
By Kelsey Schueler

NATURE-BASED SOLUTIONS
TO ENHANCE COASTAL
RESILIENCE



Copyright © 2017 Inter-American Development Bank. 

This work is licensed under a Creative Commons IGO 3.0 Attribution-NonCommercial-NoDerivatives (CC-IGO BY-NC-ND 3.0 IGO) license (http://
creativecommons.org/licenses/by-nc-nd/3.0/igo/legalcode) and may be reproduced with attribution to the IDB and for any non-commercial purpose. No 
derivative work is allowed. Any dispute related to the use of the works of the IDB that cannot be settled amicably shall be submitted to arbitration pursuant 
to the UNCITRAL rules. The use of the IDB’s name for any purpose other than for attribution, and the use of IDB’s logo shall be subject to a separate written 
license agreement between the IDB and the user and is not authorized as part of this CC-IGO license. Note that link provided above includes additional terms 
and conditions of the license. The opinions expressed in this publication are those of the authors and do not necessarily reflect the views of the Inter-American 
Development Bank, its Board of Directors, or the countries they represent. 



The purpose of this policy brief is to provide the Inter-American Development 
Bank (IDB) and its audiences with a broad overview of the importance of coastal 
natural capital for sustainable development. The brief highlights the role of 
nature-based infrastructure and integrated solutions for building coastal 
resilience and proposes critical areas of work to effectively address development 
challenges in Latin America and the Caribbean. 
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Coastal Natural Capital
Latin America and the Caribbean has a wealth of coastal natural 

capital, including over 64,000 km of coastline1 and one fourth of the 
world’s mangroves2. Coastal areas, the interface or transition area 
between land and sea, are also home to approximately half of the 
Region’s population3, a high concentration of urban areas4, hotspots 
of economic activity, centers of infrastructure, and have important 
cultural and social significance. It is estimated that over 23 million 
people in the Caribbean and Americas live both within 10 meters of 
sea level and within 50 meters of coral reefs or mangroves5.

Coastal areas are inextricably linked to the Region’s recent 
growth in both GDP and population6. Healthy coastal ecosystems 
support economies and communities with important goods 
and services (ecosystem services) such as fisheries, tourism, raw 
materials, and protection from storms and erosion. As the Region 
continues to grow, and more people move out of poverty, so too 
will the demand for infrastructure, energy, water, food, and other 
resources7. However, growth also puts the squeeze on coastal 
ecosystems, which already face a variety of pressures, including 
the impacts of climate change. Thus, international goals to reduce 
poverty and halt environmental degradation are interlinked and 
should be addressed simultaneously8.  This is reflected in Sustainable 
Development Goals 13 and 14 (climate action and life below water) 
and the Aichi Target to conserve 10% of marine and coastal areas. 
In addition, many Nationally Determined Contributions submitted 
under the Paris Agreements include specific mitigation and 
adaptation actions related to coastal and marine resources.  Within 
the Wider Caribbean Region, a specific framework established under 
the Cartagena Convention provides a comprehensive, umbrella 
agreement for the protection and development of the marine 
environment. While Small Island Developing States have reflected 
this reality in the SAMOA Pathway.

Coasts are especially important for tourism and recreation, 
particularly where natural resource endowments for agriculture and 
industry are limited, such as on islands9. The total contribution to 
GDP, including indirect and induced effects, was 9% in Latin America 
and 14.8% in the Caribbean10. The viability of tourism activity 
depends heavily on quality of ecosystems and biodiversity and 
adaptation to climate change. There is evidence that development 
of natural assets, protection of biodiversity and managing hazards 
can improve the competitiveness of tourist destinations, which 
contributes to the positive relationship between tourism growth 

and economic expansion11. Local recreation in coastal areas is also 
an important economic activity, with additional cultural and social 
value.

Coastal ecosystems also protect people, infrastructure, and 
economic activities from flooding, erosion, and sea-level rise. 
Increasingly, people are looking to prioritizing nature as the first line 
of defense for coastal protection, as well as an engine of economic 
growth. Compared to hard infrastructure, which is often designed for 
a single purpose, natural systems can provide a variety of benefits 
and livelihood opportunities. Coastal habitats are breeding, nursery, 
and feeding grounds for commercially important fish and other 
species; remove CO2 from the atmosphere; provide opportunities 
for recreation and tourism; and capture and filter pollutants to keep 
water clean. Thus, projects and policies designed to use coastal 
ecosystems to reduce vulnerability can also serve the purpose of 
achieving other societal, environmental, and economic goals12.

