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A B S T R A C T   

Worldwide, increased flood risk from climate change prompts adaptive behavior of households in 
situ or through migration. Both can be sensible adaptation responses involving tradeoffs, and 
understanding their drivers is important for effective climate policy. However, in-situ adaptation 
and migration are rarely studied in combination and research on how extreme events trigger 
adaptive behavior in originally low-risk areas is lacking. We analyze survey data from residents 
affected by the extreme summer floods of 2021 in the Netherlands to contribute to fill this 
research gap. Our results indicate that current low levels of flood-related migration are likely to 
increase under higher flood risk. Undertaken in-situ adaptation may act as a barrier for further in- 
situ adaptation or migration behavior. Where in-situ adaptation is mostly related to cognitive 
factors including risk perceptions, response efficacy and self-efficacy, migration seems to be 
driven by flood-related emotions. Personal flood experience, mediated by worry, is strongly 
associated with both types of adaptive behavior. We discuss how policymakers can use these 
insights to guide and anticipate household adaptation behavior.   

1. Introduction 

Flooding belongs to the most devastating natural hazards globally, leading to billions of euros in damages annually and disrupting 
communities and livelihoods [1]. Climate change is expected to increase the frequency and severity of (extreme) flood events in many 
regions worldwide [2–4]. Adaptive behavior of individuals and households in response to flooding (in-situ adaptation or migration) 
can play an important role in mitigating flood risk, by reducing vulnerability or exposure to flooding [5,6]. Understanding drivers of 
adaptive behavior is therefore pivotal. Future extreme flooding, as expected under climate change, may strongly influence adaptive 
behavior since experience of extremes is known to influence risk perceptions, worry and other behavioral factors driving adaptive 
decisions [7,8]. 

A large literature has assessed the drivers of in-situ adaptive behavior, such as flood-proofing buildings [9–12], and a small but 
growing literature has investigated how flooding may influence migration, elaborated upon in a recent review paper by Duijndam et al. 
[13]. Empirical studies on the influence of flood extremes on both in-situ adaptation (ISA) and migration are, however, rare (see 
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Buchanan et al. [14] and Schwaller et al. [15] for exceptions). This is partly because of the low likelihood of such events happening in 
historically low-risk contexts. This lack of understanding limits policymakers in implementing integrative flood risk management 
policies that consider both adaptation options. To address this research gap, we assess adaptive behavior and its drivers by researching 
both ISA and migration following a rare extreme flood event. Migration and ISA are both sensible responses for households to adapt to 
increased flood risk and have distinctive societal and policy implications [13,16–18]. Hence, it is imperative to understand trade-offs 
between the two choices and to compare their drivers. 

We do so by studying a broad spectrum of potential determinants of adaptive behavior (ISA + migration) following the extreme 
floods that occurred in Belgium, Germany, and the Netherlands in July 2021, taking the lives of more than 200 people and causing 
billions of euros in damages [19]. The floods were caused by record rainfall and peak discharges of the Rhine and Meuse river systems 
[20]. For our research, we collected 750 household surveys from areas that were affected by this flood in Limburg, the Netherlands. 
Data was collected shortly after the flood event. The return period of this event was very low being 1/100 to 1/1000 years [20,21]. The 
last major flood in the region occurred in 1995 and was constrained to the main Meuse branch, making this event a unique case study of 
extreme flooding in Europe. 

For ISA, we measure intentions for ten ISA measures that can be implemented to flood-proof buildings. We distinguish between 
low-effort measures (4 measures, e.g. sandbags) and high-effort measures (6 measures, e.g. floor elevation) in our analyses (see Section 
2). This was done because they differ in difficulty and costs of implementation as well as effectivity in providing flood protection. Also 
the decision-making processes for low- and high-effort measures have been found to differ [11,22]. Migration is a more far-reaching 
decision in response to flood risk than ISA, and is more strongly affected by other drivers than flood risk alone [13,23]. Flood-related 
migration is also not yet observed at a large scale in many developed countries such as the Netherlands. Therefore, we gauge re-
spondent’s migration intentions at present but also under two hypothetical future flood scenarios. These scenarios refer to an increase 
in frequency of extreme flood events similar to the 2021 flood (see Section 2). In this way, we are able to assess the direct impact of 
flood risk on migration intentions and how migration behavior may develop under future climate change-induced flood risk. 

For our analysis, we developed a conceptual framework based on Protection Motivation Theory (PMT), which is a widely applied 
and accepted theory to examine in-situ flood adaptation behavior [12,24,25]. To our knowledge, this study is the first to apply a 
complete PMT framework in the analysis of migration intentions and to test and compare its applicability in this adaptation domain. 
The PMT framework consists of two components: (1) threat appraisal including perceived likelihood of flooding, perceived damage, 
and worry about flooding and (2) coping appraisal shaped by response efficacy, self-efficacy and response costs. In our conceptual 
framework we expand on PMT, based on literature and relevance for the case study at hand, by researching the effects of (1) personal 
flood experience (of the 2021 flood) [8,10], (2) crowding-out effects (expected flood damage compensation and trust in public flood 
protection, which can crowd out individual adaptation) [26–28], (3) anticipated regret of not taking protective measures, which can 
prompt people to adapt as to “buy off” their regret [29,30], (4) previously implemented flood protection measures, which by reducing 
flood risk can decrease the need for implementing additional adaptation measures [11,16,31], and (5) socio-demographic background. 
Compensation, trust, regret, and previous adaptation are all relevant factors in the aftermath of extreme flood experience and it is 
therefore important to assess their role in our research context. In the analysis of migration intentions, we also add life satisfaction as 
an additional explanatory variable, as people may use migration as a strategy to improve their lives [32]. 

