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Abstract
Earthquakes along the Cascadia subduction zone would generate a local tsunami that could arrive at coastlines within min-
utes. Few studies provide empirical evidence to understand the potential behaviors of local residents during this emergency.
To fill this knowledge gap, this study examines residents’ perceptions and intended evacuation behaviors in response to an
earthquake and tsunami, utilizing a survey sent to households in Seaside, OR. The results show that the majority of respon-
dents can correctly identify whether their house is inside or outside a tsunami inundation zone. Older respondents are more
likely to identify this correctly regardless of any previous disaster evacuation experience or community tenure. The majority
of respondents (69%) say they would evacuate in the event of a tsunami. Factors influencing this choice include age, motor
ability, access to transportation, and trust in infrastructure resiliency or traffic conditions. While the City of Seaside actively
promotes evacuation by foot, 38% of respondents still state they would use a motor vehicle to evacuate. Females and older
respondents are more likely to evacuate by foot. Respondents with both higher confidence in their knowledge of disaster
evacuation and higher income are more likely to indicate less time needed to evacuate than others. Generally, respondents
are more likely to lead rather than follow during an evacuation, especially respondents who report being more prepared for
an evacuation and who have a higher perceived risk. This study showcases a unique effort at empirically analyzing human tsu-
nami evacuation lead or follow choice behavior.

Earthquakes along the Cascadia Subduction Zone (CSZ)
would generate a local tsunami that could arrive at coast-
lines within 15–30min of the earthquake’s start (1). With
minimal evacuation time, mortality rates could reach
60% depending on the speed of evacuation, available
evacuation routes, evacuation mode of choice, terrain,
and other factors (2). It is critical for local authorities to
determine whether the Oregon Coast is prepared for a
tsunami hazard. From a transportation engineering and
social science perspective, this study examines residents’
intended evacuation perceptions and behaviors in
response to a magnitude 9 (M9) CSZ earthquake and
tsunami.

A generally accepted assumption in evacuation analy-
sis is that households will evacuate as soon as physically
possible. To add conservatism to evacuation time esti-
mate analyses, researchers also assume that 100% of par-
ticipants will evacuate if told to do so by authorities (3).
Interestingly, these assumptions are not supported by the

outcomes of the survey analyzed in this study or by other
empirical studies (4). The decision to evacuate is triggered
and influenced by environmental and social cues (5), and
varies between individuals (6). Therefore, it is important
to understand the characteristics of the individuals at risk
and the reasons they may choose to evacuate or stay.

Evacuation mode of choice and lead or follow beha-
vior could play a crucial role in evacuation efficiency.
While there have been numerous studies evaluating peo-
ple’s choice of evacuation mode during tsunamis (7–11),
there is little examination of why people choose certain
modes and how those decisions vary within populations.
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While there have been multiple efforts to simulate and
understand variations in behavior (e.g., lead or follow,
delay start, search for family) in disaster evacuations
(12–14), few studies have empirically analyzed human
lead or follow choice behavior. This study examines five
research questions and the factors that influence them.
The answers to these questions are important to under-
stand when developing policy and disaster evacuation
plans for communities at risk of rapid-onset disasters:

Q1. Can respondents correctly identify whether their
house is located inside or outside a tsunami inunda-
tion zone?
Q2. Who chooses to evacuate and who chooses to
stay?
Q3. What are the respondents’ intended evacuation
modes?
Q4. How much time do respondents think is needed to
evacuate from their homes to tsunami safe zones?
Q5. Do respondents choose to lead or follow during a
tsunami evacuation?

Literature Review

Recent and devastating events such as the earthquakes
and tsunamis in the Indian Ocean in 2004, American
Samoa in 2009, Chile in 2010, Tohoku (Japan) in 2011,
and Sulawesi in 2018 have highlighted a need to under-
stand and mitigate the impacts of these events. Existing
research has examined elements of the five abovemen-
tioned research questions as they pertain to recent earth-
quake and tsunami events.

According to the protective action decision model
(PADM), the decision to evacuate can be influenced by
environmental cues, social cues, warnings, and other
human characteristics (5). When evacuation is the most
important and effective method to save human lives dur-
ing a tsunami (15), the factors that influence evacuation
decisions show significant variations in different con-
texts. Jon et al. compared respondents’ actions in the
first 30min after the earthquake in Christchurch and
Wellington, New Zealand, and Hitachi, Japan (16). The
authors concluded that actions taken were weakly
related to demographic variables, earthquake experience,
contextual variables, and actions taken during the shak-
ing. However, actions taken were significantly related to
perceived shaking intensity, risk perception and affective
responses to the shaking, and damage or disruption to
infrastructure (16). In contrast, another research that
studied the tsunami response behavior of two local earth-
quakes in New Zealand found that evacuation decisions
are unrelated to ground shaking intensity and duration
(17). Households in Hitachi had a higher level of tsunami

risk perception and were more likely to evacuate than
Christchurch households (18). Many respondents in the
2016 New Zealand earthquake event stated they were
confused directly after the earthquake and waited for
official sources to inform them of a potential tsunami
evacuation (19). Within those 69% evaluated respon-
dents, only 11% evacuated because of the environmental
cue. There are similar patterns as well as significant dif-
ferences between tsunami threats in relation to house-
hold reactions (16, 18). More empirical evidence is
needed to illustrate the impact variables on the evacua-
tion decision and evacuation process (18).

Risk perception includes the judgment of perceived
probability and consequence (financial loss, property
damage, injury, death, disruption to daily life, etc.). The
impact of risk perception on reaction has been studied in
different earthquake and tsunami settings (8, 10, 17, 18,
20, 21). Some of these studies show that people with
higher risk perception are more likely to evacuate (18,
22); whereas some show the opposite, such as in the 2009
American Samoa event (8). Previous education had little
influence on tsunami impact perception in the two 2013
New Zealand earthquake events, but being a resident in
the inundation zone has a significant impact on the
expectation of a tsunami occurring (17).

Relatively little research has been done to examine the
accuracy of perceptions within the tsunami inundation
zone. Respondents had accurate perceptions of safety in
relation to the tsunami hazard zone in the 2013 New
Zealand event. Furthermore, being within the tsunami
inundation zone significantly affected respondents’ eva-
cuation decisions (17). However, the research did not
deeply analyze people’s perceptions of whether or not
they were in the evacuation zone. One study conducted
interviews in the Chicago metropolitan area to analyze
how people would respond to no-notice emergency eva-
cuation orders, including child pick-up and family gath-
ering behavior (23). This study provides empirical
evidence of human behavior associated with location
perception (i.e., whether children or parents were within
disaster impact zones). To date, there have been very
limited in-depth research attempts to understand the
location perception of the tsunami threat globally, espe-
cially in the CSZ.

