Adaptating to climatic coastal i
.... With emphasis on SLR
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Which SLR-induced impacts are relevant for your country/region?

CIDs?
RSLR

Permanent flooded — Coastal erosion
. ¢ Coastal floods
Beach/coastal erosion /
Salinization/salt water intrusion
Ecosystem changes / habitak[gss“'
Increasing storm impacts
Private property damages
Public infrastructure damage

2022 survey to stakeholders
with 200 respondents

Others SEA LEVEL RISE
A joint effort by
JPI
0 50% 100% D cimee ocEnms
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How effective do you consider the present adaptation  Existing adaptation strategies/plans are flexible enough to
strategy to SLR in your country/region ? adapt to future updates in SLR-induced impacts, or to cope

with the inherent uncertainty in their assessment.
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Inexistent No plans
Insufficient \Strongly disagree
Neutral Disagree
Effective Agree 2022 survey to stakeholders
Very effective Strongly agree with 200 respondents
Other/Unsure

SEA LEVEL RISE

- A joint effort by
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Coastal adaptation to sea-level rise refers to the process of adjusting to the impacts and potential risks
associated with rising sea levels.

It involves implementing strategies and measures to address these impacts and risks by enhancing resilience
and reducing vulnerability to SLR-induced hazards.

sedimentary coastlines
storm-induced coastal are already eroding

damage are frequent

warning
Adaptation capacity and While many might assume that the main
governance to manage risks from risks are getting worse | resource need for adaptation is money, time
projected sea level rise typically > is the most evident declining resource.
require decades to implement and Delays or inadequate action in the early
institutionalise (high confidence). stages can lead to increased costs in the
future.
AR6 WGII IPCC Lépez-Doriga et al. (2020)
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Sea level rise challenges the timing of coastal adaptation planning and implementation

(a) Typical timescales of coastal risk management
Indicative time for planning and implementation Typical intended lifetime of measures *Measures with long-living societal legacy

*Planned relocation — e . <100 years

*Protect barriers — ———————— . =100 years
— I
— 1
<
<

*Protect levees =50 years

Elevating houses =30 years

Sediment-based protection =15 years

Ecosystem-based adaptation =15 years

2020 2050 2100 2150

The challenge of coastal adaptation in the era of sea level rise (SLR): typical time scales for the planning,

implementation (grey triangles) and operational lifetime of current coastal risk-management measures (blue bars).
(AR6 WGII IPCC)
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How vulnerable are we for climate changeand sea level
rise and what adaptation measures should we take ?

classical approach / \ adaptation tipping point approach

What if climate changes How much climate change
according to scenario x? can we cope with?
v
Pressures: Impact:
Climate change & sea level rise objectives for sectors
v v
State: State:
water quantity & water quality relevant boundary conditions: water
s quantity & water quality
Impact: v :
safety, nature, agriculture etc. Pressures:
. corrensponding climate & sea level
v
Are objectivesachieved? Underwhich climate conditions are
Yes No objectives not achieved anymore?
/ \ (Tipping point)
Response: Response: '

: When does this occuraccording
no measures needed adaptation measures

to scenarioa,b,c,d?
(Durability of current measures)

Response:
adaptation measuresin year z

©6
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Classical top-down approach and
adaptation tipping point
approach to develop adaptation
measures

(Kwadijk et al 2010)
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The concept (challenge) of Adaptation Tipping Point (ATP)
hazard X

ATP can be defined as the threshold at which the impacts of climate change (SLR) are such that the current
management strategy (or status quo) can no longer meet its objectives.

Coastal erosion

A decrease in RCC due to SLR-induced beach erosion

using the NASA sea level projection tool

\A{ threshold fixed by policy makers /
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Different types of responses to coastal risk and sea level rise

(a) No response

SLR A

(c) Protection

S— e S

(e) Accommodation

SLR A

(b) Advance

SLR A

(d) Retreat

(f) Ecosystem-based adaptation

SLR

Source: IPCC



(a) No response

SLR A

\|
(b) Advance

(c) Protection
e N}

SLR

(d) Retreat

(e) Accommodation

SLR A

(f) Ecosystem-based adaptation

SLR

) Responses to rising mean and extreme sea levels
The table illustrates responses and their characteristics. It is not exhaustive. Whether a response is applicable depends on geography and context.

