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Abstract

This study provides the first comprehensive analysis of individual perceptions of tail risks. It focuses not only on the
probability, as has been studied by Nicholas Barberis and others, but also on anticipation of damage. We examine how
those perceptions relate to experts’ estimates and publicly available risk information. Behavioural factors—availability bias,
threshold models of choice, worry and trust—are found to have a significant impact on risk perceptions. The probability of tail
events is overestimated, which is consistent with probability weighting in prospect theory. Potential damage is underestimated,

one reason why individuals do not invest in protective measures.
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1 Introduction

There is a growing interest among researchers and policy
makers on behaviour with respect to low-probability/high-
consequence (LP-HC) events, or tail events, given the re-
cent spate of catastrophes that include financial crises, ter-
rorist attacks, pandemics, technological accidents and nat-
ural disasters and the recent popularization of the topic in
best-selling books (e.g., Taleb, 2007). Individuals are often
unprepared for such events due to systematic biases and use
of simplified decision rules, rather than undertaking system-
atic analyses in determining whether or not to take on pro-
tective measures (Kunreuther, Pauly & McMorrow, 2013).
It is also well known that laypersons’ perceptions of the
risk often deviate significantly from experts’ risk judgments
(Slovic, 1987, 2000; Slovic & Weber, 2015).

Earlier research on tail events analysed how individuals’
beliefs about the likelihood of such events differ from ex-
perts’ assessments. A general finding from the literature
is that people tend to overestimate the probability of rare
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tail risk perceptions, bounded rationality, expected utility theory, intuitive thinking, low-probability/high-

events. Mortality risk—an extreme case of a tail event for
an individual—highlights this point: people significantly
overestimate the frequency of rare causes of death (Licht-
enstein et al., 1978). Recently the theoretical and empir-
ical literature has focused more on whether individual de-
cisions are consistent with the probability-weighting func-
tion of prospect theory, with mixed results (for instance,
see Tversky & Kahneman, 1992; Bordalo, Gennaioli &
Shleifer, 2012; Fehr-Duda & Epper, 2012; Barberis, 2013b;
Barseghyan et al., 2013a,b; Carman & Kooreman, 2014).

What is absent in this literature is how people estimate
the outcome associated with such tail events before mak-
ing their decisions, except for research on medical decisions
where several studies showed that perceived disease sever-
ity is related to whether or not a person wants to be vacci-
nated (Brewer et al., 2007). Surprisingly there have been
very few studies on individuals’ perception (or belief) of
what the monetary losses would be if a negative outcome
occurred (Erev, Glozman & Hertwig, 2008). Recently, Bar-
beris (2013a) provided a comprehensive literature review
highlighting the absence of research on how a person’s esti-
mate of the probability of a disaster and the resulting dam-
age deviate from expert assessments. This paper focuses
on both components of the risk and examines what factors
cause laypersons’ estimates to deviate from those of the ex-
perts. We use flood risk in New York City as our case of a
tail event. We believe this to be the first empirical analysis
in the literature examining this question.

Our finding that individuals typically underestimate the
loss they will suffer from such events is important. It means
that many people might decide not to prepare for disas-
ters, not solely as a result of a probability weighting pro-
cess aligned with their preferences, but also because they
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make a mistake in their loss estimate. This distinction be-
tween individual perceptions of risk (loss and probability)
and weighting of probability in decisions is key (Barberis,
2013b).

Expected utility theory (EUT), the dominant normative
economic model of individual decision making (von Neu-
mann & Morgenstern, 1947; Savage, 1954), has been used
as a benchmark for comparing behaviour under risk and un-
certainty. EUT uses formal algorithms and risk assessments
to determine an optimal course of action. Empirical data re-
veal that individuals often behave in ways that deviate from
this model, possibly as a result of intuitive thinking (Con-
lisk, 1996; Starmer, 2000; Kahneman, 2003; Slovic et al.,
2004)." Intuitive thinking can be characterized as fast and
automatic, and is guided by past experience and emotional
reactions. Individuals are likely to make errors in risk judg-
ments for low-probability/high-consequence events.

Intuitive thinking can be related to systematic biases such
as availability where individuals judge events as high risk if
they find it easy to imagine or recall, often because of past
experience or media attention (Tversky & Kahneman, 1973;
Viscusi & Hamilton, 1999). Moreover, emotions or feel-
ings with respect to risk such as fear, anxiety, or worry have
been found to be related to individual judgments and deci-
sion making under risk (see Finucane et al., 2000; Baron et
al., 2000, Loewenstein et al., 2001; Weinstein et al., 2007).

The objective of our study is to improve the understand-
ing of how individual perceptions of low-probability/high-
consequence risks are shaped, in order to provide insights
for improving risk management policy. In particular, we ex-
amine how individual perceptions of the likelihood of flood-
ing and resulting damage relate to risk assessments, and how
these perceptions are related to emotionally driven variables
(stemming from intuitive thinking) and perhaps modified by
more deliberative thinking.

We use New York City (NYC) as a case study as it was
affected by flooding from Hurricane Irene in 2011 and again
in 2012 by Hurricane Sandy. The latter flooding caused 43
deaths and about $19 billion of damage to the city alone
(NYC, 2013). Only 20 percent of NYC households in the
area inundated by Sandy had flood insurance at the time of
the disaster (NYC, 2013). Their decision not to purchase
coverage may be due to their misperception of the probabil-
ity and/or damage of flooding from hurricanes.

A challenge in an in-depth comparison of perceived and
objective risks is how to obtain estimates of flood damage
and probability at an individual level. We address this is-
sue by utilizing detailed probabilistic flood risk estimates
for NYC at a census block level based on 549 storm surge
simulations that we built in a companion paper (Aerts et al.,

Kahneman (2011) contrasts intuitive thinking designated as System 1
behaviour with deliberative thinking, designated as System 2 behaviour.
Deliberative thinking does not necessarily lead to conformity with EUT,
but it might bring decisions closer to it.
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2014). Since these risk assessments are currently not avail-
able to the general public, we also use Geographical Infor-
mation System (GIS) analyses of individual locations to de-
rive how flood risk perceptions relate to official flood maps
in NYC developed by the U.S. Federal Emergency Manage-
ment Agency (FEMA). Those living in NYC can determine
in what FEMA flood zone they reside using the FEMA web-
site.

To complement expert estimates and FEMA maps we col-
lected risk perception data via a detailed survey in 2013 of
more than 1,000 homeowners who all live in flood-prone ar-
eas in NYC. Based on the survey data, we estimate how in-
dividual risk perceptions relate to risk indicators by experts
by examining the degree to which people over- or under-
estimate the likelihood of being flooded and the resulting
damage, and the factors that appear to drive their risk per-
ceptions.

We estimate statistical models of (a) individuals’ aware-
ness of living in a flood-prone area, (b) their percieved flood
probability, and (c) their percieved flood damage. We find
that these three risk perception variables are only weakly
related to expert risk assessments and publicly available
FEMA flood zone categorization. Expanding these mod-
els reveals that variables characterized by intuitive thinking
have a significant impact on characterizing risk perception.
In particular our indicators of flood risk perceptions are re-
lated to the availability bias, threshold models of choice,
worry and trust. A detailed comparison of the perceived
flood probability, damage and flood risk defined as (proba-
bility x damage) with expert assessments shows that a mi-
nority of individuals have accurate perceptions of their flood
probability, damage and risk. We find that most people over-
estimate probability and underestimate damage. Overesti-
mation of the flood probability is triggered by the aforemen-
tioned variables that characterize intuitive thinking, namely
past flood experience, high worry, and perception of the
probability falling above a threshold level of concern. Un-
derestimation of flood damage is related to experiencing low
levels of flood damage in the past, low worry about the dan-
ger of a flood to their home, perception of the flood prob-
ability falling below a threshold level of concern, and high
trust in local flood risk management capability.

We discuss several policy implications to assist individu-
als in their risk assessments and suggest how they can bet-
ter prepare for disasters. Risk communication can be im-
proved by lengthening the time frame in which probabilities
are presented to make these more salient. Moreover, govern-
ment risk communication should focus on the likelihood of
a disaster as well as more detailed information about poten-
tial damages. Enforcing stricter purchase requirements for
flood insurance coupled with well-enforced land-use regu-
lations and building codes could avoid large public-sector
expenditures following flood events.
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The remainder of this paper is structured as follows. Sec-
tion 2 provides a review of the literature on individual flood
risk perceptions that provides a basis for the hypotheses to
be tested. Section 3 describes the research methodology.
Section 4 presents the results, which are discussed in Sec-
tion 5. Section 6 provides policy recommendations and con-
cludes.

2 Factors influencing individual per-
ceptions of flood risk

This section discusses several drivers expected to shape in-
dividual flood risk perceptions based on existing literature,
which form the rationale for the hypotheses we will test.

