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Abstract
How does seismic risk influence individual disaster preparedness? Previous research demonstrates that differences in individual preparedness in

at-risk  communities  can  be  attributed  to  a  variety  of  individual-level  characteristics  such  as  disaster  experience,  risk  perception  and  risk

preferences,  cognitive  heuristics  and  biases,  perception  of  hazards,  and  their  ability  to  interpret  information  and  understand  probabilistic

forecasts. However, less is known about how localized seismic risk affects individuals' preparedness for earthquakes. In this paper, we combine

localized data about seismic risk with novel survey data from a sample of 680 Californian residents to test how individuals' seismic risks influence

their  individual  preparedness for  earthquakes.  Our results  demonstrate that  seismic risk  is  positively  associated with individual  preparedness,

while  controlling  for  alternative  explanations.  On  the  other  hand,  household  income  is  not  a  good  predictor  of  individual  earthquake

preparedness. Our results demonstrate that individuals are generally responsive to the risks in their environment, while also providing several

avenues for information campaigns to implement lessons from this study to further encourage preparedness.
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 Introduction

Natural  hazards  present  risks  to  vulnerable  communities
around  the  world,  threatening  the  lives  and  livelihoods  of
people living with these risks. Among other steps such as struc-
tural  and  non-structural  mitigation,  previous  research  demon-
strates  that  individual  preparedness  can help  reduce risks  and
increase people's  ability to survive hazards when they occur[1].
However,  an  enduring  puzzle  for  emergency  management
scholars is that individual and household preparedness behav-
ior  often  lags  behind  scientific  expertise,  even  in  areas  where
hazard  risks  are  widely  known[1].  For  emergency  management
scholars  and  practitioners  interested  in  improving  people's
preparation for disaster in at-risk communities, a pressing ques-
tion is:  How do risks  affect  individual  preparedness  for  natural
hazards?

Previous  research  demonstrates  that  people's  experience
might influence their preparedness[2−4], where individuals inter-
pret  future  risk  through  their  memories  of  previous  events.
Individual  preparedness  for  future  hazards  is  also  shaped  by
psychological and cognitive factors such as risk preferences[5,6],
the use of cognitive biases and heuristics[7], and the availability
of  information  and  the  sharing  of  knowledge  about
disasters[8,9].

Furthermore, preparedness could also be affected by individ-
uals'  perception  of  hazards[10−12],  their  assessment  of  the
personal,  social  and  institutional  context[13],  their  beliefs  and
adjustments[14],  and  expected  damage[15].  In  terms  of  under-
standing and interpreting information and predictions,  people
are not very good at dealing with risk[16,17],  or  correctly under-
standing probability[15,18], which limits the ability of emergency

managers,  scientists,  science  communicators,  and  public  offi-
cials  to  persuade  members  of  the  public  to  prepare  for  low-
probability, high-impact hazards such as earthquakes.

These issues are particularly relevant when considering indi-
vidual  preparedness  related  to  earthquakes  −  natural  hazards
that  are  low-probability,  high-consequence  events.  Previous
research  demonstrates  that  individual  preparedness  might  be
affected  by  individuals'  information  consumption[19],  trust  in
government  and  other  stakeholders[20,21] and  their  hazard
beliefs  and  social  characteristics[22].  Further,  individuals  in
already-vulnerable  communities  face  additional  barriers  to
preparedness[23,24],  and  communities  may  prepare  differently
for disasters depending on their knowledge and previous expe-
riences[25].

The  collective  understanding  about  how  individual-level
factors  shape  disaster  preparedness  represents  a  considerable
body  of  knowledge.  However,  less  remains  known  about  how
localized seismic risk influences individual preparedness,  espe-
cially in localized settings.

In this study, we present what we believe is the first analysis
of publicly available information about localized seismic risk on
individual preparedness, making a considerable contribution to
the  collective  understanding  of  how  risk  influences  individual
preparedness.  While  some  studies  have  explored  the  relation-
ship  between  seismic  risk  and  individual  preparedness,  to  our
knowledge these studies have not used publicly available infor-
mation  about  seismic  risk  at  the  zip  code  level[26−28].  We  also
explore  the  role  of  household  income,  as  resource  availability
could conceivably influence individual preparedness[29].

