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A B S T R A C T

Earthquake early warning systems can provide seconds to minutes of lead time by alerting people that an
earthquake has started and shaking is coming, enabling them to take protective action. To examine how
earthquake early warnings might be received on the U.S. West coast, we conducted surveys of residents in the
west coast states of Washington, Oregon and California (N=2595) through Google paywall intercept surveys
administered in three rounds between September 2014 and September 2015. A majority of residents in all states
(61% WA, 54% OR, 70% CA) have personally experienced an earthquake. Those who have experienced an
earthquake perceive higher risk and greater potential for effectively reducing that risk with earthquake early
warning. Although respondents feel that federal and local government should pay for earthquake early warning,
almost two-thirds report being willing to pay something for “an Earthquake Early Alert app on [their]
smartphone or personal computer.” Median willingness to pay per month is $1. Perceived risk, perceived
effectiveness of earthquake early warning, and anticipated or experienced emotional responses to earthquakes
influence judgments of and preferences for earthquake early warning, although personal experience of
earthquakes conditions these influences. Further, highly visible mass media communications such as the
New Yorker article “The Really Big One” and the movie “San Andreas” increase earthquake risk perceptions.
Overall, interest in and support for earthquake early warning on the U.S. West Coast appears strong.

1. Introduction

Developments in science and technology for earthquake early
warning (EEW) systems are increasing the feasibility of short advance
warnings1 of the arrival of shaking from an earthquake. Although the
ability to predict earthquakes remains elusive, EEW systems take
advantage of the difference in speed between the faster compression
wave (primary or P-wave) detectable by seismic sensors and the slower
surface wave (secondary, or sheer, S-wave) that causes damage, and
other factors, to provide an alert before shaking begins. Earthquake
early warnings can give a few seconds to minutes of advance warning of
the shear waves that cause damaging shaking. This can allow enough
time for people to move out of risky locations, to secure dangerous
objects, or to put critical systems into a safe mode—in other words,
enough time to reduce the risk from earthquake hazards. For an
earthquake hazard to pose a risk requires that people be exposed and
vulnerable; EEW can reduce exposures and vulnerabilities. Some
infrastructure can be connected to EEW systems to provide an

automatic response, while people can be notified through their mobile
phones, internet, or other media. Early warning systems hold great
promise (e.g., [1,2,17,18,20,61,64]), with evidence of successful pre-
vention and mitigation of damage from earthquakes for those EEW
systems that have been deployed around the world [2,15,21,22].
Further, people’s awareness of such systems should also promote their
consideration of other earthquake preparations. In Japan, increased
awareness of EEW has led to more effective protective action (e.g.,
[15,21]).

While warning and disaster response capability in Washington state
has been investigated (e.g., [27]), to date there has been little research
in the U.S. on public receptiveness or demand for EEW, or on how best
to deploy EEW alerts to public audiences. A notable exception is the
TriNet reports in 2001 (e.g., [18,50]). Lessons from other warning
system research pertain (e.g., [19,35,43,47,48]), but do not suffice to
guide the design and evaluation of EEW systems. Little is known
regarding public willingness to support development of or pay for EEW
on the U.S. West Coast, or about the correlates of such support. In this
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1 A distinction can be drawn between alerts and warnings: “Alerts are designed to indicate that something significant has happened or may happen. Warnings, which typically follow
alerts, provide more detailed information, indicating who is at risk, where the risk resides, who is sending the warning message, and what protective actions need to be taken” (NRC,
2011:6). In theory, an EEW system could be used for both alerts and warnings.
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paper we report the results of surveys that begin to address this gap. In
the next sections we introduce the context of the study, then our
hypotheses and methods.

1.1. Background and model

Earthquake hazards pose a catastrophic risk to vulnerable urban
areas, as devastation from events in the last decade demonstrates [60].
Earthquakes are a particularly difficult hazard to prepare for. Unlike
weather hazards, many of which can be foreseen days before their
arrival, earthquakes arrive nearly immediately. Given the absence of an
approach period before the hazard event in which communities and
households can make last-minute preparations, communities hoping to
minimize the destruction and disturbance to everyday life that an
earthquake threatens require a constant state of preparedness.
However, the relative rarity of major earthquakes compared to, say,
winter storms, puts them out of mind for most people, potentially
reducing motivations to prepare. Hence the challenge for emergency
managers charged with preparing communities for seismic hazards is
to overcome perceptions that earthquakes pose no serious risk, or that
there will be time to prepare later.