2.1 Relation between homeowners’ percep-
tions and objective estimates of flood-
related risks

Little research has been conducted on how objective esti-
mates of flood risk relate to flood and hurricane risk percep-
tions of individuals. Siegrist and Gutscher (2006) analyse
how 1,306 Swiss households’ flood risk perceptions relate to
the riskiness of the households’ location derived from flood
maps that characterize four flood hazard zones and the likeli-
hood of flooding in each region. Flood risk perceptions were
elicited using a qualitative estimate of the perceived flood
probability with answer categories that range from very low
to high. Household perceptions of the flood probability were
significantly correlated with the categorization of the risk on
the flood hazard maps. Nevertheless, many residents of high
flood hazard areas report low perceived flood probabilities,
and many residents of areas with no flood hazard have a high
perceived flood probability.

Ruin, Gaillard and Lutoff (2007) conducted interviews of
200 French households to examine how perceptions of flash
floods occurring at certain road sections relate to geographi-
cal maps indicating whether or not these sections were prone
to flash flooding. They found that drivers were more likely
to under- than overestimate the risk of flash floods.

While the previous studies examined qualitative indica-
tors of perceived flood risk, Brilly and Polic (2005) study
perceptions of flood probability of 365 survey respondents
in a town in Slovenia. Answers to an open-ended ques-
tion asking for the perceived flood probability were lower
in an area safe to flooding than in a more flood-prone area.
Similarly, Botzen, Aerts and van den Bergh (2009) estimate
how quantitative variables of the perceived flood probabil-
ity and damage of about 1,000 households in the Nether-
lands relate to geographical indicators of objective flood
risk. They find that individuals who live in the vicinity of a
main river and in low-lying areas generally have higher per-
ceptions of the flood probability and damage. Nevertheless,
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the Netherlands study shows that individuals may be insuffi-
ciently aware of the flood protection infrastructure that is in
place, since perceptions of the flood probability and damage
are lower in areas near rivers that are not well protected by
dikes. The expert estimates of the flood risk are available
to the public there, but apparently few people have obtained
and studied these data.

While the aforementioned existing studies examine how
indicators of perceived risks correlate with relevant geo-
graphical characteristics, we provide a more in-depth com-
parison of quantitative estimates of perceived and objective
probability, and damage estimates, as a function of the loca-
tion of the property. Existing studies found that, even though
individuals have difficulties assessing their flood risk, sta-
tistically significant relations were observed between indi-
vidual flood risk perceptions and geographical indicators of
the flood risk. We thus hypothesize that individuals’ aware-
ness of living in a flood-prone area in NYC and their percep-
tions of the flood probability and damage are positively, but
weakly, related to objective estimates of flood risks (H1).

Unlike some risk assessment indicators in previous stud-
ies (Siegrist & Gutscher, 2006; Botzen, Aerts & van den
Bergh, 2009), our estimates of flood risk obtained from the
flood risk model are not publicly available and have not been
communicated to our sample of households. In this case the
perceived flood probability may be more closely related to
the flood probabilities shown on publicly available FEMA
maps. This does not mean that respondents actually looked
at these maps; however, homeowners with a mortgage from
a federally-backed lending institution are required to pur-
chase flood insurance if they live in the FEMA 1/100 year
flood zone and these respondents therefore should be aware
that they are located in a flood hazard area. We thus hypoth-
esize that FEMA flood maps will be more closely related to
perceived risk than the estimates from the flood risk model
(H2).

2.2 Past flood experience

The literature on decision-making suggests that individuals
underestimate the likelihood of a low-probability event if
they have not experienced it (Hertwig et al., 2004; Fox &
Hadar, 2006) and overestimate its likelihood if they have
experienced the event (Brilly & Polic, 2005; Ruin, Gail-
lard & Lutoff, 2007; Siegrist & Gutscher, 2006; Viscusi &
Zeckhauser, 2006). This behaviour can be explained by an
availability bias as shown by Tversky and Kahneman (1973;
1974).2 For example, individuals who have recently experi-
enced a flood may find it easier to imagine that a flood will

2 An example of the availability heuristic is that individuals were fearful
of flying after the terrorist attacks on September 11, 2001 (9/11), which
made people switch from flying to driving, while the risk of flying actually
decreased due to much improved airport security after 9/11 (Gigerenzer,
2004).
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occur again in the future and, therefore, perceive its like-
lihood as higher than individuals without flood experience.
An opposite effect could occur if people are subject to the
gambler’s fallacy, assuming that if a flood just occurred it
will not happen soon again (Camerer & Kunreuther, 1989).
To our knowledge there are no formal empirical studies re-
vealing this behaviour by individuals. Given the recent de-
struction that Hurricane Sandy caused in NYC, we expect
that the effect of availability bias explains people’s risk per-
ception and hypothesize that flood experience has a strong
positive impact on flood awareness and perceptions of the
flood probability and damage (H3).

2.3 Threshold level of concern

Individuals may ignore risks whose subjective odds are per-
ceived to be below their threshold level of concern (Slovic
et al., 1977, 1982; McClelland, Schulze & Coursey, 1993).
To our knowledge no one has investigated this behaviour us-
ing field data. In the case of flooding, we hypothesize that
individual flood risk awareness and perceptions of the flood
probability and damage are significantly lower if individu-
als think that their flood probability is below their threshold
level of concern, and the person will not be interested in ac-
quiring information about flood risks (H4).

24 Worry

Affective feelings toward risk, such as worry, may also af-
fect decision making under risk, as has been argued by
Loewenstein et al. (2001) and Slovic (2010). We hypoth-
esize that high degrees of worry about flooding are related
to higher levels of flood risk awareness and high perceptions
of the flood probability and damage (HS).

2.5 Trust

Slovic (2000) highlights the importance of trust in shap-
ing individual risk perceptions by summarizing the exten-
sive empirical research that he and his colleagues have un-
dertaken on this topic. An interesting example is the fierce
resistance of residents in the United States against locating
hazardous facilities, such as nuclear waste repositories, in
their neighbourhood. Survey research by Slovic, Layman
and Flynn (1991) shows that individuals perceive the risk
of hazardous facilities to be high if they distrust the ability
of U.S. government agencies to adequately manage these
risks. Similar effects of trust have been found on individ-
ual flood risk perceptions by Terpstra (2011), who points
out that individual flood risk perceptions are based on their
degree of trust in the responsible risk managers when peo-
ple lack knowledge about a hazard. He provides evidence
that individuals who trust local government’s risk manage-
ment capability feel comfortable living in a floodplain with-
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out undertaking protective measures, because they believe
that they have a low likelihood of flooding. We measure
trust as the ability of NYC officials to limit flood impacts on
houses through building code and zoning regulations. We
hypothesize that individuals with a high level of trust in lo-
cal flood risk management capability have lower perceptions
of the flood damage (H6).

2.6 Accuracy of the perceived flood probabil-
ity, damage and expected risk

Several studies have found that perceptions of risks by
laypersons can substantially diverge from expert assess-
ments of risk for a wide variety of hazards (Rowe & Wright,
2001; Siegrist & Gutscher, 2006 for literature reviews).
None of these studies provides a comprehensive analysis of
such divergences of quantitative estimates of both probabil-
ity and damage. This is true for flood risk as well (Kel-
lens, Terpstra & De Maeyer, 2013). In general, individ-
uals have difficulties with assessing low-probability/high-
consequence risks (Barberis, 2013a; Carman & Kooreman,
2014) and several studies show that this also applies to nat-
ural disasters (e.g., Kunreuther, Novemsky & Kahneman,
2001). We thus expect that few of our respondents have cor-
rect perceptions of the flood probability, flood damage and
expected flood risks. We hypothesize that (under-) overesti-
mation of the flood probability and damage is related to (no)
past flood experience, individuals perceiving the likelihood
of a flood to be (below) above their threshold level of con-
cern, (low) high worry about flooding, and (high) low trust
in the government to address the flood issue (H7). The seven
hypotheses are summarized in Table 1.

3 Methodology

3.1 Focus on New York City

We selected New York City (NYC) as a case study for sev-
eral reasons. First, it is one of the world’s largest coastal
megacities with close to 10 million people. Second, flooding
is a major problem in NYC as reflected by the threat of Hur-
ricane Irene in 2011 and severe flood damage by Hurricane
Sandy in 2012. Third, due to its location on the Atlantic
Ocean and its topography, NYC is concerned about the pos-
sible impact of sea level rise and stronger storm surge on
potential damage in the coming decades if adaptation mea-
sures are not undertaken. These combined factors have led
city and state governments to focus on improving flood risk
awareness to encourage residents in the floodplain to under-
take protective measures today so as to be adequately pro-
tected financially against future flood-related losses (NYC,
2013).


https://doi.org/10.1017/S1930297500005179

Judgment and Decision Making, Vol. 10, No. 4, July 2015

369

Individual perceptions of tail risks

Table 1: Summary of hypotheses

#  Description

Topic

H1 Individual awareness of living in a flood-prone area and their perceptions of the flood
probability and damage are positively, but weakly, related to objective estimates of flood risks.

Perceived vs.
objective risk

H2 The relation between the aforementioned perceived and objective flood risk levels is stronger
for publicly available flood risk information (FEMA flood zones) than the estimates from the

flood risk model.