Recent studies have documented evacuation mode
choice and its potential impact in tsunami events (7–11,
24). Patterns show that local residents’ evacuation mode
choices are highly local and case dependent. For instance,
in the tsunami that struck American Samoa in 2009, the
majority of residents of the capital city, Pago Pago, evac-
uated by foot (7); whereas an overwhelming number of
residents in the other five villages on the western side of
the island evacuated by motorized vehicle (8). Most
respondents in the 2004 Thailand earthquake and
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tsunami event evacuated by foot, and the same was
observed with tourists in Kamakura City, Japan, in 2011
(9). However, only about half of the respondents
intended to evacuate by foot in a local earthquake and
tsunami study for Napier, New Zealand (10). A majority
of respondents evacuated by foot in the 2018 Sulawesi
earthquake tsunami (25). Therefore, the evacuation mode
distribution seems to be location and scenario dependent.
Because of the relatively low frequency of devastating
earthquake and tsunamis compared with other frequently
occurring disasters such as hurricanes, there are limited
case studies to examine tsunami evacuation behavior.
This knowledge gap is especially large for CSZ earth-
quake and tsunami events. Wood et al. used least-cost-
distance with consideration to critical retrofit bridges
after an earthquake to create a beat-the-wave (BTW)
map illustrating the minimum pedestrian travel speed to
evacuate safely for each census cell (26). This analysis,
with its applied approach, can help locals to identify
effective evacuation strategies. The evacuation of Seaside
faces difficulty from the problematic seaward off-shore-
parallel waterways, especially for those with mobility
issue. However, the authors mentioned that this method
is based on case scenarios, so there is no universal answer
for all communities (26).

Methods

To answer the research questions for the CSZ, a house-
hold survey was conducted in the coastal town of
Seaside, OR. The population of Seaside is 6,457 resi-
dents, according to the 2010 U.S. Census. The town has
a fairly flat topography. Tsunami shelter areas are
located approximately 1.5 km east from any shoreline,
and the city’s transportation system is heavily dependent
on a network of bridges. All of these factors contribute
to Seaside’s high vulnerability to earthquake and tsu-
nami events (24, 27).

The survey data was collected between October and
December 2017. Following the tailored design method
(28), surveys were mailed to a random sample of 1,000
households. Participants were given an option to mail
their responses or complete the questionnaire online; 211
completed surveys were returned (Figure 1), resulting in
a 22.2% response rate. The study sample is representa-
tive of Seaside’s population, except that residents with a
bachelor’s degree or higher and residents over 65 years of
age were slightly over-represented in the study sample.

In addition to using a bivariate chart to understand
and describe respondents’ choices from their survey
responses, an inter-correlation table and a linear regres-
sion analysis are used to evaluate factors that answer the
five research questions. The results are evaluated to
explore differences in choices and intentions across
demographic groups.

Instrument

The questionnaire (see Supplemental Material) sent to
participants was composed of three sections. Section 1
asked participants about their knowledge, perceptions,
and preparation for a M9 CSZ earthquake and tsunami;
Section 2 asked participants about their potential beha-
vior and the factors related to how they would respond
in the event; and Section 3 collected background and
demographic information.

Factor Analysis. Factor analysis was applied to reduce
multiple-item survey questions into indexes and construct
indexes, creating the following variables: risk perception
to self, risk perception to others, self-preparation, com-
munity preparation, and knowledge perception. Varimax
rotation was used to extract factor loadings during the
factor analysis. Only items with factor loadings above
0.5 were used in the analysis. Indexes were created by
multiplying factor loadings with item values and dividing
their sum by the sum of factor loadings for each factor,
respectively. A Cronbach alpha measure was used to
check scale reliability. For example, risk perception was
measured by asking respondents the likelihood (1=very
unlikely, 5=very likely) of a M9 CSZ earthquake and
tsunami causing:

1. Injuries to you or your family
2. A life-threatening situation for you or your family
3. Severe damage or destruction of your home
4. Severe financial burden for you or your family
5. Severe damage or destruction of roads and homes

in your town
6. A life-threatening situation for people in your

town

The risk perception measure was divided into two
components: perception of risk to self and perception of
risk to others. The perception of risk to self index con-
sists of items 1–3 with a Cronbach alpha of 0.85, while
the perception of risk to others index includes items 4–6
with a Cronbach alpha of 0.77.

Preparation was measured by asking respondents to
mark all actions they have undertaken in the past two
years. After factor analysis, two indexes were created.
The self-preparation index, with a Cronbach alpha of
0.65, includes items: having a communication plan with
your family, having an emergency plan with your family,
having an emergency supply kit, and having an emer-
gency contact person outside of the Pacific Northwest.
The community preparation index, with a Cronbach
alpha of 0.61, includes items: attended a meeting about
CSZ earthquakes and tsunamis, discussed the topic of
tsunami with community members, and attended first
aid or CPR training. Preparation indexes are used as
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continuous variables ranging from 0 (no actions taken)
to 1 (all survey action items taken) in the analysis.

Knowledge perception index items include: knowing
the difference between local and distant tsunamis, under-
standing natural warning signs of tsunamis, understand-
ing tsunami warning messages, knowing where to get
information about tsunami preparation, knowing
government recommendations on tsunami preparation,
knowing what to do when there is a tsunami
warning, knowing tsunami evacuation routes from home,
and knowing tsunami safe locations near home. The
knowledge perception index has a Cronbach alpha of 0.93.

Variable Descriptions. A hazard can be considered a disaster
when human life or property is affected to the point at
which society is significantly damaged. During a disaster,
people begin protective action and decision-making pro-
cesses depending on their identification and assessment of
risk. Research question 1 evaluates individuals’ decisions
to take protective action with respect to their individual
assessment on location. This is done in five categories:

1. Interpreting their location as exposed to the
hazard; the location is exposed to the hazard
(true positive);

2. Interpreting their location as exposed to the
hazard; the location is not exposed to the hazard
(false positive);

3. Interpreting their location as not exposed to the
hazard; the location is exposed to the hazard
(false negative);

4. Interpreting their location as not exposed to the
hazard; the location is not exposed to the hazard
(true negative);

5. Cannot decide whether their location is exposed
to the hazard; the location is exposed to the
hazard (dangerous not sure);

6. Cannot decide whether their location is exposed
to the hazard; the location is not exposed to the
hazard (safe not sure).

Table 1 displays summary statistics and descriptions
for critical independent and dependent variables (n=206
for all variables).

Results and Discussion

This section discusses the results of the five research ques-
tions stated in the introduction. The inter-correlations
shown in Table 2 will be compared with a regression
analysis to identify influential factors and predictors.

Figure 1. (a) Aerial image of Seaside, OR and (b) locations of survey respondents.
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Correctly Identify Location inside or outside the
Tsunami Inundation Zone

Identifying whether individuals or households are located
within a tsunami inundation zone can define physical
exposure and potential risk. While only 14% of residents
in Florida coastal counties can specify their home eleva-
tion given a five-foot range (3, 30), 80% of respondents
in this study correctly identified whether their house is
located inside or outside the tsunami inundation zone.
Figure 2 shows a complete breakdown of responses to
this question.

Individuals or households in categories 1 and 2 are
likely to take protective actions. Even though the hazard
is no direct threat to people in categories 2, 4, and 6,
evacuees in these categories can strain transportation
infrastructure. For example, 92% of stay-at-home par-
ents state that they would pick up their children in an
inundation zone even if their home is outside the inunda-
tion zone (23). Individuals or households in categories 3
and 5 may not take appropriate protective action, lead-
ing to an unexpected loss of life and property.

A better understanding of residents who can correctly
identify whether they are in the inundation zone can help

facilitate preparations by local authorities. This study
defines category 1 (true positive) and 4 (false negative) as
‘‘correct’’ identifications. The correlation table indicates
that distance to shoreline (r=–0.192, p\0.01) and wave
arrival time (r=–0.253, p\0.01) are negatively corre-
lated with correct identifications, whereas risk perception
to self (r=0.319, p\0.01) and risk perception to others
(r=0.153, p\0.05) are positively correlated with correct
identifications.

The binary logit regression (model 1 in Table 3) shows
that an increase of risk perception to self (b=0.77,
p\0.01) and self-preparation level (b=1.60, p\0.05)
increases the likelihood of correctly identifying whether a
home is in the inundation zone. Age (b=0.03, p\0.05)
indicates that older people are more likely to correctly
identify their location, even when controlling for com-
munity tenure (model 2).