Through combining data from Temblor − a novel seismic risk
app − and an original survey, we aim to contribute to this body
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of research through a study of individual behavior in California.
California represents an excellent case because it is a state well
known  for  high  risk  of  seismic  activity  and  if  an  earthquake
strikes,  the damage could be catastrophic.  The 2008 ShakeOut
Scenario projected that a Magnitude-7.8 earthquake on the San
Andreas  Fault  could  lead  to  50,000  injuries,  1,800  deaths  and
US 213 billion damage in Southern California[30].

In  this  paper,  we  present  novel  data  from  a  survey  of  680
Californian  residents  to  test  how  individuals'  seismic  risks
influence  their  individual  earthquake  preparedness.  Through
ordinal  logit  regression,  we  demonstrate  that  seismic  risk  is
positively associated with individual preparedness in California,
while  controlling  for  alternative  explanations.  Results  for
household income are more mixed,  suggesting that  income is
not  necessarily  a  determining  factor  in  driving  individual
preparedness.  Our  results  have  implications  for  the  under-
standing  of  individual  disaster  preparedness,  demonstrating
that  people  respond  to  the  risks  in  their  environment  to
prepare  for  disasters.  We  hope  that  future  work  builds  on  the
findings to study the use of information about risks and hazards
on individual preparedness for a variety of natural hazards.

This  paper  proceeds  in  five  further  sections.  First,  we briefly
describe  our  theoretical  expectations  and  provide  the  reason-
ing  behind  our  two  hypotheses  −  that  both  seismic  risk  and
household  income  are  positively  associated  with  individual
earthquake  preparedness.  Second,  we  walk  through  our  data
and methods, including case selection, sampling, survey proce-
dure,  the  operationalization  of  variables,  and  the  means  of
analysis.  Next,  we  turn  to  our  results,  presenting  results  from
ordered logit regression. Fourth, we discuss the implications of
our  findings  and  put  them  in  perspective,  providing  a  discus-
sion about how this could benefit practitioners and policymak-
ers,  before  turning  to  limitations  of  this  study  that  can  be
addressed  in  future  scholarship.  Finally,  the  paper  concludes
with a brief concluding section.

 Seismic risk and individual preparedness
Previous research indicates that people are not very good at

making sense of seismic hazards and models that can often be
too  technical  or  inaccessible  for  non-experts  to  assess  risk[31].
However,  recent  technological  innovations  might  be  able  to
communicate risk  to the public  in  ways that  make seismic risk
more intuitive, encouraging individuals to respond to the risks
they face in their area. While we do not have the data on indi-
viduals'  use  of  these  tools,  we  can  assess  whether  seismic  risk
broadly  translates  into  increased  preparedness  at  the  indivi-
dual level.

Building  on  previous  research  that  suggests  a  link  between
perceptions  of  risk  and  individual  preparedness[26−28],  we
expect  to  find  that  estimates  of  seismic  risk  are  positively
related  to  individual  preparedness  among  participants  in  our
study. As people are more exposed to seismic vulnerability, it is
likely  that  individuals  are  aware  of  those  risks,  and  ultimately
take steps to prepare for  hazards that  are more likely  to affect
them in their locality than if they live in a location with few seis-
mic risks.

As  seismic  vulnerability  may  vary  markedly  across  cities,  we
utilize  zip  code-level  data  to  estimate  seismic  risks  for  indivi-
duals.  We  expect  that  individuals  living  in  areas  with  greater
seismic  risks  are  more  prepared  for  earthquakes,  as  measured
by a few simple indicators of preparedness such as identifying

hazards  in  the  home,  devising  a  strategy  for  an  earthquake,
preparing individual and household emergency kits, and identi-
fying  structural  weaknesses  in  one's  home.  As  a  result,  our
hypothesis is:

Hypothesis 1 Hazards Hypothesis
As seismic risk increases, individuals' preparedness increases.

 Household income and individual preparedness
However, of course, seismic risk may not explain variation in

individual  preparedness  alone.  Having  the  resources  available
to adopt and implement measures to prepare for disasters can
prove to be an insurmountable barrier for many people.