Perceived vs.
publicly available
risk information

H3 Direct flood experience has a strong positive relation with flood risk awareness and Availability
perceptions of the flood probability and damage.

H4 Flood risk awareness and perceptions of the flood probability and damage are lower if Threshold level
individuals think that their flood probability is below her/his threshold level of concern. of concern

H5 High degrees of worry for flooding are likely to be related to higher levels of flood risk Worry
awareness and high perceptions of the flood probability and damage.

H6 Individuals with a high level of trust in local flood risk management capability have lower Trust
perceptions of the flood damage.

H7 Given the previous hypotheses, (under-) overestimation of the flood probability and damage is Under- and
related to (no) past flood experience, individuals thinking that the flood probability is (below) overestimation

above her/his threshold level of concern, (low) high worry for flooding, and (high) low trust.

3.2 Flood risk model indicators for NYC

Indicators of flood risk faced by the respondents have been
derived from a probabilistic flood risk model developed for
NYC. A detailed description of this model and all flood
modelling results can be found in Aerts et al. (2014, in-
cluding online material). Our flood risk model uses a large
set of 549 simulated hurricanes from a coupled hurricane-
hydrodynamic model (Lin et al., 2012) to derive flood in-
undation maps with different return periods for NYC, in-
tegrating storm surge. The model calculates flood damage
based on the so called HAZUS-MH4 methodology (HAZUS
stands for Hazards United States) using a typical approach
of depth-damage curves, which represent the fraction of
damage to a building and its content based on the flood wa-
ter level present in the census block (Aerts et al., 2014).
The generic HAZUS model has been fine-tuned using
specific building type information provided by the NYC Of-
fice of Emergency Management. Inundation depths, their
probability of occurrence, flood damage and flood risk are
calculated for individual census blocks. One can then de-
termine the probability that the property of each survey re-
spondent will experience inundation from a flood in a given
year. The potential inundation level from a flood (i.e., the
potential height of the floodwaters at a respondent’s loca-
tion) is an important indicator of flood severity. The many
storm simulations generated by the flood risk model allow
for the derivation of a distribution of water levels for each
respondent’s property from which the maximum inundation
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is used as an explanatory variable in our regression models
of risk perceptions.

An indicator of flood damage was calculated for each
respondent based on the median inundation level at the
respondent’s location that is input to the HAZUS depth-
damage function for each specific building category. Com-
bining the output of the depth damage function with the
property value of the respondent provides an estimate of the
expected total annual damage from a flood. This figure will
be compared with the respondent’s perceived expected flood
damage.

Table 2 shows the average values of the key variables
from the flood risk model by the publicly available FEMA
flood zone classification. FEMA states that inundation in
the 1/100 year flood zone has a chance that is equal to, or
higher than, 1 percent (or 0.01), this chance is 0.2 percent in
the 1/500 year flood zone, and lower than that in the X zone.
However, several flood risk modelling studies have revealed
that these FEMA maps are often outdated and incorrect, and
that large variations of flood risk exist within FEMA flood
zones, as Aerts et al. (2013) show for NYC. FEMA does not
provide any information on the potential severity of flood-
ing per flood zone, meaning that the relationship between
the FEMA maps and anticipated flood damage may not be
strong. Table 2 shows that maximum inundation depths are
higher in the 1/100 FEMA flood zone than the 1/500 FEMA
flood zone, because the former are generally lower lying
lands closer to the water. As a consequence, percentages
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Table 2: Key variables (average) from the flood damage
model classified by FEMA flood zone.

Flood Maximum % house % contents
probability inundation value lost  value lost
level in ft. during during
flood flood
FEMA  0.0266 7.05 19.35% 22.25%
1/100
FEMA  0.0157 6.03 19.07% 21.37%
1/500
FEMA  0.0008 3.82 18.22% 20.33%
X zone

of building and contents values lost are slightly higher if a
flood would occur in the high risk flood zones. Although
average flood model probabilities of the property of our re-
spondents are higher than the FEMA map probabilities for
the 1/100 and 1/500 year zones as shown in Table 2 they are
in the expected direction.

3.3 Description of the survey

The flood risk perception questions are part of a larger
survey about flood experiences and flood preparedness of
homeowners in flood-prone areas in NYC. We designed the
survey before Hurricane Sandy flooded parts of NYC on 29
October 2012, and we planned to implement it by the end
of that year. Because of the destruction that Sandy caused
in NYC floodplains, the implementation of the survey was
postponed until six months after the storm.

The questions used to elicit flood risk perceptions were
designed along the four main variables that a review of 57
studies on flood risk perceptions by Kellens et al. (2013)
identified as risk perception indicators: awareness, affect
(worry), likelihood and impact (see Appendix A for the full
list of survey questions). Flood risk awareness is measured
using two questions. The first relates to current flood risk
and asks whether the respondent thinks (or is certain about)
whether s/he does, or does not live, in a flood-prone area.
The second question relates to awareness about the influence
of climate change on future flood risk and asks whether cli-
mate change will increase, decrease or have no impact on the
risk of the respondent’s home flooding. We also ask respon-
dents to indicate the degree to which s/he agrees or disagrees
with a statement that s/he is worried about the danger of a
flood at her/his current residence.

Eliciting a quantitative estimate of the perceived flood
probability is a challenge because individuals have, in gen-
eral, difficulties with probabilistic concepts (e.g., Alberini et
al., 2004; Goldstein & Rothschild, 2014). Based on stud-
ies that examined the performance of scales or questions
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used to obtain perceived probabilities (See Appendix A), we
adopted an elicitation format for the likelihood of flooding
that provides respondents with an anchor point of the 1-in-
100 annual flood probability; this is how FEMA delineates
high flood risk areas (also called Special Flood Hazard Ar-
eas).

We asked respondents whether they think that a flood at
their home will occur on average, as often, more, or less
often than 1-in-100 years. Respondents who respond by in-
dicating that they expect a flood to occur more often than
1-in-100 are asked a follow-up question as to whether they
expect a flood to occur more or less often than with a 1-in-
10 frequency; respondents who expect that a flood will oc-
cur less often receive a follow up question that asks whether
they expect a flood to occur more or less often than with a
frequency of 1-in-1,000. This question format enables us
to locate the respondent’s perceived flood probability on a
logarithmic scale with end points of 1/10 (or higher) and
1/1,000 (or lower). Next, the interviewer explains to the re-
spondent where on this scale the respondent is located (e.g.,
between 1/10 and 1/100 years) and asks her/him to provide
a best estimate of the flood frequency (on average once in X
years).

Next, respondents are asked whether they think that the
flood probability is too low to be concerned about it, that is,
whether it is below their threshold level of concern. The fi-
nal risk perception question asks respondents to give a mon-
etary estimate of the costs of repairing their home and con-
tents in case their home would flood. We then asked a ques-
tion that elicits the degree of trust in NYC flood risk man-
agement (see Appendix A).

A question was asked how often the respondent had pre-
viously been affected by floods caused by natural disasters.
If the respondent responded that s/he had been affected at
least once, a follow-up question elicited, for the most recent
flood in NYC s/he experienced, the total costs of flood dam-
age to the respondent’s residence and contents. The ques-
tionnaire concluded with socio-demographic questions. The
survey was pre-tested before it was finally implemented by
phone. The sample consists of homeowners in NYC flood-
plains with a ground floor. The survey’s response rate was
73 percent. See Appendix A for a description of our survey
approach.

3.4 Econometric strategy

To test the hypotheses summarized in Table 1, we estimate
four different models for the dependent variable of risk per-
ception (y), which is either (a) individual’s awareness of liv-
ing in a flood-prone area, (b) the perceived flood probability,
or (c) the perceived flood damage. An ordered probit model
is employed for the ordinal variable of awareness of living
in a flood-prone area, and OLS regression models are used
for the perceived flood probability and expected flood loss.
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Model I includes only the objective flood risk indicators
(r) as explanatory variables (i.e., generated by the flood
catastrophe model by experts) to test Hl. Model Il com-
bines both catastrophe model results and the publicly avail-
able risk information from FEMA maps (p) to test H2. We
define here the variables included in Models I and II as de-
liberative (System 2) factors: they examine how risk percep-
tions are influenced by objective and publicly available in-
formation about risk. Model III adds to the previous model
the variables which we define here as intuitive (System 1)
factors (h), including flood experience which is related to
the availability bias to test H3, a variable representing indi-
viduals who think that the flood probability is below her/his
threshold level of concern to test H4, and worry about flood-
ing to test HS. Model III hence includes both intuitive and
deliberative thinking. It should be noted that our estimated
relations do not necessarily imply causality. For example,
a positive coefficient for the variable worry may mean that
concern about flooding increases individual assessments of
probability and damage, while it can also be due to high
perceptions of flood probability and damage leading a per-
son to worry about flooding. Model IV includes the signif-
icant variables identified by the previous models as well as
socio-demographic characteristics (x) that are statistically
significant. In other words, Model IV includes only statisti-
cally significant variables and can be interpreted as the best
explaining model.

Formally,

Model 2
Model 1
’ / ! /
y=P5o+Br+yp+ih+az+e
Model 3

Model 4

Appendix B provides a description of the variables and how
we coded them. Categorical explanatory variables are coded
as dummy variables.