Conversely, increase in wave arrival time (which is
highly correlated with distance to shore) decreases the
likelihood of correctly identifying whether a home is in
the inundation zone. The increase in altitude inland could
attribute to this significance. Inland residents require
detailed understandings of the inundation zone’s

Table 1. Summary Statistics for Dependent and Independent Variables

Variable name Mean Standard deviation Min. Max.

Perception and behavior variable
Correctly identify risk zone (1 = can correctly identify house in/out of
inundation zone [True positive and true negative]; 0 = otherwise)

0.80 0.404 0 1

Evacuation decision (1 = choose to evacuate, 0 = choose to stay) 0.69 0.464 0 1
Mode: foot (1 = evacuate by foot, 0 = evacuate by other mode) 0.39 0.489 0 1
Mode: drive (1 = evacuate by vehicle, 0 = evacuate by other mode) 0.38 0.486 0 1
Evacuation time (1 =\15min, 2 = 15–30min, 3 = 30+ min) 1.52 0.680 1 3
Lead or follow (1 =more likely to lead; 0 = otherwise) 0.67 0.473 0 1
Location perception (whether they think their home is in tsunami inundation
area, 1 = Yes, 0 =No)

0.75 0.44 0 1

Risk perception to self (1–5 continues scale, 1 = lowest risk perception to
5 = highest level of risk perception)

4.05 0.89 1 5

Risk perception to others (1–5 continues scale) 4.58 0.61 1 5
Knowledge perception (1–5 continues scale) 3.84 0.97 1.4 5
Self-preparation (0–1 continues scale) 0.36 0.33 0 1
Self-efficacy (confidence in being able to effectively protect themselves, 1 =Not
at all confident to 5 =Very confident)

2.83 1.11 1 5

Disaster evacuation experience (whether they have ever experienced a natural
disaster where they needed to evacuate, 1 = Yes, 0 =No)

0.23 0.42 0 1

Wave arrival time (time in minutes when tsunami is predicted to arrive at the
coastline based on [29])

25.4 4.11 19.3 34

Distance to shore (shortest linear distance in meters between each household
and a shoreline)

935.7 584.1 88.9 2,388

Demographics
Community tenure, years 21.2 19.2 0 99
Gender (1 = female, 0 =male and other) 0.58 0.49 0 1
Income (ranging between 1= less than $10,000 to 9 = higher than $75,000) 6 2.55 1 9
Age, years 60.8 15.2 24 95
Difficulty to walk (1 =Yes, 0 =No) 0.27 0.45 0 1

Note: Min. = minimum; Max. = maximum.
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boundary to answer the question correctly, whereas indi-
viduals and households in low-lying areas logically
understand that they are in the inundation zone. Cities
should consider education campaigns in combination
with more evident and frequent signs for inundation zone
boundaries for residents in higher elevation areas of the
inundation zone. Comparing model 1 and model 2 elimi-
nates the endogeneity by showing that community
tenure, knowledge perception, and disaster experience
cannot change the estimated coefficient and significance
of other variables in model 1.

Evacuation Decision

Some of the stated reasons why older respondents
intend not to evacuate when they feel the ground
shaking:

‘‘I am getting older and have lived a good life.’’—65-year-
old male

‘‘I am not ambulatory - live alone’’—76-year-old female with
disability, living alone

‘‘Wheelchair-bound, no transportation’’—65-year-old male
with disability, living alone

Figure 2. Perception versus actual household location in the tsunami inundation zone.

Table 3. Binary Logit Regression for Q1

Dependent variable = correctly identify in/out
of inundation zone (1 = correct; 0 = incorrect) Model 1 Model 2

Variable Estimate (standard error) Estimate (standard error)

Constant –0.622 (1.86) –0.795 (2.06)
Risk perception to self (1–5 scale) 0.769 (0.22)*** 0.778 (0.22)***

Wave arrival time –0.118 (0.05)** –0.122 (0.05)**

Self-preparation (1–5 scale) 1.602 (0.67)** 1.493 (0.73)**

Age 0.026 (0.01)** 0.026 (0.01)*

Community tenure (Years) na –0.0001 (0.01)
Gender (1: female; 0: male) na –0.129 (0.41)
Knowledge perception (1–5 scale) na 0.094 (0.24)
Disaster experience (1: experienced disaster; 0: otherwise) na –0.014 (0.40)
Likelihood ratio test significance \0.01 \0.01
AIC 185.57 193.25
BIC 202.21 223.20

Note: AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion; na = not applicable.

Significance codes: *** = 0.01; ** = 0.05; * = 0.1.
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‘‘Escape is not available to me’’—81-year-old female with
disability, living alone

‘‘My daughter is physically disabled. Evacuating quickly
would be difficult if not impossible.’’—68 year old female
living with her 45-year old disabled daughter

Individuals or households may decide against evacuat-
ing because of age, motor disabilities, lack of transporta-
tion modes, or family members with disabilities. Of those
responding either ‘‘not sure’’ or ‘‘no’’ (n=66) to whether
they would evacuate after environment cues, 33% state
that their houses are not in the tsunami inundation zone;
and 10% mentioned that they are not able to evacuate
because of age and disability.

The higher the percentage of elderly and poor within
the community, the more likely an individual will not
have a car (31). Facilitating transportation options to
older or walking disabled populations will be a challenge
to local authorities. Public transportation can be offered
in slow-onset disasters such as a hurricane (1% of house-
holds in Hurricane Bret, 1% in Lili, 1% in Ike, and less
than 1% in Rita [3]), but this option is less feasible in a
rapid-onset disaster because of very short preparation
times. Locals in Seaside need to generate a more effective
transportation solution, such as carpooling with neigh-
bors. Carpooling was found to be common for older
unmarried residents, residents with low education and
household incomes, and people with limited mobility
from coastal cities (32). Carpooling can not only reduce
the traffic congestion in mass evacuations, but also facili-
tate transportation for people with mobility issues. While
some criticize that carpooling creates more milling time,
it is found that carpooling evacuees left no later than
those evacuating on their own (3, 32). More people
choose carpooling and public transit when the traveling
distance is shorter (3) (e.g., 13% carpooled in four flood
evacuations, versus 7% in Hurricane Bret, 9% in Lili,
7% in Katrina/Rita; 13% took public transit in four
floods [33], versus 1% in Hurricane Bret, 1% in Lili, 1%
in Ike, and less than 1% in Rita [3]). In some short-notice
cases, authorities have even used aircraft, postal vehicles,
and firetrucks to facilitate evacuations (3, 33). Many
uncertainties still remain on this topic and more research
is needed to explore the willingness and efficiency of
using carpooling, public transit, or official transportation
services for tsunami evacuation. However, one issue is
certain: beyond coastal cities, the problem of limited
mobility also exists for people living in suburban areas
(3). Facilitating transportation is a critical topic trans-
cending disaster types and various locations.

Of those who answered ‘‘not sure’’ or ‘‘no’’ to whether
they would try to evacuate, 9% mentioned that they do
not believe the infrastructure (especially bridges crossing
the Necanicum River in Seaside) could survive a M9

earthquake and that existing transportation facilities can-
not support mass evacuations. Of those who answered
‘‘not sure’’ and ‘‘no,’’ 28% stated they would collect more
information before deciding. Among those who only
answered ‘‘not sure’’ (n=32), 52% would wait for a
siren or warning from authorities, and collect more infor-
mation on the magnitude of the earthquake and its dis-
tance before making a decision.

