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Financiers

Need to have the financing 
to pay for GI projects:

Who pays for implementing?

Does finance community 
value the investment?

Is solution cost effective?

Are projects viewed as 
mitigation or adaptation?

How do you calculate ROI?

Scientists/Engineers

Need to have the right 
engineered solutions:

Is solution technically 
feasible?

Is solution better than 
traditional alternatives?

Does it achieve 
resilience objectives?

Is solution replicable and 
scalable?

Do stakeholders understand 
benefits?

Insurers

Need to see value of 
insurance transfer:

Does solution adequately 
reduce risk?

Can insurance industry 
appropriately price?

Is risk mitigation fully 
appreciated?

Does society sufficiently 
recognize value? 

Does solution work?
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– Ecosystems Based Adaptation (EBA)

– Eco-based Disaster Risk Reduction (Eco-DRR)

– Green Infrastructure (GI)

– Green/Grey Infrastructure (G-GI)

– Hybrid Infrastructure (HI)

– Living Shorelines (LI)

– Natural Capital (NC)

– Nature and Nature-based Features (NNBF)

– Natural Defenses (ND)

– Natural Infrastructure (NI)

– ….

Natural Coastal 

Infrastructure

(NCI)

Reveal Scale



Sample Description 
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Step 1 –

Define understanding

DEFINITION 

Coral Reefs are underwater structures resulting from cementation processes and the skeletal construction of corals, calcareous 
algae, and other calcium carbonate-secreting organisms. Coral reefs are naturally occurring in tropical waters and provide 
coastal protection benefits, largely through wave attenuation and shoreline stabilization, functioning as natural breakwaters. 
Healthy coral reef systems constantly grow and repair wave damage, providing continuous protection for adjacent coastline, and 
the reefs themselves are sources of calcareous sand.  

SITE SELECTION & PERFORMANCE 

Feasible 
Conditions 

Shallow coral reefs are present in in clear, warm subtropical and tropical waters. Shallow coral reefs grow 
best in warm water (70–85° F or 21–29° C). Reef-building corals generally grow best at depths shallower 
than 70 m (230 feet,) in clear water conditions with the most diverse reefs occupy depths of 18–27 m (60–90 
feet), though many of these shallow reefs have been degraded. Corals require salinities between 32 to 42 
parts per thousand to survive. Other factors influencing coral distribution are availability of hard-bottom 
substrate, the availability of food such as plankton, and the presence of species that help control 
macroalgae, like urchins and herbivorous fish. (Coral Reef Alliance 2014).  

Reef crest and reef flat reduce 97% of wave energy consistent for small as well as hurricane sized waves. 
(Ferrario et. al. 2014)  Reef crest account for 86% of the reduction (NOAA 2015). Up to 90 percent of the 
energy from wind-generated waves is absorbed by reefs, based on the physical and ecological 
characteristics of the reef and the abundance of the adjacent seagrass and mangrove ecosystems (UNEP-
WCMC 2006). 
 

Constraining 
Factors 

Coral grow poorly near river openings with fresh water runoff, due to salinity constraints. 

Due to the environmental conditions required to support coral reefs, management of these natural 
ecosystems is prone to maladaptation. Common maladaptation practices includes: 

 Potential Climate Change — Reef degradation (or sea-level rise) that increases water depth may 
result in more wave energy passing over the reef and through coastlines (Ferrario et. al 2014). In 
addition increases in surface sea water temperature may have a detrimental effect on coral reefs 
(Owler & Hirokawa 2015). 

 Lack of Integrated Management — As an example, mangrove protection against hurricane damage 
extends to increasing resilience of coral reefs (Cambell et al.2009; Mumby and Hastings 2008; ProAct 
Network 2008). Waves approaching a coastal area travel across reefs and through seagrass beds 
before reaching mangroves, and the wave attenuation is not provided by one ecosystem alone (Koch et 
al. 2009).. 

 

BENEFITS & COSTS: ECONOMIC, ENVIRONMENTAL, AND SOCIAL 

 Benefits From an economic perspective, high value is gained through the collection of fish and invertebrates in coral 
reef ecosystem (Chong 2005).  Of the $29.8 billion global net benefit of coral reefs, $9.0 billion is accounted 
for by the coastal protection coral reefs provide.(Cesar et al. 2003). Restoring reefs has been found to be is 
significantly cheaper than building artificial breakwaters in tropical environments (Ferrario et al 2014). This is 
consistent with recent analyses from the re-insurance industry on the economics of climate adaptation 
across eight Caribbean nations. (CCRIF 2010). 