4 Results

In this section we present the descriptive statistics of an-
swers to questions that elicited flood risk perceptions in the
survey and the results of the statistical models of the fac-
tors of influence on these perceptions. These statistical mod-
els test our hypotheses as just described. The model results
are first presented in this section, first for general flood risk
awareness, then for quantitative perceptions of the likeli-
hood and impact of flooding—the two variables influencing
flood preparedness decisions according to expected utility
theory. A more detailed analysis of the accuracy of per-
ceptions of the flood probability and damage is presented in
Section 4.2. The general findings for each hypothesis are
discussed in Section 5.1.
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4.1 Models of factors influencing flood risk
perceptions

4.1.1 Models of general flood risk awareness

Most respondents are aware that they live in an area that
can be flooded. Only 3 percent of the respondents did not
know whether they live in a flood-prone area. 74 percent
are certain that they live in a flood-prone area and 12 per-
cent think that they live in a flood-prone area. Only 7 per-
cent and 4 percent, respectively, think that they do not live
in a flood-prone area or are certain about this. All home-
owners in this group—consisting of 11 percent (N=110) of
the survey participants—were flooded at least once during
the 549 storm simulations in our flood risk model. This
shows that these respondents are unaware of the flood risk
that they face. Of these 110 respondents, 44 and 48 live in
the FEMA 1/100 and 1/500 year flood zones respectively.
These respondents could have known that they reside in a
flood-prone area since this information is publicly available.
Individuals who are certain that they do not live in a flood-
prone area have on average a perceived flood probability that
is about three times lower than individuals who are certain
that they live in a flood prone area (significant at the 1 per-
cent level).

To assess awareness of future flooding, a question elicited
individual expectations of the effects of climate change on
the risk of their home flooding. Among all respondents, 59
percent answered that they expected climate change to in-
crease the risk of flooding,* 16 percent believe that climate
change will have no impact, and 2 percent do not believe
in climate change. 21 percent were not sure and 1 percent
of the respondents believe that climate change will decrease
flood risk. Even though the majority of respondents have ex-
pectations in line with the general scientific consensus that
climate change will increase future flood risk in NYC, it is
noteworthy that this is not the case for 41 percent of the
people surveyed. Weber and Stern (2011) discuss several
insights from psychology that can explain why scientists’
and the general public’s understandings of climate change
differ.

Table 3 presents results of ordered probit models of the
individual degree of flood risk awareness. These models in-
clude a (ordinal) dependent variable reflecting the degree
of awareness coded from l=respondent is certain that s/he
does not live in a flood-prone area to 4=respondent is cer-
tain that s/he lives in a flood-prone area. Model I shows that
awareness of flood risk is partly related to objective risk in-
dicators in that it is positively and significantly related to the
maximum flood inundation level providing some support for
H1. Model II shows that respondents in the 1/100 year flood

3 Analysed using a t-test that accounts for observed inequality of group
variances.

40f those respondents expecting that climate change will increase flood
risks, about 70 percent had experienced flood damage.
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Table 3: Ordered probit model results (unstandardized coefficients) of the degree of individual awareness of living in a
flood-prone area.

Model I Model I Model IIT Model IV
Objective risk Objective and Including System-1 Best model
publicly available variables including socio-
risk demographics

Maximum inundation 0.0541** 0.0399* 0.0265 n.s.
Flood probability —0.9228 —1.2841 —0.1715 n.S.
FEMA 1/100 n.a. 0.2862* 0.1802 0.2105**
FEMA 1/500 n.a. 0.0717 —0.0198 n.s.
Experienced flooding n.a. n.a. 0.2058** 0.1950*
Below threshold of concern n.a. n.a. —0.3047** —0.3212***
Worry about flooding n.a. n.a. 0.4406*** 0.4897***
High worry about flooding n.a. n.a. 0.7636*** 0.7725%**
Female n.a. n.a. n.a. 0.2035**
Age n.a. n.a. n.a. 0.0082**
Income n.a. n.a. n.a. 0.0027**
Chi-square 8.49** 15.48*** 90.17*** 80.79***
N 1007 1007 949 709

Notes: *, **, *** indicates significance at the 10%, 5%, and 1% level, respectively.

applicable and n.s. stands for not significant.

zone have a higher awareness of living in a flood-prone area
than respondents in FEMA X zones, but this effect is in-
significant for homeowners in the 1/500 year flood zone.’
Model III shows that flood experience® has additional
explanatory power, providing confirming evidence for H3.
Moreover, there appears to be a threshold model effect (H4)
in that individuals who state that their flood probability is
below their threshold level of concern (true for 28 percent
of the total respondents) have lower flood risk awareness.”
HS is confirmed since flood risk awareness is positively as-
sociated with high worry about flooding.® In fact, 3 out of 4

SA similar positive effect is found if a single variable of the FEMA
flood zone is included (coded as 1=X zone, 2= 1/500 zone, 3=1/100 zone).
Also for the regressions reported later on of the perceived flood probability
(Table 5) and anticipated damage (Table 6) overall findings are similar for
a linear scale coding of this variable.

6We also estimated a model with the independent variable experienced
flood damage (normalized to the house value), but this variable has been
excluded because it is statistically insignificant.

"The survey question was “Some people think that the flood probability
is too low to be concerned about it. These people find that the flood prob-
ability is below their threshold level of concern. Does this apply to you?”
28 percent answered “yes” to this question, 68 percent answered “no” and
4 percent “don’t know.”

8A similar positive effect is found if a single variable of worry is in-
cluded (coded as 1=strongly disagree, 2=disagree, 3=neither agree nor dis-
agree, 4=agree, 5= strongly agree with the statement about worry). Also for
the regressions reported later on of the perceived flood probability (Table
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n.a. stands for not

respondents agree or very strongly agree with the statement:
“I am worried about the danger of a flood at my current
residence.” Expert risk information becomes insignificant
in Model III meaning that the initial support found for H1
was confounded with flood experience. The FEMA 1/100
flood zone classification does influence awareness signifi-
cantly in the best model with socioeconomic variables, pro-
viding support for H2. Model IV shows that awareness re-
lates positively to age, income and being female. The ed-
ucation level of the respondent (not shown in Table 3) was
statistically insignificant with respect to flood awareness.'?

4.1.2 Models of perceived flood probability

The perceived flood probability is elicited using a series of
related questions. First, respondents are asked whether they

5) and anticipated damage (Table 6) overall findings are similar for a linear
scale coding of this variable.

9Responses to a question that asks to what extent respondents agree
with the statement “I am worried about the danger of a flood at my current
residence” were: strongly agree (35 percent), agree (39 percent), neither
agree nor disagree (5 percent), disagree (15 percent), strongly disagree (4
percent), not sure (2 percent).

10We tested this by including dummy variables which represent the high-
est education level of the respondent as some college, college, or postgrad-
uate education (high school is used as baseline), as well as by including a
single variable of education coded as a linear scale.
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Table 4: Perceptions of living in the 1/100 year flood zone
in relation to the FEMA flood zone in which the respondent
lives.

Perceived flood probability

Respondent higher equal to lower than not sure
than 1/100  1/100 1/100

FEMA 46% 25% 17% 12%

1/100

FEMA 44% 28% 16% 12%

1/500

FEMA 49% 27% 14% 11%

X zone

think that a flood at their home will occur as often as 1 in
100 years, more often, or less often. Most respondents (46
percent) answered that they thought that a flood would occur
more often, 26 percent that a flood would occur as often, and
17 percent expected that a flood would occur less often than
1/100 years, while the remaining 12 percent of respondents
were not sure.

Table 4 shows that these answers hardly differ by FEMA
flood zone in which the respondent resides. This is an im-
portant finding as it suggests that the official probabilities
that FEMA uses to categorize flood zones have very little
influence on perceptions of the flood probability by flood-
plain inhabitants. For example, 44 and 49 percent of the
respondents in the FEMA 1/500 and X zone, respectively,
think that their flood probability is higher than 1/100, while
FEMA flood maps classify these same people as facing a
flood probability of 1/500 or lower. The high perceived like-
lihood of flooding may be partially explained by the fact
that about 70 percent of the respondents experienced flood
damage from Hurricane Sandy. Moreover, on average, the
objective flood probability in the 1/500 year flood zone is
higher than FEMA indicates (Table 2).

Two follow-up questions provided more detailed insights
into the perceived flood probability. First, the respondents
who expect that their flood probability is higher than 1/100
were asked whether they think that a flood occurs more, or
less, often than 1 in 10 years, with 54 percent answering
that the flood probability is higher than 1/10 and 33 percent
perceiving it to be lower. The perceived high probability of
future flooding by a majority of this group of respondents is
likely due to the impact of Hurricane Sandy on risk percep-
tions. The homeowners who expect their flood probability
to be lower than 1/100 were asked whether they think that a
flood occurs more, or less, often than 1 in 1,000 years, with
45 percent answering that the flood probability it is higher
than 1/1,000 and 34 percent responding that it is lower. This
latter group can be characterized as having an extremely low
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Figure 1: Scatter plot of the combinations of the perceived
flood probability and objective probability.
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perception of flood probability.

