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Coasts are Changing

Coastal development in Singapore (land reclamation)
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Sea-level rise and climate change are not happening in isolation
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Sea-level trends from around the world

(measured with tide gauges and offset for display purposes)
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Relative Sea-Level Components

* Global components — changing ocean volume
 Thermal expansion of sea water

* Melting of land-based ice Impacts and
e Glaciers
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Projected Global-Mean Sea-Level Rise to 2150

under the Shared Socio-economic Pathway (SSP) scenarios
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Source: IPCC ARG (Pearson et al., 2021). See also Fox-Kemper et al. (2021)
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Contemporary global-mean coastal relative sea-level rise
Coastal length versus coastal population weightings (source: Nicholls et al., 2021)
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Physical Impacts of RSLR and potential adaptations

Examples of potential interacting factors which could offset or exacerbate these RSLR impacts due to climate and non-climate factors are shown. Adaptation options are coded:
Ad — Advance, Ph and Ps — Hard or Soft Protection, respectively; Ac — Accommodation; R — Retreat.

NATURAL SYSTEM EFFECT POSSIBLE INTERACTING FACTORS POSSIBLE ADAPTATION OPTIONS
CLIMATE NON-CLIMATE
1. Inundation/  a.Surge (sea  Wave/storm Sediment supply, Land claim [Ad]
flooding flooding) climate, Flood management, Dikes/surge barriers/closure dams [Ph],
Erosion, Erosion. Nourishment, including dune construction [Ps],
Sediment supply. Ecosystem-based barriers (e.g., mangroves) [Ps],
b. Backwater Run-off, Catchment management and Building codes/flood-proof buildings/raise buildings [Ac],
effect (river ~ Rainfall. land use. Land use planning/hazard mapping [Ac/R],
flooding) Planned migration [R].
2. Wetland loss (and change) CO, fertilisation, Sediment supply, Gabions/breakwaters [Ph],
Ocean pH, Accommodation space, Nourishment/sediment management [Ps],
Sediment supply, Land claim. Wetland planting [Ps],
Accommodation Land use planning [Ac/R],
space. Managed realignment/ forbid hard defences [R].
3. Erosion (of ‘soft” morphology) Sediment supply, Sediment supply. Land claim [Ad]
Wave/storm Coastal defences/seawalls [Ph],
climate. Ecosystem-based barriers (e.g., mangroves) [Ps],

Nourishment [Ps],
Building setbacks/rolling easements [R].

4. Saltwater a. Surface Run-off. Catchment management, Saltwater intrusion barriers [P],
Intrusion Waters Land use. Desalination [Ac],
Relocate water abstraction upstream [R].
b. Ground- Rainfall. Land use, Impermeable groundwater barriers [P]
water Aquifer utilisation. Freshwater injection [P],
Desalination [Ac],
Adapted from Nicholls, 2018; Nicholls and Ballesteros, 2025 New salinity-tolerant crop varieties [Ac],
Change water abstraction [Ac/R].
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RSLR — Relative sea-level rise Source: Nicholls and Ballesteros, 2025
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Coastal Areas Vulnerable to RSLR

Settings

* Small islands

* Deltas

* Coastal cities

* Coastal ecosystems

RSLR — Relative sea-level rise

Regions

* South Asia

* East Asia

* South-East Asia

e Caribbean
e Pacific Islands
* Indian Ocean Islands
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Adaptation
to Sea-Level Rise

Dronkers et al (1990)

* Risks are strongly influenced by
adaptation

* Arguably the biggest
uncertainty in future risk is
adaptation and its success or
failure

Executive Summary
Of The

Meport OF The Comidl Zooe Mumagement Subgroup
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Response Strategles Wotkmg Group
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Coastal Adaptation
=T

(i) Planned retreat

DDD

[ 1

(ii)) Accommodate

(iii) Protect
-> Hard defences
-> Soft defences

(iv) Advance
-> Land claim and development

Structural Accommodation in North Carolina, USA

Source: Nicholls and Ballesteros, 2025, unless otherwise indicated

Hulhumale, the Maldives. Copyright: Volz and Gussmann.



Physical Impacts of RSLR and potential adaptations

Examples of potential interacting factors which could offset or exacerbate these RSLR impacts due to climate and non-climate factors are shown. Adaptation options are coded:
Ad — Advance, Ph and Ps — Hard or Soft Protection, respectively; Ac — Accommodation; R — Retreat.

