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2021 Summer Floods (Netherlands)

—————

2500 flooded households €400-€500 million
i economic damage

- Gl Survey distributed
@ 600 flooded firms \: among 11,000 (nearly)

flooded addresses

(
Q Return periods up to
1/100 and 1/1000 years 50,000 evacuated
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“Flood measures at building scale reduce flood risk”

“Government needs to take care of this”

OVERSTROMINGSBESTENDIG

Aangepast bouwen beperkt de
schade bij hoogwater enorm

MAASTRICHT
DOOR THED SHIEKERS

SUverst romingshes ben
bouwen Kin de schade

haagwaber med tiemduizenden
euro's heperken. al is een
v dis hooldeonelusies uit
recenl gepublicecrd weten-
sehappelijh ondersoek naar
de watersnoodranap in Lim-
burg in juli 2021.

Aan het anderzoek van de Vrije
Ulniversideit (W10 Ams terdm en
kennisinstitunt Dellares Ly een
engquite onder 1500 Limburgse
huisheudens ten promdslag. e
vand cngevesr een hall jure na

hel)lu '\l'..l‘.EI'lll.ﬂ...II! Van enkele
r.-r's dens  overs
ﬂmn:mﬂ: Liewu.rung.

‘Waterdicht

Vidgens hooldonders oeker Thijs
Endendifk kan veel oabeil wor-
den wvoorkimen als je bij de
bouw enrenavalie v woningsn
in rizsicovelle gebieden relening
houde mist  pwverstromingsge-
vazr”, Dooe Ge werken mel wa-
lerdichte materialen  bijvsar-
beeld, zept de milisu-econsom
van het Instituut voor Milieu-
vraagslukken van de VU Ook
het hoger plaatsen van elekird-
schie apparaten helpt, net als het
bowwen van waningen op ver-

hoogde grond. De schade aan
wikzen kan dan met 30 procent
wrorden verlaagd, die aan de in-
bosdel zells met 40 procent
Moodmaatrepelen ﬁ:ljpem ook,
D¥ie keunnen de schadeaon wonin-
1 met bifna i sl van di
E:rbwwwz‘:rdrﬂ;rkzn. Lewrt
et onderziek. Gemiddeld iz dat
ongeveer A0 eirn D avierd)
aan de inbosdel kan met Z’LDDEP
e worden Larsgpeb rachl.

Verrast

LJOrgevesr de belil van de buis-
houdens kor dit seord maalrege
len in 20K pemen”, egt promo-
ventdus Endendijk. Mawe voor
verl mwaners in het Gelgebied

wiies it miet peer mugzli.'k., el
hdj. ) werden vermst
snelstijgende wales” Langs de
Geul kwamen waarschuwingen
et of kaal. De geinbddielde schade
per huishouden dazr was 5NN
eura, langs de Maas ‘shechis’
IT000 ek,

D tedale gemiddelde schade is
SO e, blijkt il de enouide
Die wijel oak %.il datl getrulfon
Limburpers danrvan shechiz B
pracent vergoed n ool dat
verwachiten. Dat sachioffors
achterhleven met veel restscha-
e, vt il hed beedd dal opress
it andersoek van O Hmhnf’ﬁ'\r.
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*What factors drive people to implement flood
measures?

*Can flood risk assessment modelling capture these \
flood adaptation dynamics?




Flood risk-assessment

Land-use and building data sets International damage models
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Flood risk-assessment

Land-use and building datg International damage models
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Role of Hydrology?

over ocean S On Earth, water can be fresh, saline, ora mixof both.

