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History of Adaptation in the Netherlands
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Dynamic Adaptation Pathways
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DELTASCENARIO'S 2024
IN NEDERL

ZICHT OP WATER IN NEDERLAND
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Delta Scenarios 2024

 Needed for reassessment of Dutch water
strategies

 Insight in water challenges in 2050 en 2100

* Regular scenarios and “What-if?"-developments

Deltares
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DELTASCENARIO'S 2024
ZICHT OP WATER IN NEDERLAND
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Why Delta Scenarios?

= |nsight into future water tasks and bandwidth

= Timely anticipation; enabling robust long-term decisions in the water domain and also in the spatial
domain.

» Update 2017 Delta Scenarios, part of the recalibration of the Delta Program
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Why and How

Why work with scenario’s
» Insight into future water tasks and bandwidth
— Flooding, fresh water availability, water nuisance

« Timely anticipation; enabling robust long-term decisions in the water domain and also in the spatial
domain.

« Part of the recalibration of the Delta Program

Guiding principles defining Delta Scenarios

« Context scenarios, not normative perspectives for the water sector
« Bandwidth, individual scenarios have no probability

* Projections for 2050, 2100

Deltares
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Contrasts between Scenarios

Mate van verandering in 2050

Beperkt | _
Veel I
Ruim/ Broad
Climate Temperatuurstijging
change Droogte, neerslagtekort, lage rivierafvoeren

Intensivering piekneerslag
Piekrivierafvoeren, zeespiegelstijging

Reductie door vernatting laagveen e ———————
Reductie door energie, mobiliteit, landbouw I

Emission NL

Socio- Bevolkingsgroei en verstedelijking

economic Economische groei (industrie, scheepvaart)

development Toename natuurareaal ]|
Deltares
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Insights

Deltares

Increasing water challenges in all scenarios

Water challenges are piling up: a water shortage and water nuisance and flooding and
other social challenges

More climate change results in greater water tasks: less time to adapt, larger tasks,
increased bandwidth to work with.
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“What-if"-development

Large potential impacts, but outside Guiding principles.

Extra accelerated sea level rise

Extreme weather

Changes in upstream land, soil and water use
Agricultural reforms

Autonomous adaptation

Land use in 2100, large transitions

Deltares



Outreach and Media
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What's next

« Part of 6 yearly assessment of Dutch
Water System

* Bottleneck identification ungoing
* Results overall assessment 2026

Deltares

‘ As! sessment of future

|mp|r$]f;‘§$?gg” of conditions (Delta
Scenarios)

Identification of
bottlenecks

Delta decisions

Defining and evaluating
measures

17



Deep uncertainty and
adaptation

Extreme accelerated Sea-

level rise and
adaptation strategies
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Extreme accelerated Sea-level rise
and adaptation strategies

« Far future
* How to deal with deep uncertainty
 Identify limits and thresholds
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Sea level rise poses a severe and
distinctive adaptation challenge
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Long-term sea level rise necessitates
a commitment to adaptation

Uncertain contribution

_ _ Antarctica
Population at risk 100-year coastal flood (2100)
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Without adaptation the population at risk to 100-year flood increases with 21% at
0.15m, and doubles at 0.75 m. Large increase in Asia, but also in Africa and Europe

https://doi.org/10.1016/j.crm.2021.100355
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The Netherlands

« Enable delta life: flood risk and water supply

« Adaptive plan until 1 m sea level rise in 2100:

— Protect and strengthen levees, barriers and
dunes

— Room for the river

— Fresh water supply from IJsselmeer and local
storage and reduced water use

« Knowledge program: impacts and adaptation
options beyond 1 m

Deltaprogramma 2015

Werk aan de delta

De beslissingen om Nederland
veilig en leefbaar te houden

2008: 2nd delta
committee
2015: adaptive plan

Kennisprogramma
Zeespiegelstijging "

>

-

2017: Signal
(Deltares, KNMI)
2019: knowledge
program sea level rise



What if sea level rises much faster...

* |Increase of sea-level rise continues after 2100

* And, potential acceleration in rate of sea-level rise due to the contribution of
Antarctica and the collapse of ocean circulation AMOC

Deltares



Adapt much faster or to higher amounts of SLR
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Sea level rise: IPCC WG1 2021; Pathways: Haasnoot et al 2020



Adapt much faster or to higher amounts of SLR
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Coast ood
more sand needed pumplng ﬂ Ty
lake Ussel

Uncertainty in timing (when instead of if)

ANTARCTICA

Flood risk
Maeslant Barrier closed 3
times per year
closed 30
times per year

Flood risk
Eastern Scheldt Barrier closed 45
: ' times per year
Deltares X @
Enabling Delta Life - - - permanent
; -,.,.r.;;,,,,_.._ S . ‘ .