We then asked respondents to provide their best estimate
of how often they think a flood occurs at their home (once
every X years). On average, respondents answered that a
flood occurs once in 72 years. The average flood prob-
ability of the respondents according to the objective risk
model is about once in 50 years, a figure that is reason-
ably close to the average perceived flood probability. Us-
ing the FEMA flood zone in which respondents live, the
average return period is once in 65 years for those in the
FEMA 1/100 year flood zone, once in 78 years for home-
owners in the FEMA 1/500 year flood zone, and once in 84
years in homeowners in the FEMA X flood zone. These
average estimates are in the expected direction but signifi-
cantly higher than FEMA’s estimates. Using the estimated
return period of each homeowner to derive a distribution of
probability estimates,!' Figure 1 clearly shows that the re-
lationship between this perceived flood probability and the
objective flood probability each respondent faces is actually
very weak. It should be realized that the scale of the axes in
Figure 1 differ because while the perceived flood probabil-
ity differs widely and ranges between 0 and about 0.7, the
objective flood probability is never higher than 0.1.

As in Baron et al. (2000), the natural logarithm of the per-
ceived flood probability serves as the dependent variable in
the regression models reported in Table 5. Model I shows
that the perceived flood probability is positively related to
the probability estimate from the flood model. The coeffi-
cient of the flood probability shows that a 1 percent higher
flood model probability is translated into a higher perceived
flood probability of about 0.1 percent, suggesting that this
relation is not very strong and providing support for H1. The

"This variable of the perceived flood probability excludes observations
of individuals who answered that they are not sure about their flood proba-
bility.
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Table 5: Regression results (unstandardized coefficients) of models of the (In) perceived flood probability.

Model I Model 1T Model III Model IV
Objective risk Objective and  Including System-1 Best model
publicly available variables including socio-
risk demographics

Constant —2.6115%** —2.7077*** —2.7603*** —1.5323**
In maximum inundation —0.3154** —0.3298** —0.4116*** —0.4172%**
In flood probability 0.1165** 0.1097* 0.1409** 0.1259**
FEMA 1/100 n.a. 0.1131 0.1154 n.s.
FEMA 1/500 n.a. 0.0830 0.1318 n.s.
Number of times flooded n.a. n.a. 0.0943*** 0.0659*
Below threshold of concern n.a. n.a. —0.2223* —0.2551*
Worry about flooding n.a. n.a. 0.2555* n.s.
High worry about flooding n.a. n.a. 0.4938*** 0.4558***
Female n.a. n.a. n.a. —0.2705**
In income n.a. n.a. n.a. —0.2257**
College major in math, science n.a. n.a. n.a. 0.3079**
or technology fields
Adjusted-R2 0.01 0.005 0.04 0.06
F-statistic 3.16** 1.65 3.88** 4.37**
N 538 538 506 394

Notes: *, **, *** indicates significance at the 10%, 5%, and 1% level, respectively. n.a. stands for not

applicable and n.s. stands for not significant.

perceived flood probability is negatively related to the max-
imum inundation level, which may be because high inunda-
tion levels signify severe flood conditions that are unlikely
to occur.

The overall explanatory power of the model is very low
(as is reflected by the adjusted-R?), which means that a large
variance in the perceived flood probability remains unex-
plained. This result is not surprising given that the results
of the probabilistic flood risk model developed for NYC are
not known to the public. However, Model II shows that the
FEMA public flood risk information does not significantly
influence the perceived flood probability. In fact, including
these variables reduces the model fit indicating that H2 does
not hold.

Model 111 in Table 5 shows that the perceived flood proba-
bility is positively influenced by the number of times the re-
spondent was flooded in the past, which supports H3 about
the availability heuristic.'> The perceived flood probabil-

12Similar results are obtained if a dummy variable of whether the respon-
dent was flooded at least once is included as an explanatory variable instead
of the number of floods experienced by the respondent. The latter results
in a slightly better model fit which is why it is included in Table 5. More-
over, we tested a model with an interaction variable of the In objective flood
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ity is almost significantly lower if individuals think that
the probability is below her/his level of concern, provid-
ing some support for H4. Moreover, the perceived flood
probability relates positively with worry, which confirms
HS. Model IV shows that it is mainly high worry that is re-
lated with the perceived flood probability since the (lower)
worry variable becomes insignificant. The coefficient of
high worry shows that this variable has a large effect; per-
ceptions of the flood probability are about 45 percent higher
among this group (Table 5).

Adding socio-demographic variables in Model IV reveals
that the perceived flood probability is lower for females and
households with a high income, while having a college ma-
jor in math, science or technology fields is related with a
higher perceived flood probability. The latter effect is inter-
esting since we found that overall the respondent’s educa-
tion level is not statistically significant.'* This result sug-
gests that it is necessary to test for specific education that
may help the respondents better understand risk and proba-

probability with flood experience, which turned out to be insignificant.

13We tested this by including dummy variables which represent that the
highest education level of the respondent is: some college, college, or post-
graduate education (high school is used as baseline).
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Table 6: Regressions results (unstandardized coefficients) of the (In) of anticipated flood damage by respondents.

Model I Model 1T Model III Model IV
Objective risk Objective and  Including System-1 Best model
publicly available variables including socio-
risk demographics

In model flood damage 0.3027*** 0.3030*** 0.2402*** 0.2330***
In flood probability —0.0623** —0.0847** —0.1270*** —0.0989***
FEMA 1/100 n.a. 0.1910 0.0935 n.s.
FEMA 1/500 n.a. 0.0251 —0.0499 n.s.
Not experienced flood damage n.a. n.a. —1.0329 n.s.
Not experienced flood damage x n.a. n.a. 0.3154*** 0.2432%**
In model flood damage
In level of experienced flood n.a n.a 0.2504*** 0.2719***
damage
Below threshold of concern n.a. n.a. —0.1849** —0.1634*
Worry for flooding n.a. n.a. 0.2776*** 0.2602**
High worry for flooding n.a. n.a. 0.2948*** 0.2726**
Complete trust NYC flood n.a. n.a. —0.2564* —0.3184**
management
Low education level n.a. n.a. n.a. —0.7669***
In income n.a. n.a. n.a. 0.2227***
Constant 7.3586** 7.1349*** 4.9449*** 4.0508***
Adjusted-R2 0.06 0.06 0.15 0.19
F statistic 22.38*** 12.17%** 11.95%** 14.66***
N 732 729 681 566

Notes: *, **, *** indicates significance at the 10%, 5%, and 1% level, respectively. n.a. stands for not

applicable and n.s. stands for not significant.

bility, not just general education level as is typically done.
Age was insignificant and, therefore, not included in Model
Iv.

4.1.3 Models of perceived flood damage

An indicator of perceived flood damage is the cost to repair
a victim’s home and contents if they suffered damage from
a flood. The median answer is $72,000.'* Normalizing the
anticipated flood damage by the respondent’s house value
results in a median of 0.16.

Table 6 shows the results of OLS regressions models of
the natural logarithm of anticipated flood damage. Model
I shows that anticipated flood damage relates significantly
and positively with the logarithm of flood damage predicted

14The median perceived flood damage is more informative than the mean
of $214,000 which is heavily influenced by a few very high, but not neces-
sarily unrealistic values.
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by the flood risk model. A higher objective flood damage
of 1 percent is related with a 0.3 percent higher perceived
flood damage, which supports H1.!> Figure 2 shows a scat-
ter plot of the relation between these variables, which is
much stronger than the relation between the perceived and
objective flood probability that was shown in Figure 1. The
coefficient of the logarithm of the flood probability is nega-
tive and significant; areas with a high flood probability are
frequently flooded but generally experience low water levels
which could explain the negative sign. Model II shows that
the FEMA flood zones are insignificant, meaning that H2 is
not supported here.

5Variables of the inundation level are insignificant. This is not surpris-
ing since the objective flood damage is determined by the expected inunda-
tion level.
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Figure 2: Scatter plot of the combinations of perceived flood
damage and objective flood damage.
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The variables characterizing flood experience are statisti-
cally significant in Model I1I. Perceived flood damage by re-
spondents who experienced flood losses in the past is signif-
icantly related to the past level of damages, thus supporting
H3. Interestingly, the dummy variable for respondents who
never experienced flood damage is insignificant, but its in-
teraction with objective flood damage is positive and signif-
icant. These results suggest that respondents who have not
experienced flood damage are better able to estimate flood
damage than respondents who have experienced flood dam-
age and base their perceptions on past damage. To illustrate
this point, the regression coefficients of In flood damage
indicates that a 1 percent increase in objective flood dam-
age for the inexperienced flood group implies higher per-
ceived flood damage of about 0.5 percent and 0.25 percent
increased perceived flood damage for the experienced flood
group.