Empirical (survey) studies on socio-behavioral drivers of in-situ flood adaptation are plentiful, and multiple review and meta- 
analysis studies on this topic have been published [9–12,33]. These studies show that regarding PMT, coping appraisal is often an 
important predictor of ISA behavior, while results for threat appraisal are more modest or mixed. Regarding the other factors 
incorporated in our conceptual framework, previous studies find (1) a positive association of personal flood experience and anticipated 
regret with the implementation of ISA measures [9,10,29], (2) a negative association of undertaken implementation of ISA measures 
with further investments in ISA [11], and (3) mixed effects for compensation and trust [26,27,34,33]. Increasingly, studies in their 
analyses of ISA uptake take into account different types of adaptation and find that drivers of low-effort ISA measures tend to differ 
from that of high-effort measures [11]. For instance, and relevant for our case study, Osberghaus [8] finds that personal flood 
experience in most cases has a stronger impact on instigating low-effort behavioral responses than more high-effort structural mea-
sures. In contrast to ISA, limited survey research has been done on the socio-behavioral drivers of migration in the context of flood risk. 
Most empirical research has focused on large-scale, census-type, data in which detailed socio-behavioral factors are not collected [13]. 
Studies that do collect these data have found mixed results for the impact of flood experience on migration [13], a positive effect of 
flood-related emotions like worry [35,36], and a negative impact of undertaken ISA implementation [16]. Studies that compare drivers 
of ISA and migration under flood risk are lacking (US studies by Buchanan et al. [14] and Schwaller et al. [15] are exceptions), which 
leaves an important knowledge gap on what adaptation choices are more likely under which circumstances, and by whom, and on 
potential trade-offs between ISA and migration. This study contributes to filling this gap. 

To assess the influence of personal experience of extreme flooding on adaptive behavior, we do not only analyze direct effects of 
experience but also its indirect effects via risk perceptions and worry. Research shows that personal flood experience generally in-
creases risk perceptions (perceived likelihood and perceived consequences of the risk) and worry towards flooding [7,37], while most 
studies also find that risk perceptions and worry are positively associated with intending or undertaking risk mitigation measures [10, 
12,33]. Whether rational cognitive assessments (risk perceptions) or emotional reactions (worry) towards risk are most decisive in 
risk-related behavior has been the subject of a long-standing debate [38–42]. Yet, few studies have assessed empirically how risk 
perceptions and emotional responses, such as worry, mediate the impact of flood experience on flood adaptive behavior, and those 
existing studies report mixed results [28,33,43,44]. In our study, we address the call for more research on this topic [33,45], and we are 
the first to assess and compare this mediation effect for both ISA and migration decisions. 

We use regression techniques to analyze drivers of ISA and migration intentions and employ mediation analyses to disentangle the 
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direct and indirect effects of experience of extreme flooding on adaptive behavior. The remainder of this paper is structured as follows. 
Section 2 discusses the data and analytical methods employed. Section 3 presents the results of our analyses, and Section 4 provides a 
discussion and conclusion. 

2. Data and methods 

2.1. Data collection and sample description 

Data for this study were collected from households in the province of Limburg, the Netherlands. The independent research agency 
Kantar Public distributed letters to 10,143 households in December 2021. These letters contained a request to fill in an online 
questionnaire. Half of the targeted household addresses were located in areas that were flooded during the July 2021 flood, whereas 
the other half of the addresses were randomly selected from areas that received an evacuation order during the flood event but that 
were (officially) not directly flooded. Sampling these latter areas is relevant as these areas were still under threat of flooding which 
could impact flood adaptive behavior, while it also allows for a useful comparison between flooded and non-flooded areas and 
households in terms of flood adaptive behavior. In February 2022 reminders were sent to addresses from which no survey response was 
received yet. 

Distributing online questionnaires by postal mail is a useful method to target specific population groups at a local scale, as in our 
case with flood-affected households. Face-to-face interviews could be employed for this type of research as well, but this was not 
feasible due to COVID-19 measures still in place during this period. In total, 1513 respondents completed the survey, which is a 
response rate of 14.9%. This is a higher response rate than generally observed in questionnaires about flood risk distributed by postal 
mail (e.g. Poussin et al. [46]), which could be due to the high salience of the flood event [47]. However, this may indicate that people 
who experienced larger emotional and financial impact from flooding are overrepresented, as they would be the most willing to share 
their experiences in the wake of the flood event. Compared with census statistics from the province of Limburg, males and older people 
are somewhat overrepresented in our sample. The letters were addressed to all the residents living at the address. As a consequence, if 
more traditional household customs are followed, this may explain why male and older household members are overrepresented in our 
sample. Also higher educated respondents are somewhat overrepresented, which perhaps may be explained by higher educated 
household members (being perceived to) better understand the survey questions and therefore filled in the survey for their household. 
Endendijk et al. [21] can be consulted for an extensive description of the data collection, sampling, and representativeness. To make 
sure that the sample distribution for these socio-demographic variables does not bias the results of our analysis, we include gender, age, 
and education as control variables in all our regression models [11]. Due to the relatively long length of the survey compared with 
other questionnaire studies, we decided to distribute different topics over different questionnaire versions. Half of the respondents 
were (randomly) assigned questions about implementation intentions of the individual flood adaptation measures as well response 
efficacy, self-efficacy, and response costs of the individual measures. As a consequence, half of the total sample is used in our analyses. 

