&
/ ﬁ tinbergen
'. 1Institute

TI 2026-029/1V
Tinbergen Institute Discussion Paper

Floods and homeowners' financial
resilience: Survey-based evidence
from the Netherlands

Dorien de Leeuw?
David-Jan Jansen?

1 De Nederlandsche Bank

2 De Nederlandsche Bank, Vrije Universiteit Amsterdam, and Tinbergen Institute



Tinbergen Institute is the graduate school and research institute in economics of
Erasmus University Rotterdam, the University of Amsterdam and Vrije Universiteit
Amsterdam.

Contact: discussionpapers@tinbergen.nl

More TI discussion papers can be downloaded at https://www.tinbergen.nl

Tinbergen Institute has two locations:

Tinbergen Institute Amsterdam
Gustav Mahlerplein 117

1082 MS Amsterdam

The Netherlands

Tel.: +31(0)20 598 4580

Tinbergen Institute Rotterdam
Burg. Oudlaan 50

3062 PA Rotterdam

The Netherlands

Tel.: +31(0)10 408 8900


mailto:discussionpapers@tinbergen.nl
https://www.tinbergen.nl/

Floods and homeowners’ financial resilience:

Survey-based evidence from the Netherlands

Dorien de Leeuw David-Jan Jansen

This version: 26 February 2026

Abstract
We study homeowners’ awareness and financial resilience in the face of
flood risk. Using three surveys among Dutch households, we compare
owners of at-risk properties to a control sample of owners living out-
side a potential flood zone. While the former start exhibiting greater
awareness of flood risk, this awareness is not specifically reflected in
financial resilience. First, we find no significant differences in terms
of net financial wealth or savings. Second, the mortgages that finance
the properties have comparable loan-to-value ratios, both at origina-
tion and over time. The findings on resilience may reflect a high degree
of trust in flood protection. The absence of insurance coverage com-
bined with expected ex post government support may also be a factor.
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1 Introduction

There is increasing attention for the possible transmission of natural disas-
ters, such as storms, floods, or wildfires, to financial stability. Mark Carney
(2015) was among the first to argue that property damage caused by ex-
treme weather events could threaten financial stability. Similar arguments
have been made by the European Systemic Risk Board (2016) and Bolton
et al. (2020). The impact of extreme weather events on financial stability
depends on various factors, including households’ financial resilience (FSB,
2025). Such resilience is, in particular, material when physical risks coin-
cide with financial vulnerabilities within the household sector. Caloia et
al. (2026), for instance, show that floods are more likely to increase credit
risk for Dutch lenders when starting point loan-to-value (LTV) ratios for
mortgages in their loan book are already elevated. Comparable studies have
been conducted by financial authorities in Australia (Bellrose et al., 2021),
Canada (Johnston et al., 2023), and Spain (AMCESFI, 2023).!

Given their potential role in transmitting climate-related shocks, it is
important that households are financially resilient. This presupposes two
key factors: first, that households are aware of these risks; and second, that
this awareness leads to prudent financial decisions. As a general framework,
this paper uses Protection Motivation Theory (Rogers, 1975; Rogers, 1983).
Protection Motivation Theory (PMT) indicates that a person’s likelihood to
act in the face of risk depends on two factors: threat appraisal and coping
appraisal. Awareness relates to threat appraisal. If a person is more aware
of flood risk, this will be reflected in how the individual perceives this threat.
Prudent financial decisions would be the outcome of the process, i.e. the
extent to which an individual has acted to mitigate risk. Coping appraisal
is related to how an individual sees her ability to deal with the potential

risk.

!See also Peters (2024) or Reijnders et al. (2025) for discussions of the impacts of

climate shocks on the banking system.



Regarding awareness, there is prior evidence that homeowners have diffi-
culty in assessing disaster-related risks. Botzen et al. (2013) report that for
a sample of New York residents only a minority have accurate perceptions
of their flood probability, damage and risk. Likewise, Mol et al. (2020) find
that Dutch residents overestimate the probability of floods and underesti-
mate the maximum expected flood depth.

Regarding household decision-making, much of the literature has taken
the perspective of adaptation. A survey by Hornsey et al. (2016) finds that
climate change beliefs have only moderate effects on people’s willingness to
act. Nauges and Wheeler (2017) find that economic incentives can at least
partly affect decisions of non-environmentally-motivated households. Noll,
Filatova, and Need (2022) find that both prior adaptations and intended
future adaptations have a positive effect on the willingness to undertake a
specific adaptation measure. In related work, however, Noll et al. (2022)
report that perceived flood probability and damage have nearly no effect on
motivating households’ adaptation actions. Endendijk et al. (2023) do find
evidence that timely warnings before flooding can help households in taking
emergency actions like placing sandbags.