. . Pools are places where water is stored, like the ocean.
o f atmospheric moisture
-ﬁs ~A over land

- Fluxes are the ways that water moves between pools, such £
as evaporation | }{, precipitation . } , discharge \~, [
recharge /L \, or human use ‘)

. See www.usgs.gov/water-cycle for definitions.
transport of moisture

from ocean to land

T\ ice sheets
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Flood Hazard Simulation
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Rainfall-runoff models. T.V. Hromadka (1990)

GUMBEL’S EXTREME VALUE I DISTRIBUTION:

A NeEw Look

By Dennis P. Lettenmaier,' A. M. ASCE
and Stephen J. Burges,” M. ASCE (1982)

= 1D Cross-section

— Lateral Weir 1D/2D Link

~— 1D Stream Centerline
@® 1D Node

Hydrodynamic models



Broekhem

Flood maps
X A Geul tributary

(a) Return period of 100 years

<

(b) Return period of 1000 years

Figure 3.2: Estimated flood area of Valkenburg for two events with a differ
(Risicokaart, 2019)




Extreme value anal

Maas, Borgharen
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Socio economie impacts

Economic damage by natural disaster type, 1900 to 2022 Our World

Global economic damage from natural disasters, differentiated by disaster category and measured in US% per year.

| Glacial lak thurst
$350 billion . F;‘g'“"'a e o
B Dry mass movement
B Landslide
$300 billion W olcanic activity
W Extrems temperature
| Wildfire
- M Drought
$250 billion = Flood
W Earthquake
W Extremes weather
$200 billion
$150 billion
$100 billion
$50 billion

o I T

1900 1909 1918 1927 1936 1945 1954 1983 1972 1981 1990 1999 2008 2022

Source: EM-DAT, CRED / Université catholique de Louvain, Brussels (Belgium) OurWorldinData.org/natural-disasters = CC BY



Economic damage by natural disaster type, 1900 to 2022

Global economic damage from natural disasters, differentiated by disaster category and measured in USS per year.

$350 billion

$300 billion

$250 billion

$200 billion

$150 billion ‘

Climate change?

$100 billion

£50 billion

% S e

[}1 I EEL B
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B Glacial lake outburst
B Fog

B Dry mass movement
B Landslide

B Volcanic activity

B Extreme temperature
| Wildfire

B Drought

H Flood

B Earthquake

B Extremes weather

Source: EM-DAT, CRED / Université catholigue de Louvain, Brussels (Belgium) Our\WorldinData.org/natural-disasters « CC BY
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Flood exposure in. The Netherlands

Population growth 22 mill
+2.5%

Economic growth
+1 %

Population decreas
) 10 mull

15 2015 2100 5

16 mill
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Levee effect, The Netherlands
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New Urban

. 1900-1960 (HGN)

— 1060-2000 (HGN)
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»

Percentage of new urban area
in flood-prone zone

0 1 2 3 4 5
Inundation Depth (m) De Moel et al., 2012,



Overlay Flood - map with exposed assets




Flood risk-assessment

Land-use and building data sets International damage models

—— Thr pers
L Jesa
Standaardmethode200.

Schade en Slachtoffers
als gevolg van overstroi

' l
EARTHQUAKE + WiND - FLoGD ¥l o i

Risk

DAMAGE MODEL EPL CURVE

Damage curves Expected Annual
/ Damage (EAD)

— €/yr

LANDUSE

Value at risk

Residential 900 €/m’
Industrial 600 €/m’
Agriculture 25 €/m’
Meadows 10 €/m’
Horticulture 100 €/m’
5€/m’

Damage Factor

Flood damage

Nature

Exceedance Probability

Return periods h az ard A
.

Damage reducing measures

De Moel et al., 2013 ’






-
100,000,000
‘%' .8 mn
10,000,000 N gy
i L]
£
< 1,000,000 L " . —
2 il @ P = = .- a
] - - * o B
& 100000 — ¢ — z ——
-] © » L ‘ o
- ° » o @ ¥
== % 10,000 ) g L .L = B W -
— - s @
= = J g‘ ¢ % ¢ * 5 R e ®
| g 1000 ————— o o
T A S . . . e
- ¥ © it & L J
= - , :f’ 100 || ¢ Fatalies : s .
— e = ® People affected P
; 10 Fatalities per decade | °
1900 1920 1940 1960 1980 2000 2020
A year
Figure 1. Global total annual fatalities and population affected from coastal storm surges 1900-2015, including exponential trend lines
since 1960.

