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2021 Summer Floods (Netherlands)

Return periods up to
1/100 and 1/1000 years

600 flooded firms

50,000 evacuated

€400-€500 million 
economic damage

Survey distributed 
among 11,000 (nearly) 
flooded addresses

2500 flooded households
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De Limburger , 

July 2023

“Flood measures at building scale reduce flood risk”

“Government needs to take care of this”
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* What factors drive people to implement flood 
measures?

* Can flood risk assessment modelling capture these 
flood adaptation dynamics?
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Return periods

Flood risk assessment

De Moel et al., 2013
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Flood hazard
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Role of Hydrology?
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Flood Hazard Simulation

Rainfall-runoff models. T.V. Hromadka (1990) Hydrodynamic models

(1982)
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Flood maps 

Geul tributary
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Extreme value analyses Meuse (anual peaks / summer peaks)

ENW, 2021
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Exposure
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Socio economic impacts
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Climate change?
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Flood exposure in The Netherlands

15 2015 2100

16 mill

22 mill

10 mill

Population growth

Economic growth

+2.5%

+1 %

Population decrease
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Land use change 1900-2100
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Levee effect, The Netherlands

De Moel et al., 2012
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Overlay Flood map with exposed assets 
and people

24 

6/9

2/9

1/9



25

Return periods
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59
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59

Bouwer and Jonkman. 2018, ERL
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Risk / Static scenario based approach

No measure

With measure

risk

time

Climate change / socio economic trends

Aerts et al. 2018; Nature cc
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Return periods

Dynamics in vulnerability  and adaptation

De Moel et al., 2013
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40
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36

vulnerability model: depth-damage curves
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Pakistan floods; 2010, 2022
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Jongman et al. 2015, PNAS

Pakistan floods 1990-2010

Pakistan floods 1990-2010
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Jongman et al. 2015, PNAS

Pakistan floods 1990-2010

People relocated?

Better measures?

Destructed houses 

were not rebuild?

Jongman et al. 2015, PNAS
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Socio Hydrology

Di Baldessarre et al., 2015; WRR
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Adaptation effect through consecutive events

Kreibich et al., 2017; 2022
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Methods for modeling adaptation / behavior dynamics

Social sciences: surveys and statistical 

methods
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2021 floods Central Europe

Key results

2500 households and 600

firms experienced flood

damage

Total economic damage
estimated between €350

million and € 06 0 million

41
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Experienced Flood Damage

% with damage

42

Mean damage

Median damage flooded households:

Building €25,000

Floor €8,000

Household contents €17,000

Cleaning costs €2,500
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Water Levels for Flooded Households

In total 27% of respondents experienced water in their home

43
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Goal: determine flood vulnerability while accounting for private

adaptation actions

F D M
( F l o o d  D a m a g e  M i t i g a t i o n )

D r y - p roofing
K e e p i n g  f l o o d  wa te r 

o u t s i d e  of t h e  b u i l d i n g

E m e r g e n c yF D M
Ta k e n  s h o r t ly 

b e f o r e  f l o o d 

o c c u r s

44

S t r u c t u ra l F D M
Ta k e n  to p r e p a r e  f o r

f u t u r e  f l o o d s

We t - p r o o f i n g
R e d u c i n g  f l o o d 

d a m a g e  in t h e  b u i l d i n g
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Flood Risk Reduction Measures of Flooded Households

45

Measure % of respondents
with measure

Placing sandbags 35%

Elevating possessions 34%

Installing a water pump 32%

Installing a water-resistant floor 25%

Elevating electrics 20%

Placing shields or beams 16%

Elevating floor or entrance 10%

Using other water-resistant
material 10%
Building water-resistant walls 9%

Strengthening foundations 4%
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Effectiveness of Flood Damage Mitigation Measures

Reduction in damage ratios:

Building structure: 0.20 – 0.29

Household contents: 0.37 – 0.54

€ 48,733
€ 58,785 € 59,358

€ 48,333

€ 23,472 € 9,419 € 6,325
€ 21,128

E M E R G E N C Y F D M 

M E A S U R E S

S T R U C T U R A L F D M 

M E A S U R E S
D R Y - P R O O F I N G WET - P R O O F I N G

B U IL D IN G  ST R U C T U R E

Mean damage with measure taken Damage reduction

€ 20,755 € 24,742 € 25,806 € 21,788

€ 11,889
€ 8,589 € 3,638 € 14,537

E M E R G E N C Y F D M 

M E A S U R E S

S T R U C T U R A L F D M 

M E A S U R E S
D R Y - P R O O F I N G WET - P R O O F I N G

H O U S E H O L D  CO N T E N TS

Mean damage with measure taken Damage reduction
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Outcome: building vulnerability estimates that can be adjusted for

private adaptation actions

48



46

Influence of “risk awareness” on adaptation actions

49
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48

Socio Economic data

Source: Google open buildings

Distance to health facilities
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Modeling adaptation dynamics
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Who is interacting with the hydrological system?