Response: Protection

Confidence levels (assessed for effectiveness): eeee = Very High  eee=High ee=Medium e=Llow SROCC IPCC 2019
Responses Potential Advantages Co-benefits Drawbacks Economic Governance
effectiveness efficiency challenges
in terms of reducing (beyond risk reduction)
sea level rise (SLR) risks
(technical/biophysical limits)
Up to multiple metres  Predictable levels of Multifunctional dikes Destruction of habitat  High if the value of Often unaffordable for
of SLR {4.4.2.2.4} safety {4.4.2.2.4} such as for recreation,  through coastal assets behind poorer areas. Conflicts
so8 or other land use squeeze,flooding & protection is high, as between obijectives
{4.4.2.2.5} erosion downdrift, found in many urban (e.g., conservation,
lock—in, disastrous and densely populated  safety and tourism),
consequence in case of ~ coastal areas conflicts about the
Hard defence failure {44.2.2.7) distribution of public
protection {43.2.4,4.4.2.2.5} budgets, lack of
finance {4.3.3.2,
4.4.2.2.6}
Sediment- Effective but depends  High flexibility Preservation of Destruction of habitat, ~ High if tourism Conflicts about the
based on sediment availability = {4.4.2.2.4} beaches for recreation/ =~ where sediment is revenues are high distribution of public
protection {44.2.2.4} eee tourism {4.4.2.2.5} sourced {4.4.2.2.5} {4.4.2.2.7} budgets {4.4.2.2.6}
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Protection strategy (sediment-based)

Zand Motor (The Netherlands)

+ 21.5 Mm?3 for 20-years life time aiming to
provide safety against flooding in
combination with new spatial values

Aerial photographs of the Sand Engine in
the period 2011-2016, looking south (Roest
et al 2021).
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Sediment — based protection strategy
How much sand do/will we need?
Strategic sediment reservoir

Do we have enough sand (of the required quality)?

Can we afford it?

o A
% High SLR + ambient erosion rates
s T
£ thresholds
=
9 Stock 2
v s T T TS r--=====
Vv |mmmmmm === - - = -—:—— -—-r————— L == == = = .
g Stock 1 I | | : Low SLR + ambient erosion rates
© 1 1 | I
GJ | 1 |
n ) R C LR EE T

Tim e Range of Adaptation Tipping Points

<=2 <--->

Most-likely range Most likely range
for stock 1 for stock 2
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Protection strategy (hard protection)
Thames barrier (UK)

e Thames Barrier

e Tidal defences downstream of the Thames Barrier

e Tidal defences upstream of the Thames Barrier

- Thames Estuary 2100 outer boundary N

0 5 10 20 Kilometers A
S O | N [ O [ N |

(a) Schematic effect of regional sea level rise on
projected extreme sea level events (not to scale)
Historical Centennial extreme sea level

Events (HCEs) become more common
due to sea level rise

g

‘;g HCE 1/decade

g | SR il 1lyear

E 1/decade 1/month

g e mean sea level

5 1/month . . . .

t . tovl Aerial view of the Thames Barrier with closed gates
2 mean sea level rise . . . .

3| recentpast —  futwe T~ " (National police air service/ gov.UK)

Time



(a) No response . (b) Advance ﬁ
s .