Bouwer and Jonkman. 2018, ERL



Risk / Static scenario based approach

risk Climate change / socio economic trends No measure

~
7

With measure

time

Aerts et al. 2018; Nature cc
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Dynamics in vulnerability and adaptation

Land-use and building data sets International damage models
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vulnerability model: depth-damage curves
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Flood volume and exposed population

(relative change with baseline, 1980 - 1989

Pakistan floods 1990-2010

1995

2000

I Fatalities
(reported)

Flood volu
(modeled)

me

= Exposed population

(modeled)

2005

- 500

2010

- 1,500

- 2,500

Total number of fatalities per year

Jongman et al. 2015, PNAS

VM Institute for
Environmental Studies

VU
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Pakistan floods 1990-2010

S 400% - - 2,500
n I Fatalities
350% - (reported)
Flood volume - 2,000
(modeled)

= Exposed population

(modeled) - 1,500

People relocated?

Ll

1,000
Better measures?

Destructed houses L 500

were not rebuild?

Total number of fatalities per year

Flood volime and exposed population
1989

1990 1995 2000 2005 2010
Jongman et al. 2015, PNAS

|||IIWM Institute for VU k’
Environmental Studies 3
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Socio Hydrology
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Di Baldessarre et al., 2015; WRR
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Adaptation effect through consecutive events

Hazard

|

i
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BENE i
'..-..

Kreibich et al., 2017; 2022
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WATER RESOURCES RESEARCH, VOL. 35, NO. 11, PAGES 3459-3465, NOVEMBER 1999

Analysis of flood damages from the 1993 and 1995 Meuse floods
H. G. Wind, T. M. Nierop, C. J. de Blois, and J. L. de Kok

Faculty of Technology and Management, Department of Civil Engineering, University of Twente

Enschede, Netherlands

WIND ET AL.: ANALYSIS OF MEUSE FLOOD DAMAGES

Table 1. Damage Data of the 1993 and the 1995 Meuse Floods

1993 Damage, 1995 Damage,
Damage Category Millions of Dfl Percent Millions of Dfl Percent
Private 96.5 38 40.7 25

Houses 80.8 40.0

Cars 1.0 *

Caravans 13.5 0.7%

Gardens 1.2 *

Agriculture and horticulture 194 8 20.9 13 . . .
Trade and industry 74.0 29 62.2 38 estimating the number and type of flooded objects. However,

Trade and industry 7.3 62.2 - : . '

Gravel extraction 27 . whether all the objects in the ﬂo?ded area are indeed likely to
Institutions 2.6 1 2.1 1 experience damage and result in_flood damage reports de-
Government 61.3 24 39.1 24 i vt ; i

Puildings and sites 66 0.5 pends on 1ndwlldual precautionary measures _and on the atti

River infrastructure 21.9 1.5 en f the public and authoriti th previ

Land inirastructure 155 180 floods. This introduces an additional margin of uncertainty in

Public utilities 7.3 * . :

Clear away and assistance 00 _ the number of flood damage reports, which, as shown in sec-
Total ‘ 100 (1650 ) 100 fion 4.1, can be 20% Of moTre,

*Data not available.
+Only holiday houses.
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Methods for modeling adaptation./behavior dynamics

Social sciences: surveys and statistical
methods

38



2021 floods Central Europe

anwl srilsaneiwerk
watarvailigheid

Key results

42500 households and 600
firms experienced flood
damage

Hoogwater 2021 _
Feiten en Duiding +Total economic damage

estimated between €350
million and € 0 million

‘ | |I IVM Institute for
Environmental Studies

41
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Experienced Flood Damage

[ 0.1% - 20%
B 20% - 40%
B 40% - 60%
I 60% - 80%

% with damage

[Jeo

[ €0 - €1,000

€1,000 - €10,000
B €10,000 - €25,000
I €25,000 - €50,000
I €50,000 - €100,000
I €100,000 - €200,000
] Insufficient observations
with flood damage ($2)