On July 20, 2015 the New Yorker magazine published “The Really
Big One” by Kathryn Schulz, a journalist and author who once had lived
in Oregon. Like the rest of the U.S. Coast, Oregon is at risk from a
Cascadia subduction zone earthquake. Schulz paints a gripping scene of
devastation in the face of West Coast vulnerabilities to such an event,
including reference to a FEMA Director’s statement that “Our operat-
ing assumption is that everything west of Interstate 5 will be toast.”
Although this statement pertained to what FEMA assumes in a worst-
case scenario planning exercise, not to general expectations, it was
widely repeated on the University of Washington campus in reference
to the article and to the potential for a magnitude 9 (M9) Cascadia
subduction zone event. Schulz’s piece went viral. Her piece also
highlights the potential of early warning, commenting that the Pacific
Northwest has no early-warning system. Spurred in part by “The Really
Big One,” on February 2, 2016, the U.S. White House held an
Earthquake Resilience Summit. The summit opened with the an-
nouncement of President Obama’s Executive Order Establishing a
Federal Earthquake Risk Management Standard, followed by an-
nouncements of support for ShakeAlert, an earthquake early warning
(EEW) system being developed for the U.S. West Coast collaboratively
by the University of Washington, University of California Berkeley,
Caltech, University of Oregon, the Moore Foundation and the United
States Geological Survey [16].

The technical engineering challenges of EEW are daunting, but just
as important are the social questions about how EEW fits into the
overall preparedness of individual households and communities.
Effectively reducing risks from hazards such as earthquakes requires
advances in measuring, modeling, and forecasting individual and social
behaviors, as well as better understanding built and natural environ-
ments. How risks are interpreted and what actions people take to
protect themselves from, or in response to, hazardous events depend
on cognitive, emotive, social and institutional contexts, as well as on
their natural and built environments [3,4,12,59]. In this earthquake
early warning (EEW) systems resemble other forecast and warning
systems. Such systems include not only technologies to detect threats,
their reliability, and the length of time needed to achieve accuracy in
forecasts and predictions, but also elements such as: reliance on human
mediation; channels for issuing warnings; familiarity and institutiona-
lization of warning procedure; settings in which systems are used; and
system goals and objectives ([6,45,50]).

The successful implementation of ShakeAlert requires the active
participation of institutions and individuals. They must first be aware
of EEW and the underlying seismic risk it attempts to mitigate, then
access the appropriate EEW technology, and then be prepared to take
appropriate action when an alert is received. All of these actions are

just one type of preparation that emergency managers hope that
households will take in response to risks posed by earthquakes and
other hazards.

To develop a better understanding of public perceptions of earth-
quake early warning and earthquake risks on the U.S. West Coast, we
conducted a series of short surveys in August/September 2014, June
2015, and September 2015. Our data are collected from the Western
United States (CA, OR, WA), with the last two waves of the survey
conducted only in Washington. Washington State hazards have been
the subject of numerous research projects in the social and behavioral
sciences (e.g., [24–26]), and provide an excellent context for advancing
risk and hazard research in this context. Our research replicates and
extends prior EEW research in California (e.g., the TriNet reports—
[50,58]).

Prior research on hazard and risk perception and decision making
supports many of the tenets of the Protective Action Decision Making
(PADM) model by Lindell and colleagues [36]. According to PADM,
protective actions result from social and physical (hazard) cues,
forecasts and warnings, and appraisal processes (i.e., interpretive or
evaluative processes), as well as the characteristics of message reci-
pients (e.g., prior experiences) and the contexts in which they find
themselves making protective action decisions (Fig. 1).

A more individualistic theoretical framing is provided by health risk
communication theories such as the Extended Parallel Process Model
(or fear management model – [41,62]) that emphasize how perceived
threat, perceived efficacy (perceptions of if one is able to take action
effectively, or how effective such action will be), and emotional
responses (e.g., fear) determine how people act in response to health
risk communications. Although recent assessments raise some ques-
tions about the fear management model, they also provide considerable
evidence that perceived threat, perceived efficacy and emotional
responses shape risk responses (e.g., [57]).

1.2. Hypotheses

Our specific research questions for this paper are:

• How aware and concerned about earthquakes are U.S. West Coast
residents? What are their prior experiences and expectations? How
prepared are they?

• Are U.S. West Coast residents willing to invest in better preparations
for and responses to earthquake hazards in Washington?

• Do U.S. West Coast residents expect that earthquake warnings with
only seconds to minutes of advance notice can help protect them?

Our broader research aims include informing the design of EEW,
and improving models of risk interpretation and action for low-
probability high-consequence risks.

In this study we examine what influences individuals’ personal
commitment to prepare for earthquake hazards, as measured by their
willingness to pay (WTP) in dollars for an EEW mobile app. Based on
models of individual protective action, we expect the perceived value

Fig. 1. Adapted from Lazo et al. [34], based on Lindell and Perry [36]
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(or WTP) of a protective measure such as earthquake early warning to
be influenced by (a) perceptions of external factors such as the risk of
experiencing a seismic hazard (threat), (b) perceptions of benefits (i.e.,
efficacy) and costs of acting on EEW, and (c) message recipient
characteristics, including earthquake experience, earthquake or all-
hazard preparation experience, earthquake-related knowledge, and
demographic characteristics.