Enable simulating behavior of main three agents in FRM:

• Government

• Households

• Private Sector (e.g. Insurance)
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Flowchart of the GEB model (applied for droughts)

The hydrological 

system affects the 

people (orange), 

and the people 

affect the 

hydrological 

system (blue)
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Flood risk / ABM model Rotterdam

Source: Haer, Botzen, de Moel, Aerts (2017), Risk Analysis

% households

with risk reduction

measures

Yearly

expected

damage

Year

Year

Flood event

With risk reduction

Without risk reduction
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Joint Cooperation programme for 
Applied scientific Research

Accelerate Transboundary Regional Adaptation to Climate Extremes

Joint structural policy-relevant research on flood and drought risk management in regional river 
basins

2023-2028
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Contacts

Regional focal points:

Germany: Prof.Dr.-Ing. Holger Schüttrumpf schuettrumpf@iww.rwth-aachen.de

Prof.Dr. Bruno Merz bruno.merz@gfz-potsdam.de

Belgium: Prof.Dr. Benjamin Dewals b.dewals@uliege.be

Prof.Dr.Ir. Patrick Willems patrick.willems@kuleuven.nl

Luxembourg: Prof.Dr. Laurent Pfister laurent.pfister@list.lu

Netherlands: Prof.dr. Jaap Kwadijk jaap.kwadijk@deltares.nl

Overall program management: Dr.ir. Kymo Slager kymo.slager@deltares.nl

mailto:schuettrumpf@iww.rwth-aachen.de
mailto:bruno.merz@gfz-potsdam.de
mailto:b.dewals@uliege.be
mailto:patrick.willems@kuleuven.nl
mailto:laurent.pfister@list.lu
mailto:jaap.kwadijk@deltares.nl
mailto:kymo.slager@deltares.nl
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Main objectives

Objective 1: Preparing for Future Water Challenges

▪ Facilitate European regional governments on 

transboundary flood and drought risk management of 

smaller regional river basins;

▪ Enhance integrated planning, development and 

management.

Objective 2: Knowledge cooperation

▪ Support the development of an international expert 

community on flood and drought risks in 

regional river basins;

▪ Fostering long-term partnerships between European 

knowledge institutes and enhance the knowledge 

base to inform strategies on mitigation and adaptation
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Thanks for your attention!

jeroen.aerts@vu.nl
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Flood risk  assessment modelling

• Mostly upward trend in risk, 

damage, casualties

• Socio economic drivers have 

largest share in this trend

• Relative share of Climate change 

forcing will increase over the 

coming century
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Is this enough?
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Is a rational view of 

flood management 

representative of 

the real world?
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Evacuation behavior

 All Geul Meuse 

 

Did not 

evacuate Evacuated 

Did not 

evacuate Evacuated 

Did not 

evacuate Evacuated 

Total 135 (44%) 173 (56%) 69 (47%) 78 (53%) 66 (41%) 95 (59%) 

No advice to evacuate 

(according to respondent) 86 (81.1%) 20 (18.9%) 54 (81.8%) 12 (18.2%) 32 (80%) 8 (20%) 

Received evacuation advice 

(according to respondent) 49 (24.3%) 153 (75.7%) 15 (18.2%) 66 (81.8%) 34 (28.1%) 87 (71.9%) 

 1 

 All Geul Meuse 

 

Did not 

evacuate Evacuated 

Did not 

evacuate Evacuated 

Did not 

evacuate Evacuated 

Total 135 (44%) 173 (56%) 69 (47%) 78 (53%) 66 (41%) 95 (59%) 

Certainly not evacuating 39 (28.9%) 0 (0%) 18 (26.1%) 0 (0%) 21 (31.8%) 0 (0%) 

Probably not evacuating 74 (54.8%) 34 (19.7%) 42 (60.9%) 13 (16.7%) 32 (48.5%) 21 (22.1%) 

Probably evacuating 18 (13.3%) 83 (48.0%) 6 (8.7%) 38 (48.7%) 12 (18.2%) 45 (47.4%) 

Certainly evacuating 4 (3.0%) 56 (32.4%) 3 (4.4%) 27 (34.6%) 1 (1.5%) 29 (30.5%) 

 1 

Being aware of an evacuation advice significantly drives evacuation decisions

There is a group that is structurally unwilling to evacuate
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Conclusion and implications

Empirical estimates of business interruption duration and losses

Stimulate firm insurance uptake and adaptation

A strategy for firms to increase their resilience to disasters is by 
engagement with the local community

Efficient and streamlined damage compensation reduces 
business interruption and thus, post-disaster losses
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Firm impacts and resilience
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39% flooded

56% of all firms faced 
business interruption

Direct and indirect impacts to firms
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Business interruption and losses per sector
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Insurance compensation
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Business interruption duration and losses 
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Pielke et al., 2008, Nat Haz Rev

Trends in losses from hurricanes
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Pielke et al., 2008, Nat Haz Rev

Not corrected for e.g. Wealth, exposure

Trends in Losses



71Pielke et al., 2008, Nat Haz Rev



72Pielke et al., 2008, Nat Haz Rev

Has vulnerability changed over time?
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