This paper’s key contribution is studying the link between awareness and
financial resilience. In general, financial resilience is the capacity to absorb
shocks. In the context of household finance, key resilience metrics focus on
financial wealth and mortgage debt (see also FSB, 2021). In contrast to the
extensive evidence on household adaptation to natural disasters, financial
resilience has received comparatively less attention.? A particularly relevant
factor in the Dutch context is that insurance policies almost always exclude
property damages from major floods. Specifically, these would be floods

due to breaches in primary flood protection systems, which protect against

Tlhan (2022) finds that U.S. households at risk from sea level rise participate less in the
stock market. The interpretation in that paper focuses more on uninsurable background

risk rather than financial resilience, however.



floods from the sea, main rivers, and lakes.? Hence, as a Dutch homeowner,
a direct route to ensuring financial resilience via taking out insurance is not
readily available. In terms of PMT, an alternative route to cope with the risk
should then be considered. Therefore, this paper focuses on more general
notions of financial resilience, namely household wealth, savings, and LTV
ratios.*

To study awareness as well as resilience, we use three waves of detailed
survey data among Dutch households. This survey was conducted via the
Centerpanel, which is affiliated to the University of Tilburg. Given our focus
on the Dutch context, we focus on flood risk specifically. Nearly a quarter
of the Dutch landmass lies below sea level, and about 70% of the population
lives in areas at risk of flooding, making flood risk one of the most prominent
nature-related threats in the Netherlands.® As part of the surveys, we asked
respondents to indicate which natural hazard would be the main threat to
their property. At the same time, the data set has information on whether
the respondent lives in a flood zone or not.

Using this survey data, our first test is whether owners of properties at
risk of flooding are more likely to report floods as the number one threat—
compared to a control group of owners that do not live in an at-risk area.
This question is similar to that studied in Jansen (2024). However, a second
series of tests adds further perspective by analyzing the financial resilience
of households. We use detailed information available within the Center-
panel, including comprehensive data on households’ assets and liabilities.
Using this data, we construct a measure of net household wealth. We also

use information on savings, as a relatively liquid component of household

3Since a few years, damages related to more local floods are often covered by insurance.

Such local floods are not the focus of our paper.
“See also Wiersma et al. (2025) for a survey-based approach to measuring financial

resilience.
®See also https://themasites.pbl.nl/o/flood-risks/ URL last accessed on 28 Jan-

uary 2025.
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wealth. Additionally, we combine information on the mortgages that finance
a property with property value assessments to calculate LTV ratios. In all
this, it is important to emphasize that our analysis is in relative terms. We
compare resilience for the at-risk group to that of the control group. That
is a different perspective than answering whether resilience is sufficient in
absolute terms (see Deelen et al., 2025).

Turning to the results, we do find evidence that at-risk owners are more
aware of flood risk. In particular, at-risk homeowners are 9 percentage
points more likely to report flood as the main threat to their property. This
result is in line with Jansen (2024). However, there are no indications that
such awareness is matched by greater financial resilience compared to the
control group. First, we find no significant differences in terms of financial
wealth between owners of at-risk properties and owners in the control group.
There are also no differences in the more liquid components of wealth, such
as savings. Second, the mortgages that finance the properties of at-risk
owners have comparable LTV ratios to those of the control group, both at
origination and over time.

Together, the apparent disconnect between awareness and financial re-
silience suggests a potential financial vulnerability, in particular if climate
change would result in more frequent or more damaging flood events. For the
moment, our findings on financial resilience may well reflect a high degree
of public trust in flood protection. The unavailability of insurance coverage
(regarding damages due to major floods) in combination with expected ex
post government support in such cases could also be a factor. We discuss
these factors in more detail in the concluding Section 5. Before that, Sec-
tion 2 discusses the research design, while Section 3 presents the results, and

Section 4 discusses various sensitivity checks and extensions.



2 Data and methods

We use three survey waves that were collected among the members of the
Centerpanel. Centerdata, a research centre affiliated to the University of
Tilburg, has been operating the DNB Household Survey on an annual basis
since 1993. All panel members aged 16 and above were eligible to complete
the questionnaire. The core survey gathers detailed demographic and eco-
nomic characteristics from a sample of Dutch households. Besides the core
survey, we use responses to a set of additional questions that were first asked
in the spring of 2021. These additional questions were again submitted to
panel participants in the spring of 2023 and 2024. The first two waves were
previously analyzed by Jansen (2024), who identified a disconnect between
flood awareness and intentions to undertake climate mitigation measures
by improving energy efficiency of their property. The appendix lists two
relevant questions as they were presented to the panel members.

