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Coastal squeeze: a global challenge
‘Coastal squeeze is one form of coastal 
habitat loss, where intertidal habitat is 
lost due to the high water mark being 
fixed by a defence or structure (i.e. the 
high water mark residing against a hard 
structure such as a sea wall) and the low 
water mark migrating landwards in 
response to SLR.’ (Pontee, 2013).

Costanera Sur, Buenos Aires, Argentina: Observatorio nacional 
de Biodiversidad

Neumann et al., 2015

Merkens et al., 2016

Global 
population 
growth…. 

… particularly 
pronounced 
in coastal 
regions.
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Ecosystem services of coastal wetlands
• Coastal protection:

→ Wave and surge attenuation (Gedan et al., 2011; Möller et al., 2014)
→ Protection against coastal erosion

• Carbon sequestration/storage:
→ Burial rates exceed those of terrestrial ecosystems (McLeod et al., 2011)
→ Potential carbon emissions where wetland are eroded.

• Habitat provisioning
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• Population density 
threshold

Global Coastal Wetland Model

Schuerch et al., 2018

• Critical sediment supply:

→ Critical relative SLR (Kirwan et al., 2010)
→ Translated into critical sediment supply as 

function of relative SLR and tidal range
→ Seaward wetland loss occurs where actual 

sediment supply < crit. sediment supplySchuerch et al., 2018

Tidal range: 1m (pink), 
3m, (blue), 5m (green)

Population density 
threshold (people km-2)

SLR scenario
Sea level 
2100 (cm) Accommmodation space scenario

Lower 
boundary

Upper 
boundary

Low: RCP 
2.6 (5%) 29

Business-as-usual (BAU) 5 20
Managed realignment (MR) 1 20 150
Managed realignment (MR) 2 150 300
Sediment acc. only (HYS 2) 0 ∞

Medium: 
RCP 4.5 
(50%)

50

Business-as-usual (BAU) 5 20
Managed realignment (MR) 1 20 150
Managed realignment (MR) 2 150 300
Sediment acc. only (HYS 2) 0 ∞
No resilience (HYS 4) 0 ∞

High: 
RCP 8.5 
(95%)

110

Business-as-usual (BAU) 5 20
Managed realignment (MR) 1 20 150
Managed realignment (MR) 2 150 300
Sediment acc. only (HYS 2) 0 ∞
No resilience (HYS 4) 0 ∞

• Coastal profiles
→ Based on floodplain data from 

DIVA database (Hinkel et al., 2014)
→ Coastal profile construction, 

following Vafeidis et al., 2019
→ Inland migration as a function of 

coastal topography and sea-level 
rise (SLR; Schuerch et al., 2018)

Where local population 
density exceeds population 
density threshold, inland 
migration is not possible.
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Baseline results

• Most coastal wetlands (tidal (salt and freshwater) marshes and 
mangroves) globally do not have the capacity of accrete sediment under 
high SLR scenarios.

• Not accounting for inland migration may lead to global wetland losses 
between 20 and 54 % (depending on the sea-level rise scenario.

• Coastal squeeze is likely to be a global-scale problem.

Model setup RCP 2.6 - 5% RCP 4.5 - 50% RCP 8.5 - 95%
Sediment accretion only -19.5 -26.0 -54.4

High SLR (RCP8.5, high-end)
No inland migration, but 
sediment accretion included
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Scenario analysis
• Accounting for 

wetland inland 
migration reduces 
global wetland 
loss for all sea-
level rise scenarios

• An increase in 
global wetland 
area is possible 
where nature-
based adaptation 
(e.g. managed 
realignment) is 
implemented on a 
large-scale

Simulated global area increase (in % of original area) 
compared to baseline scenario
RCP 2.6 - 5% RCP 4.5 - 50% RCP 8.5 - 95%

Pop. density 
threshold 5 11.8 14.2 24.2
Pop. density 
threshold 20 19.7 25.2 46.9
Pop. density 
threshold 150 31.7 41.4 96.9
Pop. density 
threshold 300 34.6 45.8 114.1

Schuerch et al. (2018), modified

Accounting for inland migration 
increases global coastal wetland 
areas by:

• BAU: 12-47% (of original area) for 
business-as-usual scenario

• 20-97% (of original area) for 
moderate coastal retreat scenario

• 32-114% (of original area) for 
extreme coastal retreat scenario
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Discussion/conclusions
• Through vertical sediment accretion, coastal wetlands are unlikely to keep up with global SLR, 

particularly for high-end scenarios.
• Global coastal wetland loss through coastal squeeze is avoidable, if nature-based solutions to coastal 

management (e.g. managed realignment) are consequently implemented.
• Inland migration/managed realignment may be accompanied by the loss of long-standing wetlands, 

replacing them with young, potentially short-living ecosystems.
• This raises questions about the continued delivery of associated ecosystem services, such coastal 

protection, habitat provisioning and carbon sequestration (e.g. Mossman et al., 2012).

Managed realignment (Freiston Shore, UK East coast)(© Authors. All rights reserved)



Thank you for attending 
and listening

Questions?

(© Authors. All rights reserved)



References
Gedan, K. B., Kirwan, M. L., Wolanski, E., Barbier, E. B. & Silliman, B. R. The present and future role of coastal 

wetland vegetation in protecting shorelines: answering recent challenges to the paradigm. Climatic Change
106, 7-29, doi:10.1007/s10584-010-0003-7 (2011).

Hinkel, J. et al. Coastal flood damage and adaptation costs under 21st century sea-level rise. Proceedings of the 
National Academy of Sciences 111, 3292-3297, doi:10.1073/pnas.1222469111 (2014).

Kirwan, M. L. et al. Limits on the adaptability of coastal marshes to rising sea level. Geophysical Research Letters
37, doi:10.1029/2010gl045489 (2010).

Mcleod, E. et al. A blueprint for blue carbon: toward an improved understanding of the role of vegetated coastal 
habitats in sequestering CO2. Frontiers in Ecology and the Environment 9, 552-560, doi:10.1890/110004 
(2011).

Merkens, J.-L., Reimann, L., Hinkel, J. & Vafeidis, A. T. Gridded population projections for the coastal zone under 
the Shared Socioeconomic Pathways. Global and Planetary Change 145, 57-66, 
doi:https://doi.org/10.1016/j.gloplacha.2016.08.009 (2016).

Möller, I. et al. Wave attenuation over coastal salt marshes under storm surge conditions. Nature Geoscience 7, 
727-731, doi:10.1038/ngeo2251 (2014).

Mossman, H. L., Davy, A. J. & Grant, A. Does managed coastal realignment create saltmarshes with ‘equivalent 
biological characteristics’ to natural reference sites? Journal of Applied Ecology 49, 1446-1456, 
doi:10.1111/j.1365-2664.2012.02198.x (2012).

Neumann, B., Vafeidis, A. T., Zimmermann, J. & Nicholls, R. J. Future Coastal Population Growth and Exposure to 
Sea-Level Rise and Coastal Flooding - A Global Assessment. PLOS ONE 10, e0118571, 
doi:10.1371/journal.pone.0118571 (2015).

Pontee, N. Defining coastal squeeze: A discussion. Ocean & Coastal Management 84, 204-207, 
doi:https://doi.org/10.1016/j.ocecoaman.2013.07.010 (2013).

Schuerch, M. et al. Future response of global coastal wetlands to sea-level rise. Nature 561, 231-234, 
doi:10.1038/s41586-018-0476-5 (2018).

Vafeidis, A. T. et al. Water-level attenuation in global-scale assessments of exposure to coastal flooding: a 
sensitivity analysis. Nat. Hazards Earth Syst. Sci. 19, 973-984, doi:10.5194/nhess-19-973-2019 (2019).

(© Authors. All rights reserved)

https://doi.org/10.1016/j.ocecoaman.2013.07.010

	Can we avoid coastal squeeze through nature-based adaptation?
	Coastal squeeze: a global challenge
	Ecosystem services of coastal wetlands
	Global Coastal Wetland Model
	Baseline results
	Scenario analysis
	Discussion/conclusions
	Thank you for attending and listening
	References

