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The 2016 Kumamoto earthquake consisted of a magni-
tude 6.2 foreshock that occurred on the 14th of April,
and a magnitude 7.3 main shock that occurred on
the 16th of April. The main shock occurring over
the magnitude 6.2 foreshock was not anticipated be-
cause the foreshock was originally considered to be
the main shock. After the earthquakes occurred, the
Japan Meteorological Agency (JMA) discontinued its
policy of announcing the probability of aftershock oc-
currences. The experience of the Kumamoto earth-
quake and the policy change concerning risk commu-
nication may affect the public risk perception of earth-
quakes, as well as the public trust toward authorities.
In this study, we examined the reasons residents made
the decision to evacuation both the foreshock and the
main shock. Moreover, we investigated how residents
perceived subsequent earthquake risk and they eval-
uate similarity and trust toward the authorities (the
JMA, government, mass media, prefecture, and mu-
nicipality). This study analyzed data from a mail sur-
vey implemented by the MEXT of Japan in the areas
of the Kumamoto prefecture that were damaged by
the earthquake. As a result, there were differences in
the reasons for evacuation decisions between the fore-
shock and the main shock. Although residents decided
to evacuate based on a fear of disaster in the fore-
shock, they decided to evacuate the main shock based
on neighborhood communication. Moreover, the res-
idents’ evacuation patterns influenced the earthquake
risk perception. As well, the evacuation pattern influ-
enced similarity toward the authorities and then re-
duced trusts toward the authorities. This study indi-
cates that residents amplified the evaluations of the au-
thorities after the earthquake. The influences of simi-
larities toward the authorities became salient as a de-
terminant of trust. This study reveals features of resi-
dents’ risk reactions to the earthquake, and discusses
the importance of the similarity of the authorities for
disaster risk communication.

Keywords: Kumamoto earthquake, risk communication,
risk perception, similarity, trust

1. Introduction

A shock of Mj6.5 occurred on April 14, 2016, with
the epicenter being located in the Kumamoto District of
the Kumamoto Prefecture. The foreshock of this earth-
quake recorded an intensity of 7 in Mashiki Town of Ku-
mamoto Prefecture. In addition, on April 16, a shock of
Mj7.3 occurred with the epicenter being located in the Ku-
mamoto District of the Kumamoto Prefecture. This main
shock recorded an intensity of 7 in Nishikara Village and
Mashiki Town.

The Kumamoto earthquake was a disaster in which res-
idents experienced successive large-scale foreshock and
main shock over a short period of time. Except for seis-
mology experts, the public did not anticipate the main
shock on April 16, and probably considered the Ku-
mamoto earthquake as a kind of black swan [1]. After
the Great East Japan Earthquake, the limitations of ex-
isting disaster management against unexpected circum-
stances has been discussed [2]. Risk management that
can prepare for unprecedented disaster is an urgent issue.

In fact, a new evacuation pattern that differs from pre-
vious ones used in past earthquake disasters was formed
by residents affected by the Kumamoto earthquake. The
pattern reflects the circumstance in which the main shock
and foreshock successively occurred over a short period
of time. The affected residents can be categorized into
those who took evacuation actions after the foreshock and
main shock, those who took evacuation actions after the
foreshock and continued them after the main shock, those
who first took evacuation actions after the main shock,
and those who did not take evacuation actions after either
the foreshock or the main shock. Therefore, this study
aims at investigating the following: 1) the difference of
evacuation reasons of residents after the foreshock and
main shock; and 2) the effects of evacuation action pat-
terns categorized in terms of evacuation actions after the
foreshock and main shock on risk perception for future
earthquakes, as well as on the trust placed on risk com-
munication entities.

Few studies have examined the reasons behind
decision-making with regard to evacuation actions dur-
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ing earthquake disasters [3, 4]. Regarding the case of the
Mid-Niigata Prefecture Earthquake in 2004, the main re-
ported reasons for evacuation were anxiety, the fear of
building collapse, and the fear of aftershocks [3]. The
reasons for evacuation actions, especially after the gen-
erally unexpected main shock, can be important findings
when considering disaster risk management in addition to
the question of whether an evacuation action was taken
for the same reason after the foreshock and main shock.
Moreover, social networking services (SNS) have been at-
tracting attention as forms of communication media dur-
ing disasters [5]. Therefore, the effects of SNS on evac-
uation action decisions during the Kumamoto earthquake
are also examined in the study.