In general, survey data offers valuable insights by directly capturing indi-
vidual perceptions, awareness, and other behavioral elements that are often
difficult to observe through other means. An alternative to studying finan-
cial resilience would be the use of microdata (see, for instance, Deelen et al.,
2025). However, such an approach would not enable us to study the link
between awareness and resilience. Using microdata also would not allow us
to control for prior experience with nature-related shocks. Therefore, for the
purposes of our paper, using survey data has distinct advantages. Admit-
tedly, using survey data may also have drawbacks. For instance, households
may report certain information less accurately.

To study awareness, we use the same question as in Jansen (2024). Par-
ticipants could indicate which risk they see as the largest threat to their
current place of residence. We provided the survey participants with nine
options. Most of these options relate to climate-related physical risks, such
as extreme rain, high wind speeds, or floods. Even though there is no link

with climate change, we also included earthquakes as an option, as various



earthquakes have occurred in the northern part of the Netherlands in recent
decades due to natural gas extraction.

In recent years, the Netherlands experienced two distinct flood events,
which could impact the awareness of flood risk among respondents. The
first survey wave was collected a few months before the floods in Limburg
(and parts of Belgium and Germany) during the summer of 2021. During
this event, around 2300 Dutch houses were damaged and the total costs of
damage for the Netherlands are estimated to be €433 million.® Between the
second and third survey wave, the Netherlands experienced high water and
local riverine floods around Christmas 2023. Section 3 will discuss the effect
of these two events on flood awareness.

To study financial resilience, we use information on household assets and
liabilities. In general, financial resilience is the capacity to absorb shocks.
In the context of household finance, key resilience metrics focus on financial
wealth and mortgage debt (see also FSB, 2021). First, using information
from the core Centerpanel dataset, we construct a measure for financial
wealth as follows.” Total assets are constructed out of all financial assets -
such as payment, savings, and investment accounts, shares, and life insur-
ance policies - and other assets such as immovable properties and vehicles.
Total debt consists of all loans including mortgages and student debt. Table
A.1 in the appendix has further details on the construction of the wealth
variable. The savings variable is a subset of the wealth variable. This vari-
able is added to get a better picture of liquid buffers, which can more readily
be used in case of flood damage. The savings variable consists of payment,
savings and deposit accounts, savings passbooks and savings certificates and

notes.® Second, we use information from the Centerpanel dataset on mort-

5See https://publications.deltares.nl/11207700_007_0011.pdf
"Other examples using the Centerpanel to study household wealth include Van Rooij

et al. (2012) and Christelis et al. (2021).
8Regression results are similar when also including stocks and bonds in this measure

for liquid wealth.
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gages and house prices to compute the loan-to-value ratio. We compute the
LTV metric at origination, i.e. when the mortgage was first granted, and the
current level. In general, lower levels of the LTV metric indicate a higher
degree of financial resilience. Caloia et al. (2026) show how impacts of flood
events on credit risk are more material when starting-point LTV ratios for
at-risk properties are higher.

To measure the degree to which respondents are at risk, we use a binary
dummy variable (AtRisk). Here, we use flood maps provided by the Dutch
government and define AtRisk based on four-digit postal code areas. These
flood maps are based on recent assessments by floods experts. As discussed
in Caloia et al. (2025), sea level rise could increase the impact of floods,
while adaptation could mitigate potential impacts. When AtRisk takes a
value of zero, the respondent’s property lies in a postal code that is not
at risk from breaches in flood protection systems. A value of 1 indicates
that, according to the flood map, the respondent owns a property that is
at risk from flooding, in particular those for which no insurance coverage is
available. Based on this approach, a majority of the survey respondents are
from at-risk areas of the Netherlands.? This large share of at-risk owners
is in line with priors: these at-risk areas are also the ones that are most
densely-populated and where most of the economic activity takes place.!”

Using the survey responses, we estimate various random effects panel
regression models, where T' = 3. We use an unbalanced panel with 5,142
observations for the awareness variables and between 1,703 and 4,354 ob-
servations for the resilience variables.!’ Given that the risk status of the

vast majority of respondents (around 95%) did not change between surveys,

9As in Jansen (2024), we do not use responses from at-risk owners living outside pro-

tected areas. For that sub-sample, we only have a small number of observations available.
Data constraints limit us to an approach based on a binary classification using a list

of four-digit postal code areas. Naturally, future work could try to improve in terms of

geographic granularity.
1The conclusions remain comparable when using a balanced sample.



we use a random effects specification of the individual specific effects. The

panel regressions have the following general form:
it = P1AtRiskiy + €3 + wr + a; + €3t (1)

where y;; is either flood risk awareness or a measure of financial resilience,
1 is an index for survey respondents, ¢ indexes the three survey waves, w; is
a fixed effect for the survey waves, «; is individual-specific random effect,
and € is an error term. Regarding awareness, the dependent variable is a
binary indicator for whether respondents see flood risk as the main threat to
their property. Regarding financial resilience, we use four different metrics.
First, household wealth (in logs), savings (in logs) or the LTV ratio (either
at origination or based on the latest available property value). The variable
AtRisk is a binary dummy that indicates whether a respondent’s property
is located in a flood risk area. The vector = has a range of covariates, which
we describe in the next paragraph.