Perceived flood damage has a negative relationship to the
variable characterizing individuals who consider the flood
probability to be below their threshold level of concern (H4)
and a positive relationship to worry (H5). Anticipated flood
damage is negatively related to a high trust in flood risk
management by NYC that supports H6. In addition, Model
IV shows that having a low education level has a negative
significant effect on perceived flood damage, while (the log-
arithm of) income influences perceived damage positively.
Age and gender appear to be statistically insignificant.'

16We estimated a model with characteristics of the respondent’s house
by including variables of the house value, house type (single-family home
or not), and whether or not the respondent has a basement. These were
insignificant as may be expected since these variables already enter the
model indirectly via the objective flood damage variable.
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4.2 Accuracy of the perceived flood probabil-
ity, damage, and expected risk

Although the regression models in Section 4.1 reveal statis-
tically significant relationships between the perceived and
flood model probability (Table 5) and perceived and flood
model damage (Table 6) they explain only a small variance
of these perceptions. It is, therefore, of interest to exam-
ine in more detail the accuracy of individual perceptions of
the flood probability and flood damage. To do this we com-
pare individual perceptions of the flood probability, flood
damage, and expected flood risk (constructed as perceived
flood probability x perceived flood damage) with objective
levels of these variables derived from the flood risk model
conducted by experts (Aerts et al. 2014). We compare an
individual’s best estimate of the flood probability with the
objective probability from the flood risk model rather than
the FEMA flood zone probability. The reason is that our re-
gression results (Table 5) show that the latter variable does
not significantly relate with the perceived flood probability,
while there is a significant relation with the objective prob-
ability.

We consider the perceived flood probability, damage or
expected risk (PR, for perceived risk) as being a correct per-
ception of the objective measurement of this variable (OR,
for objective risk) if: OR(1—EM) < PR < OR(1+EM,
where the error margin (£ M) takes on the values 0.25, 0.5,
or 0.75 (i.e., 25 percent, 50 percent and 75 percent). Note
that PR is an underestimation if PR < OR(1 — EM) and
an overestimation if PR > OR(1 + EM). As an illus-
tration, if we allow for an error of 50% (EM=0.5) and the
objective flood probability is 0.01 then we count an individ-
ual’s perception of the flood probability as correct if it falls
between 0.005 and 0.015, while the perception is an under-
estimation if it is smaller than 0.005 and an overestimation
if it is larger than 0.015.

Table 7 presents the results of this analysis. Only 14 per-
cent and 24 percent of the respondents perceive their flood
probability correctly in relation to the objective probability
with an error margin (EM) of 25 percent and 50 percent, re-
spectively. This increases to only 36 percent if EM =75 per-
cent. The majority of respondents overestimate their flood
probability, while between 13 percent and 28 percent under-
estimate their flood probability.

Individuals appear to be more accurate in estimating the
damage that their residence would suffer if flooded. Slightly
more people correctly estimate flood damage if a 25 percent
error margin is allowed for, but this group increases substan-
tially to 33 percent and 63 percent when EM = 50 percent
and 75 percent respectively. This increased accuracy could
be partially due to the wider interval for flood damage than
probability of a flood for a given EM. More people underes-
timate than overestimate their flood damage.
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Table 7: The percent of respondents who correctly, under-
or over-, estimate the flood probability, flood damage, and
expected flood damage (probability x damage), based on the
allowance of different error margins.

Correct Under- Over-
estimation  estimation

Perceived vs. objective flood probability
25% error margin 14% 28% 58%
50% error margin 24% 25% 51%
75% error margin 36% 13% 51%
Perceived vs. objective flood damage
25% error margin 16% 63% 22%
50% error margin 33% 47% 19%
75% error margin 63% 20% 17%
Perceived vs. objective expected flood damage
(probability x damage)
25% error margin 9% 42% 50%
50% error margin 18% 35% 48%
75% error margin 31% 24% 46%

In estimating the expected damage from flooding (i.e.,
probability of flood damage x anticipated damage), fewer
individuals have correct expectations (between 9 percent
and 31 percent depending on the error margin we allow)
than for the probability and damage estimates looked at sep-
arately, as shown in Table 7. The overall overestimation of
the flood probability outweighs the overall underestimation
of flood damage when computing expected damage given
that more individuals overestimate than underestimate their
expected flood damage.

5 Discussion

5.1 Hypotheses and psychological mecha-
nisms for estimating probability and
damage

Table 8 summarizes how our hypotheses fared. There is
some support for H1 since there are several statistically sig-
nificant but weak relationships between perceived and ob-
jective risk: in particular, the perceived flood probability
and damage relate significantly to their objective counter-
parts (p-value < 0.01). While only experts know the results
of the flood risk model, laypersons can gain insight into their
own risk by examining official FEMA flood maps of NYC
to determine whether they reside in a high risk 1/100 year
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flood zone or lower risk 1/500 or X zone. Our models re-
veal that, apart from creating general flood awareness, the
publicly available FEMA flood zone classification has little
influence on how people perceive their flood probability and
damage. This means that there is limited support for H2.

We examined whether intuitive (System 1) thinking
guided by availability, the threshold model, or emotions like
worry and trust is related to risk perception. Indeed we find
that adding these variables to the regression analyses signif-
icantly improves the model fit. More specifically, the dom-
inant role of the availability bias in the shaping of risk per-
ceptions is confirmed (H3) with individual flood risk aware-
ness significantly related to whether the respondent expe-
rienced flooding in the past, the perceived flood probabil-
ity related to the number of times the respondent has been
flooded, and anticipated flood damage related significantly
to the level of experienced flood damage.

Overall, 86 percent of the respondents are certain or think
that they live in a flood-prone area. A majority of homeown-
ers are worried about experiencing future flood damage and
their average perceived flood frequency of 1-in-72 years is
slightly lower than the average objective estimate of the risk.
It is an open question as to the extent that Hurricane Irene
in 2011 and Hurricane Sandy in 2012 drive these statistics.
We are not aware of a household flood risk perception sur-
vey conducted in New York before 2011 that could serve
as a basis for comparison. Nevertheless, given the destruc-
tive impact of Hurricane Sandy, it is not surprising that 62
percent of the respondents indicated that this disaster had
indeed increased their perceptions of flood risks (one of our
survey questions). Our finding that many people overesti-
mate their flood probability may be caused by the recent ex-
perience of Hurricanes Irene and Sandy in two consecutive
years. The absence of such flood events over a longer period
of time may result in people reducing their estimate of the
likelihood of a flood.

Some individuals appear to use a threshold model in judg-
ing risks with 28 percent of our respondents thinking that the
flood probability is below their threshold levels of concern.
Flood risk awareness is lower for individuals who think that
the flood probability is below their threshold level of con-
cern, and such individuals have lower perceptions of the
flood probability and anticipate lower flood damage. These
findings support H4. It should be noted that whether individ-
uals think that the flood probability is below their threshold
level of concern is not significantly related to the objective
risk data.!”

17This is examined by estimating a probit model of a dependent variable
of whether or not an individual thinks that the flood probability is below
her/his threshold level of concern and explanatory variables of the objec-
tive flood probability and damage as well as the FEMA flood zone indica-
tors. The results (not shown here) reveal that none of these coefficients is
significant. This implies that the threshold model effect does not differ as a
function of the objective risk estimates for each of our respondents. We do
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Table 8: Summary of results of hypotheses.

#  Description Result

H1 Individual awareness of living in a flood-prone area and their perceptions of the flood Supported
probability and damage are positively, but weakly, related to objective levels of flood risks.

H2 The relation between the aforementioned perceived and objective flood risk levels is stronger Not supported
for publicly available flood risk information (FEMA flood zones) than the objective information
from the flood risk model.

H3 Direct flood experience has a strong positive relation with flood risk awareness and perceptions ~ Supported
of the flood probability and damage.

H4 Flood risk awareness and perceptions of the flood probability and damage are lower if Supported
individuals think that their flood probability is below her/his threshold level of concern.

HS5 High degrees of worry for flooding are likely to be related to higher levels of flood risk Supported
awareness and high perceptions of the flood probability and damage.

H6 Individuals with a high level of trust in local flood risk management capability have lower Supported
perceptions of the flood damage.

H7 Given the previous hypotheses, (under-) overestimation of the flood probability and damage is ~ Supported

related to (no) past flood experience, individuals thinking that the flood probability is (below)
above her/his threshold level of concern, (low) high worry for flooding, and (high) low trust.

In addition, emotions such as worry and trust appear to be
related to individual risk perceptions. We find that worry re-
lates positively and highly significantly to flood risk aware-
ness, the perceived flood probability and anticipated flood
damage, confirming HS. Moreover, high trust in the capac-
ity of NYC government officials to limit flood impacts is
negatively related to anticipated flood damage (H6).

A more detailed analysis of the relationship between per-
ceived and objective probability and damage reveals that a
minority of individuals have correct perceptions. One can
debate where to draw the line as to what constitutes a cor-
rect perception, which is why we allowed for error margins
ranging from 25 percent to 75 percent. The midpoint of
50 percent may be most intuitive to use for this discussion
since this would fall within the 95 percent confidence in-
terval of the uncertainty about the objective risk indicators
derived from the probabilistic flood damage model (Aerts et
al., 2014). With this error margin, 24 percent have a correct
perceived flood probability and 33 percent anticipate flood
damage correctly.