For households with lower levels of income, especially in the
case of preparing for low-incidence, high-cost events like earth-
quakes,  the  financial  costs  associated  with  developing  pre-
paredness  are  too  high  given  more  immediate  concerns  like
paying  rent  or  making  mortgage  payments,  putting  food  on
the table, and generally making ends meet. For individuals with
higher  levels  of  income,  they  might  be  less  concerned  with
making  ends  meet,  and  instead  their  focus  might  turn  to
protecting assets they already hold[32].

In  essence,  people  with  higher  levels  of  income might  have
more to lose in the event of an earthquake and they might take
more actions to prevent these losses such as purchasing earth-
quake insurance or implementing measures to reduce damage
and the risk of injury[33]. As a result, our second hypothesis is:

Hypothesis 2 Income Hypothesis
As  household  income  increases,  individuals'  preparedness

increases.

 Materials and methods

In this section, we describe the case selection, sample, survey
procedure, variables, and methods of analysis employed in this
study to examine the association between seismic risk, income,
and individual preparedness.

 Case selection: individual preparedness in California
To  examine  the  factors  that  contribute  to  individual

preparedness,  we collected a sample of  participants from Cali-
fornia. California is the state with the largest population[34], and
the largest economy in the US[35]. It also has significant seismic
hazards,  with  major  historical  earthquakes  including  the  1906
San  Francisco  earthquake,  the  1933  Long  Beach  earthquake,
the 1971 Sylmar earthquake, the 1989 Loma Prieta earthquake,
and the 1994 Northridge earthquake, among others.

Further,  the  risk  of  future  earthquakes  in  the  state  is  signifi-
cant  as  'more than 70% of  the state's  40  million people  reside
within 30 miles of a known fault where strong ground shaking
could occur in the next 30 years'[36].

Adding  to  the  seismic  risk,  millions  of  Californians  routinely
participate  in  statewide  earthquake  drills  through  the  Shake-
Out  program,  and  over  1.1  million  people  are  insured  by  the
state's earthquake insurance provider[37]. In short, California is a
good  case  to  study  due  to  the  state's  size,  the  distribution  of
seismic risk across the state,  and the widespread awareness of
these vulnerabilities among Californians.

 Sample
To  examine  the  relationship  between  seismic  risk,  income,

and individual preparedness in California, we recruited a conve-
nience  sample  of  702  Californian  residents  from  Amazon's
Mechanical  Turk  (MTurk)  marketplace  to  complete  an  online
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survey.  This  survey  was  embedded in  an online  survey  experi-
ment that examined individuals' response to news coverage of
an  overseas  earthquake  and  their  support  and  willingness  to
act  in  support  of  statewide  mandatory  retrofitting  policies  in
California[38,39].

Although MTurk samples typically vary from national proba-
bility  samples  of  the  US  population,  previous  studies  demon-
strate  the  validity  of  using  these  convenience  samples,  espe-
cially  as  they  are  more  representative  and  higher  performing
than  alternative  convenience  samples[40−44].  While  the  results
do  not  allow  for  generalizing  from  this  study  to  the  broader
Californian  population,  they  do  constitute  a  valid  sample  to
estimate  the  relationship  between  seismic  risk,  income,  and
individual preparedness.

$
Upon  completion  of  the  study,  participants  were  compen-

sated  US 1.00  for  participating  in  the  study,  which  was
expected to take between 10 and 12 min to complete, but the
average length of  time taken turned out to be just  over 9 min
per  participant.  To  screen  for  ineligible  participants,  we

checked  whether  the  zip  codes  entered  by  participants  were
valid California zip codes, and we also verified their embedded
geographical  location  details.  While  we  still  compensated  all
participants  for  their  time,  responses  with  invalid  zip  codes  or
with  locations  outside  of  California  were  dropped  from  our
sample,  resulting in  a  total  of  622  observations  in  our  sample.
Figure 1 presents the location of participants and seismic risk in
California  from  the  sample,  demonstrating  that  the  sample
broadly matches the distribution of the population in the state.

 Survey procedure
All  participants  were  assessed  to  determine  their  eligibility

for the survey, including checks that they were at least 18 years
old,  that  they lived in California,  that  their  Human Intelligence
Task  (HIT)  approval  rate  was  at  least  98%,  and  that  they  had
previously completed at least 50 HITs on MTurk.