Table 1 gives a description of the covariates. These covariates range
from socio-economic indicators, such as income and education, to dummy
variables indicating former experience with natural hazards. The table also
shows a comparison between the at-risk group and the control group. We
find significant differences for the age categories 35-49 and 65+, with the
former group more likely to be at risk and the latter less likely. Besides
age, the low-income category and having a university degree show significant
differences. These significant differences indicate the importance of including
a range of socio-economic controls in the regression models. Lastly, we find
no significant differences for the variables tracking prior experience. To
some extent, this is surprising when it concerns the flood risk experience.
Intuitively, one would expect the percentage of not-at-risk owners with prior
damages to be lower. This could mean that these variables are measured
with some imprecision, perhaps due to recall bias. It may also indicate that,
at some point prior to the survey, respondents experiencing a flood event

did relocate from an at-risk area to a part of the country that is not at risk
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from floods.

Table 1: Descriptives for covariates

Owns a property that is:

Not at risk At risk
(1) (2) (3)

Male 0.53 0.51 -0.02 [0.02]
Age
- 16 to 34 0.08 0.08 0.01 [0.01]
- 35 to 49 0.23 0.26 0.04* [0.02]
- 50 to 64 0.31 0.32 0.01 [0.02]
- 65+ 0.39 0.33 -0.05* [0.02]
Income
- low 0.30 0.24 -0.05** [0.02]
- middle 0.20 0.20 0.01 [0.02]
- high 0.16 0.18 0.02 [0.02]
- n.a. 0.34 0.37 0.03 [0.02]
Has university degree 0.13 0.18 0.05** [0.02]
Socio-economic status
- low 0.15 0.14 -0.01 [0.02]
- high 0.61 0.63 0.02 [0.02]
Prior experience
- Earthquake 0.06 0.05 -0.01 [0.01]
- Wind damage 0.32 0.31 -0.01 [0.02]
- Flood 0.01 0.01 0.00 [0.00]
- Drought 0.22 0.19 -0.03 [0.02]
Trusts flood protection 0.86 0.85 -0.01 [0.02]
Number of owners 1,112 2,114

Notes: Descriptives for socio-economic covariates. Column 1 focuses on a control group of
owners, while column 2 focuses on owners of at-risk properties. Entries represent fractions
of the total sample. Columns 3 indicates significant differences based on two-sided t tests

(standard errors in brackets); *p < 0.05, **p < 0.01.
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3 Results

Table 2 presents selected coefficients and standard errors (clustered at the
household level, in brackets) for five models based on Equation 1. The
dependent variables are: a binary dummy indicating whether the respondent
sees flood as main risk to their property (column 1); household financial
wealth (in logs, column 2); household savings (in logs, column 3); and, the
LTV ratio of the mortgage, either at origination of the loan, i.e. when the
mortgage was first granted (column 4) or the most recent level (column 5).
The main explanatory variable indicates whether the respondent owns an
at-risk property. The covariates include various owner characteristics and
prior experience with property damage due to natural hazards.

Regarding awareness, we find that owning a property in a flood zone
significantly increases the likelihood of perceiving flooding as the primary
threat (Table 2, column 1). The estimated difference between at-risk owners
and the control group is 9 percentage points. This estimated difference is
comparable, though slightly lower, than that reported in Jansen (2024) for
the 2021 and 2023 survey waves. In terms of composition, for the at-risk
owners 12.1% report that they perceive flooding as the primary threat to
their home. In contrast, only 3.5% of respondents in the control group
mention flooding as the main risk to their house. An elevated awareness
of flood risk aligns with expectations, as property owners typically bear the
financial burden of flood-related damages, reinforcing the importance of risk
perception in these areas.

In addition, prior experience with flooding plays a crucial role in shaping
homeowners’ risk perception. This is in line with the literature on PMT (e.g.,
Bubeck et al., 2012). Those who have experienced a flood event in the past
are 16 percentage points more likely to identify flooding as the main threat
to their property. Also, we find that homeowners who have experienced
damage due to an earthquake are 8 percentage points less likely to perceive

flooding as the main threat to their property.