2.2. Dependent variables 

To measure flood adaptive behavior, we collected data on five low-effort ISA measures, six high-effort ISA measures, and migration. 
Low-effort measures and high-effort measures differ in difficulty of implementation as well as effectivity in providing flood protection, 
and it is therefore warranted to analyze them separately [11,48]. The choice and categorization of the low- and high-effort ISA 
measures is based on a wide collection of previous research [6,46,47,49] as well as applicability to the case study area of Limburg [20, 
21], and is supported by confirmatory factor analysis (see Section S.2 in Supplementary Information). The low-effort measures 
included in the survey are the implementation of water-retaining bulkheads, sandbags, a water pump, elevation of valuable posses-
sions, and vehicle relocation to save areas. Because vehicle relocation is dependent on vehicle (car/motor) possession we excluded this 
measure from our analyses. The six high-effort measures studied include elevation of the floor or entrance level, strengthening the 
foundation of the house, elevation of electronic devices, implementation of a water-resistant floor, implementation of water-resistant 
walls, and implementation of other water-resistant building materials. 

For each of the measures, respondents were first asked whether they had already implemented the measure. Respondents who had 
not yet implemented the measure were consequently asked about their intentions to implement the measure in the coming 5 years. We 
focus on ISA intentions instead of implementation because implementation often influences risk perceptions and possibly also coping 
appraisals [9], leading to reversed causality where behavior influences attitudes and not vice versa. Intentions were gauged using the 
following 5 answer options: (1) Certainly not (0% chance), unlikely (1%–39% chance), not unlikely, not likely (40%–60% chance), 
likely (61%–99% chance), certainly (100% chance). By asking for probabilities of implementation we get richer insights into people’s 
intentions compared to simple yes/no questions. Probabilities are combined with qualitative Likert-scale indicators to improve 
comprehension of these numerical values [16]. 

The dependent variables aim to measure intentions to undertake low-effort and high-effort ISA as well as migration. Because in-
tentions of multiple low-effort and high-effort ISA measures are measured, intentions for these measures are grouped to calculate 
average intentions for both types of ISA measures. Because intentions are not asked for measures that the respondent has already 
implemented, this has to be accounted for when constructing the dependent variables [11]. This is done by calculating average 
intention probabilities for measures that the respondent provides intentions for, excluding measures already implemented and missing 
responses: 

ISA intentionsLow− effort,i =

∑
iIntention probability ofISALow− effort measuresi

Nr. of ISALow− effort measures for which intentions are providedi 
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ISA intentionsHigh− effort,i =

∑
iIntention probability ofISAHigh− effort measuresi

Nr. of ISAHigh− effort measures for which intentions are providedi 

The values of the dependent variables range between 0 and 100, where 0 indicates that the respondent mentions to certainly not 
implement any of the measures the respondent provided intentions for, and 100 indicates that the respondent mentions to certainly 
implement all these measures. To calculate the probabilities for the individual measures, we use the average value for answer options 
that display a range of percentages (i.e. 20 for the answer option ‘unlikely (1%–39% probability)’, 50 for ‘not unlikely, not likely (40%– 
60% probability)’, and 80 for ‘likely (61%–99% probability)’. Naturally, respondents who did not provide intentions for any of the 
measures in the group are excluded from the analysis. We use the continuous percentage values for our main regression models as this 
allows for a more meaningful interpretation of the regression results. Nevertheless, as a robustness check we also perform all analyses 
using ordinal answer option values (running from 1 to 5), following the same logic of the calculation of the dependent variable and 
leading to very similar results (see Table S4). Our approach in estimating the dependent variables for ISA measures is similar to that of 
Noll et al. [11], except that they use a binary approach to measure intentions. Although measure-specific information is lost, major 

Fig. 1. Distributions of the dependent variables, (A) low-effort ISA intentions, (B) high-effort ISA intentions, and (C) migration intentions (currently and under 
flood scenarios). 
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benefits of this approach compared to other strategies to analyze intentions for multiple measures include that it (1) ensures con-
sistency across respondents by accounting for the fact that the number of measures already undertaken varies across respondents, and 
(2) incorporates information about the number of measures planned to be implemented [11]. 

Migration intentions for the coming 5 years were asked in the same manner as ISA intentions, with migration being defined as a 
permanent move to another place of residence (we do not specify whether migration is internal or international). However, we also 
measure respondent’s migration intentions under two hypothetical future flood scenarios. The reason for this is that migration is a 
more far-reaching decision in response to flood risk than ISA, and is more strongly affected by other drivers than flood risk alone. 
Migration due to flooding is also not observed yet at a large scale in developed countries such as the Netherlands. Hence, by assessing 
migration intentions under flood scenarios we get a better idea of how floods directly impact migration intentions and how increased 
flood risk under climate change may shape migration behavior in the future. The first scenario asks for respondent’s migration in-
tentions would on average two more extreme flood events like the one of July 2021 occur before 2050. The second scenario asks for 
migration intentions would on average five more extreme flood events like the one of July 2021 occur before 2050. Intentions in these 
scenarios are measured on the same 5-point scale as for the other behavioral intentions described above. We acknowledge that the 
flood return periods in the scenarios are not realistic to occur before 2050 [20,50]. Nevertheless, to obtain a more realistic picture of 
how people in the future may behave would flood risk strongly increase under climate change, it is important to make the scenarios 
salient and ‘imaginable’ for respondents. If instead we would refer to such risk occurring in 2100 or 2150, for instance, this would be 
beyond their lifetime and results may reflect that instead of the increased flood risk. Such an approach for presenting hypothetical 
scenarios has also been done in previous studies [16,51,52]. Because the answer options are identical for migration intentions in the 
coming 5 years and for migration intentions under the two hypothetical flood scenarios, we pool the responses to these three migration 
questions into a single dependent variable for our analyses [16]. 