If  they  met  the  eligibility  requirements,  participants  com-
pleted a series of questions related to their age, education, race
and ethnicity, gender, household income, marital status, home

 
Fig. 1    Seismic risk and location of survey participants.
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ownership,  employment,  party  ID,  political  ideology,  religious
affiliation, and religious attendance.

Then,  participants  were  asked  to  assess  their  level  of
preparedness  according  to  five  areas  of  individual  prepared-
ness  for  earthquakes:  the  identification  of  hazards,  the  forma-
tion of a strategy in the event of an earthquake, the assembly of
a  personal  disaster  supplies  kit,  the  assembly  of  a  household
disaster  supplies  kit,  and  the  identification  and  action  to  miti-
gate  their  building's  weaknesses.  As  with  previous  studies,  we
found  that  the  general  level  of  preparedness  was  low,  with
fewer  than  5%  of  all  participants  having  completed  all  five
measures of individual preparedness[45].

Finally,  after  completing  these  questions,  participants  were
provided  with  a  code  to  enter  on  MTurk  to  ensure  they
received compensation for their time.

 Operationalization and conceptualization

 Dependent variables
Our  outcome  of  interest  is individual  earthquake  prepared-

ness.  For  our survey,  we operationalized individual  earthquake
preparedness  into  five  distinct  indicators  from  the  Earthquake
Country  Alliance's  Seven  Steps  to  Earthquake  Safety[46].  These
five  indicators  are:  1)  the  identification  and  prevention  of
potential hazards in the home; 2) having a strategy about what
to  do  during  an  earthquake;  3)  having  an  individual  disaster
supplies kit;  4) having a household disaster supplies kit;  and 5)
the  identification  and  prevention  of  their  building's  seismic
weaknesses. For each indicator, participants were asked to indi-
cate  whether  they  were  unaware  of  this  requirement  (0),  they
were aware of  this  requirement but have not yet completed it
(1), they had formed a plan to take this action, but had not yet
completed it (2), or if they had completed this action (3).

 Independent variables
We  use seismic  risk as  our  first  independent  variable.  Given

people's  difficulty  with  interpreting  probability  and  scientific
explanations of risk, we use Temblor to supplement the survey
data. Founded by two former USGS scientists, the Temblor app
adopts seismic risk modeling based on peer-reviewed research
to  produce  free,  easily-understood  estimates  of  seismic  risk
based on data provided by the user  on a  scale  from 0−100[47].
We employ this data at the zip code level to protect the privacy
of our participants,  while maintaining all  other variables in the
inputs constant. Jacobson & Lotto[48] describe the tool:

One of the most unique aspects about Temblor is its seismic
hazard  ranking  system.  For  each  location  in  the  US,  a  hazard
rank  between  zero  and  100  is  calculated  based  on  that
location's proximity to faults, likelihood of experiencing signifi-
cant earthquake shaking, past earthquakes and soil conditions.
Combining  such  data  makes  a  user's  hazard  rank  highly  loca-
tion dependent.

As  a  result,  residents  in  seismically  vulnerable  communities
can check their risk at a granular level at the click of a finger. As
mobile applications and user-friendly electronic tools continue
to  be  developed,  they  could  become  important  purveyors  of
information about preparedness.

We  collected  hazard  data  from  Temblor  for  all  zip  codes
included in our analysis. There was a large amount of variation
in  our  sample,  with  the  Temblor  estimate  of  seismic  risk
ranging  from  8  to  100  in  our  sample,  with  a  mean  of  60.46.
Once  collected,  we  transform  these  scores  into  quartiles  for
analysis to allow for more intuitive interpretation of the results

and  because  we  consider  it  is  substantively  important  to
analyze the effects  of  increasing seismic  risk  by quartile  rather
than an increase in seismic risk from 99 to 100, for example. We
transformed  seismic  risk  to  quartiles  because  this  made  the
distribution  much  more  similar  to  a  normal  distribution,  and
also  because  it  made  more  intuitive  sense  for  the  interpreta-
tion  of  results.  However,  our  results  are  robust  to  alternative
transformations of seismic risk, including transforming the vari-
able into thirds or quintiles (not reported).