2018 https:/bit/ly/20ArzxX



Flood barriers will close more frequently and eventually overtop

1m @ closed 3 times per year
1.5m @ closed 30 times per year

1.2 m ~g design levels exceeded 1:10 years

1m . closed 45 times per year
1.3 m . closed permanent

2.1 m " design levels exceeded 1:10 years

Haasnoot et al. 2019 https://doi.org/10.1088/1748-9326/ab666¢C
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4 types of strategies for adaptation to sea-level rise

E Protect-closed

http://nladapt.deltares.nl
Haasnoot et al 2019
Van Alphen 2022

Deltares

Cartoons developed by Carof for Deltares

Deltares
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Netherlands: Four alternative long term strategies to adaptation

E Protect - closed i Protect - open
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Dynamic Adaptation Pathways
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Deltares

Storm surge barriers
need to close more
often, which affects
their functionality.

J
DP2015 *

Increase in closure
criteria of barriers and
raising levees protected
by barriers. Adapt water
supply or land use.

Advance becomes too expensive to

Spatial development in the apply to all of the Netherlands. Floods
coastal zone could trigger a cannot be prevented everywhere.
transition towards Advance. Locally transition to Accommodate.

Increasing volumes required for
sand nourishment. Protecting
the whole coastal zone becomes
too costly. Locally transition to
Accommodate.

New barriers needed.
Increase in salt intrusion
due to upward seepage
and sluices.

Increase levees and
close of rivers or

switch to Advance or
Accommodate.

O @ ®
Transition towards Storm surge barriers maintain open.
Accommodate through Accommodate through for example
changes in land use. flood-proof levees and elevated or
floating buildings in flood prone areas.
Sea level rise ~ZA

*) Decisions and strategies presented in the Delta Program 2015

Advance

Protect-closed

Protect-open

Accommodate

Voettekst van de presentatie
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Adaptation pathways, pivotal and low-regret decisions

Onderzoek en samenwerking
> met omliggende landen

Zeewaarts

Ruimte reserveren voor
zandwinning en zeewaartse
landuitbreiding. Onderzoek

Eilanden langs
Pilot eiland 1

Noordzeedam of Meebewegen om financiele, politieke,
ecologische, maatschappelijke redenen.

Verbinden eilanden met keringen
en rivierpompsysteem.

Activities at sea
Pilots for islands

naar effecten op o.a. ecologie,
waterkwaliteit, huidige kust,
en andere landen.

Landaanwinning
Kust

E Beschermen gesloten

rest kust
>— - :
Waddenzee afsluiten als <
zoetwaterbekken en voor
bergen rivierafvoeren ¥ _E
¢ — P
-

Nieuwe Waterweg Afvoerverdeling Rijn Rivierwater bergen en _

afsluiten met kering aanpassen: meer via lJssel. uitpompen onvoldoen- _a

en pompsysteem. 1 de. (Grond)waterover-

) | last niet te voorkomen. X

Ruimte reserveren voor
rivierverruiming, nieuwe
riviertakken en pomp-
systemen. Onderzoek
haalbaarheid benodigde
pompcapaciteit.

Frequente sluiting
stormvloedkering

Stormvioedkeringen

Qosterschelde,
Westerschelde afsluiten

Maeslant Barrier
Rivers

~

Afvoerverdeling benedenrivieren aanpassen.
Pompsysteem bij Haringvliet, Nieuwe Waterweg

vervangen door dammen
met een rivierpomp- 24
spuisysteem. Zoutindrin-
ging via kwel en sluizen. Afvoerverdeling
Nt benedenrivieren 3
pes | = .
1 Beschermen open SHP0SK SRR Ophogen dijken en aanpassen en afvoeren
[ Aanpassen ruimte voor rivieren, via open Haringvliet
Ruimte reserveren voor dijken. 2??:;;2[)3;?:()” pompen Iangs'ruweren, en/of Grevelingen.
Onderzoek megadijken, en ' kust en estuaria.
effect op grondwater.
Grootschalige pilots met
:gx‘;’;g:: \é?;i,si?]'mem eOOK: Overstappen of faciliteren m
plegestehe, open rivieren door Dijkringsteden. Huizen op
megaduklen en extra palen of drijvend. Start
pompen langs rivieren. verplaatsen en meer D I
== Zouttolerante landbouw. ruimte voor (rivier)water. (/s eve O pl I Ie ntS
w~ Meebewegen ) A
. i
Bouwvrije zones in uiter- ‘ IOW_ |y| n g parts
waarden. In diepe polders Inzet transitie Meebewegen  Keringen blijven open. Dijkring/megaterp/
alleen tijdelijk of drijvend door aanpassing Overslagbestendige drijvende steden. 21
bouwen. Aantrekkelijk hoog landgebruik. Stimuleren dijken in Rijnmond. Meer verplaatsen naar
Nederland door creéren verplaatsen naar hoog NL. Landspiegelstijging in en ontwikkelingen in g
werkgelegenheiden sommige kustgebieden. hoog Nederland. :
woningbouw. Grootschalige . ‘
experimenten met drijvende LIS
wijken. Onderzoek naar %
ringdijksteden via
Ingaljks! VX Meer verplaatsen naar =
compartimentering. en ontwikkelingen in = 2
X I A hoog Nederland. D lt
Zeespiegelstijging 22 . Deltares elwares



Exploring adaptation pathways

« Connect adaption tipping point to
signals

» Conduct research to identify ocean
signals for coastal adaptation tipping
points
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Haasnoot et al 2013, 2019, Lawrence et al 2017, 2018, Kwakkel 2016



When to start?
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Sea level rise: IPCC WG1 2021; Pathways: Haasnoot et al 2020
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When to start?
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When to start?
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planning implementing
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; Adaptation signals :
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Sea level rise: IPCC WG1 2021; Pathways: Haasnoot et al 2020
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Dynamic Adaptation Pathways
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Take home

* Increasing water challenges in all scenarios

« Water challenges are piling up: a water shortage and water nuisance and
flooding and other social challenges

* More climate change results in greater water tasks: less time to adapt,
larger tasks, increased bandwidth to work with.