Fig. 1 displays descriptive statistics of the dependent variables for both ISA and migration intentions. It shows that, on average, 
respondents have higher intentions to implement low-effort than high-effort measures. This is not surprising given that low-effort 
measures are cheaper and easier to implement. Migration intentions are currently low but increase considerably under the sce-
narios of increased flood risk, with around 35% of respondents reporting that it is likely or certain that they would migrate under the 
highest flood risk scenario. 

2.3. Independent variables 

Table S1 in the Supplementary Information shows all variables included in the analyses, the associated survey questions, coding 
and descriptive statistics. To analyze drivers of household adaptive behavior to flooding we utilize an extended Protection Motivation 
Theory (PMT) framework as the conceptual framework. PMT is widely applied in research on ISA to flooding in which it is generally 
found to have substantial predictive power [6,9,11]. In our survey design all six core elements of PMT are incorporated. However, due 
to a relatively large number of missing values for perceived damage, which is measured as expected monetary damage under future 
flooding, we omit perceived damage from the main regression specifications and instead incorporate it in additional regressions shown 
in Section S.3 of the Supplementary Information. The coping appraisal variables ‘response efficacy’, ‘self-efficacy’, and ‘perceived 
response costs’ are asked per individual ISA measure as well as for migration. Because in our analysis of ISA we combine measures into 
low-effort and high-effort measures, we calculate average values for the coping appraisals for each respondent (using values for 
measures for which intentions are provided, excluding undertaken measures), in accordance with previous literature [11]. We expand 
on the PMT framework by incorporating additional variables that are expected to be relevant in explaining adaptive behavior. Due to 
the large number of potential variables to be included, we selected variables based on their relevance to the case study at hand, and 
previous literature that have found them to be influential determinants of adaptive behavior. Besides the variables included in the 
analyses presented in the main text, we also assessed the influence of household income and risk aversion (Table S7), which according 
to previous studies may be associated with flood adaptation behavior [10,53]. Due to considerable missing values for these variables 
and results being insignificant, we decided not to include them in our main specifications. Excluding these variables did not signifi-
cantly affect the main findings. We include life satisfaction only in the regression models of migration, because for ISA there is no clear 
theoretical ground for including it as an explanatory variable and results were insignificant (results not shown here). 

2.4. Analytical strategy 

2.4.1. Regression analysis 
To research determinants of low-effort and high-effort ISA intentions we employ the following two linear regression models: 

YLow− effort,i= β0 + β1L1i +… + βkLki + εi, i = 1,…,N  

YHigh− effort,i= β0 + β1H1i +… + βkHki + εi, i = 1,…,N  

where YLow− effort and YHigh− effort represent intentions for undertaking low-effort and high-effort ISA measures, and L and H the respective 
explanatory and control variables. 

To assess determinants of migration intentions, we pool the responses to the three migration intention questions into a single 
dependent variable. By pooling the data, we now deal with clustered data with the three responses being clustered within individual 
respondents [16]. To properly account for the clustered nature of the data, we employ the following random effects linear regression 
model: 
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YMigration,ri= β0 + β1F1r + β2F2r + β1M1i +… + βkMki + μi + εri  

with responses (r) nested within individuals (i). F1 and F2 represent dummies for the two flood scenarios showing the effect of increased 
flood risk on migration intentions (YMigration,ri). M represents the explanatory and control variables. For all employed regression models 
we conducted a variance inflation factor (VIF) analysis, which showed no problematic signs of multi-collinearity (all VIFs <2). 

2.4.2. Mediation analysis 
To obtain a more complete understanding of how personal experience of the 2021 extreme flood has shaped respondent’s adaptive 

behavioral intentions we conduct mediation analyses. Besides a direct effect on intentions, personal flood experience may indirectly 
influence intentions by increasing flood risk perceptions (perceived likelihood and perceived damage) and worry about flooding [7,10, 
12,37]. Because we control for perceived likelihood and worry in the main specifications, these variables may potentially mediate part 
of the effect of flood experience in the regressions shown in Table 1. For the mediation analysis, we follow the KHB (Karlson, Holm, and 
Breen) method which provides an unbiased decomposition of total effects into direct and indirect effects for both linear and non-linear 
regression models [54,55]. In the mediation analyses, we include the same variables as in the main models in Table 1. We also conduct 
two additional mediation analyses (Tables S8-S9). In the first, we include perceived damage as a mediator variable, conducted 
separately due to a high number of missing values for this variable. In the second, we substitute personal experience of home flooding 
with stress experienced during the flood, which is a more emotional appraisal of how respondents have experienced the flood and may 
influence adaptive behavior differently compared to objective flood experience [28,56]. 

Table 1 
Determinants of ISA and permanent migration intentions.  