$
$

Our  second  independent  variable  is household  income.  This
was collected in the survey by asking participants to select the
range  of  their  household  income  before  taxes  in  the  previous
12 months from 12 choices ranging from less than US 10,000[1]

to  over  US 150,000[12].  Because  the  difference  between  any
given  range  of  income  is  likely  to  be  less  important  than  the
distinction between low,  medium, and high income,  we trans-
formed  this  data  into  three  quantiles  to  indicate  low[1],
medium[2],  and  high  income[3].  We  use  these  thresholds
because  it  transforms  the  variable  to  a  more  normal  distribu-
tion and because the change from low to medium and medium
to high income is more substantively meaningful than alterna-
tives.  However,  we  tested  the  robustness  of  alternative  trans-
formations  of  this  variable  had  no  meaningful  effect  on  our
results.

 Control variables
Previous research has shown that a range of other factors are

associated with individual earthquake preparedness[10]. To take
these into account and control for alternative explanations, we
include  a  range  of  different  control  variables  in  our  analysis.
Demographic variables include items such as age, home owner-
ship, marital  status, gender on  a  dichotomous  basis, religious
attendance, and education. As political ideology and party affili-
ation  could  conceivably  affect  people's  attitudes  and  willing-
ness to engage in preparedness activities, we also include vari-
ables  such  as political  ideology and  whether  the  participant
identifies as a Democrat, Republican, or as an Independent.

Finally,  race  and  ethnicity  could  influence  individual  pre-
paredness,  so  we  also  include  control  variables  for  whether  a
participant  identified  as White (455  participants), African
American (57  participants), Latinx (40  participants),  and Asian-
American (157  participants).  We  based  these  measures  on  the
16 race/ethnicity  options for  identity  from the US Census,  and
participants were asked to indicate all racial and ethnic groups
they identified with on a binary basis.

Table 1 presents the operationalization,  coding scheme and
descriptive statistics for all variables used in this analysis.

 Methods
Once the data was collected,  we conducted analysis  to exa-

mine the relationship between seismic risk, household income,
and  individual  earthquake  preparedness.  Broadly,  statistical
tests  of  this  relationship  involve  ordered  logit  regression
because  of  our  use  of  discrete  outcome data  which  is  catego-
rical and ordered. Our results are robust to using ordinary least
squares  (OLS)  regression,  but  we  adopt  ordered  logit  re-
gression  because  of  the  ordered  categorical  nature  of  our
dependent  variable  which  makes  the  interpretation  of  the
distance between points somewhat problematic.

Each of our five indicators of individual earthquake prepared-
ness can be considered as an underlying latent variable captur-
ing  each  participant's  propensity  to  identify  themselves  as
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having completed each particular  element of  individual  earth-
quake preparedness[49]. In other words, for an individual to indi-
cate that they have completing acting for a particular indicator
of  preparedness,  they  first  must  have  become  aware  and
completed planning for that part of preparing for earthquakes.

Ordered logit  regression was  performed using Stata  statisti-
cal  software.  The  results  of  these  tests  are  presented  in  the
following  section.  Additional  tests  and  robustness  checks  are
reported in the Supplementary Materials.

 Results

The results from our analysis broadly indicate support for the
hypotheses  introduced  in  this  paper. Figure  2 presents  results
of  our  ordered  logit  regression  plotting  the  relationship
between  our  two  independent  variables,  seismic  risk  and
household income, and five indicators of individual earthquake
preparedness, with log odds regression coefficients plotted on
the  figure  for  each  of  the  five  outcomes  of  interest  with  95%
confidence intervals.

First,  seismic  risk  is  positively  related to  the identification of
hazards in  the home.  Moving from one quartile  of  seismic  risk
leads to a 0.180 increase (p = 0.010) in the ordered log-odds of
having  completed  this  element  of  individual  preparedness,
while  holding  other  variables  constant.  Second,  the  results
suggest there is no statistically significant relationship between
seismic  risk  (p =  0.295)  on  having  a  strategy  for  what  to  do
during  an  earthquake.  This  absence  of  a  meaningful  relation-
ship between seismic risk and having a strategy for what do to
during an earthquake is counter to our expectations.