After the Kumamoto earthquake, in which a greater
main shock occurred after a foreshock that was initially
acknowledged as the main shock, the Japan Meteorolog-
ical Agency (JMA) altered its announcement policy for
aftershock probability information because past empiri-
cal rules were deemed useless [6, 7]. Some studies in-
dicated that the public does not always seriously regard
disaster probabilistic information [8]. However, the effect
of the Kumamoto earthquake’s change in risk communi-
cation policy on reactions against disaster risks needed to
be investigated. The framework of social amplification
discusses that risk perception is based on hazards interact
with psychological and social, institutional, and cultural
processes [9, 10]. Public risk reactions to the Fukushima
nuclear accidents are discussed to be affected by the in-
formational environments of communication [11].

Risk is originally a constructive concept and what is re-
garded as a risk is dependent on social values [12]. In
the domain of risk perception research, empirical stud-
ies have examined the psychological process of cogni-
tions of risk. The main findings indicate that risk percep-
tion is based on subjective aspects such as “dread” and
“unknown” [13]. In addition, risk perception is consid-
ered to be based on two thinking system. System 1 in-
volves experiential decision-making that is based on af-
fective experience and intuition, while system 2 involves
analytic decision-making that is based on knowledge and
rationality [14]. Therefore, in order to clarify the reac-
tion of the residents against the risks of the Kumamoto
earthquake, we examined the effects of the experience
of evacuation action decision-making after the foreshock
and main shock on the aspects of risk perception. In par-
ticular, characteristics of the reactions against disaster risk
are clarified from the differences in aspects of experiential
judgement (system 1) and analytic judgement (system 2).

Furthermore, trust is an important factor in the risk
communication field. It is impossible for the public to
evaluate disaster risks. Therefore, judgment on risks must
be entrusted to trustworthy experts and specialized insti-
tutions. Previous studies discuss that public trust is based
on similarity value with experts, in addition to the com-
petence (i.e. expertise to scientifically judge) and hon-
esty (i.e. communicate the judgement in a fair man-
ner) [14, 15]. If experts communicate risks precisely and
honestly, they will not be trusted when they are not care-

fully for the public. Nakayachi et al. [16] indicated that
the effect of similarity on trust has been salient for orga-
nizations which lost trustworthiness after the Great East
Japan Earthquake. On the other hand, the public’s trust of
organizations related to risk communication is relatively
stable even when they experienced the Great East Japan
Earthquake [17, 18]. Thus, we examined how the expe-
rience of evacuation action decision-making during the
Kumamoto earthquake affected the acknowledgement of
similarity and trust on organizations related to risk com-
munication. Especially, the effect via similarity is clari-
fied as an affecting process for trust after the Kumamoto
earthquake experience.

2. Method

2.1. Survey Data
This study used research data from the “Questionnaire

survey and analysis on effect of aftershock information
and evacuation actions during the 2016 Kumamoto earth-
quake,” which was performed by the Ministry of Educa-
tion, Culture, Sports, Science and Technology (MEXT)
from November 28 to December 19, 2016 [19]. Respon-
dents were those who lived in 14 municipalities where
earthquake damage was severe. All 14 municipalities met
one or more of the following conditions: 1) They ex-
perienced a seismic intensity of 6 upper or more of the
main shock, 2) 10% or more of all houses were totally
collapsed (500 buildings or more in the districts of Ku-
mamoto City, an ordinance designated city), 3) 20% or
more of all houses were partly collapsed, or 4) 15% or
more of all residents were included in the number of evac-
uees.

The municipalities that met these conditions were
Higashi-ku and Minami-ku of Kumamoto City, Koshi
City, Kikuchi City, Kikuchi-gun (Kikuyo Town and Otsu
Town), Kami-Mashiki-gun (Mashiki Town, Kashima
Town, Mifune town, and Kosa Town), Uto City, Uki City,
Aso City, and Aso-gun (Minami-Aso Town and Nishihara
Village). The survey was conducted by mail.

2.2. Respondents
Male and female adults over 18 were systematically

sampled from the poll book or the Basic Resident Reg-
ister. The sample number was 7000, while the number of
valid responses was 3772 (a valid response rate of 46.7%).
Male and female valid respondents accounted for 45%
and 55%, respectively. The average respondent age was
53.24 (SD = 16.20).

2.3. Measurements
Refer to the MEXT (2017) [19] for individual at-

tributes, human suffering such as injuries and illness due
to the disaster, and damage of property involving houses
and furniture. Items of risk perception against the earth-
quake and similarity and trust for organizations related to
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Table 1. Results of the logistic regression analysis of reasons for evacuation decisions in the foreshock.