Latin American and The 
Caribbean’s Coasts: Vulnerable 
Communities and Threatened 
Ecosystems

These coastal areas, critical for socioeconomic well-being, are 
under increasing threat. Urban growth, tourism development, 
overfishing, and other stressors can degrade the health of coastal 
ecosystems, reducing ecosystem capacity and the supply of 
ecosystem services. The resources located where land and sea 
meet are often open access and therefore subject to overuse and 
encroachment. In addition, the value of some ecosystem services is 
not accounted for in decision making. For example, regulating and 
provisioning services often do not have market prices and a value of 
zero is used by default13. This contributes to the well-documented 
decline of coastal ecosystems across the region. It also highlights the 
importance of platforms such as Integrated Economic-Environmental 
Modeling14, which enable policy makers to understand the full 
range of economic and environmental implications of public policy 
and investment alternatives. 

For example, in addition to the value of reef-related tourism 
and fisheries, the estimated value of coastal protection provided 
by Caribbean coral reefs is US$0.7-2.2 billion annually15. However, 
this value is often not internalized in decision-making, resulting in 
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degradation of coastal ecosystems. As a result, in the Caribbean, 
some ecologists describe a large-scale shift from coral dominated 
systems to algae dominated, with levels of decline in total coral cover 
that are unprecedented in recent history16. Mangroves also provide 
several key ecosystem services, namely coastal protection and 
fisheries production. Yet, reductions in mangrove cover are observed 
globally, with evidence of severe trends in some countries of the 
region. For example, mangrove loss in Barbados has been drastic, 
including local extinction of two species17. In Belize, the annual 
value of shoreline protection services provided by mangroves has 
been estimated at US$111-167 million18.

Coastal communities, economic activity, and infrastructure are 
exposed to several hazards, such as coastal flooding and hurricanes. 
The concentration of people, including the poor, and economic 
activity increases the vulnerability of coastal areas. Between 1980 
and 2015, Latin America and the Caribbean experienced 15 major 
coastal floods, with over 1,000 people killed, 1.2 million people 
affected and total damage of US$1.15 billion19. In addition to 
these major coastal floods, the region experiences small-scale but 
high frequency coastal disaster events. For example, Barbados and 
Jamaica reported 70 and 44 storms/storm surges between 1980 
and 201320. The number of coastal disaster events seems to be 
increasing. Of these 113 events, 56% (or 64 events) have occurred 
just within the last 10 years. While the impacts of climate change 
will differ from location to location, increases in sea level and 

intensity and frequency of storms are likely and already observed in 
certain places. These factors underscore the importance of building 
resilience21 in coastal social-ecological systems. 

Traditionally, the strategy to address coastal risk has been the 
use of hard coastal protection structures, often based on historical 
damages from erosion, or in response to a specific disaster event22. 
However, considering the projected impacts of climate change, 
addressing this uncertainty requires that decisions should not 
assume that future conditions will resemble current or past 
conditions23. Further, the cost of armoring all vulnerable coasts in the 
context of climate change, particularly in small-island developing 
states, is likely both economically unviable and unsustainable. Hard 
infrastructure may be the most feasible or cost-effective approach in 
some contexts, such as urban centers, ports, and areas where coastal 
habitats such as mangroves and coral were not historically present. 
However, hard infrastructure can be costly to build and maintain24, 
have negative impacts on coastal habitats and biodiversity25, 
reduce fishery production26, and have unintended consequences 
that worsen or create new erosion issues27. These negative impacts 
can be exacerbated when structures are designed or development 
takes place without a strong understanding of coastal dynamics, 
particularly the down-stream and cumulative impacts of structures 
being deployed by different actors (or other non-armoring activities 
that influence coastal systems). 
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Looking to Nature
Ecosystem-based disaster risk management and climate 

adaptation is emerging as an innovative, economically-sound 
and effective approach for coastal management under certain 
socioeconomic and biophysical conditions. Evidence shows that 
the number of people, poor families, elderly, and residential 
property value that are most exposed to hazards may be reduced 
significantly (by half in some cases) if existing coastal habitats 
remain fully intact28. The services provided by coastal ecosystems 
are also fundamental to many livelihoods and sustenance activities 
(e.g. fisheries). However, the current trends of degradation and 
coastal resource use contribute to increasing the vulnerability of the 
poor29. Ecosystem-based approaches can address hazards, reduce 
vulnerability, and increase resilience.