Turning  to  the  three  remaining  indicators  measured  in  our
survey,  we  find  that  seismic  risk  is  a  good  predictor  of  indivi-
dual  earthquake preparedness.  While  holding other  covariates

constant,  increasing  one  quartile  of  seismic  risk  is  associated
with  a  0.185  increase  (p =  0.009)  in  the  ordered  log-odds  of
having  a  personal  disaster  supplies  kit,  a  0.275  increase  (p =
0.000)  in  the ordered log-odds of  having a  household disaster
supplies kit, and a 0.225 increase (p = 0.001) in the ordered log-
odds of having addressed weaknesses of their building.

Results  for  our  second  independent  variable,  household
income, are more mixed. First,  household income does appear
to  be  related  to  the  identification  of  hazards  in  the  home.
Advancing  one  quantile  of  household  income  is  associated
with  a  0.225  increase  (p =  0.027)  in  the  ordered  log-odds  of
identifying hazards in the home when all other variables in the
model  are  held constant.  Further,  household income is  associ-
ated with a  0.198 (p =  0.054)  increase in the ordered log-odds
of  having  a  personal  supplies  kit,  while  holding  all  other  vari-
ables  constant.  However,  this  result  is  not  statistically  signifi-
cant  at  standard  thresholds  for  statistical  significance  at
p < 0.05.  Finally,  household  income  does  not  appear  to  be
related  to  either  having  a  strategy  during  an  earthquake,
having a household supplies kit nor identifying and addressing
building weaknesses.

Among  the  control  variables  included  in  our  models  to
account for alternative explanations, no single variable appears
to  consistently  account  for  variation  in  individual  earthquake
preparedness.  As  a  result,  we  are  confident  that  our  indepen-
dent variables, and seismic risk in particular, explain variation in
individual  preparedness  to  a  greater  extent  than  these  plau-
sible alternative explanations.

Overall, except for having a strategy about what to do in the
event  of  an  earthquake,  seismic  risk  is  a  good  predictor  of
different  indicators  of  individual  earthquake  preparedness.
These  results  suggest  that  the  amount  of  preparedness
completed is broadly proportional to the seismic risks of the zip

Table 1.    Operationalization, measurement, and descriptive statistics of variables.

Variable Coding Mean Std. dev.

Dependent variables
Identification of Hazards 0 = Not aware; 1 = Awareness; 2 = Planning; 3 = Acting 1.486 0.968
Strategy 0 = Not aware; 1 = Awareness; 2 = Planning; 3 = Acting 1.693 0.931
Personal kit 0 = Not aware; 1 = Awareness; 2 = Planning; 3 = Acting 1.600 0.925
Household kit 0 = Not aware; 1 = Awareness; 2 = Planning; 3 = Acting 1.584 0.928
Building weaknesses 0 = Not aware; 1 = Awareness; 2 = Planning; 3 = Acting 1.090 0.977

Independent variables
Seismic risk 1 = Low seismic risk; 2 = Moderate seismic risk; 3 = High seismic risk; 4 = Very high seismic risk 2.471 1.106
Household income 1 = Low income; 2 = Medium income; 3 = High income 1.923 0.844

Control variables
Age Numeric without decimals (range from 18−79) 34.699 12.123
Homeowner 0 = Not homeowner; 1 = Homeowner 0.437 0.496
Married 0 = Not married; 1 = Married 0.297 0.457
Democrat 0 = Not democrat; 1 = Democrat 0.492 0.500
Republican 0 = Not republican; 1 = Republican 0.156 0.363
Independent 0 = Not independent; 1 = Independent 0.273 0.446
Ideology 1 = Extremely liberal; 2 = Liberal; 3 = Slightly liberal; 4 = Moderate, middle of the road;

5 = Slightly conservative; 6 = Conservative; 7 = Extremely conservative [transformed to 0−1
scale]

0.376 0.265

Male 0 = Female; 1 = Male 0.494 0.500
Religious attendance 0 = Never; 1 = Once a year or less; 2 = A few times a year; 3 = Once or twice a month;

4 = Once a week; 5 = More than once a week
1.063 1.408

Education 1 = Less than High School Diploma; 2 = High School Graduate; 3 = Some college, no degree;
4 = Bachelor's degree; 5 = Master's degree; 6 = Professional or Doctorate degree

3.619 0.912

White 0 = Not white; 1 = White 0.756 0.430
African American 0 = Not African American; 1 = African American 0.076 0.265
Latinx/Hispanic 0 = Not Latinx; 1 = Latinx 0.059 0.237
Asian-American 0 = Not Asian; 1 = Asian 0.228 0.420
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code where people live. On the other hand, household income
has mixed results as a predictor of individual preparedness.