Figure 3 depicts how the certainty of the decision to
evacuate from receiving environment cues increases. The
inter-correlation table shows that several variables corre-
late with the evacuation decision. The positive correla-
tion between perception of risk to self with the decision
to evacuate (r=0.319, p\0.01) indicates that the higher
the risk perception the more likely it is that individuals
or households will choose to evacuate.

The wave arrival time (r=–0.144, p\0.05) is nega-
tively correlated with the evacuation decision. The nega-
tive correlation is consistent with previous studies (7),
which found that increased distance to the shoreline was
associated with a slightly lower likelihood of household
evacuation. The 2006 study by Charnkol and
Tanaboriboon also found that individuals living closer
to the shoreline are more likely to evacuate (34).
Choosing by foot as an evacuation mode (r=0.191,
p\0.01) and location perception (r=0.31, p\0.01) are
also correlated with evacuation decision.

Multiple linear regression results of evacuation deci-
sion are shown in Table 4. On average, whether people
think they are within the inundation zone (b=0.54,
p\0.01) and risk perception to self (b=0.13, p\0.05)
have a positive impact on evacuation decision. This
means that higher perception of being injured in a tsu-
nami is associated with higher likelihood of evacuation

Figure 3. Intended immediate evacuation decision after
earthquake (n= 206).
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intention. Intending to evacuate by foot has a positive
impact on evacuation decision (b=0.3, p\0.01), while
community tenure has a negative impact on evacuation
decision (b=–0.006, p\0.05), when keeping all other
variables constant in model 1.

It may be argued that choosing by foot as an evacua-
tion mode should not be included as an independent
variable in the model; however, the assessment of eva-
cuation mode (foot, vehicle, or public transit, etc.) can
provide feedback to the previous decision-making pro-
cess. This has been documented in the PADM model (5).
Some may also argue that choosing by foot as a mode
may not have significant effects as shown in model 1
because of a correlation with (i) walking disability; and
(ii) knowledge and preparation. To address this concern,
this study compares model 1 with both model 2 (includ-
ing the walking disability variable) and model 3 (includ-
ing knowledge and preparation variables). The results
indicate none of three variables alter the sign or decrease
the significance of the mode by foot variable. Choosing
by foot as evacuation mode is a significant predictor for
evacuation decision, even when considering disability,
preparation, and knowledge level.

Evacuation Mode

Some of the stated reasons why respondents cannot evac-
uate by themselves:

‘‘Transport by facility bus.’’—72-year-old female

‘‘No option, I am disabled. Someone would have to rescue
me.’’—79-year-old female

‘‘Need a ride from someone as I do not drive.’’—80-year-old
male with disability

Figure 4a depicts the transportation mode choices
from the survey results. Individuals or households are
most likely to choose to drive (38%) or evacuate by foot
(39%), while 6% report that they are likely to evacuate
by bicycle. Among the 9% answering ‘‘others,’’ 33% state
that they need facilitated transportation because of a dis-
ability. Unlike mass evacuation in hurricanes, when peo-
ple need to evacuate long distances, under the threat of a
tsunami people are likely to choose by foot as a mode to
evacuate to avoid uncertain traffic conditions (if the safe
zone is within walkable distance). It is approximately 1–
1.5mi from the shore to a safe zone in Seaside, providing
the opportunity for residents to walk or run to evacuate,
assuming a speed of 4.5mph (2).

As noted above, in the 2009 earthquake and tsunami,
nearly 75% of respondents in Pago Pago chose by foot
as an evacuation mode, followed by car (15.9%), carpool
(9.7%), public transportation (3.9%), and emergency
vehicle (1.9%) (7). Conversely, the study by Lindell et al.
(2015) shows that in five villages on the island of Tutuila,
near Pago Pago, the evacuation mode choices were: car
(53.8%), carpool (15.8%), public transportation (9.8%),

Table 4. Multiple Linear Regression Results for Q2

Dependent variable = evacuation
decision (no, not sure, yes) Model 1 Model 2 Model 3

Variable
Estimate

(standard error)
Estimate

(standard error)
Estimate

(standard error)

Constant 1.602 (0.23)*** 1.406 (0.30)*** 1.350 (0.30)***

Location perception
(1: in inundation zone 0: not in
inundation zone)

0.538 (0.12)*** 0.534 (0.12)*** 0.529 (0.12)***

Mode foot (1: evacuate on foot 0:
not evacuate on other mode)

0.309 (0.10)*** 0.312 (0.10)*** 0.333 (0.33)***

Community tenure (years living in
community)

–0.006 (0.00)** –0.007 (0.00)*** –0.007 (0.01)***

Risk perception to self (1–5 scale) 0.133 (0.06)** 0.129 (0.06)** 0.124 (0.06)**

Difficulty to walk (1: walking
disability, 0: able to walk)

na 0.101 (0.11) 0.093 (0.11)

Knowledge perception (1–5 scale) na 0.051(0.05) 0.098 (0.06)*

Self-preparation (1–5 scale) na na –0.295 (0.17)*

Adjusted R-square 0.200 0.198 0.207
F-statistic significance \0.001 \0.001 \0.001
AIC 430.59 433.08 431.79
BIC 450.56 459.70 461.74

Note: AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion; na = not applicable.

Significance codes: *** = 0.01; ** = 0.05; * = 0.1.
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and emergency vehicle (2.7%), and with just 17.9%
choosing to evacuate on foot (8). In Thailand, in the
2004 earthquake and tsunami, 75% of respondents evac-
uated by foot, and a quarter by motor vehicle. An
intended behavior survey of tourists in Kamakura City,
Japan, shows that 71% intended to evacuate on foot, but
nearly 20% of respondents expected to evacuate by vehi-
cle or combining vehicles with other modes (9). In a local
earthquake and tsunami study for Napier, New Zealand,
nearly 50% of residents intended to evacuate from home
on foot or combining by foot with other modes (10). An
overwhelming majority (90%) of respondents in the 2018
Sulawesi earthquake tsunami evacuated by foot, fol-
lowed by motorcycle (8%), bicycle, and car (25). The
evacuation mode distribution is location and scenario

dependent, and therefore requires more research explor-
ing factors that explain variation in observations.
Nevertheless, high percentages of evacuation by vehicle
can cause traffic congestion that would slow down the
evacuation process (11, 27).

Shown in Table 2, probability (r=–0.180, p\0.01),
wave arrival time (r=–0.255, p\0.01), distance to shore
(r=–0.138, p\0.05), and community preparation (r=
–0.167, p\0.05) are negatively correlated with individuals
or households choosing vehicle as an evacuation mode.

While self-preparation is the only variable correlated
with choosing by foot as an evacuation mode, the binary
logistic regression (Table 5) depicts a more complex
story. It should be noted that model 2 is designed to
eliminate the possible endogeneity in model 1. Including

Figure 4. (a) Intended evacuation mode choice (n= 205) and (b) estimated evacuation time (n= 202).