(d) Retreat
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(c) Protection

SLR

Response: Accommodation

(e) Accommodation s (f) Ecosystem-based adaptation .
SLR A SLR ﬁ
Responses Potential Advantages Co-benefits Drawbacks Economic Governance
effectiveness efficiency challenges
in terms of reducing (beyond risk reduction)

sea level rise (SLR) risks
(technical/biophysical limits)

Coastal Very effective for small ~ Mature technology; Maintains landscape Does not prevent Very high for early Early warning systems
accommodation SIR {4.4.2.5.4} eee sediments deposited connectivity {4.4.2.5.5} = flooding/impacts warning systems and require effective insti—
(Flood—proofing buildings, during floods can raise {4.4.2.5.5} building—scale tutional arrangements

early warning systems for elevation {4.4.2.5.5} measures {4.4.2.5.7} {4.4.2.6.6}

flood events, etc.)

SROCC IPCC 2019
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Accommodation strategy for flooding

Different home (flood-proofing) foundation types in coastal areas (Amini & Memari, 2021)

Basement Crawlspace Slab=on=Grade Open Foundation Open Foundation
foundation Foundation Foundation (Pilings) (Posts/Columns)

First floor and First floor and
lowest floor lowest floor

First floor and Pile
lowest floor

First floor and
lowest floor

Crawlspace
AR 1 A Y—gGlab | AR

-
¥ Basement : ¥

.} foundation ! \F 3-*-3 it £ § & /A
- o ?."_.:E gong Footing 4 & 41 Post/column with
e L Foundation wall e concrete pad

LS Footing
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~ Rodanthe, NC, USA
- .~ -Photo: H Stockdon

AN

Makoko, Lagos (Nigeria).
Photo: lwanBaan
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(a) No response . (b) Advance ﬁ

(c) Protection

(d) Retreat

SLR

(f) Ecosystem-based adaptation

(e) Accommodation

Response: Advance

SLR A SLR ﬁ
Responses Potential Advantages Co-benefits Drawbacks Economic Governance
effectiveness efficiency challenges
in terms of reducing (beyond risk reduction)

sea level rise (SLR) risks
(technical/biophysical limits)

Coastal Up to multiple metres Predictable levels of
advance of SLR {4.4.2.2.4} safety {4.4.2.2.4)
o000

Generates land and
land sale revenues that
can be used to finance
adaptation {4.4.2.4.5}

Groundwater salinisa—
tion, enhanced erosion
and loss of coastal
ecosystems and habitat
{4.4.2.4.5)

Often unaffordable for
poorer areas. Social
conflicts with regards
to access and

distribution of new
land {4.4.2.4.6}

Very high if land prices
are high as found in

many urban coasts
{4.4.24.7}

SROCC IPCC 2019
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Advance strategy for atoll islands (e.g. Maldives)

(Brown et al. 2023)

