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. What’s Happening:
The Rising Threat

Small Island Developing States (SIDS) are experiencing rapid
and measurable impacts from climate change across natural
and manmade systems. The cumulative effects of rising
temperatures, intensified storms, and sea-level rise (SLR)
present an ongoing threat and current crisis in some areas.
Conventional "grey" infrastructure, such as embankments,
dykes, and sea walls, has primarily been the standard for
coastal defence. However, these methods face growing
criticism.

A Nature-Based Solution (NBS) like Mangroves can provide
natural coastal protection, but their effectiveness is not
constant across space and time.

Research Gap

Strategies often incorporate mangroves as Nature-Based
Solutions for building climate resilience. However, there is
limited integration of ecological variability and trait-based
dynamics in predicting coastal protection.

Defining a systematic modelling approach that captures these
interactions and feedback mechanisms is critical to improving
the reliability of mangrove-based coastal protection.

Sources:

1.Beselly, S. M., van der Wegen, M., & Roelvink, D. (2025). Nature-based solutions for urban sustainability. In P. N. L. Lens & X.-T. Bui (Eds.), Nature-Based
Solutions for Urban Sustainability (Issue March, pp. 1-312). https://doi.org/10.2166/9781789065015

2.Gijsman, Rik, Erik M. Horstman, Daphne van der Wal, Daniel A. Friess, Andrew Swales, and Kathelijne M. Wijnberg. 2021. “Nature-Based Engineering: A
Review on Reducing Coastal Flood Risk With Mangroves.” Frontiers in Marine Science 8 (July). https://doi.org/10.3389/fmars.2021.702412.

3.Lovelock, Catherine E., Vicki Bennion, Mayara de Oliveira, Valerie Hagger, Jack W. Hill, Valerie Kwan, Alex L. Pearse, Renee A. Rossini, and Alice J.
Twomey. 2024. “Mangrove Ecology Guiding the Use of Mangroves as Nature-Based Solutions.” Journal of Ecology 112 (11): 2510-21.
https://doi.org/10.1111/1365-2745.14388.

4.Martyr-Koller, Rosanne, Adelle Thomas, Carl Friedrich Schleussner, Alexander Nauels, and Tabea Lissner. 2021. “Loss and Damage Implications of
Sea-Level Rise on Small Island Developing States.” Current Opinion in  Environmental Sustainability  50: 245-59.
https://doi.org/10.1016/j.cosust.2021.05.001.

5.Sunkur, Reshma, Komali Kantamaneni, Chandradeo Bokhoree, and Shirish Ravan. 2023. “Mangroves’ Role in Supporting Ecosystem-Based
Techniques to Reduce Disaster Risk and Adapt to Climate Change: A Review.” Journal of Sea Research 196 (July): 102449.
https://doi.org/10.1016/j.seares.2023.102449.

6. Twilley, Robert R., and Victor H. Rivera-Monroy. 2009. Ecogeomorphic Models of Nutrient Biogeochemistry for Mangrove Wetlands. Coastal Wetlands
: An Integrated Ecosystem Approach. First edit. Elsevier. https://doi.org/10.1016/B9/8-0-444-53103-2.00023-5.

Conceptual Framework &
Modelling Approach
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Key Mangrove Traits Influencing
Coastal Protection
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(Cuc et al., 2015) (Dasgupta et al.,
2019), (Horstman et al., 2012) (Mazda
& Kamiyama, 2007) (Mazda, 2013)
(Zhang et al., 2012)

Increases the distance for wave
dissipation; influenced by forest

type

Generates drag and turbulence (Du et al., 2021; Massel et al., 1999)

(Gijon Mancheifio et al., 2024) (Dang et
al., 2023)

Controls interaction with water
depth and velocity

Intercepts flow at high water levels;
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Influences structural variation (Horstman et al., 2012)
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e Mangrove coastal protection is trait-dependent, not uniform

o Systematic model development is essential

o Effectiveness varies under different hydrodynamic conditions

e Probabilistic approaches are needed to capture real-world
variability