We hypothesize that those who perceive themselves as being more
likely to experience an earthquake will be willing to pay more for EEW.
Similarly, we expect a perception of being at risk of being harmed by an
earthquake will also be associated with higher WTP. These perceptions
are themselves influenced by several factors. A trope in seismic risk
discussions is that earthquakes don’t kill people, buildings do ([23]; see
also [55], cf [28]). Context matters; people who live in urban settings
are more vulnerable by this measure, all else equal, and so may feel
more at risk than those living in other settings. Also for this reason we
posit that people may see structural mitigation as more important and
more effective than EEW. We expect perceptions of greater EEW
benefits and lower EEW costs also to be associated with greater WTP.
For example, if people see investments in structural mitigation and
early warning as trading off against one another, they may prefer that
public protection expenditures go toward structural mitigation in lieu
of funding EEW, in which case this would decrease their willingness to
pay for EEW. Those who expect EEW to be effective are hypothesized
to have a higher WTP.

In addition to these external factors and the perceived costs and
benefits of EEW, we expect several individual characteristics to
influence WTP. We hypothesize that past personal experience of an
earthquake will influence WTP in a positive direction. Hazard experi-
ence appears to be associated with risk perception, as one might expect
[10]. To assess the degree to which different types of experience
influence seismic risk preparedness preferences, we also examine
whether the strength or type of personal experience influences WTP.
We consider directness of experience (from none to vicarious/narrative
to direct personal exposure) as well as actual or anticipated emotional
response to experience. Actual or anticipated emotional response will
be important if it is used heuristically (i.e., instead of analysis) to assess
risks, benefits, or costs of earthquakes and earthquake early warnings
([14,53]; also [31]). At the same time, an individual who is prepared for
hazards is likely to be more open to a variety of preparedness options,
including an early warning system. Greater risk perception for earth-
quakes is associated with an increase in protective responses in prior
studies [3,4,37], though this may be mediated by knowledge [7].
Greater knowledge has been shown to predict better preparedness
[49]. We therefore hypothesize that hazard preparation levels and
knowledge are positively associated with WTP for an early warning
system.

2. Methodology

2.1. Survey

Our survey design is informed by open-ended interviews conducted
with students and professionals involved in earthquake-related re-
search, prior EEW research (e.g., [50]) and other prior research on how
individuals understand earthquake information and other hazard
forecasts, warning and mitigation information, as well as how this
influences their preparedness (e.g., [3,4,37-40,44,63]). The survey was
administered by Google Consumer Insights as a paywall intercept
survey. Google offers Internet users access to premium content on
partner websites in exchange for their participation in the survey.
According to Google’s own research ([42]), their samples more
accurately represent the U.S. Internet population (which includes
87% of the U.S. population) than other Internet or telephone survey
methods. Although Internet users are younger, wealthier, and more
educated than the population at large, Google provides estimates of

demographic variables and inferred sample weights that help mitigate
these biases.

Surveys were administered in the West Coast states California,
Oregon, and Washington in three different rounds: September 2014
(n=1204), June 2015 (n=418, Washington only), and September 2015
(n=973, Washington only). Google limits each survey to 10 questions,
with further constraints on question length and type. We used several
survey versions with different combinations of 10 questions to collect
data on a total of 14 questions (see Appendix).

Each survey begins by asking if the respondent has ever experi-
enced an earthquake. Depending on the survey, either respondents who
answer “yes” or those who answer “no” to this initial screening question
then continue on to the survey, while the others are dropped. Response
counts for this initial screening question are therefore much higher
than the sample sizes reported above. Google provides data only for
completed surveys; respondents who drop out before answering all 10
questions are not included.

2.2. Measures

Each survey question measures one of our variables of interest.
Except where noted, respondents can select either one (forced choice)
or all (“check all that apply”) of multiple response options. We measure
seismic risk perception with three questions: (1) “How likely are you to
experience an earthquake in the next year?” (5-point scale, response
order randomly reversed: Likely (more than 66% chance); About as
likely as not (33–66% chance); Unlikely (less than 33% chance);Very
unlikely (less than 10% chance); Extremely unlikely (less than 1%
chance)); (2) “How likely do you think it is that an earthquake will
harm you in the next year?” (same response scale as previous); and (3)
“When do you think the next earthquake is likely to affect your
community?” (4-point response scale, order randomly reversed: Not
within your lifetime; Within your lifetime; Within the next 10 years;
Within the next year). The first of these measures perceived exposure to
the hazard, whereas the other two measure tap into perceptions of
vulnerability.

Perceptions of the effectiveness of EEW systems are measured by
respondents’ agreement with the statement “I would be better able to
protect myself from earthquake risks, including death, with an earth-
quake early alert (a few seconds to minutes of warning)” (4-point
response scale, order randomly reversed: Strongly Disagree,
Disagree, Agree, Strongly Agree). In some surveys, respondents are
also asked whether they think injuries will be “more,” “less,” or “about
the same” with EEW. The level of agreement with the statement,
“Earthquake hazard mitigation, such as reinforcing buildings, reduces
the risk of death from earthquakes.” is used to measure whether those
who view other types of mitigation as effective are less likely to support
EEW. Respondents re asked whether they think the “$17 million a
year” that EEW would cost should be paid for by the federal govern-
ment, state and local government, for-profit organizations, non-profit
organizations, or none of the above, in any combination. We expect
that a belief that any of these sources should pay for EEW may
influence personal WTP.