Minimal sea-level rise

~~~ _Laboratori ¢’Enginyeri itim
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Faster rates of sea-level rise

Natural atolls that
are rural or have
low population
densities

Q

Elevation above mean sea-

Beaches move
horizontally

Atoll raises naturally
with sea-level rise

=)

o

Elevation above mean sea-
level (m)

Atoll edge raises, in
response to a faster rate
of sea-level rise

1

=)

Beaches move
horizontally

Protected atolls
that are urban or
have high
population
densities

Key

——>  Sediment transport

(9]

Elevation above mean sea-
level (m)

Distance (m)

Remaining
beaches subject to
coastal squeeze

Atoll height declines
relative to sea-level rise

)

Extreme sea-level with min

Mean sea-level

Sediment transport, overtopping and il
deposition and horizonal movement of £

Sediment (including beach) r—)
beach :

Q.

Elevation above mean sea-
level (m)

Distance (m) )

Atoll artificially raised
to be at a height
sufficient to cope with
sea-level rise

1

imal sea-level rise

Sediment deposition with overtopping -y
leading to natural land raising at the (
island’s edge

Horizontal
movement subject
to land claim to
advance the line

Extreme sea-level with faster rates of
sea-level rise

Sediment deposition inhibited due to
lack of overtopping from sea wall, so
that land cannot be raised naturally
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Advance strategy for coastal cities B

station
Thin concrete dyke Concrete dyke \
o - i
. ant : A -
,//Stage 0 Stage 1 Stage 2

Elevation of
Pump station Land

Improved dyke Reclamation districts \ ﬁ ﬂ
+ gates \

AV

b

Stage 3 Stage 4 Stage 5

/—‘

Schematic representation of the stages of the adaptation process to SLR (by advance-land reclamation)
in coastal cities (Tokyo, JP) (Esteban et al 2020)



(a) No response

(b) Advance

SLR A
(c) Protection . (d) Retreat )
| , | Response: Retreat
(e) Accommodation (f) Ecosystem-based adaptation .
SIR A SIR SROCC IPCC 2019
Responses Potential Advantages Co-benefits Drawbacks Economic Governance
effectiveness efficiency challenges
in terms of reducing (beyond risk reduction)
sea level rise (SLR) risks
(technical/biophysical limits)
Planned Effective if alternative ~ Sea level risks at Access to improved Loss of social cohesion,  Limited evidence Reconciling the
relocation safe localities are origin can be services (health, cultural identity and [4.4.2.6.7} divergent interests
available {4.4.2.6.4} eliminated {4.4.2.6.4}  education, housing), well-being. Depressed arising from relocating
sen job opportunitiesand  services (health, people from point of
economic growth education, housing), origin and destination
{4.4.2.6.5) job opportunities and {4.4.2.6.6)
economic growth
= {4.4.2.6.5}
g
@
= Eoreed Addresses only Not applicable Not applicable Range from loss of life  Not applicable Raises complex
displacement immediate risk at place to loss of livelihoods humanitarian

of origin

and sovereignty
{4.4.2.6.5)

questions on
livelihoods, human
rights and equity
{4.4.2.6.6}
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Retreat strategy
Planned relocation in Fiji islands

At present, 42 Fijian villages have been
earmarked for potential relocation in the
! next five to 10 years, owing to the impacts
Standard Operating Procedures Of Climate crisis. Six have already been

for Planned Relocation moved. Every new cyclone or disaster brings

in the Republic of Fiji L . . .

with it the risk of yet more villages being

added to the list.

Discussions about moving Vunidogoloa
started in earnest around 2004. .... It took
the better part of a decade before the new
site, about a mile farther inland and higher
up, was ready for them.

(The Guardian)

%‘— UPC A

- _Laboratori d’Enginyeria Marit
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Vanua Levu

Nabavatu —e
@

Vunidogoloa
Tukuraki
. South Pacific
Fiji
Viti Levu
= Suva
[ ]
|
Togoru
50 km
50 miles
Guardian graphic
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Retreat strategy
Managed realignment . .
8 8 Spatial planning — new setbacks
Medmerry (UK Environment Agency) (Tordera delta, Barcelona, Spain)

v o Y,

= ..'_'.‘..-'-l'u'o-n---o-.. ;

D

Key

A - Breach

B - Bird Islands

C ~ View point

D -~ Rock end structure
E ~ Freshwater outfall




(a) No response 4

(c) Protection

SLR

(]
(e) Accommodation
SLR A

(b) Advance

(d) Retreat

[ |

it

A

E%hu

|

(f) Ecosystem-based adaptation

:‘? e

Response: Ecosystem-based

SROCC IPCC 2019

Responses

Coral
conservation

Coral
restoration

Wetland
conservation

(Marshes,
Mangroves)

Ecosystem based adaptation

Wetland
restoration

(Marshes,
Mangroves)

Potential
effectiveness

in terms of reducing
Effective up to
0.5cmyr'SLR. e®