B Wald odds rate LL95%CI UL95%CI

Anxiety for building safety 3.73 83.38 ** 41.53 18.66 92.41

Fear for aftershocks 3.67 333.22 ** 39.27 26.48 58.25

Evacuation instruction (recommendation) received 2.82 30.68 ** 16.69 6.17 45.19

Rainfall 2.69 2.75 † 14.68 .62 350.67

Just wanted to meet people 2.34 14.65 ** 10.38 3.13 34.42

Advice from neighbors 2.33 8.14 ** 10.29 2.07 51.00

Advice from family members or relatives 2.05 29.42 ** 7.77 3.70 16.31

Damage of building 2.01 16.83 ** 7.45 2.86 19.46

Public services as power, gas, and water interrupted 1.05 7.29 ** 2.86 1.33 6.14

Age .01 4.82 * 1.01 1.00 1.02

Failure to evacuate against the will -1.90 9.67 ** .15 .05 .50

Information from SNS (Twitter, Facebook, and so on) -1.60 4.05 * .20 .04 .96

No damage of building -1.39 38.59 ** .25 .16 .39

No need to evacuate -1.16 21.29 ** .31 .19 .51

Public services such as power, gas, and water -.90 12.47 ** .41 .25 .67

The earthquake was felt insignificant -.88 8.39 ** .42 .23 .75

Intercept -1.94 44.57 ** .14

log likelihood 1134.9

Cox and Shell R2 .64

Nagelkerke R2 .86

†p < .10,∗p < .05,∗∗ p < .01

risk communication are rated on a five-point Likert scale
ranging from 1 (completely disagree) to 5 (completely
agree).

2.3.1. Reasons for Evacuation Decision in the Fore-
shock and Main Shock

Respondents were asked to answer a question regarding
whether they evacuated after the shocks, and to then se-
lect reason(s) (multiple answers allowed) whey they evac-
uated (or did not evacuated) from a list of 31 items (see
Appendix).

2.3.2. Earthquake Risk Perception
The following three dimensions of items resulted of

factor analysis consist of: 1) Severity (α = .91, serious
damage will occur if an earthquake hits this region again,
damage will occur in the entire region if an earthquake
hits this region again), 2) Knowledge (α = .56, the scien-
tific understanding of earthquakes is advancing, damage
can be minimized if an earthquake hits this region again,
the damage that will be caused by an earthquake is well-
known) 3) Uncertainty (α = .64, an earthquake can occur
at any time, an earthquake causes various forms of dam-
age and the effects are seen over a long period of time).

2.3.3. Similarity and Trust Toward Authorities
The same question items were used for the JMA, gov-

ernment, mass media, prefecture, and municipalities in
similarity and trust. Items of similarity are “the JMA
(government, mass media, prefecture, and municipalities)

is providing aftershock information from a viewpoint sim-
ilar to that of residents” and “the JMA (government, mass
media, prefecture, and municipalities) understands the ef-
fect of aftershock information on residents” (the JMA:
α = .81, government: α = .92, mass media: α = .94, pre-
fecture: α = .95, and municipalities: α = .97). Items of
trust are “the JMA (government, mass media, prefecture,
and municipalities) has the ability to properly communi-
cate aftershock information” and “the JMA (government,
mass media, prefecture, and municipalities) communi-
cates aftershock information with a consideration for res-
idents’ safety” (the JMA: α = .84, government: α = .88,
mass media: α = .90, prefecture: α = .89, and munici-
palities: α = .91).

3. Result

3.1. Analysis of Reasons for Evacuation Decision in
Foreshock and Main Shock

A logistic regression analysis was conducted to exam-
ine the reasons affecting evacuation action decisions after
the foreshock. The stepwise method was used in the anal-
ysis with a dependent variable of whether they took evac-
uation actions after the foreshock, and independent vari-
ables of age, sex, and reasons for evacuating (or not evac-
uating) from the list of 31 items. Table 1 shows the rea-
sons of statistically significant effects on evacuation deci-
sions after the foreshock. Fig. 1(a) shows the odds rates
in the vertical axis in the order of the degree of promo-
tion and suppression. In the case of foreshock, “anxiety
for building safety” and “fear for aftershock” were ma-
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Note: “41.53” of the item “anxiety for building safety” for evacuation after the foreshock means, for example of odds ratio, those who selected this reason
will be 41.53 times as likely to evacuate compared to those who did not select this reason. Similarly, “0.20” for “advice from neighbors” means that those

who selected this reason will be 0.20 times as likely as to evacuate compared to those who did not select this reason.

Fig. 1. Odds rates of reasons for evacuation decisions in the foreshock and main shock.

Table 2. Results of the logistic regression analysis of reasons for evacuation decision in the main shock.