Coastal ecosystems play a critical role in protecting and 
maintaining coastlines. Generally speaking, coastal ecosystems 
can dampen waves, attenuate water flow and flooding, reduce 
stormwater runoff, and build up coasts by contributing to the 
processes that generate, trap, and distribute sediment across 
shorelines. Mangroves dampen waves and reduce storm surge 
and flood depth30. Seagrasses can attenuate waves and stabilize 
sediments31. Coral reefs dampen waves and supply and trap 
sediment32. In a similar manner, oyster reefs can also reduce shoreline 
erosion33. Although highly dynamic and complex, beaches, sand 
banks, and dunes provide protection from storm surge and waves34. 
Also, coastal species, such as parrot fish, contribute to generation of 
sediment by secreting sand35. Actions to reduce pressure on these 
habitats and species (i.e., fisheries management, pollution control) 
can increase the health and resilience of these ecosystems, while a 
variety of restoration techniques exist for areas that have been lost. 

Increasingly, engineers are collaborating with ecologists 
to expand the menu of coastal protection solutions to risks by 
incorporating the buffering effect of coastal ecosystems.  These 
nature-based solutions can offer sustainable, long-term protection 
via their impact on sedimentation, flooding, erosion, and 
maintenance of tidal creeks and channels. Nature can be more 
resilient and adaptable than hard infrastructure and, in some cases, 
perform better than hard infrastructure especially for areas exposed 
to high-frequency, low-intensity hazards36. For example, mangrove 
root systems build up the coast, which may, under certain conditions, 
be able to keep pace with sea level rise37. Because natural systems 
are comprised of living organisms, they can repair and regenerate 

after damage, as well as move, migrate, and retreat to adapt to 
changing conditions. Finally, compared with hard infrastructure, 
which deteriorates over a finite lifespan, natural ecosystems can 
grow stronger over time, potentially providing more robust coastal 
protection as they mature38. 

Where local conditions are not suited to natural infrastructure 
such as in highly urbanized areas or high wave energy areas, hard 
infrastructure or large-scale changes to the coast can be significantly 
improved and more sustainable when an understanding of the 
coastal processes and ecosystems is incorporated in the early 
stages of coastal planning and development. In addition, coastal 
ecosystems can be combined with hard infrastructure to develop 
hybrid infrastructure that harnesses the strengths of each approach 
to improve performance of coastal protection interventions, while 
delivering additional benefits and enhancing livelihoods. Examples 
include placing vegetation in front of dikes or habitat-promoting 
surfaces on seawalls. 
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Integrated Solutions: Policy, 
Science, and Capacity are 
Essential

In addition to nature-based protection, building coastal 
resilience requires complimentary investments in policy, science, 
and governance39. Integrated coastal zone management, the 
coordinated application of policies to balance the full range of coastal 
and marine activities in a manner that is resilient to climate change 
and compatible with sustainable development, is an important 
component of coastal resilience. Given that preserving existing 
habitat is often much less expensive than restoring lost or degraded 
habitat40, the role of policies and governance frameworks that 
protect extant habitat is critical to maintain the ecosystem services 
provided by coasts. Integrated policy reforms and governance 
improvements should consider the full range of pressures driving 
coastal health and the interactions between different interventions 
and ecosystem components. As the interface between land and 
water, coasts are often characterized by conflicting uses, for example 
agriculture versus aquaculture, especially for the poor. Public 
sector management can involve many fragmented institutions 
with overlapping jurisdictions.  Due to this complexity, adopting 
a phased-approach when designing governance interventions 
can focus on creating or strengthening coordination mechanisms, 
decision-support tools, and planning instruments such as coastal 
setbacks. 

Integrated coastal zone management also requires robust data 
and information, which often do not exist, are not accessible or are 
not of suitable quality. Enhancing coastal resilience requires data 
that covers large geographic areas, but is also of high resolution, 
particularly for small islands. Given seasonal variation in much 
of the relevant data, temporal scale is also an important issue. In 
addition, an integrated approach requires data from separate and 
discrete disciplines. For example, integrated approaches that focus 
on both people and nature require data from the social and natural 
sciences. Finally, for data to inform decision-making, it needs to 
be accessible and timely, while tools and processes are needed to 
interpret and translate the data into information such as hazard 
maps.  Fortunately, many institutions and companies are leveraging 
technology, the ‘internet of the things’ and big data sources to 
collect new information faster and more easily.

However, if basic human resource constraints are not 
addressed, even the most innovative public management will not 
be effective. For example, monitoring and enforcement of coastal 
and marine development are common institutional weaknesses. 
Designing and implementing integrated coastal management 
approaches that enhance coastal resilience requires specialized skill 
sets such as facilitation of participatory processes, systems thinking, 
oceanography, engineering, and disaster risk management.  