The largest group of respondents overestimates their flood
probability (51 percent). This is consistent with findings of
other studies showing that individuals overestimate the like-
lihood of tail events (Barberis, 2013a). The regression re-
sults in Table 5 show that the availability bias and worry
contribute to overestimation (H7). As an illustration, the
perceived flood probability is 7 percent higher for each flood
that has been experienced, an individual who highly wor-

find that having experienced flooding in the past has a negative significant
influence on this variable.
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ries about flooding has a 46 percent higher perceived flood
probability, and an individual who thinks that the flood prob-
ability is above her/his threshold level of concern has a 26
percent higher perceived flood probability.

More people underestimate (47 percent) than overesti-
mate (19 percent) their flood damage. The regression re-
sults in Table 6 show that not experiencing flood damage
(availability), thinking that the flood probability is below
their threshold level of concern, low worry and high trust
contribute to this underestimation.

We did not expect to find that the largest groups of peo-
ple overestimate their flood probability and underestimate
flood damage. Overestimation of flood probability may be
related to the occurrence of two low-probability hurricanes
in consecutive years before the survey was undertaken, as
discussed above. While we find that several variables are
related to both flood probability and damage perceptions in
Tables 5 and 6, a variable that is negatively related to per-
ceptions of damage is trust in NYC flood management to
help prepare houses so as to withstand losses from a future
flood.

5.2 Policy implications

Improving resilience to floods and other disasters is becom-
ing an important policy issue (National Research Council,
2012). It is thus relevant to suggest ways of improving in-
dividuals’ perception of the risks they face—both the prob-
ability and the consequences—and encourage them to pre-
pare for flooding, such as by purchasing flood insurance.
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The latter is especially of concern since many homeowners
in high-risk flood zones in the U.S. do not have flood in-
surance coverage or cancel their flood policy if they have
not experienced a flood for several years (Michel-Kerjan,
Lemoyne de Forges & Kunreuther, 2012).

Our principal recommendation is to provide individuals
with objective data on the flood risk that they face so they
can appreciate what these estimates imply for the future
safety of their property and what it may mean to their house-
hold if they experience another severe hurricane or flood.
Currently, the only information that inhabitants of most U.S.
floodplains can collect is whether they live in a designated
FEMA flood zone. This flood zone information is incom-
plete since it offers only partial information on the flood
probability, that is, the flood zones represent probabilities
of 1/100, 1/500 or lower, while no information is provided
about potential flood damages—a key piece of information
residents would need in order to make decision about pro-
tecting their house and/or purchasing insurance coverage. It
is the responsibility of FEMA to develop better flood risk
maps and to communicate this information to the public.

The importance of helping individuals better understand
their flood risk is highlighted by our results showing that
very few individuals have correct expectations of flood risks,
in line with other studies (Kunreuther, Novemsky & Kahne-
man, 2001; Botzen, Aerts & van den Bergh, 2009). People
tend to overestimate their flood probability but underesti-
mate their potential flood damage. The latter is especially
troubling because individuals who incorrectly perceive that
flood damage will be minor are likely to believe that insur-
ance coverage and damage mitigation measures are not cost-
effective (Botzen & van den Bergh, 2012). Self-insurance
will likely be ineffective if households have insufficient sav-
ings to repair damage after a flood occurs. It is also im-
portant that residents in flood-prone areas are more actively
provided with information on objective flood damage, in-
cluding worst-case scenarios.

With respect to the probability dimension, a challenge
is how to frame information about low-probability/high-
consequence risks in such a way that individuals do not treat
these as falling below their threshold level of concern. Re-
search shows that simply lengthening the time frame about
the likelihood of a hazard can have a significant impact on
the perception of the risk (Slovic, Fischhoff & Lichtenstein,
1978; Keller, Siegrist & Gutscher, 2006). Property own-
ers in a flood-prone area are more likely to take flood risk
seriously if, instead of being told the chance of a flood is
1 in 100 in any given year, they are informed that they
have a greater than 1-in-5 chance of flooding in the next
25 years. This reframing could assist those who tend to dis-
regard the consequences of flooding because they underes-
timate its likelihood or think that it is below their thresh-
old level of concern. Insurers, real estate brokers, and/or
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local, state, and federal organizations concerned with reduc-
ing losses from disasters should provide such reframed risk
information.

Even when individuals have access to adequately framed
information about their objective flood risk, it may be diffi-
cult to convince them to purchase insurance coverage if they
perceive the likelihood and financial consequences of a fu-
ture disaster to be sufficiently low that it is not worthwhile
to incur the search costs of collecting the relevant data re-
quired to make this decision (Kunreuther & Pauly, 2004).
Pointing out that individuals would have to pay flood losses
from their own pocket if they are uninsured may encourage
them to purchase flood insurance (Kunreuther, Pauly & Mc-
Morrow, 2013).

It may also be appropriate to require all homeowners
in flood-prone areas to purchase insurance. Current reg-
ulations require homeowners in 1/100 year flood zones
with federally-backed mortgages to buy flood insurance to
protect banks and the federal government from mortgage
default. Expanding this requirement, coupled with well-
enforced land-use regulations and minimum building code
standards could avoid large public sector expenditures fol-
lowing these types of events (Michel-Kerjan & Kunreuther,
2011). Individuals who have a high flood risk can be mo-
tivated to invest in mitigation measures that exceed build-
ing code standards if they are given long-term home im-
provement loans coupled with insurance premium reduc-
tions that reflect the reduced damage and hence lower insur-
ance claims following the next flood (Kunreuther, Michel-
Kerjan & Pauly, 2013). Such a program would require flood
insurance premiums to reflect risk which is not true for many
policies today. A movement toward risk based pricing was
part of the Biggert-Waters Flood Insurance Reform Act that
was enacted in 2012, which has been partly repealed in 2014
by the Homeowner Flood Insurance Affordability Act. The
reason is that risk-based pricing raises issues of affordabil-
ity that need to be considered. Recent studies have proposed
support for low-income households in floodplains by means
of flood insurance vouchers to address affordability and eq-
uity concerns with risk based insurance pricing (Kousky &
Kunreuther, 2014).

6 Conclusions

Improving our understanding of how individuals perceive
and respond to low-probability/high-consequence risks is of
considerable interest given the destructive experiences with
such events in recent years. In particular, improved insights
into how perceptions of probabilities and damage of such
events relate to the objective probability and damage can
guide the design of policies to help people make better risk
assessments and precautionary decisions.
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While most studies have examined perceptions of loss
probabilities and/or examined relations between crude in-
dicators of perceived and objective risk, our study examines
perceptions of both damage and probability and how these
relate to detailed estimates of their objective counterparts.
Moreover, we also examine how these perceptions relate to
intuitive (System 1) thinking. This provides insights into
mechanisms behind individual over- or underestimation of
probability and damage, which has not received sufficient
study.

We make use of survey data about flood risk perceptions
of more than 1,000 homeowners living in floodplains in
New York City (NYC). This provides a unique comparison
with objective flood risk data from a probabilistic spatially
detailed flood damage model developed for NYC as well
as from FEMA maps. We find that flood risk awareness
and perceptions of the flood probability and damage relate
weakly to objective flood risk indicators but that variables
such as past experiences with flooding have a large influence
on flood risk awareness, and perceptions of the flood prob-
ability and damage. Individuals appear to use a threshold
model in judging risks since these perceptions are signifi-
cantly lower for individuals who perceive the flood proba-
bility as falling below their threshold level of concern. High
trust in the flood management capacity of government of-
ficials lowers anticipated flood damage. Few people accu-
rately assess their flood probability and damage, and most
people underestimate damage and overestimate probability.
Overestimation (underestimation) is triggered by the afore-
mentioned intuitive (System 1) variables, namely (no) past
flood experience, (low) worry, perception of the probabil-
ity falling (below) above a threshold level of concern, and
(high) low trust.

Several policy recommendations have been discussed to
overcome the effects of these intuitive (System 1) variables
on individual flood risk assessments and decisions about
preparing for floods. These include providing individuals
with adequately framed information about both their objec-
tive flood probability and damage, enforcing and strength-
ening mandatory flood insurance purchase requirements,
setting minimum building code standards, and encouraging
individuals to go beyond these by charging risk-based flood
insurance premiums. This set of measures should help peo-
ple make better decisions with regard to flood risk, and re-
duce the bill that society pays for future floods.
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Appendix A. Survey

General survey approach

The sample consists of homeowners who live in flood-prone
areas in NYC and own a house with a ground floor. The
sample has been designed as follows. First, a selection was
made of census blocks in NYC which fall inside the FEMA
flood zones and are flooded at least once during the 549
storm simulations of our flood risk model. The reason for
excluding areas which are located in the FEMA flood zones
but are not flooded in our flood risk model is that the FEMA
maps in 2012 were outdated, and were being revised by
FEMA at that time. By using both the FEMA maps and the
flood risk model for the selection of flood-prone areas we
can be more confident that the respondents are from flood-
prone areas.'®

The survey was implemented over the phone. Applying
the sample selection criteria resulted in 21,050 eligible land-
lines which could be used for contacting respondents. The
survey was implemented by the survey company Kerr and
Downs Research who are experienced in conducting phone
surveys about natural disaster risks. The survey was pre-
tested in several phases. Two focus groups with local ex-
perts were held with 22 NYC officials involved in flood risk
management. These officials worked at a variety of depart-
ments that deal with flood risk issues; namely, the NYC
Mayor’s Office, NYC Department of City Planning, and the
NYC Buildings Department. The purpose of these meet-
ings was to obtain feedback on the research questions and
themes of the survey, the general set-up of the study, and
sample selection. A focus group with 12 NYC homeowners
was conducted. Part of this session was devoted to testing
the understanding of the risk perception questions. Finally,
40 pre-tests of the phone survey were conducted. These pre-
tests resulted in small changes in the wording of questions
in order to clarify these for respondents.