B Wald odds rate LL95%CI UL95%CI
Advice from neighbors 2.66 11.95 ** 14.34 3.17 64.92

Evacuation instruction (recommendation) received 2.19 27.85 ** 8.97 3.97 20.25
Fear for aftershocks 1.99 196.54 ** 7.32 5.54 9.66

Anxiety for building safety 1.67 94.52 ** 5.33 3.81 7.47
Just wanted to meet people .97 6.92 ** 2.62 1.28 5.38

Public services as power, gas, and water interrupted .74 15.33 ** 2.10 1.45 3.04
Alarm of earthquake early warning .55 4.49 * 1.73 1.04 2.88

Age .01 5.78 * 1.01 1.00 1.02
Failure to evacuate against the will -1.60 13.11 ** .20 .09 .48

No damage of building -1.55 54.23 ** .21 .14 .32
No need to evacuate -1.44 28.07 ** .24 .14 .40

Administrative supports expected -.68 4.03 * .51 .26 .98
Staying was felt safer -.66 22.47 ** .52 .39 .68

Public services such as power, gas, and water -.60 7.00 ** .55 .35 .86
Intercept -.51 4.58 * .60

log likelihood 1559.4

Cox and Shell R2 .41

Nagelkerke R2 .64

∗p < .05,∗∗ p < .01

jor reasons that attributed to an increase in the probability
of respondents taking evacuation actions, in addition to
“advice from neighbors.” On the other hand, those who
selected “failure to evacuate against the will” and “infor-
mation from SNS (Twitter, Facebook, and so on)” were
less likely to take evacuation actions. As well, “No dam-
age of buildings” and “No need to evacuate” were reasons

for reducing the probability of taking evacuation actions.
However, the influence of “information from SNS” was
unexpected.

Similarly, a logistic regression analysis was conducted
using the stepwise method on reasons for evacuation ac-
tions after the main shock. Table 2 shows reasons of sta-
tistically significant effects on evacuation decisions after
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Table 3. Gender and age in the groups of evacuation patterns.

Male Female Mean SD
No evacuation
(n =526)

55% 46% 53.87 (15.90)

Evacuation after the
foreshock(n =964)

44% 56% 50.39 (14.80)

Evacuation after the
main shock(n =147)

42% 58% 49.48 (15.86)

Evacuation after both
shocks(n =1396)

42% 58% 53.91 (16.79)

2(3) = 21.63, p  < .01 F (3,3029) = 12.27, p < .01, 2 = .01

Gender Age

the main shock. Fig. 1 (b) shows the odds rates in the ver-
tical axis in the order of the degree of promotion and sup-
pression. In the case of main shock, “advice from neigh-
bors” is the most influential reason for taking evacuation
actions, followed by “evacuation instruction (recommen-
dation)” and “fear for aftershocks.” Reasons that reduced
the probability of taking evacuation actions were “failure
to evacuate against the will,” “no damage of buildings,”
and “no need for evacuation.” The influence of SNS was
not found in the case of the main shock.

3.2. Evacuation Patterns
Evacuation action patterns were categorized to exam-

ine the effect of evacuation actions after the foreshock
and main shock on subsequent risk perception, similar-
ity, and trust. Residents who took evacuation actions after
the foreshock and main shock were categorized into the
“group of evacuation after both shocks,” while those who
took evacuation actions only after the main shock were
categorized into the “group of evacuation after the main
shock.” Residents who took evacuation actions only after
the foreshock were categorized into the “group of evac-
uation after the foreshock,” and those who did not take
evacuation actions after either of the shocks were catego-
rized into the “group of no evacuation.” Table 3 shows
attributes such as age and gender for each group. There
are statistical differences in the age and gender among the
four groups because the sample size is large. Therefore,
the accuracy of analysis is maintained when interpreting
by inputting age and gender as controlled variables to con-
trol their effects so that biased results are not generated.

3.2.1. Effect of Evacuation Patterns on Risk Percep-
tion

The effect of evacuation action patterns during the Ku-
mamoto earthquake on earthquake risk perception (sever-
ity, knowledge, and uncertainty) is examined. As control
variables, age, gender, property damage, and human suf-
fering were inputted. First, the analysis result of a gen-
eral linear model using the dependent variable of sever-
ity showed the main effect of evacuation action patterns,
damage of property, and human suffering (Table 4). As

Table 4. GLM analysis of risk perception.

Evacuation pattern 4.15 ** 4.72 ** 2.27
Age 2.25 11.84 ** 10.00 **

Gender 1.71 .88 3.82
Damage of property 25.71 ** 1.66 .00
Human suffering 9.41 ** 4.43 * 2.95

Mean
SD

Severity Knowledge Uncertainty
F value F value F value

4.69 2.94 4.74
.57 .75 .47

* p < .05, ** p < .01 

a result of multiple comparisons of the main effects of
evacuation patterns using the Bonferroni method, a dif-
ference was found between the group of evacuation after
both shocks (M = 4.74, SD = .57), and the group of evac-
uation after the main shock (M = 4.69, SD = .51), and the
group of no evacuation (M = 4.58, SD = .68). In addition,
with greater damage of property (β = .07, p <.001) and
human suffering (β = .08, p = .002), the perception of
the severity increases.