What Does This Look Like?
Across the globe, there are a variety of initiatives attempting 

to implement nature-based solutions and integrated coastal zone 
management. In the United States, especially along the Mid-Atlantic 
coastline “living shorelines” are being implemented, particularly in 
coastal areas without strong wave action and for private property 
owners41. This includes the United States’ first-ever living shorelines 
permit42, which incentivizes adoption of nature-based solutions by 
reducing permit approval time. In the Netherlands, the “Building 
with Nature” program is an innovative partnership between 
government, the private sector, and academia43. A hallmark project 
of this partnership is the Delfland Sand Engine, a large-scale 
experiment in concentrated beach nourishment that was designed 
to use wind and currents to protect the coast for 20 years.  Another 
consortium, the Natural Capital Project, has developed tools to 
assess the contribution of coastal ecosystems in a spatially explicit 
and participatory manner44, which supported the design of Belize’s 
Integrated Coastal Zone Management Plan45 and produced the first 
United States map of risk-reduction due to natural habitats. In 2016, 
the World Bank’s Wealth Accounting and the Valuation of Ecosystem 
Services Partnership released guidelines and recommendations for 
measuring and valuing the protective services of mangrove and 
coral reefs46, which fills a critical knowledge gap in the advancement 
of incorporating ecosystem services into national accounting. 

At the IDB, we are working with partners in the public sector 
to incorporate natural capital, climate change, and disaster risk 
management into sustainable economic development in Latin 
America and the Caribbean. Our work in coastal management 
includes environmental governance and policy, innovative 
investment opportunities, and sustainable development planning. 
Governments and communities are increasingly interested in 
technical assistance, knowledge, and financial products to support 
building with nature, integrated planning, and climate adaptation 

By Kelsey Schueler

NATURE-BASED 
SOLUTIONS TO ENHANCE 

COASTAL RESILIENCE



to enhance coastal resilience.  For some, particularly small island 
developing states, these are questions of survival in the context of a 
rapidly changing climate. 

The IDB has supported a phased approach that starts with a few 
select issues clearly linked with the national economy (e.g., shrimp 
aquaculture in Ecuador, beach erosion in Barbados, protected areas 
and biodiversity in Belize) that builds a foundation for coastal 
resilience over the long term. Through grant financing, investment 
programs, and policy-based loans, the IDB has been particularly 
involved in coastal infrastructure and tourism and has found 
that coastal management programs are cost-effective. A recent 
impact evaluation of one such program, which built off a 30-year 
collaboration between the IDB and the Government of Barbados, 
found positive valuations of coastal infrastructure improvements 
(23% - 30% of tourists were drawn to the beaches due to the 
improved conditions). In dollar terms, tourists and residents valued 
the improvements at $51 BBD (per visit to Barbados) and $57 BBD 
(per year), respectively47.

The integrated approach has focused on baseline data and 
research, information management and decision support tools, 
policy reforms, and science-based coastal protection infrastructure. 
Outcomes are measured in terms of improved disaster risk 
management, adaptation to climate change, and increased 
livelihoods opportunities. For example, in Belize, the approach 
has been incorporated into a sustainable tourism program, which 
includes emerging coastal tourism destinations. This work also has 
resulted in a series of climate change and environmental policies 
in Trinidad and Tobago, establishment of a permanent Coastal Zone 
Management Unit in Barbados and an ecosystem-based master 
plan for development in the largest island of The Bahamas. The IDB 
is currently focused on filling knowledge gaps through the design of 
a tool to measure and monitor public sector management of coasts, 
a strategy for mobilizing climate finance for coastal management, 
and establishment of a regional center of excellence for coastal 
natural capital in the Caribbean.
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The Way Forward
Across the IDB, coastal resilience is relevant to our work 

on biodiversity and the environment; sustainable landscapes, 
islands and infrastructure; climate-proofing coastal cities; and 
implementation of countries’ commitments under the Paris 
Agreements and Sustainable Development Goals. Advancing this 
approach also embraces the IDB’s commitment to multisectorality 
and sustainability through investment opportunities in biodiversity, 
urban planning, tourism, disaster risk management, agriculture, 
and water and sanitation. In addition, new financial instruments 
such as Loans Based on Results provide opportunities to support 
governance and policy reforms to enhance coastal resilience, such 
as coastal setbacks, innovative permitting and land-use policies, and 
coastal zone management frameworks. To effectively implement 
this approach, there are three key opportunities to address: (1) 
increasing capacity, (2) scaling-up solutions, and (3) expanding 
processes for engagement, outreach, and collaboration. 