Table 5. Binary Logit Regression Results for Q3

Dependent variable = evacuate by foot (1: by foot; 0: by others) Model 1 Model 2

Variable Estimate (standard error) Estimate (standard error)

Constant –2.251 (0.92)** –3.500 (1.87)*

Evacuate binary (1: trying to evacuate 0: not trying to evacuate) 1.101 (0.36)*** 1.189 (0.38)***

Self-preparation (1–5 scale) 1.290 (0.49)*** 1.182 (0.57)**

Difficulty to walk (1: walking disability, 0: able to walk) –1.135 (0.42)*** –1.220 (0.44)***

Income –0.134 (0.06)** –0.145 (0.07)**

Age 0.023 (0.01)** 0.024 (0.01)**

Gender (1: female; 0: male) 0.657 (0.32)** 0.701 (0.33)**

Have evacuation experience in disaster (1: yes; 0: no) –0.885 (0.39)** –0.841 (0.39)**

Wave arrival time na 0.053 (0.04)
Knowledge perception (1–5 scale) na –0.017 (0.20)
Risk perception to self (1–5 scale) na –0.018 (0.19)
Likelihood ratio test significance \0.001 \0.001
AIC 259.50 266.47
BIC 286.13 299.75

Note: AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion; na = not applicable.

Significance codes: *** = 0.01; ** = 0.05; * = 0.1.
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the extra variables (wave arrival time, knowledge percep-
tion, and risk perception to self) did not change the esti-
mated coefficient and significance of the variables shown
in model 1.

In model 1, those who said ‘‘yes’’ to evacuation deci-
sion are more likely to choose by foot as an evacuation
mode ( b = 1.10, p\0.01). Higher levels of self-
preparation have a positive impact on choosing foot
(b=1.29, p\0.01), indicating that the more individuals
or households prepare for earthquakes and tsunami, the
more likely they would choose walking or running to
evacuate. Possible reasons for this are that: (i) walking or
running is a feasible evacuation mode for Seaside tsu-
nami threats; and (ii) people with higher preparation lev-
els receive more evacuation information from authorities,
which educate people to evacuate by foot (35). People
with previous evacuation experience in disasters are less
likely to evacuate on foot (b=–0.89, p\0.05). Among
them (n=135), 80% had experienced a tornado, while
only 13% experienced a tsunami. Evacuation on foot
during a tornado is normally not recommended.

Among demographic variables, having difficulty walk-
ing (b=–1.14, p\0.01) and higher income (b=–0.13,
p\0.05) can decrease the likelihood of evacuating on
foot while keeping other variables constant. Females are
more likely to evacuate on foot (b=0.66, p\0.05), con-
sistent with similar research (9). Older respondents, when
controlling for difficulty walking, are also more likely to
evacuate on foot.

Evacuation Time

Responding to the question on estimated evacuation time
using the evacuation mode of choice, 52.5% of respon-
dents think it would take them less than 15min to evacu-
ate to a safe zone, 27.7% think it would take 15–30min,

and nearly 10% think it would take more than 30min, as
shown in Figure 4b. Evacuation mode and travel distance
are theoretically direct influencers on the intended evacua-
tion time. The correlation table shows that choice of vehi-
cle (r=–0.28, p\0.01) and by foot (r=0.17, p\0.05) as
evacuation modes are negatively and positively correlated
with the intended evacuation time, respectively. However,
location perception, distance to shore, and wave arrival
time are not significantly correlated with evacuation time.
Age (r=0.20, p\0.05) and difficulty walking (r=0.20,
p\0.05) are positively correlated with evacuation time,
while income (r=–0.19, p\0.05) and knowledge percep-
tion (r=–0.28, p\0.05) are negatively correlated. To bet-
ter understand the impact of those variables, multiple
linear regression models are fitted. As shown in Table 6,
while model 1 is the primary estimated model results,
model 2 is compared with model 1 to eliminate the endo-
geneity by including two theoretically correlated variables
(wave arrival time and location perception) in the model.

Choosing to drive as an evacuation mode decreases
respondents’ estimated evacuation time (b=–0.43,
p\0.01). It is reasonable for respondents to interpret
evacuating by vehicle as faster than walking, running, or
bicycling in normal traffic conditions. However, a high
percentage of vehicle evacuation can cause traffic conges-
tion that would slow down the evacuation process (11,
27). While local authorities encourage people to evacuate
by foot if possible, there are still respondents who believe
driving is faster than walking or running. Furthermore,
visitors who have little knowledge of where and how to
evacuate tend to congregate in the tsunami inundation
zone (36). Fortunately, only 38% of respondents choose
to evacuate by vehicle, which may mitigate the traffic
congestion issue during evacuation. Traffic simulation
research is needed to test the impact of mode choice (37)

Table 6. Multiple Linear Regression Results for Q4

Dependent variable = evacuation time (1:\15min, 2: 15–30min, 3: .30min) Model 1 Model 2

Variable Estimate (standard error) Estimate (standard error)

Constant 1.675 (0.38)*** 1.906 (0.59)***

Mode drive (1: evacuate by vehicle 0: the otherwise) –0.429 (0.09)*** –0.438 (0.09)***

Knowledge perception (1–5 scale) –0.176 (0.48)*** –0.174 (0.06)***

Age 0.007 (0.003)** 0.008 (0.003)**

Risk perception to self (1–5 scale) 0.105 (0.04)** 0.102 (0.06)*

Income –0.034 (0.02)* –0.034 (0.02)*

Wave arrival time (minutes) na –0.007 (0.01)
Location perception (1–5 scale) na –0.051 (0.13)
F-statistic significance \0.01 \0.01
Adjusted R-squared 0.21 0.20
AIC 338.06 341.70
BIC 360.45 370.48

Note: AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion; na = not applicable.

Significance codes: *** = 0.01; ** = 0.05; * = 0.1.
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on traffic conditions and evacuation time based on the
survey results.

Respondents with higher knowledge perception
(b=–0.18, p\0.01) and income (b=–0.03, p\0.1) are
more likely to believe they need less time to evacuate than
others; whereas increases in age (b=0.007, p\0.05) and
risk perception to self (b=0.11, p\0.05) can increase
the respondent’s estimated evacuation time with control-
ling transportation mode constant.

Lead or Follow

Figure 5 depicts the respondents’ attitudes toward lead
or follow behavior during evacuation. Nearly 65% of
respondents are ‘‘likely’’ or ‘‘very likely’’ to lead and

encourage others to evacuate; whereas around 80%
stated they are ‘‘unlikely’’ or ‘‘very unlikely’’ to wait and
follow friends or neighbors to safe zones. The distribu-
tion of respondents’ answers shows a trend that people
generally prefer to lead rather than follow.

To understand better why people choose to lead or
follow, a binary logit regression analyzing variables that
may influence people’s choices was implemented. A bin-
ary dependent variable is created for the two questions
in the survey:

1. How likely or unlikely are you to take the lead to
evacuate and encourage people to leave with you?
(five-point Likert scale: 1=not at all likely;
5=extremely likely)

Figure 5. Respondents’ attitudes toward (a) leading or (b) following during evacuation.

Table 7. Binary Logit Regression Results for Q5

Dependent variable =would lead than follow
(1: more likely to lead than follow; 0: the otherwise) Model 1 Model 2

Variable
Estimate

(standard error)
Estimate

(standard error)

Constant –6.429 (1.79)*** –6.644 (1.81)***

Evacuate binary (1: trying to evacuate 0: not trying to evacuate) 1.662 (0.38)*** 1.626 (0.39)***

Self-preparation (1–5 scale) 1.689 (0.66)** 1.678 (0.66)**

Risk perception to others (1–5 scale) 0.846 (0.32)*** 0.717 (0.36)**

Income (USD) 0.192 (0.07)*** 0.177 (0.08)**

Evacuate by foot (1: by foot; 0: otherwise) 0.730 (0.39)* 0.682 (0.40)*

Distance to shore (ft) –0.0007 (0.0003)** –0.0006 (0.0003)*

Self-efficacy (1–5 scale) 0.341 (0.05)** 0.362 (0.20)*

Gender (1: female; 0: male) na 0.347 (0.36)
Risk perception to self (1–5 scale) na 0.167 (0.25)
Difficulty to walk (1: walking disability, 0: able to walk) na –0.236 (0.44)
Likelihood ratio test significance \0.01 \0.01
AIC 216.16 220.34
BIC 242.78 256.95

Note: AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion; na = not applicable.