Second, the analysis result of a general linear model us-
ing the dependent variable of knowledge showed the main
effects of evacuation action patterns, property damage,
and human suffering. As a result of multiple comparisons
of the main effects of evacuation patterns using the Bon-
ferroni method, a difference was found between the group
of evacuation after the main shock (M = 2.84, SD = .71),
and the group of evacuation after both shocks (M = 2.97,
SD = .76). In addition, at older ages (β = .003, p <.001)
and greater human suffering (β = −.08, p = .035), the
perception of the sense of knowing increases.

Finally, the analysis result of a general linear model us-
ing the dependent variable of uncertainty showed the main
effect of age. With older ages (β = −.002, p <.001), the
perception of uncertainty increases.
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Table 5. GLM analysis of similarity.

Evacuation pattern 3.93 ** 3.04 * 4.77 ** 5.14 ** 2.24

Age 144.68 ** 116.65 ** 216.55 ** 11.28 ** 4.65 *

Gender .25 1.06 6.68 * 12.55 ** 6.00 *

Damage of property .04 .03 1.42 3.07 3.43

Human suffering 13.53 ** 6.80 ** 2.17 4.56 * 9.09 **

Mean

SD

JMA Government Media Prefecture Municipality

F value F value F value F value F value

3.23 3.04 3.04 3.40 3.27

.93 .94 1.01 .93 1.00

* p < .05, ** p < .01 

3.2.2. Effect of Evacuation Patters on Similarity

The effect of different evacuation action pattern expe-
rience on similarity for entities related to earthquake risk
communication (the JMA, government, mass media, pre-
fecture, municipalities) is examined. Age, gender, and
damage of property and human suffering owing to the
Kumamoto earthquake were input as control variables as
they were in the case of risk perception. First, the anal-
ysis results using a general linear model with dependent
variable of similarity of the JMA show the main effects of
evacuation action patterns, age, and human suffering (Ta-
ble 5). As a result of multiple comparisons of the main ef-
fects of evacuation patterns using the Bonferroni method,
a difference was found between the group of evacuation
after both shocks (M = 3.27, SD = .93) and the group of
evacuation after the main shock (M = 3.11, SD = .90). In
addition, at older ages (β = .01, p <.001) and smaller hu-
man suffering (β = −.15, p <.001), similarity increases.

Second, the analysis results using a general linear
model with the dependent variable of similarity of the
government show the main effects of evacuation action
patterns, age, and human suffering. As a result of multi-
ple comparisons of the main effects of evacuation patterns
using the Bonferroni method, major differences were not
found. In addition, at older ages (β = .01, p <.001) and
smaller human suffering (β = −.11, p = .009), the simi-
larity increases.

Third, the analysis results using a general linear model
with the dependent variable of similarity of mass me-
dia show the main effects of evacuation action patterns,
age, and human suffering (Table 5). As a result of
multiple comparisons of the main effects of evacuation
patterns using the Bonferroni method, a difference was
found between the group of evacuation after both shocks
(M = 3.08, SD = 1.02) and the group of evacuation af-
ter the main shock (M = 2.89, SD = .96). In addition, at
older ages (β = .02, p <.001) and with female respon-
dents (β = .10, p = .010), the similarity perception in-
creases.

Forth, the analysis results using a general linear model
with the dependent variable of similarity of the Ku-
mamoto Prefecture show the main effects of evacuation

action patterns, age, and human suffering. As a result of
multiple comparisons of the main effects of evacuation
patterns using the Bonferroni method, a difference was
found between the group of evacuation after both shocks
(M = 3.45, SD = .92) and the group of evacuation after
the main shock (M = 3.31, SD = .90). In addition, at
older ages (β = .004, p <.001), with female respondents
(β = .13, p <.001), and with smaller human suffering
(β =−.09, p = .033), the similarity perception increases.

Finally, the analysis results using a general linear model
with the dependent variable of similarity of municipalities
show the main effects of age, gender, and human suffer-
ing. At older ages (β = .003, p <.001), with female re-
spondents (β = .09, p = .019), and with smaller human
suffering (β = −.13, p = .003), the similarity perception
increases.

3.2.3. Effect of Evacuation Patterns on Trust
The effects of different evacuation action pattern ex-

periences on trust perception for entities related to earth-
quake risk communication (the JMA, government, mass
media, prefecture, municipalities). Age, gender, and
property and human damage owing to the Kumamoto
earthquake were input as control variables as they were
in the case of risk perception. In addition, similarity as a
determinant of trust was input into the model as an inde-
pendent variable including the interaction term with evac-
uation patterns. First, the analysis results using a general
linear model with dependent variables of trust of the JMA
show the main effect of similarity only (Table 6). With
higher similarity (β = .74, p <.001), trust increases.