« Large band width of possible climate change and sea-level rise
« Rate of change is important
« Adaptation can alter the deltaic system largely

« Conduct research to identify ocean signals for coastal adaptation tipping
points

Deltares 39
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(a) Global surface temperature change relative to 1850-1900
°C

2 SSP5-8.5
4 SSP3-7.0
3
2 SSP1-2.6
SSP1-1.9

1 —\/___/\/\//
0

-1
1950 2000 2015 2050 2100
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Netherlands

Sea-level rise 2050
SSP1-2.6: 0,14 - 0,38 m
SSP5-8.5: 0,16 - 0,48 m

« Limited difference between slr-projections in 2050

(d) Global mean sea level change relative to 1200

m
2
1.5
1 SSP5-8.5
SSP3-7.0
SSP1-2.6
0.5 SSP1-1.9
0-

1950 2000 2020 2050 2100
IPCC 2021



Sea-level rise

The influence of emission increases after 2050

(d) Global mean sea level change relative to 1200

m
2

1.5

0.5

Low-likelihood, high-impact storyline,
including ice-sheet instability
processes, under SSP5-8.5—— .-°

0
1950

SSP5-8.5

SSP3-7.0

SSP1-2.6

SSP1-1.9
2000 2020 2050 2100

Netherlands

2050
SSP1-2.6:
SSP5-8.5:

2100

SSP1-2.6:
SSP5-8.5:

IPCC 2021

0,14 - 0,38 m
0,16 - 0,48 m

0.30-0,81m
0,54-121m
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(e) Global mean sea
level change in 2300
relative to 1900

Sea level rise greater than
15 m cannot be ruled out

Sea-level rise

* Increase of sea-level rise continues after 2100
8m
« And, potential acceleration in rate of sea-level rise due to the contribution of
Antarctica and the collapse of ocean circulation AMOC
7m
é6m
!§
& 4m
(d) Global mean sea level change relative to 1900
l; § 2m
i Low-likelihood, high-impact storyline, .
including ice-sheet instability .
1 processes, under SSP5-8.5 ) gggggg At
Deltares e - 45
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4 types of strategies for adaptation to sea-level rise

E Protect-closed E Protect-open

—
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Rivieren via pompsysteem Afvoerverdeling aanpassen Open verbinding Deels gesloten,
Nieuwe Waterweg, en pompsysteem Nieuwe _— g

rivieren omleiden

rivieren

Haringvliet en evt. Waterweg en/of Haringvliet
Grevelingen
s~ Accommodate
http://nladapt.deltares.nl /
Haasnoot et al 2019 ’

Van Alphen et al 2022 I /

%

Verbonden
2 o Il Ontwikkeling Ontwikkeling
n Zeewaarts hoog Nederland hoog Nederland

D e I-ta fe S n uitbreiden
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sluizen

met spui

en gemaal Stormvloedkering
Hollandse Issel

E Protect-closed

* Reserve space for river widening, new river
branches and pumping systems
* Research the feasibility of required pumping

capacity.
Markiezaatkade [l
[ B vergrote opvang rivierwater
~ - ——
— /" Source: Plan Sluizen, Frank
< > Spaargaren, 2014
>
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River discharge are pumped to  Change river discharge distribution
the sea via Nieuwe Waterweg, ~ and pumps in Nieuwe Waterweg
Haringvliet (and Grevelingen) and/ or Haringvliet
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! Protect-open

| 5
Space reservations for dike reinforcements.
e Research needed for feasibility mega dike
and impact of open system on groundwater
e Scaled-up pilots needed for sediment
trapping that stimulates natural land rising
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E Open connection Hybrid, partly closed,
Deltares rivers party rerouted river .

discharge, partly open



* Allocate and reserve sand extraction
areas and space for seaward extension

 Research needed in impact on ecology,
water quality, present-day shore, en
neighbouring countries.
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' Connected '

Islands
Extend present-

Deltares day coastline
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Bron beeld: Boskalis 2006

Bron beeld: Plan Waterman, Ronald Waterman, 1980
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LN
A Accommodate

No-build zones in floodplains. In deep
polders only temporary or floating
construction.

Increase attractiveness of higher areas of NL
by creating employment and housing.
Large-scale experimentation with floating
districts and land level rise.

Research needed into ring dike cities via
compartmentalization.
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Developments in “higher” areas
Floating houses
Stimulate natural sedimentation
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