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1. Trends in worldwide natural disaster losses

Trends in global flood risk due to:

▪ Population and economic growth

▪ Climate change impacts:  sea level rise, precipitation, storms

Source: Swiss 

Re (2022)
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Household adaptation actions to reduce flood impacts

FDM
(Flood Damage Mitigation)

Dry-proofing
Keeping  flood water
outside of the building

Emergency FDM
Taken shortly 
before flood
occurs

Structural FDM
Taken ex ante a flood 

event

Wet-proofing
Reducing flood 

damage in the building
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Importance damage mitigation actions households

▪ Often infeasible for flood-prevention to limit risk to zero 

▪ Household level measures can significantly limit flood damage

- Up to 50% of damage savings in Netherlands, Germany and France 
(e.g. Poussin et al., 2015; Endendijk et al., 2023a)

Empirical estimates of damage ratio 

for buildings based on 2021 floods in 

the Netherlands. 

Source: Endendijk et al. (2023b)
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Boundedly rational behavior w.r.t. flood risk

▪ Biases imply suboptimal preparedness for floods:

• Optimism: Underestimation of low-probability risks

• Simplification: Bounded rationality/costs of information seeking

• Myopia and discounting of the future

• Herding behaviour

• Inertia to stick with the status quo

• Moral hazard of (insurance) compensation

- Or advantageous selection if behavioural mechanisms imply both 

buying insurance and taking other risk reduction measures 

Source: Kunreuther & Botzen (2022)
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Policy interventions that address behavioural biases

▪ Use default options of protection

▪ Communication nudges

• Express risk information over long time horizons (e.g. 26% flood 
probability over 30 years instead of 1% per year)

• Focus on consequences and worst-case scenarios

• Keep memory of past floods alive

• Trigger social norms

▪ Financial incentives from insurance

• Deductible and insurance premium discounts for policyholders

• Low-interest mitigation loans

• Powerful instrument in Europe (e.g. called for by EIOPA), but 
insurance is less effective if it causes moral hazard
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Impact Sandy in New York City 

(NYC)

Flooded 17% of the City’s land

88,700 buildings in flooded areas

$19 billion of costs

2. Survey flood insurance and risk reduction by 

homeowners in NYC

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi2wPX1y6jJAhXC7A4KHQT4DVcQjRwIBw&url=http%3A%2F%2Fwww.seagrant.sunysb.edu%2Farticles%2Ft%2Fsandy-science-behind-the-superstorm-two-years-later-coastal-processes-hazards-news&bvm=bv.108194040,d.ZWU&psig=AFQjCNH7opguaanuzmApVC8F57eQPpygNA&ust=1448438277200649
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Survey flood preparedness NYC during Sandy

▪ Conducted by phone March-April 2013

▪ Random sample (N=1,035)

▪ Location can be linked to objective flood risk 

▪ >100 questions about:

• Risk perceptions

• Flood experience and compensation

• Behavioral motivations for preparedness

• Insurance purchases

• Risk mitigation measures

• Socio-economic characteristics

Source: Botzen et al. (2019) Journal of Risk and Uncertainty
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Survey results flood insurance purchases

21%

44%

33%

2%
purchased flood
insurance voluntary

purchased flood
insurance mandatory

no flood insurance

don't know
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Relation insurance and ex ante flood-proofing

0

10

20

30

40

50

60

Dry proofed
walls

Pump and
drainage

Water-resistant
materials

Water-resistant
floor

Elevated utility
and electric
installations

Purchased flood insurance voluntarily

Purchased flood insurance mandatorily

No flood insurance

%
 o

f 
re

s
p

o
n

d
e

n
ts

** **
** **

** **

Note: ** indicates a significant difference at the 5% level with the no flood insurance group
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Relation insurance and emergency preparedness

Note: ** indicates a significant difference at the 5% level with the no flood insurance group
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Results model flood insurance (1)

Explanatory variable mandatory 
(n=445)

voluntary (n=278)

Emergency flood 
preparations

-0.09*** -0.11***

Ex ante flood preparations 0.05*** 0.05***

Perceived flood probability 0.07 0.09

Perceived flood severity 0.01 0.04*

Federal disaster 
compensation

-0.21** -0.12***

Low income (<25,000) -0.04 -0.25***

High education 0.08 0.17***

Note: ***, **, * indicate significance at the 1%, 5% and 10% levels, respectively.
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Results model flood insurance (2)