There is a need to build capacity both in terms of technical 
skills and the evidence-base required to design and evaluate 
projects. Bolstering technical skills requires building capacity of 
policy makers, coastal engineers, and ecologists. Building the 
evidence base requires filling regional and national information 
gaps on coastal ecosystem services and risk, collecting data on the 
effectiveness of nature-based solutions, estimating the benefits of 
natural coastal infrastructure, and predicting with precision coastal 
protection benefits of natural systems. Collecting and disseminating 
data from the Region could have additional value-added because 
the Region is currently under-represented in the literature.

There is also a need to scale up solutions to match the scope of 
the challenge. A key opportunity for scaling up includes expanding 
partnership with the private sector to accelerate innovation. 
Innovative technology also has great potential to accelerate the 
uptake and implementation of this approach and is key area for 
collaboration with the private sector. For example, satellite and 
drone-derived data are revolutionizing the collection of important 
information. 

Increased collaboration and participatory processes that include 
stakeholders from different sectors, particularly the private sector, 
is also an opportunity for growth. Increased awareness cultivated 
through strategic and programmatic communications is a key 
component of this. There is increasing evidence that engaging 

communities and decision-makers is central to project success. Yet, 
there is still an opportunity to improve the understanding of how 
to do this, incorporate these lessons into project design, and create 
monitoring and evaluation frameworks to share knowledge and 
derive lessons learned. Given the global need to adapt and mitigate 
climate change, transferring experiences from the Caribbean to 
Central and South America is a clear opportunity for the future. 
Together with national authorities, regional organizations, and 
the private sector, we can work to achieve resilient communities, 
economies, and ecosystems that drive sustainable and inclusive 
growth.

Acknowledgements
Pedro Martel, Carmen del Rio Paracolls, Michele Lemay, 

Tsuneki Hori, Khafi Weekes, Roberto Guerrero, Onil Banerjee, 
Annette Kilmer and Allen Blackman. 

By Kelsey Schueler

NATURE-BASED 
SOLUTIONS TO ENHANCE 

COASTAL RESILIENCE



Endnotes
1. Coastal zone stretches over 64,000 km, including 16,000,000 km2 of maritime territory. Percent of land in coastal areas (within 60 km of the coast) totals 15% for the 

Region, but exceeds 50% for many countries, especially in Central America and the Caribbean. See: Lemay, M. “Coastal and Marine Resources Management in Latin America and 
the Caribbean.” Technical Study. Washington, D.C.: Inter-American Development Bank, 1998.

2. LAC has an estimated 37,142 km2 of the world’s mangroves. See: Siikamaki, J., J. N. Sanchirico, and S. L. Jardine. “Global Economic Potential for Reducing Carbon Dioxide 
Emissions from Mangrove Loss.” Proceedings of the National Academy of Sciences 109, no. 36 (September 4, 2012): 14369–74.

3. 45% of population in Brazil, Chile, Colombia, Ecuador, Peru and Venezuela lives within 200 km of the coast. See: Chatwin, Anthony, ed. Priorities for Coastal and Marine 
Conservation in South America. Arlington, Virginia: The Nature Conservancy, 2007. 60% percent of population is concentrated within 100 km of the coast. See: Food and Agriculture 
Organization of the United Nations. “Estado de Las Áreas Marinas Y Costeras Protegidas En América Latina.” Santiago de Chile, Chile: REDPARQUES, 2012.

4. 57% of LAC’s urban population (cities of at least 100,000 people) is located within 100 km of the coast. 41% of LAC’s cities of at least 100,000 people are located directly on 
the coast. See: Barragán, J.M., and M. de Andrés. “Expansión Urbana En Las áreas Litorales de América Latina y Caribe.” Revista de Geografía Norte Grande, no. 64 (2016): 129–49.

5. Beck, M., C. Shepard, J. Birkman, J. Rhyner, T. Welle, M. Witting, J. Wolfertz, et al. World Risk Report 2012. Berlin: Alliance Development Works, 2012. 
6. Between 1950 and 2010, LAC’s population grew by more than 250%; its GDP increased 87% between 1990 and 2010, while its GDP per capita grew by 40%. See: 

Economic Commission for Latin America and the Caribbean (ECLAC). Statistical Yearbook for Latin America and the Caribbean. 2011. Between 1990 and 2013, LAC’s population 
grew by 38.5%; its GDP increased by 106%; and GDP per capita rose 49%. See ECLAC. Statistical Yearbook for Latin America and the Caribbean. 2014

7. Moreno, L.A. The Decade of Latin America and the Caribbean: A Real Opportunity. Washington, D.C: Inter-American Development Bank, 2011. Based on current trends, it is 
estimated that demand for energy and water will increase by 50% and 25%, respectively, by 2030. See: IDB. Proposal for the Establishment of the Special Program and Multidonor 
Fund for Biodiversity and Ecosystem Services. 2013