12

Table 2: Regression results

(1) (2) (3) (4) (5)
Flood threat? Wealth Savings LTV ratio

Origination Current

Owns at-risk property 0.09** 0.04 -0.10 -0.10 -1.43
[0.01] [0.04]  [0.07] [1.51] [1.48]
Owner characteristics
Male 0.01 0.07* 0.09 4.00* -0.17
[0.01] [0.03]  [0.05] [1.75] [1.71]
Age: 16 - 34 0.00 -0.41**  -0.07 -3.92 0.28
[0.03] [0.11]  [0.11] [2.60] [3.68]
Age: 50 - 64 -0.02 0.41** 0.30** -10.26** -18.67**
[0.02] [0.06]  [0.09] [1.97] [2.17]
Age: 65+ -0.04** 0.54**  0.40** -25.35"* -33.67**
[0.01] [0.06]  [0.09] [2.24] [2.05]
Income: 0 - 30K -0.00 0.02 -0.03 -0.83 -1.96
[0.01] [0.03]  [0.05] [1.71] [1.29]
Income: over 50K 0.01 0.09**  0.09 -1.78 -0.52
[0.01] [0.03]  [0.05] [1.52] [1.37]
Income: NA -0.01 -0.01 -0.16** 0.98 -0.60
[0.01] [0.04]  [0.05] [1.63] [1.39]
Has university degree 0.02 0.27**  0.44** 0.32 -1.03
[0.02] [0.07]  [0.09] [2.21] [2.17]
Prior damages
- By earthquake -0.08** -0.03 0.01 2.30 0.64
[0.01] [0.05]  [0.09] [2.48] [2.21]
- By flood 0.16* -0.26*  0.05 4.52 -3.28
[0.06] [0.10]  [0.14] [5.00] [2.76]
Trusts flood protection 0.01 0.00 0.07 -0.49 -1.20
[0.01] [0.03]  [0.05] [1.50] [1.34]
Observations 5,142 3,920 4,354 1,597 1,703
R? 0.05 0.13  0.05 0.16 0.25

Notes: Selected coefficients and standard errors (clustered by household) for random effects
panel regressions. Dependent variables are a binary dummy indicating whether a respondent
sees flood as main threat to her property (column 1); household financial wealth (in logs, column
2); household savings (in logs, column 3); the LTV ratio, either at origination, i.e. when the
mortgage was first granted (column 4) or the most recent level (column 5). The main explanatory
variable indicates whether the respondent owns a property that is located in a flood zone. The
covariates include owner characteristics (e.g. age) and binary dummies indicating prior types of

damages to the property. *p < 0.05, **p < 0.01.
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Given that we have three survey waves, we can also assess variation over
time. We find that awareness has increased significantly since the spring
of 2021, i.e. the time of the first survey wave. Figure 1 shows year fixed
effects that are positive and statistically significant, reinforcing the notion
that at-risk owners are increasingly seeing flooding as a threat. A possible
explanation for this increased awareness lies in the two recent episodes in
which flood risks materialized, i.e. the severe flooding in Limburg in 2021
and the instances of high water during Christmas 2023. These events likely
reinforced the urgency of flood risk in the minds of at-risk owners. However,
Figure 1 also indicates that the increase since 2021 is not linear. Between
2023 and 2024 there is a small—though not significant—decline in aware-

ness.12

Figure 1: Flood awareness over time
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Notes: Coefficients and 95% confidence intervals for year fixed effects in column 1 of table 2. The

baseline estimate is for the 2021 survey wave.

121,00king at averages per year, we can see the pattern in Figure 1 is mainly due to

at-risk owners. Results available upon request.
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Despite increased awareness, we observe no significant differences in fi-
nancial resilience between at-risk homeowners and those in the control group.
There is no significant difference for owning an at-risk property in wealth
(column 2) and savings (column 3).13 Also, we observe no significant dif-
ferences in LTV ratios, either at origination (column 4) or the most recent
value for the LTV ratio (column 5). Given that the literature has mainly
focused on adaptation so far, we think this disconnect between awareness
and financial resilience is an important contribution of this paper.

Regarding the socio-economic covariates, there are various significant
differences for the wealth variables. We find wealth and savings are higher
for older respondents with higher income levels that have a university degree.
For the two LTV ratios, we only find significant differences related to age.
Older respondents report having lower LTV ratios, both at origination and
most recently.

Based on the panel regressions, Figure 2 presents a visualization of the
main results. The figure reports coefficients (blue dots) and the associated
95% confidence intervals (gray vertical lines) for flood awareness and finan-
cial resilience. The first element of Figure 2 illustrates a difference across
the two groups. At-risk homeowners are 9 percentage points more likely to
report flood as the main threat to their property. At the same time, as indi-
cated by the other four lines in Figure 2, there are no significant differences

for financial wealth, savings, or LTV ratios.

