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Geomorphological hazard mapping?





Natural disasters kill on average 60,000people per year (~ 14% by floods)

Source: ourworldindata.org / EM-DAT



UNISDR, 2015



Room for floods in floodplains is natural
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Floodplains are natural
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Flood mapping and elevation

Footer text - Faculty or Research Institute name 14Global resolution ~30m2



Exposure: assets and people

Adaptation measures

Kron, 2009; Water International

Flood risk modelling

Flood hazard (Extent, depth)

Vulnerability and damage
Risk[$/year]

Exc
eed

anc
epr

oba
bilit

y

Losses1/10
1/50
1/100
1/200



Flood maps for different probabilities

time

Rainfall / discharge



Exposure: assets and people

Adaptation measures

Kron, 2009; Water International
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Overlay Flood map with exposed assets and people
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Ahrvalley, Germany 2021



Open Street Map (OSM)



Classifying building footprints withAI

20
Source: Google-Microsoft open buildings dataset



Exposure: assets and people

Adaptation measures

Kron, 2009; Water International

Flood risk modelling
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Vulnerability: How much value at risk?

Footer text - Faculty or Research Institute name 22



Survey

Survey

 N=1,509
 Median flood damage:

 €25,000 to buildings
 €17,000 to household contents

Flood depth per building



Outcome: building vulnerability estimates that can be adjusted for private
adaptation actions

Endendijk et al., 2023;WRR

Vulnerability curves (depth Damage curves)



Koks et al., 2019; ERL.

Indirect Economic damage from 1/100 flood in London

London

Using economicinput – outputmodel





Climate Change?
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Socio- Economic trends Netherlands

28 2020 2100

17 mill

22 mill

16 mill

Population growth

Economic growth

+2.5%

+1 %

Population decrease
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Bron: PBL, WUR
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Bron: PBL, WUR
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Bron: PBL, WUR
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Bron: PBL, WUR
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Bron: PBL, WUR
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Bron: PBL, WUR
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Bron: PBL, WUR



Maximum Flood depth map The Netherlands

0m0-0.2m0.2-0.5m0.5-0.8m0.8-2m2-5m>5m

North Sea

Lake IJssel



Winsemius et al., 2016 ; Nature CC

Attribution to flood losses



Exposure: assets and people

Adaptation measures

Kron, 2009; Water International
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Flood protection







Maeslant surge-barrier (1997); Accessibility Rotterdam harbor
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Inflatable barrier: Meuse river, Bayonne France
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Nature based solutions: river widening
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Nijmegen, Netherlands after river widening



Beach nourishment The Netherlands:
+/- 20 million m3 sand/ year
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Mangrove restoration



Effect of flood protection on flood fatalities

ERL



M3/s ; water level (m)

Assume levee can withstand pre-defined water level







Exposure: assets and people

Adaptation measures

Kron, 2009; Water International

Assume 100yr protection level
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Reduce exposure (e.g. zoning)



Exposed assets and people
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6/9
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Ahrvalley, Germany 2021



Overlay Flood map with exposed assets and people
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Ahrvalley, Germany 2021



Reduce vulnerability(e.g. flood proofing buildings)



Elevation



Elevation



Outcome: building vulnerability estimates that can be adjusted for private
adaptation actions

Endendijk et al., 2023;WRR

Vulnerability curves (depth Damage curves)



Outcome: building vulnerability estimates that can be adjusted for private
adaptation actions

Endendijk et al., 2023;WRR

Vulnerability curves (depth Damage curves)
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It seems rational to invest in protection
when benefits outweigh the costs
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Is a rational view of flood
management representative
of the real world?
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12- juli 2021
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……from the people that were warned, 85% did not expect
severe flooding (Thieken et al. 2023)



Climate Finance Academy 66

Voertuig verplaatsen

Inboedel naar hogereverdiepingen

Zandzakken

Waterpomp

Waterkerende schotten

Warning received
No Warning

Move vehicle

Furniture second floor
Sand bags

Water Pump
Flood barriers

Local scale adaptation

Endendijk et al., 2023; WRR



Pakistan floods



Jongman et al. 2015, PNAS

Pakistan floods 1990-2010



Jongman et al. 2015, PNAS

Pakistan floods 1990-2010

People relocated?
Better measures?
Destructed houseswere not rebuild?