Significance codes: *** = 0.01; ** = 0.05; * = 0.1.
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2. How likely or unlikely are you to wait to see if
their friends or neighbors are evacuating then fol-
low them? (five-point Likert scale: 1=not at all
likely; 5=extremely likely)

The lead or follow binary variable=1 if a respondent
chooses a higher number (on the five-point Likert scale)
in question 1 than in question 2 (an individual or house-
hold is more likely to lead and less likely to follow) (bin-
ary variable=0 otherwise).

The model results in Table 7 show that the evacuation
variables: self-preparation level, risk perception to others,
income, evacuation on foot, and self-efficacy have positive
impacts on the likelihood to lead. Distance to shore has a
negative impact. Changing the evacuation decision binary
variable (b=1.66, p\0.01) from 0 to 1 has a positive
impact on taking the lead to evacuate. It is logical that
people who are not evacuating are not leading others.
Increases of self-preparation (b=1.68, p\0.05) and self-
efficacy (b=0.634 p\0.05) can increase the likelihood of
leading behavior. Individuals or households with better
preparation and higher confidence levels are more likely
to lead or encourage others to evacuate. People with
higher income (b=0.19, p\0.01) are more likely to lead,
which may be explained by better preparation and educa-
tion levels. Interestingly, people with higher perception of
risk to others (b=0.84, p\0.01) are more likely to lead
than follow, even when controlling for perception of risk
to self in model 2. This indicates that people with a better
understanding of how tsunamis could endanger others in
the community are more likely to help or encourage peo-
ple to evacuate. People further from shore (b=–0.0006,
p\0.05) are less likely to lead. In Seaside, the majority of
the population is concentrated on the flat zone on the
west side of the river, leaving them physically isolated
from others. This gives those individuals fewer chances to
interact with others during evacuation. Even though the
influence of distance to shore seems small (b=–0.0006),
note that the unit of measurement is by feet.

Managerial Implications and Recommendations

The previous section discusses the logistics behind house-
holds’ potential evacuation decisions and behaviors in a
CSZ event. This was also compared with events in other
locations. Even though disaster events are scenario-based
and there is no universal solution for coastal residents,
some significant patterns can be drawn from this study
to inform emergency management for CSZ communities:

1. Tsunami educational programs, especially educa-
tion programs focused on identifying tsunami
inundation zones, should be promoted to younger
residents and residents with lower risk perception
and lower self-preparation. While residents living

close to a shoreline can correctly identify whether
or not they are in an inundation zone, those living
inland or close to the inundation boundary tend
to have more difficulty. Therefore, education pro-
grams should also be tailored to households near
the inundation boundary.

2. Considering the large population of senior citi-
zens or disabled individuals living in CSZ coastal
towns, local authorities should focus on facilitat-
ing emergency transportation to these at-risk
populations.

3. Based on the evacuation mode choice distribu-
tion, emergency managers and cities can create a
simulation to analyze the traffic delay in an eva-
cuation, and tailor education programs to inform
locals of optimal evacuation mode choices and
other logistics. For example, respondents in this
study with higher intended self-preparation levels,
of older age (controlling for disability), and who
are females, are more likely to choose to evacuate
by foot. This information can be used to target
the demographics the authorities would like to
evacuate by foot if simulations show that the cur-
rent distribution of evacuation modes is not
optimal.

4. People choosing to evacuate by car think it will
take them less time to evacuate, however, this
may be inaccurate. In Oregon, the authorities in
coastal cities promote walking to evacuate
because of expectations of vehicle congestion,
delays, and abandonment of car behaviors that
have occurred in other evacuations. Therefore,
the authorities should re-evaluate the effective-
ness of their educational programs to dissuade
residents from choosing to evacuate by car.

5. Authorities should take individuals’ evacuation
experience into consideration when creating edu-
cational programs. For example, people with pre-
vious experience of evacuation from tornado
events may carry evacuation behaviors they have
developed, including evacuation by vehicle, over
to rapid-onset disaster evacuations. This means
they will likely still intend to choose motorized
vehicles as an evacuation mode even if the author-
ities have been promoting evacuation by foot.

6. Individuals or households with higher intended
preparation levels, higher incomes, and higher
intended self-efficacy levels are more likely to lead
other groups in an evacuation. Authorities should
consider potential collaborations with these
populations to create local leaders who will aid in
evacuation management, including decision to
evacuate, mode choices, route choices, and so
forth.
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Conclusion

Utilizing a survey instrument sent to residents of Seaside,
OR, this study examined residents’ intended evacuation
perceptions and behaviors in response to a M9 CSZ
earthquake and tsunami. Bivariate chart, inter-
correlation table, and regression analyses were used to
examine five research questions: accuracy in identifying
if a house is inside the tsunami inundation zone, willing-
ness to evacuate, intended evacuation mode, estimated
evacuation time, and lead or follow behavior during a
tsunami evacuation. Potential factors that can affect
responses to the five research questions were also
analyzed.

The results found that 80% of respondents can cor-
rectly identify that their houses are located inside the tsu-
nami inundation zone. Older respondents are more likely
to identify their location correctly regardless of the num-
ber of years they have lived in the community or their
previous disaster evacuation experience. While 69% of
respondents would evacuate in a tsunami, individuals or
households may decide against evacuating because of
age, motor disabilities, lack of transportation modes, or
family members with disabilities. The City of Seaside has
been educating people to evacuate on foot; however,
38% of respondents indicate an intention to evacuate by
vehicle. Interestingly, females are more likely to evacuate
on foot. Older generations are also more likely to evacu-
ate on foot. While respondents with higher knowledge
perception and income are more likely to think they need
less time to evacuate than others, nearly 10% of all
respondents think they will need more than 30min to
evacuate to the safe zone. Generally, people are likely to
lead rather than follow during an evacuation, especially
among those with higher preparation levels and higher
levels of risk perception to others.

Based on the survey results, this study concludes that:
(i) there are considerable proportions of individuals and
households that lack knowledge and preparation for a
CSZ earthquake and tsunami in the City of Seaside; (ii)
local authorities need to extend education programs, spe-
cifically on identifying tsunami inundation zones and
proper evacuation modes in different areas of the city;
(iii) city officials need to facilitate transportation options
to assist older people, individuals with motor disability,
lack of transportation options, and family members with
a disability. More research is needed to assess bicycling
as an evacuation mode and feasibility with different age
groups. Additional research exploring how people’s eva-
cuation behavior impacts transportation efficiency is
needed. Traffic simulation research can test the impact of
mode choice on traffic conditions and evacuation time by
integrating survey results with simulation. Future studies
can also examine when people choose to lead or follow
during evacuation and develop an algorithm to optimize

evacuations considering aspects of volunteer leaders
(number of leaders, leader location, etc.). Finally, the
results of this study indicate that individuals or house-
holds with higher preparation levels or higher evacuation
knowledge levels can serve as potential leaders to encour-
age or help people in their surroundings to evacuate in
different scenarios.