Purchases:
Behavioral model
voluntary (n=336)

Emergency flood preparations -0.12***

Ex ante flood preparations 0.08***

Low income (<25,000) -0.14

High education 0.22***

Flood probability below threshold of concern -0.11*

Peace of mind 0.16**

Flood proofing measures × Norm of preparing for floods 0.08**

Flood proofing measures × External locus control -0.04*

Flood proofing measures × Received disaster assistance -0.11***

Flood proofing measures × Experienced flood damage 0.001***

Note: ***, **, * indicate significance at the 1%, 5% and 10% levels, respectively.
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3. Real-time survey in Florida during Dorian

▪ Conducted by phone between 29 August and 2 September 2019

▪ Random sample in Florida flood zones, completion rate 71% 
(N=871)

▪ Location can be linked to objective flood risk 

▪ 54 questions about:

- Risk perceptions

- Expected compensation

- Behavioral motivations for preparedness

- Insurance purchases

- Risk mitigation measures

- Socio-economic characteristics
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Forecast of Dorian on the first day survey

From Cat 1 to Cat 2
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Forecast Dorian midway survey

31 August 2019: Cat 4  

1 September 2019: Cat 5
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Forecast Dorian final day survey

2 September 2019: 

Cat 4
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Flood insurance and emergency preparedness

Note: ** indicates a significant difference at the 5% level with the no flood insurance group
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Wind insurance coverage (purchased by 80%)
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Note: ** indicates a significant difference at the 5% level with the no wind coverage group

The overall absence of moral hazard confirms the few other 
studies on this topic

(Hudson et al., 2017 Land Economics, Botzen et al., 2019 Journal of Risk and Uncertainty)
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4. Lab experiment: incentives for risk 
reduction by flood insurance

▪ Experimental setting can offer insights into behavioral 

responses to policy instruments, which are difficult to test in 

the field

▪ Dutch study about the influence on individual investments in 

flood damage mitigation of:

• Moral hazard

• Risk level and deductible

• Premium discount 

• Risk aversion and time preferences

Source: Mol et al. (2020), Journal of Behavioral and Experimental Economics
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Overstromingsspel
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Computer lab experiment with 361 participants
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No moral hazard effect of insurance when flood
probability is low
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Factors related to risk reduction investments

▪ Flood probability (+)

▪ Deductible (+)

▪ Premium discount (+)

▪ Experiencing a flood (+)

▪ Female (+)

▪ Risk aversion (+)

▪ Worry about floods (+)

▪ Perceived effectiveness flood damage mitigation (+)

▪  Regret about investing, when no flood occurs (-)
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▪ 2111 homeowners

▪ Representative sample

5. Lab in field experiment: incentives for risk reduction in 
voluntary and compulsory flood insurance

Source: Mol et al.(2020), J. of 

Economic Behavior and Organization
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VoluntaryMandatory

Questionnaire versions with treatments

No Insurance

Insurance Baseline

Insurance Discount

No Insurance

Insurance Baseline

Insurance Discount
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Results (1): no moral hazard

n.s.

* p < 0.1, ** p< 0.05, *** p< 0.01 

MWW test
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Results (2): advantageous selection

***
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Results (3): premium discount incentivizes risk 
reduction

***

***



36

Results (4): cautious types vs. uncautious types 

Cautious types are motivated by:

▪ Higher risk aversion

▪ Higher perceived efficacy of mitigation

▪ Lower trust in dikes

▪ Social approval of peers

Uncautious types are motivated by:

▪ Lower locus of control

▪ Lower risk aversion

▪ Belief climate risk will not increase
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6. Concluding remarks 

▪ Various behavioural biases imply suboptimal flood preparedness to be 
addressed by policy interventions

▪ Given increases in natural disaster losses the link between insurance and 
risk reduction should be strengthened

▪ Insurance can play this role since empirical studies find little evidence for 
moral hazard

▪ Premium discounts could be promising for stimulating risk reduction

▪ Insurance incentives should be part of a more comprehensive strategy (e.g. 
communication), as will be analysed in a new ERC project INSUREADAPT
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Questions?

Email: wouter.botzen@vu.nl
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