How do people react to extremes?
Which factors other than cost and benefits drive adaptive behavior?



Paradox: Adaptation effect



Adaptation effect

A

Risk No Adaptation

Time

Without risk reduction
Rational behavior and risk reduction Flood event

Aerts et al. 2018; Nature cc

Rational Adaptation



Adaptation effect

A

Risk No Adaptation

Time

B

Risk

Time

Without risk reduction
Rational behavior and risk reduction Flood event

Aerts et al. 2018; Nature cc

No Adaptation



……….revealed that housing prices in the flooded area often decline with 6-15% after being flooded
(Bin & Landry, 2013; Atreya et al., 2013).

However, households tend to ‘forget’ about their flood experience and flood risk perceptions erode
over time (Atreya et al., 2013).

Empirical studies found that the price discount of 6-15% after flooding fades away within 5 to 6 years
(Bin & Landry, 2013; Atreya et al., 2013; Beltrán et al., 2019; Mutlu et al., 2022).

Flood Risk perception



Human Decision Making

System 1: fast, instinctive and emotional
System 2: slower, more deliberative, rational
Human thinking and decision making is biased
We think we take rational decisions (Type 2), butfollow a heuristic or influenced by cognitive biases(Type 1)
- Aversion of large losses- Overestimate impacts from low probability events- Risk perception is driving our actions



Results survey flood risk perceptions NYC
• 62% indicated Hurricane Sandy increased their floodrisk perception
• 59% of respondents think climate change will increase
flood risk; 41% don’t think it will

Botzen et al. 2015, JDM



Schrieks et al., 2021;
Frontiers in Water



Cost – Benefit analysis

Exposure: assets and people

Haer et al., 2019; ERL

Flood risk modelling & adaptation decision making

Flood hazard (Extent, depth)

Vulnerability and damage

Risk[$/year]

Behavioral &socio-economicfactors
Adaptation measures



Cost – Benefit analysis

Exposure: assets and people

Haer et al., 2019; ERL

Flood risk modelling & adaptation decision making

Flood hazard (Extent, depth)

Vulnerability and damage

Risk[$/year]

Agent – basedmodel
Adaptation measures



Subjective expected utility – household decisions
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Households execute the strategy that yields the highest subjective expected
utility (SEU)

Risk perception
Flood experiences



Share (%) of buildings flood-proofed by residents in 2080 [RCP8.5 / SSP5]

Haer et al., 2019; ERL



Migration and local adaptation under RCP8.5-SSP5

Tierolf, L., et al., STOTEN, 2024



Outmigration flows under RCP4.5-SSP2

Gravity model for al
regional migration flows

Tierolf, L., et al., Scientific Reports, 2023





DYNAMO-M – Global migration



Number of Households unable to afford floodinsurance

Number of Households that implemented aflood proofing measure

De Ruig et al. (2022)



No adaptation

Risk

TimeClimate Change + Socioeconomic trends

Rational adaptation

Tolerable

Acceptable

Intolerable



No adaptation
Risk

TimeClimate Change + Socioeconomic trends

Rational adaptation

Tolerable

Acceptable

Intolerable Adaptation scenario

100yr flood

Adaptation Limit



#households in flood zone that implement flood measures

Number of Households unable to afford floodinsurance

Number of Households that implemented aflood proofing measure

De Ruig et al. (2022)
De Ruig et al., 2022, Risk Analysis



Number of Households unable to afford floodinsurance

Number of Households that implemented aflood proofing measure

De Ruig et al. (2022)

Adaptation limit?

#households in flood zone that implement flood measures

De Ruig et al., 2022, Risk Analysis



Number of Households unable to afford floodinsurance

Number of Households that implemented aflood proofing measure

De Ruig et al. (2022)

Adaptation limit?

Take aways

• Adaptation is a dynamic action that varies over time and space,
influenced by drivers / constraints

• Having knowledge about adaptation drivers/constraints can
improve adaptation policy and avoid adaptation limits

• Risk metrics can be used to quantify limits

• Research on how we perceive acceptable, tolerable or
intolerable risk



Number of Households unable to afford floodinsurance

Number of Households that implemented aflood proofing measure

De Ruig et al. (2022)

Thank you for your attention!

jeroen.aerts@vu.nl