Author Contributions

The authors confirm contribution to the study as follows: study
conception and design: Chen Chen, Alexandra Buylova, Lori
A. Cramer, Haizhong Wang, Daniel T. Cox; data collection:
Alexandra Buylova, Lori A. Cramer; analysis and interpreta-
tion of results: Chen Chen, Alexandra Buylova, Cadell Chand;
draft manuscript preparation: Chen Chen, Alexandra Buylova,
Cadell Chand. All authors reviewed the results and approved
the final version of the manuscript.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article: funding support from the National Science Foundation
through grants CMMI-HDBE #1563618, #1826407, and
#1902888.

Data Accessibility

The data that support the findings of this study are available
from the National Science Foundation: https://www.nsf.gov/
statistics/data-tools.cfm with the permission of the National
Science Foundation. Restrictions apply to the availability of
these original data, because of human subjects and confidenti-
ality, which were used under license for this study.

Supplemental Material

Supplemental material for this article is available online.

References

1. Wood, N. J., C. G. Burton, and S. L. Cutter. Community

Variations in Social Vulnerability to Cascadia-Related

Tsunamis in the U.S. Pacific Northwest. Natural Hazards,

Vol. 52, No. 2, 2010, pp. 369–389. https://doi.org/10.1007/

s11069-009-9376-1.
2. Wang, H., A. Mostafizi, L. A. Cramer, D. Cox, and H.

Park. An Agent-Based Model of a Multimodal Near-Field

Tsunami Evacuation: Decision-Making and Life Safety.

Transportation Research Part C: Emerging Technologies,

Vol. 64, 2016, pp. 86–100. https://doi.org/10.1016/

j.trc.2015.11.010.

112 Transportation Research Record 2674(7)

https://www.nsf.gov/statistics/data-tools.cfm
https://www.nsf.gov/statistics/data-tools.cfm
https://doi.org/10.1007/s11069-009-9376-1
https://doi.org/10.1007/s11069-009-9376-1
https://doi.org/10.1016/j.trc.2015.11.010
https://doi.org/10.1016/j.trc.2015.11.010


3. Lindell, M. K., P. Murray-Tuite, B. Wolshon, and E. J.

Baker. Large-Scale Evacuation: The Analysis, Modeling,

and Management of Emergency Relocation from Hazardous

Areas. Routledge, New York, 2019.
4. Lindell, M. K., and C. S. Prater. Critical Behavioral

Assumptions in Evacuation Time Estimate Analysis for

Private Vehicles: Examples from Hurricane Research and

Planning. Journal of Urban Planning and Development,

Vol. 133, No. 1, 2007, pp. 18–29.
5. Lindell, M. K., and R. W. Perry. The Protective Action

Decision Model: Theoretical Modifications and Additional

Evidence. Risk Analysis, Vol. 32, No. 4, 2012, pp. 616–632.

https://doi.org/10.1111/j.1539-6924.2011.01647.x.
6. Johnson, B. T., G. R. Maio, and A. Smith-McLallen.

Communication and Attitude Change: Causes, Processes,

and Effects. In The Handbook of Attitudes (D. Albarracı́n,

Johnson B. T., and Zanna M. P. eds.), Lawrence Erlbaum

Associates, Mahwah, NJ, 2005, pp. 617–669.
7. Apatu, E. J. I., C. E. Gregg, N. J. Wood, and L. Wang.

Household Evacuation Characteristics in American Samoa

during the 2009 Samoa Islands Tsunami. Disasters, Vol.

40, No. 4, 2016, pp. 779–798. https://doi.org/10.1111/

disa.12170.
8. Lindell, M. K., C. S. Prater, C. E. Gregg, E. J. I. Apatu, S.

K. Huang, and H. C. Wu. Households’ Immediate

Responses to the 2009 American Samoa Earthquake and

Tsunami. International Journal of Disaster Risk Reduction,

Vol. 12, 2015, pp. 328–340. https://doi.org/10.1016/j.ijdrr.

2015.03.003.
9. Arce, R. S. C., M. Onuki, M. Esteban, and T. Shibayama.

Risk Awareness and Intended Tsunami Evacuation Beha-

viour of International Tourists in Kamakura City, Japan.

International Journal of Disaster Risk Reduction, Vol. 23,

2017, pp. 178–192. https://doi.org/10.1016/j.ijdrr.

2017.04.005.
10. Fraser, S. A., D. M. Johnston, and G. S. Leonard. Intended

Evacuation Behaviour in a Local Earthquake and Tsunami at

Napier, New Zealand. GNS Science Report. Government

of New Zealand, 2013.
11. Murakami, H., K. Takimoto, and A. Pomonis. Tsunami

Evacuation Process and Human Loss Distribution in the

2011 Great East Japan Earthquake. A Case Study of

Natori City, Miyagi Prefecture. Proc., 15th World Confer-

ence on Earthquake Engineering, Lisbon, Portugal, 2012.
12. Hou, L., J. Liu, X. Pan, and B. Wang. A Social Force Eva-

cuation Model with the Leadership Effect. Physica A, Vol.

400, 2014, pp. 93–99. https://doi.org/10.1016/j.physa.

2013.12.049.
13. Couzin, I. D., J. Krause, N. R. Franks, and S. A. Levin.

Effective Leadership and Decision- Making in Animal

Groups on the Move. Nature, Vol. 433, 2005, pp. 513–516.
14. Pelechano, N., and N. I. Badler. Modeling Crowd and

Trained Leader Behavior during Building Evacuation.

IEEE Computer Graphics and Applications, Vol. 26, No. 6,

2006, pp. 80–86. https://doi.org/10.1109/MCG.2006.133.
15. Mas, E., A. Suppasri, F. Imamura, and S. Koshimura.

Agent-Based Simulation of the 2011 Great East Japan

Earthquake/Tsunami Evacuation: An Integrated Model of

Tsunami Inundation and Evacuation. Journal of Natural

Disaster Science, Vol. 34, No. 1, 2012, pp. 41–57.
16. Jon, I., M. K. Lindell, C. S. Prater, S. Huang, H. Wu, D.

M. Johnston, J. S. Becker, H. Shiroshita, E. E. H. Doyle,

S. H. Potter, J. McClure, and E. Lambie. Behavioral

Response in the Immediate Aftermath of Shaking: Earth-

quakes in Christchurch and Wellington, New Zealand, and

Hitachi, Japan. International Journal of Environmental

Research and Public Health, Vol. 13, No. 11, 2016,

pp. 1–19. https://doi.org/10.3390/ijerph13111137.
17. Fraser, S. A., E. E. H. Doyle, K. C. Wright, S. H. Potter,

J. McClure, D. M. Johnston, G. S. Leonard, M. A. Coo-

mer, and J. S. Becker. Tsunami Response Behaviour dur-

ing and Following Two Local-Source Earthquakes in

Wellington, New Zealand. International Journal of Disaster

Risk Reduction, Vol. 16, 2016, pp. 123–133. https://doi.

org/10.1016/j.ijdrr.2016.02.008.
18. Wei, H., H. Wu, M. K. Lindell, C. S. Prater, H. Shiroshita,

D. M. Johnston, and J. S. Becker. Assessment of House-

holds’ Responses to the Tsunami Threat: A Comparative

Study of Japan and New Zealand. International Journal of

Disaster Risk Reduction, Vol. 25, 2017, pp. 274–282. https://

doi.org/10.1016/j.ijdrr.2017.09.011.
19. Blake, D., D. Johnston, G. Leonard, L. Mclaren, and J.