Variable Low-effort ISA High-effort ISA Migration 

Undergone high-effort measures 0.163 − 2.299*** − 2.357* 
(1.100) (0.823) (1.365) 

Undergone low-effort measures 3.867*** − 0.356 − 0.201 
(1.459) (0.858) (1.495) 

Perceived likelihood 3.416*** 2.299** 0.676 
(1.151) (0.948) (1.631) 

Worry 3.873*** 2.150** 8.158*** 
(1.252) (0.877) (1.723) 

Response efficacy 8.195*** 4.878*** 1.085 
(1.234) (0.912) (1.271) 

Self-efficacy (difficulty) − 3.631** − 2.891** 1.021 
(1.463) (1.197) (1.609) 

Response costs − 0.440 2.263** 0.389 
(1.410) (1.068) (1.597) 

Home flooded 15.284*** 9.861*** 17.802*** 
(2.889) (2.190) (3.710) 

Compensation − 1.895 − 4.998** 1.136 
(3.474) (2.377) (3.987) 

Trust in public flood protection − 0.992 − 1.304 − 0.844 
(1.584) (1.147) (1.672) 

Anticipated regret 2.663** 1.037 2.137* 
(1.064) (0.736) (1.239) 

Gender 3.168 3.253* 3.055 
(2.708) (1.948) (3.269) 

Age 0.011 − 0.036 − 0.112 
(0.092) (0.076) (0.100) 

Higher education − 5.787** − 0.268 0.717 
(2.493) (1.816) (3.190) 

Home owner 4.799 1.563 0.881 
(3.780) (2.802) (5.537) 

Life satisfaction   − 5.403***   
(1.142) 

Flood 2 scenario   10.768***   
(1.474) 

Flood 5 scenario   25.346***   
(1.699) 

Constant − 17.938* − 8.223 22.841 
(10.780) (8.743) (18.163) 

N observations 401 430 871 
N individuals 401 430 294 
R2 0.383 0.263 0.365 
F-statistic or Wald χ2 23.19*** 8.65*** 619.49*** 

Note: Robust standard errors in parentheses. The levels of significance are: *p < 0.1, **p < 0.05, ***p < 0.01. 
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3. Results 

3.1. Drivers of in-situ adaptation and migration 

Several elements of the PMT framework are significantly associated with adaptive behavioral intentions (Table 1), although there 
are differences between the type of adaptation (low-effort and high-effort ISA as well as migration). Looking into threat appraisal, 
perceived likelihood of flooding is significantly positively associated with both low-effort and high-effort ISA intentions, while the 
association with migration intentions is insignificant. Perceived damage, estimated in a separate regression model due to considerable 
missing values (Section 2), is only weakly significant for low-effort ISA and insignificant for high-effort ISA and migration (see 
Table S5). On the other hand, worry is significantly associated with all three adaptation types and most strongly with migration. A one- 
point increase in the 5-point Likert scale of worry is associated with an 8% point increase in the reported likelihood of migration, 
compared to 2 and 3% points for low- and high-effort ISA, respectively. Hence, for ISA both cognitive appraisals (perceived likelihood 
and to some extent perceived damage) and emotional attitudes towards the risk (worry) are important drivers, while for migration 
emotions seems decisive. A reason for this difference could be that ISA is tailored specifically towards reducing flood risk, causing 
rational appraisals of the flood risk to be more strongly weighted in the decision [57]. In contrast, migration is a much more emotional 
decision than ISA because someone has to leave behind their home and neighborhood. Moreover, migration depends on many more 
dimensions than flood risk alone [23]. Therefore, only strong emotional reactions towards flood risk may trigger migration decisions. 
This is consistent with Haney [36], one of the sparse studies assessing migration intentions in the wake of extreme flood experience, 
who also finds that worry is among the strongest predictors of migration intentions. 

The effects of the coping appraisal variables are mixed. Response efficacy is a strong and significant predictor of both low-effort and 
high-effort ISA intentions. This positive relationship is also generally found in past empirical research [12,56]. Self-efficacy is also a 
significant determinant of both low-effort and high-effort ISA intentions, likewise corresponding with previous literature [11,12]. 
Response costs is insignificant for low-effort ISA and a weak positive relationship is found for high-effort ISA, which is unexpected. A 
reason for this could be that people who intend to adopt high-effort measures have looked up information about them and found out 
that these measures are very expensive, which they often are indeed [5,58]. This ‘awareness effect’ may be pronounced in our study 
case due to the recent experience of extreme flooding [59], with information retrieval being very recent. Coping appraisal is not a 
strong predictor of migration intentions. None of the three coping appraisal variables are significant. A reason for this lack of sig-
nificance could partly be the complexity of the migration decision, with migration destination also playing a role, making elements 
such as effectiveness and costs more difficult to appraise [23]. Furthermore, reducing flood risk may again not be the only or main 
reason for migration, which could explain the lower influence of response effectiveness for migration. 

People can adapt in multiple ways to flood risk, but assessing trade-offs between adaptation options and potentials for multi- 
adaptive behavior is rarely done in the literature. In our sample, 58% of respondents had already implemented at least one low- 
effort ISA measure whereas 38% had implemented at least one high-effort ISA measure. Prior implementation of high-effort ISA is 
significantly negatively associated with high effort ISA intentions as well as with migration. This can be explained by the fact that high- 
effort ISA are costly and can provide permanent and substantial protection against flooding. Hence, this may reduce the need and 
willingness to undertake additional costly protection measures. Furthermore, ISA means an investment in the current place of resi-
dence, which may make migration a less attractive option [31]. Effects for prior low-effort ISA are positive and significant for 
low-effort ISA intentions. Low-effort ISA measures are often not fully protective against flood risk and people may feel the need to 
implement more of them in order to be sufficiently protected. 