Respondents who answer that they have personally experienced an
earthquake are also asked to type the date and location of their most
recent earthquake experience in a text box. In the June 2015 survey, we
also ask if respondents have seen the movie “San Andreas” (in wide
release at that time) or any other earthquake movie as a measure of
vicarious earthquake experience. Similarly, in the September 2015
survey we ask if respondents are familiar with the July 2015 New
Yorker article “The Really Big One.” We also examine the affective
dimension of earthquake experience by asking about the actual or
anticipated emotional response to being in an earthquake (6-point
response scale, order randomly reversed: No reaction/not felt; Very
little reaction; Excitement; Somewhat frightened; Very frightened;
Extremely frightened).
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A question about behavioral response to an earthquake asks what
respondents did or expect they would do in an earthquake. To measure
knowledge of earthquakes, respondents are asked to identify which (if
any) of five earthquake-related topics they have heard of (plus a sixth—
the New Yorker article—in the September 2015 survey). Emergency
preparedness is measured by asking respondents which of five house-
hold emergency preparation activities they have made; home earth-
quake insurance is included as a sixth preparation in some of the
surveys (over the year, Google increased the number of options allowed
for such questions).

The survey uses individual willingness to pay as a measure of
personal protective action and of support for EEW systems.
Respondents are asked to type a number in response to the question
“What is the most you would be willing to pay per month for an
Earthquake Early Alert app on your smartphone or personal compu-
ter?” Answers greater than $100 or less than $0 return an error
message and prompt the respondent to provide a different answer.
Measuring WTP is known to be difficult, especially in an environment
like this survey that does not address available resources and tradeoffs
[29,51]. Bounding the responses for the WTP question is one strategy
for dealing with large variances in the responses. Our survey constrains
the responses to a specific purpose of the payment, i.e., a mobile
application. The WTP data that we report are therefore potentially
anchored in the context of the market for mobile apps, which are
generally free or very cheap. Asking about willingness to pay a
surcharge on a phone bill might generate different responses, for
example. Although the absolute numbers provided are therefore likely
to be unreliable, they should still provide a fair indication of respon-
dents’ relative willingness to pay.

Google provides estimated demographic characteristics for each
respondent, including gender; type of location (rural, suburban,
urban); income (in six categories); and age (in six categories). Google
also informed us after the fact that a small proportion (generally under
15%) of survey respondents in later surveys may have taken the survey
on a dedicated Google survey app. This is also reported in the data.
Even though we did not expect this to influence WTP for EEW, because
of potential concerns about self-selection into the mobile survey app we
control for this in our models.

2.3. Analysis

Survey responses are transformed for regression analyses.
Responses to several survey questions are treated as ordinal variables.
For example, “agreement” responses are coded from 0 (strongly
disagree) to 3 (strongly agree), and income is represented by integers
ranging from 0 (annual income less than $25,000) to 5 (annual income
of $150,000 or more). For the question on affective response to
earthquake experience, we create separate dummy variables for four
sets of responses: (i) “excited,” (ii) “somewhat frightened,” and (iii)
“very frightened” or “extremely frightened”, plus a dummy for (iv)
“little reaction” or “no reaction/not felt” responses, which serves as a
base case.

For the familiarity and emergency preparation questions, which
allow respondents to select more than one response, we sum the
number of items selected (excluding “none of the above”) to create
variables measuring degrees of awareness or preparedness. Two
responses are included in only some surveys (not all): familiarity with
the New Yorker article “The Really Big One” and preparation by
purchasing home earthquake insurance. For comparability these are
excluded from the sum variable and are treated as separate dummy
variables. Each of the response options for who should pay for EEW
(federal government, non-profit organizations, etc.) are treated as
separate dummy variables.

Although some questions are asked of all respondents, others are
included in only some surveys, , generating responses that are missing
completely at random (MCAR). In order to run regressions using all

available data in models including these variables with partial re-
sponses, we impute missing data using the R package “Amelia” [32].
Imputations are carried out separately for each round of surveys (e.g.,
data missing from the three September 2015 surveys are imputed
together, but none of the data from the two June 2015 surveys are used
in the imputations). The imputed data are used for the models, but are
not reported in the summary statistics.

Willingness to pay, which is the dependent variable in our models,
is the only continuous variable in the survey. The skewed distribution
for WTP, described below, presents problems for its use as a response
variable in regression models. To address this, our OLS models use two
different transformations. In one specification we trim the top 5% of
responses, which brings the maximum value down from $100 to
between $15 and $50, depending on the survey, thereby reducing the
influence of a few outliers on the model. We suspect that many of these
very high responses do not reflect a genuine WTP and can be safely
discarded. In the second specification, we convert WTP to a binary
dependent variable split at the median: 0 for all responses less than $1,
and 1 for all responses of $1 or more (with no trimming). We tested
various log transformations, but do not report them here as they did
not yield a better fit, and were more difficult to interpret.