131n addition to the marginal effect estimated in the panel regressions, Figure A.1 sug-
gests that the wealth distributions for at-risk owners and the control group are also quite

similar.
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Figure 2: Owning an at-risk property: effects on awareness and resilience
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at-risk homeowners and a control group living outside a flood zone.
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4 Sensitivity checks and extensions

We now consider two sensitivity checks and two extensions.

First, an important point is that our identification is relative, as it relies
on the difference between at-risk households and a control group. Respon-
dents in the control group may well face other risks related to their prop-
erty.'4 This could affect our identification, if owners in the control group are
aware of those risks and do prepare financially for those risks. Within the
context of our data, we cannot explicitly control for such risks. However,
we can do a sensitivity check by leaving out respondents who indicated that
earthquakes are the most important threat to their properties. Most likely,
this concerns residents of the northern province of Groningen. In addition
to floods, this province is at risk from earthquakes related to the decades-
long exploitation of gas fields. When doing this sensitivity check, we find
that results for awareness and resilience remain very much the same. For
instance, the estimated coeflicient for ‘at-risk’ in the awareness regression is
now 0.10 (p < 0.01) compared to 0.09 in the baseline. And, for wealth and
LTV ratios, we still find no significant differences between at-risk households
and the control group.

A second sensitivity check focuses on the specification of the regression
model. Given that there is limited variation over time for the AtRisk vari-
able, we followed a random effects specification in the baseline model. An
alternative approach is simply running a pooled regression. When doing so,
we find no material changes to the conclusion.

In a first extension, we incorporate awareness of flood risk by includ-
ing the variable that captures whether respondents perceive flooding as the
primary threat to their property. While the AtRisk variable provides an
objective, model-based assessment of flood exposure, individuals’ percep-
tions may be more directly linked to their financial behavior. If a household

feels threatened by flooding, this perceived risk could serve as a stronger

14We thank one of the reviewers for emphasizing the importance of this point.
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motivator for precautionary financial decisions, such as increasing savings.
In a second extension, we explore the interaction between perceived flood
threat and the objective AtRisk measure. This allows us to test whether the
behavioral response to perceived risk is amplified when the objective risk is
also high.

Table 3 presents the regression results for these two extensions. The
results are in line with our baseline regression. There is no direct effect
of higher awareness on financial resilience in terms of wealth, savings and
LTV ratios. Also, the interaction term between the awareness variable and

AtRisk does not have a significant coefficient.

Table 3: Regression results for two extensions

(1) (2) (3) (4)

Regression Wealth Savings LTV ratio
Origin. Current
(1) Flood as threat? 0.04 0.00 -42.85 0.58

0.03]  [0.05] [28.66] [1.64]
(2) Flood as threat? x AtRisk  0.00 -0.02  134.68 -3.65
0.10]  [0.12] [147.61] [7.12]

Notes: Selected coefficients and standard errors (clustered by household) for eight panel
regressions. Dependent variables are household financial wealth (in logs, column 1); household
savings (in logs, column 2); the LTV ratio, either at origination (column 3) or most recent
(column 4). In the regressions in row (1), the main explanatory variable indicates whether the
respondent sees flood as the primary threat to their property. In the regressions in row (2), the
main explanatory variable is the interaction term between the awareness variable and the AtRisk
variable. The covariates include owner characteristics (e.g. age) and binary dummies indicating

prior types of damages to the property. *p < 0.05, **p < 0.01.
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5 Conclusions

This paper examines the relationship between flood risk awareness and fi-
nancial resilience among Dutch homeowners. Investigating this connection
is, to the best of our knowledge, new to the literature. Our findings suggest
a degree of disconnect between these two dimensions.

On the one hand, homeowners in at-risk areas are increasingly aware of
the risks related to flooding. From the perspective of Protection Motiva-
tion Theory (Rogers, 1975; Rogers, 1983), this finding indicates that threat
appraisal is growing. However, our analysis indicates that such awareness
is most pronounced in the immediate aftermath of flood events, and we
also find awareness subsequently declines again. Moreover, the proportion
of at-risk homeowners who identify flooding as the primary threat (12.1%)
remains low compared to the actual share of at-risk properties.

On the other hand, we find no evidence that changing threat appraisal
is matched by greater financial preparedness. In the absence of insurance
coverage against major floods, we focus on a range of broad metrics for fi-
nancial resilience. First, we find no significant differences in terms of wealth
between at-risk owners and a control sample. Second, we find no differ-
ences in terms of loan-to-value ratios, either at origination or more recent.
From the perspective of PMT, this suggest that coping appraisal is not yet
growing.