Mean damage

Median damage flooded households:

4Building €25,000

4Floor €8,000

4Household contents €17,000
4Cleaning costs €2,500

IVM Institute for
Environmental Studies

42
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Water Levels for Flooded Households

1
50 Meuse (N=96) : Geul (N=234) 1-20 cm
: 20-50 cm
1 - 50-100 cm
i mm 100-200 cm
! .
40 : 200 cm
1
1
1
1
1
30 |
z |
Y 1
o I
S :
|
20 |
1
1
1
1
1
1
10 1
1
1
I 1
1
|
[ | i i [
Exterior wall Basement Ground floor Second floor Exterior wall Basement Ground floor Second floor

+4n total 27% of respondents experienced water in their home

43

‘ | |I IVM Institute for
Environmental Studies
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Goal: determine flood vulnerability while accounting for private
adaptation actions

StructuralF])M\

Taken toprepare for
. future floods

(EmergenchDM

Taken shortly
before flood

occurs

Wet-proofing
Reducing flood
damage inthe buildiy

Dry - proofing
Keeping flood water
Qutside ofthe building

44

‘ | |I IVM Institute for
Environmental Studies
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Flood Risk Reduction Measures of Flooded Households

Measure % of respondents
with measure

35%
34%
32%
25%
20%
16%
10%

Using other water-resistant
material 10%

Building water-resistant walls 9%
Strengthening foundations 4%

45

‘ I |I IVM Institute for
Environmental Studies
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Effectiveness of Flood Dama

BUILDING STRUCTURE

B Mean damage with measure taken B Damage reduction

€23,472 €9,419

€ 58,785 €59,358

€48,733

EMERGENCYFDM STRUCTURALFDM DRY-PROOFING Wi
MEASURES MEASURES

4Reduction in damage ratios:
4Building structure: 0.20 — 0.29
4Household contents: 0.37 — 0.54

ge Mitigation Measures

€21,128

€48,333

ET-PROOFING

HOUSEHOLD CONTENTS

M \Vean damage with measure taken M Damage reduction

€11,889 €8,589

€3,638 €14,537

€ 25,806

€21,788

€20,755 €24,742

EMERGENCYFDM STRUCTURALFDM

DRY-PROOFING WET-PROOFING

MEASURES MEASURES

‘ | |I IVM Institute for
Environmental Studies
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Outcome: building vulnerability estimates that can be adjusted for
private adaptation actions

- Building structure " Household contents
—— Hazus
0.8 —— SSM 08
—— Thieken et al.
0.7 —— No FDM 0.7
’ —— Structural FDM ’
o — £
ERY Emergency FDM 5 0.6
[$) —
= =
D 05 = 3 o5
o] k)
© IS
o 04 o 04
g 2
E 03 E o3
o o
0.2 0.2

o
i
o
-

o
(=)
o
(=)

0 50 100 150 200 250 300 0 50 100 150 200 250 300
Inundation depth (cm) Inundation depth (cm)

‘ | |I IVM Institute for

Environmental Studies 48
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Influence of “risk awareness” on adaptation actions

Average number of
FDM measures taken
per household

CJo

[Jo-05

[Jo05-15

B i15-2

B 2-25

Bl 25-3

-3

[ Insufficient observations
(N<2)

0 5 10km
[

IVM Institute for
Environmental Studies

Movwing vehicle***

Elevating personal possessions

Sandbags***
Water pump***
\Water retaining bulkheads***
Water-rasistant floor***
Elewvating electrical applisnces***
Elevating floor or entrance***

s -

Water-resistant walls
Strengthaning foundation®**

Other water-rasistant materials***

Mowing to a less flocd prone location

Emergency FOM measures

Structural FOM measures

Mot informed about flood sk (M=676)
Informed about flood risk (M=831)