For each of the two WTP transformations we run three different
model specifications. The first includes the earthquake experience
variable as an explanatory variable, with “Yes” and “Not sure” as
separate dummy variables, and “No” experience as the base case. The
second and third specifications take into account that earthquake
experience might interact with variables, for example that household
preparedness may influence WTP more for those with earthquake
experience than those without. These models include a dummy variable
representing earthquake experience as well as interaction terms (the
dummy interacted with each of the other explanatory variables in the
model).2

Except where otherwise noted, all regression coefficients are
standardized.

3. Results

3.1. Summary statistics

3.1.1. Experience
About two thirds of the WA population has experienced an earth-

quake (Fig. 2), as compared to an estimated 70% in California and 54%
in Oregon, in the September 2014 survey. In the WA June 2015 survey,
only 49% report having experienced an earthquake (N=18,606),
although this is in response to a check-all-that-apply question. This
question format tends to produce underestimates of specific items, as
respondents may not read all of the options carefully [11,54]; to avoid
order effects we randomly varied the order of presentation of the
responses for this question.

3.1.2. Response to earthquakes
Of those who have not experienced an earthquake, a plurality of

35% say that they would “drop, cover, and hold on” if they experienced
an earthquake. However, 51% of the respondents who report having
experienced an earthquake say that they “stopped and stayed put” and
only 20% dropped, covered and held on during their most recent
earthquake experience. Since we do not hypothesize any relationship
between specific expected or actual responses to earthquakes and
perceptions of EEW, responses to this question are not included in
the WTP model discussed below.

We also find differences in affective response. Of respondents with

2 To estimate the variance for the interaction coefficients, we run two separate
interaction models: one with an interaction term of 1 for earthquake experience, the
other with an interaction term of 1 for no or unsure earthquake experience.
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earthquake experience, 39% report very little or no reaction and only
9% report being “very” or “extremely” frightened. In contrast, of those
with no earthquake experience, 26% say they are very or extremely
frightened when they think of being in an earthquake.

3.1.3. Risk perception
Respondents who have experienced an earthquake are more likely

to expect an earthquake in the next year. Forty-six percent of
respondents with experience say an earthquake is either “likely” or
“about as likely as not,” compared to just 28% of those without
experience.. However, this comparison does not account for possible
geographic differences between these two groups, as those with
previous experience might live in locations that are also more exposed
to future earthquakes. Perhaps surprisingly, then, the perceived like-
lihood of being harmed by an earthquake is more comparable between
the two groups (Table 1). In both groups, more than half say they are
“extremely” or “very” unlikely to be harmed by an earthquake in the
next year, and approximately one in six respondents in each group say
harm is “likely” or “about as likely as not,” which history would suggest
is an overestimate.

3.1.4. Effectiveness of EEW
A majority of all respondents say that they would find EEW

effective, with about three-quarters agreeing or strongly agreeing that
they would be better able to protect themselves from earthquake risks
with an early alert (Table 2). Those with experience were only slightly
more likely to agree than those without. By comparison, those with
experience have much higher levels of agreement with the statement

that “earthquake hazard mitigation, such as reinforcing buildings,
reduces the risk of death from earthquakes” (Table 2). Only 7% of
respondents with experience disagree, versus 21% of those who have
not experienced an earthquake.

3.1.5. Familiarity
Respondents have a higher level of familiarity with earthquake early

warning than expected (Table 3). 35% of those without experience and
60% of those with experience say they have heard of EEW. By
comparison, aftershocks were the most familiar topic of the list
provided, with about half of respondents without experience and
three-quarters of those with experience saying they have heard of
them. For all topics, respondents with earthquake experience have
greater familiarity than those without.

3.1.6. Preparations
Respondents who have experienced earthquakes are also more

likely to have made emergency preparations in their home. Sixty-five
percent have a first aid kit and 55% have a supply of food and water,
compared to 38% and 30% in the group without experience. Similarly,
those with earthquake experience are more likely to have an emergency
plan, to have identified a safe zone, and to hold earthquake insurance
(see Appendix). Eighteen percent of those with earthquake experience
and 31% of those without say they have none of the listed preparations.

3.1.7. Willingness to pay
The distribution of WTP has a strong positive skew. Mean

Fig. 2. Earthquake Experience on the U.S. West Coast.

Table 1
Risk perceptions of earthquakes, including subjective likelihood of experiencing an
earthquake in the next year, and of being harmed by an earthquake in the next year.

Have not experienced
EQ

Have experienced EQ

How likely are you to be
harmed by an earthquake in
the next year?

Sept. '14 Sept. '15 Sept. '14 Sept. '15

N= 603 411 601 562
Extremely unlikely (less than

1% chance)
40% 37% 36% 33%

Very unlikely (less than 10%
chance)

19% 20% 22% 22%

Unlikely (less than 33%
chance)

21% 27% 25% 26%

About as likely as not (33–66%
chance)

10% 9% 12% 15%

Likely (more than 66% chance) 9% 7% 4% 4%

Table 2
Perceived effectiveness of earthquake early warning and hazard mitigation as protective
actions (also referred to as “response efficacy”).

Have not experienced EQ Have experienced EQ

I would be
better able
to protect
myself
from
earthquake
risks,
including
death, with
an
earthquake
early alert.