From an environmental perspective, healthy coral reefs are among the most biologically diverse and 
economically valuable ecosystems on earth, providing valuable and vital ecosystem services. Coral 
ecosystems are essential spawning, nursery, breeding, and feeding grounds for numerous organisms, 
including economically important fish species (NOAA 2015). By one estimate, biodiversity value accounts for 
$5.5 billion of the total estimated annual global net benefit of coral reefs (Cesar et al. 2003). 

From a social perspective, healthy coral reef ecosystems support recreation including swimming, surfing, 
beach-going, snorkel/scuba diving, fishing and boating. (Chong 2005).Coral reefs break offshore waves, and 
attenuate wave energy. (NOAA 2015) and absorb low magnitude wave energy, reduce wave heights, and 
reduce erosion from storms and high tides. (Ferrario et al. 2014). Reefs also are of great cultural importance 
in many regions around the world, particularly Polynesia (NOAA 2015). 
 

Costs From an economic perspective, The costs of building tropical breakwaters range between US$456 and 
188,817 per meter with a median project cost of US$19,791 per meter. The construction costs of structural 
coral reef restoration projects ranged between US$20 and 155,000 per meter with a median project cost of 
US$ 1,290 per meter. On average, the costs of the restoration projects were significantly cheaper than costs 
of building tropical breakwaters (Ferrario et al 2014). 

Coral reefs can be difficult to navigate, however as these are natural and protected systems navigation 
strategies in the vicinity of coral reef have been established. Reefs have minimal effectiveness on storm 
surge. 

From an environmental perspective, ocean acidification and sea temperature increases, combined with the 

local influences of pollution and over-fishing practices could adversely affect the long term effectiveness of 
coral reefs.  Over long time schemes (decades to centuries), coral reefs may be able to keep pace vertically 
with sea level rise and/or migrate inland if not impeded by natural or fabricated barriers and if space is 
available. Such adaption is limited by degree to which the ecosystem has been degraded and by its capacity 
to cope with other multiple stressors. (e.g., temperature rise and ocean acidification.) (Coral Reef Alliance 
2014). From a coastal engineering standpoint, any reef degradation (or sea-level rise) that increases water 
depth should result in more wave energy passing over the reef and through coastlines (Ferrario et. al 2014).  

From a social perspective, local communities are economically and socially tied to the coral reefs 
ecosystems beyond coastal protection benefits. Losing the natural reef barrier would have significant 
physical and economic effects on coastal communities as well as the millions of people who live in coastal 
areas near coral reefs.(NOAA 2015). 

 

OPERATIONAL & GOVERNANCE CONSIDERATIONS 

Scalability 
and 
Replicability 

On a spatial scale, coral reefs range from 10s to 100s of miles/kilometers in area. The limiting factors 
documented for coral reef system indicate that maintenance/restoration and enhancement of current 
naturally-occurring systems is appropriate, while replication in new locations may have limited success.  
 

Operations, 
Maintenance, 
and 
Monitoring 

Coral reefs are self-maintaining natural systems under healthy conditions. Monitoring of naturally-occurring 
systems is essential in early detect of environmental conditions resulting in adverse impacts and supporting 
protection effort while collecting data to further understand benefits and capacity for the systems to adjust to 
change. (NOAA 2015). 

 
Training 
Required 

Professional scientists (oceanographers, biologist, and geomorphologists, ect.) and academic researchers 
have expertise in monitoring and restoring coral reefs. 

 

 

ADDITIONAL CONSIDERATIONS 

Governance 
and 
Regulation 

Land-based conservation measures such as watershed management and integrated development planning 
should be implemented to support coral reef conservation and restoration efforts (NOAA 2015). 

 

OFFSHORE REEFS- CORAL



What’s next?

• Final drafting

• External peer review

or maybe?

• USACE proposing 
multi-sectoral, multi-
disciplinary effort

• EDF workshop

Other efforts…


