising aspect of these results is that they identify promising avenues for emergency
managers to communicate seismic risks and appropriate responses to risk area populations. Specifically,
the correlation and regression coefficients for the psychological reactions are important because they
indicate that these variables contribute significantly to the prediction of all immediate aftermath
actions other than turning off utilities. In turn, the psychological reactions are significantly higher
among women and younger respondents. Some of these results are quite consistent with previous
research, especially the higher level of psychological reactions among women [42], which has been
explained as effects of lower socioeconomic status [43]. The correlations of these demographic variables
suggest a strategy of audience segmentation [25] (p. 192), in which emergency managers reach out
to specific population segments with information about appropriate earthquake preparedness and
response actions.
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One limitation of the present study is that it relies on self-report data about people’s actions during
and immediately after earthquake shaking. Future research should supplement post-impact survey
data with the analysis of behavioral responses during and immediately after earthquake shaking that
are captured on closed-circuit television (CCTV) recordings [44]. Such data necessarily have limitations
such as paucity of locations (mostly public), limited field of view, lack of audio data, and data loss
due to power outages. Nonetheless, CCTV data on behavioral responses in public locations could be
systematically compared to corresponding survey data from such locations to determine if different
research methods produce convergent results. A related limitation of these surveys is that they rely
on self-reports of psychological states that were collected months after the events. This is a cause for
some concern but not alarm because previous studies have found that people’s memories for dramatic
events are stable over extended periods of time (see Lindell et al. [13,45], for discussion).

A second limitation is the modest response rates, which raises questions about the
representativeness of the samples. In fact, like many mail surveys, the sample over-represents
older, married, home-owning, and more highly educated respondents. It is noteworthy that
over-representation of some demographic categories will produce bias in other variables, such
as risk perception and hazard adjustment, only to the degree the latter variables are correlated
with demographic variables. Such correlations, however, are low in this sample, as well as more
generally [6,7,16,46]. Moreover, low response rates do not appear to bias central tendency estimates
such as means and proportions [7,47,48]. Additionally, there are psychometric reasons for believing
low response rates are unlikely to affect correlations [7], and analysis of the immediate response data
from Christchurch and Hitachi suggested that nonresponse did, indeed, produce minimal bias in the
estimation of the correlation coefficients [13].

Finally, although this study appears to be unique in reporting data from four different earthquakes,
three of them were from a single country and the fourth was from an event that had a substantially
greater magnitude than the others. This concern is supported by the significant regression coefficients
for the Hitachi dummy code in the regression analysis of all immediate aftermath actions; except for
cleaning up debris, the dummy code suggests that there are some important unmeasured variables
that differentiate the response to this earthquake from the responses to the New Zealand earthquakes.
Thus, future studies need to investigate a broader range of countries when examining the effects
of demographic, experiential, and contextual variables on psychological reactions, actions taken
during seismic shaking, and immediate aftermath actions. As in the present study, this will raise the
possibility that some of the differences between sites in people’s responses might be due to unmeasured
variables such as differences in shaking duration, structural seismic resilience, and household seismic
preparedness (e.g., previously installing cupboard latches and bolting tall appliances to the walls).
However, such systematic comparisons among earthquakes are needed to advance the scientific
understanding of people’s behavior in such events.
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