Sept. '14 June '15 Sept. '15 Sept. '14 June '15 Sept. '15

N= 597 84 410 600 332 558
Strongly

disagree
11% 11% 11% 5% 7% 8%

Disagree 15% 15% 16% 13% 11% 16%
Agree 46% 32% 49% 52% 47% 49%
Strongly agree 28% 42% 24% 30% 35% 28%

Earthquake
hazard
mitigation,
such as
reinforcing
buildings,
reduces the
risk of
death from
earth-
quakes

Sept. '14 June '15 Sept. '15 Sept. '14 June '15 Sept. '15

N= 597 85 408 297 328 307
Strongly

disagree
11% 12% 9% 3% 5% 3%

Disagree 10% 11% 12% 2% 5% 3%
Agree 49% 46% 48% 42% 46% 47%
Strongly agree 30% 32% 32% 53% 44% 47%
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responses hover around $6, ranging between about $3 and $12
(Table 4), and each survey has at least one response of $100, the
maximum allowed. The median response is $1 in all waves except
September 2015, and between a third and half of respondents answer
$0. Respondents without earthquake experience tend to report a higher
WTP than those with experience, although the percent answering $0 is
comparable in each group.

3.2. Model results

Examining the estimated coefficients across all models (Figs. 3 and
4), those variables that are robustly associated with WTP for EEW as
expected include the subjective likelihood of being harmed by an
earthquake (perceived threat), experienced or predicted extreme fright
(emotional/affective response), belief that one can protect oneself with
earthquake early warning (efficacy), and vicarious experience of an
earthquake. We discuss each in turn.

3.2.1. Subjective likelihood of being harmed by an earthquake
(positive coefficient)

As expected, a respondent who thinks it is more likely that they will

be harmed by an earthquake, will have a higher WTP, all else held
constant. In a related analysis, we coded expectations of more injuries
with EEW as a separate variable, to check if people thought EEW might
lead to poor action choices. These estimated coefficients are insignif-
icant across all models, suggesting that there is not much concern for
this possible side effect of EEW.

Subjective likelihood of experiencing a hazard has been measured
in many studies (e.g., [7]; see also [37]). Expected exposure to an
earthquake is one aspect of vulnerability that is often discussed by
experts and in the press. We find that if we control for expectations of
being harmed (as we do in the September models), there is either no
association, or the higher the perceived likelihood, the higher the WTP
(this is measured in two ways, as being likely to experience an
earthquake, and as expecting an earthquake sooner). Once we control
for perceived likelihood of being harmed, this subjective judgment
becomes insignificant in the models.

3.2.2. Experienced or predicted extreme fright (positive coefficient)
As expected, anticipated or experienced fear (very or extremely

frightened in response to an earthquake) is associated with a higher
WTP; this association does not vary by earthquake experience. While
being somewhat frightened in response to an experienced earthquake is
associated with higher stated WTP, anticipating being only "somewhat
frightened" is associated with a slightly lower WTP, all else equal.
Those who experienced excitement in response to an earthquake
experience express higher WTP, whereas the anticipation of excitement
does not appear to influence WTP in the absence of earthquake
experience.

3.2.3. Agree can protect self with EEW (positive coefficient)
A perception of higher efficacy with EEW is, overall, associated with

higher WTP. However, in a single model (95% trimmed model Sep
2014, see Figure X), those without earthquake experience or unsure of
whether they had experienced an earthquake were (inexplicably)
willing to pay less the higher the perceived EEW efficacy.

3.2.4. Vicarious experience (positive coefficient)
Having recently seen the movie "San Andreas" is associated with a

higher WTP, all else equal. Because this was assessed only in the June
2015 surveys, we do not include this in Figures X and Y.

Less robust influences on WTP that are still generally in the
expected direction include those of emergency preparations, beliefs
in the efficacy of structural risk mitigation, awareness of earthquake
topics, and income.

3.2.5. Emergency preparations/insurance (positive coefficient)
We expected those who had prepared more to be more interested in

EEW, and so state a higher WTP. Overall, there is a suggestion that this
holds, though the coefficients are very small, and negative in some
models for those who have not experienced an earthquake. Those who

Table 3
Familiarity with earthquake topics.

Have not experienced EQ Have experienced EQ

Which of the
following
earthquake-
related topics
have you
heard of?

Sept. '14 June '15 Sept. '15 Sept. '14 June '15 Sept. '15

N= 603 86 411 601 332 562
Earthquake

aftershocks
49% 56% 44% 82% 79% 64%

Earthquake
early
warnings or
alerts

32% 44% 37% 62% 68% 52%

Cascadia
Subduction
Zone

19% 21% 28% 36% 42% 49%

Manmade
earth-
quakes

18% 26% 20% 31% 39% 31%

Earthquake
Swarms

11% 22% 12% 26% 32% 21%

New Yorker
article "The
Really Big
One"

– – 28% – – 40%

None of the
above

28% 14% 22% 10% 6% 13%

Table 4
Willingness to pay per month for an earthquake early alert application (smart phone or computer).