0 10 20 20 40

% of N 29
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Socio Economic data

Distance to health facilities

' IE EE LIIvVIIVIIIIICiital Jluuicd

(5) Landgeist.com
(0) @Land_geist
) @Landgeist

Highest

1. iE=Evrytania (374%)

2 1l I Veurne (333%)

3. =msuhl (327%)

4. ™= Dessau-RoBlau (319%)

5. Z—Ourense (315%)

6. +— Etela-Savo (310%)

7. I i Creuse (31.0%)

8. ™= Ajtenburger Land (309%)

9. Z_Zamora (308%)
10. £ Alto Tamega (306%)

% of population
aged 265

3-10

10 - 15
Bl s
Bl o -2
B s s
B s s

Note:
Data for the UK is from 2019.

= [on
g

Source: Eurostat, 2020
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Modeling adaptation dynamics

48



Who is interacting with the hydrological system?

Enable simulating behavior of main three agents in FRM:
e Government

* Households

* Private Sector (e.g. Insurance)

49



Flowchart of the GEB model (applied for droughts)
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Flood risk / ABM model Rotterdam

% households

with risk reduction 0,

measures

Yearly
expected
damage

100% -

75% Il I | Flood event
1 |
— With risk reduction

25% - —\L_ | — Without risk reduction

0% =

1
0 25 50 75 100 Vear

€300,000 -
€200,000 -

€100,000 -

€0 -

T
0 25 50 75 100 Year

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

|I|II VIV Institute for

Environmental Studies

VU oo
AMSTERDAM
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/N

$ICAR-ATRACE

Joint Cooperation programme for
Applied scientific Research
2023-2028

Accelerate Transboundary Regional Adaptation to Climate Extremes

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

UNIVERSITY g L] /
OF TWENTE VU k AND TECHNOLOGY ST

* : —
. 4
I e, VOPEET Q28 m TUDelft  Delfore
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Contacts

Regional focal points:

Germany: Prof.Dr.-Ing. Holger Schuttrumpf  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

VM Institute for
|I|II Environmental Studies VU P AwSTERDAM .,


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

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

/ Awareness
Prevention

“

Recovery

VM Institute for
Environmental Studies VU P AwSTERDAM
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Flood risk assessment modelling
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Is a rational view of
flood management
representative of
the real world?




Evacuation behavior

Being aware of an evacuation advice significantly drives evacuation decisions

All Geul Meuse
Did not Did not Did not
evacuate Evacuated gvacuate Evacuated 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%)
There is a group that is structurally unwilling to evacuate
All Geul Meuse
Did not Did not Did not
evacuate Evacuated evacuate Evacuated 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%) 00%) |
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%)
I\ Institute for
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Conclusion and implications

i Empirical estimates of business interruption duration and losses

Stimulate firm insurance uptake and adaptation

engagement with the local community

Efficient and streamlined damage compensation reduces

A
% A strategy for firms to increase their resilience to disasters is by
@ business interruption and thus, post-disaster losses
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Firm impacts and resilience
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Direct and indirect impacts to firms
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Business interruption and losses per sector

Manufacturing (n=33) - * . *
Retail (n=21) - -
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Insurance compensation
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Business interruption duration and losses
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Trends In losses from hurricanes

Total Losses per Year from Atlantic Tropical Cyclones in 2005 Dollars
(11-year centered average)
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Trends In Losses

Total Losses per Year from Atlantic Tropical Cyclones in 2005 Dollars
(11-year centered average)
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CLO05 Normalized Losses per Year from Atlantic Tropical Cyclones
(11-year centered average)
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CLO05 Normalized Losses per Year from Atlantic Tropical Cyclones
(11-year centered average)
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