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Ecosystem Co-Design 
towards resilient coastal socio-ecological systems
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…Coastal Resilience…
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Common versus
specific challenges

Challenges
-coastal development
-population growth
-climate change

-warming
-sea level-rise

Aim
-climate change adaptation
-resilient coastal socio-ecological systems

Approach
-Ecosystem Co-Design
-Collaborative Network of Beacon Sites
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• sponge-streets wetlands
• integrated aquaculture
• floating mangrove stands
• …

green-grey hybrid
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Nature-based Solutions: Ecosystem Services

multiple Ecosystem Services

Blue Carbon

Coastal Protection Biodiversity

Natural Resources
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Nature-based Solutions: Climate Change-Mitigation
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Nature-based Solutions: Climate Change-Mitigation

https://www.visualcapitalist.com/sp/visualizing-carbon-storage-in-earths-ecosystems/
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Nature-based Solutions: Species-specificity

-stand age

-stand characteristics, e.g., tree density and size
-species composition

-species

Segara Anakan, Indonesia

Gazi Bay, Kenya
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Nature-based Solutions: Species-specificity

Alongi & Zimmer. 2024. Mar Ecol Progr Ser

global comparison
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Nature-based Solutions: Ecosystem Services

McIvor et al. 2012. National Coastal Protection Series: Report 1
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Nature-based Solutions: Ecosystem Services

McIvor et al. 2012. National Coastal Protection Series: Report 1

Little. 2000. The Biology of Soft Shores and Estuaries
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Nature-based Solutions: Ecosystem Services

Kimeli A, Zimmer M. in press. Springer
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Nature-based Solutions: Climate Change-Adaptation

McIvor et al. 2013. National Coastal Protection Series: Report 3
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Nature-based Solutions: Climate Change-Adaptation

Avicennia Bruguiera Kandelia bare

Du et al. 2021. Est Coast Shelf Sci
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Nature-based Solutions: Ecosystem Services

<15 species

>60 species
IWP

AEP

(no. species)

Polidoro et al. 2010. PLoS one
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Nature-based Solutions: Ecosystem Services

http://it.wikipedia.org

Hutchison et al. 2013. Cons Lett
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Nature-based Solutions: Ecosystem Services

http://it.wikipedia.org

FUNCTIONAL DISTINCTIVENESS, not species richness, as driver of:

-C-Sequestation & Storage
-Productivity & Nutrient-cycling

-Climate change resilience

Quadros et al. 2021. Biol Bull; Rahman et al. 2021. Nat Comm
Rahman et al. 2024. Global Change Biol

Rahman et al. 2025. in rev.
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Nature-based Solutions: Ecosystem Services

multiple Ecosystem Services

Blue Carbon

Coastal Protection Biodiversity

Natural Resources

ethical

Dimensions of 
Governance and 
Management of 

Coastal Ecosystems

social

political

economic

legal
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Nature-based Solutions: Ecosystem Co-Design

Modified after Ellison et al. 2020. Front Mar Sci
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Ecosystem Co-Design
towards resilient coastal socio-ecological systems

Modified after Zimmer 2018. In: Makowski C, Finkl CW (eds). 
Threats to Mangrove Forests: Hazards, Vulnerability and Management
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Collaborative Hubs
"we are not alone"

• cores of trans- and interdisciplinary research under local lead
• long-term innovation hubs in real-life environments
• collaborative iterative feedback processes
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Collaborative Hubs
& living labs

• collaborative network of networks
 ECOP exchange – training and mutual capacity development

• common and specific solutions to common and specific challenges
 Ecosystem Co-Design – pilot sites
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Collaborative Hubs
& living labs

• collaborative network of networks
 Ecosystem Co-Design  Beacon Sites

• across the Atlantic Ocean – mutual capacity development;
exchange of resources & infrastructure; 
exchange of experiences (successes & failures)
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