NATURAL SYSTEM EFFECT POSSIBLE INTERACTING FACTORS POSSIBLE ADAPTATION OPTIONS
CLIMATE NON-CLIMATE
1. Inundation/  a.Surge (sea  Wave/storm Sediment supply, Land claim [Ad]
flooding flooding) climate, Flood management, Dikes/surge barriers/closure dams [Ph],
Erosion, Erosion. Nourishment, including dune construction [Ps],
Sediment supply. Ecosystem-based barriers (e.g., mangroves) [Ps],
b. Backwater Run-off, Catchment management and Building codes/flood-proof buildings/raise buildings [Ac],
effect (river ~ Rainfall. land use. Land use planning/hazard mapping [Ac/R],
flooding) Planned migration [R].
2. Wetland loss (and change) CO, fertilisation, Sediment supply, Gabions/breakwaters [Ph],
Ocean pH, Accommodation space, Nourishment/sediment management [Ps],
Sediment supply, Land claim. Wetland planting [Ps],
Accommodation Land use planning [Ac/R],
space. Managed realignment/ forbid hard defences [R].
3. Erosion (of ‘soft” morphology) Sediment supply, Sediment supply. Land claim [Ad]
Wave/storm Coastal defences/seawalls [Ph],
climate. Ecosystem-based barriers (e.g., mangroves) [Ps],

Nourishment [Ps],
Building setbacks/rolling easements [R].

4. Saltwater a. Surface Run-off. Catchment management, Saltwater intrusion barriers [P],
Intrusion Waters Land use. Desalination [Ac],
Relocate water abstraction upstream [R].
b. Ground- Rainfall. Land use, Impermeable groundwater barriers [P]
water Aquifer utilisation. Freshwater injection [P],
Desalination [Ac],
Adapted from Nicholls, 2018; Nicholls and Ballesteros, 2025 New salinity-tolerant crop varieties [Acl,
Change water abstraction [Ac/R].




Continuously monitor,
assess and learn from
implemented adaptation

options

Raise awareness; improve climate
literacy

Strengthen or create institutions
and governance mechanisms

Engage with coastal
communitities at risk

7

Establish climate
services to support
coastal adaptation to

sea-level acceleration and K Sea_IEVeI rise Over\

coastal adaptation limits Identify all relevant

decades to centuries adaptation options
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benefits of each adaptation
options, as well as their
social perception
Prioritize options that have high social,

economic and environmental co-benefits, Anticipate inland

that arealigned with sociocultural values and migration of coastal
development priorities while leaving options ecosystems

open

Aim to neither implement too late, nor too

early o

o
Implement adapt®®
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Adaptation is a process

Enabling conditions

* Long-term perspective

* Cross-scale coordination

* Address vulnerability and equity
* Inclusive public participation

* Capability to address complexity

* Recognition of multiple steps
;adaptat/on/restorat/on pathways and
earning)

Think strategically: what is your vision for
the future and what steps do you need to
take to get there?

Source: Le Cozannet et al (2023) ERL
See also Policy Brief @ https://t.ly/dptsp

Bigiysliadsd CoCliCo @

CRYOSPHERE & SEA LEVEL coastal climate core services
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Adaptation Constraints

Technological limits
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Relevance to EbA

* Technological limits — limited
understanding of EbA
compared to conventional
engineering — use adaptive and
learning approaches

* Economic barriers —is it worth
it; can we evaluate the value of
EbA?

* Finance barriers —can we fund
EbA?

e Social conflict barriers —
widespread support for nature

— BUT — people dislike change
Source: Hinkel et al. (2018)
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Economic robustness of coastal protection vs. retreat

SLR scenarios from 0.3 m to 2.0 m, the five SSPs and 10 discount rates of up to 6%.

* 92,500 km is always protected
(13%): 90% of global coastal
floodplain population

* 451,000 km is never protected
(65%): 0.2% of coastal
floodplain population

e 22% world’s coast and 9.8% of
coastal flood plain population
— result is scenario dependent

* large potential for coastal
restoration and EbA, in
unprotected areas

* how can coastal restoration
and EbA support protection?

Percentage of scenarios with BCR > 1 Percentage of coastline with BCR > 1 over all scenarios

|
0 25 50 75 100 0 25 50 75 100

Source: Lincke and Hinkel (2018)
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* Coastal restoration and ecosystem-based adaptation (EbA) needs to address sea-level
rise, climate change and all the other relevant changes in the coastal system — we need
evidence-based assessment to assess the relevant drivers and select appropriate
adaptation approaches

* Coastal restoration and EbA (and all adaptation) will be happening under great
uncertainty and adaptive approaches are effective to address this — learn from adaptive
pathways

* In general, our limited understanding of EbA is a barrier to application — again adaptive
approaches and active experiments are a positive way to address this

The largest scope for coastal restoration and EbA approaches exists where population is
low

* More densely populated, developed coasts present more challenges (and potential
benefits), requiring innovation (e.g., soft engineering approaches) — compromises will
be necessary, hybrid approaches should be considered and costs will be higher
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