8. OECD. The DAC Journal. Vol. 2. OECD Journal on Development. OECD Publishing, 2002. 
9. Burke, L., K. Reytar, M. Spalding, and A. Perry. Reefs at Risk Revisited. Washington, DC: World Resources Institute, 2011.
10. World Travel and Tourism Council. “Travel and Tourism. Economic Impact 2015, Latin America.” London: WTTC, 2015. 
11. Inter-American Development Bank. “Tourism Sector Framework Document.” Inter-American Development Bank, July 2017.
12. Sutton-Grier, A. E., K. Wowk, and H. Bamford. “Future of Our Coasts: The Potential for Natural and Hybrid Infrastructure to Enhance the Resilience of Our Coastal 

Communities, Economies and Ecosystems.” Environmental Science & Policy 51 (August 2015): 137–48. 
13. National Research Council (U.S.), ed. Valuing Ecosystem Services: Toward Better Environmental Decision-Making. Washington, D.C: National Academies Press, 2005.
14. For more information please consult: Banerjee, O, M. Cicowiez, R. Vargas, and M. Horridge. “The Integrated Economic-Environmental Modelling Framework: An Illustration 

with Guatemala’s Forest and Fuelwood Sectors.” Inter-American Development Bank, November 2016. Additional information is available in the Environmental Economics for 
Evidence Based Policy Series, editions one and two. 

15. Value expressed in 2000 USD based on a combination of replacement cost and benefit transfer methods. Burke, L., and J. Maidens. Reefs at Risk in the Caribbean. World 
Resources Institute, 2004. 

16. Gardner, T. A. “Long-Term Region-Wide Declines in Caribbean Corals.” Science 301, no. 5635 (August 15, 2003): 958–60. Hughes, T, D Bellwood, C Folke, R Steneck, and J 
Wilson. “New Paradigms for Supporting the Resilience of Marine Ecosystems.” Trends in Ecology & Evolution 20, no. 7 (July 2005): 380–86. 

17. Spalding, M., M. Kainuma, and L. Collins. World Atlas of Mangroves. London, UK: Washington, DC : Earthscan, 2010.
18.  Estimate based on avoided damages methodology, expressed in 2007 USD. Cooper, E., L. Burke, and N. Bood. “Coastal Capital: Belize. The Economic Contribution of 

Belize’s Coral Reefs and Mangroves.” Working Paper. Arlington, Virginia: World Resources Institute (WRI), 2009. 
19. D. Guha-Sapir, R. Below, Ph. Hoyois - EM-DAT: The CRED/OFDA International Disaster Database – www.emdat.be – Université Catholique de Louvain – Brussels – Belgium.  

“Major coastal flooding” fulfills at least one or a combination of the following criteria: (i) 10 or more people reported killed; (ii) 100 or more people reported affected, (iii) a 
declaration of a state of emergency; or (iv) a call for international assistance. 

20. DesInventar. https://online.desinventar.org/. Accessed May 15, 2017.
21.  The United Nations Office for Disaster Risk Reduction (UNISDR) defines resilience as ‘the ability of a system, community or society exposed to hazards to resist, absorb, 

accommodate, adapt to, transform and recover from the effects of a hazard in a timely and efficient manner, including through the preservation and restoration of its essential basic 
structures and functions through risk management.’

22. Dugan, J.E., L. Airoldi, M. G. Chapman, S. J. Walker, and T Schlacher. “Estuarine and Coastal Structures: Environmental Effects, A Focus on Shore and Nearshore Structures.” 
In Treatise on Estuarine and Coastal Science, 8:17–41. Waltham: Academic Press, 2011.

23. Garrick, D., G. R. M. Anderson, D. Connell, and J. Pittock, eds. Federal Rivers: Managing Water in Multi-Layered Political Systems. Cheltenham: EE, Elgar, 2014; 
Intergovernmental Panel on Climate Change. Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaption: Special Report of the Intergovernmental 
Panel on Climate Change. Edited by C. B. Field, V. Barros, T. F. Stocker, Q. Dahe, D. J. Dokken, K. L. Ebi, M. D. Mastrandrea, et al. New York, NY: Cambridge University Press, 2012.