Second, the analysis results using a general linear
model with the dependent variables of trust of the govern-
ment show the main effect of similarity only. With higher
similarity (β = .73, p <.001), trust increases.

Third, the analysis results using a general linear model
with the dependent variable of trust of mass media show
the main effect of similarity only. With higher similarity
(β = .74, p <.001), the trust increases.

Forth, the analysis results using a general linear model
with the dependent variable of trust of the Kumamoto Pre-
fecture show the main effects of similarity and age. With
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Table 6. GLM analysis of trust.

Evacuation pattern .30 .09 1.31 .34 1.61
Age 3.63 1.25 1.04 5.35 * 7.06 **

Gender .56 1.69 1.00 .61 .27
Damage of property 2.02 .17 .01 .40 5.97 *

Human suffering 1.30 3.15 3.56 .98 3.39
Similarity 1424.23 ** 1769.74 ** 1913.39 ** 1956.40 ** 2382.06 **
Evacuation pattern

Similarity 1.38 2.28 .20 .65 .70

Mean
SD

JMA Government Media Prefecture Municipality

F value F value F value F value F value

3.43 3.23 3.24 3.36 3.12
.95 .95 .99 .92 1.01

* p < .05, ** p < .01 

Evacuation
patterns

Similarity

Trust

Fig. 2. Process analysis model of meditated effect by similarity.

higher similarity (β = .77, p <.001) and at older ages
(β = .002, p = .021), the trust increases.

Finally, the analysis results using a general linear model
with the dependent variable of trust of municipalities
show the main effects of similarity, age, and property
damage. With higher similarity (β = .82, p < .001), at
older ages (β = .002, p = .008), and with smaller dam-
age of property (β = −.04, p = .015), the trust increases.

As shown above, trust is mainly determined by simi-
larity perception, which is different depending on evac-
uation action patterns except for those in municipalities.
Therefore, the indirect influential relationship of evacua-
tion patterns and similarity and trust is examined (Fig. 2).
A process analysis [20] was implemented to examine the
intermediate effect on trust, except for municipalities that
showed no effect of evacuation action patterns on sim-
ilarity. The bias-corrected bootstrap method with a re-
sample scale of n = 50,000 was used as an interval es-
timation of the indirect effect. First, the indirect effect
via the similarity of evacuation actions on the trust on the
JMA was found (Table 7). Trust of the group of evac-
uation after the foreshock (β = −.15, 95%LCI = −.26,
95%UCI = −.02) and of the group of evacuation after
the main shock (β = −.11, 95%LCI = −.16, 95%UCI
= −.06) was lower than that of the group of evacuation
after both shocks. Second, the indirect effect via the sim-
ilarity of evacuation actions on the trust on the govern-
ment was found. Trust of the group of evacuation af-
ter the foreshock (β = −.17, 95%LCI = −.30, 95%UCI

Table 7. The indirect effect of evacuation patterns on trust
via similarity.

B LL95%CI UL95%CI
JMA .004 .0004 .01

Government .003 .00004 .01
Media .006 .001 .01
Prefecture .003 .0002 .01

Note: The interval estimation of coefficients is significant as long as 0 is
not included between LL95% and UL95%.

= −.04) and of the group of evacuation after the main
shock (β = −.09, 95%LCI = −.15, 95%UCI = −.03)
was lower than that of the group of evacuation after both
shocks. Third, the indirect effect via the similarity of
evacuation actions on the trust on mass media was found.
Trust of the group of evacuation after the main shock
(β = −.15, 95%LCI = −.22, 95%UCI = −.10) and of
the group of no evacuation (β = −.09, 95%LCI = −.17,
95%UCI =−.01) was lower than the trust of the group of
evacuation after both shocks. Finally, the indirect effect
via the similarity of evacuation actions on the trust on Ku-
mamoto Prefecture was found. Trust of the group of evac-
uation after the foreshock (β = −.14, 95%LCI = −.28,
95%UCI = −.01) and of the group of evacuation after
the main shock (β = −.11, 95%LCI = −.17, 95%UCI
= −.05) was lower than the trust of the group of evacua-
tion after both shocks.