Several factors may explain the degree of disconnect between awareness
and financial resilience. First of all, it may reflect that the Dutch general
public has a large degree of trust in flood protection measures. Of the
survey respondents, more than 80% report that they perceive the strength
of Dutch flood protection as strong. Therefore, homeowners may assess
the probability of a flood event to be low and, therefore, see less need to
financially prepare for such eventualities.

Second, the disconnect may follow from homeowners’ expectations re-

garding government support following major flood events. At present, the
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Dutch government can decide to provide financial compensation after natu-
ral disasters. This ex post approach follows from the ‘Wet tegemoetkoming
schade bij natuurrampen’ (in short: Wts). Currently, this ez post approach
may be sufficient to mitigate potential financial stability effects of flood
events. But, there is also debate on whether this approach will remain ef-
fective over the longer run (Engelhard et al., 2024). Likewise, discussions
about an ez ante private/public insurance approach are on-going (see, e.g.,
DNB (2022) or ECB/EIOPA (2024)). As risk awareness is growing, an ez
ante approach might offer at-risk owners a more direct course of action to
cope financially with the potential consequences of major flood events. In
any case, aligning risk awareness and protection behaviour is important to
ensure the financial resilience of households and thus safeguard financial

stability in the face of future nature-related physical shocks.



20

Disclosure statement

The authors have no competing interests to declare that are relevant to the

content of this article.



21

References

AMCESFT (2023). Biennial report on climate change risks to the finan-
cial system.

Bellrose, Kellie, David Norman and Michelle Royters (2021). Climate
Change Risks to Australian Banks. Reserve Bank of Australia Bulletin,
September.

Bolton, Patrick, Morgan Luiz, Awazu Pereira, D Silva, Frederic Samama,
Romain Svartzman (2020). The green swan: Central banking and financial
stability in the age of climate change.

Botzen, Wouter J., Howard Kunreuther, and Erwann Michel-Kerjan
(2013). Divergence between individual perceptions and objective indicators
of tail risks: Evidence from floodplain residents in New York City. Judgment
and Decision Making 10(4): 365-385.

Bubeck, Philip, Wouter J.W. Botzen, and Jeroen C.J.H. Aerts (2012). A
review of risk perceptions and other factors that influence flood mitigation
behavior. Risk Analysis 32(9): 1481-1495.

Caloia, Francesco G., David-Jan Jansen, and Emma Kasteleyn (2025).
Floods and financial stability: Exploring the role of sea level rise. DNB
analysis. Available at: www.dnb.nl.

Caloia, Francesco G., Kees van Ginkel, and David-Jan Jansen (2026).
Floods and financial stability: Scenario-based evidence from below sea level.
Journal of Financial Stability, forthcoming.

Carney, Mark J. (2015). Breaking the tragedy of the horizon—climate
change and financial stability. Speech at Lloyd’s of London, 29 September
2015.

Christelis, Dimitris, Dimitris Georgarakos, Tullio Jappelli, Luigi Pista-
ferri, and Maarten C.J. van Rooij (2021). Heterogeneous wealth effects.
European Economic Review 137(103805).

Deelen, Anja, Joep Tijm, Arjan Trinks, and Vincent Schippers (2025).

Overstromingsrisico’s voor Nederlandse huishoudens.


https://www.dnb.nl/media/qf4dha3t/analysis-floods-fs-slr_nov2025.pdf

22

DNB (2022). Verzekeraars in een veranderende wereld.

ECB/EIOPA (2024). Towards a European system for natural catastro-
phe risk management. December 2024.

Endendijk, Thijs, Wouter J. Botzen, Hans de Moel, Jeroen Aerts, K.
Slager, and M. Kok (2023). Flood vulnerability models and household flood
damage mitigation measures: An econometric analysis of survey data. Wa-
ter Resources Research 59.

Engelhard, Esther, Elbert de Jong, Michael Faure, David Schelfhout, and
Wybrand van der Meulen (2024). Toekomstbestendigheid en werkingsgebied
Wet tegemoetkoming schade bij rampen (Wts).

European Systemic Risk Board (2016). Too late, too sudden: Transi-
tion to a low-carbon economy and systemic risk, Reports of the Advisory
Scientific Committee. No 6 / February 2016.

Financial Stability Board (2021). FSB Financial Stability Surveillance
Framework. Available at https://www.fsb.org/uploads/P300921.pdf.

Financial Stability Board (2025). Assessment of climate-related vulnera-
bilities: Analytical framework and toolkit. Available at https://www.fsb.
org/uploads/P160125.pdf.

Hornsey, Matthew J., Emily A. Harris, Paul G. Bain, and Kelly S. Field-
ing (2016). Meta-analyses of the determinants and outcomes of belief in
climate change. Nature Climate Change 6: 622—626.