Crowding out of adaptive behavior may occur when people feel that they are protected against flood risk by the government or 
other actors, either through public protection (e.g. large levee systems) or financial compensation (e.g. government disaster funds). 
Our results show some evidence of crowding out effects. Trust in public flood protection is negatively associated with ISA intentions 
and migration, although results are insignificant. Respondents who expect to be fully compensated in case of flood damage (e.g. by the 
government or insurers) are significantly less likely to intend high-effort ISA while we find no significant effect for low-effort ISA. High- 
effort ISA are more expensive than low-effort ISA and previous research suggests that expectations of generous compensation may 
prevent people from taking expensive measures [47]. Furthermore, in contrast to ISA, there may be other motives for undertaking 
migration than reducing flood risk for which compensation would be obtained, which can explain the insignificant effect of expected 
compensation on migration. Anticipated regret (i.e. anticipated regret of not having taken flood protection measures if a future flood 
would occur) has a consistently positive impact on adaptation intentions. A reason why regret is most significant for low-effort ISA 
intentions may be that they are relatively cheap and easy to implement, making it an easy way for people to buy off their regret [29]. 

Because it is important to take into account the complexity and distinctiveness of migration compared to ISA, we extended the 
PMT framework for our analysis of migration intentions with some additional variables. Firstly, migration intentions are not only 
measured as they are presently but also under two flood scenarios. This is done only for migration and not for ISA because migration 
decisions often reflect more than just a desire to reduce flood risk, making it more difficult to disentangle the direct effect of flood risk. 
Furthermore, environmental migration is not yet observed at a large scale in many higher-income countries, including the Netherlands, 
and it is relevant to know if this may change in the future. Results indicate that migration intentions strongly increase under scenarios 
of increased flood risk. The average reported likelihood of migration increases with, respectively, 11 and 25% points would, on 
average, another two or five extreme flood events like the one of Summer 2021 occur before 2050. This shows that although migration 
due to flooding is currently very low in developed countries like the Netherlands, this may increase considerably when flood risk 
increases under future climate change. Research in the developing country context of coastal Vietnam found a similar increase in 
migration intentions under scenarios of increased flood risk, indicating that this finding may be more universal [16]. Nevertheless, 
scenarios of flood risk were framed differently in this study due to the regular occurrence of flooding in Vietnam. Secondly, life 
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satisfaction is included as an additional explanatory variable. As expected, life satisfaction is strongly and significantly negatively 
associated with migration intentions. People who are less satisfied with their current life can employ migration as a strategy to change 
and improve upon this [32]. Life satisfaction is often associated with people’s experienced (positive and negative) day-to-day emotions 
[60], and these findings in addition to the findings for worry may further indicate the important role of emotions in migration 
decisions. 

3.2. Disentangling the direct and indirect effects of extreme flood experience on in-situ adaptation and migration 

28% of our sample personally experienced home flooding during the 2021 flood, whereas 72% did not. The regression results in 
Table 1 show that personal experience of the extreme 2021 flood is strongly and significantly associated with higher intentions for both 
low-effort and high-effort ISA as well as migration. The reported likelihood of implementing these three types of measures is between 
10 and 18% points higher for people who experienced home flooding during the 2021 flood, compared to those who did not. The larger 
effect size for low-effort ISA compared to high-effort ISA is consistent with earlier findings [8]. When substituting experience of home 
flooding with stress experienced during the flood, a more emotional appraisal of people’s flood experience, we find a similar highly 
significant positive effect on adaptation intentions with again the largest effect sizes for low-effort ISA and migration (Table S6, models 
I-III; not assessed together due to correlation of 0.45). Having experienced flooding in one’s town but not in one’s home is not 
associated with higher adaptation intentions compared to people whose town was not flooded (Table S6, models IV-VI), indicating that 
only direct personal experience seems to be important. People whose home was not flooded may have less negative feelings associated 
with the flood experience, which may reduce the perceived need for adaptation [61]. 

Personal experience of home flooding may have also impacted adaptive behavior by increasing risk perceptions (perceived like-
lihood and perceived damage) and emotional attitudes towards flooding (worry), which were controlled for in the regression analyses. 
To investigate these additional pathways we conduct mediation analyses. The mediation analyses (Table 2) show that experience has a 
substantial and significant indirect positive effect on adaptive behavioral intentions via influencing perceived likelihood and worry. By 
accounting for these indirect effects, the total effect of flood experience on adaptation intentions is a 12 to 24% point increase in the 
average reported likelihood (compared to 10 to 18% points when excluding indirect effects, as reported earlier). The indirect effect 
thus accounts for 15 to 24% of the total effect. The indirect effect can largely be attributed to the impact of extreme flood experience on 
worry. This holds for both types of ISA as well as for migration, and most strongly for the latter. The indirect effect via perceived 
likelihood is always insignificant. When including perceived damage as an additional mediator variable (Table S8), the total effect of 
experience becomes somewhat larger, although the mediation via perceived damage is insignificant in all cases. Substituting expe-
rience of home flooding with stress experienced during the flood leads to very similar results compared to the main findings (Table S9). 
Because we analyze migration intentions using a random effects panel model, the interpretation of the mediation analysis is more 
challenging due to conflating within- and between-effects [62]. Therefore, we also conducted the mediation analyses separately for the 
three migration scenarios (i.e. current intentions and under the two flood scenarios). The results (Table S10) show a similar picture as 
the results in Table 1. Flood experience has a large and significant impact on migration intentions, with the effect being larger under 
the scenarios of increased flood risk. The indirect effect is substantial and significant for each of the three scenarios, and goes almost 
completely via worry. 