Final interviews were held between March and April
2013. Thirty-five professional and trained interviewers con-
ducted the phone interviews using computer assisted tele-
phone interviewing (CATI). The survey started with ques-
tions that asked whether respondents owned their home and
whether or not the home they lived in had a ground floor.
Only respondents who answered positively to those ques-
tions were allowed to continue. Of the eligible respondents,
1,035 completed the survey which took on average about
20 minutes to complete. The completion rate of the survey
was 73 percent. Few people from the Bronx (2 percent) and

18 A census block has been classified as being part of the FEMA flood
zone if only part of its area falls within the FEMA flood zone. This may
have the effect that this area includes homeowners who are actually not
flood-prone. Therefore, the additional check whether these respondents
were flooded in the risk model is useful for preventing the selection of
census blocks which actually have only a small proportion of flood-prone
land.
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Manhattan (2 percent) completed the survey, compared with
people from Queens (41 percent), Staten Island (28 percent),
and Brooklyn (27 percent). This makes sense since there are
few homeowners who live on a ground floor in flood-prone
areas in the Bronx and Manhattan where many buildings are
middle- and high-rises.

Questions used for eliciting flood risk percep-
tions

I will start with a few questions about flood risks. Please
keep in mind that we are talking here about floods caused
by natural disasters.

Flood risk awareness: Which is true for you:

e You are certain you live in a flood-prone area

e You think you live in a flood-prone area

e You think you do not live in a flood-prone area

* You are certain you do not live in a flood-prone area
or

* You have no idea

Climate change awareness: Will climate change increase
or decrease the risk of your home flooding or will it have no
impact?

e Increase

* No impact

* Decrease

* Not sure

* Don’t believe in climate change

Worry about flooding: Please tell me if you strongly
agree, agree, neither agree nor disagree, disagree or
strongly disagree with the following: I am worried about
the danger of a flood at my current residence.

» Strongly agree

o Agree

* Neither agree nor disagree
* Disagree

o Strongly disagree

e Not sure

Perceived flood probability: Few studies have examined
the performance of risk assessment scales or other ques-
tions that elicit perceived hazard likelihoods (Woloshin et
al., 2000; Schapira et al., 2004; de Bruin, Parker & Maurer,
2011). Probabilities may be elicited using a frequency or a
percentage question format. Several studies have suggested
that a frequency format is easier for respondents than a per-
centage format (Gigerenzer & Hoffrage, 1995; Fischhoff &
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de Bruin, 1999; Hoffrage & Gigerenzer, 1998; Schapira et
al., 2004) and that the percentage format may result in an
overestimation of perceived risk (Slovic, Monahan & Mac-
Gregor, 2000). Moreover, a disadvantage of the percent-
age scale is that many respondents use the anchor points 0
percent, 50 percent and 100 percent (Schapira et al., 2004).
The peak of answers of 50 percent may be caused by “don’t
know” responses by individuals who tend to answer that
their risk is fifty-fifty if they are unsure about the probability
(Fischhoff & de Bruin, 1999).

For these reasons, we adopted a frequency format. Pro-
viding a scale of answer options may facilitate respondents
in answering a probability estimate. Woloshin et al. (2000)
show that a logarithmic scale outperforms a linear scale
in eliciting perceptions of low-probability health hazards.
Moreover, de Bruin et al. (2011) show that eliciting per-
ceived probabilities of dying from swine flu using a log-
arithmic scale improved the predictive power of this per-
ceived probability in describing attitudes and self-reported
behaviours with respect to swine flu. The logarithmic scale
has been used in other studies that elicit perceptions of
the likelihood of a low-probability hazard. For example,
Schneider and Zweifel (2004) used such a scale to elicit the
subjective probability of a nuclear accident. They provided
an expert assessment of the likelihood as an anchor point.
Answers to this question significantly influenced demand
for nuclear risk insurance. Botzen et al. (2009) adopted a
similar logarithmic scale to elicit perceptions of the flood
probability in the Netherlands, and also provided an expert
assessment of the likelihood as an anchor point. Answers
to this question significantly influenced demand for flood
insurance (Botzen & van den Bergh, 2012). The final ques-
tion format used below includes these recommendations fol-
lowing the literature review about using a frequency format,
proving an anchor point, and adopting a logarithmic scale.

Experts have estimated that a flood in Special Flood Haz-
ard Areas in New York occurs on average once in 100 years.

Do you think that a flood at your home will occur as often
as once in 100 years, or more often or less often?

e As often as 1 in 100 years
* More often

e Less often

* Not sure

If the respondent has answered “more often than 100 years”
then the following question is posed:

Do you think that a flood at your home will occur on av-
erage more often than once in 10 years?

e Yes, more often than I in 10 years
* No, not more often than 1 in 10 years
* Not sure

If the respondent has answered “less often than 100 years”
then the following question is posed:
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Do you think that a flood at your home will occur on av-
erage more often than once in 1,000 years?

* Yes, more often than 1 in 1,000 years
* No, not more often than 1 in 1,000 years
e Not sure

So you expect that a flood occurs on average [depending
on previous answers] more than 1 in 10 years [or] between
1in 10 years and 1 in 100 years [or] between 1 in 100 years
and 1 in 1000 years [or] less often than I in 1000 years.

What is your best estimate of how often a flood would
occur at your home? Once every ... years?

Threshold level of concern: Some people think that the
flood probability is too low to be concerned about it. These
people find that the flood probability is below their threshold
level of concern. Does this apply to you?

o Yes
* No
e Don’t know

Anticipated flood damage: What would it cost to repair
the damage to your home and its contents if your home did
flood?

If necessary, ask “Would it cost more or less than
$25,000?” increase/decrease by $5,000 until the respon-
dents gives the answer. The midpoint of the ranges offered
to the respondent is recorded.

$...

This type of question and factors determining responses
to this question are discussed in detail in Botzen et al. (2009)
who applied this question in a survey on flood risk percep-
tions in the Netherlands.

Trust: How much do you trust the ability of NYC officials
to help you and other residents prepare their houses to with-
stand a flood. Do you: trust them completely, trust them
somewhat, not trust them very much, not trust them at all.
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Appendix B. Description and coding of the dependent and explanatory variables
used in the risk perception models

Dependent variables

Flood risk awareness

Ordinal variable, 1=respondent is certain that s/he does not live in a flood-prone
area, 2=respondent thinks that s/he does not live in a flood-prone area, 3=respon-
dent thinks that s/he lives in a flood-prone area, 4=respondent is certain that s/he
lives in a flood-prone area

Perceived flood probability

Natural logarithm of 1/perceived flood frequency

Perceived flood damage

Natural logarithm of the damage that a respondent expects that a flood would
cause on their home and contents (in $)

Explanatory variables

Maximum inundation

Maximum inundation level of the census block of the respondent (in feet)

Flood probability

Probability that the census block of the respondent is flooded

Model flood damage

Flood damage predicted by the flood risk model based on the respondent’s house
value, the median expected inundation level and the HAZUS model stage damage
curves

FEMA 1/100

1=respondent is located in the FEMA 1/100 year flood zone, O=otherwise

FEMA 1/500

I=respondent is located in the FEMA 1/500 year flood zone, O=otherwise

Experienced flooding

1=respondent has been flooded at least one time in the past, 0=otherwise

Number of times flooded

Number of times that the respondent has been flooded at his/her current home

Not experienced flood damage

1=respondent has not experienced flood damage in the past, O=otherwise

Level of experienced flood damage

Damage that the respondent experienced during his/her last flood in $

Below threshold of concern

I=respondent thinks that the flood probability is below her/his threshold level of
concern, O=it is above this threshold

Worry about flood

1=respondent agrees with the statement “I am worried about the danger of a flood
at my current residence”, 0=otherwise

High worry about flood

I=respondent strongly agrees with the statement “I am worried about the danger
of a flood at my current residence”, O=otherwise

Complete trust in NYC flood man-

1=trust government’s flood risk management completely, O=otherwise

agement

Female 1=female, O=male

Age Age in years

Income Household income in thousand $

Low education level

1=respondent has not completed high school education, O=otherwise

College major in math, science, l=respondent has a major in math, science or technology fields. O=otherwise

technology fields
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