4. Discussion

This study investigated characteristics of evacuation ac-
tions after the foreshock and main shock based on resi-
dents’ reasons and the effect of evacuation action patterns
on subsequent risk perception and similarity and trust per-
ception on entities of risk communication.
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4.1. Differences of Reasons Between Foreshock and
Main Shock Evacuations

There was a difference in the reasons for decision to
evacuate actions after the foreshock and main shock. Af-
ter the foreshock, anxiety for buildings and fear for after-
shocks were the main reasons for evacuation. After the
main shock, instead of these reasons, advice from neigh-
bors was the main reason for evacuation actions. In gen-
eral, people feel great anxiety during a large disaster such
as the Kumamoto earthquake. As in past cases [3], such
anxiety seems to have been the driving factor for evacua-
tion actions after the foreshock.

However, in the case of the Kumamoto earthquake,
the greater main shock was experienced after the fore-
shock. This was an unexpected circumstance for many
victims, which generated more feelings of anxiety. It has
been suggested that individual judgement and decision-
making abilities are impaired as a result. This can be ob-
served in cases of disorientation when strong anxiety is
felt [21]. Therefore, under circumstances involving im-
paired judgement ability and strong anxiety due to the
main shock, advice from neighbors that encouraged evac-
uation may be the determinant for evacuation action.

On the other hand, the SNS information provision was
a reason for not taking evacuation actions in addition to
effectiveness and necessity of evacuation. Selective in-
formation usage [22] may be the psychological mecha-
nism that allowed SNS to suppress evacuation actions.
Evacuation may have been suppressed because those who
were hesitating to evacuate selectively used similar opin-
ions on SNS when judging the severity of the situation.
In addition, safety information about family members
and acquaintances may have acted as a kind of normalcy
bias [23] that aided in false perceptions about one’s own
circumstances.

In a case involving SNS communication during the
Great East Japan Earthquake, it was pointed out that those
who acquired information by using SNS tended to acquire
rumors [5]. However, whether the same tendency existed
during the Kumamoto earthquake is a case that must be
carefully interpreted because the scale of disaster is dif-
ferent, and such a case did not target victims. In addition,
the effects of SNS on evacuation decisions were found
only for foreshock evacuations. The strategy of informa-
tion selection may have been altered through the experi-
ence of the main shock. The present research is a case
study. Whether SNS can be a factor that suppresses evac-
uation actions in other disasters is a question that should
be studied.

4.2. The Influences of Evacuation Patterns on Risk
Perception

A difference in evacuation action patterns was con-
firmed in the aspects of the severity and knowledge in
relation to earthquake risk perception. For both of those
aspects, the group of evacuation after the main shock rel-
atively highly evaluated risks compared to the group of
evacuation after both shocks. In other words, the unex-

pected experience of the earthquake (evacuation first oc-
curring after the main shock) tended to increase percep-
tion of severity and reduce the perception of knowledge.
Judgement based on one’s own experience is an experien-
tial decision-making (System 1) of risk perception rather
than an analytic decision-making (System 2) [24].

Previous study has suggested that the judgement prac-
tices involved in System 1 dominate the fear aspect of risk
perception [25]. In this study, perception of the severity
(huge damage may occur) and knowledge (the situation
can be addressed scientifically) is readily linked to the
sense of fear. This means that the experience of evacu-
ation actions had an impact. On the other hand, the un-
certainty aspect of risk perception was not affected by
evacuation actions because logical judgement, such as as-
certaining the predictability of an earthquake, is required,
and the judgement process involved in System 2 can be
reflected. As such, the effect of evacuation actions differs
depending on the judgement characteristics of risk per-
ception.

4.3. Influence of Evacuation Patterns on Similarity
and Trust

Differences in the evacuation action patterns were
found for the similarity of the JMA, government, mass
media, and prefecture. In particular, the similarity of the
JMA, mass media, and prefecture was perceived as being
lower by the group of evacuation after the main shock than
by the group of evacuation after both shocks. Similarity
was salient for organizations with lower trust during the
Great East Japan Earthquake [16]. In the present study,
for residents who did not evacuate after the foreshock but
did after the unexpected main shock, the experience of
the Kumamoto earthquake may reduce the level of pub-
lic trust in risk communication organizations. In such a
situation, the similarity as an antecedent was probably re-
duced. On the other hand, evacuation action patterns did
not affect the perception of similarity of municipalities.
This seems to be because municipalities were forefront or-
ganizations that directly supported the affected residents.