The results of the mediation analyses seem to indicate that emotions (worry) are more decisive in guiding behavior after extreme 
flood events compared to cognitive risk assessments by the individual (risk perceptions), which corresponds with the risk-as-feelings 
hypothesis proposed by Loewenstein et al. [39]. The mediating role of flood-related emotions in the impact of flood experience on 
behavior is in line with empirical studies by Terpstra [28] and Demski et al. [63] who focus on, respectively, in-situ flood adaptation 
and more general climate-friendly behavior. However, in contrast to our study, Terpstra [28] finds that perceived likelihood of 
flooding is a more important mediator than flood-related emotions. A reason for this difference could be that the study by Terpstra 
surveyed respondents in areas for which the experience of severe flooding was at least 10 years ago. It could be that after a long period 
of time after the flood experience emotions become less influential compared to cognitive perceptions, but longitudinal research on 
this topic would have to study this further [64,65]. 

4. Discussion and conclusion 

In the Summer of 2021, parts of the Netherlands, Germany and Belgium were hit by one of the worst floods in Europe in decades. 

Table 2 
Decomposition of the total effects of flood experience on adaptive behavior into direct and indirect effects.   

Low-effort ISA High-effort ISA Migration 

Total effect 18.680*** (2.637) 11.577*** (1.950) 23.523*** (3.311) 
Direct effect 15.284*** (2.756) 9.861*** (2.047) 17.802*** (3.451) 
Indirect effect 3.400*** (1.107) 1.717** (0.764) 5.721*** (1.215) 

Via perc. Likelihood 0.599 (0.488) 0.177 (0.294) 0.040 (0.100) 
Via worry 2.797*** (0.975) 1.540** (0.690) 5.681*** (1.222) 

Mediation % 18.18% 14.83% 24.32% 
Via perc. Likelihood 3.21% 1.53% 0.17% 
Via worry 14.98% 13.30% 24.15% 

Observations 401 430 871 

Note: Standard errors in parentheses. The levels of significance are: *p < 0.1, **p < 0.05, ***p < 0.01. 
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This created a unique setting for understanding drivers of ISA and migration after extreme flooding, the latter being expected to occur 
more frequently under climate change. Both adaptation options can be effective responses for households to protect themselves against 
future flood risk. However, they have distinctive societal and policy implications, making it important to compare their drivers and 
assess potential trade-offs between the two adaptation choices, for which studies are currently lacking. We study drivers of ISA and 
migration intentions in the aftermath of the 2021 floods and disentangle the role of the extreme flood experience herein. For this 
purpose we use unique household survey data collected in the Dutch province of Limburg, which we analyze by employing regression 
techniques and mediation analyses. 

Using an extended PMT conceptual framework, we find that the more rational elements of PMT including risk perceptions and 
coping appraisal are strong predictors of ISA but not of migration intentions. Worry, on the other hand, which is an emotional attitude 
towards the risk, is much stronger associated with migration intentions than with ISA intentions. This may be explained by the fact that 
leaving behind your home is a more emotional decision than ISA which may outplay rational assessments of risk. We further find that 
life satisfaction, which is also often associated with people’s emotional state [60], is strongly associated with migration intentions as 
well. The high explanatory power of PMT in ISA behavior is consistent with findings of previous literature [33]. We are the first to 
apply a complete PMT framework in the analysis of migration intentions and our results suggest that PMT with its focus on a more 
rational appraisal of flood risk may be less appropriate for understanding flood-related migration behavior. However, a limitation of 
our approach is that it provides a snapshot in time, in a specific research context. It could be that the specific circumstances in which 
the survey was held (in the Netherlands, just after a unique flood event) has influenced our results, and for this reason we have to be 
cautious with generalizations. Further empirical research is, therefore, needed to confirm if this finding also applies in other contexts. 

Literature review studies provide mixed findings for the influence of flood experience on migration [13], whereas they report 
positive, but often modest, effects for ISA [9,10,33]. However, knowledge about the impact of extreme flood events is lacking in 
historically low-risk contexts like the Netherlands, which witnessed no recent flood experience comparable with the 2021 Summer 
floods. Our findings show that recent personal experience of a low-probability extreme flood event is statistically significantly asso-
ciated with higher ISA and migration intentions, alone increasing the average reported likelihood of adaptation with 12–24% points. 
Mediation analysis shows that 13%–24% of this total effect of flood experience can be attributed to indirect effects, through increased 
worry about flooding. This illustrates that experience of (recent) extreme flood events can be a major force in shaping flood adaptive 
behavior, which has important implications for flood adaptation under climate change. It also reinforces the importance of emotional 
consequences after flood experiences and the added value of incorporating this as indirect effects in analyses of flood experience 
impacts. 