Strongly limited by
ocean warming and
acidification.
Constrained at 1.5°C
warming and lost at
2°C at many places.
{43352,44232,
5.3.4] eee

Effective up to 0.5~1
cmyr' SLR, ee
decreased at 2°C
{433.5.1,44.23.2,
53.7} eee

Advantages

(beyond risk reduction)

Opportunity for
community
involvement,
{4.4.2.3.1}

Co-benefits

Habitat gain,
biodiversity, carbon
sequestration, income
from tourism,
enhanced fishery
productivity, improved
water quality.
Provision of food,
medicine, fuel, wood
and cultural benefits
{4.4.2.3.5}

Drawbacks

Long-term
effectiveness depends
on ocean warming,
acidification and
emission scenarios
{43.3.5.2,44.23.2}

Safety levels less
predictable,
development benefits
not realized {4.4.2.3.5,
4.4.23.2)

Safety levels less
predictable, a lot of
land required, barriers
for landward expan—
sion of ecosystems has
to be removed

{44.235,44.23.2}

Economic
efficiency

Limited evidence on
benefit—cost ratios;
Depends on population
density and the
availability of land
{4.4.2.3.7)

Governance
challenges

Permits for
implementation are
difficult to obtain. Lack
of finance. Lack of
enforcement of
conservation policies.
EbA options dismissed
due to short—term
economic interest,
availability of land
{4.4.2.3.6}
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Ecosystem-based strategy
Ecosystem restoration

Mangrove restoration (Nigeria) Coastal dunes restoration (Spain)
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Ecosystem-based strategy

Managed realignment +

coastal landscape restoration

(dunes + wetlands) in the Ebro delta (Spain)
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The adaptation pathways approach

Adaptation pathways are sequences of linked
(portfolios of) actions that can be implemented as
conditions change.

The adaptation pathways approach helps to make
decisions about adaptation in the face of the high
uncertainty associated with the impacts of SLR.

(Haasnoot et al. 2019)
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Adaptation Pathways Map

Action A

Current
situation

AcCtion L

Action D
Changing conditions =
: A - i
> - 10 70 80 90 100
Time low-end scenario
: Y —t—r
; ; 10 70 80 90 100
Time high-end scenario Years
o Transfer station to new policy action
l Adaptation Tipping Point of a policy action (Terminal)

Policy action effective
A Decision node

Zandvoort et al. (2017)
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Urban archetypes
Rural archetypes

>
>
accommodate and protect —D[ retreat
T accommodate
- accommodate and protect retreat
and protect
protect - protect mainly soft _I !
I
I i, *[ protect ~ [f=============
> protect mainly hard - .
----------- I T T T
: : l : present no low medium high
present no low medium high sea-level rise

sea-level rise

In urban environments, the immediate priority is to protect. The path of protection tends to be self-
reinforcing -> people and assets tend to accumulate in protected areas, in turn requiring higher protection.

In rural land hard protection is difficult to motivate. Present interventions are minimal and mostly in the
direction of accommodate, with a possibility to delay the TP by combining with protection measures (of
relatively small investment). With medium to high sea-levels retreat remains the last option, unless new

technologies delay the TP and extend the lifetime of accommodate measures.
(Haasnoot et al. 2019)
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PROTECT FROM
COASTAL HAZARDS
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BUILDING HARD PROTECTION

@ 000
AN ADVANCE STRATEGY HOLD THE LINE M|
« Building * Reducing local erosion
infrastructures on (groynes, artificial
the sea headland, coastal
reinforcement)
e Limiting coastal
Local flooding (breakwaters, sadirment.call
artificial reefs, dikes,
seawalls)
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® 0
m

adaptation

Coastal ecosystem
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Depoldering
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ADAPT TO COASTAL
HAZARDS

Iy : : e

LEGEND - Governance modalities

Spatial implementation scale Complexity of implementation

Level of stakeholder Xy o
engagement in decision- Local: one or a few coastal municipalities. . -
Sediment cell: several coastal municipalities at the sediment cell scale.
+

making process : 5 : : SR o
Large territory and inland: several coastal and adjacent inland municipalities. -

Governance archetypes of
adaptation strategies to sea
level rise according to the
complexity

of their implementation,
both institutionally and
technically.

(Bongarts Lebbe et al. 2021)
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Constraints to coastal adaptation Limits beyond which human

i .. _ , . activities cannot be maintained