Becker. A Citizen Science Initiative to Understand Com-

munity Response to the Kaik�oura Earthquake and Tsu-

nami Warning in Petone and Eastbourne, Wellington,

Aotearoa/New Zealand. Bulletin of the Seismological Soci-

ety of America, Vol. 108, No. 3B, 2018, pp. 1807–1817.

https://doi.org/10.1785/0120170292.
20. Lindell, M. K., and D. J. Whitney. Correlates of House-

hold Seismic Hazard Adjustment Adoption. Risk Analysis,

Vol. 20, No. 1, 2000, pp. 13–25.
21. Buylova, A., C. Chen, L. A. Cramer, H. Wang, and D. T.

Cox. Household Risk Perceptions and Evacuation Inten-

tions in Earthquake and Tsunami in a Cascadia Subduc-

tion Zone. International Journal of Disaster Risk Reduction,

Vol. 44, 2020, p. 101442. https://doi.org/10.1016/

j.ijdrr.2019.101442.
22. Sun, Y., F. Nakai, and K. Yamori. Tsunami Evacuation

Behavior of Coastal Residents in Kochi Prefecture during

the 2014 Iyonada Earthquake. Natural Hazards, Vol. 85,

No. 1, 2017, pp. 283–299. https://doi.org/10.1007/

s11069-016-2562-z.
23. Liu, S., P. Murray-tuite, and L. Schweitzer. Analysis of

Child Pick-up during Daily Routines and for Daytime No-

Notice Evacuations. Transportation Research Part A: Pol-

icy and Practice, Vol. 46, No. 1, 2012, pp. 48–67. https://

doi.org/10.1016/j.tra.2011.09.003.
24. Raskin, J., and Y. Wang. Fifty-Year Resilience Strategies

for Coastal Communities at Risk for Tsunamis. Natural

Hazards Review, Vol. 18, No. 1, 2016, pp. 1–9. https://

doi.org/10.1061/(ASCE)NH.1527-6996.0000220.
25. Nishida, Y., T. Shibayama, H. Achiari, and A. Gafur. Tsu-

nami Awareness and Evacuation Behaviour during the

2018 Sulawesi Earthquake Tsunami. International Journal

of Disaster Risk Reduction, Vol. 43, 2020, p. 101389. https://

doi.org/10.1016/j.ijdrr.2019.101389.

Chen et al 113

https://doi.org/10.1111/j.1539-6924.2011.01647.x
https://doi.org/10.1111/disa.12170
https://doi.org/10.1111/disa.12170
https://doi.org/10.1016/j.ijdrr.2015.03.003
https://doi.org/10.1016/j.ijdrr.2015.03.003
https://doi.org/10.1016/j.ijdrr.2017.04.005
https://doi.org/10.1016/j.ijdrr.2017.04.005
https://doi.org/10.1016/j.physa.2013.12.049
https://doi.org/10.1016/j.physa.2013.12.049
https://doi.org/10.1109/MCG.2006.133
https://doi.org/10.3390/ijerph13111137
https://doi.org/10.1016/j.ijdrr.2016.02.008
https://doi.org/10.1016/j.ijdrr.2016.02.008
https://doi.org/10.1016/j.ijdrr.2017.09.011
https://doi.org/10.1016/j.ijdrr.2017.09.011
https://doi.org/10.1785/0120170292
https://doi.org/10.1016/j.ijdrr.2019.101442
https://doi.org/10.1016/j.ijdrr.2019.101442
https://doi.org/10.1007/s11069-016-2562-z
https://doi.org/10.1007/s11069-016-2562-z
https://doi.org/10.1016/j.tra.2011.09.003
https://doi.org/10.1016/j.tra.2011.09.003
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000220
https://doi.org/10.1061/(ASCE)NH.1527-6996.0000220
https://doi.org/10.1016/j.ijdrr.2019.101389
https://doi.org/10.1016/j.ijdrr.2019.101389


26. Priest, G. R., L. L. Stimely, N. J. Wood, I. P. Madin, and
R. J. Watzig. Beat-the-Wave Evacuation Mapping for Tsu-
nami Hazards in Seaside, Oregon, USA. Natural Hazards,
Vol. 80, No. 2, 2016, pp. 1031–1056. https://doi.org/
10.1007/s11069-015-2011-4.

27. Mostafizi, A., H. Wang, D. Cox, L. A. Cramer, and S.
Dong. Agent-Based Tsunami Evacuation Modeling of
Unplanned Network Disruptions for Evidence-Driven
Resource Allocation and Retrofitting Strategies. Natural

Hazards, Vol. 88, No. 3, 2017, pp. 1347–1372. https://
doi.org/10.1007/s11069-017-2927-y.

28. Dillman, D. A., J. D. Smyth, and L. M. Christian. Internet,
Mail, and Mixed-Mode Surveys: The Tailored Design

Method. Wiley, Hoboken, NJ, 2014.
29. Priest, G. R., L. L. Stimely, I. P. Madin, and R. J. Watzig.

Local Tsunami Evacuation Analysis of Seaside and Gear-

hart, Clatsop County, Oregon. Oregon Department of Geol-
ogy and Mineral Industries, Newport, Portland, OR, 2015.

30. Baker, E. J., and T. Zhao. Perceived vs. Actual Homesite
Elevations in Florida Coastal Counties - Implications for
Evacuation. Proc., Association of American Geographers

Annual Conference, New York, 2012.
31. Drabek, T. E. The Human Side of Disaster. CRC Press,

Boca Raton, 2013.
32. Wu, H., M. K. Lindell, and C. S. Prater. Logistics of

Hurricane Evacuation in Hurricanes Katrina and Rita.
Transportation Research Part F: Psychology and Behaviour,

Vol. 15, No. 4, 2012, pp. 445–461. https://doi.org/10.1016/

j.trf.2012.03.005.
33. Perry, R. W., M. K. Lindell, and M. R. Greene. Evacuation

Planning in Emergency Management. Lexington, MA: Lex-

ington Books, 1981.
34. Charnkol, T., and Y. Tanaboriboon. Evacuee Behaviors

and Factors Affecting the Tsunami Trip Generation

Model: A Case Study in Phang-Nga, Thailand. Journal of

Advanced Transportation, Vol. 40, No. 3, 2006,

pp. 313–330. https://doi.org/10.1002/atr.5670400306.
35. City of Seaside. Tsunami Evacuation Map Seaside & Gear-

hart, Oregon. 2013.
36. Oregon Seismic Safety Policy Advisory Commission. The

Oregon Resilience Plan: Reducing Risk and Improving

Recovery for the Next Cascadia Earthquake and Tsunami.

2013.
37. Mostafizi, A., H. Wang, D. Cox, and S. Dong. An Agent-

Based Vertical Evacuation Model for a Near-Field Tsu-

nami: Choice Behavior, Logical Shelter Locations, and

Life Safety. International Journal of Disaster Risk Reduc-

tion, Vol. 34, 2019, pp. 467–479. https://doi.org/

10.1016/j.ijdrr.2018.12.018.

Any opinions, findings, and conclusions or recommendations

expressed in this paper are those of the authors and do not neces-

sarily reflect the view of the funding agencies.

114 Transportation Research Record 2674(7)

https://doi.org/10.1007/s11069-015-2011-4
https://doi.org/10.1007/s11069-015-2011-4
https://doi.org/10.1007/s11069-017-2927-y
https://doi.org/10.1007/s11069-017-2927-y
https://doi.org/10.1016/j.trf.2012.03.005
https://doi.org/10.1016/j.trf.2012.03.005
https://doi.org/10.1002/atr.5670400306
https://doi.org/10.1016/j.ijdrr.2018.12.018
https://doi.org/10.1016/j.ijdrr.2018.12.018