24. Narayan, S., M. W. Beck, B. G. Reguero, I. J. Losada, B. van Wesenbeeck, N. Pontee, J. N. Sanchirico, J. Carter Ingram, G-M. Lange, and K. A. Burks-Copes. “The Effectiveness, 
Costs and Coastal Protection Benefits of Natural and Nature-Based Defences.” Edited by M. G. Chapman. PLOS ONE 11, no. 5 (May 2, 2016)

25. For empirical evidence on general biodiversity impacts: Gittman, R. K., S. B. Scyphers, C. S. Smith, I. P. Neylan, and J. H. Grabowski. “Ecological Consequences of Shoreline 
Hardening: A Meta-Analysis.” BioScience 66, no. 9 (September 1, 2016). For impacts on intertidal habitats: Douglass, S. L., and B. H. Pickel. “The Tide Doesn’t Go Out Anymore- The 
Effect of Bulkheads on Urban Bay Shorelines.” Shore & Beach 67, no. 2&3 (July 1999): 19–25. For impacts on submerged aquatic vegetation: Patrick, C. J., D. E. Weller, X. Li, and 
M. Ryder. “Effects of Shoreline Alteration and Other Stressors on Submerged Aquatic Vegetation in Subestuaries of Chesapeake Bay and the Mid-Atlantic Coastal Bays.” Estuaries 

By Kelsey Schueler

NATURE-BASED 
SOLUTIONS TO ENHANCE 

COASTAL RESILIENCE



and Coasts 37, no. 6 (November 2014): 1516–31. For impacts on shallow water habitats: Seitz, R., R. Lipcius, N. Olmstead, M. Seebo, and D. Lambert. “Influence of Shallow-Water 
Habitats and Shoreline Development on Abundance, Biomass, and Diversity of Benthic Prey and Predators in Chesapeake Bay.” Marine Ecology Progress Series 326 (November 
17, 2006): 11–27.

26. Gittman, R. K., C. H. Peterson, C. A. Currin, F. J. Fodrie, M. F. Piehler, and J. F. Bruno. “Living Shorelines Can Enhance the Nursery Role of Threatened Estuarine Habitats.” 
Ecological Applications 26, no. 1 (January 2016): 249–63. 

27. Description of ‘positive feedbacks with unintended geomorphic consequences’ that resulted from two different flood management regimes: Hudson, P. F., H. Middelkoop, 
and E. Stouthamer. “Flood Management along the Lower Mississippi and Rhine Rivers (The Netherlands) and the Continuum of Geomorphic Adjustment.” Geomorphology 101, 
no. 1–2 (October 2008): 209–36.

28. Arkema, K. K., G. Guannel, G. Verutes, S.A. Wood, A. Guerry, M. Ruckelshaus, P. Kareiva, M. Lacayo, and J.M. Silver. “Coastal Habitats Shield People and Property from Sea-
Level Rise and Storms.” Nature Climate Change 3, no. 10 (July 14, 2013): 913–18.

29. Brown, K., T. Daw, S. Rosendo, M. Bunce, and N. Cherrett. “Ecosystem Services for Poverty Alleviation: Marine and Coastal Situational Analysis.” Synthesis Report, November 
2008.

30. See Chapter 2 (Coastal Defense Services Provided by Mangroves). World Bank. Managing Coasts with Natural Solutions: Guidelines for Measuring and Valuing the 
Coastal Protection Services of Mangroves and Coral Reefs. Edited by M.W. Beck and G-M. Lange. Washington, D.C.: Wealth Accounting and the Valuation of Ecosystem Services 
Partnership, World Bank, 2016.

31. Koch, E. W., J. D. Ackerman, J. Verduin, and M. Keulen. “Fluid Dynamics in Seagrass Ecology—from Molecules to Ecosystems.” In Seagrasses: Biology, Ecology and 
Conservation, 193–225. Berlin/Heidelberg: Springer-Verlag, 2006. 

32. See Chapter 3 (Coastal Defense Services Provided by Coral Reefs). World Bank. Managing Coasts with Natural Solutions: Guidelines for Measuring and Valuing the 
Coastal Protection Services of Mangroves and Coral Reefs. Edited by M.W. Beck and G-M. Lange. Washington, D.C.: Wealth Accounting and the Valuation of Ecosystem Services 
Partnership, World Bank, 2016.

33. Scyphers, S. B., A. P. Powers, K. L. Heck, and D. Byron. “Oyster Reefs as Natural Breakwaters Mitigate Shoreline Loss and Facilitate Fisheries.” Edited by H. Browman. PLoS 
ONE 6, no. 8 (August 5, 2011): e22396. 

34. Hanley, M.E., S.P.G. Hoggart, D.J. Simmonds, A. Bichot, M.A. Colangelo, F. Bozzeda, H. Heurtefeux, et al. “Shifting Sands? Coastal Protection by Sand Banks, Beaches and 
Dunes.” Coastal Engineering 87 (May 2014): 136–46. 

35. Perry, C. T., P. S. Kench, M. J. O’Leary, K. M. Morgan, and F. Januchowski-Hartley. “Linking Reef Ecology to Island Building: Parrotfish Identified as Major Producers of Island-
Building Sediment in the Maldives.” Geology 43, no. 6 (June 1, 2015): 503–6. 