Our future under climate change requires a thorough understanding of the myriad of different adaptation pathways that can help 
protect us against increased natural hazard risk, of their effectiveness but also their drivers. Within this context, household adaptation 
plays an important role [5,6]. This study contributes to the need to understand how the experience of (historically) low-probability 
extreme events shape such household adaptation efforts, and our approach can form the basis for future cross-sectional studies that 
can research what factors drive migration and ISA in different contexts. To address the limitations of cross-sectional research, lon-
gitudinal research can build on this by assessing these developments over time, how intentions translate to actual behavior, and how 
(the lack of) additional flood experiences may spur or limit adaptation [53]. Although not the focus of the present study, it would also 
be useful for future research to compare the findings in the Netherlands with those in Belgium and Germany, which were also hard hit 
by the 2021 floods and, in contrast to the Netherlands, suffered many casualties [66]. Another implication of our study for future 
research is the importance of worry as opposed to more rational factors like risk perceptions and coping appraisal in people’s migration 
decision-making. Besides implications for survey research on migration and flooding in which emotional factors like worry are rarely 
included (Haney [36] and Ekoh et al. [35] are exceptions), this also has implications for migration modeling research which often 
builds on ‘rational’ economic theories, with agent-based models (ABMs) being the most prominently used models [67]. The tendency 
to neglect emotions in ABMs is more widespread than in the migration literature alone [68,69], but novel approaches show that it can 
be done [70,71] and surveys can play an important role in parametrizing such models. Finally, our study has focused on the com-
parison between ISA and migration behavior, by applying an analytical framework (extended PMT) that is hypothesized to be of merit 
in studying both ISA and migration decisions in response to flood risk. Due to this focus, our framework does not incorporate several 
dimensions that previous research has found to be important in migration decision-making specifically, including economic, social, 
political, cultural and demographic factors [23,72,73]. Future research can extend on our work by considering these factors. 
Furthermore, research on the concept of climate mobilities, as part of the wider mobilities literature [74], shows that mobility (or 
immobility) under climate change is complex and multifaceted, and is often a gradual decision that is embedded in already existing 
patterns of movement [75,76]. It would be an interesting avenue for future research to incorporate such an approach when studying 
the impact of extreme flood events on (im)mobility and ISA, as this can help to better understand the influence of these events in the 
wider context in which adaptation decision-making unfolds. 

Our results have several important implications for policy. First, we find that migration intentions increase strongly under scenarios 
of increased flood risk under climate change. Policymakers should plan for this potentially increased flux of migration, while they can 
also reduce the need for relocation by implementing effective flood risk management policies that limit these risks. In terms of the 
Dutch policy context, planning is currently focused on flood protection of land and people with no specific out-migration policies being 
in place, and only some exceptional (local) buyouts have occurred of people in floodplains to create space for nature-based solutions 
[77]. On a national scale, flood-related migration and managed retreat policies are studied solely in an exploratory manner at the 
strategic level (e.g. Ref. [78,79]). Second, we find evidence that there are trade-offs between ISA and migration; people who imple-
mented high-effort ISA are less inclined to migrate. Hence, besides increasing flood protection, limiting migration may be another 
reason for governments to stimulate the uptake of high-effort ISA by households. The PMT components response efficacy and 
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self-efficacy are important predictors of high-effort ISA. Governments can help enhance these factors by informing people about the 
effectiveness of flood protection measures and by facilitating the ease of implementation. Related to this, more frequent future flooding 
under climate change implies more compensation payments for affected households, while we find that compensation crowds out more 
effective and expensive (high-effort) ISA behavior. Policy solutions for this could be improved building code requirements, ISA sub-
sidies, and linking compensation payments with building back better after extreme flood events. Finally, our findings illustrate the 
importance of mental and emotional consequences of flood events. Worry is a significant predictor of all adaptation measures but most 
strongly so for migration. A substantial part of this effect comes from increased worry due to personal flood experience. Consequently, 
policymakers could put more efforts in offering emotional assistance after extreme flood events. First and foremost to reduce the 
negative and often traumatic consequences that extreme flood events can have on people’s lives [80,81], while it can also be utilized to 
reduce migration pressures if migration is deemed undesirable. 
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[64] P. Bubeck, L. Berghäuser, P. Hudson, A.H. Thieken, Using panel data to understand the dynamics of human behavior in response to flooding, Risk Anal. 40 (11) 

(2020) 2340–2359, https://doi.org/10.1111/risa.13548. 
[65] E. Mondino, A. Scolobig, M. Borga, G. Di Baldassarre, Longitudinal Survey Data for Diversifying Temporal Dynamics in Flood Risk Modelling [Preprint]. Risk 

Assessment, Mitigation and Adaptation Strategies, Socioeconomic and Management Aspects, 2021, https://doi.org/10.5194/nhess-2021-88. 
[66] F. Lehmkuhl, H. Schüttrumpf, J. Schwarzbauer, C. Brüll, M. Dietze, P. Letmathe, C. Völker, H. Hollert, Assessment of the 2021 summer flood in central Europe, 

Environ. Sci. Eur. 34 (1) (2022), https://doi.org/10.1186/s12302-022-00685-1, 107, s12302-022-00685-1. 
[67] A. Klabunde, F. Willekens, Decision-making in agent-based models of migration: state of the art and challenges, Eur. J. Popul. 32 (1) (2016) 73–97, https://doi. 

org/10.1007/s10680-015-9362-0. 
[68] J. Groeneveld, B. Müller, C.M. Buchmann, G. Dressler, C. Guo, N. Hase, F. Hoffmann, F. John, C. Klassert, T. Lauf, V. Liebelt, H. Nolzen, N. Pannicke, J. Schulze, 

H. Weise, N. Schwarz, Theoretical foundations of human decision-making in agent-based land use models – a review, Environ. Model. Software 87 (2017) 
39–48, https://doi.org/10.1016/j.envsoft.2016.10.008. 

[69] R. Huber, M. Bakker, A. Balmann, T. Berger, M. Bithell, C. Brown, A. Grêt-Regamey, H. Xiong, Q.B. Le, G. Mack, P. Meyfroidt, J. Millington, B. Müller, J. 
G. Polhill, Z. Sun, R. Seidl, C. Troost, R. Finger, Representation of decision-making in European agricultural agent-based models, Agric. Syst. 167 (2018) 
143–160, https://doi.org/10.1016/j.agsy.2018.09.007. 
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