EQ experience Survey State N= Mean Percent $0 Median 75th percentile 95th percentile

No/Not sure Sep '14 CA 200 $ 8.88 42% $ 1 $ 9.25 $ 50.25
OR 202 6.01 38 1 5.00 24.95
WA 201 6.23 39 1 5.00 30.00

Jun '15 WA 86 12.45 24 1 5.00 85.50
Sep '15 WA 411 6.62 50 0 2.00 52.40

Yes Sep '14 CA 200 5.39 30 1 5.00 12.15
OR 200 6.62 36 1 5.00 50.00
WA 201 5.32 40 1 5.00 20.00

Jun '15 WA 332 6.88 43 1 5.00 50.00
Sep '15 WA 562 3.42 55 0 2.00 10.00
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have earthquake insurance are overall, if anything, willing to pay
slightly more for EEW, but this varies by earthquake experience; the
tendency toward higher WTP is driven by those without earthquake
experience.

3.2.6. Agree structural earthquake risk mitigation is effective
(positive coefficient)

Overall, the results suggest that there is not a perceived tradeoff
between structural mitigation and interest in EEW, as those who agree
earthquake mitigation is effective are if anything willing to pay more for
EEW.

3.2.7. Awareness of earthquake topics (positive coefficient after
controlling for emotional response)/The Really Big One

In the Sep 2015 model we controlled for emotional response, and in
that model, the coefficient on familiarity with earthquake topics is in
the expected direction: the greater the number of topics with which the
respondent is familiar, the higher the WTP, though the coefficients are
very small. In the Sep 2014 and June 2015 models we did not control
for emotional response to earthquakes. In those models, the coefficient

on familiarity is negative: the greater the number of earthquake topics
with which the respondent is familiar, the lower the stated WTP.
Despite the high penetration of the New Yorker article, it does not
appear directly influence WTP for EEW once we control for other
factors (such as the anticipated emotional response to an earthquake).

3.2.8. Income (positive coefficient)
In most of the models without earthquake interactions, the

coefficient on income is positive, as we would expect, though not
always significant. When we add interactions with earthquake experi-
ence, this positive association is reduced or eliminated for those with
earthquake experience. Krupnick et al. [33] find that those in the
bottom 25% of income are willing to pay less than others. In a
sensitivity analyses we applied this same split on income and found
it did not alter the modeling results meaningfully.

3.2.9. Geography
Respondents without earthquake experience in rural areas express

lower WTP than those in urban or suburban area. Controlling for other
factors, we see no differences between reactions in OR and CA. If we

Fig. 3. Coefficient plot of median split models, including interactions of all variables with earthquake experience. Shown in orange are the coefficients and 95% confidence intervals for
those without (or unsure of) earthquake experience. In blue are the coefficients and 95% confidence intervals for those with earthquake experience.
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look at WA state level responses by earthquake experience, how WA
responses compare to those in CA depends on the model (unstable).
Overall there are no significant differences, all else equal.

3.2.10. Funding the systemt
As one would expect, those who answer that “none of the above”

should fund an EEW system give a lower WTP. Those who think the
federal government should fund EEW express slightly higher WTP, in
general, though this finding varies a little by model. Those who think
local or state government should fund EEW express higher WTP,
though not significantly more if they have had earthquake experience,
in the June model. Those who think for-profit entities should fund
EEW and have not had earthquake experience are willing to pay more,
whereas two of the models suggest that this WTP increase disappears if
they have had earthquake experience. Overall, the results suggest that
thinking the overall system should be funded by government or others
does not reduce WTP for an EEW app.

Four unexpected findings are more difficult to explain, including
the estimated coefficients for having experienced an earthquake, for

age, for gender, and for having taken the survey on a mobile.

3.2.11. Has experienced an earthquake (negative/variable
coefficient)

The mixed findings (with negative coefficients in half of the models)
for the earthquake experience dummy suggest that earthquake experi-
ence has its effect through other variables, including expectations of
harm, and expectations of being able to protect oneself effectively with
EEW. Those who are not sure if they have experienced an earthquake
express a slightly higher WTP than those who have not experienced an
earthquake, overall; this is a very small proportion of the sample.

3.2.12. Age (negative/mixed coefficient)
An unexpected association with age appears in the June survey, in

which experience was measured with a select-all-that-apply question.
The coefficient on age is positive for the June survey, with no
significant interaction with earthquake experience. In all other waves,
all else equal, those who are older give a lower WTP (in five out of six
models), although the interaction with earthquake experience suggests

Fig. 4. Coefficient plot of 95% trimmed OLS models, including interactions of all variables with earthquake experience. Shown in orange are the coefficients and 95% confidence
intervals for those without (or unsure of) earthquake experience. In blue are the coefficients and 95% confidence intervals for those with earthquake experience.
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that this is mitigated some by earthquake experience.

3.2.13. Female (negative/mixed coefficient)
We expected that all else equal, women would be willing to pay

more for EEW than men (e.g., as found in [33]), but we do not see this.
Our findings are mixed, both with regard to the significance and
direction of the association.