Next, regarding trust of the JMA, government, mass
media, and the Kumamoto Prefecture, the indirect ef-
fect of evacuation action patterns via similarity was found
rather than a direct effect of the difference in evacuation
action patterns. Previous studies indicated that organi-
zations maintained trust before and after the Great East
Japan Earthquake [17, 18]. In addition, the similarity is
likely to become salient with decreasing trust [16]. In the
case of the Kumamoto earthquake, the effects of similar-
ity for each entity became salient and altered trust. The
main effect of evacuation action patterns on trust was that
trust of the groups of evacuation after the foreshock and
after the main shock was smaller than that of the group
of evacuation after both shocks. In other words, those
who evacuated after the foreshock and main shock origi-
nally placed trust in risk communication entities. As a re-
sult of taking evacuation actions, a certain level of safety
was assured, and trust was therefore strengthened. Mean-
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while, those who took evacuation action after either the
foreshock or the main shock were forced to take actions
by the earthquake itself. As a result of this inconvenience,
the trust placed in organizations was impaired. Effects of
evacuation action patterns on trust may be resulted from
emotional reactions because evacuation action patterns af-
fected trust not directly, but via similarity as a psycholog-
ical factor. However, the trust of mass media was an ex-
ceptional reaction. Trust of the group of evacuation after
both shocks was higher than that of the group of evacua-
tion after the main shock and no evacuation. The reason
for this is assumed to be that the group of evacuation after
both shocks tended to act following media information.
Psychologically, people form cognitions consistent with
their actions [26]. Trust may have been strengthened as a
result of evacuating following media information after the
foreshock and main shock.

5. Conclusions

The Kumamoto earthquake is a disaster case in which a
foreshock of Mj6.5 was soon followed by a greater main
shock of Mj7.3. Residents seem to have been forced to
address unexpected circumstances because the reasons for
evacuation decision actions after the foreshock and main
shock differed. If the scientific understanding of natu-
ral disasters advances, the occurrence of natural disasters
cannot be controlled. How people react to such natural
phenomenon is an important issue in situations involv-
ing disaster risk management [2]. The Kumamoto earth-
quake is a precious case in which people reacted to an un-
expected earthquake disaster that continuously occurred
over a short period of time.

In the framework of social risk amplification, reactions
to risks are considered to amplify or diminish based on
interactions of the magnitude of hazards and social con-
texts such as experience and values [9, 10]. In particular,
social discussions about the information provision on af-
tershock probability occurred after the Kumamoto earth-
quake[6, 7]. In reality, the reactions to risks differed de-
pending on evacuation action patterns after the foreshock
and main shock. However, effects such as a severe de-
crease in the trust of risk communication entities such as
the JMA and government were not discovered.

On the other hand, the effect of similarity became
salient on risk communication entities as a determinant
of trust. The effect of similarity on risk communication
entities became salient in the case of the Great East Japan
Earthquake [16] as in the case of the Kumamoto earth-
quake. Therefore, the aspect of similarity (whether a sim-
ilar organizational viewpoint is shared with residents) in
unexpected disasters is important in actual risk communi-
cation. Note that factors such as risk perception, similar-
ity, and trust have been affected by disasters that occurred
before the Kumamoto earthquake. The present research
results must not be understood as a simple causal rela-
tionship. As well, study from extensive viewpoints in-
cluding the formation of these factors before the disaster

is required.
In addition to the above discussions, there are some

limitations of this study. First, the data were collected
about eight months after the Kumamoto earthquake oc-
curred. Therefore, there is a limitation when studying the
situation involving the days during the earthquake. Sec-
ond, the specific contents of communication about evac-
uation reasons with neighbors and on SNS was not in-
cluded in the research data. While the effectiveness of
SNS as a rescue tool during a disaster has been suggested,
unexpected problems due to information diffusion have
been reported [27]. When considering information dif-
fusion processes, the contents of communication among
residents during a disaster is an issue that requires study.
People who have risk literacy can make judgements that
are less dependent on circumstances [11]. Including the
SNS usage method during a disaster, education about risk
literacy and disaster management literacy [28] is required
as a risk management tool for unexpected disasters.
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Appendix A. Reasons for Evacuation Decision

Please select all reasons why you evacuated or you did
not evacuate from the following list of items.

1 Fear for aftershocks

2 Anxiety for building safety

3 Damage of building

4 Roads blocked

5 Public services as power, gas, and water interrupted

6 No damage of building

7 Staying was felt safer

8 The earthquake was felt insignificant

9 Public services such as power, gas, and water avail-
able

10 Elderly family member

11 Infants or children in family

12 Those who need special care in family

13 Pets

14 Just wanted to meet people

15 Information and supplies expected

16 Administrative supports expected

17 Advice from neighbors

18 Advice from family members or relatives

19 Alarm of earthquake early warning

20 Information from TV and radio

21 Information from disaster prevention radio broadcast

22 Information from SNS (Twitter, Facebook, and so
on)

23 Evacuation instruction (recommendation) received

24 Evacuation instruction (recommendation) not re-
ceived

25 Reluctant to evacuate

26 No need to evacuate

27 Failure to evacuate against the will

28 Rainfall

29 Risk of sediment disaster

30 Volcano eruption anticipated

31 Others
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