Including human behaviour in flood risk adaptation modelling
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Geomorphological hazard mapping?
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Natural disasters kill on average
per year (~ 14% by floods)

Source: ourworldindata.org / EM-DAT
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The Natural Disasters That Inflict The Most Economic Damage

Storm @ Geophysical @ Flood

Weather related-other Drought
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Room for floods in floodplains is natural

NORMAL CONDITIONS FLOOD CONDITIONS
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Floodplains are natural
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Flood risk modelling
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Vulnerability and damage
Damage curves

Risk
[$/year]

Value at risk

‘rm

Flood (Extent, depth)

>
b=
Qo
(s3]
Qo
o
fud
o
Q
[}
c
(3}
©
(5}
Q
O
x
[NE]

-

Kron, 2009; Water International Hl N—— VU ?f/?

Environmental Studies




Flood risk modelling

assets and people

Vulnerability and damage
Damage curves

Value at risk

00 &'

Flood (Extent, depth /

)

measures
=5 j |

Risk
[$/year]

>
b=
Qo
(s3]
Qo
o
fud
o
Q
[}
c
(3}
©
(5}
Q
O
x
[NE]

-

Kron, 2009; Water International

Institute for
Environmental Studies

VU




& S —i e
B

DOCUMENT DE TRAVAIL juin2003 = T . | 0 o0
Zone d’'inondation des voies publiquesen1910 -~ ° . .. O NS

Zone d'inondation des caves en 1910 A A Ay AL
Enveloppe de la zone d'alimentation S s avesl 4 Oy 1|0,
electrique fragilisée, dans I'hypothése d'une crue e S e LIy TR SR
type 1910 RGN SR R s, S0 e Seef b A

- absence de certains secours S e time e Trogaciey e LA,

- risques de coupures bréves ou ] e Al

dans certains cas de longue durée

> - &
I 5 B F ,'..*'-»'___ ey Y el 1 ..'\
ke A T r..: s o |-._ iy e e e I Y
I — ! ‘:j_ "'~_ e o £k e, e - vl b ¢ S o el |

'l :

PR S



Flood mapping and elevation
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Flood risk modelling

assets and people
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Flood maps for different probabilities

Rainfall / discharge

200-yr 24-hr
=== Synthetic unit hydrograph
—&—10-yr,24-hr Stom hydrograph
Dinents =4 20-yr,24-hr Stom hydrograph
—¥%—50-yr,24-hr Stomn hydrograph
50-yr 24-hr =% 100-yr24-hr Storm hydrograph
—— 200-yr24-hr Storm hydrograph

Synthetic Unit hydrograph

| 00 - 04 A% 08
am
= X

e




Flood risk modelling

assets and people
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Overlay Flood map with exposed assets and people

Ahrvalley, Germany 2021
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Classifying building footprints with

Source: Google-Microsoft open buildings dati/’
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Flood risk modelling
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Vulnerability: How much value at risk?
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Flood depth per building
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Vulnerability curves (depth Damage curves)
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Indirect from 1/100 flood in London
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I
Global insured losses from secondary perils since 1970, in USD billion (2020 prices)

Insured losses from secondary perils have been growing steadily. Among them, losses from severe convective storms represent
the biggest component. However, in recent years losses from wildfires have been growing fastest.
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I
Global insured losses from secondary perils since 1970, in USD billion (2020 prices)

Insured losses from secondary perils have been growing steadily. Among them, losses from severae convective storms represent
the biggest component. However, in recent years losses from wildfires have been growing fastest.
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Socio- Economic trends Netherlands

28

17 mill

2020

Population growth 22 mill
+2.5%
Economic growth
+1 %
Population decreas
) 16 mill
2100

28



Land Use HGN
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A Land Use Central Netherlands 1960
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A Land Use Central Ne
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A Land Use Central Netherlands 2100 GEL
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Flood risk modelling
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Flood protection
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Nature based solutions: river widening
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Beach nourishment The Netherlands: =<
+/- 20 million m3 sand/ year .







Mangrove restoration




Effect of flood protection on flood fatalities
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Assume levee can withstand pre-defined water level

freeboard

wave run-up
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Assume 100yr protection level
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Reduce exposure (e.g. zoning)



Exposed assets and people
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Overlay Flood map with exposed assets and people

VU
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Reduce vulnerability
(e.g. flood proofing buildings)



Elevation
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Vulnerability curves (depth Damage curves)
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Vulnerability curves (depth Damage curves)
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benefits







= gebietsweise 60-120 /m*
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...... from the people that were warned, 85% did not expect
severe flooding (Thieken et al. 2023)
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Local scale adaptation
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Pakistan floods 1990-2010
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Pakistan floods 1990-2010
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How do people to ?

Which factors other than cost and benefits drive ?
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HUMAN ADJUSTMENT TO FLOODS

Paradox:
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Flood Risk perception

.......... 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; Beltran et al., 2019; Mutlu et al., 2022).



Human Decision Making

THANKIN G,

FAST.. SLOW

: fast, instinctive and emotional

DANIEL : slower, more deliberative, rational
KAHNEMAN

Human thinking and decision making is

We think we take rational decisions (Type 2), but
follow 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
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Results flood NYC

e 62% indicated Hurricane Sandy increased their flood
risk perception

* 59% of respondents think climate change will increase
flood risk; 41% don't think it will

Botzen et al. 2015, JDM
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Flood risk modelling & adaptation decision making

assets and people

and damage

Value at risk
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Flood (Extent, depth)
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Exceedance Probability

Behavioral &
socCio-economic

Haer et al., 2019; ERL
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Flood risk modelling & adaptation decision making

assets and people

and damage
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Households execute the strategy that yields the highest subjective expected

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

a Rational households
Proactive governments

b Boundedly rational households —
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Tierolf, L., et al., Scientific Reports, 2023

Gravity model for al
regional migration flows

Legend
==+ Outlow Charenle-Maritine floodpain [ —

Figure 54. Migration flows from the floodplains of Nord and Charente-Maritime based on the mean of 50 Monte Carlo model
runs. The width of the arrow indicates the relative size of the migration flow. This figure was generated using QGIS 3.22.13

(QGIS Association: https://qgis.org/f).



scientific data

OPEN - A global dataset of 7 billion
patapescrietor  INdividuals with socio-economic
characteristics

© Marijn J. Ton(»* =, Michiel W. Ingels(>*, Jens A. de Bruijn(3*?, Hans de Moel (»*,
- Lena Reimann()?, Wouter J. W. Botzen' & Jeroen C. J. H. Aerts (0

Data source
LIS (33)

LIS survey (3)

LIS marginals (1)
Modeled using LIS data (49)
DHS (45)

Modeled using DHS data (51)
Excluded (22)

L X X N J
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Risk

Intolerable No adaptation

Tolerable

Acceptable Rational adaptation

Climate Change + Socio Time
economic trends
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#households in flood zone that implement flood measures

Number of Households that implemented a
flood proofing measure
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#households in flood zone that implement flood measures

Adaptation limit?

Number of Households that implemented a
flood proofing measure
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Take

IS a action that varies over and
influenced by drivers / constraints

* Having about adaptation / can
Improve adaptation policy and avoid adaptation limits

e Risk can be used to

* Research on how we acceptable, tolerable or
Intolerable




Thank you for your attention!

jeroen.aerts@vu.nl
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