3.2.14. Took survey on a mobile (positive coefficient)
Though we initially expected no differences between those who took

the survey on a mobile and other, concerns about response biases
stemming from how the survey was administered led us to control for
whether respondents used Google’s mobile survey app, through which
Android users complete surveys in exchange for Google Play credit. We
found overall a slight tendency to report a higher WTP via this app,
though this appears to be mitigated some by earthquake experience, all
else equal.

4. Discussion and conclusions

A complete view of hazard forecast and warning systems includes
behavioral responses and recognizes that short-term warnings require
long-term social and organizational preparation and integration in
order to be effective (e.g., NRC, 2010). A key lesson from prior research
on hazard warnings is that people need actionable information on what
to do, not just awareness of the existence of a threat [63]. Public
concerns about the efficacy of evacuation procedures and about
warning times have been identified as pervasive in surveys of
Washington coastal communities (e.g., [24]). In addition, the typically
short time between the detection and arrival of shaking in EEW poses
technological challenges that most current alert systems cannot meet,
although the Warning, Alert, and Response Network (WARN) Act of
2006 establishes a national all-hazards alert system that includes
wireless telecommunications, e.g., cellphones, for imminent threat
alerts (NRC, 2013). Despite these challenges, ShakeAlert and the
development of EEW for the U.S. West Coast provides a very large
net potential benefit [8,9,56].

Findings from the surveys reported here are largely cause for
optimism with regard to receptivity and interest in earthquake early
warning on the U.S. West Coast. Respondents are generally aware of
seismic risks, with many overestimating their short-term vulnerability,
although the number who have made appropriate household emer-
gency preparations is smaller than hazard planners might hope. A
much higher percentage of the public had heard of EEW than expected,
and a majority were interested in EEW. We find general agreement that
seconds to minutes of warning would help individuals to take protec-
tive action and would be effective in reducing seismic risk. Rather than
seeing EEW as trading off against structural mitigation to protect
against earthquakes, those who perceive structural mitigation as
effective are more likely to be interested in EEW and see it as likely
to be an effective protective response measure. A majority of the
surveyed population said they are willing to personally invest at least
something for EEW.

Several findings and implications for communication also emerge.
First, we find evidence that mass media communications help raise
awareness of seismic hazards and increase support for risk mitigation.
The Pulitzer prize-winning article “The Really Big One” reached over a
fourth of those without earthquake experience, and 40% of those with
earthquake experience. The higher penetration for those with earth-
quake experience is to be expected from recent research on selective
attention and “reinforcing” spirals of exposure to information, experi-
ence, and attitude formation ([13,52,65]; see also [30]). "The Really
Big One" appears to have reinforced thinking about earthquake risks in
the PNW, increasing expectations of an (earlier) big earthquake.
Further, seeing the movie San Andreas was associated with an increase
in WTP. However, in the weeks following its release only a small

proportion (less than 3%) of the Washington state public saw the film
“San Andreas.” The systematic differences between anticipated and
reported responses to earthquakes point to the ongoing need for
communication and education about what to do in the event of an
earthquake, which must address the potential for earthquakes much
greater than those experienced on the West Coast in recent years.

Second, our findings underscore the importance of considering the
content of warning messages to promote effective protective action.
Only one in five of respondents who have experienced an earthquake
said that they dropped and covered when they felt shaking, although a
third of those without experience said that they would do so. An early
warning message with clear directions could help people to anticipate
shaking and take appropriate action.

Finally, we find evidence supporting our expectation that those who
perceive EEW to be effective at helping them to protect themselves are
more likely to support it. This suggests that the case for public
investment in EEW can be made stronger if people believe in the risk
mitigating potential of the system. Although familiarity with EEW was
somewhat higher than expected, perhaps half of the overall West Coast
population still does not know about it. As awareness of EEW spreads,
there is a need for accompanying information about its potential
effectiveness together with more general seismic risk reduction educa-
tion. Such a campaign must be honest about the limitations of EEW,
including the potential for false positives, in order to set appropriate
expectations. Further research should examine the extent to which
potential users understand EEW, including the potential for missed
and false warnings.

Several methodological issues must be raised as potential caveats to
the findings, including the known problems exhibited by WTP estima-
tion, which is a problematic measure of support for EEW, and the
potential bias introduced by mobile survey app use. Nevertheless,
although the models explain in general less than 10% of the variance in
WTP, the modeling and survey approach are promising in several
regards. Assuming providers (like Google) continue to invest in the
development and transparency of its survey tools, such paywall
intercept surveys provide a potentially affordable and defensible path
to assessing public attitudes and beliefs on hazards and resilience, in a
time when other survey approaches are becoming increasingly expen-
sive and facing ever dwindling response rates.

This study illustrates one way in which internet and communication
technologies are enabling much more rapid involvement of publics at a
massive scale. Another is the development of social media data
collection strategies for post-earthquake damage assessment and
information provision [5], which appear to be increasing in impor-
tance. Combining the type of survey research strategy proposed here
with such strategies is a promising next step; an integrated pre- and
post-event data collection and analysis strategy of this sort could enable
scientists to better understanding people’s expectations and experi-
ences, and ultimately better prepare them for hazards.
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