36. Gittman, R. K., A. M. Popowich, J. F. Bruno, and C. H. Peterson. “Marshes with and without Sills Protect Estuarine Shorelines from Erosion Better than Bulkheads during a 
Category 1 Hurricane.” Ocean & Coastal Management 102 (December 2014): 94–102; Office of Science and Technology Policy. “Ecosystem-Service Assessment: Research Needs 
for Coastal Green Infrastructure,” August 2015.

37. For review of relevant studies see: McIvor, A. L, T. Spencer, I. Moller, and M. Spalding. “The Response of Mangrove Soil Surface Elevation to Sea Level Rise. Natural Coastal 
Protection Series: Report 1.” Cambridge Coastal Research Unit Working Paper. The Nature Conservancy, Wetlands International, 2012.

38. Sutton-Grier, A. E., K. Wowk, and H. Bamford. “Future of Our Coasts: The Potential for Natural and Hybrid Infrastructure to Enhance the Resilience of Our Coastal 
Communities, Economies and Ecosystems.” Environmental Science & Policy 51 (August 2015): 137–48.

39. Renaud, F.G., K. Sudmeier-Rieux, M. Estrella, and U. Nehren, eds. Ecosystem-Based Disaster Risk Reduction and Adaptation in Practice. Vol. 42. Advances in Natural and 
Technological Hazards Research. Springer International Publishing, 2016.

40. Moberg, F., and P. Rönnbäck. “Ecosystem Services of the Tropical Seascape: Interactions, Substitutions and Restoration.” Ocean & Coastal Management 46, no. 1–2 
(January 2003): 27–46.

41. For more information on Living Shorelines, please see: https://www.habitatblueprint.noaa.gov/living-shorelines/ (NOAA) and https://livingshorelinesacademy.org/ (EPA). 
Notable projects currently in implementation include the Chesapeake Bay Watershed, North Carolina and Florida.

42. Department of Defense, Department of the Army, Corps of Engineers. “Issuance and Reissuance of Nationwide Permits” Federal Register, 82 no.4 (January 2017): 1860-
2008

43. Vriend, H.J. de, M. van Koningsveld, S.G.J. Aarninkhof, M.B. de Vries, and M.J. Baptist. “Sustainable Hydraulic Engineering through Building with Nature.” Journal of 
Hydro-Environment Research 9, no. 2 (June 2015): 159–71. See also: https://www.ecoshape.org/en/ 

44. Arkema, K. K., G. Guannel, G. Verutes, S.A. Wood, A. Guerry, M. Ruckelshaus, P. Kareiva, M. Lacayo, and J.M. Silver. “Coastal Habitats Shield People and Property from Sea-
Level Rise and Storms.” Nature Climate Change 3, no. 10 (July 14, 2013): 913–18. See also: http://www.naturalcapitalproject.org/invest/ 

45. Arkema, K.K, G. Verutes, J.R. Bernhardt, C. Clarke, S. Rosado, M. Canto, S.A. Wood, et al. “Assessing Habitat Risk from Human Activities to Inform Coastal and Marine Spatial 
Planning: A Demonstration in Belize.” Environmental Research Letters 9, no. 11 (November 1, 2014): 114016

46. World Bank. Managing Coasts with Natural Solutions: Guidelines for Measuring and Valuing the Coastal Protection Services of Mangroves and Coral Reefs. Edited by M.W. 
Beck and G-M. Lange. Washington, D.C.: Wealth Accounting and the Valuation of Ecosystem Services Partnership, World Bank, 2016.

47. The estimated effect of the CI Program on economic activity at Rockley Beach accumulates to approximately 9% in three years post-treatment. See: Corral, L., M. Schling, 
C. Rogers, J. Cumberbatch, F. Hinds, N. Zhou, and M. Lemay. “The Impact of Coastal Infrastructure Improvements on Economic Growth: Evidence from Barbados.” IDB Working 
Paper Series. Washington, D.C., 2016. The annual value that tourists place on the improved beach amenities is US$20,700,000, while residents value the improvements at 
US$4,500,000. See: Banerjee, O., K. Boyle, C. Rogers, J. Cumberbatch, B. Kanninen, M. Lemay, and M. Schling. “A Retrospective Stated Preference Approach to Assessment of 
Coastal Infrastructure Investments: An Application to Barbados.” IDB Working Paper Series, 2016.

By Kelsey Schueler

NATURE-BASED 
SOLUTIONS TO ENHANCE 

COASTAL RESILIENCE