Ilhan, Emirhan (2022). Sea Level Rise and Portfolio Choice. Mimeo.

Jansen, David-Jan (2024). Flood risk and climate change: A discon-
nect between homeowners’ awareness and mitigating actions? Climate Risk
Management 44(100616).

Johnston, Craig, Genevieve Vallée, Hossein Hosseini, Brett Lindsay,
Miguel Molico, Marie-Christine Tremblay, and Aidan Witts (2023). Climate-
related flood risk to residential lending portfolios in Canada, Bank of Canda,
Staff Discussion Paper 2023-33

Mol, Jantsje M., Wouter J. Botzen, Julia E. Blasch, and Hans de Moel


https://www.fsb.org/uploads/P300921.pdf
https://www.fsb.org/uploads/P160125.pdf
https://www.fsb.org/uploads/P160125.pdf

23

(2020). Insights into flood risk misperceptions of homeowners in the Dutch
river delta. Risk Analysis 40(7): 1450-1468.

Nauges, Céline, and Sarah Ann Wheeler (2017). The complex relation-
ship between households’ climate change concerns and their water and en-
ergy mitigation behaviour. Ecological Economics 141: 87-94.

Network for Greening the Financial System (2019). A call for action:
Climate change as a source of financial risk.

Noll, Brayton, Tatiana Filatova, and Ariana Need (2022). One and done?
Exploring linkages between households’ intended adaptations to climate-
induced floods. Risk Analysis 42(12): 2781-2799.

Noll, Brayton, Tatiana Filatova, Ariana Need, and Alessandro Taberna
(2022). Contextualizing cross-national patterns in household climate change
adaptation. Nature Climate Change 12: 30-35.

Peters, Vinzens (2024). How banks are impacted by and mediate the
economic consequences of natural disasters and climate shocks: A review.
De Economast 173: 47-85.

Reijnders, Henk Jan, Dirk Schoenmaker, and Mathijs van Dijk (2025).
Climate risk stress testing: A survey and classification. Journal of Climate
Finance 10(100061).

Rogers, Ronald W. (1975). A protection motivation theory of fear ap-
peals and attitude change. Journal of Psychology 91(1): 93-114.

Rogers, Ronald W. (1983). Cognitive and physiological processes in fear
appeals and attitude change: A revised theory of protection motivation.
In: Cacioppo, B.L. and R.E. Petty (Eds.) Social Psychophysiology: A
Sourcebook. London: Guildford Press.

Rooij, Maarten C.J. van, Annamaria Lusardi, and Rob J.M. Alessie
(2012). Financial literacy, retirement planning and household wealth. Eco-
nomic Journal 122(560): 449-478.N

Wiersma, Jasmira T.E., Rob J.M. Alessie, Adriaan S. Kalwij, A. Lusardi,
and Maarten C.J. van Rooij (2025). Skating on thin ice: New evidence on



financial fragility. Journal of Consumer Affairs 59(2):e70017.

24



25

Appendix

A.1 Survey questions

This appendix gives the wording of two relevant questions on threats to
properties. Members of the Centerpanel were invited to answer these ques-
tions (alongside a number of other questions) at three points in time, namely

spring of 2021, 2023 and 2024.

Q1: Which of these following events is, according to you, the
largest threat for your current place of residence?

Soil subsidence

Extreme precipitation (rain and/or hail)

Floods (sea)

Floods (rivers)

Wind speeds

Drought

Weakening foundations

An earthquake

e A o e

I do not know

Q2: Have you ever experienced that the following events in the
Netherlands caused damage to your residence?

- An earthquake

- Wind speeds

- Floods (sea/river)

- Extreme precipitation
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A.2 Construction of financial wealth

This table gives an overview of the assets and liabilities used to compute

household financial wealth.

Assets

Liabilities

Payment accounts

Savings and deposit accounts

Savings passbooks

Savings certificates and notes

(Covered) bonds

Shares and substantial interest

Investment funds and accounts

Single premium life insurance policies and an-
nuity insurance policies

Savings and capital insurance policies

Cash value life insurance mortgage for real es-
tate

Company savings account

Other assets/savings or investments

Loans to family or friends

Immovable property

Business capital

Cars, motors, boats, caravans

Mortgages on immovable property
Personal loans

Revolving, financing and other credits
Loans from friends or family

Other loans

Student loans

Table A.1: Components of financial wealth
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A.3 Household wealth and flood risk

Figure A.1: Household wealth and flood risk
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Notes: Fitted distribution of household wealth (in logs) for at-risk homeowners (blue line)

and a control group of owners living outside a flood zone.
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