 Discussion

The results from this analysis present several different impli-
cations for our collective understanding of individual prepared-
ness in earthquake-prone areas. In this final section, we discuss
some  implications  of  these  results  for  DRR  practitioners  and
policymakers,  as  well  as  describe  limitations  of  this  research
and directions for future research to build upon this study.

 Policy implications
First,  our  results  suggest  that  seismic  risk  is  an  important

factor  in  determining  whether  individuals  invest  in  individual
earthquake  preparedness  activities.  Normatively,  this  is  an
encouraging result suggesting that people are broadly respon-
sive to the seismic risks in their neighborhood, making greater
progress  on  preparedness  initiatives  as  seismic  risk  increases.
For  practitioners  and  policymakers  interested  in  improving
individual  earthquake  preparedness,  publicizing  tools  such  as
Temblor  and  other  intuitive  tools  so  that  individuals  can  see
their seismic risk and initiate preparedness activities to address
their vulnerability. Complementing already-popular campaigns
such as the ShakeOut drills, this localized information might be
powerful  in  helping  people  prepare  for  future  earthquakes  in
areas of high seismic risk.

Second,  household  income  does  not  appear  to  have  mean-
ingful  effects  on  most  indicators  of  individual  preparedness,
suggesting that individual preparedness is not driven solely by
resource  availability.  Of  course,  investing  in  costly  prepared-
ness initiatives might be burdensome to many individuals, but
our results suggest that income is a poor explanatory factor for
individual  preparedness,  meaning that  low-income individuals

are no less prepared than wealthier peers. Future studies could
build on our findings to determine whether interventions such
as  information  campaigns  could  help  persuade  people  about
the value in preparing for disasters,  especially as preparing for
hazards  before  they  occur  may  have  considerable  economic
and safety benefits for individuals when disaster strikes.

Finally, the results from our survey suggest a departure from
some  previous  studies  in  that  common  alternative  explana-
tions do not appear to explain variation in individual prepared-
ness  in  our  sample.  With a  few exceptions,  our  results  broadly
indicate  that  race  and  ethnicity,  political  ideology  or  Party  ID,
home  ownership,  age,  marital  status,  employment,  or  educa-
tion are not good predictors of individual preparedness. From a
normative  perspective,  policymakers  and  practitioners  might
be  encouraged  that  these  structural  factors  do  not  explain
preparedness in our results. If people instead can improve their
preparedness  based  on  information,  campaigns  like  ShakeOut
might  be  successful  in  encouraging  this  behavior  in  at-risk
communities.  While we do not directly test the effects of tools
such  as  Temblor  or  information  campaigns  on  individual
preparedness,  our  results  suggest  that  this  might  be  a  fruitful
avenue  for  future  interventions  aimed  at  improving  earth-
quake preparedness in seismically vulnerable communities.

 Limitations and future research
While our results indicate support for the theory that seismic

risk  influences  individual  earthquake  preparedness,  there  are
several  limitations  of  our  research  that  future  research  can
address to further build upon this study.

First,  our  study  is  not  a  statewide  probability  sample,  draw-
ing  instead  from  participants  on  MTurk.  While  this  does  not
necessarily affect the validity of our findings, it does mean that
generalizing from our results to the broader population is prob-
lematic,  so  we  cannot  make  plausible  claims  about  how  our

 
Fig.  2    Determinants  of  individual  preparedness.  Dependent  variables:  Indicators  of  individual  preparedness.  Point  estimates  indicate  the
ordered log-odds of fulfilling each indicator of individual earthquake preparedness with 95% confidence intervals using the coefplot package
in Stata[50].
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findings translate to the entire state of California. Similarly, our
results draw from a survey of 680 participants, providing a large
enough sample to test our hypotheses in the survey. However,
future  research  can  build  on  our  findings  by  drawing  from  a
larger sample and using a probability sample of Californian resi-
dents to see how our results generalize to the entire state.