Technological limits -> there are no adaptation options available

to effectively reduce the impacts of SLR (considering the time

Technological limits

needed for implementing options and maintaining the coastal |
functionality). et
,7 Natural | Societal ™~
,7 subsystem subsystem "\
Barriers /

S°‘Ef§'"?§r“§"°‘—>:\ bariers.
Economic -> if the implementation and maintenance of
adaptation are more costly in monetary terms than the impacts
they avoid N
Financing -> if it is difficult to access financial resources for Finance barriers
adaptation.
Social conflict -> whenever stakeholders' conflicting interests
impede or exacerbate adaptation. Barriers which can be overcome through

adequate efforts

Hinkel et al. (2018)
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Take home messages

» Sea-level will continue to rise -> coastal impacts will increase -> coastal adaptation will be
needed.

» Coastal impacts can be avoided by preventing new developments in exposed coastal locations.
» Responses to sea-level rise are more effective if combined, sequenced, planned well ahead;
aligned with sociocultural values and development priorities; underpinned by inclusive

community engagement process.

» Adaptation to manage risks from projected sea level rise typically require decades to implement
and institutionalise.
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Living with
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Fig. 1 Holistic pathways of climate

ER

transformation.

(Bottom left) A hypothetical
present-day settlement (dense city,
suburban and periurban
communities, and rural areas).
(Right) Six possible futures.
Adaptive pathways between the
present day and the future will be
shaped by climate risks, limits to
adaptation, and societal goals.
Strategic, managed retreat (green)
will have some role in each future,
along with other categories of
response. The degree of retreat
varies across scenarios (e.g.,
removal of a few structures to
create space for retention ponds
and pumping in the hybrid scenario
or large-scale relocations in the
consolidated or floating scenario).
A decision not to engage in
strategic, managed retreat
complicates the pursuit of these
futures and may eliminate certain
futures as options. (Mach & Siders
2021)
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Generic adaptation pathway (urban coast)

Action not usually taken in the short term due to risk of
overinvestment, time required for actions, lack of social
support, etc.

Planned retreat O O

Unlikel
C.U”’ent epathwayy
situation
Breakwaters
Seawall

Dam or Dike (o)
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Uncertainty in ATP
Enough sediment availability?

Sea level rise
Low to moderate SLR

Short term
High-end SLR

>

Long term

Short term

Medium term

>
Long term
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Adaptation pathways for the
coastal archetypes existing of
sequences of (portfolio) of
adaptation actions (coloured
boxes). The length of the
boxes represents the interval
of sea-level rise for which the
adaptation measure is
effective, i.e. before it
reaches its adaptation or
opportunity tipping points.
Combining measures could
extend the design life of a
measure (Haasnoot et al
2019).
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Solution space for coastal cities and settlements by the sea

(a) Generic adaptation pathways for coastal cities and settlements to sea level rise

Generic Examples of
strategies specific measures

Advance New seawards land @ Q ‘ P

claim above sea level

Sea walls, levees, ( 2 <> 3.
storm barriers :
Protect e N N N N
Wetlands, mangroves’ 5. —.—‘*‘: ...............................
coral reefs \ 8. 9.
Wet and dry proofin . . _0
E Accommodate built enviro%mpent ! 1. \
Floating structures .‘
(experimental, not shown) \
No build
Retreat 0 pulid zones 10. ) 1ML
Planned relocation ~ 7 ~ ~ ~
Increasing risk to sea level rise (mean and extremes)
1. Successful pilot, lack of development space triggers advance, or protect due to lack of 6. Hybrid strategy.
support, time or finance. ‘ 7. Frequent flooding, flooding creates access problems.
2. Preference for nature-based solutions. 8. Warming, limited space, human pressures, frequent flooding.
3. Unaffordable, salinisation, pumping limit, lack of support. 9. Unaffordable, salinisation, pumping limit, lack of support.
4. Unaffordable, pumping limit, lack of time, support, knowledge, material. 10. Long lead time to align with social goals and ensure just outcomes.

5. Warming, limited space, human pressures, frequent flooding require additional measures. 11. Lack of acceptance and equity triggers shift.
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