Second,  future  research  can  address  the  relationship
between  seismic  risk  and  individual  earthquake  preparedness
in other settings. As mentioned earlier, California is a good case
for analyzing this relationship given its size, its recent history of
earthquakes,  and  the  well-publicized  risks  of  earthquakes  in
major cities such as San Francisco and Los Angeles, but it is also
a  case  where  knowledge  and  awareness  of  seismic  risk  might
be higher than other areas that have not been recently affected
by earthquakes. Future research should address how our results
translate  to  other  settings,  both  within  the  US  and  in  other
countries.

Third, our survey did not directly address individuals' knowl-
edge  of  earthquake  risk,  instead  matching  Temblor  data  with
individual  responses to the survey.  This  means that we do not
directly  know  the  extent  to  which  participants  were  aware  of
their  seismic  risk  in  our  study.  Previous  research  in  other
settings  suggests  that  perceived  incentives  for  knowledge
accuracy lead to improved knowledge[51,52],  so people living in
high-risk areas might be more knowledgeable about prepared-
ness, but this is not tested in our data. Further research in both
surveys  and  experiments  should  both  explore  to  what  extent
people  accurately  report  seismic  risk  in  their  area,  and  how
people respond to information about seismic risk in their inten-
tions to prepare and ultimately on preparedness activities.

Of course, it is important to note that any use of tools such as
Temblor  are  contingent  on  people  having  access  to  this  tech-
nology,  and  the  ability  to  interpret  the  results  if  this  informa-
tion  is  to  improve  individuals'  preparedness.  This  is  an  impor-
tant  concern  and  limitation  of  Temblor  and  similar  apps  that
should  be  tackled  by  policymakers  interested  in  using  such
tools to enhance individual preparedness.

Fourth,  given  the  relatively  small  sample  of  participants  in
our  study,  we  were  unable  to  conduct  statistical  tests  that
examined how different explanatory factors interact with each
other to explain variation in individual preparedness. However,
this  kind  of  interactive  and  intersectional  research  could
provide  further  insight  into  the  determinants  of  individual
preparedness,  future  research should explore  how a  combina-
tion of explanatory variables could predict individual prepared-
ness in greater depth, especially using large datasets.

Finally, an important consideration is that people's choice to
live  in  particular  neighborhoods  is  not  necessarily  random.
While  previous  research  suggests  there  are  significant  health
and  environmental  hazards  associated  with  historical
redlining[53−56],  to  our  knowledge  less  is  known  about  how
these  policies  are  related  to  seismic  risk.  Further  research
should be completed to understand how historical  discrimina-
tion is related to seismic risk, and the extent to which informa-
tion  campaigns  can  overcome  these  practices  and  foster
preparedness in at-risk communities.

 Conclusions

Individual  earthquake  preparedness  continues  to  be  an
important challenge for at-risk communities around the world,

with  rates  of  individual  preparedness  falling  short  of  what
emergency managers and policymakers might hope for. In this
paper,  we  provide  some  reasons  for  optimism  about  improv-
ing  individual  preparedness  in  the  future,  with  our  results
suggesting  that  seismic  risk  affects  individuals'  preparedness
for earthquakes, while controlling for other explanations.

Our  results  indicate  that  seismic  risk  is  positively  associated
with  individual  preparedness,  while  household  income  fails  to
predict most indicators of individual earthquake preparedness.
These findings have important implications for the understand-
ing of  individual  preparedness,  demonstrating that individuals
are generally  responsive to the risks in their  environment,  and
that  preparedness  is  not  solely  driven  by  the  resources  avail-
able to individuals to undertake these activities. Given our find-
ings,  there  are  important  avenues  for  future  campaigns  to
make  people  aware  of  their  localized  seismic  risk,  which  may
lead  to  more  preparedness  activities  among  people  living  in
seismically vulnerable neighborhoods.
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